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1 THERVAL TREATMENT OF A SEM CONDUCTOR LAYER 5 The
‘invention relates to a method of formng a structure
conprising a |ayer of a sem -conductor naterial
taken off froma donor waferd, the nmethod conprising
the foll owi ng successive steps: (a) inplanting atomc
species to forma weakness zone in the donor 10

waf er at a given depth; (b) bondi ng the donor wafer
to a host- wafer; (c) supplying energy so as to detach
the layer fromthe donor wafer at the weakness zone;
(d) trEdERMAL ARISIMENSIOF dvEEMICONDUETOREAYER

| ayer taking-off is also called Smart-Cut(r) and is
known to those skilled in the art. In particular,
details may be found in many docunents that have .

al ready been published, such as for exanple the
extract on pages 50 and 51 of the work "Silicon on

SRR UL PP % i o
1R SemPBoRultbshetsal ﬁﬁe‘ﬁo?xf i Pk {dMer kepdi Fﬁg}/‘?ﬁethod

the host wafer (of the taken-o ayer typl ca
coakuising thedobowingesusoessieesiepst he donor waf er havi ng

1 ayol@huielapfing; AP i die Hia] Satkathest 288 n s donor

I'n this Wil afa gREhGRPEUCt Or - on-insul ator structure
may be formed, “such as an SO structure (in the case
of tifle) bakdingahe doapewalssitog Msliavadér; silicon),

of oS HPBMIL R 6 A AedBid TG PRdai ST HTof Water a

. taken- ofifie Wa¥Rhedeldih:made of strained silicon),

SG (in the case of the taken-off |ayer conprising a
r el ax@d treialing 3e dalpshediavehi ch |ies a strained Si

2 S P S L SRR b rown o
thadsd sialsdd pathti . Ity parieviad edbtailb iiah beSbeRd i InanyWocuments
that have aiready been publiéhed, such as for example the exiract on pages
50 and 51 of the work "Silicon on Insulator technology: material tools VLSI,
second edition," by Jean-Pierre Colinge published by "Kiuwer Academic
Publishers”. _

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

In this way, a semiconductor-on-insulator structure may be formed,

such as an SOI structure (in the case of the taken-off [ayer being made of

“silicon), SiGeOl (in the case of the taken-off layer being made of germanium

silicon) sSOI (in the case of the taken-off layer being made of strained
silicon), SGOI (in the case of the taken-off layer comprising a relaxed SiGe
layer on which lies a strained Silayer) or GeOl (in the case of the taken-off

layer being made of germanium).
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thermal form It is then that the thermal budget (the

" tenperature/duration conbination of the heat

treatment) nust be considered to determne the
moment at which the layer té be renoved will be
detached. 5 It can be observed that after detachnent
of the taken-off layer, the latter may have quite a

roug l; LtV i o
LovaTyReshashe, ARl o bapstatil bl Skl B8 0. i
thdratal tthemi tpisathieat ihah theadhetrhal bedgat hithes ttestpepstuheideration

reference to figure 1

b et et
”gjyfﬁgﬁtaépmﬁbﬁﬁ{é yéFﬁWé’?@rﬁB%d @rilr@éﬁ?ﬁg@ﬁgg 20 covered

he taken- o layer 1 by neans of an electrically
i sol #t ¢arg beagterergdd thdti aterhdsiachment of tserfakemdéiclager, the

B g Bt RSBG4S oA SO i
f ' ' . ]
ol L Suclo T 0 il e mprdin an

ther gstaahinenesteps davs takeh peoefteterehaodihness. The
defective zone 1A typjcally .has, a thickne of around _ .
o0 Tt CreRrior e A o o I TS BUBRO TS HER 30 s
. . UL i . ]
ST AL foqh o F LA SO b i
ofidayeny lat etganseabendcelatiricaliy éscdatingelayer i5), which has, in its

articul ar du 0 the- defect resent within the,
sBaniedr BT (.8, thE RGO et T ot 3. Geqlidion of the
e inportant thickness in order to
BTy,

el im nate these defects during finishing
oper Htineydepebsevaddhaf the takdeteft tayent!. cemprisestadetsctive

the forpatign of a struycture .conpri.sing a 02

2 der die eireke Zrdh 1 PmBSRO Rl Sog e drRling dotects and
stiff a6 fRlghPks£000 to 2500 angstrons and the renoval

of 1500 to 2000 angstronms, for instance by '

pol.i $hergfedtive @onpvid bpigallidasre Biskness ef atound 150 nm.

Py eFlffmaiketg heliydd MRS Ha i phied & Flighhn in
tHeheryseafreciianey mane idybr tebé thkes offacuper ate at | east

30 part of the sound zone 1 B of the l[ayer taken 1. )
Typi ¢apldgfedtive gong hasitadra epmpletaly eeraevast eltoedeiagbment, in

pylichiff e b3 Ky RESHEMaR ABTBNGE pffayEF s Bhus usua
to take-off a layer of more important thickness in order to compietely
eliminate these  defects during finishing operations performed after
detachment. For instance, the formation of a structure comprising a 500
angstroms - thick taken-off layer necessitates the transfer of 2000 to 2500

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

_polishing, selective etching or sacrificial oxidation.

Step (d) of the treatment of the taken-off fayer 1 is therefore ciassicélly
performed to remove this defective zone 1A, and thus recuperate at least
part of the sound zone 1B of the layer taken 1. _

Typically, firstly oxidation of the defective zone 1A is used, that is

subsequently removed by means of chemical etching using hydrofiuoric acid
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.3 HF (thus creating a treatment called sacrificial
oxi dation) then finishing, for exanple by mechanical
pol i shing or chem cal - nechani cal polishing. Such a
treatment step (d) of the l&yer renoved 1-is
consequently costly and conplex froman economic
point of view. 5 Furthernore, the use of these
Ht r(ﬁﬂfsr@%tlﬁﬁaé‘%ebﬁﬁéhtré’éleﬁhéécﬂﬂ&%l efAohy ehéd fihking, for
donor wafer be systematically renoved to obtain

exaoysds @ytmechah'ec@ yrofisltieg of chemicalyeechamenl @elighingnd

el S LR W e £ e
co@ﬁﬁ%nd%’iﬁ;ﬁl@ﬁ'ﬁ%\’ﬂ )in eﬁ@h&:ﬂ:d ﬁmf"lt bﬂﬁéwOf time, extra

handl ing of the wafers and the 10 need to use
sui tralsthersgud p flentuseThe thm:’matmlem meArs 3aquires that the

neBRE R 3n° HTEE bbb e S e et e to

thé Wuwaee steheqhiereaiedlh and thdreidradenlivéd thd Waksr8 to be
sound zone 1B,  a stop Iayer made of Si, in order to

remopedveom Irtbefomaé:ﬁl ngwbm@rma loeri mme@b of ﬁ@ps(ca ;has been
cagrée%% &u?)\/ é(yfy negg %A IS%%H l);glpgt th w(a?ers and the

netdstiRt dudtable é&@'bﬁ%ﬁtthe roughness measured
dependi ng on hel r maxi num val ues (peaks and

val |Tdysst,siocameate!58r9d$4ﬂg%& attﬁmnfs tuavergpme these weeblems by

inqROR eTeer S50 mbid HshClor e Rl BeEoPEh i, gyre
depssthvectomd d Avaed !hbeum@‘%qrﬁj ftﬁtb% sbuhgtzarlkenBeal stop layer
etching arrives at the interface between the

made of Sivie orgaetoimpravel thﬁh‘é%htﬂg eR|fations vermhALERg step (d),

o B8 s B A PRGBS B s
laﬂ'@? tvifiich %ub@teﬁﬁiﬁaﬁyabdﬂ&és th@rruugﬂmesls mighsufddr dkpending on

sel ective etchin n(g’écan pass through it, and start to
theif mwrmlsn vakiesrperks PRY vadayd %eeagﬂf&aaﬁnd@ﬁmgadraﬂc

el T AR b L0 AP SAIRESOh g, e o

SiGe.elim nate some of these potenti al probl ens.

