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PROCESS FOR FABRI CATI NG A HETEROSTRUCTURE W TH

M NI M ZED STRESS Background of the invention 5

The present invention relates to the fabrication of

het erostructures forned by bonding a first wafer or

substrate to a second wafer or substrate, the first

waf er having a thermal expansion coefficient that is
| oner than the thermal expansion coefficient of the

second wafer. 10 Such heterostructures are
part i RROCESSUSAR FABRICATING ArHETERQSTRUCTURE WITH

opt oel ectroni cs. The i [ j icularly

applicable to the fabwggﬂg%g"ﬁet erostructures
(SCs standing for silicon-on-sapphire (Al 203)). Prior

Ar Badi@round of théiveRtiohhe assenbly of two wafers

having differen ermal expansi on coefficients, for
exanple different by at |east 10% or 20% at room

t enper at UThe ( 28r€sentor idvention anglatedsewguerthe pr fabeikatiog of

Cnbe Rt iR Rned i adidn BFF ot Bf st t8 second

st wafiyt resubsteateothe firatavafer daving adhewsal etpansion coefficient
bofl%’c% GREE E%ﬂﬁ“é?ﬁ%i -expansion coekER éf the second wafer.
il [us e be a

trates t avi our O eterostructure qurin

u . L
a DHFN- SeterpgiiueHIeRy aeheRartisularlyedisedt 1At raicroelectronics or
t eppeeidcifonicl THROIMVeABOR.is tHaetidigay @gbﬁ@ftﬂ@l t€ thei fabrication
u

for bondi ng a first waf.er .or . strate 10

coPf SOsePRGHBHuRs SRS EIRIES aTobtebh Spprre TR102).
structure to a sapphire second wafer or substrate 20.
As ﬁglo in Figure 1, the difference between the

thP

expansi on coefficient (TEC) of silicon, the
princi pal conponent of the SOT structure, and that of

sobohl SSiuiSge Ry SR ykeaiGersiidn syeett, e

L hERPaTSU GOBTRianTY ol exelud ehfrarest IROAY Iapst 0% foaeee at

éd roorn atrpberdtutd €2@°d)esr dﬁqim@ enhsubsequentqirocessing of the two
e e e A | . .

Cr S8l MR LR E TR bl TES W Rehflralive g ncreased,

apfraesampleoto sstrengghem thegbond i intarfacenin I’ﬁgeffiaSQt of a bond-

watekn apn@taﬁﬁégﬂ[sferred onto the second wafer) that

is too
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
corresponding to an SOI (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 < AlLO;
TEC) leads, during a heat treatment, to a deformation of the assembly
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
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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 assenbling a structure,

for exanple an SO 5 structure, onto a support wafer

or substrate such as a sapphire substrate. In this

case, the fabrication of the SOS heterostructure
conprises the direct wafer bonding or a fusion bonding

of amthéregulady shaped and dhahearsdpmartieularflead te the wafer edges
bo Qﬂﬁ%ﬁﬂ?"z'ng or bond-strengtheni ng anneal and a

thinni g of the SO_ structure to foarma silicon |a

t r ansf er ri@dhfiage i hetargsyHERIES BUGhAS ﬁosﬂﬁ%teffPﬁtﬂl%Wﬁs the

i Slal:bdelal gl |fa¥br¢@fté¢l elgly Cagserrrblihgﬂa?!‘.?ﬁaur@alﬂ@* exaniplé sdn  SOIL
| .Nndl.n S 0 re v e
S LB, ariB 4 cuAgIY el OF Substiate GHich “BiF someltissHbstrate.
st bp this cdsepithel fapricatibn nof He SOS deterostrogivde dompnises the
ot ahdts Sk Shonahy" B o MK IR 4 MEKAOSBIEYS e
ousanmrlegw@famm bomc-etebiigeghor dmmn:stmngtpamgu ganeal and a

;—E@éltﬁh:ﬂggrd’f’tﬂh@”s@f sereeandi toororlT 8RS NAbyEh Graf8@eredf onto the

St SR e AT oThe RAINBING ls oiabiFardied qﬂéﬂ%ﬂ%ﬁ%@?@' ndtnely a
tsEﬂns;t; gmn@ci'j;agls}ap of réh&)iwm; tmijst fqﬁnrthets‘uppof‘l} i;mtiwa;ee Ito_ﬁtthe SO1
¢ ostrRan Soled B .8 S0 shtl i ierTal, efting 8'fef'hs the
deomide rayeroof tie 5@ struatidney the aoxidahdaper iplayiinguhe rle of stop

ﬁ]%' a@ﬂéﬂﬁkbi"”et%ﬁ tibe |&é|§°rba$ﬂét§ aggt | ﬁ%g fd OfMmAH
the und obse

hire substrat er Is rved

\/\h@ﬁt@n’ﬁﬁ@dﬁn@?‘?@@@ gdraxigieded to the silicon Iayer.

Finally, Fs géﬁmnbn dfi mtrcmdﬁag g&@@sés@@trliee@di@é BERBbtrates,
1.S,..ad

of
prgéaip ag?%bﬁga\!%nmaﬁgleaad%?dpﬁ pé 3 the g(ageg of the silicon
delaget aadithe sdpphing substratenallowing rige veeti etghamnteainfilrate into

' St@ bPﬁEQn\t a%%rdt?ﬁr?@‘fﬁﬁmﬁrﬂﬂg lhﬁl‘fratlon further. we?kens the

ren enln I con

t hbemd aBdS@W;’ t@qu‘riﬁ@mat@h@f e StrUCture agnehayfn imEigure 2
objvpetes aOfdeIéhﬁnlaﬂMﬁrtSﬁ @ﬁé 'sfﬂlcbﬁ Slircged ?év%rt ﬁ@m the underlying

an%ﬂen § stigiets GEOPIB 7 G55 VRN "I P oLeeh Spo naphlisd to

fherﬁhcomlﬁager or substrate to a 35second wafer or

§”b3t rat &indife ! i BlguPas R9g8 1hAe Tl B ¥R Y Re ring
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.

