1 Method -for Transferring a Layerirom a Donor Substrate onto a Handle
Substrate The invention relates to a method for transferring a layer from a
donor substrate onto a handle substrate and for reclaiming the surface of
the donor substrate for reuse. The sp-called Smart Cut'ru process,
illustrated in Figure 1 provides high quality silicon on insulator (SOI)
substrates. During this process (Figure 1a), two substrates,. called a
handle substrate 101 and a donor substrate 103, usually Silicon wafers,
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thickness of the donor substrated83®gte the handle substrate 101.
During the process, the donor substrate 103 is typically oxidized 105 to
later on form the buried oxide layer (BOX) of the SOI structure, and an
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Subsequently (Flgure 1b), the source substrate 103 is attached to the
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substrate 101.. also calledthe negative. can be recycled and again used
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Figure 1, whic
obtain a source-handie compound 108  Upon a mechanical and/or thermal

treatment, a detachmeant of a semiconauctor iayer 117 together with the buned oxide
tayer 113 occurs at the predetermined spiiting arsa 107 so that the two iayers are
fransferred onio fhe handie substrate 101 {o cbtain the desired siiicon on insulator
structure 115 (Figure 1¢). The fhickness of the taver 111 s determined by the energy
of the implanted 1ons.

The remaining part 117 of the donor substrate 101, also called the negalive, can be
recycled and again used in the Smart Cut™ type process as a new donor or handle
substrate. The Smart Cut™ type SOI fabrication process has a significant economic
advaniage due o this recycling process. indeed. the process provides an oplimizec

use of the raw maienal for instance siicon waters.

The negative 117 (Figure 1c) has a characternisiic topography representing protruding
residues 11%a and 119t Iin an edge region, as ilustrated in Figure 1. which

corresponds to a region where no layer transfer occurred due io the cnamiered

shape of the edge of the initial wafers 103 and/or 101, The surface of the negative



corresponds to a region where no layer transfer occurred due to the
chamfered shape of the edge of the initial wafers 103 and/or 101. The
surface of the negative 2 117 between the protruding residues 119a and
119b has a first inner region 121 at which detachment occurred to provide
the transferred layer 111 on the handle substrate 109 and which has a

rather rough surface typically close to 60 - 70 A RMS as measured by
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removed. The removal needs to be complete as any remaining protruding
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_treatment an exfoliation in the mfered region occurs due the presence
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the following process is applied to get rid of the protruding residual
topography: The reclaiming process of negative 117 starts with a
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side 131 and on its backside 133. The de- oxidation can, for example, be
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contamination when during a thermal treatment an exfoliation in the chamiered
region ocours due the presence of the remaining on implanted region 129. Methods
to do so are, for example, known from EP 1 158 531 A1 and US 7,402,820 Bz
Typically, the following process is appiied to get rid of the profruding residual
topography: The reclaiming process of negative 117 staris with a de-oxidation step to
remove the oxide layer 125 on top of the protruding residual topography on the edge
of the remainder 117 as well as on the side 131 and on its backside 133, The de-
oxidation can, for example. be carried outl using a HF bath, wherein the acid
consumes the oxide layer 125, 131 and 133, Subseguently, a first polishing step of
the edge region of subsiraie 1 is carried out to at least partially remove the
protruding. silicon part 127 on the edge. Then a double-sided polishing (DSP) step is
carried out to improve the surface roughness in the interior region 121 but aisc to
further remove the step 123 in the direction of the protruding residual topography
118a and 119b, but aiso o remove residues remaining form the ion implantation.
Finally, to obtain a suitable surface roughness on the front surface of the remainder

117, a chamical mechanical polishing siep (CMP) is carried out.



the edge region of substrate | is carried out to at least partially remove the
protruding silicon part 127 on the edge. Then a double-sided polishing
(DSP) step is carried out to improve the surface roughness in the interior
region 121 but also to further removg the step 123 in the direction of the
protruding residual topography 119a and 119b, but also to remove
residues remaining form the ion implantation. Finally, to obtain a suitable
surface roughness on the front surface of the remainder 117.. a chemical
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protruding residual o og rap 119a and 119b. This object Is achieved
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11dBe steps of a) providing a donor substrate, in particular a semiconductor
substrate, and a handle substrate each with chamfered edge regions, b)
forming a predetermined splitting area at a depth h inside the donor
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occurs etweent two substrates in the chamfered edge regions of the
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surface treatment step. According
chamfered region such ‘ihat at ieast a gayer of about the thickness h is removed from

the donor substrate in the region where no atiaching occurred, then e} detaching &
remainder of the doncr substrate from the donor handle substrate, wherein
detachment occurs at the predetermined spliting area and 1) reusing the remainger
of the donor substrate, in pariicuiar after the surface treatment step. According to a

preferred embodiment, during step dj, a laver with a thickness of more than h is
removed.

