1 Method For Manufacturing Conmpound Material Wafers
and Method for Recycling a Used Donor Substrate The
invention relates to a nmethod for manufacturing
conpound material wafers accofding to the preanble of
claim1, and a nethod for recycling a used donor
substrate obtained froma nethod for manufacturing
conmpound materi al wafers. Conmpound material wafers, in
particular, silicon on insulator (SO) type wafers, as
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Generally, efforts have been made to allow the recycling of the used donor substrate. JP
10114176, for example, proposes to first polish the donor substrate to remove the surface
- step at the edge of the wafer which is present after the transfer of a layer onto the handle
substrate and to carry out a second finishing polishing step before re-using the remainder of
the donor substrate as a new donor substrate. US 6,211,041 not being directed to recycling
processes, discloses a different approach which consists in providing, right from the
beginriing, a silicon substrate with an appropriate oxygen content to prevent the creation of
crystal defects, which, according to the authors, are related to the presence of oxygen




processes, discloses a different approach which
consists in providing, right fromthe beginning, a
silicon substrate with an appropriate oxygen content
to prevent the creation of cpystal defects, which,
according to the authors, are related to the presence
of oxygen 2 precipitates generated in the SO device
| ayer during the heat treatnents which the wafers
undergo during the SO fabrication process. It
pragipiaieegenemiedin the ISR slevich dayes turirg thhdeatutrdatmernts which the wafers
or substrate were still
urﬁ%t?gﬁiscgjtnﬁ% ac%tglﬁyg/'?&%tﬁampa ?{?%ul ar, it appears that
controlling the initial oxygen content does not

it gﬁd%é?é;i nb@é‘lt%%@?rﬂ'éf fiﬂ tﬂ% nafnbef 8f pd%?l%}%clleslfé.ﬁg roté:ﬂge .ril:ﬁlsubstrate

after € reuse.
weis Jsﬁ%ﬂﬂtcﬁaﬂﬁfﬁ@owr é‘sé@ﬁlcularvérappws tfeat sootodliing the indtizth odygen content

dole® hot FekEn fHelHpb BftionOP E@%F&’ef@&& i?lrth%‘f indl QLR fa%er?‘iﬁdia/ Lﬂtiple reuse.

met hod for recycling uSed donor substrates’us
manuf acturing process for conpound materi al mafers

it l&hhéﬂefoﬁ'é |tm§/voﬁéctl 6f0thé@>$@$énﬂ HvEStonOb profidé! a&heMbd tfJS’lemanufactunng
onor. s the sane tine, allo

°°'F'BB&'" DategA %@fe@cﬂmﬁwcﬁm R%Q feroiRpsiing uped ermoasungfaée%used in a

_ MaRUTACRARG PRITESS ﬁiﬂ%bmpbrb}hcﬁnﬁtanﬁp\kafe% WSEN 8l aNvidchedsB8 number of
for nuf oun material wafers

uring
re- Hﬁ%‘so?'g‘hﬁ&? b dgny; %&)iff%fﬁcﬁfwh thetseme 1ae. allawytbe ifaRyication of good

qualiyeconiinad niitdrial walels KG68oRbRIE cbg. claim 3. The
invention is characterized by the fact that it
conprises at | east one further treatnent step which

Thissolgeatfis gachredecs with theatmethodofen npdretichirih@t esnpaad anaterial wafers
i,al donor . substrate and/or the . .
acdhdlo i ot 8 i PERE i £ e B Shstg g8Xraing to clam
3. renoved, in particular by dissolution. As the
presence of the precipitates and/or nuclei is

apparently linked to the creation of crystalline
Theysivertion is ghanasteszass by theefact thabit rcodipgisasl aitieast aerfurioerareatment

steﬁ‘%‘héﬁ 8@ fibles @lkh ﬁ@é/ﬂ@r?ﬁare% é#t?t\‘ﬁ e{nﬁﬁ:r rrﬁlcféf E'neﬁ'fe i@l donor

