PROCESS FOR FABRICATING A SEMICONDUCTOR STRUCTURE EMPLOYING A TEMPORARY
BOND GENERAL TECHNICAL FIELD The present invention relates to the production of
semiconductor structures for electronic, optical or microelectronic applications. More precisely, the
invention relates to a process for fabricating a semiconductor structure by temporarily bonding one
substrate to another. The invention also relates to a semiconductor assembly employed in such a
process. PRIOR ART Ina process for fabricating a semiconductor structure, layers for example

comprising integrated ¢, fg

attached to other substgrﬁeesi;nan hoSe us [tigdr)rc? frc%?se allow cwcuﬁgtg?%cked SO
as to form "3D" components. If tt@&ﬁmowmwemma\smn thickness (i.e. below 200
pm) it may, during transfer, be liable to crack or split or more generally it may be damaged. A
solution known from document EP 0,786,801 for reinforcing the layer to be transferred or the substrate
to be treated consists ifiehipBrakily BOhHHG ALhBldl®substrate to the substrate comprising the layer
to be transferred. The layer t tr nsferr d.orth ub trate to be t d may thus be f handled
and undergo all the fab%%tlﬁn g(ep?ils r’{‘e‘é%”s's%'?y’or"". Stranster of roea fient. © ﬁ%’ﬂ’c&r%%‘g‘x
0,786,801 the hatwletsdrsfiate ectnpnise s piick avanecroakeviicticadipplisatioie end of the process,

the handle substrate tOI\HS re (eg e%qg éhrﬁ \? v%g {gpes to Orée d% eosbsle%rrrsfagaca '%r%a handle
substrate consumes materlal rt Ore, | IS no easy 0 recyclet e remaining par ino er to reuse

it. semiconductor structure by temporarily bonding one substrate to another.
The invention also relates to a semiconductor assembly empioyed in

such a process.

PRIOR ART

In a process for fabricating a semiconductor structure, layers for
example comprising integrated circuits may be fransferred. Such transfers
especially allow circuits to be attached to other substrates than those used to
produce them, or else allow circuits to be stacked so as to form “3D”
components.

If the thin layer to be transferred is of small thickness (i.e. below 200
pmj} it may, during transfer, be liable to crack or split or more generally it may
be damaged. .

A solution known from document EP 0,786,801 for reinforcing the
layer to be transferred or the substrate to be treated consists in temporarily
bonding a handle substrate to the substrate comprising the layer to be
transferred. The layer to be transferred or the substrate to be treated may
thus be freely handled and undergo all the fabrication steps necessary for its
transfer or treatment.

In document EP 0,786,801 the handle substrate comprises a
cleavage zone which allows, at the end of the process, the handle substrate
to be removed along this cleavage zone.

One problem is that such a handle substrate consumes material.

Furthermore, it is not easy to recycle the remaining part in order to reuse it.



2 This is because it is necessary to implement a polishing operation, thereby increasing the duration

and cost of the process. Another known solution, which does not consume material, consists in
temporarily bonding, by means of an adhesive, the handle substrate to the substrate comprising the
layer to be transferred. In this case, during the transfer or treatment, the force associated with the

attachment of the layer to be transferred and the handle substrate is withstood by the adhesive.
Once the transfer or treatment has been carried out, the handle substrate may be removed. A problem

arises from use ghaniadhesiiRe it id HadedRapuUsriRMIERIGT APIRFIMICIHETRRIA IftRXRgSEd to the
high temperatures employed in the treatments carried out on the substraté or during fabrication of

semiconductor SPGEERRALEIRPHREREIENd CORIGIdHFRraReEShesive layer does not allow sufficiently
stable attachment of tha seiprirate RN CsslaibH RSN ESDRERBINLIAE thatenn TiRdsilscase

when the substrate, for example, is thinned by grinding to below a thickness threshold, for example, of

200, 50 or 40 mit§BIRORAlY RepAiidcAsmadnsetan ndhrsitep thadiandie SHostRtEId9dhfesting on

the insufficiently gigidtasteesivep ayRig thereenduwe ieasirgriadion-uniform thinning of the substrate.
Furthermore, once the treatment has been carried out, the adhesive is completely removed by means

of a chemical removal tEcHIERSEISSBIDMER iR ealneMeh s iRIsecrs0siatrdasiBs the
duration of the faReicatigBrpresrssfaft rake dasnpgingiirspaicandusier rHHEre kaReds

SUMMARY OF THE INVENTION The invention allows the drawbacks mentioned above to be
alleviated. withstood by the adhesive.

Once the transfer or treatment has been carried out, the handie
substrate may be removed.

A problem arises from use of an adhesive.

This is because adhesives can become unstable if exposed to the
high temperatures employed in the treatments carried out on the substrate or
during fabrication of semiconductor structures using a transfer.

Moreover, an adhesive layer does not allow sufficiently stabie
attachment of the substrate for certain treatments to ber carried out thereon.
This is the case when the substrate, for example, is thinned by grinding to
below a thickness threshold, for example, of 200, 50 or 40 microns. The
mechanical stress exerted in this step leads to strain in the layer resting on
the insufficiently rigid adhesive layer, thereby in furn leading to non-uniform
thinning of the substrate.

Furthermore, once the treatment has been carried out, the adhesive is
completely removed by means of a chemical removal technique (dissolving
in a solvent, for example). Such removal increases the duration of the
fabrication process and risks damaging the semiconductor structure
obtained.

