THERMAL PROCESSI NG EQUI PMVENT CALI BRATI ON METHOD This invention relates to a
nmet hod for calibrating thermal processing equi pnent conprising 5 a heating
device and which is used for a heat treatnent of a multilayer substrate. The
invention furthernore relates to a calibration test substrate and a net hod
for creating the calibration test substrate. Thermal processing equi pment
Is usually used for thernmally treating wafers in a hydrogen, 10 argon or
oxygen at nosphere, in order to, for exanple, forman oxide |layer or to
snooth the surface of a wafer. In order to achieve uniformtenperature
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positioned horizontally in a furnace chanber. These sensors neasure the
| ocal tenperature of the wafer and are connected to a control system 15
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wi t hi ncalilration fast substeatect ual Iy the oxidation thickness is dependent of the
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A typical method for calibrating such equipment when treating bulk silicon wafers consists
of applying a rapid thermal oxidation to form about 100A of SiO, 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 SOMike 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



applied to the bulk wafers. By doing so it becones possible to mnimze slip
lines and 2 wafer deformation, which would otherw se occur. US 6, 853, 802
proposes to adapt the thernal treatnent by determ ning the heat absorption
coefficient of the structure to be treated and by adapting the power to the
heati ng | anps of the equi pnent accordimgly. This nethod does, however, have
the problemthat the calibration is not achieved in a direct 5 way and that
in fact a correl ation between the heat absorption coefficients and the

equi prent paraneters needs to be established. A second way of calibrating
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techni g e sensor set providing the best results is chosen.
Thi s met hod, even be| ng a direct way of cali bratl ng, has nevert hel ess the
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offset providing the best results is chosen.

This method, even being a direct way of calibrating, has nevertheless the drawback that to
obtair a calibration, expensive SOl 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



mul tilayer substrates. 30 3 This object is achieved wth the nethod for
calibrating thermal processing equipnment conprising a heating device and
which is used for heat treatnent of a nultilayer substrate according to
claim1l. 5 The invention is based on the surprising effect that a
predeterm ned thickness profile, also sgalled "golden profile”, of a |ayer
thermal |y processed on a test substrate can be associated to each type of
mul til ayer substrate. The test substrate has a different structure conpared
to the nmultilayer substrate and is usually cheaper than a multil ayer

substrate far Lchut: r aal | DG ' | |
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15 muiltilayer 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 muitilayer 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.



profile on the test substrate corresponding to the golden profile, one is

al so ensured that on 30 a corresponding nmultilayer substrate an even

t hi ckness profile or a nultilayer substrate wth reduced slip |ines and/or
reduced wafer deformation will be achieved with the amended set of therma
process paraneters. 4 Conpared to thegsprior art, it is thus possible to use
cheaper test substrates for the callbratlon |nstead of the expensive

mul tilayer substrates: In addition, one can use the properties of the

t hi ckness 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 nmethods. Finally, the thickness profile nmeasurenent on the
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reduced, 1I'n particular near no or no, slip lines and/or reduced wafer
deforrradvamggem-\lﬁefobééﬂg'daé@&ed The term "thermal process paraneters"
relates to any paraneter of the equi pnment susceptible to influence the heat
profile in the equipnent. 20 Preferably, the set of thermal process
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yer substrate after formn
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



| ayer on the nultilayer substrate or to a nultilayer substrate with reduced
slip lines and/or reduced wafer deformation after snoothing, the same wll
al so be true for a different 30 equi pnment, as long as the sane nmultil ayer
substrates are used. This neans that essentially the golden profile only
needs to be determined once for one typg of equipment 5 and can then be
reused for all the other processing equl pnent used, which further reduces
the costs for carrying out the calibration on the equi pnment. According to a
variant, a second test substrate can be provided and thermally processed 5
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power provided to the substrate. 25 Advantageously the surface |ayer of the
mul til ayer substrate and of the test substrate can

Preferably the heat device can comprise a plurality of heaters for locally heating the test
16 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 goveming 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.