donor s ate
substiatgyandéos thfh@nwm d@mprcﬂubetrqtgtase Bi lnasthaftialy semmedngz particular

by azgadﬂﬁﬁncﬁ@ tﬁ@ Hs%&ee& Y pt 8 gmtggg'ahhfap ﬁﬁcle:tl{‘ﬁﬁﬁﬂ?ént{y linked to the

t r eat ment en nuc
creglignf §ryﬁf§"lae ﬂeﬁeﬁﬁtfrwetwbt atesudinteit dl$9@bmpe aummrpad;hf@ml thermal
treakMEnt Wholvh Shd F@Qée BiU{hle' or 'sWaié lRg tﬁi& ‘?nérg%ﬂ%éﬂ fthe case

into the ingot, those I's I'nterst
today, as the creation of crystalllne defects during re-use can be i|m|ted by the additional

 thermal treatment step.

.- The presence of oxygen nuclei in the wafers is atfributed to the wafer fabrication process.
During the ingot pulling, impurities are incorporated into the ingot. One of those is interstitial
oxygern, which during puliing and cool down gathers to form nuclel. During subsequent heat
treatments, typically in a range of 900°C: to 1100°C the nuclei become precipitates due to
diffusion of interstitial oxygen. '




oxygen, which during pulling and cool down gathers to
formnuclei. During subsequent heat treatnents,
typically in a range of 900C to 1100C t he nucl ei
become precipitates due to d&iffusion of interstitia
oxygen. 3 According to a preferred enbodi nrent of the

met hod for manufacturing conpound material wafers,
the remai nder of the donor substrate can be re- used as
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be easily adapted to the manufacturing process already in place.

Advantageously, the rapid thermal oxidation step can be carried out in an
atmosphere having an oxygen concentration of at least 5% up to 100% and/or an ‘

- oxygen rate of 5 to 20 liters per minute, and in particular, an oxygen rate of 10 liters

per minute. For these concentrations, best results with respect to the removal of

oxygen have been obtained.




Advant ageously, the rapid thermal oxidation step can

be carried out in an atnosphere having an oxygen

concentration of at |east 5% up to 100% and/ or an

oxygen rate of 5 to 20 literg per mnute, and in

particul ar, an oxygen rate of 10 liters per mnute.

For these concentrations, best results with respect to

the renoval of oxygen have been obtained. 4
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surface of the donor substrate at which detachment occurred and wherein the rapid thermal
oxidation step is carried out before and/or after step f). As the rapid thermal oxidation does
not alter the quality of the surface, it can, as a consequence, be carried out prior to and/or
after the polishing step. Eventually, it is also possible to have a rapid thermal oxidation step

before and/or after the polishing step to keep the crystalline quality of the substrate high.

According to an altemative, at ieast one of the thermal treatment steps can be a rapid
thermal anneal step, carried out in an oxygen free atmosphere. Such a treatment aiso
reduces, in particular by dissolution, at ieast partially the precipitates and/or nuclei, but




wafers can furthernore conprise, after step e), a

further step f) conprising polishing of the surface

of the donor substrate at which detachnment occurred
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-+ Fig. 2 illustrates a second embodiment of the inventive method for manufacturing compound

materiel wafers.

Fig. 1 illustrates a first embodiment of the inventive method of manufacturing compound
material wafers. The method will be described for a silicon on insulator (SOI) type
compound material wafer. This, nevertheless, only serves as an example and the inventive
method is also applicable to other types of material compound wafers..




description with reference to the acconpanyi ng

drawi ngs wherein: Fig. 1 illustrates a first
enbodi ment a° the inventive nmethod for fabricating
conpound material wafers, agd Fig. 2 illustrates a

second enbodi nent of the inventive nmethod for

manuf acturing conpound naterial wafers. Fig. 1
illustrates a first enbodi nent of the inventive nethod
of manufacturing conpound naterial wafers. The mnethod
will be described for a silicon on insulator (SO)
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suppressed at least to a farge extent. During the rapid thermal oxidation step also crystalline
defects which might be present in the part of the donor substrate which will be transferred
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~ precipitates and nuclei dissolve to essentially form interstitial oxygen.