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
second wafer or substrate, the first wafer having a thermal expansion
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coefficient that is |ower than the thermal expansion
coefficient of the second wafer, whilst l[imting the
debondi ng and t he appearance of defects at the

substrate edges, as described3above. For this purpose,
the present invention provides a process for 5
fabricating such a heterostructure in which, after the
bondi ng and before the bond-strengtheni ng anneal, the
first wafer is at least partially trimred. The

at coeffigenpahat i3 lewernthany the thesnval rexpanaipsr cegffigiapt of the

h f
t &&@gkﬁéﬁf{g}r\w{lﬁ' Iﬁl'ﬂﬁﬁé the debBEdin%ﬁér%tﬁ@a;@%a&&ﬁ%@@fjdefects

st@teg?e%-' SHigke ?Qgeﬁzésodesﬁgg%ﬁi@ O¥&t ween the 10

Lherﬁgh ?(?a%su?mt o0 fﬂh@kpgﬁgﬁn@ﬁn&dﬁﬂoﬁ;ﬂprm@ffa pt)rEQess for
e. e U

P rabrcHisg sudh donédiFosthictlee ' whitd, ! sRp tiohefila, ahf pefore
edde Mnd-hnfesgﬂb\enrrg armeal stherfirsbwater is at least padiallydiingned.
to one 'W@%”ﬁ&togaﬁtaltﬂ?ﬁnrﬂfr%eﬁfst f?#&? \!VB hll@ﬂs the

a single trimm out

fi PP abth!ﬁlgsessmf m% laties tq ibenerdusedt andh, ccansequentiy, the
t hiﬂé AR&de Wﬁ?%%}eﬂdﬁﬁﬁ@éﬂ@@é&%‘ due, t%&chgnf'hlﬁgyh@ BetHen the
éh@mi SOt e AR OF the b iatefs  bcredbbed T the
Acwmwl amm tthe arglizeity iofpthenring athatnisofo isb‘ge tgﬁgmgz—grgggferred
boreaidY BEH Rdod AEUR SRR RUELTRIRBRAC. Loy 7t and
second p akacoding rtomﬁaqlgnme@mtatmmnf te prosess pEthenvivention,
'Sa%lndriéﬁﬁﬁmﬂﬁ%ts't 'isycér'hbHTH%R a Er Which t ﬁ%ﬁ%ﬁﬁf@i‘ hé?!é‘ in its

t he out

ar
anHEaMedpatien, athi cgae%f g &{@goqfoe%ﬁ%éaﬁ%lgmstaea a smgle
mB%l%Stréh I‘M@llcbrﬂ'kamt@ @eﬁ%@}ﬁcameéafwt @t@tuierrﬂ:férature of
sal 1N e 1S 1 ementati on
enﬁ%?%sﬁ{cq% 0?3% BP? éﬁ%d thg? coul d not be
reached uQmog:lzag stcngarmther nmplgmentghioni ofiothe rprekessg of the
PefleRt; 6n°rtli1<ﬁj)l%%§hatqo %Bestﬁl%t%c?r%coad bong-s strengthemng

Becalise™ dof ctionint
st pRRANNgLSteps ﬂndef iS5t ameseqongt PartirhHmEIiRg é‘pepst mewhlch the

sefigf dvArends i riesst ﬁ@aﬂan? tARead. no th1§Qn’€rIE@meﬁfa\tiohe the first
cajried out at a

o SR e nearged e afoa bist Brngaling e, apd defere the

of sédond avezdiingnstep, pdiereadtiee bgcamplimating step thearried out
or SebE &Y 3Bcd BT HPBST cupstrate as Tirst vl er

and a sapbhis ri;amentation apablesoiimwaepihs 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
step may be carried out at a higher temperature than the first bond-
strengthening annealing step.

The process of the invention is partlcularly applicable to the
fabrication of an SOS structure. In this case, the process uses a silicon or
SOI substrate as first wafer and a sapphire substrate as second wafer.
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4 According to one aspect of the invention,

the process furthernore conprises, after the

bond- strengt heni ng annealing step or steps, a step of
thinning the first wafer, thegthinning being carried

out by grinding followed by etching of the first

wafer. The grinding is carried out 5 wusing a grinding
wheel the work surface of which conprises abrasive
particles having an average size larger than 6.7

m cr ons. According Wei rne f aspadie afr ithéi rigvertiagy,i rtengrocess

o St RIERE | SRS, %%X?%%?%b@-'s@%@@ars Aireitg Sep or
cotFSaPed) 5¥E€P of Hengingrdenfi sk %l'v dhe thisning heiegl carried out by
c ofpidifg ffélléW@@ b?sét&ﬁngaﬁftt'h@' A8t Qarad Q“h@'br*j}’rzcﬁﬁ&% &l out

srrallertan S|suse

ApBTRE At Irifglin i e P Wik Sirfeceost Jhigh | Gumpripes abrasive
bepartiskesihavirlg mveﬂagefsmeShrg@fthant&? lpsicignsnned whi | st

dur) nmgz'g??%'éé“ i & irkfidich Pide hue ol Bbibboabrasive

haRarkiglesnhaviag aaje averages sigel argeh4hare. 607 ninigrons ,gives icearse
I
O?ﬁrhdihﬁ éé)céﬁpé?éﬂ)ﬁc?f ifle a?fngﬁg’{q gﬁﬂg\?éq il heliBd E{Heﬁi comprising

t
oﬁ‘ﬁrgg'f’efp@ es vlna@rbgvaﬁagﬁglzetwl@bﬁlamﬁ % Ni@ensis used.

t he wheelThenApplizaht hat chaéerd td Biseugh Q@bﬁs’e %r"ﬁ’dln gdechuse it

ool 30" BhAt” oI chonchd aniied” PRt FUpITIABS ey risk of

raielamb‘atmmf tthe Wwafers wihairig agyihdirge Byxt@mmdihglmth abrasive

O P AR P MOEP 8 A B By BE a0l o

t HeMqvese argeéraraﬁuntc@ﬁma;@aak wjthiont reauiring theeapplicition of
Oftodﬁjréﬂt Raddresct fahteefomghﬁaﬂn@n tI‘Pé chhtact Férek V&Stp%ﬁmheel

ture and advant a I nventl on
eIt bt B G R S8 o e B2 %Iés@‘?WB}ﬂsoerthe other hand,
pausing shraller @beativee patiods, tdoerdspurdingoto, figé \gﬂmdmg VWY area

A0 TR R SRR A SR SRR b te

cr@@gses wdeeband ttbua $RIME rrnatﬂrlvaéslsetsaasmgamescmtact force of the
h%l@éélsbhu%ér irstunidter 3 rﬁ’cﬁ”é@rﬁerq% eché?as'ﬂﬁt the risk of

ei?‘mnem& Figure 2 1s a otograp
P8n of a silicon-on- sapphi re heterostructure
Figure 3 is a photograph show ng
.,,- | pss..and. ¢l orm.35cracks in a
. r'structure after grinding;

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:

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
cracks in a silicon-on-sapphire heterostructure after grinding;
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5 Figures 4A to 4H are schematic views

showi ng the fabrication of a heterostructure

i npl enmenting a process according to one enbodi nent of

the invention; Figure 5 is a &l ow diagram of the steps

i npl enented during 5the fabrication of the
heterostructure illustrated in Figures 4A to 4H ;

Figures 6A to 61 are schematic views showi ng the
fabrication of a heterostructure inplenenting a

process- accorigurap tA ahot Bel aneb csthematicofviews showing the

| oo _ ph : )

o Sareier e mAemuE iFgGerRtordftto on

f aB bealw% fthedaventioss ost ructure il lustrated in

Fi gun(rj_es- 6?\ tg Ghe 5%%02b§¥di? rea?ﬁ rdgftgeltost?ﬁ%"gﬁ Eémer;ted during

e n [ pCes . T

1 talEafior i i, BeFSstRictues WRERAEH in e Adrto 4H ;

het er ost r uct IEiggEefscﬁmm 63 iang salhematist/ia_.wmshmﬁag_ihbdal?rﬁ@tion

t X n cl.en

7905 o B BB 8 " ot

et @mpodipgntiaf thednvartiomplead t oget her using direct

waf er bondi TiglFe A1 PHOR' dibyien gif th@@fﬂﬁﬁsgimﬂé?ﬁbrﬁéd during
bon e wa are

anQdi et al or .adhesive™ b I Ng.. .The ers ar
g eﬁ'@r é’pr'(}até‘?rf ebﬁ'ﬁr Hgﬁﬁoﬁﬁiﬁt‘?@ 'HHM%C‘ dp iFiaues bAretes s,
particularly dianeters of 100 mm 150 nm 200 nmm or

: s ave al ready been

! s=whrch 1S then bonded to
the other wafer that acts as a support. These

componenthelbRdias bf e Brésert ifVErRtich SUBBIESHIE! |n §éneral, to
part of an electronic conponent or plural Y=y ]
i teoRbEicevioM 0f heberostuRiuses saaprisingak taast swerwafers having
COrtEtspetlt:tﬁ/eN tdﬁﬂ#entaﬂiérrfgarll |e§t|2§|ﬁ§ren icggfﬁgﬁntﬁ/gﬂ#l e_xaggﬁle, %;ii(i)con-
ener A | hven .
2O EBpetlre e ahaet)-aares e asaiTtig Sdetier Using
hi djreatewpéeratbondingondi arg/f atheraltypasofwbbhdiag, Fuuchf as anodic,
h f ; r
e i, bf Fesbe (IR, IR\ AeR SR Uederdg cptioF aha may
THEavehvaliRusodiametatsy eaptieuladyidiametess of i108bme), tRA st 200
ex@hvar 8ebnse, to SOS (silicon-on-sapphire)

e L e S G5t Tt i o B wrers

orwkighsisrifiee bongead & tige Sitherc wvafei eiatasctarasS&Tsupport. These

StedHipdHents are particularly elements forming all or part of an electronic
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
of wafers having different thermal expansion coefficients.

The invention is more particularly applicable, but not exclusively
so, to 505 (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.
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6 Het erostructures conprising a silicon |ayer
on a sapphire substrate have particul ar advant ages.
SCS structures enable the fabrication of
hi gh-frequency, | ow power-congunption devices.
Sapphire substrates furthernore di ssipate heat very
wel |, better than quartz 5substrates, for exanple.
Figures 4A to 4G and Figure 5 show a process for
fabricating an SOS heterostructure froma first or
initial dSidterodrustures Coowyisingl a siicomd layeppont avasapphire
of at 2 a(rﬁé\? . j e SRENBE e st
vva?%;@ﬁ% cﬂgr\{éi %%s 0 Sgna%rﬁﬁg&ét r%tgz? ulrge_ cour%?i selh hg%a t.he
si [90kiGAtionyRlr high-fregiiencyy iy rower casyBRtigtedeyices. Sapphire
si bitsstrates fotieemhopxi digsipateerhebt2veforwéelk ametier "Bfd Guartz
Si b%l n% PI aced between the |layer 111 and the
su%@ﬁ'@ §%30 %@ngl&ond wafer 120 is a sapphire wafer
(Fi gur e 4AjureBetfote 4Goant fFgures showta pedoess fdi0fabeicktieg an
se d [ NG ST
o oog, noRrGitndctthe fin 2 OO R Safrale f1OTopF and 2
coffAosd Suppartonaier efisubsteate (Basgd.ar|y an RCA cl ean
oo LAY v s B (28 R i i e, o
AnSESUT EPMPHSHS, 3L DUSOTHRYRT dddi Ghat SUBPIErbb also made of
Eressihrtdri,ca bo;iédimixmmlayhr 1a2p&RCéxym[ﬁiérmaﬂ% ggllﬁH%g)being placed
' wat er

cr%%%éeﬁﬁ@%é?g%nfﬁgaﬁigq%gﬂ?@ﬁ?g d by scrubbing in a
scr ubber . The second v@afend 26 ds asaphbire iwaferéégurehdh).
bondi ng f
120 ?@r%%y bohdifiq HE MECWERIZLY 1 Mo SEEARF ifer-120, the
s2honaiBgferiieer e mevabe prepredi (StepSl)aybis prepagition may
t hp%ﬁtitfngﬂvalrﬁiz{ft }rl% ammif@_m @@nﬁr@ﬁtiwlhhy ant gelt&!@éan f(namely
oxj,de | ayer .. or : , xi dation .o
CniSearibun bl JEF (HERrG RRRa BroT bl g55ioned 8 remove
ThparsigleSare Nyldracanbloas lead an SGAt(HOVdF@L HyQ)rbath desigthed to
| E%ﬂiov t@hé %OH%H%F\%E‘INS?; 5 EAR% %g ﬁ‘raﬂ'hgséf@ar{ Eﬁzg(jc;.i HEOz) or
(step ﬁ; e activatl o

even an’ ozone/water (Os3/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).