However the corrbl nation of polishin sel ective
etc %e\ﬁ%rké@ laCH¥e g & MBS F?ﬁﬁeé?%@BHﬁN han Higyedge of the

ﬁ%@@%ﬁéa? [ p@? Pf%gl e%%éﬁ%n t%gﬁ gv(\)’%%nrreﬂ% dﬁfﬁc’uve zone 1A
aridl ’&éZStBWayérh eougiyess remainsg this ichemiey esaingtherefore treats
the surface of the stop layer unequally. Whereas, the latter is in general not
very thick, the first selective etching can pass through it, and start to attack
the underlying sound zone 1B considerably. in this same document, it is also
proposed o precede the selective etching by polishing in order to eliminate
some'.of these 'potentia] problems. However the combination of polishing and
selective efching makes these operations more complex and longer, with an
economic cost that is not necessarily profitable.

in the document FR 2,842,350, the layer removed 1 is composed of a
sound zone 1B made of strained Si and a defective zone 1A in SiGe, this

latter zone being then selectively removed with respect to the sound zone 1B.



sound zone 1B nmade of strained Si and a defective

zone 1A in SiGe, this latter zone being then

selectively renoved with respect to the sound zone 1

B. 4 W find here a problemthat is anal ogous to the

previ ous one when the edge of the etching reaches

the sound zone 1B, the lattef bei ng unequal ly etched

on the surface. It is further nmentioned that it has

al so been proposed to performthe step (a) of
We finti Helra at prodidpy thatis anhiogous ey ¢ia preaiicus ones pdendhe edge of the

~(typically by performn an i nplantation of helium

etching fgaghes 1De s5aund ganafl y‘g}eoéeg'p%r_ bqlﬁgsquﬂg@llﬁfeiched on the
surfacé”pl antation is hereafter designated by the term of

Co-inplantation. Performng a co-inplantation indeed

alt esvFufther andritionleddtige ibfhasoalsorpbantmdpspatitespérform the

be used | ower than when a single species is .
step ()i IRIHingtheiMRiaptng gewral Atorycisprest(MPicly thyyrerforming
an impKBHETN Yof FRIGTETHN 4 Blprifaoryer aRias This pe of
implantatidrosdieréafdraddsighated dydhe deron efise-iroplanbatictef ect i ve

zone .t hi.ckness which in particul al l ows to, decrease

orPeHMNGp | F?"‘F‘RE’W@W’EHP%E‘#J - o 1PE %ewgrﬁeae of co-
. ) V .
mplarfiyd SReCEs 36 HEP o WG e ot & AR Bty Sumpkited. The
total dBept ienbaimBianta@ev thusdbpicadly| BROEKRS 308 dfaine dote yretsingle

. bl i shed), d ich t hi h b d
speciely AP RBIELO0 Tt HESHbI TR oS EtreThan | BHolappiedpAose a
decred% &MtheldAR0R/e tHiSERIRNERich RFPPRARR3IRANL td Becrease or

relation to co-inplantation wthin a S layer, the
to simpldy itme finishing tosatpmrdsrpedosned aftehdetachingingi zi ng

(HNEE i EHas,Bae o5 ithg ApmEARL L e JFCT Bpblication
filed o@ IYeHidinbeR© 1926684 tupdet hhilzﬁdﬂﬁjclﬁlﬁoﬁ)k(%%&%cﬁfyei Bablished), and

~ taken-off layer), and reciproca é't e _
which teadhing bas beeomade araianie to e pHeliponing om then b saindsite on

March T S gients BEaROBEEIRER % st Bifh &8 CoiiEnation

within 208 yiep NitRf gélnﬁ?%n@ﬁfcﬁﬁbésarﬁétéré Rt RGP WidPnizhg roughness
co-inplantation thus does not allow as such to

lead tasthel formetion iof pedainviefecis (sueivas hisieroaidbehaswininigterface, or

crystafifp erp Yo ym RUER RS o e B BE By AP "ppgeqiprocally the

co-implavaiibh QrarafRKersOthrlY Sid® MRInirPaey BaRbUEfRts IARE & dhdi@ased
to a first aspect of the present invention, there is

roughngssvi ded a met hod of
in other words, a compromise has to be made between roughness and

formation of these defects, and the recourse to co-implantation thus does not aliow
as such to satisfactorily solve the above mentioned problems relating fo the

presence of defects and a superficial roughness.

Embodiments of the present invention seek to overcome these problems.
According to a first aspect of the present invention, there is provided a method of
forming a structure comprising a taken-off layer from a material chosen from the
semiconductor materials from a donor wafer, the method comprising the following

successive steps:



formng a structure conprising a taken-off | ayer from
a material chosen fromthe sem conductor materials
froma donor wafer, the nethod conprising the
foll ow ng successive steps: 5 (a) inplanting atom c
species to forma weakness zZone in the donor wafer to
a depth close to the thickness of the |ayer to be
taken off; (b) bonding the donor wafer to a host

{ TRErimptaning APt SfeSRS HioRP a Ved ity Eetkaf ihd rpgg wafer
Zgne to d depth'@add fothehRickakeNoPhk 1hperat baMaRER IO, St ep

( conprises a recovering operation of the t aken- of f

| {pkr bording thedonehwateiite @ st wadgier is still in

contact w.th the rerran art .of thed

o8 Sinafing iy SBcald RistBe.Be eth ERdRvet Baftipe donor

wafer AL WdH@dee8Bbnat: a tenperature |ower than t he
re-adhesion tenperature of the taken-off layer with

t Hd) rtmmilnglthgtaigm‘rbffdﬂyetrhe donor vvafer O her

wheref R (3 EFerRpHSSs S TBRheu b omerBlioh ok T kefhatt B¥er usod wher

the tal%?noém(éy@?t&? k¥l ﬁpe&ltact {itR tRé ?ém%ﬁ)m%?aﬁadfrthé Gt wakrer, and
tenperature of between 300C and 0C, - the

whereunethw ezdavgring npreration ds i appiied wese meab treatmens at)(a temperature

ecoverjng te erature 20C a
ower 2y 1 BEG0RFTRY BREGRIER of dn dpkSieaaayer Aaheraraining
paﬁoﬁhmﬁB?%ferSUCh as an Ar or N2 atnosphere ; - the
recovering operation is carried out in an oxidising

at moS)iesr y gracterigticy acesrdingrig Qﬁipiﬁvct\lﬁ’lieﬁtﬁ off thetieyention are:
fur nadae i RabBeg O A b AonmaiRal) spls: =™

COMPitheSstdp SN eapitansat af a t Rirer 6f hENBnN800°C and
di suniting tenperature of step (c) up to the