Following step I, an insulating layer 5, preferably silicon dioxide, is thermally grown
on the thin silicon dioxide layer 3 (step Ill). This layer will iater on serves as the
insulating layer in the silicon on insulator structure. This step corresponds to step
b) of claim 1 and is known in the art.




creation of crystalline defects in the donor substrate
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carrie
created dunng the vanous heat treatments which the substrate will undergo during the

fabrication process, e.g. the thermal oxide growth or the splitting step.
Instead of a silicon handle substrate 9, also other materials could be used, like quartz.

Fig. 2 illustrates a second embodiment of the method of manufacturing compound material
wafers according to the invention. 1t differs from the first embodiment in that the rapid
thermal oxidation step Il is now carried out at the end of the manufacturing process instead
- of right at the beginning. Apart from the fact that during step fil the thermal oxide is now




fabrication process, but only after every second,
third or fourth, ect. run. This will depend on the
anmount of defaults created due to oxygen precipitates
and/ or nuclei, which can be 8created during the
various heat treatnments which the substrate wll
undergo during the fabrication process, e.g. the

t hermal oxi de growth or the spIitting st ep. Instead of
Q oth mat eri a
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senedcinnd reatdaktirzigt potedsheardendtoon afe rtﬁﬁUéxitret myerng as in the first
vent on

et e oot stapiv s W arih 0 e Sebind Soadi cafsponds to

stepsHeraral V ard ddiof e firstegmibddimentn Tneie déSdnpﬂerrutth@'bfd‘@ ﬂot repeated

n ey manuf act cess |nste

agafinf) af. Hi TE MRS PeRET e oDn Ol refaeg of a fresh
substiate arm;ycrbesurmrrame:er uwsed dike Snerfionseflrtderdoainl y on the

initial donor substrate 1, which is a fresh substrate

not having yet served in a manufacturing process, and
Thusafieraietachamenhiike iohelfrsi aybodidents a iremarh@er(f;iarcﬁthe dont?r substrate 1

[ t s 1V, V, and VI t .

s ofIREG T el SEvf i RePe 9P illsBB et 518 Pg Sl dheredfir the repia
thernosl exidatine stdp; proceshstep i mre caimed routle Jbe iopidation step is carried out

unddrRé SERTeCedN gﬁrﬁﬁfagﬁisﬁgge@%nrekﬁ‘ecq% @é fi rsp Hltnbb& iment, so that its

I ncor por at e
descgptiqq i rl'@erpor@eﬂabere\atrebsarerqem ed substrate can be

used, |ike nentioned further down. Thus alter

det achrrent like in the first enbodi ment, a remai nder
By camyiag ouhise gxidationssies eften the manuaaturingi of & SOhwafer 4, the oxygen
prechﬁ’ét%'arﬁt%rSﬁm \Qﬁrcrp%éﬁ Qﬁe@ngérgtg fHe® HRNAS ﬂ'ggtments can be

hereafter th era| OXI t1on ste
dissalyedatlpast Rewalyduradlan i, sohat i thelsvhssauant é?ruﬁ% of the remainder
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ect to first enbodi nent, So t

be pr&e'gﬁ‘r’ f"ﬁf‘gaﬁﬂlf%‘meﬁéiﬂ'w&ﬂ@d herewith by reference By
carrying out the oxidation step after the

nufacturrng of the SO wafer 11, the oxy
Evenfijally,;the recyeiad siaps of Cleaping andiar pejishiag sar be Sergd aut aftgy the rapid

therntan axiﬂblﬁfrﬂ?éatﬁréﬁﬂir %&Br&m? 3H ah‘ﬁrthér' VERghtY § Fagid tHe?rﬂ§It oxidation step

so that in the su sequent

par durin
can bre&atr@%r( befaee ?ft% @erpoha@nq)rnctfrrecl%mst%bstrat e 1
' anewrnrtral donor substrate 1, a high crystalline
rovided in the next formed SO | ayer