be of the same material. In this case the physics and/or chem stry governing
the layer formation are conparable such that the difference between the

gol den profile and the even profile on the nmultilayer substrate can be kept
relatively small which nakes the method 30 nore precise and further

| nproves the calibration nethod. 6 Ev nore preferably, the surface |ayer
of the nmultilayer substrate and the test substrate can have the sane
crystalline structure. As the crystalline structure plays an inportant role
on the growmh of an additional |layer on it, conparable crystalline
structures do also lead to the fact that the differences between the gol den
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The new invention also relates to a nethod for creating a calibration

t hi ckndicep, wheneas 6 wafesrare il Bxpensive SURS@ES. pr ocessi ng equi pment, in
particular, used in the calibration nethod according to one of clains 1 to

10, wherein the thernmal processing equi pnent conprises a heating device for
heat t rAcording 40 @wdriang\the heab treating can der alirapjd tthermhalianngaling freatment 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



This method is used to obtain the predeterm ned thickness profiles (golden
profiles) which are advantageously enployed in the calibration of thermal
processi ng equi pnent as described above. The thickness profiles once
obt ai ned can be neasured using the standard prior art techniques, |ike

el lipsometry. 30 Preferably, the calibration thickness profile can be
determ ned 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 expl ai ned above, the main differences between a multilayer
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t he necessary data can be read out fromthe database.
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 goiden 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 SOI 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 SOI 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 toclaim 16. Using the predetermined thickness profile of this calibration test substrate, the
advantageous calibration method as described above can be carried out.



Advant ageously, the nultilayer substrate is an SOL type wafer and the test
substrate a silicon wafer. Today silicon wafers are a standard hi gh vol une
product which are readily 25 available with good quality and relative | ow
prices, whereas SO wafers are still expensive substrates. Furthernore the
inventioon relates to a calibration testg substrate conprising a thermally
formed | ayer on one of its main surfaces with a predeterm ned thickness
profile according 30 to claim16. Using the predeterm ned thickness profile
of this calibration test substrate, the advantageous caIibration nmet hod as
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refere 'he acconpanyi ng dravvi ngs wherein: Fig. 1 - schematically shows
a tgermal processing equipment, 10 Fig. 2a - shows a nultilayer substrate
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t hi ckness profile has been achieved on the nmultilayér subStrate of Fig. 2a,
Fig. 3a - illustrates a flow diagramillustrating a first enbodi nent of the

nmet hod d rofile (golden profile),
20 Fi gsFt'é) g“&%@éﬁgw Hgmﬁ? %F%%ts%'%%ﬁﬁﬁ%rﬁbkness profile on a
mifiQi | ayer substrate and the correspondl ng predeterm ned thickness profile

(gol der?: gp ok lsﬁ wso L ntu.rl]ﬁlagleerssfubsé?rg?et {vﬁ‘ﬁ S 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.



respectively, 25 Fig. 3d - illustrates a flow diagramillustrating a second
enbodi nent of the nethod to determ ne the predeterm ned thickness profile,
Fig. 4a - shows a flow diagramillustrating the inventive calibration

nmet hod, and 30 Fig. 4b - illustrates thickness profiles obtained on a test
waf er conpared to the golden profile |§Iustrated in Fig. 3c. 9 Fig. 1
illustrates a typical thermal processing equi pnent used in the sem conductor
i ndustry to heat treat substrates, in particular wafers, and which are used
for formng layers or for annealing In multilayer substrate fabrication

they also play a role in.s ace . snoot 5 The t hernmal  processi
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for Iogﬁ@%% ﬁﬁasurlng the tenperature of a 10 substrate 9 which is

posi ti B a support neans 11. As shown in Fig. 1, the anount of probes

7 dges not necessarily have to be the sane as the anount of individual

heaters_ 5. Here nore probes 7 than individua aters 5 are | ndj ted The
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fo 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 tumn 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 (SOI)
30 type substrate with a device layer 17 on an oxide layer 19 which in tumn 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



oxygen to hydrogen or argon, the substrate 9 wll show a reduced anount of,
in particular nearly no or no, slip lines and/or a reduced deformation. 25
Ther mal processing equi pment, |ike the one illustrated in Fig. 1 needs to be
recalibrated fromtinme to tine, to correct for drifting properties. Under
production conditions, such a calibrajgon usually needs to be carried out
at least once a week. Fig. 2a illustrates a nultilayer substrate 15, I|ike
for exanple, a silicon on insulator (SO) 30 type substrate with a device

| ayer 17 on an oxide |layer 19 which in turn is provided on a silicon
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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.



