1 Method For Manufacturing Compound Material Wafers and Method for
Recycling a Used Donor Substrate The invention relates to a method for
manufacturing compound material wafers according to the preamble of
claim 1, and a method for recycling a uskd donor substrate obtained from

a method for manufacturing compound material wafers. Compound

material wafers, in particular, silicon on insulator (SOJ) type wafers, as a
starting material in the semiconductor device manufacturing process are
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onto the handle substrate, can be re-used as a donor substrate in a subsequent component

material wafer fabrication process. Thus, one donor substrate can serve for several

compound material wafers, like SOl type wafers.

It appeared, however, that the donor substrate could only be re-used three to four times, as
from run to run, the crystalline quality of the donor substrate deteriorated. As a
consequence, the crystaliine quality of the final SOI substrate also deteriorated.

Generally, efforts have been made to allow the recycling of the used donor substrate. JP
101141786, for example, proposes to first polish the donor substrate to remove the surface
step at the edge of the wafer which is present after the transfer of a layer onto the handle
substrate and to carry out a second finishing polishing step before re-using the remainder of
the donor substrate as a new donor substrate. US 6,211,041 not being directed to recycling
processes, discloses a different approach which consists in providing, right from the
beginning, a silicon substrate with an appropriate oxygen content to prevent the creation of
crystal defects, which, according to the authors, are related to the presence of oxygen



the donor substrate as a new donor substrate. US 6,211,041 not being
directed to recycling processes, discloses a different approach which
consists in providing, right from the beginning, a silicon substrate with an
appropriate oxygen content to prevenf, the creation of crystal defects,
which, according to the authors, are rélated to the presence of oxygen 2
precipitates generated in the SOI device layer during the heat treatments
which the wafers undergo during the SOI fabrication process. It
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crystal defects in the final SOI layer after a multiple reuse. Embodiments
of the present invention seek to provide a method for manufacturing

It apPegERR AR TREIERSI HacSILIRE GIUETRRARICPRTSEIS dhripascel domstonor substrate

were sBUPSH RHHEREAN ﬁh’a‘ﬂ@tﬁﬁ’é‘fﬁuiﬂ%%@%%ﬁéﬁ%@ﬁﬁ!ﬁﬂ?%@ﬁﬁﬂ@bxygen content
afers wpi h allow @n inc, eas%z‘ gﬁgmer_of re-uses of the used donor

does gl PGYaTY 11 BP R R TE! ARGHY i L kB ot ¥R R tiple reuse.

compound material wafers at reasonable cost. In accordance with a first
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predetermined splitting area in the initial donor substrate, d) attaching the
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of the initial donor substrate onto the handle substrate to form a

compound material wafer, and characterized by further comprising at
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over thE"RWEPAShBIRNBGH e, ) forming a predetermined splitting area in the initial donor
substrate, d) attaching the initial donor substrate to a handle substrate, and e) detaching the
donor substrate at the predetermined splitting area, thereby transferring a layer of the initial
donor substrate onto the handle substrate to form a compound material wafer, and
characterized by further comprising at least one thermal treatment step configured fo at least
partially reduce, in particular by dissolution, oxygen precipitates and/or nuclei, in the initial
donor substrate and/or the remainder of the donor substrate.

In accordance with a second aspect of the present invention, there is provided a method for
recycling a used donor substrate obtained in a method for manufacturing compound material
- wafers according to the first aspect characterised by comprising a thermal treatment step
configured to at least partially reduce, in particular by dissolution, oxygen precipitates and/or

nuclei in the initial donor substrate and/or the remainder of the donor substrate.



recycling a used donor substrate obtained in a method for manufacturing
compound material wafers according to the first aspect characterised by
comprising a thermal treatment step configured to at least partially
reduce, in particular by dissolution, oxygen precipitates and/or nuclei in
the initial donor substrate and/or the‘rfemainder of the donor substrate. 2a
The method according to embodiments of the invention is characterized
by the fact that it comprises at least one further treatment step which is
configured such that oxygen precipitates and/or nuclei in the initial donor
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product. Preferably, at least one of the at least one thermal treatments

steps can be a a rapid thermal oxidation step. Surprisingly, the presence

of oxygen leads to an improved removgl of the oxygen precipitates and/or

nuclei in the donor substrate. "Rapid" here means a temperature rise of at

least 20C/s, preferably at least 30C/s, so that dissolution of the

precipitates and/or nuclei takes place. According to an advantageous
hermal oxidation step is carried out in a
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manufacturing process already in place. Advantageously, the rapid
xidation step can be carried out in an atmosphere having an
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1250°C. In this temperature range, the oxygen precipitates and/or nuclei in the donor
substrate can be, at least partiaily, reduced, in particutar by dissolution,

