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WO 2009/ 112306 PCT/ EP2009/ 050994 1 METHOD FOR

FABRI CATI NG A SEM CONDUCTOR ON | NSULATOR TYPE

SUBSTRATE SCOPE OF THE | NVENTI ON The present

W1 rel ates to a nmethod for fabricati ngPQI/EP20095/050994

Sem conductor on Insulator type substrate. 5
BACKGROUND CF THE | NVENTI ON Hhe invention is situated
in the general context of fabrication of a

weans o Thor9D FOREABRIGATRS A SEMCONBOCTOR ™Y ..

remai nder of t hONIINSUYLATER TYPE SUBSTIRA®Rart Cut TM

nmet hod is described in detail ed manner for exanple in
US Patent 5,374,564. This nmethod enables a |layer to

be tSEGRAREROFCBHEINMENTIONor substrate to a receiver
substrate. W.th reference to_fiqgur i,t.shoul d_be.
FecalMeresst myeriipfsBltes i aaneifsR B aticBg <t Sficgnductor
ofingladtoptypefsubegatéonor substrate 10 or receiver

substrate 30 to forman oxide layer 20; 2) lon
inplantation in the donor substrate 10 to forma

WeakBﬁ%‘kCﬁR@@ﬂ@fOF FTHESRVE N t he donor substrate

10 onto the receiver substrate 30, the oxide |ayer 20
bei nghé oivaewiibratist bituated einf doe; g@terd) demdesttuof gbtitetion of a

dor t i Nt K 12 and
SERIRNAIT 9 sudglor (540, SRR SHbSliaRO BY oTigeft of dha Srpgricut™
niditod, eRel df&écfdlih%&tﬁ@?eﬁnéiﬂdeﬁéf theRlopbt 8GbdtFRat ment of

the Sed 1 forned in this M%ﬁélt i s advant ageous t

r ecy Ene SmrrtGuimaimeiaed idegcrioed insletailed panmer: fer ezsargiﬁl@ in US
| ) _ . :
PhRE S SpAr T P RS 100 S SR o conor
sulmsicate smbsecsiver suisiratd.s then referred to as "top for

top",.ecycling, or .it can .be,re-used as, recgiver ,
btV ESteretianft ot - Shopist BEaried dBot i sgmpgises the
fdlelvitid §dpto. Recycling in particul ar conprises
pol i shing of at |east one of the faces of the
1) Oxidation of the donor subsirate 10 or receiver substrate 30 to form an
oxide layer 20;
2) lon implantation in the donor substrate 10 to form a weakened zone 12;
3) Bonding of the donor substrate 10 onto the receiver substrate 30, the
oxide layer 20 being located at the interface;
4) Fracturing the donor substrate 10 in the weakened zone 12 and transfer
of a layer 11 from the donor substrate 10 to the receiver substrate 30;
5) Finishing treatment of the SeOl 1 formed in this way.
It is advantageous to recycle the remainder 13 of the donor substrate to use

the latter in a new implementation of the SmartCut™

method. After polishing, it
can be re-used as donor substrate: this is then referred to as “top for top”
recycling, or it can be re-used as receiver substrate, in which case “top for base”
recycling is referred to.

Recycling in particular comprises polishing of at least one of the faces of the
substrate {o remove the material damaged by implantation and fracturing. The

thickness removed may be a few microns.
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substrate to renove the material damaged by

inplantation and fracturing. The 30 thickness renoved
ew m crons. WD 2009/112306 PCT/ EP2

vg@%fqopﬁhzg% d be stipulated that the inventi Onol?cﬁflﬂﬁz\@@zo%w%

the latter case, i.e. recycling of the remai nder of

the donor substrate as recei Ver substrate. The donor

substrate nay not be "new' - it may in fact have been

pr evitogrluyd Usedtipslati@ndtiat b wivention aindolves ibberittas case, i.e.
donor substrate, but a limted number of tines so as

