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| NDI RECT BONDI NG W TH DI SAPPEARANCE OF THE BONDI NG
LAYER The field of application of the invention is

wohads/asisseet hods of produci ng sem conduct or ONPCT/IB2004/003324

insul ator (Sed) structures which serve as substrates
for electronics, optics, and optoel ectronics. One
non-limting application of the invention relates to

t INDIRETIH 8ONDING WIﬁ@@ISAP'PEAF%'ANdWO‘F”ﬁHEeB‘@N‘D?N@ PAYER

of a layer of .sem conductor material to a |ayer of
thermal oxide present on the surface of a support
subst Taedield\sf appli¢ationosf tHeduvearitiean is thaosfemetiois of producing

Seinchisr' G MailBr (5o R le, JRE sBRBCRS fpstrates for

elgotioniasi optitss aingll aptaklectionice. t o be bonded t oget her .
The U@ﬁ]é’ﬁoﬁllﬁﬁﬂ% ??pll@é’tl%rn oBtHY inRBAtibIE YhRE CFsafB’ ﬁ;ﬁ BESduction

when it is di achi eve direct bon

Sb P38 SB/ATUTHEN eChRRRAINGIOE alByel PRIIcpRGGIor material o
eXaydr of thermili sigdé pise%eht oﬁf’ihé sdifhéé @ﬂ htsupbsrichiptraes

in panti.

o1 Do Enthe HERPaned okt deiERPR” Tie'trrm, indirept bonding’
heeets mdnding eaployirg raalm@m@lla@@rlnﬁtemalét?dmw?én two layers of
BB s LGP RN T °

d| f f i dbetysei &f abpnding Iﬁwresmfmmm@rdawmawwhen it is difficult

Iétvéaéll'&? Blfno‘ﬂrﬁq BRIHHE Qe%ﬁlgfo aﬁ\é?ééedlf é?'(aa? Tétyg,r (for

r to carry direct bonding o
ﬁxéﬁ}ﬁg%?'ﬂ oxidedayale, several nethods have been

pr 0posm$~ Hificulnert bbgertvba mUpém@aﬁartWhé}e PoBeRsH Ip?dduce a

ar.ti r rfaces
boRSReani i PRIPS S URE RFRs; 2 lfro! sEparasrhanium
BiBdiindgo beoborwied divkdtiynty & heyeti dff exide bnpthesstetasesof a support
%EH {@s roughness, particul ate contam nation) likely
0 prevent the adhesion of the surfaces. As an

exanplteshauldnbenaried ibahthis diffigubyoishalbihe meneinignowrsed when
B BEALRARAEN df@e‘ﬁ‘i‘lbﬁhunﬁfm ﬂ@sﬁ@la%léf fs% g, to be
bondeg_héwg repared (for, ex% [SIH themin
a HF ehito casBhi )% i o Swrntq)rad&upport
bobstestde setdrammiBtio e h}@be%edrbp&)\p@lsedtfoﬁ&ra@hﬁg&h@tsmces to
b g io Ca.%Sﬁ sgvere P rtl%{ﬁ‘@ éontam ngit:h rF t b
Gr PR RijOF o BRQYERy it RAIHCYBh sJGaRINgObhe su aceS% be
Qenéedzttog@hdeﬁsageaemﬂyl magneabrwrt nefofe tbhpading)i for controlling the
j I o]
ORRFLRCFEASIc 88 ORTDATBEENE HANREER) el to
péﬁﬁ@@ﬁ the adiyesionpof IhQ:SWlf&iQﬁS

As an example, a method known as “hydrophobic bonding” may be
mentioned, in which method the surfaces to be bonded are prepared (for
example by immersing them in a HF chemical cleaning bath) prior to bonding
in order to render them hydrophobic.

However, that preparation tends to cause severe particulate
contamination of the surfaces, with the particular consequence of generating
defects during bonding.

A hydrophilic bonding method has also been proposed in which the
surface of the SiGe layer to be bonded is treated to render it hydrophilic prior
to bringing it into contact either with a hydrophilic silicon surface or with a
surface of silicon oxide SiO,.
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to bringing it into contact either with a hydrophilic

silicon surface or with a surface of silicon oxide2
wonesoBigshe best known treatnments for renderi ngCIBAY€003324

hydrophilic consists in imergsing the layer in a

chem cal SCl type solution (N4 HH/HO . However,

that solution etches the SiGe |layer and tends to

Iu ner flﬂlgr];iéagf theé %ﬂwmn E@gmﬁrﬁgfdrnrﬁ,@ggﬂﬁg é’fla er_hydrophilic

EPRFPISy | F'at'@r%%fg o'ﬁ‘é‘ﬁfl K | § shepie §$‘<‘Jnt¥ﬁetﬁ@|‘m°n

(NH@@HVH‘I@Q/H@M gerrmn: um i ntthe Si Ge | ayer. For that
c in a

navi oYt Bh B SGRAbA AT e BITR I ApfrTds B farease it

prosghniess pressltivgen @alpend hﬁsnskairsma’(grytm;ahne envi saged) ,

contr gl kgsl, 1§t Sé”r‘i}ﬂe!j Nt ﬁh@e }fg(rg@’\/grg%ﬁ é%lpgﬂentlally as a

concentrati on ger mani um

tHnotipp@fth eP@%ﬁﬂtgatlmﬂqsrwwphnmessmlﬂyﬁg of a

Sl Ge Fay éiath@wko8, éltﬂ\&ygt?@Bﬁl?dlﬂlécﬁbt&\mgﬂnaﬁﬁlg‘} having a
r exa

Ay .cgpasﬁﬁ?kpwﬁ%ﬁrﬂwoﬁﬂr et A0S i Posails (ind thus

bagéingragy hg m\hsayecbpncmmmt elehinef inge SI@ailayer(iiaving a high

R FRR o Rl ror Bophle S8 B ot nocs 1 or

di r ecFinallgorvdiileyg hydsiphilic dyanding of suficet laygrshedng a low
Qénc%ntﬁé[tloﬁ' & '@%?m‘érﬁ.ﬁ‘ﬁvﬁé\t %Q§ﬁ1 %F?ﬁ%f%d'cgﬁed out in a

ener c

&‘3@ S@B%fr@ﬁ%)%amam@ .hy%fQﬁhw PRANgiRg 9f @|§§eo\eyer having a

Bighl coriddn@ation of Rrinaniith i(ft-exariple 0% 0esthdl U d:éiﬂf ed out in
bo ﬂ%% i S even nore difficult to achieve when t
W tration in the SiGe | ayer to be

t r ansMare qaxdea:lselm ginfade fkatrhentmetimidsdfor batctiynbonding a SiGe
t { n

g@ é?ﬁg&%@%&? u%%{rgfe gki’ (§ ;029%1'63 nﬁé@ cﬁg%@%\z‘n\fgges such that

bm@lult aualityi nfOtfh@X@mmleaxtlS ogermrra&m ntb’forancagtachﬂel ay eragards

%@&M%rﬂsﬁn %rg@rln e REldRl Gt -ap E]Héhori <%f tﬁ@ﬁ ?110 be

partl vant ageous to ay er cannot

be boﬁasge@m@& Ayakt ¥ Randing,i$ £ven Jrow §l§%&"r {o achieve when
m@gémﬁmﬂumfdvncénﬁaﬂd)mrﬁtlﬁesi@/%&br i 5@ tr@nb@)ﬂ%fd is Higred

2 RSB8P e Lo R o i Y P Bt
gbovVecegardingboadipgoot asBifse layer hiay a'jsm tbec ehesuntered in the
BSREHES Aok BoROFS! AV AL AL hpsdf ent =t
bondi hguefit gapeglfSa e patficulany adwantagecushiccoeat)a layer which
cannot be bonded directly to the surface of a support substrate (for example a
Ge layer) with a layer called a bonding layer (for example a layer of oxide or a
layer of silicon) which may be bonded directly to the surface of the support
substrate (in particular because it is possible to perform a surface treatment
of this bonding layer in order to clean it so that a bonding of satisfactory
quality can be achieved).

Thus, when the bonding layer is brought into contact with the surface
of the support substrate, advantage is taken of the good bonding properties of
the cleaned bonding layer and good quality bonding may be achieved.

Indirect bonding, then, is bonding via a bonding layer as opposed to
the direct bonding methods mentioned above.
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Thus, when the bonding | ayer is brought into contact

with the surface of the support substrate, advantage
woOo0asasess2 of t he good bondi ng properties of thecthieane3s24

bondi ng | ayer and good qual ity bondi ng may be

achi eved. Indirect bonding, then, is bonding via a

bondi ng [ ayer as opposed to the direct bonding methods

ment i n‘nefﬂeﬁb@wﬁarfy eudpidireet §§ﬁdMgOHHvérﬁt§géQﬁéy BRNGKEH of the

ondl ng propertles
g?ocﬁlﬁ B'Igl Q{&pﬁélesfoﬁﬂ%ﬁg{m@g%ge?@ ? ‘of silicon on
ae | ayayerajf sileonoon aclager bhthesoxitia GHOgforatheugrfade of a support
sub tﬁ a layer of oxide on - a layer of the oxide
on e’ surface of a support substrate; or - a

srlﬁd@yerslleﬂQO%ubstrate Returning to the exanple of
di t
i ndirech Ié&%ﬁ@f'ﬂ% gkid@d é@ﬁ\?ﬁ Ak s%lrfé%efdgré"%WF%b%rate or

substrate e surface o nay,
f or med ?ISBWP&SUBPO@SG strate. a f| rst technique, it may

be eane&ﬁrgﬁ!@ tohére @xémw oﬂﬁn@?@dﬂmmd)@f%r@@bed)f SiGe to a

PR SlpRiol BT R GhBieh mavofor aTee) By dpied gom Si
gleS@mmmm firsteshnique, dandy Ibaymwlsagqmm_skiaeda layleloofgﬁagda nsay be
- n

pastanbintily Sh 81yt orisit by R Sl Seebir oa: o

at t hblome@@r,cgurw@ pxidatiomof a Sifﬁguwer thez gaemagiuf present in
@ﬂ@oléé/%rg hé 'E:%sﬁéédé Ciﬁtg's l;ésdwﬁﬁ *ﬂhér‘é%ﬁ Wg%lﬁ{:a{é%f@g%ﬁgtﬁcﬁﬁ'tﬁg oxide
@aﬁﬁﬁ nﬂﬁ rmedy EFEnggem%leﬁ% RPeeryRditRebessegragajeqd at the
BiGdioxk ihteefager mani um segregati on phenonenon nay be

o 500 e eSSt RE R oern
@mmma@onﬁimrmahmm fnarease&dﬂrmisqﬂm camueoitrabion us @@rmanium
Wioﬁ@é%ﬂﬁor‘% gﬂgg% | structure. Instead of

avi ng-recourse |2| n ayer of SiGe to obtain
a bonditheughihe ge@mamuﬁh%egrﬁaawn nben@me@pnumay becminimized,

lhobﬂﬁi&ﬁléioﬁﬁlc%rﬁ/mg“ o@'x't rtﬁét OXdSERP St IoRd t bégure%f the oxide
XI dg dil r%tﬂ Si Ge. The deposited oxide |ayer

'ﬁghe H@”M % prior to bonding to a silicon
suppoTIhusutbat filst mcHrh'mm/ eanndthise usge witdn mrmz#eq a good quality
% ?jlfug: gn the Si Ge | ayer then constitutes

ari e xi'de | ayer of the SGO structure obtained, and
t hi s Instedsl 06 haivingdveotusgedo oxidizing a layer of SiGe to obfain a
bonding layer, a further known method of indirect bonding consists in directly
depositing a layer of oxide onto a layer of SiGe. The deposited oxide layer
must then be polished prior to bonding to a silicon support substrate.