correspondi ng probes. Another way was to identify the heat absorption
coefficient locally and starting fromthere, adapting the heat provided

|l ocally. Now, according to the invention, use is nade of a test substrate
25, different to the multilayer substrate, to calibrate the therma
processi ng equi pnent 1. Thus one does npt need to use the nore 25 expensive
mul til ayer substrates 13 any |longer for calibration purposes. This will now
be explained in detail inthe followng for the case that a |ayer, |ike
layer 23 in Fig. 2a, is formed on the nmultilayer substrate. The inventive
calibration nethod is based on the idea that the thickness profile of |ayer
27 can be used to calibrate the thermal 30 processing equipnment 1, as when
one ac ﬁlgaxﬂaslllum'raies lonelerabadimeot of @ méthbd don cmatingu astalibrationAbickness profilesur ed
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processi ng equi pnent _according to the invention. Reference will be nmade to
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deposi substrates couldrofl coarsesaismbe sisedul d of course also be used. In step Sl a
mul tilayer substrate 15 is provided in thermal processing equipnment 1 to be
rC 10 calibrated and is positioned on the support means 11. Then in step S2
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Then in ste&SS an oxide layer is thernmally forped on th til ayer
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in A is plotted on the y-axis, Wnereas on the x-axis the distance to t he
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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 Instep 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.
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20 the dianeter of the nmultilayer 15 is shown, but of course also a

t wo- di nensi onal thickness profile could be established. As can be seen from
Fig. 3b, in the non-calibrated state, the thickness varies around a w dth
val ue 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. Wen 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 paraneters in the control
unit 13 is amended. For positions where the thickness is higher than 100 A
the correspondi ng heaters 5 have to provide | ess heating power, which can
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Flg 3 ine. Nowin this case the thermal processing equi prment
'Wg&éﬁrazgékgééstate. In step S8 a test substrate 25, in the

foI I OWI ng called calibration test substrate, is provi ded ( 10 and
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achieved on the nultilayer substrat lustrated In Fig. 3b (solid
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prof i | kke3iflustrated inuBigr 3bésblidiine).g. 3c wherein again the neasured thickness
Is plotted on the y-axis and the distance to the center of the calibration
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 tum 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.



test substrate 25 is plotted on the x-axis. As can be seen fromFig. 3c for
the same 20 thermal process paraneters, with which an even thickness profile
33 has been achieved on a nultilayer 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 abst¥ption coefficients between the two
substrates which in turn is due to the different structure between the test
substrate 25 and the nultilayer substrate. 25 Now this profile 35 will be
used in the followng as a calibration thickness profile, here also called
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the sane as in the first enbodinent and their _description is not repeated

agai n BEschntionipoptiepgated JaainPutipeorppried BY referaficsvi di ng oxygen to the
furnace chanber 3 in this enbodi nent hydrogen (H2) or 15 argon (Ar) is
provi ded and thus a surface snoothing step is carried out in step S3'. In
SO  sinsteachotproviding oxygentthithe furpace eharobers3 imihissembodimeant dydrageni(hpyrarv e

t h‘FS Su%ﬁ&%e(ﬂWsl brto¥id% 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 (O;) 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.



t he product. As, however, thermal non-uniformties, present in a
non-cal i brated equipnent, lead to the formation of slip |lines and/or wafer
deformation, a calibration also is necessary. Therefore in Step S4' the

mul tilayer substrate is analyzed to neasure wafer deformation 20 and slip
line formation. This is done using stamgard nethods. Then in step S5 it is
checked whether the results are sufficiently good to ensure the necessary
product quality, in particular, whether the nunber of slip lines is reduced
and/ or whet her an reduced wafer deformation is observed conpared to what is
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i nyention. Again reference will be nade to the thernmal processing equipnent
L Qheuﬁﬁﬁtllayer substrate 15 and the test substrate 25 as shown in Figs.

