3 1 THERVAL TREATMENT OF A SEM CONDUCTOR LAYER 5 FI ELD
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 waler conpri sing bef ore taken
off a first Iayer made of a sem -conductor materia
conprising germanium the nmethod conprising the
foll owi ng successive steps. 10 (a) form ng a weakness
zone in the thickness of said first |layer conprising
ger mani um (b) bonﬁkﬁﬁﬂﬂhé1ﬁﬁﬁ%TMEhﬂer to a host
waf er; (c) supp aken the donor
waf er at the | ey S 3 e Ak, this energy
supply may lead to dlsunlte the taken off 15 | ayer
fromthe donor wafer at the |level of the weakness zone

5 Flah® ORUBHELINVERKEON f a | ayer conpri sing the renai ni ng

part_of the fist |ayer; t he taken-o
| ayefhe INY&EAKeRBIREP TP qft[lg&' r 9@ W@UE%/WBE'SIHQ a

la*é’ryt%'kﬁn%ﬂ ﬁ"gn]o{:u fdé)'nﬁ lrd (€ ¢h SBBRGr el 'cbndtbind bERR faken

ose s eart I'n particular, “detali

offmayfirst [dyewndade oﬁmysedmundmter matatlalhmmpafklngagtgmtamm
exanpl e the extract on pages

e rethRd ot MadPIowiet SIRESSNE FE85] ot or
10 @g'?ﬁlgnﬂgya w%%[(ﬁéésaioﬁeolﬁ'tﬁ \tfg ness Cs%‘itﬂfu%@!a‘a’e?ﬁompl%lng

i nge publi by "Kl uwer Academ c
Publgc—n;:tmenaJm Step (a) nay be carried out by sinple

| ant ati f a si.n tom c. species (for exanple.
o@BW&Fi tg‘)a (ﬁ}n%)welg ﬁ%ﬂt"ﬁf%npoflat I(east :(Won'p
i, e v s e s 1
't he wagakoiees zbaepthis epbagyt ®gphBhast lepd (tb)diafnitehibe taken off
: bondi ng .of the donor fer to the, host fer typi
15 takg%\’egl frqrp the dpRer gg{@@iéh%?evpﬂgf r?%‘?a qv‘ﬂg\ﬁrﬁjg
- undes gonRenf B%% ec%dﬁ%r@ﬂg?‘fHeoﬂémé?bﬁngﬁ%{qﬁoﬂﬁe%P%étng

Iayer made of ectric materi al
(d) treating the taken-off layer.

BACKGROUND OF THE INVENTION
- 20 This type of layer takmg -off is called Smari-Cut® and is known to

those skilled in the art. In 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 tot)lsl \_/LSI,
- second edition," by Jean-Pierre Celinge published by "Kluwer Academic

25  Publishers".
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.

30 _ 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 Waf er Bondi ng Sci ence and Technol ogy”

(QY Tong and U. Cosele, WIley Interscience

Publ i cati on, Johnson Wley and Sons, Inc.) to obtain

0 I r

TRSRALBAE RS i (b P P RCPENIARS) L o

SB@zthe | evel of the weakness zone. Th| s energy suppl y
t he i on t he

susc ible to |
| akeTBe T TondibG: Sritiveh & RiGHbr Uaad dby TReSE ity thy ar
mHﬂl@ie"Yﬁﬁz‘éf‘ﬁéﬁd@@]& e;;cglg?l ?fo‘ﬁf WeQ’ HBR' ﬁfe‘?fto ?ﬁ'@ﬁ%ument
her na o} ani ca orm ~nmay however
"Seroiessdugiot Vaef Bondingl Smeae&b iasd Tduhndicoyhi(QlY ﬂibng faed U.

t.aken-of f | ayer, ke |bIe|
GhSR ey IiRciansaePublton. B SRR Y18 angt Sens. e, to
oBtQinsmWP nﬁﬁmnconductor on insul ator structure Sed

or ne

such as an SO structure (in the case

of tlhestept(a); eaardyaiseprobigiedgin thedernofof didat droo)derSoGesdken
ched | ayer bei ng made of

th f the det
thééﬁmewegcaseatobedsa\?elcéfd e(Wﬁakwsca%réeo hig RN&IgY SLpely is
su%?é‘;t?t?]blggé !&({Iﬁgﬂﬁgﬁ%@@%@ﬁ{)ﬂlﬁgﬂl&ﬁgﬁdof@% 1‘;’1)!“ th@%lo‘ﬁ%? Gafer
at e kdvel oftheaveakneiseednsi | i con | ayer) or sS(]_ (| n t he

case of the taken- off er is de of strained .

sili B‘Pf)‘Pqu'@er&*ﬁﬁ’ PRy ehﬁﬁwtgwy ”otggﬂf‘ele%!‘cfﬁ%fne&ﬁ?@ical form,
mé}ﬁb@@g&?% ?ifﬁcé%}ﬁrg% @ﬁ‘B@ﬁb wesl' f’é@%F gb\grﬂlélﬁﬁ(frﬁbi; fﬁ@zftgt&éﬁ{-%ff
layery ahalthiis éo shakec pussablenlts tetazhiniead endnivéedfey odtoethteohost

the fact that the inplantation and the detachnment
waleleps have taken pl ace beforehand. In reference to

figw Eigl A rgsed“s%ﬁﬂ 0rBni ﬁgHia?dr%E&éthlfé:t égay Pe

shown hmati cal Ty (conpose ost vva

-forn’mderse:chtgs aheSOUetraclmeei (inather cdsebpf ﬂmdet&ﬁhedriayer being

[l | a its
megler ot ShiGaTon 030 A Pec2¥eor e gbfhchbolaRer biindomeis o
gefnRaMGH Qsﬂcbrﬁ‘),@tﬁ)l ﬁﬁ ¥d 2b5L ¢ tHEldtddhedBiayer being made of
germanium), SGOI (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). 7
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 (cbmposed 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 detached |ayer 1 conprises
a defective zone 1A this defective zone 1A conpri sing
exi sting crystalline defects and surface roughness.
The defective zone 1A typicdl |y has a thickness of
around 150 nmfor 5 an atom c inplantation of
hydrogen. Furthernore, the inplantation step may have

caus ¢tnayr sl wbkbRRdOhat tH;,)edé a}‘;ﬁﬁgltéyﬁig ne?ridr%%és% dbf&tive

det ached I ayer 1. Step ( t
Zﬁéﬁab%eiﬁ'ls d§tective zone Héx ebwpdsingendstivgy yrystaliirendefects and

S&El ? ctive zone 1A, and thus recuperate at | east
%% etsﬁe sound zone 1 B of the |ayer taken 1.

For exanmdféetiviel zdrie I
pol i shi ng or’ CShZem cgﬂ-%%lgélﬁaﬁ%cgﬁﬁpol 'S 81‘ gr% EE/FJ)SO pm for
aglatemitineplamtetisu of bydrogenghness, and/ or sacr| ficial

oxi d n steps, of t efective z
Oxer FHHBPrOER T bt " SehaBrk DAV Ginse paedyction of
trﬁet@psmmnrq@nwgoftﬂaéo(et&h%e% r@ns of oxidation of the

def ective zoné and removal of the oxide |ayer thus

f or rrStﬁPo;(d): ifefrrihmﬂrmtmlenhgaf( ther deisthattdapsr Usiingtherefore
stration, such a

oric aci
nqtieabt BDeehalh his: ShauE) rom 1 Ak Miso Gatats ot loast
pasBePl’/ Sm3%bhe 1B‘o¥\4?feQE¥é’rt§kér?H”ed silicon layer is
detached 20 from a donor wafer conprising a SiGe
buf fleer ¢xaaple, Stlemqsabbfe:dmsnsetmedianM| pafishirg or chemical-

- mbBRARACh RS RIS chireingl e “Biseengaddhingss: racior

saeufiEiar oXidyifin Sépsefiit @éfg?;ML ﬁg?e 1Rol i shing the SiGe

then sel ective etch| n Ce With respect to the

st r &yheacrificial meiaéleh,eome elassically ngdemstandssaistep comprising
red layer wth

articular .to Ial Ll'y.the 25 desj
thg O IICHE T TR0 the defactive spneandhauteTre 1 e gxide

ol i shing were used ver
sed |n this step (d) nay in certain cases lead to at

| t tach bl errs_of bondi ,
e o BB Ol RE Carh il 555 Raetbgd i) dexchbendn the

dotth@ e &JB Z004/E53277Y rﬁ’fwlﬁ&ﬁpa (sf’r)anf@%ly sfﬁ@oh r]a}‘?é’?rr I @iRhed

cause de-lam nation at the edge of ng | ayer,
froghiac Honer M@feFSQS’WlsmgkatS@el duffer !av&rr éStep () insistdyof
ma%ﬂveg %Ihé ﬁip‘l’ tztapc?n Si|t1 rtH blffer” [aef/%tregnd step (d) comprises the
removal of the part detached from the buffer layer by means of surface
polishing the SiGe then selective etching of the SiGe with respect to the

strained Si. The selective efching 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 to at least partial detachment problems of the bonding interface

- (bonding carried out in step (b). Indeed, the chemical efching of step (d) may
‘in particular cause de-lamination at the edge of the bonding layer, which is to

