CONTROLLED TEMPERATURE | MPLANTATI ON Technical field
and prior art The present invention relates to a
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(sem conductor on insulator) type structures by |ayer
transfer using the SmartCut (tm technique. An exanple
of an inplenentation of the SmartCut(tm technique is
desuridred i mEMHEERCUERE [vaiherdocwrent US- A-5 374 564

or.J N t.he ;art.i cle by, A J. Auberton-Herve et al
erﬁeiet’}ineld:a'lmhylegléiﬁ r?aﬁr@c%r(tarﬁ% change the future of
m cr oeITﬁf.@t roTsses ! | irtvem tlicur nall agfe sHitgh sSpeethod of
El xf?ﬁ'n%:s@ﬁd QStienB, HOli A N L 10,2000, P _
131- 146. at techni que enpl oys the ol ow ng steps :
a FHIASRCRGTP o flagailgitor ldénde siissataties( &ty layer
Sitdraeeite f Qisi@éﬁimiee)SrﬁMﬁt@dltiT@ni%&}%Eﬁq&g. 85@1 hé/hﬁélirﬂgﬁé l of an
or. rare gas.type r_exanp ydr ogen and/ or iu _
t 6" elmée%t%attﬁégle Ol(ffoﬁglel ﬁ"ﬁffﬁ”&i enttg Bt rat i ?ﬁ?ﬂ%@d in
t persulystleat en tthe idopluarted Usene sproducieag ca liay eheof

t.he, f j _ .cr.ocavi ti r N
ot arars ) By R OB 2 P RO, Bitsten "wny can
sHPSEAVE | MRngR i efwontact (bondhalHciaies?”, Int
I geRir¥iang osubsyhalkeecan@icck roheav gLl KackuhisNg e 10, no

donor, bstrate at the inplanted zone in_order _to ,
t gan@f@ﬁ "oflt &Btlﬁé‘llﬁeceirr\t?iaﬁg EEGHBL e SfRe OFSr £h6n Lot Lowing

t keepgbstrate that is | ocated between the surface that

d gl .atiaon _and the_inpl,antatio one |
or dor 00 BBrERe ta Pl B8 ok Bhe fL PP s BPPERG S Pore®
t pansten, oforhexkbaypéer) f wotrht hegtionornsubst tatehgdtrogen or
t LVi r t h -
Qgréeggévkggﬁsgﬁ§§ atem t@mﬁgaFggég gﬁg??%eh%llum) to

transfer, b he transferret er an _donor
suBBtLPRE e tBRARLILPISUEPacBLEbUgRRESSONDRBLRRECUSIALE the

1BQp289adescehbesmpl ARt Radz6hef BhbbGAt h§Uaal SGk +t Ype
substrate ghi CE, i.n a variation, cong%ggs tgg 1 ot
f BEP Rfﬁﬁ yeﬁ e formation of microc es platel ;
b) bringing said face of the donor substrate into
intimate contact (bonding) with a receiving substrate;
and
c) cleaving/fracturing the donor substrate at the
implanted zone in order to transfer onto the receiving
substrate the portion of the substrate that is located
between the surface that undergoes implantation and the
implantation zone in order to obtain a SOI type structure
resulting from transfer of the layer from the donor
substrate onto the receiving substrate.

However, after such a transfer, both the transferred
layer and the donor substrate exhibit surface roughness.
Document US-A-6 150 239 describes a method of
fabricating a SOI type substrate which, in a variation,

comprises the following steps:
e implanting a source substrate, carried out at a
temperature that is higher than the later fracture

temperature of the substrate;



i mpl anting a source substrate, carried out at a
tenperature that is higher than the later fracture

wao eovparssrur e of the substrate; bonding that soRCTEP2009/053579
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substrate onto a receiving substrate and fracturing at
the i nplanted zone by neans of splitting annealing.
That docunent states that the thickness of the damaged

zone aln-d Hd1e1ipas te ndd ai‘ddigcﬁe rughness mtde rﬂwﬁﬁing

| | antatio S arri e ut .at .a temperature ni er

¢ AP HEG GC PRI A0 1 o ROAH 4, COB1E vt dians

t et sarlel theinyg ssulsjedcired to inpl antation to bel ow 5C0C
Typi ealdy ad Rt d MRl anter. (J phantati an, devi 6e).ye

the wafers are positioned on a support. ere are two

t e st sipporand thire HAststf nagielnst mysporasy snafrodrrd

| redi "1 f VR IR AR S d e iR the wal &f SRR rature
p S|H%Pn%€§9nd i pl anted in batches. In this

" SOI9EH iVED e “of inplantation, the wafers are

posi ti ohedhalrong ta iperdilnet énmooh ad arcgd whaelrd hatatd sire
dri v in.ratation. T fer ret hel.d .on t he

eisaort SO R e g PR o B B e e ot
sdpporce lily .used ani tmpilrditird Udmplsinggitd omafder/i deype the

| RRlfaens-o BoNitGRHdie JMRLeS e tROSHHRed . and o types
i mpl anted individually and in succession. The support

( Cér FBEPRTCchuck” in a single wafer inplanter)

typi calthy Has spr ejy@et iofg selppritt 9 s ifsheids i nonpefticeit type
th fers rest laocally. The wafers are.held an the

OB 26T Erbats SR CHPor et wRaRc g ors JFBFg, and

" epd engstatiine belredlke's .( ESQ) thiBuriced liempliaet attiype, cthe
Sﬁhﬁgghggtﬁgﬁ,'%ﬂ%a@%%@r%p%%%e o%gﬂq% %@qugkgug %@%imeter
waf er. _I'n known manner, the wa er‘naynbe cool ed darin

i APl antaEP6n vbgedi Féatatien§ravedolingotagaioca -i n Thige walers

waf-er tsuppeet d bur ther subBoatsi byl ecwai-eruyanl Fatek, a
gas may,. be intraduced between the wafer an %he chuck
to proépaesgﬁpp ﬁgpﬁepﬁaﬁupport ig used with individual

“single wafer” type implanters in which the wafers are
positioned and implanted individually and in successgion.
The support (termed a “chuck” in a single wafer
implanter) typically has projecting elements (islets) on
which the wafers rest locally. The wafers are held on
the chuck by electrostatic force - whence the term
"electrostatic chuck" (ESC).

During implantation, the stream of the implanted
species tends to heat up the wafer. In known manner, the
wafer may be cooled during implantation by circulating a
cooling liquid in the wafer support. Further, in a
single wafer implanter, a gas may be introduced between
the wafer and the chuck to provide optimum thermal
conductivity between those two elements and thereby
further improve cooling of the wafer.

