Method for Transferring a Layer from 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 so-¢alled Smart Cutm; process, illustrated in Figure 1
provides high quality silicon on insulator (S01) substrates. During this process (Figure la), two
substrates, called a handle substrate 101 and a donor substrate 103, usually Silicon wafers, undergo a

certain numberfl glogess SteRvdRHANSTENARIERATh 2 BiYe iskiess of M donagupstrate 103

onto the handle substrate 101. During the pro nor substrate Is typically oxidized 105 to
later on form the buried oxide layer (BOX) of thé®8D$B®wdeture, and an ion implantation step, during
which ions like hydrogen or rare gas ions (He, Ar, ..) are implanted into the donor substrate 103, is
applied to form a predetermined splitting area 107 defining the to-be-transferred layer. Subsequently
(Figure Ib), theesBupEEiQuRRRiRE 103 Teaittad ad ta theHintRk 'substrate aoprier salims® viibonding
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mechanical and/or thermal treatment, a detachment of a semiconductor layer 111 together with the
buried oxide layer 113 occurs at the predetermined splitting area 107 so that the two layers are
transferred ainto tediiadeSsubstrate Yot obsainithedesired sikicep an insulaser sigictyraitls
(Figure 10). The thickness of t er 111 is determined by the energy of the.implanted ions. The
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the process provides an optimized use of the raw materia Instan e negative

117 (Figure A’cyRadcaieharmsiaristc Yopogrmphy fepresaritiriprotitding residubs 109a%asd theob in an
edge regiongasdiustrateddnbigweayhniich sarearendsdoadegiomwhers M lrvepliaasigroccurred
due to the chamfered shape of the edge of the initial wafers 103 and/or 101. The surface of the
negative 2 (BOX) of the 5OI structure, ana an ion implantation step, during which ions like
hydrogen or rare gas ions (He, Ar, ..} are impianted info the donor subsirate 103, is
applied to form a predetermined splitting area 107 aefining the to-bs-transferred
layer. Subseguently (Figure 1b), the source substrate 103 is atfached to the handie
substrate 101, in particular via bonding taking advantage of Van der Waal's forcas, to
obtain a source-handle compound 109,  Upon a mechanical and/or thsarmal
treatment, a detachment of & semiconductor tayer 111 together with the buried oxide
layer 113 occurs at the predetermined splitting area 107 so that the twe layers are
fransferred onto the handle substrate 101 {0 obtain ihe desired silicon on insulator
structure 115 (Figure 1¢). The thickness of the layer 111 is determined by the energy

of the implanied ions.

The remaining part 117 of the donor substrate 101, also called the negative, can be
recycled and again used in the Smart Cut™ iype process as a new donor or handle
substrate. The Smart Cut™ type SOI fabrication process has a significani economic
advantage due to this recycling process. indeed, {he process provides an oplimized

use of the raw material for instance silicon wafers.

The negative 117 (Figure 1c) has a characterisiic topography representing protruding
residuss 118a and 119b in an edge region, as illusirated in Figure 1, which
corresponds to a region where no layer transfer occurred due o the chamfered

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



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 AR MS as meéasured by atomic force microscopy (AFM), which
is to be compared to 1 - 3 A for standard Silicon wafer. The edge of the remainder 117 with the

protruding resigyes 1193 @ad 119 AVANNRS a s6amfrred shang %ﬁr@%rmﬁém%%%?ﬁﬂ isgs a

step-like structure 123 seen from the internal region 121 comprising the remaining the buried
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way, also covered by the oxide. The step 123 of the nﬁefative 117 typically has a thickness of about
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donor substrate 103 %uandl trate the surface roughness of the inner region 121 needs to
be reduced nagns(ad tlﬁmeésprg) Ffﬁf%% ?gg%gg%lf%][p%g%sp%fﬁﬁ@a% éeﬁ%@ %%eaélg t%'! tgerggnrﬁg%qgg "HEFEmoval

needs to beaotapléie atarynremairnngprotradirgintatesibtaginrcredte paitdegdhtanimatiingvhen
during a thegmal freamept,an exigliation in thechamfgred real § he
remaining ioﬁmplamed region 129. Methods to do so are, %ﬁﬁgﬁiﬁéﬂdﬁ%ﬁgﬁ%&%?l & 531 Al
and US 7,40282618¢ . PRjbRIIRE tHe foIRianiRg presedsivingplisalittngetise ofthe photerisgrekidual
topography:ahheredainingrragessif Regative 1147 starts with ade-gxidation:stepeemaye 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 out using a
HF bath, whEeisite Htid¢ehsuragsithe vxite aysiy1Re: Ehardsk3Suhsequentpoadirstgiolishing
step of the edge region,of substrate 1is catyi ut to t Ially remqve the protruding silicon
part 127 on?ﬁ%oendg?g? Ee%eéwcﬁ)eu%lﬁg%god%bc%&%h%ﬂ(@é@ﬁ?ﬁpaé&@a}é‘r%{;sgﬁp fb%%?o%/g Iji‘g%urface
roughness ia Wigtinieiotire dioera 2dirpatieisol tiidupthier téidve thastep 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 Meeh&itks pRKERIRG Ktep coRibYid tarAediBner SubsisalthobgHothansiesiblesteabbtain a

recycled subsgtatg wish b essHhease claiming AP GagRandyhich gand e dersat i thg Smart CutT™
process, embodiments of,the#)resent invention seek to provide an improved and more economic
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of the donomsehistratebéndeethitie RSRiprocasssieg hastheimajeidisadveatage:that, hifice
polishing, up t0,10 bm.(5 pm_on each side gf the substrate) of material are remqved to gef rid of the
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substrate, in particular a semiconductor substrate, and said handle substrate each with ¢

