PROCESS FOR FABRICATING A H ETEROSTRUCTU RE WITH MINIMIZED STRESS Background of
the invention 5 The present inventionrelates to the fabrication of heterostructures formed by bonding a
first wafer or substrate to a second wafer or substrate, the first wafer having a thermal expansion
coefficient that is lower than the thermal expansion coefficient of the second wafer. 10 Such
heterostructures are particularly used in microelectronics or optoelectronics. The invention is particularly
applicable to the fabrication of sos heterostructures (SOS standing for silicon-on-sapphire (Al203)). Prior
Art 15 During the assembly of two wafers having different thermal expansion coefficients, for
example different by at |e2ROTEHSOF QB ABRIGH td Mpetdtlr EEROS) R EutinFayWl Sbbsequent
processing of the two assembled wafers, therg IMayPREINSTRESS the temperature is increased, 20 for
example to strengthen the bond interface in the case of a bond-strengthening anneal. Figure 1

illustrates the behavigur! of a hgte}rgﬁtrﬁjcturﬁ. during a bond-strengthening anneal carried out at a
temperature of abou ; being formed by bonding a first wafer or substrate 10 25
corresponding@to an SOI (silicon-on-insulator) structure to a sapphire second wafer or substrate 20. As
shown in Figure 1, the differefioe betneeant thenvmrtioal expitston tweffibrent (A Ctadrsilicadn, the principal
component of the SQbaiFysiHIQuARIHIRRS BRRRINGM(Sa Tzt 7v4AFke0s Shshigrde dudaer heat
treatment, to a demr\WﬁﬂP%PEHﬂgtm?W%irst wafer having a thermal expansion coefficient

that is lower than the thermal expansion coefficient of the second wafer.

10 Such heterostructures are particularly used in microelectronics or
optoelectronics. The invention is particularly applicable to the fabrication
of SOS heterostructures (SOS standing for silicon-on-sapphire (Al,03)).

Prior Art
15
During the assembly of two wafers having different thermal
expansion coefficients, for example different by at least 10% or 20% at
room temperature (20°C), or during any subsequent processing of the two
assembled wafers, there may be times when the temperature is increased,
20 for example to strengthen the bond interface in the case of a bond-
strengthening anneal.
Figure 1 illustrates the behaviour of a heterostructure during a
bond-strengthening anneal carried out at a temperature of about 160°C,
the heterostructure being formed by bonding a first wafer or substrate 10
25 corresponding to an SOl (silicon-on-insulator) structure to a sapphire
second wafer or substrate 20. As shown in Figure 1, the difference
between the thermal expansion coefficient (TEC) of silicon, the principal
component of the SOI structure, and that of sapphire (Si TEC < Al,O3
TEC) leads, during a heat treatment, to a deformation of the assembly
30 such that high debonding stresses Cd are applied in regions Zd located at
the edges of the heterostructure.
Because of these stresses there is insufficient transfer at the
edge of the wafers, leading to the appearance of a ring (a region in which
the first wafer has not transferred onto the second wafer) that is too large



30 such that high debonding stresses Cd are applied in regions Zd located at the edges of the
heterostructure. Because of these stresses there is insufficient transfer at the edge of the wafers,
leading to the appearance of a ring (a region in which the first wafer has not transferred onto the second
wafer) that is too large 2 and irregularly shaped and that can, in particular, lead to the wafer edges
peeling off. In the case of heterostructures such as sos heterostructures, the latter are fabricated by
assembling a structure, for example an SOI 5 structure, onto a support wafer or substrate such as a
sapphire substrate. In this case, the fabrication of the sos heterostructure comprises the direct wafer
bonding or a fusion Boddigooiary SEpetaoditeab cae samaniieuianiéaad ook srafdlidgesr
bond-strengthening psesiaj affd a thinning of the SOI structure to form a silicon layer transferred onto the

10 sapphire wafer. The th'””'f?ﬂtf?eté‘é’éﬁaé'b/rfe%ﬁ‘s&r%{dFb%éﬁ%%ssﬁéfﬂglmsfwﬁ&t@%d'ﬂ?\% step of
removing most of th?%ﬁ?pport S stra(ie fthe SOI ucture f IIo ed b ¥, 2 secon(i ste %9 hemically
de f

etching as far as the %t?&éﬁfp '{We Bxide” «5? ned(?l[i%o ol layer. The
chemical etchds typ@HH‘?@é‘?n@ﬂ@tﬁ SRR E WAWI@&B%‘&?%WBMﬁWWHRﬁH@e The
generation of debondinghitreases ttehelmigeiai safbHhat®eSabarplainedusboveanmaedettteto debonding

at the edges of the SHiFéUﬂ laméraaeﬁbm@a@pairmwh%aﬁmra@owfnﬂq&h%wetsﬁtmm teyinfilerate into the
bond interface durlng QQNA'@,S 'Qf'EB%t&DE'téB‘ﬁQW w&alﬁ% a@ger@ %q%agg can 50 delamination
on su

of the structure as sho Figure 2 where a aml ation o t es ace ayer from the underlying

sapphire substrate OWVQFQM bH%rRRH W%Wﬁes%g?@?ré‘sg |SOpl5ES TPRREELTROANR EReFinally, as
shown in FiglPe 3, esrjpiiss \eitardds Ennomg s rivipicaly diger teddeddmitanciprs aneragly gresent after
grinding. Edge loss iirét)eyithdeigraiaatsn et ng ghe dsans-stie g pening bstng@! ahchis sththe larger

because, during the Q%WQ&E%HHG%H”EFH%%MB%%C%@ b?]é‘?r'ﬁéé‘f@/'yeEBFﬁKg %PHP%@W@ the invention
One of the objects of thg mventlotp IS t%S'I Eﬂ} orem ntjoned raw afﬁe b% O]pvidlng a solution

enabllngaheterostruc urel‘f‘éfek')r a rlcated gin % AFSEE e IBgtrate 0a
layer. The chemical etch is typlcally carried out using a TMAH

15 (tetramethylammonium hydroxide).

The generation of debonding stresses at the edge of substrates,
as explained above, may lead to debonding at the edges of the silicon
layer and the sapphire substrate allowing the wet etchant to infiltrate into
the bond interface during thinning. This infiltration further weakens the

20 bond and can lead to delamination of the structure as shown in Figure 2
where a delamination of the silicon surface layer from the underlying
sapphire substrate or wafer is observed when a shear stress is applied to
the silicon layer.

Finally, as shown in Figure 3, edge loss (enlargement of the ring

25 due to delamination) is already present after grinding. Edge loss is due to
delamination during the bond-strengthening anneal and is all the larger
because, during the bond-strengthening anneal, the silicon is relatively
thick.

