PREPARI NG A SURFACE OF A SAPPH RE SUBSTRATE FOR FABRI CATI NG
HETEROSTRUCTURES Technical field and prior art The present invention

rel at es twofatwisesi ng heterostructures formed by bondi rgTaP2008@6320DNE
substrate made of a sem conductor material such as silicon on a substrate
made of sapphire (A 203). The invention &pplies in particular to
fabricating silicon-on-sapphire (SOS) type structures. Heterostructures
conprising a layer of silicon on a sapphire substrate present particul ar
advant ages. SOS sPREERABING bn&BREAﬁEgﬁFf AcHBBREYREBecSUBSTRATDEDRORBdE t hat
present | ow energy consunptg gk chiAer s S Wéﬁgﬁég)strat es al so makes
it possible to achieve very good heat dissipation etter than that
obtained for exanple with silicon substrates. SOS structures were initially
made by epi tfm@r@im/ajgr@v@lrm aalctagyﬂropfalsg Lli ](c:]?n oln a sapghi re isubstrate
Nevert hel ess, that techni sdifficult to obtajn layers or
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t hermal exp ft a er_techni gue,

st ruct ures gtgézdér)rrm})df'O %y&gréls C}-{Péte& %}a%eh”a %Q} |caostn EENETS s%poﬁhlare
substrat e. I%P%Ha%mﬁmﬁﬁ@apméf&s%@@) of ’ﬁb@em‘ifamtbondap;gl(adsso

known as " diire@amafel1 Hond b Oicatfus) 4 o ng, s%é echni que
that e aobl es two substrates to be bonded toget her prow ng t ey pr_esent

surfacgls t hdtYRsr & FHFe19S plane ("nmirror polish"), and wi t hout using an
i nter medi at e adheritee dginiestwedeiomm@ticing Bondivag ick taApiicadd Yord R t 1 at ed
by | ocal

sapphire substrate present particular advantages. SOS

structures enable high frequency devices to be made that

present low energy consumption. The use of sapphire

15 substrates also makes it possible to achieve very good
heat dissipation, better than that obtained for example
with silicon substrates.

SOS structures were initially made by epitaxially
growing a layer of silicon on a sapphire substrate.

20 Nevertheless, with that technique, it is difficult to
obtain layers or films of silicon that present a low
density of crystal defects, given the large difference
between the lattice parameters and the coefficients of
thermal expansion of the two materials.

25 In another technique, SOS structures are made by
assembling a layer of silicon on a sapphire substrate.
In well-known manner, use is made of molecular bonding
(also known as "direct wafer bonding" or "fusion
bonding") which is a technique that enablesgs two

30 substrates to be bonded together providing they present
surfaces that are perfectly plane ("mirror polish"), and
without using an intermediate adhesive (glue, solder,
etc.). Bonding is typically initiated by local
application of a small amount of pressure to the two

35 substrates that have been put into intimate contact. A

bonding wave then propagates over the entire extent of

the substrate in a few seconds.



application of a small anmount of pressure to the two substrates that have
been put into intimate contact. A bonding wave then propagates over the
entire exyenlos7ge substrate in a few seconds .| n addiPCir@rzommesznzier to
enabl e good nol ecul ar bonding to be achi eved between the substrates, their
bondi ng faces need to present a very | ow!density of contaminants. These
contam nants, which may cone fromthe material itself or fromprior
treatment such as chem cal - mechani cal -polishing (CW) , are essentially of
particul ate, netalniaddidndror ganiar & gin. erGonsequent Inglétuiasc wel | known
to proceed wddniclean ng ofcrhg Rolishadpondi ngsufaces aofpeach of the

substrates. Wth sapphire, the cleaning generally consists in treating the
substrat e WRPHMhAET RELAMDPERFEHE G (e R t9p&i®urdhernore, in
order to obtairtdwandimg energysdeaioe i tno wuhst mate Scdi@t £ s

sufficient tq be able i.n .particular.to wthstand the subsequent steps of
pol i shi ﬁ% ctr%een‘i%aa eraltatlac%seelt%.O,r R \%ls%ztﬁeﬁté%e%ts éf t oget her in

this way aretsubject-etkdmiest] twedtsienty ki@ asame bmrctfmgi_aﬂe];}nfdﬁ gi ng
anneal or as,astabiddzi nganneal . %Q%%gl IS rally perforned at
hi gh terrperz)t ur es&%f ab'OtrIJlf&3 700 ‘8&(': ‘t‘%{%o . I\?e%vlﬁtqﬁel ess, wWith a

het erostructure IS IFBBAN nd ta 16 [Wldn kgt st ©mreedappti re

substrate, suchrdienpeyRAtiHeLaANHAG bpsed hegause it hediarge @id f erence
bet ween t he coefficients of thermal, expansion of silicon and of sapphire
(3.6x1 3%/ C HidG%on dHEFS 0B E S o 6&?1%)“9 9§ ex iy con
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that are usygld i%?;e%égfe%rt rgl ryh%r %6}19. tE%ee.bondi ng interface, high
t her ronmechani cal stresses arise in the-structure,

Furthermore, in order to obtain bonding energy

between the two substrates that is sufficient to be able
15 in particular to withstand the subsequent steps of

polishing, chemical attack, etc., the two substrates as

bonded together in this way are subjected to heat

treatment known as a bonding reinforcing anneal or as a

stabilizing anneal. The anneal is generally performed at
20 high temperatures of about 700°C to 800°C.

Nevertheless, with a heterostructure made by bonding
a silicon substrate on a sapphire substrate, such
temperatures cannot be used because of the large
difference between the coefficients of thermal expansion

25 of silicon and of sapphire (3.6x10-¢/°C for silicon and
5x10-¢/°C for sapphire). If a silicon heterostructure on
sapphire is raised after bonding to the temperatures that
are usually used for reinforcing the bonding interface,
high thermomechanical stresses arise in the structure,

30 thereby leading to the appearance and propagation of
cracks in the gilicon.

