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1 METHOD OF BONDI NG TWD SUBSTRATES CONTEXT 5The
present invention relates to the production of
conmposite structures for el ect roni cs, optics or

m croel ectronics. More precisely, the invention
relates to a nethod of bonding two substrates
t oget her. METHOIEORBONDING TN0 SUBRSTRATES a

nmet hod of formng a structure conprising a 10 | ayer of
sem conductor material taken from a donor substrate,
sai dCEMEEXEubstrate itsel f having been forned by
bondi ng two substrates. In order to bond two

b oughe HeRdtaen Btk B tRtaniuElisy bf spiPeststugures for

eletRdhRsbofbisner MitrdBIbeesnias. adhesi on of the substrates
to each other. 150ne application of such bonding is

t hat Mare cpracisebar thednwentiom refaes cioper onefhoddwnti hgnding  two
the "sem conductor on insulator” type
SRHRLY IR

ih particular structures of the "silicon

on i Mkellirtentiontafgerdl@6k)to a method of frintigsa apkigaicoRiprising a
context, at |east one of the substrates to be bonded

lapas of samicaRsiugiaraeatenalr takesr Tiepar donos; phsipate, said donor
j 0215 [ j -%{)ﬁ,)bo' arried
sn&é{f%’c%ﬁ%@gg?&@ é b?gﬁiogﬂe%ﬁl %Sdtn?jb ure#&?étllax%%ndi ng by
mol ekcubaderatthdsndntwes sabskatesi pgetiar anfikstngubbstate is typically

bstr.ates having.perfectly pl f "0 ,
brRHBRL Bt Polfhnbr il oA oboio RHBRTa) BRoRS toosT3AtRgbaRding by
mBReH  RINeS I bafic 3uBeRERS to @a%ﬁio gdrc. ) - The

t
surfaces in question are generally those of substrates
madeOoé applicatinn dicsudhybonting i that winicheisicarigd out in the scope of

op BRI of ERTseRicchaulfer SR RHGHE Fiar (§BPD. and i

paniguleakiricturdd bathedsilyoh eRahswaalr Gpbi(soIRf a slight
pressure onto one or both substrates brought into
conpdhis.application context, at least one of the substrates to be bonded has a
surface oxide layer; for example, Si/SiO; bonding or SiO./SiO, bonding is
typically carried out in order to form an SOl structure.

Bonding by molecular adhesion is a technique for making two substrates
having perfectly plane surfaces ("mirror polished") adhere to one ancther, without
applying an adhesive (such as a bonder, glue, etc.).

The surfaces in question are generally those of substrates made of
electrically insulating material (for example guartz, glass) or of semiconductor
material (for example Si, GaAs, SiC, Ge).

The bonding is typically initiated by local application of a slight pressure
onto one or both substrates brought into contact.

A bonding wave then propagates over the entire extent of the substrates in
a few seconds, so as to join the two substrates together on the atomic scale.

The bonding energy obtained at room temperature is generally quite low
compared to that observed between two solids connected covalently, ionicaily or
metallically.

In order to obtain satisfactory bonding of two substrates to each other, one
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A bondi ng wave then propagates over the entire extent
of the substrates in 30 a few seconds, so as to join
the two substrates together oh the atonic scale.

The bondi ng energy obtained at roomtenperature is
generally quite | ow conpared to that observed between

ahdyor Akl gthet os et edriaeyal enbeybohdd 4@l thyically prepared before
netallically. In order to obtain satisfactory bondin

bemdipgo THebstmpses of dhigalshtwimaeaseibe meghanisal ﬁﬁéngt% and/or
mg;ﬁﬂa% 194 qgﬁﬁg%‘ﬁﬁé‘ﬁgﬁdlhg uﬁl%rf%%‘ded is typically

ared e purpose of this is to

i ncBads&réd)‘@‘aﬂBﬁftgpiceW |m¢01\msghhclwrd/cer treatmente- réferred to as
qual ity of the bondi ng i nterface. Such

C'ﬁ?@’ﬁ‘ﬁr‘a&ftB@lSPQ‘BP%Pﬂ/elWW@t& Renbomded- treatment -
refepd efd tn?ngg% ﬁfébr%%g Q%artlcﬂjlartﬁ %&%r%orﬁarﬁ the following
be bonde

substrates t ean| ng is int end
piopepisst fiodbe aurfeoes tphe boadedor nore of the fol |l owi ng
properties tp the surfaces to be bonded: absence of
par t i40Fe8Cce OLBRYINIES: of hydrocarbons: 10- absence of

met a|ab§gﬁéé’l6f H?d}b%arﬁo‘h‘é/ surface roughness typically
| ess than strong hydrophobi C|ty, t hat

i s t@bgaycaoﬁn@mldmmﬁmmams si l anol bonds (Si-

bond tern nati t he,surfaces bonded. The

o St SETALS Phdtheist nR IS R A TR ol sani o

bef oseohgMidREEhobldity; tHdt ¢t S8y Qﬂw@H"@ermg dﬂ@ﬂgnon%misy(sl OH
ar 1"

t he conbl nati on of an SC1 bath st and cl ean

bensif terEningtingrinenPunAgepde & lren , hydrogen
par [ 12 FAGHE Ay i Ghed 5@%% e CehRp i honging:
cl_earale’éh)ng:mfpﬂiesimgt\ hyde o clainozly cthaccdmbh'l@ltbn b/ o @ bath
("gt@%g)p(rl'ddec an % } %glgnp\f'\g!tn%r a |_r%%)mum ﬁyc?romd NH46?—Y) hydrogen
peroxide (Hz02) and water (H20), designed to remove particles and .
hydrocarbons, and an SC2 bath ("standard clean 2") comprising hydrochloric
acid (HCI), hydrogen peroxide (H202} and water (H,0), designed to remove metal
contaminants;
- cleaning with an ozonized solution (O3), designed to remove organic
contaminants; |
- cleaning with a solution containing a mixture of sulfuric acid and
oxygenated water ("sulfuric peroxide mixture" (SPM)).

Controlling the various cleaning parameters (in particular the temperature
of the baths) makes it possible to prevent the appearance of certain defects on
the bonding interface of the bonded structure.

These induced defects are, for example, blisters on the bonding interface
between the two subsirates.

Another type of defect may moreover be observed in the event that a thin

layer of donor substrate is being transferred to a handle substrate, methods of

the Smart Cutf™ type being an advahtageo‘us example of such transfer

(regarding methods of the Smart Cut™ type, the person skilled in the art may for
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20 contam nants; cl eaning with an ozoni zed

solution (03), designed to renobve organic

cont am nant s; cleaning\ﬂtrla sol uti on cont ai ni ng

a mxture of sulfuric acid and oxygenated wat er

("sul furic peroxide mxture" (SPM). 25Controlling the
exanpleusefdrerni"Sficoar defeer Sortding pichholdgar fdrme/l.S! and MEMS

tepperature of the baths) nmakes it possible to E{event

a&’ﬂ’/@\*’é’ﬁﬁ%‘ér%%éy%’f apgr el f\yhsrinrBes. ke, b%ﬂ@@i)-n such a case
nSEPEEER B ok BeAIEEISHS napgla TS TG vty be
obsereed datthdednafemet hieintlawers Thete ahtransfBodatdmes withpe diameter

of B ey 80 1Y o By ICarSH BOMEHRED BEns A Era frobh tie edge of
tr%egli%t@%r%,ﬁ &rERbE to BBTBQSS vOlyst he Smart Cut (tm type

advant ageous exahpl e of such transfer
(r elgiguck hgchemabidalhoshaweaSiaw in Sactiangt ary pé)l withean edge void.

erson skilled in the art for 3 example ref to,.
TREIRYS R ST b e S ekt sbltrets: s Bnls Wilies diameter
ty?ﬁi@'llg/ GhG DRSweeP 5D uhyaid 2ndm stuaidoerd fin HRNY éhe BBEe of the
002)." In such a case holes, located in the peripheral
struqjuth of the handl e substrate, may actually be

ane T 80 Dah o U8 it Blel Bels¥EbirociERRnth sgorfrpnaing
ofdthe sbstratdsaataheedbel Veenafs sering andgeherally titc defacts. This

~of the structure, are referred to as "edge voi ds".
isphegauserins o preenes 19f 3 HBiRsIayeriseling asan aefiver laygr for the

a6 t ' | t t he
BRI U o008t STt B WATBEEdO Bl D5, o
cdmponerietarcée Bbripatedndt thismposdtidnudh edew-& the Gizenoft tie edge
f 10 . T i, d th ,
VA e e B SOLMER Sompsising o4 e REITs St el Petessarily
hd Befestipstrates at the edge. They are serious and

generally critical defects. This is because in the
absleelestsodf he fblistedylypeseordsppndstoaiocat tdishonding befveeen the

el TR BT Lhnd RS HePRS sFRTRIBCRL? BbrioS iRIRLRR of an
SOl obtained by the Smart Cut™ method, the bonding of an Si handle substrate
to an oxidized and implanied donor substrate may lead to the observation of
blisters on the structure obtained after transfer. These blisters resuit from local
disbonding between the handle substrate and the oxide of the transferred thin
layer, as schematized in Figure 2.

This local disbonding is encouraged by any particles, hydrocarbon traces or

surface irregularities (locally higher micro-roughness) on the surface of one

and/or both substrates brought into contact.