regions, b) fOYRifa pheddedirvined RipRery frearaliafolit Dabpif Pintige pHlYGHEr daBistvale, c)
attaching, indyasgieidaybyrkondingvihg sleresaid tBgdinadie substatese ebiaifdonatdhandle

compound, wherein_no attaching occurs between the two substrates in the chamfered regions of the
donor and ﬁ%&‘?@%ﬂﬁsﬁﬁ%@}@%ﬁ Hething e thamigel vdGDRYE jeRH AL eRed layer
of about at leastearpreditesmingd:thickiiess bristiernaieed Froantherdanar=sitbsiraten theghamfered
regions Whet‘% Jo. gigtagglin 8ipceu)gged E%heg@e)ﬁ%?}%%hig aurs(’ernnaindgﬁ:ofbtl}g donor sub%rate from the
donor-handfé compound Wwherein Jgpachmenf occCursat thé Iprc‘fafeterminae ’s;\)lYltt(ierﬁ%;réreaef aan%gf)
reusing the gensairiger ibethside oy subsirate,limpartictlabafteeausimtiace ficdtpudintistesisrhefein the

donor substiale cafaprega dieleahitriayen a0duieieinhe delfad comarizes 2 iR @ qagied out

between steps c¢) and d) which consists in removing the dielectric layer from the ‘donor substrate at

(oast in the BRUFRIRESTAABPBN8 UBNAPE AEFatd BER Actable Sitiesheeliiien BERbsond:

substrate. EhHfsdBlikadniths-pracess afthedriniatathe femainderef the denes suhstmate may no
longer presgﬁ&potruding&rtion 119a, 119bcas illustrated in Figure 1, as the chamfered area where

no attachm CIFTRRVEEh SRP o atth iR F BB AES TG R N5HER IS HRE IRRSSIRBNL. By the
fact that, nollt@gemnany 1@birodingisegionsrarepressnied thersiriagerofthenecioaineinfgiedonor

substrate, t'ﬁ‘ﬁ{g;;‘ﬁ "8 Qgg?n a suitabie surface roughness on the front surface of the remainder

117, a chemical mechanical polishing step (CMP) is carried out.



3a for carrying out the edge removal step and the double-sided polishing step w_hich were manc_iatory
in the prior art to get rid of the protruding portion.As a consequence, th(_e reclalmlng of the_r.emamder of
the donor substrate can be carried out in a much simpler way not needing expensive addﬁmnal tools to
carry out the edge polishing and the double-sided polishing process steps. At the same time, due
3

Even though, it is possible to obtain a recycled substrate with the described

reclaiming process and which can be reused in the Smart Cut™ process,

embodiments of the present invention seek to provide an improved and more

economic reclaiming process that may ne longer nead the double-sided polishing

step to reclaim the remainder of the donor substrate. Indeed, the DSP process step

has the major disadvantage that, during polishing, up to 10 um {5 pm on each side of

the substrate) of material are removed to get rid of the protruding residual

topography 119a and 119b.

According to an aspect of the present invention, there is provided a method for
transferring a layer from a donor substrate onto a handle substrate and for
reclaiming a surface of the donor substrate for reuse, with the steps of: a) providing
said donor substrate, in particular a semiconductor substrate, and said handie
substrate each with chamfered regions, b) forming a predetermined splitting area at
about a depth h inside the donor substrate, c) attaching, in particular by bonding, the
donor and the handie substrates to obtain a donor-handie compound, wherein no
attaching occurs between the two substrates in the chamfered regions of the donor
and handle substrates, then d) etching the chamfered regions such that at least an
etched layer of about at least a predetermined thickness h is removed from the
donor substrate in the chamfered regions where no aftaching occurred, then e)
detaching a remainder of the donor substrate from the donor-handie compound
wherein detachment occurs at the predetermined splitting area, and f) reusing the
remainder of the donor substrate, in particular after a surface treatment step,
wherein the donor substrate comprises a dielectric layer, and wherein the method
comprises a step g) carried out between steps ¢ and d) which consists in removing
the dielectric layer from the donor substrate at least in the chamfered region of the
donor substrate but not in an attached region of the donor substrate.

Thus, unlike in the process of the prior art, the remainder of the donor substrate may
no longer present a protruding portion 119a, 119b as illustrated in Figure 1, as the
chamfered area where no attachment occurs between the two attached subsirates is
removed 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 need



4 to the suppression of the double-sided polishing step, the initial 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 the fact that the implanted region in the chamfered region is removed during step d),
the quality of the obtained substrates may also be improved as the risk of creation of particles during a
raise in temperature leading to a partial removal of the chamfered region, can be reduced. In example
embodiments, even in the presence of a dielectric#sed to form a semiconductor on insulator substrate

with the meniiansl proessnd sl Rassibledeadhie pheadaniaes gldhRMaLR Asynot only the

chamfered re%ion of the donor substrate itself but also of its dielectric layer, is removed prior to

detaching. 1{h&s oaBgea[B%fi’ﬁtérﬁ élﬂﬁ tRAPIhETeRoal stih 8 rifimoberthel eldariemyerdoés not
represent agpadeditisrakstdp vticintiag t6 e camisiddentinceednin theprigkatsthe diglestric layer is
also remov I IMINE. t rior art, ste is simply moved from after
detach ment%tggqpﬁi%] r?%&(%%%ﬂr% g w&%%%%%g@%a%(g%f%‘,’?h%d’égﬁ)&% g%ﬂ??gtligtg %Qﬁ %‘grﬁ%?ise a
dielectric 1a§8PE RUIFEIRIARRERiSIRE P W PTodi aeebBssthepandicisaibstratéite foimm a
semiconductor on insulator substrate. This variant has the advantage that one only has to remove the
material of the substrate in step d) to achieve the advantages of the invention, as no additional
dielectric layer is provided on the donor substrate. Thus, in this variant, less process steps are
necessary compared to the variant which provides the dielectric via the donor substrate.
Advantageously, the dielectric layer can be an oxide, in particular a silicon 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 etching step. This is a more economic material removal step than the edge polishing and
double-sided polished step as used in the prior art. 5



