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handigisybsteatec il lus trates the step of creating a
predeterm ned splitting area 7 inside the donor
substrate 1, which in the Smart-Cut(tnm) process is
The donbr suisstrdty in thid eade isca silicon wafgreicaresthe haridie sbiestrate onto which

a layer from the donor substrate 1 will be transferred is a second silicon wafer 3. To pro-
vide the insulating layer in the final SOI structure, the donor substrate 1 is subjected'to
an oxidizing treatment to create an insulating layer 5 on, at least, the main surface of the
donor substrate 1 at which attachment will occur later on (Figure 1b). Figure 1c illus-
trates the step of creating a predetermined splitting area 7 inside the donor substrate 1,
which in the Smart-Cut™ process is achieved by implanting atomic species 9 into the
donor substrate 1 to create the predetermined splitting area 7 which is essentially paral-
lel to the main surface of the donor substrate 1 with its insulating layer 5.



donor substrate 1 to create the predeterm ned
splitting area 7 which is essentially paral lel to the
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proposes polishing of the remainder to renove the step
on the periph ery and a subsequent finish polishing of
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ished. Also US 2006/01 15986 A1 dISCIOSGS a selective removal of the residue by expos-
ing the residue to an etchant while the circular recess itself is masked by a spin-on-
glass. Alternatively a grinding process is proposed during which more pressure is ap-
plied to the circumferential portions where the residue is located than to the centre of the
wafer. Finally, US 6,596,610 B1 discloses a method of etching or heat treating the re-
mainder of the wafer such that in case of a chamfered edge of the substrate all regions
of the residue lying above the ion implanted zone are removed prior to reuse of the wéfer

in a subsequent fabrication run.



plied to the circunferential portions where the
residue is located than to the centre of the wafer.
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Advantageously, the removal can be carried out only in the first region. By limiting the
method to the region of the substrate with the step-like residue, more precious material
of the donor substrate remains, which is due to the absence of an additional polishing
step like applied in the prior art, which polish off several um of the complete front surface
in order to remove the step-like residue and to obtain a flat and even surface.
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By not only removing material in the thickness direction of the substrate but also in the
lateral direction, one takes into account the fact that once a substrate has already been
recycled the problems of a lack of attachment between a donor and a handle substrate
do not only occur at the edge, but do also occur in the region close to the intersection
between the first and the second region of the substrate, which is due to the step present

on the recycled donor substrate.



By not only renoving material in the thickness
direction of the substrate but also in the | ateral
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According to a variant, etching can comprise providing a mask and/or a protective fluid
over or on the surface of the second region and preferably flowing radially from the cen-
tre to the edge of the second region. Thus an effective protection of the surface of the
second regions can be achieved while at the same time etching of the first regions can

be carried out.

Advantageously, an etching solution can be provided on the side opposite the side with
the step-like residue and be guided, in particular by capillarity, to the first region 21. Pro-



According to a variant, etching can conprise providing
a mask and/or a protective fluid over or on the
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larm 17. exanpl e hi s met hod has been descri bed
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Accorrgg'@ kd“fﬁé‘tnh\?%htlotrthihé AGMiEEd WEEF Tab@Ritihg dnblibd 8588 Substrates

which were ?;ct;/ilted like described above. As the recycling method ensures that not
only the modified zone itself is removed from the edge, but also material underlying the
modified zone, the risk of contamination by dust particles originating from the above de-
fined contaminating regions in the subsequent fabrication steps is reduced and thereby
the risk of uncontrolled detachment during thermal or chemical treatments is reduced

compared to prior art using recycled wafers.

Advantageously, steps a) to d) of the method according to claim 17 are repeated at least
once, each time using the same substrate from which during each run a layer has been



whi ch were recycled |ike described above. As the
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moret lhqaértlcuslar neguraniowen thare thee sldfase of tmensecmnq)aeglonul'afplcally, the
o P 6§ oBRSS Bl 5 gbet S 1 e, R gt t same
level &8 nﬁe lsuhécéifrf tHeeskcvpa regiint dF thé $RBStratesd that bwembvmg at least a

met hods |lies at the same | evel as the surface. in

VoluraR Wich HUGhTRPSCH! 4 e G ha Filt 5eGion kas SDSURea,Bal ApSLiof possible
contanfiAdits n that region are removed.

Advantageously, the first region can extend along the edge of the substrate and over at
least 300 um, in particular at least 500 ym, more in particular at least 1000 um, and even
more in particular at least 1500 ym in the lateral direction of the surface. This ensures
that the entire region into which an ion implantation has been realized is removed, before
the donor substrate is reused. Thereby the risk of uncontrolled detachment during a
subsequent fabrication process during which a heat or chemical treatment is carried out

can be prevented.



volume with a thickness of 2 mmin the first region,
it is ensured that nost of possible contam nants in

WO 20%0070¢%i on are renoved. Advant ageously, theP¢T/EB2008/005107
regi on can extend al ong the @dge of the substrate and
over at least 300 nm in particular at |east 500 nm
nmore in particular at least 1000 nm and even nore in

Preferablyi tbeldanosisubstiatle casobe @nsilicon (), |streines sitigane @fliceR germanium
(o8], aEaf 856 o IEVAUBY SRR IE Ry SR (Caro. we,
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uncobfrened detacheehiidvedused.aThessl matériatavambe used in a strained (tension
prevent ed. Pr eferabl t he donor substrate can be a

or Coénmﬁt‘i%ﬂnégffe xeHP silicon, silicon ger mani um
(Si Ge) germanium (Ge) or a Ill-V-type sem conductor,

i ke galliumarsenide (GaAs), wa fer. In particular,
Embedimants ghthe areseninvenien and thay@demgpﬁ eﬁﬁe@e@,@e@escr’bed in
r
i ol USRS MFPi0Acs B athiga g mihes by
uncontrol | ed det achrrent is reduced. These rraterl al s

Flgur%g ig)dll’leﬁg";tﬂ}e%ngbﬁ@éﬁl‘aﬂal( %?@fkgﬂsgrg g&%@?é %o ?ét?rﬂ:ale 9"laminated

odi ren ent 1| nven

substratd, hbes a Smbrt:CLtYdtppes peddesst s are described in the
foll owi ng description with reference to the
acconpanying figures, in which: Figures la to 1f