Thus, unlike in the process of the prior art, the remainder of the donor substrate will
no longer present a protruding portio_n 119a, 119b as illustrated in Figurse 1, as the
chamfered area where no attachment cccurs between the two attached substrates is
removad prior to the detachment. By the fact that, no longer any protruding regions
are present at the surface of the remainder of the donor substrate, there is no nead
for carrying out the edge removal step and the double-sided polishing step which
were mandatory in the prior art {c get nd of the protruding portion. As a
consequence, the reciaiming of the remainder of the donor substrate can be carried
out in & much simpler way not needing expensive additional tools to carry out the

edge polishing and the double-sided polishing process steps. At the same time, due



preferred embodiment, during step d), a layer with a thickness of more
than his removed. Thus, unlike in the process of the prior art, the
remainder of the donor substrate will no longer present a protruding
portion 119a, 11 9b as illustrated in Figure 1, as the chamfered area
where no attachment occurs betweef the two attached substrates is
removed prior to the detachment. By the fact that, no longer any
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geometry of the donor substrates can be kept even if one donor substrate

is used several times in a process as described above, In addition, due to
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of the donor substrate itself but also of its dielectric layer, is removed prior
to detaching. It has to be pointed out that the removal steg to remove the
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repaisied autadodeec, kidhevpitorfaat, theve carried out. Indeed, in the prior art, the
dielectric layer is also removed during reclaiming. Thus, compared to the prior ar,

step g) is simply moved from after detachment 1o prior o detachment.

According to a variant, the handie substrate can comprise a dielectric tayer. In this
case, the dielectric iaver is provided by the handle substrate {o form a semiconductor
on insulator substrate. This variant has the advaniage thal one only has fo remove
the material of the substrate in siep d) to achieve the advantages of the invention, as
no additional dielectric layer is provided on the donor substrate. Thus, in his variant,

less process steps are necessary compared to the varant which provides the
dielectric via the donor substraie.

Advantageously, the dielectric layer can be an oxide, in particular a sificon oxide.
This oxide layer can be provided either by a thermal process or by deposition,
Advantageously, steps e} and/or g) can be a wet or dry étching step. This is & more
economic material removal siep than the edge polishing and double-sided polished
step as used in the prior art.



dielectric layer is also removed during reclaiming. Thus, compared to the
prior an, step g) is simply moved from after detachment to prior to
detachment. According to a variant, the handle substrate can comprise a
dielectric layer. In this case, the diegectric layer is provided by the handle
substrate to form a semiconductor on insulator substrate. This variant has
the advantage that one only has to remove the material of the substrate
Prefd:giap, didosashiave gheadvantagemudhasinyention; asertivaddidionadotropic
dielectric layer js.proyided on the donor substrate. Thus, in this vari
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provided either by a thermal process or by deposition. Advantageously,
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corttdsingf the praceselective etching process, both the dielectric layer and the

underlying part of the donor substrate, for instance a semiconductor
material, can be removed in one step. By using an isotropic etchin
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chamfered region compared to the rest of the substrate, do not have.to . ..
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Sué@(%rtés removed from the donor and/or the handle substrate (in case a
ielectric is also present on the handle substrate), does not have an
impact on the quality of the buried dielectric layer as this one is

AdRARdwichad batwaensdongr andaandle suhsiaées Adwaatagruusly, 10,000 A,
in UG SIeR ) 2 e N2 ekt O Rt 300 A0 023N of the donor
substrate. Compared fo the double-sided polishing step mandatory in the prior arl
during which a iarge amount of material, namely in the order of 5 ym on each side,
had tc be removed to get rid of the protruding portions, the material removal in the
process according the invention can be iess so that one donor subsirate can be
reused more often, for instance, more than 10 fimes, compared to the prior art
process. This is aiso made possibie by the fact that the reclaimed donor substrate

remains within the semi-standard concerning the substraie dimensions.

