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TERMINAL FOR MECHANICAL SUPPORT OF A HEATING ELEMENT

The present invention is related to a terminal for a mechanical support of a

heating element as well as to a heater comprising at least one heating element.

Heating elements for heaters of MOCVD (metal organic vapor deposition)
Reactors are commonly known. They are used to heat wafer carriers
(susceptors) inside of a MOCVD Reactor for the epitaxial growth of compound
semiconductors. To make sure that the heating elements of a heater of the
MOCVD Reactor are positioned correctly, different kinds of mechanical support
structures are known. Usually terminals are used, which support the heating
element of a heater of a MOCVD Reactor, to keep it in a predefined position.

One problem of known terminals for a mechanical support for a heating element
is that the thermally induced deformation of the heating element, as well as of
the terminal itself, causes problems. One of those problems is the creation of
mechanical stress inside of the material of the heating element of the heater.
During the MOCVD process inside of the reactor, the heater is heated up to
1000 to 2200° C. This leads to very high temperature differences between the
situation where the MOCVD Reactor is loaded (room temperature) with
substrates for the MOCVD growth process and the situation during the growth
itself. One result of this high temperature difference is a thermally induced
expansion of the heating element. Usually, the heating element is kept in place
by the terminal and therefore the terminal tries it to keep the heating element in
the position predefined at room temperature. During a heating up process up to
2200°C, the heating element tries to extent its dimensions and therefore
thermally induced stress is generated inside the material of the heating element.

To overcome issues with fixed terminals, various flexible elements have been
used, which are designed to allow expansion in preferable directions and
restrict deformations in undesirable directions. These elements produce
mechanical loads within heater elements, which increase with displacement of
the heater elements, which in turn increases with temperature. The strength and
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creep resistance of refractory metals decreases with temperature, and falls
sharply above 1200 to 1400°C. Under these conditions, the flexible elements,
designed to control undesired deformations, become themselves another
source of such undesirable deformations, because they produce stresses

comparable with reduced strength of the heating elements.

It is already known to construct terminals to compensate such thermally induced
stress inside the heating element partial]y. Said known terminals comprise
different kinds of U-form springs, which are able to allow a movement of the
connection position between the heating element and the terminal. Thereby,
thermally induced stress inside of the heating element is reduced. However,
known terminals of this kind have the disadvantage that the heating element
can extended itself in two or more directions. This leads to the risk of a contact
with other parts of the heating system or itself and a short circuit can occur.
Moreover, due to the U-form of the springs, mechanical stress resuits within the
material of the heating element in two directions. Therefore, the material of the
heating element has to be more stress resistant and therefore more expansive.
In terms of mechanical engineering, known terminals are able to give freedom
of movement to the heating element in two or more directions of deformation.
This results in at least one bending moment inside the material of the heating

element and in the risk of short circuits.

It is one object of the present invention to solve at least some of aforesaid
problems of state of the art terminals. In particular, it is an object of the present
invention to provide a terminal for a mechanical support for a heating element in
particular of a heater of a MOCVD Reactor as well as a heater in particular for a
MOCVD Reactor comprising at least one heating element and at least two
terminals, wherein thermally induced stress inside the heating element is

reduced during usage.

Aforesaid problem is solved by a terminal for mechanical support for a heating
element in particular of a heater of a MOCVD Reactor as well as by a heater in
particular for a MOCVD Reactor comprising at least one heating element and at

least two terminals with the features set forth in the present application. Further
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features and details of the present invention discussed with respect to the
subclaims can be combined freely with each other as well as with the inventive
terminal and the inventive heater.

According to the present invention, the terminal for mechanical support for a
heating element of a heater in particular of a MOCVD Reactor comprises a
mounting device being adapted to support the heating element. Furthermore, a
base device for securing the terminal on a base and a support device is
provided, the support device allowing displacement of the heating element
about a radial axis and less than about 10% displacement of the heating
element about a tangential and/or axial axis. The radial, tangential and axial
directions/axes are defined by the planar extension of the heating element when

mounted at the mounting device in the oriented position.