Consequently, in order to preserve the integrity of
the silicon, anneals for reinforcing the bonding
interface can be performed only at temperatures that are

35 relatively low (< 300°C) compared with those usually

used. This temperature limitation does not enable a high



thereby | eading to the appearance and propagation of cracks in the silicon.
Consequently, in order to preserve the integrity of the silicon, anneals
for rei nfwoebrgsrsse bonding interface can be perforned ®olrEPatseszper at ur es
that are relatively low {< 300 OC ) conpared with those usually used. This
tenperature limtation does not enable a3hi ghl evel of bonding energy to be
obt ai ned between the silicon substrate and the sapphire substrate. Mt hods
of bonding silicon-on-sapphire are described in the follow ng docunments: G
P . InthurnieGl pf oneing erenwy Walkerobtanided beorems, thBonded

Sept nber 15 0G5 Do e e e e et el

ept enber : : - 7; » 5, ; Takao Abe e

"Di sl ocati on-f reéqest'ikﬁfdc?or‘ij- F &y SRAF " BRI FhRRSCAG%RE Jpn.
J . Appl. Phys.the/dol33yimp.ddddeeifly: Kopperschmidt et al ., "Hi gh 3_0nd
ener gy d therno ni-cal, stre in _sili.con-pon- hi re wafer bonding",
Appl . Pf?ys. Lett.?'%%gg(a'z , hﬁlgn'zgfrz%' f%ffl%u%yﬁﬁﬁpl He iafW;éntl on One of
t he obj ect s Iof Rdiddasvemdnled s itlo gamedy- sdmpralioy evarents anetl _dravvbgcks by
Proposi ng a &ehHdon thatagnablgg 8 helerst rqctung, 1,0 e objaj ned by
bondi ng, on a sl?%%phi re sul%:gt{lr atpg?y anot he¢6qsubsé5t§r ate%av]i ng a coefficient of

t hermal expdisi 4M#°37% different fromthat of sapphire, and to do so
whi | e obt ai ni ng goas ondiingoaner gy between the substrates and while

limti t he appearance qf defects after _bondi.n d while limting
treat rrenl%%s after 'bgar?gﬁar?g. o $thi%s end, %%}é)cﬁrté?gﬁ%nﬁerﬁ/éﬂ]ijﬁ?rﬁﬂfboses a

met hod sapphire by wafer bonding", January 1994, Jpn. J. Appl.
Phys., Vol. 33, pp. 514-518;
Kopperschmidt et al., "High bond energy and

thermomechanical stress in silicon-on-sapphire wafer
15 bonding", Appl. Phys. Lett., 70(22), p. 2972, 1977.

Summary of the invention

One of the objects of the invention is to remedy the
above-mentioned drawbacks by proposing a solution that
20 enables a heterostructure to be obtained by bonding, on a
sapphire substrate, another substrate having a
coefficient of thermal expansion that is different from
that of sapphire, and to do so while obtaining good
bonding energy between the substrates and while limiting
25 the appearance of defects after bonding and while
limiting treatments after bonding.
To this end, the present invention proposes a method
of fabricating a heterostructure comprising at least a
first substrate made of sapphire and a second substrate
30 made of a material having a coefficient of thermal
expansion that is different from that of the first
substrate, the method including a step of molecular
bonding the second substrate on the first substrate made
of sapphire, in which method, prior to bonding the two
35 substrates together, a step is performed of stoving the
first substrate at a temperature lying in the range 100°C

to 500°C. When the stoving step is performed at a



of fabricating a heterostructure conprising at least a first substrate made
of sapphire and a second substrate nade of a material having a coefficient
of ther meWoerpaszs4on that |Is different fromthat of thePCirmPromwob0? at e,
the nethod including a step of nol ecul ar bonding the second substrate on
the first substrate made of sapphire, in%which nethod, prior to bonding the
two substrates together, a step is perforned of stoving the first substrate
at a tenperature lying In the range 100 0OC to 500 0C . \Wen the stovlng
step i s per flG¥RAY tuR enper®tiff e ©Bfe WOrOGon tdfe the ationind sthwep stovi ng
step is thenmdn lgasteasthoumddy (n)ln unexpected manner, and as expl ai ned
bel ow in detail, such stoving of the sapphire substrate prior to bonding

serves to i nprovesiGHHE Y yaHeen sty hP N iRt iRSLBf 4he bondi ng
conpar ed wi tdetzardi norerdoynedy Wit o dhepriOrs somang defbr 1ib an

aspect the invention, the stoving step is perfornmed at a tenperature of
abgut 2 O(I%,x?r{odpL naqn ue(r)ré‘zﬁsonmooflmébrool}?e > Wpr%lzflncpae{htoltkﬁg@‘easeﬁbeﬁ%gch}'}e

i nvention, tthe gqualiity off tte bondling cmbaredarittlc Warditte bondi ng
energy, My ot diiddiehsl dRAAY ah DY ACh! Wldiigd Nt dondi ng surface (s) of
one or both substrates by neans of plasna treatnent. To activate the

bondi ng surface df e I Qbsthaatiavifidd B ddppiteinhetsrasima i s used

at a mean peueffddenrsi bt hatenperieies aH WHRES A0t Gorealyda ibatt per
squarelcOenti ter (thcer). The plasna is also preferably a plasnma based on
oxygen.” "Acc rr%i é’ 0 “afiot her particul ar characteristic of the invention,

t he met hod furthén iamcltiees asprdayr dfo thendirgritied, wa sl ksialdtss dfoget her,

formng an exjde axel, on g p %%qj 1% SULF 388 %cor;[d}%gs %%()eqfdgys, u ?n%[yr e
further improved by activating the bonding surface(s) of
one or both substrates by means of plasma treatment.

15 To activate the bonding surface of the first
substrate made of sapphire, the plasma is used at a mean
power density that is preferably less than or equal to
1 watt per square centimeter (W/cm?). The plasma is also
preferably a plasma based on oxygen.

20 According to another particular characteristic of
the invention, the method further includes, prior to
bonding the two substrates together, forming an oxide
layer on the bonding surface of the second substrate.

Molecular bonding between the first and second
25 substrate is preferably performed at ambient temperature.
After the two substrates have been bonded together,
the method may further include a step of performing a
bonding stabilizing anneal at a temperature of less than
300°C. This limit on the temperature of the stabilizing

30 anneal serves to avoid excessive stresses arising in the
structure because of the difference between the
coefficients of thermal expansion of the two substrates.
In spite of temperature being limited in this way, the
stoving step of the invention makes it possible to obtain

35 good bonding energy.