Preferably, steps d) and/cr g) can be carried out at a temperature of less than 500°C,
preferably at less than 350°C. Thus, the whoie process until detachment is carried.
out at low temperature so that no detachment can occur in the non-attached regions

which could iead to unwanted pariicle contamination of the final product.

According fo a preferred embodiment, the surface treaiment siep can, al most,
comprise a polishing step, in particular & CMP polishing and & cleaning step before
and/or after the polishing step. Thus, compared to the prior art, a greatly simplified
reciaiming process can be carried out. The polishing step is used fo get the desired

surface quality of the reclaimed remainder of the donor substrate, typically a mirror



in particular 1000 - 3000 A, can be removed in the non-attached region of
the donor substrate. Compared to the double-sided polishing step
mandatory in the prior art during which a large amount of material,
namely in the order of 5 um on each side, had to be removed to get rid of
the protruding portions, the material removal in the process according the
invention can be less so that one donor substrate can be reused more

polifieq, feainstancepair dhaly diress compared fethe prigkarthpraegssed
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etachment is carried out at low temperature so that no detachment can
ProsESar RS MM R BBRBIEEDRS!ISPHIBIFESUI lead to unwanted particle
contamination of the final product. According to a preferred embodiment,
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the desired surface quality of the reclaimed remainder of the donor
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Thus, instead of a three-level reclaiming process: i) edge polishing, ii)

CMgLﬂﬂEﬁgﬁ%atﬁgiishing, iii) mirror polishing plus the various cleaning
steps, the invention provides the possibility to carry out the reclaiming
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Advantagsous embodiments will be described in combination with the enciosed
Figures.

Figures 1ato 1c  iilustrates a prior art layer transfer process according io the

SmartCut™

technology,

Figures 2a to 2d  illustrate a first embodiment of the inventive method,

Figures 3a to 3e  iliustrate a second embodiment of the inventive method, and
Figures 4a to 4d"  iliustrate a third embodiment of the inventive method.

Figures 2a - 2d illustrate a first embodiment of the inventive method for transferring
a layer from a donor substrate onte a handle substrate. Figure 2a iliustrates the

source-handle compound 108, as aiready illustrated in Figure 1b.  This source-

handie compound 108 has all the properties as already described above In the



Advantageously, during CMP polishing, a layer of less than 3 um,

preferably less than 1 um. can be removed from the surface where

detachment occurred. As mentioned above, this limited material removal

brings the advantage that one donor., substrate can be reused more often,

in particular, more than 10 times, in the layer transfer process.

Advantageous embodiments will be described in combination with the
intregetisedarkigsineerdfigarast ldeta v istoated agaior but leferananstemade to
Fig rgcfss acqording to the SmartCutTM technology, Figures 2a to 2d

Mustrate a first embodiment of the inventive method, Figures 3a to 3e

illustrate a second embodiment of the inventive method, and Figures 4a
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particular a silicon wafer, but also a glass or quartz type substrate. The
donor substrate 103 can be a semiconductor substrate, in particular one

in i Rfiswiligomearsiicancanbided avilicongearradiunta galiing ritritel do this
. germanium substrate and the isolating dielectric layer 105 "
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of silicon gi)o?(i icon oxynitride or , etc.
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to this particular choice, to a handle substrate 101 being a silicon wafer, a
donor substrate 103 being a silicon wafer and the dielectric layer 105

Fighmgal biREaieailia RO YRGS IRRSIRREE del s AEH R RiTE’ @hiitling ster
dudfd ablaingd altesanweiohing Stefas beer removed from the back side 203, the
side 205 but also the chamferad regions 207 and 209 of the donor substrate. A
dielectric layer 105 remains sandwiched between the donor substrate 103 and the

handle substrate 107 and forms the future buried oxide layer.

In this embodiment. the material removal is achieved with an etching step. The
etching can be a dry or a wat etching suitable to remove the dieleciric oxide layer

which typically has a thickness of up to 1000 nm, but typically has & thickness of 10 -
200 nm.

Subsequently, as iliustrated in Figure 2c, an additional etching step is carried out o
remove the silicon present in the chamfered region 207" and 208" The etching step
can again be a wet or dry etching and is preferably an isotropic etching for instance
using a wet etch with HF/HNO; or a dry etch using a plasma. According to a variant

the disleciric etching and the semiconductor etching are carried out using the same
pProcess.