30 Summary of the invention

One of the objects of the invention is to alleviate the

aforementioned drawbacks by providing a solution enabling a
heterostructure to be fabricated by bonding a first wafer or substrate to a

35 second wafer or substrate, the first wafer having a thermal expansion



35second wafer or substrate, the first wafer having a thermal expansion 3 coefficient that is lower than
the thermal expansion coefficient of the second wafer, whilst limiting the debonding and the appearance
of defects at the substrate edges, as described above. For this purpose, the present invention provides a
process for 5 fabricating such a heterostructure in which, after the bonding and before the
bond-strengthening anneal, the first wafer is at least partially trimmed. The at least partial trimming
of the first wafer allows the peripheral thickness of the latter to be reduced and, consequently, the
magnitude of the debonding stresses, due to the difference between the 10 thermal expansion
coefficients of the twepgfiifiest tthee iedaved. thanstie: tiehalnexpansisguleerifioktie dintahat is to say
the non-transferred regiondak dher edgiselithieingilbng agsorigingriavene appeafeey dingeease

implementation of th&tRF%Cﬁ?&RBEEE‘eHBé%nEQ'be@c?lBS&eatlSBUH"”g step is carried out, after which the first

wafer has, in its 15 trimmed ort|%n athlckne smaller than or ec[{]ual t0j5 pm, and a sj elgle

bond-strengthening annealin die ?s AR atpéet%'?ﬂ é?é{ﬁﬂl 20 B ?66(‘9 f8FERimE of about 2
hours. A&:cordm@bf&@ﬂﬂﬂh%%CMIB?ﬁ%WtﬂW%?tﬁb‘ﬁ%bs%@l’tﬂ@ﬁ@@ﬁt%aﬂﬁ’e%&ss comprises
first and second bonthstbendtheaimggh20irnasadialgy tte fisshmehfestsaaid esest qraditjpdlytibd immaching steps in

which the first wafer is at Ieastr@argﬁllnéégmmqalntmmmglemem@tiwstth@;ﬂﬁt N gnetep is carried
t after the first f d tri [ t
out atter the 1irs a”';?ﬁ@e%ﬁ ERA ?%OJPE&? %gﬁ”fjoa@é‘%&[lge%‘%d"’a%ﬁ%%@&@ﬁg%fpt fimming step

is carried out after s ond annea IS Implementation en rm S to be reached

that could not be red®R88'HIRLE YR Saﬂﬂqlﬁﬁﬁété’f’éﬁe\ﬁntﬂﬂ%ttﬂsmﬂdj RO SIWERAINSion of the
wafers. 1Becauskesmilceppanisiorgaetliniemsnd thobraingfenedocsenieditead. ofhibe et trimming
step, the second bondditieagihgrRingquiagsling the ring, that is to say the non-transferred

region at the edge of the substrates, is improved.
According to one implementation of the process of the invention,
a single trimming step is carried out, after which the first wafer has, in its

15 trimmed portion, a thickness smaller than or equal to 55 pm, and a single
bond-strengthening annealing step is carried out at a temperature of
about 160°C for a time of about 2 hours.

According to another implementation of the process of the
invention, the process comprises first and second bond-strengthening

20 annealing steps and first and second partial trimming steps in which the
first wafer is at least partially trimmed. In this implementation, the first
trimming step is carried out after the first annealing step and before the
second annealing step, whereas the second trimming step is carried out
after said second annealing step.

25 This implementation enables trim depths to be reached that
could not be reached using a single trimming step without risking peel-off
or delamination of the wafers.

Because of the partial reduction in the debonding stresses by
virtue of the first trimming step, the second bond-strengthening annealing

30 step may be carried out at a higher temperature than the first bond-
strengthening annealing step.

The process of the invention is particularly applicable to the
fabrication of an SOS structure. In this case, the process uses a silicon or
SOl substrate as first wafer and a sapphire substrate as second wafer.



30 step may be carried out at a higher temperature than the first bond-strengthening annealing step.
The process of the invention is particularly applicable to the fabrication of an SOS structure. In this case,
the process uses a silicon or SOl substrate as first wafer and a sapphire substrate as second wafer. 4
According to one aspect of the invention, the process férthermore comprises, after the
bond-strengthening annealing step or steps, a step of thinning the first wafer, the thinning being carried
out by grinding followed by etching of the first wafer. The grinding is carried out 5 using a grinding wheel
the work surface of which comprises abrasive particles having an average size larger than 6.7 microns.
Using, for the grinding, a grintidagrdingel tConfirésirmppétasive pgaricieyeidng dhaveragessize larger than
6.7 microns gives CoRiisRegIdtkNgoAD Aos8palfest tehine githsing gelbeved avhenliagvbesl epmprising
L0abrasive particles faying afeaver ARG SEAlISE Ia/0hEAIRAR (Suetssl carried T ApPlicant has
chosen to use such co.a[jsﬁ%g][mgm(%fecalfﬁst? it allfogvs tﬁne first Waf?é to be thinned Wh”‘it mjnimizing the
risk of delamination 8f'ﬂ1é a%_ sV\_' i % '(ﬂ%é). geg ‘%i\rq@]‘\?ﬁth Srggp '%ﬁi@l‘%@'?’n \?|H an average
size smaller tRan 6. UaHSroh<JNindinghsaimel 1éha sl ok facar e raduSPBIRTERE rRIFRSIMB UL requiring
the application of toggrecles lwntachicacersersing trigdimbath6.conteroinforce of the wheel on the first
wafer is no greater than_22_2.@g,1,qadytq5,s.tﬁ)é_1 Hrmaher Qa@ﬁh&ﬁ@mllgbﬁg@h@ _9@{5’@{%3,
corresponding to fin Qfﬂi@%'g'g? mﬁirgﬁl @é(}%?tvg%n Igpgg}nﬁlgw?ﬁgaﬂﬁc}laﬁsm@%rga#ia%rgater than

between the 20 coalse wheel andthis same material, inCreasing the contact force of the wheel on the

first wafer and consejsHRg, iﬂﬁl‘é%{gﬁ?decﬂé(?igfe%\gﬁafi{ﬂﬂW%r%?%&wm&mﬁ@%‘?ﬂwings 25
Other featurd$ and srhrapieyparti¢igschipviaatRimaneragscoirtesoleterfibanthe faliownsgsiesediption of
particular embodiments of thghavapplivangikas Enoweay tof inenslislitisg xagniplgirnderibseeference to the

appended drawings JfioWRicthe34friguigatels 3SHEMANMSEOITHREIAIFRMAGY the SiERsSaSs In
delamination of the wafers during grinding. By grinding with abrasive
particles having an average size smaller than 6.7 microns, it is possible to
15 remove a larger amount of material without requiring the application of
too great a contact force. During grinding, the contact force of the wheel
on the first wafer is no greater than 222.5 newtons. On the other hand,
using smaller abrasive particles, corresponding to fine grinding, the area
ratio between the fine wheel and the material is greater than between the

20 coarse wheel and this same material, increasing the contact force of the
wheel on the first wafer and consequently increasing the risk of
delamination.