Preferably, steps e) and g) can be performed using a non-selective and/or isotropic etching solution.
Using the non-selective 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
etching solution, the process is furthermore simplified as varying etching rates, depending on the
crystallographic directions which are different in the chamfered region compared to the rest of the
substrate, do not have to be taken into account. This simplifies the control of the process. The
dielectric m?te{ial removal step, independent of whether the dielectric layer is removed from the donor
and/or the handie SHBRIFSRCINLEALE SLorbiectiiers arlisinessieporithanibaidussutsstyats) ffeoes not
have an imptigwors thetgedigeoftibédntriatdislestisdayes assthisapa.isgandwishgd between donor
and handle & , K , ing.step, layer wit hickness of about 100 A - 10,000
spsuate, Advamanseysly, drigicn Al o @é&é&‘éﬁeﬁgf’ié&% T

A, in particylar 1000 - 3000 A, can be removed in the non- dfiBi°SuBstrate.
Compared 16 th& WOUBIESifRUPbIiENIRG S nikstoipin the Broramituriel tkiotbélaege amount of
material, nafHereheeydEsobS prpanabab sideidhast todaicrmOyed igel it hthedargiruding
pardons, thesmatesialdemeandl ip PEOCRSS ACFOr] e ipvention.can be |ess so that one donor
substrate can be reused mgrﬁé off%?,a for instance, fnqé%gc aﬁ%@%r&%é?%?ﬁﬁ%%%ﬁ?@prior art
process. This is also made possible by the fact that the reclaimed donor substrate remains within the

semi-standétdeeenteeniegihdimebitrateatimensions:cRsaterailya stpps i anday g) cappe,carried out
at a tempergiiRafdass et PLeiRipllY ahiessdhal 230G, s (he wholg piocess unt

detachmen} is_carried ggta low temperature so that no detachiment can oc NHCRdR S tached
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a CMP polishing and a cleaning step before and/or after the polishing step. Thus, compared to the

prior art, a grﬁaaﬂ){ sti}mplif_iedcgeclaimin process can be carried out. The polishing step is used to get
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According to a variant, the handle substrate can comprise a dielectric layer. In this
case, the dielectric 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 in step d) to achieve the advantages of the invention, as
no additional dielectric layer is provided on the donor substrate. Thus, in this variant,

less process steps are necessary compared o the variant which provides the
dielectric via the donor substrate.

Advantageously, the dielectric fayer can be an oxide, in particular a silicon 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 etching step. This is a more

economic material removal step than the edge polishing and double-sided polished
step as used in the prior art.



In this context, the term "about the thickness h" used in claim 1 relates to thickness that are such that
the remainder can be planarised using only a CMP process. This means that a layer is removed in

step d) of claim 1 that has a thickness of at least h minus about 50nm. This would lead to a protruding
region in the remainder of the donor substrate with a height of about 50nm which can be dealt with by

a simple C'W’a‘?@:'?&f%%ﬁ? AARNPASOHBY U EME RRlISiRY. @e‘@)ﬁﬁ&&@ﬁ&%!hé@t%;&@‘

preferably less than 1 pm, can be removed from the surface where detachment occurred
mentioned ZSRVESHHR KiHed \HRAREr e YDA B IS R ﬁ‘@vﬁfﬁé@%%h%@%h@‘ﬁdﬁ@‘%ﬁﬁéfﬁé’@ can be

reused morgeftemein priioutas, matedhand Abmes, dndbedryerdransiRnREOGe SseMAMGdaaspus

embodirnents WI|| be desr%rlbed in combination with the enclosed Fi ures Figures la to Icillustrates a
prior art lay&raSHereF BroREsS TR ﬁb%eﬁh‘eét@ma CHETV t@BHﬁ BRIC Iﬁb%?@@ S445RiI0Srate a
first embodimentof the iwentiveomethogifigures 3mt@]rsglllamhatg aMndmb@a@t@nm ahthe

inventive mefor, 30rLBigk"gReiRdRs dhsTare aifturd sPadimsaLabiag nysnive msthed o
the rest of the substrale, do not have {0 be taken info account. This simplifies the

control of the process.

The dielectric material removal step, independent of whether the dielecinic layer is
removed from the donor and/or the handie substrate (in case a disleciric is also
present on the handie substrate), does not have an impact on the quality of the
buried dieleciric layer as this one is sandwiched between donor and handle

substrate.

Advantageously, during step d), a layer with a thickness of about 100 A — 10,000 A,
in particutar 1000 — 3000 A, can be removed in the non-attached region of the donor
substrate. Compared to the doubie-sided poéishiﬁg step mandatory in the prior art
during which a large amount of material, namely in the order of 5 ym on each side,
had to be removed {c get rid of the protruding portions, the material removal in the
process according the invention can be less so that one donor subsirate can be
reused more often, for instance, more than 10 {imes, compared io the prior art
process. This is also made possibie by the fact that the reclaimed donor substrate

remains within the semi-standard concerning the substrate dimensions.

Preferably, steps d) and/or 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 femperature so that no detachment can occur in the non-attached regions

which could lead to unwanted particle contamination of the final product.