The etching is carried out such that material is removed from the chamfered region
207 and 20¢ at ieast of the donor substrate 103 and such that the removed layer

has a thickness h: corresponding to the depth h of the predetermined splitting area



during which the dielectric layer 105 has been removed from the back side

203, the side 205 but also the chamfered regions 207 and 209 of the

donor substrate. A dielectric layer 105' remains sandwiched between the

donor substrate 103 and the handlg;substrate 101 and forms the future

buried oxide layer. In this embodiment, the material removal is achieved

with an etching step. The etching can be a dry or a wet etching suitable to
107refmmientiye dietedtiamoxichevay et whigroogpically thasizaihfekerd secidupubalso
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or ﬁ‘l%strated In Figure 2c, an additional etching step is carried out to remove
chafAtesRceBredthef tREcplAnfdiaadiegivrssarE 4Ad 209'. The etching

step can again be a wet or dry etching and is preferably an isotropic

etching for instance using a wet etch with HE/[HNQO3 or a etch using,a
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etching is carried out such that material is removed from the chamfered

region 207' and 209' at least of the donor substrate 103 and such that the
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and the transferred silicon

illustrated in Figure 1c.

The effect of the inventive method is even more visibie on the remainder 218 of the
donor substrate 103 iliustrated on the ieft hand side of Figure 2d. The remainder of
the donor substrate 219, according to the invention, no tonger has a protruding
portion in its edge region which is in complete contrast to the structure 117 according
to the prior art Hllustrated in the left hand side of Figure 1c in the prior art.

The surface part 221 where detachment occurred has a rather rough surface. with
roughness values close to 60 - 70A like in the prior art. However, due to the fact that
the protruding portion is not present. the surface roughness can be improved by a
simple CMP poiishing process during which less than 3 um, preferably less than
um, or even only about 50nm, of material 1s removed from the surface to obtain the

desired surface guality for reuse of the reclaimed remainder 218,

The chemicalimechanical polishing step can be accompanied by standard cleaning
processes as in the prior art.



layer 111 from the donor substrate 103. Due to the etching process, the
substrate 215 furthermore comprises a step-like shoulder 217 in the
chamfered edge regions 211 and 213 of the handle substrate 101 which
makes the geometry of semicondugfor on insulator substrate 215 slightly
different compared to the one illustrated in Figure 1c, The effect of the
inventive method is even more visible on the remainder 219 of the donor
Corspbstrate 103 ihistratedienttisthedt hanordinke of Figuiies2dntinsiroemdinderthe

adv@ht qﬂQ-Bra?%QSH&té‘c%%nﬁ‘cﬁmgmﬁﬂiﬁﬁe Joveotion D, langRy m% edge

protruding portion in its edge region which'is in complete contrast to the
regifigctificl1 B decentIngiocRETBroMAR iffistraied 3R tiefefefRifa SdrugreTals

11 d&igufgdqrg rr@w?\omafa I&%§%ﬂ@€&%ﬁé Zaé;afluher@ iﬂ@&@éﬁtﬁfﬁd&@i{' eetthe
as a rather rough surface, with_raoughness values close to 60 - 70A like
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olishi r ing.which, le; an.3 preferably;less ;
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stanaard cleaning processes as in ror art. 0] ared to the prior.
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. .S a conseqqenqe, the rec alming process to
unMcEidition the Tetmainddr eYeRa aBRBISsIhSRE O NS EBCIRIRNRT AFPBESS bY

onfeAlRSGis arRrtscHimpliiad. N, edae polishinganmtdadiiessiead 103 can

polishing are necessary anymore and a simple CMP process is sufficient .
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thdoyaonthar hydEBaningstepsy Thigs, the gewydinggirbeesstial sobenbte can be
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one donor substrate can be reused more often. Whereas, typically

step e), i.e. thermal treatment leading to the detachment or any subseguent therma!

freatment step can be prevented or at least reduced as, in the chamfered region, the

remaining ion implanied part is removed so that it cannot explode away during a

subseguent thermat treatment and thus the creation of undesirec particies can be

reduced or even prevented.