Brief description of the drawings

25
Other features and advantages of the invention will become clear
from the following description of particular embodiments of the invention,
given by way of non-limiting example and with reference to the appended
drawings, in which:
30 - Figure 1 is a schematic cross section showing the stresses in
an SOS heterostructure during a bond-strengthening heat treatment;
Figure 2 is a photograph showing the delamination of a
silicon-on-sapphire heterostructure ;
Figure 3 is a photograph showing edge loss and cruciform
35 cracks in a silicon-on-sapphire heterostructure after grinding;



an sos heterostructure during a bond-strengthening heat treatment; Figure 2 is a photograph showing the
delamination of a silicon-on-sapphire heterostructure ; Figure 3 is a photograph showing
edge loss and cruciform 35cracks in a silicon-on-sapphire heterostructure after grinding; 5

Figures 4A to 4H are schematic views showing the fabrication of a heterostructure implementing a
process according to one embodiment of the invention; Figure 5 is a flow diagram of the steps
implemented during 5the fabrication of the heterostructure illustrated in Figures 4A to 4H ;

Figures 6A to 61 are schematic views showing the fabrication of a heterostructure implementing a
process according to another emb@tliigen#bf the idbentitn; seltematic  views Fifovdrpisthdlow diagram of
the steps implementeghdedtiigh 0 dhiectabsigaliorefithpibetarosty ucpredbydcatediiy Higures 6A to 61.
Description of the prgﬁﬁwﬁgﬂpg@lwq{%‘ﬁtﬁ%@rocess of the present invention is applicable, in general,
to 15 the fabrication of heterostr cture compflsm at least ?N fers havjn ire%)@ctlve g/}f different
thermal expansion coefficients (f flc"(\fn %A ﬂ esﬁ Oh- gﬂpg!ﬁ g ers are
assembled together D@ﬁ@hﬂl?@ﬁ?%ﬁféﬁﬁcﬁ%ﬁﬁ@%#ﬁﬂy%t E?E%’d'? E&Wﬁﬁg“%%ﬁ‘ﬁs’ anodic, metallic or
adhesive bonding. The wafers arEigamsréfytcifdudee acitematic 2washeanguthdigahatatmrparticularly
diameters of 100 mna¢ 150 ﬁé@r@&ﬂ;@ﬂﬁi‘@ﬁﬁﬁ@eﬁ’ﬂ@htm aCerapeneniscoiaingave alieadieen formed in
one of the wafers wi’g fbm%qui etilggoﬂthﬁ{d/vafer that ads as a support. These components are

particularly elements for mlng a or part o an electronlc
Figure 7 is a flow diagram of the steps implemented during

10 the fabrication of the heterostructure illustrated in Figures 6A to 61.

Description of the preferred embodiments

The process of the present invention is applicable, in general, to

15 the fabrication of heterostructures comprising at least two wafers having

respectively different thermal expansion coefficients (for example, silicon-

on-sapphire, silicon-on-glass, etc.). Wafers are assembled together using

direct wafer bonding or any other type of bonding, such as anodic,

metallic or adhesive bonding. The wafers are generally circular and may

20 have various diameters, particularly diameters of 100 mm, 150 mm, 200
mm or 300 mm.

Components may have already been formed in one of the wafers
which is then bonded to the other wafer that acts as a support. These
components are particularly elements forming all or part of an electronic

25 component or a plurality of microelectronic components, such as circuits
or contacts or even active layers.

More generally, the invention is particularly applicable to
assembled structures that are unable to withstand a high-temperature
bonding anneal, as well as to heterostructures formed from an assembly

30 of wafers having different thermal expansion coefficients.

The invention is more particularly applicable, but not exclusively
so, to SOS (silicon-on-sapphire) heterostructures formed from an
assembly of a first wafer or substrate made of sapphire and a second
wafer or substrate comprising silicon such as an SOI structure.



25 component or a plurality of microelectronic components, such as circuits or contacts or even active
layers. More generally, the invention is particularly applicable to assembled structures that are
unable to withstand a high-temperature bonding anneal, as well as to heterostructures formed from an
assembly 30of wafers having different thermal expansién coefficients. The invention is more
particularly applicable, but not exclusively so, to SOS (silicon-on-sapphire) heterostructures formed from
an assembly of a first wafer or substrate made of sapphire and a second wafer or substrate comprising
silicon such as an SO1 structure. 6 Heterostructures comprising a silicon layer on a sapphire
substrate have particular advideteigstiusddresrucampsisingiblie tihdidanridaitkin onhigh-sesuphéiecy, low
power-consumption sighdaese Sapphirestthsitmteadviinagasre sissipaiedtasivesnasd, kager than quartz

5substrates, for examplfcation SHHHERSHAAIEHE ﬁ‘&ﬁp’?&%‘?—?oﬁ'é%&i&ﬁoﬁﬁéé@r feifing an SOS

heterostructure from a first fr m'dﬁ Substrate 110 (Top) and a secon ort wafer of substrate 120
i

(Base). As Figure 45%*?%\’/9 ??h E? WaEr 1(1'65'000 Sistf %ﬁ‘ a‘heEé’oWi%ss%f‘??é lﬁret Q:%%&i'&ﬁé a silicon layer

111 on a support 113UReHatesdEbEXAMBIE- a buried oxide layer 112, for example made of S102, being
placed between the layer 11 Figncethéssip@ortahti3righee sSecbnd \egievck2 israfaapsiting wafer (Figure

4A). Be?r(etbong_i)nqr éb@ ﬁﬁéfté!\/@iﬁfué&ﬁéoﬁbﬁﬁ&cﬂm Wﬁfﬁ‘fiﬂéosﬂ?]@tr&féblﬂ;@'i'(@o?i):féﬁlé 3?203 né?:)"a\bﬁ
prepared (step Si). This pr [ S chemical clean particularly an clean
(namely the (:ombinaé'(??(g??lp]g]ce %@g@%gﬁ%ﬁg%kﬁ% {)Ea%%é esigned to remove particles and
hydrocarbons and an SC2 (H 85e I—flﬁ))sbﬁi’ﬁsde@@nférattd"f%fﬁ{oaé(?néﬂﬂﬁ@téoﬂfaﬁﬁnéf%), a CARO or

Firanha cleahQH2302HO0PS GODPUIREIDan siliepie/wyeerlDB/eDE@) sieaartThécrispintpasapibe followed by
silicon, a buried oxide layer 112, for example made of SiO,, being placed

between the layer 111 and the support 113.
The second wafer 120 is a sapphire wafer (Figure 4A).
Before bonding the first wafer 110 to the second wafer 120, the

15 bonding surface 120a may be prepared (step S1). This preparation may
particularly consist in a chemical clean particularly an RCA clean (namely
the combination of an SC1 (NH4OH, H,0,, H,0) bath designed to remove
particles and hydrocarbons and an SC2 (HCI, H,O,, H,O) bath designed to
remove metallic contaminants), a CARO or Piranha clean (H,SO4:H20,) or

20 even an ozone/water (Os/H;0) clean. The cleaning may be followed by
scrubbing in a scrubber.

So as to further increase the bonding energy, the surface 120a of
the second wafer 120 may be activated using a plasma treatment (step
S2).

25 The surface 111a of the silicon layer 111 of the first wafer 110
may be covered with a thermal oxide layer 114 formed, for example, by
oxidation of the surface of the wafer (Figure 4B, step S3).