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 6 HF treatnment 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 treatdent (HAc being the
abbreviation of acetic acid) on a SGJ structure
(Strained Silicon on Silicon Germanium On I nsul ator);

e iRl Rece, PRSI, PuheBhed e Yol

of At cqud of ke FHoMMINREIAE real@yaitiCeI® bBid B aBHRAABN of

woul d be to dilute the etching solution considerably
agetie pald) iansa £EPbstricurgaSteined Silisomonodilicar wevmeanium On

b Bt b RSt A SHE: bpinArs RO Ebe Riched

uBder frizadirdine] Befped is slightly 10 slowed down.
Mor eover, this chem cal etching requires prior

pr epénaaftainawe th@é coslir bacavisagbe tetaykemdme ips st Ipyoblem

wlel bE fo Mgtk RS SANISS baRSheBlvie LS aghigh js,casier

foCasITant H@ﬂret/elolﬂ'né SSlutiorRistiot lsat SRR dUBit6 lﬂwéfé‘d:'t that it does
subsequently lead to etching that i's not 15
neiuiptallyi issolve thendryameatiompiieneind thet dhemethod is slightly
ing defects or holes in_ the remaining | ayer,
sl{))wgﬁad c? |l ead to the free face of the final product

bei Ngordsvegh thlEUéﬁé]ﬁchPre@chﬁ%"%eﬁb?é@%robréﬁ%frﬁﬁrﬁ df Nthe
t he whol e thi ckness of aken-of f° I ayer (and not

- susidce tprba gighedli ritely carnedrfwtctem:meaearz!@wa;olisbln@l rsgans.

in ek $46ng R BRopoRREIT ARkl Bdredfihan g the

mafkerdugBneposivhidat @@Lﬁlﬂeﬁlﬁbé‘dq’&bﬁbzi/ neagt ’@)IO etshing aBates | not
as the entire sanpling nethod npl ex and
sugficiently hem&nee@%ﬁa d(eb/oﬁmt:re@te maéwsm def@@t%@r hples in

s god PG AR PR RS S 15 SYRE5EL B Eocin

ro@g%;ﬁn lar to those encountered when perform' ng an
ching operation during a sacrificial oxidation, in
par fusiieamoss, thenpresagce of dafeeisrig mahwh@gehhmmyssjl@é the

o AP L RS o S SBEEL HRAFS o

likélyt@ichose ahheh&negenédsus etching.

But successive actions of polishing and chemical etching make the
post-detachment 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 encountered when a
selective etching is performed are relatively similar to those encountered
when performing an etching operation during a sacrificial oxidation, in

particular as concerns the etching inhomogeneity due to a supeificial

- 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.



30 cost and the nunber of treatnment 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 create a structure, such as a
Sed sem conductor on insulator structure, by taking
off a layer in a sem conductor material conprising
Germani um such as in particular a SiGe layer. Athird
purpose is to create such asstructure froma taken-off
| ayer of better quality. A fourth purpose of the
invention is to reduce the quantity of nmateri al

vast/ededdiRMpirh8sd bNthetiRGerdtRinas T@Efedt@)éeé'trucﬁ!ré Sudn aga §~e0|

purpose of the invention is to propose a sinple net
sepnicendugiornen inswatoristruclyred, bajaking lofit a dayerdasa Isgtieonductor

moRel QA CRRRRD R hheS PR R B ST 1o o

f| rsﬁ thishbeatpask ishie preetesuch rvstitictars ficheetdken-off layer of
rowdda method form ng a structure conprising a
tﬁ{/' Y]at is taken-of f froma donor wafer, the donor

waf e f(ﬁﬁﬂ"prﬁjdé.g OF e iventigiid g0 Qfef:iu@e fihes %Iuahﬁt){/eéf material
made of a sem conductor material conprising

wastedriwhp tieating thesiekea-offidayen sing the fol lowing st eps
f
ggl) 5 ?ﬁﬁ@ﬁ#ﬂ%ﬁe%‘ tﬁe%ﬁglﬁﬁs f@g?o%neb%gww% gﬁ?ﬁ treating

thel taken-ofblbger ﬁhat aarlneasllyvmf mordmateUOMI thg entime slanpling Smart-
fer to.a host wafer; (c) supplying energy so as to
é%%%n}% CEonor wafer at the |level of the weakness
zone; wherein step (a) is carried out by subjecting
the donor waf er to a _co- inplantation of at |east two
s, and step (c) is carried out

e R hE O, ﬁfSZ%SEE&’f of 2P RRP, Pl RN fided o

maipod fommisg aristrutieise toonfpmsmgwaulager tmatasaapd;moﬁ from a donor

R T8 Sl RBP4 A0S oA Tk BB iy a sem
cofid)ctbrsm@edrial @Bmprikingt gérniRmRar ﬂ@ﬁ@tmmﬁﬁﬁng the following
steps:
“(a) formation of a weakness zone in the thickness of said first 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;
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 treatment at a temperature between 300°C and 400°C, for
a duration that can last up from 30 minutes to four hours.
fn example embodiments, other possible characteristics of the method
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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bet ween 325C and 375C during substantially two hours;
6 the energy supply of step (c) may lead to the

di suni on of the donor wafer at the | evel of the
weakness zone and thus to the taking-off of a |layer
conprising a part of the first layer; after step (c),
the nmethod further conprises a step of supplying a 5

conpl eqeeBhargy g@wa §fé®p(‘c§@|néyple‘éﬂst6%b%§ﬁ}§¥oﬁ’%%e donor

waf er at the’l wedkness zone; - the supply
Wafercairtbeéﬂmltairtbe e\makggzss gond antidhuslto freitaking-off of a layer

nmechani ca n before step (b), the method
CeTPHREPR acgﬂ%pf&\gﬂrsfala ®lep carried out by 10 plasma

act i vakbpat S t
co-i npl aﬁ?aefﬁpga mé)é’?ég’g §r*ﬂfé§ %&@oﬁfgn%:ag%{ag o Q.ﬁ)é)flytng @
cmpﬁeumraaw ensrdy adepted-totdiminitedbs dofioh eAarfemtathel level of the

% en are chosen so that the helium dose
"$30% to 70% of the total dose, and

pr Ef-eﬂhéwdbp‘fﬂgc{? ESnBRMRta Je'?neﬁ'%&e ist &t brrﬁglseﬁﬁd/or Hé%Pamcai

| ow high f uenci es roug ness after disunion o
fothe donor wager at the level of the weakness zone,

| RS/ 30, A RS ed b
206 it Sy Panaethpe Tueh Bhﬁowemses 4 Breitiad ot by
pladthh %%fivétﬂﬂpéé 88% ﬁréﬁ%ﬁeﬁ @He d for treating the

20 taken-off |ayer Tises an etching
oper—athleonoﬂﬂplah&ttoakeﬁwswpf (a)aya co-mpﬁmietlorrmoigwehum and
h a%ratlon Is carried out during a sacrificial
%ition of the taken-off | ayer; - the donor wafer

conprihgegodaf 8f Bekideartf Ex&oﬁéﬁoﬁ‘é ERYRIn 58 that &R helium

material different fromt of said first |ayer and
dosaeeprteshnty30ihdoatlfe of the wtalgisisec and @refecaiing 04 ta 6% of
rt Ic?f the first layer remaining after detachment
YA q‘sf?spect to said second | ayer; before said

sel e%ewsmﬁirgnIfﬂ@ueﬁo@@%ubhﬁé@ées%f@atdu@urh;sﬁ dHtthbeddror

a part of e remaining part of the first layer is
wager rateﬂ?ﬁ)LEV%deaﬁ'let weaknese 2oneerdral lower than around 15 A
RMS/30 A RMS, measured by 500 microns profilometry/ 2*2um? AFM;

- the method further comprises a step (d) adapted for treating the
taken-off layer;

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

- the etching operation is carried out during a sactificial 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 etching 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 to thick said second layer; .



30 fromsaid remaining part and to strengthen the

bondi ng interface; - the nethod further conpri ses,

after step (d), a crystalline growmh adapted to thick
said second layer; 7 - the first layer is nade of
Sii_xGx wth 0O<x-<l and the donor wafer conprises a
second | ayer nmade of elastically strained Si; - the

donor wafer conprises a support substrate nade of bulk
Si, a buffer structurezmade of SiGe, a first |ayer
conprisin 1 xGex (x 0 0) and a_second |ayer nade

of n’gt thei ﬂ%&l er is f']?é‘ef Pk g‘%ﬂ%e‘ﬁ"th‘ Dsedeand thp1demasxwafer

oishiseBe SiRpak |é(1j\@é |é§ti%:%uﬂatré%g . | ayer made of

stral ned Si ayer 11 _xGex on the
seconte daper wafer@perwr(saax acmmmorm&)suamemdemf@um 8h |artg.1ffer

f the fir.st erW|t
st Inb TS BiGH, B Rt BSmhhiRh, St annmt D Ag B Seoond
lagarppadd ofssthinedBe nade of bulk Si, a buffer structure
i -layer structure

made of Si Ge, and a
al tertﬁﬁt ir\?g?iyeédﬁﬂf‘ﬁgurfﬁ $in-xGex aﬂﬁy@ﬁsdﬁ?or%ﬂf@f@mpr'%s a
seﬁ%ﬁ@)la@?%%@é%fdsﬂﬁb(@d %lnﬁﬂﬁ 2Othirett I bf“?ﬁacﬁe of I, e ! 8n the

to take off several tines romt sane déno
seﬁamcélayer t he rret hod further conprises, prior to step