However, the layer of oxide deposited on the SiGe layer then
constitutes the buried oxide layer of the SGO! structure obtained, and this
leads to disadvantages.

The density of that layer of oxide and its electrical performance may
prove to be insufficient (in particular in comparison with the density and
performance of a thermal oxide) for producing an oxide/semiconductor
interface that satisfies the specifications in force in the semiconductor
industry.

Further, the use of a deposited oxide may generally result in poor
homogeneity of the thickness of the buried oxide layer in the SGOI structure.
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The density of that |ayer of oxide and its electrical
performance nay prove to be insufficient (in

woaodsiosdsar i n conpari son with the density andPCT/IB2004/003324

performance of a thermal oxidg) for producing an
oxi de/ sem conductor interface that satisfies the
specifications in force in the sem conductor industry.

Fur t hegy ﬁjhﬁel"sﬁao i@flaék ‘E')?Ff‘fb?héé’ém ﬂ\%gn&%vgetﬂebéhhé’ompatlble

result 1 n poor kness

mithi the '%tﬁinélédlU&?ér §$f4’@0§4§9§ l%m%?rmc@némqr indlUstry.

furthefet stigifdrihag kdeposhipgogaaixide M@)er hay eatise idntamination
i nconpati bl e e, i.nt.ended use of Sed structures

ithatim ygee?H"c'Br?d%%}fB?q defeciStry. Yet still further,
deposiA furthes dechriguel €on la;deecttyabomngea E=yet aonsiats iorepitaxially

{g@g\&wga% AT sfa&nSHfﬁ‘ﬂ nCah tHE'Sffate OF LUAIERH! SiGe. That

irec bo di gﬂ é@r con sin
6ﬂ|ct)axlam$n is ’@\em/\a:m"gp@teplmmdlmd seibatittss iit] for @ laygr of silicon

%B{fd‘ef‘et % én@ tﬂ\?/ & cAfry SubBxidEN3ids boh8 Rty \lvﬁb{ &h d))&d'&@é Silicon

oxi di zed to substitute it for a layer of
WPP@B@UWT@@ SiC>2 and then to carry out oxide/ oxide

bondi M@ty dXidatiorPsf ther silcsn Ilayz;premwmytgrewhs@n the SiGe layer

d f I
Shethuchs lised) e soaaiion, of A SR 1Ry 01 e ¥yt the
a&ftructurddo lbayemdmad. t he surface of the structure to be

bondeq, »FQY&VS{U\BQ&QOH]%& Sd4tish %hf’@% trRft doitaRtalf orWA'Si layer

epl taxi a er exact
memmerattthe latﬁrfam bewe@rmmeﬁnaXIamh gr@y@rsﬂw leyyer and the

TS e o, B obped 2t L oc
SIS, G sidaNer Bopt 1 U GepeStORRAT Sltp e S TEe interface
tlﬁéﬂlsateﬁr@aéﬂ “oﬁg@&[daﬁon’ﬁgl di zed and the conposite oxide

c o nce Hf‘ysér\cﬂoﬁ‘l §38? pé%fs ] !r,]sfaﬁ'%{}gﬁsg Saé{(fr&%eéé#"%ﬁsge oyide SiyGe(Os (v

calmbﬁepresmmr@eﬂ'uel resphetivel comeshiratibes of istlisosi agd germanium in

A {: @8ﬁlt§o&@%$.§fﬁ§ﬁ%}rhgae of constituting an

arge carriers. Finally, it
qual i ﬂ;ha soxide/SiGei mtaa‘a@ee yis hea| syscemiible @h&?rﬁtltutmg an

gef?&t?[ él%?aﬁ"fdr%r@@@é#ri@?@ ?ﬁrl'nlﬁlﬁnq% IRy Iégwottslé@lsﬁcft@*yt s

(in paﬁma@x, il Syd 2 sty St ePe T8RS 85%ding, the
tdffects19¢ thé difieuRyofl @ontrolingrtae mtidaticsi frabt ¢in @mticalama poor

rbEan e herpebi B CarEol S o) Siginot desirable.

speci fOnaldim,ofithe mvenpan is toupraduae e steueduresyevgriceming the
Hribatiohsd188lsted above.

More specifically, in one particular aspect, the invention aims to enable
indirect bonding of a layer of semi conductive material to a support substrate
via a bonding layer, which bonding to the support substrate is properly
achieved, without recourse to total oxidation of the bonding layer, thereby
overcoming the problem of stopping the oxidation front.

To this end, the invention provides a method of producing a structure
comprising a thin layer of semiconductor material on a support substrate, said
thin layer being obtained from a donor substrate comprising an upper layer of
semiconductor material, the method being characterized in that it comprises
the steps consisting in:
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i ndirect bonding of a layer of sem conductive
material to a support substrate via a bonding | ayer,

woehbesh3msadi ng to the support substrate is properiig2004/003324

achi eved, wi thout recourse tostotal oxidation of the
bondi ng I ayer, thereby overcom ng the problem of
st oppi ng the OXI datl on front. To this end, the

SRR A, i 1 o1 ot
suppordi 'é%lﬁglof @neele@@naot fematgrial obte dPRt!ayefed from

a donefeapits saidtid rdyérfwm@stéﬂﬁ lits'b%ﬂﬁingJédhesmn
el n acterl

sem condyctor, materi a t hod

ot hEBnHRCC g g™ sHosBen STl T i, Tindre SERCRES aver
on saipfevippsly fayesd @nbtl‘rmllupger dargar aﬁdaclaamenll t théaupport
accept %Jb%ltrfié’lsd%{] of an elenent of the material of the
upper ﬁayer Neani ng said bonding | ayer for

mast ediffiping §aitb elimentatiomsihenuppeiolayeh dntoHaederisting layer to
subst riag o hi28 { Bec&\c%%tr‘éﬁoﬁrﬁ £9894Behdr MR the bonding layer

preV|ous orne he er.an

t he s@ﬁbﬁ@ldswrrlay@r tg,q:g fef §é; n@lg%ygra?gh%ﬁ{ructure with
from tdfd beREIng lay@rammmdtd@émybmg | ayer to

h

oAyl Byt O SPHIG) aPopl,Ah S-EECH bk A ot o
tth%mdemjnen aré asrfells\Ns U(F:>t ure wt hbsal d bonding | ayer

an

L08R bioo) i BERBfo ol BikepoBly B blending into
i nvéhe mnealeeveaéo fQj’m thesthin layer Qfgthﬂfé“-mt‘#"ﬁu& on step,

t he fQHthEhgg bbﬁdfﬁ @haaﬁﬁ&a% @iﬁu@io‘hndch@g nﬁéth@dtﬂihéy include a

r to rm hinla st
1 oF BAPRY HRIMGLAFHI RS parin Gt e oL AR to retain
miytd bttfftﬁ'th@ntddﬁllt@mmr%ﬁ? 86 ascdoasbta@namy imgrnaediate structure
portion o onor
portqoé‘?rorb?fmg?t u lb%r?o E’F{rateo t&@ Pgﬁgihgaﬁ’&eg ghd a thin layer
i nt domadd dtyeths remnaindes of dmpuppémigyehe support

SUbsthfn?] @rrg{eﬁfbé’ ‘&Qﬁ'\%?ﬁoutatyf a%ﬂn’fbﬁt '?fd?ﬂ :tﬁ% %"onBP%GE%rate at a
car r4oa¢ ofuveaknerst rmedrpriar rt@rﬁqflﬁ@gjlfhﬁ]e mﬁ@ﬁsﬁtcﬁf sgid upper

a zqpeeof weakness formed prior to bonding in the
zaone, of

L n o s RR b S e ood B s S85ES into te
| ayafgperdayurpt ective [ayer may be deposited on the
DL gD, B8, B bEPA Gl o YR oBASGCVYF pro o
implantation, said protective layer being removed prior to bonding;
« the thinning step may comprise at least one etching step;
« the diffusion step may be carried out by applying a heat treatment to the
intermediate structure obtained after thinning;
. the diffusion step may be carried out during a heat treatment for
stabilizing the bonding interface of the structure obtained after thinning;
+ the heat treatment may be carried out between 1000°C and 1100°C for
about fwo hours;
« when the upper layer is SiGe, the diffusion step consists in diffusing the
element Ge from said upper layer into the bonding layer;
« the step of depositing the bonding layer may comprise depositing a film of
strained silicon Si on said SiGe upper layer;
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the thinning step may conprise at | east one etching
step; the diffusion step nay be carried out by

wappisysmg2za heat treatnent to the internedi at ePCT/IB2004/003324

structure obtained after thimning; the diffusion step
may be carried out during a heat treatnent for
stabilizing the bonding interface of the structure

ggltr ﬁ@eeﬁamfea%rncbhggml rgg% betdébd%ﬁéél bgrf gréteh; be
outtes hickniasSiardRg spliaeuy giown stpiagd §H&nu'rsfnraﬁarawv about 5

st emanonmterisg(nm di ffusing the el ement Ge fromsaid
aepperePEGaDS st 816 B0 R fhse, HIERSH SR Sirets fp form o
fi | gootl gsalityi Bidekideé boodn Si on said Si Ge upper |ayer;
t hef&Hvﬁ?@%rr\ﬁ/\?Lér‘?% ths! ﬁt}élﬁé!d brﬁoﬂ?&?ﬁia‘llﬁfé Y film ?nd prior to

epl faxl a ness O I taxi al
gr omngmga.aq@artal therrnah oxidatign: stan yn%)b@@t cayried out'to form a