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
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,

reference may be made, for example, to the publication of Sanz-Velasco ef
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30 of the bonding surfaces of the substrates 110 and

120 may be carried out by exposing themto a plasm

based on oxygen, nitrogen, argon, etc. The equi pnent

used for this purpose nay be, 7anobngst ot her types,

equi pnent initially intended to carry out
capacitively-coupled RIE (reactive ion etching) or ICP

(i nductively-coupl ed plasma) RIE. For further details,
35reference may be made, for exanple, to the

puBli eatitlesh “&Oosartzanmra%a wafer7 bandinghusing: PXyges mplasma

t eﬂ"@ﬁfrﬁéhtf fh Weh@ived Rt ichéhets | \ih Oaﬁﬁthl'ﬁﬂﬁslﬁEuctively coupled
tre |nrﬁgct|v i on_ef cher

1 BSTR 6990t r e Hetshenernioal sontvor S0nalSs, Sts).
EI ect r ochEmaseablaSntdsemay firther@idrd, b@ Oébhtainélebye a magnetnc

Fi ORE vty %N i %\95?%%35 S HRbE 8Pt Fo BRé Silchfals"or the
t oreaoborsuhyewaEsofoMERmE (megneticallysgniancedereat tinERIE etching)

| I y-enhanced reactive ion etching)
eqw pﬁé’ié}ﬁ - The density of the plasnma nay

chosen t oledepsity ki plasmaningly heehefsm e low, medlum or
hi g@hd@ﬁs;myfd}lm ﬁlﬁensﬂe@ bishfzpct i ce, plasma activation

f the b h i cal .

ol ean SutnPECHcE bledme aafg o e tnc SRRk el icomngises 2

anpﬁ@icmeﬂhitﬁi—tleaﬁpﬁlch—man RGA cldasi(gameiyt the esrobimation of an
DS CBRART PASLSRUN B RedBn e d mole Oarti ) ang

fohvdr\marh@mearp@sa.n S@r (Hebk Hu@f,able0) dath pllesigned 56 oiemove

a ﬁ@%lﬁ@%@ﬁﬁb‘-}mhan% f?deWééPb?m xposure of Hi& SfiFfafds a plasma

y al so be inpl enent ed,

[ asma exposu eans
pa?%%fﬁ"‘éﬁﬁp @h&)’\é”@@ﬁ@m nants introduced during
eXposure Osudr anora Npostgplasmaateposnd ocleans SGlay also be

rolERerRREc Peidalifly o tefo@, eblmngB, Al pring
| nempcsmre:,bksacht aat rinsin@ vies water anid/ocaan Fbpaean,ooptionally
ﬁ%l%\/\fé‘&l”ﬁf E@'PchﬁJ%aI drymp HB&\%V@Ftl;h\é@é'c‘Péhr%f m%y be replaced

ace usl t rdat ment
t 0 Yﬁéw@w in é‘oﬁqfhbl?‘?f ethé*F treEeyesal $ignGiEanePRPOEtion ef these
I Nchwabfiesintdetail here for the sake of sinplicity.

25tnce prapared, e surf ace 118 L0SER S YRISH Yidlment is

well known to those skilled in the art and will not be described in further
detail here for the sake of simplicity.

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).

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
surfaces to be brought sufficiently close to each other so that a contact is
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| ayer 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 propagati on of a bonding
wave between the surfaces in @ontact (step S5, Figure
4C). 30As is well known per se, the principle of

di rect wafer bonding, or just direct bonding, is based
on direct contact between two surfaces - that is to

say .that no sp eC|f|c mat eri a| (adhesive, wax, braze,
et mit)atee eisaliya aparstiguer @ﬁ% hama dpwrnanasetres isi required.

nepe3Ridr Gasﬁeo rthé httrbeme Forced rictaeent thebeng lﬁuﬁa@é@ & ystrong

snpot h cont anmi nat i on-freg

SR AR PG eSRIng SuEra A, baRHae enERy by T Vap der
eaWaats forces betvneen dhe @bdrastori moldtulesi of tieetve surfaces to be
typ @édy a separation of |less than a few nanonetres

i's reqU| red. In this case, the attractive forces

bet ween tmordtng duthaduentios, befose@ Rorshetengthening anneal is
l‘l@? I‘ﬁ— AW firgtomaRs i9Yat! IESst ?rtﬁﬁ{e/ trimmed,
or ces Wg %

d%§0 gaY b anﬁu atr %g?'tlc%\gg g',xqji‘: F%ev?quf, gcated on the

I npetfrthe:m orbedige of Qh@qattﬂel’%tarﬁhekt@ﬁdlnggtrﬁdjﬂgﬁlalll 6r part of the

bR o 1o Pt ShathE 45 Py Dot "D A gm0 pied out.

annul ar phs shawndh Fidueref 4D sthankriraming i adrsiedooutt dreer a width

e ORIy a1 Sl RIS 1 o2
r eAod S00(mMediagisteritha midiid ofsthedirim isigengrally between 2 mm

ASaﬁ@qwrmrrﬂarEd Qkéf@ra‘lﬁf bteﬂ@eérr znﬁmrwqd 6 g ried out
over a w

th f the fi
Por var or e iigs AN g6 isred, By &85 aHnangISt e tmside of
wi thehfitsd wafer he0.t Theredge geindira iy e sareiad bulrmsmg:la IWinding

b pa
A B3 Bt AT AP TR B he
thmafcernatof\ﬂaeéayerlo The edge grinding may be carried

out usi nortRe @imfdh %W%@“iﬁdﬂﬂy fidras tbOéay @aﬁrﬁéﬁ'&t in at

of mechanically wearin mat eri al
| alpast WY@ stens, Y fel SBér §rag FEeP Canriesh OH’tsVQ"bS Qgse to the
captigedf thd waferadnd 3@et@rﬁ$tnﬁ1Wﬁn$E&ﬂScarﬁ@d&it& farther frfbm the

t n 0 PR e SUEELCR (L r i o g step carried ott

furt her flrwtharhoreddle dfim eay ihest'hylrddy .that is to say it may
comprise one or more first, entirely mechanical step(s) (grinding,
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, ailso called plasma
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 particuiar, for macropeeling and micropeeling of
the wafer edges, is/are limited.

During the trimming, the first wafer 110 is removed to a depth
Pd defined from a reference plane corresponding to the bond interface
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Furthernore, the trimmy be "hybrid", that is to say
it may conprise one or nore first, entirely nmechanica
step(s) (grinding, 25 abrasion, |lapping, etc.) for
limted trimm ng of the edge of the first wafer to a
predeterm ned depth followed by a second trinmng step
carried out using at |least partially non-nechanica
nmeans, that is to say neans that do not rely solely on

mechani cal rubbing on the wafer - such as cheni cal
et &ﬂrﬁgthea(:@aiacbl ang Wetwearc thadgherreak okide layar 114 and the

|
gﬁ Eghd(l:lﬁ% ra;é%e; 9208 qﬁﬁe efééﬂ& v?@‘%lif ;i'i'o? CW? dpth P! qHosen so
t hds E%E,%T'@Yergat 8 gﬂomﬂ f gt wafﬁﬁna#gor paré of he ithigkness of
angheokattet. BsERSeXRa e rgﬁwéﬂ Berd, *heafifr GebtArRd fsofhosen so that,

| S?;l:%?@eeld%egg@l%ﬁe sl wgfgr alq anrﬁhgre,p\/\% 3 ]ﬁﬂ%nﬂf r?g,reducecl

thﬁucﬂqnessfevalfmam&Oaﬁca- rtenoRiad. thccm)rdiagt bo 3fhied imkedntioag the
OReEe ChPIE STARE GONRESRYRNEL s, DiyaFin i smaler

t h@\aﬁapr Sauaé tpa§erumi below wh@hbtmdma;sw@ed@bo@dlag stress

h@ppﬁ%@catcthé%ﬁér &d§2 be i?@,téqﬂﬁ ﬁ’ﬁfcaﬁtl P(fﬁiﬁﬁdso as to

renpve, g jrst
Lheltr i RetmmgAtpetars th%”ah@;amgp@éﬂ@ GBRwarer 110,
he!rhe baritbiststiemgtesridd &ing svitdtes ealleza bbﬁtlwstﬁa thdriigg anneal

