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1 THERVAL TREATMENT OF A SEM CONDUCTOR LAYER 5 FIELD
OF THE I NVENTI ON The invention relates to a nmethod of
formng a structure conprising a |ayer taken off from
'a donor wafer, the donor wefer conprising before taken
off a first Iayer made of a sem -conductor materia
conprising germanium the nethod conprising the
foll ow ng successive steps: 10 (a) form ng a weakness
zone in the thickness of said first |layer conprising
ger mani um (b) bonﬂHEgMA@T&Eﬁd’ME\m‘er to a host

waf er; (c) supp ener sg._as to égaken t he donor
waf er at the I t hi s energy
supply may | ead to dlsunlte t he taken off 15 | ayer
fromthe donor wafer at the |level of the weakness zone

Flent OPURHEIVEAKROBF f a | ayer conprising the rermi ni ng
part of the fist [ayer; (dz1 treating the taken-o

| ayéthe insaCli@rceiatesdP arpetihed/eRiaroNee Sﬁﬂ@lrﬁﬁ%ﬂmsmg a

!a¥ yt%%ﬁ%?? @(gmo% fgah E’]ﬁf?t]éreg}et 8&?6[‘ arfl cu gml et a%ken

offaYfiree |dfyewntad® ofenyehd-cuntudtsr ntdtata! ttmmzpmahm@@@ymbemmn
publ i shed, such as for exanple the extract on pages

the methad somyrisingethgdpowing ISUEEPsSHIE $1RREH at or ,
e

Publg'ea*sﬁ@hmm' Step (a) nmay be carried out by sinple
|n'pl antation of a single atomc species (for exanple.

ofb)Eing= i dancBWaser b NBSKWATEn of at | east two
Al fsﬁgﬁ%gqa%ﬂg@qs%gﬁg 't&?méa[k%h R HIRLE WAL 206 1804 of the

anta i on dose and energy of

t he vaa@ices Zobebthis &’pbﬁgyt sbphB thast iepd (tb)dlsm‘nltetthe taken-off
bondi ng of the donor wafer to the feé rHng%s

t ak daygsl feare tbe doper wateratdhefevehaf %ﬁ%?a
d
R e AN o
(d) treating the taken-off layer.

BACKGROUND OF THE INVENTION

This type of layer tak[ng _off is called Smart-Cut® and is known to.
those skilled in the art. |n particular, details may be found in many documents
that have already been published, such as for example the extract on pages
50 and 51 of the work "Silicon on Insulator technology: material tools VLS,
second edition," by Jean-Pierre Célinge published by "Kluwer Academic
Pubhshers“ '

Step (a) may be carried out by simple implantation of a single atomic
species (for example of hydrogen) or by co-implantation of at least two
different atomic species (for example hydrogen and helium) with ‘suitable
implantation dose and energy of the species to be implanted. '

~ Step (b) of the bonding of the donor wafer to the host wafer typically

takes place on the surface of the donor wafer having undergone the
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Si 2. The bondi ng techni ques typically used by those
skilled in the art include initial bonding by _
nol ecul ar adhesion. W can refer to the docunent 5
" Sem conduct or Wafer Bondi rgy Sci ence and Technol ogy”
(QY Tong and U. Gerr)sele, Wley Interscience
Publ i cati on, Johnson Wley and Sons, Inc.) to obtain

Bl TR0 or hReUER 18R naBE P A e R g =
sigh. the level of the weakness zone. This energy supply
is 10 susceptible to lead to the disunion of

t ak eheoondinge teghnistHashbyriilyr used &y thaset ﬁ@"e@\ﬁa ther art

e HEFRRRSRIAS BF racleRRP eBRELR o WS Hfsble B tment

"SeafesFhlciot Wagél BehdiMg! Sciss bAe Wtdmﬁndlbggn(@n Tdng hed U.
t aken--of f | ayer, and thus to nake possi

GanglacWiisyt Infeiacienan sTdhlication, ﬂnla;nsmst!\/l eysan@f%?ns IRc.) to
B his vva Fﬂgj3nhconductor on insul ator structure Sed

© Qna%r IPEW such as an SO structure (in the case
of tlh%t@k?Y@C leﬂdrdyayquonqeagn thadem® bf sieht E‘p@bder% @fdken

. (in the case of det ached | ayer being nmade of
thgy slomeniwafes iat |th©d9vel @fdhe(waaknrssczane. ofhis renedey SRRl Is

sob D MR ] FROLA o, 40 AR ot

at WY Rivel behicavsdiinaissednsi | i con | ayer), or sSOI (in the
case of the taken- off |ayer is made of strained

si | ifcepmplanteriary sepiy @tqeré@mwymdb@en@leam piamesharigal form,

mdFPBGOIS e ok D58 BHREN gt RA8Ge 0l MYl

layeiry 8halthi® o Shakec pussblenitd tistazhnfont @ndrl@érwfewod’amethteohost
the fact that the inplantation and the detachnment

waeleps have taken place beforehand In reference to

gkgmqﬂfﬁ‘aa@fhﬁ% 0 awlioro Bn' :P%HI' 0{3,%&& t«%g %%yl e

foremtkreedhbys eSO stracied (Ina&*@r casedpf mmtan:hednayer being
el ectrically_isaql tlngla rg%fi f?é?%lhg n30it f
- maglenpt siHigoR) oriIGeRH ¢ n(theeca & &f s detasheddarer ?mgsmeﬁeéj

gehfigHER QMichbR), [Bo1 G YRE FakbnE tAY@ldtddhediayer being made of
germanium), SGO! (in the case of the detached layer comprising a SiGe |
layer on which lies a strained silicon layer), or sSOI (in the case of the taken-
off layer is made of strained silicon). |

it can be frequently observed that after detachment of the detached
layer, the latter may have quite a rough surface, as well a lower quality
crystalline structure on its surface, notably due to the fact that the
implantation and the detachment steps have taken place beforehand. |

In reference to figure 1, a semiconductor on insulator structure 30 is
shown diagrammatically (cemposed of a host wafer 20 covered by the
detached layer 1 by means of an electrically isolating layer 5), which has, in
its semiconductor part (i.e. the detached layer 1), such a reduction in the

crystalline quality. -
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It may be observed that the det ached | ayer | conprises
a defective zone | A this defective zone | A conprising’
existing crystalline defects and surface roughness.
The defective zone |A typically has a thickness of
around 150 nmfor 5 an atom c inplantation of
hydrogen. Furthernore, the inplantation step may have

ot o Bitod RS PB Rt HESSRUMEIER, BbHLYs Bl olBive.
zoked dehdlis| defective zond hArefmprisingexitingrorystallingravfects and

rgelas def ctive zone 1A, and thus recuperate at | east
syl %FQUQ f"*®8he sound zone 1 B of the |ayer taken 1.

ool i S Rg1ive zchS 8P BRICEHR KR & FpEREERNAi8eg Apoingn for
arbtomicdtrgldriteticuoffaceogaughness, and/ or sacri ficial

oxi d t|on steps of the defective zone I A
sacri ¥ f&@raw@xmfatmraﬁntaaﬁ@ HERIBAE ARV Qﬁ#@@fisa apductign of
isons of oxidation of the
th% Cﬁgcttgﬁ@g U%h %d%ﬁ?@%@iﬁ& the oxide I|ayer thus

for n%tépbjd):rménﬂ’realtreetmbnhgaf(ﬂf@r detesdhasic dayey  dsigngherefore
hydrofluoric acid HF) y way of illustration, such a
ngERFpaLh @W@YM@S f%ef@lféty@r 7o 1An andlethugoregrantate at least

p%@?ﬂ@%/%%géﬁﬁe i, bq é]’ta é[{ gi ned silicon layer is

roma er conprising a Si Ge

buf fﬁm dayeple, Stlerpo(sabletd.’mﬁlsétrﬁedfamlp’tglshlfhg or chemical-
lantation. in the buffer Iaty and_ ste )

n
ical eROghing {EMRafo #linpiRatepdhe %ﬁa&@hwmﬁsx gad/or

olishing the Si Ge
#ﬁﬁé’ggcé*@% |nv§ggggﬁﬂ%g@%fF E{tﬂL gi lEGeRV\n th respect to the
st r adyneakriicial Dilatioh eoté chassically ngdestandssa istep comprising
articular to obtain finally the 25 desired |ayer with

p
thg apearfiong4fi QW%pnsqfrthg@@fﬁethﬁ@Qnevm%fulte%@ mfgw gxide -

ol 1 shing wer’e use
Hised in this step (d) may in certain cases lead to at

I h bl f
o By Bk UL RG. Sarn Do ers Taetbad 8y decngeddn the
dobl]%e?ﬁﬂ%“@?@h/@@@éllm |ﬁfwﬁ|t:ﬁpa @.%.@ SFFIQ% af@r; Is geiRhed

cause de-lamnation at the edge 0 ayer
frqmnl&hionnsr tveafes apmurisingk at BéSe auffer la\y&rr Step (tamnmnssstbwf

maklng Sthe lmpcignttapgn S‘lhrt%m Buffer IEr::ey"ilatre%lmd step (d) compr:ses the:

removal of the part detached from the buffer layer by means of surface

-polishing the SiGe then selective efching of the SiGe with respect to the

strained Si. The selective eiching permits in particular to obtain finally the

‘desired layer with a good quality of surface'ﬁnish, without too high a risk of

damaging it (which could be the case if only polishing were used).

However, the chemical etching used in this step (d) may in certain

cases lead fo at least partial detachment problems of the bonding interface

~ (bonding carried out in step (b). Indeed, the chemical etching of step (d) may

in particular cause de-lamination at the edge of the bonding layer, which is fo
say aftack the latter where it touches by the slice of the structure created. For

example, we can mention the case of a HF treatment on an sSOI (strained
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exanpl e, we can nention the case of a HF treatnent on
an sSO (strained 4 Silicon on Insulator) structure
conprising Si 2, buried under the strained Si, or the
case of a H202: HF: HAc treatgrent (HAc being the
abbreviation of acetic acid) on a SGJ structure -
(Strained Silicon on Silicon GermaniumOn | nsul at or),

] b d .S \ |
siegh e gl Sl cPRPrSao S Ophied ey D8 Shalfarb S,
oﬁﬂﬁat Goul & Qel-lf(ﬁ%‘HF‘WR@ theutPLRL ?lqﬁ@ Eeﬂﬁg“[ﬁétatﬂir@ﬁbﬁtﬁﬂ of

be to di e the etching solution considerably
acmbtctamﬂ on s G0 @h’ucBJredStrelneth‘ﬂhmmm Slilicordwerwaanitmi @n

he f
ingetr ,2@%%0% p?»"r"l%'@i% o300 S et el B G Becriohed
r%e‘i‘tlﬁé‘@fraﬂé dis slightly 10 slowed dovvn. |

reover i's c em cal etching requires prior .
pr epam alteomativl thhkcoddrifeaesvisagdibicevedredmet ingi leal pypblem

wihgeibs i i g w AR vosFasRay A6 HecBeagiap s gasier

| to%hEE%FtHdéﬁ\Fer%rs ds‘?o%hdmt?{ot éé’l‘t’é‘ﬁ‘étgﬁzsdd@tcﬁt'he%éi ffhat it does

subseque to etching that 1I"s not
ncﬁ libifallylresmlw the miegleménatiorapblark elng thet theeme&od is slightly
ger3|ng defects or holes in the remaining |ayer,
3]% 4P¥8- lead to the free face of the final product
bel h S
R g e B SRS PP Jy PRl of the
suoﬁalcg to rioet dgtehedhi typicalls calfrledhmt d!efn@dneofmm«:ﬂi@)o ibBingIrngeAns.