Figuriek |2astbrat ifustrate aviest érabedinieny ef tHe invertive methodss to
fabricate :a | am nated substrate, here a Smart-Cut(tm

type process, Figures 2a to 2d illustrate a first

Fugur@gts@déda% iRGtrateca 80 drviBodiRidm® dccdrdiig tethd ventdob

lustrate a second enbodi nent according to the
|nvent| on, Figures 4a and 4b illustrate a third

Figur???%g%rmeﬂs IIIBEtrél'%ea {HiP4EEhb Sdlment Bf t'ﬁ'egH\Vﬁﬁloﬁaaﬁ@ d 5b

rate a wet- ch| ng process according to the
[ nventi on. In the foI | owi ng, and throughout the

rauBRR it b Dusbhe SyBHRARGIRELIERR A e VP pbhiar e
invention, is on the upper side of the substrate. In
In th%%l?) conf at | (ﬁpélé S%hél?c%?ﬂ f{ﬁawggrogy&?ﬁ%d that the surface

of thé Ebﬁétfa%é ewhi&htlb Afeatért b6Cordingl tortperinydion| i3 érhtheotipyser side of the
regi on. Figures 2a and 2b illustrate a first

substeataodn rﬂ@mcoaf guradion ng sHEfACcRlYiRg higher E\anraé‘@y&n it thus means that

the thickness of the substrate in that region is larger than in the other region.

Figures 2a and 2b illustrate a first embodiment of the inventive method for recycling a
substrate. Figure 2a illustrates the substrate 17’ prior to recycling, whereas Figure 2b
illustrates the same substrate 17" after recycling. Reference numerals, which have al-
ready been used in Figures 1a to 1f, are reused again, in case the features correspond

to each other.

The substrates 17’, 17" correspond to the remainder 17 of the donor substrate 1, like
disclosed in relation to Figure 1f, the corresponding description is incorporated herewith



substrate. Figure 2a illustrates the substrate 17

rior to recycling, whereas Figure 2b illustrates the
WO@W@Q}bstrate 17" after recycling. Referend&T/EP2008/005107

nunmeral s, which have al ready’ been used in Figures la

to 1f, are reused again, in case the features

correspond to each ot her The substrates 17’
by refeiensepdmyst & mrseembﬁﬁrnmér thﬁsubrstrareemdﬁ@rsﬂymswaf@r avith a step-

like residub<R fyavsa‘? Bﬂr?et 5QBktife F79UERe Haioh r”r‘?whﬁcki)\ the step-like

correspon scr ption 1S |ncor por at ed herew t
residuef 1 rsrpreseﬁthsrsief ined ahrberngrtmoﬁrstenm;ort 2t Jbesurface 213Tof a recess

in bdfed ok SRMHE! it 1:€0Bh58b Bind SBRANE rdh 285 i recess s
the ré§ipof th ¢ayer tiamgfer e scribalf ipssombinaticrewitn Eiguass baitodf.

the first region 21. The surface 23 of a recess in
between the step-like residue 19 is defined as the

Flgur%eﬁé’gﬁoﬁ@%' §8e 20t vitheof eaRbstratd 2. raidl the%ﬁ?__;! -fiee resrdue 19 ap-
| ayer transfer described in conmbination with Fi

pearg ghttae daft apd gighbhand siklews/Vhesilerking,from b tap Omé the substrate 17",
T,
one %ﬁ@ltﬁ:]rééllﬁzgef tg'rgg the %lIBB k8 ?eﬁgﬁé’ 18 i S% ? PgtRe %PPQ‘?ﬁ'iﬁe substrate

ht han |ng om the

17 andfhusnrepresents alsollanorcargna- Ilbaétmgturer realize that the

step-like residue 19 is present along the edge of the
substrate 17 and thus, represents a collar or

The ﬂmt regior Rk of she sabsirate 17Herthennsdrercegiprise8 almodifietigone 27 essen-

ubstrate 17 fur QNP i fied z 7.
vally 33 831055 Sprrespadnts I Rls RERRBE i Br et 22 o B, Fetifegion 25 of
the substraterfRedas tgiicdllysslighty adame@ed rdodmwaird$ tewards the edge of the

substrate 17° and is t * sli htI chanf er ed
subsiaiRnWRIcS CHRP dRe ?ﬂ@eg@b‘a‘?e %P UB rate, which is
due to the edge roll off of the substrate. The

nodi fi ed zone 27, represented with dotted |ines,
The medifiedrzonegs2 1, |fﬁ§fesﬁ@ dowitly dottgd lipps, is ARsanes;ip t!i]? ft§§t regron 21 of

the sgﬁbt?%le e <a'tt %hémedtlr etlégérsfrﬁﬁsfef ?r e arﬁ'{qéeSmart-CutTM process,

roces I on I n par ydr ogen
ions, armdamcuramhgdgmn andor vane gasdens, ihape Heeadmpianted. Thes, the modi-

ro F AR i oL o 8 7 dscren aove

Actualyt asblthie s&ép;tbké residuect9 ks klrghtlysihdmferhﬂ towasds thietédge which, like
wards the ed

already ShaiAER 26076 wande resrah bl s Fediod SHElment between tne
handﬁzt SushaRns dirf tveadbrioR ubstiateer gidhsdtiotcer, 3oandt dling ion implanta-

donor substrate 1 did not _occur, so that durin

tion (FigrexHeaISe 81 MORfEFZone 2 Tahasrmansighly Fhamrergddonards the edge.
beconmes slightly chanfered towards the edge. This
situation is illustrated in the enlarged view in

This Situation i8bllustratéd ire thpeeolarged: viewf v Figure 2b of the edge of the wafer.

The edge roll off can have a height of typically several hundred pm and can even be as

large as haif the wafer thickness.