2)6(1[1 @fﬂwérﬁﬁl PXIdéO&@'thché)@f%fstrﬁﬂwfw& filf;an
sSups orma go0

0] LA TREES cBHPS bet St Onhh B GRRRR YR sybstrate to
nonmmcljmeazh Igood @allgyl oxideloriderbard;t o bondi ng, a

. [
P3!SRkl Vs Har 88 SAEERY chfe UG bt Substate
st r 4 peatiuGie 4 gbeg quabitydide/Gbbond carried out directly
on e %ﬁg@bﬁh@@@gm@’ghﬁé@h@ %epbéﬁé'ﬁ-ﬁe@ vaere sc1 type

quality oxi ondi g may al so be carried
out Squt'QBtly onto a silicon support substrate to

fagdm gt apmﬂrrmgathet uomqhgl eéy%r rhgyn dlstohémgréb@mmgg 0dn said
W a
T STOB BBk BYEE. o M 6T Sie ifhE drhthriym digeiragion such

al s dhatadimect entimgmofregid SiGes filnd tGateyemppferxidaisemastered;

ai'r bf pRkngicht of oG ERRTh AT STEEMEER: FUShrkZo0%, for

i s exempieid; the concentration of gerrranl umin said

Si. Gy ohidig hiay! Sé%atr o%@%re&t‘lv ¢ ﬁ”&lérzedbéﬂbiio‘ﬂlgswrate SO
r@ di rec 3‘

be carri out an ‘oxi di zed support

subdpatA goae aliphly %G@S@adeqaanwsja@h'@g%x. de bond is
achigeiviag; thedﬂfﬁmantsh@p dah%feléthﬂ@@hffasie% |ﬁt@mboﬁ‘emg layer

o e e BRR Ao b Pl 0P b o stop
of drpartiblly oxidizingi sajd slmrdjnhg)ridyerghaaylmema:srrhmbmut prior fo
car Yot sPth& at Ryer with a homogeneous concentration of Ge is
obtained by assimilation of said bonding layer with said SiGe upper layer;
« the cleaning step of a SiGe bonding layer may be performed according to
a RCA type treatment;
+ the cleaning step may also comprise the cleaning of the face of the
support substrate which is to be bonded to the bonding layer.

In a more general aspect, the invention also provides a method of
bonding together a first and a second wafer of semiconductor material, the
first wafer comprising an upper layer and the second wafer comprising a free
face, characterized in that it comprises the steps of:

« forming, on the upper layer of the first wafer, a bonding layer of a material
that accepts diffusion of an element of the material of said upper layer;
« cleaning said bonding layer for mastering its bonding adhesion;
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bondi ng) so that a layer with a honobgeneous
concentration of Ge is obtained by assimlation of

weabwd/bmiei ng | ayer with said Si Ge upper | ayer PCTAB®04/003324

cl eaning step of a Si Ge bonding | ayer nmay be perforned
according to a RCA type treatnent; the cleaning step
may al so conprise the cleaning of the face of the

f“pbondlnguum ﬁmtamamrc |froh$ the dige hsmihed bbﬁdhgelalyeﬂCbré@ously
I‘ a Ve
or >l 8n T8GR et AT Foansisd e, s P4 hodieh the second

secwa(ﬂemaﬁér of sem conductor material, the first
¢ .
vva Eﬁu%ﬁilg’ ﬁ# :%%ﬁ%ggg@e‘grhé Q%@Verafég& hﬁtn ?fﬁ]é’tngod@ﬁﬁrlayer to
PF@Q@”tZﬁethﬁt eqrcastrationnfngaid elemenhin thspbendiageayer and
Of 1) ugb é’tla\pﬂ@iE es!ald Ebo?ﬂﬂﬁj RSel @Y@afpp%fanﬂgrm} Bl l‘}é bath said

i aPugplaver spchat Seidaers g hoTsssosgUly dhe Lgper laver of

sai YPB
mas they fmsgvmafer Badngl cognectbd 3o tie freeidia of theesddongltwafer.

f i f . i | i |
121 AR AR IRPAS] BRSHE bocome
Bpparet frome the dolinwing fdstaileshdesctiptions inmages with referepoe to the
Qg%%rgEﬁHgﬁﬁ rdﬁ g% Cdé\%&?%# I{R%Xl?ﬂ?@ Iﬂ"g#tiﬁg eerxafrfbles and in which:
bondt nfjlauas dr{Figtties dpdoisi @re digasamsseliowing s Marious sleps of
di sgp palgtg?t?w laccbfoﬁﬁ@ kg "“’Sﬂ*}’é‘f ém!)ownﬁéﬁt 6ﬁhéﬁn\$éhtifohat
sal
the’t | Floinee e tBonh Shol Sbw Holen A ot deBpd of the
tge seinwedtiowfierthe Iﬁmrﬁéb&rofcdiIEBMARé'IOLskT@Cl?petsat][am;fanﬂmthod of

t re r e .

ol T oufidcChohfind BY Sl fadd, o FAREERARGEETY o BRiASR giicon
t he aca@mmhwbﬁjraiemdrwgdgcmgra S(ﬁ@i@ﬁru@turaon limting
exanpirgs lﬁﬁéhtioﬂ Péf&ﬁéé‘m ehe G EEbdndi ﬁpgihr ﬁé‘q%ﬂg@fe%‘éd on a

d|a r ams e va I ous steps

EEWWWﬂ%Oﬁt%@§§p§ﬂr§te§HﬂP@W&nt of the invention; -
Fl 9Uf %r@c‘paﬁ*ﬁbu?érl;ﬁ fﬂﬁéWrWén*thﬁ'r@!é@éﬂ & é@rﬂl fag%y%r RS rom a
FeiPs

inventio n, th 0 pe
et S By it e phade L BT ot shs BURPp R pupStste)
reI adenSin@elst thuen caniet! oed ladli“ecttlynvrauapbomdlagblayélatvmlch is
structure. The invention rel ates

In genergféltrﬂ%)%o%g;sg an upper layer forned on a donor

subst geneial,dhe g dayer useddnttheandexiaftthedheention is a

I rbfwgmtbﬁg relates to an upper |ayer formed froma
e@/@ I ch cannot be bonded directly onto the

sUp M%I%Bemilagéo teR SHPRRft SYbslRRES it Aasteredsut
| ndang eiHioch wteepsts RINMGEIOA of aneslefaing ldf tise material composing the

upper layer.

It has to be noted that the bonding of a layer is regarded as being
mastered when a cleaning of this layer can be performed, before bonding,
during a surface treatment step, so as to control the parameters (such as
roughness, hydrophily, particulate contamination) which are likely to prevent
the adhesion of the surface.

Figures 1a to 1e are diagrams showing the various steps in the method
according to.the invention.

Referring to Figure 1a, a donor substrate 10 is used which comprises a
lower layer 1 and an upper layer 2.
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formed on the upper layer. n general, the bonding
| ayer used in the context of the invention is a | ayer

woho@/seseri al . for which bonding to the supp®Ct/iB2004/003324

substrate is mastered; and which accepts diffusion of
an el ement of the material conposing the upper |ayer.
t has to be noted that the bonding of a layer is

Ir ZS:: @?‘;Hn@ g@ﬁieﬁ@r AR GpRAIVMTEIMEd FHRRH S8mRlontdlibive material

Y(igpeanngt ‘ﬁ%{{t&&qﬁ&edgigfagégﬁgg%gwg@n%{%@ng\eafree surface 4
me{amperts_mastrate 26 r(]a\leu@rnlt’»_ems\siln m?mwm)L ly, |toart iculate

cont a . ich.are |j [ev :
dnearsronBh Bl uERehgfiot SR IRERbo.pefprises a step of
$oroving,gon the vppérdagers? eptha dondresubstratel 18.ce dodding layer 3 with
%%g?é@}égé?,fsﬁeg m«%ﬂfoﬂ’eﬁ' b0 Figure la, a donor

stra used which conprises a |lower layer 1 and .

an uppée mgihad acepiding, i &he iryantiop ¢amprgss fafgre bonding, a
TRy it (forsexamprAUC hide phficefrealmant) &1 Bansgifad® of the

cht l)é bonded in a satlsfactgr}/] nmanner tmf{{ee h g
g’ﬁf‘ Mdela¥eh P, §OsRR b NSWIR Y PatticUly & gped PHengtn, an
Bgitcembster tRef sording of Qhéibg?d;?lgllb_yet BeNitt'etHI:i)ﬁeeffataa of the
[ Q rises a step o orm ng, on the upper
Isgégtl%ﬂf %P?)?Eg donor subsltorate , a bgndi ng IayePp3
wi t h Ofecetiseacons i prefarsblyesalriaseoubbavelearing abteash of the

n e

SGARACER 19 56 B EIher (GGHTRRD J8Jer, 3pRAIBg THLEDS o the
StbskatessaParl: Oh idartion) rﬁrgawg Heatment igdhys pegornsd an both
isOrf?@éé%cﬁbé%bnd_e@@@@btht@ﬂdi gg z_trength, and _tthﬁstgo

mast er e. bondi.ng o e bondi,n ayer Wi e
ree. RABTIAgD el of mehOH sheNgntioholabsea step of
moe?mgam@ stracnjresccunprisingItbanda(ng)roéqlﬁmhe ofO tamel the bonding

n K .
S 50 41 PopRSRT Y 2 She ARG P Eoothd Bfbuant into
ntiraaterrpriaciavitietite free fanes4 pésaicrsupposhsulisiate @0f aces
to be ﬁ&?ﬁﬁ% tb%@&l’é%ﬁc 554 48" {HOmbthdd Sihe iﬂﬁentﬁiﬁ%an include
t of bondi

net hod o e invention conprises a step Fr%a
Ehbining staR 1o tsRpYS 3iRyTien Of dom sPnatipdbstrite Hbloaretain only a
paetidorsti g LBy&T 13ydro 2t ads HROdbtaimb sihr attermediatdestructure
bondi n&p} er 3 be(ljé}g Frtgqu[g into ||21i rratg co%actth
sPttprfe FE cemaliiel”or e Pras et (Ltd, PYPE BN the same
Redterial ag theouppegulagsr 2§, theddahdind &ayee thackb the Bapport substrate
iz@\_/enti on can incl ude

Finally, the method of the invention comprises a step aimed at
diffusing into the bonding layer 3 an element of the material of the layer 2’ to
cause said bonding layer 3 to disappear by assimilating it with said thin layer.