" el 570 ok -3 Rinelb o ABHR A 1Ptk ok %@PS@rﬁétment

otemf.zemmremﬁ aboutt HE0TDifok ree dignee off alhdug Animaurar This anneal

f I

Loy TR e, o Pl per

r@&@ G @vgﬂt&qi@amm@tone Aoty nafers dering the thinning
suqep{]l cantly redﬁce? 1tOAftfer tﬁot rimm ng and before
the thin t he .S er
St r engt NI the, doneistngtBeiiha tiegl, fhed BRI resmpsrgture
anofettile assesmblBHrmad dybbonidisg rafntdiehéist vwgpfanidal toi the second

d t; t t 016

{ onetf 130 ls Breforab ol tarTRBIC, Hire eRamBRt S0 Rifce the

apprsemiic i placed Hgtlwea@maémg yentthgtemaeraitirg samph, dhat is
150 sKotHRNSte @ﬂ@erﬁP@r\e@@ﬁeSn@tmtae& e &im él%tdr\%f the oven

1.nn

d
DTS heat o P eiriuea b (B astual Ropgisiienathini g anneal
t heenssesatdrey i§ oprefdrdhly babdung IBC/rhime fGonsitollimaf ethel 1Boat-in

t SIS el W e et B N 1 et e thgrma
anfiEeasEs gpphathta the assepdiwduriegraempalimg. that is to say
the rate9f f ?H’Eﬁ% o‘ﬂo Hf 91@1{ hé@r@%ﬁﬁ%ﬁ?&‘@&t rpfes with the thinning

ter%per ature o ven rrom
u

enper
e Hisaralar 196n80 stheerytirifergedningel cpér@ﬁmradm@ eto a
| spartishetabld/fiboiafed S/ftimed Cont rol 1ing the boat-in

ﬁggﬁggaﬁﬂ@epﬁnd#& % EﬁnggrgétuF rst]ryagp grﬁwff' ing away most of the

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
1000 mesh), and even more preferabiy larger than or equal to 31 microns
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25stresses applied to the assenbly during annealing.
The fabrication of the heterostructure continues wth
the thinning of the first wafer 110 so that a
transferred | ayer correspondifg to a portion of said
first wafer is formed. The thinning is carried out
firstly by grinding away nost of the 30 support 113
(step S8, Figure 4E). According to the invention, the
rlndlng is carried out using what is called a

"cor 00 greshai nhenrabsasiva opartigles imay e particuiady| diamond
unpacleR: B0 Wl Q‘aﬁgsﬁté@‘:ﬁ*ﬁvf%@é% 0P & Whicef od| sold by
o SEN-GRlRI EhmwraNg AbEsbRsclegionth BB, pf a 6.7 Aicron (or
pr 2060 ahésh) avaragetdian igr FB@EWV!f—IEEL Ermcsomﬂt( :38BB-11-306-

er er er
SoRanh SRR 1 2261630 SHAG B e aliri7626P5) 88048 13064
paPOLiSWJdezam(@Sﬂ -bMiv. aThy rafexencal ofa whdebanodisl sold by
Waga.ﬁf %ﬁ%l@&cﬁn&%ﬂﬁg a%?%@@ H%n%ncPPME%3 drsigh nﬁﬂd% fl% 325

arti

S Beshh AYPEe S HGEORBSRIWHEEL SJ5 < 2235P0.© FIE: 112328695

\ﬁvﬁ%ggjm {@Q{l@l)mlra@%z@@&%mﬂ1@@@%@%@%%7369 1/8.

17NE;§31 69014113064

POL| SH# 'i"é'ig By e No-water, asreankly i speurgd by the
nmoblatk fldledoﬂoméauppc_alﬁﬁn@stratmmol gsing sabhack 220dicmnmiiging a
Peplolet 28R uihetl e sBL0B:, LR secoh TR, 146188, Stof Gample,
X 3uctiod ot &) elgctreeiBbiz BysEDL.12UiNG Hoe gindBe, #xRzBack 220 may
1/ Be stla%oﬁ’drg,‘ %ﬂs‘ﬂeg '\Hﬁéélg bhf?st?’&at&%f %bo%%sﬁgbb%s 212.

i s secure Ol‘t SU

12BfterERtYely, theehu 252%@@% plsp ﬁetaée;ﬂb&ua appaxig agilgmwheel
{ 0256 buirg iiade 26 omte vRier. 120 using, for exanple,

sucti on r an ectrrost.aigl C S em. 'l n e . .

o arngThe BEnGinGCk' S3hE i B EeRing e Bkd Brinding, surface
whatl of lthei wheelt 21@ digabshtthiet exposed fate.110b of the first wafer

;ﬁfg@)ﬁ( Ie%ét%%l‘ié! %k‘ifhe wf}ge %r%l%‘ %%Oatﬂﬁ%vg g%ftlélc% ach? rﬁé’t‘éﬁ%l of the
nofirst mwafegrilfamay be efficienty r@movsgl witputh aving E@capw the

grwnéeugg%gtwfcﬁflsaﬂw %&éesgLveh?erafgee@intaétOf@ﬁél sbntthe assembly,
BOREng FEsk B the NG biidpl WIS o iAot el
oftrteha;rface or active grinding part of which comprises abrasive particles
having an average size of 6.7 microns (or 2000 mesh), the maximum
contact force is about 222.5 newtons (50 lbs). 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).