The step-like residue 19 actually comprises two layers, namely a silicon layer 19a and a
silicon dioxide layer 19b, corresponding to the transferred layer 11 and the insulating
layer 5 like described above with respect to Figures 1a and 1f. Therefore the height of
the step-like residue 19 at the intersection between the first region 21 and the second
region 25 typically corresponds to the thickness of the transferred layer 11 and the insu-



The edge roll off can have a hei ght of typically

several hundred mm and can even be as |arge as
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conprises two | ayers, nanely‘% silicon |ayer 19a and a

silicon dioxide [ayer 19b, corresponding to the

transferred layer 11 and the insulating |layer 5 |ike
latinglkayer Sbehichthave bgemtraasfered framthewubstrate hh@nta the handle sub-
snatTﬁergfore the height of the step-like residue 19 at

Yhe intersection between the first region 2 1 and the

second region 25 typically corresponds to the
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the surface, the first region 2 1 has a width w of at
| east 300 mMm in particular at |east 500 mm nore in
particular at |east 1000 nm and even nore in

oue el e g dR8o0BLg 3 SOt 1SRRI brectyresec

in a I@MtﬁﬁléhWﬁféﬂmchtbh%l phgmsseasedesmbed dbaveiwitht fesgect to Figures 1a
scribed above with re F' . .
to 11 Beprang I, RyeRien AdSIRIEn TafFS TP st sRr A BGReR @ materil
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step |
e Borbans 3.6t L8 B e S e G i o
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ependent of t materials to be ground and, does
face atibe domer,ustotheriratesal iemoval prrcesaes ik W?\*R!‘Q:IQWO?“’“'”Q could be

applchti't THeEkn Jﬁ%b@és ﬁ? dé"agﬁgé ?éftﬁ‘ét thé“’r@snt‘}ﬁélsaéﬂnﬁﬂéhted zones

‘chi'ng cou ching process has
on thedeoammtatemmgaeof rtbe idonar erepeasitypeaived. zMﬁEQOV@h drM@tchlng is
extremne Iateral edge of the donor are easily renoved.
also Yy PIVEP® dry etching is al so very precise. In case
wet - etchlng is applied to rennve the step i ke residue

i cabe wabaFriad Ioabeg B R 58 Al il AL @ iRy acvanta
geou'srfWetDéteﬁ%Spﬁo'éeubﬂeU&t BpHIRA laaccﬁumgr ® 2avarfant|dfnihe imwention. The

hant solution 6 to attack only the e
process |s illustrated in Figure 5a To limit an etchant solution 6q| to attack only the edge
region of substrate 17’ — for the detailed description of the properties and features of
substrate 17’ the description of figure 2a is herewith incorporated by reference — a mask
63 is brought close to the front side 65 of the substrate 17’, such that the etchant solution

61 essentially attacks in the edge region 21 of the substrate 17,

pm.

In this embodiment, the etchant solution 61 is applied via the backside 67. Using a capil-
larity effect between the edge of the substrate 17’ and a lateral extension 69 of the mask
63, the etching solution 61 reaches region 21 and material removal limited to this region

can be achieved.



regi on of substrate 17' - for the detail ed description
of the properties and features of substrate 17" the

WO 2988970pt i on of figure 2a is herew th i ncor po?@/EBROPS/005107
reference - a mask 63 is brolihht close to the front
side 65 of the substrate 17', such that the etchant

solution 6 1 essentially attacks in t he edge region 2 )
The mask 6gtie configuredisuch that dlese; o thedransdiondretweemgegion 25 and 21, in
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or bS5, SRS SAE T4t B ol FUET NG ulfinFh afvely be pre-
ventéghi eved. The mask 63 is configured such that close to

the transition between region 25 and 2 1, in

particular within at nost 1 to 2 nmtowards the
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nstead of usin 3 or
can beldemoved fronpithe surface: 28| vis dorest 73 {dpttes linrs) GAme;tp the transition

f tegihi
vetw§dF [RTaf 85 2 TR e ot (e o AByS 61 271 are in
opposite direotiorss whighdfartherxptatects$ IregmntMoMsthe r&ttaebig:é tioé etching solu-
. éjl;e substrate 17'. It can be renoved fromthe surface
tion via bores 73 (dotted lines) close to the transition
bet ween regions 25 and 21. Thus on the surface side 65
the two flows 6 1 and e in rect

OPtTRBY Fe s T resPBELi 166 el SBnBorn b aGbieYey b tontroling the

vanohg‘?o@&ﬁ@ procesd Har‘éh%ler@lln particalar aHe CRGiEE oF the ﬂdﬂd 71 is important.
ect to the depth of etching can be achi eved

The &wdt7r1ocan g @ tiguida i g diluass watdre(QiV\0 0 cysa 938 a Rt é%gogen Argon,
C

|soprbﬁ¥)9@{3 bl Hi’é‘ibr ab??nlgtﬁgé ?feégcfr)]f The ﬂBlNIUCgSIIst]Ge‘! gnd 71s chosen to be

ina migerfrqml aA)out 100 wp daS008seecm. Nf\lspdggrfotaupgalnspeed of substrate 17’

can 59 BRS04 B o196/ roces

time aduifyplay$an impodarittosarchtanibe aiseti¢o contedlithenptocessed of
substrate 17' can play a role and is chosen between
100 up to 3000 rpm Finally, also the process tine

F.gurbtaﬁhlhs@la@ssm@nrelsm@fttn@twétoétemapobroeéssbehmm tF¢gure 5a. Dotted
control the process gure 5b il'lustrates the res

lines gidigate t%ﬁltl@tm brfors elching (thuslikeiin Fpgtgrg Pa) gghergggtt% plain lines
illustrate the substrate 17”, thus after etching. Material has been removed in a region 271’
which corresponds to region 21 or is slightly, in particular by 1um up to 2um, larger (like
illustrated) than region 21. The lateral extend ,I* depends on where the mask 63 is in
contact with surface 23 but also on the fluids used. Whereas in the case of gaseous flu-
ids the lateral extend | of region 21’ is essentially determined by the mask, the lateral
extend can be changed by using a liquid fluid. Due to a dilution effect with the etchant
solution 61, the lateral extend ,I* is shorter than in case of the gaseous fluid. Furthermore
process time, typically from 5 to 15 min, can be used to control the height ,h* of removed

material.