In the event that the bonding is carried out with a view to transfer of the
Smart Cut™ type (for the sake of simplicity, this case will be referred to as "SOI
formation" in the rest of this text), the blisters created on the bonding interface
between the donor substrate and the handle substrate may expand during the
separating anneal involved in such transfer, which may damage the working layer

of the final structure obtained after the transfer.
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15 conponent can be fabricated at this position. In
view of the size of the edge voids, an electronic
conmponent conpri sing at | east? one edge void will
necessarily be defective. Def ects of the
"blister" type correspond to | ocal disbonding between

t heAs isgheifnatived irt Riguré @y éf tiendedie ohg Iferrsatst that Blisters may
For exanple, in the case of an 20 SO obtained by the

besipgatedcat emeniet it hrPasihgnngl 1be diictirenandl e

my 1S B ReES oL URIE St AL EBLRNGHCINRS oAt pically
lysty besttvees bnanreed! ahirer aftercthst layer ffaresfer.bl i sters

result fromlocal,K di sbonding bet n th andl e

suglglt & ‘_é"f‘\%?'%ﬁéte&%%%%éca?ﬁ@%#\gﬁg@é‘rggg thin layer,

as B AR defedis OF i Blistéﬁéﬂza édgg%ld tgpéba% HsBScibfod with

encouraged by any particles, hydrocarbon aces or
thedrdralieg and eguace prepegalidrocal |y hi gher

SR LPrEPEEET L RS eEnchedtisd that 8FudlRneSiaifhs of seaning
béfbee bomdhg eddtcCabbh8ganiwhie:h a view to transfer of

the Smart Cut (tm tyBe (for the sake of sinplicity,
t hi stheag®pgiaranase of ebligteedype defectsoon3the obendingninteérface s

oSS G Mot B SCA AP GRERR b avove
alhatnallcav mmmmre_(tm&camﬁmm drtforng at hfossepecht i ng
anneal involved in such transfer, which nmay damage the

wor kiNGgaPREAANGE Of 18EI0e| Yol t¥Re defast® oprhe brnling inderface after

) ti i , Pt
el KR VBRtog f pusing fF pRRREIER F ST Bell 8 Bihih tbfhpgrature
(typicailyeoftee bederanicit deast F8°@er i phery of the structure.
The blisters are,.thu Ircul ar nmgcroscopjc fect
i coraftin, BRRoRed abpYe. for AYO B BERCH. of tmbiter#nd edge
vailypaf B tHUY Mul@igcohfigfisger - 51n such a case,
bli'sters are critical defects for an SO. It is
khovaractics, thefsiep sofoprapacatian by esleamidg ettigeefors éntajlpefinding a
re associated with the bondi ng and surface,. .
copraigRRSR BArtetialy” s reSaricinee s tatitg St Bbichs fhs elrgaing is
cdriiéd o0ebéRird beaamq) i Bdet to DHRaR N BoRGihg'iftcPRBEIdMwhich more
| ead to a bonding in which: 10- the appéarance of
orgewst blistessrrndiedes veidswill ke ahwweaiasy interface is
prevented by using in particular an SCI bath with a
| ow concentration, and above all at a | ow tenperature
(typically of the order of at nobst 65C), - the
appear ance of edge void type defects on the bonding
interface after transfer is prevented by using in
particular an SC1 bath at a high tenperature
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15(typically of the order of at |east 70C). The
condi ti ons nentioned above, for avoidi ng defects of
the blister and edge void tylﬁﬁi, are thus nutually
conflicting. In practice, the step of preparation
by cleaning therefore entails finding a conprom se
(par SUMMARY OFSTHEJRMENTIDN t enperature at which the
cleaning is 20 carried out before bonding) in order to
obtain a bonding interface on which nore or fewer
blis e i ' Qhsesyed MVA :
CF Tﬂ% ﬁjl\rl\glg%lll %nﬁ&’h dﬁo%ééspﬁgsent Sclsrﬁ\g/etnel gﬁ(%gjr op?éeesn tioned
alhaveg vard ompattioalgr bbeviatemtivd heed doaowempesrtisenin defining the
articular. to obviate the need for a conprom se in
C'gaff"inai%@%tws (Bamcg%ﬁﬁyﬁswmo msor@saﬁ) PEQYERE {Re appearance
oft aRe"Aid e defeds dfid iR RIPKERndNEF BRERAT
edgg voi d ?%/pe defects and tpﬁ)e apnpear ancgt%ift%i%sﬁée?ts on the
bengieg idedats belwadnetwoosiuhsitatént er f ace bet ween two

b €S, T ' d first t of th .
velt FUR Sl tist Saneh FEom St Atp iy <. Gbonding
twioogstdiete sitidefigerndiily WARhSHE RERReTof $8idls Ik ERBRS brought
_are brought ~ 10 into contact with each other,
inkoapntast wiih #ech edker, saepsising aff leasleons aignt ¢lecisaningdiae surface
| d
o ARIRR I et orhd YipBhales ot PhbGEBeldle (e UfECos are

brobghtiatecortadt, chatdvtérized in thhie cl eaning step is
carrjed out, so that each surface cl eaned is not i
Si gﬁ’“‘?i‘é‘ﬁﬁﬂ'm plshgiesamiedh it $p thak essh suéagsosleangd is not

sigﬁgééﬁﬂ 1 Oé@e@rﬁﬁeﬂggapy heating at |east one

strate e bonde said heating being initiated
bef dhe hameirguist ucibermbra peecadedt hahestimy et astght sulistrate to

o B S8 Boate 2ero iBekE PeleBine strptes o] fig Substrates are
brgﬁgﬁtclrﬁo Qontdtt SariP LBREh A F 2834 Q! lhrﬂmhe)?%avbhg?é}f E)téblﬁ’@nt into

s at the latest at the end of propagation
copbarli ng wave between the two substrates;

Preferred but nonlimiting aspects of this method are as follows:

- the heating ends at the latest at the end of propagation of the bonding
wave between the two substrates;

- the cleaning of the surfaces of one and/or the other of the substrates to be
bonded involves etching which leads to an increase of between 0 and 20% in the
roughness of the etched surface;

- the step of cleaning one and/or the other of the substrates to be bonded
involves etching a thickness of less than 15 angstroms;

- the cleaning step is carried out by means of a bath at a temperature of
tess than 65°C;

- the cleaning step is carried out by means of a bath baséd on NH;OH,
H20,, H20, or a bath based on NH4OH, H-0-, HgO'followed by a bath based on
HCI, Hy02, H2O, or by using an ozonized bath fo[lowéd by a bath based on
NH4OH, H20,, H20 followed by a bath based on HCI, H,O,, H>0, by using a bath
of sulfuric acid and oxygenated water followed by a bath based on NH,OH, H>O,,
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the cl eaning of the surfaces of one and/or the other
of the substrates to be bonded invol ves etching which
| eads to an increase of betw®en 0 and 20%in the
roughness of the etched surface; 25- the step of

cl eani ng one and/or the other of the substrates to be

HYoNRMEwed by & Bathethfdtdgh MOl hHaBness; of | ess than 15
angstr ons; the cleaning step is carried out

neanf@eo$ieanlﬁgtﬁeatISacar@%@Latw dsihg ﬂ@s@zweaffplw@d by a bath

L e U N i S

NH4 GHe rHéth),d a9 davhpriseed Masmab@ctﬂvabmembmma‘lﬂad out after the
usi n zon| zed bath foll

H202, |-120, or
c’ﬁawaehsf@as@adoaeﬁﬁéhp %@920 tEeding |0<5\ﬁean6§> rat sapther of the

HiCh 2, H20, by using a bath of sulfuric
Saci"gj‘gE oxygré(?}-%étped wat er followed by a bath based on

NHAGHe phdaa is BasdkDon (] dreikedNgly a bath based on HC,

H20 0; the,c ste car |edot by usin

ey b dRsmaIPEals Bye eits Myt Buighn eis e onRiassiior the other
of'é?a@d s&@é’cl‘é?té@@o b¥ banbath based on HC, H202, ' H20;

the met hod ray comprise a plasma activation step

car rthedtepiperatureroft the bath éamdwgarsi\ﬁrp;%de@ﬁ,oHeOtméess than
6$%§p of bondi ng one and/or the other of the substrates
be bonded; the plasma i s based on 02 and/or

N2; thgb@mma@@ﬂ&)d NRCdOH, ¢l.@.dggnease in the roughness
of one and/or the other of said substrates to be
bonded; 1S 2easeppEratageedete PhlHaHHiHpEs Bipicaly between 1/2

O ol 20 SiohSssy AA0eBRG o AL Dased on

NHACH, nass percen ‘dose of
NH4OH H23a8 at;mtarapd;mtlbewﬁdmtwééa ﬁﬂblaﬁd @Oa@d preferably between

preferab%o eér\{?ggo&/ 2 and 3/4,
- is applied for a few minutes, preferably three minutes;
- the bath based on HCI, H20,, Hz0:
- has a mass percentage dose of HCl between 0.3% and 2%,

- has a mass percentage dose of H,O, between 0.3% and 2%,

is at a temperature of 30°C,

is applied for a few minutes, preferably three minutes;

- before the bonding step the heating is applied locally in a peripheral zone
of at least one of the two substrates to be bonded, or applied uniformly over the
extent of at least one of the two substrates to be bonded, and is carried out at a
temperature of between 35°C and 90°C, typically between 45°C and 70°C;
furthermore, the heating is obtained by thermal conduction or by radiation.