A homogeneous thin layer 2” is thus formed on the surface of the
support substrate 20.

Note that the material of said thin layer 2" is derived from the materials
of the layer 2’ and the bonding layer 3.

More precisely, because of the diffusion that has occurred between the
material of the layer 2’ and that of the bonding layer 3, said fwo layers
constitute a single thin layer 2" the material of which.is homogeneous.

This aspect is described further below with reference to an
implementation of the invention.
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a thinning step to renove a portion of the donor
substrate to retain only a portion of its upper |ayer

wa 2005¢h31432s obtain an i nternmedi ate structure ceaPABRENA3324

the remai nder of the upper layer (i.e. a layer 2' in
the same material as the upper layer 2), the bonding
| ayer 3 and the support substrate 20. Finally, the

el ng}ro;ﬁé tr’néreto of R fh%nb%ﬁm'ﬁg'léfér ?t&t‘&gaﬁbémd irftb the layer 2

bondi er 3 an
o 410 81 lagen 5, dhe sickhessyofseid mancigh AveG 3 i eusted to

kﬂﬁﬂ/‘lﬁﬂ’f@@ﬁ&e@da@ﬁﬁdﬁhﬁﬂ@m it with said thin layer.
t hus_ farnme

cur  afSralb Praguckisgds PoLRed WG SamPRETS tg iy Fjer 2 on the

mh@rsabstcétem d thin layer 2" is derived fromthe

e b, A PSRl s

@f dioe rrmiertn@torﬁreleer upher layee? iofthestarting degersubstraig 1Phat
Of t h Or:&?]ll.qm% S‘sh oeﬁ‘ééjdfs‘éﬁ bRy énd?ﬁa%ngértfgmes in the

e rraterra of which
gﬁﬁh@b[% Thi s aspect is described further bel ow

W' th r@ﬁ@rr@hclﬁnitrﬁgaébpliéﬁh@rﬁﬁfﬂmel mvenfioh relates to bonding any
i nventi on. Not.e,

ﬁ‘fl"%’&ﬁﬁeﬁ?mpi”ﬁm @hé @gygpggrtlaﬁerbon % elﬂﬁﬁf st%trate (for
%xarr}iﬂlénﬁdide:hfmﬁenrc)f sai d bondl ng layer 3 is adJ ust ed

0 a

a str FHP%“’?% céﬁﬁ)i%ﬁ\ecgg ﬁG% ér'l '%rer’gréﬁ/ﬁrg&? r.')ré(er layer
2f shraingeSfamor substrate 20. The char acteristi cs of

the ”%ech'ata': % be%Xéﬁ‘i e, 'aa)dgho?sulﬁﬁﬁ'éi@’%%sbh%at ebmprises a

t he erla | a er of tart
duafer of umenearystalling, silisgh A & Lg)gegelay%rgsslarg SiGe upper

dbFarRaas ttaried Heogwﬂacént@rmer nitsheukd s hoted that in such

T En e Fon e 0 s R AbhE b By oo oo
a&h8i sagne! pittice banametenasa trae Suppfertarsiibdbusnet ¢fained.

exa

&1 o f sUREfag coMps RN SiGe e e (RIS Tpféorise an upper
sayei ofaelsi iGe.t hat case, for exanple, a donor

subst rat ﬁ"leitSCa'éée% HHRSr QQHQFétéec%rﬁpM\ﬁﬁgf fof example a wafer of
nonocryst a

oL oo oo Srcr RS 0 BB ot et sice i
V\@%@Uce@ vEh@ butfePRayapiredhichatheilatiise parametes ahaages despite the
b(?lﬂ‘gr 2 rtrq(gagglrarhgtrerrrs?dex?s@rnﬁaﬂ)gtvr}é%ﬂefhé W& mQtferrals Si and
SiGe.

The buffer layer intercalated between the Si wafer and the layer of
relaxed SiGe is generally formed from SiGe, with a proportion of germanium
that progressively increases in quantity from the Si wafer towards the upper
layer of relaxed SiGe.

A further example of the structure relates to a structure comprising a
layer of SiGe on which a film of Si has been grown, a relatively thin layer of
SiGe finally being on the surface of said Si film.

In particular, said film of Si constitutes an etch-stop layer when carrying
out selective etching of SiGe over Si.

Clearly, the invention also encompasses more complex structures
comprising a SiGe upper layer and one or more etch-stop layers.
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the sane lattice paraneter as the Si wafer and is thus
not strained. A structure conprising a Si Ge upper

woOaywsro3can al so conpri se an upper |ayer of rel ageaB2004/003324

SiGe. n that case, a donor suypstrate conprising, for
exanpl e, a wafer of nonocrystalline silicon is used on
whi ch said upper layer of relaxed SiGe is produced via

a buf I‘r@ %@éfog{ FPEPen I st Qfea ?Btdo?ﬁpﬂ%%’ QF%@%uﬁBéégﬁiayer of

despi cen

I ce par anet | sti RN
bemaemwdeeslﬂmo!ntamd apaverdionaiy ly der O¥idAtaR) of Said Si
SPBPESRESHERS 0 oneral Ly formep fic ag-d N
pr opoi Adiisi@mpedimat tt@eﬁ;ﬁl e[g? 89y Sﬁﬁ%ig}g’; @g{?g&ngbseaa layer
g?sﬁlggﬁiggy from ,tAh? Slt hvvafer towards the upper |ayer
Fel ot dBe et &t SUS PR PR ot Fﬂf*'“’%ﬂﬁ‘é@ﬁ%?ﬁ%%“’f tt may
\eifscﬁbeéorﬂ’médrfrom mlyhastaﬂmnrgammmhoamr i} atively thin
| ayer ?ﬁ rpadfl ¥a1k&e‘f|f§1| %ﬂwﬂd&f?méHf f866r @6 BBhEING partial

film onst %t es
@matwapf ﬂhéy%lrlamelﬁ GEarieq oMY tQ)iRm”S@ BYRY "?/ftet Qf@ﬂﬁﬂ)ﬁdgfon the
%rﬁgcg\gﬁrslaeﬂxsyt%, garly, the invention also enconpasses

uct.ur .
O e e o et BT RO RS B SE o102 med by
Q?Mrdn Siuhe Siddyererts asthp beadiag layer. surface a | ayer
0 s:méch%%éq?d[e St oﬁ&t gé@ﬁfj it YpbG 'b%nﬁxlt)ﬂe)ﬁ 1Pt the OX|dat|on

t her support_sub
ffrorst cmr‘dmjlslrmnedobefdfe itneeﬁhe@rthetﬁ@%é@wnwmamt %o said

mﬁ%gﬁ))e?y\ﬁﬁlcﬂ v%?édrﬁé’é‘the-ﬁhﬁltétﬁ%%r m8htished 8bove.

al so bla fSQthé‘t[S? rlm@ﬁqggeg}nfgﬂggi aﬁ‘f"aﬁﬁéggf 'gln{?rk%ﬁf)l?it@e )fﬁanding
az)ﬁgléﬁ@sl&fn :)f sai d BIISt enbodi ment, prior to

, hartial ox
B B i 403, 0 Bt A el 5L pupvor
sai d Si dubsttate fﬂi@aﬁﬁmuﬁp@xltsmﬂdstr&amvsmadlzad) on, the
Iayer%%J % |de iepﬁ) f vgggrlgt nor‘ﬂeﬂﬁbhé? apbvd:ne Si |ayer

acts I'nce oxidation Is onI
partial ,a ubbndrnwlaaenb@armdefajomrﬁ@ztmao'Ssza{aerrpforbme surface

gﬁgj ggeﬁaﬁfoef’ g?gléﬁggrggﬁbﬂ%ﬂfaté?gﬁggl ’sﬁ@p&t Gabdtatens OX|d|zed)
i m t-atiakonging laygeaf y &N a Si suppo su% {raPeans the §t support
substrate is not oxidized).
> In a second embodiment of the invention, the bonding layer can be a
layer of silicon-germanium with a germanium concentration such that its
bonding to an oxidized Si substrate can be mastered (i.e. as mentioned
above, for example, a SiGe layer with a low concentration of germanium,
typically less than 20%). In such a case, a SiGe layer acts as a bonding layer
in that it is possible to master its bonding, in particular in that it is possible to
perform a surface treatment of the SiGe layer so as to clean it and hence to
ensure that a satisfactory bonding strength can be achieved.

Figures 2a to 2f show an example of the invention for indirect bonding
of a layer of relaxed SiGe to a support substrate of oxidized silicon and the
production of a SGOI structure.

More particularly, this embodiment of the invention is carried out within

the context of a SMARTCUT® type transfer method.
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n said first inplenentation, advantage is taken of the
bondi ng properties of: a Si bonding |ayer on a SiO

woOaywsro3tfs2t he surface of a Si support substrat ectiB2ovhen3s24

Si support substrate is oxidized); and in the context
of the variation nmentioned above: a bonding | ayer
formed fromSiOon a SiOlayer of on the surface of a

Si SUFQﬁhbr%ébﬁlsf ﬁg@r&m ﬂweesﬂAma@gcr@ n%théarcaamebesmund in
B doddnght itEouina st TRcafpboyapBtstiag 4 V2SI, 2 Edition

bleéald%i}arrerC(alr@ecKILdN@Tmmﬁermthuﬁhsths ipp\Ehands;1. t he

bondi | f
aogelr %mé@" conm i o%ysuccﬁ %@%ﬂa‘%g%(g W‘S%?] g\ﬁ‘kgfer of
mmmamesﬁlﬂ@nr& enoahwbeanrupper et iof eelaxe SiGe 322 has

BBEh AREl HRAKE infoRoBIEATBE 8 b@fe'éu{y% rlayer with a |ow

concentration | ess than
n suchhg @a%of aelse@; Slﬁyg@%& gdyan gseHsjvrfarm@%@ epjitaxial

brtwythldrlx itfe mﬁéd&éﬁhbmumwjerlazs bondi nfg, in

articular, in it 0 o performa fage.