lines indicate the situation before etching (thus Iike
in Figure 5a), whereas the plain lines illustrate the
weawsnemde 17", thus after etghing. Material hecSI/BR2N8/005107

renoved in a region 21' which*corresponds to region 2

1 or is slightly, in particular by 1mm up to 2mm

| ar (like illustrated) than re The | ateral
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w157 St e LA BEWFeB 108 503atd 271 0 Hd region 25
lies above thé sufase 84 oftieclirstdegibme2t.esul t of this materi al

renoval step is illustrated in Figure 2c. Unlike in
the prior art, the material renoval does not stop at

Accordifig 6 1ed mQEnﬁcﬁH? tﬁ@%rﬁb@@l |§ @Qmea7outfwbh mmtthél $affat® 31 of the first
renbve nore material so th ter renoyal

region T ELRSUPSYRIE G- S AeRsl b HTy PreRratw o) ast 2y Brpasticlar 10
pm I%éb %H'tﬁ@lév@l"@frth&mlflﬁé@zér?é’ ¥ pRbr totRe FBMOLAEd ZONne

ore the mate rem)va in substrate 17'. Thus,
the substrate 17" still has a step-Ilike surface

s SR ACHAEPPELEE 25 Mob ety i out n e

first relgione21 hictubfiegsetre ddwantadesthat thse thickgiess of the substrate 17" in the

soccb RO gk i<, e Bt o A Bt st 17

can Bd6ptinigedrate 17" is at least 1 mm preferably at
least 2 mm in particular 10 nm | ower than the |evel

of the nodified zone 27 prior to the renoval. As can
Everﬁfalﬁeﬂ‘pérh@uﬂhﬁug 6B Se Hfat dte tﬁéih%lterﬂil rérﬂtm ng likeaheagringding, a part

been carried out in the first regi

of the moUBEZANRZ" FoTABINGIAS 10 PEH S ST AORMSUNIEIE 41 dde fo the edge
roll oﬁg%@ F‘ng'if& 8 dr?ﬂh?'{{rﬁénd Surfsde h&sliveRAany Befectd) %ddmonal process

ses o e donor substrate 17" can
stepsoliktei efiching. (dFw enwed)l and/or edgsapelishingsand/phthesal trﬂa&ments could be
carn%&o{?lr the nmaterial renoving, |ike the grinding, a part
he nodified zone 27 renmains at the edge of the
donor substrate 17" due to the edge roll off (see

The sl a2k 1o s SRRt 28 k8 bR g suose-
quen!é\'gﬁé% 8P tHeOsuIssiERe M9 1BRiiMEed WHfer fdDheana ptocess sndescribed with
respect to Flgures 1a to 1f, the risk of an uncontrolled detachment during a thermal or
chemical treatment can be reduced. This is attributed to the fact that by removing more
material from the first region compared to the prior art, the risk of contamination from
contaminating regions in the first region which are attributed to regions with defects close
to the modified zone and which might poliute the donor substrate during subsequent

thermal and/or chemical treatments can be reduced.

Figures 3a and 3b illustrate a second embodiment of the inventive method for recycling a
substrate. Figure 3a illustrates a substrate 17" which has been achieved by using sub-



carried out. The nmethod according to the first
enbodi nent has the advantage that during subse quent

WO YHa/807993 t he substrate in a | am nated waf er fRGVERRIS/HF107
process as described with re‘:ﬂ)ect to Figures la to 1f,
the risk of an uncontrolled detachnment during a
thermal or chem cal_treatnent can be reduced
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f s close to the nodified zone and whi ch m ght
to eaﬁﬁlq‘?ﬁe t he donor substrate during subsequent thernmal
and/ or chem cal treatnents can be reduced. Figures 3a
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usi ng substrate 17" illustrated jin Fi

first fGét%‘er abther substrate 17; gowadp FiQWe dRaesEM @qur@éﬁ ppsfer occurred
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occureduwitls the handie | st@ﬁtfaieeas@ai thgastap ilustiaded in figure 1d). Directly

nelgr(beo%?lHéetﬁecf?%tr%ﬁiﬂr}g?1t ﬁ\ee%@sé%}é‘elr?’" &mgﬁfé&t 8 tﬂl?d greglon 33 with a

conprrses Fegi on
secoadrstepslﬂ«ﬁréb:ddm% lcorréspanding: tqythenedgel regian Oh$lm§|tf@§g;1a which, in

oy URESEALEabh b SRy B EPEBSERASAE o verc
ess step illaswarediim FE_;L@‘a riel. 2khis ek od attatlemeaﬂ is typicafy eattributed to an edge

occurred in first |ch is due to the
roll off REINg “?‘F’gr%"b‘l pEeviqus ﬁér?"’lﬁﬁnlf gtlepﬁchrrent occurr ed
with the handl e substrate 3 (| n the step illustrated

in figure 1d) Dlrectl ei ghbouring the fj
Next fa the; isd se@on; 3 owards he, ﬁﬁ'%f% gkthg s?wﬁtrater% &S@%’teg the region
lyi [ t ds t
rom i 81508 386, SBF 1155, B AR rsponds o
a madifiedf $acandr rgiam 251 whisbuis dess extandggHhen the sepgngregion 25 illus-

ng the proc ess step illustrated in
tratei%gﬁggl%f?agﬁ#‘?bl ack of attachment is typically
attributed to an edge roll off, being the result of
r ous surf nen [ .
The &é&dldﬁ‘%é?r eseit] otée? %@wﬁ’é r§§I0pE?‘l ag(ﬁ 45&?&& %{egond modified
zone'lsi‘i éséélgﬂlbw cbh@sp@mm@ td tm;rrdgwm with irgyaeted sares, Iwhieh were previ-
in Figure was transferr corre
ously gpianed g 16 SERIEPEGNGH SITNAAER (PERleo SR, A8 Jpminated
wafel 3BAcAtIMY Sroc88¢liIlSPAten if FidurkUh. As attachment to the handle substrate
3 did not occur in the first and third regions 21 and 33, no detachment occurred so that
the modified zone 37 remains in substrate 17'" just like the modified zone 27 remained in

substrate 17’ illustrated in Figure 2a.