The grinding is stopped about 65 um 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
$9, Figure 4F) so as to strengthen the bond and stop infiltration of the wet
etchant into the bond interface during the second thinning step. Because a
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20 first wafer 110 may be efficiently renoved w t hout
having to apply the wheel 210 with an excessively

| arge contact force FA on the assenbly, reducing the

risk that the two bonded waferis will delam nate. For a
wheel the surface or active grinding part of which

conpri ses abrasive particles having an average size of
6.7 mcrons (or 2000 nesh), the maxi num 25 contact

force is about 222.5 newtons (50 |bs). This maxi num
cotnasse grinding gweel dsedsed ﬂurmaethaq@nadm,.thlesreu‘ealafng part

the1 AP BRERY %UP?Q&' Pi?ﬁas @Woﬁi%ﬁ?ﬁéhedf QirfaRa(F@lret #9) which

surface or .ac n a whi ch co
S HBES £ R o PRSP YR 8 2RBOEPES B ads, the post-
m g wma;(amea% liraiked totéh eermpartati® obbtiavderf 050% asd 170°C.

g Yot e e Fé?%@ Qo By aF Btk 30 minutes

saqaph#rt®wsipport substrate. At this stage of
the thi “ﬂ‘lcﬂﬂmnﬁ tof Ehet R\lt?a?%ulﬁgﬁrgfeegéﬂ‘ﬁw%%c@ﬁﬁ an etcgn of the

h |t
ga‘%%égln@ulpb%fgpllﬁ (Fﬁe@uﬁéoﬂf 19dig oT@ﬁrB@i@’Pﬁeﬁ"aY be
fﬂ?g% g?dclférﬁ@.al' @fdh'iﬁg a@l's@rt&médt\hg% ‘g@éhl ef(ﬁ'hﬁiﬁm ple, by
st %ﬁaﬂﬁagéa%ﬁ%@@@s‘ﬁ}vg@n dhade) wet B

dur| ng tTie gemaihimg,pdrtien rkiBai maygalsarlbe édaved Mheneans of

o Bt I eting, & coBHCE MRS ekl dr Ry ling. This

apglehingntechniqug de sll knewpota tbﬂﬁieuﬁkﬂ@daﬁhém are It will be
i l‘eﬁcbgéq ﬁ:ﬁ‘art?% tr?ﬁ%{ﬁé%ﬁf 8tchf isbe Wgﬁalgcﬁ%léﬁldet%ﬁ%at ipvolves

P oiBah SRS UTTEt NG 2 ChEmial reaction OFthe oMz Bag "k the
t hﬁjrfaljet mfaﬂheaub@l'r(ﬁtttﬁeq@yérl touss etidhell. Theettoimsalf thiegas react

poYV{ h&he%,;§ f&@ﬁé&\é@' ‘t(’) gﬁegﬁq%gfglr ?ghﬁggee)nsw {ﬂe%nes that is

c atdraaivadelby etmmmmgg dewrceexan'pl e, by 10neans of a TMAH

(te”a””ﬂﬁé‘lﬁk@:@gﬁ(ﬁ%‘ gﬁﬁ%’%@?‘ e%e teh-5 gga\éer After tﬁEeetch

remal ni ng

e PYEY L83 TERY ergTauesh(<5ap 152d, EIGIasi. dbe RKADY by HF
a Qéc\é([@étfd?i g adhiosleatied Q&ﬁsﬁ@i’éﬂ Gshrer B15vRblrels ng§ Qo at

kille h b Il ed t :
LORES: ey e Ar-ire SEh ot 11 | HBReVEE 2k Bulia! e onice
| nlmqéwae!sz nidy bepheservechonbar dnent and a chemi cal
{/\g?g | 8? ﬁotﬁ?ﬁumﬁlﬁbﬁ?@a@&f oﬁ"éh@ &Fﬁéesg.t“%ff n@%gp%nﬁ&‘? will now
r ebet degicrined hwi t@fﬁfereﬁcet ffe Figyeas &A waf €F anst chbguﬁea7 this
Voin%léﬂ'n%nfﬁyéﬂrﬁ I‘P)%%gfsdlﬁf@@nt' o rtﬁé‘@‘(:l%@cr"?decﬁ d%R}E' Y reEatlon to

devi ce. as.an

112
[ SaHTE A0 RGeSt gy G TN AGJIBETt Wafer and
r eﬂw@cdwc(-sﬂrengmﬂnng:amm afdTbott oarr@ﬁacml in thy dtepd:

corr esporfh g 50 Aty B OmpE DY aTish B 7l forsisting of

| agrerSQU struthuwre veampriiging eaysiliced, layére 3dti de a sypport1213 also

ey aR8 ¥ §R&INY & 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

second wafer 320 may be prepared (step 520) and activated using a
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Anot her inplenentation of the process of the invention
wll now 25 be described with reference to Figures 6A
to 61 and Figure 7, this inplenentation being
different to that described appve in relation to
Figure 4Ato 4H and Figure 5 in that the trinmm ng 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 SOT

st Plastnar ealgngiti (SterySal khetens theyasifagse B1dm of tepgilioon layer
31@1 P'o‘FQhéWﬁ \géfe?'jlmﬁg y e E(?\Vésr%di vgitrjﬁ Gech'eﬁmsr 0xdé lasyer 314
CHg BB ster o7 Thd Setvates usinc a Hasres Cspbent Lsied 523),

6Athese treatments being cBelaat eubandenghé ram@tenditiohd elescribed
ggg‘%g surface 320a of the 35second wafer 320 may be
ed

(step S20) and activated using a 12 plasm
t reat mentThes fiegt 30d )seabied emafemél@uamtaé‘éosamathﬂn tioaded by

bl‘grﬁ@g ki3 esrurl?a%% 9112{1 r@elf'%'é&fve\‘@d %liii%ﬂg”ﬁ%d@el)ager 314) in

St Eﬁl@g)coamftmh ¢ 6UrTace 4203 aprltanapRlyioat pressUrEdpene of

52ﬁ')e g?e%r%lﬁe% gﬁ‘ﬁtﬁbg\gdtaté 3101 fnréﬁbgﬁtbnugﬂgé fl:lid?ﬁllng wave
D e SHcES 3 fonRet B85 524, Fiawe SGAdea by

pI aci ng tTee &imfiacstadéed aisiieadirsb rémetingiistép thaiedxodein the

l% va"élfé? Pﬁﬁ dvat BB G8HRCL W(#elﬂp@ibﬁll \Agrt&ngf eqt?’c%gaedge of

ng pressure to ohe
astheo lrSﬁ |wafalt,eart aenyao pagion 3hl®of a r@du@edwgwiolm;@s e, remains