However, even with cooling of the wafer during
implantation thereof, the improvement in the surface

roughness and the uniformity of thickness of the



conductivity between those two el enents and thereby
further inprove cooling of the wafer. However, even

waowak/1e83ed | ng of the wafer during inplantati onPEHEP09/053579
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the i nprovenment in the surfacezroughness and the
uniformty of thickness of thetransferred |ayer is
still limted. However, when using the Smart Cut (tm

t &Qfmisﬁﬂiﬁrr(édfpla@fﬁxﬂt:ﬂé)rbth T alCitMtasd . |}§ov!réi;é1”p(%»me§{‘tusn_ng
% é%aé%é rgeugg vwaf e% g 1 E n % cture it is
sUrFace' ¥oughness® a8 p38Si bt BPhRECE é? aTe a3
hdmuggﬁeaustaskgoggﬂbiaoInrqduqﬁswaﬁaqnnﬂhﬂn Haove as low a

Mz ‘@J e”e%? é:tcm% ?lef arg t 0{1 e thickness o us

of the trans ummary o e |nvent|on
THE FBjSedd 6t tHéiﬁﬁéﬁéﬁol%ﬁﬂﬂﬁq%ﬂi|Q?tW}Qﬂmﬁﬁaﬂ¥%¥latlons

salnutdren Jdhato ean  eduas,and iiendels Wi frdfandiotfyferred
;f{ace roughness after detachnent (post-fracture) and

atioons in the thickness of the transferred |ayer.
To this end, the invention provides a nethod of

t@@g§g§§rb&gt%_ aYR'eftiQQ @ donor substrate forned

froma Sem conduct or naterlal such as silicon, for '
exanpl &heoREs o8 tr edeithien §rowsstr areentienmithée provide a

CeMRitSondthat) Ansteruelk @R ¢ehRhantattien ¢k edrrace
ou%ﬁgé'bonbardlng the front face of a donor substrate

Wit NEESMAdT S0 M€ LAG G (ROSE predéternt red depriRptions
| int hesubstkakes afl ayer tebnrirereeayvilkies .or

pl atel ets eflnl g e yer to be transferred _in th
upper gorthn of @%hé%3u6§t FREC™ pfoglgfgpaoﬁeﬁbﬁgiﬁg
t heafhisdptrriage aoflayke dovor asdbsbratebaittrhtenéofraee dfrom a

tB%m%B%\!xb@%rSMQ%E%? andnc )L a;stepof f@%t achment

by splitting at the [ayér of mcrocavitiés
pPﬁF@Iét§eﬁéﬁﬁéaglﬁupﬁérééﬁ@rt§@b§?ﬁépé pﬁmﬁﬁééﬁngo

transf gy bhgtb@ygﬁ dehachedpfhamthendener i substikabe
t he net hod. bei n

to the.rece in sub trate
HQPQEF rged Fn gﬁﬁF EGFFnQ sfefCRO¥ Su?ﬁéragﬁowlth a
shbatr afeibasmabntarnedadt aapreddtermined depth in the
substrate, a layer of microcavities or platelets defining
the layer to be transferred in the upper portion of the
subgtrate;
b) a step of bonding the front face of the donor
substrate with one face of the receiving substrate; and
c) a step of detachment by splitting at the layer of
microcavities or platelets formed in the donor substrate
in order to transfer the layer detached from the donor
substrate onto the receiving substrate;
the method being characterized in that during step
a), the donor substrate is maintained at a mean
temperature in the range 20°C to 150°C with a maximum
temperature variation of lesgg than 30°C.
Thus, as is explained below in detail, by
maintaining the temperature of the donor substrate within

these values, both the degree of roughness and the



tenperature in the range 200C to 150 OC with a maxi mum
tenperature variation of |less than 300C . Thus, as is

we@pbaissed bel ow in detail, by maintaini ng thePCI/EP2009/053579
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tenperature of the donor substyate within these
val ues, both the degree of roughness and theuniformty
of thickness of the transferred | ayer are

shepiddcant) vd mrioved.d naceQr dance i th pre aspedt,

of the invention, mean tenperature range o
tﬁlﬁﬁéfGGaﬁtﬂﬁ'&“ﬁﬁ%ﬂﬁﬁh1tenperature vari ati on of |ess

than 3Q0@CamyHiencht aiired oy adjesti g the QQM%thQn, the
t he i on beam the i Iantatlon stgp to.a val ue
et R =Ly oo a5es PP oy 6 5 306 WEE Pegerimym
acemmaaacammtwanaamubarodsﬁeeb ahahheowmvaﬁyiaﬁ obtained
oner bstra IS heI b
BL% %%%EF%|§h§a%§§F% %? &%% 3 E E%a uﬁln %he
ov@Plﬁﬁéaﬁa@@sﬁéépoﬁOtﬁeVééH@rO§uﬁ§@raﬁétSded @@oﬂﬁﬁ@,

gaschei-agipabnbaynegd ggsg predet erm ned pressure. The
coollnngaS is prefera as wth a hlgh heat

transf 888?F§@P€ﬁtW1§ﬁcﬁnﬁghﬁél?ﬁﬁPSF Ry dFB§eAnVERE 1on,
cdakiing gaSpnay behdi fibusedstibwairdset he tentiebyok Bhgport

b [ d or bstrate. In.order to
RS Ent FoPAPEY 61 R0 A OPot ReBURSTPaPES PHET Che
cbépkﬁédgagfnﬁyeaHQOObeSdbﬁtUsed t endddsobhengepaphbeyng

ORaEHQa@ﬁe&S5€eaOErEB§tQQR95eaUg§EEQE? In accordance

wi th anot her aspect of the invention Surlng step L
. the ShBp6PPLARY dRSoisoRprisEahlyi RcHRE Whthhachla heat

caehh@geklqueﬁfualéht9ugabﬁda§thél&@ﬂpsfahyagog@nthe
range ggc to fSOC In accordg ?? éh ¥ nother
aspect 10F tRIFHTerRFolaYtRe duf FUE8doFOYAB §ubB%rFenter

fatfi hget hechaclsi dé ohet Hendonsubsubsteat e bet ween

rbg?h §Hr£§8§% Egelng?ébggtggsuﬁ&£8¥*§£esokscgg na%kof the

it d r oove
oﬁubﬁhé@téhabbetﬁ@@lnﬁghgaﬁnmaYyaihe bai fof Miggdofowards

CORLi pgrophal-pedr bynt 62 8RS ab NofMiBe donor substrate.

In accordance with another aspect of the invention,
during step a), the support may also comprise a circuit
in which a cooling liquid is circulated at a temperature
in the range 8°C to 45°C.

