
THERMAL PROCESSING EQUIPMENT CALIBRATION METHOD This invention relates to a
method for calibrating thermal processing equipment comprising  5 a heating
device and which is used for a heat treatment of a multilayer substrate. The
invention furthermore relates to a calibration test substrate and a method
for creating the  calibration test substrate. Thermal processing equipment
is usually used for thermally treating wafers in a hydrogen,  10 argon or
oxygen atmosphere, in order to, for example, form an oxide layer or to
smooth the  surface of a wafer. In order to achieve uniform temperature
across the wafers, the  equipment needs to be calibrated. For this purpose
temperature sensors are positioned  below the wafer which is usually
positioned horizontally in a furnace chamber. These  sensors measure the
local temperature of the wafer and are connected to a control system  15
which allows to adapt locally the heat provided to the wafer. A typical
method for calibrating such equipment when treating bulk silicon wafers
consists  of applying a rapid thermal oxidation to form about 100A of Si02
with an offset set to "0" for  all probes. Then an oxide thickness profile
across the wafer is measured revealing the 20 thermal non-uniformities
within the chamber, as actually the oxidation thickness is  dependent of the
temperature. Afterwards the offset values are adapted to correct for
temperature non-uniformity and the process is repeated until an oxide layer
with a flat or  even thickness profile is formed on the wafer and which
corresponds to a uniform  temperature within the chamber. 25 Such a direct
calibration of thermal processing equipment is, however, not applicable to
multilayer type substrates, like, for example silicon on insulator (SOI)
wafers. US patent  US 6,853,802 exposes the problem that S01-like structures
are presenting a non- homogenous structure on the edge thereby providing
local differences in the heat 30 absorption coefficients. Thus, when
treating the substrate in the thermal processing  equipment, this local
difference has to be taken into account, which is typically done by
reducing the temperature applied on the edge of the wafer in comparison to
the treatment  



applied to the bulk wafers. By doing so it becomes possible to minimize slip
lines and 2  wafer deformation, which would otherwise occur. US 6,853,802
proposes to adapt the  thermal treatment by determining the heat absorption
coefficient of the structure to be  treated and by adapting the power to the
heating lamps of the equipment accordingly. This  method does, however, have
the problem that the calibration is not achieved in a direct 5 way and that
in fact a correlation between the heat absorption coefficients and the
equipment parameters needs to be established. A second way of calibrating
the equipment is to perform calibration experiments on actual  SOI wafers to
sequentially adapt the heating power so that slip lines and wafer
deformation  10 become minimized. For example, one could start from
equipment that has been calibrated for bulk silicon wafers, like described
above, and then adapt especially the outermost  sensor offsets to take into
account the different behavior of SOI and bulk wafers. To adapt  the sensor
offsets, a number of SOI wafers, having the same device layer and oxide
layer  thicknesses, are used for different values of the sensor offsets and
then the slip lines 15 and/or wafer deformation are measured using standard
techniques. Finally the sensor  offset providing the best results is chosen.
This method, even being a direct way of calibrating, has nevertheless the
drawback that to  obtain a calibration, expensive SOI wafers are needed
which will be scrapped at the end of  20 the calibration. As thermal
processing equipment needs to be regularly calibrated, as they suffer from
continuous drift, the calibration method using SOI wafers becomes too costly
to  be employed on a regular basis. Finally, this second method is based on
the ability to  measure and identify slip lines and/or wafer deformation,
which is a relatively cumbersome  and thus not suitable to be carried out on
a regular basis. 25 It is therefore the object of this invention to provide
a calibration method for calibrating  thermal processing equipment to be
used for heat treatment of a multilayer substrate with  which the equipment
parameters can be easily established without an excessive use of  