In particular, the support device is located within the force track between the
mounting device and the base device. Moreover, the support device has one
single main spring direction which is oriented substantially along the radial
direction, wherein the radial direction is defined by the planar extension of the
heating element when mounted at the mounting device in the oriented position.
The heating element can be linear or curved. The radial, the axial and the
tangantial directions can be defined by the overall geometrical structure of the
heating element beside the fact that the arriving part of the heating element at
the mounting device can be of substantially straight configuration. In particular,
an inventive terminal comprises the mounting device for mounting a curved
arriving heating element and thereby the radial, the axial and the tangantial
directions are defined by the curvature of the heating element when mounted at
the mounting device in the oriented position. Additionally, an inventive terminal
can also comprise a mounting device for mounting a linear heating element
where the radial direction is defined by the planar extension of the heating
element when mounted at the mounting device in the oriented position.

A substantially planar, in particular curved arriving heating element can
comprise in particular an extension which can be surrounded by a circle.
Thereby different kinds of curves or linear components of the heating element



10

15

20

25

30

WO 2014/023413 PCT/EP2013/002336

can be positioned in such circular surrounding. In particular, the heating

element itself arrives at the mounting device of the terminal in a way that during |
the heating up process of the heating element a thermally induced deformation
of the heating element wants to take place. That thermally induced deformation
results in a movement of the heating element and the mounting device relatively
to the base device of the terminal. Against that movement during the heating up
process of the heating element, the support device comprises in particular one

single main spring direction.

A “single main spring direction” in the meaning of the present invention can also
be called a single main elastic direction. This is the direction in which the
material and/or the geometry of the support device have their main resiliency.
That can be understood in particular with respect to a coordination system with
three different directions of deformation of the terminal, in particular of the
support device. In such a coordination system one of the three coordinates
defines one main spring direction, which is also substantially the main thermally
induced deformation direction of the heating element. According to that
understanding, an inventive terminal gives the possibility to reduce the
movement of the heating element at the mounting device relative to the base
device substantially to only one single direction, in particular the radial direction
or the radial axis, respectively. It leads further to the possibility that thermally
induced stress inside the material of the heating element is reduced. In
particular bending moments can be reduced. Due to this fact, cheaper and less
material can be used for the heating element and the life time for the heating

element is increased.

A terminal according to the present invention is meant for mechanical support
for a heating element in particular of a heater of a MOCVD Reactor. Therefore,
the terminal can also be called a MOCVD Reactor heater terminal according to

the present invention.

An inventive terminal can be used for mechanical support only or for a
combined support of a mechanical and electrical support of the heating
element. In particular, one and the same terminal can be used for both kinds of
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support. The terminal is in particular constructed such that the main spring
direction gives the possibility of a movement of the heating element of up to 2%
of the diameter of the heating element, if it is a curved heating element. In
particular, the support device allows a movement of the heating element of 1%
of the diameter of the curved heating element: This is enough suspension to
allow the thermally induced deformation of the heating element between the
room temperature and the operational temperature of the heating element
between 1000 and 2200° Celsius in the radial direction.

The terminal, in particular the support device, is flexible with respect to one
directibn, namely the main spring direction. Moreover, it is stable as to the other
two directions of the three directions of deformations. In a coordination system,
for example giving three directions, namely the radial direction/axis, the axial
direction/axis and one direction in tangential direction/axis, only in radial
direction the flexibility is given. Therefore, in such an embodiment the radial
direction is the single main spring direction of the support device and the single

thermally induced deformation direction of the heating element.

A planar arriving heating element is in particular a curved arriving heating
elemenf. This can be understood as a heating element which is at least at the
point of arriving at the mounting device of a curvature structure. This leads to a
situation where the heating element is thermally induced deformed such that a
radial movement of the heating element takes place. This radial movement of
the heating element is allowed by the terminal due to the one single main spring
direction in a radial direction. The base device can in particular be a rigid base
of a reactor housing or a base plate itself. The base device is in particular
configured to allow the mounting of the terminal to further parts of the MOCVD

reactor.