FGPRYF“”%"’E mebr@n"taqum&@%aonws@rﬁée A% FegaivRsSubstralee The donor
fte whbﬁbé "héw? e?tyr%?g? ?@c&%ﬂg% @g/eg;&e%‘{y uSi'85 donor

ubstr € successi on
sulbpstrdte iang retysierhbs tosart suhstrate, out adidited fumker dfdirses so as not

t ha 0C) or low (i.e. less than 600C) tenperatures,
iq Re{]%%’ é‘?ﬁg when perform ng oxidation and

f r aciNenntle réARndet dfaleé dBRBEEISrA8 i FdcycleliOtol dbrishifite a new
substrate which may |imt use thereof. Recycling o

of

dorer SUbStRIRIdhe @mcqqsﬁfoacqi&m@m@@tt syeles invobirg {hermal treatments
t t

oE ARSI Focliop (M UG BN (B W, PO Ty bl res, in

paicdizn whwmfcrrr;rtlmg aridatibre aaddcauﬂJra@ rdeey ah éabt rgenerate rdefects
cli gr% nmode. t her ef ore enabl es t he

. subst
’nntb X &S&?tet‘Wé'F ayt“B'SP &5 under gone by the

subsReay@ing bfke IrémbinRer of Ry 86ordubstirad BY réRgesubktrate on
the latter.” However, even in this case, on account

thenethen dvangl enabies ienpebstrate de bm@bjg@m t@utfwm§martCutRI cycles
o@ﬁ?ﬂ%ﬁﬁ@f @8&{!@&%95&% ﬂw@%e%%%%r}gwgs dl.BGrate.

erties € recyc rat € nmay
pr es€his néepuelmg andedherao@eenatﬁésdhs nuniizer ¢fhibeemalf freatments

UB érgbﬂsf;}ygﬁe SH ?tﬁzg%%%t gl?fiﬁe?‘g g]eréﬁé%{erﬁ;tﬁ%aagﬁge@gthe latter.

not PBGATEAIdveY .ﬁrmnzaaaaé@ &9 a"cB@ur&%ff ﬂh‘éethe?'r‘?\ﬁl treatments it has
recycled substrate can therefore ess od

ugderigene durag imelenmentetien oﬁibwﬁo'imagﬁué&rraewodmﬁ!scéependmg on its

rﬁ&ﬁ% ?g&@erﬁég tRSerQc‘?éjd Eﬁbsg%}tg%éér Mecs ¢ Qgﬂg&t&dﬁﬁw}ger defects

ect's f espon o OXY
thame thgziet af dise Whitidli domdsressbsktsiteaﬂ' %s&aie‘iettts oatTeoﬁsstrEﬁ:ted in the

th t at d d by the the
vl sBbe Batsliel 3t t ol daksRSaiin, RIOREGRE, to, they Surfage. The

réyclddesiititidial capr feestbhe Heobf (dwe 9@66” duality Methe initial donor
precisely, the density of BMD defects is conS| der ed

sustiel i nked to the tenperature gradient
These defects are referred to as Bulk Micro Defects (BMD). These defects

cormrespond typically to oxygen precipitates within the substrate. Formation of
these precipitates is induced by the thermal treatments undergone by the
substrate and also depends on the initial properties of the material. More precisely,
the density of BMD defects is considered to be linked fo the temperature gradient
applied, whereas the mean size of these defects is linked to the maximum
treatment temperature.

However, depending on the intended use of the SeQl formed in this way,

electronic component manufacturers define specifications imposing a maximum
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appl i ed, whereas the nean size of these defects is
linked to the maxi num treatnent tenperature. 30

However, dependi ng on the intended use of the Seal
WQRWRAIZ t hi s way, electronic conponent PCT/EP2009/050994
manuf acturers define specifications inposing a maxi num
WO 2009/ 112306 PCT/ EP2009/ 05@994 3 val ue for the BMD
defect density and/or a maxi mum value for the size of

a8 YREBTRD Ratgs senShy SR iq Jlagin, BRI, Size of these

defeksirate. A second obj ect of the |nvent| onisto
enabl e a recycled 5 substrate of

ui red thicknes
to bR Bt epiesh Oétthfb‘h'BV%'?rtH?’”be fﬂf‘éef%? Clghrm@oge é'ir’ae \MH@W of the
T,
récyBled® Y&rate C AN ﬁdra?t rl])]eBH %{)J @('et Hg&;ﬁff&?% to Qﬁablﬁ a recycled