SUMMARY OF THE INVENTION

The invention aliows the drawbacks mentioned above to be alleviated.




Thus, according to a first aspect, the invention relates {0 a process for fabricating a semiconductor
structure, characterized in that it comprises the following steps: providing a handle substrate
comprising a seed substrate and a weakened sacrificial layer covering the seed substrate; joining the
handle substrate with a carrier substrate; optionally treating the carrier substrate; detaching the handle
substrate at the sacrificial layer so as to form the semiconductor structure; and removing any residue
of the sacrificial layer present on the seed substrate. By virtue of the process of the invention, on

the one hand, the materiq:©f Hie srRRSEHPaLRE aépehandmoshabateraashs ehperriomna wide
range of materials and, on the other hand, the remaining part of this substrate may be recycled in a

particularly easy RRFRIBRIEr I6BICPRNEIAR Sy SHiSe GRBracteszrdindlipt it MRy srtHbe
remaining part ofdinWirgdiessbstrate after the detachment step can be easily carried out: a simple
selective etch of the sacrificial layer is enough to allow recycling of the handle substrate. This type

of recycling processis RQ¥IfIB8s axPaRsice shdstaalR|iSRIMPBNISSd feSREMgSRHifiBe28dcIRas is
necessarily the result offiaBrRGESa CIFRGEPRA &P S9rmeNiHe 0B8R, {Rr; example.  Another

advantage of the invention is that the recycling does not reduce the thickness of the handle substrate
since the handle substigtBingdbecheniifisdbsd@itcdthog artipesigosiigiayer alone that is consumed

in the recycling. The_haéwgr% {F@Eﬁiﬁgt%egggﬁépg%%@@g{ infinitely reusable. It is thus possible to

make cost savings relative to known processes that involve transfer of part of a silicon handle
substrate and its reeychigjapbin®thischdiickacabofratis aUthvrarctting taysusoeakitafiese thecesses.

semiconductor structure; and
- removing any residue of the sacrificial layer present on the seed
substrate.

By virtue of the process of the invention, on the one hand, the material
of the seed substrate of the handie substrate may be chosen from a wide
range of materials and, on the other hand, the remaining part of this
substrate may be recycled in a particularly easy way in order to be reused in
the same way.

Specifically, recycling of the remaining part of the handle substrate
after the detachment step can be easily carried out: a simple selective etch
of the sacrificial layer is enough to aliow recycling of the handle substrate.

~ This type of recycling process is much less expensive than a
polishing-based recycling technique, such as is necessarily the result of the
process described in document EP 0,786,801, for example.

Another advantage of the invention is that the recyciing does not
reduce the thickness of the handle substrate since the handie substrate is
covered with a sacrificial layer, it being this layer alone that is consumed in
the recycling. The handle substrate is therefore theoretically infinitely
reusable. It is thus possible to make cost savings relative to known
processes that involve transfer of part of a silicon handle substrate and its
recycling, part of the thickness of this substrate being consumed in these
processes.



4 The following are other aspects of the process agcording to the first aspect of the invention: the
sacrificial layer is weakened by introducing atomic species into the sacrificial layer of the handle
substrate; the seed substrate has a thermal expansion coefficient CTEL near the thermal expansion
coefficient CTE2 of the carrier substrate such that ICTE1-CTE2I/CTEL < 50%; the handle substrate
comprises an intermediate layer placed between the seed substrate and the sacrificial layer in order to
promote adhesion of the material forming the sacrificial layer to the seed substrate; the sacrificial layer

has a weak zone and defiaesiplayR] eadcnupebtthesuiacrRidbse hassigisyheiraie and the

weak zone; the process comprises, before the detachment step, a step consisting in joining the carrier
substrate to a hGSREBAFLRE MYERURY substrate is chosen so as to have a thermal expansion

coefficient CTEL near the thergxdifidansipar Gositiciransd b7 pitiBa sk BRtatep Higesarisr
substrate comprises an integrated-circuit part; the detachment step consists in supplying energy by

annealing at a temperaturd5; SRREEGFdBre" PlidRR AN RHDSERIRic species consists in exposing
an area of the handle substiatgdeRtUpiERETES MPafAIosx s sinse i meyRenTixd Gajons/cm2

and 1)0017 ions/cm2 and at an energy of between 5 keV and 500 keV; )
the thermal expansion coefficient CTEZ2 of the carrier substrate
such that |[CTE1-CTE2)/CTE1 < 50%;

- the handle substrate comprises an intermediate layer placed
between the seed substrate and the sacrificial layer in order to
promote adhesion of the material forming the sacrificial layer to the
seed substrate;

- the sacrificial layer has a weak zone and defines a layer located
between the surface of the handle substrate and the weak zone;

- the process comprises, before the detachment step, a step
consisting in joining the carrier substrate to a host substrate;

- the seed substrate is chosen so as to have a thermal expansion
coefficient CTE1 near the thermal expansion coefficient CTE2 of
the host substrate;

- the carrier substrate comprises an integrated-circuit part;

- the detachment step consists in supplying energy by annealing at
a temperature of at least 200°C ;

- the infroduction of atomic species consists in exposing an area of
the handle substrate to atomic species implantation, at a dose of
between 1x10'® ions/cm? and 1x10"” ions/cm® and at an energy of
between 5 keV and 500 keV,;