The term “force track” can be understood as the track between the base device
and the mounting device, which is guiding the force from the mounting of the

heating element into the base. The term “substantially along the radial direction’

means a deviation of + 10° along the radial direction.



10

15

20

25

30

WO 2014/023413 PCT/EP2013/002336
6

It can bé of advantage if a terminal according to the present invention is
characterized in that relation between at least one other spring direction and the
single main spring direction of the support device is less than 10% for
substantially decoupling one deformation direction from the other deformation
directions. This leads to the advantage that the relation between tangential
spring direction to the radial spring direction and the axial spring direction to the
radial spring direction is less than 10%. This can be understood as a maximum
threshold for the further spring directions of the support device. According to the
specific embodiments it can be of advantage if the maximum threshold is a lot
lower. In particular, if relatively long support devices are used, even smaller
maximum thresholds, for example 5% or 1% according to the above mentioned

definition can be of advantage.

It is also possible that according to the present invention the terminal is
characterized in that the support device comprises a spring. In particular, the
support device is a leaf spring, whereas the leaf spring can comprise two or

more leafs which are arranged substantially parallel in orientation. The use of at

least two leaf springs leads to a cheap and simple construction of the whole
terminal. Moreover, the leaf springs are able to suppiy higher values of a power
due to the fact that they have a relatively big cross-section. The dimensions of
the leaf springs are in a wide direction in particular between 10 to 40 mm, in
height in particular between a 100 to 150 mm and in thickness in particular
between 0.1 to 1 mm. It can be of advantage if all leaf springs are in particular
identical as to the material and/or as to their dimensional extension. The leaf
springs are of advantage if they are aligned at least substantially parallel. The
use of at least parallel arranged leaf springs leads to the advantage that a
parallelogram is buildup for mechanical stiffness matrix of the whole terminal.
Within that stiffness matrix, only the radial direction is the flexibility direction,
namely the single main spring direction. It is decoupled from the other spring
directions, namely from other deforming directions as they are the tangential
and the axial deformation direction. The leaf springs are in particular

substantially of plate-like geometry.
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It is also possible that a terminal accordihg to the present invention is
characterized such that is configured for the supply of the heating element with
electrical power. This could lead to different kinds of geometrical expression. In
particular, the different elements of the terminal, namely in particular the
mounting device, the support device and/or the base device are constructed
with cross-sections to allow electrical power to be transported to the mounting
device and therefore to be supplied to the heating element. At least two of such
terminals can be located within a MOCVD Reactor and therefore the positive
and the negative electrical connection can be handled by one or two of said
inventive terminals. It can also be of advantage if one terminal fits both needs,

namely the mechanical and the electrical support.

It could further be of advantage, if an inventive terminal is characterized in that
the connection between the support device and the mounting device as well as
with the base device comprises a substantially flat connection area. This leads
to a better supply of electrical power, in particular as to the increased cross-
section. Moreover, the mechanical fixation, for example screws together with a
metal sheet, can be carried out in an easier way. Moreover, the substantially flat

- connection area leads to a better guidance of the force along the force track

and therefore along and through the support device.

It can also be of advantage if an inventive terminal is characterized in that the
material of the terminal comprises at least 90% by weight of a refractory metal.
In particular, the refractory metal is selected from tungsten, molybdenum,
niobium, tantalum, rhenium, and alloys thereof; Moreover, it is possible that the
refractory metal is selected from tungsten, an alloy of tungsten, molybdenum
and an alloy of molybdenum. In particular identical material is used for all
components of the terminal, in particular also for the support devices. One
example for the material is tungsten or an alloy of tungsten (at least 90% by
weight of tungsten), known as vacuum metalized tungsten alloy. A further
example for the material is molybdenum or an alloy of molybdenum (at least

95% by weight molybdenum).
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A further advantage can be achieved, if an inventive terminal is characterized in
that the mounting device comprises an elongated part displacing the place of
mounting the heating element from the connection between the mounting
device and the support device. This allows a distance between the mounting
place and the connection to the support device. It gives space for an insulation
between the heating elements and a base plate. |

It can also be possible that according to the present invention the terminal is
characterized in that the elongated part has a reduced cross-section with
respect to the cross-section of the support device. These cross-sections are the
overall cross-sections of both parts. That has to be understood as the outer line
of the elongated part which is located inside the outer line of the mounting
device, the support device and/or the base device. Thereby it is possible to
reduce holes in the insulation material for the extension of the elongated parts.