950°Ci ecovering tenperature chosen; - step (c) is carried
out aty a1 gud B00C AR REERWARRHSRE MU, ane

- the recovering temperature is between 550°C and 800°C;

- the recovering operation is carried out in an inert atmosphere, such
as an Ar or N» aimosphere ;

- the recovering operation is carried out in an oxidising atmosphere ;

- the recovering operation of step (d) is carried out in continuity with
step (c) in a same furnace;

- the recovering operation of step (d) comprises a single change of
temperature from the disuniting temperature of step (c) up to the recovering
temperature chosen;

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

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

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

- the recovering operation of step (d) is performed by thermal

treatment at a temperature substantially comprised between 575°C and 625°C ;



- step (a) conprises a sinple inplantation of
hydrogen or helium - step (a) conprises a

co-i nplantation of hydrogen and helium; - the
recovering operation of step (d) is perforned by
thermal treatment at a tenperature substantially
conpri sed between 575C and 695C 6 the donor wafer
conprising a SiGe layer, step (a) is perfornmed by co
i mpl antati on under conditions adapted to formthe

weakihestonod weafa ¢drhprising @ SiGedayérgiip @)k pofored by co-
) hel i um concentrati on peak to be located, wthin the
implantafiqiiedsy gmditions abrded da e eweathess rorrepithin srif SiGe

ayer 4R I0NHE S BEERL A FOBERREY 2 BB e Bhbcness o
the ddnioeajuiethitd, SRy iridedeh fitdn lied Wearogdh Bprddasy zbBe and also
four hours ; - a step permtting the contact to be :

more ijideptt than thetweaknessgongken- of f | ayer and the rest

s BORAGHE i, FSE1EE 1188 o s

to fourthours f i ni shing operation, included in step (d),
conprising at |least one of the follow n% oper ati ons:
CMVP, a deprisamiting Hhagcordast ta ibei withgravaadiebween Hbat taken-off

| i.ng; t - : i e i .
layer AR i580er el A WERLE o it el R 1oty Hpigtion of
step (W pbesisKFoRblled bSt ® Binlshyfy opsration Sihekideean &lteh (dJd comprising

and step (d) conprises such selective etching used =
at leasjongrof tihre foliowdny eperagionp e MA, siheanerl fleling: srerdioil auidation,
heataB@%gl en withdrawmn with the taken-off layer with the
'ng part of the donor wafer; - the donor wafer

CONprhesRkeA-cFUBPSS ib noadks bf St SGepaRerf 09eti:d Si, a
buffer structure nmade of Si Ge and an upper | ayer
conpihs itapNeplf IRveIxcqmpiinesant«bhe WSS tX*lafed a stapalayer for

' [ -y = }.S e - L.Qr
siccf 9Phit S 1 P S0 R SIc I B B e e
recovér&)gebgenaéi_bhearlitbaﬁer ted eontaet has Emelrt Mhl_jmfrll wathethe taken-off
the bonding |l ayer.  conprising an electrica
taye”f‘"ﬂ’émeaﬁemﬂjn'gﬁﬂ%i %ﬁf?‘e%méw le such as Si )& Si 3N4
Qr  StrOYNGor ARHRF Q:'oﬂg)ﬂs%saagﬁgﬁ%ﬁ §§!P§Féte9rfnabgeoft ﬁcealid Si, a

invention, there is provide appl i cation of
buffer struibinde ofadehef $iGes and spagipar daytdneomprisitg 8h .0, 4x#0) and the

host wsé%‘er-rrj ig (r)r?addjecct::fo sroli%nSi;

- the method comprises moreover, prior fo step (b), a step for the
formation of a bonding layer on the donor wafer and/or on the host wafer, the
bonding layer comprising an electrically insulating material, for exampie such as
Si0,, SizNg or SixOyN;.

According to a second aspect of the invention, there is provided an
application of the method of the first aspect o the formation of a semiconductor on
insulator structure.

According to a third aspect of the invention, there is provided 2z
semiconductor on insulator structure obtained after carrying out the recovering
operation of the first aspect and after withdrawing the contact of the taken-off layer
with the remaining part of the donor wafer, with surface roughness of less than 40
ARMS.
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i nsul ator structure. According to a third aspect of

the invention, there is provided a sem conductor on

i nsul ator structure obtained after carrying out the

recovering operation of the first aspect and after

W t hdrawi ng the contact of the taken-off layer wth

the remai ning part of the donor wafer, with surface

I OUGHHRYS cRAracRTBtE BRI arRWRivahtaddsh®f the invention will

characteristics, ainms and advantages of the invention
beddrhe bdeaneupdrearcadpgn theadilowing edétallédwilagcripsivai lokdthe

oS S e L S8 50 UL 00
eiﬁﬁFﬁeh RnEGhSEE RERfiRnEd & HRPSIIS R B ASHRMEs infwiBheh:
5 Figure 1 represents a di agrammatical cross section

of drigeari dontkpresantan d ndisgagmmalicaliccmss obeeliaredof a

after .the appl.ication,of a Lt - r),, method ..
shbghab e MR RaRpE e sn e, PRI HEE BT bEPfbagon of
SHRAPLCS@ hetifo S AOTIiIRE &b !ttﬁé“@!a-té/ bﬁtﬁect@bﬁhiaﬁé. by TEM by
the applicant of a sem conductor on insul ator

st r Udiguree 20lepaaaesis af ¢reps asolioraltview obieinetl PHhdEM by the

1 h f the i tion. Fi t f N
R ARERCh bR BB e Behet R 3Plaron
oftth8 m&tMeaAor Ik oehi®sym a structure conprising a | ayer

taken usin Smart-Cut(r). Figure 4 regéesents a

fi rsﬁiguta%gé\ﬁol 3t iepressint idirgragunaticadyttne rdifferemt steps of a

PR LR HAFR AR &, el Bipf 3 B P Wiken using

SRGEOrdi@g to the method represented by figures 3a to
3f. Figure 5 represents a second tinme evolution of
t he frigate t4 gapwsents ©efipdr Hingr eyolysien alitheghesle treatment

tefrgifufed e 8 B0t IRk ok 2REdTERY, 85 tciment of the
tak¥nfoffiday@sactardiag 3 the2@etficgreptedemtedby AigdredC3a to 3f.

represent cross sectional views obtained by TEMof a
si doguie Rarenresis iy seeen dimg avebdiopofathigehpat treatment

-1 | i . i o
PRSBSOS T e3P AR AR e

- takegdoffdayer @cdoating i@tife Mnafhed reprgydnsed by Sousesd3 StaGef.

Fi gure 10 notaply presents defects quantification '
regﬁiggrqsopaspg ) cﬁ,ﬁgsrepresen? cross sectional Views obtained by

TEM of a Si donor wafer having been subjected to a He/H co-implantation.
Figures 7, 8 and 2 notably present roughness measurements on

structures respectively including a taken-off iayer comprising Si and SiGe.
Figure 10 notably presents defects quantification results for structures

iﬁcluding a taken-off layer comprising respectively Si and SiGe.