P r et HrfiokhEss B yedy wileBraeiensling Bnbiilyieribeit i€ Bbicaty
iretheeraingedhS umierdrisaung tedt usit act ory bondi ng strength

can bg, ﬁglﬁge% F'r@%? ezanﬁmga’ §E°V&e§%ﬁ@§p#ﬁé Ohssembly

the i nve t bon

censiitutedp\cthe buféerslamrow anbhéhe lﬁYGF of redaxeﬂ e 322.
silicang @;5‘;90& %%b&fr@l@uﬂé 'f@ﬁ‘né’cﬁ f@ﬁ%dlﬁéd 4iicBh9s ¥ &hown in

arti cuI a his ve
Figue &p. o{ﬁtcomﬁrﬁieﬁ awe%é@rrﬂ'?ﬂs@pno% 25 hﬁr%fbﬁ(m?‘ PXipe 46, and
bfiﬁé@fsaﬁaﬁ”@téhlot t?ltg\ef-—sldé hﬁrth@l@yiéﬂcﬁ 6)@@§GD patd which the upper
0 n in the docunent
Y200 dhe oA S ERaE A S1Bhs Skt ol s to vis,
2nd E&Rafenmﬁg toy Figrae- Zbearfdntofustmedqmmmcwamem gilicon 33
f.er
g}ﬁ%ﬂr agﬁga{‘?@?tégﬂ@ ity lasx}%(? i€ "dr %\?\‘/ﬂ &g Tﬂ'\:é UPbBr #iVerdf relaxed
RifA8GAfst al | i ne silicon 31 on which an upper |ayer of
rel axqhedifi %Bﬁé;ed)ﬁ\eﬂheffﬂm léféﬁeéthlély B | BiMayer of
uffer layer 321. The | aye rel axed Ge
Felased ai G e daeiiPretEeie bYORMIAlaSRIHRS G PARTSISH. {darender
substaetialhf iddrticabtd ehall ef &s @B\Mh Isubstrhte; kares shushas internal
%ﬁlgw deI dependl ng on circunstances; it is

Bt he range 0.5 m crons (m) to 1 m.
Figurd hﬁaf,llm 33 of strainedumbeocrystatine; @nata@hlahme@slsbrfbrmed by

?e@’ﬁ%'a b@@bégéa%ﬂﬁm RcHr®s S3ddn HrAcVRE ah@MRBEC{chemical

axed
vapor deposition and molecular beam epitaxy respectively).

Epitaxial growth of the monocrystalline strained bonding layer 33 can
be carried out:

- in situ, directly by continuing the formation of the subjacent layer of
SiGe 322; or

- following a light step of surface finishing the subjacent layer of SiGe,
for example by CMP (chemical-mechanical polishing).

The thickness of the Si film 33 is quite low, below a critical thickness,
so that there is no relaxation within the thickness of the film 33 of the strain
imposed by the layer 322 of relaxed SiGe towards the nominal lattice
parameter of silicon and/or a generation of defects inthe film 33.
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A support substrate 40 forned from oxidized silicon is
al so shown in Figure 2a. t conprises a wafer of

weibismarssd5, a | ayer of thermal oxide 46, and BRCTABR®04/003324

surface 44 (on the side of the |ayer of oxide 46) onto
whi ch the upper |ayer 322 of the donor substrate 30 is
to be bonded. Referring to Figure 2b, a fil m of

ig :1 alt @I%@t% g@msal xﬁfh@l{riels@e cfddriyC Aepah dwmotﬁh tié | boncentranon of
Stilu din er own on u a
Gereniifhdp ddPeerioh SR wrnich FRPESes the Sralth i Siply. the
Biyhes tied bencerweity)nome pechrittye thiicdl dlyieknads.r el axed Si Ge

{0 LB S IAThE% 1 I GRoPRBEBLIR 4 Fudrio it the

subst anti a
bobdingaleyer whmch willsbéy @Qnsﬁﬁu@dnﬁom saidi ﬁlm 83 rcapsdisappeear after

|} f t
bgva rr11§3 a8'wifl ﬁé’ﬁﬁlbgﬁﬁl‘?%d@ d’étbil 'B%Ioﬁ/ bysdlffusmn ?<f germanium

eous or me Ita gr ow’h usi
ikl itg JBickagss, &@em)aaﬁa? pisd g8 @eﬁel?ﬁreagewa%r ith the layer of
@@eg22.on and nol ecul ar beam epi taxy respectively).

Epi i al f, I I '
pond NoTonPeatbiee thalSnd BMATL e ohtli i 35 adestpr that
leyncoardgesui said t liiffdsiomaof ogenﬁamnhm Sllbj t=enbonhdipgr layer, for

? g?ﬁzatl?h ‘MPA Lf%v‘faggré‘f él'(ﬂ’,hith?tep of surface

, for exanple by
cwp ( &}mctealngﬁdﬂvan o€ §|G<p§229/wtrhg)gerrmelttrn |cenﬁ@@t§atm of the

bP@er%f id%”’d%?’tHl&(n%é bf tHePHIm len%tae ySichlly Eélless thaﬂ 20 nm to

th|c nz fherels no rel axatlon W th
B%SHP‘W I'i‘émfrﬁa}’ﬁr& of the strain |rrposed by the

| ayer T?%%tfﬁ}lné@:flﬁﬁ% |§Ip€@‘etab¢gaadsut Senmthiclho ) all!dw its cemplete
raneter of , si an
RebiERTinS’ b asslRuBn iR 1% HE et Bedort GiSinCor the

@ermapiunocoptaimed themeiof ger maniumin the | ayer of SiGe

whi ch rﬁf&’r‘?&tﬁ%h} hﬁe ééégiblep% oséd&ktyp H}(E r1(51‘9ESlrycfﬁ)g‘c’thne or

concentration Wer the cri'tica
ﬁmwh@gs Sif on rtbe§nGe UPPEE layeso322 rathesdhpn & fimanelkeptrained
Stgmgekgqndl ng |ayer which will be constitut ed.
bre"&"ei%hﬂgé'at'ematmgp Biigcarsit SEandaobspraer nuBEsi e Thus, i
Q@pﬁ%blentovwéﬂnsﬁt a tayet bf pslyesstaliirie branprpiscusts] of the desired
T s
foxictadiontdf sinick Bt myeaigesnvissageddpridris ibomdifg. ger mani um i n
the beggdbifhd ¥ Sfigule®?e, atomic or ionic species are implanted in a
manner that is known per se, through the film of monocrystalline Si 33, into
the SiGe upper layer 322, to create a zone of weakness (shown as a dotted
line) in the thickness of said SiGe upper layer 322.

In a particular implementation of the invention, prior to the implantation
step, a step is carried out to deposit a protective layer on the bonding layer.

Said protective layer can protect the surface of the bonding later, in
particular from the effects of implantation.

More particularly, deposition of said protective layer is advantageous
when the bonding layer does not include an upper layer of oxide (said upper
layer of oxide being obtained, for example, by partial oxidation of the bonding
layer, as is the case of the alternatives described below).
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honogeni zation with the [ayer of Si Ge 322. Considering

a layer of SiGe 322 with a germani um concentration of
wohersossse of 20% the thickness of the fil m 3BCTMIB1004/003324

typically be less than 20 n @ prevent the strain from

rel axing. The strained film33 is preferably about 5

nmthick to allowits conpl ete di sappearance by

assi Mgledryenthei pfotedeeSidyer!igyemaad grbr ne Bbridingith8 donor
of the &iz{ mani um onéa{laged t herein. ternatively, it
SHUGHER *@%W%ﬁ%&l §'%€4 ayer of polycrystalline or
?rrFr pﬁ'?essﬁifam (cj)f tiee SiGémuB?eHnd thee fre828unfadehdd arkaprepared,
i t&al n L i N thi :

RripEY R R oy BBy B, b ehantioBal PoE ge fo rpipfagpe the
bapding stiesgthi of itke piaywirsubstratel spths ithe ssupppel subpstrate 40 of
Bgidﬁierdys?ﬁ@ér{.i ne or.anorphous Si of the desired
thic

ness wth no limtations as regards jts L
t hi ckfgsthusCaraes ioullieasleanivg @dheitondig lper 65 B 33) so as
?@in?:’a_s%r it@!zoghdirfg, OV ERAARIR 1Y carryihg dian h?@roplﬁﬂﬁ‘cftr%étﬁ@nt, in
o Figure, 2c, atam c.ar | onic ecies are inplanted in
Qaﬁqﬂﬁg@ra rRafment 'Rr?ow?ﬂ fepe §8I,UEBHT ough the film of
nmonoc Referingi toe Figjur&@Rd, i the dmpient&d Gongrpsrudiangecodpesing the
r 6ake o 0 : L jiape
e RS bRl Rl Srits 68 (S LPALOTRHY ifimate 555681 WifiPthe free
sarface Waof ithe| evdinedtsuppods subsirataiht Aowell ppagieracs Siloxide
?@ﬁdj@gqﬁﬁggbﬁg@&gp, a step is carried out to
eposit_a protective layer. qn the bondin ayer. SQaid
pr ot e&Riffgrent é}’@rm%tﬁﬁspf%ﬁ'@%t‘"ﬁ’ﬁ@“?ﬂﬁ‘&@egfo%%/ H@/enﬁon can be
ReNaged! pdfethe ivarg@ibhi eulthe firsemnipleneintatiors off the invention
antation. \More particularly, deposition of said
R, AbG)

i npl
|5'? Ho) er i s advantageous when the bondi ng
| ayer ladee§irstaltarnalive] eharstigiped i diler 33 fcamx b epgriialiydoxidized

U59FT b4 1 SR O A 5 f e SRR Bl ot
dimt3%e al ternatives described below).13 Cearly, the

pr ot eqtyiy/ iR loxide [CINRHALEAN 495 Bhdn9d tHyed t6 Podeioa bond
structure to the su%g[%substrate. The surface of the

9N 37 PXAFSd-SHPPOKES urface 44 are prepared, prior
t o bongigngecond alt@hmdatiie, thatstisineb i divini BB adanpalsosies partially

! BheTal R RN B 18R sgn e boncing
dayerconboih aditelutly toaa rSiesuppart aubsteaiei aigd df there constitutes the
BOARAEHTEL i NS Bl LT LS
t r eat feshould pe noted thaf these two alternatives can also be implemented
when the bonding layer is formed from polycrystalline or amorphous Si.