According to a preferred embodiment, the surface treatment step can, at most,
comptrise a polishing step, in particuiar 2 CMP polishing and a cleaning step befors
and/or after the polishing step. Thus, compared to the prior art, a greatly simplified
reclaiming process can be carried ocut. The polishing step is used to get the desired

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



Figures 2a - 2d illustrate a first embodiment of the inventive method for transferring a layer from a

donor substrate onto a handle substrate. Figure 2a illustrates the source-handle compound 109, as
already illustrated in Figure 1b. This source-handle compound 109 has all the properties as already
described above in the 7 introduction and is therefore not described in detail again, but reference is

made to Figgeashelt shaulg nexertielesshementionessthaiihe hansesubsitae Halcambeany
suitable handle substrate, in particular a silic%;n wafer, bu?E| also a glass or quartz type substrate. The

donor substPS° G5 Rl AR Eor SSsthiie BRIl GYE JHCE T Sl BRCESSHikon
carbide, a siitga gerimanigmiia dallitesnisdepariahgesmaniumirspibstesite migd thesistlatingriietectric

layer 105 c%qe%% Qne ¢ gt Sqf gj}licqn dir%§i%e §il\i[cl anfﬁiege s%[é&)gpto>¥nitrigre or ,%\I 03, etci. g% itrpe
following, theé inventive thethod will be 8es§r| ed, wi ou?%elng Ynited 0 %is%ar %ufgrcéanoicg, to a
handle subgtratedd ieing asikcomplafer @ upabrsubstere 103 being a silicon wafer and the
dielectric layer 105 being a silicon dioxide. Figure 2b illustrates the source-handle compound 201

obtained after an etching step during which the dielectric layer 105 has been removed from the back
side 203, thE'dféfé 2058 Al HE CIRARHEIEE FBEIEMRS20Y At8D 00D iHe disrdiesuBstidll #sdlielectric

layer 105' remaingesancwichethbatvesndbe danpesubstipied 03,apd e handle sphsttaterdil and

forms the future burjed o>§ide layer. In this embodiment, the material removal is achieved with an
etching step"PRBSCTRRIRY BYF b BHRVEF A\EREhMEAMbIER Fane /B HE ERsIciAL E3R-id ayer
which typicatjnbassadhickDess dfiip teoliRO@amidut typicallinbas@dhickrnassreftid20@nme

donor substraie with a height of about 50nm which can be dealt with by a simple

CMP polishing step.

Advantageously, during CMP polishing, a layer of less than 3 pm, 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
subsirate can be reused more ofien, in particular, more than 10 times, in the layer

transfer process.

Advaniageous embodiments will be described in combination with the enclosed

Figures.

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

SmartCut™ technoiogy,
Figures 2a to 2d  iliuslrate a first embodiment of the inventive method,
Figures 3a fo 3e  illustrate a second embodiment of the inventive method, and
Figures 4a to 4d  illustrate 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 subsirate ontc a2 handle substrate. Figure 2a illustrates the

source-handle compound 109, as already illustrated in Figure 1b, This source-

handle compound 108 has all the properiies as already described above in the



Subsequently, as illustrated in Figure 2c, an additional etching step is carried out to remove the silicon
present in the chamfered region 207" and 209'. The gtching step can again be a wet or dry etching and
is preferably an isotropic etching for instance using a wet etch with HF/HNOS or a dry etch using a
plasma. According to a variant the dielectric etching and the semiconductor etching are carried out

using the same BIREBESaddealehinis catrskeubsych habmatpiial infearerssbanihrighamfered
region 207" and 209" at least of the donor substrate 103 and such that the removed layer has a

thickness hI"d@¥€sponding to the depth h of the predetermined splitting area 8 107. Typically the
material removal not only occurs in the chamfered region but also on the side and on the back side of

the donor SLllbstf{atc? 103 an a!so in the chatmferg regign 211 %{1d 21 ftthe dle substrate 101. By
i Tshould hevermeisss mlenlgned that %1@ an Oie Sibsjate ca UPe 2
doing so, the ion implanted region , present in thé chamféred par an 9Mustrated-in Figure
2b, of the denéeisebstrate OB iredmovedriicular 2 silicon wafer, but also a glass or quariz iype

subsirate. The donor substrate 103 can be a semiconductor substrate, in particular
one out of a silicon, a silicon carbide, a silicon germanium, a gallium nitride or a
germanium substrate and the isolating dielectric layer 105 can be one out of silicon

dioxide, silicon nitride, silicon oxyniiride or AlO;, efc.

In the following, the inventive method will be described, without being limited to this
particular choice, o & handie subsirate 101 being a silicon water, & donor subsirate

103 being a silicon wafer and the dielectric layer 105 being a silicon dioxide.

Figure 2b illustrates the source-handle compound 201 obtained after an eiching siep
during which the dielectric jayer 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 subsirate 1G3 and the

handle 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 remove the dielectric oxide layer
which typically has a thickness of up to 1000 nm, but typically has a thickness of 10 —
200 nm.

Subsequently, as illustrated in Figure 2¢, an additional etching step is cairied out to
remove the silicon present in the chamfered region 207" and 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 HF/HNOG; or a dry etch using a plasma. According to a variant
the dieleciric efching and the semiconducior etching are carried out using the same

process,

The etching is carried out such that material is removed from the chamfered region
207 and 208 at least of the donor substrate 103 and such that the removed layer

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



The next step consists in a detachment step, the result of which is illustrated in Figure 2d and which is
carried out in the same way as described in the introduction, thus either using mechanical and/or
thermal energy. After detachment a semiconductor éh insulator, here silicon on insulator substrate
215, as illustrated on the right hand side of Figure 2d, is obtained. This structure 215 comprises the

handle subsfrate $0dicHng tranaigreed didRlay ablBrlanethe rpariemahrlicandaust Bl fyn the

donor substrate 103. Due to the etching process, the substrate 215 furthermore comprises a step-like
shoulder 21%in'f5e $AGNFEIe@RdGE rBEitnS 9% 12401913080 S HRHRE (Bt Al 188 wHicH Fakes
the geometphafgeratcansivaton ominsnlia et shb sinatd2d dsligityidifferent compared to the one
illustrated in Figure 1 c. The effect of the inventive method is even more visible on the remainder 219
of the donor substrate 103 illustrated on the left hand side of Figure 2d. The remainder of the donor
substrate 21%; dogarding tto:theninventioeine{png erdias eeprotr uditige portoridreitspedgiégion which is
in complete soniastta he steiure 1 1% agenrdinado he.prighariiustigied in the left hand side of
Figure 1 c 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 ppsHORS Nakpresenis e suiace:roughness:sanRe Bpio e diy-A Simple.GAME;pelishing
process during which less than 3 pm, preferably less than 1 pm, or even only about 50nm, of material