The surface 111a, whether or not covered with an oxide layer,
may also be activated using a plasma treatment (step S4). The activation

30 of the bonding surfaces of the substrates 110 and 120 may be carried out
by exposing them to a plasma based on oxygen, nitrogen, argon, etc. The
equipment used for this purpose may be, amongst other types, equipment
initially intended to carry out capacitively-coupled RIE (reactive ion
etching) or ICP (inductively-coupled plasma) RIE. For further details,

35 reference may be made, for example, to the publication of Sanz-Velasco et



scrubbing in a scrubber. So as to further increase the bonding energy, the surface 120a of the
second wafer 120 may be activated using a plasma treatment (step 25The surface 111a of the silicon
layer 111 of the first wafer 110 may be covered with a thermal oxide layer 114 formed, for example, by
oxidation of the surface of the wafer (Figure 4B, step 83). The surface 111a, whether or not covered
with an oxide layer, may also be activated using a plasma treatment (step S4). The activation 30 of the
bonding surfaces of the substrates 110 and 120 may be carried out by exposing them to a plasma based
on oxygen, nitrogen, argon, etc. The equipment used for this purpose may be, amongst other types,
equipment initially inténdeditetarRpont dapwesitaieleco@itedRneifgeatsing ioxyerhimgsoracCP
(inductively-coupled pismentRiE.rEactiusthen dathitss 3prefesancaiaytommadeekorcexprgle, to the
publication of Sanz-\gpé{%cde ?JtoJrﬁzﬁ gpgﬁ[g@é&:&ggg&maegg%&%gr Qgggiii%%%ing oxygen plasma

treatment in reactive ion etchers with and without énli?lﬁ:tlvel}l cgupled Plasm " (Journal of the

Electrochemical Society, 158?_ @f%‘?%@?ﬁ Trded PSR )‘? fﬁ%&lﬂ%re_ Bt SATSNEY by a magnetic
5 field, particirarly tdi8\¢bi@abLebH bhiriPish sk TS IREISRI SRRFiI8SoFtHEGtdesrallsy Qfirthe of MERIE

(magnetically-enhanosst t@adiveitumeetd iR | Eqinaestically-enhasodensibg e Herpletshiaghay be chosen
to be low, medium ophighhient1DP for high-density plasma). 10In practice, plasma activation of the bond

generally comprises a prior chmigal Ho RENAFARG AL SN FY 1B% CHDRIRNGN of an

high (or HDP for high-density plasma).

10 In practice, plasma activation of the bond generally comprises a
prior chemical clean, such as an RCA clean (namely the combination of an
SC1 (NH40H, H0,, H,0O) bath designed to remove particles and
hydrocarbons and an SC2 (HCI, H,O,, H,O) bath designed to remove
metallic contaminants), followed by exposure of the surface to a plasma

15 for a few seconds to a few minutes.

On or more post-plasma exposure cleans may also be
implemented, particularly to remove contaminants introduced during
exposure, such as rinsing in water and/or an SC1 clean, optionally
followed by a centrifugal drying. However, these cleans may be replaced

20 by scrubbing in a scrubber that removes a significant proportion of these
contaminants.

The activation of a bonding surface using a plasma treatment is
well known to those skilled in the art and will not be described in further
detail here for the sake of simplicity.

25 Once prepared, the surface 111a (here covered with an oxide
layer 114) and the surface 120a are placed in intimate contact and
pressure is applied to one of the two wafers so as to initiate the
propagation of a bonding wave between the surfaces in contact (step S5,
Figure 4C).

30 As is well known per se, the principle of direct wafer bonding, or
just direct bonding, is based on direct contact between two surfaces - that
is to say that no specific material (adhesive, wax, braze, etc.) is used. To
carry out such an operation, it is necessary for the bonding surfaces to be
sufficiently smooth, particle- and contamination-free, and for the bonding

35 surfaces to be brought sufficiently close to each other so that a contact is



(NH40H, H202, H20) bath designed to remove particles and hydrocarbons and an 332 (Ha, H202, H20)
bath designed to remove metallic contaminants), followed by exposure of the surface to a plasma 15for a
few seconds to a few minutes. On or more post-plasma exposure cleans may also be implemented,
particularly to remove contaminants introduced during éxposure, such as rinsing in water and/or an 331
clean, optionally followed by a centrifugal drying. However, these cleans may be replaced 20 by
scrubbing in a scrubber that removes a significant proportion of these contaminants. The activation
of a bonding surface using a plasma treatment is well known to those skilled in the art and will not be
described in further dritisitaseretypicdlly Sasepafatiniplitilges2eomcefprepanemetiessarfageiretiia (here
covered with an oxide layier daké) anel the sttifactici8abatagbacatkiniitigatacesniaet anshgressure is

applied to one of the %‘&d}‘?‘fﬂﬁ%ﬁ %ﬁr@&tﬁdﬂﬁlﬁ&e (ggajpgqu:lgg(gm,@ %Qgg@ngm\ée\pﬁ{v&%gn the surfaces
in contact (step S5, Q\}%‘ ?) Atmls we I er se, the prine qf dlrect[lwaefe{ %ndlng or just
direct bonding, is ba %Ir &t CoNtact 6eﬁ/\/%8trﬁn rgu#ggg 2 t% A-tne %pecmc material
(adhesive, waX, braz@r@(@o} is used. To carry out such an operation, it is necessary for the bonding
surfaces to be sufficiently smbatbrdirgticl¢hant/eotivarmedtierafmadastdefgtienibgratingaBssurfaces to be
brought suficienty claads eacikoihas 59 it et idihiatedeabinisaling sepdralion of ess than
@ few nanometres is fequiegl L S fseatisy %Js\cggﬁf&w&%ﬁ@% Qdlis Nueasuifarenare stong

enough that direct bonding occ rsl.e. by the Van der orces etween the atoms

or molecules of the tAS'BIRRCRS F9%R %fbm?d ter, andy exigiRp térﬁ?é‘%épltﬂfnp?féfﬂeﬂée
bond-strengthéning Hripkgss @bth@dlr@uwafgtep iie Wove l(}$éeﬁr§f3v\lﬁw A éasappdiai trimmed, that is
to say in which an annular poxgameiihi fFgjunaten, loeatethanrfaespenpberyaredge afidte latter, and
extending through alipfBARE tBEye of the first wafer 110. For wafers of 100 mm, 200 mm

and 300 mm diameter, the width Id of the trim is generally between 2 mm

and 10 mm and preferably between 2 mm and 6 mm.

15 The trim is mainly achieved by edge grinding of the top side of
the first wafer 110. The edge grinding may be carried out using a grinding
wheel or any other tool capable of mechanically wearing away the
material of the layer.

The trimming may be “gradual”, that is to say carried out in at

20 least two steps, namely a first trimming step carried out very close to the
edge of the wafer and a second trimming step carried out further from the
edge of the first wafer.

Furthermore, the trim may be “hybrid”, that is to say it may
comprise one or more first, entirely mechanical step(s) (grinding,

25 abrasion, lapping, etc.) for limited trimming of the edge of the first wafer
to a predetermined depth followed by a second trimming step carried out
using at least partially non-mechanical means, that is to say means that
do not rely solely on mechanical rubbing on the wafer - such as chemical
etching, also called wet etching, reactive ion etching, also called plasma

30 etching or dry etching, or a chemical-mechanical polishing (CMP).

In the case of gradual or hybrid trimming, the heating and/or
stresses responsible, in particular, for macropeeling and micropeeling of
the wafer edges, is/are limited.