"A first purpose of the invention is to reduce the duration, economic
cost and number of treatment means for a taken-off layer using Smart-Cut®.
A second purpose of the invention is {o reduce the quantity of material
removed during the treatment of the faken-off layer using Smart-Cut®.
A third purpose of the invention consists 'of improving the crystalline

quality of the taken-off layer with respect to the state of the technique.
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. 25 including a taken-off |ayer conprising
respectively Si and Si Ge. A first purpose of the
invention is to reduce the duration, econonmic cost
and nunber of treatnment nmeans for a taken-off |ayer
using Smart-Cut(r). A second purpose of the
invention is to reduce the quantity of material 30
r ey émlirthu purmgpsehef theem&ehon dé tohwopase - sinipleaypethod of

tregbhg lae i ohistiusid herar-HUEE 8 edsiael PySaorsdnto
th 3HFE Gule RGOt ?&*L%SE?SLS?J "he fnvention is to
yer gf??ﬁ&rﬁé'?.??fﬁ%ﬂ???vehﬂg? gty tancorporate
req:qytecgingthﬁglt%‘ freedfor the @@ lﬂ‘yfar E@%h'adne[ﬁ\ mfggpihere and
in BQ{dngﬁi a%oéﬁ}?erb ﬁ{m{t Wdwever %upé{éﬂt:ﬁl ﬁgﬁ‘g}é g?ef Hdgabties

COVer' reatment for t
ofltiﬂa/’%kebéttfhlayerl nert at nosphere and in oxidising

R S e
strpbtdr §V\htﬂ"i’ﬁ télﬁné %\Mgﬁﬁ% Eﬁér f?fbkness that can
c r ys I

I nsul at or tures I ne qual it

“beargty ghinor Ki ng Iayer t hi ckness that can 10 be very

Sucik 5P GRBuER B EGIVPALE 4t BY PRKEBISH 8 SemEbtauctor

onGf : %&'sﬁ%c@r@%mﬁ{pr%d 9iGd Bpceest w@aﬁk@hdeéﬂ paft

el g pur pose of thelnventionis to determ ne
deta@chemghm mapaseet afr §hQ|mp'Bah¢nat isorQ éa’@r@ry)e detachment

allo at, t ame ti to. Kk
paBrmBhis dishelabiAviens SHer oW GG & e SATRLIT 8 TSHee the
th%ﬁﬁéﬁ ©f 2RE dFectNdiZBNEE 1 hﬁn@tth&asn%séﬁe@mfeaéfec# and to
have represented bel ow exanpl es of enbodi nents of

mimztizedbs sudacoralighgess. t he i nvention, as well as

appl.i,cations according,to the inventi a ed. on

oy e ayRarirerics M ety B enfidpaiver bthodes
acE_BFcﬁﬁ%gé theOvahtidty, Sas weP adHbplibatis Acddrdihgitd the invention,

Si1 xGex where x ~0. In reference to figurés 3a to

based o layesswiakert offsusing SroartdFut@ain tygedivf materialgar alipys,

e PSRRI Cacubt B G D o the T nvention. o

In reference to figures 3a to 3f, is shown a first method of taking off a

-Iayer in Si;xGe, where x #0 frqm a donor wafer to transfer it to a host wafer

according to the invention.

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

Classically, a donor wafer 10 including Sij«Gex comprises a solid Si
substrate on which has been formed a buffer structure in SiGe (not shown)
made up of different layers, such that the latter has a gradual evolution in
thickness of its composition in Ge, starting from 0% at the solid Si substrate
level to around 100x% at the level of the interface with the upper layer made
of SitGex.
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In reference to figure 3a, a donor wafer 10,
“conprising the layer nmade 25 of Si1l xCGex to be taken
off (not shown) is illustrated. O assically, a donor

waf er 10 including Sil.xGexgconprises a solid §
substrate on which has been fornmed a buffer structure
in SiGe (not shown) made up of different [ayers,

h_.that th it has | |
e ok Bty ey S0 wiBF B RES TR S0aler Rinhurmtigns for

wﬁkhtah%yépln' §i1 S(Be,%éiﬂférrréFaﬁe§@r hevElpréserdiPHE dppBPxde at
| evel of the interface with the upper |ayer nade

of SOptlmwby a9Iayer of strainedt feisdonoediaf erystedinengravathe(for
t ns for which a layer in
e)@"}lqp'%‘cé\?bé ﬁfxi@’e& not is present inits

uppefy Féiéltence%tﬂg%m@ib’ a %léak)ﬁéés obnsts & ARG Rirmied in the
formed by crystalTine gromh (for exanple CVD) on

dmmm \gifer 1Ceat thealpsel ofatSI mpn&ffp@rbneée obShikgare 3b, a

ess zqne 4 js t e n.the orvva
ot IS S aiest dohe' B8 ot el i &7 B%S iBiaiaticd of
afﬁﬂﬁ!f REESies Wh%sé dcﬁsa@éeﬁ%%‘bh@'dnérdy%r@ﬁfbt&)ﬂybﬁ@sen so that
i npl antation of atom c species whose dosage, nature

a deptheplsmpjaniatomsndlel Esev@ntﬁir@gﬂ@bartehmterrmnagpt h of

107 e PHpRRIRERE, & AeG olraied Bt e Godlefisie

ah TApRRkRIINOHY, b'nn@npa[!%irb bmﬁieaﬁioﬁﬁlt%é}fsucﬁrdsTWir@da'anie an
a single atomc tygﬁE such as for ‘exanple an
y

imptantafoaof bydreteh iﬁ@@ﬁf‘rafélga&ﬁﬁor rare gases. The
i nplantation of atom c. species na
cori T8t Eho0ieBndy B bl S eCleiinfibe i ogimpgantation of atomic

speiAitatdroinsibntabibh ] pﬁhélyaw wOat&m&s;smC?eﬁjch as for
such as for 15 exanple an rrPI ant ati on of rogen

exanpiewer impplaatationpelahydiegem felovasd byian l(rmwtation o helium

In the case of a co-inplantation, the
aggjgljlegm&t%"%s observed that the weakness zone 4 is

generraiHeycatsly ohercotingnamtatidmetheasplichntehad opterved that the
| antation. 20 The depth of the inplantation is -

W@ﬁ gonendt 1§ togneraifhdRinngr othagy Baithe casmroht 1ge simple
: j thi ckness of the layer to be taken off 1.
m%ﬂég{aﬁgr a single inplantation with hydr ogen at _

appr ohe aepl of the implantation is chosen so that it is close to or greater

than the desired thickness of the layer to be taken off 1.

Thus for a singie implantation with hydrogen at approximately
6.10"%/cm? and energy of between 20 and 80 keV, we can obtain a depth of
implantation of around 300 to 600 nanometres.