multilayer substrates. 30 3  This object is achieved with the method for
calibrating thermal processing equipment  comprising a heating device and
which is used for heat treatment of a multilayer substrate  according to
claim 1. 5 The invention is based on the surprising effect that a
predetermined thickness profile, also  called "golden profile", of a layer
thermally processed on a test substrate can be associated  to each type of
multilayer substrate. The test substrate has a different structure compared
to the multilayer substrate and is usually cheaper than a multilayer
substrate for which the  thermal processing equipment is going to be
calibrated. The golden profile corresponds to 10 the layer thickness profile
achieved across the diameter of a test substrate, wherein the  test
substrate has been processed by a thermal processing equipment which has
been  calibrated for the type of multilayer substrate in question, wherein
during calibration either  a layer with an even thickness profile has been
achieved on the multilayer substrate, in  case the equipment is to be used
for forming layers on the multilayer substrate, or a 15 multilayer substrate
showing an reduced amount, in particular nearly no or no, slip lines  and/or
reduced wafer deformation is achieved compared to a mulitlayer processed in
the  non calibrated equipment, in case the equipment is to be used for
smoothing purposes.  The predetermined thickness profile, also called golden
profile in the following, can be 20 obtained by any suitable technique known
in the prior art, like for example ellipsometry.  Once the golden profile is
established for a given multilayer substrate, the test substrate  can be
used anytime a new calibration of a thermal processing equipment needs to be
carried out. In fact, to calibrate the thermal processing equipment, it is
now sufficient to 25 form a layer on a new test substrate, to measure the
thickness profile achieved and to  compare it with the corresponding golden
profile. If differences are observed, the process  parameters can then be
amended such that the differences are taken into account.  Knowing that the
amended set of thermal process parameters will lead to a thickness  



profile on the test substrate corresponding to the golden profile, one is
also ensured that on 30 a corresponding multilayer substrate an even
thickness profile or a multilayer substrate  with reduced slip lines and/or
reduced wafer deformation will be achieved with the  amended set of thermal
process parameters. 4  Compared to the prior art, it is thus possible to use
cheaper test substrates for the  calibration instead of the expensive
multilayer substrates. In addition, one can use the  properties of the
thickness profile to adapt the heating device for which the correlation is 5
easier to establish than for the heat absorption coefficients used in one of
the prior art  methods. Finally, the thickness profile measurement on the
test substrate can be more  easily carried out than the slip line and/or
wafer deformation measurements, and are thus  advantageous for a regular
use. 10 In this context, test substrates and calibration test substrates
refer to substrates with the  same structure, but wherein the calibration
test substrate is a test substrate that has been  used to establish the
predetermined thickness profile (golden profile) of the calibration  layer
which has been formed on the calibration test substrate using the same
thermal  process conditions for which an even thickness profile has been
achieved for the layer 15 formed on the multilayer substrate or for which
reduced, in particular nearly no or no, slip  lines and/or reduced wafer
deformations have been observed. The term "thermal process  parameters"
relates to any parameter of the equipment susceptible to influence the heat
profile in the equipment. 20 Preferably, the set of thermal process
parameters of step B can correspond to the set of  predetermined thermal
process conditions. Usually drift alters the process conditions in a  slow
and steady way, so that the optimized thermal process parameters shall be
close to  the ones of the predetermined thermal process conditions. 25
According to a preferred embodiment the predetermined thickness profile can
be obtained  in a different thermal processing equipment. If in some
equipment the golden profile  corresponds to a flat thickness profile on a
multilayer substrate after forming an additional  



layer on the multilayer substrate or to a multilayer substrate with reduced
slip lines and/or  reduced wafer deformation after smoothing, the same will
also be true for a different 30 equipment, as long as the same multilayer
substrates are used. This means that  essentially the golden profile only
needs to be determined once for one type of equipment 5  and can then be
reused for all the other processing equipment used, which further reduces
the costs for carrying out the calibration on the equipment. According to a
variant, a second test substrate can be provided and thermally processed  5
according to the amended set of thermal process parameters after step d) to
validate the  calibration. To prevent that multilayer substrates are
processed with a still not optimized  calibration, it is preferable to
verify the amendment to the thermal process parameters  again with a further
test substrate which is also thermally processed and the obtained  thickness
profile is then again compared to the golden profile to check whether the 10
amendments have been carried out correctly. In case a difference is still
present, the  amendments to the thermal process parameters of the heating
device can then still be fine  tuned. Preferably the heat device can
comprise a plurality of heaters for locally heating the test  15 substrate
and a plurality of probes for locally measuring the temperature of the test
substrate and wherein in step d) the heating power provided by each of the
plurality of  heaters is individually adapted. Actually to each probe a
heater or a group of heaters can  be attributed and depending on where in
the thickness profile one observes differences  with respect to the golden
profile, the amendments to the heating device can be locally  20 carried
out. Preferably the heating power of each heater can be individually adapted
by individually  amending the offset values of the plurality of probes. This
is a relatively easy way to  implement a localized adaption of the heating
power provided to the substrate. 25 Advantageously the surface layer of the
multilayer substrate and of the test substrate can  