Mol ecul ar bondi ng between the first and second substrate is preferably
performed at anbient tenperature. After the two substrates have been bonded
t oget her ,woheiwmsrssed nay further include a step of perf®@CriRrgo0/ob2nZi Ng
stabilizing anneal at a tenperature of |less than 3000C . This l[imt on the
tenperature of the stabilizing anneal sebves to avoid excessive stresses
arising in the structure because of the difference between the coefficients
of thermal expansion of the two substrates. In spite of tenperature being
limted in this e ﬁ&ﬂ?@ﬁ(ﬁubﬁfﬁﬂﬁﬁ)mﬁytﬂnaﬁannﬁnulﬁx‘d&kes it possible to
obtain good bandhiing.@nengy e Racad Subisldate: my 4 npartded.ar be
constituted by a layer of silicon or by a silicon-oni nsul ator a)
structure. BrieflaféseriFitilor oiuahe s gures Qther characteristics and
advant ages of the invention appear fromthe follow ng description of

articular il tati.ons of t i hvention given as nonlimting exanples,
\?\,ith ref%re@éﬂ%&%ﬁm gi n which: Figure 1gi s a chart
showi ng bondi ng érigragy areinses: cohitsdiined sasi aad‘xmrﬂa}gﬂs aft hmbM ][ he sapphire I
substrate syrface i p?téaar A t abi | zati on annea
t enper at ur e;LM(Fi gurléﬁlz%lr' arg%arr%t?ps ow%r?gqt%n&fnf%g’rctegr}%tl%é%gt%fs of ring

obt ai ned as P2Ttdhfetiesn 161 hameniedd opewert ddvesiimyesft itdme Fivasmesugeh f or
activating tiheniRardi Reasiyfcace waftH e rearpid & 5 Whst RS nEguLes 3A to 3F
are diagrammtic views showi ng the fabrication of a heterostructure by

i npl e i n§T&"MEod 16F MHE S nvention; Figure 4 is a flow chart of the
steps inplenmented Figure 1 is a chart showing bonding energy values

obtained as a function of how the sapphire substrate
surface is prepared and as a function of the
stabilization anneal temperature;

15 - Figure 2 is a chart showing the different lengths
of ring obtained as a function of the mean power density
of the plasma used for activating the bonding surface of
the sapphire substrate;

Figures 3A to 3F are diagrammatic views showing

20 the fabrication of a heterostructure by implementing a
method of the invention;

Figure 4 is a flow chart of the steps implemented
while fabricating the three-dimensional structure shown
in Figures 3A to 3F; and

25 - Figure 5A shows an SOS type heterostructure in
which the bonding surface of the sapphire support
substrate has been prepared in accordance with the prior
art, while Figure 5B shows an SOS type heterostructure
with the bonding surface of the sapphire support

30 substrate prepared in accordance with an implementation
of the method of the invention.

Detailed description of implementations of the invention

The present invention applies in general to
35 molecular bonding between a first substrate made of
sapphire and a second substrate made of some other

material that presents a different coefficient of thermal



while fabricating the three-dinensional structure shown in Figures 3A to
3F; and Figure 5A shows an SOS type heterostructure in which the bonding
surface oVoth®/sapEphire support substrate has been prepa&cedpeev9acizor dance
with the prior art, while Figure 5B shows an SCS type heterostructure with
t he bondi ng surface of the sapphire suppbrt substrate prepared in _
accordance with an inplementation of the method of the invention. Detailed
description of inplementations of the invention The present invention
applies in gefi@adiqn rlEtlaribam higbetmeei i fon stqsaist r at e made of

Sapphi re andydiecand substiala nde Of SO APIoBLENIAL; Lhal presents a

different coefficient of thermal expansion, su as in particufar: s! i con;
quartz, ger RFUMCLERE Rt el bfeRg 1R e hahay Eatoedficient of

t her mal expansiiarorgr eat@r ddhamAdhair ofnsil i con, such as GaAs or InP. As is

wel | kn initself, the principle of | ecul.ar bonding, also known as

di rect bondi ng, ?:\ss blassewelc;h BT g 0 SUrf s Tty 'd Eaecqfscont act, i.e.
wi t hout usi meplanulspedididiryondiley rrateni as (Gdhesi \kﬁmdéﬁmg, f&?sl df_v%rseclet c.).
Such an operati equi dhe GRS, fpr-handi t e sufficiently
snoot h, free(ﬁ%rpg%%g%]it{: es or acs;%’{\s{gm natﬁorn., agJ oa(gte’ slu’fe?‘! é’flgtn Cfuyt cl ose
t oget her t o Yialyl eborPadl ftig hendiing ataddr itadpi (Galtias iate .a whxst ance of | ess

than a few nanenst ers.c .Uﬂ.dersﬁqp@rﬁidﬁéi%i@}f% ';It%gﬁ%}%é/nesl{%a%ge%uset ween
Eggnéli :Jilgf?ccrg}og{ﬁeléﬁg gcé’f ?{éﬁé%ﬁ%‘ﬁgx %'?@@%&rog&al s forces)
i nvol vi ng elpeottrian dsnteer actritemibetties)) atreg: b uEaulaemfly ke daw
surfaces foﬁxﬂﬂﬂﬁkﬂﬂt&PQﬁﬂﬁ&ﬂg contact to be initiated, typically at
a distance of less than a few nanometers. Under such
circumstances, attractive forces between the two surfaces

15 are high enough to cause molecular bonding to occur
(bonding induced by all of the attractive forces (Van Der
Waals forces) involving electron interaction between
atoms or molecules of the two surfaces for bonding
together) .

20 Nevertheless, when bonding a sapphire substrate with
another substrate having a coefficient of expansion that
is different from that of sapphire, the temperature of
the reinforcing or stabilizing anneal must be limited
(less than 300°C) in order to avoid cracks appearing and

25 developing in the substrate bonded on the sapphire.
Consequently, the bonding surfaces of the two substrates
need to be prepared as well as possible for enhancing
molecular bonding and obtaining high bonding energy.

As explained above, the sapphire substrate is

30 cleaned after its bonding surface has been polished,
which is generally performed by CMP, a polishing or
planarizing technique that is well known and that makes
use of fabric associated with a polishing solution
containing both an agent that is suitable for attacking

35 the surface of the layer chemically (e.g. NH,OH) and
abrasive particles suitable for attacking said surface

mechanically (e.g. particles of silica).



Nevert hel ess, when bonding a sapphire substrate with another substrate

havi ng a coefficient of expansion that is different fromthat of sapphire,
t he t enpeweat2oriseds2t he rei nforcing or stabilizing annealPCriEPRONM6I202 t ed
(less than 300 OC ) in order to avoid cracks appearing and devel oping in
the substrate bonded on the sapphire. Cofsequently, the bonding surfaces of
the two substrates need to be prepared as well as possible for enhancing
mol ecul ar bondi ng and obt ai ni ng hi gh bondi ng energy, As explained above,

t he sapphire substiatonding eapebhed taf the Pomdiing surdsoeattmsi been

pol i shed, leéifhll%/ %Qﬂ?f@édéﬁ pes frarAmed 4y VR @ P ishing, Q&hﬁ%m@e{y zi ng

t echni que tg? s well known and that nmakes use of fabric associated with a
ut

polishing s iUt WEIH dhi ST BEH%n agent that is suitable for attacking
the surface of thedeyarelahan cald el iarNUA) anteahrasine: paé\iérﬂ' es