. 0 f ' ayer _.at a d It
o ST (DA, Lelelve HORDEF i ailing b AT B RIS o
Ia%%h(résﬁm%mesédmdnayémd further conprises, prior
t e step of formng . a ,bonding |ayer on the
" dono PR wileT GMBASERE SEBOT Rbaria Hads GBS @ buftr
strletifs mdeRNBI S’3d) hrdiNa %Lﬂﬁ-‘légeﬁ; %'trhﬁtdré‘ %?{ge(@dlt\ilgély_r' %he Hsilg first

for exangl e such as Si .
layexsa /b Pb«Seh O hhamndssensar laxerpmadejef slnainpSicsa asto bk able
to Fﬁ(@ o?laééi/ermﬁ‘lli&dfr% tﬁg 5%%%0%?%‘:’&# ure, for the

ormati on of a sem conductor-on-1nsulator structure

such He mellSdd GG, cBnhiidds, prioBad step r(ay; tthecformiBton of the
ovi de a seni conductor

nbod Kk
StRRETaTe A S AepBPl, R PBRtalHRc BPHEEnCAPUDR Pt (P and

arqiindtéBo st@po2lr),, (b) and (c) of the nethod of the
above, and after renovi ng the contact of the taken off

| aye,tlge wnethog Harther comprises, prior to step (b), a step of forming 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,, SisN4 or
SixOyN,.

The example embodiments seek to provide an application of the said
method of forming a structure, for the formation of a semiconductor-on-insulator
structure such as a sSI, SGOI, SiGeOl or GeOl structure.

The example embodiments seek to provide a semiconductor on insulator
structure obtained after carrying out all of the steps (a), (b) and (c) of the method
of the above, 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

um and AFM 10 x 10um?, in any place of the wafer.
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remai ning part of the donor wafer, this structure

havi ng | ow hi gh frequencies surface roughness of |ess
than about 30ARMS, as neasuped by profilometry 500 pm
and AFM 10 x 10pn2, in any pPlace of the wafer. 8

BRI EF DESCRI PTI ON OF THE FI GURES O her

characteristics, ains and advantages of the invention.

vvi Il become clear upon reading the follow ng detailed
' ation of preferred nethods

‘-utrlctlve exanpl es and
rmdeomlerr Efa%“ﬂér% e, tahﬁsa H@n?ﬂ?\% YFBiHA M@rﬁf& wil
Figure 1 shows a di ag ranna ical cros sectlon of a

bseomeonkact upomnreadngl taEOrfolBiwmgt detzilebt dieseriptait eu*f the
met hod according

li f S
aéﬁﬂ%aggﬁ of G %2@% @%ﬁh@%t@faﬁg giyqjurly washdifs nanzfe%télgtwe
e)?:ﬁﬁ leQRl bﬁé\’n?rgf@l‘eﬂ 41O, %%Q%/ure ag ?agﬁén!ed ichf a

conduct or on 1 nsu ator S
appl frigate drshowfs 4 bagrarhimaticalf crobe secticandi aBenficgnduetor on

. 3 o0 3e show ia ramatically the different steps of
inslafc oo PEE" o, afier e B PlieRtars O & GeRRI-EUT® method

acgBRRL % Bb SalWEholiBliffigus Ng 15 Smart- Qut(1).
Figures 4a an agrarrmatlcally a first
var iFdgitirea@c ehdwe ga twoss reectionainvieon .obfaigad eby 5&EMn ty5Sthe

w diagranmatically a second vari ant acc in 0 .
appﬂ%anw ﬁ?@#pongiyo{qr@urles@atqna&@ﬁtﬁ%@t@'ﬁég ;ﬂ?‘@&%ﬁeﬁcaﬁm
f; n a structure for which a post’
Ofﬁ%ﬁﬁt%dncpts @%ﬁlgférfhrdenat ment at 600C has been carried
out FiddiE@al BECIODBSCEhE&W | @Ngﬁ?nﬁidﬂcalWElhﬁ'ldirﬂe@nanﬁbps off a

di_nents of . ne h ds according to the invention are,
mSEoqadF o f

Pbl@lﬂerﬁé?rb U qettiuchyesUNPEIRg GhaY&E d3fen Hging
@ nvention, based on |ayers taking-off using
Srrart- ut (r)- conprising germanium such as SiGe
| ay €igures dta efd dbnstev didgrammnesticRly tzofii3e varisnisheoundimg to
first nmethod of taking-off a first layer 1 in
thegnyesl. (where x e[0;1j) and a second | ayer 2 of

el aﬁdu?é'é 5% and 5b show diagrammatically a second variant according

to the invention.
Figure 6 iliustrates 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 methods 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. _
In reference to figures 3a to 3e, is shown a first method of taking-off a

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

according to the invention.
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30 strained Si froma donor wafer 10, to transfer them

"to a host wafer 20 accordi ng to the invention. 9 In

reference to figure 3a, a dgnor wafer 10, conprising

the first layer 1 made of Si¥l_xGex and the second

| ayer 2 of elastically strained Si, is illustrated.

Classically, a donor wafer 10 including Si 1 xGex

corrprlns*emrand:mtdd" igire Ja, audisior ma$e151®moMbri‘afhg£ﬁfe freeRyer 1
for exanpl e by crystalllne row h a )

TE?‘F'%C ursé1 )@rexsn& tSG@(PmM{?nyaanwi%ﬁtlcallﬁﬁraem&d Si, is

ihAY@fsy | n particular, the latter nay have a gradual

evol Ution in thickness inits conmposition of GCe,

star thasgs:c[:alkymaO%mbr wherbid MCﬁJdlﬁng‘ﬁtx%Q:dnﬁ}yr@éest@l?ufk Si

ound 00x0 the level of the interface wth
SPf’?E%tel pRs @?e@ﬁprf&@eior(@&ar@mlgobypceaséa‘llm growth a
i ést S8 It AT PRSPy PBEE W i
theniaﬁlel n)é(y?eb{ave hrgradidalresolutiondn thiblendasamiif cﬁj‘m;ﬁmlon of Ge,
secon r- 2is carried out in situ, directl

Sf@&ﬁ'ﬂg 9%& "Zrﬁfahetb% $iovubstratmieye! torasoand éﬂOx%y@rthqiewahof
the ﬁfﬂﬁq tfl??t Ia?ép\f\'trﬂa ée F():ﬁ‘lg %feég(ﬁ %f:(%)ﬁefgfabig being

carri ed out a er a

formed yrdrastalliot grbwth)nderl yi ng adaptation layer 2, for
The second | ayer 2 nade of

I b hi
& R sBa0hs Aee S St St Rorrany DRt ARt iaer Ao Gen.

Ry 8 PTGl CERRRLA I Dby

in sidritinoaticonif he efdrmatidrh of 386 dinst lagyen. 2n iz5 sk case, the
obI |g g}ea%%éhe first layer 1 to increase its nom nal
E ¥\ layendis cairisgrw adter iadight siepent pesperation of

| thé h@irfé?fe oS8! BLBSHESLAARAN TS, 1R, RRERER, b Qe

internal elastic ensi ons
pofishinga quite thin second layer 2: if the layer is too

t hi cllé_‘ t hi ckelr h%n a . critical equilibriumthickness,
woul QSRR laYBr 2dNgdadl ofi I%ﬁdwa@ta@ﬁpaﬁiw fpRNEH &Y GRitaxY

sl FAORNSGL NS a0 B RAchEVAb: CRREBRRIIC ) pnc

MalcecufhleBedmcIEplbaﬁy (MBE) feetinittiegh mobility Si and Ge
"Sem conduct or

Sci CHESIRERARNtBEpe. n 150 650 481 2,13 aw) opiacchby he fis

~layer 1 to -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 necessafy to form a quite thin second layer 2: if the layer
is too thick, thicker than a critical equilib-rium 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) 1515-1549) 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 to form such a second strained
layer 2 having a more important th.iCkness (the critical balance thitkness is
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details on this subject. 30 However, in the particul ar
case of a deposit of strained naterial at a
sufficiently IOM/tenperaturﬁ; is possible to form
such a second strained 2 havi'-ng a nore

i mportant thickness (the crltlcal bal ance thickness is
10 indeed linked to the deposit tenperature: it is

ingleledt ifnkeddpethe mepasitrtemperatae: idepalbite more anpbednoas the
In reference to figure 3b, a

t l.owt 1
d%@%ﬁ'\é\,@?g%ﬁr@&léﬂ HREWSFIH®Id i n the donor wafer 10
undey, m%&?&ﬁo@etosﬁ@%dsﬁ ay ea%negé‘ ARA6L Gk f8itned in the

i mpl antation orrre order to
dowzkwmates 1f)aum:lerneame§hemecbne@jewf2 thlneparﬁculaat ahagpilartation

made of .Sii xGex (as jt is shown in figuyre 3b). This
eSO BN TS Rl NB M ADERRZADF o 15 TGRS of the
0 t F are chosen so
e B e fas O R 8, °0F Frogi 1y
ar e s ewmkra.‘ts Zcma d isaiotined| ay Jmplaatai@hanﬁemmic species