InJaeh b Fiad BoREaBlondRT A, Goasteotndn Strectriant R the
m%‘%“erohﬁﬁneé’so%hlgﬁt esilesibdel Ubﬁﬂv ﬂ@a@tt@pe(dﬁﬂnd Qﬁat\/\@é Inot

s the“entire sanpli gmeto) ong, conplex and
suffasently htnmmgane@dfoaodl[tt(ebfoiioml’eefe traweewsw@ defeqisser, helgs in

thgetafnd {436 o Pubring 1ed Beo R dacs B 1 o P lorbeing

roﬁ?ﬁ” lar to those encountered when performng an

ching operation during a sacrifi cial oxidation, in :
par tHuelieamoss thenprasasce of cafeftts rg the h@mﬁgethtﬁknﬁisfd@é the

B L e T R

* likéyrtatdanBe dnliBhEM@BeRE6us etching.

But successive actions of polishing and chemical etching make the
post-de’tachment finishing step (d) (as well as the entire 'sampling method)
long, complex and costly from an economic point of view.

Of course, it will be understood that problems &ncountered when a
selective etching is performed are relatively similar to those encountered
when perforrhing an etching operation during a sacrificial oxidation, in

particular as concerns the efching inhomogeneity due to a superficial

~ roughness and a presence of defects.

A first purpose of the invention is to reduce the duration, the economic
cost and the number of treatment means during step (d), of a taken-off layer,

and in particular to stop using mechanical polishing means.
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30 cost and the nunber of treatnent neans during step
(d), of a taken-off layer, and in particular to stop
usi ng mechani cal polishing neans. 5 ‘A second purpose
- of the invention is to creagge a structure, such as a
Sed sem conductor on insulator structure, by taking
off a layer in a sem conductor material conprising
niu partlcular a Sie |layer. A
Chi v SpPhS BFas of BelBl e R o kePhite sMUBrg e a5 2
Sé@l‘ 8BmdnduLa¥sT o finsubatbestrBEtutdlaby takind\ FOH AV e 8 agen
of the invention is to reduce the quantity of materi al
condecied mwtenat earaplisigy Gremeaien, Biioh asipepartioular #SiGe layer.

f th
1" R el byl B NS DL 8B g sPURES oy A LERh R TEAIA
béﬂé@@lﬁg ated into the entire 10 sanpling Smart-Cut(r)
type nefhod. SUMVARY OF THE | NVENTION This invention

at t érfowth putposecafitbetimeardiopris b eedudsy ther gyrdity gf material
) I.rst as a method formng a
W%ﬁ?@&?ﬁ“&%ﬁ%&'@ltﬂ@% ﬁ%}'&’l‘ 15 that is taken-off
f r om #fRopQFposaf sr thd RevcHhapRris el Bfop@@BPs isimpe Pidiaéd of
to taki ng-off a first layer nade of a sem conductor

tremtingrthel takenyoff $ayeg thgecamrgasity hehénaasporated driprihgi enfire
th formati on of a weakness zone
sa ?lpﬂgl’ Wéﬁlﬁt@sélpgfm%tép%& first layer conprising =~

ger mani um bondi ng the donor wafer to a host wafer; 20
(b) bonding the donor wafer to a host wafer; (c)
SIHIMARY G dhiér NWVENTKINt o weaken t he donor waf er at

Che 5 P! B BRRES e AL BB S
acb%r@?@b' faat Qfspé’ét laQﬁé%oHV’P@rrﬁﬂnbfé EBOEtuA @amnﬁmgca ®Syer

is carried 25 out by performng
thathisr taéqentcvféaimm danon w%wéh@tdn@rbwafﬁémmw&mor to

895, 18, TR e 88 5t BT O i

gefMbARFh,aR6 PRéthBd dom;irl@,mg‘ﬂhé%novaﬁg%cép@f the i nvent| on
are as follows: - thermal treatnent of ste

“car {a)f@rogtiontof 2 waakeess gpee in the thickness gf (3an fi rst layer
comprising germanium bonding the donor wafer to a host wafer;

| (b) bonding the donor wafer to a host wafer;

(c) supplying energy so as to weaken the donor wafer at the level of

- the weakness zone; S

wherein step (a) is carried out by subjecting the donor wafer to a co-
implantation of at least two different atomic species, and step (c) is carried
out by performing a thermal freatment at a tempefature between 300°C and
400°C, for a duration that can last up from 30 minutes to_four hours.

Other possible characteristics of the method according to the first
aspect of the invention are as follows: | ,

- thermal treatment of step (c) is carried out at a temperature

comprised between 325°C and 375°C during substantially two hours;
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30 conprised between 325C and 375C during
substantially two hours; 6 the energy supply of step
(c) may lead to the di suni on of the donor waf er at the
| evel of the weakness zone gand thus to the taking-off
of a layer conprising a part of the first |ayer; -
after step (c), the method further conprises a step of

I
o L0 el dtoy auRIPREED @l MeRdER o FRRI ISP oL e dener
wZRR&it the &R DR WeBknSRRIrRITBAE &ivs RNEOMkIng-off of a layer
thermal and/or mechanical form - before step (b), .

canhprisieg Raekrt of thedirsideyait i ses, a step carried out by

0 ReBEE sl L ke Bt Bl DR SO o BB, 2
c&ﬁplamédﬂéﬂy%rﬁﬁﬁﬂéﬂ% o disunite thesieRoPivallat i kel of the

hydrogen are chosen so that the helium dose
w&akm&sm 30%to 70% of the total dose, and

o e B0 02 lagy el Bhr 8 Gho fEparica

fotrhe donor Wager at the level of the weakness zone,
are |ower than around 15 A RMS/ 30 A RV, neasuredlq%
500 -rbefoomstepr (i thermeihpd fartheeeypEseFN Step; GRITIAs ChG dY

furthe rlse a, st d for treating the

plﬁngﬁgﬁa%?sq §§ stren %B%’éﬂ%ed?g@‘ghgn ses an etching
oper.afhedBo i Iéh@aﬂo@kWs@‘pf (d)aiged ;co-imipigntatiemiofdhelium and
operation is carried out during a sacrificial

- hydregeitii on of the taken-off layer; the donor wafer

conprlse bef 0

ot &g o 8 Bl IuGotBRCE Y o8 ot IR, paium

ddsBeeptadintg 30REIAt( %R Bf tise ﬁJtalScﬁis%C‘EhM erefeedbin gow ot 6@% of
part of the first layer remaining after detachnent

theitetal degipect to said second |ayer; before said

2L Sob B PR BBl i dph LSt
warT Bedh®UkvslooRshd avdakimeys zmteeraral lower than around 15 A
RMS/BO A RMS, measured by 500 microns profilometry/ 2*2um? AFM;

- the method further comprises a step (d) adapted for treating the
taken off tayer,

- step (d) comprises an etching operation of the taken-off Iayer

- the etching operation is carried out during a sacnﬁcnai oxidation of
the taken-off layer;

- the donor wafer comprises before take-off a second layer in a
material different from that of said first layer and the etchihg operation is a
selective etching of the part of the first layer remaining after detachment with
respect to said second layer;

- before said selective etching, a sacrificial oxidation of at least a part
of the remaining part of the first layer is carried out so as to remove material
from said remaining part and to strengthen the bonding interface;, |

- the method further comprises, after step (d), a crystalline growth

adapted fo thick said second layer; .
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30 fromsaid remaining part and to strengthen the
bondi ng interface; - the nethod further conprises,

after step (d), a crystalline growmh adapted to thick
'said second layer; 7 the f¥rst layer is made of

Si 1-xGex with 0<x<l and the donor wafer conprises a
second | ayer nmade of elastically strained Si; - the
donor tﬁ@ﬂ‘@ét Iﬁ?érzpfs' ﬁ:%ﬁeaofsgil%’@ét \Aﬁt‘}#b@ii@ﬁ Qn&ﬂﬁ@ dRinobWdfer
Si, a buff structure made of Si Ce, first layer
C@oppsesars@cawdlageexna(de tﬁfm}aastmaﬂyatrameée%mnd | ayer nade

f d Si; .- the f | f.Si
and 1 1P BOHRF Walireroraeinng seulPborculsliats ayie RhbdRor 2
b@f?éraétﬂ%r@ mahé & Sl@brﬁ ﬂr@lﬁyeﬁ?&ﬁpﬁimg'& X(XOQOLBﬁd a

second layer; - step (d) conprises a s Gtive etc i ng
saﬁondHeyeremﬂadauoﬁgtrpmed E‘of t he 10 f| rst | ayer with

respegt { he seco ‘fﬁa nor waf er. co
a sup 'rséLﬁ%eF rafe? 8@ dﬂfo&ulalP ¢ dongf wafgr co p”ses a
séddn'dcitagéle rrl%‘eeo%traﬁh@ Si 3&?‘@1 A thvd 'iai/ye'r &de of S%CGH Q)(n the

al ternativel conprising first ers of Sig XxGe

- sqoend)layerand second | ayers nade of strained Si, so as

to be abl totake of f romthe sa

dondr Star € COriSSSrs SpEEtSh HeibaeT f@%rfﬁmagagg DR of the

ﬂrBPIagéPWltl(a%spédﬁ?ofr%@dn%ﬂa rpthe strained layer at a -
tenperature of between around 450C (842F) and

ar ou#n’dh%d@mbr( Wamz:@npnsetsha swpphdosubstratee madonrpfr Llslksﬁi, a

"? %Et i iR aé? e?f : e,%ngi; a]; %rg.ﬂ‘h &%teell tfblgc&grep %éte?ﬁ’a%vely

cokh%‘r‘i’d fﬂ‘ﬁMQijersaﬁ @?!{@é,! 589 A3 fReHNhgSk!Made of strained
|nsula ing material, for exanple such as Si2, Si 3N4

Sipso SistOpRzblate talei ofgseveral ipes framihgsaame daeor wafer;

|nven|on opQeses an applicatio Ld nmethg
of " Fotie mAtbOE TR e Bikss” Brb Fosiaa: (ebing ognaTor B the
sn%%d: CAtO4 dewsn&é étu% I0f Yt Bes WEBumS 48038 (842°F)
i Ged or structure. According to a -

andﬁrmndmﬁ (Tta%’ F}ivent i on proposes a sem conduct or ‘
on {54! ALBLPLIHE WhRyeRLE! PR & 48D BF"5 YdiFoPHimhd 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 SiO,, SizNg
or SixOyN,. | '
According to a second aspect, the invention proposes an application
of the said method of form;ng a structure, for the formation of a

semiconductor-on-insulator structure such as a sS|, SGOI, SiGeOl or GeOl

- structure.