In accordance with yet another aspect of the
invention, the surface of the support facing the backside
of the donor substrate between which surfaces the cooling
gas circulates is planar, i.e. it does not comprise any
channel, groove, track or other shape that might modify
the uniformity of cooling obtained by the gas. 1In this
manner, spatial variations in the temperature of the
substrate during implantation are reduced.

The donor substrate is a semiconductor material such

as silicon, germanium, or silicon-germanium.

Brief description of the figures

The characteristics and advantages of the present



manner, spatial variations in the tenperature of the
substrate during inplantation are reduced. The donor

waastrssre is a sem conductor material such asPGI/EP2091053579

10

15

20

25

30

35

germani um or silicon-germaniugm Brief description of
the figures The characteristics and advant ages of the
presentinvention becone apparent fromthe foll ow ng

deseidalion mRAg Y oy Bfc M5 1dH8 tdNG duiis tdAtd O i on
with reference to thé accaonpanying draw ngs 1'n which:
Figdtee P i"@Ya &fi man et tditey riam SHewi tigra "évi && fegrence
Meas Whien G ddienpeunrient difavlﬂ'ﬂ%s' am heamrised in anI

i mpl anteer...; ~Figure 2 is a.diagr tic sectianal view,.
of a maf§F9$ﬁ§bgr€£H€Vﬁ&?3%%§g%€E§%F%FWBE {rng @ deVice
adcor tdarce rvinch tdre durplesrremtfattinen ioh fdeeni meenat iion;an
and,1Ekgyre 3 is a diagrammatic sectional view of a

waf ér support device for inplantation in accordance

wi th afofRérbenpl éfert &Lie6H SBatHE iSRFérined. vDeraidfed

desGkirpish@p ool idepliererat ii@%ls.a@lftatth%d Fw&@&&dﬁ%?e with
present i.nvention is applicable to any er transfer

mSt Fod "PHE ?n§§%ﬁﬁntﬁg EkﬁrﬁéﬁFFFﬁfnre i que, nakes

use of eat'igeast 3one knpliagtrativan ist epcofi onepl anewngt a
'%@%ekns? %%Q rd%@@%gr%5§ E%pqgakg%i?nl%%E%c%%%%ah%et%ith
be trans 5 red by neans of a plane of weakness, a

béRATthG rstaplemepsadiing the theplianeadi@onor substrate

on a receiving substrate, and an application step of

appl yi, a .detachnent stress_.that may consist_in, .
ABBiFH g a 85F CE LB Rln D £( SBPRERFR “ATABA P fakliPoinyention
mechanirtal pdetaahnenteattiess isuappascabser tbngng bhgde

a | ayer . at ich the i.nplanted_ions. af .
c%ﬁ%g%§thggtgﬁgy%?agppﬁ§iﬁﬁ FgﬁsgpgrggPéss§§%ﬂﬁﬁ%ﬂe’
appkgengsal pfasbundask pher owmavestef iappebppi afeipphenting

a@gngr?HUQnEXnQIhEuQQEQEFéugétBék?n ra“@é?%riﬁhgglﬁgeto be

formof a thin section of a sem conductor “materi .
Sggﬁnggegpﬁﬂcgﬁ’mﬁépsngnﬁ|@}ane of weakness, a bonding

step of bonding the implanted donor substrate on a
receiving substrate, and an application step of applying
a detachment stress that may consist in applying heat
treatment (splitting anneal) and/or a mechanical
detachment stress such as inserting a blade at the layer
at which the implanted ions are concentrated and/or
applying tensile stresses and/or applying ultrasound or
microwaves of appropriate power and frequency.

The donor substrate or wafer is in the form of a
thin section of a semiconductor material such as sgilicon,
for example.

Ion implantation is carried out with equipment or
implantation apparatus that are well known and that
principally comprise an ion beam generator and an
implantation chamber in which the semiconductor wafer is
bombarded with the ion beam emitted from a fixed position
in the chamber. In general, the wafer is mounted on a

mobile support in order to allow the whole surface



lon inplantation is carried out with equi pnent or
i npl antati on apparatus that are well known and that

w@einaissad | y conprise an i on beam gener at or anBICEHEP2009/053579
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i mpl antati on chanber in which ¢§¢he sem conductor wafer
I's bonbarded with the ion beamemtted froma fixed
position in the chanber. In general, the wafer is

mwmﬁ%am&dnﬁp@¢§m%wm@1uknﬁ&ﬁ@%&@aﬂiQwt&@scml
whol e surfacethereof to be scanned by the ion beam

and’Vér o“?éﬁﬁfkéﬁbF%V“ﬁﬁ¥Ef§1|n successi on. The
princi plhe gfrithd plrvertt itdr donsirstisn roaedutisnd i keducing

Al Lemeral, %&%@§%q@t@me%@%ﬁ%£W%®tmm
present in t SFer const i tut onor SubsStTat
wirles engn g nartéeh eiadg o m%mléidlttlh@r gihg, daktiogh shydess tiriag e

GR%QQ% Qfon-educ m@ aRd ikgNdeieRd i arm bethsuface o
% hness after splitting and variations in the

Kitds S oFeFW€lP€aﬁ§ﬁeFF€@eFéﬁ@runﬂéﬁ%@ePOth§Wﬁface
c@@b@ﬁ@emeaa§tﬁav%puuwmha@ efhldecbirienesssasn egar dhickness
|n%r%¥|n%r%he r ou @P ess and the uniformty of the

erre

t rans “Fgﬁ%} no¥acét, while those cool i ng neans

can r edovevelre k@mm@r@p@ﬂengvmﬁahﬁ hahe_Apmhtednt has
observed.Lhat st he temperaty gro%lﬁg 4l orm.atk %h%nd the

waf er. surface. In particular resence cavities
bEPAEEATERE Slpbort LARASERE TRET dRYRRen LRe fdater "Boes

n@ho@%SEOQEﬁQchEaQ@ the &@@Q@étthétté&bagétgﬂe overall

proje nts ch a t results in | oca
e ikl e o EFAY Bre Fartt RbSe CERVFLREAToTRE POt
phfoamtahaShesWaﬁbmsbedfhhat t ler eaexistidaa, the

relateanshil belyeen.f F%&' ot PRUILEBHIL ¥nfll (kB water
mperature, and secon e roug s an
uwhﬁérﬁﬁ?ywéﬁeﬁhd@ﬁﬁe@@toﬁeﬁhed@raﬁ§ﬂ§rpédthayenpp¢h§ but