Those skilled in the art will appreciate that there are numerous methods in
which to connect the heating element to the mouhting device. Such methods
include clamping, welding, screwing, bolting, and the like. Since electrical power
to the heating element often times flow through the mounting device, the
method selected to connect the heating element to the mounting device should
ensure sufficient surface contact between the mounting device and heating
element to ensure proper electrical connection between the mounting device

and heating element.

One further object of the present invention is to provide a heater in particular for
a MOCVD Reactor comprising at least one heating element and at least two
terminals according to the present invention. Thereby, such an inventive heater
is able to reach the same advantages that have already been discussed in

detail with respect to an inventive terminal.

An inventive heater can be characterized such that each heating element
comprises two terminals which are configured for power supply to the heating
element and which are located at both ends of the heating element. This is one
possibility to use almost the full material extension of the heating element for
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the heating process. It is heated up by the power supply through the two
terminals. Of course, also further terminals are possible, in particular only for
mechanical support of the heating element which are located with respect to the
two ends of the heating element between the two end terminals for power
supply. The power supply terminals are in particular also configured for
mechanical support of the heating element.

The heater according to the present invention can be characterized in that the
support device of at least one terminal is pre-tensioned in its stable (unheated,
that is at room temperature) position. This achieves the advantage that the pre-
tension is in particular in the same direction of the movement of the support
device during usage of the heating element. If the present invention is used for
heater with a substantially circular extension, this leads to a pre-tension in the
outward, namely in the radial direction. The heating element keeps the terminal

‘in place and thereby keeps the force of the pre-tension in the predefined

situation. The direction of the pre-tension is therefore in particular in the
direction of the expectable thermally induced deformation, namely the main
thermally induced deformation direction. This direction is in particular also
consistent with the main spring direction of the support device, namely the

radial direction.

It is possible that a heater according to the present invention is characterized in
that the pre-tension of the support device is configured to achieve a reduced
spring tension of the heating element at operational temperature. The stress is
reduced in particular to a value which is lower than the yield strength of the
heating element at the explicit temperature at about 2000°. The temperature for
the use of an inventive heater is in particular in a temperature range between
1000 and 2200° Celsius.

The present invention is further discussed with respect to the accompanying

drawings. The figures show schematically:

Figure 1 a view of a terminal according to the present invention,
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Figure 2 the terminal according to figure 1 with a mounted heating element,
Figure 3a  the embodiment of figure 1 dUring the hot situation, and
Figure 3b  the situation of figure 3a in a further view.

In the figures 1 to 3b one embodiment of the inventive terminal 10 is shown.
According to this embodiment, the terminal 10 comprises a mounting device 20
as well as a base device 30. The base device 30 is for example fixed on a
support plate (not shown) with screws or any other kind of mechanical fixation

means.

In figure 2 it can be seen that a heating element 100 is mounted at the mounting
device 20. To do so, the mounting device 20 comprises an elongated part 22.
On the top of that elongated part 22, the curved heating element 100 is
mounted to the mounting device. One example of a useful heating element 100
is found in “HEATING ELEMENT FOR A PLANAR HEATER OF A MOCVD
REACTOR”, US-application number 13/568,915, filed on August 7, 2012, the

contents of which are hereby incorporated herein by reference.

Between the mounting device 20 and the base device 30, a support device 40 is
located. The location of that support device 40 is arranged that such that it is
located inside the force track between the base device 30 and the mounting
device 20. In other words, any force that is applied by or on the heating element
100 is guided from the mounting device 20 along the force track and therefore
through the support device 40 to the base plate 30 and for example therefore

further to a support plate.