The invention also relates to a method of forming a structure comprising a

thin layer of semiconductor material transferred from a donor substrate onio a
second substrate, the method comprising the following steps:

- co-implanting two atomic species inio the donor substrate so as to create

a weakened zone delimiting the thin layer to be transferred, each of the species

having a maximum concentration at a so-called "neak" depth,
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15- is at a tenperature of between 5C and 60C,

preferably between 40C and 55C, is applied for a few

m nutes, preferably three m Hutes; the bath based on

HCl, H202, H20: has a nmass percent age

dose of HCI between 0.3% and 2% 20- has a nass

per C@lﬁ@ﬂm’; d@ﬁjrﬁcm@@hwIﬁh@oﬂ%raﬂ@aﬁ%ubstrates before the
enperat ure appl i ed

Slfréﬁceé qféwe gHbetraies to Péftlﬂné’@ﬂ;ﬁ"@ mr@@hhfm!e%mate contact,
befor I
n o crnplt, BETEDAA SBRIL P S Bbh A% AR oy S8 so as
toshdrst saitt @sbsivates tcbgmded or applied uniformy over the
25 extent of at e of the two substrates to be
bondér@nSffﬁangé Raé’? SF e dora atr@wetﬁstﬁﬁcen%fsuear%@e?p as to
45C and 70C
fof'%rt erm@agerbﬁqhﬁggw?}ggps tal ned by thernal
said mokeibod doeirey cfhnyacmmzadnn mhat the twoHteminspetiéwaralmspanted so

thE i Bedih fatl 2B a5 e oImed) P HectiiekBBr of e donor
sfspiana HeNArthatPpst tfcﬂfcﬁ‘ng)[g Carfied Gut BEERIRY RSt dhdirnd Method

met hod conprising the fol | ow ng steps:
desgribaglaleveng two atoni c species into the donor

The VI heRayr e RpCABRIE sPeBEITHER 8 3fHReuBb D dyaroger

aritﬁhelngn aar@emefmabtg@a@ elgned abtheddarde sieptadi thd dopeklibstrate.
dept h cl eani Ig%t he surface of one and/or the

ot he‘hC@rd% &P sabPeriguiar rmbedmané dhef dpplantationheenergy of
hﬁHrQ@ér{ h &3 sﬁl%oﬁefi%g(?}ggg?ﬁf'ﬁeb&&}ég% \Mﬂ'ﬁ Q AEDR Sxide layer is

act, e second substrate Into
saiemteafat 3Qikel $dhthadl dme hydnolgenrimipéa rdaticrs peak bmdt adefjth of 2450
strates t her

-1 sferring a t .of
b8hgesy a e cid e khanldan e, DE hetidn st between 47
and 50 keV, preferably 49 keV.

DESCRIPTION OF THE FIGURES

Other characteristics and advantages of the invention may furthermore be
found in the foliowing description, which is purely illustrative and nonlimiting and
should be read with reference o the appended drawings in which, besides
Figures 1 and 2 which have already been discussed:

- Figure 3 illustrates the occurrence of blisters (solid lines) and edge voids
(dashed lines) as a function of the temperature of the SC1 bath;

- Figures 4a and 4b illustrate the propagation of the bonding wave
according to whether the bonding is initiated from the center of the structure
(Figure 4a) or from the edge of the structure (Figure 4b), the peripheral region in
which the possible edge voids are expected being represented by dots;

- Figure 5 illustrates a map of the temperature on a silicon substrate with a
diameter equal to 300 mm after fifteen seconds of local heating in the upper part
of the substrate, in the event that the edge voids are expected in this part owing

to bonding initiated in the lower part of this substrate;
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formsaid thin | ayer on the second substrate, said

nmet hod bei ng characterized in that the two atom c

species are inplanted so that’ their peaks have an

of fset of less than 200 A in the thickness of the

donor substrate, and in that the bonding is carried

out &apoed Mystatdhechondpeakarelfbeldand slgmedi Wikl the hydrogen
above. The peaks of the two atom c speci es,
P&#t-ch are advant ageously hydrogen and hel i um are

pref pt d

b a7 Ao B LT e B niny cefects
amdn:ednng';jbﬂmeataommpaa'edn'ggthoﬂ adpfidnegen in a Si I [ con donor

- substrate c g th éﬁﬁon i de | ayer i,s
Sor Sl oA st ilsRa the RiaReTcen Of vl HR0SH ane by o
&Hﬁé‘ﬁoém@ﬁ ﬁt tife R ﬁ'fap%“@@sé'vbﬂ bler M%ilﬁ@@sgﬁﬁéﬁnposed

the inplantation energy of heliumlies between 4
wafecﬂs 80deryarigusegandiising of ImplavitativFSart PIERONCOF THE
FI GURES 20 O her characteristics and advant ages
of t-- [ ' z e be found in the
C Pt , purely illustrative
-and nonI|n1t|ng and should be read with reference to

t he Appraey raeriianegs the inyandien netdeside armaliied of banding two

' al ready been di scussed: 25- Figure 3
S“?qslwég%kg?@sﬁe{he occurrence of blisters (solid |ines)
and TFleky einventits (|da811e|ddédl nmS)paﬁ&c‘.L&a!f uocbibomt@ftfiahezompromise

ty e of the SC1 4a and. 4b
aﬁiﬁogg’g?‘? thé 8PPEBAGE %ﬁis‘f@rs #nd 915’8 df ~Rg\faentioned above.
accorgh Ff\%pﬁ M8 thRlre thSt ﬁ%%&ﬂrér? el & B is?éretgﬁé ‘RRdtE%an be
center of 'the structure (Figure 4 edge
redficedh &y snodifyting the( Far@m@erzsb)f thetmtipe us@d:h foratlearigg dine surfaces
to %pv\hicgeﬁ_the possi bl e edge voi ds are expected bei ng
l? ed by dots; Figure 5 illustrates a map '
of thewéesras @wbag%rﬁmbhl HICIesRRg rc@haxtm fwrﬁch favor of the
di anet er equal fter fifteéen seconds of
redyetion nkblisterg tend tadnarppee theapecwitenaseofsedgs veitle in the case of
tr%%‘f event that the edge voids are expected in this
T owi ng to bonding initiated in the | ower part of

t hi sTialsirfenltl9; known practice therefore generally involves making a

compromise in defining the cleaning conditions (in particular) as a function of the
temperature and the acceptable number of blisters and edge voids.

Figure 3 schematically illustrates the principle of such a compromise, and
the occurrence of blisters (solid lines) and edge voids (dashed lines) being
represented as a function of the femperature of the SC1 bath.

Thus:

- cleaning by means of an SC1 bath at a high temperature, leading to
etching or roughening of the surface of the substrates being cleaned, makes it
possible to avoid edge voids but encourages' the appearance of blisfers,

- cleaning by means of an SC1 bath at a low temperature, typically less
than 65°C, leading fo little roughening and very slight etching (removai less than
15 angstroms, typically 5-10 A) of the surfaces of the substrates being cleaned,

makes it possible to avoid blisters but encourages the appearance of edge voids.
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8 - Figure 6 illustrates helium peaks offset and
aligned with the hydrogen peak; - Figure 7

represents the distribution of the "dense zone" type
defects according to three conpared nethod options; 5-
Figures 8A to 8Cillustrate the presence of a dense

z oieshoyiica beupetegottidt ithe Pedifltatides epiveing thBsaistete of edge
over t)épl cally 25 superinposed wafers under various
VRIFR @ PERIMFTY MRRP R ARGTErSARGETY eani ng. DESCRI PTI ON

AR RREPRRISES fo select REnHORFRIITERS plVei i Eppearance
o’slulmensaiwmgttbgeﬂém'ﬂng of the sUfexdsrofahg isobsﬁrste'snwen@edercoming
in art| cul a iate the conpromi se associ at _ i
s s Speed Bk Ve noer e, AOPRALASHge FI08sVOIds during this
clBBRingoned above. 15 The Applicant is aware that the
occurrence of blister type defects can be reduced by
no‘ﬁililtﬁytlagn mge:qm@itmtséloszlcbﬁlusmfo@mms!eaeed stidaces which have a

ani ng the facest ver, .
AR E el aien rich, 26 SaTargabenanehased by dhe cleaning
o\ﬁlﬁq\gqb thé IdWeVepdpetchify. of blisters tend to increase
the occurrence of edge voids in the case of

20t wilkke egcalled that aimav ayet @hdeegraﬁam\mobﬂa@ahd@r the other of the

SJBERLOLS pRSRIERLY NSl ST B9 RRITATSE b ot oo

tehnpertives, tgblcbhyeldser’mamaﬁtme and t he accept abl e nurrber
of blisters and edge voi ds. ?ure 3
scvieiagenerally. any b gt eleaning @ﬁiyrm pMwiBedssr fpng as it allows
0 5t
pOEBAY fop 00 HERGRUT SR Bl e 560 elithing, o

claaned fsurface dmasozﬁ mbghm@spemta'tangedoby tclwmi@l obam the worst case
of ,an SC1 bath

InfRRe 20 % S B TUp PR BgP SR MG el aisrend, the
roh Bnésy fsaﬁ%a%réchﬁ y BHPAFIRI RSN RE dl8e GhRAORY eﬁ"%'@@?’ shiffaces of

OSSI le to av0|d edge vol ds but encourages
10216@@'&1 aﬁ"dﬂe r@ﬁgbemlggemsy than bardvatyabed bga:m;npﬁnr@thSObughness

fF f % ] nrperature typically less than 65C
eé-ér’(ﬂdﬂée PE ¢Pe Pgughenl ng and very slight etching
(ﬁﬂﬁéﬁhof@&ﬁeﬁb@ﬁhéﬁn%ﬁﬁﬁéié@ﬁ% |§Yé§sééia|té/d ﬁntﬂaoetei}nn@fwhlch it

the surfaces of the substrates bei ng cl eaned, makes"it
causesi bistheselavepditanle do employang fxnsusfagieaningavhich leads to less

' thgﬁﬂ%aér?d%‘fr%n‘fg b& Hg%té’l%o‘??yplcaliy 5-10 A.

The effect of not degrading the surfaces of one and/or the other of the
substrates o be bonded is to limit the appearance of blisters.

The appearance of edge voids is then prevented by controlling the bonding
(controlling the propagation speed of the bonding wave) of the substrates by
means of heating one and/or the other of the substrates to be bonded.

The Applicant has developed a method for reducing the occurrence of edge
voids, based on controlling the propagation speed of the bonding wave by
heating one and/or the other of the substrates to be bonded.