Accordiog to a third aspect, the invention proposes a semiconductor

- on insulator structure obtained after carrying out all of the steps (a), (b) and

() of the method according to the first aspect, and after removing the-contact

of the taken off layers with the remaining part of the donor wafer, this
structure having low/high frequencies surfaCe roughness of less than about
30ARMS, as measured by profilometry 500 ym and AFM 10 x 10;Jm2 in any

place of the wafer.
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(c) of the nmethod according to the first aspect, and
after renmoving the contact of the taken off layers
with the remaining part of ‘the donor wafer, this 30
'structure having | ow hi gh f& equenci es surface
roughness of | ess than about 30ARMS, as neasured by
profilonmetry 500 pmand AFM 10 x 10(err)n2, in any

pl ace of the wafer. 8 BRIEF DESCRI PTI ON OF THE

FI GURES O her -characteristics, ains and advant ages. of
BRI DESERIPAHONDFEITHHEGWRES ear upon. readi ng the

of Bﬁﬁ“ﬁgg$%§tﬁf§(ﬁgc£e§ﬁs} Pind] ByRantagesa gt dR8 InvBhtSH. wi

| ef
be'?:%ﬂﬁer e@i%é off reSAmEP tﬁ%hﬁgmffggdedétﬁllio \Acgés;&?i‘ﬁﬁohoﬁ hhe

appende r ans | n-wh
aphliegticmmogt pcébrred oswetheetst iodnit OTQI\@I’]S éyi waydof t non-mstrictive

STy BRGIAIS INTBIATBACE Kt 6 ARG 0E AR BRI GHIF T he.
tecimgx?rgek ﬂ%ﬁa%égra?’mﬁﬁﬁ Fosd 85Sionedtd 88Rlconda¥or on

obt ai icant of a sem conduct or
mmﬂahon&ﬂuhm:twe ebtaursduaﬁeiob‘taa|apehbaihneof apphmaraCutd meihod

nvention. Figures 3a to 3e show
aC&P%‘?Q&%‘H’:‘Eﬁ %a%%k}ett‘ éecg]ryq%q ent steps of a nmethod of
the ginyanbi eRowe 4 erHé@ sﬂcﬁéﬁélum%vﬁ‘éiﬁpéthécﬂ % J EMVBV the

taken"using 15 Smart-Cut(r). Figures 4a and 4b show
ap@ll@@“ﬁmﬁmﬁemwdngduatof DnsnsMa’mratmcmre obtiined efer application

i.nventi o 5a and 5b show di agrammatically a
Ofgéecﬁﬁ&f“?i:g?f l?lndl ng to the invention. 20 Figure

6 i 'ﬁ.@ﬁ&gasg%t b,@l Qﬁ&ﬁeaiﬁgré?ﬁrrﬁ%ﬁﬁ/ P IifeRet Sepd &F a

stru t disunion thermal treatnent
metho60ﬁ(lhbasv$xﬁe:m tcaformea sucturbEA RN OESEREP TAIEN TFing
%&jr ENTI ON Exanpl es of enbodi nents of nethods
St i®ng to the invention are 25 described bel ow, as

- vel 'Fl%ﬁ'eépﬂi hRAUOSFovR sy rdimngaticany *éefmsﬂvgﬂémoébcdi’@lﬁgdo
ers taking-off using Smart-Cut(r) conprising

fhagmv&atmmm such as SiGe |ayers.
Figures 5a and 5b show dlagrammatzcally a second variant accordlng
to the invention. .
Figure 6 illustrates the presence of pores type defects in a structure

- for which a post disunion thermal treatment at 600°C has been carried out

DETAILED DESCRIPTION OF THE INVENTION
Examples of embodiments of metheds according to the invention are

- described below, as well as applications according to the invention, based on

“ layers taking-off using Smart-Cut® comprising germanium, such as SiGe

layers. , o
In reference to figures 3a to 3e, is shown a first method of taking-off a

first layer 1 in Si;xGey (where x €[0;1]) and a second layer 2 of elfastically
strained Si from a donor wafer 10, to transfer them to a host wafer 20

according to the invention.
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In reference to figures 3a to 3e, is shown a first

nmet hod of taking-off a first layer 1 in Sil-XGex

(where x e[0;11) and a second layer 2 of elastically

30 strained Si froma donor9wafer 10, to transfer them

to a host wafer 20 according to the invention "9 In

reference to figure 3a, a donor wafer conpri si ng

t he a

| ayer! BToPEHIS BURRHE SPombradgo E&“b“ﬁ'f‘é%gﬁ%we”
madas of caikk@ex ardorioe sedoed Eyer rizlafdelagtiSilly- seived Si, is

coqﬁglses a bulk Si 5 substrate 5 on which has been

g for exanple by crystalline gromh a buffer

St T ugiddsRany, §lﬁo@%feﬁhgvmi}lu%§esweé cHhiphigbs bulk Si

| ayers. In particular r have "a gr adual
suhwadiade @nmwh:clmhasnm f&rmetdsfoa:cmpcrmle ibyrcrgétatlee growth a

b . iee (et Pagn) A0S LR e ElauS I Peitgular,
th%'é?ﬁ%r @gﬂaa% né;'g?’%ddéﬁ e%fﬁﬂfir@‘ﬁ’i(trﬁéﬁne@ls%?n@ '&%F@C%HI % of Ge,

y crystalline growth
sthdingrir@ndi% <t the beldt Bisubstraierlees to nrcmjmzl 100846 at theeleval of

' I xGex. g fi wth of th .
thedaoEayth the MeStdayer baain of Siaibs 1 IS BEATgrabbDeing
fofrRBY 'b?%&étﬁﬂn@f%rﬁm yformation of the first | ayer 1. In

a second case growth of the second layer 2 is
car rA edcond layer érofestnanrgﬁut Sisits déprnudd o épeficst Ia;ner ofin E&q xGex.

NGBSy MENOMEB L1 ARLONFHIEYSoh b aeT Bsidritan sibed ot
i SlorliFLANYA A8 A éﬁér%’ﬁ“%ﬁe\)}‘stellyé@fyln‘ésbé‘ébriﬂ“ the

ni ques suc emi cal Vapouf Deposition
grawth oMiieesedand Ilgarriz Epicaabed c(ut/Bﬁ)er adight istpresft p@ﬁaﬂéﬂl@n of

SRV GRE 6 PRe O PLEnO) SRRSO JoYkcPodab SR Rn GMP

pdiBBigpar aneter to make it nore or less identical to
t hat of its growh substrate and thus to present
| nt dritabeedrubtayer 2smaderoftSinsiasivantageoislyrfenesd yyenpi@xy

usi BBwfbecRaidlen s B ¢ Bloa Yappph Henst it 38d
M&@éui@r%@ﬁﬂzgn %'(l\ﬁﬂ?.éfﬁic'hﬁm;u@fs the strain in the film

hi ckness towar he’ nom nal |attice paraneter of
t he Tdiel $itienn apateiedgeribe second dayer austtben whligeth by éhi%flrst
Iayer r}S increase its nominal mesh parameter to make it more or less
identical to that of its growth substrate and thus to present internal elastic
strain tensions. It is nécessary to form a quite thin second layer 2: if the layer
is too thick, thicker than a critical equilibrium thickness, Would cause a
relaxation of the strain in the film thickness towards the nominal lattice
parameter of the silicon and/or generation of faults. We can refer to the |
document entitled "High mobility Si and Ge structures” by Friedrich Schaffler
("Semiconductor Science Technology”, 12 (1997) 1515-1548) for more
details on this subject. ,
However, in the particular case of a deposit of strained material at a
sufficiently low temperature, it is possible fo form such a second strained

layer 2 having a more i_mportant thickness (the critical balance thickness is
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‘docurent entitled "Hi gh nDbiIity Siand Ge structures
by Friedrich Schaffler ("Sem conductor. Sci ence
Technol ogy", 12 (1997) 1515-1549) for nore details on
‘this subject. 30 However, ilf the particular case of a
deposit of strained material at a sufficiently | ow
t enperat ure, is possible to formsuch a second
m?é @'Ilﬁ!%é’d o @Y@Heﬁo&?‘t’érﬂ erdtirRr f is EOthkaRbrd Skt sas the
e critical balance t ness 1s 10 indeed |inked
Mmﬁ%@wﬂmMWm@mmmm is all the nore
| rtant as th S is carried o t
B BfareBe P vl e weak i apae i Begefimegsin the
do?ﬁ)'?‘%va‘l’el‘ ?%U?ﬁi'érﬁé%ﬁﬁ‘fﬁe isBedMtelaydPDOIn Wﬁﬁ%hleﬁoan [mplantatlon
under neat e second layer 27 In particular,
mayrbegrertarined in Brderytolferpéng erembdeshzone &y tmdhfaknasss pkthe

firgklaReTor TeE Qe aeasl BSTORBA fohrs BBbr e ab)  Thi s
weaknes gy g§ @ef@rlgeigrrﬁé!d'ﬁg};‘rﬁﬂbﬁfdtigﬁ &fa@)"nﬂ@scbemes

. Specl es 0s osage, nat ur e d ener are chosen so
whidsest d@smpnlatu:ré andp&rwvrg:aﬁremhomﬂscath%\aediemh of iraglantatipn

de 10, I n icular, the paraneters
“3 lﬁ”ﬁ"f ﬂ{{n@g'FW@rPrﬁj&t H%%? .on of atomic types are
adj Ll'ﬁtﬁﬁtlaﬂaﬁsthbopﬁaméfél%edétaﬁnﬁﬁﬁd & iMPHIIARRTS o’f’\'ﬁtd‘rﬁtc

appears at the level of the weakress zone 4 after
typiest archadiustediso st minimésectheaurface roighness which appears at

 ing el F i WrabeSs 2ot inafﬁed%l"q?%éfrn%ﬁta i Hstohe/ At gine

po‘é’?d@!a]chnﬁér'ﬁ Btf' gﬁﬁ@ss & phAssly é&(%é’ddby‘%éopérﬁﬁxeters

I nventi on, e |np ant ati on f atomc species Is
eﬁnmgrtpbamnpmntahmmtzsed @si we wilesu twq@enéy sebe
er ent

at o.ﬁ%’t théﬁg?rﬁ?@ td” é\lggﬁ\llgﬁgolfng heemﬁe%%gn t% Sl species is
a E<9~1r'nE'@n@éﬁcﬁ\t bPRitdhic Bystiegens. el l'n’qﬁnaﬁ’t'étléﬁ Qﬂn Pﬂhc:paiiy, at

anot her rare gas or another suitable he case
leastt taio clifférapt aimnat: ietgmentip sapmauso‘ahexamgla a]cwﬁplantatlon of

bserved,. 20 that the akne S

nydRidERe felw et 0bn o" el P e ilaroth g AEABIL A,
The | e6OWLRE b0aCsb-intFibantian e Hﬂbﬂma@#ﬁml ial fayt abkemed
to obtain a post detachnent roughness |ower to that

thagithai weaknaasnzongp Haistganesallyothinnes| thpn dn thﬁ'ﬂaﬁﬁt‘ﬁtﬁi gimple

implan?aetlo'num or hydrogen.