det erm ni n | antation of atomic types

%%ﬁ%@?%%ﬂesg'a SEIheRTHY S° ReSULP %@@hﬁg@pmta}wn
arﬂp@@e’?oﬁﬁagm%rb%\é%m%e& he weakness zone 4 after

det achnent act, the extent of the

postfn d:arhaﬂae rthesparbacdersodgienaiding she amplamtatiore af séshic
as

i ARSI b S e e A AR e o
the Ré(/%nbr b wfe%ﬁné&)k@ﬁ‘é atdan cfgtaéﬁrﬁ?ﬁtc Ir?ﬂftﬁ £ &denfof the

co-i npl ant ation of atomi c species
poshpétachatend rsuoface prougbnesd lig/ padiallyl esstedt bp tblef;ﬁa&emzﬁters

t | t h f |
Aol 1ie SOOI oot ety e SURETURNGY S8f.gon or
anotr'ﬂﬁé é(%cﬁgﬁigzpﬁg(nee}ﬁ\%@%gbﬁﬁ Fgﬂﬁ 2887 of'a [& sfeRes is

a co-inp as in
a maa'epl\aetiatlomof bmmlchmem((lesstheanqalaintahorgelﬁepahd:mally, at

h f npl
oo b G Akt SRS SUeh 88 T8 PrATBRiB R co o g tio of
hydﬂe?eht RéJurd opgﬂ_soq Sﬁéﬁ&hgﬁﬁr? rg%%%%%hé%?bfeo%t%“ga

ai ned when 1nplantation of Ya sinple

of etheunase diyalicogemplartstianethti apisichet dasria fatt bbserved
for .th

vant ages of co-inplantatiq vvs
thaf Shs RERTRSS ZoR%: 4% orBe el BinteT dharmi i Rissee e ¢ Simple
,mpqgnﬂaﬂgh_ant ed species

The recourse to co-implantation will especially 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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| ower than the dose to be used when a single species

is inplanted. The total dose in co-inplantation thus
typically represents 1/3 of_ fhe single species

i npl antati on dose. 30 The eh rgy of the inplantation

I's chosen so as to have an inplantation depth

nei ghbouring that of the depth of the first |ayer 1.

11 Thus for aace-omplapiatiohawitbnheliurh dfelaraimdofl. 80 '8lend and

R LA SRS Bl SeLREsR %0 A e ot o
oGk WAOTR AP B o B Ot BPATLOLRER rquna a00

tthe00 nenametiegdr ogen doses are chosen so that the

hel i ym do represents 30%to 70% of the total dose,
and t%e P@@mﬁpakﬂm'h UBL&4S fNydFREaN Hapesigse chppen so that

' 0 i t 0

R o g B8R T g oo S B e g plEieRibl
4dnderihef tireetotal-dosel ant ation is carried 10 out. The
host, waf.er 20 y be _made of bul k Si_or other .

mat el Eﬁf%f.en@?ifg%%e Bhe i RRNARE staroaf 8thgst wafeoRBiwith the
] o ’ ; Ceing .S 0.
SHEYINTRErRE RS M AorsBnb NE A BHOH 1SR
outespective surfaces to be bonded. In the case this _
er_ h to be 15 formed onto the donor

bondi ng, | C ]
waf erh,eg'i* \alenop MRy br awpderfitsilinSi AT ethes AtatRIBay er
) . - der ) . L
or { h" 2 1EP RAbntadn S @ hOndKE 18V Mol BL Souftd 2 as
a ¢ayes ecreptisingi BiQheSiEhy, s8ixOgyeronl onBr and/ot dhbr bihegr g the

t he .host fer 20 |nt ontact with the donor wafer
feﬁFaﬁect'ngFé"%Pf 4@2‘%6 bengedban @&#@ﬁ%?@p%m Igyer has to be
TorRP B the Bomst AR eRRRue e ARG onding layer
mayzbee? deplosit 'm;srcmrctg i\h:ﬂ'? hmy?jde@rigthastiﬁnf of‘rmt()a bﬂfﬁins in the

fi rried, qut. nmol ecul ar, - si on, ein
segpid lavbr BaranyctGiien épn%wq%ﬁ%ﬁm fit ayeéaih. of the

t wopsidf (R BRsgihg the ho?ﬂﬂ??e‘i‘ 204Atd oﬁtﬁc@m?h@og%&l WafkP 10,

use plasma activation of one or bot
the surfaces to be bonded may possibly be prepared, using known surface

cleaning and pb!ishing 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 particular fo 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 guality of the

bonding.
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bondi ng surfaces just before bonding. A plasma
activation permts in particular to create handling
bonds, for exanple on an oxide surface, on the
surface(s) to be treated, afd therefore increase the
bondi ng forces to be nade and reduce the nunber of
defects at 30 the bonding interface 6, as well as

t hei rSuahf Btrengtbemmgt bé tiy abartdingfintekface b@nnlslllnglsolﬂave the
qQf the bonding interface 6 wll

uch, str r% n| n
a3VaRa HeraT @h'a@@lafnteﬁmwe el Rgistanido chemical
a'ttﬁb@é f:%ﬁ?la‘f@rcél 8 use Whl%ffﬁﬁﬂﬁé@lﬁ?% eeé’ithr@ﬁé er taken

fromlater et c
offhéon mﬁtﬂndeaﬁemng af $elettbre eftht apmet;durorr@ %cﬁﬁd:lebbki\det:on
i on sacrificial oxidation 5 operatiogn)

era
Oaﬁ '5’05; &vaid H&fﬁr@iﬁab@wr@h@%& at Hbeeagees 49 previously
sl [ YedrY R f
CBERENS Nt SRS DoIPY VB SGling OB Rt
ap[armlmalﬂei}m StHm2pl asma actlvatl on can be used so that
int ter bondi ntg\'f and after taking-off, the

bonthBa&'ﬁé'lagﬁy hes plgsana eFlivalion ean bguased $0 that in the end,
exan(‘gTH Fraﬁérjn)ég%r ?arl]ir{ggﬁ tﬂ@%sodﬂgﬂ'@gww t??re%géﬁhgﬁgwe ual
toeapm&xamaely@ $dénduch as 02. The plasma activation can

ally be carrjed oyt at ambient  tenperature,
beI o %Blvé\saa@ FRYePS obtrred Teexasepipframian m@etrgﬁw@ch as

f t t f t
A ST i R AP Ind 8B HEn RN From the firet

Si GelHeaymasinat activationecand tgpicallynase Startieyebut at ambient
usion starts becomn

|1 ki
te"& enetird? % 5’\5 %%PI n%ﬁ%ﬁ@@sc ofhe wee ﬁfeﬂ“@‘hl%bﬂi%@ herefore
|
alé@Mﬁé $hé %'E:!vg?‘féﬁg?h gﬁ’ﬁﬁg@‘?@ﬁe‘g@ Hﬁt%ﬁiei gr\’b?)'l % gzl Ffﬁéﬁw Ge

0C or nor
frcme thye ficsit S{Getlaynrdatd thel sssont mlneZIOSIda?eMQeuteﬁally'B@Eakmg

rrent us 1 be for exanpl e standard plasnma
Geegbiﬁ}ps etzﬁﬁ@mm@ns'quécaiat@ e fhigkngss qub@gwawhbourmg
b 8o i ed
lay%ﬁ%gér'r Tﬁé né%)art%S 8@? )gzac I'n org’zcr"s':hgpé aken
t heTﬁertb:rahm ef tlai plasmd swaimarit is herywgaikkeigpicatindess 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 (c) 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
length) of this energy supply (hereafter said “weakening thermal treatment”)

~can in particular, but not necessarily, lead 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 ali at least lower than a limit temperature

from which the Ge diffusion in the neighbouring layers becomes prejudicial.



10

15

20

25

30

25 It has to be noted that the thermal budget

(typically tenperature and | ength) of this energy

supply (hereafter said "weakening thermal treatnent")
can in particular, but not 'h%cessarily, lead to the

di sunion of the taken-off |ayer fromthe donor wafer

at the | evel of the weakness zone. The weakeni ng

t her mlrefarentarentiigute Bupis shbwnaAErdisshifilg saép f tBE donor
tenperature | ower than 800C, but all at |east |ower
waian 16 intorg firgt dxaple t Qitaaneprising mramaindartd toe fust lbyer dhand

BB SR LB B REATRR ISP B P

reference

setorichaydppor wafer 10 into a first part 10' conpri sing
a remainder of the first layer 1" and into a second
par t As@iegsymentinedmbayenibis gisupiopfcantke perfemmedinanks to

Gy Pen R s SR R s BBR Y arice 10 the

~ ener gywevep!wher tHé&é’i@?'S@Ble)ﬂtﬁk?O\{ééﬁkehfn@alhgﬁﬁél-treatrnent
i .

