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This invention relates to a nethod for calibrating thermal processing

equi pnent _conpri SI ng 5 a heating device and which is used for a heat
treat {;? er substrate. The invention furthernore rel%ft®s to

a call i&@te and a nethod for creating the calibration
test su strate Therrra processi ng equi pnent is usually used for
thermally treating wafers in a hydrogen, 10 argon or oxygen atnosphere,
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the “fir equipnent needs to be calibrated. For this purpose tenperature
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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
(4~C even thickness profile is formed on the wafer and which comresponds 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 insuiator (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



reduci ng the tenperature applied on the edge of the wafer in conparison
to the treatnment applied to the bulk wafers. By doing so it becones
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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 muitilayer substrate with
which the equipment parameters can be easily established without an excessive use of
multilayer substrates.
30
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profile, one 1S a ensur
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.

Lt 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.



30 a corresponding nmultilayer substrate an even thickness profile or a
‘mul ti'layer substrate wth reduced slip |ines and/or reduced wafer
deformation will be achieved with the anended set of thernal process
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true fparametdrd frelztél 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. [f in some equipment the golden profile
corresponds to a flat thickness profile on a multifayer 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



.30 equi pnent, as long as the sane nmultilayer substrates are used. This
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with respect to the golden profile, the amendments to the heating device can be locally
20 carried out.

C\C 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 muitilayer 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.



.30 nore precise and further inproves the calibration nethod.
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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 fim forming as
well as smoothing purposes.
20
The new invention also relates to a method for creating a calibration thickness profile used
CC 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 advantageocusly 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



.30 Preferably, the calibration thickness profile can be determined with a
hi gher resolution at the edge of the calibration test substrate than in
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Fygt hernore the i nvention relates to a calibration test substrate

conprising a thermally
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 itseif can choose the corresponding golden profile
and carry out the calibration. This furthermore helps in reducing the time necessary to

20 carmry 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 SO! 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.



.formed | ayer on one of its main surfaces with a predeterm ned thickness
profile according 30 to claim16. Using the predeterm ned thickness
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obt ai rispstEdtesher mal processing and with an even thickness profile, Fig.
2bg- shows a test substrate with a predeterm ned thickness profile

obtai ned under the 15 sane process conditions for which an even

t hi ckrpecifier efmbodinhents bafethea pnésent dnventiohewilimbecomeaymore dpparerntefrom HFiey.

2a, Fi 3a - |l ustrat a.flow dia Illustrating a . first enbodi nent
of "t ndStiaelziod Hebiniiondvitn BéPadeli aetitbaRuhA Scdvppt MetiRgo) den
profile), 20 Figs. 3b and 3c - are illustrating the even thickness
profile on a multjlayer substrate and the correspondi ng predeterm ned

t hi ckrfd@s! psehiematicaliyshews 8 tharmal pracessing equipmeNipst rate respecti vel y,
?aﬁ Fig. 3d - illustrates a flow diagramillustrating a second enbodi nent
QS the method to determine the predetermnined thickness profile, Fig. 4a
- shovdg.2& + shows agnuitilayen substrate with atlayarobtained by thermal processing and avithand

comparBNe i3 BB o {16 i 11 Ustrated in Fig. Sc. EPS4653REOLGNYb 9
Soi tec
Fig. 2b — shows a test substrate with a predetermined thickness profile obtained under the
16 same process conditions for which an even thickness profile has been achieved on the
mulitilayer 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 3¢ - are illustrating the even thickness profile on a multilayer substrate and
the comresponding 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.



~Grunecker, Kinkel dey, Stockmair & Schwanhausser - Anwal ssozietat Fig. |
illustrates a typical thermal processing equi pnment used in the

sem conductor industry to heat treat substrates, in particular wafers,
and which are used for formng layers _or for annealing. In rrultlla er
substr N oched in IS?ocer\ hey al so play @role in surface snoot hi ng The
t her SdhvaihesSdr 0 ga nt 1 illustrated can be of a vertical or

hori zontal thermnal reactor type and can be either a batch or a single
wafer type. The thermal processing equipnment 1 conprises a furnace
chanbdrig3 1i illusiratels ar Yypical dhefaal aprecessing tgquidmentaused is theusemicegductor
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to be th%vﬁane as the anmount of individual heaters 5. Here nore probes 7
than iHBP/WMal heaters 5 are indicated. The furnace 1 furthernore
cogprises a control unit 13 which based on the individual tenperatures
measured by the probes 7 is controlllng the heat provided by the
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deforna processi ng equip e one 1llu
Fi g. Xomprisestaocardral ma|1|3bwbjcbcba59dcm mnenndwmiual temperatum measufedrby the

usual 19OREL B s ing R Realbisp e Y g AV ARRaRS < “22 11 T ustrat es
afBul til ayer substrate 15, like for exanple, a silicon on insulator (SQ)