sui tabl e. for .attackin d surf.ace chani ca articles

silica) E‘Sl'he vbhondl%ﬁqg ssgd clereofS k?‘lse $h rflsi' é’rﬁﬁ%ﬁé‘it% a[FSLYéﬂ Yy tglfbj ected
to RCA type mmm;amilaemlwg:qmlmibam;atbze drold cmembhiyres crulidyi meg-e
Neverthel ess,, 1 Re APRLILAN, Qae%xﬂt{%ert‘&%gc 1ur%Vaeﬂégh | Coﬁﬁsﬁbstrar{ on a

substrate is prepared in that way, the

sapphi re subist Rardicad agi v | 89t @%&ﬁiltt&g q%ﬁe%%mmm actory,
| eadi ng in pantice arcd arre Ndghdansi tor Qaf defectss ddhtdhddd i 4:0 the

forrratl of ,a rin a non-hon zone the margi ns of, the wafers) that

is wi de1 and tlhrer&ifg%(" a?rfn thﬁmvf?%r?disﬂ “Bﬁ% &G ddinPIURE -Appl i cant

has found t lzatd §Iom/|bmg1d3m@ ﬁmhyyre substrate prior to bonding enables the

quality of the r«gﬁll.élxﬁ] : q:gle %ptg)ell%aglry fﬂac‘sanft u¥1d MRI.Q vedC co%ar ed with
ou

bondi ng perforne
the sapphire substrate prior to bonding enables the

quality of the resulting bonding to be significantly
15 improved compared with bonding performed without such
stoving. Figure 1 shows the bonding energy levels
obtained as a function of various different preparations
of the bonding surface when fabricating heterostructures
of the silicon-on-sapphire (S0S) type. It can be seen
20 that the bonding energy is greater when the sapphire
substrate has previously been subjected to stoving at
200°C for 2 h prior to cleaning and scrubbing (columns
C), compared with RCA cleaning on its own (columns A), or
with RCA cleaning followed by scrubbing (column B), and
25 that this applies regardless of the stabilizing anneal
temperature (lying in the range ambient temperature to
200°C) .
The Applicant has also measured the density of
defects (for defects of size lying firstly in the range
30 100 micrometers (um) to 500 um, and secondly in the range
5 pm to 100 um) on a first SOS type heterostructure for
which fabrication included cleaning and scrubbing the
sapphire substrate, bonding a silicon substrate on the
sapphire substrate, a stabilizing anneal of the bonding,
35 and thinning of the gilicon substrate by mechanical
polishing (grinding) and chemical etching (TMAH), and on

a second SOS type heterostructure for which fabrication



stoving. Figure 1 shows the bonding energy Ievels obtained as a function of
various different preparations of the bonding surface when fabricating

het er ost rwotoreas7sse t he silicon-on-sapphire (SOS) type. PCU/EPasoloes2ezen t hat
the bonding energy is greater when the sapphire substrate has previously
been subjected to stoving at 200 OC for & h prior to cleaning and scr ubbi ng
(colums C) , conpared with RCA cleaning on its own (colums A) , or with
RCA cl eaning followed by scrubbing (colum B ) , and that this applies
regardl ess offidlhlet @il i rgrarmtes tusgpkrfaturdhd |§b§mag i n the range

. : _ Appl has, 859, 1t t
ambi ent "t emaratiurs .0 00 Qe ARDILE Nk o A S BASWIAL, Le.

density of defects (for defects of size lying f
mi cronet er s {HAHYS & B0 G FRANL Lih & WRSIGTRAS) i%h%éﬁ%&fe 5 nmto 100 nm) on

a first SOSHetpe dwetrerasidalgingsefad micré;:écaiord&gﬁtiitqn ﬂn’asdb%%dttcézﬁanit Rg
and scr ubbi t he sapphire _substrate ndi a silicon su rate on e
sapphi rggosug%t rfgjtre?, as Satﬁqaﬂgi%{gatmgﬂ%eo eg}?eltﬁ’pﬁjdiei‘?g?ntfr?g YhiTiifi ng of
the silicon fSulsst tette s tecianical Ipold(kiﬁmg)r(,grtlmﬁlsmg:)om?d C\r/]vﬁm ﬁal
etching (TMA:ornd m 4 t I I,C

fabri cati oni nctletfded éllglhgf]‘est he stng% f%%? ;Ece?}?%{ ﬁgdtrﬁi%stgeﬁfgtcgruc?sstlrta{ct ure

t oget her wi t#an taddisthiegiad pardPrhsreg @onst @f wdovive isagilsivre Substrat e.

The second hefer esly WEkUIRP RS el G ondelertvidensiHy dikatle was ten or nore
tinmes Ilﬁq‘r?than the density presented by the first heterostructure. In

addi ti on, tHESECTHd Wét & ostructure presented ring type margin
def ect uosity (nomhet saesf erfr ed opemigphereals apphd ras sshewraite Fingure 2 ) that

was divided Jhy. Lo compared (it h (Re Gifst hetergstructyre. The step of
stoving the sapphire substrate in
temperature lying in the range 100°C to 500°C. The
duration of the stoving is a function of its temperature.
15 It lies between several minutes and several hours
depending on the temperature used. For stoving at the
lowest temperature, i.e. 100°C, stoving is performed for
a duration of at least 1 h, and preferably over a
duration lying in the range 4 h to 5 h. For a
20 temperature of 200°C, the duration of the stoving is
about 2 h. At 500°C, the duration of the stoving lies in
the range a few minutes to one hour. Consequently, the
higher the stoving temperature, the shorter its duration.

The stoving is performed in air or in an inert gas

25 such as nitrogen or argon at normal pressure (i.e.
atmospheric pressure).

The stoving of the invention serves to eliminate
contamination of organic origin in a manner that is much
more effective than when using chemical cleaning of the

30 RCA type.

This stoving step also presents the advantage of not
modifying the surface state of the sapphire, i.e. of not
creating additional atomic steps ("miscut"). Contrary to
heat treatment performed at high temperature, stoving in

35 accordance with the invention does not modify the local

surface of the sapphire wafer.



