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. THERVAL TREATMENT OF A SEM CONDUCTOR LAYER 5 The
invention relates to a nethod of formng a structure
conprising a |ayer of a seni-conductor naterial taken
off froma donor wafer, thelnethod conprising the
foll owm ng successive steps: (a) inplanting atom c
species to forma weakness zone in the donor 10 wafer
at a given depth; (b) bonding the donor wafer to a
host wafer; (c) supplylng energy so as to detach the

t aki ng- off i's aI SO called Srrart Cut(r) and is knovvn to
those skilled in the art. In particular, details may

be found in many docunents that have al ready been

publ i shed, such as for' exanpl e the extract on pages

50 and 51 of the work "Silicon on Insulator

techppl Q’f%ntﬂﬁtréfdté‘é td Q%éth‘e{bl%f forn%ﬁ@%“@krt%ibﬁé @&npr@)ﬁg a
Jean- Pi erre Colinge published uwer Academ c
lapabbf sreemgitcongueier (ateosl taken t@cﬁ%ﬂncbmga dﬁnomwaf&ﬁstha/\memm

ooyt BEHEI uRESale 8RS "havi ng under gone t he

I mpl @t intpiamindRtormapeefesaoonti N dchRiiess #&Ee iPthe donor
dielectric material such as SIiQ2. 25 1In this way, a

 sem conwater @t agrivemdeptiit or structure may be forned,
such S t e of the taken-off
Iayeqb %@%éﬂﬁe &%'#jocrvg%fgréjo%i’gg@fv%% (in the case of
the &?kﬁbﬁmﬁg bAwRJy feha e Feden dhe BRERRBILINe rdrerimr at

sSA (in the case of the taken-off l'ayer being nade of
st r ai nelie wgak n@@gyonggg (in the case of the taken-off

| ay Si Ge 30 layer on which lies
a st¢d&ﬁgé%r@hggjfz? h ?‘:éejr (in the case of the
t akeTthftf/pe bﬁba?ér mllmomalscfcaﬂed ISRRrtHOL®2ind is known to

, the enerl_%( is at | east ﬁL))artlally provi ded,
thewﬁhﬁe@ﬁwe(@)t Injpartigidamdetails may be found indRany, docyments

 thhPRATELIrBYAYBEeh HiSii SLRh YsSOF W AhbRhe A3hl Mhes
.0 %ﬂ% l]ea ?rea iféHJ ust be consi Eredt etern‘i"%;‘ll;e

50 bad 51 of the work "S|I|con on Insulator technology: material tools VLSI,
second edition," by Jean-Pierre Colinge published by "Kluwer Academic
Publishers".

Step (b) of the bonding of the host wafer (of the taken-off layer)
typically takes place on th%a surface of the donor wafer having undergone the
implantation, by means of a bonding layer made of dielectric material such as
SiO.. |

In this way, a semiconductor-on-insulator structure may be fdrmed,
such as an SOl structure (in the case of the taken-off layer being made of
silican), SiGeQl (in the case of the taken-off layer being made of germanium
silicon) sSOI (in the case of the taken-off layer being made of strained
silicon), SGOI (in the case of the taken-off layer comprising a relaxed SiGe
layer on which lies a strained Si layer) or GeQl (in the case of the taken-off

layer being made of germanium).
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. monent at which the |ayer to be renoved wll be
detached. 5 It can be observed that after detachnent
of the taken-off layer, the latter nay have quite a
rough surface, as well a |ofwer quality crystalline
structure on its surface, due especially to the fact
that the inplantation and the detachnent steps have

t akeTygitane th@feswee@am at |gast @faﬁraelpqﬁomaeﬁl @ur@g ktep(c), in

sem conduct or-on-insulator structure 30 is 0 shown

thgrmgt formmt it dalthgn (thainthes deeratal dusigst f(W@f temg@aaﬂe@#ufé@ilon
cisafh 3t Aogy “edfheto SRR Pble, BCHGRERLY e

mpéetdnt @t whicH the 1hpdeen-tef ffenhcﬂbe@lfwﬂlbe datgtha.r educt i on of
t he cryst alline quality. may be observed that the

t akelh-cght bg %@“@%Mrﬂ@ﬁﬁa‘é’ﬁf‘@%& phthe takepqt layar, the

f N&, X
b0k TodlE Wl ot Aot SO A el Tl it Busfele
sttuatireadn Yishasfaze! duekespesially tarthefactlthlt the implantation and
Furthernore, the inplantation step may have caused a

‘the&letaehraent sieps have %}‘ﬁnd?f@‘?@@e [@ﬂqf'ldy in the layer to

be t| 'F?r%f:e 1o féglrg he d?{%‘ﬂ ﬁﬁ%{éfﬂﬁ & fals? skﬂ%cfure 30 is

con‘p r enov af't & particu
shdbwan ﬂmgtahaméﬁfsal@t ecomr&medtof\a hdmt lwacfh:ezm abeeredfﬁy fhayteken-

hus usual ake- r of _nor
o Jayisre By TRRBRIRISAT ARGl ieaatintgRaTes) WRE fiagad® i

f a S
e‘g@?éﬁdﬁ’ﬁet Deft 6. Bl MR OH NGy BPAR SCLOM 2 RRULBAPof the
crﬁstalhnetqualztyorrprl sing a 500 25 angstrorrs t hi ck
t ak n of f ne sitate tran fer of 2000 t
250 WgQ?r%t?ﬁe“éﬁ‘fﬁ hatd Petﬁg F‘V% BP0 dEfeCt‘Ve_
zo%@:gﬁArﬂﬂ@deféHtuvé'%r@'ﬁox' pris o%%i&ugﬁng% c@%t&lﬁﬁé\%fects and

etching or sacrificial
surfaeatroepibtnesfs. t he taken-off layer 1 is therefore

oA el PO LR bl T et orarnd R0 8B
Z ongkrRrebord, h@]f-}' W;ﬂénﬁa%ﬁ stdp nTé’}p hedd lcquskh [é; tréd’uctlon in

oxi dati on of the defective zone is used,
thsm&éafmqu?htyemrtiwelayeytmlwtﬁeomfﬁ:hem cal etchi ng
of luoric ac us creati a .
¢t ehetegtye SnEnas 14 v caf gl ErBl 8 iR dBrachment, in
pakfidiilandingto fHer def@ét@'ﬁ?b@erﬂwlfmﬁ freiakah-dtolayeRilNg tRts usual
chem cal - mechani cal 'polishing

1o take-off a layer of more important thickness in order to completeiy

eliminate these defects during finishing operations performed after
detachment. For instance, the formation of a structure comprising a 500
angstroms thick taken-off layer necessitates the transfer of 2000 to 2500

angstroms and the removal of 1500 to 2000 angstroms, for instance by

- polishing, selective etching or sacrificial oxidation.

Step (d) of the treatment of the taken-off layer 1 is therefore classically

~ performed to remove this defective zone 1A, and thus recuperate at least

part of the sound zone 1B of the layer taken 1.
Typ'ically, firstly oxidation of the defective zone 1A is used, that is
subsequently removed by means of chemical etching using hydrofiuoric acid
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Such a treatnment step (d) of the layer renoved | is
consequently costly and conplex froman economc
poi nt of view 5 Furthernore, the use of these
treatnent neans requires that the negative of the
donor wafer be systematically renoved to obtain access
to the surface of the layer renoved 1, and therefore

 HSHi efediii aafcRhfiehOclid Saemed cfx‘idélﬁohzﬁthéh"ﬂﬁ@ﬁmg, for

(in which the heat treatnment of step (c) has been
eanpieehy mechaniosl piishingaoriahemicdl-rmechgniesd tpolishiagd! i ng

caui BHEhE ToAET a0 Hen(c)rel %1 8s S Tils apssauenty
COMG SRIBOrhHBR rop ale2BRoRlG pbiRELUAERY i n the layer to

- be’renoved made of Si Ge, and between the future

def ekyithermosae the Lm@d of Heesmdeaatyient Means gcgaiierl thainthe

f . .Si d t '
nggivE S BRI wafE e tdhnit)vERR e to S8l Sekdito
thef suiRlcecdfi the I r‘eﬁ—’ncﬁieélhil nand eherbhte defigiedd Wi d@Rsts kb be
and the stop 8 whi ch substanti al | {r@reduces t he

reneugianises th@afyme@e trepbin ihe apat trasdmentrak istamd ) diagdzeen

oA e B A D et bd e REE iy the

nga® hssumts efuipfiche. 20 However, sel ective etching
i s never perfect and when t he edge of the first

chent RaaffoeuraentioR 2$42:849 atterpts inewrcerie hesaperblems by
nBHEEL D PRl i 11oL08 Aol B o BRI Pty prure

d@‘étti\;@czo@é fhandttbp Uedeelyinghedual byundVreneasB, thstop layer
latter_is in general not _very thick, the fjrst