Specifically, it appears that the propagation velocity of the bonding wave is
affected on the one hand by the hydrophilic nature and on the other hand by the

low roughness of the surfaces of the substrates to be bonded.
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9 It should be noted that the specifications
governi ng the absence of edge voids are becom ng nore
and nore stringent. The ?a%pl i cant proposes to
select conditions aimng to prevent the appearance of
blisters during the cleaning of the surfaces of the

subsiidgraic®s sevhisl RadUes gopea1enbs N tes bistassand e dppeitance of
t he possi bl e appearance of edge voids during this
the edgq yjds can bgrantielied dapepsgaliY.i ons shoul d t hus

PrAdrReRlaRIRt Supbaces, thl eficNare 18 JOHEBAESAYRRthE other of

ness essenti unchange
thel ssbstradeow bg Homdedesd twat) afted thef cleaingnthe dlebhedidurfaces of
ation of o

be recalled that a | | evel of .degra e ..
then §HeplRigE iR né“f ban AGHBPY TYY ‘f%%rye r%‘éﬁ!ﬂfét?d;q 4a condition
[ ' bath at a | ow

C(%%drypdle}?aﬂtoy rrg?éﬁrggf@aeﬁ'p)} : ess éi)élfalﬂ%(ti%ﬁg} Mor e

gdhe tal ey poitsd bypthabd the teraming signifidemilymplighenked’cexpresses a
long.as it al]ows the cleaning st 0 be.carried out
i jtFedss B iGyoMiass, FiTn e efedl: fis BRicefy b sBbhas to an
ineteRRRest bRUESE © dMIS269LMiR Hed néas banaedebied saApERY

or in the worst case increased by 20%relative to its

vdnwedeeioophiainne syfees wiichs isepot signifieandlyepgghened, the cleaning

m%&m%%@%ggmgﬁﬁ%g%g%fﬁ%{lxﬁr’a&@fmﬁ%éc?ougheni ng
NEhhe bleaning @ueibd e indy a@@f’mﬂhﬁﬁﬁb bhgurilgbheepsafr all cases
and before the cleaning. 2QFurthernore, the roughenin

enyjsadechrfiacy rlgangd criraceawili bave teenngakhiignificantly roughened”

ﬁé[”;l,l{ ;1S therefore suitable to enploy any type of
a‘c egﬁi%hegén\%\%#'ch | eads to | ess than 15 angstrons bei ng

etBafers tHeylporoding yit s trédover propesed tecarmpfoutateaning of at least
degr adi t he surfaces, of one_and/or the other of the

orks BUBsiatE o B NGB asieTing BETPANE sitbceg g subsites are

brBLbAE RS coathEnRRBRATARS Bt MastUag fﬁ@w%vbsaétlh}ﬁﬁ' been brought
prevented by controlling the bonding (controlling the

infer opdgett i on speed of the bondi ng wave) of the

U R B BB BeC phoBbil s R Ml b of
prﬂﬁ}igéﬁtﬂﬁéf tﬁgfﬁinﬂﬂfb {v@fnla :b;@ﬁb@%rﬂhmet% Qﬂfst#rfa‘t@é’!ce 01; e?Ige

voi ds, based on controlling the propagation speed o

t Heisbionkbe meiniad @ubfhat that the heating is not necessarily applied to the
entire surface of one and/or the other of the substrates, but may be limited to a
specific region of them. The heating may thus advantageously be restricted to a
limited surface of the substrate, and in particutar to the peripheral region liable to
acquire defects of the edge void type.

The cleaning of one and/or the other of the substrates to be bonded may be
carried out by combining a plurality of baths.

The baths used during the cleaning step lead to an increase of between 0
and 20% in the roughness of the surfaces of one and/or the other of the
substrates to be bonded, and to a thickness of less than 15 angstroms being
etched.

Cleaning carried out at a temperature of less than 65°C is cleaning which

leads to such results.
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30 heating one and/or the other of the substrates to
be bonded. Specifically, it appears that the
propagati on velocity of the bbndi ng wave i s affected
on the one hand by the hydrophilic nature and on the
ot her hand by the | ow roughness of the surfaces of the
- sUbreterablys theoclbeningreagdioyed @ompriskt dnh®Ceftertie ($@e0m® based on
h appearance of the blisters and the appearance
Ngﬁ(%k_hy]@égé 5@ ds can be controlled independently.
Thehd SEaHAR IndyiH °
gﬁ i J(;It e&fu@{l%ﬁﬁé u%@ LR 18 e'Pé&UEe Bgonde%%s C and

one and/ or e su strat
6@ RaftypiabliyeAOtOESECe & amndew trhieutdse(@ymdaluthfee esnotes htwich fairly
| substraﬁ_fc, t o be bonded are not significantly

OWSRIERER Y™ condi ti on conducive to preventing the

aﬂﬁﬁa&mt@ﬁlomdfﬂlﬂl@m ! Ho0, téxdréséééih§§ nﬁ’é’éé@@r‘&eﬁ e) in the

that the term "not significantly roughened press
S@11hathtiedypinalie hetvaan ﬂrﬁeandLﬁjﬁn§bsse PSS pememmeydoses are

y corfesponds to an increase of between 0

m%ﬂ%§EQFPUﬁ?FhéQ %ness of the cleaned surface. 10In
or1gigh bl@amhgauem@ anSRE ®am)i topickBy mtdsstogabcﬁutcgnsl angstroms
roughened, the cleaning may involve etching a

baing ekahackirom # daermal amqeswwggn@@m the iomi@planéatiimgecessary
fopﬁrmlrgggs%ﬂ aﬁ%al so conprise a plurality of steps. In
all ¢

es envi saged each cl eaned surface will have
bate SGAtbath gna)f adeattageoosly ibenedcedéd @y drhezohedathan SPM

TS0t 1 EreBe bR e T
-atg{roéﬁhﬁf& ?F(Qﬂ@l‘r#!hq}raéf: o thterl'ﬁ'géHﬁséornf'érﬁ%a%ﬁ

Into cortact an Ontl nui n | east unti

t ﬁ_é'lﬁﬂ $@¢ dativ may dlgoEsvantagmogkly benfcdlom&dtmcan SC2 bath used at

2 It i8PefaC5 MoBant Aleal P O A BE BTl aleTpressed as

m&es vw&eﬁtag wgp&unﬁto 8t ey, forl HOY Sardd® 00% Paivpt RY 95@2 (the

t hat that eating is not necessarily appliedt
remadnaaitbieing wakarhtas aammere@uahw abouthlrest minwtes. t he

¢ Y S 2 P R s i B S BSRY ol BOEHGh o the

métaficrdotitfiriation wilhdut 88gaidiipar wjd rbbl%tlélﬂb@ﬂﬁ]@ts%bsﬂafés to be
in particular to the peripheral g%lon

bopggequihich igcpreiableto thee p&gﬁga@@n ttppévondmg wave when it has
been initiated.

Furthermore, one and/or the other of the substrates o be bonded, having
been cleaned in this way, may also be subjected to a plasma activation
treatment, preferably with an O, and/or N, plasma.

It shouid be noted that the plaéma activation step may also be regarded as a
dry cleaning step with a smoothing effect, thus corresponding to an additional
cleaning step. Its use leads to an improvement in the surface condition of one
and/or the other of the substrates to be bonded.

With the plasma activation being regarded as a cleaning step, it may
consequently be seen that "the cleaning" is a succession of steps. According to
the invention, it is the cleaning steps as a whole which must satisfy the

roughness constraints of the surfaces to be bonded.
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The cl eaning of one and/or the other of the substrates
to be bonded may be carried put by conbining a
plurality of baths. The baths” used during the
cleaning step lead to an increase of between 0 and 20%
in the roughness of the surfaces of one and/or the

otithehowfl Hehao3d thabsiis Plasnd @cheaﬂitﬂﬂu‘edtm@ﬂdstmeﬁerably carried
thlckness of | ess than 15 angstronms bei ng etch

Olél Q%Wfaﬂ@ they pleraingsnd Hie %O@(Eﬁ%@leﬁﬁgr %Ithﬁughég @%W‘%lﬁo gsEarried
5%%@}9'593’/"Ebmor ‘?&ﬂ%v:ﬁ Iéo‘blj%cfgﬁé Wbh&minaton.

era e cleani ng conprises an SC1
baWhelo meettlmgeobasard:i/on tiNHAfiRer R GRe diit@)rates to tRhéoBGed, the

bat h t I t o
teRaTRLTE SRt o (59 BRBa Oy S4B Sel TR SApERS from 35°C to
g(yﬂcﬁ éaléid)/ﬁ’@%‘*(}’ three mnutes), wth fairly 5 |ow

concentrati ons The concentrati on of NHAOH / H202
( ét(slnoadééae rcieddbat iy wenpergb)reirangdds giciatedttly the fact that the
vveen 1/ 2 a e nass .per.cent age .
teipidtine naforBotas yaishfldpS Bug 3t 3fe SRk orRHEERGIRR bonding
eﬁér? ni ng, using an 501 bath, typically |eads to about
angstrons 10 bei ng etched froma thermal oxide

\/\/&{mﬁ@@”bylftﬂhl@ Bapstraigs mabowm@éeteeah@hf artemeperaige, the
S 1 I
b%ﬁ]il&?gﬂ é])t?t abne %Eﬁ:élé lﬂaEgrt ge@nﬁagﬁg‘ﬁ 2 S%%P even prove

impesebid1202) or cl eani ng based on dry ozone (UV/ 03
at rmsphere) part| cularly . in ordczr to renove

orlduhile besatadithat poiing 4% Ceed Lt Hat e a(v@@ut applying a

b i ow trb té%er a§ H?'en?sf E/I%Il lé%l i y %&?égﬁa%wgtgﬁwgwmswfa@% brought
intoocmact & fem niengiayss el estenpebighes@was aged bonder and makes
0,3 - % f d O. 2% 02 (th
thi ¥ eare Rl srniaes aers Gy oensal Yanger Vel Rt v
MM EF thé’%UBQrétBS har@medted f@b%smgh aDEé‘ﬁ%&bﬁnré Otoo&HD¥E of the
a very large proportion of the nmet al

adsometniweaier ¢or wivehoalt odetjr will hg emdwtshdophihmh crmtajieefbondmg

M OSpR Ao BRI e Kol e il ProsRERg el Wer the

surfaickidllop@- and/or thefothéMETtABIRIbsPaR sab MeMorideel. ot her of
the substrates to be bonded, having been cleaned in

t Iios thapeating, ihisstheneior Bidrile dousedhpliownst elctheigmpenatures

aippiid T 88 ok Berdini b sl ool Loy g prerey
wigitls avded reggail desl a@@e@raime of @&Mrr@fétzt@p(fw tkample blisters after
smoot hing effect, thus corresponding to an additi onal

transéafiae iiggayarls use leads to an i nprovement in the
S HEARRREBBIEY 98 0 RROBIR TR e i Stk of opg ancor

thbaithgr ofethar thad sabsteates darbenpondes, it i|§ possible fo heat onIy one of
them. '

Furthermore, it is also possible to heat only the zone where the edge voids
might appear.