i nvention furt optimzing t
Sgjusitate yof cequined ﬂmckness toobplcd:ttaroad cﬁt thieerid Dfstthe:poliming step
f. Smart Cutrm 10 SUVMVARY.
whish, Gl (SRR 7 SRNSGAYRY r%%rer'@hf 'fcgﬁ?? hliﬁen'ﬂ"% i frP8r hes the
objest @ﬂ@@uﬁﬁﬂrﬁg QRe quasity 8f @fe DA G ldhigMétfon B the first cycle of
pr?&}us , conprising the followi ng steps: - fornmation
toxi de | ayer on a donor substrate or a receiver
substrate, - inplantation of atom c species in the
donor substrate so as to forma weakened 15 zone, -
bondSUYIMARYH@F Adtlo INVENIIOMt e ont o the recei ver
subs rat gi’ngt e, oxi de

t. t he bondi
nt O Bl an AR TolshE"S Safigonductor or
Iﬁéﬁﬂf@ﬂ?ge 30P§rABGs bf%é@rédrﬁﬁlsﬁhq méeﬁ)ll&fvmgtéf@péjonor

substrate to the receiver substr 20 - recycling of
- t fesmadiam o ge oxisle layer Alva Qpngﬁﬁ-ﬁlﬁ*@t%of 8 recaivprpubstrate,

fﬁﬁnﬁﬂém% o SPSldrAtS eHrF—t-at ofthck{ d6e £ u@gkrr i c?&e_?o ﬁﬁﬁwo%‘%egkened

con uctor on i
zose,characterized in that before the oxidation step, a

- oBEIG s FEapena Sdhstiall Pio e rerEivetSRSan. U oxide layer

bEPgEtdhe Boﬁdihg iBHhexi ed | ayer during the inplantation
step so 25 that the transferred | ayer is an epitaxied

- sEAtiond dlae dﬁgowtatraée in Weaveakangd zane and Hgngerring a layer of
RO Bl Bie B 6 ok B bR Y 08N Preci pi tat es

ensl €s’s
- recycling of the remarnder of the donor substrate to form a receiver substrate

used for fabrication of a second semiconductor on insulator type substrate.

This method is characterized in that before the oxidation step, a layer of
semiconducting material is formed on the donor substrate by epitaxy, that the
weakened zone is formed in said epitaxied layer during the implantation step so
that the transferred layer is an epitaxied semiconducting material layer, and that a
donor substrate is chosen comprising oxygen precipitates with a density of less
than 10'%cm® andfor a mean size of less than 500 nm.

According to a preferred embodiment, after recycling of the remainder of the
donor substrate, the receiver substrate thereby obtained comprises a layer of
epitaxied semiconducting material, the thickness of which is preferably greater
than 100 nm.
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than 1 010/cnB8 and/or a nean size of |ess than 500 nm
According to a preferred enbodi nent, after recycl i ng

V@é%&op &I‘I’HI nder of the donor substrate, ep(gﬁﬁl?gyﬂso”“

e t her eby obtai ned conprises a Iayer
epltaX|ed sem conducting material, the thickness of
which is preferably greater ‘%han 100 nm WO
2009/ 112306 PCT/ EP2009/ 050994 4 In particularly

advamt peeusariya e antaybeusahahneqt tenhabfirddv@ediorsdr the donor
substrate is performed before epitaxy. The thickness

S'é)lPStfaﬁ%'%Eﬁ’rfcﬁmeécp@PW%WxVayer is preferably conprised
bet V"Fﬁé‘thl&r% ’bﬁtﬁb@ ta ecﬁgﬁeélﬂleﬂ%r Fsopr%fé?gblﬂd;orﬂ [sed between

enbodi nent o e |n ent1on onor su
OMIDLSWB 2 to 40 ppm of di l uted oxygen. According to

an ter nt\F/’fq Eg@ Qﬂ‘"ineﬁnggﬂ rslﬁyeﬁmﬁ%} ggpgr substrate
cbmwﬁéeéﬂwd,@%ﬁabmrﬁﬁgdrsx gde donor substrate can al so

conprise a |layer of polycrystalllne silicon 1o and/or
an oAfersdingyter apnalteraativen ertpgimente teerdonas csubsirale gpmprises

%ﬁ%eh%‘ﬂ@rhg h{ﬁgﬁ%%&?fb‘?ﬁbl? & 31@% skem®.