30 t bstra devi ce | ayer 17 on an oxi d er 19 which in
o Hor3he st ah el tharad ATotssing S mBnt b, t Brassonts) thgh Adross (o6 Sybatrats

hovevey thed Rbitefs5VHovie 8 LriRsAefparatQid Bfstribution, so that the layer growth or

annealing carried out with the equipment is in tum also uniform or at least optimized. In this

case, when used to form a layer over the substrate 9, the obtained [ayer 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

QC 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 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



mul ti.l ayer structures, like for exanple strained silicon on insulator or
ger mani um on EP34653RB018hyb 10 Soitec G Unecker, Kinkeldey, Stockmair &
Schwanhausser - Anwal t ssozietat insulator nultilayer substrates nay al so
be concer ned The mul tilayer substrate 15 has been heat treated in a

t her kar nei Rrrent 1 in an 8%ygen atnosphere, like des8®fbed
above &\@ % such that a layer 23, for instance an oxide
| ayer, forned on the rTLI|tI | ayer substrate 15, nanely on the device

| ayer 17 When using a 5 correctly calibrated thermal processing

equi prmsulator mutitaysresubaratasomay aalse bercancemiade sThe pnulfiiayer sulzstrate 15 has
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wWth respect to the growmh of the layers 27, 23, respectively. In the
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nps e %a@mmwﬁcd&mmem@ym |§MWrﬂhe.$s 6353802, onger for calibration
purposes. This will now be explained in detail in the follow ng for the

case that a layer, like layer 23 in Fig. 2a, is fornmed on the multilayer
the t Ao onudlfed Ak, WE tfetinal baiceRtng BuRineri TREES e aRrbiifrpdard

pr oceths fingt use apdﬂnen al,sozimnwhme tortimencini thequior Artthists dione sisingra fiultiayert h
a test BYPRL "R Snd 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 wili 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.



25, it is ensured that one woul d achi eve an even thickness profile on a
mul tilayer substrate 13. EP34653RB018hyb 11 Sokec G onecker, Kinkel dey,

Stocknalr & Schwanhausser - Anwal tssozietat Fig. 3a illustrates one
errbodl met hod for creating a ial i bration thickness profil e used
for t %ﬁ% Lmﬂr t her mal proce1 si ng equi pnent according t e
|nventg§@mmn Wribkthe be nmade to the equi pnent and substrates

illustrated in Flgs 1 2a and 2b. 5 Their properties will not be
repeated again but are incorporated by reference. However, other therma
processi ng equi pnent, |ike for instance an epitaxial deposition tool, and
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elllpsone ustra es such a thickness proflle 31 in a
non- callbrated state in dotted lines. In Fig. 3b the thickness d
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i ndi cat1on heat I'stribution s not even st
checket0OvheThigis achieved wmuiwmgaammmm Pr not. Wen obtaining
the wuneven thickness profile 31 (dotted |line in Fig. 3b) the decision
taken is "no and as a consequence the process continues with step S6,
WHér ei Thenia step Sdfths Hisickmdssprofile of the)&remiauyafarmeu layer 23istdetbrmined. TRis s

cor 1 edp AeruSRg. sarclra 1Ekss MeroBHBT] Bl IR JopGHample,AIIBRoRRRY o

ggS??mL% V\ﬁ@ﬁé@s's&ﬁ &mlélimﬁglﬁﬂéﬁlé 9 iAfd AeA-cafibratidl StaRPRSdotistFlirts. 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 muitilayer 15 is shown, but of course also a two-dimensional thickness

i profile could be established. As can be seen from Fig. 3b, in the non-calibrated state, the

Q(: 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 comresponding heaters 5.