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

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

lower than the dose to be used when a single species is implanted. The total
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6. 1016/ cn2 and energy of between 20 and 60 keV, we

can obtain a depth of inplantation of around 300 to

600 nanonetres. 25 Thus fo&oa co-inplantation with

hel i um of around 0.9.1016/Cn2 and energy of between

50 and 90 keV and hydrogen at 1016/ cn®2 and energy of

bet ween 20 and 60 keV, we can obtain a depth of
dosapinast-ahplamtatforatrasntypdelly teprédiis aid naft thessin@eespecies

finds_ here one of the advantages of co-inplantation
IMAANGAHQN ¢es® 30 for the taking-off of a thin |ayer

usi
oL R 5L TP e AL PSCAES BPSD wit re
sidarpf #nd ddnoihaf¢ot@lhaldhg dodergomectrei cppirapibiatation it hJassned

typlcally represents 1/3 of the single species
Oli-rrplantatlon dose. In reference to figure 3c, a

bon nl?%? h the side of the
dongriﬂégv\g s;Palng% avi ﬁ@eﬁ%ﬁ%‘ é;’e! co-inpl antation
I's (faritedhe Enplahiat'ﬂm&thpsa boatiey 2gemmpylbe foaded ofuch as
solid Si. Prior.to the i Rla(t)l%on st ep, abo

zg

a llayesr Comprisiags i dSisluc Fix P BN& 0atRsr I gier of the
re%ﬁwe%ﬁ%es%?%@%d‘éﬂ one and/or t he other of the
r

respective surfaces to be bonded. 10 In the case of
t hi dndhe tches ef H)blsd)rrtgeseajaen(imp Hagenﬁg) beeidg adsSo0B|O,, they

t e for t her [ ion or SiO2
bt Bldo e g et Aol TBR-GErBRE host wat or 20

is It

oxi aaf t”ne“"%%f""i%i?ﬁﬁ'@%‘xe. AT ROTRE boGaRhreRed as i
usia@ mmodbe:asassﬁieﬁhdnuonat the 15 level of the |ayer

ff. 1 of to t,he host
vt IheBegdal RECBHS CEUHT SETOVaTET 1 TS CoiRg out gt the

1e&él%f§v§<fa§% Pgt%meﬁqec#sm}e@%s' bl'y be prepared,

usin eaning and surface preparation
t eclitriapiedhe hobt wafe3@0 comiingdntas obniaciowih thz doeer wafer 10,

thg SEES 50 DT LB AL Do EPated o L e cdgning
r{gﬁo&ﬁ%ér &@ﬂa’rahdﬁte%ﬁﬁia;u@fs sUBR d9/8C3 LﬁrfcﬁS@Q doutfis, ozoned

nded
solutions, etc.

The bonding itself may be firstly carried out by molecular adhesion,
taking abcount of the hydrophily of each of the two surfaces to be bonded.

Secondly, and in particular in the case of one or more bonding layers
being positioned between the donor wafer 10 and the host wafer 20, a heat
treatment may possibly be carried out after the recovering | operation
discussed below, to further strengthen the bon-ding, and in particular by
creating covalent links.

Information on the bonding techniques that may used within the scope
of the invention may be found in particular in the document "Semiconductor
Wafer Bonding Science and Technology” (QY Tong and U. Gosele, Wiley
Interscience Publication, Johnson Wiley and Sons, inc.).

In reference to figures 3d and 3e, are described the respective

disuniﬁhg and recovering steps of the taken-off layer 1. -
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Secondly, and in particular in the case of one or
nore bondi ng | ayers being positioned between the
donor wafer 10 and the host wafer 20, a heat
treatment nmay possibly be darried out after the
recovering operation 25 discussed below, to further
strengthen the bonding, and in particul ar by

Creafy peFefsi entfighd L HOfHOR; - bongi o
{ echni ques t hat njgyk@uls%jd I%\nn{i |°ﬂigtbﬁe{h§(;g§gmg‘? tgﬁig.‘grms is
camiedmutdy peyvidieg heahdneryypand/oc memhanivat BrRegys woffitient to

oS VSRR R SRR W
|dgebl iffh i res] of ﬂﬁaod"oﬁ?ﬂ" WXfepRg . %@Sbrié"gé}ggr ?}Lré%é}t energy is for

reference to figures 3d and 3e, are
instafisecthene sudicienhitoi caypsenditribe oweakmesssreps bflevdle thermal

HRLEIO bl VRSt PabShT IR A S Bt ok
1im¢sowitﬁbegarwﬁtecﬁaﬁrcgr/intaé?géﬂorgg@ggm%@g}e@ner ay, '

sufficient to break wea n weakness zone
4, abdguniing iy beialdainkd at dseperditires| aijbmtwéeh roound 800°C

i B 894 o RS Fureonier \Brnd denathe et cgpead aw wagther
theh G MBalsRaes i WBRert (ioﬂggh' of NAgRE! (si%rﬁiﬁ'z.t vé n?érh Qse, for

gaseous species encloséd 't here™ causi ng e rupture of
exgraple, farrk ayenite heutekan piimeetedicralSii fG ey heat treatment at a

ei ng, required. Disyniting may. be obtai ned at
e o crBne SuRhEter 2 giiftiosone? Gncreaes ramsdfdo 30
rirlitesIUp a6 PAsuref varying | engths which depend on

whet her 10 the tenperature is |lower (longer) or

hi ghewcly gisgnitivg)of tvetaken-aiSlayer bifroax dvepteast of tre donor wafer

14 0B A S NIRRTl e LR o ver 1 10
beldisahiten withaut brmkirfBR ddrsetlatt thedfst BF MY 8on&PwhRer 10!
2 hours, Such disuniting of the taken-off layer 1

(sep digirhdd feisiiugiratione. donor wafer 15 10', when

carrj LAg, an | 1 :

2k SR g8 Rt i doy R RSl Ty gy
aftérdhe aifgumitingvithoub geceassarilyf rehirintp they wakdre frob® the furnace
(iégﬁe figure 3d for illustration t is then possible

e 3¢ n _
fRe disuntting hast draatmegt H@A%Otﬂ teclt piace)dandadihput the
ﬂ'abg%dﬁit%%i %ﬁ}g Wi t hout necessarily renoving
e naters From the 1dr nace

Moreover, the remaining part of the donor wafer 10' offers protection
to the taken-off layer 1 against any possible contaminants, oxidants or other
such agents, which offers the possibility of again using the heat treatment in
various atmospheres.

In this way, within the scope of the method of the invention, and in
reference to figure 3e, a recovering operation is carried out by heat treatment
at a temperature T2 chosen below the re-adhesion temperature from which
the taken-off ilayer 1 re-adheres (or joins together again) with the'remaining

part of the donor wafer 10'.
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.20 (in which the di suni ti ng heat treatnent nethod

took place), and without the need for any additiona

handling Mor eover, the ren% ning part of the donor

waf er 10" offers protectioﬁ‘ to the taken-off |ayer 1

agai nst any possi bl e contam nants, oxidants or other

such agents, which offers the possibility of again

usi nfdiinetabeadsly,r ¢ed eradiasior? Serpetaute as m@@@h@b%dered

In this way, wthin the scope of the nethod of the
withine e Gsopanef the tnvantiosncand daspduer the, experience of the

AN el B BB NhAe EUow the ¥ o-aahesi on
¢ e”pwh@tr%@éﬁn@m@m'tfé?atmbhﬁoh Qik@ﬂak@ﬁfoﬁ I@%@i‘ 11s carried out in

re-adheres (or joins together again)
an w@tmspwepéﬂph o#s BRAHONOk atamphw) thaQ is oxidising or

Sl@qi,\ﬂg_rbg&ggggsly, the re- adhesi on tenperature is here

within the scope of the invention, and

baseQ@ptionallye tiex pemperdareo T, ifereAppifaMe tahpeaide T, to
to aE@r oxi mately 800C. Thi s recovering heat treat ment

whight waaite@ni%wd LBgre  subjecied whea dcb%itﬂlﬁed 5 an
thac 178 (IRPEARIE FoHED BF cRfivie 86 L BRRASh My g e