For example, if the bonding of the two substrates (circular in shape) is
initiated from the edge, it is feasible to heat only the edge diametrically opposite
this point. The critical zone for the appearance of edge voids will thus be heated

without affecting the rest of the bonding, thus encouraging the propagation of the
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consequently be seen that "the cleaning" is a

successi on of steps. Accordigg to the invention, it is

the cleaning steps as a whol e which nust satisfy the

roughness constraints of the surfaces to be bonded.

12 It should be noted that this plasm activation
bct;mdaag wEve dver fiveefost abthe euafadeest thatsubetraeso thizebonded.

© ia G et D s T Banrostion of i Benite Hgverascording to
WR%@]%P i%e Beﬁ@ﬁp" JFhs o substraygéeﬁ r%{é egoﬁpﬁueag@r{tgf (cf. Figure

her o he substrates to
Sa)emfmratﬂme edgal(lqeﬂ@wﬂeo%)ng t he edge v0| ds to be

tend
G Skl NsEhEr 08 Nealiior e Bl g B ol SEids) Tnay be
ceﬂhéél R doPexbhpId %Qt tHe'ﬁﬂtal EBﬁd&cﬁfHﬁe(féF %&Sn‘ﬁ)‘l’@lﬂydcé}ﬂéct with a

be raised too nuch at the risk of reducing the”bondi ng
smmr@whlchoepeehfts disl heat) ior yheadjatien r(ﬁ:tr@(ammetﬁ)m&men lamp

G Boil o e T B uisTae SpaiiAcTIR e heRfiove

| Npassiidlier, the zOhe whérehBeatir vcbies beigHt BEpear SIAFUIl 88main at
out in practice wthout applying a bonder or other

thgidgsired temperaiereventi lth%aléféﬁfkﬂ?dh@\fﬂ lbeembandgd {ribis zone.
oo TG SR B o G BB T G 8 conto
theuerfr@eﬁurewofcthetmtecaddxme by neans of Van der \Waals

ces us, iIf the substrates are heated
é’ﬁ examale é’}’ MP%”Q%W'%%%‘%FP@EBV%(H%@ @QW%&’? ébg(\z@ﬁs the
WE*sﬁ"P%gt'wgﬁ%géi%ﬁwsM?ﬁi BSRaPnS: f8 20 LKpERAER, ongg of tmes

deﬁenp!ns@mggm curgthﬁodiémmb)be(bmen tlms@osteales and tos Iame)

Qe e aBabha i drofy BERai 3526k dhabl. 0% daseiat bonding

mﬂnate%ﬂroﬁf thd edRBERE WidStratd, oeNEpphifitcc d8ge Vol Piafdrably the
be elimnated, so as not to reduce the bonding energy

hatiest withautesnparetire of ABOWHHEE: ance of other defects

| EDL, SAMIBRE Al 2h AT Vb2 (8RB 08 fekPad repeipe seme

conbiftiopB! tHe?nﬂxrrﬁ@ﬁﬁteﬂﬁoPéraﬁlr@ﬁﬁéﬁurb@%mbﬁ@fanmortth@ dther of the
substrates to be bon t_is possible to heat only

SU@ﬁE'a@IS repefes a vajug efdesmice’09G- i s al so pOSSI ble to

1SS0 R SOREGERIA! ARAAR 7S, U, ARG i <
dlémetecrtdqalel ton3Ghapa)afies 15 seconds of local heating, in the case in which
the edge voids are expected in the upper part of the substrate owing to bonding
initiated in the lower part of this substrate.

The method of the invention makes it possible to produce better-quality
bonding in the context of forming an SOI.

In the case of the Smart Cut™ technaology, this method thus makes it
possible to avoid the edge voids and the blisters simultaneously (often critical
macroscopic defects), leading to an increase in the yield and the quality of the
structures obtained.

This substantial elimination of the blisters and the edge voids relates in

particular to the conditions encouraging the appearance of blisters, that is to say
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initiated fromthe edge, it is feasible to heat only
the edge dianetrically opposite this point. The
critical zone for the appear&nhce of edge voids wll
thus be heated without affecting the rest of the
bondi ng, thus encouraging the propagation of the 13

whemndi miginalege oyteh di eheast infflahted @Urdless) of it tBe case of co-
substrates to be Fi gures 4a and 4b

implanting keleim pa @V%&ﬁﬁt fIre%$MRlfie bondi ng wave
£f t
a%c%c{éﬂyegc g rﬁbﬁ e Cen BH'@ Q Teth%o‘ Vg%ﬁ%ég@p% Fhe will

isinitia er (c gure
haveebesly fortredd béfogr bending. bﬁﬁﬂahmbtdmmtmmgnlmpemes into the

heatin ver, all of one or both substrates,
tERRPSRT S GOBPT SIBREHE. Bt TRASRAICT 6h i dohT BrBsirate wil be

cHNEIRILE iMXNE Wt ABhe AaftetPhOH lnd\'%'oc td %ﬁgférs’chéttﬁln layer
£ ha

eat) or by radi ation or exanpl e a ogen
omtblwmamﬁlm@sahte or some of the substrate or

3R albh BB 26 g era sk BB Rk afdbfing the

mﬂilariltﬁtlér’ﬂ Qeﬂﬁé? bf ﬂ%squ@eé;fédwése wm isl bddMRis8 Ul has BEcARBWN that
been bonded in this zone. The heating tinme depends

b@tardﬁgwl;s iprietrme 0@@0&5@&6 asedbtainaddy s enplasiing Hia hydrogee so that

o HET RS ORLERE g seopeih SHREFraiRoram

imiphanted pécc ahathRatpak liesea liittks deepveen the Brkpeds c&fnthe donor
90, secands (thls range of tinmes 15 depends strongly

substrats. skhypegh %tkﬂ@e’f@xtt hitiss geak vdll s @@f@%@slbﬁﬁﬂ the dePth at
I
wiith $ho BoRterttibflorihg Mfiblafed shAREPRPmaRhRXaTP! &
sUlhet featneoffsdids dpiansliet oemhgeni 3 dﬁf@émam ydeptfevmtmrt &t donor
f t 50
sulraie ST Yook 6u'% Palint a6 BesnaRdigslo FHLsGiage of the
dcﬁ%r%ﬂ%‘tﬁa‘té’ﬁﬁ thbhélré@?ﬁnnkﬁfntﬁ(%@ﬁhgt thTBAE Usiifin ObeiRgCat the

/or the other of the substrated reaches a val ue o
swfacseafttbemlcstrate & doe énplasibanhside. mhp affset hetween the peaks is

errpe c{) SI|ICO substrate with a di anmeter
reRrEN S0P F‘érPVVl seconds of |ocal heating, in
t g f&@s glg‘nﬁlc‘é(ht edtnidtRnesoBlistersdst ﬂfeebgﬁkﬂﬁétlﬁl‘érﬂaﬁetlg%bserved
upper part of the substrate owing to bonding

when the helium and hydrogen atoms are co- |mplanted with peaks aligned at the
same depth. Conversely, when the helium implantation peak is offset in the depth
of the donor substrate relative to the hydrogen implantation peak, it is observed
that the formation of blisters is avoided. This problem is explained in US Patent
Application 2006/0060943.

The term final roughness in this text is intended to mean the presence of a
"dense zone" on the SOI wafer after separation in the weakened zone. The
dense zone comprises shallow defects which do not open but are extended. It
does not appear over the entire surface of the wafer, but is localized in the
separation initiation region, as may be seen in Figures 8A to 8C in which the
dense zone ZD is indicated by an arrow.

The dense zone induces a "low frequency" roughness revealed, in particular,
by AFM (atomic force microscopy) over fields with a size of 30x30um?2, or
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25initiated in the lower part of this substrate.

The nmet hod of the invention nakes it possible to
produce better-quality bondiﬁ@ in the context of
formng an SO. In the case of the Smart Cut TM
technol ogy, this nethod thus nmakes it possi bl e

40040, 0 hidh@efedpgenvsiiydsagnrisd be niddssired $ia a "haze” measurement
simul taneously (often critical 30macroscopi c defects),

carggi g ttyomgﬁnﬁrﬂfr%wtrumw@f;lhm%Jrémnttb@eq&anypwl yalue for
thtéerfu mBéétHJ‘ht Wr@@wcﬁﬁtcﬁ“ elrfscan SII%‘Z %Rééf%g 2557 &), aluating the dense

nation O |sters a ge Vor i
zmrre s mmul ar to the conditions encouraging the

t t hat t 14 wh
a%f?uq‘iwag%n'hses%ﬁﬁﬁamar@d@m% Bné)h%}d i'm?ﬁgh@echwecﬂon
th?és r?%éfég A 'd’rmtl?é‘%ﬂli‘é(rdggﬂt?ns%ﬁﬁl% %dation of the
I ca oa, a

Specl according to the
suzaiecqLedity dﬂne tereforealesirablentoflonibtd: foerdnatien bﬁﬁdsk hypelof defect.
' o the

t 1 BiReedMe. dFe ariioRE his reained ouhdnSapitements ogrthe dense
zdrieaflongpplalsh ro%‘ttﬁe W‘:éﬂho@eac%@f‘dlhﬁ% QR inventiBA to a structure in
weakened zone after bonding so as'to transfer the thin

whighdhe detor aukstie dasudxperigneed heliurg@ndehydrogein |cp Impfantatlon

T A BB Pt BBA 65 bt Rt o e

hyeeegers peak. Ih&&shﬂﬁérﬁéwmtﬂlﬁnmglﬁ bﬁ’éérﬁioﬂﬁ@'ﬂﬁbétﬁ at a low

terns of blisters are obtai ned bﬁ npl ant i ng
temperalyen %ﬁt%afavr)f%bigeaﬁeph@ gsf Aiatien) @fabh&tﬁ@, but an