The recourse to co-implantation will especialiy allow to obtain a post

detachment roughness lower to that obtained when implantation of a simple

implantation of helium or hydrogen.

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 to be used when a single species is implanted. The total
dose in co-implantation thus typically represents 1/3 of the single species
implantation dose. _

The energy of the implantation is chosen so as to have an

implantation depth neighbouring that of the depth of the first layer 1.
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25 One finds here one of the advantages of
co-inplantation which allows for the taking-off of a
thin layer.using a total dose of co-inplanted speci es
| oner than the dose to be uUded when a single species
is |nplanted The total dose in co- |nplantat|on t hus
typically represents 1/3 of the single species

| ol #RGQL PNy ct%Si@np@@faﬁ&@ @mrwiuﬁi dfhgrdural rntoé@/tmn and
is chosen so as to have an I-np | ant ati on

enmggltﬁdnatwegn Hhaando0 k¥ amiduyd rogen aé 1740 gcml2 apdrenergy of
antation th hel,i

baThesTOL ABS B kS Al aderial BirEdatge et aikima 300

tdWﬁLﬁ@r%h@freé 1016/ cn2 and energy of between 20 and
V, we can obtain a depth of inplantation of

ar ou@dnetwly speak0Qy, Metiomeand $iydogeendosed gres pbagémge that

oD i GbSe (REP R L0800, Ao AIoNer A qigt AncBederably

4@%%@0%%@{5@3%5@0 60% of the total dose. In

reference to figure 3c, a bonding step of a host wafer
20 wint tefereece 40 diguos 3t:he hbmding ekefpeol ahdshwader 20 with the

RS AR5 2, AT 00 o 2o SR e A0 R s Tifed

terlals Pri or totheirrplantatlon st ep, a bondi ng

ayer may be forned, such as, -a layer conprising
Si OZTheshaswalsr QQ)szy be mate aililloSi bhether heatetidlst he

bondiiy 1P apRmRBETAlonsiSer PNAOA '6figE BCdaRBTe: such as

& coﬁw'ibﬁsfn@c Bih US!3H§9Q|X DONE rindndl 8nRRthEJothay &f the
na be a depOsit, ‘in order o0 avoi d any deterioration

reepea;th/e suifagassto hethmedeéekmtm t@ﬁeth:ez b@ndmgytauerf hasiterpe
con ent | in the fi r i N '
fofiRa rits MieenBniien e lachiiite, iad T, B fis bifidhBayer

ma¥:be BNGssouit %‘F%‘i’dérotobﬁvﬁﬁw d@ﬁéﬂdﬁé’tﬁﬁ bt Yhep%trams in the
pr epared, using known surface 20 cleaning and

Sqo:ohdéa‘ye‘fg? oeammdﬁuewnmaewlsmnath@f sthayesilut i ons,

0200t or BB sy WA R S Sl BE i Y B gtor 10
thaliuefakes ttaks aéﬁ@émtnagﬁ pbd¥bip Wl pﬁyalryd Olisiggkhonh $ureace

two surfaces to be

cleaning and polishing techniques such as SC1 and SC2 solutions, ozone

solutions etc. _

The bonding itself may be firstly carried out by molecular adhesion, by
being able to take account of the hydrophily of each of the two surfaces to be
bonded _ ,

It is also possible to use plasma activation of one or both of the two
bonding surfaces just before bonding.

A plasma activation permits in particuiar to create handling bonds, for
example on an oxide surface, on the surface(s) to be treated, and therefore
increase the bonding forces to be made and reduce the number of defects at
the bonding interface 6, as well as their influence on the quality of the

bonding.
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bonded. 25 It is also possible to use plasm

activation of one or both of the two bonding surfaces
just before bonding. A plasnma activation pernmts in
‘particular to create handl i@y bonds, for exanple on

an oxide surface, on the surface(s) to be treated, and

t herefore increase t he bondi-ng forces to be nmade and

redugﬁcﬁ h&rdHyIREs ?’fofdﬁfee%%dﬁ{g ?’ﬁer‘f@@e BORAN Nso have. the

intertace 6, ‘as we as their uence on the quality
adv¥arnthge obﬂ*r&:ieﬁmge MIn@hnﬂmnsberfamgnhem muge oésistaat tmo@imm@al

al so anta e of .th

e e Being LIS GEEn AbREI o6 the ek icen

offil fc?%éta‘?‘l?éqdrﬁ{ggé Lh&diy Bget(:Hsc?‘;% %‘gt?ﬁ‘ o1 s a kil t H8dation

ace o yer ta i nstance during a
opm‘aéon \aemdeammdopelnanmatmmrprfabiemsr bf itbé addgesi dat pravidisly

era nd avo Iam nati o ro
di 5@%%@% iU ok poilye qessar Ge %Qgﬁsqupqr@ggyybelow

BeRatERI0 8 Japndi ng ener gy bel ow apprOX| mately 0.8
a@:ﬂ a R,rart ?@ul ar, the plasma activation can be used

SO tlhapanhnulah,et@nulﬁsrrmf aelivaiondiarg bandseaf s@rthat in the end,

afggm%.off% HSp e Ehcrar oy Sl o 6 Filrshlidlabiiey epue
K‘g}p% ﬁ%t& 0.8¥AFP! e froman inert gas, such as Ar or

an oxi di sing gas such as 02. The pl asma
act i Maet ptasmzamayylpe chtdiyed éorom@mpd foun aat inarttgaspisuch as

er ature, ppr ox tely 100C. The use of this
Art gﬁhlcﬁﬁ@”ﬂ ﬁarOéﬁ'Cﬁ?*ag 9%5 Sé'('lcga % the advantage of not

cau ot | r4m
i o, RRYal AL AT P REA 1S e SPuf fgyehittent

te(r@anemma It;elcswea@lplrmgﬂa@éy d0et@sTheuse af thés tesboiguegherefore

k f hb -
alo s e aEvanBee g e tRer s 0 BBe Birpeins oy usinguGe
frétH9ke ﬁfstrme@ia Jmﬁdiﬂ*feaééc@ﬁdca‘traﬁm 8 |@§Qﬁ(g‘ehé?éllﬁfﬁdﬁealkﬁ19

very QUI ck éel cal | ess t han one mnute. T .
Geqiﬁmmstar& wmllngkmgm&craréxar’fm éﬂskrmﬁacafdhﬁlrm@iﬁiiourmg

Iagqtr(ﬁ or %ucﬁ%;gﬁe@e}npgﬁatb%es lc:§/p|c:aﬁ)ly arstnd Bhod BE rsno% ).

The duration of the plasma freatment is very qmck, typically less than

" one minute.

The equipment used will be for example' standard plasma etching

equipment of the RIE or ICP-RIE types or other.
After step (b) of bonding, energy is supplied under thermal form during

step (¢) in order to weaken the donor wafer at the leve! of the weakness zone.

It has to be noted that the thermal budget (typically temperature and
iengfh) of this energy supply (hereafter said “weakening thermal treatment”)

can in particular, but not necessarily, _Iead to the disunion of the taken-off

layer from the donor wafer at the level of the weakness zone.
The weakening thermal treatment is typically carried out at a

‘temperature lower than 800°C, but all at least lower than a limit temperature

from which the Ge diffusion in the neighbouring layers becomes prejudicial.
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- infeeapwacendrrart 8

After step (b) of bonding, energy is supplied under
thermal formduring step (c) in -order to weaken the
donor wafer at the |level of-the weakness zone. 25 It
“has to be noted that the tH8r mal budget (typically
“tenperature and Iengt h) of this energy supply
(hereafter said "weakeni ng therrml treat nent” can in
partj.c ess dj '

of . tlhe,’%falggﬁggf renﬁf '?r%m éhédgﬁégjp m/g;%p bﬁt%fﬁ;'eBBnor

whfeyel0 pto ‘Eff&st/\pa’ftﬂ@flsomnemgTd;eemamHenoﬁﬂwd fiest hepfer 1" and
_treatnment is typically carried out af ,a .30 .
Beoraprsng Suothsupa ot ife i davaroliend the
séd&?ﬁ? érjint tenperature fromwhich the Ge diffusion
he’ nei'ghbouring | ayers becones prejudicial. 13 1In
r ef esenreatpniongoned 3bove,ghishtisunivhean beyerfdrmgdsthapks to
of the donor wafer 10 into a first part 10" conpri sing
thg enengy serply 6f thawweakeryﬂg thereal reament. i nt o a second

2 R PR 8l ko o

is a0 ¢afficidhit $o Hasiunithe disumidis thienAttsrmaesh tb@ ankied aut thheks o

energy supply of the weakening thermal treat

HRARBRIBMENi#Y N SEPRLY eRbriET@N Iy INstandse Upe &&e&ieeﬁ@a' and/or
m g&w&& ARSIt 'S ffsesdl HEIRR of b GhirRsS Hone 4,

Isuni on, er can be carried out

theanall effents anytheusepus fiypeeegyloééd thérastaaste thedrupture of

thermal and/or 10 nmechanical forn) sufficient to |
wealuks. at the | evel of the weakness zone 4, thermal

eff t e
‘e 0 A =R IR i e s pactes of
betivegnidrbngd rsy)° Ceamb aapuned 680°C éorpdumtmnesofoxfarybmgt wagths
around 300C and around 600C for ﬂuratl ons of vg_t yi g%
wm@hgtteuﬁ)@ndw wheter dep derapsiatuieds Hewet Hengeinisapsy (rdTigher
bgfﬁér Ié ger I ength) or higher (shorther |ength).
tionalfy, or in replacenment of the plasm
act |®ptiormﬂy artinerephcemestadirehe plaamlaeac’ava’tlom a)u?hermal

directl ter dISU i.on, order .to.str
tregimenhEER e OBl Cioetyatien STsuaiar 48 ordardorirmnolien the

_‘boﬁﬁfrfq:ﬂtcé}ré]fen@a heat treatnent being used in addition

asma activation, it is therefore possible to
makedn $Eme easdaf thihbonding strengthen:ng heat treatment being used in

addition to the plasma activation, it is therefore possible to make sure that the
combined effects of these two treatments achieve the desired objecti\)es, an
in particular a bonding energy sufficient to make the bonding interface 6
resistant to chemical attack from later etching,.‘and thus to avoid delamination

problems on the edges, as previously described. We can thus combine the

Atwo treatments to strengthen the bonding interface 6 to obtain a bonding

energy greater than or equal to approximately 0.8 J/m?.
"~ In any case, the heat treatment for strengthening the bonding interface
6 is carried out at a temperature T, chosen below the temperature above
which the Ge diffuses significantly into the thickness of the second layer 2.
The heat treatment to strengthen the bonding interface 6 is carried out