Returning to the description of the implementation of the invention,
following the indirect bonding step, a step of thinning the donor substrate is
carried out to remove a portion of the donor substrate and retain only a
portion (and in particular a portion of the upper layer 322 of SiGe which will
constitute the useful layer of the final structure).

In the context of the SMARTCUT® type transfer method discussed
here, said thinning step is a step that is conventional per se for detaching the
donor substrate at the zone of weakness formed during the implantation step

mentioned above.
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particular a treatnent in a SCl1 type sol ution.
Referring to Figure 2d, the inplanted donor structure

woanprissisng the cleaned Si film 33 on its top PET/IB2004/003324

brought into intimte contacti4with the free surface 44
of the oxidized support substrate 40. A well mastered
Si /oxi de bonding is thus achieved. Different

al ter mwfenrmg toOFiduré Zémt’oﬁ@wrnfgagaudntrmﬁnm@estepl,varrsomm of the

b
RBPERERTEALR 38 Fons e bR sbhofeeRut relsibg ony tpat part
faf ltbee dahoesubstrate, thahis therportied @lthé|81®e3®mmﬂamr 322 on the

Ritle n@}’:@%l?@h%iz‘z\%ﬁh%ésﬁgcttté)tﬁ@i'ﬁ%lgﬂtattﬁnf he 2 |ayer of

I1on O
33 THinsinteryRgdiaie %tku@@ra i @biémasﬂs@@maﬁsmbmﬁdw@lzed support

g@fratb‘M@r Oﬂiéc%laflﬁﬁn%oﬁn&naomlﬁ' Faeférsgﬁ’p%ﬁned from SiGe
trat nasecon aterntlv strai Si
*presRandan ta fal Baton deriel o5k fig oser lne B2aer of

It her nrmﬂt smguldfjbé hﬁﬁntiofleﬂ?hiéredhas tidn elocummtht &y Tﬁiﬁbd.raﬂigdg et al
« [ 0 N, | C A (0] DS y
864 0k8 Sfafer, SEIh, habBed BY BURECbpadE°RhE, By8F transter
prpmled Fegsicst aftersy eol 82 stmbed 28eJune 46, 2088, diseloees honding
E&thaeI[aV@tt 6f"§c?alﬁé'15‘ fsf’ﬁ'céﬂ c}?]e 'lé@r%‘f‘%@rﬁ‘i’al"&?@db g nki’é’dlf%%mlar to

stalline or anorpho

e faseribath here Incts abTash @) thipyarmplenahitbe | Byerion and

tlmgt,la@@mp:@meg‘@ét@%ng the indirect bonding step, a
step

" enova s lor ot (% ARG OfsisPaan e FigplmERkby ara; handdo etal
asl d/lfferemo,r howevéanﬁolm thetr bf dbié ainvantbon tin ot’mad)flt trelates to the
BB e 367 Sl PRy Bl Rl R K8 el in the
tSida)BIRIGUE(sYretygyethersubiscent relaked lajies of &@G her e,

sai d t r'l*HgQ?bHﬁe-ﬁﬁ&ﬁ’ do%g?ne?ttt %etshﬁét fe%\cﬁotﬂéeﬂr‘oﬂ%%n %?ra SGol

se fo onor substra

VibachEe andoa ﬁ@ﬂlwﬁqﬁﬁgnﬂh@qpﬁﬁﬁ aﬂﬂya%q’ B‘i‘\o%‘{ Eqs bﬁnwnsb Adayer of
FBRMed 1gideterdn BeidiZdsappdt 2Rbstratd andndosaindt envisage the

dHoR oo aoR bRt JiRRone KRR Yaram et SIas Wgoofs, ver of

tdti@ingge®l. of the donor substrate that is the portion

Of Ewh?:huﬂh%i,pg@fﬂﬁat ?%)%[xm%%% ?ﬁet E@e?' ge &Fa}iﬁgc? Stichh ! Rat is
|trartsifereeﬂ ist delheratelyuthick so élmtat T beon@seweﬂgam% eonstitute the
ﬁ%tl%%gé;céré%g@e%r o?‘t'l*?éhpélts%dpstr&éiﬁres' film33 and a

Further, and in particular, that thickness is too great when compared
with the constraints imposed by the invention for said layer of strained Si to
disappear, as will be described in more detail below, by diffusion of
germanium into its thickness, assimilating it and homogenizing it with the
SiGe layer.

Returning to the description of the implementation of the invention,
following the thinning step and referring to Figure 2f, a step is performed
consisting in diffusing germanium from said thin layer 32’ of SiGe into the
bonding layer (in this case the film of strained monocrystalline silicon 33).

And as was seen above, the strain which is imposed on said film 33 by

the SiGe layer encourages the diffusion of germanium through the film 33, the
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corresponding to said portion derived fromthe upper
| ayer 322. t should be nentioned here that the

wdaocosmermszby T. A. Langdo et a "Si Ge-free strai REWIBI004/003324

i nsul ator by wafer bonding ang | ayer transfer",
Applied Physics Letters, vol 2 nunber 24, June 16,
2003, discloses bonding of a |ayer of strained silicon

Hatiée éé‘ﬁé‘?ﬁet S 6ﬂ§élgﬁﬂlm@9 S5 5BidaSiRNBSEr Beifysabstamtially

escrl ere In the context of "this exanple of
idemticalention and illustrated in Figures 2a to 2e. The

aim ofrhqgw(gﬁggmlllgf[g @spghesed in the docunment by T. A

Langdo_et ren hovve f

i nvenffBse ﬁ?? %h%’tyer %g t@ldiﬁa@?e?{) 4 ﬁfésﬁ'%@p f\t(’)\’ﬁﬂé?é Sfce layer

straigey silicon on i nsul at or structure (sSA), the

strai n Lo t he ay ei r acgdtn

rel ax8 %"&yeﬁ § |C£a.ryeghe&gb§8@ycﬁj ocurrngﬁ?bdoes anium

not teanhemtmilqcn oduction of a SGJ structure and a

rort!ef b g{oég%gﬁé?tsﬂ\é‘%n%t#ﬂﬂoﬁ%f ermbeindi g tae SiGe
axe

| d | b

agxeergﬁﬁ'sns@m@hwgaaeg@qﬁ Someered g Wt GERvaHEY AN n the

té]@e' I§¥§f 391 in %‘aﬁ&ﬁﬂbrﬂbé&Us@t@f mberatla)lmtweénsthe dhickoesses of
f t her, oc :

Jhe 916 tevar 3 and B S Bver [F thikibals ¢1ithe 18fs shown

t;Paﬁe thweslalenpttesmalf@)d and constitute t he active

ectr .
© né?@ qﬁf@é‘ {? ?éq fﬁ&%p{' hé@beétsﬁ%aﬁﬁédi%ﬂﬂ% sthiwtliResbtained

and t t

cm‘ta:riab@@dmgt&nd Hainoings camieAt @Sheff%bga"}ﬁﬁ,gi%ea eﬁ«PeﬁBP%rP and

f,pfooa;élbigalaggﬁ{tv\yg hﬁ'ﬁ" al neg ISl to di sa]|¢o]|¢oear asfvm Il be
cribed 1 n re det [

ger manit whoulst bei patedh e g?‘?ﬂ ?8\5%'2}6'960“5')/ be

hQ4REeE Huk idudint tcdﬁvbhtlbnhm ﬁaﬁiﬁzdtmﬁestepaemupamnglarm the context

d |
f (gﬁssg&% g&g-lﬁé WH? E‘ﬁ"gge@?ngtg‘ogé ﬁ{e?t?c{%ﬁchb r?x‘ft%g’;agg :bgtween the
2fhin Rayst and itise papport sEbstcansi st i ng in di ffu3| ng

ger manky gg){/ %) @Eﬁﬁf gtﬁﬁahﬂa b&%?ﬁs&% waa?e%f Bile, hRiried oxide

bondi ng 1S cas

ntayex:n@sam lai Hen SiGeclsyeBIL thﬁgem éér a'r@gg%gfom a good
{Bénc hLakt) e @Gg'lﬁz%i”%dg?ﬁb fayemi83 by the

t hr ougﬁl%ﬁh%r, fi f’fhﬁ‘-@%% g@?hao&tﬁ B@ %ﬁg? g)?@eléir%mde s that of
f bl tRepRaRRsticeai dWFiafevdrather vakation sufsioged,i saidyburied oxide is
I a5 ai{lgﬁng L}éél;rqh hﬁc’qj%'gi 5)1,9?& @Egésissﬁl% rEtH‘ g alntd‘?d\';\w*ﬁﬁp"aﬂ%l thermal
Sbﬁdah@y ef the Si film 33.

As stated before, prior art oxide on SiGe deposition techniques
necessitate polishing said deposited oxide layer prior to bonding, which can
cause a lack of homogeneity in the thickness.

The invention permits bonding which does not necessitate a prior
polishing step of at least one of the surfaces that are brought into contact.
Thus, the buried oxide layer possesses good uniformity as regards thickness.