1, 2a and 2b. Their properties wll not be repeated again but are
|ncorporated by reference. However, other thermal processing equi prent and
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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



substrate has been achieved. Then in step 21 a set of thermal process
paraneters is provided to the control unit 13 of the thermal processing
equi pnent 1 which is used to control the heating device with the plurality
of heaters 5. In a variant, the set of thermal process paraneters can be
the set- of thermal process paraneters #®r which the gol den 20 profile has
been achieved in the nmethod for creating a calibration thickness profile as
descri bed above with Fespect to Fig. 3a. This of course is only possible in
case the thermal processing equipnent to be calibrated is of the sane type
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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 SOI
multilayer substrate and a Si wafer as a test substrate 25. However, the present invention



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 i mrediately
ends as no recalibration is necessary. According to a variant, it is also
possi bl e to provide-an additional test 1ubstrate in case one has anmended
the set of thermal process paraneters (step S28) and steps S22 to S24 are
carried out again to verify that, indeed, the anended thernal process

paranmeters are such 20 that a thickness profile corresponding to the golden
prof i | ds inot timitad de dhis imatedalachnice but etver multilayarrsubstrateseoral@sh subsirates can
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the figures the ror calibrating the thermal processing equi prent

and t heomparalively expensivg; stilba fow a0stisi avafemcauld be nsed asrtestisubstialee been
explained using a SOL nultilayer substrate and a Si wafer as a test
substrate 25. However, the present invention 16 is not limted to this
mat er i dfhecdigtlosed methbddhdor oalibratiray arthemtel tprotessing etgipment lapdr fat ereating a be

di . . ] L t_hi ' | it t t t th
2l 1 br SEIBRGO0; THCKAEBS sBralipo P a0 RRIKURY IHETSBhrnor, B! ToraW {PIEYetARGco
| ayer_olquiphferts Lsbd i rapiahsiid shnBairicrdmtends, e in HyeRdel () Wrldbgs ey same

crystalline structure as e surface | ayer of the mul'tilayer "subsirate. In

cases hatguee iofiih angbAr raimespherotor £apidl thermab oxidation dreatmestsy Eopdhesee,
il i X . . .di
S| roaeR e cAfigleaithsinbih iRt &Ry 58 hichRideRittres e AR

met hod rng a th processi n or cre
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t hggmal oxidation treatments. For those
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.



treatments a well calibrated equi pnent is necessary as high tenperatures are
i nvol ved and only small deviations froman even tenperature distribution
can have an inpact on the quality of 1The | ayers formed or anneal ed. 15
Finally, tgﬁ,test substrate 25 with the layer 27 having the gol den profile,
as shown i m#Mj. 2b, represents one enbodi ment of a calibration test
substrate according to this invention, as the thermally fornmed |ayer
thereon is obtained wth_the set of thernmpl proce paramnmeters for which a
|l ayer 23 with an gv'@%,\ﬂ’?cﬂf% Khehes Br“&'l‘tif?té’“ﬁgﬁk’%ésewoﬁ@h?séﬂ?/é‘a BrivRing 2 20

mul tilayer t&ﬂ?@tﬁ@%gi@&qﬁ@ﬂm » , ittt thérghal l&aeeséﬂg e?ﬂiﬂhfﬁﬁ lcéxgprﬁir_rgei hesing gr |
creating a calibration thickness profile used for calibrating a  therma
processingd@ﬂﬁiEﬁgﬁgpgﬁhﬁﬁ?%%?ﬁﬂpgﬂﬁ£éé§s$hﬁ gﬁﬂP%dﬁﬂFﬁbHﬁﬁ?ggﬁﬂbea heat i ng
devi ce for nh@l chgpraidgtbstrate controlled by a set of thermal process