8007€ tmpwimmdmr@%mgumttem hdan. the tenperature
to which the wafers 10 and 20 were subjected when

di suhiie &mpeTglireclp@ayimpe partigakary be « betyeeen 550°C
a,g% paied between 350C and 10 800C, maintained during
mnutes to 4 hours. The tenperature T2 may nore

par tlinc tefemenge de ﬁgttreattedanldeﬁ\/\emﬂ prdidad anampMCof Ipdssible
reference to figures 4 and 5, are provided exanpl es

tegipesalLs valutip P(atdui%f%#iﬂ iitVieﬂﬁ%n dutieg deinpct Rhases and
retbﬁe tﬁ(gﬁpggék‘%}g%%%@rrﬁhphams and 15 recovering of

: in reference to figure
4, drtius,sin ferehoenoofigarcodnd A Qlafornt edchednansbo°C is

' ed for around 30 mnutes in order to create
feggi'?i% andjpaigiaing giﬁﬁ“i’%d PRtminHEes iB pEtlerdp arpateastitaaend a

did@Rhg éth(ﬁB ié\fél 'og@*ieeé?r%w‘ {D(ch"ﬁfénaéﬁjfn%réz%e in temperature to
appr OXI mat el to carry olt a recover
appoximately @Mb@r th maryoottha recovering operation according to the
invention (at the level of the temperature platform 2000). This recovering
operation may then last for between 30 minutes and 2 hours. . ‘
The recovering temperature may thus be for instance held for between
30 and 60 minutes.

in reference to figure S, the disuniting does not occur during a

- temperature platform but during a temperature increase (for instance at a

temperature around 500°C, at the level of the arrow 1000 in the figure) then
the recovering operation temperature platform 2000 is reached at around
600°C.

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

recovering operation step on the taken-off layer 1, the latter then had:
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20 invention (at the level of the tenperature

pl at form 2000). This recovering operation may then

| ast for between 30 ninutef and 2 hours. The

recovering tenperature may thus be for instance held

for between 30 and 60 mnutes. In reference to

figure 5, the disuniting does not occur during a 25

t enpesmtitipeowddtdrgstaiibet qdality nig 8s tparfsedamaged during the
. increase (for instance at t erature.around 500C,
imBIETHION 6 GPIeENEeHD T PGB! PRI IS B) (HRENEe to
ﬁghn§3ﬁgcovering operation tenperature platform 2000 is

reachéd at around 600C. Surprisingly, the applicant

has -tzhysootiser yadaddhan payticdantprighhfraquency eeughwesagHr

operation step on the taken-off layer 1, the latter
rougRIessad: 13  an i nproved crystalline quality inits

par g rg@g@rg%%g%]rg%fhﬂ% dgil@é&fﬂesﬁhé@mtr(é forh ShRIEHEE of the

to figar uring uniting (in reference to
ddniogwafeBd); and dhs meobverddstakéaod, layer paist rgnbeed,fior obtain

s e aangis % et FOE°B0T kv v mace o
sif X358 Qﬁdqgwp &t ok ﬁb? THRGFuGe30 A8s afNfhprb&ed crystalline
Fecevere Ft 3 1 g b

t aken-o yer IS renoved, to obtaln .
qualifialdnd aedtced tronghBess, cwitpoirsihaying treedn forf fan gasrificial

and recovered 1' made of Sii .XGex and the ho fer
oridtiomnpReTgtiPa Yk BRBGUSARY SOTHARIET of JaRarh e gn-of
ia)?é’ﬂ ity and reduced roughness, w thout having need

or ‘an sacrificial oxidation operation and w thout

any Binghirig stapts huss tldn paer tpossiblheisedkien remove| agerslight
1. Finishing steps may.then .possi bl
roERBYES ZY LFT GHE e Btiih COSTIRE TSt bt Bt ifagy of the
S | framshiag or BRemlal etching.
ta?éﬁﬁ%ﬁ%hﬁ?ﬁ% ;ﬁ]e?%ﬁibgcs;%ep’ygset ‘gf _CI\/I%, polei%r:in%g
or cOptierdly, atleengf Shunayhe pgded by gritaxyfomp thaySheGex
added, b .egi fa%cé !Fntto .1 hg Sil xGex layer so that it
layer g4 ! i3 PIAPISRINT YA n one particul ar enbodi nent
of t|Reohd paRIduURIH erRbbANMRINtQSF tkrialawtidnSia layes of etmied Si

prior to it being taken off fromthe Sil1l xGex | ayer.
wah dorsnad priarrte iBoeing taken off from the SiyGeylayer. The structure 30
then comprises in this case a taken-off fayer 1 having a layer of sirained Si
on which lies a layer of SirGex.

The layer of Si,Ge, may possibly be removed (for example by
selective etching by using for example HF:H»0.:CH3COOH, in order to obtain
finally a final sSOI structure.

In another specific embodiment of the invention, where the taken-off
layer in Si1.Gey comprises one or more stop layers, such as a Iayér‘ in Si.
«Gey where y € [0;1] and y =x (formed in the layer to be taken off, prior fo
takting-off), we can advantageously carry out at least one selective etching
(combined with polishing or not) by using known solutions and permitting a
particularly effective finishing step to be carried out, as for instance notably
taught in the documents FR 2,842,349 and FR 2,842,350.
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.20 then conprises in this case a taken-off |ayer 1
having a | ayer of strained Si on which lies a | ayer
of Sii-xCGex. The | ayer of jhl_x@éx may possi bly be
renoved (for exanple by ective etching by using
for exanple HF: H202: CH3COOH, in order to obtain
finally a final sSO structure. 25 In another

SpecTﬁisdaga@ﬁO@fosmrg@é whytiheexdmgiatied8i elnbilytsi@ined by the
taken- of f C%ir in Sil xGex conprises one or nore

ngigbBovERS PexCouénhere =Cdyer in Sil- xGey where y e

2% S 0 e R S Bt ot 4P

theusurédcd Eﬁﬁjhne@@ a&ﬂlthétno‘v‘laﬂﬁmmt@ of(tapkhese th Wd bken-off
pol i shing or not) usi ng known sol uti ons and

layef rlis tif i ghan 3@98&544@ iteuysd isplastive @tehiag fihat dmimeresospess

o009 2P L35, D ROAREE, H8130 o' kG e
disagtedntageStHattiay magyprésunt ¢desmribedigedousy as this abtyment).
straj ned by the nel ghbourl ng Sii,Gx (where vy 80
In fH&ctref GWPPPPtWe &L@% ausarétfks@t@fen@ooﬁé’f%@l oof 20% Ge

RIS ABRATLY TSP oS SRS LRSS, A5 g
recayerind heat tieathbah transf@r Htes005 Qy shosel 8 tlececreldc tikeg-off

that is nore or less identical to those of the state
layer (1hdcp g guiayeb il PiP2aPsdhadl campEBeSHyenndew crystalline
d&reSRA%ARt 98SS I|{tlEa}oJ§ﬁ%¥sW ti?rr%?ﬁé' E?ﬁ'&réé}ﬁgopduc’cor on
previ ously ocunen t erence

méulaﬂor&iﬁm@ir&ﬂﬁﬁQOmSﬁ Ged of 20% Ge (phot ographed by
TEM, obt ai ned by the applicant follow

post NdP&Rlar NG can der aeigd dhe r@smea@ﬁ@néam‘éﬁn the thickness
oftlﬁ\@@éfgﬁt:\%t z@r@é)q:A Sfriﬂé"%al%r{ogﬁg%{ e]d i &%&8ReL o ff\g'ﬁ}@ " and