-mM3ge & Sivie %@%wom@mavﬁ Hs%&ntshmg@@ratﬂon%w%ﬂmg step (d),

bfhﬁte{%ﬁnlgsozfée é&ﬁvé’ %%Bley ét‘&ﬂ n@o@?ﬂTeZBé‘%cﬁ\% ‘EBH% PELAR e stop

propose 0O precede

laydr vslable@nbstarﬁrbuynre@udas the raughmgss measiemedt Oependlng on
elimnate sorre of thes enti a| obI enms. Howev
thel an@dmym ¥aluss (B?a‘b%ﬁﬂngﬁﬁ%YSar?@ ‘é‘, %@”Q/Q”éﬁ@ﬁ%@drﬂﬂc

t
vallidein o?nPseRﬁ‘SﬁBﬁ t@rﬁﬁﬁmﬁheﬁdf%m itB‘g‘B-fa‘gi_e of

an con c cost t I'S not necess

'Si% In the docunent FR 2,842,350, the |ayer renoved |

and %@%ﬂ%&@@ﬁ%ﬁﬁtﬁn@% é?ﬂn%eeléi? e §n8 e of the
fw@@éﬁ’%nkﬁ?é‘tcﬁﬁ'g%i\/é@aﬁ gﬁ%ﬁﬁoé"’béﬂ/é %fb&!J$§one 1A

zone ere probl em t

- aranthlecsiop fayeo, oighpess ramasinenihisbieemichbetotiirg therefore treats
the surface of the stop layer unequally. Whereas;, the latter is in general not

very thick, the first selective etching can pass through it, and start {o attack
the underlying sound zone 1B considerably. In this same document, it is also
proposed to precede the selective etching by polishing in order to eliminate
some of these potential problems. However the combination of polishing and
selective etching makes these operations more complex and longer, with an
economic cost that is not necessarily profitable. |
In the document FR 2,842,350, the layer removed 1 is composed of a
sound zone 1B made of strained Si and a defective zone 1A in SiGe, this
latter zone being then selectively femoved with respect to the sound zone 1B.
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~of the etching reaches the sound zone 1 B, the latter
bei ng unequally etched on the surface. It is further
nmentioned that it has al so been proposed to perform
the 5 step (a) of inplantifg by inplanting severa
atom c species (typically by performng an
i npl antation of heliumand an inplantation of

Wy @ aerd a pfbbiem thapes @rﬁalb@@.xsﬂfa)ttﬁblméwb@s baee#idrethe edge
designated by the term of co- |nP ant ati on. Perforwnn%

otaﬂ@oetphw@ar@ﬁéhe% e selertizane diRs theolatigr beingl urras@liy fetched

o e Fmé&gt ed species to be used |ower than when a

single 'sSpecies is inplanted. 10 The total dose in

CO- i P duntiedri ientibesd thapiic Bhs ylsoelpsas priposéd ogferfdmm the
dose i n_si ng@e species inplantation. It results from
stepi @)dekinpleating bptmplanipgasavern! desuc spasiase fypically by

pérlf’tfrgﬂs fa?lt 'ﬂﬁ%ﬁgﬂgg oglh%h nl%sa?nndggﬁ ?lhp aﬁté:fféh fcl‘m i ggen). This
tyﬁee.ﬁtirﬁpramatmﬂ 13 cbfel@@l‘teafdesrgr@@é@wwbrm kb \weMeiplardstior.

as been shown by the Applicant in its PCTagllca'tion
15 fPﬁfé@rnaiﬂgsm%mant@ ion Jdngeed, allews for spiriabgese el co-

88 ket @) Lo 60 WHBhSL s R RSB

Tisé tetabdoddirc bo-irhpROGiionnities tysitallyerepredefEOMBOOOBIRIR™E in
relation to co-inplantation within a S| | aye

single; $RACHHR aﬂp@ﬁtaé&na#efe&UHS ff%tth‘ﬁefﬂﬁt?rﬂ@?ﬁ il i@tﬁb'mplaﬁfed
ééug ra'é%é:a efqhé%e?glﬁlvg F&Rné’gs whic i’u a?t‘?rﬂﬁé%leﬂlows to

such l'1'sters at ond Ing 1N ace

-denrgamabt tonsirrghdifyeibhieinig Himg treaimertm pek‘n&ssd afiér d:ldatechment

t aken-of f | aye nd r [ ] he c0| tatiqn

ok dhafbier. Bkl Ras,BReh RRAwRY iRG Abslicanidn se e T Shaheagon
fled eh e B 0 2664 ghg P08 200000 AR PRLIIRA),
amtkfadudtis tean’rdng Hesr beenmsade @vaitabledb dheapuidic ohliree opsthe

PS80 65 o1 G pr b Undet delerg oo IPhopdaean, in
reﬂﬁfoﬁ%sccﬂﬂﬁ RnERAM MtShad Si pRRNgRSco-HpRntdibANbAr8meters

attenpts to overcone t hese probl ems by proposin
thatbelpdnimimizincardughsiesadgastcio, tha fomsnation @ffcefrtmmndﬁgpc:és (such

Kk fi
as, Rl SR SEBH Bfkrfhce” oo hRAERIR depBikaunin 3% Biciggss
ofethéqaﬁér% ‘éﬁfl@ er)t Bﬁd rrekastaHg TRE icoLitthiamatide fpla@dmé&rs that

st eps I‘r:[p anting atomc species to forma
ha)@aunmsmg@@& derectreleadno inorassad rtougbnmt h close to

the iltnhcl)tﬁgp(ﬁosrdgf atchoern|.ljra fise th%lsbto trJeenrHé/c?e between roughness
and formation of these defects, and the recourse to co-implantation thus
does not allow as such to satisfactorily solve the above mentioned problems

relating to the presence of defects and a superficial roughness.

* This invention attempts to overcome these problems by proposing
according to a first aspect, a method of forming a structure comprising a
taken-off layer from a material chosen from the semiconductor materials from

a donor wafer, the method comprising the foliowing steps:
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. (b) bonding the donor wafer to a host wafer; (c)
suppl ying energy so as to disunite the taken-off |ayer
fromthe 5 donor wafer at the weakness zone | evel;
(d) treating the layer removed; wherein step (d)
conprises a recovering operation of the taken-off
| ayer carried out when the taken-off layer is stil

in cent m@élam:rﬁé‘ atdrﬁicfé?j&ié@ ROfP 4 welknkbe Z8ABGH thcle dogor

waf er, d wherein the recovering operation is appli
by rrean‘é’afm tof depib ctqseatoﬁhﬁthldtn@smérﬂp@iameu t@be cewpved;

| aye Bonnd 0 BRI ERR KA rSSFvBler donor vt or .
Q hefc %cm:s;ﬂ;nhgrerﬁrgy%ooésttbednsunmtth@rtaﬁére-oﬁ lal&efroRl the
re-adhesi on tenperature i s approximately 800C, "- the

depaspvafey at gwec\aeakrmsmealevd tenperature of between

300 ecovering tenperature is

bet ﬁeajnﬁ%%%% i’%ﬂ%ﬁd&m‘?’edt he recovering tenperature
whérdiretstge ndp Wdmpives88 Gecoveriitp opefdtiedr bhdhe Rak&i-bffNlayer
is carried out in an inert atnosphere, such as an Ar

casFief U hsshiner tlaken-off layehis stidp\cantady voikethe: ieprainisg part
ofocﬁé rd’o‘ﬁgr Wéﬁ‘ef Qn@'@vf‘%’félﬂ'tﬁé ?&@jﬁwa% I-&tion ﬁs%a%g jpd by means

recoveri ng at1 on” of carrie
of dverat |tna;a|tm¢nt/\atdnterapmatdre)lower 'masaatha rewdgdhesion temipeeature of
recover%ngy operati on of step conprises a single

the falRjot ecréfwﬁethﬁtr@fr@lmmam the §oRPE WALETt enper at ur e

of %%r(:ﬁbga‘b‘?erié%cE.%?tHeeﬁ‘w%ﬁfddrPQ g; 2> tenperature
chosen; - sStep c s carrred out "at around 500C for
bet wetbe salnbre-adiflesiom téraperature i bpploxdnately 800°C;st ep