Preferably, the rapid thermal oxidation step can be carried for a duration between 15
seconds to 5 minutes, in particular, for a duration of 30 seconds to 2 minutes, or for a
duration between 1 minute to 5 hours if a batch anneal type furnace is used to carry out the
rapid thermal oxidation step. To achieve tne desired effect of reduction of oxygen, thus, both
a single wafer furnace, as well as a batch type furnace can be used, so that the process can
be easily adapted to the manufacturing process already in place.

Advantageously, the rapid thermal oxidation step can be carried out in an
atmosphere having an oxygen concentration of at least 5% up to 100% and/or an
oxygen rate of 5 to 20 liters per minute, and in particular, an oxygen rate of 10 liters
per minute. For these concentrations, best results with respect to the removal of

oxygen have been obtained.



starting the manufacturing process. Thereby oxygen precipitates and/or
nuclei already present in the substrate can already be removed at least
partially. The advantage of using the rapid thermal oxidation step after
step e), thus after the fabrication of the“compound material wafer, has the
advantage that oxygen precipitates and/or nuclei which have eventually
been created during the heat treatment steps of the manufacturing
process can be dissolved, and thus, reduced. Here oxygen precipitates
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usually is an oxide of the same type and whtch is usually thermally grown. This has the

advantage that due to the fact that the quality of the thin oxide layer is high, also the
insulating layer has good crystalline properties.

According fo a preferred embodiment, the method for manufacturing compound material
wafers can furthermore comprise, after step e), a further step f) comprising polishing of the
surface of the donor substrate at which detachment occurred and wherein the rapid thermal
oxidation step is carried out before and/or after step f). As the rapid thermal oxidation does
not alter the quality of the surface, it can, as a consequence, be carried out prior to andfor
after the polishing step. Eventually, it is also possible to have a rapid thermal oxidation step
before and/or after the polishing step to keep the crystalline quality of the substrate high.

According to an alternative, at least one of the thermal treatment steps can be a rapid
thermal anneal step, carried out in an oxygen free atmosphere. Such a treatment also
reduces, in particular by dissolution, at least partially the precipitates and/or nuclei, but



5 without creating an oxide layer. As a consequence, the object of being

capable of re-using the donor substrate more often can also be achieved

with a thermal treatment step without gxygen. Advantageously, the

thermal anneal step can be carried outin a hydrogen and/or argon

atmosphere. In this atmosphere an optimized dissolution effect can be

observed. Preferably, the thermal anneal step is carried out between step

a) and b) and or after step e) and is followed by a polishing step. Thus,
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compound material wafers can be carried out such that the rapid thermal

oxidation or anneal step is carried out with a temperature ramp of at least
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qudlhe dovenative porihing &sdabricating compound material wafers, and Fig. 2
illustrates a second embodiment of the inventive method for

manufacturing compound material wafers. Fig. 1 illustrates a first
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temperature ramp of at feast 30°C/s, in particular at least 50°C/s, when a single wafer
furnace is used. For these temperature ramps the dissolution effect, independently of the
use of a single wafer furmace or a batch type furnace the advantageous effects of the

oxygen dissolution can be achieved.

Specific embodiments of the present invention will become more apparent from the present
description with reference to the accompanying drawings wherein:

Fig. 1 illustrates a first embodiment o* the inventive method for fabricating compound

material wafers, and

Fig. 2 illustrates a second embodiment of the inventive method for manufacturing compound

material wafers.

Fig. 1 illustrates a first embodiment of the inventive method of manufacturing compound
material wafers. The method will be described for a silicon on insulator (SOl type
compound material wafer. This, nevertheless, only serves as an example and the inventive
method is also applicable to other types of material compound wafers..



method is also applicable to other types of material compound wafers.. 6
First of all, step I, corresponding to step a) of claim 1, consists in providing
an initial donor substrate 1, here Si wafer. Then, in step It, a thermal
treatment step according to the inventfon is carried out. In this
embodiment, the thermal treatment step corresponds to a rapid thermal
oxidation step, which leads to the creation of a thin silicon oxide layer 3 on
top of the donor substrate 1. To carry out the rapid thermal oxidation step,
the donor substrate 1 is placed in an oxygen atmosphere with an oxygen
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preferably silicon dioxide, is thermally grown on the thin silicon dioxide
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presents good crystalfine properties and surface roughness.