‘at a temperature T, lower than or equal fo approximately 800°C.
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conbi ned effects of these two treatnents achi eve the
desired objectives, an in particular a bonding energy
suffi-cient- to nake the bonding interface 6 resistant
'to chemical attack fromlaflér etching, and thus to
avoi d del am nati on 25 problens on the edges, as
previously described. W can thus conbine the two

LT earampbiilie. T4" RIS Indified Y bRlvddH doree dAd! 800°C,
obt ai n on |né energy greater than or equal
maintaiozd matiel B00mudéaep td founhpusase, the heat

treatment for stre gt hening the bonding inter
i s cHpifibeadg:steng qr&mﬁaﬂweamrféea’fﬁl%& B Baﬂ&wfﬁrhw%houf

: th eBB gaFéértﬁ?tﬁ}éo‘b% c%ﬁe\ﬁh Ehh&%e]s f bHS88rific o||al 0x1datzon

cant i nt he t he secon
dlﬂ‘lngTWbIChGﬁ‘t oklde‘ammeﬁthet suri&aeem%benmdmldmmfdheglrst Iayer 1’

(AR b1 CRS @ty SBRBE0 N diages 47 DPgal of
thg%ﬁcfé;tff&rfo d;?wéﬁalé‘%ggﬁﬁﬁ b&t YWEGC@E%@”%%Q&&H‘!C@I oxidation

ned nutes u our hours
hazotdisndors tdoeblg lmda]eangetherennﬂorde“ dlae neordirgarintenface and to
particul ar, wtho this beln%@rc?estrlctlve be
prea@qql titheuemaval ﬁéatdegﬁt@pp@i otheraeetivRI Z&: dation, 5
duri [
THs ‘P{BbP e?tﬁwéﬁi t&%trbﬁ@th% t&é]%?ﬁ&hpcal iaﬁfedt&.ﬁ inan mert

remai nder ayer)

 atimesphera esiJodnuas mAn@rGﬁprBﬂ@@hm)dthahem oauchsng\ml slightly

the oxide thus fornmed is carried out. In such a case,
0X49igNgacrificial oxidation has thus for double

obj ' | h t b8 di

o el AR BB R LA AR St Rua0d: oning
intdefbeet By atreagthenid, T pardatart vesrmehtist olisweendiyhen co-

t he bondi ng IS Cﬁrrl out i nert atnobsphere

implatationsstgR. ke Yﬁf%ﬂ?%?%vei hat is oxidising or
slighg}ym [ 4 c S the
t hat %'H ! g?%éasu%wg%{“@{g%@gt? b |rngéﬁsf nt erf%&gwﬁg °

1m$tamatg1men|re@e,rem¢e tmﬁgwreLBlcs)randrmmng dissnitiog | (owesdetgyce fo
Co- &? i npl antation step, the taken off |ayers then -

f'gHéﬁlé an inproved crystalline quality in their parts

- damagednfuthdfsifsce, lﬁ'gzlaﬁiau@ér'féf‘ h(quré@ﬁfﬁf@ﬂl%ghﬁess (HF

figure 3b) and during suni ti ng n referénceto

lrorﬂgtmﬁse‘»)sd) a snoot hed surface, in particular for hi gh

frequengy i naggrqgrsg’ic’/ &reater than approximately 0.8 J/m? (without

plasma activation).

It has o be noted that the decrease of the defective zone 1A thickriess
is more particularly observed when the weakness zone is formed by co-
implantation. In the same way, the post detachment surface roughness is
also significantly decreased when a co-implantation is performed rather than
the implantation of a single species.

This is mainly due to the fact, already mentioned abové, that the total

dose in co-implantation is much lower than the implanted dose when a single

species is implanted.
Thus co-implantation has the advantage, compared to the implantation

ofa single species, to reduce the thickness of the defective zone, which in
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20 roughness); - a bonding energy greater than
approximately 0.8 J/n2 (wthout plasnma activation).
It has to be noted that the decrease of the defective
-zone 1A thickness 1is noreiparticularly observed when
t he weakness zone is forned by co- 25 inplantation. In
t he sane may the post detachment surface roughness is

i faf e oS FRERE o Sl B¢ RIS Kispimeris

impRafbeRd difdrsdétachmient.y I6ltee tamehwaf acs- :mp!lah%mi also has
menti oned above, that the total dose in

the oadvapitage =2l eerucingnienghreses: Whigh alse maseanit qpssihie to

fa‘@’ﬁ%%ﬁ?eaﬂ?'gt"ﬂ“sﬁf%%@{‘ eeZdl/ant ggleangggpa;rggst o the

| mplragaldrosuchfa doridie etrshgBkaBg heatr eesteseriein not be
t hi ckness of the defectlve zone, which in 15

copanleietulsatisTaglasy. Thepbasicant hes' naiadcin oerisulgs for yihermaal

e eBl B8 SRRy P e P B O Heree

th@fpréﬁih\d;@l BlbsE At B SG1FaceMof Qhowlc&@smﬁ&ﬁandrés msssmﬂhbetyp@s
facilitate the finishing treatnments. 5 However, such a

of efritsg strengt heni ng heat treatment can not be

par difed 2 FEPoRETBeeot, SR, Wy 5 rhs Bpentiea
zoh@s@f‘i’cﬁﬂ defsBy iremet ﬂﬁ@ﬂarta'ﬂan@ﬂdﬂs@%zeﬂtreuéhlqahe didmeter) is
presence, .close to the surface, - a low density

of
abogbBesnmanthepHgh nyb@;*,hea@fdei‘@@téd% got agrtampehutdi %eems that

RSN SEERELPE T ey (ypialy o o0 o

6omRCE! iIaladittbriMinebidieg (Str@HgﬁhleWrigh’@eatw;‘Ett&mg realized in

about 3-4 nm The origin of the these defects i s not
furpeceaiin, whigh the dempsratus is net jeptiraly aindigrno(angecan then

obggg/%i g%ﬁ@r&g%gwg . ?tf'%we I%@% E é rﬁeﬁfe‘:@ll % Rbfer, for

ex8hiRn gtITNMng irt d%&ﬁé’f@ﬂWaﬂ#l ihg wefel bém@ delﬂ@efdwermw in
in which the tenperature is not entirely u i for

- the dwnereh it sk becthat thagistrhiiion Qfr & pehpndhey Cév‘émo’f

hogﬁ %&%oﬁgrﬁ &{%e%haev\%ﬁf% to EQF ot &Rl m@&&aﬂﬁh' n

ter \/va elng ositione ertically
i n Figure 6 shows two views obtained by TEM (respectively on a scale of

10nm for the t6p view and of 2nm for the bottom view) of an intermediate

structure (intended to form a final s8I structure) which was subjected to such

a post-disunion thermal treatment at 600°C and in which pores are observed.
But these crystalline defects are not desirable insofar as they are likely

to .Iocally modify etching - and/or oxidation speeds during the finishing

~ operations likely to be performéd after detachment. These operations are

then made more complex, or then require the implementation of a
mechanical treatment aiming at carrying out a removal of material (polishing
/planarisation), which, as mentioned previously, is not desirable because it
has an over cost and is likely to compromise the uniformity characteristics of

the taken-off [ayer.
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the furnace), it may be that the distribution of
defect on the surface is not - honbgeneous, which poses
a problemto carry out an etching operation. 20 Figure
6 shows two views obtainedigy TEM (respectively on a
scale of 10nmfor the top view and of 2nmfor the
bott om vi evv) of an internediate structure (intended.

such GeBede Bl SPHERHIES of hoh st BB Rstetre

th‘eh&;@;b’llc@ﬁf Bropises Ab safryaslt iyt Weskarbt@thdriei treatment
defects are not desirable insofar as. they are |ikely

byzaryingeatt| § lawdisyperaiiengneadiingr abxa d&maﬂﬁa@p%eraagmg

 bgbARAGT b B e B g

fofrege|dmette @@W@Xrangrngt heswess Uéa;ﬁ;ﬂoklh%téwmwmhatelso@nd
of a rmechanical treatnment aimng at car rél ng out a

apremgimate lyffounheurs afor eempihduiing appraxiaratelttvermours.

becads &BRrBagt nil Tiao ek diicbrathie bt FRCpy Rtgfon of e

théﬁmﬂr @Mg@ ocb@pnente‘nmdmweﬂé?@tmcts@rd Wemémﬂ@ trédifent can
t aken-of T | ayer. I n order togrevent t he

reaplp s¥iraicia @ﬁumhegéh@dab@ -afidaygmeemdifeegoBor waer. [f the

AT O RAERRES g 8 Aol 1 BRelat Rt ROne

.dcﬁ*ﬁ)'ﬁe@bfé?g a %tupélyt Wrﬁbléh%ntﬁ?geﬁ@ beirteenthafasl @md/or

00C, for exanpl'e at approxinma OC +/-250),
memaracaléwgm reast be casiedoui ngw@tlm.@ﬁalap@,rlbba arau%t’ptg@nslmre '

ofglptehg, o R Y, TR Bk, aPllor PG, bEF RERGRIGH of

'mbm:mewdurtﬂebst@@ﬁoﬁh@t |6caliged Ungdtingn sof as he mltlate the

t hermal budget coupl e tenperature/length), sa

dejeeiNaantat theelsvakbalt theaweaknass| zonss deChMEHi \gfuﬁhtth% can

R S A

P@WFWU@W?QMTPCWFRWTNmg/ewmftmshed. suppl y of
~conpl emrentary energy, under thermal and/or mechani cal

for i RAHCHET carearapleBaniamEas oMy 10f S196aX Urgler imepianical

| forqﬁ' chétn' M sNER S c%e f%%l]%lty ar Fﬂ%m&esg:m&fgfgzln%rgeﬁupgly,

or 'space)

suﬁfm@tﬁhdmtlaierthé@i@wdh&mhtheat| ng so as to initiate the
15 det achmsnt at the |l evel of the weakness zon

det déwneRPIIGAN hast RERAE avtechiital the speriee do si6h a weaken |

_trea%teﬁ?rail&ﬁé ajy ﬁ19 ARG ‘Eﬂ‘“é £& rﬂblah?atﬁﬂ? e indPRld B?ééeﬂﬁé of

defects. 7
Results of roughnesses measurement on a SGOI structure with 20%
of Ge, carried out by the Applicant are presented hereafter and relate to the

-case of a weakening heat treatment performed during approximately two

hours, at a temperature substantially equal to 350 °C. In these experiments,
no heat treatm'ent, post disunion, for strengthening the bonding interface or
for curing was performed. _

The Applicant thus carried out roughness measurements both low
frequ.encies (realized usiﬁg the Dektak® profilometry tool of the corhpany

Veeco Instruments inc, 500 um of sweeping) and high frequencies (realized
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PCT/ FR0402779 and PCT/ FR0O402781 not yet published. In
particul ar, a conplenentary supply of energy under
mechanical formcan in such a case figure be a rather
‘weak conplenentary supply, 1720 sufficient to initiate
the detachnment. The Applicant has i ndedd noted that
the recourse to such a weaken treatnent all ows,

o 52, 06805 P b P B oo
mgRdcopd AFMYre with 20% 25 of Ge, carried out by the

Applicant are presented hereafter and relate to the
caseResults akifiessi mganwemants arenenprasset dn MM SdliRpagMean

SEERENHETAF? JobiBa 7o 3507 "1 n”These exper i ments.