A@ekheénbnh@§09@§%&ﬁ§deqaaentstQ@chhagkmgﬁétef tBguits in
transferred | ayer i s dependent on the tenperature of

tﬁ@cﬁéféPCEGF?ﬁﬁ ﬂﬁpFaﬁtsﬁmsﬁra¢Ha§ ah FhgReofavities.
horegepeiltiyahs hhe tespelatHed ehathenkwpl antedswaf er

r%éf&%%ohghgplgggwggn firstly the uniformity of the
temperature, and secondly the roughness and the
uniformity of thickness of the transferred layer. The
Applicant has observed that:

e the thickness of the transferred layer is
dependent on the temperature of the wafer during
implantation. Thus, a lack of homogeneity in the
temperature of the implanted wafer results in a lack of
homogeneity (spatial fluctuations) in the thickness of
the transferred laver;

¢ the roughness after a first finishing step (RTA)
of the transferred surface is also dependent on the
temperature of the implanted wafer. Thusg, a lack of
homogeneity in the temperature of the implanted wafer
also results in a lack of homogeneity (spatial

fluctuations) in the roughness of the transferred laver.



honogeneity (spatial fluctuations) in the thickness of
the transferred |layer; the roughness after a first

wo povvaE3myg step (RTA) of the transferred surf aR€I/EB2009/053579
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al so dependent on the tenperature of the inplanted
wafer. Thus, a |ack of honogeneity in the tenperature
of the inplanted wafer also results in a |ack of

honogepgi Ly &%@ngqy fk%%t%@bqu%htlQa%h@e%%%aﬁgéﬁﬁt% £ if

t he transferred l ayér. More precisely, the Applicant
h&SedEEBPRITASHTENE Thet Wé fteé”nﬁé‘ﬁfépﬁfr ém@fl aphe tigPert s
dukiing ali fplkdaatati @R ains tempRt-aicned ah @h@eaange 20°C to

t tu th e 200C.to 150 OC wi t i_hum
RS Sarra iR B aga s bR e IR e b B L oS nt
abéttvrenc chdesptpeint pofinthenvatée ¢radealk yarinat iodnthe
ﬂ%@%%eqram%ﬁevg@ gk 1 Yr F\@%%)aredt he Eagggagéj% angdsthe,

uni formtt ness O e transferre ayer are
sitgfi FPEGREFYSi APPoves. UnAtasBdfdanée tiiicknese of the
|evaﬁbr@@xeah@ay@ﬂpargt@ﬁgnerleaﬁtdgn@ﬁpggbghrat@n

whi | [ .npl a nt dth
CBREPBIRBa] A SBvbra) Uye R | FBF REANETaBAErsPE 5Pe
rdduorngubHErpOEEWhmﬂethensoBrbehﬂnugedmpmahﬁHﬁatﬁekbén
Frgpt EaESnQEoHE dd9H°%e§8?§5r%£§edD“r'”g

i npfantation ean recel by a wafer tends
to heaf ﬁhéSﬁam@anapcomﬁéSﬁ@r@frﬁ?éﬂgenghéhbeaﬁwerh@f the

gﬁgﬁtEéa&hﬁséaskotB@&thS wﬁéefr$hklfaeétogptﬁscaeﬁsr
ower ern%gtraninrtte he wafer. The power

of
PeF SHE?Fﬁed HQurg prB aEFaBFOPhetFﬁpFaﬂtEF?BnreCEIVEd by
curweﬁérltanﬂbrpbrﬁdabythbewacéelepatlon vol tage U ,
esgh 1a|t cap be see
Fe

ocer e R o TG L b e RS RS P hoehe FheRoenac

power oOf the Toh beanti
m@herweéaseﬁlby hheti op beaauss nﬁdehatpdwetnbelng

aer;grlgﬁ@g@ew th EE@ P;ﬁg@gg rﬂgeg%rg\g r\@ﬁegfas the

he 1 on beam ma avol
hedaPfngtt Ak rhﬁlampé@n§@b§@na@érb@y6na @UhﬁaﬁllEd by the

t gaperat it eoffvdbPa§€ v, I n erder-tgrfurther reduce the
rean tenpergég& tofléhgaguggtggég that if the power of the
ion beam is reduced, the heating in the wafer caused by

the ion beam is moderated. 1In accordance with the
present invention, the power of the ion beam may be
limited to 500 W, which avoids heating the implanted
substrate beyond a mean temperature of 150°C. 1In order
to further reduce the mean temperature of the substrate
during implantation, in particular to a mean temperature
in the range 20°C to 150°C, the power of the ion beam
needs to be reduced to a value below the limiting value
indicated above, for example to a limiting value of
300 W.

There is a relationship between the value of the
power of the ion beam and the temperature to which the
wafer is heated that may in particular be expressed by

the following simplified formula:



during inplantation, in particular to a nmean
tenperature in the range 200C to 150 0OC , the power of

WO b@oflte37beam needs to be reduced to a val ue bRCDEPIAL053579
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limting value indicated aboves for exanple to a

limting value of 300 W. There is a relationship

bet ween the val ue of the power of the ion beam and the

tenperature to which the wafer |sheMedthatrmy|n

particul ar be expressed by thﬁ simplified

formul a:in which: ffL bs'the t edperature

variation; P is the pgmer ot4th 15 gr as defined

agﬁ ehl@@nely the product of tHeVcurfent of the beam
tiplied by the acceleration voltage; ABis the

total 8SuPfate) ateatBeahpedebytehe vearptiknis the

t her mal @Qnﬂgcihéléaw@f é?ﬁtM@fﬁéam @slée£b§e§e£§b§¥
e specif

PaPﬁ$Y|8%eb85ﬁg“ﬁttﬁé PRSI &REEFs goﬁgﬁobee@ eyltlplled
megsuhkengcthéeebedbni coflkaxegenerated by the ion beam
during, 'HF' Qt@ﬁéoPo 519¥u§f$c£h°%§ sééﬁkééféedthe beam;
di agram of an 1 npl an Wit h” e for
measur Pn§ Fﬁetb@rﬁeﬁrmeﬂ ?hedueﬁlbeaW1OﬁstbanWBéeseen

in Figurg 1s, cduripgstppl gatahionaribe fage 30a of a
waf er 30 of semi conductor material is subjected to ion

bonbar 8nent I HyEF sprect hif theAwaf er 30 al ong a
dusplameaepbwexlSfB&heasbnabEameanlenebeaﬂuéﬁteknis

naow ? healon bea 40 generg ed fron1aﬁ Eog
sourcen? 5t BKoWn2PHT Egu ;eg ppfFi ed Byda"firghe ©Y
vbheagengeaemnatioridg imﬁheHCatnent ofigheei dbnsheam &s

[ agst y n

”E%‘é?%?ﬁé%ﬁ ot Pz IBenE af) S LA eoR CHRERUEA"R: e means

dF Sk %Gaﬁﬁéﬁn@eébﬁv§§rFﬁ@tl@ﬁ beanian, bepe. di Bk §@n be

beeeg canpegtied 10 éﬁr@ﬁ@ﬁlﬁﬁlQAta§lBﬁe the k9Bcbgam or a

s constituted by electrical
wa%er 30 of semgconuctor mater¥al is subjected to ion

bombardment by displacing the wafer 30 along a
displacement axis 31 past a fixed ion beam 40. In known
manner, the ion beam 40 is generated from an ion source
(not shown in Figure 1) supplied by a high voltage
generator 41.