be of the same material. In this case the physics and/or chemistry governing
the layer  formation are comparable such that the difference between the
golden profile and the even  profile on the multilayer substrate can be kept
relatively small which makes the method  30 more precise and further
improves the calibration method. 6  Even more preferably, the surface layer
of the multilayer substrate and the test substrate  can have the same
crystalline structure. As the crystalline structure plays an important role
on the growth of an additional layer on it, comparable crystalline
structures do also lead to  the fact that the differences between the golden
profile and even thickness profile can be 5 kept to a minimum such that the
difference between a calibration with a multilayer  substrate and a
calibration with a test substrate can actually be kept small. According to
an advantageous embodiment the multilayer substrate can be a silicon on
insulator (SO]) type wafer and the test substrate a silicon wafer. Today
silicon wafers are a  10 standard high volume product which are readily
available with good quality and relative low  prices, whereas SOI wafers are
still expensive substrates. According to a variant, the heat treating can be
a rapid thermal annealing treatment or a  rapid thermal oxidation treatment.
Due to the high temperatures used and the short  15 processing times in
these treatments, a calibrated processing equipment is crucial for the
success of the application, as only small local differences in temperature
can lead to a  negative impact on the product to be treated. Thus, with the
proposed cheap and easy to  carry out calibration a high production yield
can be achieved and this for film forming as  well as smoothing purposes. 20
The new invention also relates to a method for creating a calibration
thickness profile used  for calibrating thermal processing equipment, in
particular, used in the calibration method  according to one of claims 1 to
10, wherein the thermal processing equipment comprises a  heating device for
heat treating a multilayer substrate according to claim 11. 25 



This method is used to obtain the predetermined thickness profiles (golden
profiles) which  are advantageously employed in the calibration of thermal
processing equipment as  described above. The thickness profiles once
obtained can be measured using the  standard prior art techniques, like
ellipsometry. 30 Preferably, the calibration thickness profile can be
determined with a higher resolution at  the edge of the calibration test
substrate than in the center region of the calibration test 7  substrate. As
already explained above, the main differences between a multilayer
substrate and a bulk type test substrate arise in the edge areas. It is
therefore of interest  to have more data available in this region to later
on obtain a better calibration of the  thermal processing equipment,
especially for the critical edge region. Thus a better fine 5 tuning of the
thermal process parameters can be carried out, which is based on the higher
amount of measurement points which can be compared to the golden profile.
Preferably the calibration thickness profile can be determined for a
plurality of different  multilayer substrates. Golden profiles should be
determined for all sorts of multilayers,  '10 based on different materials
and thicknesses of the various layers, so that for each product the optimum
golden profile can be used for the calibration of the heating device of the
thermal processing equipment. In addition, golden profiles can be determined
for  equipment used for forming additional layers and/or for equipment used
for smoothing  operations. 15 Preferably the calibration thickness
profile(s) can be stored in a database. In this case  anytime a thermal
processing equipment needs to be calibrated for a given multilayer
substrate, the operator or the equipment itself can choose the corresponding
golden profile  and carry out the calibration. This furthermore helps in
reducing the time necessary to 20 carry out the calibration, as at anytime
the necessary data can be read out from the  database. 



Advantageously, the multilayer substrate is an SO1 type wafer and the test
substrate a  silicon wafer. Today silicon wafers are a standard high volume
product which are readily  25 available with good quality and relative low
prices, whereas SOl wafers are still expensive  substrates. Furthermore the
invention relates to a calibration test substrate comprising a thermally
formed layer on one of its main surfaces with a predetermined thickness
profile according  30 to claim 16. Using the predetermined thickness profile
of this calibration test substrate, the  advantageous calibration method as
described above can be carried out. 8  Preferably the multilayer substrate
can be an SO[ type wafer and the test substrate a  silicon wafer. Today
silicon wafers are a standard high volume product which are readily
available with good quality and relative low prices, whereas SOI wafers are
still expensive  substrates. 5 Specific embodiments of the present invention
will become more apparent from the  following detailed description with
reference to the accompanying drawings wherein: Fig. 1 - schematically shows
a thermal processing equipment,  `10 Fig. 2a - shows a multilayer substrate
with a layer obtained by thermal processing and with  an even thickness
profile, Fig. 2b - shows a test substrate with a predetermined thickness
profile obtained under the  15 same process conditions for which an even
thickness profile has been achieved on the  multilayer substrate of Fig. 2a,
Fig. 3a - illustrates a flow diagram illustrating a first embodiment of the
method to  determine the predetermined thickness profile (golden profile),
20 Figs. 3b and 3c - are illustrating the even thickness profile on a
multilayer substrate and  the corresponding predetermined thickness profile
(golden profile) of the test substrate  