.thickness is | ower than 100 A, nore heating power is necessary which
needs to be provided by the correspondi ng heaters 5. EP34653RB018hyb 12
Soitec G Onecker, Kinkeldey, Stockmair & SchwanhQusser - Anwal t ssozi et at
In step S7 a new nultilayer substrate 15 is provided in the thernmal

pr ocesER3MEp3RBUIBIYIENt 1 and the steps183 and S4 are repeated, nowssiet h

the a . &ipkeldgy, Stqskmaira| process paraneters. In fact, the steps S3 to
S7 aré S GATYAISPF® ep S5 a flat thickness profile 5 33 is
observed. Such a flat or even thickness profile 33 on a nultilayer
substrate 15 is illustrated in Fig. 3b with a solid line. Nowin this

case the thermal processing equipnent 1 is in a calibrated state. In
st ep 98 steR B reyw Bwitilayerstibsirate; Haeismspvided ingthedhersmal Psecassing aswinraent 1
substr | ' Ly ' Waly
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B 155 B OSRGe  luBh ot EF B Bl iicknass J508 'R Sinief dubsfiate 1.
Then iilusttated Rlkig! e withiacdaliasimel NGW Irethiy cddeethb aliérmat proceissimg eqligriént 1

calibration test substrate 25 is determned in the sanme way as the | ayer
f or meds ha cAlrAgdistateyer substrate 15. The corresponding thickness
profile 35 is illustrated in Fig. 3c wherein again the neasured

t hi ckness is plotted on the y-axis and the distance to the center of the
cal i brintstepS8tactest sultsttate 26, Mhedoliawing cdlleshcalibeationdbestsubsiratenris providesh

C 8 Aiesicry bytic SErafel bRFnAProRbEGES BBRAEATIT Ther L B30 &Ml
cal i brat Lan i get SUBST At Po  Th e 15 dus o tho -l Tel bncee. a1 e peat
cbsor dof WAKAJBS evan diickess: Mot hBas Beed achiBved B the rauiAHen HERTRLS 36e
to t heikdinfistraftin Fig. 9bt (SbRd likgt ween the test substrate 25 and the
mul tilayer substrate. 25 Now this profile 35 will be used in the

followng as a calibration thickness profile, here also called golden

il _ ; T i i . ' |
D115 e SER°ST0 hBCRidqEs Betle Uik, Ryet p7T1onfea, ork iy caioration e8P
prof i |substhaterzbin determiime in2be sache: wWay as the layerfomoed oditbe multilayersubstrateown

in Fi g|.5-3q. ha' &Je%ﬁgﬂdfnﬁ ﬁ?c‘?(nsgg%roﬁle 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. 3¢ 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
(C calibration test substrate 25. This is due to the differences in the heat absorption
coefficients between the two substrates which in tumn 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.



30 region (shaded part of Fig. 3c) it is advantageous to neasure the

t hi ckness profile with a higher resolution in this edge region of the
calibration test substrate. EP34653RB018hyb 13 Soitec G Onecker,

Ki nkel ir & Schwanhausser .,Anwaltssozietat The neasur

gol derﬁﬁxﬁﬁgk gi(s?dak,ﬁah}en be stored i% a database such that it is easil y
t r ansf&saivhrhadssed mAOMtssbri@stnal processi ng equi pnent to anot her.
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the first enbodi ment. The other steps are the sane as in the first
enbodi mrent and their description is not repeated again but incorporated

by r eflﬁ%.ew flustraek epsecindismbbdiment Kth@sfelhdd! fBE cieating SecdliBrdtien thigkhdss
t hi s enbodi ment hydrogen ) or 15 arﬁon (Ar) is provided and thus a

H2
sur f adiofiigoused fer éﬁ%;palier(a@anrofea thermeh pseegssipg equipment acpesdingitte the
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def or nascaptiots motirepeated agein bat mMebdriporated by efeperitene usi ng standard

nmet hods. Then in step S5 It is checked whether the results are
sufficiently good to ensure the necessary product quality, in

par ti qyétdhd o‘f\’ﬁ%vhfﬂﬁ trargﬁémanﬁé figthadé blgar!gge.e@ in thig gﬁmg@ag%efo {HREGr 2N

reduced wafer defo on i s observe npar e btainedin an
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swi t c kel phadiict.tAs, trowegwar, titetimal aoh-amnifommities iptesérdyrea nom-¢dlibrated equipment,

PU0 ik b i oraih shbs AoBRERariAORRAER, BRI ALS e RSBt
t ool s.ThEhsfore F Step 1881 theSmENiRIyes salsktiale 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 resuits 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 uncatibrated 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.