Figures 3a - 3e iliusiraie a second embodiment of the inveniive method for
transferring a layer of a donor substrate 103 onto a handie substraie 101, Figure 3a
again iliustrates the source-handie compound 108, the description thereof is not
repeated again but tncorporated herewith by reference to the description of Figure
2a. The same is valid for Figure 3b, lustrating the resuliing structure 201 after the
dielectric material removal step.

The difference between the first embodiment and the second embodiment is that,
during the eiching of the chamfered region 207" and 208" of the donor substrate
103, the material removal goes beyond the depih of the predetermined spiitting area
107. 128, as illustrated in Figure 3c, by reference numeral h2, Again, the

predetermined splitting area 107 is siill present within the donor substrate 1032, As &



10 um of material had to be removed in the prior art process, the inventive

process can be carried out with a greatly reduced material removal of the

order of less than 3 pm, typically 0.5 - 1 um. It is even possible to carry

out the reclaiming process by only ygmoving about 50nm from the surface

221. Thus, one donor substrate 103 can be recycled more often than in

the prior art, namely about at least 10 times. Due to the fact that no DSP
conEeneeessary, tisoltngeesmbing oftbeesitizdisabinatmataiine rk@pral in the

cnaﬁn?é@@?e@eﬂtﬁ?{ inppstant agyantagsds dhat-the mreatisneL Baiticlesnz.

during step e), i.e. thermal treatment leading to the detachment or any
subsequent thermal treatment step can be prevented or at least reduced
Corﬁ§aL€dhﬁ>Chﬁénfﬁf§ﬁl éegmd iedirHaeit remainidgittrhimpiasterh pasiinvemaoded the
SO that not explo a durln ubse t thermal treatm
2 G TR Cre RO S Ul A VR SoR B2 e rITS0 br Bueq areres
regjoredéntant Bifuses tMnOSlellustrate a second embodiment of the |nvent|ve
method for transferring a layer of a donor substrate 103 onto a handle
substrate 101. Figure 3a again illustrates the source-handle compound

AftarodnetheetresETiptiot e rdffisSEBt GRpEAtS LJnilmBUeincoppBRiilg 307 as
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goes eyon pth of the pfedetermined splitting area 107, 129, as
strijtisteadéd /h PRHIFe XL, by reference numeral h2. Again, the

predetermined splitting area 107 is still present within the donor substrate

103. As a 10 cansequen ofth I t the
Gnfidh TEBOIFn e QGG og B 21 Loar 12 15707 (8 hafle doro

sulssthstrat@sl 0l iwiof heboriteeof hko Ommpamdaéikhesﬂlmiémbwmm thetep
he@gg tion CQWL%@' Rmoyal hias § @%s&bamyssﬁ?@%e%&!@atﬁ" which

planted areas 129 present in t e chamfered region 207 and 209 are
det@ifipasg occurred stiH carries deTeczs due to the ion mpiantauon and thus needs
{o be polished. In the second embodlment, the poiishing step is carried out such that
the step-like structure 307 is removed so that a ready to reuse donor substrate 3171,
as illustrated in Figure 3e, is obtainec. This substrate 311 is again flat, except for the

chamfered region, which is like in the original substrate 103, except for a reduced
thickness.

With the second embodiment, the same advantages as can be achievad like with the
first embodiment.

According to a variant of the invention, instead of providing a semiconductor on
insutator substrate, the process could be carried out without an intervening dielectric
iayer, which is calied a direct silicon bonding process. in ihis case, the first and
second embodiments could be carried out without the step of removing the dietectric
105, as illustrated in Figures 2b and 3b.

Figures 4a — 4d illustrate a third embodiment of the invention. This embodiment is

slightly different compared to the first and second embodiments as, here, the



After the detachment step. the semiconductor on insulator substrate 301, - -

as illustrated on the right hand side of Figure 2d, is obtained which

essentially corresponds to the one 215 illustrated on the right hand side

of Figure 2d. However, the step-likgsegion 303 at the transition between

the chamfered region 211' and 213' and the buried oxide layer 105' is

higher (h2) than in the semiconductor on insulator structure 215 of Figure
dieledriv ik theevitsinder RehBRGE SdebifpFdtide 2adtHe @pRainsidIssriaes a

barg%%%c%lﬁ'a%@&eu@%é,nfmisn%{gﬁeéiim%nkaﬁ%@é.am@nﬂ%m@qmr&%e

with a step height h2. However, like in the first embodiment, the surface
usegn S AP HBEEHAERERA FPA S AN R R IdEHBRIEO Y SET themppdiment.