(covering a layer of CoONnprrses
thitef theyrenwdied akedeadfElalysr Hrid mrbwnde tbtﬂgalras gughness

th_respect to the sem conducto ul at or
oty OSTREY G pre ot 3 same ihgRnese of ikenrat Bivsrd fosigure
arfj&‘ef%rdh B0POkHd eau.b(f%ﬁ@mé he rﬁigw bfe;a;iér pﬂrﬁg&{.oﬁé\s/ in the

ve zone e taken er 1
SGEM evbtaired actorgingetd thadnvehtan diart lie thenmtnednductorr on

kR8s AR L9 2 2 o
| ayeft a8 thBe Eb@drﬁa@the,ﬁﬂgcﬁe@&efdf e %lgknésléeofst‘%”ﬂjefectlve
zone 1B is nuch greater proportionally in
zone 1A is more particularly observed when the weakness zone is formed by
co-implantation of atomic species.

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

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

Results of surface roughness measurements made on such a SGOI

structure with 20% Ge, carried out by the applicant, are presented in the
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SGO obtai ned according to the invention than in the
sem conductor on 20 insulator according to the state
of the technique. It has tg be noted that the
decrease of the thickness GP the def ective zone 1A
Is nore particularly observed when the weakness zone
is formed by co-inplantation of atom c species. This
tabhis BEIORC MhRkkYmadsuremehbtewicas tmadd justdyteneidunitimedat 500°C
above, that the 25 total dose of co-inplanted
fors gL ininLites dieflpwingelsymplendmplariatianse afose mplapiations, and

reler iR e D o oD P Ot age, winen comparea 1o

t he THWRuyhhaks arasthesiired ghith anedbess F@med@mr@@Fe (AFM)
the thickness of the defective zone, which notab

swalepdvgs 10w 0 ea d siunigce areassnd siengivem & RV ohpagk 3 valley
g/&' nents 30 perforned after detachment. Results of
(P <roughness neasurenents made on such a SGO

ST YEIhERIM f‘ 88 Rat_ & rdp%!ﬁc@h'ﬂ hay ddHedPalt BaBlfficient

are presented in the 15 table bel ow. These

numtzEfeneassremserds tmdaidates theafasetsdi suni ting at 500C

~for 30 mnutes follow ng sinple inplantations or
co-inplantations, and recovering treatnent at 500C

measured w
N%Bré’BPfﬂeC ﬁrgfsi%lg%ggﬁAFSQorY@ﬁg Barfabe '?é@ﬂrfess

orce M 5 Sweeping 10x10 pm z rface

areas, and are given strengiBringpeak t o RMS (&Y (FFW(A)
val ues. It shoul d be not edﬁ{t]hat t he applicant hgs
carried out a suffi ci mber of neasurenentg to

gé Bntatoy esul'ts,. Nature of the Irmplantati on
Sg?n ?ﬂb gur&ace roughness strengthenin 88 RI\/B (A)| PV

H(mke\t-ﬁelax Henz  Si npl 200°Gp3@amiat i on H 850

A0keV- 6. 1016/ cn® 500 80-—851850 woe' 39
mn 38 420 Co- inpla POTAITR b ang| BB 5000 4320

CH TpARtdBh of H and

| He: 500°C/30 min. 149 407

H: 35keV-1.0.10"%cm? 500°C/30 min, 33 272
He: 70keV-0.9.10"%/cm? |

In this table, it can be noted that, in all the cases (implantation of a |

‘'single species, co-implantation of several species), a recovering freatment at

600°C reduces by aimost a third both the mean (RMS) and maximum (PV)
roughnesses with respect to a recovering treatment carried out at the
disuniting temperature (approximately 500°C), following a single species
implantation, the roughnesses being less than 40 ARMS, and even_less than
35 A RMS for co-implantation cases, and below 275 A PV,

The applicant has thus established that there is signiﬂcantly less

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




H  35keV-1.0.1016/cnm2 600C/ 30 min. 33 272 He:
70keV-0.9.1016/cn2 10 In this table, it can be noted
that, in all the cases (inplantation of a single
speci es, co-inplantation ofl&everal species), a
recovering treatnent at 600C reduces by al nost a
third both the nean (RMS5) and maxi num ( PV)

r oughness agbid Ithnéy?%%betdbs@nfe%cﬂx‘é?%é}% :tsr@@é W&(ghness in

carried out at the I5 disuniting tenperature
theppsori aapémplahitaion, thiolin dv ogseofsa aigiges Eplaitsion.

RE, I aOTeaS STRRSHTETaGNA RVEST 891 GULoHPa oA Whish a
sﬁ%ﬁ%‘éj SiaBgelrsWech e podiéd Jie. @G’é' Ié?%‘@qrﬁéﬁsuha%% of Ge)

“established that there Is significan
rrnam‘:g hne stbewdeplicand aak enFe@EﬁtGChymTeaftm‘asThashar gﬁmﬁsa more

BN, Gl e et P Bl b e e el otFRY ERidal oo-

irAplagtaiRmi pbmeicasi on than in the case of a single
i npl antation. O her roughness neasurenents on a sSl

st r uéngr eemings  bereohdar th@r@ﬁﬁmtﬁlmbkwm drgoubtred when

0G e AHRRE i e o ek dnih %Eﬁﬁ/"ffcfmg%e)éﬂmor Wafer
atesidirics taTer fakeRadT infotadsl ¥f W@?ﬁéﬁ@%& Lig g%t e AeNFRIHiems

paraneters, and notably several co-
hgye dwenediscusead in dhe Atplicants MGT appbcajlohf glremdy mentioned

BB TR P Bt BRen A48 APRRE Gieriti g Maren,
130305 hdeg réf@r@cbahammbbomm of the |
Smart-Cut(r)type. These problens have been di scussed

i n t hBe Apgoureéfe ascPgTplapisition aanondagd éeatl tonthet fovmedion of

o B g, L DR BB B0 S AR, S e

tdKeE@PRPEB3333D. The recourse to a co-inplantation
can jndeed lead to the formation of blisters at the
bondPﬁélClerﬁ Yrargeric Sylsmcgsrsesaentin oneandier the othersf the

%I'E‘:I?S beltiRiRd Uahy fravéEht thggdno T Fﬂrge@higé gg{g%ﬂn%ﬁ in tgesa’usfymg

stances present” on one
mmfnersattaerﬂam beyistesd of: éne poedigt intdréadeo TenBnpiank®l species
mca%/r hle%ddl?fuse Ito tl?e %ﬁ-‘ga{k?y %on%ed bonding interface regions, forming
blisters at the level of the bonding interface.

Furthermore, locally, the bonding energy may not be sufficient to allow
the detachment of the donor wafer. Certain zones of the taken off layer may
then not be transferred onto the host wafer {these zones are communally
designated under the term of “non transferred zones” or ZNT).