30 total mllineter over the substrate (wafer). It is the aimof the
calibration according to this enbodinent to achieve a mnimzed anount
of slip lines, in particular zero slip lines. EP34653RB018hyb G onecker,
Ki nkel goMgsaRbOS ir & SchwanhQusser -,,Anwal tssozietat 14 Soitec \fer
deforn@mﬁ@gbﬁlémkﬁsja@%w measur ed by v.\'/grp and bow neasurenments an%elef
waf er & deiwanhaedseroiAnivaitssoeiatét der ed during calibration, it is again the aim
to optim ze the calibration by mnimzing the deformation (expressed in
pm or eyen achi eve, zerq deformation. 5 Fig. 4a illustrates an.
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t hermal  procéssi ng equi p used to contro eat 1 ng
i ceus@dt h the plurality of heaters 5. In a variant, the set of therma
ocess paraneters can be the set of thermal process paraneters for which

t he golden 20 profile has been achieved in the nethod for creating a
cal i brend imvehtiver salibsation mibtHod takes ddvantage of tHeoyesiden profile 36 exst adhieveddby
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is then thermally processed to forma |ayer thereon. Then in step S23

t H8 t HRreRessing gabipmant @s theconeyjrewhich the: gelden duotilei 3y oot thadealibratienclests s
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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



‘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 determ ned 30 thickness profile 37 is
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concl uded that the thermal processing EP34653RB018hyb 15 Soitec
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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 comresponding 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



changi ng the offset of the corresponding probes 7 neasuring the
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rapid thermal annealing treatnents, e.g. in Hydrogen (H) or Argon or a
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Finally, the test substrate 25 with the layer 27 having the golden profile, as shown in Fig.
2bh, 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.




1. Method for calibrating a thermal processing equipnment (1) conprising a
heating device (5) and which is used for a heat treatnent of a
mul tilayer substrate (15) 5 characterized In conprising the steps: a)

prow substrate (25) with different structure conpar d to
déﬂgei%é&ﬁéyb fdekdie (15), D) thz;’ | processing of the testg

subst rasm.é.s ssusmganasoaazt of thermal process t?10 paraneters to thereby
forma layer (27) on the test substrate (25) with a thickness profile
(37), né@morrparl ng the thickness profile (37) with a predeterm ned

t hi ck Srofile (35) of a calibration layer on a calibration test
substrate, and d) amending the set of thermal process paraneters such
that the heating 15 device (5) is adapted to conpensate the differences
bet ween theMethiodiforealibratingfa thermaiprocessingequipmeat &) comprisingi cheating
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evén t hi ckrgtraracterfzeddn(33) of a layer (23) on a nmultilayer substrate
(15) or to a rrultll'%yer substrate (15) for which 20 reduced slip |ines
and/ or r ed FOEPTHIILINBHERH have been observed, when treated t with the

same set of paZ?@Pﬁﬁ{ﬁﬁ‘é’gbes} Q(G;t?éf?drt]e nﬂ%ﬁﬁa GﬁBFBrft 'sﬁ'[léturézcoﬁ{g?ﬁéﬂ%%‘é’or di ng

to claim1, wh process paraneter step
corresponds to tmultiiayer sgbstrate (), pr edet er mi ned process conditi ons. 25 3.
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ep d) a secon st 30sups te is provided and thernmally processed
according to thghﬁﬁﬂ 5@(551 t hermal process paraneters to validate
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(35) of a calibration layer on a calibration test substrate, and
d) amending the set of thermal process parameters such that the heating
15 device (5) is adapted to compensate the differences between the thickness
profile (37) and the predetermined thickness profile (35),
wherein the predetermined thickness profile (35) of the calibration layer on the
calibration test substrate corresponds to an even thickness profile (33) of a layer
(23) on a multilayer substrate (15) or to a multilayer substrate (15) for which
20 reduced slip lines and/or reduced deformation have been observed, when treated

with the same set of predetermined thermal process conditions.

2. Method according to claim 1, wherein the set of thermal process parameters of step
b) corresponds to the set of thermal predetermined process conditions.
25
3. Method according to claim 1 or 2, wherein the predetermined thickness profile (35)
has been obtained in a different thermal processing equipment (1).