(a) nprls a sinple Iantat| on of h drogen ar

hel i u Seet 'wﬁ%ng i aka tgmpsrates ghibsiwesn sP0°C and
5y togen and heI ium; 30 - the recovering operation of

step (d) is perforrred by thermal treatnment at a

t enpéhatrecca/&nmgstemmeraurgusdmtweeﬁ S50betanele0BTSC and

st ep tbgf@@%@gﬁ%&ﬁ)@‘é‘ﬁ&% s e%traéﬁ%%% 8 Id%eOO 8yer
- the recovering operation is carried out in an inert atmosphere, such
as an Ar or N> atmosphere ;
- the recovering operation is carried out in an oxidising atmosphere ;
- the recovering operation of step (d) is carried out in continuity with
step (c) in a same furnace;
- the recovering operation of step (d) comprises a single change of

temperature from the disuniting temperature of step (¢) up to the recovering

temperature chosen;

- step (c) is carried out at around 500°C for between about 30 minutes
and about 2 hours;

- step (a) comprises a simple implantation of hydrogen or helium ;

- step (a) comprises a co-implantation of hydrogen and helium ;

- the recovering operation of step (d) is performed by thermal
treatment at a temperature substantially comprised between 575°C and
625°C ;
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_inplantation under conditions adapted to formthe

weakness zone within said SiGe layer and for the

hel i um concentration peak to be |l ocated, within the

t hi ckness of the donor substrate, nore in depth than
the hydrogen spreading 5 zone and also nore in depth
than the weakness zone - the recovering thernal

t r eat trentoner waficf ocnnmpdsmg ra iSGenegor, 3ep (a)ispesotraed dyrco-
ng, the _contact to be w thdrawn

- { tt
f%@'ghiaé*ﬁn?@e? &QE&'E'QW adaat;?é rto form i weakpesss zenfewilbingaid
syweées érsar?di Hﬂ‘w@ ﬁ%%n?fcbﬁﬁeﬁtgﬁ:or ?z%{l?rté gﬁbIo?:Qted within the

oeralono

tl’fu:kn%hmigh@penat stdmtrartm,ohumem dspthﬁleqm (b hydmgpn isprerying
one of h foll er ati ons:

t |
Z@%ﬁﬁ@% SO IR0 | QQ@W ec"i" SF&Pon, heat
an”ealthﬁgr?covbﬁﬁgttﬁgﬁﬂ Pftlfeakrﬁéﬁt; id Spém%e‘af o ﬁ%@e 30

where 0<x< he ta en-o er conprises

miviges tx fobrdodrs; stop | ayer for 15 sel ective etching,
ses such selective e

o e 2 Sip PluBaa IecooEraia o v i Seveh dofate-of
iapéﬁ é?l@e&é""réﬁdéfamét Whh&r Wifer fsa'éSHteQif but a¥er t}’i’éttj&fcw@nng

emal ni n art o he donor waf er; He donor wa
openapon s:é$t@p $d1pnn@s‘a|blsmmsﬂoweddayrmdm:sjﬁng;«nlplemt&n ircluded in

SI@BrT PR = B3t B8 offhe Tftiind SretAigie: RiFR, chemica
et&ﬂﬁ@ QhcriRlidl GxRiatioh W‘i‘ed’f%rfh@ghﬁgm'p“ ses moreover, prior

to Step (b), a step for the formation of abondlng
Iayefthertakmoﬂdauﬁﬂs;\maehe dﬁi@eMeM%ét waf er, the

ot o1 T e RAG ORI R I TheR S bR aNd A Sbh e for
selécthecetcHing nha ﬁeﬁ?@?&@n@‘ﬁ@@@smh rb%lédﬁ(f@”éﬂcﬁihg used after

proposes an application he said nmethod of form n?h
thg receyening eperaiiphtans af‘é@rrﬂﬁneu Qﬂﬂt@tﬂ has beem sdthdiawo rwitihthe

tef R ertedir b ol TR EH e P8 WS At or |
st r ucthir dorit\@hfee @offpriebs tehgups;ﬁﬁw@bsmeoma@tdfosblﬂngu a
after the 30 contact has been withdrawn with the

buffer sirusture Inagds of\BiGe ané ancippeailayerpaniprising SiveCeartyr=0)
rﬁl{@{h char i%f{%?‘?%‘{% @@JB?QI o;nlole:IZV;E?ggig QEMtShJ
i nventhieomethdd comprises moreover, prior to step (b), a step for the
formation of a bonding layer on the donor wafer and/or on the host wafer, the
bonding layer comprising an electrically insulating material, for example such
as Si0y, SiaN4 or SiOyN..
According to a second aspect, the invention proposes an application
of the said method of forming a structure, for the formation of a
semiconductor on insulator structure. |
According to a third aspect, the invention proposes a semiconductor
on insulator structure obtained after the recovering operation and after the
contact has been withdrawn with the taken-off layer with the remaining part of

the donor wafer presenting roughness of less than 40 ARMS.
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. becone clear upon reading the follow ng detail ed

description of the application of preferred nethods
of it, given by way of non-restrictive exanples and
made in reference to the appended diagrams in which: 5
Figure 1 represents a diagrammatical cross section of
a sem conductor on insulator structure obtained after

the apér eAhrer@ftics aﬁrrgr bn@rééranté@émﬁ BrC Ghirtidnt Qvill

the state of the technique. Figure 2 represents a

beewve skeri yaan r@@lm)bm rf@lép\wgzgrantauyzdt descrigtion ednthe

oSBT IS OnHREAECT R ) i GohFaone

exdrgpleeardemiube réf@l@fn@@ftﬁtthéi la@?éﬁ!@‘ﬂiﬁrtagﬁimyrri\hﬁrch
di fferent steps of a nethod the invention to form

a stFigefeir d coppiepentag @ |digaemmaatisel ugiregs  section of a

seffohaioh n FRIHEE, Sl ShPitag A oloel plPiseriguear 2
Sthari-0gt® hestdds uotdriing tettee statd ofithd mhhiqaet reatment of
t he taken of f | ayer according to the nethod

r epr BgEMR &g W?Qrﬁ%ﬁeg‘@ﬁ sestignal vipyuekiamadeby érgé\ﬁt@/ ﬁ‘e
o B e oS8 S AUBERS e ot

ofdhe imgthbb of themiveptidn.of the taken-of f Iayer accordr ng
to the rrethod represented by figures 3a tg

Fi gUrigerasasade HHn@psesend sliadrapmatically t@eatlff@rear SWRﬁA@f a

BB PRI B 517, D BB TR B

Sr9|arteit)|at®y present roughness neasurenents on structures
res ctiv%yrncludrng ken-of f | ayer conprisin [
e

Si
and EEgRseNsy ané'(%b??"*preéf%ﬂpﬁ gertBetheat tregtment
t
teﬁ?@?é’du%s?@%%d;guﬁrggﬁp% Flgsf.rﬂfém srt%‘;‘é? rrnﬁéhé é”@,bﬁ;%?ﬁﬂe
takéem-off lpyerperdifig ththd medhd r@rpre%rtt@:l b}eﬁgumstﬂtaato 3f. .
dura‘._tron econom cost a q nunbey : of t tﬂent Ea\
f or TAONT BB Foqns &t SREPTHy IaHAvOlIPr 9T eaheglc BREIMent
temmﬁ%sousédwaur.ﬁwr& HROnitifg Pl GHY CRirih qh@%%trhém &f the
material 30 renoved durrng the treatnment of

talr@m«eﬁ laydr dcepetingitd thg rBﬂﬁlqd-leDte(ae)'tIedﬁby ﬁgmmsrﬁaipo'ife of
nvent on.consj sts o roving_ the st al
qualF0Y 38 55 el AL 3eBraskPE e Rectiebpb MeiDobialfed by
TEN &) & S e wiaFeMmaving beén éuB}é%féd"toFHJHEFHS éo%pH’r‘@atron
invention is to propose a sinple net
' Figures 7, 8 and 9 notably present roughness measurements on
structures respectively including a taken-off layer comprising Si and SiGe.
Figure 10 notably presents defects quantification results for structures

irrcluding a faken-off layer comprising respectively Si and SiGe.

A first purpose of the invention is to reduce the duration, economic
cost and number of treatment means for a taken-off layer using Smart-Cut®.

A second purpose of the invention is to reduce the quantity of material
removed during the treatment of the taken-off layer using Smart-Cut®.