implantation and thus needs to be polished. in the second embodiment,

the,_polishi tep is. casried out such,that the step-like.structur iS. .
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spliffiguerSe4 (S cbthihed righisidatibt engiel sikhegais ARG exeisptifoihthsase also

confPRLRterediegion  Whichiis ke indhaiosioinak substrate 103, except for a

reduced thickness."With the second embodiment, the same advantages

as can be achieved like with the first embodiment. According to a variant
Figafdharinvestiass insteadwtprayidirg coserpicandustaimieissultdsonding the

substrate, the process could be carried without an interveni
dong &4 icﬂ]%yeé?g;”w A G e b%%%ir'l% %t"r‘gce%%p?ﬁ Secone
embagendné dinsharmrsecosidemimdireribsaddirecarned stiewiatopaine 411

andtap-ofremoving the dielgetric 103, asiillystrated indrionres2b apisty: noth

Figures 4a - 4d illustrate a third embodiment of the invention. This
suRgHBEdiment is slightly different compared to the first and second

embodiments as.. here, the 11 dielectric layer is provided on the handle

substrate side and.the donor substrate is a_bare semiconductor wafer, for
SURRGEHEATA SE A VUM e AR St L oo ey U Out € teffove
a layabotimemeserne spord northie o et efdér fifspatic: seedaig wnTssdapiding are
403 r%e éiﬁ??ngﬁ é%ftﬁég%% 4adlstiatgsdhelonoL substiate 4% WithiRe in the first
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ang second embodiment, the ion implanted region 12¢ in the edge region of the
donor substrate 401 is removed by this step. As the donor substrate 401 is not
covered by the dielectric layer, which is In contrast to the first and seconc

embodiment, no oxide removal step is necessary in this empodiment.

After detachment, achieved by a thermal and/or mechanical treatment, a SO
substrate 415 is obtained comprising a transferred layer 417 and a buried oxide layer
419 stili part of the original dielactric layer 407 covering the handie substrate 405,
Eventually a deoxidation step could be carried out to remove the dielectric layer 407

except for the buried part 415 1o obtain a SOI substrate as iliustrated in Figures 2d or
3d.

The remainder 421 of the original donor substrate 401 has the same structure than
the one illustrated in Figure 2d. A simple CMP polishing process is sufficient fo

remove the defects on the surface 423 where detachment occurred.



splitting area 403 and the right side the handle substrate 405, which in this

case also comprises a dielectric layer, for instance silicon oxide, 407.

Figure 4b illustrates the source handle compound 409 achieved by

bonding the donor and the handle sybstrate 401 and 405. Like in the first

and second embodiment on the surface side where bonding occurred a

non attached region 411 and 413 can be observed which is due to the
Finghamfewdiedde reglaneotf b satsteatesnoviseigietitigratag d8 Figure 4c,

coullsitated 49 FigreAG & Sleh N RISRIS GarTieR Al IR FRMEY & @ﬂ@éﬁefh% the

thickness hi corresponding to the depth In of the predetermined splittin
depshd ADBRERRICERINT P AGLASE A e i %@f&ﬁ@%iﬂﬁ%eﬁ) %‘ﬁaet

like in the first and second embodiment, the ion implanted region 129 in

the ed gere ion of the _don supstrat e401| removye t
AC%H@‘H% 8r sg ke i(ﬂ[sl?stﬁo covereadby Scf: ePectrlc%ygé?i{/v |s§\|’ﬁhout

thecpretsasteoche firstiethdsideolayeerhBBdimehe rve cﬁﬁtﬁl@réﬁﬁﬁa&éﬁé}ﬂ i§onding
tecﬂﬁ&%aﬁa{\x'dnéhﬁﬁmg e Afendsiachmeninaciieveddly snthermak 110

and/or'mechanical treaiment, a SOl substrate 415 is obtained comprisin

surkpfi e e &optTeanth dfeas NieRRRsS Y §8°SHiPRA 6T fiRsed ot in
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deoxidation ste oul arried.out to remove the d| ectrlcl r4
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go X has the SAMET ryetuee t&ﬁ{béh%gg@e@ustrated in Figure 2d. A simple