I le the heliumis
“rﬁﬁg‘f’%ﬁﬁ%@% ?s"i’z{é mhel?%lrﬁlges%gbl ittle deeper in the
t IGarkeesdy, ofhet mq)piioarmtr haabemseatred tht diog hfonhatidm Sorr blisters is
t.ext his,. eak defl ne s bein he dept t
reiped DYeSIGRAGN e hGoaen L ABY %&i!%mté piqﬂsaﬁr peaks at a
sd%t‘éﬁi‘éﬂ} |3!5ﬂ_t|‘k‘?altl%(/€‘ ‘H’ffﬁ%@t tHl(ﬁxde’g sepderl t Qi aBulstrate and by
ference in depth onor substrate.

cIERH"ﬂEg ait agowdempgiuawrs acchmn:g m(thle mep’amrpeemﬂ the denseozone is
surfac he. donor suﬁ)t n the dire

h i fo..
aig ettty Flsden FOF thaany i frivathg oL Bdofarcids Bkt BY vinue
of tthe HelhA fc@hﬁg%ﬁd"rﬁg ik &é?ﬁ?gu%tgﬁhail-{]h@eﬁf da¥@fepth is intended

bet ween the peaks is represented by the double arrow
tomezen igentical degth of herwor mai@t oA d@ptrboffsetevfslesa theme200 A

betR88h Bk hidrBHER SR Feii LS

Thus, combining the alignment of the hydrogen and helium peaks with the
low temperature cleaning makes it possible not only to prevent the formation of
blisters but also to reduce the defect density of the dense zone on the final SOI.

Particularly advantageously, the hydrogen implantation energy will be
selected as a function of the desired implantation depth - and consequently the
thickness of the thin layer to be transferred. It is within the capacity of the person
skilled in the art to determine this energy, which also depends on the substrate to
be implanted. '

The helium implantation energy will then be defined so as to obtain a.helium
peak aligned with that of the hydrogen, or having an offset of less than 200 A
relative to the hydrogen peak.
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when the helium and hydrogen atons are co-inpl anted

with peaks aligned at the same dept h. Conversely, when

the heliuminplantation peak 19s offset in the dept h of

t he donor substrate relative to the hydrogen

i npl antation peak, it is observed that the formation

of It kill 5¢ @ointéd oav i gesking, hivith pEfekdrea tosFigiie! & thaﬂthmhydrogen
US Patent 25 Application 2006/ 0060943. The te
ang rféﬁ"uﬁblﬁ’&ﬁh%@‘/iendtfﬁﬁ*i’%ntt gharass that arliegen (P%%aﬂ’*)t Iﬁe relatively

he 501 wafer after

n%@gvgsg}?lﬁotﬁé?ﬁfQﬂﬁjﬁv\g—[éﬂggﬁogg%ﬁe The dense zone

c dfqar exsarapleh aticonngl éd éi}glsrev\ﬁ; bhdm@enoanobmmmereace implanted

inff 5 Rl fhor SustT e | GUBTat w4 10R0 AGudss el e hydrogen
ehé\b& @ﬁh@@ere% P8 38%eVeY% t}?at%ﬁegngrén@ B 58ai8ted at §G@epth of

ense zone ZD 1S In ate by an arrow.
241?5{33 Mdns@dzom@ dffseti dless p@akscavs frr tquueno;/ 'arly gubliwssmplantation

ety 3t S picsb o2 K B sclptieda MeiLRHS 1038 Hset opfhe order of
5@@/&%&%%%9 PekRs dEheabfcde ﬂéhélgz @ﬁmeaieﬁee%ﬂ@eiaswleﬂuy more

Vi a haze" measurenent carried out means of an

then<20QidefactopVeha Sioer witarm digsectep of ﬁ&ocmm vtiege defects being

mpasulddoRifhE Pt AP HlRetol (sBsed o3 Filrean, SR REAG o alion the
pedks, ftiee tehs® mﬂﬂmtlﬁorﬁ bﬁeﬁg}ﬂsh@@dcéd rtaJTeISvé!hé of between 47 and
i ns ectlonthresh |d_of the wafer and, on the oth

ShiRy; pesfgrally 49 ke eﬂ?%aschéﬁeaﬁltx b the, dease Zqnais tyen of the
orjd%r o 8 "&%P%%QE? E GQn‘ﬁ?ttePoLst ?n&h&nf%gﬁ&ﬂe%%% the 90 nm
this type o efect.

I'S” cont ext
thegmiidle deaseh ds inc aiguire d7 Jo ior nesmspareson tvétho the Ipeodantsmethod i.e.

B ABRELGE TR 21 PUEepameRn 1o ePEn GrICabRbfa! Of NE case B,

theUsreERHBNAIAS 0B YREHERBS Shnlels &mr@qgrd@fddf%{?'aefects (case C in
co-1nplantation wth the helium peak offset in th

Flghre:Rhess of the donor substrate relative to the

hydr o a It s observed th cl,eani ng by neans

o et EBs iy e IRl BT A GEE7D [Svorab) o

effigee &0 shbfsfte 'ﬁéééﬁbeq{f)f thbi g Szon@UED &h an SOl wafer which
unfavorabl e effect on the size of the dense zone.

hassexperensed wo-impaniglion ok Rydivgencancehelaam with aligned peaks (the

ndGHTBB b 55, b ATIHTICa A0 B toncing in

SGubsitmat 559d.y identical level in the thickness of the
donor substrate and by cleaning at a | ow terrper ature
a&t@#r@.% iustretes theydapseRONaFd ORea déifet White has expeggenced

mgp@étl{)ﬁdﬁ?g&d#:ywr l?gaﬁ ofgfﬁgr(ﬁgéati Sgguffﬁg helium

impartatign embeyyt tesing ﬁiblsé\ap@naldleamdgrhielf@el bateiridiini &an SC1 bath
i ntended to nean an identical depth of the two peaks

ato G- dBjstdenserzne ismydsore gxtepded Aharinerpremious case.

gﬁ?% R fﬂg%n]téﬁéeé e dg%:gééaz zone, vﬁﬁﬁ:ﬁs haS %&Eﬂéﬂ&ei E? implantation

ofl@dr@@manatmlemwahmfﬁsgt pekies (the !milslm bhelant:—ttloqrér)ergp being
t the f
SZDkee\\//)egnd cie(?:—anu%)gr gaftolrggondlng in an SC1 bath at 65°C.

These figures show that aligning the hydrogen and helium implantation peaks

- allows the defect density of the dense zone to be reduced substantially, here

compensating for the degradation observed when reducing the temperature of
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25blisters but also to reduce the defect density of

t he dense zone on the final SC] Particularly

advant ageousl y, the hydrogen Trrpl antation energy wll

be selected as a function of the desired inplantation

depth - and consequently the thickness of the thin
thiea®@1 it thebelehniagdietoredsbnding.i s Wi thin the capacity of

the person skilled in the art to determne this

energy, whi ch al so depends on the substrate to 30be

t nerap A o o FRCo ARG MouB BT (RS Behlion, L s ou
that tithaksbamaés tiheobsibleotre myoir sbaingnipeasulndifates upktreass of the

n O A relatiye to the h
0. pestlicalieas oo s, SSaYSIYORIY HepBr crERg ou $ased on the
' h
ed(ﬁeg#:l Qgeagéeié@g%e%nﬁ? he hy f%hgg%gegthdﬂ pﬁgﬁg .ve’?t"’”ed at
thisapositiontwlere tthatedyfe h@tls are (ligbje ts appoaderhis Bortmg has led to
.exanp rring to Figure 6, hydrogen and helium
h'ﬁﬁ@%&”ﬁﬁfﬁﬁ?%@t&% into a silicon donor substrate

COMR @6k Wf [dv %rﬁ?@r@tﬁe@ﬁbﬂmé RUA clebhmgw&hegmﬂumremas an
bei ng sel ected keV so that the inplantati on peak

eganesnigt benefiptine difePmgoof the nbathl ebeen lopgelesindge under these

ccgﬁli\@?ag}e'rgh%ngpg v%@f)?%t&h §§/ cﬁ%}'ﬂe% @%ﬁv\#so nStJtlétlng the

baths arhigfiresdntothd bevemtdﬁé o@ilnﬁtﬁ@ hebpiamtigias oh eheeides products
The def ect density of the dense zone is typi caIIy nor e
adﬂ?dt IR&dene Qi@b’@é@ the,gencentratiops ofthensqiutipnsevesting.
¢ RrSTRLh Es ERERF TR HRS YERTSiMLR of RrEaltE the ofher
cleaek fnvolved metheu ®marp ICGUtT* thethod Netegyrirics afted ogisktivo, after the
%52' ue of between 47 and 50 key, preferably 49 keV. The
fre@fmge se?és of the dense zone is then of the order

Ofln%tﬁéﬂﬁf, lﬁ |§|th6Féfé$\fet BufticitA Bt 856 Wne3 YathmandS potdntially one
measured "wi t nm 15 threshold (case Ain

arfiagatue @) all F@rstepﬁpéth%mih(w th the prior art met hod

i.e. gl ' . B5 ff h .

| i Pebford BoRbiplofo BAUsBle Priitend ThEraRah i AL fing the
nddd8sagnegagiien fo ahet b&ndihgestedl b§OnRRfio® StK@ aﬁﬁeters of

in Fi urenzz)19 These results may be observe ures

bagWindtige.a Mperatuea shows the presence of the dense

=SB RR, R Ts, GF E, Peha FERE 1 ifEipipreaving tow

roRgaksss( atorBeboriding Melivind astiongee NSSralind edritl 24 Bok@in, interface
agd cl eani ng beforgmk?o\ﬁ?ﬁ ngcfquJ an SClI %ath at 55C. b

whiclyif easgier {0 stabilize theyeaier. dense zone ZD on a wafer
f .
Whi Gl h?ﬂﬁ)r%eévﬁ?ﬁbﬁgfct%dtpe% %ﬁldpn‘ﬁlsé% %S?n (3 p%s ?'Ec?gﬁﬁate the

and he

edgeevoid/dlisioncdrdpiioayide zﬁmainedj d@nvagn@eﬂw eerhpemtlm@ ofithe SC1
an SCl1 bath at 55C. This dense zone i s much

badh WhRIEdeATHAG O ATHOThEAtBeIOdRS SUDSITateR Ja e xnded.
b hs rtﬁét% % 9?&?%(#%8 anfg)ﬂh@?%f?é%ﬂ%tﬁ@ﬁféggerameters of

co-i nplantatiron o oge elirum
thpeaddboltape drapiifisd beq:mmet iatiependerdrrgyulladiongan be carried out on
the cleaning conditions to minimize the appearance of blisters, and the bonding
conditions for eliminating the edge voids.
Results obtained by using the method of the invention are given below.