I'shing o aces“of sald remaln er and/ or
of t ke siccher emi@etramr cemaatse aompeishamilaygdr obpblyshistajlinef silicon

t f . of ' di to th
ARk 8 bR SRR SeedoN ot advant ageousl y

CO”DREé)@é’ﬂn@'éf' tﬁ@r‘ren%ﬁd@r%ﬂliﬁb%dﬂsubhﬁaﬁ @@mp?@@s pollsh;ng of
invention also relates to a nethod for recycling

thechvg fasss fosaﬂd]éema@ﬁef apdies of e sisle %dgﬂamtqf@mt@al mechamcal

ool b B Brafh ofsaiy Faaliet EAPRIKRinD hEHEARLa one.

subsThatepithried gayereddmtagmnﬂlw eomguibss rsditcen| germanium and/or
fabrication of a second sem conductor on insul ator
@%'e 20 substrate. This nethod is characterized in

t hat Ti& EFtﬁ\/éH’ﬂ|6nfaI§§t|'eI§ﬁ=Q toS H XAk thak ot $ecyfcﬁhg ite@trefhainde? of the
donor substrate is chosen conpri sing

dprercsyhstrate onvgamplatiere At falyication |0é§sﬂrsh§wnmmw@tﬁe on insulator

LI RTED 8, Rabul e BN PR B sl B el ueed

relsher smtmnalt@tne fabrication of a second semiconductor on insulator type

substrate. This method is characterized in that when the first SeOl substrate is

fabricated:

- a donor substrate is chosen comprising oxygen pfécipitates with a density of

less than 10'%cm? and/for a mean size of less than 500 nm,

- a layer of semiconducting material is formed by epitaxy on the donor substrate,

- the weakened zone is formed in said epitaxied layer in the implantation step.
The recycled substrate preferably comprises a layer of epitaxied

semiconducting material, the thickness of which is preferably greater than 100 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will become apparent from
the following detailed description, with reference to the appended drawings in
which:



25 - the weakened zone is fornmed in said epitaxied

layer in the inplantation step. The recycled

substrate preferably conprises a |ayer of epitaxied
WOIYHAHect i ng nmaterial, the thickness of whiRAIVER009/050994
preferably greater than 100 nm BRI EF DESCRI PTI ON OF
THE DRAW NGS 30 Ot her featuregs and advant ages of the
invention will become apparent from the follow ng

i i ngtotR  (kPkaBS g iRt sSBTRes Pl O

5 - -fiofigerel2iibl aflowahest flbstratirg ¢recdifferestpstept dfhthe method
Smart Cut TM net hod, - figure 2 is a flowhart

aqqqr@f@@ﬂ%th%@\@w@ru. fferent steps of the nethod
accar di ﬁ@erQ dA0 o iapv ?éé%!ht fOrrﬁét%rgﬁar?’ﬁ q recycling of the
ing o

represent formation o recyc

dafoi subsudietacoading tothd zngemtmmheschemehc farm.i n
schemati ¢ form DETAILED DESCRI PTI ON OF THE | NVENTI ON
Wth reference to the flowhart of figure 2, the

met PETAILED DESCRIRTIONOFOFMB INVENTIONWhI ch wi |1 be
expl ained in detail hereunder; 100) optionally

anY¥il | rgderenceidRoth %J@é‘fﬁhafteoﬁd'ﬁlu!ﬁ)ﬁ ﬁ}eo\mﬁﬁhﬁ‘} comprises the
t I
foflBivieySteds, vmbt?mf%ééﬁ@% nagrm eenufd-bidrat erial on

jstrate 1 orrmtlono an oxi de | ayer
20 169) dptionzlyubsbeaing df@jouor saosdraien 0; subst rate 30;

103 | apt tlon of gtomc s . N axe yer
2:101) CHoRBY Rii el o ivec BESH Sty ebiting datoudl 87 donor