Typically, the second step-like residue 35 has a width w2 of at least 100pm, in particular
about 150 um, and a height corresponding to the thickness of the transferred layer 11
and the insulating layer 5, thus about 200 nm. As a consequence, also the step-like
residue 35 comprises two layers, a silicon layer 35a and an insulating layer, here silicon
dioxide, 35b just like also illustrated in Figure 2a concerning the first embodiment.



trated in Figures 2a and 2b. The dotted |ines present
inthe first and third regions 21, 33 illustrate a
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Typidafty¥ethe imigtariahemaveels ciriéd eussusingativgi surfadeaditise fiét and/or third

_prior to mate rial renoval . In this enbodi nent .
regiog of Hiessubsiraled 74" is lying lewes Ry aklgast 4y f?fg‘fﬁfa@veﬂi,'east 2 pm, in

parti(ft{lﬁé? gﬁHltﬁaﬁQhéQe\iﬁl of @i 8ecdi BldITiedSzdrieng7 @fiof RLthe material re-

are below the | evel of the second nodified zone
moval7, so that, like in the first enbodi ment, enough
mat eri al has been renoved in the first and third
regions 39, 4 1 to reduce the risk of uncontrolled
Also ihethiscembodimend themateriah semavalie (gadricted to thadfirsbangd thirsk regions so

o R EAS s K)o VA5 281 B ruses e

main$ @ptimizedi on runs are essentially renmoved. Typically,
the material renoval is carried out such that the
surface of the first and/or third regions of the

In theSs&¥ondadMbddiment Withthe @ddrioRal Material fetnsval lthemsame advantageous
preferably at |east 2 in particular 5

han th
effect as/far toe firsteerakedimgnhean Peaghiayse. ﬂetﬁfawvr{%ﬁ%%ﬁgﬂdtseecond em-
bodin&Hts taA be'rBINEd.

According to a variant of the first embodiment, the step-like residue 19 does not com-
prise two layers, namely a silicon layer 19a and a silicon dioxide layer 19b, but only a
silicon layer 19a. This situation may occur when the insulating layer 5 is not provided on
the donor substrate 1 (see Figure 1b) but on the handle substrate 3. Also according to a
variant of the second embodiment, the second step-like residue 35 does not comprise
two layers, the silicon layer 35a and the insulating layer 35b, but again only the silicon
layer 35a, e.g. in case the insulating layer is provided on the handle substrate.



Also in this enbodiment the naterial renpval is
restricted to the first and third regions so that no

WO 20897083 renoval occurs in t‘p central zone PGI/EBX08/005107
that the nunber of reuses re grai ns optimzed. In the
second enbodi nent with the additional materi al
renmoval , the sane advant aglegus effect as for the fjrst

AccasgingdPrisfhet xanarts Rhe st and sespap emiqdimentss@dgiignal process
steps %Sﬂlﬁcbc.ﬁg%ﬁﬁg'diﬁ%ﬁnﬁ@ﬁb REyERTEP hittbd. AFREEd]] bHQlubﬁalap focess steps

var 1 ant the first enbodi'ment, the step-like resid
can tompose palishingnsiepsste femoveayd@f@ts e the asugfacec@fnthe substrates

and/B?%&&ntu&r?ﬁa 3 %ér%altﬂ?gﬁl;é g-:i?r)éaﬁ ?é?@(ab?eg{b P&ﬁ%ﬁ@q ﬁrerfato 300 nm,

nay occu
but it is o0t aeq:es;ahagoepolishlsevemi HPT likel |detUe proaeiseesi known from the prior art.
substrate 1 (see Figure 1b) but on the handl e
substrate 3. Also according to a variant of the second

The s@om@b PEd, 3ahgnds BB Mdtratecgurfddes 2XsndiBe vﬂﬁcrdamseswntuany in par-
npri se t WO Ia%/ers the silicon Iaa;(ser 35a and

allel HgWexer fige mafenalsemovat Rrogess FOYAIFSS b S8Ry sluapé?at the an-

gle b’é’iﬁeer? sOrfaéd 28351 89 9s WiMrérititberd, asfﬂhdt sh@rsgwae@gia@chamfered
handl e substrate. According to further variants of

with fQ’ﬁ@ePt toseacinethesc dha angifbetimesnsuriags it Fhe3 seruidies example go
up toﬁ%&?ﬁ ?é#]égebiﬁsg%ﬁdr&fj trfé‘t'ihéjhh'bkiﬁ@dtzﬁﬁeé At e édyk are removed.

ese additional process steps can comprise
polishlng steps to renove defects fromthe surface of

Like h@gga)” Pférﬁl%&i '5%9 r ﬂ’x@dﬁrgf ?ﬁ‘@'ﬁeﬁﬁkgd gmbtogfng%gg,ﬁﬁesrgﬁycled sub-

'S pr e er ab eto
strates 17’5 andt17eaes suseg aocomlrhg ghthecingertiomim laivinated wafer fabrication

rocesses kno the priqr 1. Fi u
metrBS ke BR presoryr hem P eSbr et i didues 38455%1 Tk Bihag tpe advan-
tage enateduring the lamimeted avdfer fabrioature procebs teatiek iofilan uncontrolled de-
r enoval could al so be carried out such t
lamirHen s GPUCHb B TP estip DA amouNg 1he SontaTnalig debins qose to im-

plantéﬁrr@gloﬁg tHas rtshereEUéﬁc#ﬁééurﬂéﬁvéiﬁmﬁftﬁéstsNof Pndt@ﬁé]&ﬂﬁlch can be
each other. The angl e between surface 1 and

transisRdIdBe fo Shesatenay cempvalonid) 1ataralKEows Fom fedysing run to recy-
cling ?Qﬁg\f/ g\ga &(E}ﬁreédﬁ‘%trg}éd ihi ek, 7 habgfléglﬁgergﬁ‘?hé‘(/ﬁth of the region in

ready nentione t he
whickamaterial dseneonastigiomsthy, abawt 168¢4m| ed sub strates 17"
and 17"" are used according to the invention in
| am nat ed wafer fabrication nmethods, |ike the one
Figures s ame dbwiepreseas pethird mtﬁdyneaSoﬂMetmvéritlonTamct |I|ustrate a donor

subsyg@rgﬁgblhgnia Ha t Y thcf'lit Sq(jgg}ar}gguﬁﬁél anl‘pﬁ}%%gd wafer fabricating

procéi3! #48 Bdrefre,| st m@@r@dbuoregmﬁat@hw.uugmung rigare 2a, repre-

contami nating regions close to im
sents a step-like residue 43'in a first region 45 at the edge of the substrate 41.