- no heathet fRBIMRN tabl® OBy v@lystjﬁbémpaﬁ%n s@m@rawdwg@ﬁen@d the
the bonding interface or curing was perfor

hieh e neh 20 rﬁ#)t gght

o3l S o R SRl 1R SRR ons o

col-ifépla@ions) Md 8\WeeBhd) Seaghentpad-di dsmmlsﬂ@ngthenmg the
(realized 17 by sweeping a surface area of 2*2(err)n®

qudtlng ﬁh@oqa‘)& nt of an atomic force nicroscope AFM.

FXCDUI lb UI lIICbC "nmeas ICIIL‘,IILD dar B)( IBDDBU I TI I'(IVD .
Natumpet thedamplardgtian e ) | aL@WaFg@qungJ@% 5High freguencies
Réavedngritpatmsht, by way offoughpessi son, ondorgRIess.

OET erreu the rougnne Ses measured on a I"deénti cal

AY H Ia £ 4 | H 4+
bluIC \aL LU/UGC) ||g||t arter —ursurmnorr dt

Hga %YH{@:EQE%? ] nutes, follow ng sinple inplantation
9 szlnnq and_a t hernal_treatnent

(2]

' Pqﬁéﬂesunmm%airrf%xt aktrengt hening the bondi n% at  600C.
|

60RAC dwringf 1h he i npl ant bt i onl8 &RMBequenci e29FiARMS

roughness roughness

frequenci es Recovering treatnment

| Hé/HoobY ipmEmtaié@t i on 30 keV- 6. 1016/ cnR Post desuni on

Ur ead ke 1.10"%/cm?
H : 50 keV- 1.10"%/cm?

Post-desunion treatment at _

600°C during 1h 13 ARMS 25,6 A RMS
Weakening treatment at 350 ,

°C during two hours 12 ARMS 25,6 A RMS

This table shows that in the case of a co-implantation, a weakening
thermal treatment at 350°C makes it possible to reach levels of low

roughnesses and high frequencies equivalents with those observed for a

‘post-disunion treatment at 600°C.

However, in the case of a weakening thermal treatment at 350°C,
defecté of the "pores” types are not observed and a good surface defectivity
uniformity is reached, and that in any place of the wafer (that is on the
entirety of the diameter, typically 200 or 300 mm, of the wafer).

These good results seem in p-articu[ar obtained owing to the fact that
the low temperature treatment (typically around 350°C) is likely to cause only
a low amplitude temperature gradient (in comparison with that observed for a
higher temperature treatment, for example at 500°C or 600“C) in the furnace.
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600C during 1h 18 A RVS 29,7 A RVB He/H

Co- I npl antati on He: 56 keV- 1.1016/cn2 H : 50 keV-
1.1016/cnR2 Post-desunion treatnent at 600C during 1lh
13 A RVMS 25,6 A RMS Wakeriéng treatnment at 350 C
during two hours 12 A RVS 25,6 A RV5 10 This table
shows that in the case of a co-inplantation, a

weakep) [ bl

o S e ceficTRer R AR Morlfiet ERs oo o RARTOR, fow

tebmperatme i wsalamingy dleatrhentimibka htop@ssvﬂﬂeanvm“titwar & reduce
case

post - di suni_on treatpent at 600C Howeve
thg thicKReaR i H@ defet wmzqnee&@r}wt the pw@ece Jileﬁég@ftéa@ to
i8R DURRoBE LIRr E CHAIBRE, ety oo
detaclanmsenphaﬁau@fondrat;m are {(atchm;iteds ivpatiivelaretid raroylrsm‘ to
the diameter, typ |?ally 200 or 300. mm of the wa
thenése of aeResstion of pelishing /planarisatiosy r%%vcaqi%@rcﬁ}& %fgleast
IinEn‘Ped he fact that the |ow tenperature treatnent :
typically around 350C) is |likely to cause only 20 a
| ow [anpéilcterss tterrﬁgm@ 2, eagSi@e@ht stfuiotureoglamitorGai 20%
t hat observed for a her teg&erature treatnment, for

(PEgingsprihed baowa)rob@@@ hyrthenapplisanhidlowing arkagster pé a
suﬁgoe?i‘?ﬁl_yﬁn&f @%?@E el wWHig thd | RehKMEEE zone wats formed, t%nd

ant attoon, f ow't enper at ur e weaken
foimkiagi 4 \Amksnihbethelmnadaretatmhaat BﬁO"r(EcblthS 4 taken-off layer 1

t hi ckness, of the defective zon [imt resence
ingtlo.g&ee (i dha eBIvalei of e 4 f@ﬁr‘ﬁ&%w m&ﬁa%@&ds ayer 2

JOIHBQ?[@HI&[I]‘]%I? &19519%3téd°6b°f0ré Meref¥ ALY 3b éﬁﬂféns 83 § | Cuhé@\fétrs a

Ions are facilitate 1 ar

SrOIaeIalyeco@raﬁdtmchdbe Sk déwamryab@hra&i@an‘eo!fs oli szbr;ng‘ew
/pl anarisation is av0| | east i mted.

FOP@F%@%%?@&Q%P?WGQJP&}‘ &ﬁ%.se@@forgfwmn -insy %%tﬁucéére of

ﬁgﬁp?/o, (phot ogr aphed by TEM - obt ai ned by the Applicant
l'owing a transfer of a 10 sinple layer of Si0.8

Ge0.@né wilhim pdrtictlar netidendisp ropomiomastweennibd, thizhdess of the
defective zone 1A of the faken-off layer 1 in reference to figure 1 and that of
the cured taken-off layer 1 in reference to figure 2.

In the same way, and for a same taken-off layer thickness 1 for figure
1 and figure 2, the-healthy zone 1B is much more significant in proportion in

- the 8iGeOl obtained according to the invention than in the semiconductor-on-

insulator of the state of the art.
Returning to the description of the method illustrated by the figures 3a-

3e, and in reference to figure 3e, after withdrawal of the remaining part of the

‘donor wafer 10’ from the contact Awith the taken-off layers 1" and 2, é structure

30 is obtained comprising the host. wafer 20, the second layer 2 and the
remaining part of the first layer 1'. This structure 30 has an improved
crystalline quality and reduced roughness, without having need for an
intermediate polishihg operation. In particular, the remaining part df the first

layer 1' has no pores or other defects, notably close to the surface.
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foll ow ng a weakening thermal treatment at 350C, shows

a taken-off layer 1 in Si0.8 G0.2 (i.e. the

equi valent of the said first layer 1 and second | ayer
-2 joined together, discusd4@d before in reference to

- figures 3a to 3e), covers a SiQ2 layer 5 and includes

very few cryst alline defects and very few 15

roug

e oRRR SR Y R bbbt iR bopo et pefoeppe

batineleni thepasddrei|ager 1P0hhd ehdi Isabt aparet i200 thet \MESH‘GéﬂSSOi or
t hi ckness of the defective zone 1A of the taken-off

Geippd)| struciureds ebtainasl.t o figure 1 and that of the

it gt@%ﬁlﬂg \%?ip ilS%ﬁgﬁ P%PH &gﬁﬁﬂ?%g sﬁi@hﬁ }%ﬁegs affl few

'reHHiﬁlk\?%@sﬂallfr@f défepts gt tHe anefatégslich 2s theeubeaftdhemical

Zone Bis much nore si gnlflcant in proportlon in
etehivgsifaeiostanee dn 1be frmeevenknef @ selastive giehng oh a RyAT with

e A AL B gk Bt TR b
i 1] UBftes ﬁt&ﬁahbcatb@tshir@tm@anﬁarsea@r"&eto #redchamicef ebcbmgeto
to figure 3e, after withdrawal of the remaining

regece filke sutaes rorghwessdand itherefaore t@dﬁ@ﬁ%ih%ﬂtﬁef@ﬂeoomts of

bR B Rboed, o BoPL SRR, o8B O AUec

Ind8&d the TRipmantatsh obfa tb&mfptarrﬁétldnaEﬁSUrbs a 'thucsh smoother
structure 30 has an inproved crystalline quality and

saneplingesH fasgdhae Hat owatnﬂﬁhy signiegnpleetRtioBr an 30
ot S5 D™ T Dy BEMy B refloRAl 1 EHidh o b8EIn o

findl BSIO|dafrflre, (sBetfighty 3@1? O és thent pessibleftacaakd the btrained
the case of an electrically insulating |ayer being

siticonnefdhisestaicinanbickerdinerifeXyhe second | ayer 2 and the

"o Troy8 e BER b B ST fbetE BT pRSHR W Use

is o I'ne ishing s o renove

seldigivel Igtl&hnrrgouwnesmgancbrf ewarﬁp!eerrHFnﬂm CHyGD&H,i n8C1
defects at the surfaceﬂﬁé 953 t he use of chem cal
(N&4%/h@02%p)loﬁﬁ%&|éi:} WE2&0-amewor k of a sel ective

et chi ng, iy o?%%ur‘ﬂﬂ U1 RERSS e S@@Eh@ﬁd e QBi fay be

et chi ng car?’(ed out during a sacrificial oxidation.

odeileedwaﬁ'a@H@@DCMﬂHz@hﬁH@ neans used prior to the
chenj cal etc ur f ac roughnessf&anﬁge

in
t herf¥} oﬁéaf’%’ 8@ Pﬂ'écecﬂ @Pe:}s g MaYs cnosen
CH3000H/H202/HF such that the ratio H.O./HF is comprrsed between 1/1

(very concentrated) and 20/1.