A third purpose of the invention consists of improving the crystalline

quality of the taken-off layer with respect to the state of the technigue.
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.treating the taken-off |ayer using Smart-Cut(r) that

" is easy to incorporate into the Smart-Cut(r)

taki ng-oef f nmethod. A fifth éourpose of the invention is
to find a nmeans for using & 5 recovering heat '

~treatment for the taken-off layer both in inert

at nosphere and in oxidising atnosphere w thout

howeAdough k;mrpmtte af ltlye amentiongist toepropoperd istpleofethuel of

taken-of f | ay A sixth purpose of the invention is
tre@NiGaibe IRk OBrANRT 6NG SMABGRABNaL ki paRt 1 BOTRATA® into.

‘ th?h%aﬁrda@ﬁékmgeofﬂ%w#/ and a working |ayer thickness

can ver A sevent h purpose of the

I nventfiftn puspdse rmkmesmnaoaem t@nihdctaormeants for using a

i nsul ator structure conpris or. Ge for the
regaygrishraittatpgnt | Ofm‘éff%]ﬁ“hm%lﬁyﬁwﬁﬂbm ipee atmesphereand
A0S S R Dy D S50 (LG i bl fres

oftthe ¢ikeessif thyet.he defective zone, to Iimt the presence
of defects and t mnimze the surface roughness, W

have P&t BYBREEe oias Blyeatiannt Esmgke eppYeRnAlRier @ff insulator
stgfgg]‘}leg grfltlholﬁgﬁ%rrydétgﬁné Qubls %e Q%drﬂ{ﬁg IQ?en‘"@dkn%%sé that can

accor to-’t I nvent ron
bd egrgitkint aken of f usi ng Smart - Cut(r) in type IV
mateialsgr al | oys Fartlcularln Sil

sRvah nioesd B i ovEdlion fufe e 3 hen Sericy
orﬁn%bl%ﬁir éi‘ﬂ%ltcﬁﬁg B r%h‘lﬁjgglcag;a r ée fb@bf%r sérﬁm@h&w’,‘t@%aﬁ

where X /~0 from er to transfer it to a
hostA \mgbth racposali ofg the heniiov eist t@ndeterminef etedactenent
| ayer

pelRnetets aptBnaiof BRewd ot 2F 8 et faies i Y& the
thﬂgkhé‘sﬂ LRtiRE. d@bé‘tﬁ%‘ %@hé?/ Ito §|n‘ﬁ9riﬁé ﬁ\@&@ﬁcel(bf' (ﬂ%h‘g' ﬁﬁd to

Gex conprises a so substrate on which
m!mmlrzeftbe sedace mnfgheesstructure in Si G (not shovvn)

fodiff ch the |
o o U theeFarniat PRV RRamRESL of PRinee TR Ba Telipdes
actBrdiy (MRl ihladtidrl, 881ASH 88 abBffcatRins GoBbrding % wé mveRtion,

l'evel  to around 100x% at the | evel of the interface
bagied ron lryerp trkenl o aisinga SmnarbCul in xyps |V omaterials or sffoys,

an?igﬁ p%%% ar\/}ﬁfsi XG]eO Wr%{_er;(a#ﬁ any ot her configurations

In reference to figures 3a to 3f, is shown a first method of taking off a
layer in Si1xGex where x 0 from a donor wafer to transfer it to a host wafer
according to the invention.

In reference to figure 3a, a donor wafer 10, comprising the layer made
of Si1xGey to be taken off (not shown) is illustrated.

| Classically, a donor wafer 10 including Si;.xGeyx comprises a solid Si

substrate on which has been formed a buffer structure in SiGe (not shown)
made up of different layers, such that the latter has a gradual evolution in
thickﬁess of its composition in Ge, starting from 0% at the solid Si substrate
level to around 100x% at the level of the interface with the upper layer made
of SijxGex.
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.which a layer in Sil xGex either relaxed or not is
present in its upper part. Optionally, a layer of
strained Si is formed by cr;stalline growt h (for
exanple CVD) on the Si, layer. 5 In reference to
figure 3b, a weakness zone 4 is then forned in the
donor wafer 10 at the level of its upper part nade of
Si 1_geesursthite M@ﬁ&n\ﬁﬁﬁerz‘l@”ﬁafr HelvePsiB/f Sﬂ'%rx‘tdoﬁ‘xlﬂerations for
formed by the inplantation of ° atom ¢ speci es Whose

whishiary leyen it GheGeanéditiaiaeigyed oe nnbrs@uswarﬁmmﬁermp@er phet

det o RIAGY. 2DHRL 3 ﬁ%&%@i@f@h Byfed dbn poRRg el o
e%@n@leS@VDP enitheIsyGH,isper(i . e.  an inplantation of,

principally, a single atomc type) such as for exan‘pl e
an imrﬂfameut@nﬁ@wer@mraag@akna@ Zane ot is then ferswd in the

g LD e el oo SBSHAEe BPY D841
| pl Rtk avéakheb, zoblel N4 pRIfENentiND fortrRial I@y $RE GinBRahtAtitFNof
as for 15 exanple an inplantation of hydrogen

atppli¢ sReciephasei daseant ddtitmaed eneldywre nodalkly chosen so that

| tion, the
a SEAPSfantation Bod Bla A RE %R S8 daREd one s | o
genértaé Inyplahiatioaroftdiamid spediss eRFSDeOh stmpighiphsantation (i.e.
implantation. 20 The depth of the inplantation is
an; Keelaptationtafapringipaly, @ sigeler Foric fipeasueh ashion example an
. be taken off 1. Thus
' giﬁtéﬁ(g? éﬂbg&gﬁéﬁ %I'UH a&% gﬁsé]%dr ogen at _
appring inmglehiatiol oi@ﬂcﬁmcrsgeaaed neNeEb@ ¥ cebinfsihineeion 29 stsrdic -
60,  keVY, we can obtain a depth of inplantation of
spgcima-e3@o implaniatian sbnncnallyptvorptamicospagies) such as for

oA R bR O et

(ah@écipratalipd energy of between 20 and 60 keV, we can

bt depth of i tat f d 300 to 600
ﬁanﬂhﬁhé‘@%@@%@ PTBIAT Brie> PR Assanpsagued dhat the

rL Bﬁé‘t&oﬁs \y@n%ﬂailg Wer Qﬁari Gh the H]E ’lg af Girhle

ayer usi dose co-1 npl ant
mmim’ttafam | ower than the dose to be used when a single

e Tt 4TSS ThGnialan is thisercsn et itis closs toron greater

- thah ﬂﬂé 8eSiRaLthR%kness of the layer to be taken off 1.

Thus for a single implantation with hydrogen at approximately
6.10"%cm? and energy of between 20 and 60 keV, we can obtain a depth of
implantation of around 300 to 600 nanometres.

Thus for a co-implantation with helium of around 0.9.10'%/cm? and
energy of between 50 and 90 keV and hydrogen at 10*%/cm? and energy of
between 20 and 60 keV, we can obtain a depth of implantation of around 300
to 600 nanometres.

One finds here one of the advantages of co-implantation which allows
for the taking-off of a thin layer using a total dose of co-implanted species

lower than the dose fo be used when a single species is implanted. The total
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_inmplantation dose. In reference to figure 3c, a

bondi ng step of a host wafer 20 with the side of the
donor wafer 10 havi ng undergone the co-inplantation is
carried 5 out. The host wafer 20 may be made of solid
Si. Prior to the inplantation step, a bonding |ayer

may be forned, such as a layer conprising Si Q2,

dssand, colimfiyhMation thoe tapidaly repgresetbet/3o6f thHeesingle species
.rﬁsgteag.tiv surfaces to be bonded. 10 In the case of
MARSIEPN YRS bondi ng | ayer (s) being made of Si 2,

t hey : far t j [Ne) (S :
depoler tF@f é%ettﬁeﬁ%?b%biidagﬁ)@hgo F?%E ah'?)%ét% V\\;\a/a?%epr%oz%lﬂ? éhe
sidewafl the qoredrewafed i@shaving umdsrdamentbst ca-dmplantition is carried
oxi dation. The thermal oxidation of the donor wafer 10
Olﬁtay be carried out at the 15 level of the layer to be
t ake f in . j e host wafer 20
com ﬂBQihEtS %ng)ergt% gcptné(%%iéhmtgﬂdéeg%ﬂgmrégafer 10, the

sur f Rdesta thebmpiantdich sy, pdosidiig/laber mag her fodnedssul as

a AU s BRI 51800 Skl S il B3 s Snglir, e HLIeY ot he
redfediie SanstidadoifsBbfddmy be firstly carried out by

nmol ecul ar adhesi on,. taking account of the hydrophily
of eadhedtaseres thiscorsthesadesding lBreriointbriog mEke ohdiGe, they

el e BBl oy W het BidalPrid o “eRStonor war or 10 anc

t he Tes thawifroxddation Hetie hbstaRhfeR 0 réausw|§§55reféfréaeas it

carried out after the recovering operation

‘usgisdo ueicases &uoxidatibor t her strengt hen the bondi ng,

d § i_cul . ' I links..
it o e D R0 or i GO bRl o ek e rajes qulat the
leveltdiithe I8i@r 36 BBQakdH off Neofigiygd,i on may be found in
particul ar in the docunent "Sem conductor Wafer