Unlike the first and second embodiments, in this embodiment not a silicon wafer serves
as the donor substrate but a structure, which is used to obtain strained SOI wafers.
Substrate 41 comprises a silicon bulk wafer 47 on which a graded silicon germanium
buffer 49 is provided in which the concentration of germanium grows with the thickness
of the layer to continuously change the lattice constant in the buffer layer 49. A silicon
germanium layer with a concentration of about 20% germanium 51 is provided on the



pl anted regions. This risk reduction counterweights
the | oss of material which can be transferred due to
WO pH/00@0%r i al renoval which laterally grows fFPeHEP2008/005107
recycling run to recy cling \%un of the donor
substrate. In fact, for each recycling run the width
of the region in V\,hl ch material .is renov

pufeg RNer 455 GURWHIY, I KA £ Skaed s icop BERITAS & PRAGEd. This silcon
{: | | +
layer@%§%¥ 3 495 it |§§rdm§§tﬁl s@gge% dfjfgérﬁt?%ﬁgé cERSEaRt.
Smart-Cut(tm type | am nated wafer fabricating process
or evrrj j t 7!
In su%ﬁd%étﬂ?&ﬁ;e FEQI%I(SP(%H ;& id pg%&rjgggrisrﬁés{h@ Ié?(—‘érgi_i,hﬁﬁtgad of a thermal
insulatrsy Idyer 4ike ||Ilmsaafed|atF|gwg|1chn Mf’éerdayernearsﬁg[éhefsubsieate 41" has the

svuckigot Toidedin Bbrk"uh B e S8GR0 4,y goresponcs o

that pért bﬁ%u@@trétb@ﬂﬂh@h ragosdtr péen transfarred ontd arhandrdn satbstrate com-

e o e TR G 5575 A B g o
con 18)dr 598 d ‘érrgﬁfémiﬁ@ REfalIfartSt thé sEew 'g@ﬁﬂamlﬂnv\m)%hayérem A modi-

concentration of germani um grows W th the th| ckness

fied zane bayemprisingthe iMp/asied 'Qﬁﬁﬁﬁ@rQtha&ta{ evel eer,qgmgmmg to the
receégqsé h?hEU;Jb%'ira'l@}é%eéQecy%fdo}u%{:fﬂ& g&4drmel LWRH @éﬁéct\’fotli'lgures 2a

concentration of a er mani um 5 Is provid
and Bh sbdbaf ilso bagrea a@stm@se:camadsa advantage af ¢he anw@mve method,
il e
name::l }t&qﬁﬂﬁa rf%scgflqsr? Péé%r%&m%kjgoﬁeq%c -mérﬁ cﬁ.\e' qﬁ@éhtéﬁ? ntssﬁrés%nt in the
modifiéd kbre 57ocet betredliceds utrhaaditon, ube um\egntlan'nzrogsl the cadvBstage that
is use insyl atin er 3 e f
by remainnergontisteone! dereRire paicla; Hief o 4R capture oo
atombaireade éﬁéfo@rmérbelawd@%drﬂalﬁ @4 Thes ¢fmm$$e oote rrecw:ied and re-
illustrated in Figure 4b and the step-like residue 4 8%" the ob-

usecif i AraiBpd SQYARECAPN PAESH FOMBRSIE ALt PR IEPATYYRN
tainel 3fruBRire RRABBrdoedNEfupther Focybirty RedtAitht aithLhs IsUppementany material

prises a rendlning part fromthe TECS insul ating | ayer
remOSSI St@Ppﬁr'!'uﬁfiﬂﬁdt'fhﬁigyf?sa?’%éﬂd@?’}| con layer 53 and a
remai ning small part of the silicon germani um 20%
| ayer 51. A nodi fied zone 57 conprising the inplante
Instead of sirainpd &Qirtypasubstrates thecipvertignoeauichglsede mpl'ﬁéé@ §§ubstrate

o emFPbEs € b SR A hr Sl it insuaing

layer® &g tselaiﬂe@tlysm’osbeat(se@ﬁrguremb) advant age of the
i nventive nethod, nanely that the risk of an

uncontrol | ed detachment due to contani nants present in

Like [m@e et Bhadkerena émbsdimenss, rasbifethe ih’rda@iﬂbbdmnttth@ insulating
I nvention brings the advantage that by renovin

layer riSdcaule dezprowidegedre thes handle suipstralg, 3 wistead eb enﬁhe 18 . ed silicon
Iayer(?)tarif%}lf’.I se capture Ge

Furthermore, preferably the SiGe layer 51 is sufficiently thick such that after detachment
of the strained silicon layer 53 there is no need for regrowing the SiGe layer to its initial
thickness, but it will be sufficient to grow a new strained Si layer on the remaining SiGe
layer 51 so that the donor substrate can be reused.



atons, in case one or nore |ayers contain Ge. Then of
course once recycled and re used in a strained SO

WO 2B0998% i on process conprising an ion inpl ant@Y/EB}#08/005107

step, the ob tained struct ur! undergoes a further

recycling treatnment with the supplenmentary materi al

renmoval step, as illustrated in Figures 3a and 3b.