The length of the etching is directly correlated with the speed of
etching. It is typically around 5 minutes for 800A fo be etched with
CHaCOOH/H,0/HF. |

Thus, the co-implantation” and the use of the low temperature
weakening thermal treatment having considerably reduced the surface
roughness and the non-uniformities of thickness in the taken-off layers 1' and

2, it is possible to use more or less the same selective etchings as those of

the state of the technique, but by also eliminating the disadvantages that they
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CH3COOH/
(thet remindenettbaiestdexpre’ hwéla@@ﬂeﬁrgcqnwéew

. 10 the etching nore honbgeneous), do not necessarily
‘need to be included. Indeed the inplenentation of a
co-inplantation ensures a rmuch snoother sanpling
~surface than hat obtained BQ sinple inplantation. The
Si 1-xGex layer 1' may possibly be renoved in order to
obtain a final sSO structure (see figure 3a). It is

Si a f

S S G N R L N L

me&ns&i 1_XGex selectively, it is p033|ble to use

selectlve et chi ng by using for exanp
H@o@e@mﬁo%gcﬁ(r ”(CNPI?L@IV W@))ebea?g lpged under the

bcﬁ!':r{dg’\f@e{ the S@éaelc'iﬂe‘égﬁé!n %L%leﬁpw r*lf]eﬁé"eﬁébd to

st m-md?@ﬁidﬂﬁ? fulthee Xiamairécuddr Ipomreating advadenttiimks. may
[b@g@chosen fo CHSO%-V HZOZ%F su% that the ratio

H2 O2lhif bpgding fartgéiwrbré@ Wweahtreatmentegy be saEEs Pk ep at

o P LA B B Sk 99 3 o o

stiugpi r@@d }anartbaltrtﬂeﬁa sienthieesfofeono A preblb@setf ciftdion ohGe
H202/ HE. Thus, the co-inplantati on and &26 use
nt

navigLARDSL AG/AREYCACSHE S ENSTE! Btfn RHPIRL RS Mbr

t he non-u orm res o ess-1n

examyps $/8E o&@UB@FR’axy )itd thiskgro¥ei dgcent dJaym@f sivaipedrSi.
| ess the sane sel ective etchings as those

st at'¥cerding do Eetafsanguriang of [e H]V§Bt'@l‘n|'ﬂlrﬁf§(‘?mf§3 fnfigures
4adéﬁc?gfpamea98@ £ Q& rt‘lr(beé(m%@ s&a nc?rr %Sﬁ &Pﬁrﬁré‘ﬁla&&% of
“need tTb use beforehand ne han R ing neans. In

Sit.Gecthen afsconrd dayerd ef btxramhedgsu andaasthb@ilmrlm pf &it.Gey
under. t he bondlng interfa

thafolsssiajed penthgeseraed fayer %eél’?uge\ﬁ@@ e Stﬁa@to%@'eﬂg\ﬁ fmed

'ac&;ﬁ{o@ﬁ@ (f)onmé;téﬁg{ﬁrlééﬁ gbﬁ%rﬁtﬁth%aééd&dq él" £5br éké{)ﬁﬁﬁle in the

_ eat treafhent m
firstalayeed! o@eldutive atchira tofnther SnMGexahapvtdaenSB@O,ts&ﬂ \&ﬁer

SN R G RN MU S
findfy BUSGON stlicldre 30 (Strained Silicon On SiGe On Insulator structure,
as shown on figure 4b) with a first layer 1 of Siy.xGey and a second layer 2 of
strained Si. _

Optionally, it is possible to thicken the second layer 2 of strained Si by
crystalline growth. ' '

Optionally and alternatively, a second selective chemical etching of
the strained Si may be carried out, for example by means of chemical types

based for example on KOH (potassium hydroxide), NHsOH (ammonium

| hydroxide), TMAH (ietramethyl ammonium hydroxide) or EDP (ethylene
~ diamine / pyrocathecol / pyrazine). In this case, the second layer 2 made of

strained Si only plays the role of a stop layer protecting the third Sij«Gex

~ layer 3 from the first chemical attack. A SiGeOl structure (not shown) is then

obtained. A layer of strained Si can be possibly grown on the SiGeOl, this
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(the remai nder of the first layer 1' having been
conpletely renoved). 10 Possibly, a subsequent step pf
crystalline growth may be used (for exanple MBE or

- CVD epitaxy) to thicken theq4second |ayer of strained
Si. According to a second variant of the invention,
in reference to figures 4a and 4b, 'the donor wafer 10

t ff
ey iiiRinsg IbRE R Shetahevy A et At helinessPhere, than

o B t uat ed th
inbHetnb R 2Rkt oGRS B Btchen oL Lt o0 on the
ac c o&@bmgmgdotdwmmdmmmnrt of thentteentian, Hn referereo talfigerngerda
or ex irst |ayer e .
21k i Po FOTRG WAteT ok O el Bl (0sBaTGr ety 8 multi-layer
stRRRFHPRathR| f@é?ﬂghéﬂg ?ué’i"lfnfbr%@@ iRagcoeen & Fnef§€8¥Gex (X

seen, SO as to cre I na structure 3 .
;ﬁO)SHndisneedn&ilayem RAQ2BSI2Ge 201 2513’u$tealned Si.r\et carethugocarry

oy Rjeber AhipREEE ep iy g nvepldl iam dfe same donor

iHenal i |
wiR} 10 Btk iakhg ot BRG] B okl B el g R eeiRing
pahdf thet domart waker y1,0 i sreleotal pseparetii oz a:hewn takingeaft Hnrihis
f 5th trai ped be carri f-or
8 adiets o7 Shakes U Bl RieeBnti SoCkphlt Rl for

ex%ﬁfﬁ’ FER. BN KRS bari Hofer atey b)““"h' %fgﬁﬁl’y‘ﬁ"eofe‘s
tauighatnn tiee Bopymenbl/BROO4/005pYT Az ne) In this case, the

second | gqyer 2 made o strai .h

o AsordNST i Ty dromiedpb i imest A 1B ek, gpch
stiafe] | eF r(%l%ﬂ%ﬁ& "6t GHE scﬁé i@ideaoke ;r1°‘f|§b|@sqla and 4b,

struct not s st obtai'ned. A°layer of
ansit I%"n'ez:B"Sf'Z@'aHZBé opdEET ) fyngesnﬁa am Sh)eofS]heeﬁmr;orMﬁfsr is

gy B 14,08 R0 E vt (D=L B R iR lfout

hallidy Hﬁ@‘fél‘é%éﬁdn Reals @18 dstraAi6 € OTHisNBad Gent Mddé possnble

variant of the invention, in reference to figures ba

‘thamits Bbihet ﬁmenébmbyﬂaﬂvetuenmraf@n@epgésy draroexareple, a layer of

o o R (S ot BoNELEH SoBHbGHARY ¥8bE anc

658P&- mé%mﬁ)s@wrﬁéﬁ%@deewa& %;caaﬁeaa% Bickrfss of

in strained Si. hus carry” out” a nunmber of
bet\a&eémgspwﬁmate@oa@mngandﬁﬂmu nvention, fromthe sane

donch{ such a thick strained layer is formed in this way, then care must be

taken not to exceed a certain limit temperature (which is situated around the

‘deposit temperature) in the following treatments, and in particular the

treatments occurring between the deposit of the layer and the detachment of
the latter, carrled out by Smart-Cut®, in order to avoid relaxmg of the strains.
Thus, in this case of thick strained layers, piasma activation prior fo
bonding (as discussed earher) will be advantageously used and typically
carried out at an ambient temperature lower than approximately 100°C.
Furthermore, at Ieést one layer of dielectric material bonding, such as SiOz,

is advantageously formed on one or both of the two surfaces to be bonded,
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waf er 10, each taking-off being then followed by
recycling of the remaining part of the donor wafer 10
in order to prepare it for a new taking-off. In this
<10 way, a first sSO struct22Zre 30A and a second sSO
structure 30B wll for exanple be forned fromthe
sane donor wafer 10. This type of taking-off is

o gk PR RN SO b e
séﬁe{ratme)otol@mgén@tﬁé@xm@@ﬂm:r& infigures 3a tg 3e,

"in figures 4a and 4b, . 15 and "2A", "2B" 2C',
2D‘ Obroutse; theser Blgliedin e ardcabyasly transpesadhevigvention

PeRRbPERo P EE e B e Ry g aB b SlediFial gt b

kridwes Bleastobertrisratidnshysidl gratmﬁaub@gésdméd RO &Risel aterials.

thanks to the fornation | ow tenperature epitaxy.
For fexagsrapleaby agieacing th%sﬁeasrm@wsusfrﬂ@p@grlbem iageference

tog G ik e s BRALPORECE LB srer o r Y Pelig S0
madé f Pe®s 5n Ghsulet IERS cABBSSXE het Wafsh T0nwhidde GPstiayer
I'f such a thick strained | ayer is formed in this Wa%/.?‘(as

mmad@aem«m@md e seamrth [3ysr 2 magdecefedisGac#riaaimplen

IosEiRE St G MoEn s of thEHEE 1B o g sers the
reARiitid st f tid Se2and frRAddTRNHYSapHAI6T ABGa h@ta/\ﬁ@st Wéf@r 20 by
~deposit of the |ayer and the detachnment of th

means ef anceéecftrl@@!!ydi]ﬁulayn@ﬁurfﬁcqurW he; selegiyely E%n%\(i%ﬁ e

f [ f thick
rolBrad g PLShE R il A B % i ng
(as sihpargsed estrldtee) BaN-omsathtant ageousd yfarsedxamgle
typically carried out at an anbient tenperature | ower

m@mm‘ﬁcw?tﬂ ermadengr wetrr. 10 g;rmwmlw@rfﬁ@rléyerai magigsef Yreor
11 R L SRRl FebBLoL B9, e IR 6B b

mades bﬁAﬂSaNmH@ﬂomﬂmﬁﬁmy @%Slttl)hbs ;jra\yiééd fﬁid@ @‘aN layer. After
dielectric material subseq uentaé\i hel p i.e.. after,
reggyal at thenjeqandclgnees veade of Hahsg §el§t:v\@ ﬁﬁph!r@ comprising

& HSGal SRS BTk |dckih b eafin BRRr EATHLY,dehanspose

nventl on — presen eér materirals than

Si 1 THeex farrexaimiié,ndrgt efthingugieg d platmaegasscdmpnising GHs; Ho
properties and physical grandeurs associated to these

,aﬂﬁ‘dftcﬁsilﬁy 4, gy efehdhp GaN BV‘CI‘%&WQBNH the steps

- Prevyg l{:%lnythgﬁﬁ)%rsbmﬂprenl]&é Fle860 $ver to obtain finally a layer of
GaN with little surface roughness and very homogeneous thickness.
- We can also in the same way adapt the method according to the
inventioh to other taken off layers in [ll-V or Vi alloys.
We can also extend all of these materials to those including carbon in

small quantities (around 5%} or doping agents.
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to figures 3a to 3e, those skilled in the art could
create a final structure 30 nade of AsGa on
insulator, if he chooses a donor wafer 10 whose first
layer 1 is made of Ge and 23he second | ayer 2 nade of
AsG, if he inplants (as 10 descri bed above) in the Ge
of the first layer 1, if he then transfers the

remai nder 1' of the Ge apg gjbg second | ayer 2 of AsGa
to a host wafer 20 by nEanS“Uf an electrically

insul ating surface, and if he selectively renoves the

{ echhi Matwt o ermina 3 sUuchie (8ikram einbe . WSl bt Sk that i
taf A FCrbia B8ATPyaTer  POL Bl BB, LORBRIER 3960
oftadirst lagenfid nadesof 2 serm eondudBana@rial conmpelsmgaderatampim,

| ayers ., made_ of Al and/ r AIN may possibly be
thg ragihad £ampriseg @?P@WE}QS@PQ ‘er renoval of the