respectively, 25 Fig. 3d - illustrates a flow diagram illustrating a second
embodiment of the method to  determine the predetermined thickness profile,
Fig. 4a - shows a flow diagram illustrating the inventive calibration
method, and 30 Fig. 4b - illustrates thickness profiles obtained on a test
wafer compared to the golden  profile illustrated in Fig. 3c. 9  Fig. 1
illustrates a typical thermal processing equipment used in the semiconductor
industry to heat treat substrates, in particular wafers, and which are used
for forming layers  or for annealing. In multilayer substrate fabrication
they also play a role in surface  smoothing. 5 The thermal processing
equipment 1 illustrated can be of a vertical or horizontal thermal  reactor
type and can be either a batch or a single wafer type. The thermal
processing  equipment 1 comprises a furnace chamber 3 in which are arranged
a plurality of heaters 5  building a heating device, a plurality of probes 7
for locally measuring the temperature of a 10 substrate 9 which is
positioned on a support means 11. As shown in Fig. 1, the amount of  probes
7 does not necessarily have to be the same as the amount of individual
heaters 5.  Here more probes 7 than individual heaters 5 are indicated. The
furnace 1 furthermore  comprises a control unit 13 which based on the
individual temperatures measured by the  probes 7 is controlling the heat
provided by the individual heaters 5. 15 For the use of the thermal
processing equipment 1, it is essential that across the substrate  9 the
heaters 5 provide a uniform temperature distribution, so that the layer
growth or  annealing carried out with the equipment is in turn also uniform
or at least optimized. In this  case, when used to form a layer over the
substrate 9, the obtained layer will show an even 20 thickness profile. For
example, an oxide layer is obtained by providing an oxygen gas to  the
chamber. When used for smoothing purposes, which is achieved by switching
form  



oxygen to hydrogen or argon, the substrate 9 will show a reduced amount of,
in particular  nearly no or no, slip lines and/or a reduced deformation. 25
Thermal processing equipment, like the one illustrated in Fig. 1 needs to be
recalibrated  from time to time, to correct for drifting properties. Under
production conditions, such a  calibration usually needs to be carried out
at least once a week. Fig. 2a illustrates a multilayer substrate 15, like
for example, a silicon on insulator (SO[)  30 type substrate with a device
layer 17 on an oxide layer 19 which in turn is provided on a  silicon
substrate 21. This SOI substrate 15, however, only serves as an example as
other  multilayer structures, like for example strained silicon on insulator
or germanium on 10  insulator multilayer substrates may also be concerned.
The multilayer substrate 15 has  been heat treated in a thermal processing
equipment 1 in an oxygen atmosphere, like  described above with respect to
Fig. 1, such that a layer 23, for instance an oxide layer, is  formed on the
multilayer substrate 15, namely on the device layer 17. When using a 5
correctly calibrated thermal processing equipment, this layer 23 shows an
even thickness  profile over essentially the whole surface of the multilayer
substrate 15. Now Fig. 2b illustrates a test substrate 25, here a silicon
(Si) wafer, on which, using the  same thermal processing equipment 1 under
the same thermal process parameters and in  10 the calibrated state, also a
layer 27 has been formed. Compared to layer 23 with an even thickness
profile, this layer 25 shows a different thickness profile, like illustrated
in Fig. 2b  in an exaggerated manner. This is due to the fact that the bulk
Si substrate 25 behaves  differently from the multilayer substrate 15 with
respect to the growth of the layers 27, 23,  respectively. In the state of
the art this difference has been attributed to local differences in  15 heat
absorption coefficients, like laid down in US 6,853,802. As mentioned
earlier, the thermal processing equipment 1 needs to be calibrated prior to
the first use and then also from time to time. In the prior art this is done
using a multilayer  substrate 13 and growing an oxide layer on it, then
measuring the thickness profile, and 20 individually adapting the heaters 5
by, for example, changing the offsets of the  