I nstead of strained SO typ@iMBbstrates the invention

could al so be applied to a substrate which term nates

with the silicon germanium 20% | ayer and over which

Method forlratyatigglaasubstrate with laestep-like resjdys 6\3) drea firstgegion (21) of

Fi 1b). Like i fi ' :
oK b0l o AR 00 AL SO 05 0 s i -
csmtbﬂtobmtaosméc?e@zslcmf tah:elniainﬁdggssgspbsve?ioa ézsj ﬁfstrmasumﬁrate. and
on e stral ned  si on . . .
SHhareinabe, oh Escion flagrmpises 3 nadfq epRnde(). dhpagicular an ion
StplantdRzoné! BEseHtibme mgﬂa@é dohesprdihg as! tise Iplarenof the surface

'ayer 53 there is no need for regrow ng the SiG? Ia}\/er

t(83) of theriremaininghiseend sgigmt(2p) oihe SHestegle rand/mehgigtered to-
lGbsfhtd ayer on the remaining Si Ge

%@g?ﬂg%&g%biﬁiat tﬁgbggénor substrate can beg

ichdpfdefizéd W tHat Method for recycling a substrate wth
a step-like residue (19) in a first region (21) of its

AnbesRI rémMoRalis icaetr oal innbetfinst redipm (M) sbethat, after removal, the
substrate, which protrudes_wth

X re ect . to the . . .
surtRes. 6570 20 ne cUBS AR then st e (FHgs gt Igask pagially o particular
%Uﬁ@!ﬁt?l&,egir?‘%vo@?%&h the leQef bff thle hbdified z6R4 X2 Fb@fores Ataterial re-
a 1 fre one (27), in particular an ion inplanted
mova@l. essentially in a plane corresponding to the
pl ane of the surface (23) of the remaining second
region (25) of the substrate and/or chanfered to wards
Methedigecartinghto caips i r whereirt the ermeval ieganrigdiquitsugh that the sur-

terj,al .re I L. ' i [ - a0
PR T8 of HEE G e S S s Pinbid 3 iy by o st
Suhﬁtp"rleilte%tblyn dtheasti aTn, lire padicu(d 19 pins esen|meerst in particular 10 um,
artially, 1 articul ar I j I th
Bio bJetelof hd BorisirPs o St AR ot er 1 a1 e
nmoval . 2. Method according to claim1, wherein the
G\Aeer{r?c\)/g laccl:osrdi(;'n%rtgl c(leaogmo1u Ear gu v(\:/ erteE]na%het rré(renosvlé[ is carried out only in the first

region (21).

Method for recycling a substrate which has previously been subjected to the
method according to one of claims 1 to 3 and in which the first region (21) of the
substrate comprises a second modified zone (37), in particular a second ion im-
planted zone, comprising the step of again removing material from the first region
(21) of the substrate wherein the removal is carried out such that, after removal, the
surface (39) of the substrate in the first region (21) is lying lower than the level of
the second modified zone (37) prior to the material removal.

Method according to claim 4, wherein the removal is carried out such that the sur-
face (39) of the first region (21) of the substrate is lying lower by at least 1um, pref-



face (31) of the first region of the substrate after
removal is lying |ower by at |east 1mm preferably at

WO p0%/897093 nmy in particular 5 nm even nore i nPCT/EP2008/005107

10.

11.

12.

particular 10 nm than the I'&el of the nodified zone

(27) prior to the renoval. 3. Method according to

claim1 or 2, wherein the renoval is carried out onla_/
ienablpat féast 2 pyraginqraricuigr. 5 um, than thrilevel ofrtbesecpag mpdified zone

R e e BR %1 i me 1 to 5 and i n whi ch

the first region (21) of the substrate conprises a

di f (37 I
NRiBod atBercingn S8BT 4151yt dtelr et sBadfiEd B itihg extenas
MRERIY Beybh@thd hest regioh (2 Egbfothe (stibjtrate mtvetmmatregnon (25) of
wherein the renoval 1s carrled out_such, t

tRersykstrate oeeqhys fg&rglr@,@)t it regien Qfthe éuﬁﬁtr%ﬁeand wherein the
rémhdba rl@%l‘?i'éd(c?&)subﬁ thatithe sLiF¥Es of thenthir Sedien o R siibrate is ly-

secon zone (37) prior to the materi al
ingriower by@t laa.stt Aem. @é%fefanlhgt legstc? HMmin pagiselasiSmpaven more in

%ﬁmp@r 1'0%&%5!’1?@3%{@ ?’f‘ dtﬁ\%dﬁléﬂ Eeat(lé"?ét iRfthe first re-

rst esu strate is lying
lgiore{21) peiet tothenremowdler ably at least 2 nm in
particular 5 mm than the |l evel of the second nodified
zone (37) prior to the materia! renoval. 6. Method
Metiood aogordingetoadiainmit 6 owhereimites tiind relgions(@8) edtemdd ity atdeast 100

37 [ 1y b d the fi i
by Jn BREHB bt feast a5 i oM E SEaAr resiE 2929) or
the substrate, thereby formng a third region (33) of

t he substrate and vvherelnthe S carri g
blrthod RREOTdING ANEACLUIBIM ALS ThWRPTeIahE SGiovakis cared out such

Mséf{é}ttﬁe 'rémeall 1h2 1L GRS tﬂé/s@‘fadeeiﬁ&he firsangnsite regidry (21, 33) is

1 east I'n particular 5 nm even nore in
ptat’r‘lelaamn%ilevﬁb mm than the | evel of the second nodified
zone at least in the first re gion (21) prior to the
removal . 7. Method according to claim6 , wherein the
Meithat fargieoyclin@3) setxsteate wheyeintthe sesthod Gocerding ko one of claims 6

F58, 4b8higB aioabE Bt B2, skl B F5GRT 58 e secona
wulifieidnzdriee(37¢ xtexidsi latecallyr fusthepinto ¢he becdmak regidrt (25) of the sub-

the renmoval, the level of the surface in the first and
B%8%d region (21 , 33) is at the sane |evel.

Method according to one of claims 1 to 9, wherein the removal is carried out by
grinding and/or dry or wet etching and/or polishing, in particular edge polishing.