accordance with the invention is perforned at a tenperature lying in the
range 100 OC to 500 OC . The duration of the stoving is a function of its

t enper at Wwe.2010/05784es bet ween several m nutes and sever alPChiare@9gerzendi ng on
the tenperature used. For stoving at the | owest tenperature, i.e. 100 0OC,
stoving is performed for a duration of a? least 1 h , and preferably over a
duration lying in the range 4 h to 5 h . For a tenperature of 200 0C, the
duration of the stoving is about 2 h . At 500 0OC, the duration of the
stoving lies in A%ArEHgy &9 eénaihnn esaartoref Hoaw . irGmsequenttihe the

hi gher the sfuiing (EMEIAHYR A1 SROTLEHAAS dUrAt 19 pHRSIPVing is
performed in air or in an inert gas such as _nitrogen or argon _at™ nor mal

pressure (i SESTEosHRen rdd§h eypromss oAGig et itke SO etiEmSer ves
to elim nat sw@dcis)atdfonmef df gL QIbGirkdds dyaMels td@ta i d84ch more
effecti ve tt%arréav\@n%n using chemnical cleaning of the RCA type. This stoving
step al so preser%ttsn[th‘e advant age of not nodifying the surface state of the
sapphire, i.e. ofAlndtougheatdtigyadddirt ionall sstmenmitoresttept] "ird switl") . Contrary

to heat treatigpt f.Qr: ¥ r Vi rdance with
t he i nvention does%%tﬂ%%ﬁlt@e%%%gﬁ%@ gg{e?hg%ap?&ﬁla%
waf er . Accor diRGaUd gnSomeli ngspédre FPrlieanivéms sietarrd lity of the

bondi ng, anddn@iRadnisC Wl shik@ ReRAtAGENargYsh iGN R ikt RRmdimRy oved by
activatinhg the bondi n?)ﬁ) urface (s) of .one.or both substrates by neans of a

pl asma 1 eatHEREY. 14 RS VS Iy Piadiy &O9& i¥Hfel | known
for reinfor cangilmocdifeg temerigy .when perform ng nol ecul ar bondi ng, the

Appl i cant has de%%ﬁgtn%gsts shown in Figure 2 have shown that the
value of the mean power density of the plasma has an
influence on the size of the ring (non-bonded zone at the

15 margins of the substrates) and on post-bonding
defectuosity. The Applicant has found that in order to
obtain good activation of the sapphire bonding surface
while avoiding surface degradation that could lead to
ring type margin defectuosity (non-transferred peripheral

20 zone), the mean power density of the plasma needs to be
limited to about 1 W/cm?. This limit on the plasma power
density for optimizing bonding is unexpected in that as a
general rule the power density of the plasma i1s not
limited to such a value when it is desired to maximize

25 activation of the bonding surfaces.

The bonding surface of the sapphire substrate and/or
of the other substrate may be exposed to plasma based on
oxygen, nitrogen, argon, etc. Nevertheless, for
molecular bonding of a sapphire substrate, it is

30 preferable to use a plasma based on oxygen, since that
makes it possible to obtain a bonding energy that is
greater and with a density of defects that is smaller in
comparison with a plasma based on nitrogen, for example.

The other parameters or conditions for plasma

35 generation are those generally used by the person skilled
in the art. By way of example, the plasma based on
oxygen may be generated in equipment originally provided



conditions for such treatnent in which opti num bondi ng energy i s obtained
while limting any edge | oss type margi n defectuosity. Thus, tests shown in
Fi gure 2 weowvelwisossn t hat the val ue of the nean power deR€TiBP2@P/0652e2 pl asma
has an influence on the size of the ri ng@ﬁ non- bonded zone at the margins of
t he substrates) and on post-bondi ng def uosity. The Applicant has found
that in order to obtain good activation of the sapphire bonding surface

whi | e avoi ding surface degradation that could lead to ring type nmargin

def ect uosi t f tharer hqranste mesd perd piasy @itGome) (REHe widdh qeoserl tdersity of

the plasma ltrg; b d IyAdSad iR abaulowk N B {BHS. |imt on the plasm
power density sqpt| m zi ng bondi ng i.s unexpected in that as a general
rule the povver den 912 & YRR G GHotCITRAEE 7@ uch a val ue when it

i s desired tradimdrdzerast | (\wat) cmnﬁfcd he: hondingnestiriaces. (MHw ;bondi ng
surface ff t he sapphl e substrate arﬁd/ or, of {he ot er. substrgte maésbe

exposed to plasm béjéffé{cfn& xesfg":'élr{e ééen Ozaigagn Y&Pe. 1Re V8Pt hER for
nol ecul ar béridimig lgfter sapyilin® substOlatrdonnt; i s preferable to use a plasm

based on oxygen, .sidicg, thate maKesd pgége@qﬁa‘io by 3l QtQPPQEQ' RApERer gy

that is greater an with a density of cts that is sma i n conparison
With a pl asfeBdSergF Ml Gyt s destanple@d The ot her paraneters or

condi tions for pl amwg}@dgm@ar@ﬂéﬁ%ﬂr@ew alley rased by e prIsson
skille n thz art. By way of exanple, the plasma based on oxygen nay be
q

generated | o PNt -or | ginally providedfor performng reactive ion
etching (RIE) w mrmpaqxiupn@m:ommlum@g aan ¢ tudghetrlie fodldsoms, ngrcondi tions

substrat e SUppAI GG REMAELA Q1Rciddo /Al JBBL R ce At 1356

megahertz (
(ECR) type source or with a Helicon type source can also

be used.

15 The table below shows the roughness and the contact
angle measured at the surfaces of sapphire substrates and
of silicon substrates.

Surface RMS surface roughness
preparation {(nm) Contact angle (°)
21,0, Si al,0, Si
None 0.18 ~ 0.15 > 20 > 10
RCA
cleaning 0.18 0.12 6 < 2
RCA
cleaning + 0.2 0.12 2 < 2
0, plasma

20 It can be seen that when the sapphire substrate has
been treated with a plasma based on oxygen, its surface
presents a contact angle of 2°. When the sapphire
surface has not been treated or has been subjected only
to RCA cleaning, the contact angle is respectively

25 greater than 20° or equal to 6°. However, when it is
degsired to perform hydrophilic molecular bonding, i.e.

the type of bonding that is in the most widespread use in



wor ki ng pressure for the O2 gas lying in the range 20 millitorr (mlorr) to
100 mlorr; flow rate of the Q2 gas equal to 75 standard cubic centineters
per m nutwoQeemaisys42zand pl asma exposure time |ying in thecrargeoDes2eEconds
(s) to 60 s . Qther equipnment using an atnospheric plasna, or indeed

provided with an el ectron cyclotron resddance (ECR) type source or with a
Hel i con type source can al so be used. The tabl e bel ow shows the roughness

and the contact angle neasured at the surfaces of sapphire substrates and
of silicon sbstGated-iInswatde S¥En ttrthndhlarow heclsapphidiesubstrate has

been treat edsiddrs Hlasi® Hased o W YG8hadd Suird age 1 an &eontact
angl e of 2. rﬂ\év]yef{}é he sapphire surface has naot bergdr?treat eﬁ?ﬂ%as een

subj ected o ROA T I'EA P0G KPR lactV ndite i1 aleispectt vel y greater
than 20 or egualirdgp 6. However, when it is desired to perform hydrophilic