Smué abe 30; 105) fracturing of donor substrate and

transfer of a layer 140 of donor substrate 10, 14 to
rec@%epr@atm rstt an exida dayert 2Ri e RNasT Sibsbrate (K} or receiver

orned in this way; 107) polishing of renainder
S@%gfat%lgnor substrate and obtaining a recycl ed

subm)ahplanthtlomﬂ)atmwmcﬁmn eQiiaxdibl tyy@rd4; resunpt i on
and 3 PRgdPasy cRed siniaid 18 oRgeseVPEShTEE Shbstr at .
105) fracturing of donor substrate and transfer of a layer 140 of donor
substrate 10, 14 to receiver substrate 30;
106) finishing of the first SeOl 1 formed in this way;
107) polishing of remainder 2 of donor substrate and obtaining a recycled
substrate 40;
108) secdnd SmartCut™ cycle: resumption of steps 100) to 107) with a new
donor substrate 50 and using recycled substrate 40 as receiver substrate.
Step 100 - Annealing

This step is optional.

It comprises application of annealing to donor substrate 10.

The effect of this anneal is to improve the quality of a superficial layer of the
donor substrate, thereby enabling the thickness of good gquality silicon to be
increased and fostering growth of an epitaxied layer of good quality.

The conditions of this anneal are typically a temperature comprised between
1000°C and 1360°C and an anneal time of about 30 seconds o 30 minutes. The



Step 100 - Annealing This step is optional. It
conprises application of annealing to donor substrate
‘,9.6)2 oyﬁﬁs fect of this anneal is to inprove tp@r!EP2009/050994
a(fl y of a superficial layer of the donor
substrate, thereby enabling the thickness of good
quality silicon to be incredsed and fostering growh
of an epitaxied |ayer of good quality. The conditions
tradkrides of & saberficial Fa%ér ghihe)Ydahor UpSiFate Wfémpaivedi girdity can be
between 1000C and 1360C and an anneal tinme of about
uBdo adBWHRISTANS- 30 i nut es. The WO 2009/ 112306
PCT& 6 9/ 6 thickness of the superficial
r substrate of inproved quality can
be With referantew rfigore 34, eSttaxy isopaen‘orﬁm'd ar ydonor fsubstrate 10 to

r fer nce ure 3A e s_perfqrned, on donar .
fridve 18 ofoSeizedtuctll bRt IR dnBRnée Bomprised

bame@n @b HdBmitrbAs aprbfér@ﬁﬂg%mm hdFmidigkgveen 0.5

and_8 m crons, preferably etween 2 and 5 mcrons. The

mat B¢ Anatgrialedi epifaxied laypsr14is a5 exampie A#inoa, germaaim, or a

K% SBRinhg *Laflr, 1 oy SRR Mimpo ey 3 ST pRfEAFout can be

foromeelr posuparpositdn ofwooor moreelayensasfseaticaretdotiog maiemaig.
rmterthals Ln th reg‘ﬁ&ndeﬁ of the tex

o . |
| ayBrthE 7o{mapdes o S RHicRR YR JA! 5 takppi Fiane dnvention
B\Ei@esotbf‘tﬁé olﬂﬂ,#%jdébibhl&:b@%éthﬁbeh@é&%éeh%ﬁemdnent i oned.

IS _nmeant by epitaxy is any technique enabl i nﬁﬂ‘l
mondtey & meaninky spitaxyds any te@mt@i%wbimdﬁoa@,cwm g 4ilicon to

t
o 2B SRR 14D bR FAlh et pod i RSN a) BlE Joscuro
cbemicmkwapoormmﬂmt ALPCY DY agyuitaxgle pmsiét_:liltanll:felmg\_(ﬁ))BE) epitaxy,
t it 4 t e
QeGP R IURHD) SPefied or pr esent a
P/ Nepiedigéd Odyer 014 eé@f%;ﬁtoﬁﬁllﬂr\l' @@pﬁéamgp oPastkorjl¢l R-ddped or

doped bottom part . ep 1 dati on Oxidation can
No@OoRR(H PO MIeSeNd rd &éﬁidun@mtfe@eéamole aa Nydopad rteedafepnd a P-
déé&?%ﬁ & . This may involve thermal oxidation or
0S| of an oxi de.
Step 102 — Oxidation

Oxidation can be performed on donor substrate 10, 14 or on receiver

substrate 30. This may involve thermal oxidation or deposition of an oxide.
Oxidation generates an oxide layer over the whole surface of the substrate, i.e. the
front face, rear face and side faces.