During the trimming, the first wafer 110 is removed to a depth

35 Pd defined from a reference plane corresponding to the bond interface



10thickness of the first wafer, is removed (step S6, Figure 4D) is carried out. As shown in Figure 4D,
the trimming is carried out over a width Id from the edge of the first wafer 110. For wafers of 100 mm, 200
mm and 300 mm diameter, the width Id of the trim is generally between 2 mm and 10 mm and preferably
between 2 mm and 6 mm. 15The trim is mainly achievedl by edge grinding of the top side of the first wafer
110. The edge grinding may be carried out using a grinding wheel or any other tool capable of
mechanically wearing away the material of the layer. The trimming may be "gradual”, that is to say carried
out in at 20 least two steps, namely a first trimming step carried out very close to the edge of the wafer
and a second trimmithgReheacdethcupianthdiefweeththedte ohaheokide uafer. 114 amlithermore, the trim
may be "hybrid", thabistirepfateieaoeanphis s ctvm @watdie 1), anidrelypiherbanicabséapds) (grinding, 25
abrasion, lapping, etgy) fordmied tinrpirg gl Brardgrchiiedisl BRI {QARCHRIRATIRY depth
followed by a secon trlmntung St?ﬁ) carrledlout.usu‘\t? at I?ﬁ\?t ga\rsjaql&hng%-mechamcal L{ﬂegns, that is to
say means that do n eré%'} %‘Ié?y A ﬁ%ggﬁ%ﬁigﬁeﬂj Sﬁs?g HheWa f -'S &%ngscefpef‘ﬁ’l af tching, also
called wet etching, réhctife f89®tehife JIE8 cufted. phis NIt Br H & ehifgresiused
chemical-mechanicalipdlistange(GhiRJins  aftén ttrercase of Ap@dedgorthybiniel tinmeniiog, tiibeheating and/or
Etre?’sefhrefpons_ib'eﬁﬁﬁl@@%cr t eyt tﬂéraaﬁm&}egﬁmoanﬂ)fm?aoaﬁeﬁrw ﬁ’irﬁ*ﬂﬁ Wﬁf?ﬁsegfﬁlﬂﬂeiS/af? limited.
uring the trimming, [ r e e e plane
corresponding to thet%%ﬁcf’ ?nte a%e&%%(ﬁe@;?ﬁg%gﬁa@ﬁ pﬁin%é%%ﬁ\%geeﬁ%eg é@gmg\éoﬁggggyer 114 and

the bonding face 126RRIEHESEENATG59P 260 B RHBPPY RENENES as to remove, at the edge of
the first wafekOall or part of thftgiidkadsksnaitiee anctdeliorende xaimpro g éhenkinist, wagerribd @lepth Pd is
chosen so that, the bond is strengthened using what is called a bond-strengthening anneal

(step S7). The bond-strengthening anneal is carried out at a treatment
temperature of about 160°C for a time of about 2 hours. This anneal
reduces the appearance of ring defects (non-transferred peripheral

15 regions) and prevents delamination of the two wafers during the thinning
step.

During the bond-strengthening anneal, the boat-in temperature
of the assembly formed by bonding of the first wafer 110 to the second
wafer 120 is preferably lower than 80°C, for example 50°C. Once the

20 assembly is placed in the annealing oven the temperature ramp-up, that is
to say the rate of temperature rise that takes the temperature of the oven
from the boat-in temperature up to the actual bond-strengthening anneal
temperature is preferably about 1°C/min. Controlling the boat-in
temperature and the temperature ramp-up helps to reduce the thermal

25 stresses applied to the assembly during annealing.

The fabrication of the heterostructure continues with the thinning
of the first wafer 110 so that a transferred layer corresponding to a
portion of said first wafer is formed.

The thinning is carried out firstly by grinding away most of the

30 support 113 (step S8, Figure 4E). According to the invention, the grinding
is carried out using what is called a “coarse” grinding wheel 210, that is to
say a wheel the grinding surface or active grinding part 211 of which
comprises abrasive particles having an average size larger than 6.7
microns (or 2000 mesh), preferably larger than or equal to 15 microns (or

35 1000 mesh), and even more preferably larger than or equal to 31 microns



5 at the edge of the first wafer, an annular portion 1110 of a reduced thickness e remains after trimming.
According to the invention, the thickness e of the annular portion formed after a partial trim is smaller than
or equal to 55 pm, below which thickness the debonding stress applied at the wafer edge begins to be
significantly reduced. 10After the trimming and before fHe thinning of the first wafer 110, the bond is
strengthened using what is called a bond-strengthening anneal (step Si). The bond-strengthening anneal
is carried out at a treatment temperature of about 160C for a time of about 2 hours. This anneal reduces
the appearance of ring defects (non-transferred peripheral 15 regions) and prevents delamination of the
two wafers during théothirBthgraelp). The Rbiagiverepasiielestraraythbairepeitéailythdiaseenndn temperature
of the assembly formegitieleboBging9f hechieshpiafathd Lixterdhe segonduraterradeis piafenably lower than

Inat ' o say the e e B B o+
temperature up to th%égéﬂggﬁ FSaNGHERINY ﬁﬂgﬁgﬁjﬁ re |§€f8?§ré§ érlg%%?)gémin.
Controlling the boat-fP&IrpdMdture add #9¥EmBEx8tlRE rampMphégeko red @0 1B@Pthal 25stresses
applied to the assenttdy hliH#R)RHAEBKNGE3D-5MM hEHabrdatimeoithe hdteebstrodelireotbivynues with the
thinning of the _firs_t V\@féﬁft-'@e_fbém ﬁaﬁ@gmgséﬁ%@@uﬁm&ﬁ@ﬁmm@%ﬁ@ apaiféeonaforaiddirst waf_er is
formed. The th|nn|ngnllgs(}@rgggrggéefég§élygpyc%A%E_q/@lw:ad r‘g?ﬁt O%%%g%ga%%?qll%gééé%o S8, Figure

4E). According to the Invention, "coarse” grinding wheel

rinding IS carried out using w
210, that is to say a %Qéﬁtﬁelg]r{ﬁ %&'@5@%&9%%%&%&9%&%&* g\ﬁﬁgﬁ%éﬂ'(&ises abrasive
particles havifly an averagediéntariger gimdiod; riierdwo-(wrR0OTsaBUNY, [Srertasy BYgtiethan or equal
to 15 microns (or 35b@6K sikshf, ardeypomeudireterably Isiggrdhauck eqoatdmpismicrans 10 (or 500

mesh). The abrasivepagielss mayhedPrsticstarly fiaroanshaaitigles: By Wavosxampigige reference of
a wheel model sold bx Eaint-Gobalgn %ong{ligsi%%%bra%\@e diziﬁmondnpfgrticl%s of a .%:Bicron (or 2000
mesh) average size 7iC ﬁ{ié’WﬁE £ g’f - 71 @gl LT R _ _ 198%1,197x9,002
MC176261 69014118063 BONFSHA2IIST A58 XED8E-SAM. IThECatRre RROWF dEh@Ef nidel sold by
Saint-Gobaii somprisitegraibiretyy ¢t animacid 3248 ticbysatdcardthtaietmui @n328sra@ $h ey eragm size is:
COARSE WHEEL S7) 1é##piRde 8BRithle 32B69S 11,034 X 1-1/8 X 9,001 MD15219669014111620

COARSE # 3R7B69 - 1/8. The grinding is carried out by keeping the active grinding surface