- the introduction of atomic species consists in diffusing atomic
species into the handle substrate by bringing the surface of the
handle substrate into contact with a chemical species that will
penetrate into the handie wafer by chemical diffusion;

- the infroduction of atomic species invoives:



the introduction of atomic species consists in diffusing ?tomic species into the handle substrate by
bringing the surface of the handle substrate into contact with a chemical species that will penetrate into
the handle wafer by chemical diffusion; the introduction of atomic species involves: 5 o before the
species introduction, creating a confinement layer in the handle substrate; and o after the species
introduction, exposing the handle substrate to a temperature of at least 200C with a view to promoting
migration of the introduced species towards the confinement layer; the joining consists in bonding the

handle subsirate (0 the carrier-subgkgi: the japksss stHeyaeRh melesiA; d s RR:Cr fcia
a

layer is a polysilicon layer; and the seed substrate is: a single-crystal substrate; or an amorphous or
polycrystalline substrate; or a cer!#H®": Brtheandle subsittangns a second aspect, the invention

relates to a handle substrate Qg)mgﬂiéingtgéeegg,égi@gtraﬁ%&g%ﬁgkeé%gﬁ,@ifiq'ﬁJé Ia}ﬁ%me '_I'he
following are other aspects of the handle substrate according to the second aspect of the invention:
substrate to a temperature of at least 200°C with a view to
promoting migration of the introduced species towards the
confinement layer;
- the joining consists in bonding the handle substrate to the carrier
substrate;
- the joining is achieved by molecular adhesion,;
- the sacrificial layer is a polysilicon layer; and
- the seed substrate is: a single-crystal substrate; or an amorphous
or polycrystalline substrate; or a ceramic; or a metal.
According to a second aspect, the invention relates to a handle
substrate comprising a seed substrate and a weakened sacrificial layer.
The following are other aspects of the handle substrate according to
the second aspect of the invention:
- the sacrificial layer contains a density of H and/or of He lying
between 1x10"° at/em® and 1x10% aticm®;
- the sacrificial layer is made of polysilicon;
- the seed substrate is a single-crystal substrate, an amorphous or
polycrystalline substrate, a ceramic or a metat;
- it has an RMS surface roughness of 10 Angstréms or less;
- it has an additional surface layer that simplifies subsequent joining
of the handle substrate with the carrier substrate: and
- the additional layer is made of silicon oxide.
In addition, according to a third aspect, the invention relates to a
process for fabricating a handle substrate comprising the following steps:
forming a sacrificial layer on a seed substrate; and introducing an atomic

species into the sacrificial layer.

DESCRIPTION OF THE DRAWINGS




the sacrificial layer contains a density of H and/or of He lying between 1x1016 aticm3 and 1x102
aticm3; the sacrificial layer is made of polysilicon; the seed substrate is a single-crystal substrate, an
amorphous or polycrystalline substrate, a ceramic or a metal; it has an RMS surface roughness of 10
Angstroms or less; it has an additional surface layer that simplifies subsequent joining of the handle
substrate with the carrier substrate; and the additional layer is made of silicon oxide. In addition,
according to a third aspect, the invention relates to a process for fabricating a handle substrate

comprising the followinmmepse&m&a%éaﬁ&ﬁsma%é@r&mtﬁéwew;@:ﬁrm: BEELHEOH GRS an
atomic species into the sacrificial layer. DESCRIPTION OF THE DRAWINGS 6  Other features
and advantages &Thégveliawingifesintierwhieh forrisdyrdiistintivacaes piRirNonténgi@pdrely

illustrative and ngpilf G Eae whic i irE Qe dardndthg BEAELIPdRAERES IR Fawings in which:
Figure 1 illustrates the steps of a process according to one _
- Figure 1 illustrates the steps of a process according to one

embodiment of the invention; and
- Figures 2 to 12 iliustrate configurations found in a process
according to one embodiment of the invention.
In all the figures, similar elements have been given identical reference
numbers.

DETAILED DESCRIPTION OF THE INVENTION

The following description is given with regard to Figures 1 to 12, which

illustrate steps in a process for fabricating a semiconductor structure
employing a handle substrate to support a carrier substrate.

The expression “semiconductor structure” is understood to mean any
structure that is used in the production of a semiconductor device. A
semiconductor structure may comprise conductors, semiconductors and/or
insulators. This may be a layer comprising or not comprising
microcomponents or finished or partially finished microcomponents per se.

The expression “handle substrate” is understood to mean a composite
structure the function of which is to act as a temporary mechanical support
for a substrate or structure.

The expression “carrier substrate” is understood to mean a substrate
that will be joined —~ in particular temporarily — to a handle substrate and
which may be subjected to treatments. This may for exampie be a substrate
comprising finished or partially finished microcomponents to be transferred to
a host substrate.

The expression “host substrate” is understood to mean a substrate
intended to receive {typically by transfer) a substrate or a structure.