is removed G e sERE e o oStSRHRE QUSITE'SUARAEE Y(RXIiRP1OPFEIREDIHRS SUMEE PBmainder
219. 9 Compased:itnéhre pEparinthemethod angerdingiorthe firstembodmaentirasthaadvantage
that, after detachme t&:{“? Brotrud'ngportiong.?rerpresent i{] he e ge r%;llfﬂas Whi{;h is in complete
contrast witﬁ%ﬁ‘é%ﬂé% art, sée'Taterenice RUmarars 1o *H196i HigUf 1 -AY & dheeqUsicd; the
_reclaiming }ii‘@p@_@@ftdﬁﬁ&ﬁbm@oqﬁﬁfémmdéﬁ afﬁtmrwnor%d_bsﬁ_memmg 3lchetirapitean e reduced
s areatly sipplfied, Nadge pofishipo g g dgublessidedlpolishing. e epersaLy ampers, and a
simple CMP process Is sufficient to obtain the desired surtace quality properties, eventually

accompaniédysy ohé BPtivdleicdeing s athUdIheveciling lobess rsasesenkieHalissiels carry,

as less equm%Ht%é?ﬁﬁ%S@émﬁﬂ*zs@@ 5’_@%%Sﬁ(é)%@EQ&@?W@W@%&%%@@“&%&%@OE
often. Whereas, typlscalli 10 pm of material had to be remaved in the prior art process, the inventive

process cartbé cArfled bit With B réaiyedakeed AaendireMoFa oha#EDrdBF oPRADEAN SHhm,
typically 0.5sefnpndluis@ven passiblerte chsy-eet2he ragiamingfiyeece ssdmpRnitremaningabout
50nm from trEe §u%agce 221. Th,lus, one donor substrate 103 can be recycled more often than in the
prior art, nal ueeiyr% Ut at'%4Et o times. Due to the fact that no DSP is necessary, also the geometry
of the initial substrate can be kept. Besides, another important advantage is, that the creation of

particles during Sten.e): . RmalL ?ﬁ%%’&t é&“%@@g Fr?%%‘?s%‘?&%‘%ﬂé QL ARYHbsE@usnthermal

treatment step can be prevented or at least reduced as, In the chamfered region, the remaining ion

implanted pa@fie remsVeiestihatus bartoPexpR RItieay difm§a dasedtienttRdemaitéatfent and

thus the Creﬁ@ﬂ&{&”%@g@&@aﬂ@'ﬁ%%}@ﬁg agduged Wv%%%@rﬁr%\éeriﬁﬁ eFigyEes %ﬁmﬁﬁﬂﬂ@strate a
second embodiment of the inventive methad for transferring a Ia%er of a donor substrate 103 onto a

handle subSPAHOR 61 TERAFE EOMETNIRISE dfecIMRISHu AEHARIR EniyGHIRL 06! REcaEdBsption
thereof is nes tapeated:apainhutdadarper asechheseyidih &yFigfetencerierdherseseniption of Figure 2a.
The same is valid for Figure 3b, illustrating the resulting structure 201 after the dielectric material
removal step. The difference between the first embodiment and the second embodiment is that, during
the etching 6hthelwhramfpasd 22§iom26G7 Yara 208 bbthe deddrasubstedte 1108i¢hes mbtesialvigmoval

goes beyong, fhe denthy of cﬁg’i@g%‘*é‘@if‘%éﬁ% I tﬁéeér%(??ar%%ﬁ?oﬁé\%ﬁ%‘?%ée@ Whg if%lﬁeﬂ’(%%’ by

reference numeéral h2. Again, the predetermined splitting area 107 Is still present within the donor

substrate 10 geofuding portion Is not present, the surface roughness can be improved by a
simple CMP polishing process during which less than 3 um, preferably less than 1
um, or even only about 50nm, of material is removed from the surface to obtain the

desired surface guality for reuse of the reclaimed remainder 218.

The chemical/mechanical polishing step can be accompanied by standard cleaning

processes as in the prior art.



10 consequence of the longer etching process, also the material removal in the chamfered region 211"
and 213’ of the handle substrate 101 is of the order t%f h2. Compared to the first embodiment, the
additional material removal has the advantage that itis ensured that all implanted areas 129 present in
the chamfered region 207 and 209 are removed. After the detachment step, the semiconductor on

insulator subgirataRRliqsdustiatashonribatighbhanstsidmef GiaHee 4d: israbtaineshwhich grsentially

corresponds to the one 215 illustrated on the right hand side of Figure 2d. However, the step-like
region 303 ARV ARG BRI 8R AR S Pe&"}‘g&i‘gmg1ﬁ°§f%§"§1%r‘eaﬁﬁeﬁ?§‘i)miéﬁeo Flayer
105' is highesdluiz)sthamiththe serueondtctons st ulmtotsiryctores?] ok Figureth Wolikedhe
remainder 2#79illuﬁr%f[)e;g g\t Figure ds thg %esmainder o{ the donor.substrate 3?5 in thia. mbt diment
alsohasas epﬂike Sholldet Ofi with & st%p ﬁ%‘ﬁg‘Wﬁz. oﬂfe\flgvaéi??lﬁi@ep 7 e irét efibodimen ?the
surface 309ratwhidhrdefadhmetiroccaresirsiitl carfiesudéfetitsidiie torthbdoreitinstachtdetiogr amidl thus
needs to begyplished. Idnesseooni Aberinea e LYsRInasien s CAUIRIRULSHED Haldhe