In addition to growing the thin oxide fayer 3, oxygen precipitates andfor nuclei which might
be present in the donor substrate 1 are at least partially reduced by dissolution, so that the
creation of crystalline defects in the donor substrate 1 due to the presence of oxygen can be
suppressed at least to a large extent. During the rapid thermal oxidation step alsc crystaliine
defects which might be present in the part of the donor substrate which will be transferred
later onito a handle substrate are eliminated. During the rapid thermal oxidation step oxygen
precipitates and nuclei dissolve to essentially form interstitial oxygen.

Following step H, an insulating layer 5, preferably silicon dioxide, is thermally grown
on the thin silicon dioxide layer 3 (step Wl). This layer will iater on serves as the
insulating layer in the silicon on insulator structure. This step corresponds to step

b) of claim 1 and is known in the art.



insulating layer in the silicon on insulator structure. This step corresponds

to step b) of claim | and is known in the art. 7 In step IV, corresponding to

step c¢) of claim 1, atomic species are implanted through the insulating

layer 5 to create a predetermined splittthg area 7, inside the donor

substrate 1. Typically, the implanted atomic species are hydrogen and/or

rare gas ions like helium, these species can be introduced by

implantation or co implantation. The co implantation is realized in such a
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Then, the recycled remainder 13 of the donor substrate 1 can be reused as initial donor
substrate 1, which is illustrated in Figure * by the arrow linking step Vi and |.

According to a variant of the first embodiment, step Il may not be carried out during each
fabrication process, but only after every second, third or fourth, ect. run. This will depend on
the amount of defaults created due to oxygen precipitates and/or nuclei, which can be
created during the various heat treatments which the substrate will undergo during the
fabrication process, e.g. the thermal oxide growth or the splitting step.

Instead of a silicon handle substrate 9, also other materials could be used, fike quartz.

Fig. 2 illustrates a second embodiment of the method of manufacturing compound materia
wafers according to the invention. [t differs from the first embodiment in that the rapid
thermal oxidation step Il is now carried out at the end of the manufacturing process instead
of right at the beginning. Apart from the fact that during step Il the thermal oxide is now



wafers according to the invention. It differs from the first embodiment in

that the rapid thermal oxidation step Il is now carried out at the end of the

manufacturing process instead of right at the beginning. Apart from the

fact that during step Il the thermal oxide is now 8 formed directly on the

initial donor substrate 1, which is a fresh substrate not having yet served

in a manufacturing process, and not on the thin oxide layer 3 as in the first

embodiment, the remaining steps IV, V and VI of the second embodiment
formeast dEpeiaedheriiahdanas wuRsHalg df tnaishsEembetiintbstratrenct having yet
senaelsaniptionasufaetaioge proteepeaterl nagain ithdetaity buikis iagerrraeh the first
emﬂlﬂ”ﬁi@ﬁb mérf'é(ﬁ]ré?ﬁ'iﬁ% s?c%g%omsﬁ 'gﬁée\?fjoﬂtﬁef rgg@ons 8%%%%?n'?ern?céécrlr%9ponds to

substrate can be used, [ike mentioned further down. Thus arter
stepgeta @i ehnmke/iretierfest smmodirent, Bheihriaperéntion isf Wnrreferonot repeated
agaisulvsidatai] bist abtaicsgoien H@aanﬁayqivllge*s%e&sc@f ostlishifgkamnd(ead of a fresh

j r r the rapid. thermal oxidatign step, process step I,

s R R e T ST R e

conditions as disclosed with respect to the first embodiment, so that its

ThusleseripeRRREEMONROTARE hetaribbByaTE e ReRaBY&H I heWdRE substrate 1
| wafer 11, the ox