_ However, when the energy supply e weakeni ng
istned isvificientdadeachto thegdisnion,hisi lgitentan belogaded out ihenks to

kP Subht S SRRCUSP ISR oS ot

conpt el . tal
mebleamaa! fameh) euffidlertelehadisealat fies Mves Wifthel waikrieds zone 4,
cause, at the level of the weakness zone 4, thermal

thermakeiedn anibegdasesus typpe snelrseddaere: prusing s ruigure of

W%é]g"ﬁ%oture of weak |inks. Generally speaking,
Isuniting may be obtained at tenperatures of between
ar ouBEn &AM sprd kgD WL RICMY bEUSEtbIrES apempebdtigs of
| engt hs {1}%: V\hiocﬁigdepend on V\?Lt her the te ergture 'S

bete@er 3rPERgeiV0 engitthprenchBEAES for dHestionerofl waying) lengths

B 88 Qholbr P SRRk 1 BLASP gt e
(skbrtientibygth.t er disunion, in order to strengthen the

bondi ng interface 6. 20 In the case of this bondi ntg
st r &Rftonayin§r Heatenlacainerinof Hbe npjased aciivatindi a j thgrmal

vebphE LSRR By o AL T B3RP

bohdeatinwrfaged:hi eve the desired objectives, an in

particul ar a bondi ng energy sufficient to nmake the )
bondi Hif Fateert théiebending strengthening 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

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

energy greater than or equal to approximately 0.8 J/m?.
[n 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 T2 lower than or equal to approximately 800°C.
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resistant to chem cal attack fromlater etching, and
thus to avoid del am nation 25 problens on the edges,

as previously described. W Z3_:an thus conbine the two
treatnments to strengthen t h&* bondi ng interface 6 to
obtain a bonding energy greater than or equal to
approximately 0.8 J/ne. In any case, the heat

t r eatlreenperbtures s eagt forninstanckebbobeliwegni B66FC aged &00°C,

I S d ou at, a tenperature T2 chosen bel ow t he
”ﬂ%ﬁ%é’?%d 8\‘”&”% ByRinuies UpHPdpuR irge di f f uses

; ' gnﬁfh'lsﬁﬁé‘ﬁdhyg SHEA tthﬁl gh(hgr ik feﬁgrﬁebﬂr?arﬁﬁi rﬁgﬁﬂaul@?’%thout

The heat eat ntt

: thisnttmrm@oesﬁlctrse che rdzeded wiut (ﬂtnng & edtopraft SHEIfTAI | dttion,

t han equa pproxi mately 800C. 14 Te er ature
dyghg uit 'b% N Gy a&waefgfraaewgﬁa@@@ f Yo ermaipdgootihe first layer 1°
Thi
(BESHRSS0)44) B THIL BN RGRARE: o ovar o
theaoxide thas forwitetdmuttarrledh o8It Ualsmgh reeshsa, ahe \eicribidial oxidation

car i ed. ou ring a, step of sacrificial oxi dation, 5
Ha mﬁ@wﬁ% QQipelivei bh reinfarse ther baeedingt inferéace and to

p’?’?%%?‘??éedf%“a% T s i 1 S

t he Dhis deat reatrhemtnte dtiesgtheinrthe bodding isreastisihodt baseinert
t he gacrl ficial oxidation has thus for double

atPINSRREI], £SYCH Paiatt OF & Nnalpesriiaig) *hﬁtéﬁf%@sﬁlﬁdoﬁ glightly

o)&q,gﬁ?gd to the removal of at least a part of the
tive zone. 10 This heat treatnent to strengthen

t he Tﬁtmdpmig:am haatiisobsaived tharby wsing sueh anstep f @ondmg

é sanAr or N2 atnosphere) that is oxidising o

inteiiaghe By STaROIEIgy ITIRATIHIRT SN Hasi: FolPwsshenoeal co-
b ng interface 6

'mgt ren %% hg‘éﬁéﬁaﬁg’ﬁﬁ%’ﬁ% erﬁﬁ{é\ﬂél t is followed by a

co- -1&n iimpravdch crystalitee pualityeint thetn pafts dm%@d idaeing the
In thelr parts

roved rystalllne quality
'magﬁﬁgf&m @wﬁ e@%of a?rhaando%urcrrgqdvseﬂémar{trbreef@rence to
fightedte 3b) and during d| suniting (in reference to
f| gur’e 3d); a-snoothed surface, in particular for high
fr eqlaempotfmdgmm, (HpartRQlardophigdsBequency fougthegs (HF
roueg%%%gg).gr eater than approximately 0.8 J/nR2 (w t hout

- a'bonding energy greater than approximately 0.8 J/m? (without
plasma activation).

It has to 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 roughneés is

also significantly decreased when a co-implantation is performed rather than

the impiantation of a single species.
This is mainly due to the fact, already mentioned above, 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
of a single species, to reduce the thickness of the defective zone, which in
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pl asma activation). It has to be noted that the
decrease of the defective zone 1A thickness is nore
particul arly observed when the weakness zone is forned
by co- 25 inplantation. In {he sane way, the post

det achnment surface roughness is also significantly
decreased when a co-inplantation is perforned rather

pahtéoulart heakiespit griisaibied o abdace ioh Bigpifyetiee fnishifigStrestments
mai nly due to the fact, already nentioned above, that

'mﬁ@”ﬂ%}faﬂ aft%@tﬁithwtf bl Hhet SATSVaYs GedbIPlaakien alsenhas

SRR 5, AREAE A SHIS R P GETEATE, I essie 1o

fazﬂmp@rtaé ftmsmrh‘@tregmh@mgatl on of a single species, to
reduce the thickness of the defective zone, which in

15  pamaven! swchnakbending parsigiianing heatldatroents capl ridtybe

oY BB f OB Pl e RGeSy oggmal

trédiensrdy aatigeoof at 600T Moorder &hBesRgthvhited hahamgBlemce,
it possi bl e to facilitate the finishing treatrrents 5

P
theguesence. lrse @ thesyriage safralowt drnsityf neerest aadcinaitypes
Of%aét? @ qt be conpletely satisfactory. The Applicant has
not e in particular for thermal treatnents carried

out Ftieyo@PE deroptdsr défectd CERGIEMRN rhdiRlyDENthra8-dimensional
interface, - the presence, close to the surface, of a

zongw Qfdewidspssy in Htﬁ meterigl @angrweose @lpee‘.rouahlyd@r—ze:har@eterbls
B@?Ys-@é% SP68 %ﬁg[nyoﬂﬁé?ﬁé % 8?@&}3&% ﬁ@gfzgﬁ%\tﬁt ESH@E seems that

I rensi on Zzones

it :gataentecato #ebaiding sEeAGthehPigahdat ttemndh igally 4t500°C or
ut 3-4 nm The origin of the these defects is not
Goeeca ailR, adslition, tth%@@ﬁé Ing strengthening Beatreentt f@ﬁlﬂ@!é%“Z(%d in

R0 SLGBRSLTBBRERTRL B PR BT B e

' obsél‘\@ngttbmﬁjelﬂgtui‘é gpddient abgicn@veesf iheedufavel bf tHe Wafss for

in which the tenperature is not entirely uniform (one
exgmple AeiP0 BWe &t da@meterwatarather walgr @GF@WOS&WOH%\/@F@Q@IV in

theo?u ﬁgﬁeﬁ Yt Fr?aéﬁ b8ftn5{‘ﬂ1 Wgrs?r{)beqtf r%f o§ ﬁ atﬁ es?.{q'fagg] IF;}\O’E

homgehbeué uwhigh@osekta rapldpe té b@ﬂry bhEaﬁi leﬁdhr ndupérationf
def Ept on the surface is not honpgeneous, which poses

IBIre @ shpwsaiwg visis ehialbedn hEbbpsagdively on a scale of

_‘EOnm for the top view and of 2nm for the bottom view) of an intermediate

structure (intended to form a final sS| 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 locally modify etching and/or oxidation speeds during the finishing

~operations likely to be performed 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 layer.
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20 Figure 6 shows two views obtained by TEM
(respectively on a scale of 10nmfor the top view and
of 2nmfor the bottomview) of an internediate
structure (intended to forrf final sSl structure)

whi ch was subjected to such a post-disunion thernal
treatnent at 600C and in which pores are observed. But

t hesén erysittal pretentdat i

they are Ilkei?y 25 tgﬁﬁp%ggdrﬁﬁ%ﬂtgéﬁpgﬁg ?ﬂgﬁnﬁeﬁéts
ﬂzﬁ(Aaahc?am PEpresss taurarygouttibe faten Qﬁwegkempgﬁhennmiéreatment

bl &g TG EEN B hr bRt Bt tmiomgiure ranging

~ be®esn 800 ahaRiETEN et Erampl Qt a;ﬁ@%ﬁ%t@@' ?SG@YWB C),

aiming at carrying out a renoval mat er |

forpal lengtingof /iantaniging |lzﬁ’i\)veenmambroxmsatatynt3mmam:utes and
as, an over

d b 3
B Aol B TSP SBEBERS e oy
char@eteirsd, | i€ SwiPfhavieh Qeéﬁkﬁﬂn‘e‘i’itﬁob el -asl8 fdn%ﬁ@ﬁ 48" the

to prevent t he ap{Jearance of these pores and ot

thgenak bedgathisonplel e@wﬁraw@/mr@m) tsaic: weayenioy ﬂremmman
out _a

reB Ut M MR it EA0 The &8 R evercrafting HafaTHerS. | F'the

warlanRent
Sooe Oy ag et e dl SRy Tlo BRENRM BRECIY the

doapprwaieratielsypply of mwn@emwtarap@m@gynmﬁley thermal and/or

e 9 STy L SERERH, ka8 4 il
offlld:ﬁﬁﬂy eru@‘lng? fbﬁwer% efi Mlmeugﬂébr(%ﬂ@l)eper plication of a

nper at ure/ sai d weakeni ng treatne
me@amuqal deoher ¢inadbai of kapalised thiatingosé asyter inftiaten the

dert(Fi ¢ esfﬁt tﬂ% S\Gﬁllsthf T‘t{f’r‘ﬁ%ﬁ‘ Oq@\élg?zgﬁgh%g}t r F’%.gewr}f'P%gW'h@an