Bond?iRy fsdr@ hest watergieenrsinggpto qqglieqtorvigl ﬁ\ﬁoﬂqmifr wafer 10,
' i Publj cat i :
thA o8 & Lot Y iy Be fbarel! bRDy EWECAging

angesurfdce pleparathedicchfiquesRach iaveSC HiapdrsC2 BEILEBAS, ozoned

recovering steps of the taken-off layer 1. In
sofdionsertte to figure 3d, is described the disuniting

St ePrhel Bbiiding itself may be firstly carried out by molecular adhesion,
taking account of the hydrophily of each of the two surfaces to be bonded.
Secondly, and in particular in the case of one or more bonding layers
being positioned between the donor wafer 10 and the host wafer 20, a heat
treatment may possibly be carried out after thé recovering operation
discussed below, to further strengthen the bonding, and in particular by
creating covalent links. |
Information on the bonding techniques that may used within the scope

- of the invention may be found in particular in the document "Semiconductor
‘Wafer Bonding Science and Technology" (QY Tong and U. Gdsele, Wiley

Interscience Publication, Johnson Wiley and Sons, Inc.).
In reference to figures 3d and 3e, are described the respective

'disuniting and recovering steps of the taken-off layer 1.
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carried out by providing heat energy and/ or mechanica
energy, sufficient to break weak |inks at the
weakness zone 4, and thus disunite the taken-off
layer 1 fromthe rest of tHe donor wafer 10'. The
bringi ng of heat energy is for 5 instance then
sufficient to cause, at the weakness zone 4 | evel,

t her ralrefeeéi@cts fljurd B, qgsmca‘rnb‘é@emeeaus@nmn@sgﬁpt e is
causing the rupture of weak |inks, wthout any

Cagieratitcll Pravicng deet eRetgyi afgilaémﬂqhédlcabﬁeaﬁgyt suficieny to

bRk ReBk ks PoPERRieterZnt 4 T BRgiirtity A Stenror
lagepé ricbra thevksst g the d&udr%f@ﬁﬁ@eﬁﬂbtﬁrmgm‘g bﬂ*{ﬁt energy |s for

nés nC%er) or higher (shorter). W can use, for exan‘F
tancg ihepe Bulligiont to Aasseorat thadwepkraasseonadk levgbathermal

t t 0,
efE8 dPE e, fsdtus] HRREAEHIS Rl 18 B! Bl of weak
litlaywithoBtiaty diestianitangtesterition beikgreqlifed. ayer 1 from
the rest of the donor wafer 15 10', when carried out

usi ngisyRitigHEaY bevghtained ai teraparatures ©f thgkueen Aroung 390°C

o SRS B R B s e APAEL bbner
thiel terapertiren)s ldwer glohger) ppdsgivdre (shprea).r Weoldant hee, for
recoveri ng heat gr eatnent directly after the

SXAMBRIR fqrr?glayﬁr o 5gttaket eFgnade ;frqné@m% beat teatsent at a
teHlp(e@;?taﬁJtF@ J‘f%ﬁﬁﬁ@ 5060 (ﬂ)F a""@yﬂﬁohhﬁaf“ %Hnﬂta'hpﬁgfr&ﬁi% to 30

nment net hod too ace and w t
minutesany t@8dicuranal handl ing. Moreover, the renaini ng
part_of the donor waf ' offirs rotection to th

P akeade HSRaBBR Of e akARIOTAYeT b EOMEIG TeahpEie anoE wafer
1EPX\!vHéHtc§rrin @%thfsrm §Hﬁ/mé¥eﬂﬂlﬁhﬁﬂgﬂe‘mlt%% l?letﬁ—pﬁ laypr 1 to

possi bi | Ity aga n asing t trea
beydisuoiied atithogpbreaéing tha domtact weith thei relst of theedsrawpeafef 10"
vention, and in reference to

he. nmet th
(Sé?gggﬁ‘e g«g?ordiqséxggl\gg ‘ing operation is carried out by
heatlt {¢ Rin"Bodsiblattoddrg B ﬂieuré%oTénﬁ@ Pap tr‘%%krﬁé\htt Bifectly

re-adhesi on tenperaturé from wh e taken-
aﬁ@é;ﬂé@ d_fBUﬂéde est enespalilysemoyirghibe va@farmjrom ﬂhla futreace

i,.n art t he dono
(R oG iee® e ipac PRI bl Bfee e 31 Withaut the
neeaTer Ry additvhalmdhdihg. scope of the invention, and
based on the experience of the
Moreover, the remaining part of the donor wafer 10" offers protection
to the taken-off layer 1 against any possible contamlnants, oxidants or other
such agents, which offers the possibility of again using the heat treatment in
various atmospheres.

In this way, within the scope of the method of the invention, and in

reference to figure 3e, a recovering operation is carried out by heat treatment

at a témperafure T2 chosen below the re-adhesion temperature from which
the taken-off layer 1 re-adheres (or joins together again) with the remaining

part of the donor wafer 10
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. applicant, as equal to approximately 800C. This
recovering heat treatnent on the taken-off layer 1 is
carried out in 5 an inert&%tm)sphere (such as an Ar
or N2 atnosphere) that is dising or slightly
oxi dising. Optionally, the tenperature T2 is greater
than the tenperature T, to which the wafers 10 and 20
‘wer eAdubptageedsinwhére diesadtidsgxh tdinpetatmeeisathere d@haidared,

i3 REaPaURt 6P J0varlisgh A4 GRS dhe Trperence of the
Ul arly be situated
a%@mg?%%%n%%g%@ggﬁ%eﬂﬁéqaeﬁr ence to figures 4 and

5, aTkispeovveten) wea mMeladment op tesiakkbr-off laygret & carded out in

evol utions accordipng to the ipvention duti ] ol ni.N
a%n@%@@*@ﬁapﬁw@ {S@EE\P& ARG Mofr &aé‘%"&ﬁ@h@@é ftﬁ&ai%‘i’x"i'.sg’g or

: oddlcihef erence to figure 4, a first platform of
slﬁ?%\ﬁr%ddg%é@ is reached and maintained for around 30

m nuDptonallyprtbertemperiert &, dt grdader thirathediesoparaturg T to

a he |.eve]. of e arrow.100 then an increase in
whEhibe S 10 nd s Rudpribingebben dtlRry out o

[ CCOYRE hiApBRRIRIT.AMagTBP AR By Lliai2d Hehyesh i3Bn°¢aind

the | evel of the tenpérature platform 2000). This
80FEhHeaintainedgering 30 minalestthdmausst for bet ween 30

m nutes,and 2 hours. The recover,i t enpe ur.e NMBYegsno

Ehus B K BPe AR emaK deres RAN R (bR S ag e e 550°C
afd Bobes. In reference to figure 5, the disuniting does

not occur during a 25 tenperature platform but duri n_g
a t dnpefenance toniiguraset @hdrS. art prvidest examplaspet aosgible

500G, .at the | f th 1000 .in th
teffeiptre aeniBhn etfrfiia R bREREH Sifiailubdatiges and
reBbeérry 57 2RAGkésoffeaRed at around  600C.
Surprisingly, the applicant has thus observed that bé s

usi nthwudh eefergoce doofigurend. eplshtplaiforet ep asaundhH00°

 repfied oBH ap lad foreGud b FinBE T ORibred tedl g re en

diguiting (4thbel 6wl R BABw(1000)ethenenrcifcteaistiig tempadture to
and during disuniting (in reference to figure 3d);
approximately 800°C to carry out a recovering operation according to the
invention (at the level of the temperature platform 2000). This recovering
operation may then last for between 30 minutes and 2 hours. _

The recovering temperature may thus be for instance held for between
30 and 60 minutes. _

In reference to figure 5, the disuniting does not occur during a
temperature platform but during a temperature increase (for instance at a
temperature around 500°C, at the level of the arrow 1000 in the figure) then
the recovering operation temperature platform 2000 is reached at around
600°C.