nol ecul bondi n i.e. the e.of _bondi that is in the nost w despread
use insliieon- ongjltnsmlﬂyata&r%( )Ok}see&vneéfotg%t Rﬁbe t?dﬁ’(ﬁeﬁ]gﬂ?tﬁefciéélsasr%d to

present a comeadmentgloed dfhd gégwertiamrs ddes oraters itgnifaveargdod control over
the quality solc.hondi Nhe AddiBedl S b Phser¥ad.d hal, e oxygen- based

pl asma treatnment of the invention does not significantly increase the

roughness of t he Ne¥spHiled asiwrf fedr iNGFémch @l &t eriosmiusdtineg & the
het er ost r uctiwf@rfi drha J MeRNticRt i el doesidinet o hQISiING hioply 1 i c

bondi ng. The_ bondi nmay equal | y wel Iﬁ}ag h glré((gﬁ;g)og g}l Furt her nor e,
mol eculdr  bond ﬁ)é’n%gf\ﬁeéﬁyt e a e (A 9’% B Ssapphire and t he
second substrat eFurthermore, molecular bonding between the first
substrate made of sapphire and the second substrate
having a coefficient of thermal expansion different from
that of the first substrate is preferably performed at
15 ambient temperature, i.e. at room temperature without
using means for heating the substrate during bonding (a
temperature generally of about 20°C and that can vary
(£10°C) depending on the temperature of the room).
There follows a description with reference to
20 Figures 3A to 3F and 4 of a method of fabricating an SO0S
type heterostructure from a first substrate or initial
substrate 110 (Top) and a second substrate or support
substrate 120 (Base).
As shown in Figure 3B, the initial substrate 110 is
25 constituted by an SOI type structure comprising a silicon
layer 111 on a support 113 that is also made of silicon,
with a buried oxide layer 112, e.g. made of S$i0,, being
disposed between the layer 111 and the support 113.
The first substrate or initial substrate may also be
30 constituted by a simple silicon wafer optionally
including an oxide layer on its bonding surface.
The support substrate 120 is constituted by a
sapphire wafer (Figure 3A).
Before proceeding with bonding the initial substrate
35 110 on the support substrate 120, the bonding surface
120a of the sapphire support substrate, which surface has
previously been polished, typically by CMP, is itself



having a coefficient of thermal expansion different fromthat of the first
substrate is preferably performed at anbient tenperature, i.e. at room

t enper at LIWO 20i0idsze42 usi ng neans for heating the substrareTdreémageizondi ng (a
tenperature generally of about 200C and that can vary (10 0C ) depending on
the tenperature of the roon) . There follws a description with reference
to Figures 3Ato 3F and 4 of a nethod of fabricating an SOCS type

het erostructure froma first substrate or initial substrate 110 (Top) and a
second substi%aRRIRd supgbracsusneR ¢Vl YBase)ventAsmshovire iseddigure 3B,

the initial subsbile bl s SORMIL ad DY ARBO JUPSSIIAICIING: o

conprising a silicon layer 111 on a support_ I's also ma
silicon, wtHAPGF iHd DEFTRIHIraArY, DG C dde %@’5811@3 Yeidhg: di sposed
bet ween t he d@@“ sl amds trrt@ts:mei takslolsﬂe Eﬂl&s fdoesti rephsdade jor initial

substr at onsti.tute eS|I on waf.er otlonally
i ncl udi n% g?d%’ll & a:rygtr Sir PSS Gﬁccu HAPpdT t I@L?dsrirajte 120
i s constitutetssyta Gapite r]:@nmm S(d@ﬂﬁgmee cﬁ‘A)the Beimﬂ*e.m codedingap t h
bondi ng the it} SHRIIRHEL nbhQ QR LN SRl \,{ﬁﬁ%ﬁt q: e bonding

surface 120a of the sapphire support substra Surface has
previ ously Ge@Ragamcshed, dafsicéa1y by CVP, is itsel fprepared. In

accordance with tihe I%Vﬁl&igoré,uﬂff&es@mofﬂﬂee st @ k2 dag Subjected to
stovin rtb§lrrred i.n th| Lexa e at ate erat.ure of 200 OC for a period
(ste

of 2 h itGné 9y ($&8Pesd)n pdtS cular to
elimnate cmtaml@@mnslgofmamyr @:@nlp@rcfrdr@eai pire pentt ief 1tshe yomdiang surface of

t he sapphire syl ?tnézat(‘i g her %%lﬁ?x@aﬂ%i n%frr%I %%lélhar b%r&qi Q%{H‘Q@h[ e limting
t he appearance o

H,0,, H,0) sultabWe for removing particles and

hydrocarbons, and a bath of SC2 (HCl, H,0,, H,0) suitable

15 for removing metallic contaminants), cleaning of the
"Caro's" or "Piranhaclean" type (H,S0,:H,0,), or indeed
cleaning with an ozone/water (0,/H,0) solution.

In order to further decrease the bonding energy, the
surface 120a of the substrate 120 can be activated by

20 plasma treatment (step S3). The surface 120a is
preferably exposed to an oxygen-based plasma with a mean
power density that does not exceed 1 W/cm?. The other
conditions of the plasma treatment may correspond to
those described above.

25 The surface 1llla of the silicon layer 111 of the
initial substrate 110 may be covered in a thermal oxide
layer 114, e.g. formed by oxidizing the surface of the
substrate (Figure 3C, step S4).

The surface 1lla of the initial substrate 110

30 optionally covered in another oxide layer, may also be
activated by plasma treatment (step S$5). Since this is a
silicon surface, it may be exposed to a standard plasma,
i.e. a plasma based on oxygen, nitrogen, argon, etc.,
with power density that is not limited to 1 W/cm?.

35 Activating a silicon bonding surface is well known to the
person skilled in the art and is not described in greater

detail for reasons of simplification.