corresponding probes. Another way was to identify the heat absorption
coefficient locally  and starting from there, adapting the heat provided
locally. Now, according to the  invention, use is made of a test substrate
25, different to the multilayer substrate, to  calibrate the thermal
processing equipment 1. Thus one does not need to use the more  25 expensive
multilayer substrates 13 any longer for calibration purposes. This will now
be explained in detail in the following for the case that a layer, like
layer 23 in  Fig. 2a, is formed on the multilayer substrate. The inventive
calibration method is based  on the idea that the thickness profile of layer
27 can be used to calibrate the thermal 30 processing equipment 1, as when
one achieves this thickness profile with a test substrate  25, it is ensured
that one would achieve an even thickness profile on a multilayer substrate
13. 11  Fig. 3a illustrates one embodiment of a method for creating a
calibration thickness profile  used for the calibration of a thermal
processing equipment according to the invention.  Reference will be made to
the equipment and substrates illustrated in Figs. 1, 2a and 2b. 5 Their
properties will not be repeated again but are incorporated by reference.
However,  other thermal processing equipment, like for instance an epitaxial
deposition tool, and  substrates could of course also be used. In step S1 a
multilayer substrate 15 is provided in thermal processing equipment 1 to be
rC 10 calibrated and is positioned on the support means 11. Then in step S2
a set of thermal  process parameters is provided to the control unit 13.
Then in step S3 an oxide layer is  thermally formed on the multilayer
substrate 15, for instance a layer of a thickness of about  100 A. This is
achieved by providing oxygen to the chamber 3. 15 Then in step S4 the
thickness profile of the thermally formed layer 23 is determined. This  is
done using standard thickness measurement methods, like for example
ellipsometry.  Fig. 3b illustrates such a thickness profile 31 in a
non-calibrated state in dotted lines. In  Fig. 3b the thickness d (measured
in A) is plotted on the y-axis, whereas on the x-axis the  distance to the
center of the multilayer substrate 15 is plotted. Actually the thickness
over 



20 the diameter of the multilayer 15 is shown, but of course also a
two-dimensional thickness  profile could be established. As can be seen from
Fig. 3b, in the non-calibrated state, the  thickness varies around a width
value of 100 A, which is an indication that the heat  distribution is not
even. 25 In step S5 it is checked whether a flat profile has been achieved
or not. When obtaining the  uneven thickness profile 31 (dotted line in Fig.
3b) the decision taken is "no" and as a  consequence the process continues
with step S6, wherein the set of thermal process  parameters in the control
unit 13 is amended. For positions where the thickness is higher  than 100 A,
the corresponding heaters 5 have to provide less heating power, which can
for 30 example be realized by changing the offset of the probes, and at
positions where the  thickness is lower than 100 A, more heating power is
necessary which needs to be  provided by the corresponding heaters 5. 12  In
step S7 a new multilayer substrate 15 is provided in the thermal processing
equipment 1  and the steps S3 and S4 are repeated, now with the amended set
of thermal process  parameters. In fact, the steps S3 to S7 are repeated
until in step S5 a flat thickness profile 5 33 is observed. Such a flat or
even thickness profile 33 on a multilayer substrate 15 is  illustrated in
Fig. 3b with a solid line. Now in this case the thermal processing equipment
1  is in a calibrated state. In step S8 a test substrate 25, in the
following called calibration test substrate, is provided  ( 10 and
positioned in the calibrated thermal processing equipment 1. Then (step S9)
a layer  27 is formed on the calibration test wafer 25 using the set of
thermal process parameters  for which the even thickness profile 33 has been
achieved on the multilayer substrate 15,  like illustrated in Fig. 3b (solid
line). 15 Then in step S10 the thickness profile of the layer 27 formed on
the calibration test  substrate 25 is determined in the same way as the
layer formed on the multilayer substrate  15. The corresponding thickness
profile 35 is illustrated in Fig. 3c wherein again the  measured thickness
is plotted on the y-axis and the distance to the center of the calibration  