Clearly, it should be understood that this implementation of the
invention is not limited o the structure comprising a buffer layer that is
presented here, but can also in particular be applied to any structure

comprising a SiGe upper layer.
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32'; - obtain a SiGe layer 32" wth a honpgeneous
germani um concentration. t should be noted that the

woams@atssat i on of germaniumin the Si Ge | ayer BeT/IBX04/003324

al most unchanged conpared W tlg that previously present
in the SiGe layer 32', in particular because of the
rati o between the thicknesses of the SiGe | ayer 32'

and t 'ﬂesmn@“ango Ihayerddrsttdt thiat kine ssateriaf of tie bapeing layer is

Sl SR 5% gL S B o oo

aapRimerdatidn eof thedinvention, wiiamibending rtDe@no@ledlZ&ﬂ' support

S ERPLE, R RGP e gl St nours.

advanfdgreops¢gisely, carSitSed boudinguiayies Bonsedt VBRa germanium
%bﬁ%rl I fc’)a‘ﬂy 184S/ 2 A?@btthéﬂlbéﬁdlhﬁ dr ReicCSE&Hyepto a layer

ype transtfe to reinforce the

AR fatred QiR & 5&'3’@?3‘%91'3( PRBN€Yppor t
SUbSt AR pRadigdlyy in @r§éito shastet the saniingesf af Sie layer, a

f f
erm&%ﬁﬁ%é%?iaxe?%{'sa%%e‘ﬁxrixﬁﬁ? oG pgu st d hanin step
bwhﬁis tn adinforcd éhedbamdBigCetrérgtbr a8 *thambtameddml’aijm proves of

ﬁ"f‘ IS%% c%rggaualit £oed 8o nk%r‘fiﬂﬂ% h%_g?ltsh ‘Br%é@{tlv\%y a%fermanium

e IS that of at ever

tdoatardr tyaicaliy lewer $iasy apseaximately 9% xPueh iasclganing ey be a
br§/ &ﬂ'f el treathfdal ] @0 Rdrtiédgr 9 WPRSN tﬁeé&n@ﬁﬁ/(ecbmblvlsmg in

t her mal d
isepEce Briash nraatégi ulon 2ace Bafh e S iRRT quce
nngSS{j Heatugepel istibhng Sided ladeposith eﬁlm/xlgmqum goritent thus

on : . can caus
v b ol SR e RS RpLF i Bl RAE ek g © be abie
oto&mrnmutmbm bonding of said &iGedaysrHioran @gldﬁedfsua)port substrate
tg% @fbeefﬁf the surfaces that are brought into
the buried oxide |ayer possesse
uni f orliishpults heegwters thal whesss. Sasx wndlﬂgsﬁugr Withea low
Wﬁ%ﬁfr?ﬁé’n KGé ﬁséd%rﬁ%%cﬂ‘boﬁﬂlr@‘ oﬁé}fupﬁ@ﬂ@?ep@f Siy,Gey

S oGS b SRR hEREE 00480 s Ge,
p@ﬁﬁdl 6y |affer Restaainbd &y daid Sy, G, uppentayeconpri sing a

t h e nalﬁf\gqeﬁg{na ertte%’tég @ﬁﬂ@éﬂ tg tﬁé@@e@cﬁb@ﬁﬁfﬂqﬁe‘%‘é@ahﬂﬁ%a bonding
slayéic oonstitsted! fresds stesined mehaapysielline Girflma ghe rigrain imposed
S&?QHQ Si;xGex bonding layer is a factor that encourages the diffusion of
germanium through said bonding layer, for its homogenization with the Sis.
yGey upper layer.

The thickness of the Sis.,Geyx bonding layer is selected so that there is
no relaxation of the strain throughout its thickness and so that said bonding
layer can disappear after bonding by diffusion of germanium through its
thickness.

It should also be noted that the steps for implanting and detaching at a
zone of weakness described above are only mentioned as examples of steps
that can bring about thinning, on the donor substrate side, of the structure
obtained after bonding.

Other examples of thinning techniques are mentioned below. It should
be noted that said examples in no case constitute a limitation, and the
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15

i mpl ementation of the invention, when bonding to an
oxi di zed support substrate, the material of the

woandioagsk ayer can be Si Ge. More precisely, a BCGEB2004/003324

bondi ng | ayer is used w-th aigermani um cont ent
(typically less than 20% so that bonding of said SiGe
| ayer to a layer of oxide SiO can be carried out in a

Wér%ﬁcfe%wmm@aéé aﬁ{bft @r@tmt@@hmque nthat dean tthin the donor

SuBalTpig, B acParR ROt e iEh RS2 ' '

cl eaninge steehnigakpsait ofcrreenémvp&e c@m@omﬂn&mcymgarrga’@ﬂal by
d dj

&l Jhyg f%g}e?é%‘ég %@ LH%% 8858?’ %Zlbgfrrg%‘g:a'é zel; %Blh%\)(lglch has been

g/eeaiwmedrbyc@mahng quaSéQHE)DOIF@WelHYﬁhan approxi matel y

20% ??‘ﬂérateﬁhﬁ@gbg\gcdmstb%rae%ﬁfpﬂ’é)hld infedHaaddresrt chemical-

in particular nent risin

Jegchkaniealatiaekiby Iﬁpamsc@pdé%ﬂ %ﬁabﬁl?cgg Lpﬁg'f?hé{‘%&‘ﬂp

sol ut iD@) etchiiyy eBnRiussuithaaSipsrhayerspray letehihgwan also be

gergﬁ %ﬂ: content thus allows a | ayer of SiGe having a
content that is too high to be able to carry

out diFinally, bseidctive ohemiall esifdeg [tagleniques aranoke drarded out, in

V@%ﬁggggﬁ)ﬁgﬁéétsﬁugﬁlrg ‘F? Ba '?Q@r‘fjed Eoﬁlﬁﬁ%g eR- ;-%FQQyérB at

Oow concentrati on

x of C%WISSISLB@'(HCIﬂbﬂth@l%?& Wﬂbn Aidenast substrialp compyising a Si
Oétcﬁ lsto ‘fﬁ;éé’i"' ijé‘cé‘rﬂ%eﬁtS@é Qﬁpdr Qiye@&h nEnich i a8i eteh-stop

bl;ayg@p@n e usjgetolﬁggﬁalpﬂpé\or nggtrﬁtgn ﬁgmﬁ%{b%pélnrgaby Sglectlve

séfghingt to that described above regarding a bonding

| ted f
S e LA BUSGLH EF ha of o
f 8iGetayehdiuteaiso welatpsstotindiretit fiiainslinghobany @M@ﬁ@¥ gamiconductive

f iaZiRAkI of
TR SR Corb8 UareUELy o '<Bppblt SUBBIRRS Dorfly ftemediary
Ga booditiglgyemnysing itke mtb‘é(ﬂ ehithegnvaRtioR-here i s no
relaxation of the strain throughout its thickness and
so that said bonding | ayer can di sappear after bondi ng
by diffusion of germaniumthrough its thickness. t
shoul d al so be noted that the steps for inplanting and
detaching at a zone of weakness descri bed above are
only nentioned as exanples of steps that can bring
about thinning, on the donor substrate side, of the
structure obtained after bonding. O her exanples of
t hi nni ng techni ques are nentioned below. t shoul d
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be noted that said exanples in no case constitute a
limtation, and thel 7 invention enconpasses any type

wohoe@siesz que t hat can thin the donor substrat 8CTrmB2004/003324

accordance with the nethod ofigthe i nvention. One
techni que can, for exanple, consist in renoving
materi al by supplying energy to "cut" the donor
substrate at a zone which paallieen weakened by
creating at |east one poroUs s Tayer. O her techniques

consist, for exanple, in nechanical or ”
dha‘knmeﬂmdc@fapm;&mlrm Bagikugiyre g@mpﬁgmgna /t5|n layer (2") of semi-

h | - h
OB GRL  phadd SPeatPlo St R hRPLeing gptained
RN 1z08660r Elvsttaty, (1§Fb§ﬁiplr‘$mgcalemp@ei’ laterH(Rh @f semlconductor
techni ques can be carried out articul ar P
soatedelitee methed @t%@e@l‘!&f@ﬁﬁ?ﬂ?%@é“ . %%B“ﬁymgﬁgs ©
Thi t I
Co'msgr :@mﬁgb 6@%6%[ hﬁp ?%ﬁ;&fg@e? %J%aﬁré%’eﬁy@rt(g}lgﬁbr Rlagerial that
uppgr do@}éﬁfs dlffuwghgﬁ apaeldmsint of the- leBd.‘Elprlla| aj e ugpertjayer (2);

tot t

by seleaning saRLHN ki Dyfor fissteie iy PBHARGRgon:
onl'y rb%n?ﬁ@ {Ifé 48%or SUbsiasd {mnﬁbﬁﬂth@fs@e of lb@r)’cﬂng layer (3)
but al'so r es to |n§| rect bondi n% of any | aye
sem cqrduiouslyefommiedr dralthe igpet sayed ﬁﬁ@ds‘ﬂ@@m@% ’rpothg support

support sub rate via the internediary of a bonding
| ayer SHOSH, @)n@?%od of the invention.18 CLAIMS . A

et h°dczg{1 lﬂgoé’éig'élgm%nﬁ'ﬁbw‘th’é ippeRMdyeti intd tSheI bondmg layer to
| ayer ? sem conductive material on a

subst riasraogenipe thaicancentrationyefrsaie eiﬁjn@mlauth%@omim Igyer and

o cor R it i Conpi SR BRR, GRAF inpQnlure with

inth tbo% la§8cand S8Rl erla @t mng on said upper
I a era?t%gj a bﬁ%.a?g | ayer qup 3; materi al that

accepts di ffusion of an el errent of the material of the

meaBomeiod ehision iy NS, Bstactdbad® ﬁeaa"“ﬁ%tﬁ@rﬁev of

Sdiffsisinaf sa(d@)eménbrﬁnanhdhel deperf layes ipkh hﬂd)(p ndjeg lagsr, sald
BN TRERAF YA 8 g oo i
etmmm{erf(ﬁc)mftﬂh%sﬁpfﬁélfel ayer into the bonding layer to

honogeni ze the concentration of said elenent in the

tb E,n ?}I 1w d (%rgcgpdgqs (I}]glairgpggql{ﬁ‘rég%’rlggg i§ W05E  kWfers@fprises,
following bondmg and prior to diffusion, a thinning step aimed at removing a
portion of the donor substrate (10) to retain only a portion of the upper layer,
to obtain an intermediate structure comprising the support substrate (20), the
bonding layer (3) and a thin layer (2) formed by the remainder of the upper
layer remaining integral with the bonding layer.

4. A method according to the preceding claim, characterized in that thinning is
carried out by detachment from the donor substrate (10) at a zone of
weakness formed prior to bonding in the thickness of said upper layer (2).