. idati fter th facturing of the S .
s o B Al S R o i
therfralapiridaisr aieBeP@Raw lePall cst griries 9 eturifieseesiatian stem in eaeied out

undesUipgesiiast dendibier® tedietnaibgalitd Jphe 4o SHISHARJIASM RBWhat its

initial donor substrate 1 a_péi h crystalline quality can be provided in the
descﬁé&% c;ré)nl%ecg @8?%3%5? rf\g!ft @ & ﬂéﬁ?ﬁ%‘?’ie recycling steps of cleaning
and/or polishing can be carried out after the rapid thermal oxidation

By c&@ﬁi@ Nk @ﬁ%@ﬁ@ﬁ:&? iep égt@l‘; tﬁ{e\:ﬁ\%ﬂ??@ﬁﬁﬁﬁbj 6?21{/4’{@‘(‘5:&)%’5’%?(?‘! ,SF!f_@koxygen
£an pe carrjea out berore .ana arter olisning and/or cleaning step. LiIKe
procdies SIS iRl YIS HERen ST SO 1S rIBPRBRE Ao can be
dissolepdai sastippitigledetingaieifdcsritpiio tus subsealspe netingearf the remainder

13 oCtiea AR AKLeae Aras BRSNS/ 8brar S\RistF48:0N1Y PRI RA QURYe Y ality can

econd, third, fourth ect._.time in order to optimize the
be prsév%%dqh hle nextuf{)rmed SCI}! Ia);er 15, pumiz

Eventually, the recycling steps of cleaning and/or polishing can be carried out after the rapid
thermal oxidation treatrment or according to a further variant, a rapid thermal oxidation step
can be carried out before and after the polishing and/or cleaning step.

Like in embodiment 1, the rapid thermal oxidation step is not necessarily carried out during
each manufacturing process, but depending on the creation of oxygen precipitates and/or
nuclei, it is only carried out every second, third, fourth ect. time in order to optimize the

fabrication process.

According to the invention, steps Vi and Il of the second embodiment could also be
considered as an independent recycling method of used donor substrates which were used
in a fabrication process for creating compound material wafers wherein this fabrication

comprises steps |, Hl, Hl and IV.



fabrication process. According to the invention, steps VI and Il of the
second embodiment could also be considered as an independent
recycling method of used donor substrates which were used in a
fabrication process for creating compo®nd material wafers wherein this
fabrication comprises steps |, I, 111 and IV. 9 According to a third and
fourth embodiment of the invention a rapid thermal annealing step in an
atmosphere not containing oxygen is carried out instead of a rapid thermal

Acéﬁﬂ‘ﬂﬁé‘%‘ asﬁﬂﬂilbn%l?fﬂ)én%m‘?eﬁf QERSS INERIIRLAURIE tﬂ«mﬁ!{loeg%ahng step

or argon atmos here with the sameé)rocess parameters ast
n aunsé' eer?a[bcib ‘ﬁ’H&tgo?d‘éigﬂBhss‘E@B' é’x%%bt”%?aﬂ’w@ Y thermal oxidation
stepdncbriicaignsidit @ thicchesistramiatbotiinsultpthiieger reti/ce amoie aghosphere with

thel%%ﬂté'bfodé&%ﬂ%ﬂa@ﬁ@@@@ﬁﬁ&@dt@éﬂ&'%té)bégléstﬁgtﬁ%” oﬂ@é{ﬁ@%esrteﬁsexcept for
h such a treatm ent nega affects the surface ua ity, the anneal
SN P e e (e e PR
oxyeﬁgtnr@@gmﬁtﬁfémrwwa@ecwwmmmme donevaubstsach B fredireent negatively
aﬁmmdfee@awhﬁéeamm ReaHIRRE S 'J;zt&f@ W&aﬁ@%%ﬂ&ﬂ@d by a
D olsghfir];th odlrrggrnet aﬁ'ﬁ:ardl{ﬁé the |nvent|Qs ‘HI&Q% ({n ) ents | to xygen
ﬁjsbep CoRBHEPISR) FATAGE H2LIhBER AR W%%Fﬁ?ﬁqb &%8
ffﬁ@a@iﬁtﬂ&?f?ﬁfﬁémfft@atm@t@frédﬂ&éa)ﬁwg@d precipitates and/or nuclei, the

amount cf crystalline defaults in the end product, the SOl wafer 11, can
ast 6, This result has been proved
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CO"W@F&Q‘@ Thyswayckness is equivalent to 4 x 1500 A which is a typical
thickness for the isolation layer 5 of a silicon on insulator wafer and aimed