The expression “stop layer” is understood to mean the first layer that

Is not removed during the recycling operation.



embodiment of the invention; and Figures 2 to 12 illustrate configurations found in a process according
to one embodiment of the invention. In all the figurés, similar elements have been given identical
reference numbers. DETAILED DESCRIPTION OF THE INVENTION The following description is
given with regard to Figures 1 to 12, which illustrate steps in a process for fabricating a semiconductor
structure employing a handle substrate to support a carrier substrate. The expression
"semiconductor structure"” is understood to mean any structure that is used in the production of a

semiconductor device. f SemiceBEs G bR NS EPHIEEIRGLIB LEIEREETHCA e @ispAnd/or

insulators. This may be a layer comprising or not comprising microcomponents or finished or partially
finished microcofmpoRdiR8diarssbstiratee 2,praiyitethsraeEsinaiakess susisaied @hdean a

composite structygefhgifynaHamoiiveisngsrie askassaneR@rary mechanical support for a substrate

or structure. The expression "carrier substrate" is understood to mean a substrate that will be

joined - in particular tenlp6raSRCrificRh Ry substiatevarkanch by hrssubpRteMEakERAsENts.
This may for exarapipdibAcURS tiRkE GRMBPEBAENIEhsbeERa il HBiiise BIfEFIBRARAES (o be

transferred to a host substrate. The expression "host substrate” is understood to mean a substrate

intended to recek® (RAciRySHPsiERSamih SDBshiawonslsinrakaned spREfS@rda¥RIN2 B5d%ayer” is
understood to maakas fire Saemtial isyeptr aMACRIEHERGIN D FEGYEUNg operation. 7

The sacrificial layer 2 is typically weakened by introducing atomic
species into the sacrificial layer 2. The sacrificial layer 2 is preferably made
of polysilicon, because detachment is particularly easy when this material is
used. In this respect, the reader may refer to document C. H. Yun, N.
Quitoriano, N.W. Cheung: “Polycrystalline silicon layer transfer by ion-cut’,
Applied Physics Letters, Vol. 82, No. 10, March 2003.

Furthermore, an intermediate layer 20 may be provided, placed
between the seed substrate and the sacrificial layer 2, this intermediate layer
ensuring good adhesion of the sacrificial layer 2 to the seed substrate 1. This
intermediate layer 20 may serve both as a tie layer and as an etch-stop layer
during optional recycling E5 of the handle substrate, said recycling consisting
in removing any residue of the sacrificial layer 2 present on the seed
substrate 1 (see beiow). It will be noted that this layer is in particular
necessary when the sacrificial layer 2 is made of the same material as the
substrate 1.

The sacrificial layer 2 covers the seed substrate 1. This sacrificial
layer 2 may be covered with an additional layer 21 that makes it easier to
subsequently join the handle substrate with the carrier substrate 3. Thus, this
additional layer 21 may take the form of a superficial oxide bonding layer.
Whether this layer is present or not, it is important for the exposed surface of
the handle substrate to be compatible with the subsequent assembly step
E2. Thus, if it is envisaged to temporarily join the handie substrate with the
carrier substrate by molecutar bonding, the RMS surface roughness of the
handle substrate must be about 10 Angstréms or less.



In a process for fabricating a semiconductor structure, in a first step El, a handle substrate 1, 2 is
provided comprising a seed substrate 1 and a sacrificidl layer 2 covering the seed substrate 1. The
sacrificial layer 2 is weakened or has been weakened beforehand, so that, in a fabrication process, it is
possible either to provide the handle substrate with the previously weakened sacrificial layer 2 or to
weaken the sacrificial layer 2 in the fabrication process. The sacrificial layer 2 is typically
weakened by introducing atomic species into the sacrificial layer 2. The sacrificial layer 2 is preferably

made of polysilicon, begRuseeIAFNBRANLIS MRMIRYIAREERY HaeRHBIS BRI iStasthithis

respect, the reader may refer to document C. H. Yun, N. Quitoriano, N.W. Cheung: "Polycrystalline
silicon layer tran¥R#HyeHs-cut Dufiptida ey srerifisti iawes| 2Zezovesingothe seadoostrate 1.

Furthermore, antpermsririauaesdinad Rearonidedr Rrpadbshveeh e rermhsuislalgand the

sacrificial layer 2, this intermediate layer ensuring good adhesion of the sacrificial layer 2 t6 the seed
substrate 1. ThidQRferRle@Yes LIS nRly BEFPB bigMsas WhriheyerlRng a8 aieteArsBIpARgB during

optional reoyclngy i s§ahedian P s Barisnsy kA5G BLIEEY RAEATIETHE of the

sacrificial layer 2 present on the seed substrate 1 (se€ below). If'will be noted that this layer i$s in
particular neces$&WMABL iRPRRSkLial layer 2 is made of the same material as the substrate 1.

The sacrificial layer 2 coyeis i SontiruRBIRIRale THiRSRE"iC @ IRYBT2IMBYDR SN BIEHh an

additional layer 21 that makes it easier to subsequently join the handle substrate with the carrier
substrate 3. Thu¥hams hirreivRs RYBIGY LIRS thEI5RxIMRILYEETR il B ieatsshandaayer.
Whether this layg{dsiyareNspeastisEs mpartant for the exposed surface of the handle substrate to
be compatible with the subsequent assembly step E2. Thus, if it is envisaged to temporarily join the
handle substrate with tHO'@aPAERBEHREaR RElEPBBAKIHgNFRIRMIS S UARE dTRARITEEY of the

handle substrateaLgh8e Gbeubdil LRETERRSLIRNPbS adjuERRIIBE QUL BRAERIISISRRISS has

the objective of forming a weak zone 2" buried in the sacrificial layer 2 covering the seed substrate 1.
The atomic specie®fitrtafeed Hrapkios\Riregeasting RiPNaHBeING R ZOTsh WiRg @ssRiBhe or

boron ions, whetgenigdong qdie sapianianihHOGa RN Sipdeimar eParliciany albaniapgous