Method according to claim 10, wherein the etching comprises providing a mask
(63) and or a protective fluid (71) over or on the surface of the second region (25)
and preferably flowing radially from the centre to the edge of the second region
(25). )

Method according to claim 10 or 11, wherein an etching solution (61) is provided on
the side (67) opposite the side with the step-like residue (19) and guided, in par-
ticular by capillarity, to the first region 21.



9. Method for recycling a substrate wherein the nethod
according to one of clains 6 to 8 is repeated at | east

WO ZHEEOARH wherein after each recycling run, tRHeI/EBH8$0PS107

13.

14.

15.

16.

17.

18.

19.

nodi fi ed zone (37) extends Ikﬁ(arally further into the
second region (25) of the sub strate. 10. Method
according to one of clains 1 to 9, wherein the renoval
is carried out by grinding and/or dry or wet etching

Myﬁ&ﬁ aE%r‘dﬁ'gq RPoné df QPJIMSCN@ \Aﬁe%%ré?@ﬂ"é r;%lJBQtrau]:]is an Si, SiGe,

accor to claim1l ereint he et ching
GeBass stiained sjilcmg\ Qr arﬁlsv-tlm'feramnductér pyafeect i ve
fluid (71) over or on the surface of the second region
(25) and preferably flowing radially fromthe centre
Methdsr!e aedgrding tot dree eEclaimos Ml etgi 18 wiEsgin the subbtratedcomprises an Si

d 1 chi
SA1ch AoiTes Byver S AR Gincr S e thus FyeE B s1ce laver.
_the side with the step-like residue (19) and guided,
RS ot a Bl o Aok e SEsflaver ateast
\fﬁl@bﬁdtﬂ:dm&st@bhﬁbrré;@ue f19) Si, SiGe, CGe, GahAs
strained silicon or a Il I-V-type sem conductor, wafer.

14. Method according to one of clainms 1 to 13, wherein

M’%ﬂw%*?é&&r@hg t6 ‘Uﬁ@r rgléget% 1?\%ﬁher éorﬁHﬁélﬁé a ﬁéﬁrof treating the

In particu a er,
lesgiesr surface, mfmsablmyop@lisngwg, @fler Ahmsmp of mmnwnaﬂn@teﬂal of the

SPOTRUBTE1E et 1 ke rosi due (19). 16 Method
accor di n]g t? one of ﬁl ai rr;al r1eto 15, further ::gglpri gi ng
Ss?nt@'ﬁf-‘ﬁ yargabrcetng e Bt oA 8 ST of Che

bR B0 Sl reciBeordRondnd o R B gt BLISLE gdpnor suo-

reog{ﬁjtg gryaccording to one of clains 1 to 16 as a donor
sub strate (1), b) formng a predeterm ned splitting

By e@rrhing ?@déﬁarhfmdi@mmmgsm éV}iﬁnsuﬂé)he donartsubsinateq1),

[ n partl cu by bondi ng, the donor substrate (1) to a
BRruHaRnig0 74 patieulaBby baRding, the donor substrate (1) to a handle substrate

(3), and

d) detaching the donor substrate (1) at the predetermined splitting area (7), such
that a layer (11) gets transferred from the donor substrate (1) onto the handle
substrate (3) to form the laminated wafer (13).

Method according to claim 17, wherein steps a) to d) are repeated at least once,
each time using the same substrate from which during each run a layer has been
transferred and which has been recycled according to one of claims 6 to 13.

Method according to claim 17 or 18, wherein the laminated wafer (13) is a strained
silicon on insulator wafer or a SixGei., on insulator wafer, wherein the donor sub-
strate (1) comprises a strained silicon layer and/or an Si,Ge;.« layer, with x between
0% and 100%.



d) detaching the donor substrate (1) at the
predeterm ned splitting area (7), such that a l|layer (

WO2009/04e08 transferred fromthe donor substrat EBCU/EP2080¢5107

20.

21.

22.

23.

the handl e substrate (3) to 20rmthe | am nated waf er
(13). 18. Method according to claim17, wherein steps
a) to d) are repeated at | east once, each ti me using
the sane substrate from which during each run a | ayer

R 8 s R 20 crrcrcs

dn abatdinedfinsb region (R 1)) impattiulamsiong nhe fwgbamfl that substrate, is lying

rain silicon gn insu or fe
0uSE i the'sr0nd Ll 95Vt SUstErei R Pefletlin i Sagiiz the inter-
Sechd® béMee?ﬂﬁEfﬂrQ%daseﬁiohalrégﬂnf(Qﬂ | Z8)1of kiR Stibgirleé or
an SixGei-x layer, with x between 0% and 100% 20.
Recycl ed donor substrate having a first and a second

rl@&dy@%d(aénor &fﬁst&?@%@&ér@fﬁgzﬁﬂclbl?ntﬂbatwﬁé?@mf t'hbs§urface (31) of the

region , {)artlcu ar “al ong the edge of

s‘uwsreg@ne(w @es gt legst 2wen, in pantiqUiar @mm@r\r @@r@m parggpular 10pm,
r t at the inter

bt BanhF sliacs &?W?L%é%#a@gs@’gﬂé%eg. on (21 . 25)

of the substrate. Recycl ed donor substrate

HaGh bRk PE%W%@WE Bl 2603 4 B rRLpeh (21) ex

Ewmung\am ge phthel substrate, Gaxtendsolaterailyhavert atdeast 300 pm, in

BRI Aty @iﬂﬁbﬁrﬁﬁgtﬁ?r@?@#@&%@& 600 Fi ef fven more in

fpaftiduldredicust 0 80D ex ovemHeRarfatodotiesubstiare. of the
substrate, extends laterally over at least 300 nm in

particular at |east 500 mm nore in particular at
Eégghuea%dﬂgubanateea@ébraﬁp%l SheBf tiafiis 20 & 2 e@dhkrein the sub-

nm over the surface of the substrate. .
Rtretec(19ds @ondk, %Gasﬁeatciaﬁeﬁ:@@madgsw@rbﬂreadfl \(:ltmer@ern@onductor
&’%&Z wherein the sub strate (1) is an Si, Si G, Ge
,&s' strained silicon or a lll-V-type sem conduct or
waf er .