It hgg %&Hla nr% mal treatment of four layer transfers. Wherein f
one warer iBh SRR RE AN R oRR gt t}ggaggmtggnreduce oxygen

prectﬁétetﬁ%ﬂzﬂd/has‘ua@em berdo ot cfoenséadipeodefsudtfem tine innd ireduct, the SOI
wafei‘dﬂ't'@ﬁlﬁbéﬁ?é@@@@tﬁyeé‘faﬂﬁpd?%@1&%@8 Caflef QU AR RRPRANVEIS) Hing a
ssllconEfg:% a%vre&me r?h qusg 'ch%ba',ingnd%fv%"tssmcon wafers. This thickness is
equivalant to 4 x 1500 A which is a typical thickness for the isolation layer 5 of a silicon on
insulator wafer and aimed at simulating the thermal treatment of four layer transfers.
Wherein for one wafer, no additional heat treatment, in particular the oxidation treatment,
has been carried out, for the second wafer, the inventive additional heat treatment step has
been carried out and an analysis of the defects showed the reduction in crystalfine defects.

Unlike the prior art, in the method according to the invention, precipitates andfor nuciei are
not prevented from creation, but are preferably removed during the process, as in fact their
creation cannot be prevented, which is due to the fact that they are always created during
the heat treatments which are part of the fabrication process.

As a consequence, the donor substrate, can be more often reused which makes the
fabrication process cheaper, and at the same time the high quality of the transferred layer 15
onto the SOl wafer 11 can be assured.



Unlike the prior art, in the method according to the invention, precipitates
and/or nuclei are not prevented from creation, but are preferably removed
during the process, as in fact their creation cannot be prevented, which is
due to the fact that they are always Cﬁated during the heal: treatments
which are part of the fabrication process. As a consequence, the donor
substrate, can be more often reused which makes the fabrication process
cheaper, and at the same time the high quality of the transferred layer 15

Claimento the SOl wafer 11 can be assured. 10 Claims 1. Method for

manufacturing compound material wafers, in particular silicon on insulator

wafers, comprising the steps: roviding an initial donor suhstrate, .
1. S e e B e BT ke P insuiator

breeisteiensnedmspliging thesatepthe initial donor substrate, d) attaching the
initig; dﬁ%‘\’/&ﬁh‘&%ﬁ?ﬁt@ ﬁ&%?@ﬁb%'ﬁ%?érate' and e) detaching the donor

substrate at the predetermined splitting area, thereby transferring a layer
of tRe iMTAIHABIRYIPatRIdVNONRS izl srieiteubstain a

conaposHehingie babaaterninnd sprtmeienizsdnbm durther saRisipsakiieast

one thermal treatment step configured to at least partially reduce, in

parfiéufiias BR LBRNNHR SNpE SR ekRiRdR 8 AAORIE SUERK 3lS tRd%hitial

done sigistisitey athe/afdher rentsingier of the deredesirasiiate spiiteihatka, thereby
accordipg oAl 4y hierein e iemalnder ofihe donor SUBSIBLE B < ubsirate t
reused" a8 Initial d8n6r SubStrate andl WRErEiR S eﬁg 8)?8 8) Fe raerb gragPstate 1o
at leasfante befopeuadirsatarizinkafetherndal treatment step is carried out.
SnMsthed oK r8§ycling a used donor substrate obtained in a method for

manufacturing
further comprising at least one thermal treatment step configured to at least partially

reduce, in particular by dissolution, oxygen precipitates and/or nuclei, in the initial
donor subsirate and/or the remainder of the donor substrate.

. Method according to claim 1, wherein the remainder of the donor substrate is reused
as initial donor substrate and wherein steps b) to e) are repeated at least once before
a first or further thermal treatment step is carried out.

. Method for recycling a used donor substrate obtained in a method for manufacturing
compound material wafers according to the preambile of claim 1 characterized by
comprising a thermal treatment step configured to at least partially reduce, in
particular by dissolution, oxygen precipitates and/or nuclei in the initial donor
substrate and/or the remainder of the donor subsirate.