step-like structure 307 is removed so that a ready to reuse donor substrate 311, as illustrated in Figure
3e, is obtairftf Fhi§BuHStratd 31 0RCaERINS Y 5t 16r HlidRaffereaségiors WiRich BUMENn the

original SUb§§'@§8r§éQ§; @@é@ﬁ&é@{/ aar&q}i'ﬁﬁgﬁ@@kﬁ?s%n\é\/iﬁktﬁ@éeﬁ%ﬁﬁiﬁ@bﬁgﬁ@ﬁn?ﬁlﬁ;?%mﬁ _
advantages as can be achieved like with the first embodiment. According to a variant of the invention,
instead of prOvIEHY £ LR oRdiR O B MRARSIOP S &R, B8 BrRESEL T BERaH Lot Svithout
an intervenipgdislectiic iayebwhicinis called aditectisilicanbonding presessviaihis caprsdhe first
and second %Int?,gdolgwengs C%Lﬁ%é)%ocgmed out \gl?QQ(Ht the stea%of remow%g the dielectric 105, as

illustrated in's BT O Sraler] & remove & prior process, e inveniive process
can be carried out with a greatly reduced maierial removal of the order of less than 3
um, typically 0.5 — 1 pum. 1 is even possible fo carry out the reclaiming process by
only removing about 50nm from the surface 221. Thus, one donor substrate 103 can
be recycled more ofien than in the prior art, namely about at ieast 10 times. Due ic
the fact that no DSP is necessary, also the geometry of the initial substrate can be
kept. Besides, another important advantage is, that the creation of particles during
step e}, i.e. thermal treatment leading fo the detachment or any subseguent thermal
treatment step can be prevenied or at least reduced as, in the chamfered region, the
remaining ion implanted part is removed so that it cannot explode away during a
subsequent thermal treatment and thus the creation of undesired particies can be

reduced or even prevenied.

Figures 3a - 3e illustrate a second embodiment of the inventive method for
transferring a layer of a donor substrate 103 onioc a handie substrate 101. Figure 3z
again iliusiraies the source-handle compound 109, the description thereof i3 not
repeated again but incorporated herewith by reference fo the description of Figure
2a. The same is valid for Figure 3b, illustrating the resulting structure 201 after the

dielectric material removal step.

The difference between the first embodiment and the second embodiment is that,
during the etching of the chamfered region 207”7 and 209" of the donor substrate
103, the material removal goes beyond the depth of the predetermined splitting area
107, 129, as illustrated in Figure 3c, by reference numeral h2. Again, the

predetermined splitting area 107 is still present within the donor subsirate 103. As a



11 dielectric layer is provided on the handle substrate side and the donor substrate is a bare
semiconductor wafer, for instance a silicon wafer. The materials that can be used in this embodiment
correspond to the ones of the first and second embotiiment. The left side of Figure 4a illustrates the
donor substrate 401 with a predetermined splitting area 403 and the right side the handle substrate

405, which ipsthis &asscalsarcaapiissen delssiiclaysts{or instance siisrmaxidendod Fioue 4b

illustrates the source handle compound 409 achieved by bonding the donaor and the handle substrate
401 and 405 ERESIFthEAIRE &ld saé%ﬁd%rﬂf)mrjﬁ%?ﬁ B e leaitattistie\ie A tRiifg occurred a

non attached region 411 and 413 can be observed which is due to the chamfered edge region of both

substrates. ;ubse u%ntL rLustraﬁeg in I?ﬁﬁq g ch| ste arried o 0 re ove a

layer of thic HESEqT rre Eﬂc’ ge[g% ?th% %fé? rmﬁ Ell‘ﬁtﬁ%ﬂé Bmoved

in the non aaa@aem@dgweguensmeandmm Mnisiike mﬁm&fr‘r%am@&e:eﬁomdtbmbba&mﬁesﬁ;ﬁ the ion

implanted reg'@ n%@?'%ﬁ@%%@gﬁé?g}%%\%%he donor substrate 401 is removed by this step. As the
trate 40 i '

donor subs is not covered by t ielectric layer, which is in contrast to the first and second
embodiment, no oxide removal step is necessary in this embodiment. After detachment, achieved by a

thermal and/gfaneghanicaldreamented Sksubshialnddads AiainedsIprsisiRgAdransferted layer

417 and a buried oxide layer 419 still pad of the original dielectric layer 407 covering the handle

substrate 408 RRUAR dGedBhatiRNsed Eoull NetdfictFouftfiRiBeE thbigleicshir Rl 407
except for the busieshpariAdl torebtain M E@hsubsHale: ariustiadesds bigumsLdOrsvdhe

remalnder4 1 of the. original dgpor strate 401 has the same structure, than th e illustrated in

Foure 20 ATE 5B BEEGHIAG B ire La s SO BN 5 TR B e Sled o3

where detachmieht deeigredxide layer 105" is higher (h2) than in the semiconductor on insulator
structure 215 of Figure 2d.

Unlike the remainder 217 illustrated in Figure 2d, the remainder of the donor
substrate 305 in this embodiment aiso has a step-like shoulder 307 with a step
height hZ. However, like in the first embodiment the surface 309 at which
detachment occurred still carries defects due to the ion .impiantation and thus needs
o be polished. in the second embodiment, the polishing step is carried out such that
the step-like struciure 307 1s removed so that a ready to reuse donor substrate 311,
as illustrated in Figure 3e, is obtained. This subsfrate 311 is again flat, except for the
chamfered region, which is like in the original substraie 103, except for a reduced
thickness.

With the second embodiment, the same aavantages as can be achieved like with the

first embodiment.