paraneters, the nethod conprising: calibrating the thermal processing
equi prent by adj ust i Gfras ithi fgemal pRcaBIE LAPRMENEhYe pduLigs theathes R al

processing of apridbssiphdielersSsd IR fittiRal PFREWME I a FnuliIBEe ke BRhdelel ect
formng a layer on a calibration test substrate by thermally processing

usi ng the cal i bp&fedefedupedsfietther mal process paraneters, the calibration test

substrate conpri sing feimbtg 4 eyt &n 8ichifRdiRAtest fa@datr&t@%ysthérmﬁyﬁl%c&ﬁing he
mul tilayer substrate, and détermning the calibration thickness profile as

the thickness preng |the splibraterh s¢taghe themapl rsepes PripBetets sy salibeton dest

substrate, wher giRiritBRomplidit atskiRiture dMrGERaRS M Qrhdifrel 5t HEhRAdAyEd Wi th a
hi gher resolution at an edge region of the <calibration test substrate than

in a center regP¥ntr®e. anthe calibration test substrate. 2. The nmethod of

claim1, wherein thejealihibhatheoRiibRlGKRARRSesP LRI & he el io@d of fOr a
plurality of different nultrlayer substrates.
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



3. The method of claim1l, further conprising storing the calibration

thi ckness profile in a database. 4. The nethod of claim1, wherein the

mul tilayer substrate conprises a SO tigpe wafer and the test substrate
conprises an Si vvafeL. 5. A nmethod for _calibratin g t her mal %roc ssi ng
equi prent used 5 ¥hgRelted o RIQRETe A mYlfilayer r?HP‘EtPrFag‘é’ Ut BsPPIEM e t her mal
processi ng equi predifangonpri sing a heating device for heating a substrate

controlled by a set of. thermal process paraneters th t hod conpri sing:
processing t her mal | yaQJ"ft@’s%tthgaﬁs?fftifr@ahamﬁ@ Paragtetee&f%ﬁéﬂ‘ei'?? g?ﬂ“ﬁé fromthe
structure of thelevitd torhyiSitesSiob el @tferehtss Betwaers Ble taickidde prvtile PHdOGESS
paraneters in order to forma |layer on the test substrate with a thickness
profile, conpar ipfpgietpwgnq%flg&q_@sgsprgﬁlg,f iWF“ére’_Bf the hg}l@régqn & FstsaErBE]\?vi‘fh a
predeterm ned tdBlefIRQB NitROhizh® rédoludios Al aRledid RIiodndorehe fe@iviBbn QBst & _
calibration test substrate, wherein the caljbration |layer is forned using a

set thermal procBstatstan ipt esnter fegionofythe calibpatian testeybtBtenr ocess a nul ti | ayer
structure, produces a predeterm ned effect, and adjusting the set of

t hermal process paraneters such that the heating _device conpensates for the
di fferences bet We&bf Pethod ofickan é sdeisinghs ¢adibiatien layss is (o3PS} SRUABYENL hi ckness
profile, wherein the calibration thickness profile is determned with a

hi gher resolution at an edge _re%i on of the calibration test substrate than
in a center regi’odhdMethed Og&lainbr ahegin the shickngpspipfileeof the teythabsiisienisd of cl ai m

5 wherein theacad dver A1k R Y&ihts b HRIQXTABLF ME WaRf. Uneven. 7. The nethod of
claim5 wherein the thickness profile of the test substrate is neasured

over a plurality of points on the surface of the wafer. 8. The nethod of

claims5, wherein the Sahodbf Lheh MR wikkaf 88 sR2SAIRIG Srok® pa3RAALS to a set
of previously adjusted thermal process paraneters. 9. The nethod of claimb5,

wher ei n t heopespenss &r aehelprevigusiyrrdivstegthermal proprsg pasaragiers.