fn the case of Si/ implanted SiO; bonding to produce an SO! by Smart Cut™,
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36

30 52 key), and cleaning before bonding in an SCl bath

at 65C. These figures show that aligning the

hydr ogen and heIiunrianantaﬂﬁon peaks al |l ows the

defect density of the dense zone to be reduced

substantially, here conpensating for the degradation
thebSetiareile vhpstrateds! cesegsetri@ﬁrveetﬂnﬁe alddntnP{leds’ et dily &i6Hed and/or

in the cleaning before bondi Ret ur nl%_’% now t o
rausbepsali hie mlﬁ@dm&e@aearrrg‘ %Chr Rehamdlgntylsiyate.t measured by

- AN B§er°§{rrfér§@§ f ﬁOﬂ(ﬁ.ﬂnmg?ésé tha088 EQLQIS&%?%gfgﬂom rms. The

sorting the su str dpStream of 't
d&@pecsdbatratd, ycorfsammgrtgf dikore orideretdi omahé ywulfeen tioan impléinted by

out ed on t e characteristics of. t
QiR BATEE Do P GG ag SR T KA MRS [SclREdls RAr fieh more
| [ t |
o4 fol BReHbrERd é*?“e%r’j?g e ciari bbb ARSI HasARRAAieakened by
thEhénpleatadionl dis trenglenessurdagsd do 1 12e1 FkCAngS’reemsngnbdmefsre the

furth h 10 the |ifet
clghinge et s Sheuf 4 BRGRFOEr MBS AhgieRCAndeantignultR iasac at a
tehhSratdre dfitge be I@étgrﬁ’%"t@tﬂooﬁngétrdrﬁ§ EfchledP1OMeCisme donor

constituting t Thi s resents he advant age of
substiate ngy suhlectﬁsrb‘m the eamef cieaeln’g o2l 4 piCo e rsgtidets raughness

* reAlRS P3G kg e REEZ TSR it e bph8BBonding

ef¢Ring Bl dbk@ito B andebimealThieootdigradiceest bisteRARSthen about four
involved in the Smart Cut TM et hod (cl eani n after

timQs dRSS AT CIAATIRG EhA0HeAOMRRTRE A Biecams Cléaning at 75°C.
I
AR ttatd | SIS U Pl e her

beﬂbwt he met hod. is therefore possible to
B8 B8 5Bl ébre%?é% QBB RG89 &5 ) Syl (R method

w&ﬁ‘@h@ﬁlft@r‘ﬁﬁ’kf‘da‘f’h%tr nding time and tenperature.
Furt hernore, the ‘hod of the invention leads to

substheresd hﬁdah@ |@wl ranuighpiestatibef of @eimndraryi yidvogen  with
t b d di f whi
odteRliAons 8 Geitatot fefEa rpd i B E retrcdeel ai ng

ta tla@arnm%ntr on al so makes it possible to obviate the
edge voi d/blister conprom se obtained by varying the
t enper atlgrBingf therHwossubsitates Wyemegne aliatgoaeiee sath tliowed by
t:@ &Qger of the substrates to be bonded. It may

Péf%r e be seen that the possi bilities of regulating

t he par@eBhipghyoinethe offein®01 ath ait 4DIC ffd)ﬂ%r@@ﬁﬂﬁ@t@s followed
i ndependent regul ati on can be carried out
by rinsing (mass percentage dose of 3% for NH.OH and 4% for H20,, the
remainder being water),
- cleaning by means of an SC2 bath at 30°C for three minutes foliowed
by rinsing (mass percentage dose of 0.7% for HCl and 0.5% for H,O5),
- drying
- bonding with short-term local heating:
- brushing + rinsing the two substrates before bonding,
- drying by centrifuging,
- placing the substrates to be bonded facing one another on a bonding

station,
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25

30t he cleaning conditions to mnimze the appearance
of blisters, and the bonding conditions for
elimnating the edge voids. Rsults obtained by using
the method of the invention are given below In the
case of Si / inplanted Si 02 bonding to produce an SO

by Smar bricgingNhe slstrBResShidanthet Biebshitiatiey tise |RSP heating by
sensitive to the cleaning (|l ess easily etched and/or

r chhRlegen)lampidth ¢ powar eqoabiendbwatts serc3d seeris e

substr at e, mngaﬁ r - v I f ,

is | e”sshﬁ?]a&n or %eggg(&%ggf%n%wg‘get fogér%i ;ﬂ%ﬁnghéé%#&ﬂg after the
suhiaftofities lattlensarst i ng of silicon oxidized on the

surface then i nEI ant e 5 co-i npl antati on of

db hel i
and $RPRFEINEhAN B iSBipaHPSOF 20aeing thsm Smah et Homethod.
PR e, SOUAREBRAmBI ik SBON P botdifed BRI RO Kbt Cut
meftosewtto Mediurh-t#érmrigsalheatingns bef ore the cl eani ng,

A kb st S gt o 4ah A0St o orcer
offNER)'® Qieni¥ei ng etched. |f the same donor 10

substrate i s subjected to the sane cl eaning at 40C,
convelesling: its roughness remains unchanged in the

range of, 1.2-1.4 angstr.ons d e~cor r.espondi

ct ohingleenfiaRb TR At ePImAn peDaE IRt FERE BNGHE folowes
bIBysfigdigg,i s then about four times less after cleaning

at "40C, conpared with the same cl eani E& at 75C.
Exanpl esleaningriddmeang of ast paethat ahidPHedor Bires mingtesrfollowed

e Vol ds are gi ven 15bel ow. In a first exanple,
t%gﬁ%%g’s obt ai ned according to the Smart Cut TM
met hod @hiify,short-term | ocal heating: t her mal

oxi dation and co-inplantation of helium and hydrogen

wi-t h EBYRIEG e 508 SePsT#ie WiyRPust OpPladBdand 1x1016
at/ C'B%Bg{ngﬁﬂiﬁ? e‘é‘?&r%teﬁm?é‘all heating- ¢l eani ng t he

two su ates by neans of an ozone bath foll owed by

ri nsi-ngbrushing follovedcedryi nigsing treassibefrates ®Clbebdoindatl before
40C for three mnutes followed by rinsing (mass

p H%ge dose of 3% for NHACH and 4% for H202, the

251 emai g BELBEINRIRG,)

- placing the substrates to be bonded facing one another on a bonding
station,

- bringing the substrates into contact then initiating the local heating by
a halogen lamp with a power equal to 500 watts for 50 seconds,

- initiating the bonding during the local heating, 35 seconds after the
start of the latter, and
- separating and finishing the SOl according to the Smart Cut™ method.



cl eani ng by nmeans of an 5C2 bath at 30C for three

m nutes followed by rinsing (mass percentage dose of
0.7% for HClI and 0.5% for H202), drying - bonding
with short-termlocal heating: 30brushing + rinsing
the two substrates before di ng, drying by
centrifuging, placing the substrates to be bonded
faci ng one another on a bonding station, 19

bringing the substrates intgLamsact then initiating
the local heating by a halogen lanp with a power equa

to 500 watts for 36 seconds, initiating the

bandi rd

ot el o HorlF, MREKpesRys fgote? RRRART e burtdtes of
satchsuBirbtescarer bfonght iota tmtsmawﬂh eacl’rmm: tmdprlsmg at teast one

th| econd,exa t.he SO ned cor 0
stdspof SRATRAT shRac &t Gre andteh 8 AhPEdr 36€ ¥isltfickoto be
bohb@dj mafor@ Mhalesurtatesngle bystighd éto lo@nta@ntmhramemdd\nahat

hi gh dose of the order of 7x1016 at/cn®, 10clean|ng
- cltfeeaﬁﬁeﬁgmsystﬁ%mar@redaqwézzlmsaﬂﬁ ofa bajlrat g tepmesature of less

thdH @5“{(?§%ftr94tle%¥5ﬁ@uﬁ)icé tRahBg is not mg;ﬁil’ %ﬂ!y%u@eﬂ@ﬁ%ﬁd% that
ath at 30C for three mnu

H n#ienfending is furthermore preceded by heatlng at Ieast one substrate to

be bonded, said heating being initiated before the surfaces of the substrates are

brought into contact and continued at least until they have been brought into

contact.

2. The method as claimed in claim 1, characterized in that the heating ends at
the latest at the end of propagation of the bonding wave between the two
substrates.

3. The method as claimed in one of the preceding claims, characterized in
that the cleaning of the surfaces of one and/or the other of the substrates to be
bonded involves etching which leads to an increase of between 0 and 20% in the

roughness of the etched surface.

4. The method as claimed in one of claims 1 and 2, characterized in that the
step of cleaning one and/or the other of the subsirates to be bonded involves

etching a thickness of less than 15 angstroms.
5. The method as claimed in one of the preceding claims, characterized in
that the cleaning step is carried out by means of a bath based on NH,OH, H,Ox,

H,O.