According to & variant of the invention, instead of providing a semiconductor on
insulator substrate, the process could be carried out without an intervening dielectric
tayer, which Is called a direct siiicon bonding process. In this case, the first and
second embodiments could be carried out without the step of removing the dielectric
105, as iliustrated 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



12 Finally, according to a variant, the material removal step illustrated in Figure 4c, could also be
carried out such that a thickness h2 is removed which is larger than the depth h of the predetermined
splitting area 403, just like in the second embodimenﬁAccording to a variant the first till third
embodiments can also be carried out without the presence of a buried oxide layer 105'". In the so called

direct silicoryhaagling igeimelgmy i Iatermhdicallyaraavithia 400 AR PR it a 110

surface are bonded together. In this case the process described are carried out in the same way

without howB3Et FRITEIES S T S tHE R MREetRileR Tt Whktid HisneRRIR DENAeRBBR¥ that by

CIVIP a remaisingn prodredingdeedian-ofrabouh S@nmevhich could fieninseridsiheadegiragion in case
the material removal did not go up until h or beyond, can still be removed. In the following practical
examples according to the invention will be described. Example one according to the invention: a
Silicon on InEukateft stibhstrdté iyitte at bulied thiesmikosdide okthicknes S04 5y aneadtransfersad layer
of thickness I | ing h 1 S{r llustrated
i Figure 25 T I i T aue 1 ctahed Lo Ra TR et s e S S B3 N0
such that 11208 Brisemaie e LB e i risitnes of thenderies stBstrate is recycled using a CMP
process removing a layer with thickness of 0.5pm. 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/HNO3

eventually bU&fEIRiAYEESG0 01 =AY SR HRAHE SREP AP IR AR BINGWBHYiienton: a
Silicon on InssHator=substratenwithia ke iheroal oxigde abthickpessid4mentiand alransiened layer
of thickness 300nm is achieved using an etching process with HF/H202/H20 and h| = 250nm, with h
being BOOn%WSH@gaI?#gt%?tﬁ%&r%g agiir%? e‘?'vlsgg%é)r R G BGAR" %ﬁaf‘cﬂfﬁcﬁéé. ﬁg't%‘s%%ample
the HF/ H20hbat 5 net skiectiveeand bethidayersdie txidecantahedesiic ondesn legietchedbntone step.
Edge polish@&grg%rgqrmed to get rid of any potential residue of the implanted layer on the edge since
material removal did not go up until h or beyond (h1 h -50nm), but the remaining 50 nm can also be
removed with a CMP step and no EP polishing.

Subsequently, and as iilustrated in Figure 4¢, a etching step is carried out to remove
a layer of thickness hy corresponding to the depth h of the predetermined splitting are
403 is removed in the non attached edge regions 411" and 413", Thus like in the first
and second embodiment, the ion implanted region 129 in the edge region of the
donor substraie 401 is removed by this step. As the donor substrate 401 is not
coverad by the dielectric layer, which is in contrast to the first and second

embodiment, no oxide remaval step is hecessary in this embodiment.

After detachment, achieved by a thermal and/or mechanical freatiment, a S0O!
substrate 415 is obiained comprising a transferred layer 417 and a buried oxide layer
419 stili part of the original dielectric layer 407 covering the handle subsirate 405.
Eventually a deoxidation step could be carried out {o remove the dielectric layer 407
except for the buried part 415 1o obtain a SO! substrate as illustrated in Figures 2d or
3d.

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

remove the defecis on the surface 423 where detachment occurred.



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 hl = h = 250nm+/- 5%. During the dry etch, a firélzp'lasma based on CR, or CHF3 etches the oxide
and then a second plasma on the basis of SF6 etches the silicon. In this case one of the two

substrates, prgfatabisdbesdones kstiale, hrs ongatdisaan sudrsesicaligdhe baghauriace, on a
substrate holder which prevents etching of the back side. In this case the reclaiming of the remainder

of the donorSHIE RS ¥ FHAES KA i BRLP dBIEKRER A2 FFIB PSR HOVE i D aieH B iR ack
side plus the&pitPsiefhpalishiag tintnborbstifaceraadsanmavingabotticlpmaiSdiaondm@mple four
according to the invention: a Silicon on Insulator substrate with a 145nm buried insulator layer
comprising SiO,Nly and one or more Si02 layers, etched using HF and H3PO4 and then FIF/HNO3
such that h¥choeR5PimaAB%nt TMeClainis! Methaavfor diarsfarnng allayeefromiaddonowsdbibstrate
onto a handje sypstiaie and OriGrlaIMInGa,SyLRGR ST the fanas supslials [er tgee, Wi dfsteps of
a) providing said donor substrate, in particular-a semiconductor substrate, and said handle substrate
each with Cﬁg@ﬁf@@:@ye@y@n@ wafers typicaily 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 eiching. It should
furthermore be mentioned that by CMP z remaining profruding porfion of about
50nm, which could be present in the edge ragion in case the material removal did not

go up uniit h or beyond, can siili be removed.
In the following practical examples according 1o the invention will be described.

Example one according to the inveniion: & Silicon on Insulator substrate with a
buried thermal oxide of thickness 145 nm and a transferred layer of thickness 250nm
is achieved using an etching process of the source handle substrate as illustrated in
Figure 2b. in this example the oxide is etched using HF and then the 5l is efched
using HF/HNO; such that hy = h = 250nm +/- 3%. The remainder of the donor
substrate is recycled using a CMP process removing a iayer with thickness of 0.5um.
tn this example a two step selective etching is carried out: first the HF removes the
oxide but does not efch Si, and the second bath using MF/HNQO3 eventually buffered
using CH3;COQCH acid etches the silicon.