105gEMeBMMiA é@éﬁ% Flguﬁ?% CtTIi’éElﬂ@kt%%@ » eFloB4h8 annular

t tt
S Chartion:formgd iter this frat Fimde Prsfee S shaliob e, o bl 50

I dpm’,l thetaw avhilerpthickrdiss the mtbbndmgﬁi(‘)&s f%@@ﬁe@fgt tHieawafer edge
1 ONn O a reauce
f’%@ﬂﬁé%&s@ﬂﬂ@#}w %ijg?&‘trl mm ng (step S25, Figure
6D) The Aftgrckiis s fiest dfimrhimgarstapar a fﬂ'ssqoobmmdratrengthemng
f Oéﬁﬁéblﬁgts%épt(gﬂe% %26 Si (%}Hlé@l 'o\% pénﬁfa%ﬁ hé’ tﬁﬁ%lh@rof the first

PR aaasha%ggotamu ibeenacompletods shisetie Bei-aengthening
beaﬁm@ﬂﬁ caatd MutIr g6 qfAgderate temperdittify. THY serhpérdture of this

L BTReBl S8ag s b the FRAKGSL ELBE DETLAEP EBRIAR 2310 tha

of rarhangi afer the first trimming step. The smaller this thickness, the
higher the anneal temperature can be. This first annealing step may be
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
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
may be, in particular, smaller than or equal to 45 um, or even zero.
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20 wafer 310 has not yet been conpleted, this first

bond- strengt heni ng anneal is carried out at a noderate
tenperature. The tenperature of this first annea

depends on the thickness el of3the annular portion

3110 that remains after the first trimmng step. The
small er this thickness, the higher the annea

tenperature can be This first annealing step may be

25 carried out at tenmperature of between 180C and

200C and A secend .h@édcatrafath@ung Fmnealing stepirdthemeairied out

Th Estép | 828y, tﬂhﬁs féercéhdv\@ﬁﬁéalﬁmbo dtSp t RN HRRPh&d out at a

t d oyt t t i
LB Bttt b B ot v Bl 4o btpding
t hst(rtssessat)fthe hwafornetiges @ee t camsicdetablyt reducedcby he38econd

 ASHGRE 20 SHP et A8 g UM K BB out ot o
al tarapsraturerofsbetaveprh20@%C bpd (250°Ciarst for a time of between 30
bo%&bg%ﬂgwﬁghgg anneal , the second trimm ng step

be carried out to a S|gn|f| cant depth Pd2 w thout
ri Skl ng dHifestiand sreondsEmmning siepstmay kAR deecarged out by

t h@or&mi}du@r nisdhiahial 3HRmaid, ebyt @%cﬁmoﬂﬂnhfmgﬂmﬁ%y hybrld
BHWSrray be, in particular, smaller than or equal

- even zero. 13 A second
bond st r Ned: Hbei figt avafeal 310y is tlipned dohématcarwrarsfewad layer

(5588 3 DSRRA PSR R PR T, FREhfing i
anﬁwﬁd bewtaliestlyt e arienoig ewgysinosk o& shatsuppertndi 2r(step S29,
edBi@ﬁr@%F) Cﬁp%hé’%ﬁ@ WaVy eé’s”@égcrmédt %v%e%éd%nr@lng is carried

trinm n e On annea
L aPHt g wheE I%C@fiqﬁiéeﬁgpaw@”&rm@%ﬁ@weidg@ 4fgt Isstscsay a
anﬂméer the grimaingfsubitees racBie grimdires pandd ¥l bbwhich comprises

caresyort IS KRR oTEkRR sl Blp e Aygns (or 2000

gr awsh), preferﬂbkygatgertttnanmreqﬂlal t® 16rmiendnsy(or 1000 mesh), and
Neg{e refdrabRf I%F e"i*lfi‘la'nsmI Eh é]e(% §P r{d&?&ns"" or 500, mesh).

tran erreoﬂ) a er cor esp ond
TB@ Da-wiafers ars@ﬁrﬁ’ehr 'STﬁQC‘t"I@idnﬁVnth ?aébﬁlij%dOfoGlﬂe support

fls(mdtrsatéwm Img{@ ahask Mot compribRigs HPpREd 433123 desighed to
S29. Figure 6F escrlqed a

crecyfentndoSecond, sk 3207 M, SFory “Sekerlps SURB, o an
" celeckrostatjcisystieny Duvired tmélgnndlhgt theschicks$30 mayheebtationary

{ i B eSS oPite AR (@ HATRS. RREIatidn Ofhe chuck

rasive
Si ﬂ%0|raa\ge?ﬂsq tiefate. abqutoarb@§|5( 621,2U'¢&)WF@§||1)410 bemg made to
prﬁjtgfea@,l Xot.arger than or equal to 15 microns (or 1000

d eve

o SGHSS (Of e dare g{@iéﬁé P 1Bey cBr ke bt the hterial of
astenfisy wafes 8Ll by effidelthc keradvie] WfthbbEhé\lanthapply the

GcnbhEaTo R ) %ﬁ%@ﬁw@%@@%% Bngh fbrasiembly,

exeaduicng ﬁ"@cml@tha@rtharhweltmmdedsma‘ers:wﬁydelemmamar The grinding
oh 81d ¢ . Y

T8 Sl g HCHg B 000 s
A BeisiE@ievel y, the chuck 25 420 may al so rot ate about

an axis B@ﬂare the sehefl, d’}%@*lt@éi'rtﬁﬂ‘lrnﬁl?«jzigtéo}:?a[ uﬁng anneal
P hiavcbe S S Srepup r RS B aa e, et theg the bond

ef &nd iseop infiltretio efl thé tWwetudtchant intd tiee @ppﬁ)&ntdﬁ%c’ekmﬂfi ng the
410 with an excessively large contact force FA on the
assenbl y,
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30 reducing the risk that the two bonded wafers w ||
del am nate. The grinding is stopped about 120 pm from
the surface 320a of the sapphire support substrate.