211 of the wheel 210 against the exposed face 110b of the first wafer
110. Because of the large size of the abrasive particles, the material of the
20 first wafer 110 may be efficiently removed without having to apply the
wheel 210 with an excessively large contact force Fo on the assembly,
reducing the risk that the two bonded wafers will delaminate. For a wheel
the surface or active grinding part of which comprises abrasive particles
having an average size of 6.7 microns (or 2000 mesh), the maximum
25 contact force is about 222.5 newtons (50 Ibs). This maximum contact
force decreases with the increase in size of the abrasive particles. For
example, for a wheel the surface or active grinding part of which
comprises abrasive particles having an average size of 44 microns (or 325
mesh), the maximum contact force is about 133.5 newtons (30 Ibs).
30 The grinding is stopped about 65 pum from the surface 120a of the
sapphire support substrate.
At this stage of the thinning, that is to say before the second,
chemical thinning step, a post-grinding anneal may be carried out (step
S9, Figure 4F) so as to strengthen the bond and stop infiltration of the wet
35 etchant into the bond interface during the second thinning step. Because a



10 During the grinding, the two-wafer assembly is secured by the back side of the support substrate 120
using a chuck 220 comprising a plate 222 designed to secure the second wafer 120 using, for example,
suction or an electrostatic system. During the grinding, the chuck 220 may be stationary whilst the wheel
210 is rotated about its axis 212. 15Alternatively, the chiick 220 may also rotate about an axis 221, the
wheel 210 being made to rotate or not. The grinding is carried out by keeping the active grinding surface
211 of the wheel 210 against the exposed face 110b of the first wafer 110. Because of the large size of
the abrasive patrticles, the material of the 20 first wafer 110 may be efficiently removed without having to
apply the wheel 2106RRIS@roERCERS VENRehrigeUsedtabitribecdrrAINdiRg adbentBpaieiddcRytthe risk that
the two bonded wafers3ailbtlehansinasertForahubeelhibe swifasecar agtive gmiling #Rrtaiivvhich comprises
abrasive particles hayilg:NA\REEP SipR &d PHSGRSHY 2900 mRskbRpEraXimupo4e contact force
is about 222.5 newtons %1;50 Ibs;i. This ma ir@um cantact f(%{ce e refses w'%&@e inﬁrfﬁé,%in size of the
abrasive particles. FaF 'QI%SI ?‘?SLEW%S t_It\% %L}Fﬂ'@gr ngtiee_c%‘? W&ﬁ%% tof W ich comprises
abrasive partieles halif§gPsta/Erdie 9865 181 GRiitRShaUbfos B s R, RRBVRRIXASLRIRMSEct force is
about 133.5 newtonsuf@04bs)rs30 The grinding is stopped about 65 pm from the surface 120a of the
fﬁpphire ?upport sutbstratg. The tWhHMY Sdﬁﬂﬁfeqh{hﬁl téli!t&gt'ﬂﬁetggﬁiﬁ]E@§©\ﬁ}lﬁe§ﬁf€tﬁheo‘?rt€l¢@n?ﬁ Ch?kTiCbal g
inning step, a post- - e e ig S rengthen the bon
and stop infiltration or? tFﬁé%vrl\}(g% Elage%c?igﬁr#‘o t%aégé %gqlhtelr%%% oélrud: h%{ﬁg 5%05{5?8 ralliin%gstep. Because

a

3 on thi
a 11 coarse grinding"WAS¥?% RS IR B EhdR, SRS MGhiRHaR 1/P8 LA IS uBhort 113 has a
work-hardendd surfapeqmigifre TMAWHIc aameteyairiorsitmaystraxide) preivelishthe appearance of cracks,
the post-grinding anneal is linheckinaimiagperatieloBhaiwgessbS0E amilolé0 by mBaagost-grinding

anneal is carried out,for-gime PERSANGERIRD CRiRIES RRSh ARG or 4R URMRAG OFthe initia

substrate continues with.an etch of the remainjng portjon 113a (step,S10, Figure 4G). This portion may be
E H al\ Ié[%] { t%ose g%leﬁg Alt |-I|I_ be

removed by chemical & oS AISETEGIEa Wet V}'Hg, or exam n-the=art.

recalled that a reactive ion etch Is a physicaEcher%/ical etch that involves
15 both ion bombardment and a chemical reaction of the ionized gas with the
surface of the wafer or the layer to be etched. The atoms of the gas react
with the atoms of the layer or wafer to form a volatile new species that is
removed by a pumping device.
The oxide layer 112 is used as an etch-stop layer. After the etch,
20 the layer 112 may be removed (step S11, Figure 4H), for example by HF
deoxidation, so as to leave a transferred layer 115 corresponding to at
least one part of the silicon layer 111. However, if required, the oxide
layer 112 may be preserved.
Another implementation of the process of the invention will now
25 be described with reference to Figures 6A to 61 and Figure 7, this
implementation being different to that described above in relation to
Figure 4A to 4H and Figure 5 in that the trimming of the first wafer and
the bond-strengthening anneal are both carried out in two steps.
As described above, use is made of a first wafer 210 consisting of
30 an SOl structure comprising a silicon layer 311 on a support 313 also
made of silicon, a buried oxide layer 312 being placed between the layer
311 and the support 313 (Figure 6B), and a second, sapphire wafer 320
(Figure 6A).
Before bonding the wafers, the bonding surface 320a of the
35 second wafer 320 may be prepared (step S20) and activated using a



10means of a TMAH (tetramethylammonium hydroxide) wet etch. The remaining portion 113a may
also be removed by means of reactive ion etching, also called a plasma etching or a dry etching. This
etching technique is well known to those skilled in the art. It will be recalled that a reactive ion etch is a
physical-chemical etch that involves 15 both ion bombEdment and a chemical reaction of the ionized gas
with the surface of the wafer or the layer to be etched. The atoms of the gas react with the atoms of the
layer or wafer to form a volatile new species that is removed by a pumping device. The oxide layer 112 is
used as an etch-stop layer. After the etch, 20 the layer 112 may be removed (step 511, Figure 4H), for
example by HF deoxithsion tegtasent (Eior SAtandlereed apasurfeseSiibamdiibinsgjlieoat!rygst one part of
the silicon layer 111 3tiowevies, fitseguaifed3 toentagdeelayes ibti2vnaya e drraseox@ib Apetrersimplementation

of the process of the inygrtigs wWiknaw,?3 ke desaibedurin dIRERs iR RRNIER £ ©§)L and Figure 7,
this implementation l@ﬁ:‘lggr %lfferent ttodghat descr:r.lgcfd bova in elatlonéo F@O.lr.e 4Agtos4rH and Figure 5 in
that the trimming of t SR Wetl?é?%ﬁ fHEdhEHGE ré’r%tH@ h %%ﬁ%’éﬂ are '{H)%%r e &Rﬁqn two steps.
As described above 238¥8s made of a first wafer 210 consisting of 30 an SOI structure comprising a
silicon layer 311 on a supporiBé Jisdsmnbdecohdilivafera Bliexthdxdk® layertBa2 benmpglaged between
tBhef |ayebf 31dl antcr']th%lﬁéiﬁgot'th@l&ﬁé%rgﬁﬁ)a Cﬁéﬁ?’ea&ﬁ}%@é’ﬂia wiRPkie wader ReR(FauseifA). d (st

efore bonding the | r e - epared (step
0) and activated usiﬁm];ﬁ{%f %?a@%%q@&?rﬁéisﬁséggﬁs%&%@&%&ﬂgﬁﬁi%%@)f?g )gﬁ%gréilicon layer
311 of the first Wafert%ﬂot%meéﬁv%qeasv\ﬁ&] IR 1 RERPRERH081 #TFg BRY GBI sYY8 22) and

activated usihg) a plakehaaesdiment {atep 023 edstar adehiguseifg)carried out under the same
conditions described 5aboveThe trim is started using a first trimming step carried out in the

first wafer 310 over a width Id and to a depth Pd; so that, at the edge of
the first wafer, an annular portion 3110 of a reduced thickness e; remains
after trimming (step S25, Figure 6D). The thickness e; of the annular

15 portion formed after this first trim is preferably smaller than or equal to 50
um, below which thickness the debonding stress applied at the wafer edge
begins to be significantly reduced.