-auﬁﬂﬁﬁpa‘g@feﬁ‘f ForsfuBBby detaikompkesmiiafey t8NeAtEMNt aBBﬁt%r’uons

t her nal nd/ or nmechanical form can be carried out

PC@éﬁBQéO?W%QQQIHG]HFROGOQEShanmemHSM e of |ocal I y

or 1P PRBIAAST & el LBon BT SR aPRE S
fonliheaén g Shas é4sd Ahlileabs 4 hath%'é W@él@%ﬁﬁil\éméhtatr@%ugﬁ!y,

| evel of the weakneSs zone, detachnent which then c

suffigient teripjiiaipthaideteehment.t her details, one can refer to
402781

Dol 205 AL LCNL e RO EAAP AL ) BT R 02 B o
trestoRplt Yalloivse e tBY daRdest Frebafpi&htion, to limit the presence of

defects. ¢

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 treatment, post disunion, for strengthening the bonding interface or
for curing was performed.

| The Applicant thus carried out roughness measurements both low
frequencies (realized using the Dektak® profilometry tool of the corhpany
Veeco Instruments Inc, 500 pym of sweeping) and high frequencies (realized
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formcan in such a case figure be a rather weak

conpl enentary supply, 20 sufficient to initiate the
detachnent. The Applicant has indedd noted that the
recourse to such a weaken {ifeatment allows, in the

case of a co-inplantation, to limt the presence of e
defects. Results of roughnesses neasurenent on a SGO
byt swebping aM dutfak8%redboPD*Epm? eathr tHd peitt dtyar RBomic force
Applicant are presented hereafter and relate to the
miaioscepe AiMhakeni ng heat treatnent performed during

appr exd t erature "

subs anpﬁ %ﬁfﬁhé%%ﬂ%%gp%%ﬁ% aarﬁn&ﬁ%ss%dé%gwf%rﬁ%qt Mean

Snoaale'abviere@tvaiids, post di sunion, for strengthening
t he bondi g(g interface or for curing was performed. 30
The Kpps &allwing dableabyiway ehcomnagisnes onaealse deiemed the

rRRebSne hoAER Ut S, HeRRe S\ AR, BEARES Y rion
aftercdisbRionran S0 SEEMA8D Andtdy, WIdWiRg YRRBkSplantations or
realized 17 by sweeping a surface area of 2*2pnt

(r { > ar,
ceureRantatiopsi ard efthammaltteratmenbpes-disinien Soosengtgning the
o hese nmeasurenents are expressed in RVS
bd(?ﬁ%gé)%isféggné' Square") average values. 5 In the

—

NARkd B APl SRy WRY IN X 29N, e also_ .
A Aai k8w EliPhes | High feiliapeies
Rl g et sblu el ld™en o Tobeflgrors

"2)

500C during 30 mnutes, follow ng sinple inplantation

H enly irbiantatigmt at 1 ons, and a thermal treat ment
POy ji\EUN @1/ drpe strengthening the bonding at 600C.

Poﬁﬁlérsﬁm‘éh tl‘éé"t’ﬁg'ﬁ't"af‘”‘ at 1L:Jn tow cqucfixl:]i es—Hrgh
E&%ﬂﬁlﬂ%!ﬁﬁ,‘s ecoveriing rj%a)&!‘@\q%ﬂr Ougz ngiégf’ﬁwﬁess

o y—MApl-antation—30 keV [ cnd ion

treatnent at. 600C during.1h 18 A RVS 29,7 A RNVS

| He/H Co-Implantation

He: 56 keV- 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 A RMS 25,6 ARMS

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 resuits seem in p‘articular 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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He/ H Co- I npl antation He: 56 keV- 1.1016/cn2 H : 50
keV- 1.1016/cn2 Post-desunion treatnent at 600C
during 1 h 13 A RV5 25,6 A RVB Wakening treatnent at
'350 C during two hours 12 AIRVB 25,6 A RVB 10 This
tabl e shows that in the case of a co-inplantation, a
weakening thermal treatnent at 350C nmakes it possi bl e

to rqaek, tevedtachihchPparahmigingssEfedamstec8implantation, low
frequenm es equivalents with those observed for a
tgpecalieueskening dieatmentt mebed peesibicein, paricule toasduce

e at 350C,
5 (RHREEC D8 IBRE b 30 TERL % eiSRTpe. O asRoR "Bt to
rininiize eh@ eligate Youghnees) fLQﬁdBrtéUchScdrﬂﬂﬁﬁﬁd th@@-deﬁﬁ]ﬁ post-
in any place of the wafer (that is on the entirety of
defeehmieandipishing 9peredipny app (aaditatedo imparisulat; éhe\mm@rse to

h rti.cul ar.obtain
558 o920 obERHbh AR BR S 1 LGRS B
lirhitygpl cal |y around 350C) is likely to cause only 20 a
| ow anplitude tenperature gradient (in conparison with
t hatInolis@reres flor figutsi ghep SiGpOF astowatuter 63t nwith , GRo20%

Pﬁéfog@ﬁﬁ%%i bgamtogfégﬁ%gﬁ htfalh fur ng?gllowmg a Pranéf er o“? a

sif@le ilapraot ijO0Bey ) ﬂWvﬂﬁéFPQIﬁé‘Wéaﬂ«?é@%ﬁHé“%ésr fRHERNANnd
make it possible i'n particular to reduce

fowqw'@lrﬁewalsenmaéha@n@dfeat@eﬂb AL35Q €. shows a rt@«m -off émyes 1
ded f h
St elalr-aif A bl o BB AIR T SREC SRR 2

;omealtageﬂh@r omgmge@r@ef@feemfmﬂeht:@tt@% ufds BQ%'%L)” éévers a
the recourse to the use of an operafion of I i'shing

SiPpl ladar i S s bninpkidgs oveld few amstahne edefects| .amdt aery 1few

rol AL b0t ordn P ST R A st e of

fighed fowi ng a transfer of a 10 sinple layer of Sio,8
Geo, 2 in_which the weakness zone was forned, and

f ol K8 Wil 1a pastirdar eficendispmiportiasabetueendhe3bicknesshofibe
defoctitE $onal {a bLRAURS! taken-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 SiGeOl obtained according fo the invention than in the semiconductor-on-

insulator of the state of the art.
Returning fo 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’wit'h the taken-off layers 1' and 2, a 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 of the first

layer 1" has no pores or other defects, notably close to the surface.
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in Sio,8 Geo,2 (i.e. the equivalent of the said first

| ayer 1 and second |l ayer 2 joined together, discussed
before in reference to figures 3a to 3e), covers a
'Si2 layer 5 and includes vy few crystalline defects
and very few 15 roughnesses conpared to that of the
sem conduct or-on-insulator structure of figure 1. One

Wil | | thedasdd @Mrﬁéle&?tdaﬂ?w%'u%%ﬁfn%ﬁé’?ér‘Hﬁh%?dr}“ﬁe‘%ﬁbéfﬁfefhand,

t hi ckness of the defective zon A of the taken-o
betwesn the secendlayere? tamdf thguhestiwafed 20yatheofa SiBe/sSOIl or

n- of f er I in reference to figure 2. 20
e%?ﬂ}ss@ btadﬁﬁd'f or a sane taken-off |ayer
thi Clﬁ\nﬂﬁ§h|ﬂigf§ép fd Blentusdd RNErdvaUhe salphf hSudtilsshd few

zone | B is nmuch nore significant in p oportion In
rarhaingigceQistainedatattniat dhdi sugface, sheh iasy e iuse mﬂwalnemm:al

oo’ Bt ERMTG BINBIEHEREM B SRR B REa e 1aver wit
rdspeysior #itRer Softdieetbh rc,%‘-?rzé’tﬁoutzcﬁjr?r@ a 8AgrifidlalldBRPRAC e

to figure 3e, after w thdrawal of tHhe remaining part

of tFee mrahenioahpelishiy Measmuskd mmnttca&e vxmmlaahetchmg to
obt ai,n

£ 1
rebBiE tnd shirefs SodarthesilPof thiretormaounke 477 gifrS! Sl or
the hetchingRicid Mnisicnedlis], héd fnbf %{ecé@é@ﬂy %eedTﬂE)' Ee included.

structlre 30 has an i nproved crystalline quality and

Indeer ded lﬁ@i&;ﬁ@ﬁs’son wif tehcotimplanitaigomepsuresr a anu@0 smoother
rticular, the

sapﬁ%@i rﬁLH’t? EP%‘) b?ts li)]tg‘ﬁﬁ rg.'#fpi?/g?p!f B%QQ no pores or

ot helThede&GeS lafEHt ROy CHOSSH %et REnSHd ﬁF%fd%rgto bBtain a

the case of an eI ectri aI sul ating | ayer being

finpbpHed dwicture{aeel fighea ﬁeérit umﬁwwewmble dganake dnzl strlanaed
[sSA or Ge/sSA structure