The current of the ion beam is measured using a
beamstop or Faraday measuring apparatus that is generally
constituted by a graphite disk 50 that receiveg the ion
beam 40, the disk 50 being connected to an ammeter 51.
Since the ion beam 40 is constituted by electrically
charged ions (for example H' ions), the electric flux
flowing via the graphite disk 50 to ground is equal to
the flow of ions supplied by the beam 40. As a result,
the ammeter 51 directly measures the current of the ion
beam 40. An implanter provided with such a beam current
measuring means is described in particular in document
US-2007/0259511.



charged ions (for exanple H+ ions) , the electric flux
flowng via the graphite disk 50 to ground is equal to

w0 b@filss of i ons supplied by the beam 40. As BCT/EB2MD/(53579
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the ammeter 51 directly neasures the current of the
ion beam 40. An inplanter provided with such a beam
current neasuring neans is described in particular in

docurent, WS+2Q004h025951%. kaeageee@eecenwehalbﬁe the

present invention, the nmeasurenent of the current of
tﬁeaﬁéaﬁW6P6d8€e&he CHEEG 0 CadfFlist PERE PEREHCEE tlife used
i ap beamemntaed@bwee bﬁnthelﬁohObaamreaebeaekne@ limit it

[ im ti 50 l.ess Th Le of .t he
e PaptEl e A YR e Bkl e bRt eR gt
di rect Mre Vhisze bﬁo%ﬁﬁgaphelvahueOufVbéthgehehe implanter

ageelgratien qugegeyandThne valhue, ﬂg the Qﬁﬁ&enEfOEO h

the i on beam 5055| le to calculate t ower o
tﬁ@eléﬁcﬁééﬁﬁéﬂoényo Fﬁ@edéFﬁnEh?nﬁﬁéﬁﬁaPﬁoﬁhﬁnéuféent of

CeRAEr @bni be@f, adpusb pbsbyba@tthcemchmetboehBegﬂwer of
rent on beam can .be

conFroPPégeﬁy ﬁ% ﬁﬂya Fgﬁmﬁﬁfﬁﬁﬁ F@BgaPﬁﬁFlaﬁl?Ggrgo

vobnagelant/ or edrinent icohyrekttshgnah tbet hengbaematarrent
41pt bagrhs calculated as a function of a predetermn ned
reference power and the power determ ned at the outl et

on theThasPsvetr Phetbeaishopeeur Fent baeasnreabhedahs using

ok keguaggebﬁraebentMettaeelvekgea Jbgtgeeegﬁaper current
vol t age. val ue gag ngose esi red dept h_of
tﬁ%nFﬁBraﬁfﬁ?? BeBRet ﬁPeH%F%Fn?ﬁeEh?ﬁelﬁeﬁﬁ culated as
t &i Eknessonfotfhe pransternedeliayeferdhnderpsueh andhthe
e_power is,.re ulate u ing_ onlLy e
%p?%%fé??%%é%ﬁ%Eeﬁ .¥ﬁﬁeoﬁrésgn? |n ?%gsa?totﬁe
pb@@@%@@po@hereneamsa$@remeducan@ @ﬁethean0¢eh@eaaiune
agglgggetegpgéature differences in the substrate

during_inplantation thereof. These other means that
are deliei Beachelrow viaytage partieunay be imeds¢d by the

COEDi Pall i @Fptht Bf r elldICl gl 4N€a POY¥® I peak that determines
the mean thickness of the transferred layer. Under such
circumstances, the power is regulated using only the
implantation current.

The present invention also proposes other means for
reducing the mean temperature and the temperature
differences in the substrate during implantation thereof.
These other means that are described below may in
particular be used in combination with reducing the power
of the ion beam, in particular to prevent the
implantation period from increasing too much. The
implantation dose is defined by the fluence “f” and
corresponds to the total number of ions implanted per

unit surface area in accordance with the formula:
I xt

g x A

f =

in which:

I: the current of the ion beam;



of the ion beam in particular to prevent the
i npl antation period fromincreasing too nuch. The
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corresponds to the total nunbgg of ions inplanted per
unit surface area in accordance with the fornula: | Xx
t gx Ain which: | : the current of the ion beamt

the '”Ela@E@tb%@l%%E%qunq =il charge of the
el ectron; and A wgéantatlon surface area. |f
ogy

t he poﬂértp§ F@&ﬁ@@d dGeERGORe ébfrent of the
i on beam thke inpgpkantatioan sl&@lfiat@@ Busk .be incr eased to

k t t ot al nb f ted ion
conseqnEnei T peREE 18 GREUGRC BYn RN BB e SRETeRE of
réhacéonhéeﬁ@anthenpmp&autetand pheibdnpesat bee increased
dtefﬁeggcgﬁelea&Eet§uQ§thahsegugkngmbﬁakéaﬁaa oAl apd .

reducing the inplantation current is no |onger
oRPYSESEEBF S oPYr BELBPNGNRe&Ei RGT6f MERBSSLBSEr 8@, reduce

WehB hbenr eswbbrhbatet Bha €HEr eBhpBEBY thecNBi Rkl At in
reat an i.ncrease In t he

h 0 not .cause
R BFarthE bR Belh ba o ANORYSREE Bt NEPCC BB RGOS
thepﬂaneatnon propesesiasihnglangeol thg gasy Fagube 2or

shows - ap. eﬂpgéaggnafOEhé &@égErégBDO&atHthge a0, thaty ¢

can retarn and position a
i FPLanfAYrent The éapﬁéﬁﬂtﬂévﬁéeagovébnpﬁlSéstado not

Cbéﬁﬁéaﬁo@|§£§Qt1§noﬂn$@éggealﬂa£§£ §§p19n9§t95905§§§gd
IS dlsgosed The wafer 18 is he by an el ectrostatic

force ﬂ%?a?%ﬁsﬁyoFﬁ%rp?%@éhnESmeaWﬁe phat épvention
| pebpdess ausinguhatogaskgtgd3l on which the wafer 18

rests, recess_ 130 t hus e|n rovi ded between the
waf er iggaﬁﬁ CRNkIE %%g " et ef %?£?ﬁesbP%?§E
1@6Vh@¢u@@3tb®t|n&@traeainoan@cpeﬂltooa bdiwefdt0dfining ion

#PQH@&@QO&OOlTQQ 9aspdfe §Q§1§gpP@r$oﬂ§¥1§é§oa circular
|nc ude snal islets or spacers
platen 13 on which a wafer 18 to be processed is

disposed. The wafer 18 is held by an electrostatic force
generated by the platen 13. The platen 13 includes a
circular gasket 131 on which the wafer 18 rests, a recess
130 thus being provided between the wafer 18 and the
platen 13. The center of the platen 13 includes an inlet
132 connected to a line 110 for introducing cooling gas
14. The support may also include small islets or spacers
133 disposed on the planar surface of said support facing
the backside of the wafer 18. The islets 133, however,
are as small as possible so that they do not disturb the
circulation of the cooling gas and, as a result, the
uniformity of temperature of the wafer.