After this first trimming step, a first bond-strengthening
annealing step (step S26) is carried out. Because the trimming of the first

20 wafer 310 has not yet been completed, this first bond-strengthening
anneal is carried out at a moderate temperature. The temperature of this
first anneal depends on the thickness e; of the annular portion 3110 that
remains after the first trimming step. The smaller this thickness, the
higher the anneal temperature can be. This first annealing step may be

25 carried out at a temperature of between 180°C and 200°C and for a time
of between 30 minutes and 4 hours.

The trim of the first wafer 310 is then completed using a second
trimming step carried out to a depth Pd, in the first wafer 310 so as to
further reduce the thickness of the annular portion 3110 to a second

30 thickness e, (step S27, Figure 6E). Since the bond interface between the
first and second wafer has already been strengthened by the first bond-
strengthening anneal, the second trimming step may be carried out to a
significant depth Pd, without risking damage to the assembly. The
thickness e, of the annular portion 3110 after the second trimming step

35 may be, in particular, smaller than or equal to 45 um, or even zero.



The first and second wafers 310 and 320 are then bonded by placing the surface 311a (here covered with
the oxide layer 314) in intimate contact with the surface 320a and by applying pressure to one of the two
wafers so as to initiate the propagation of a bonding wave 10between the surfaces in contact (step 024,
Figure 6C) The trim is started using a first trimmiAg step carried out in the first wafer 310 over a
width 1d and to a depth Pdi so that, at the edge of the first wafer, an annular portion 3110 of a reduced
thickness el remains after trimming (step 025, Figure 6D). The thickness el of the annular 15 portion
formed after this first trim is preferably smaller than or equal to 50 pm, below which thickness the
debonding stress applied at theserafedt ddgd-begieshertiegsiymidatinglyptenlicdden carripgtertmis first
trimming step, a first(oepd-stengthieising: et adingesie (ep Sak)yismardediodt. decawsea the trimming
of the first 20 wafer ghapg et kRHEPGALP MRl IRd R % st Aand-plenabening auyRmds carried out at
a moderate temperature. The@&emtferatltre of this first anneg%dgﬁ%?nds on g:%thiﬁ]kness elé)f the annular
portion 3110 that rerﬁ%ﬁ%_eésft th efilygfl mAtH szérﬁ. ‘1"?1 > SRR é_/ss, ﬁné‘?ﬁ&ﬂ r the anneal
temperature can be.tTAE8t aitRealifl§ stBFPRthyADECINEafiRl MAYALRE tERPEFAA Gtbatween 180C
and 200C and for a tienepef diateedrbdneenuled Endrntl RED and fdthe time afftbetfirs¢nvater 310 is then
completed using a seqANLEBRNNERIRP carried out to a depth Pd2 in the first wafer 310 so as to further

reduce the thickness of the a?m?{lﬁfsge%r i&’@e%i'&@ Vt&(g%ﬁﬁg@%ﬁierg%a%ﬁl%?lélagﬁsogzcgﬂger?je@ggtzre 6E). Since

the bond interface between the first and second wi; ){ een strengt the first
bond-strengthening SARYA e SRR G HIRYTiRgy Yy $R LA SEBRIRY 2 YighicAMP i pth Pd2
without riskin damaljen@itiee assembly. The thickness e2 of the annular portion 3110 after the second

trimming step 35may be, in Naxicular, fartallefénad or isotmahiedt SEhaar £uemegved ayer A second

bond strengthening gapealiimigis ANBerfaH 6 Qi (Rie aks: SecppanneAlnisifRgTay be carried
out at a temperature hlﬁ,’é%r th? hat %f the first anneal bec%ug]g t%(? debongl(?]c_jssrir SSes t the wafer

edges are considera%?y I o i{)sy the%s 8IS %Hvr%%mosstep t i E0hd o 8aqpng Stép may be

carried out at a temJeeatiGr&oF HBNR A0 @V an @D SeEcHPRAT G EN6f HEdIBB B 0aMiRtites and 4
hours. 15 The fvst aisthgewbat itvinatied gasteparsedygeadmpendareledilOuttbyt dertins@us mechanical

trimming, by graduakjrexming grikginyaliffad® siraeairRdgrindinti@éttaefisrtwwaier bkpsséynned so that a
transferr_ed layer corgﬁgg(%giagr{%gsq%\t}%g%s%@ g%t gygqégefromh%dayr}%iwwgiZgri%‘@dried out firstly
by grinding away most of the suepport é tep 5 igure . In the same way as described above, the
mesh), preferably larger than or equal to 15 microns (or 1000 mesh), and
even more preferably larger than or equal to 31 microns (or 500 mesh).
20 The two-wafer assembly is secured by the back side of the support
substrate 320 using a chuck 420 comprising a plate 422 designed to
secure the second wafer 320 using, for example, suction or an
electrostatic system. During the grinding, the chuck 420 may be stationary
whilst the wheel 410 is rotated about its axis 412. Alternatively, the chuck
25 420 may also rotate about an axis 421, the wheel 410 being made to
rotate or not.
Because of the large size of the abrasive particles, the material of
the first wafer 310 may be efficiently removed without having to apply the
wheel 410 with an excessively large contact force Fo on the assembly,

grinding is carried

30 reducing the risk that the two bonded wafers will delaminate. The grinding
is stopped about 120 pum from the surface 320a of the sapphire support
substrate.