S"ﬁcgn@évﬁﬁﬁgd'cgj,&e#h'ﬁk%rﬂ?ynﬁo p is then used to remove
t he 19 rabvé QMeNAaRsSs 1a8d di; ex]‘gex%él@é’tﬁr'ew N i€ £%§§Iﬁlé kP @ise

defects at the surface, such as the use of chem ca
selectine netchiog i st asing i fort haxampleewdk .65, GHsRDEH, i vBC1

(NGQRYAE2H:D) BBl I ANGTERGEC i 11 ol al o dati on.
The ATegleainifabf BRIURNUDY BBRRRENUERASIEE Und thd BSi may be
chem cal etching to reduce the surface roughness (and

obiairgdwih ML QRKEHL@QEHE f f er ent points of 10 the
el C{ﬂhg ?}g%aﬁe eonn%%lrﬁ'r)atto tﬁé)tt rﬂgce Sar'hé’s nee]dort Yhe

CH3000H/H202/HF such that the ratio HoO./HF is comprised between 1/1

(very concentrated) and 20/1.
The length of the etching is directly correlated with the speed of

etching. It is fypically around 5 minutes for 800A to be eftched with
CH3COOH/MH04/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, 1t 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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I ndeed the inplenentation of a co-inplantation ensures
a nmuch snoother sanpling surface than hat obtai ned by
sinple inplantation. The Si 1l xGex |ayer 1' nay
possibly be removed in ordef0to obtain a final sSO
structure (see figure 3a). It is then possible to nake
the strained 15 silicon of this structure thicker by

capi praxynt, Tuche BB Vitet AGad aelisel’ be%reﬁhﬂdﬁﬁ@éhamca[ Rollshing
selectlvely, it is possible to use selective etching

Me@ENgsi ng for exan‘pl e HF: H2O2: CH3COOH, SC1 -

o bl CABS PTL,Bb e e D Gto ARge e eSB! fader the
beidiag ngertddd ACHCREEY HR&hERt erf‘?é\% eﬁ‘@d@ﬁil? #kn be used to

concentration that - -may be chos or th

Sf@iﬂﬂhﬂﬁ pnding :ﬂuﬁiert mamamrhdalr Iay cmamgz:bmlenélmks

t t t
S maP iR i S dbening Seat v RPaSH DAL BE s At ete at
a télﬁ sieed of ov&%(ﬁ@hg%n th'éat th°eré Y@'n%arhbﬁé QfGé‘BF’Cfé in the

mnutes for 800A to bé etched
stmelige 3h @nddhahiﬁmlesmtaai ir@mfar&jntv hwra:mobjfemsrm‘ dnf@wsuon of Ge

. h h
(S B EE F P ERIRNA T b3 B el oE R BN a): he
non-REYs{HY, ”btéu%%e@ueﬁthét‘égnﬁsérybfélltrﬂéegﬁcﬁhﬁ nmgfffbé a\é@d’i for

1' and 30 2, it is possi t0 use ndore or |ess

exsapie MBor OMD eprtammg@ thiskerhieesesbnd dayerof atremﬁ 3|he

t t b I I he .di sad t

t hat eREynad) o Shrofraufant B AR niBnlelt ifaBfvE, ElfGures
4ab@ipaBharddomshREics alo aﬂhpﬁiwﬂnoma@ﬁmgléﬁ hffﬁ:tsﬂ%?@r Plof

one or nore bonding layers being buried under

Sibied thgnu aus@ﬁcﬁm:@y@r Zacheteined daitansha thiag Iayess3 bf ﬁu xGex

o 5 strren en, the bondi ng further :
thay 1€ iR elP 8F, e stoPHyBHER &1 She Woress Hane 5 oih fgrhed
ac@drﬁﬁi@ﬁfd‘wé' tﬁgerﬂﬁﬁi uﬁd@ﬁbﬁﬁ“ﬂxe%&oh@ Iﬁﬁ’ér@ g8 é’kﬁmbl@riﬁ the

a tenperature of over C, given that there is no
flrshdayersﬂee slecthee i eiching oétthacswx egOnanrtbenhbe tdeer after

herefore. no nmo e of diffusion o
seftb] i ofiedanGe e wRAF BeS Bapd:alibady ety sBeas o oreate
find9 @SB | ¥ira&ORY 80)(Strained Silicon On SiGe On Insulator structure,
as shown on figure 4b) with a first layer 1 of Si1Gex and a second layer 2 of

strained Si,
Optionally, it is possible to thicken the second Iayer 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), NH;OH (ammonium

| hydroxide), TMAH (tetramethyl 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 Siy.xGey
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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tagghtdndhe dyémmgnhld§8064/00§

10 Possibly, a subsequent step pf crystalline growth
may be used (for exanple MBE or CVD epitaxy) to

t hi cken the second | ayer of strained Si. According to
"a second variant of the inv&ntion, in reference to
figures 4a and 4b, the donor wafer 10 conprises prior
to taking off a first Iayer 1 of Sii_xGex, then a

oS5 Ol ) 549 DE B e DG Bb wor

tHnse v RKIAPSS2 Wit has blrelbukhf esh aeseadi ng to the
i.nvention underneath the second |ayer 2, for exanple

i n t hecordingio g dyiet V:&Flafﬁeﬂféb@|lmé9r‘é@6hlfh@f@1€nt3ﬁé0 figures 5a

o 8 e TR RSB R BBl v

sttuetateealtdérinatiVdly camprtingsirstuayasel B0 K, ST, 2 metk # Bi o, (X
On SiGe On Insulator structure, 20 as shown on figure

%)afwl sapoadripyers 428, 2C.51D. Rk ik siaingdBiaVéecandhus cary

{5 Sharior SRR Tor O 7 8% epb P e nor

wafey st dacheta@iingusth befgt ihehalbllywaa Cbﬁffé(?bﬂi% by ehey ferﬂarnmg
second sel ective chemcal etching o e strained

past ofréfye Beneawafasd! Gin grdesito éb@mﬂeeit fr anpemstaling-off. In this

Wit dFss O RleTB i Ahard paR ue) SroRfis 308 W for

exaheile dj@fdﬂmbda‘mm the! @ahiéjﬁ@ﬁf{brdﬁéfe‘? r{ OEBRi ﬁ}pfé)’d)ﬁ%ﬁmg off is
di am ne pyr ocat hecol gyram ne). In thi's case,
f#&4i.ned Si only plays the

I t tect the.,thj S 1 30
| oy &ordind L B o e ke Byt "ReSituion, “acn
str@tﬁé&@é&éﬁéﬂ@ﬂen&é@wﬁ) in ﬁghf@n’&a qbta, Mgtin Aglipsesa C?sfnd 4b,
strai ned can 0SSi rown on the SiGed, th

ang1 2 Anew st ratnedDl Qf/e25n’@y th'@ﬁ Jneane ébb@&itf@rdcqmlvmfyr is
thlgﬁywh?érl ly?osge{));g'gaﬁrftf{:aﬁag re@@gf)g?rﬁggg% 'ﬁ{ﬁlgr}edss \?ﬂhout

previously
haviagl &y refbxatien iofiventizelic dtrainef Thignkgs theehi eiddes pbésible

and 5b, the donor wafer 10 conprises prior to

- tharkei tagthetforrmatien bV-I@wémpesatgfe epttewe Rartexampleyallgyer of

strgfiB SR8l efRiuich of BwesmuaboBhitaty Aopc gad

6501C i ai grewtiBisupPértcanSi, B8, £ aahytyplully acattiethickness of
t aki ngs-of f according to the invention, fromthe sane

betwﬂ%lragpma#@aat@tv 3GagranhRd AgLof f being then fol | owed
by free¥h!d BHcOEtrhRSd ISR 81t8%ned 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 tfreatments, and in particular the

treatments occurring between the deposit of the layer and the detachment of
the latter, carried out by Smart-Cut®, in order to avoid relaxing of the strains.