Surprisingly, the applicant has thus observed that by using such a

recovering operation step on the taken-off layer 1, the latter then had:
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- ofigaineaperaion

., - a snmoothed surface, in particular for high frequency

roughness (HF 5 roughness); In reference to figure

3f, the contact between the remaining part of the

donor wafer 10' and the recdvered taken-off |ayer 1'

is renoved, to obtain finally a structure 30,

conprising a taken-off |ayer and recovered 1' nade of

Si 1_xGgx nﬂbﬁb\)‘ehech@ﬁﬁélhr\r@fcgfahgﬂ in Tty @a&bfdlz@rfnﬁgéd 3Qurras the

an inproved crystalline 1 ual ity and reduced
irRlagteties in wfen%ge te digiung 3hé@ﬂdfdwn9rﬂi§léi@?ln@ i(igj rgference to
ﬂ@$% Jon operation and wi thout any significant |oss

t of the taken-off |ayer 1. Finishing steps may

t hen— Besrposthiel Iy rfasedirt parmemev%ranghs&frecgfehcyrrougkhm-,%s(HF

and the fem;renalnlng crystalline defects at the
rosighpge®): of the 15 taken-off layer 1', such as the use

o Fsrdhba AL BLRhe B  AERE Bay me
doryrewafp t0haind thel @oekfefdd Rkehyoff laval Meds rémoese, to obtain
particul ar enbodi nent. of the invention, a |ayer of

flrsa"b/aﬁ alskctyre 3Qacomerisng »iaken-eff laver garHgoewared Hmpade of -
i&g@@ EHS tl$é lho?ﬁ%fér%e'gl’ht qu&ﬁrr 6 WaE a%unﬁ'Qvé&SH/stallme

case a layer

'qdaiﬂserarm‘ r@t:lueedhatd)uﬁhnegm whiholt Ihaﬁn@ rh@derfoﬂfan sacnflclal

Si'i _XGex. The | ayer of Sil-xGex may possibly be
ea(&ﬁwﬂeoay any digniticant lest vf mgriogf thﬁ fagen-off
|a{{&r1exan'pl e HF: H202: CH3COCH, in order to obtain
inally a final sSO structure. 25 In another specific
enbdénishing afedshenayntieer i e, poskibiye Usbd tcakemooéfany slight

L b B N e 8 o v
taﬁ@@éff(léﬁér”f) sidh ddhe @é’ bt ERP ohf}lﬁﬁg o?fcﬁerrﬁ’éaii%'fcifrggést

t akt'i ng- of we can a vant age arry out at
one @pﬂ:cma!lwe layehohi niayei a@ﬂbdmbytenjtawsdﬁmqherSh-xGex

not sin n sQl ons and permtting a 30
'ab‘%{rgq @'Y?It ﬁr‘# 9%@&%&%“%”# In| shi ng sltoep to Ibegcar ried
out | asnd gérticﬂﬁatraéiﬁﬁodiﬁjfeﬁ'df thé &}H\Q&'Htiohn at Ilé?erdgF YirBMed Si

FR 2,842, 349 and FR 2, 842, 350. 14 hi'§ 1 ayer of
wasi for@Ged prigy t6 airbe&tx@tqﬂeel cbféerm ibleaSiy k@e,l IayerstT hei stetiurg 30

t he nei hbo ere
e BRriHs S B S I Pt ST R T e gngl leBaef apiped Si
or RHi¢AI11RE a layer of Sir,Gey.
The layer of SijxGex may possibly be removed (for example by
selective etching by using for example HF:H,0,:CH3;COOH, in order to obtain

~finally a final sSOI structure.

In another specific embodiment of the invention, where the taken-off

- layer in SiyxGex comprises one or more stop layers, such as a layer in Sis.

xGey where y € [0;1] and y #x (formed in the layer to be taken off, prior to
takting-off), we can advantageously carry out at least one selective etching
(combined with polishing or not) by using known solutions and permitting a
pa&icularly effective finishing step to be carried out, as for instance notably
taught in the documents FR 2,842,349 and FR 2,842,350.
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,the surface roughness and the non-uniformties of
thickness in the taken-off 5 layer 1, it is then
possi-bl e to use selective etching that is nore or |ess
identical to those of the dfate of the technique, but
by also elimnating the disadvantages that they may
present (described previously in this docunent). In

r ef TRy
of STRRSEYG LIRS, RayBRIIUTE SOIRLGR ki e

neighbowiing axﬁesfwm@uh?&)ng 10 recovering heat

trea r at 600C, shows a ., ecover. .

t ool T WiERE Bheous (rsiovaing pefloRo R &idSasly rarueing
th@oémfac%ef%u\gﬁhﬁssf and Ghey %bﬁldmfﬁﬁnltégfcﬁcthi%kﬁé% Kee taken-off

little roughness wth respect to the seniconductor on

layes di dt i3 teen poseible @ ysegaelective eichiag tthaluisamoret o gss

B BAobES IS SERE 4 %, CENAGRE, BF bl e §pinachy the

d |é§(ﬁﬁ:ﬂﬁ§@ it tHeguhgy prevest (ddutibed pt'é\@od@m?ﬂﬂ'@document)

t aken-o layer 1' 1n reference to figure 2. .
Si mi|narrp§fere@ﬁﬁj tpofighres ade @ hsleuctiess B Sidell- gff 20% Ge

N R T
reobverime theat d::@etham frandfbe at IBOOAC] showbaa rcotdred taken-off

sem conductor on 20 insulator according to the state
layer {1hécevesingi guaven of ni9zt% Kt rmre@rla%vewhée\@e@w&faﬁ@e

aGEes S NSRS BlGhREISHY [LdRet 28" el Adicdiftor on

par serv ness zone IS

m@}‘latdr@tnuﬁnjr@mﬁgmr@m of atom c species. This is
pri nC| pally due to the fact, already msntl oned above,

t hat nt#?é‘ﬂ@tﬂ%f fiosa badwded the gisprncition belyern de fhickness
of 35 B ENY ARECTA B, LIBRAAP YLD 196 ot I flol° e
thah@f taehramedm takbeoffdayqral’ édrdferenbe to Iﬁgpa‘ea.’m ation of a

sin ecies, to decrease the thickn
def m'a Y, %@fiéor drhedne Hyeliasy ol iesar- ollay?@ducfgﬁé'gHFe1

arﬁ! ! ﬁ%.)ﬂa@ tth@escfd §5‘|’1é‘9§ seﬁ{ %r%ate?fo bﬁ%ﬁmg in the

after tachnment . su ts o e rough ess
SEehnhteimedt sconadiag oio ﬁua:hn\mnﬁm thast inuthttaursemicomdiz066 on

Gtk B S AR " Prsonted L the
af t gf hk %“bletr'tcﬂgd Qﬁatﬁﬂ@(aecfré’éseggf fﬂenﬂhic%ﬁef%@'df qMé Rigfective
sinpl e inplantations or co-inplantations, and

zone 1A is more particularly observed when the weakness zone is formed by

co-implantation of atomic species.

This is principally due io the fact, already mentioned above, that the
total dose of co-implanted species is definitely lower than the dose to be
implanted when a single species is implanted.

Hence co-implantation has the advantage, when compared to the
implantation of a sihgle species, to decrease the thickness of the defective
zone, which notably allows for reducing or simplifying the finishing treatments
performed after detachment.

Results of surface roughness measurements made on such a SGOI

structure with 20% Ge, carried out by the ap'pticant, are presented in the
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recovering treatnent at 500C or 600C. The roughness

was nmeasured with an Atom c Force M croscope (AFM) 5
sweepi ng 10x10 pm 2 surface areas, and are given in

RVS or peak to valley (PV)'%alues. It should be noted
that the applicant has carried out a sufficient

nunber of nmeasurenents to validate the results. Nature
tele bafw. e Rida8rdpRsKis Wereuhbas sﬁ@ﬁ@h@%iﬁutmg at 500°C
strengthening RMS (A) PV (A treaftnent

farmgPamiailesn ollovwamesmlelommfatl@mco/rsoomngrwonswnd

| ant at f Hand He:
re%g’gﬁ‘?"%?r%ﬁge%@ éiﬁ’q ﬁggggvl- Tpoagoiﬁll 2220600(:?20
M n. TAS réughndde: wadkrYsQred vitH 8h N@mi’eOFér&etl\hicﬁoéc@BéQAFM)

it can be noted that, in all the cases (inplantation
S\Mee@!ngsﬁﬂxd Deﬂrﬁﬁ@ﬂr@@e areas,raylcaateagivem irorRM® ve pabk to valley
Pﬂﬂem es a recovering treatnent at 600C reduces by
nAYS) third both the mean. (RVB) and maxi mum (PV)
rOUGRNGTHAS 4 trlbté@Stﬁsﬂhé NEPIEESOUES | dafiribd SAMtE Ndufficient
carried out at the 15 disuniting tenperature
nraper oikineaseleyato Q) validste tve regulis.si ngl e speci es
i npl antation, the roughnesses being |less than 40 A
RMS, and even less than 35 A RVS for co-inplantation

NSRFEDf tHRnA18h@Yior /O Bbﬁ"a\(n%lme appl 1 Cagﬁfggésrdd&h%ess

established that there is ni fi cant

roughness when t he taﬂtéimgﬁienlmgayer 1 haMSutler gy 6h)

recovering treatnment!. ¢ q g this tabje, it may|al so
be observed that theEdNEss roughngess in thejcase

Slﬁﬁpléwﬁﬁraln[mjdﬁnt atiron than 1n the casef of a single
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CHéLFHplahtdhCof H and
He: - | 500°C/30 min. 49 407

H: 35keV-1.0.10"%/cmz 600°C/30 min. 33 272
He: 70keV-0.9.10"%/cm?