Preferably, as illustrated in figure 3B, oxide layer 20 is formed on donor
substrate 10 covered by epitaxied layer 14, which enables the bonding interface to
be moved away from the SeOl active layer.

Step 103 — Implantation

With reference to figure 3C, implantation of atomic species is performed in
the thickness of epitaxied layer 14. Weakened zone 12 thus formed is therefore in

the thickness of this layer.



Oxi dation generates an oxide | ayer over the whole
surface of the substrate, i.e. the front face, rear
face and side faces. Preferably, as illustrated in
WO YHYE2IB, oxide layer 20 is formed on donor PCT/EP2009/050994
substrate 10 covered by epitaxied |ayer 14, which

enabl es the bonding interfaceg to be noved away from

the Sed active layer. Step 103 - Inplantation Wth

< RYEF a8 afhich W] R Haol PR Bbled Ragf e SRPAEY Sifoon o

éiﬁag@ﬁﬁd:rysmtﬁné%ddhtﬁ Anr8e0l i vdrer gbad euality WilE therefore be
i ckness of this layer. WD 2009/ 112306

ohaine#P2009/ 050994 7 Layer 140 which will be

tr | r b COR

ver B2 of tha Y sIBEFate Wil Ailleaet Bmplise SfbgRiual layer
14ual epitaxiad silicdreafddrdractirgng.obt ai ned. Renmi nder 2 of

th dor:l . sybstrate will noreover conprise a residual

I aM@Bﬂtaxi ed silicon after fracturing. Step

10D ondp@nBEi8teDImor4 S sddedicd sl@strét@ @mﬁre” §§rﬁﬂé€ﬂor example by
substrate 30 are bonded for exanp mol ecul ar

MBI borsinge axidrerayey B8 hgmst D1 166! Intevace bedueem e two
46&%&@!&3;8%1%%& @‘fll%&ratEB'.ﬁﬂgEFeos s illustrated in

I'gure eal I'ng can applied so as to
st rAamegiatieg cah delbappdied goasetiomirengBieeythé @onding erdrgy.i ng

Fragt ur,i gg f donor substrate 10 and epitaxied | ayer

14 @E@ﬂ&—m@ﬂ#@%one 12 is triggered by applying a

t her rﬁéﬂunhg %@Hﬁﬁﬁﬁ SE0E 16 aﬁﬁﬁ@ﬁt@k%ﬂ' Iaié?rﬂ?alo% Wéakened zone
reference to figure 3E, a layer 140 of” epitaxied

129 frigearedsby QMYWS%@EWﬂU&ath apg/oe pvaechanieal ferce.

30, d t.he

S0 SRR GEERDEE T A B SR Pt

omtec eddedabrt hiddstriahe 3B$akleeledszti)ueerdframndgr loé ehef domardsibystrate is
|ta ed layer 14, transferred

-d‘tPtgglé‘?é?r '?@S%f itaxied silicon, whereas

r enpisREEI Be %célhﬁj M%e%@éﬁér@dezéma'vﬁ%s bb&h tbhed in the
donor substrate 10 covered by a residual [Mayer 141 of

thégkineas ot apikaied ayer 14, transferred layer 140 is formed by epitaxied silicon,
whereas remainder 2 of the donor substrate comprises initial donor substrate 10

covered by a residual layer 141 of epitaxied silicon.

A peripheral crown is moreover not transferred, which results in a salient step
at the periphery of the remainder.

Step 106 — Finishing of the first SeQl

The first SeOl 1 obtained is then subjected 1o finishing steps designed to

make it proper for the scheduled use. These freatments are typically rapid
anneals, known under the abbreviation RTA (Rapid Thermal Anneal) or long
anneals at high temperature (about 1200°C).
The SeOl 1 obtained in this way presents an active layer 140 formed by
epitaxy, and therefore of very good crystalline quality.
Step 107 — Recycling of the remainder of the donor substrate

The purpose of recycling is to eliminate the zones damaged by implantation
and fracturing or the residual zones such as the step mentioned above from



A peripheral crown is noreover not transferred, which
results in a salient step at the periphery of the