test substrate 25 is plotted on the x-axis. As can be seen from Fig. 3c for
the same 20 thermal process parameters, with which an even thickness profile
33 has been achieved  on a multilayer substrate 15, a different thickness
profile 35 is now achieved on the  calibration test substrate 25. This is
due to the differences in the heat absorption  coefficients between the two
substrates which in turn is due to the different structure  between the test
substrate 25 and the multilayer substrate. 25 Now this profile 35 will be
used in the following as a calibration thickness profile, here also  called
golden profile or predetermined thickness profile, when recalibrating a
thermal  processing equipment. As the main difference between the thickness
profile 35 shown in  Fig. 3c and the even thickness distribution 33 shown in
Fig. 3b are found in the edge 30 region (shaded part of Fig. 3c) it is
advantageous to measure the thickness profile with a  higher resolution in
this edge region of the calibration test substrate. 13  The measured golden
profile 35 can then be stored in a database such that it is easily
transferable from one thermal processing equipment to another. Furthermore
this database  may comprise golden profiles for different types of
multilayer substrates. In particular  golden profiles for device layers 17
of different materials and thicknesses, for oxide layers 5 19 of different
thicknesses and for different base substrates 21. Fig. 3d illustrates a
second embodiment of the method for creating a calibration thickness
profile used for the calibration of a thermal processing equipment according
to the  invention. In fact, when the thermal equipment is used for smoothing
purposes, process 10 steps S3, S4, S5 and S9 are amended with respect to the
corresponding process steps in  the first embodiment. The other steps are
the same as in the first embodiment and their  description is not repeated
again but incorporated by reference. Instead of providing oxygen to the
furnace chamber 3 in this embodiment hydrogen (H2) or  15 argon (Ar) is
provided and thus a surface smoothing step is carried out in step S3'. In
SOI  substrate production this step is for example carried out to improve
the surface quality of  



the product. As, however, thermal non-uniformities, present in a
non-calibrated equipment,  lead to the formation of slip lines and/or wafer
deformation, a calibration also is necessary.  Therefore in Step S4' the
multilayer substrate is analyzed to measure wafer deformation 20 and slip
line formation. This is done using standard methods. Then in step S5' it is
checked  whether the results are sufficiently good to ensure the necessary
product quality, in  particular, whether the number of slip lines is reduced
and/or whether an reduced wafer  deformation is observed compared to what is
obtained in an uncalibrated equipment, in  which slip lines and/or wafer
deformation occur due to thermal non-uniformities. If this is 25 the case
the process continues with step S8, wherein during step S9' the gas supply
is  switched back to oxygen (02) to form an oxide layer on the test
substrate. If this is not the  case the process continues with step S6, like
described above. Slip lines are typically measured using inspection tools.
The measurement is expressed in  30 total millimeter over the substrate
(wafer). It is the aim of the calibration according to this  embodiment to
achieve a minimized amount of slip lines, in particular zero slip lines. 14
Wafer deformation is typically measured by warp and bow measurements and, if
wafer  deformation is considered during calibration, it is again the aim to
optimize the calibration  by minimizing the deformation (expressed in pm) or
to even achieve zero deformation. 5 Fig. 4a illustrates an embodiment of a
method for calibrating thermal processing equipment  according to the
invention. Again reference will be made to the thermal processing  equipment
1, the multilayer substrate 15 and the test substrate 25 as shown in Figs.
1, 2a  and 2b. Their properties will not be repeated again but are
incorporated by reference.  However, other thermal processing equipment and
substrates could of course also be  10 used. The inventive calibration
method takes advantage of the golden profile 35 as achieved by  the
above-described process (see Figs. 3a to 3c). In step S20 a test substrate
25 is  provided in the thermal processing equipment 1 which can be the same
or another thermal 15 processing equipment as the one in which the golden
profile 35 on the calibration test  