In this table, it can be noted that, in all the cases (implantation of a
single species, co-implantation of several species), a recovering treatment at
600°C reduces by almost a third both the mean (RMS) and maximum (PV)
roughnesses with respect to a recovering treatment carried out at the
disuniting temperature (approximately 500°C), following a single species
implantatibn, the roughnesses being less than 40 A RMS, and even less than
35 A RMS for co-implantation cases, and below 275 A PV. |

The applicant has thus established that there is signiﬁcantly less

roughness when the taken-off layer 1 has undergone a recovering treatment.




particularly concern certain detachment paraneters,
and notably several co- inplantation paraneters. One’
rem nds hereunder the different problens encountered
when forming a structure cdhprising a Si |ayer taken
off froma donor wafer according to a taken off
process of the Smart-Cut(r)type. These problenms have

been |t watsieditimay B beldbeaniedsthBETharapkiiesd t@lighness in
al ready nentioned ~above, and which teachi ng have been
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ectlve z ese defects may resu roma
tahggloa’fri&yenl on of Siliciumor Gernmani um atons
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rve hin the,thickpe of.. t he t ken of.f er.,

m85 g Frusd el Weaidy bESRES hoRtinol B rfions, Hofining
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more inportant than necessary, and thus necessitates
t he I-'tta’meﬂglocﬁ floegllyathehbemnding energy may not be sufficient to allow

" the detachment of the donor wafer. Certain zones of the taken off layer may
then not be transferred onto the host wafer {these zones are communally
designated under the term of “non fransferred zones” or ZNT).

In addition, crystalline defects of the nano-cavities type (presenting a
~ diameter of some nanometers) may be observed, depending upon the
chosen co-implantation conditions, within the thickness of the taken off layer,
beyond the defective zone. These defects may result from an agglomeration
of Silicium or Germanium atoms displaced during implantation. In particular,
when helium is implanted sensibly at the same depth than hydrogen, these
nano-cavities type defects (located beyond the defective zone, but as much




. layer. In reference to the views of figures 6a, 6b et
6¢c obtained by TEM a co-inplantation of helium and
hydrogen in a Si donor wafer for the taken off of a
| ayer followi ng a thermal detachnent treatnent is
represented. Figure 6a represents a view obtai ned by
TEM pt hot ography of a Si  donor wafer having been
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laypr.t he taken-of f layer after detachnent and transfer
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More precisely, the repartition has a quasi-Gaussian profile presenting
a standard deviation (defining said spreading zone wherein the species is
mainly distributed, for instance within which one finds 70% of the implanted
species) and a maximum concentration peak which notably depend upon the
implantation energy.

The helium atoms diffuse within the Si m.atrix more easily than the
hydrogen atoms. Hence if helium is implanted close to the bonding interface,
the risk increases that blisters or crystalline defects beyond the defective

- zone form. A way to cure this problem consists in implanting helium more in
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hydr ogen spreadi ng zone. However, it has been shown

that the roughness after detachnent does not follow
the sane tendency, and tends to increase when helium

is inmplanted more deeply t¥an hydrogen. This

signifies that the inplantation conditions (i.e

i npl antati on doses and energies) do not allow to
depiteipendeiirbyes 088 it the hytReyanosEitarRHsy fstfloh Reay block the
formati on of bllsters and crystalllne defects beyond
diffysionegidalivie zone. i s thus necessary to make a
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roHahness and formati on of defects. The experinments
OLEAPTP¥Y out by the Applicant on the detachment at the

l eved Rfiut t Yp f

S G SOl RPN (Reefthe sl p/ B ik already
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f. blisters, and stal ine defects b n
arie i Sdaching i e BUalE 'Bribsapwii Soriateg T, 2005,
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depai than ke hgerdgeatspregdinglZone), #RRR Jbﬁwtllyqszﬁtﬁredm@%e dose
i n-depth than the hydrogen spreadi ng zone, but als
of each specues {the helium dose accounting for approxnmate!y 40% to 60%

of the total amount). By carrying out the step of implantation by co-

implanting according to these parameters, a satisfactory compromise can be

found between roughness and formation of defects.
The experiments carried out by the Applicant on the detachment at the
level of layers containing Ge (typically layers of SiGe comprising more than

15% Ge) led to surprising results with regard to the roughness and the

formation of blisters and crystaltine defects beyond the defective zone.
A possible embodiment of the process according to the present

~invention is as follows:




.5 so that the heliumpeak is |ocated nore in-depth
than the enbrittlenent zone - and to inplenment a post
di suni on recovering heat treatnent at a tenperature
about 600C (+/- 25 O, to b€ mai nt ai ned from 30
mnutes up to four hours, for exanple during
approxi mately an hour. Typically, the inplantation
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- bdisg pediBite. f i ni shing operations (polishing, selective
etching, sacrificial 20 oxidation, etc). In
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possible, within the framework of this embodiment, to implant helium more
deeply than hydrogen, which'makes it possible to fimit the formation of
blisters and crystalline defects beyond the defective zone in‘ the taken-off
layer, the diffusion of helium in the transferred layer being blocked by the

hydrogen spreading zone. | |

Consequently, this embodiment makes it possible to minimize at the
~ same time the roughness post detachment, the number of defects of the
blisters type and the number of defects found in the thickness of the taken-off
layer. This results in authorizing the taking off of a lower total thickness,
which makes it possible fo reduce, or all at least to simplify, the post-

" detachment finishing operations (polishing, selective etching, sacrificial




~be reaned to approxi mately 1000 angstrons. Figures 7
to 9 represent neasurenents of roughness
post -detachnent on a SO structure and a SGO
structure (at 20% of Ge). Tfese nmeasurenents were
carried out just after disunion follow ng sinple
i npl antations of hydrogen only (indicated by Honly on
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treatindnt of pheftiduen®t500°Csdrreparge Dekt ak(r) tool of Veeco
- Instrunents I nc conpany. On_each one of these figures
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| represents measurements of roughness at low frequencies carried out by
profilometry using the Dektak® tool of Veeco Instruments Inc company.
| On each one of these figures 7 to 9, one has represented results of
~ roughness measurement expressed on the left in average velues (RMS) and
on the right in maximum values (statement).

On these figures, one has showed the result of measurement carried

out foliowing implantation in a layer of Si, and in a layer of SiGe (see figure 7
on which columns relative respectively to Si and in SiGe are clearly
distinguished).
' As concerns Si, two wafers, subjected to a He/H co-implantation, were
studied. The co-implantation parameters were as follows:

H: 30kev-1.10"%cm?

He: 52 or 60 keV - 1.010"%/cm?