because they are very commonly implanted. Thus, the handle substrate is liable to separate in the
weak zone 2' Wh‘é?ﬁﬁ‘édéi\t/é%”e%lﬁg%“l?ﬂ%%&mér(fﬁﬁgiﬁﬂﬂjléfv&héﬁqtt@ﬁﬁ’aﬁéﬁ%ﬁ@}ﬁpaﬁﬁ@hanical
stress is appliedheat tidirparaagigrs of the atomic-species introduction, and in particular the dose of
species introduced, may be adjusted so as t(;#orevent the handle substrate from breaking or

separating along the wadiSz G Wariths a83BRIBIySUPSE RN e ke deiaehRan iR cdhge CatiiRtrate 3 or
during treatmentg gaytigtbQUHONIHS sHBsaid Brihpagiquiae Hiheseilastaerls sRU i heat

treatment step. This allows the handle substrate to be detached from the carrier substrate 3 during

subsequent treatment st&s, 3P 19 WoihibiEpERREIeS 2R HupRF ussthidHendnshhasife
introduced into thehansie sHLAlTEIe PR AOIREOHER Ponuaak7aRR ia MABHLA Bneioaf e energy

with which the species are introduced into the handle substrate. Insofar as the species introduced are

indeed essential§/Bcytdanthte SRRSIfE ARy afeSh o thtohandife sybstaiad etk avt
critical. By way ofe08pkipilia arireilBle hie atRiBkdseesianinIRybedittoiaes ddorha-1agylicial layer
2 to a depth of between 50 nm and several microns. _ ‘

the exact position of the weakened zone is not critical. By way of non-limiting

example, the atomic species may be introduced into the sacrificial layer 2 to

a depth of between 50 nm and several microns.

The introduction of atomic species may consist in exposing an area of
the handle substrate to atomic species implantation, at a dose of between
1%10"° ions/cm? and 1x10"7 ions/cm? and at an energy of between 5 keV and
500 keV.

Alternatively, the introduction of atomic-species may consist in diffusing
atomic species into the handle substrate, i.e. of bringing the surface of the

handle substrate into contact with a chemical species that will penetrate into



The introduction of atomic species may consist in exp%sing an area of the handle substrate to atomic
species implantation, at a dose of between 1x1015 ions/cm2 and 1x1017 ions/cm2 and at an energy of
between 5 key and 500 keV.  Alternatively, the introduction of atomic-species may consist in
diffusing atomic species into the handle substrate, i.e. of bringing the surface of the handle substrate
into contact with a chemical species that will penetrate into 9 the handle substrate by chemical
diffusion. This may be achieved using a plasma.  This introduction may also be achieved during the

formation of theprchfi¢ialdayenatri0s axpEHRieaINaFFRoIeHN T Ridarasamowhaivadrosag ia the

layer during its deposition. It will be noted that, in contrast to known implantation-based layer
transfer techniqf@ST% not necessary, in the context of this invention, to precisely locate the

implanted species so Bsidoifigti ety ety baidmnséeteridi isinglaasstlcirihiatinpogiorte enough
species in the layer tg allow defects such as vaids or platelets to form under the effect of a heat

treatment, whictS BEfEIG@LAVEN K= GUEXRAPBIR RMHREOLRRS BliBgiA IR 9q A mOHBL R HAG "PREH And/or He

density in the sagiifiigblayeriddirs depueriadx1016 at/cm3 and 1x1020 at/cm3, In the polysilicon
sacrificial layer 2 this density is about 1x1018 aticm3. = Furthermore, whatever method of introducing

atomic species is useli, i SftafhRiciBnalat domswilPiaRiakRmaReh [ENkh:
before the specigai@dusiionigasoniinenentlayesinpreatethiv haisadie gybsigihitand o after

the species introductjon, the handle substrate is exposed to a temperature. of at least 100C with a view

to promoting migrRAREH tRFMBo AR RRIES (RRERIEINELoRRNEMAR RS e 12YRE i Bfeady
been mentionedirihareiegdE: 19erRrdessthsbntec intisriifgd WAB@BasHecrRigORiraie Jayer This

assembly SIEP B Sl dofeats Such 28 Voids of plateiots (o form under 1he eHecat-a heat
treatment, which defects will subsequently allow the seed substrate 1 to be
detached. The H and/or He density in the sacrificial layer 2 lies between
1x10%® at/em® and 1x10°° at/em®. In the polysilicon sacrificial layer 2 this
density is about 1x10"® at/em®.

Furthermore, whatever method of introducing atomic species is used,
the specieé introduction may be combined with a confinement in which:

- before the species introduction, a confinement layer is created in the
handle substrate; and

- after the species introduction, the handle substrate is exposed to a
temperature of at ieast 100°C with a view to promoting migration of the
introduced species towards the confinement layer.

As has already been mentioned, in a step E2, the handle substrate 1,
2 is joined with a carrier substrate 3.

This assembly step E2 aliows the carrier substrate 3 to be provided
with a mechanical support.

Advantageously, the material of the seed subsirate 1 forming the
handie substrate may be chosen so as to have a thermal expansion
coefficient near the thermal expansion coefficient of the carrier substrate.
Preferably, [CTE1-CTE2|/CTE1 < 50% where CTE1 is the thermal expansion
coefficient of the seed substrate and CTEZ2 is the thermal expansion

coefficient of the carrier substrate.