The support device 40 according to the present embodiment can be a spring.
The spring can comprise at least two leaf springs. One embodiment of the
present invention has three leaf springs 42a, 42b and 42c. Leaf springs 42a,
42b and 42c are arranged in a substantially‘ parallel orientation. This leads to a
possibility of a deflection of the spring element according to a parallelogram in

the geometrical sense.
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Figures 3a and 3b show one situation during the deflection of the support
device 40. This happens to be during the heating of the heating element 100.
As the inventive terminal 10 is used for a MOCVD Reactor, the heating element
100 is heated up to 1000 to 2200° Celsius. As it can be seen in figure 2, the
heating element 100 is of a relatively large dimension. After and during heating
up of that process temperature, the heating element 100 is affected by the
thermally induced deformation. In particular, the dimension of the heating
element 100 is getting longer and therefore tends to move radially outward. To
reduce thermally induced stress inside of the heating element 100, the terminal
10 according to the present invention allows a movement of the heating element
100 relative to the base device 30. This movement is carried out against the

support device 40 as it can be seen schematically in the figures 3a and 3b.

The mounting device 20 is dislocated as to the base device 30 by a paraliel
movement of the mounting device 20 relative to the base device 30. To do so,
the different leaf springs 42a, 42b and 42¢ are displaced and bended. Due to
the fact that the leaf springs 42a, 42b and 42c are substantially located parallel,
they comprise one single main spring direction. As it can be seen in figure 2,
that single main spring direction is directed in the radial direction as to the
heating element when it is mounted at the mounting device and oriented
position. Therefore, the radial deformation direction is decoupled from further
deformation directions of the heating element 100 as well as of the terminal 10.
The decoupling is in particular carried out such that a deformation in a radial
direction results in less than 10% of a deformation.in any other deformation
direction, in particular in the tangential out or the axial direction of the heating

element 100.



10

15

WO 2014/023413
12

REFERENCE SIGNS

10  Terminal

20 mounting device

22 elongated part

30 base device

40  support device

42a leaf spring

42b leaf spring

42c leaf spring

100 Heating element
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CLAIMS

Terminal (10) for mechanical support of a heating element (100),
comprising a base device (30), a mounting device (20), the mounting
device (20) adapted to support the heating element (100), and a support
device (40) connecting the base device (30) to the mounting device (20),
the support device (40) allowing displacement of the heating element

(100) along a single main elastic direction.

Terminal (10) according to claim 1, characterized in that the support
device (40) allows displacement of the heating element (100) along a
radial axis and less than abbut‘ 10% displacement of the heating element

(100) along a tangential and/or axial axis.

Terminal (10) according to claim 1 or 2, characterized in that the support

device (40) comprises a spring.

Terminal (10) according to any of claims 1 to 3, characterized in that the
support device (40) is a leaf spring.

Terminal (10) according to any of claims 1 to 4, characterized in that the
leaf spring comprises two or more leafs which are arranged in a

substantially paraliel orientation.

Terminal (10) according to any of claims 1 to 5, characterized in that the
material of the terminal (10) comprises at least 90 % by weight of a

refractory metal.

Terminal (10) according to claim 6, characterized in that the refractory
metal is selected from tungsten, molybdenum, niobium, tantalum, rhenium,

and alloys thereof.
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8. Terminal (10) according to claim 6 or 7, characterized in that the refractory
metal is selected from tungsten, an alloy of tungsten, molybdenum, and an

alloy of molybdenum.

9. Heater comprising at least one heating element (100) and at least two

terminals (10) according to any of claims 1 to 8.

10. Heater according to claim 9, characterized in that the support device (40)
of at least one terminal (10) is pre-tensioned in its stable position.

11. Heater according to claim 10, characterized in that the pre-tension of the
support device (40) is configured to achieve a reduced spring tension of
the support device (40) during the heating use of the heating element
(100).
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