Thus, in this case of thick strained layers, plasmé activation prior to
bonding (as discussed earlier) 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 SiOy,

is advantageously formed on one or both of the two surfaces to be bonded,
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part of the donor wafer 10 in order to prepare it for
a new taking-off. In this 10 way, a first sSO
structure 30A and a second sSO structure 30B will for
"exanpl e be forned fromthe Zanme donor wafer 10. This
type of taking-off is taught in the docunent

US2004/ 0053477. According to one particul ar enbodi nent

A i S

séﬁaﬁét:oh?ﬁ) coris2ple thedMstiprstradfs. in figures 5a and 5b)
of t edonor waf er 1s thick V\hlchlsto say that it
has £Treousse.\Bpge skiied dradhe o eamessilywiranspise fhevinvgntion

pxtelégeféﬂ QB%% fﬂqol‘tﬂﬁama?eﬁélgméeﬁ §§ ﬁ%f op ﬁtr%geﬁ %l,aélvgﬁ %Hat he

POSSI

knawop draproperitsy drkphydiel gexaiaure assodigted o HescSinataies
Si deposited at tenperatures of between approxi mately

4500:%@@013@5@@ r@ﬁﬁa%ln@ﬁww%@pwpusfwfdescobemeo refesance
nm@;éné’dtcggéctho% t&ll&‘éﬂﬁs eh%né Qgg{dmgr%ﬁgeg%pfm s%tg?urx) 30

mbde refdhdGa bhiissulatyr, if herheases Auihob¥afémk@whogk first layer
exceed a certain limt tenperature (which is situated

L Ja‘-‘r Biaite phese appdle ﬁet:@rﬁaéay@tr& gyadenoh AeGeRolf| isnimplants (as
d |
SSEEBLA=S N REL UL KR 28 FIBEAME aggrs tho

occurr ng
ren‘ra]mté‘rrrﬁmfﬂﬁ Get el ir@téafonddaym'l 20f AsGalty a host wafer 20 by
Smart - Cut in order to avoid relaxing of th
meansPhan 4 {isallyi iRsylating suEacefandhif e %qe%ﬂvaé/drarﬁty\ee%the

RCLel I t [
el b oo BI0ARS S GIES |
Car Sietladyt at siuctursi-eBENLEIRRURION ech®Wie t FiN example
approxi mately 100C. 30 Furthernore, at |east one

| marw"é@tua@d firel 2 opprewater 40 camprisieg Adirstdaver bimagead SiCsor

813 P%ﬂgeg%ﬂg}ﬁné% 20@383 fo apg;Cghreo tc#?e%g AC%top layers

aces

mad:leeb‘.éAtGaN amvc&rAINI may mqwbé yroaded notHe GaN RivberAfter
tion) to conserve the elastic strains. O

rerE%\{ﬁﬂ thereeondlayered made AkCaN acspleetive eighincaeeppgsing
I's th
il BaN R ESRR BRI S b et B EEA 5 1o
pr opkus, fes eaachpid) sy eaihurcg" asidg W Sagdaepisaicfpriging M4 H,

materjals. For exanp retracing the steps
angpessilyshy caasieh H@JIGaNﬂlﬂélﬁé'rtB%él to figures 3a to

3¢, widipge t@%ﬂ bb&dbly Tehfifedht stV |dlef i Bbﬁi_ﬁfiﬁélﬂ% layer of

structur
GaN with little surface roughness and very homogeneous thickness.

We can also in the same way adapt the method according to the

invention fo other taken off layers in HI-V or H-V1 alloys.
We can also extend all of these materials o those including carbon in

smail quantities (around 5%) or doping agents.
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made of AsGa on insulator, if he chooses a donor wafer
10 whose first layer 1 is nade of Ge and the second

| ayer 2 made of AsGa, if he inplants (as 10 descri bed
above) in the Ge of the first layer 1, if he then
transfers the remainder 1' of the Ge and the second

| ayer 2 of AsGa to a host wafer 20 by neans of an
electrically insulating surface, and if he selectively
renmoves the remainder 1%zof Ge by using known

sel ective etching techniques. Simlarly, a structure
GaN-on-insul ator can begf pfygxanpl e 15 nanuf act ur ed
froma donor wafer 10 conmprising a first layer 1 made
of SIC or Si (111) and a second | ayer 2 made of GaN.

rmy pg@eiﬁ%qey Q%M@Sﬁé “r“h Ct%'ﬁgfﬁ’eﬁ{q? G%:f\l %{Sotfr’.—lkeAn off from

- a denmwaifefthd Hencrasaad chipasing phiBle Rkingadif adirgehret éde of

etchin risin the_renoval of the GaN | ocat ed
a ﬁ%’@bé’ogﬂ gFBﬁtPr FOTRRYisiNG ggEBANIUNY “T'ﬁd!i'etmGr comprising the

fo@@ﬂ,@g gdry etching using a plasma gas conpri sing
CH2, e and possibly Ar, can etch the GaN qui cker

t habet:))ﬁfpmwam @famwehlerires,sozmeblrmheéhrome;]sslﬁ ssiicbfirst kyer
N
r ougnriurslPoetiibhaBa kbl e o sl el o

in (Hi)ebarﬂir@ the\dondaplafdrite ateistadf@ccording to the 25
invention to other taken off layers in Il]J-V or 11-V

o | G5B L AN eIy Socas Entreaken H1S SRATavaer e laedeva) of the
t hose Wémn@ggggngar bon in small quantities (around

5% or doping agents 23 CLAIM5S 1. Method of form ng
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ger mani um bondi ng the donor wafer to a host wafer;

(b) bonding the donor wafer to a host wafer; (c)
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of glléﬁ (Icf}éeéarﬂfad to'ﬂl? at mgh\'ﬂgﬁaﬁuéogﬁnpnsed between 325°C and 375°C

during substantially two hours.

3. Method according to any one of the preceding claims, wherein the
energy supply of step (c) may lead to the disunion of the donor wafer at the level
of the weakness zone and thus to the taking-off of a layer comprising a part of

the first layer.

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

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

complementary energy is of thermal and/or mechanical form.



wherein step (a) is carried out by subjecting the
donor wafer to a co- inplantation of at |east two
different atom c species, and step (c) is carried out
by performng a thermal treatnment at a tenperature
bet ween 300C and 400C, for a duration that can | ast
up from30 mnutes to four hours. 2. Method according
to the preceding claim wherein the thermal treatnment
of step (c) is carried gyt at a tenperature conprised
bet ween 325C and 375C during substantially two hours.
3. Method according to any one of the preceding

cl aign r r I step.(c) .
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of helium and hydrogen. 8. Method according to any one

of the two clainms, wherein the doses of helium and
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11. Method according to the preceding claim, wherein step (d) comprises

an etching operation of the taken-off layer.

12. Method according to 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 comprises
before take-off a second layer in a material different from that of said first layer
and the etching operation is a selective etching of the part of the first layer

remaining after detachment with respect to said second layer.



11. Method according to the preceding claim wherein
step (d) conprises an etching operation of the
taken-of f layer. 12. Method according to the precedi ng
claim wherein the etching operation is carried out
during a sacrificial oxidation of the taken-off -|ayer.
13. Method according to claim 11, wherein the donor
waf er conprises before take-off a second layer in a
material different fromthat of said first |layer and
the etching operation is a selective etching of the
part of the first layer25remaining after detachnent
with respect to said second |ayer. 25 14. Mt hod
according to claim13, wherein before said selective
et cHidnletirodsacadrdingitalclaimi 18awhencin foefdrel saitb selacthar étchihg, a
the fir carrie

sabliel Ro e ob BhlneBt maper o P dpRunpart g s frshiayer is

~ caltriedsbilittetgh8 €6 rerhbee RNl 9rdr 58l RFRainiha- pzMi‘ér'f@@b strengthen
accor di nq@to any one of the two preceding clains,

the hppdiag intedass-i si ng, after step (d), a crystalline
growt h adapted to thick said second |ayer. 16. Method
according to any one of the preceding clains, wherein
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one of clainms | to 15, wherein the donor wafer

n‘grlses a support substrate made of bulk Si, a
buf 18+ MeihagkaasoEding ragy onejothe preceding qlaifsy wherein the first
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1ayEpTRIInBUS R UG 0N, B Reh B e McEF Qfr RAARIETS sBbond

layer troads of edaeticlly strainetli Bist | ayer is rrade of Si 1 xGex
and the donor wafer conprises a second | ayer nade of
strained Si and a third layer nmade of Sii_xGex on the
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wherein step a sel ective etchin
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structure made of  SiGe, and a nmulti-layer structure
alternatively conprising first layers of Sil xGex

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

is made of Si;xGex and the donor wafer comprises a second layer made of

- strained Si and a third layer made of Si;,Ge, on the second layer.

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

second layer.

20. Method according to any one of claims 16 to 20, wherein the donor
wafer comprises a support substrate made of bulk Si, a buffer structure made of
‘SiGe, and a multi-layer structure alternatively comprising first layers  of Si1.,Gey

(x#0) and second layers



(x#0) and second | ayers 26 nade of strained Si, so as
to be able to take off several tines fromthe sane
donor wafer. 21. Method according to any one of clains
16 to 21, further conprising, prior to step (a), the
formation of the strained | ayer at a deposit
tenperature of between around 450C (842F) and around
650C (1, 202F). 22. Method according to any one of the
preceding clainms, furthgg conprising, prior to step
(b), a step of form ng a bonding [ ayer on the donor
waf er and/or on the host wafer, the bonding | ayer
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dofyppimvabart i on of the nmethod according to the preceding

claimto the fornmation of a
sem conductor-on-insul ator structure such as a sSl,
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insulator structure obtalned after carrying out all of
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surtgce ,roughness of |l ess than ahoyt 30AR S,

gty MEBPH BER T Bige 15 St i S ihonBlP oG 185is. fufther
cofipyising| paer tofstéh t)\afsedp of forming a bonding layer on the donor wafer
andfor on the host wafer, the bonding layer comprising an electrically insulating

material, for example such as SiO;, SizN, or Si;O/N;.

23. Application of the method according to the preceding claim to the
formation of a semiconductor-on-insulator structure such as a sSl, SGOI, SiGeOl

or GeOl structure.

24. Semiconductor on insulator structure obtained after carrying out all of
- the steps (a), (b) and (c) of the method according to claim 1, 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 um and AFM 10 x 10um?, in any

place of the wafer.