[ . Step 106 - Finishing of the first
v?(l??@%/ﬁ‘%g% ﬁﬁ%mﬁ%b%swu

1 obtained is then subjected to finis
steps designed to nake it proper for the schedul ed
use. These treatnents are tyfically rapid anneals,
known under the abbreviation RTA (Rapid Ther nal

refnaiaden 2.0snd gringi it e tes reajuired ghickeegscioahake a(rabeiver substrate
1200%. The Sed 1 obtained in this way presents an
4QHOM/E- | ayer 140 formed by epitaxy, and therefore of

very " ' Ik fiafdht 1 7ifds WhicATcan b
Lo ORI S} 0 TIRTL TP fcan oo
combipediitngquisedo el i m nate the zones danaged by

ASSIS B, o A ot e o e
abrbv A0 WSP89 4 pefofrRe@i ediesr Zsimangnésushy | 09 bbti ofaces or

the required thickness to nmake a receiver substrate
se@Uantighy.i ke. e epel oinlecared @ndelhen o the pthasdhgsignated by the
j - i | can be conbined if
a?%%&%?'gﬂg[ﬁ%%Fé.sﬂﬁgéit't%h%)irst possibility, a double
si dicqoodiing o (adsexiogd agrslbiodiment eonla polishingiof e BSP)corresponding

e Aened 2one is Peimbal Shetrital Pegbioa PR siesignated by
trt At (idEeh OV Relded fohthis phiosei at i on SDSP or

sequential DSP). According to a second enbodi nment,
onl 9thes| aliginaiyveorenbpdimgats capsisk pbRATFEMING RAlighing of edge-

PO R oo tohirkE, PRIl SIET Bk AEREN 3R iibiing Ly, OMP of
tHeobevel ios of noffobevelSX(topr arad bettora) imhicheatb sdtbsteaies present on their
i st i f ' l i shj f edge- lish t
STy 280t e o PLRE PP ea cdge-pol ish is
pol Insdli 2@eBytheYBe@liingtshsh RRViRS irPa sRinifRehhitisveks of Félainder 2

and bottom) which all substrates present on their
bpiagirpreved aliyaically affew mendrgenaorp¢iersseiya fevamicrons. al |

¢ B, ol PEHEL R0 SRS b U e FUAECL SR Bhiced e
14 émcrieases dd thishossst esraparedawitie inat afr thesnitial donor substrate. This
additional thickness constitutes an additional material reserve which compensates
the consumption of material when polishing is performed.

The residual thickness of epitaxied silicon can be entirely or partially
consumed during recycling comprising polishing. The latter case is illustrated in
figure 3F where the recycled substrate 40 presents a fine residual layer 142 of
epitaxied silicon at its surface.

The thickness of the residual layer 142 on the recycled substrate 40 is
preferably greater than 100 nm.

Step 108 — Second SmartCut™ cycle

The second SmartCut™ cycle is implemented as in steps 100) to 107)

described above, using for this purpose a new donor substrate and using recycled

substrate 40 as receiver substrate.



The fact that remminder 2 conprises a part of the

t hi ckness of epitaxied layer 14 increases its

t hi ckness conpared with that of the initial donor
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addi tional material reserve which conpensates the

consunption of material whengpolishing is perforned.

The residual t hi ckness of epitaxied silicon can be
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stra e S, oxidati n th econd Snmart
oSG Ut BN S SoRPR S PBFPn 25t 45 Bessnd o REred donor
sbstrate.cycle. In other words, the recycled substrate
only undergoes a single oxidation, either as initial

dondrthe isserwhereoa tagkne%@aﬂacpfr%a@wwr sienrs stithfemaingeon the

re&gﬁFg@HQ%frgl%tﬁgf 3 tﬁ@%#é‘ PHEeﬁttH&\’hé’?plltéﬂgd Qﬂc?mhféﬁ is at the

case fecyc
boviding mtleefaceqyntrh dile sndve tdosioe substrdteu mdhengmet wcond SmartCut™
OXI datlg the first as initial donor substrate, and
'ET eds recycl ed donor substrate. In the case

wherrrfé Bcbdid IS oBtahedf tHRPEDPrEsEnt |d QMBoﬁtlé*]ér of very good
remai ns on the recycled substrate 40, it is t face

qyAlibs endendhe Imideplayaxi Sechs Bl ¢ardigurtioshisi earieulary advantageous
wﬁ%@%@%éﬁ@biﬁb?%%@lt@?nlﬂed")(lc?eo Dfer SHOSA AR 4ASHF less than
50nm). Such SeOl are known in the trade as UT-BOX (Ultra Thin Buried Oxide).