Advantageously, the material of the seed substrate 1 forming the handle substrate may be chosen so
as to have a thermal expansion coefficient near the thermal expansion coefficient of the carrier
substrate. Preferably, ICTE1-CTE2I/CTE1 < 50% where CTEL1 is the thermal expansion coefficient of
the seed substrate and CTEZ2 is the thermal expansion coefficient of the carrier substrate. 10  Again
advantageously, the seed substrate 1 may be made of silicon or any other material that can be
provided in the form of a substrate compatible with the treatments carried out on the carrier substrate

3. Thus, his seed AyapiralndrBREGIRADINdosHhSioRisRs HoRR)aBUSAAAS R Ljagied: dearees,
aple 1o wi

for example up to 500C, must be thstand mechanical stresses and must be chemically inert

in order to withsBidtheniealariatihaiicandimsimgdedip)tbe Jarming casbsiiatenscsurriB Iy flexible
to be able to be gfRifedrbbingeamelasd@iberdi ngesiaRril LiHEaeRed, the seed substrate 1 will

possibly be chosen from a single-crystal (silicon, SiC, quartz, sapphire) substrate, an amorphous or

)
polycrystalline (polySithufiatiRisgiessl &iapiviesdndtkated s advsntin wlbaandhertsiiraimatiae,

mullite, alumina),or 2 ragfah(iHREsEe bR¥RdeBEMBkamplBe S SRIMBbOSEP fAgdNakLCaMistih bonding
the handle substrate 1, 2 to the carrier substrate 3.  Itis the layer 2" that then makes contact with

the carrier substtdtestanderapahonisal iSLLRfGRcANS BBHEN B pehsiiFalbhitethdrefBrd®iol not
require an adhegjyRREABY HERNEAITELRERREVR HKRMES dRitatiaRsPHakigh wesemeastioged in the

introduction.  Once joined with the substrate 1 that supports it, the substrate 3 may undergo one or

more treatmentsSYfBiFigxthn irxitane bashipniorbe ptiataeddigingiaimoleniier AandiagsteRr thinned
from the back sigle gyngl jeipebE2hdoscaqromairanrdedain ddeabhesksthstateifom dsihifsase, the

material of the seed substrate 1 may be chosen so as to have a thermal expansion coefficient near the

thermal expansi§EBRHiERIAT thefinal HeRtBubSRRRNMSP rHERIIPIG T CRESTRNES < 80%
where CTE1 is tBSIM@IQIIﬁP@a??EW@@?fﬁ@%%‘?f tb%§§%b§§ﬁﬁé?ﬁt%ﬁﬂgt%@:;3 Ig thedhgrral
ur

expansion coefficient of the final host substrate, Next, in a fo step, the handle substrate is

detached E4 at USRS al Pay SiliEdmd Mg tcimaiEe thalbelRTbner 2 6n MRtahsdupestenne
weakening was aehigygshvintroducing atomic species. |l

The assembly step EZ may consist in bonding the handie substrate 1, 2
to the carrier substrate 3.

It is the layer 2" that then makes contact with the carrier substrate 3.
Preferably, this is a molecular bonding operation, which therefore does not
require an adhesive or any other form of adhesive layer, the limitations of
which were mentioned in the introduction.

Once joined with the substrate 1 that supports it, the substrate 3 may
undergo one or more freaiments. For example, in the case where circuits are
joined, the carrier substrate 3 is thinned from the back side and joined E2’,
for example bonded, to a final host substrate 4.

in this case, the material of the seed substrate 1 may be chosen so as
to have a thermal expansion coefficient near the thermal expansion
coefficient of the final host substrate 4. Preferably |[CTE1-CTE3/CTE1 <
50% where CTE1 is the thermal expansion coefficient of the seed substrate
and CTES3 is the thermal expansion coefficient of the final host substrate.

Next, in a fourth step, the handle substrate is detached E4 at the
sacrificial layer 2 and in particular at the weak zone 2" in the case where the

weakening was achieved by introducing atomic species.



Alternatively or in a complementary way, before this d}etachment step has been carried out, a step may
be implemented consisting in joining E30 the carrier stibstrate 3 and the layer 2" to a host substrate 4.
The detachment step E3 especially consists in supplying energy by annealing at a temperature of at
least 200C. In addition to this heat treatment, a mechanical stress may be applied to the weakened
zone in order to achieve this detachment.  Thus, in the case where the assembly step E30 is carried
out, the handle substrate allows the carrier substrate 3 to be placed on the host substrate 4 without

damaging the carrier suhsiigdgively offiHISBRYRARAISPNUPIRAHTthE haniamubstsaie may

easily be recycled by selectively etching any residue of thé sacrificial layer 2. For this purpose, a

step E5 of remolity BRI SAHIRIP e 3 PR IRRADE DRI SRISE SPREBERGENINNINBIERRNted.