6. The method as claimed in one of the preceding claims, characterized in



15- drying, activating the donor substrate with a

pure 02 plasma, bonding with nediumterm | ocal

heati ng: brushing foll owed by rinsing the

substrates to be bonded before bonding, 20- drying by

centri fuging, pl aci ng 4fe substrates to be bonded

faci ng one another on a bondi ng station, bri ngi ng

the substrates into contact then initiating the | ocal
thdtethé icl"?nh}%%teb&é Olgl’edl @lmbz mébnaobavmmbqﬁédl ghCNEH@H H,0,,

wat t s r secon i ni_t t|ng t he bondi ng
HZQJtIro"ﬂ‘ﬂegll?&qt&tQ 988 Pﬁr@c' %des after the start

of the latter, and separati ng and finishing the SO

according to the Smart Cut TM net hod. 20 CLAIMS 1.

A7mdhrovetiodbam glaiiged wd onebeft that precedige tdhrimsd gharagterized in

[ t.o

i ghe Sieh i HeRTE R BA b0 R 8554 Ball RYleg bl Pbatn
baséd oheNdid, HE@;, HpCf m]eweiﬂ bgrzebathd)’ased toneHOL, k0O, 0f,@.he

substrates to be bonded before their surfaces are

brought into contact, characterized in that - the

clseaRinNdethblad 8lafdéd it 8n8Wr dNMEERRS 40thardefirRedtinahat the

temperature of |ess than 65C so_that each surface
clegnghelgpiis camedgtﬁ wiyfusineha bath elgiinieacichad prygenated water

n r r t

fofogledfop 2 Bidifbdepa o NI B, SRR Ui B9, Pt hased on
HCInHOatre@.bef ore the surfaces of the substrates are

brought into contact and continued at |east until they

have been brought into contact. 2. The nethod as

cloamiednéthodl & Blalmed R bastAIdidie” 1 fo uhahaﬁab%riz@atlh NBat the
ends at the |latest at the end of propagation of th

clagging igPuis E2HEEvRUrDY NEINGWEYs BT Mlewed by a Gathrhgsed on
NHRIAL, G5 AR ek byPR Balf bddi o LGS, ALOL .

char’acteri Zed in that t eanl ng surfaces of
one and/or the other of the substrates to be bonded

100 THR S B0f i YRS s EE R PRAETmb TGRS G RiackT A thar

said method furthermore comprises a plasma activation step.

11. The method as claimed in the preceding claim, characterized in that the
plasma activation step is carried out after the cleaning step and before the step

of bonding one and/or the other of the substrates io be bonded.

12. The method as claimed in one of claims 10 and 11, characterized in that

the plasma is based on O, and/or N».
13. The method as claimed in one of claims 10 to 12, characterized in that
the plasma leads to a decrease in the roughness of one and/or the other of said

substrates {o be bonded.

14. The method as claimed in one of claims 5 to 9, characterized in that the



4. The nmethod as clained in one of clains 1 and 2,
characterized in that the step of cleaning one and/ or
the other of the substrates to be bonded invol ves
etching a thickness of Iess than 15 angstrons. 5.
The method as clained in ong of the preceding clains,
characterized in that the cleaning step is carried out
by neans of a bath based on NHAOH, H202, H20. 21 that
terhpératiredfitigbathaiased chalHLGH, PUO, MO'RABSs andsdrat h
based on NH4OH, H202, H20 followed by a bath based on
HCl , H202, H20. 7. The nethod as clained in one of
L8 RREGRANDY o8 Hiffed iﬁgﬁ%ea&ft Linf€8 1 B, Ehéltacié}fzeg ig grt-a%t the

cleaning step Is carried out by using an ozoni ze
baftobasateah MiA.8H dR20d82d on NHAOH, H202, H20 fol | owed

by bat h based on HCl, H20 3. Th tho

=2 Brd AR PaRenRe dasenar WHEG Qi e ERS 12 and
6/8 had pidierabhyelstivegnsiyzZant g/4arri ed out by using a bath

of sulfuric acid and oxygenated water fol|lowed by a o

bat I Bhadampsrratipeorf bepEEn pifp andfQ Guatetsyakly ptween 40°C
an@ased on HCl, H202, H20. 9. The nethod as cl ai ned

In one of clains 1 to 4, characterized in that the

el eimappiiedifepa faw minuteedprefarably torsienyinditgs. ozone

foll owed by a bath based on NH40H, H202, H20, foll owed

by a bath based on HCI, H202, H20. 10. The nmet hod

ad6cThé mesthod agngainfedt iheorer ecadinmg6 db &, kbaracterized in that the

har act er | [ t said nethod furthernore
ba@bﬁ%’?‘?‘é@%“ﬁgﬁ% ctivation step. 11. The nethod

as O\ ARfhsk et La688 BEHC BMecd@BRCARI D%ed 1 n

that the plasma activation step is carried out after

t he lAscaniasg peresgntagridess ef d:Qheetveep o3 %rttie g one

and/:qr. o) substrates to be bonded.
12. I%ﬁégﬁgwﬁ%?@g (E:flégareréd in one of clains 10 and 11,

chariaapplied foat a fewt hutesh refeeeiinthiree basetgson 02 and/ or
N2. 13. The method as clained in one of clains 10
to 12, characterized in that the plasma |leads to a

degr gasemethotings ERUBBAGS Tifin OhehAadicdzed he thathge Béating is
said substrates to be bonded. 22 tenperature o

. . f the
apphgdh asate dn gnPraliphare! e of abieast ongsef thgaiwossebstrates to be

boﬁﬁed.The met hod as clainmed in one of clains 5 to 9,
characterized in that the bath based on NHAOH, H202,
H20: has a mass percentage dose of NHAOH H202

B! AL el Biahhea 30 b1 28R B RHEE AT ¥nACHSRbting s

applied uniformly over the extent of at least one of the two substrates to be
bonded.

19. The method as claimed in one of claims 17 and 18, characterized in that
the heating is carried out at a temperature of between 35°C and 90°C, typically
between 45°C and 70°C.

20. The method as claimed in one of claims 17 to 19, characterized in that

the heating is obtained by thermai conduction.



Is at a tenperature of between 5C and 60C, preferably
bet ween 40C and 55C, is applied for a few m nutes,
preferably three mnutes. 16. The method as
clainmed in one of clainms 6 to 9, characterized in that
the bath based on HCl, H2024 H20: has a nass

percent age dose of HClI between 0.3% and 2% has a
mass percentage dose of H202 between 0.3% and 2% is
at a tenperature of 30C, is applied for a few

m nutes, preferably three m nutes. 17. The net hod
ag1ciThe raethpd asl elpifed incaae ot claimsely 1h2@ heharaptgrized in that

th%]ﬁgéti@qsi&teﬁﬁ%é??am%%ﬂy y in a peripheral zone of 12?

east “one 0 strates to be bonded.
The nmethod as clained in claim1, characterized in

that,the heating.is appljed unifornly,aver the ext.ent

L22p mSnaF OF fifisg arRichi ciprRita.A uftY s B B8t hductor
mat&rial tRmsfBtdtPRomsa abAbNBEbstated BAtoch sebeidTBubistraAd théimethod

characterized in that the heating is carried out at a

coppriEadhe flloyinggteREen 35C and 90C, typical |y between
45C &f‘ﬂl@%gngltgvo %t%mia_ Qﬁe&@é tﬂgg.tﬁ'é d6h&i tiafle 89%s3b create

cl ai ns aracterized in that the heating 1s
a whakdneddzdne delieniting thmtidu dayienito beAgansferreXd, eatheofrtbe lapecies

as clained in _one.of. clali t O, " acterized in
haffgia fstiiuh doRbstch & dRartAirdead: faghact oL 2ed

met heisariifig iy simMgbetobdriaighdioe thiepoper sf sgidaubbiratdsayafore the

of sen gonductor rrageri al transferred froma donor

SUHAERY ?fal: g syRsiatgs de 8@@'89@(‘? g HBO HE{“FR;& contact,
COMYArirtPtHchsedonl! QishEteShRP EontaEOwitheé Bbh &Ysibirate so as

atom c “species into the donor substrate so as to
to bped saidsubetiRtesdagetdrs delinmiting the thin |ayer to be

conchiiafifl "Bt of he! d8 3B e 1B HhE Be ol il Rte s0 as to
foreh eaidithig layer suhtaeeood sobstratad/ or t he ot her of said

SHbgSHEL R BELBL T B SR ERRC B AR B 2 en

have an offset of less than 200 A in the thickness of the donor substrate,
and in that the bonding is carried out by a method as claimed in one of claims
1toQor 14 to 21.

23. The method as claimed in claim 22, characterized in that the peaks of the

two atomic species are aligned at the same depth of the donor substrate.

24. The method as claimed in claim 22 or 23, characterized in that the two

atomic species are hydrogen and helium.

25. The method as claimed in claim 24, characterized in that the implantation
energy of hydrogen in a silicon donor substrate covered with a 1450 A oxide
layer is selected at 32 keV so that the hydrogen implantation peak lies at a depth

of 2450 A in the donor substrate, and in that the implantation energy of helium



bringi ng the second substrate into contact wth the
donor substrate so as to bond said substrates

t oget her, transferring a part of the donor
substrate to the second substrate so as to form said
thin layer on the second supstrate, characteri zed

in that the two atom c species are inplanted so that
their peaks have an offset of less than 200 Ain the

hegbéﬁﬁgﬁﬁ§7§ﬁd5bqe@onor substrate, and in that the

bonding is carried out by a nethod as clained in one
of clainms 1 to 9 or 14 to 21. 23. The nethod as
#@ 'ﬁ?éjp'x' é‘t{ 2 Mafrfied Gl1BEA 22" | b C{JIIIZE?% tﬁeﬂqhé’ﬁ'ﬁglﬁntatlon
atom C Species are a gned a

endeptdf haliutmhis 48@d@M. substrate. 24. The rret hod as
claimed in claim?22 or 23, characterized in that the
two atom c species are hydrogen and helium 25.
The method as clainmed in claim?24, characterized in
that the inplantation energy of hydrogen in a silicon
donor substrate covered with a 1450 A oxide layer is
selected at 32 key so that the hydrogen inplantation
peak lies at a depth of 2450 A in the donor substrate,
and in that the inplantation energy of helium 24 lies
bet ween 47 and 50 key. 26. The nethod as clained in
claim25, characterized in that the inplantation
energy of heliumis 49 key.