The gas is introduced to the center of the platen
and evacuated partially via the edges due to the partial
seal between the wafer 18 and the platen 13. This
partial seal may in particular be attained using a porous
circular gasket 131, i.e. a gasket that has a certain

degree of permeability to the cooling gas 14.



133 di sposed on the planar surface of said support
facing the backside of the wafer 18. The islets 133,
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di sturb the circulation of thegicooling gas and, as a
result, the uniformty of tenperature of the wafer
The gas is introduced to the center of the platen and

evacuatied ipar tdraldag via ddhe Ldges @J@ésqﬂaquaoq;de alg
seal between the wafer 18 and the platen 13 . Thi

partFicaes &l Brdy G5 Pata%BUl ar be attained using a
por ous Iai ra@doardaga:sé(ahtlﬁhnei Bpextgagkethe RatvdiaS o, the

[ re ility to.the coaling,g
?Oﬁﬁl%l% 33% ion “of r%%ﬁa%q%t é‘@t uEAY et P é%h %beﬁtt is
i yesed ey cBSC ftiediemdl, o gy chn asc berldanc @ wihtidrogen, which

a%ﬁ%%% Qkakh%étﬁ%@n%%%% t&@%s%%glH@gcg%%lnEdp%%%%%%%!Xhe
avin heat transfer coefficient, such

hé’l i &ﬁﬁ S‘Pdh)g?&]reoﬁélﬁp%vcﬁ“ﬁeéﬁs 3 FREUBSt Lo kagrall

t ranpben tugeohisailped rheh@e e rthenwabefn andnt Reth nitrogen,

s%g@oexa agd as a result the overall tenperature is
ROEmore uniformthan with nitrogen, for

exanplé fArtbetrhemprppeoverent mendrdénignghtheemperature

teppenat yLeof JLhe 1‘A@E§ uﬁe%&ﬁl' h&é upif gk%ﬁf%db%y

attai ned by maintainin e cool |n gas at
pWéééFéﬁﬁﬂﬁ@dtb?e§§9ﬁén9n9ﬁﬁeaﬁeée§§e@8©er89ned pressure

CQﬁtEQE|k@@eb@e1BbeSSB&ec@EtEB§l§99|tﬁg gassButBect the
rece ?s 130 ween the_backside of the wafer 18

|
afig® ﬁggsﬁﬁﬁoﬁp ig FECFESpoedi ble®t oPREVESR the backside
poédeher wafied qaaahdtyhefsappbrnglgas1beﬁmegasbhele to

n r have better contr as
vRLEE 2o e SURRREh Aol ocDoKR, BELSEORgh BhruB e
t eaperadtnfetbe 5hepmaﬁeandcneehahe beessur gonsrml, as

egubhi-RET Uy, 8 §Halhn§989h¥t§lo '§héuggbﬁkﬁ tt&ﬁgerature
Con‘pensate for losses at the wafer ed ge m or

kBEptERe“PEBESUr BREBNERENPYESEH éscéﬁlﬁﬁﬁléa§fﬁﬁﬁt a

ISmdlle§h§ﬁ19nfQowhesCQHEEEcQénth@obééﬁﬁéﬂga@é tBe losses
li.cant has.observed that durin

ﬁ%eéﬁ?aw?gﬁ ?ﬁggﬁaf%roﬁgﬁrhEQekﬁePaa ﬁlpresgure constant .

With a cooling gas that is directed onto the center
of the backside of the wafer, the Applicant has observed
that during implantation the wafer may have a radial
temperature gradient between the center (coldest zone)
and the edge of the wafer (hottest zone). The Applicant
has also measured the roughness and thickness of the
wafer and has observed that the roughness and uniformity
of the thickness of the transferred layer also varies
from the center to the edge of the wafer, which thus
demonstrates the influence of radial temperature
variation on the roughness and thickness of the laver.

In order to reduce the radial temperature gradient,
the support is heated to a temperature that is preferably
higher than that normally used (typically by
approximately 8°C) to cool the wafers during

implantation. To this end, and as shown in Figure 2, the



tenperature gradi ent between the center (col dest zone)
and the edge of the wafer (hottest zone) . The

wo\ppbiicssM has al so neasured t he roughness andPCT/EP2009/053579
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t hi ckness of the wafer and hagzobserved that the
roughness and uniformty of the thickness of the
transferred | ayer also varies fromthe center to the

e@g%p@%ﬂi&éww&ﬁmiawhgaﬂ : dﬁﬁ@@§k?§kﬁ§tth@ﬁ that can

i nf.l ue r adi.a erature ri ation .on e

| GG IO i T e da o CHa PRI I drerg Gupport

reﬂﬂusmih@mﬁadmab tenpercativme ygrraei eitaterha ssupport i s
ated.to a n%gpggﬁlfg%ngggt is preferably higher than

at nor mal use typically by approximately 8C) to
cool tH@-W@ﬁe@geﬁﬁﬁﬁngnWﬁﬁﬁa@PatM@ﬁnTéhﬁhﬁ§Céﬁ@9 ang is

asighowed RFigW @c2tert RESUPROLL rdeVi €810 3180+t is
rises.a circuit 120 that can circulate a cool i .ng
S ek e e R By L

paEPEtb&abhycmhetpb@temol3ngaﬁla1ﬁr&d&t&hﬁkmedc1rcu1t 120,
t a h r t |nvent|on n
%ﬂ@%k %% gﬁgﬁfﬁh% ggﬁgegﬁe Cengralen% bethen the

cool i ng gas use €r "of "the wa
t kenseppent ﬁ@epﬁéﬁéraﬁlyhﬁaWﬁﬁarnednabearﬁémpedature

ot1apRnoxXi Mt ehy 43¢ bychtcybat i-ngqeeohingnbl uid %%éture

in the Circuit 120, which neans that the™tenperat

gPédFéﬁtwaéﬁﬁe@ﬁlﬁﬁémcéﬁtéheaﬁeppﬁéteasétéﬂ ﬁﬁe4ﬁa€er

camgbeutedugedthgkeaébms bﬁchhﬁsoﬂbguﬁﬁﬁgsfﬁércprreﬁt of
eri the te re of the wa uni mis._t