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

nano-cavities type defects (located -beyond the defective zone, but as much



manner at certain regions of the bonding interface.
The i nplanted species nmay then diffuse to the weakly
bonded bonding interface regions, formng blisters
at the level of the bondind-interface. Furt her nore,

| ocally, the bonding energy nmay not be sufficient to
all ow the detachnent of the donor wafer. Certain

uAadrabi thée thakiiedhlpleaysr inthe deffiveaion?d are observed
transferred onto the host wafer_(these zones ar
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More precisely, the repartition has a quasi—Gaussian profile presenting
a standard deviation (defining said spreading zone w_here‘in the species is
-mainly distributed, for instance within which one finds 70% of the implanied
species) and a maximum concentration peak which notably depend upon the
implantation energy.

The helium atoms diffuse within the Si matrix more easi'iy than the
hydrogen atoms. Hence if helium is implanted close to the bonding interface,
the risk increases that biisters or crystalline defects beyond the defective

zone form. A way to cure this problem consists in implanting helium more in



t he defective zone close to the surface, as well as
the presence of defects (da rk .points) in the

t hi ckness of the taken-off_layer. Each of the

i npl ant ed species is distritButed, within the

t hi ckness of the donor wafer, accordlng to a
repartition profile having a spreadlng zone within
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the sane tendency, and tends to increase when helium
roughnesipl ant ed nore deeply than hydrogen. This
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depth than the hydrogen spreading zone), and in jointly controlling the dose
of each species (the hefium dose accounting for approximately 40% to 60%
of the total amount). By carmying out the step of implantation by co-
implanting according to these parametérs, a satisfactory compromise can be
found between roughness and formation of defects.

The experiments carried out by the Applicant on the detachment at the
leve! of layers containing Ge (typically layers of SiGe comprising more than
15% Ge) led to surprising results with regard to the roughness and the
formation of blisters and crystalline defects beyond the defective zone.

A possible embodiment of the process according to the present

invention is as follows:



. proposed by the Applicant in PCT application already
nmentioned previously and which teaching was nade
avai l able to the public on_March 1, 2005. Cenerally
speaking, this solution codsists in precisely
controlling the relative position of the hydrogen
and helium peaks in the inplanted donor wafer (the
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possible, within the framewqu of this embodiment, to implant helium more
deeply than hydrogen, which makes it possible to limit the formation of
~ blisters and crystalline defects beyond the defective zone in the taken-off
layer, the diffusion of helium in the tfansferred jayer being blocked by the
hydrogen spreading zone.

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

detachment finishing operations (polishing, seletive etching, sacrificial



The helium dose |lies between 30% and 70% of the total
dose (hydrogen + helium, preferably rangi ng between
40% and 60% of the total dose. The total dose
~typically represents sone ¥® sat ones/ cn®2, wit hout
that being restrictive. Such an enbodi ment nakes it
possible to strongly reduce roughnesses (in
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These, neasurenents were carried out just after
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600C. ,More precisely, the change, of .the tenperature
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On each bne of these figures 7 to 9, one has represented resulis of
roughness measurement expressed on the left in average values (RMS) and
on the right in maximum values (statement).

On these figures, one has showed the result of measurement carried
outfollowing imptantation in a layer of Si, and in a layer of SiGe (see figure 7
on which columns relative respectively to Si and in SiGe are clearly
distinguished).

As congerns Si, two wafers, subjected to a He/H co-implantation, were
studiead. The' co-implantation parameters were as follows:

H: 30kev-1.10"%cm?
He: 52 or 60 keV - 1.010"%/cm?



. stage at 350C during approxi mtely an hour, then rise
in tenperature according to a slope of 5C m, then
mai nt enance of a stage (to _carry out the recovering
operation) respectively at 2400C and 600C duri ng
approximately an hour. Figures 7 and 8 thus
represent neasurenents of roughness at high
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helium more deeply than the embrittiement zone. One observes here an
unexpected behaviour, in opposition against what was observed in Silicon, as
well as in SiGe with a 500°C treatment. '

The resulis presented on figures 8 and 9 confirm these observations.

The behavior in co-implantation, during a' treatment at 600°C, is
surprising insofar as the phenomenon noted up fo how by the Applicant
-within the framework of a detachment on the level of a tayer of Si were that of
an increase in roughness when the heliunr implantation energy was
increased (helium peak shifted more in-depth than the embrittlement zone).

In reference to figure 10, the Applicant also carried out measurements
aiming at noting the number of defects (ZNT type, biisters) present in the
various transferred layers. ' -

The macroscopic observation (in grazing light) makes it possible to

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



alternatives, including inplantation of H alone. And
t hese val ues of roughness are even weaker when a
co-inplantation is carried out. In addition, one
observes, that for a 500C tzzatnment (in a way simlar
to what was observed in Si) roughness tends to

i ncrease when the helium peak is |ocated nore
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| ocated nore in-depth than the hydrogen spreadi ng
zone. In other words, the defects of the blisters
type are mnimzed when heliumis deeply inplanted
(and that, in the case of a recovering operation at
600C, wi thout roughness beid¥g increased). O course,
those skilled in the art can easily transpose the

i nvention presented above to other materials than

Sii_.QG4% given that he kn properties and
physi cal grandeurs associ MO t hese ot her

materials. W can also in the sane way adapt the
nmet hod accor di ngot o the 5 invention to other
t akendoMetheg of fornting 1a sireeture compsisingya takem-ef favarsghosen
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recovering operation of the taken-off |ayer used
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3. Method according to any one of the preceding claims, wherein step
(c)is performed at a temperature comprised between 300°C and 550°C.
4, Method according to any one of the previous claims, wherein the
recovering temperature is between 350°C and 800°C.
5. Method according fo any one of the previous claims, wherein the
recovering temperature is between 550°C and 800°C.
6. Method according to any one of the previous claims, wherein the
recovering operation is carried out in an inert atmosphere, such as an Ar or
N, atmosphere.
7. Method according to any one of claims 1 to 5, wherein the
recovering operation is carried out in an oxidising atmosphere.
8. Method according to any one of the previous claims, wherein the
recovering operation of step (d) is carried out in continuity from step (¢) in a

same furnace.



4. Method according to any one of the previous
clains, wherein the recovering tenperature is

bet ween 350C and 800C. 5. Method according to any one
of the previous clains, wherein the recovering
tenperature i s between 550C,and 800C. 6. Method
according to any one of the“previous clains, wherein
the recovering operation i's carried out in an inert
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in-depth than the embrittlement zone.

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

16.  Method according to any one of the preceding claims, wherein a
step making it possible to withdraw the contact of the taken off layer from
the remainder of the donor wafer is implemented after the recovering operation
of step (d).

17.  Method according to the preceding claim, wherein, after having
withdrawn the contact of the taken off layer from the remainder of the
donor wafer, step (d) further comprises at ieast one of the following operations:

CMP, chemical etching, sacrificial oxidation, thermal annealing.
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24.  Appilication of the method of the previous claim fo the formation of
a semiconductor on insulator siructure.

25. Semiconductor on insulator structure obtained after carrying out
the recovering operation of step (d) of the method according fo any one of
claims 1 to 23, and after withdrawing the contact of the taken-off layer with the
remaining part of the donor wafer, with surface roughness of less than 40
ARMS.
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wherein step (d) comprises a recovering operation of the taken-off layer
carried out when the taken-off layer is still in contact with the remaining part
of the donor wafer, and in that the recovering operation is applied by means
of heat treatment at a temperature lower than the re-adhesion temperature of

the taken-off layer with the remaining part of the donor wafer.

FIGURE 3d