SEc 0('%1?i fémﬁfonzof'?%a%?@%%r}%gﬁ @aﬁﬁﬁt th&n%éQ 'EBE Q9id fi jrst Jayer

conprising the renova ocat € ove

st o 1) aympricag gmmmdn b2ddiHgtbe doobr exefaribe habtwafer;
etching usin pl asma_gas conprising CH2, H2 and
059 Ph PgNaina o8 dOBPE NAA0 IR HALRe:  han ALN. Ve can

then ggﬁﬁg%éa%\ﬁ@/ %o%%%%e‘n%@rdoh%r%tfé’r' Z'af‘fﬂé !)réyel

a lay [M'ttl e surface roughnes
honogen‘émwedii{rtéesme(\@k can al so |n the sanme way

adapt the neth according to the i nvention_t |
ot he¥hergleAteps (:%?u%yav@l Y sNBgpting e danargyarer g a co-

mﬁ?z{:i‘]t no?’éﬁ ﬁ;ﬁjstaﬂrvb (ﬂﬁ‘e ?%@orﬂﬁt éc‘l’éss Ay H%gs@ /als S?rned

on 1n uant I'es ' (aroun
oucﬂtmyl pmg-f@-ganga th%ﬁrnaaréamdﬁerit at etengebrafuré dretivegn 800°C and

ture (30) .conprisin | ayer [
402)%1 e rﬁguwleﬁﬂaa%wﬁshg‘? g’P Q))“'é‘t‘fﬁ% t‘?j%ﬂ%m%é?r er
conprising prior to taking- off a first layer (1) made

of a sem conductor material conprising gernmani um
t he 2reMethbc @epoidingidot the poddedimgnglame pghergir( de thermal

tregBAN oF HoP AGa1S GAREE S Tis? HETBrAta GRTRRGR o teen
32§@?Qind"@f?¥3 H&’rl E‘L‘i’éétaﬁ‘@él?rtwo(%@‘)ndl ng the donor

er to a host supplying energy so as to
weaken the donor wafer (10) at the |evel

3. Method according to any one of the preceding claims, wherein the
energy supply of step (¢} may lead to the disunion of the donor wafer (10) at
the level of the weakness zone (4) and thus to the taking-off of a layer (1’, 2)

comprising a part of the first layer (1').

4. Method according to the preceding claim, wherein after step (c), the
method further comprises a step of supplying a complementary energy
adapted to disunite the donor wafer (10} at the level of the weakness zone

(4),

- 5. Method according to the preceding claim, wherein the supply of

complementary energy is of thermal and/or mechanical form.
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of the vieakness zone (4); 10 wherein step (a) is
carried out by subjecting the donor wafer to a co-

i npl antation of at |east two different atonic species,
“and step (c) is carried o by perform ng a thernal
treatnment at a tenperature between 300C and 400C, for
a duration that can last up from 30 mnutes to four
hours. 15 2.. Method according to the preceding claim
wherein the thermal treatnent of step (c) is carried
“out @t !Vbeth@ﬁp@c@rdme tooapy ianed obdhevgwraceding Claims, 3¥Berein

ogiige ke 0 LR combiiSe<. ke el ol By 5SS ALfvdfor

s@@@"t@%tréﬁ@lfh'eﬁ tRE pohadg(c) may lead to the di suni on of
t he donor "wafer (10) at the 1evel of the weakness

zone (4) and thus to the taking-off of a layer (1', 2)

o AL A L e T o
cd-hplah@ionZst 185 [19ds BWoLiRRNaman®h beRsliin Ehahyakogen.

supplylng a conplenentary energy adapted to’'disunite
~the donor wafer (10) at the level of the weakness zone

(i VR ShBEG0E M S R O RDAR EEPE BhGR treoses
oftRiufRhnaHidesgere RAGHRIN SPHA tﬁ’éhefﬁ;mh&is@qfépresents 30%

according to any one of the preceding clains, wherein
toﬂé}"/bmétim tepal(dnse, and preferaidy 46¥ploi of thestasdl daser i ed

out by plasnma activation so as to strengthen the

bonding. 5 7. Method according to any one of the

pr ecedViBghael Q(bdﬁidlnpﬂﬁfﬁyfbﬁé‘@f tHE0 remhm@t dbires) Wherdirethe

(a) is a co-inplanfation of heli um and ydrogen 8.
!owmlm&reﬂ@@@mﬁsn@ugbnw%ﬁ&ebﬂlsuﬁ@nt obthel apmey, wager af the

tefdla BRERpakien 20T 45, BB AN B5IE B AoRERMGA Rus,

mé@é@ledct@ﬁ@oo A6roRE %fcﬁﬁ@hbbr%tﬂ@%phﬁ A% of the total

dose. Met hod according to any one of the preceding
“clains, wherein the |ow high frequencies roughnesses,

ot B DBl (S L pHBRE o gt SHHE) i

coMrising a step (d) adapted for treating the taken-off layer.

11. Method according to the preceding claim, wherein step (d)

comprises an etching operation of the taken-off layer.

12. Method according fo the preceding claim, wherein the etching

operation is carried out during a sacrificial oxidation of the taken-off layer.

13. Method according to claim 11, wherein the donor wafer (10)
comprises before take-off a second fayer (2) in"a material different-fromthat
of said first layer (1) and the etching operation is a selective etching of the

part of the first layer remaining after detachment with respect to said second

~layer.
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measured by 500 m crons profilometry/ 2*2(err)n2 AFM
10. Method according to any one of the preceding
claims, further conprising a step (d) adapted for

- treating the taken-off lay&b 20 11. Method according
to the preceding claim wherein step (d) conprises an
etching operation of the taken-off layer. 12. Method

acoor gt Bfkih D dRiRG o Al 3wl bRrdho gl cBiBatve

25 o durl ng a sacri

eteingaki sovrivitidl Ridaailsarofadtl lchstye Ipartléf thb’la‘tehtainlag qxardoﬁﬂwe
to claim1l, wherein the donor wafer

firplelayes i3 SREIeS PUR SQeA0IRITGAOW Matprial %mn%ﬁ! TERjaining part
13 first layer (1) and the
ﬂ%hﬁF%%%'ﬁg{ggﬁﬁqlggémég g%tlve et ching of the 30
part of the first layer remaining after det achment

with respect to said second layer. 25 14, Meth
accordiMethos ascréingdo amyeons Af mp%eair@eqﬂ@m& Jurther

ccvew%aérﬁ“#@@m%fﬁﬁ%%ééﬁ % PrychahF i dhed B ick sBEf beind
to renmove material fromsaid remaining part and

to s?rengt hen the bonding interface. 5 15. Mt hod
according to any one of the two preceding clains,

B0 0 ek Do Mol e

.f[réfelhi?ékd(ﬁ@ Aiziensf 3in,@aywitn e<sa#:1 the tivs eordi wgfetlcampsises a

wherein the first layer (1), 1s made of Sil-xGex with
segane jayaid2} ﬁ@d@@f@amﬁ&y skepfides a second |ayer

(2) made of elastically strained Si. 17. Method -

according to any one of clainms 1 to 15, wherein the

donoy7. M@th\oafﬁfcofdxﬁ% t€ @fproneasf laimsphos i Swastanaﬂm donor
made of bul k Si uffer structure

water §10) eefBPrigas acoRpPItsuRgiraie Naae;of (@ng 03 ) ber Saimcture
m§§§8f‘§.é@ygrﬂrst(ig&%r'r@%?m& ﬁwﬁsa?‘:l?_qgex x =b%anlf®f §Qbnd layer

accor 5, whereln the

(2] hagte of%rdimtesf(l) is made of Sil_xGex and the donor

waf er (10) conprises a second

18. Method according to any one of claims 1 to 15, wherein the first

layer (1) is made of Sis.,Gey and the donor wafer (10) comprises a second

| layer (2) made of strained Si and a third layer (3) made of SixGex on the

" second layer (2).

19. Method according to the preceding claim, wherein step (d)
comprises a selective eiching of the remaining part of the first layer (1) with

respect to the second layer (2).

20. Method according to any one of claims 16 to 20, wherein the donor
wafer (10) comprises a support substrate made of bulk Si, a buffer structure |
made of SiGe, and a multi-tayer structure alternatively comprising first layers "
(1A, 1B, 1C, 1D, 1E) of Si;4Gey (x#8) and second Iéyers (2A, 2B, 2C, 2D, 2E)
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| ayer (2) made of strained Si and a third [ayer (3)
made of Si1l xGex on the second layer (2). 19. Method
according to the preceding claim wherein step (d) 25

- conprises a selective etchidfy of the remaining part of

‘the first layer (1) with respect to the second | ayer
(2). 20. Method according to any one of clains 16 to

méfe oM@y BN %odémf be WBfeeto téﬂe@bf@%rél%ﬁﬁe@fré%@réame
substrate nade of bulk Si, a buffer structure 30 nade

. doforSvager (Hhd a nulti-layer structure alternatively

conprising first layers (1A 1B, 1C, ID, 1E) of
Sil xGex (x (err)0) and second layers (2A, 2B, 2C, 2D,

2E) 26 M@ﬁ‘%@l étfco‘i&h@'té‘ﬁﬁx%‘ne o?%laﬂr%st‘l% ié:ezﬁ*?uﬁhéﬁgdrﬁﬂfr%mg,

off several times.ffomthe sane donor wafer
privstthcdepdahritie igrmoaticangt heestefined &yes at @ depasit, temperature

of AR GROWRE b 1348 Faand ayernd Pl G Lhaep
tenperature of between around 450C (842F) and around
650C (1, 202F). 22. Method according to any one of the

pr ecBti higthociaesording ttheany ooepol shegyrecegng odtaires, siugper

copgPrigifer. Ao B Briten el Isainsa Sindfikn Ve RE e donor
wé?@ﬂ‘é*l@}?ahéﬁﬁror?ﬂﬂ@hb& %fél“(%') eﬁHer béﬁdilh%ibj?é'ub@h ﬂﬁng an
material, for exanple such or Six

_ ela@ncaslhpmsu@ttmg rin@tsnahéorr@qalme @ucb rasué‘ri@zt SizNmer SlxoyNz

preceding claimto the formation of a .

sem conduct or-on-insul ator structure such as a sSlI,

SGO23, Alpliehfelor Hie %o&faw@rwrgeto #re p@%aumgrtﬂym & the

on insulator structure (30) obtained after carrying
fozmatloan lof & semicendymiorcen-inspigtoastrugisye suchhas naesﬁdeGOI

o, claim1, and after renoving the contact

S@ﬁﬁﬁ @%@Lﬁtr%qu ayers (1', 2) with the renmining 20

part of the donor wafer (10 ), thi's structure having

I ovv/ hi gh frequencies surface roughness of |ess than
abow4. StRivendusiofeasineelataystpraanel Gidtabjaingdcaften masnying

ouA ch;foth)é gt%gr 3% ahg %f%f meaf;n tl%d alggom{gefo claim 1, and

after removmg the contact of the taken-off layers (1, 2) with the remaining
part of the donor wafer (10’), this structure having‘ low/high frequencies
surface roughness of less than about 30ARMS, as measured by profilometry

- 500 pm and AFM 10 x 10um?, in any place of the wafer.