R R PR R ke PACALEEVE o b TRy EETHEr = RiaRs Soubhe

ayafeducangothéroprbembwothahetbmaaraEnteoned above,

the ne?ggh§gp§rﬁﬁﬂégtggtgg %@Eﬁ% %HBBhlﬂéﬁE gglg wafer

t hat temnperatureé frates anot
efbBBEPKENHEYL Ca @@féha§uépéfﬁraeﬁréé pbathahownf fars

fFQ?hEQaE §ﬂ0%ﬂatn1€|QHﬁedgfﬁhEQaEhétc6@mlg§f 4senbhefrom
(of o]0} gas not ron1the center of the wafer but from

tﬁ@epE?P Rér 9t RBreBRrier L PRE fREMsEPPoPET dBYFER Bhereof.

FlgureLZke the erPGQtZQeﬁ@HEFb5981§u2é¥QU|@hepﬁébﬁﬂe 20
|l C orce

28 b |
P oRrrRY 2 Lot AR Pl afpRcb i RORRI ST 8 08k e? 28 by

electrostatlc force, a circular gasket 231 (slightly
permeable to cooling gas) being disposed between the
wafer and the platen to produce a recess 230 that allows
a cooling gas 24 to be introduced and circulated between
the backside of the wafer 28 and the platen 23. In order
to allow diffusion of the cooling gas, inlet orifices 232
for the cooling gas 24 are disposed in an annular manner
close to the internal periphery of the gasket 231. The
inlet orifices 232 are connected to lines 210 for
introducing cooling gas. The support may also include
small islets or spacers 233 disposed on the planar
surface of said support facing the backside of the wafer
28.

Thus, as shown in Figure 3, the cooling gas 24 is
diffused inside the recess 230 via the inlet orifices

232, i.e. close to the edge of the wafer 28. As with the



perneabl e to cooling gas) being disposed between the
waf er and the platen to produce a recess 230 that
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circul ated between the backside of the wafer 28 and
the platen 23. In order to allow diffusion of the
cooling gas, inlet orifices 232 for the cooling gas 24

a@@p@biﬁo%idEﬁ@@&eaaﬂuba@cﬁﬁﬁ&@fo@'Q%% @@st%%déyégwyﬂ the
perip EP% ket 231. TQe i nl et orlflcesfz % c
are’¢ Eﬁ%@%ed §§nﬁi@a§o? o dGEiRGcdoing e wafer
gascalfe saﬂp@mﬁamaw éb&otb&cbu@es&u&lbmaﬁ ele aw leaks

2 f f i
SR P, e B R LSS i v

wiht Firg@fe a3 Whotlge coollng gas 24 is diffused

i nsi deakheik@cess %%@e%'@ub %rknﬁ%blg%|5&%%%n%%% ih- €.
%ose to_t he edge e wafer 28. As th thesupport

b @ o theatoalingnSar - tRepgatosebaped Aot HEULnG a
peipphehygrmhit todueifrg gasfdtctbatpesupherny aklthe or

al | ns s f he pressure dro due to
P BBLobRa® | FugIREnRhES LAl 1S BLCRAY & 18h e
a@ﬁﬂé@één@deﬁtthepﬁaﬁ@teaglaedhgteSSArg wiht hheheewaber 130,

s"ppoLh 6§Mb9€tefﬁ§%etgdpkEdEt@H&Qnéd’qhQﬁtggg @gcgg§1ng
is preferably a avin igh thermal transfer

cH8ff PEFERED §H€hwﬁ§eﬁePP8nF8P AYEPBEENaNRUEPhEFPTONE

coohtRglgas oBY akselbengvintabpedtat od phedetfpBirAedre of
pgﬁssur? in the recess 130, 230 in order to have a

pregeW% i ned guantity of cooling gas between the

waf er andatherdapper wiahdyéo anptbege asptrol off thhe

'gx@gnemgnyntﬁgrﬂhﬁylegnEhﬁﬁ%egB§£9£gaeF8%ﬁtEﬁemgﬁgucture

I n accordance wt anot r as
|ﬁ@ehh?owaf@ﬁeswppprbahﬂshag @bééu@@@ethatthheunlformlty

S&fuﬁhérgeﬁﬁekgguf@fgf §H@pQ£EePa§naPelQELH§nES PRet he
uniformt he tenperature of the water in relatjon

t Rt her A Yo?ﬁ1F?eo?OPﬂEn?%%gﬁﬁ%sgh%nEh%ﬁ%n?ﬁ?cRﬁeE%e
ofrédheférangfeaved. | ayetis, Thush W &hpgostippéhprising gas

ngpéﬁféggogaghannels, for example, it has been observed
that the zones of the wafer located above those channels
are at a lower temperature than the remainder of the
wafer. As a consequence, the roughness and uniformity of
thickness of the transferred layer differ in those =zones.
Thus, in addition, in accordance with the invention,
the wafer is held on a support device comprising a platen
that is free of any channel, groove, track, etc., for
circulation of gas and in which the surface facing the
backside of the wafer is planar. With such a planar
surface, the stream of cooling gas circulating between
the backside of the wafer and the support is more
homogeneous, which means that temperature differences can
be minimized. In this manner, the recesg in which the
cooling gas circulates between the wafer and the support
can ensure substantially constant heat transfer between

the wafer and the support.



circulation channels, for exanple, it has been
observed that the zones of the wafer |ocated above
W@ b@seissihannel s are at a | ower tenperature thaPCT/ER2009/053579
remai nder of the wafer. As a cansequence, the
roughness and uniformty of thickness of the
transferred |layer differ in those zones. Thus, in

add| t| cxm awm&@n&&mdﬂe tlhﬁférm/leml ny ctdaﬁ:a&@j &he

a _support Vi ce risin | at en t hat
|sé?ree or%¥ 6ﬁ§ﬁﬁb 5t 6Vé F gl %ﬁ N figs mean
C|treennea:tatorreof1rga:saeanmng@ Wi °ch ttd’]éLESlfrd ace a:caju@gzrtdkes is