IP pol|sh|ng process is sufficient to remove the defects on the surface
423 where detachment occurred, 12 Finally, according to a variant, the

in fRatelighiemavatister Hustiatestip fdgdre 46e eoultiaisaibecariedmd
such that a thickness h2 is removed which is larger than the depth In of

the predetermined splitting area 403, just like in the second embodiment.
ExAcmoeding tacvatiantithérgntiirthind emBdidivnents cantaled bebsamiedwith a

bu g&%} Ut 5% ﬁ%ﬁ@%%ﬂw%ﬂﬁq oxife jayerd05) i thespealieds 250nm

lrect Si Con
is achieved using an ntchmg process of the source handle substrate as illusirated in

Figure 2b. In this example the oxide is etched using HF and then the Siis efched
using HF/HNOG; such that hy = h = 250nm +/- 5%. The remainder of the donor
substrate is recycled using a CMP process removing a layer with thickness of 0.5um.
In this example a two step selective etching is carried out; first the HF removes the
oxide but does not etch Si, and the second bath using HF/HNGS eventually buffered
using CH1iCOOH acid etches the silicon.

Exampie two according to the invention: a Silicon on tnsutator substrate with a buried
therma! oxide of thickness 145 nm and a transferred layer of thicknaess 300nm is
achieved using an etching process with HF/H:0»/H:0 and hy = 250nm, with h being
300nm. The recyciing of the remainder is carried out by an EP and CMP step. in this
example the HF/ H.O» bath is not selective and both layers the oxide and the silicon
can be efched in one step. Edge polishing is performed to get rid of any potentiai
residue of the implanted laver on the edge since material removal did not go up until

h or beyond (hy ~ h =50nm)}, but the remaining 50 nm can aiso be removed with a
CMP step and no EP polishing.



technology two Si wafers typically one with a 100 and the other one with a

110 surface are bonded together. In this case the process described are

carried out in the same way without however the step of removing the

oxide by etching. It should furthermore be mentioned that by CMP a

remaining protruding portion of about 50nm. which could be present in

the edge region in case the material removal did not go up until In or
Exaveylenthrearastitirimgemdvedinivethiefolbo\sifigqur astidas elgéonsiekstrate with a
burf’%1 GeRiling, 0. 4hg | W%‘(&%?@sdgﬁgréb(egﬂsw %%Qn@f 366AMIRGIRrieved

e Invention: a S ilicon on Insulator substrate with a buried thermal oxide

using thRIRAGSS A Pieh ang athainsfErfet FRPErdt thicknBsEnGHiinsetcn. a first

pla@SRieRdLIsiNg an siahing, RreaesS IS tﬂ@d&oaﬁéeth@ncﬂeséubﬁa@ua@ﬁa on the
illustrated in Fi ure
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leCtive Ing Is carried out: first the HF removes the oxide but doés
rermrineet e ShafeneiesybebAlE FAMNIEAY MFEANOITREHIEN/ BURSRE remove
ineUsligCHPC QR agidpiehssdhasilicom: Exampadmiecaaeording Wuthee and
invention: a Silicon gn Insulator substrate with a buried thermal oxide of
reMpERASRO B AP AR P ransferred layer of thickness 300nm is achieved
using an etching process with HF/H202/H20 and h; = 250nm, with h being
=R I BEBYEIR0 of e SRminderds cauicd o bu AR AR MR <

Ris exampte IS not selective and both layers
14@@@4@@:&%%@0@@@«1 mpwés@@cﬁéa% Bhe eRspPERgE pofisHAigis. etched
usﬁgfﬁﬂffﬂﬁg toeist Hefrny-rotantial siRsidys: of the iplaniedlayer on the
ge since material removal did not go up until In or beyond (h, - h

-50nm), but the remaining 50 nm can also be removed with a CMP step

and no EP polishing. 13 Example three according to the invention: a

Silicon on insulator substrate with a buried thermal oxide of 10nm

thickness and a transferred layer of 250nm is achieved using a plasma

(dry) etch such that h, = In = 250nm+/- 5%, During the dry etch, a first



1

plasma based on CF4 or CHF3 etches the oxide and then a second
plasma on the basis of SF5 etches the silicon. In this case one of the two
substrates, preferably the donor substrate. has one of its main surfaces,
called the back surface, on a substrgje holder which prevents etching of
the back side. in this case the reclaiming of the remainder of the donor
substrate comprises an additional deoxidation step to remove the oxide
from the back side plus the OMP &tejmsolishing the front surface and
removing about 11-im of Silicon. Example four according to the invention:
a Silicon on Insulator substrate with a 145nm buried insulator layer
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Method for transferring a layer from a donor substrate onto a handle

substrate and for reclaiming the surface of the donor substrate for reuse,
with the steps of: a) providing a donor substrate, in particular a