5. A method according to the preceding claim, characterized in that the zone
of weakness is formed by implanting species into the upper layer (2).
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sai d bonding | ayer and said upper layer. 2. A nethod
according to claim1l characterized in that, during the

webteps/3issdi f f usi ng said el ement fromthe upper PCayB004/003324

into the bonding | ayer, saidibonding |ayer (3)

di sappears by blending into said upper layer to form
said thin layer (2") of the structure. 3. A nethod
according to claim 2, characterized in that it further

conpri ses, follow ng bondi ng an ripr Lo.diffusi. .
et cs aepTHING- ST dmsherr st I Bt 3t cqrfBligs i to
ahtzAloR, G180kt Sinic at depositing P protieotiveflayeteonspisk bonding

a@er,_ o gbtain an intermnmedi 2 j~Si Ng
tayer, BF&egﬁ‘&Wﬁf be'(‘gdﬂnq}\’%gegoegé{ﬁuﬁge%@yer “and
athin layer (2') formed by the remai nder of the upper
ayer iLniag: | (JRRTY ; ized in Ahat th
Fot g gL I R onlofubits BEre hrauRRizedn S e
tinningtstepicanipriges ot teast pag eleRingpieft achnent from t he
donor substrate (10) at a zone of weakness forned

prior to bonding in the thickness qf, sai r._LAVEr

B2 mifhod RECHBINGL BNMIATE TEOBIES i 8o bul W SelRg 1 that the

gﬁfﬂrs@&rlﬁ etdy Rfdcarfiet et By‘lap[zly'llf]ng a)ﬂweaear}e%nent( gn) thﬁg wgermedlate
[ anti.ng,specik.es .into the upper |ayer .1 . A

ﬁ%yﬁgge&%%%ngR%G{H“EW85n15, characterized in that it

conprises, prior to inplantation, a step ained at

%gﬁg%éthﬁgc%cﬁcﬂf\g%i %M 8Y Bhafibterdicd ROkt MBe lafsion step is

er bel ng _renoved, before the bondin
imeniod DU Auieg oAt IO arco BHZBRANG DA (3 T of the
%tr@ﬁﬂé%ﬂtﬁhba%térrﬁhihhmb.the thinning step conprises

a

east one etching step. 8. A nethod according to
any one of claims 3 to 7, characterized in that the

di . fAIBAEtR0S leeBoiding 86 tlade ot claymadptheragtesizadn that said heat
t t t to t t o t
LieaeRb s Sl ReBHEET 194 0 Sy tocPt Sbasehid s

characterized in that the diffusion step is carried

gﬂ‘hdgﬁ@'e i o?g?@&ldiﬁg ﬁ?taﬁ?%reﬁeain@t &RBirh] 7 Wdidiheaid upper layer

ace he structure_aptained after, .
t(328pi ingformmd Araret silereRBPARHG (GG aPIRTBCIZE [ nihat the

%i ' | if diffading ahel chaaent Gedtomsaid apper layer (322)
c%“r:fplgig aﬁo%‘?%g%i{i\ij%gédoo lrCllgandeo C for about two hours.
|

.info thet bepding )-to any preceding claim in which
sai d upper layer (322) is formed from

L - i i .ch i LR t .
SHATRSFeRBTIAINS ST L B R iR e of o
f thenbsadidgUupper compeises SEppsitingoa i elosigingd|sljgn Si on said

f%@%ggjg?%@ygfg%gf a](c:gﬂndingg to claim, characterized

13. A method according to claim 12, characterized in that the bonding layer is
formed by epitaxial growth of a film (33) of strained monocrystalline silicon on

said SiGe upper layer (322).

14. A method according to claim 13, characterized in that said the thickness
of said strained epitaxially grown Si film (33) is about 5 nm.
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t he bondi ng | ayer conprises depositing a film of
strained silicon Si on said Si Ge upper |ayer (322).

wa2005A3mBk hod according to claim12, character Pe&aB10n4/003324

that the bonding l|ayer is forged by epitaxial growth
of a film(33) of strained nonocrystalline silicon on
said Si Ge upper layer (322). 14. A nethod according to

0I|Eﬁ;jWTmbﬁat odibgécﬂra_tr?rtb_?cﬁiilrﬁ msbh@tai@m'f,_driaea%tb'rizémes&aotaonding
sal strai.ned epitaxi Q i, fi | .
ksl QuSthaRiddiee Catthdt RiBstGatel PRl Prues i §64 auaty
(Slmxaia!asmcied in that bonding is carried out on an

oxi di zed support substrate (40) to produce a good

quality Si/oxide bond. 16. A nethod according to cla
d6. A methadiaceardingdelaigedd o clait 14, chpiagtpdzed in ‘that it further

Q:%?ﬂ}fris%%s folfo%ﬁg?‘fbrﬁ%t'()ﬁrdmidl& '§;tr§i‘ne§l<'3$idﬁlﬁ1t éﬁdi fer & cleanmg,

Siewst et heunal Sxaionar said sianed Soi B faLa Byer of a

Qhéﬂ?ﬁalrmdld@éhdl@e eurfadeeobsuibl at@iradd Shdileh.st rai ned Si
film 17. A nethod according to claim 16,

characterized in that bonding is carried out directly
a7 . & nwethdd zedoeding &0 clasmbtl,rchiasacteriped du dhratabayutiag is carried

'&il?%céﬁf('oﬂeéﬂx H8i-8ang, nﬂcﬁ} sﬁbggrég-?% aﬁl%ﬁﬁgé ng dddd quallty

arac erlzed nding 1s carried out
mw@e!@mledmr@ a silicon support substrate to produce a
good quality oxide/Si bond. 19. A nethod according to

a one f cl ai racter| in tha

AR 4o o achrBede HiTaY e NS AEERFER dedndl RGeS caried

topelirsetiyontna siizonAuppbialibstrats i ppduced good quality oxide/Si
haracterized in that the step of form ng the bonding

fbﬂ@ conprises depositing, on said Si Ge upper |ayer,

a filmof SiGe wth a gernmani um concentration so that

3 gﬂérﬁﬁ’etﬂf)ds%cg (ﬂﬁ@ﬁ'ahgdor% ﬁ?gf |rh§11t2°t(ﬁ1éa¥ﬁér39fenzed in that

IS acco

m 20
dhaclraning pkthe bonding layee I&B@ﬂé@m%wﬂbra g? dé?%h\t@ﬁn
in f}aldd depozg tedtgl ? filmi Srl glsgi ﬁnhan 20% 22. A

0 rdin . ., .

S maRed crePRIGI CRuRd s TPl that the plep;¢fforming
tthe asormiinglilayet compizds defrssitiray, eort saimc 8iGe eippegdmer, a film of
e bt 3 Sl BNty 8o TBACEHAGG o ShRAdCbsited Sice
dilfnf tosa layesn‘épxldeh@msaredt Ge diffuses into the

bondi ng | ayer so that a |l ayer with a honpbgeneous

concentration of germanium.is obtai ned _b){ .
21. A method according to claim 20, characterized inthat the concentration of

germanium in said deposited SiGe film is less than 20%.

22. A method according to claim 20 or claim 21, characterized in that bonding
is carried out directly to an oxidized support substrate to achieve a good
quality SiGe/oxide bond.

23. A method according to claim 15 or claim 22, characterized in that during
the diffusion step, the element Ge diffuses into the bonding layer so that a
layer with a homogeneous concentration of germanium is obtained by
assimilation of said bonding layer with said SiGe upper layer.
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assim | ation of said bonding layer with said Si Ge
upper layer.21 24. A nethod according to claimor

wobheismsis82 characterized in that during the di PEDSBIING/003324

step, the elenent germanium &g diffuses into the
non- oxi di zed portion of the strained silicon film
partially oxidized prior to bonding, so that a |ayer

iR .ﬂeg%[)&)%&ﬁ{a}f@l ©ORSRAUIT7ASH ERirR T 8y SharIttenzddsin that during
ed by

obt ai nec assi mlation of said pon-axidiz rti on :
tfe diffusing Blag e SlaopolaeERaiR oo TP oy fxidized
§ah%n§bﬁz\etwahedé aylieon lfm{a.pawaw bridized quiaditadpondingaygo that a
ne of the preceding clains aracte S0t

sty 8 MR OSrEBUB A DRy Of YT iF Vbthita by
assintiflitiog 0P saidRBantoidized egartient of #e: partislyheydized strained
ac.cor g . . precedi ng cl ai s,
éﬁ@?ﬁiﬂ'ﬂ%’ﬂﬁﬁﬁgﬁﬁs'%g‘fﬁ%g%réani ng s?ep al so conpri ses

the cleaning of the face (4) of the support substrate

3l Winletnd d sbofmigiaslahp chbsoripadimgeding efaifr) chactatized in
net hod of bondi n Qgether .a first and a

ShatciBm AoARI0E:an 0o SBerYading (YT 'y BETRAPE) SOBHSITL g ROA
qybéjﬁgg{mémyer and the second wafer conprising a free

face, characterized in that it conprises the steps of:

- formng, on the upper layer of the first wafer, a_ . .
lr® g nepthey eccofding tmasy icae ofhthe preseding @aips, sharpcterized in

% t rd St claipiig lofMRE; face (4) of the

3ﬁ@§h?%gc%aarﬁ%g b%g%ﬁ%g'dgﬁeﬁ‘(e%ﬁ}orc A Vo 3 “
tsupgorigsListrase which is e kei bapdeasdodha Hongings'ay "t@ 110),
fromthe side of the bonding |layer (3) previously
f A2 BRI ) GhBaBesecdrd Wafers of semi-
sﬁjggr Wegﬁ%@torfa?(g&{'%)at}saétn}%%-a3??} ugi ng sai d el enent
dforiduetive peitetialy ehe firgt vafbectropdsing arayepert leyer and the second
honogeni ze t he concentration of sai L.enent .| .
BUAET 6EMIISIY aNeeTares: clRtartef ‘é?@r"} 9@6&“&%@#{&%@%&‘“?25;%?3 of:
di sa | | g5t n@yit tdt SRl firstPR&fer) ayBondingtlager of a
sai”d%?gdég%'?ghgo%% t%gglét her, the upper | ayer %f_ d ,
the fratdrialthet aceepls diffusient ofi anoclameentr ek theydratgrial of said
the second wafer.

upper layer;

_ cleaning said bonding layer (3) for mastering its bonding adhesion;

_ bonding the donor substrate (10), from the side of the bonding layer (3)
previously formed on the upper layer (2) and cleaned, to the support
substrate (20); and

_ diffusing said element of the upper layer into the bonding layer to
homogenize the concentration of said element in the bonding layer and
said upper layer, said bonding layer disappearing by blending with said
upper layer so that said wafers are bonded together, the upper layer of

the first wafer being connected to the free face of the second wafer.