Exampie two according to the invention: a Silicon on insulator substrate with a buried
thermal oxide of thickness 145 nm and a transferred layer of thickness 300nm is
achieved using an etching process with HF/H,0./H0 and hy = 250nm, with h being
300nm. The recycling of the remainder is carried out by an EF and CMP siep. in this
example the HF/ H,O; bath is not selective and both layers the oxide and the silicon
can be etched in one step. Edge polishing is performed to get rid of any potential
residue of the implanied iayer on the edge since material removail did not go up until
h or beyond (hy ~ h —=50nmj}, but the remaining 50 nm can alsc be removed with a

CMP step and no EP paoiishing.



b) forming a predetermined splitting area at about a depth h inside the donor substrate, c) attaching, in
particular by bonding, the donor and the handle subirates to obtain a donor-handle compound,
wherein no attaching occurs between the two substrates in the chamfered regions of the donor and
handle substrates, then d) etching the chamfered regions such that at least an etched layer of about at

least a predefermpnedithiekness-hiig remaveshirentidhe donarsHbsiralaindhe chastaredsegians

where no attaching occurred, then e% detaching a remainder of the donor substrate from the
donor-hand & E8mHhBETRPWRETEIR L AR KT EEE RGP HE BHETGR ARG PRt 585D SMEth
reusing the renaiadesoftheidgnatisybsiratetin.partieulanafter assyrfaceiteaimnent steip, awinerein the

Dotweon SgE 8] r e T et o Ui nd e T ef O U BemG o Bel e at
least in the thamferéd segidreofitisesdionor Subistasbutrobinizn tattashied regio motidre dp hior
substrate. Moo apeqroing, 1o, iaimy# inAEHRIR the handig sUbRE e -cMRLSES s delGEuiGaver.
hoider which prevenis efching of the back side. In this case the reclaiming of the
remainder of the donor subsirate comprises an additional deoxidation siep to remove
the oxide from the back side plus the CMP step polishing the front surface and

removing about tum of Silicon.

Exampile four according o the invention: a Silicon on Insulator substrate with a
145nm buried insulator layer comprising SION, and one or more SiO; layers, eiched
using HF and H3PO, and then HF/HNQOS3 such that by = h = 250nm+/- 5%.



15 4. Method according to one of claims 1 to 3, wherein step e) and/or g) is a wet or dry etching step.
5. Method according to claim 4, wherein step e) and g) are performed using a non selective and/or
isotropic etching solution. 6. Method according to one of claims 1 to 5, wherein during step d) a layer
with a thickness of about 100 A to 10.000 A, in particular 1000 A to 3000 A, is removed in the non
attached region of the donor substrate. 7. Method according to one of claims 1 to 6, wherein step d)
and/or g) are carried out at a temperature of less than 500C, preferably at less than 350C. 8. Method
according to one of claims 1 to 7, wherein the surface treatment step at most comprises a polishing
step, in particular a CMP polishing, and a cleanin gfgf)sbefore and/or after the polishing step. 9.
Method according to claim 8, wherein during CMP polishing a layer of less than 3pm, preferably less

than 1pm, is repygshiambesuriace Wheredstachment QReHEEd vato a handle substrate and

for reclaiming a surface of the donor substrate for reuse, with the steps of:

a) providing said donor substrate, in particular a semiconductor substrate, and
said handle substrate each with chamfered regions,

by forming a predetermined splitting area at about a depth h inside the donor
substrate,

¢) attaching, in particular by bonding, the donor and the handle substrates to
obtain a donor-handie compound, wherein no attaching occurs between the
two subsirates in the chamfered regions of the donor and handle substrates,
then

d) etching the chamfered regions such that at least an etched layer of about at
least a predetermined thickness h is removed from the donor substrate in the
chamfered regions where no attaching occurred, then

@) .detaching a remainder of the donor substrate from the donor-handle
compound wherein detachment occurs at the predetermined splitting area,
and

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

treatment step,

wherein the donor substrate comprises a dielectric layer, and wherein the method
comprises a step g) carried out between steps ¢) and d) which consists in removing
the dielectric layer from the donor substraie at least in the chamfered region of the
donor substrate but not in an attached region of the donor substrate.

2. Method according to claim 1, wherein the handle subsirate comprises a dielectric
layer.

3. Method according to claim 1 or 2, wherein the dielectric layer is an oxide, in

particular a silicon oxide.



16 Method for Transferring a Layer from a Donor Substrate onto a Handle Substrate Abstract The
invention relates to a method for transferring a layer, from a donor substrate onto a handle substrate
wherein, after detachment, the remainder of the donor substrate is reused. To get rid of undesired
protruding edge regions which are due to the chamfered geometry of the substrates, the invention
proposes taicarrifietiicanzaddidinatetchingfpriatessibefGrendeiashretent ecautBoF I iLd wet or

dry etching step.

5. Method according to claim 4, wherein step e} and g) are performed using a non

selective and/or isotropic etching solution.

6. Method according {0 one of claims 1 to 5, wherein during step d) a layer with a
thickness of about 100 A to 10.000 A, in particular 1000 A to 3000 A, is
removed in the non attached region of the donor substrate.

7. Method according to one of claims 1 o 6, wherein step d) and/or g) are carried
out at a temperature of less than 500°C, preferably at less than 350°C.

8. Method according io one of claims 1 to 7, wherein the surface treatment step at
most comprises a polishing step, in particular a CMP polishing, and a cleaning
step before and/or after the polishing step.

9. Method according to ciaim 8, wherein during CMP polishing a layer of less than
3um, preferably iess than 1ym, is removed from the surface where detachment

occurred.



16

Method for Transferring a Layer from a Donor Substrate onto a Handie

Substrate

Abstract

The invention relates to a method for transferring a layer from a donor substrate onto
a handie substrate wherein, after detachment, the remainder of the donor substrate
is reused. To get rid of undesired profruding edge regions which are due fo the
chamfered geomeiry of the subsirates, the invenfion proposes o carry out an

additicnal eiching process before detachment occurs,

FIG. 2d