. Method for manufacturing compound material wafers according to one of claims 1 to
3, wherein at least one of the at least one thermal treatment steps is a rapid thermai
oxidation step.



compound material wafers according to the preamble of claim 1
characterized by comprising a thermal treatment step configured to at
least partially reduce, in particular by dissolution, oxygen precipitates
and/or nuclei in the initial donor substyate and/or the remainder of the
donor substrate. 4. Method for manuracturing compound material wafers
according to one of claims 1 to 3, wherein at least one of the at least one
thermal treatment steps is a rapid thermal oxidation step. 11 5. Method

- tetbrsingcer o Ip wirdieid thikhereimahercthenaal iveaimentoist ppaied out in a

temperaiue range haineen e and 1380% IRPRRIEHALDSINRE, 1200°C and
1200C and 1250C. 6. Method according to claim 5, wherein the thermal

Cnfent is carried out for a duration between 15sec to 5 min, in
particular for a duration of 30sec to 2min or for a duration between 1min

hrs, in case.a batch anneal type furnace js used to carry out the rapid
- IR BT e S W Seton i G5 BHE of ALt f Gmed out for a
diretrin biedvwapid theemtd 6xitationgstdisisarctnried outtionast 8teespbemin or for a
| n C jon of 5%t % n rate of
B ORI e AP A e R LB 580 0 cary
e itaeRidigarompoxinatinasiaal wafers according to one of claims 4 to

7, wherein the rapid thermal oxidation step is carried out between step a)
and b) and/or after step e;(. 9. Method according to claim 8, wherein

HisertReaciRaHerANg Skiclalith fréutmehespindhBdanifeinerashrKAatian step is
taAicange af 20/aimmbOSHeis GEANY QIh hey ot SersrraubRtEte R the00% and/or
remainder of thef% ncg sybstrateai%%. ethod for manufactfuJié;ﬂ )
%gr%%enndrﬁgt%ri 'KatetS4LdBr Pl PYBFALAS fUFhRr

comprising after step e) a step f) comprising polishing of the surface of the

. Method for manufacturing compound material wafers according to one of claims 4 to
7, wherein the rapid thermal oxidation step is carried out between step a) and b)
andfor after step e).

. Method according to claim 8, wherein during the rapid thermal oxidation treaiment an
oxide layer of a thickness in a range of 50A to 500A is grown on the initial donor
substrate or the remainder of the donor substrate.

10. Method for manufacturing compound material wafers according to one of claims 4 to

8, further comprising after step e) a step f) comprising polishing of the surface of the
donor subsirate at which detachment occurred and wherein the rapid thermal
oxidation step is carried out before and/or after step f}.

11. Method for manufacturing compound material wafers according to one of claims 1 to

10, wherein at ieast one of the at least one thermal freatment steps is a rapid thermal

anneal step, carried out in an oxygen free atmosphere.

12. Method according to claim 11, wherein the rapid thermal anneal step is carried out in

an hydrogen and/or argon atmosphere.



donor substrate at which detachment occurred and wherein the rapid
thermal oxidation step is carried out before and/or after step f). 11.
Method for manufacturing compound material wafers according to one of
claims 1 to 10, wherein at least one ?é the at least one thermal treatment
steps is a rapid thermal anneal step, €arried out in an oxygen free
atmosphere. 12. Method according to claim 11, wherein the rapid thermal
anneal step is carried out in an hydrogen and/or argon atmosphere. 12
13. Method for manufacturing compound material wafers according to one
13. SheRod 1oy %?anwfﬁ@%@%émgJH&VH%Q%&%N%@%OAE&%?R& f?JuBne claim 11 or
between step a) and b) and/or after step e) and followed by a“polishing
§1%pwmﬁr%fﬁSdf&w%ﬁiﬁjfaeﬁﬁwabﬁ%auﬁd tAEiBA P RsivasBoRtRga) and b)
wnene afslaims 4)tand JoNhargipytaetBiHheRIal oxidation or anneal
step is carried out with a temperature ramp of at least 20C/s, in particular
at least 25C/s when a batch furnace is used or with a temperature ramp
14. dfadb teb&ir30&rsfactpartcotanpp ledstn SRGAH wdlers asioaliinyadeoterofctaims 4 to

"F‘BEJS\?/qerein the rapid thermal oxidation or anneal step is carried out with a
temperature ramp of at least 20°C/s, in particular at least 25°C/s when a batch
furnace is used or with a temperature ramp of at least 30°C/s, in particular at least

50°C/s, when a single wafer furnace is used.