Recycling of theirpeainies Rt phIBS GHHehEuRsiRte BoesHL ragbgeHeeshickness of the handle
substrate since it is the residual layer 2 that is consumed. This makes it possible to reduce

substrate consumptiohRISRIEEBRESI SR (B3 sBERAGIBINY FRRIaHS B I RAINET BNEREYn Y Ubstrate
before recycling i atsina g Papagt Qémfémﬁlfﬂﬁscﬁ ohthisssbsitaiec. i\ aeaeaNdectatistesire is

obtained using the process described above, the structure possibly consisting of the host substrate 4,

the carrier substFa@IMaRd FosRaaharigabstigsoMaY 18GeAPPIREiIiaLME ERRIROSECARBRI IRyer of

the handle subsaigr Thiscrasidithuilhissexaiapie be removed by polishing or using a chemical
treatment in the step E5 of removing any residue of the sacrificial Iayeré@zresent on the

semiconductor structdrBYS. ITEiHR/CA%E IANRESLIEpRASESIBbhaPteinbRSe I8 SBPIBEI&McItRg the
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Such smoothing or removal may be achieved using a grinding process, a wet-etching process or a

Chemica|_mecha$ﬁkp§tggﬁ%mgrm%gggnaging the carrier substrate 3.

Furthermore, the remaining part of the handie substrate may easily be
recycled by selectively etching any residue of the sacrificial layer 2’

For this purpose, a step E5 of removing any residue of the sacrificial
layer 2 from the seed substrate 1 is implemented.

Recycling of the remaining part of the carrier substrate does not
reduce the thickness of the handie substrate since it is the residual layer 2
that is consumed.

This makes it possible to reduce substrate consumption relative 1o
known processes that involve transferring part of a silicon substrate before
recycling it, using up part of the thickness of this substrate.

A semiconductor structure is obtained using the process described
above, the structure possibly consisting of the host substirate 4, the carrier
substrate 3 and possibly any residue of the layer 2’ originating from the
sacrificial layer of the handle substrate. This residue will for exampie be
removed by polishing or using a chemical treatment in the step E5 of
removing any residue of the sacrificial layer 2 present on the semiconductor
structure.

Finally, the fabrication process may comprise a step of recycling the
handie substrate, especially consisting in smoothing the free surface or

removing the layer 2".



In the case where an intermediate layer 20 is placed bgtween the seed substrate 1 and the sacrificial
layer 2, the intermediate layer 20 may be used as a stop layer. However, in the case where this
intermediate layer is not present, the seed substrate 1 acts as a stop layer. 13 CLAIMS 1. Process for
fabricating a semiconductor structure, characterized in that it comprises the following steps: providing
(El) a handle substrate (1, 2) comprising a seed substrate (1) and a weakened sacrificial layer (2)
covering the seed substrate (1); joining (E2) the handle substrate (1, 2) with a carrier substrate (3);
optionally treating (E3)ghercagisssuslaty (Ferdsiashina(Epkthachanitie subritata agirigrcrificial
layer (2) so as to form the semiconductor structure; and removing (E5) ggy residue of the sacrificial

layer (2) presenPERCERS sBUedRiching PIPCesp IR SHartsAl anGa PolSHIRR REREeSScerificial

layer (2) is weakened by fHEO@u@iB0peRaICFPRISEBINARE fRfHiD8! IaysacdrbdBandirsubstrate
(1, 2). 3. Process according to either one of Claims 1 and 2, in which the seed substrate (1) has a

thermal expansiéfebatksbiate tenddhe dadilivinblanes mds tiemestire ooy her
substrate (3) su¢hydrhéCT By 5@/@%6&9%-tﬂePdagsswéa@tﬂtggﬁ%ﬂﬂ@@&t@%ﬁ@ﬁe@ing

claims, in which the handle substrate (1, 2) comprises an intermediate layer (20) placed between the
seed substrate (APLREHFOLAPAREAI[NBIE bR BSHRMBRIB R lesion of the material forming the

sacrificial layer (2) to the seed substrate (1).



5. Process according to one of the preceding claims, in which the sacrificial layer (2) has a weak zone
(2"/) and defines a layer (2") located between the surfite of the handle substrate (1, 2) and the weak
zone (2"). 6. Process according to one of the preceding claims, in which the process comprises, before
the detachment step (E3), a step consisting in joining (E30) the carrier substrate (3) to a host substrate
(4). 14 7. Process according to one of the preceding claims, in which the seed substrate (1) is chosen
so as to have a thermal expansion coefficient CTE1 near the thermal expansion coefficient CTE2 of
the host substrate (4). 8. Process according to one of ghexqigecding claims, in which the carrier
substrate (3) comprises an integrated-circuit part. 9. PTocess according to one of the preceding claims,
in which the detachment step consists in supplying energy by annealing at a temperature of at least

200C. 10. Process gecpydingcteonadf Glaims 2482y udich dhg dniredpctiontalamic sRegies

consists in exposing an area.of the hia dle substrate (1, 2) to atomic species implantation, at a dose of
between 1x1015 ions/c‘fﬂ?%ﬂ%eiyﬁ) (ﬁ]?d’ﬂgl%f’ﬁ'ipéhd an energy of between 5 key and 500 key. 11.
Process according to one Bf@idings(Bibal bandigkilstrdanttoducasiros B meepasisirebhsélsts in
diffusing atomic species indodhewsahdiedusbstifite by eri iz ngtherpahd eesdrfabstinte (Dntact with a
chemical species that will pargiEate jrkR s BrRNdIsswader by.shamisabeiffysiontide Pspcess according

to either one of Claims 10 o}\%u%yggjﬂhi@)iQﬁrg%ﬁ%r&% é}gg%;?t pecies involves: before the

species introduction, creati %?a confinement Jayer in ate; and after the species
introduction, exposing the AERAM"GBLH e 0D SRS & dPREEHHBE IR d Uiek & FPomoting
migration of the introduced®jsethesseIniapad YRkt oififarfstdyer.