Zg@‘f‘;&‘%%éf%{gsgp%%!ﬁ%L@a@,ﬂa@ehﬁ@éﬂaéhﬂ%ﬁé@é&ﬁ%ﬁm&bﬁa@ﬁé@& and a

regions. orming a predetermined splitting area at a depth In
inside thandinerbstiBrasshey Hal®mig ey FAARIRZBY bonding, the

dopor apehihe handlesubsiiate tepmbkainaRedonorhardie cormpandne donor
wherein no attaching occurs between the two substrates in the chamfered
edge reiBR&E the donor and handle substrates, then d) etching the

chamfewdcmig'@rtrs_mlnttmrabjre&ashcaﬂgyereoﬁabopadqb’inhibknékssn!;a’sr'trate o
partlcu|%%%ilnaydear%ﬁ}_%ém%ngﬁéégmgr SARINs Jemavei SremdNewween

donor substrate In the region where no attaching occurred. then e)
detachitipdwerdidnstiatast théhasherdamstrege srovaiane abHS-Frivignd handle
substratg,ydagkein grtachment occurs at the predetermined splitting area,

d) etching the chamfered region such that at least a layer of about the
thickness h, in particuiar a layer with a thickness of more thar h, is
removed from the donor substrate in the region where nc atiaching
occurred, then

e} detaching a remainder of the donor substrate from the donor-handle
substrate wherein detachment occurs at the predetermined splitting area,
and _

) reusing the remainder of the donor substrate, in particuler after a surface

treatment step.

Method according to claim 1, wherein the donor substrate comprises &
dielectric. layer and wherein the method comprises a step g) carried out
between step ¢) and d) which consists in removing the dielectric from the donor

substrate at least in the chamfered region but not in the attached region.

Method according to ciaim 1 or 2, wherein the handie substrate comprises a

- dielectric layer.

Method according to claim 2 or 3, wherein the dieleciric layer is an oxide, in

particutar a silicon oxige.



and f) reusing the remainder of the donor substrate, in particular after a

surface treatment step. 2. Method according to claim 1, wherein the

donor substrate comprises a dielectric layer and wherein the method

comprises a step g) carried out betv,}/gen step c¢) and d) which consists in

removing the dielectric from the donor substrate at least in the chamfered

region but not in the attached region. 3. Method according to claim 1 or 2,

. whasthedhebatitle substratectamprisesa wielettricidayer ahdietiiod a wet or
ac ording."t}o c{%im 2 or 3, wherein the dielectric layer is an oxide, in

partri\t’:l?Fgr 4%ificon oxide. 15 5. Method according to one of claims 1 to 4,

wherein step €) and/or g) is a wet or dry etching step. 6. Method

- aceRIGing 10 RNy URRRS N SIRRreARE 08 RER PETTRFNEEHISNERURAY & non

selective and/or isotropic etching solution. 7. Method according to one of
clatiecte J USROG s S UWitkyer with a thickness of about 100
A to 10.000 A, in particular 1000 A to 3000 A, is removed in the non

att d region of the donor. substrate. 8. Method rding.to.one .
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oneaf calms dhdo8r whetrinithe Riwtaosdreatmesisigrat most

comprises a polishing step, in particular a CMP polishing, and a cleaning
step before and/or after the polishing step. 10. Method according to claim
|9, whereiaddtingng MPopelishingradayer pf lassréhastedpm spreterabbréessried

thad 1 R o Sismay R e 8 iRe WieTS SSIRSNDEN, 25 SR

Method according to one of claims 1 to 8. wherein the surface treatment step at
most comprises a polishing step, in particular 8 CMP polishing, and a cleaning

step before and/or after the polishing step.

10. Method according to claim €, wherein during CMP polishing a layer of less than
3um, preferably less than tum, is removed from the surface where detachment

occurred.