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.



obtained in a different thermal processing equipnent. 10. The nethod of
claimb5, further conprising processing thernmally a second test substrate
usi ng the anmended set of thernal procEss paraneters in order to validate the

calibration. 11 e nmethod of claim5, wherein the thermal processing

equi pnent corrpr}ssyg'e "gﬁ‘ﬁglf??éllalnf § ‘g}fer%‘ég'teé‘i“gm?)éff SyRSEalP Icompriss F ﬁ‘g‘“trhe t est
substrat e anidswatd (8OBItydeyvadir apd Bb &St subdtratel comptidey a BliaGLWAfRY t he tenperature
of the test substrate, and wherein adjusting the thermal process paraneters

further conprises individually adapting the heat provided by each of the
plurality of hepd @hs&methdd oflt16im"E tWhedinahe Kdatirditnlcht ofhe iRitayehaibiiaat i Nng power
of each heater.is .individually adapted by individually adjusting the offset
val ues of T%E’T‘B‘fsd?%‘%'fq‘??“%f‘n"ﬁ?lﬁées. 13. The nethod of claim5, wherein the
surface layer of the nultilayer substrate and of the test substrate are of
the sanme materigl ., 14. The nmethod of cJaim5, wherein the surface |ayer of
the multilayer &JEQ? psthad Ogﬂﬂmtsné"hfrég’ttl’es]ﬂ?ﬁ%?‘?aa?"é‘t abthe mulidavenspbstiafey st al | i ne
struct ur e. cokfprisebTapid therm@bhiggdioaf claim5, wherein the nmultilayer substrate
conprises a silicon on insulator (SO) type wafer and the test substrate
conprises a silicon wafer. 16. The nethod of claim5, wherein the heat

treatment of theg muk tdethdd 8F ciabPBi WAERIn ROPRAdi Rt 3RtH cbﬁéhmls tegneal i ng.
17. The method of claim5, wherein the heat treatnent of the multil ayer

substrat e e¥eBHTknes erofilsnfa lwseformsd ona mutilayss subsate The net hod of claim 17,
wherein the predeterm ned effect corresponds to an even thickness profile
of a layer formed on a nmultilayer substrate. 19. The nethod of claim1,
wherei n the cal 1%Driei methedage elajng 1nahergini the reglifgptionylagsy elp nopgniforiieomnet hod of
claim1, whpt&gl n the thickness profile of the test substrate is neasured
over a plurality of points on the surface of the wafer.

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.



21. The nethod of claim 20, wherein the set of thermal process paraneters
corresponds to a set of previously adjusted thermal process paraneters. 22.
The met hod of claim 1, wherein the predeterm ned thickness profile has been
obtained in a different thermal processjing equipnent. 23. The nethod of
claim1, furtherfScBipRsRIdf chimBdessrg i Ipyer oF Eﬂ@e@ﬁwaxeégwbst%bst rate
usi ng the anesrdrRcdes libsite bRF Rlsar¥ @&ESS. paraneters in order to validate the
calibration. 24. The nethod of claim1, wherein the thernmal processing

equi pnent conprises a plurality of heaters for locally heating the test
substrate and azplTHeahdthod &fcldhab@Berti@lthe Jupfacdl lhyer FEAS Whligyck Bébst-geper at ur e
of the test substrate, and wherein adjusting the thermal process paraneters
further codfstihetest subsiiatihgveathe semeraystallig st¥&@™heat provi ded by each of the
plurality of heaters. 25. The nethod of claim 24, wherein the heating power
of each heater is individually adapted by individually adjusting the offset
val ues of the pR&rHeimsthaskofislaiipds whergin thesmultilpxerubsipts @mpepesiarkilicon wher ei n
the surfaC%nlnﬁM%r@Iomgge Wit dnli eatst SHBSdE @nfpris@ndilRbn WaRrt est substrate are
of the same nmaterial. . The nethod of claiml1l, wherein the surface |ayer
of the multilayer substrate and the test substrate have the sane

crystalline strygitfe8netiffd:of R TBIRAG Mk nedt %@a@gt MR flIffla)dd Subiihed | | @yer

substrate conprises a silicon on insulator type wafer and the test
substrat e eonpisesepidghesmalianpmligaf er. 29. The nethod of claim 1, wherein the
heat treatnment of the nultilayer substrate conprises rapid thernal

anneal i ng.