., Subjected to a He/H co-inplantation according to the
follow ng paraneters: H 30 keV - 1.1016/cn2 He: 48,
52, 56 or 60 keV - 1.1016/cnR Figure 7 confirms the
very interesting profit in<2%rmof high frequencies
roughnesses related to the He/H co-inplantation in
conmparison with Halone (and that that it is
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The results presented on figures 8 and 9 confirm these observations.
The behavior in co-implantation, during a treatment at 600°C, is
surprising insofar as the phenomenon noted up to now by the Applicant
within the framework of a detachment on the level of a layer of Si were that of
an increase in roughness when the helium implantation energy was
increased (helium peak shifted more in-depth than the embrittlement zone).
In reference fo figure 10, the Applicant also carried out measurements
aiming at noting the number of defects (ZNT type, blisters) present in the
various transferred layers.
The macroscopic observation '(in grazing light) makes it possible to

detect the defects of the ZNT type or blisters. One regards here the sum of




related to the inplantati on and observed

post - detachnment. A significant nunber of defects is
.noted in the two alternatives He: 48keV and He: 52keV,

i.e. the alternatives for Wi ch the helium

distribution profile is superinposed or quasi

superi nposed with the hydrogen profile (the helium
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. treatnent at a tenperature |ower than the re-adhesion
tenperature of the taken-off layer with the renmaining

part of the donor wafer. 15 2. Method according to
claim 1, wherein the said re®adhesion tenperature is
around 800C. 3. Method according to any one of the
precedi ng clains, wherein step (c) is perforned at a
‘tenperature conprised betgemm$00C and 550C. 4. Met hod
according to any one of t{He previous clainms, wherein
the 20 recovering tenperature is between 350C and
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previous clains, wherein the recovering operation is -
cempripieg thadoliawiag sHaegasive i8BPher e, such as an Ar or

el ai i TPPRROE S hEbkE oTEHR iR E RAn R e donor

carri edvagfat td 4 deptrozlode to e hickpepd ef the I8yeMbtiiEhken off;
according to any one of the previous clains, wherein

t he (Wdeoding eighestonsr waferdp ashes Waferi s carried out

N R e

doesrovafer agtrepeeakneys nestep (d) conprises a single
t enperature chanq%% as_fromthe disuniting tenperature
of stdpreedngde tFenehi@est ure chosen for the

whBfH SIcT ) coriised 1658, TR0 0oraoh B NG AR P Ter ised
whibe timdthh‘eaz Ed:ff)rayehilstlstﬂlﬁi/g dﬁagact Mﬁthfi?_erre&&iﬁih@ lp:taetsofttb? of the
aroun ours. 11. thod according. to any one
d@wumaé%fi Gig rharai, fmerre@pﬁe@i%pppe(rg Ofbd'ﬁp%‘llp%'lﬂ?g Dy heat
; o ) .
iR AR (SRR Ruch fleofe RLadfeqity tefBerstire of the
taker@fi layer witiniing sarsaiaingoparbpf thetddriconvadér. hydr ogen and

DA S S e U VI R g

te%p?d?aﬁﬁé id SrkRErdoedcout by thermal treatnment at a

3. Method according to any one of the preceding claims, wherein step
(c) is performed at a temperature comprised between 300°C and 550°C.

4. Method according to any one of the previous claims, wherein the
recovering temperature is between 350°C and 800°C.

5. Method according to any one of the previous claims, wherein the
recovering temperature is between 550°C and 800°C.

6. Method according to any one of the previous claims, wherein the

-recovering operation is carried out in an inert atmosphere, such as an Ar or

N2 atmosphere.
7. Method according to any one of claims 1 to 5, wherein the
recovering operation is carried out in an oxidising atmosphere.
8. Method according to any one of the previous claims, wherein the
recovering operation of step (d) is carried out in continuity from step (c) in a

same furnace.
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. tenperature substantially conprised between 575C and
625C. 15 14. Method according to claim 12 and claim

13, wherein the donor wafer conprises a SiCGe |ayer,

and wherein step(a) is carri%®ed out according to

i npl antation parameters adapted to formthe
enbrittlement zone in said SiGe layer, and for the

hel i QW%EQMI PR iﬁl‘évf&ls' Seah e%he‘réintﬁh% recavering
t hi ckness of the donor wafer, nore in-depth than the
opytatiogeof sbpe@ijucrcgmzrm arﬁlnglerem;mattme dé]@tngeta&rfrqnhéhe

enbrittl enent .zone, od, ac ordl n to n f
dﬁv@*%eeé@apﬁ@%rea.%st% Pl 1 Bl (el o the
rédcR@tngnt is inplemented for one length of tine
rangi ng between 30 mnutes and four hours. 16. Method

accoﬁal Mgthas aeoprding tothe n@vmt&@ammgmmrsm@tepwﬁbmamed

oft a{oThgRONs 1% HyetBh 3% Far el bl Tt e B Bfund

odes. wafer (10 ') is inplenented after the recovering
operation of step (d). 17. Method according to the
pr ecédli Mgthadagenordingteiamy aife ef thﬁa@fﬁﬁ@uswfalm AhereiRestep

R RS b MiPoRibasTHigbh Sy Lo "

CO”DHBSM%ﬂﬂid heastingn®e @ty bhe dfaidiny ndo Otﬂervaierernﬁstef:
CWP, chemical etching, sacrificial oxidation, therma

CamMPEseS A§O- IQE)W!E%“O%WMOQ%WGM%JU% any one of the

Preo8! kAL RS Sh] oSy PSR 0kdink g Rheldin the

in Sii ccor

reftf@)aeﬂlﬁ@ dp‘er@tfcm o6 stepp qdL7s cahduceiont thie thisrkin- tre:zﬁfnent at a
| ayer is in strained Si andlnS||xGeXW|thO<xs

teInp@aMe S%Sﬁaﬁa’%@waﬂw pefwere EPYrEé@eQﬂdw@2 1%i m
wh f
U1 Syl 480 12l L TS e oro

wafgrajongiliseSia Sk layet, aod \ﬂ[@@@rrﬂsteg )ds alamsnmutcdcmlmng o
r ecedi ng)acl ai ns, wherein the

insRiAptafior Hagametess adapfedo fam thgh Gren H%rmwr%n&yé@)at%slGe
Iaivgr SHldeek Héehcﬁhﬁxli‘ B8R erﬂmlon‘giéd?ﬂh b I%Eaﬁa@% i MEPHickfess of

ch a se ective etc Ing | enented su quently to
thehdonaramafer,imgreoipedepith diman thedhydrogen lspreading wonhkdmalumore

t he ntact of the taken off layer (1) fromthe
inr il Ry oA DB SMARt 288%0r v or (10 ')

15. Method according to any one of the preceding claims, wherein the
recovering heat treatment is implemented for one length of time ranging
between 30 minutes and four hours.

16. Method according to any one of the preceding claims, wherein a
step making it possible to withdraw the contact of the taken off layer (1) from
the remainder of the donor wafer (10 *) is implemented after the recovering
operation of step (d). _
| 17. Method according to the preceding claim, wherein, after having
withdrawn the contact of the taken off layer (1) from the remainder of the
donor wafer (10 "), step (d) further comprises at least one of the following

operations: CMP, chemical etching, sacrificial oxidation, thermal annealing.
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- 22. Method according to any one of the preceding

claims, wherein the 15 donor wafer (10) conpri ses a

bul Kk Si support substrate, a buffer structure in

SiGe, and a top |ayer conpr%rél ng Sii_xCGex (x50, and
wherein what the host wafer (20) is in bulk Si. 23.

Met hod according to any one of the previous clains,

wher dign Mdthod en‘mndir@ﬁtolmiﬁ@w@ bf tHe preteding S dims( bher@n the
step for form ng bondi ng | ayer on 20 the donor
t%\b’é-’f"é? d%@)’(%\)dé/“blshec@ekh‘éiﬂhgs‘txﬁaT er (20), the bonding

i o SaFlete REC BgMB e bEeiss RS kheRkin frg epen-
oﬁ‘43yeﬁﬂﬁb iscuatst@rhéaf St & meslh,qgem;tﬁ D& prepious claimto

the formati on of a sem conductor on insul ator
st r ugbudethed amordiegi toothdupteseding tlabol amerexetﬂweCSurx@ex

TR 2 Bl Rt et PRETla (R RBSTAH dfinea

sglains 1 to 23, and after withdraw ng the contact of
the taken-off layer (1) wth the remaining part of
t he ddnbfethed agcqrding)to aniytdnesof thaqreeesinh sladss pWherais ¢he

tak%%-o# QayerMP'l ) comprises Siy.,Gey, with x7, and a barrier layer to
selective etching, and in that step (d) comprises such a selective etching
implemented subsequently to the recovering operation, and after having
withdrawn the contact of the taken off layer (1) from the remaining part of the

‘donor wafer (10".

22. Method according to any one of the preceding claims, wherein the
donor wafer (10) comprises a bulk Si support substrate, a buffer structure in

SiGe, and a top layer comprising SiixGey (x79), and wherein what the host

~wafer (20) is in bulk Si.

23. Method according to any one of the previous claims, wherein it
comprises moreover, prior to step (b), a step for forming a bonding layer on
the donor wafer (10) and/or on the host wafer (20), the bonding layer being
made of an electrically insulating material, such as for example SiO,, SisN4 or
SiyOyN;. ' .

24. Application of the method of the previous claim to the formation of
a semiconductor on insulator structure.

25. Semiconductor on insulator structure obtained after carrying out
the recovering operation of step (d) of the method according to any one of
claims 1 to 23, and after withdrawing the contact of the taken-off layer (1)
with the remaining part of the donor wafer (10°), with surface roughness of

 less than 40 ARMS.