Bef ore the second, chem cal ti{4 nning step, a
post-grinding anneal may be carried out (step 530,

Figure 6G so as to strengthen the bond 35and stop
infiltration of the wet etchant into the bond

interface during the 14 second thinning step. Because

a secandethinringlistep. esause @ anasee grinding wheeldgs iusad yiring the

t h§nﬁﬁ§§ d@r?;%ngﬂp?gce é?éa to'f‘?he‘? Hﬁeﬁﬁﬂ: 333%hdiaPwdrk-hardened

causes cracks

t oSufasea(Figuee Kk amiic h@‘bﬁ?ﬁeﬁﬁaéh% etoofapgﬁﬁ'b kd0 Pﬁeé’ent the
POaBpetrhnce BB cRS ahel ;§os|t4gmnﬁfrd_:1 ém@ll‘@matt@reeterﬁp@fature

B 5w P TR A S Bl o or

hotime. of between Biemiritesiand 4olfiodrise i nitial substrate

ggpte;)nggﬁnavpah ﬁ‘@ @Q,ﬁ-lé ﬁ]tlél'%%bgfrﬁ?é Eéﬁtﬂm%%%itﬁ%ﬁé&@ of the
ché&m@lalngetp@ﬁlilﬁﬂ'g 3ldas dsien! |S§d, gk &kr)ngThISOPOFtIOH may be
od By cHé?n'efﬁlae’e‘chm ,BalSA 16 alver @R di,afﬂwekamble by

2| g{?%)élédgérﬁ)widy ok by oot b Saeeh gt . e

Thﬁema(inmg bestion 312airmaysish be @metethbgtmeahsyéreactive ion
ét%rh';f%e etch, the layer 312 may be renoved (step
ure 61) for exanple by HF 15 deoxidation, so
as to | eHve oxider laper 812 dgl useg @s aTIlStQtloﬂDpslbmrdlAﬁ‘@rttbe etch,

BT 202 S e i S e b o
Th gom ApliihesA 86i tnlegiverhdranstrr CRUERRPNFANG o at

paretalst: bndr patt asfvend gme@waawesn hﬂomer e reguirede e oxide

%Y ?g reaéhed di re(gtly in 20 one step wi t hout
a C PEEIMEEG s senbl y. This inplenentation

rrak es it 'bhus $mpleenéntapam of the prodess av dhel inveatipnad particularly

of ' e . v bl .
t‘—:ﬁ@ﬂt V\g&i %@hgﬁ ? gggacrlgrggggfﬁ géﬁdéir%n lﬁé;{é%:%ﬁ@ n"éctly, in
of one stepoWithouk §15kiﬁgc@amaga toelficoassenaly. This lmplementatlon
pememaw pzfssabrte iNVaaRiSulah do VAU tRBYpreBidrRT e BecIiGre "hich,
pe f" 15
gunng 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”,
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CLAI M5 1. Process for fabricating a
heterostructure conprising a step of bonding a first
wafer (110) to a second wafer (120), the first wafer
(110) 5 having a thermal expppnsion coefficient that
is lower than the thermal expansion coefficient of the
second wafer (120), and at |east one

bond- strengt heni ng anneal ing step, characterized in
that the process conprises, after the bonding step and
before said at |east one b&ldIM$engt heni ng anneal i ng
step, at least one trimmng step in which the first

wafer (110) is 10at ast _partially trinmed. .
2. Procesk %F@Eﬁ%?qgéagﬂcﬁﬁ‘& A NeterashiucEyre, ¢onaprising a step of

t hbbndiﬁgitﬁﬁrﬁr;aﬁfeﬂ(litﬁawt ta Qé@o%d Wﬁétemgl ,i?'nle firee Wafes(110)
waf er. , in its tri rtion

¢ nhe¥ina 2 pHfAL e, cosiiFt Biassispjawerstan the thermal
3. expansiys coeftioledt g the ssicohdrwafer (l20)ysard abdeadt one bond-
o RENFE, enreclig et clafictp AT Rt the rocess comprises
t effier Shebendindapent and defersy saidi athieask oapdandstrengtsening
204nndAlingestEp, 2acieast Gik trimfding Bteb inORRICAGhETirgiodafd? (110) is
that, it conprises first and second bond-strengtheni ng
anﬁ%@ﬁ%@a@'@@}@”@mﬁ#i rst and second trinmming steps in
which the first wafer is at |east partially trimed,

d in that ' Lri i { [ [ ed t :
R é@i@bbﬁ”@@&a%ﬁ%h@?@%@& il said
andledgashgong epmmingr eiep, tthe Bestowafarr (hi)nbast p it85trimmed

apJRA Q410514 BicKREE SHAMEP thanBeebIA ¢ Tshm,

c
5." Process accordlng to alm 4, characterized in that
t he second bond-strengt hening annealing step is

carri ed @itPratess dicabding temudeaiof Chaikrizal ahtie, fdhaRdcterized in

bopd; strengt hepi ng ,anneal ing, step._ 30 . . 6. .
o DS AEIRET B8 BN AInEL B, agtpaling shem is Carried out at
chatemperatzesiof abautat60°6dorf artine whboul 2hoprs s a

silicon or SO substrate. 7. Process
according to any one of Claims 1 to 6, characterized

i n 35t hatt-tHiecegscansardiag & (airo}, ¢haracterpghin hat it comprises
sufgt laddesecond 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.
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16 8. Process according to Caim?7,
characterized in that it furthernore conprises, after
t he bond-strengtheni ng annealing step or steps, a step
of thinning the first wafer ({igt0), the thinning being
carried 5out by grinding followed by etching of the
first wafer. 9. Process according to Claima8
characterized in that the grinding is carried out
usi ng a wheel the work surface of which conprises
abrasive particles having an average size larger than

6.7 mcrafns. il O Sy a ' 0;/Nn ;
on of o IORSe, gcording o, TRRASY, PERRaptergel »ifhat i
t hglrﬁlﬁﬁﬂl%ﬁ r&IORIRES: Aiteiniea oBd-shignethening rnnsaling jsiep or
t esiepsAh Witep of thitfiltpties fisdtrwaferr(@10% ﬂh@V@ﬁnﬁiﬁgfbe&g&carried
1511% Proc.sstacorln .o an n% T aims 1 to 9,
chasby BrRdng Bliowad by il Pt e Tednudier engt heni ng
anneal or anneals, the tenperature ranp-up is about 1

C/ mn. L Precess.-acGor g : ;

of "l i -1 Process acsevingl A6 ERIRACEET EhdlictehiaBAY iPHhat the
coaprdisgds cpatast eut HeEnaenwhagl Be wakk swibaceeewhigmaamprises
128 rashverparfidled hadigth é@édﬁ?e GltAargth thi 60PRlérags.
surface of the first wafer {(110). 13.
Process according to any one of Clains 1 to 12,

g ha(r]I act eri(y eF&oééésradcbad!ingttocanvpoﬂi@ ef Cldlefsor &o heharacterized
0 0 e a_st .
ac \%EE?C{ n%"rtri#et %%ﬁ?é%%gm& ggbe?!eggta?ﬁﬁgrsofth?hQoat'm
t weenpedrature of the heterostructlute ilowsrdband@08t.di ng to any

one of Clainms 9 to 13, characterized in that, during

grinding, the contact force of the wheel on the first
wafer is JQJGrPJOE]@Séa@‘éTPW'HQr’FO’@ZB’. ene, efdaimns 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
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
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
no greater than 222.5 newtons.