4. Method according to one of claims 1 to 3, wherein after step d) a second test
30 substrate is provided and thermally processed according to the amended set of
thermal process parameters to validate the calibration.



5. Method according to one of clains | to 4, wherein the heat device
conprises a plurality of heaters (5) for locally heating the test
substrate (25) and a plurality of probes (7) for locally neasuring the

t enpergHangssradisiype test substrate (254gand wherein in step d) theoitec
heat i nGrineokee Kingeidey, Stkekindiry each of the plurality of heaters (5) 5 is

i ndi vi &BwerpausepavRitsgZietifet hod according to claim5, wherein the heating
power of each heater (5) is individually adapted by individually
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according to one of clains 1 to wherein the nultilayer substrate (
is9a Silidsindyiduallyadaptsd.(so ) type wafer and the test substrate (25) a
Silicon wafer. 10. Method according to one of clainms 1 to 9, wherein the
heat treating is arapid °"r.,, thermal annealing treatnent or rapid
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claims 1 toprbBes{herein the thermal processing equipnent (1) conprises a
heating device (5) for heat treating a nultilayer substrate (15)

Qpri sing the steps: a) calibrating the heating device (5) such that
Wil i ng thker I ' Pk ( bi ' profile
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8. Method according to one of claims 1 to 7, wherein the surface layer (17) of the

15 multilayer substrate (15) and the test substrate (25) have the same crystaliline
structure.

9. Method according to one of claims 1 to 8, wherein the muitilayer substrate (15) is a
Silicon on insulator (SOI) type wafer and the test substrate (25) a Silicon wafer.

20
‘ 10. Method according to one of claims 1 to 8, wherein the heat treating is a rapid
CC therma! annealing treatment or rapid thermal oxidation treatment.
11. Method for creating a calibration thickness profile used for calibrating a thermal
25 processing equipment (1), in particular used in a calibration method according to

one of claims 1 to 10, wherein the thermal processing equipment (1) comprises a
heating device (5) for heat treating a muitilayer substrate (15)
comprising the steps:
a) calibrating the heating device {§) such that during thermal processing a layer
30 (23) with an even thickness profile (33) is formed on a multilayer substrate
(15) or a multilayer substrate (15) with reduced slip lines and/or reduced
deformation is obtained ,



5 b) tdentifying the correspondi ng set of thermal process paraneters, c)
providing a calibration test substrate (25) with a different structure
conpared to the nmultilayer substrate (15), d) thermal processing of the

cal i bregpbiegskreofehip Substrate (25) usingqghe corresponding set of tgapdal
pr OC e SHunecken Ribketey; Stockmalier eby forma layer (27) on the calibration test
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determ ning the calibration thickness profile (35). 12. Method according
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substrate (25). 13. Method according to claim1l or 12, wherein the

cal i bration thi de tha,muiiayerspbsteale (18), 15 det er i ned for a plurality of
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substrate conpri@snand | ayer (27) thermally formed on one of its nmain
surfaces with a predeterm ne 35) characterized In

~thickness profi]e
that 25 the tfk myjning the.ealibsgtign ‘Sﬁiyeg%m&’ﬂ}ﬁa@%kd with a set of thernal

process paraneters for which a layer (23) with an even thickness profile
(33) is achieved on a nultilayer substrate (15) or a multilayer
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substrate (sRbjtrate$R5)tharin the center region of the calibration test substrate (25).

13. Method according to claim 11 or 12, wherein the calibration thickness profile (35) is
16 determined for a plurality of different multilayer substrates (15).

14. Method according to one of claims 11 to 13, further comprising the step of storing
the calibration thickness profile(s) (35) in a database.

20 15. Method according to one of claims 11 to 14, wherein the multilayer substrate (15) is
a SOl type wafer and the test substrate (25) a Si wafer.

16. Callibration test substrate comprising a layer (27) thermally formed on one of its
main surfaces with a predetermined thickness profile (35) characterized in that
25 the thermally formed layer (27) is obtained with a set of thermal process parameters
for which a layer (23) with an even thickness profile (33) is achieved on a multilayer
substrate (15) or a muitilayer substrate with reduced slip lines and/or reduced
deformation is obtained.

30 17. Calibration test substrate according to claim 16, wherein the multilayer substrate
(15) is a SO! type wafer and the test substrate (25) a Si wafer.