The bondi ng surface of the sapphire substrate 120 is then subjected to wet
chem cal cleaning (step S2) . The wet cleaning may be perfornmed in

parti cul awolzg10RG284¢| eaning (i.e. a conbination of a bat IRCOEPSO/063p OH,
H2O2, H2O ) suitable for renDV|ng partlcles and hydrocarbons, and a bath of
SC2 (HG H22, H2O ) suitable for renpvilng metallic contanlnants)

cl eani ng of the "Caro's" or "Piranhaclean" type (H 2S04 :H2Q2), or indeed
cl eaning with an ozone/water (O 3/H20 ) solution. In order to further
decrease the bondin®y ENEFE Glfarsurfdseqzly dfo tie fulpsimeatextziimman be
activated byl aume dleatERNt ﬁﬁ%%é%mﬁ% BHdACe L2 dvs RiRS erably

exposed to an oxygen based plasna wth a nean(gfmer density that does not

exceed 1 W /CHEEMTIRE St el o SHfdit i'0HE B9t Plrasivh ROt SHg!
correspond tsg thesd rdeser inketrabovde.orThe surifeed I ofvd,be, skld

b.C
111 of the i i al ubst 1 overe ermal oxi de | ayer
114, e. éﬁ fé@?& BQE%QF gynéo%ggw§érggcérgﬁnghgysESQ%FéFngﬁggure 3C, step
S4). The suiNease thiglasef, tthesenidliesinss ulest et ecebl@ amot ioonaldrybddver ed i n
anot her oxi 481 By AliSe i ACIdULd DY Q3R i SALIRNL { $hep S5)
Since this is a silicon surface, it my be expose to a standard pl asnma,
i.e. a plasﬁ&lﬁé§@&€€h oxygen, nitrogen, argon, etc., with power density

t hat i s not L' mi tedd @ hbyWheRAe2 beefC iredlairag, a t3id is%rfafé%dimqasla&xfdace i's
descri bed in greater

wel | the person .skilled.in the art and is not

deta|I ﬁ2§§0ﬁ§p ﬁﬁFPfl@gﬁF@ﬁqOQQHSFCﬁDP@d%F§§ﬁ§u§ﬁb§§quent to the
pl asma expoe@péledytbeomerbdrmm@,tmm paiisiteultas iso asdeo tioitdemee the
contam nant g tehg%oﬁgggtlgmgf{%egfggh 39 L BXROPL Gre B E P2 LRI AG S N viat er

on | ayer

and/ or cleanin
surfaces (step S$6, Figure 3D)

The bonding is then reinforced by performing a

15 bonding reinforcing or stabilizing anneal (step S7). As
mentioned above, because of the difference between the
coefficients of thermal expansion between sapphire and
silicon, the stabilizing anneal is performed at a
temperature of less than 300°C. By way of example, the

20 stabilizing anneal may be performed at a temperature of
180°C for a duration of 2 h.

The fabrication of the heterostructure is continued
by thinning the initial substrate 110 so as to form a
transferred layer 115 corresponding to a fraction of the

25 silicon layer 111 (step S8, Figure 3E). Thinning is
performed initially by grinding off a major fraction of
the support 113 and is then continued by chemical
etching, e.g. by means of a solution of
tetramethylammonium hydroxide (TMAH).

30 In an optional step, the structure is edged so as to
remove the chamfers and edge roll-off present at the
peripheries of the substrates (step S9, Figure 3F). As
shown in Figure 3F, this gives rise to a heterostructure
200 comprising the sapphire support substrate 120 and the

35 transferred layer 115, with an interposed buried oxide
layer 114.



H2O), optionally followed by drying by centrifuging. Neverthel ess, these
cl eans may be repl aced by scrubbing that enables a |large fraction of the
cont am nawobo0toskea2el i m nated. Once t hey have been prep&cedP2aidmc0z f aces
Ilia and 120a are put into intimte contact and pressure is applied to one
of the two substrates so as to initiate ‘the propagation of a bonding wave
bet ween the contacting surfaces (step S6, Figure 3D) . The bonding is then
reinforced by perform ng a bonding reinforcing or stabilizing anneal (step
S7) . As nenti ondd BESVOA PRt @bfSGhedid flee e atveere tdiecained

coef fi ci ent st,Qfm therivalc axpansi ohatmeen SapRi 1, apds §idicon, the
stabili zi ng anneal is perfornmed at, a tenperature of lessthan 300 0OC . By

way of exanpi 11354 ng Hnirf¥al t e3P IE Her frereP i ing tBHTEGR ure of
180 OC for a;fdmmet iseppifi e subskhe feabid < atdaynaia tdmﬂgetff@po%ﬂé&hu{gefl S g
continu by, ti thel |aI subtrat 110 so as to forma transferre
| ayer 1T corré;ssggln ng 1o r}'\‘ et g‘%]fg’ He %5 508 15 &PS111 (step SS,

Figure 3E). S’Fﬂnjrﬂﬂtﬁ:@ ito @erﬁt@hrédamq |a1ﬂqa1b)atgr20ﬁﬂmgfax_f f2 & reajorit
fraction of fhe SUppRd 3andsi t ecgilbye %&{ ching, e.g.
rrrmnl um r e :

by neans of a solution o tetrarre oxl In an
optional stép®ft-he structure is edged so as to rempve the chanfers and edge

rol I -of f present Eafgdﬂgag Smerau@a;ersr@s\;sofaﬂ fE$)§th/E§e{ @i&%ﬂoﬂtﬁ%&%&cgg gure 3F)
. As s vvnln Fi gur e t.hi 1V eto eterostructure
conpri g & ts X515 W & fﬂ‘?tar?cf FHEYGSmes iy ddatayer

115, with a@nlmxrertp)osmda (07 @de@mml@ laaye rehel 4, driugiirier b A t3hRow @i ngoS t ype
heterOStruc%ﬁ&%a%@§%kﬁ%%e sapphire substrate was also prepared by:
stoving at 200°C for 2 hours;
RCA cleaning (0,/H,0, SCl1 (NH,OH, H,0,, H,0), and
15 SC2 (HC1, H,0,, H,0)); and
oxygen-based plasma activation with a mean power
density not exceeding 1 W/cm?.

In Figure 5B, it can be seen that practically no
defect is visible in the transferred silicon layer,

20 whereas in Figure 5A, numerous defects are present at the
bonding interface and also in the transferred silicon
support. These figures thus demonstrate the combined
effect of stoving and of surface activation by plasma
treatment on reducing the defects present after bonding

25 and a stabilizing anneal.