Before the second, chemical thinning step, a post-grinding anneal
may be carried out (step S30, Figure 6G) so as to strengthen the bond
35 and stop infiltration of the wet etchant into the bond interface during the



15 out using what is called a "coarse" grinding wheel 410, that is to say a wheel the grinding surface or
active grinding part 411 of which comprises abrasive particles having an average size larger than 6.7
microns (or 2000 mesh), preferably larger than or equal to 15 microns (or 1000 mesh), and even more
preferably larger than or equal to 31 microns (or 500 mkh). 20 The two-wafer assembly is secured by
the back side of the support substrate 320 using a chuck 420 comprising a plate 422 designed to secure
the second wafer 320 using, for example, suction or an electrostatic system. During the grinding, the
chuck 420 may be stationary whilst the wheel 410 is rotated about its axis 412. Alternatively, the chuck
25 420 may also rotgesebihianiagistap. Basaushdetdavehehing ingaéelritateedrdising the Because of
the large size of the ghragive prrielesining paatesidzodthiecfisappates Bl Ranayoekefietrmsdd removed

without having to applythe, V\@ﬁ?gqlrélgdyitk)vﬁr&ﬁxgﬁééyebfﬁkgeteo%}@FféJRf%Fﬁre\/rbme @ssembly, 30
reducing the risk that the two bonﬁied waf(?hs will _elarainate. Tkﬁ %rtl'ndjp% its stog%%ed atgﬁrut 120 pm from
the surface 320a of W&Sgﬁﬂ%ﬁeo ﬁﬁaﬁgﬁs Bs??esl Jrinding aﬁ@? etne'se _0805} ( e t%nning step, a
post-grinding @nnealdhBgtyeeh koot qstél SW Neigark-eidin A Reatis fgihed e B 35and stop
infiltration of the wet tatehahbattectre I8ominuntes face: 4lbongsthe 14 second thinning step. Because a
CoaLSth% ggndinc? Wh]?el is U_S%é“iﬁ%iﬂy?&”ﬂh@iWtiﬁ?%lﬁf@@l@i@%ﬁ@tﬁ%@i%ﬂtﬁféheeﬁ’s!pléf)%gm hana )
work-hardened sur -igure a c S event the earance of cracks,
the post-grinding anﬁ%ﬁﬂﬁit@cﬂgﬁ_ t%?ngcéeﬁg%%e of é&%ﬁ%oé@% ?%té Iﬁ?g p%ést-grinding
anneal is carried out P AthOHAIERYERN SBRRLARL aFR] 9 Bigs E1Chingr L IOk WEXAMB'Bf tHe initial
substrate codfinues Wighnen etch of Mdretiriaimgthylaiomeniea(swgregdeFig@e etah. Thieportion may be

removed by chemicaketahing, plsoieal@EBwensichisg blorexavileppyndéhmeansafiae MAH
(tetramethylammonigmﬂw&roxide) wet etch. The remaining portion 313a may also be removed by means

of reactive ion etching. he oxide layer_312 is used as an etch-stop layer. After the etch, the layer
312 may be removed (step g@%,%f&%ﬁ@ %Xf)3 o%r gxlésrﬁglg gqﬂ _C&'gtggo%ﬁ’]%ﬁcﬁ@srg [’11% cg €ave a
transferred layer 315 1AY8pHAINHAH BE IEABPYRE (SEPP T TRe et G808 EXamBlReve i required, the

oxide layer 31?2 maydsoxdasiernveso as to leave a transferred layer 315 corresponding to at
least one part of the silicon layer 311. However, if required, the oxide
layer 312 may be preserved.

This implementation of the process of the invention is particularly
advantageous when the desired trim depth cannot be reached directly, in
20 one step, without risking damage to the assembly. This implementation
makes it possible in particular to avoid the problem of peel-off which,
during a deep trim in an assembly with a weak bond interface, causes
delamination of one of the two wafers in certain regions near the

periphery of the wafers and which may be termed “macro peel-off”.



This implementation of the process of the invention is particularly advantageous when the desired trim
depth cannot be reached directly, in 20 one step, without risking damage to the assembly. This
implementation makes it possible in particular to avoid the problem of peel-off which, during a deep trim in
an assembly with a weak bond interface, causes delan#mation of one of the two wafers in certain regions
near the periphery of the wafers and which may be termed "macro peel-off’. 16 8. Process
according to Claim 7, characterized in that it furthergnosg pg@mprises, after the bond-strengthening
annealing step or steps, a step of thinning the first wafer (110), the thinning being carried 5out by grinding
followed by etching of the first wafer. 9. Process according to Claim 8, characterized in that the

grinding is carried out using & whBtE%ERS wétk siPIE B vhith BSHMRBLUBRstRTIIFIERS having an
average size larger ttean Bndinigrafisstigafer (11Q). PracesortvrtingliOanyhereinftaralist 1 to 9,
characterized in thatwdesing 110§ hevidgstiangthenisgpansiesl editieal thiteidRIIdN teanperature of the

heterostructure is lower than 8GN o lef2FAERRE dFCRslingdmanyaer efsolpimsdl idrpfaracterized in
that, during the bond-st[ren&thenlngqanneal oibﬁnneali tpe temfer turer ma—_ug) IS ebtglou.t 1 Gmin.

12. Process accordir%a ra_ ?foame S taifg 1o ﬂn lflu%ﬁ%tgl;i 0 28R _tS Eﬁﬂ% 584 Before the
bonding of the two wTBe&!{19 05t 0 )CHBIASHZRY dkidEdhy BIS(1AF RS thebRithfg liefadbeof the first
wafer (110). btBdiRgostss autdrefing teaahyptoleasif @iaibsd-torédgitleaiagtanped|i®gin that it
comprises, before thahonadinguefiftedeaseis (hmidgQtep Fismuinsi aiingahsdaasling surface of at

least one of the two %%f%sge of the first wafer is at least partially reduced in thickness.

2. Process according to Claim 1, characterized in that, after said
at least one trimming step, the first wafer (110) has, in its trimmed
portion (1110), a thickness smaller than or equal to 55 pm.

3. Process according to either of Claims 1 and 2, characterized in
that said at least one bond-strengthening annealing step is carried out at
a temperature of about 160°C for a time of about 2 hours

4. Process according to Claim 1, characterized in that it comprises
first and second bond-strengthening annealing steps and first and second
trimming steps in which the first wafer is at least partially trimmed, and in
that the first trimming step is carried out after said first annealing step
and before said second annealing step, whereas the second trimming step
is carried out after said second annealing step.

5. Process according to Claim 4, characterized in that the second
bond-strengthening annealing step is carried out at a higher temperature
than the first bond-strengthening annealing step.

6. Process according to any one of Claims 1 to 5, characterized in
that the first wafer (110) is a silicon or SOI substrate.

7. Process according to any one of Claims 1 to 6, characterized in
that the second wafer (120) is a sapphire substrate.



14. Process according to any one of Claims 9 to 13, characterized in that, during grinding, the contact
force of the wheel on the first wafer is 30no greater than 222.5 newtons.
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8. Process according to Claim 7, characterized in that it
furthermore comprises, after the bond-strengthening annealing step or
steps, a step of thinning the first wafer (110), the thinning being carried

5 out by grinding followed by etching of the first wafer.

9. Process according to Claim 8, characterized in that the
grinding is carried out using a wheel the work surface of which comprises
abrasive particles having an average size larger than 6.7 microns.

10

10. Process according to any one of Claims 1 to 9, characterized
in that, during the bond-strengthening anneal or anneals, the boat-in
temperature of the heterostructure is lower than 80°C.

15 11. Process according to any one of Claims 1 to 9, characterized
in that, during the bond-strengthening anneal or anneals, the temperature
ramp-up is about 1 °C/min.

12. Process according to any one of Claims 1 to 11, characterized
20 in that it comprises, before the bonding of the two wafers (110, 120),
forming an oxide layer (114) on the bonding surface of the first wafer

(110).

13. Process according to any one of Claims 1 to 12, characterized
25 in that it comprises, before the bonding of the two wafers (110, 120), a
step of activating the bonding surface of at least one of the two wafers.

14. Process according to any one of Claims 9 to 13, characterized
in that, during grinding, the contact force of the wheel on the first wafer is
30 no greater than 222.5 newtons.