substrate has been achieved. Then in step 21 a set of thermal process
parameters is  provided to the control unit 13 of the thermal processing
equipment 1 which is used to  control the heating device with the plurality
of heaters 5. In a variant, the set of thermal  process parameters can be
the set of thermal process parameters for which the golden 20 profile has
been achieved in the method for creating a calibration thickness profile as
described above with respect to Fig. 3a. This of course is only possible in
case the thermal  processing equipment to be calibrated is of the same type
as the one in which the golden  profile has been obtained. 25 In step S22
the test substrate 15 is then thermally processed to form a layer thereon.
Then  in step S23 the thickness profile of the layer is determined using
standard thickness  measurements, like ellipsometry. The corresponding
thickness profile 37 is illustrated in  Fig. 4b, where the thickness of the
layer is plotted on the y-axis, whereas the distance with  respect to the
center of the test substrate 15 is plotted on the x-axis. The determined 30
thickness profile 37 is traced in dotted lines on Fig. 4b. The corresponding
golden profile  35 is plotted with a continuous line and corresponds to the
one already traced in Fig. 3c.  From the difference in the two profiles it
can be concluded that the thermal processing 15  equipment needs a
recalibration. In fact, only in case the dotted thickness profile 37 of the
layer on the test substrate and the predetermined thickness profile 35 with
the solid line of  a calibration layer on a calibration test substrate
correspond to each other, an even  thickness profile 33 can be achieved on a
multilayer substrate with the thermal processing 5 equipment, or according
to the variant a multilayer substrate with an reduced amount of, in
particular nearly no or no, slip lines and/or a reduced wafer deformation.
In step S25 it is decided whether the thickness profiles correspond to each
other or not. If a  difference is observed the method for calibrating the
thermal processing equipment  10 continues with step S26. This step consists
in amending the set of thermal process parameters such that the heating
device is adapted to compensate the differences  observed between the
thickness profile 37 and the predetermined thickness profile 35 of  



the calibration layer. Once this is done, the calibration is ready (step
S27) and the process  for calibrating comes to an end. If the two profiles
35, 37, however, correspond to each  15 other the calibration immediately
ends as no recalibration is necessary. According to a variant, it is also
possible to provide an additional test substrate in case one  has amended
the set of thermal process parameters (step S28) and steps S22 to S24 are
carried out again to verify that, indeed, the amended thermal process
parameters are such 20 that a thickness profile corresponding to the golden
profile is obtained on the addition test  substrate. The adapting of the
thermal process parameters is carried out by changing the heating  power
provided by the heaters 5 of the heating device of the thermal processing
equipment  25 1. In fact, each heater 5 can be controlled individually such
that a local adapting can be realized. Changing the heating power can be
done be directly influencing the heaters or by  changing the offset of the
corresponding probes 7 measuring the temperature on the  substrate. 30 In
the figures the method for calibrating the thermal processing equipment 1
and the  method for creating a calibration thickness profile have been
explained using a SO1  multilayer substrate and a Si wafer as a test
substrate 25. However, the present invention 16  is not limited to this
material choice but other multilayer substrates or test substrates can  be
used in the same way. In this case also it is advantageous to carry out the
calibrating  with a test substrate having the same material as the surface
layer of the multilayer  substrate or to have a test substrate with the same
crystalline structure as the surface layer 5 of the multilayer substrate. In
cases where a bulk substrate is not available or  comparatively expensive,
still a low cost Si wafer could be used as test substrate. The disclosed
method for calibrating a thermal processing equipment and for creating a
calibration thickness profile are of particular interest when the thermal
processing  10 equipment is used for rapid thermal annealing treatments,
e.g. in Hydrogen (H) or Argon or a mixture of H and Ar atmosphere, or rapid
thermal oxidation treatments. For those  



treatments a well calibrated equipment is necessary as high temperatures are
involved and  only small deviations from an even temperature distribution
can have an impact on the  quality of the layers formed or annealed. 15
Finally, the test substrate 25 with the layer 27 having the golden profile,
as shown in Fig.  2b, represents one embodiment of a calibration test
substrate according to this invention,  as the thermally formed layer
thereon is obtained with the set of thermal process  parameters for which a
layer 23 with an even thickness profile has been achieved on the  20
multilayer substrate 15 shown in Fig. 2a. 17  Claims 1. A method for
creating a calibration thickness profile used for calibrating a  thermal
processing equipment, the thermal processing equipment comprising a heating
device for heating a substrate controlled by a set of thermal process
parameters, the  method comprising: calibrating the thermal processing
equipment by adjusting the thermal  process parameters so that thermal
processing of a multilayer substrate produces  a predetermined effect,
forming a layer on a calibration test substrate by thermally processing
using the calibrated set of thermal process parameters, the calibration test
substrate comprising a structure different than the structure of the
multilayer  substrate, and determining the calibration thickness profile as
the thickness profile of  the layer formed on the calibration test
substrate, wherein the calibration  thickness profile is determined with a
higher resolution at an edge region of the  calibration test substrate than
in a center region of the calibration test substrate.  2. The method of
claim 1, wherein the calibration thickness profile is determined  for a
plurality of different multilayer substrates. 