As explained above, the stoving step of the
invention makes it possible to increase the bonding
energy in an SOS type structure. This bonding energy may
also be increased by activating the bonding surface of

30 the sapphire substrate by plasma treatment as described
above. As shown in Figure 1, it can be seen that the
bonding energy is even greater when the surface of the
sapphire substrate has been exposed, after stoving, RCA
cleaning and scrubbing, to a plasma (column D) as

35 compared with no plasma treatment (column C).



froman initial SO substrate bonded on a sapphire support substrate. Prior
to bondi ng, the bondi ng surface of the sapphire substrate was prepared
usi ng RCAvolemmismgy2and scrubbi ng. After bondi ng, the st POTIEPZ@INGT02
subjected to a stabilizing anneal at 200 OC for 2 h and it was thinned by
grinding and by chemical etching with TMAH. Figure 5B al so shows an SOS
type heterostructure that was made differently fromthat of Figure 5A in
that prior to the RCA cleaning and the scrubbing, the bonding surface of

t he sapphire subsiiatiEweistads gy epseddyapstiond np ata@000G 48 £ &r hour s;

RCA cl eani ng: d @3 dRQ ,03Qr (AR Ros H2G)eg and, $SC2 %C%Flﬂ[%%o#@);
and oxygen-base asma activation wth a nean power  density not éxceedi ng
1 Wem 2 . ﬁfﬁ;%&ﬁrsgnagg:, G4t HFrHw¥Bh that practically no defect is
visible in the transferred silicon |ayer, whereas in Figure 5A, nunmerous
defects are present at the bonding interface and also in the transferred
silicon support. These figures thus denonstrate the conbined effect of
stoving and of surface activation by plasma treatnent on reducing the
defects present after bonding and a stabilizing anneal. As expl ai ned above,
the stoving step of the invention nmakes it possible to increase the bonding
energy in an SOS type structure. This bonding energy may al so be increased
by activating the bonding surface of the sapphire substrate by plasm
treatment as descri bed above. As shown in Figure 1, it can be seen that

t he bonding energy is even greater when the surface of the sapphire
substrate has been exposed, after stoving, RCA



cl eaning and scrubbing, to a plasma (colum D ) as conpared with no plasm
treatnent (colum C ) .The Invention may al so be applied to | ayer transfer
t echni quesoavtvans7gshan t hat described, e.g. in applicati eoTaP2eteeBnnart Cut
technol ogy. CLAIM5S 1 . A method of fabricating a heterostructure (200)
conprising at least a first substrate ndde of sapphire (120) and a second
substrate (110) nade of a material having a coefficient of thernal
expansion that is different fromthat of the first substrate, the nethod

i ncl udi ng a Et%Plof nol ecul ar bondi ng the second substrate (110) on the

first substral e (daGlodmde ofnsapaie o ans being-charast priged in that it

i ncludes, prior to bonding the two substrates toget step of stoving
the first sUbB¥RETLHN g<‘t€haa°3ct i% erFlorshke Wa e teagrerat WwarRire in the
range 100 0Q120)50hdG ,saddrit Suddtaed 100 OGdes ngr Rerdoraedf or a

dur ati on. of Not. | ess th A net hod accor di ngt oclaim1l ,

lh . 2 t
charactetized 14 haathé%e&]s(f]o‘?ﬁthé)fst A L PR HEP A SRt efber at ure of
about 200 OGQidVfEremtdurrain drhaf ebdute Xirst Jubdermtdodiaccasdiciy to claim

1 or claim2 ract r'tzegg ' ving i erfornmed under an
at nosphere ofncél'ﬁjr}ﬁcg?gc 0 é|n rtdﬂ;éi&.aéa} ﬁerA%r?gﬁ%ggg atg}:égrsﬁcnc}gn o0 any one of
claims 1 to styadiaactldr)zem ithe Hatrst Juldtuddss @fa0r navke stfovi ng st ep,

a et chem GRogHied) 6 Rfind cnArdmidiad aeaer ding: L9 aheihedf cf ai ms 1
to 3 , .characterized H}é.hat i.t includes, prior to bonding the two
substrates E5g&Thd BPRHES S diiq ST e SEsiRSur fadd qRL20a) of the

first subst reatewifl2@heredesof ssapphiate by oo)asmt rieaty@rorntdie dean power
density of the fl,ashBUs§d 2109 hess AN 9 cayal dg ok WG -

stoving at 100°C being performed for a duration of not

less than 1 h.

15

2. A method according to claim 1, characterized in that

the stoving step is performed at a temperature of about

200°C over a duration of about 2 h.

20 3. A method according to claim 1 or claim 2,
characterized in that the stoving is performed under an

atmosphere of air or of inert gas.

4. A method according to any one of claims 1 to 3,
25 characterized in that it includes, after the stoving

step, a wet chemical cleaning step.

5. A method according to any one of claims 1 to 3,
characterized in that it includes, prior to bonding the

30 two substrates together, a step of activating the bonding
surface (120a) of the first substrate (120) made of
sapphire by plasma treatment, the mean power density of
the plasma used being less than or equal to 1 W/cm2.

35 6. A method according to claim 5, characterized in that
the bonding surface (120a) of the first substrate (120)

made of sapphire is exposed to a plasma based on oxygen.



6 . A nethod according to claim5 , characterized in that the bonding
surface (120a) of the first substrate (120) nmade of sapphire is exposed to
a pl asma wazew/wsm4exygen. 7 . A nethod according to any @eae/EpRocloedns 1 to 6
, Characterized in that it includes, prior to bonding the two substrates
together, form ng an oxide |ayer (114) o’ t he bonding surface (I lia) of the
second substrate (110). 8 . A nethod according to any one of clains 1 to 7
, Characterized in that it includes, prior to bonding the two substrates
together, a step of activating the bonding surface (I''ia) of the second

substrate (110) byl ASMER dJRALIEN, arfy arfe IO, Aoy dig; o any one of

clainrs 1 to 8 , chara,cterlzed In that I ncl udes, ter the two substrates

have been bdmFedtGdetarst it hadp ot ls?ccdb’rqe?szfl WY ¥%e Workdimbing trmeal i ng
at a tenper afwsr emsazesfeg hﬁj‘ge_"c@QQC fok@mn% et hod e aofyli g i )anyy one of

cl ai s to acterl | cond Supstrate is constl tuted
by a Ia;J/Ser tf% 1’1 o T Ecr?etﬁt;g %@Wf&fﬁ i1 to 9,
characterized in that the second substrate (110) is constitut ed by an SO

structure. 2. A nRthod a%‘f:%(}rcﬂ'r% dP aqu e g g aafL'rr{Er‘;el oL

characterized in that the step molecular. Bondi secon‘d substrate
(110) on t héPRiresitegijzad die t@mﬂqmleﬁ%apmm it perfdmedhat anbi ent

tenperaturetwo substrates together, a step of activating the bonding
10 surface (llla) of the second substrate (110) by plasma

treatment.

9. A method according to any one of claims 1 to 8,
characterized in that it includes, after the two

15 substrates have been bonded together, a step of
stabilizing the bonding by annealing at a temperature of
less than 300°C.

10. A method according to any one of claims 1 to 9,
20 characterized in that the second substrate is constituted
by a layer of silicon.

11. A method according to any one of claims 1 to 9,
characterized in that the second substrate (110) is
25 constituted by an SOI structure.

12. A method according to any one of claims 1 to 11,
characterized in that the step of molecular bonding the
second substrate (110) on the first substrate (120) made

30 of sapphire is performed at ambient temperature.