The thickness of silicon epitaxied in step 101) therefore resulis from a trade-
off between the required surface quality of the recycled substrate (i.e. the
thickness of silicon of very good quality required at the surface of the recycled
substrate), the final thickness of the recycled substrate and the manufacturing
costs of this epitaxied layer.

An alternative to reduce the thickness epitaxied in step 101) and to
economize the epitaxied silicon consumed during polishing consists in only
forming by epitaxy one layer with a thickness substantially equal to that of the
layer to be transferred onto the donor substrate to form the first SeOl, in polishing
the remainder of the donor substrate and in then growing a silicon layer, at the
surface of the latter by epitaxy, of the thickness required for use thereof as
recycled receiver substrate.
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The initial donor substrate can comprise oxygen in diluted form (i.e. not
precipitated), with a content comprised between 2 and 40 ppm, which corresponds
approximately to 10" and 2*10'" atoms/cm® depending on the conversion
calculation applied.

Optionally, the initial donor substrate can further contain nitrogen atoms —
typically with a density of less than 10" atoms/cm?®. These nitrogen atoms have
the effect of causing precipitation of oxygen in the form of smaller and more
numerous BMD. The atoms are incorporated in the donor substrate material in

solid or gaseous phase when growth of the ingot takes place.
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have a BMD density and/or nmean size |lower than a given
limt. Typically, the defect density is |less than
1010/ cnB, preferably conprised between 105 and 1010
W398/113806even bet ween 107 and 5*109/ cnB, wherRGRER20¢9/65099%4
mean size of the defects is less than 500 nm In this
way, even if these BMD type gefects formin the donor
substrate during the two phases of the nmethod (the 2
stages of |ife of the dong %RUE trate, i.e. donor
substrate then recycl ed r substrate), they can
be conpensated by a better initial quality. In
particular, the final surface quality is independent
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zap{1@d) |y with a density of |ess than 1015 at omrs/ cnB.
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(20) beingnatitee duadiBlihtefiaee at ons are |ncor porated in the
donor, substrate material in solid aseous phase,

- fiAgiHTge dhin Horer subetAtRyBr the dvaskeped ene Wiy LabiraTSisting a layer
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rlcatlng a substrate onduct or on
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weakened zone - bondi ng of the donor substrate
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nor su trate In e weakened zone
inplantefien réteg o fratethe fransferred layer is an epitaxied semiconducting
material layer (140),
and that the donor substrate (10) is chosen comprising oxygen precipitates with a

density of less than 10'%cm?® and/or a mean size of less than 500 nm.

2. The method according to claim 1, characterized in that after recycling of
the remainder (2) of the donor substrate, the receiver substrate (40) thereby
obtained comprises a layer (142) of epitaxied semiconducting material.

3. The method according to claim 2, characterized in that the thickness of
the layer (142) of epitaxied material on the recycled receiver substrate (40) is
greater than 100 nm.

4. The method according to one of claims to 3, characterized in that a
thermal treatment of the donor substrate {10) is performed before epitaxy.
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of the donor substrate to the receiver substrate (30),
- recycling of the remainder (2) of the donor
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that the thickness of the epitaxied silicon |ayer
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11. The method according to one of claims 1 to 9, characterized in that
recycling of the remainder (2) of the donor substrate comprises chemical
mechanical polishing of the face of said remainder corresponding to the weakened
zone (12).

12. The method according to one of claim 1 to 11, characterized in that the
epitaxied layer (14) comprises silicon, germanium and/or SiGe.

13. A method for recycling the remainder of the donor substrate on
completion of fabrication of a first semiconductor on insulator type substrate by the
SmartCut™ method, the recycled substrate (40) being used as receiver substrate



on its rear face. 10. The nethod according to one of
claims | to 9, characterized in that recycling of the
remai nder (2) of the donor substrate conprises
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