3. The method of claim 1, further comprising storing the calibration
thickness  profile in a database. 4. The method of claim 1, wherein the
multilayer substrate comprises a SOI type  wafer and the test substrate
comprises an Si wafer. 5. A method for calibrating a thermal processing
equipment used for a heat  treatment of a multilayer substrate, the thermal
processing equipment comprising a  heating device for heating a substrate
controlled by a set of thermal process parameters,  the method comprising:
processing thermally a test substrate having a structure differing from the
structure of the multilayer substrate using a set of thermal process
parameters in  order to form a layer on the test substrate with a thickness
profile, comparing the thickness profile of the test substrate with a
predetermined  thickness profile of a calibration layer formed on a
calibration test substrate,  wherein the calibration layer is formed using a
set thermal process parameters 18  that, when used to process a multilayer
structure, produces a predetermined  effect, and adjusting the set of
thermal process parameters such that the heating  device compensates for the
differences between the thickness profile and the  predetermined thickness
profile, wherein the calibration thickness profile is  determined with a
higher resolution at an edge region of the calibration test  substrate than
in a center region of the calibration test substrate. 6. The method of claim
5 wherein the calibration layer is non-uniform or uneven.  7. The method of
claim 5 wherein the thickness profile of the test substrate is  measured
over a plurality of points on the surface of the wafer. 8. The method of
claim 5, wherein the set of thermal process parameters  corresponds to a set
of previously adjusted thermal process parameters. 9. The method of claim 5,
wherein the predetermined thickness profile has been  



obtained in a different thermal processing equipment. 10. The method of
claim 5, further comprising processing thermally a second test  substrate
using the amended set of thermal process parameters in order to validate the
calibration. 11. The method of claim 5, wherein the thermal processing
equipment comprises  a plurality of heaters for locally heating the test
substrate and a plurality of probes for  locally measuring the temperature
of the test substrate, and wherein adjusting the thermal  process parameters
further comprises individually adapting the heat provided by each of  the
plurality of heaters. 12. The method of claim 11, wherein the heating power
of each heater is  individually adapted by individually adjusting the offset
values of the plurality of probes.  13. The method of claim 5, wherein the
surface layer of the multilayer substrate  and of the test substrate are of
the same material. 14. The method of claim 5, wherein the surface layer of
the multilayer substrate  and the test substrate have the same crystalline
structure. 19  15. The method of claim 5, wherein the multilayer substrate
comprises a silicon on insulator (SOI) type wafer and the test substrate
comprises a silicon wafer. 16. The method of claim 5, wherein the heat
treatment of the multilayer substrate  comprises rapid thermal annealing.
17. The method of claim 5, wherein the heat treatment of the multilayer
substrate  comprises rapid thermal oxidation. 18. The method of claim 17,
wherein the predetermined effect corresponds to an  even thickness profile
of a layer formed on a multilayer substrate. 19. The method of claim 1,
wherein the calibration layer is non-uniform or  uneven. 20. The method of
claim 1, wherein the thickness profile of the test substrate is  measured
over a plurality of points on the surface of the wafer. 



21. The method of claim 20, wherein the set of thermal process parameters
corresponds to a set of previously adjusted thermal process parameters. 22.
The method of claim 1, wherein the predetermined thickness profile has been
obtained in a different thermal processing equipment. 23. The method of
claim 1, further comprising processing thermally a second test  substrate
using the amended set of thermal process parameters in order to validate the
calibration. 24. The method of claim 1, wherein the thermal processing
equipment comprises  a plurality of heaters for locally heating the test
substrate and a plurality of probes for  locally measuring the temperature
of the test substrate, and wherein adjusting the thermal  process parameters
further comprises individually adapting the heat provided by each of  the
plurality of heaters. 25. The method of claim 24, wherein the heating power
of each heater is  individually adapted by individually adjusting the offset
values of the plurality of probes. 20  26. The method of claim 1, wherein
the surface layer of the multilayer substrate  and of the test substrate are
of the same material. 27. The method of claim 1, wherein the surface layer
of the multilayer substrate  and the test substrate have the same
crystalline structure. 28. The method of claim 1, wherein the multilayer
substrate comprises a silicon  on insulator (SOI) type wafer and the test
substrate comprises a silicon wafer. 29. The method of claim 1, wherein the
heat treatment of the multilayer substrate  comprises rapid thermal
annealing. 