(i%c% al pl
sur ltgﬂl gﬁr e nﬁ%g?é coolgﬁ%gfr graa::é',l&J1 atm%ﬁgﬂ beetm\}\?eemture
5 é\iacf@roflgt e iefeemegh d 1t ﬁéaeswmet 509 Chrce 80°C, or

h@rmaguerleptt&e \Miir@e"a eeans dhato dcenpenal uhe 1didfer enges
n this manner, the réecess i n which

tﬁ%%%gqﬂ§aﬁhlﬁr%ﬁh%é§%@ﬁ%%ﬁ%ﬁ@ﬂ%ﬁ%r%%ﬁthe
smg@@Eﬁeca&dedsqme-&u@sbamhmahqm &Qﬁ@h&@%sheaMore
fe t t fer e, SUppQr
%?%? ancgsmﬁgﬁg?hg%ﬁﬁgg%tlgﬁd Iiagool %g Fﬁécﬁﬁﬁgftor
10 dupiteg liedpl (@tacioon §@r@§nﬂ@mnaﬁnﬁahne¢p§ feam an
t@m@@%@%@ﬁeah@.%ﬁ@l&a@%%ogcggb%QrQQQ Qe wa%%%, andhafter a

rou g‘s is significantly inproved. Preferabl %
L OF ABEr REUfTdFPARE Rafer t8emhrARSiREdTERPReOf the

r@mg@eﬁ@O@nbenﬁﬁﬂﬁ Caﬁr1&peﬁvbnthBeuhdﬁ@%m@QQCoEotEQQQness

. Jh t _has ob d.that int t t
 Smost™ PrafBPeriFR, PaNErLSEr Rag R onrArnaAT BRghAaSeLT

15 MbEe pD€Cr§§BytuaEtenrfaaﬁsteugbheaslayes 0t well known,

seni,c er, S e
seaoongucken.sBheLLal pLsthicoy BRETRALIT, SLGe1coLfbcies
afd Hﬁﬁéraapéﬁﬁé@hFﬁgoérSPEﬁﬂ@ﬁlﬁgOs@@planhétEpahsfer

”Ebh@QoQﬁlhBetHéeﬁéﬁh t@M?@EhQﬁfggﬁf}gﬁ%gggfggggugﬁgg
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uni f of thicknes
réﬁﬁgéggﬁﬁlP@naBraEﬁPFa?ﬁ?Ft§lEBsF Br ABYEREISTr PREEIdES

20 rBGQMDQSBalAadVSnmebésknhmn thenwhiplaptathendsnyrbe

t. g eC|e with a_plurality
o B B P AR ey oS T T AR of t RGOt hebreare such
t@ﬁpefaruﬁeampltheCMaiEpldutangon of hydrogen and helium.



i mpl antation in accordance wth the invention provides
addi tional advant ages when the wafer or the donor
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such as, for exanple, co- inphantation of hydrogen and
helium CLAIM5S 1 . A nethod of transferring a |ayer
froma donor substrate (18) fornmed froma
semagerduct or material onto a receiving substrate, the

t hqd r n ste on | ant ati on
ggrr%egeggg Lo %%ﬁEF%FﬁﬁlFﬁpafﬁngr#ggégg Cﬁﬁ%br
s@b@@taﬁ@e(ISﬁ wifolrmadbéammof isens cobadfuatoyr atateérial onto
predetermin ds@%@%%a%% thesy, %Ehéﬁ%oﬁ%r1%¥%r .of

m crocavities or platel'ets definin F'to be
transf &' r édStRPt RE dppér Q@Pﬂﬁ@ﬁaéﬁophéa§@b§ﬁrapé bty )

ab&b@ﬁr@ﬁngoﬁﬁbngrbhﬁ frrent Eaﬁed@Eth%u@%@Q%te (18) with
%tratefMAt one face of the re e|V|ng sgtstrate

afid &3 &Est8R°of CdéCabhniht 2by TEPFLEETRGSgt ERED dffelhe

okubtrecavi ki ésyer plfatekebsatarded bm phetddrek deflnlng

S t i p_otde [ et _t I ta hed .0
Hgéd%% %rsggs%ga%gggﬁ%eggéé Egcgﬁ$|ﬁéssub rg €; Pﬁ the
nﬁﬂﬁéérﬁé?ng characterized in that during step a), the

donor sybst Eatg 6E8hohaingi Rhai Rednat f3cABBR the donor
erature in the range 20 C to 150 OC with a maxi mum

0
té @Fﬁ?ﬁ?eW%EPlﬁFFoﬁaSF PEsERENRRCIEVENY FUbSArfEehodnd
accordcﬂgatetepabﬂwaetaehaéa@tbplgpdltelhgaatddhbnga er of

SbeCursrvibees 8% BhRtthon GoeBra A LBccrarRe1tgpotracs

clai ar@er thataenefezedhenlahat detangedtépom yhe theor
dQQEét§59§t5ﬁ$§utﬁeh?ége?¥%§%S§Q89Egié 0) that is

capa sing a cooling gas (14) over the
back5|H@eo@eﬁh@ddbﬁbﬁgsgb%¥ﬁétér{4% insghdt cdering step

gas, b@h@gdaﬁbﬁtghﬁggréée (Pgedetenni nedi REQSSH & méan
A met hod accordlngﬁto cl a|n13 characterized in that

t he"ROBR PGS g8 £13) TRRIG et EFelOf Fof at Wi BAst ReFinHn

anemperature variation of less than 30°C.

2. A method according to claim 1, characterized in that
during step a), the power of the ion beam is at a value
of 500 W or less.

3. A method according to claim 1 or claim 2,
characterized in that during step a), the donor substrate
is held by a support (10) that is capable of diffusing a
cooling gas (14) over the backside of the donor substrate
(18), said cooling gas being maintained at a

predetermined pressure.

4. A method according to claim 3, characterized in that
the cooling gas (14) is selected from at least helium and

hydrogen.
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, Characterized in that the cooling gas (14) is
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donor substrate (18) . 6 . A mgthod according to any
one of claims 3 to 5, characterized in that the
cooling gas (24) is diffused towards the perlphery of

the backsids; ofcabesdanaro substyaf &, (28). 4, ., A et hod

according to any one aracterlzed
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the support (10) conprises a circulating circuit (120)
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accordi ng to any one of claims 1 to 9 , characterized
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species 1s carrie
characterized in that during step a), the donor substrate
(18) is maintained by a support (10) having a planar

surface facing the backside of said donor substrate.

8. A method according to claim 7, characterized in that
the support (10) comprises a circulating circuit (120)
and in that a cooling liquid (121) is circulated in said

circuit at a temperature in the range 8°C to 45°C.

9. A method according to any one of claims 1 to 8,
characterized in that the donor substrate (18) is a
semiconductor material selected from at least silicon,

germanium, and silicon-germanium.

10. A method according to any one of claims 1 to 9,
characterized in that during step a), co-implantation of

two species is carried out.