- removing (E5) any residue of the sacrificial layer (2) present on the seed
substrate (1).

2. Process according to Claim 1, in which the sacrificial layer (2) is weakened by
introducing atomic species into the sacrificial layer (2) of the handle
substrate {1, 2).

3. Process according to either one of Claims 1 and 2, in which the seed
substrate {1) has a thermal expansioh coefficient CTE1 near the thermal
expansion coefficient CTE2 of the carrier substrate (3) such that {CTE1-
CTE2)/CTEL < 50%.

4. Process according to one of the preceding claims, in which the handle
substrate {1, 2) comprises an intermediate layer {20) placed between the
seed substrate (1) and the sacrificial layer (2) in order to promote adhesion
of the material forming the sacrificial layer (2) to the seed substrate (1).

5. Process according to one of the preceding claims, in which the sacrificial
layer (2) has a weak zone {2} and defines a layer {2”) located between the
surface of the handle substrate (1, 2} and the weak zone (2").

6. Process according to one of the preceding claims, in which the process
comprises, before the detachment step (E3), a step consisting in joining
{E30) the carrier substrate (3} to a host substrate (4).



13. Process according to one of the preceding claims, in which the joining consists in bonding the
handle substrate (1, 2) to the carrier substrate (3). 14. 'Process according to Claim 13, in which the
joining is achieved by molecular adhesion. 15. Process according to one of Claims 1 to 14, in which
the sacrificial layer (2) is a polysilicon layer. 15 16. Process according to one of Claims 1 to 15, in
which the seed substrate (1) is: a single-crystal substrate; or an amorphous or polycrystalline
substrate; or a ceramic; or a metal. 17. Handle substrate comprising a seed substrate (1) and a

weakened polysilicon *aeiicialianstiey. #5-diandie SRR AREOLUNOAIMCHT ofit WaIEh the
sacrificial layer (2) contalgs a density of H and/or of He ly ng etween 1x1016 at/cm3 and 1x102
at/ems3. su thermal expansion coefficient CTE]

strate (1} is chosen so as to have
near the thermal expansion coefficient CTE2 of the host substrate (4).

8. Process according to one of the preceding claims, in which the carrier
substrate (3) comprises an integrated-circuit part.

S. Process according to one of the preceding claims, in which the detachment

step consists in supplying energy by annealing at a temperature of at least
200°C.

10. Process according to one of Claims 2 to 9, in which the introduction of
atomic species consists in exposing an area of the handle substrate {1, 2} to
atomic species implantation, at a dose of between 1x10% ions/cm2 and
1x10" jons/em” and an energy of between 5 keV and 500 keV.

11. Process according to one of Claims 2 to 10, in which the introduction of
atomic species consists in diffusing atomic species into the handie substrate
by bringing the handle surface into contact with a chemical species that will
penetrate into the handle wafer by chemical diffusion.

12. Process according to either one of Claims 10 and 11, in which the
introduction of atomic species involves:
- before the species introduction, creating a confinement layer in the
handle substrate; and
- after the species introduction, exposing the handle substrate to a
temperature of at least 200°C with a view to promoting migration of the
introduced species towards the confinement layer.

13. Process according to one of the preceding claims, in which the joining
consists in bonding the handie substrate (1, 2) to the carrier substrate (3).

14. Process according 1o Claim 13, in which the joining is achieved by molecular
adhesion.

15. Process according to one of Claims 1 to 14, in which the sacrificial layer (2} is
a polysilicon layer.



19. Handle substrate according to either one of Claims 17 and 18, in which the seed substrate (1) is a
single-crystal substrate, an amorphous or polycrystallihse substrate, a ceramic or a metal. 20. Handle
substrate according to one of Claims 17 to 19, having an RMS surface roughness of 10 Angstroms or
less. 21. Handle substrate according to one of Claims 17 to 20, having an additional surface layer (21)
that simplifies subsequent joining of the handle substrate with the carrier substrate. 22. Handle
substrate according to Claim 21, in which the additional layer (21) is made of silicon oxide. 23. Process

for fabricating a hangersybsltale: GRS erelianing slens: HummoAolualigageagiial layer
(2) on a seed substrateis(_l); and -introducing an atomic species into the polysilicon sacrificial layer (2).
- asingle-crystal substrate; or
- an amorphous or polycrystalline substrate; or
- aceramic; or
- ametal

17. Handle substrate comprising a seed substrate (1} and a weakened
polysilicon sacrificial layer (2).

18. Handle substrate according to Claim 17, in which the sacrificial layer {2}
contains a density of H and/or of He lying between 1x10" at/cm3 and
1x10% at/cm3.

19. Handle substrate according to either one of Claims 17 and 18, in which the
seed substrate {1) is a single-crystal substrate, an amorphous or
polycrystalline substrate, a ceramic or a metal.

20. Handle substrate according to one of Claims 17 to 19, having an RMS
surface roughness of 10 Angstréms or less.

21. Handle substrate according to one of Claims 17 to 20, having an additional
surface layer (21) that simpiifies subsequent joining of the handle substrate
with the carrier substrate.

22. Handle substrate according to Claim 21, in which the additional layer {21) is
made of silicon oxide.

23. Process for fabricating a handle substrate comprising the following steps:
- farming a polysilicen sacrificial layer {2) on a seed substrate (1); and
- introducing an atomic species into the polysilicon sacrificial layer {2).