Like @embar%rﬁ Lds e fag il dhereaal eridationstenyis not negess@iin Ef‘"ﬁﬂ‘éiPHt during
each PedniutdtiutiBg QRdcdRs, LR ety bn akhd efealiti® of 8BigEn precipitates andfor

nuclei, it is only carried out every second, third, fourth ect. time in order to optimize the

fabrication process.

According to the invention, steps VI and Il of the second embodiment could also be
considered as an independent recycling method of used donor substrates which were used
in a fabrication process for creating compound material wafers wherein this fabrication
comprises steps |, Il, Il and IV.




thermal oxidation treatnment or according to a further

variant, a rapid thermal oxidation step can be

carried out before and after the polishing and/or

cleaning step. Like in enmbodyment 1, the rapid therma

oxi dation step is not necessarily carried out during

each manufacturing process, but depending on the

creation of oxygen precipitates and/or nuclei, it is

only carried out every second, third, fourth act. tine
Acdoncling thea tHird angtfourihzemibdtimentalp tieCiabdantion Errap]esmrmal annealing step

in 4CABICEAETR bl el Rigelie s E SuhPa oty b Bbfimal oxidation
step Hddppicali¥nsuch @mrodesn (s captidtbairt &f a bpdrdgeshoaraifor ajust atmbghiere with
the‘@gin%g)réf%gﬁg?rﬁﬁ'gtqé Bs ?10@@?1 V\%er ‘ékh%r}faﬁ i %@?&%Ir é)@t{iﬂa{hgﬁ %@b' 8¢ ept for
the @smm eanceryralips  Alsolthis heatl treaithenhis sitabler toorediiery at éeaat partially,
oxy%;@r’u b%cpﬂgeg QH?IBPn@E?%g'cﬁQ%BM&{ t—lgﬁe\}éﬂ\’é‘@édcﬂr& fedtBhtchegatively

her mal annea N an a
affectsihepyifacg qeadghgéﬂe grnegkheat septagnt atmar@utg! Ro¢feeablyAsi fallowed by a

poli$Hisd SBp tPeistat dupitiend Etﬁféck 'rougm@.lsé:éf'trllé’ dordH Slhbsfraly P(ﬁ?ﬁt% oxygen
is carried out in a en and/or argon at nosphere

free\,ﬁtmﬁsphefpen%tgwx&ed@@gg wibbafeemed.s as t hose used for

the rapid thernmal oxidation step, except for the
so this heat treatnment |

0X n centrati on. . i ] ) i's
Ao SR P Gpaifeat Ssordrde e YSTaR 1 SMBSYGeRts 1 to 4 coud be
compinediimpariyai®s and/ or nucl ei by di ssol ution. However, as

such a treatnent negatively affects the surface

quality, the anneal heat treatnment step should

it haw béar ahdwn batfbgldaawad dwy the agaitioreininegt SéfmehDiceRAUES oxygen
or. substrate. 1

precifales carelRy qUiel € Aol deiati s ey Bicey me O
waferi1| carebef reduced. by Acfactodofray ldast & This tdsulk bobkemeprdved by growing a

| smc&{: ‘6? gg bé;%r tvﬁtht 1 ‘i‘n@&h‘é@&“df OJ?JOOt}i1 %Int méogliicgg %&elqusom'st thickness is

n- an
equ'“@tetb iy T@Mwhlches a@[vp:ctall thmweefat therisalatioariayer & of a silicon on

| msul‘é W?ﬁ’eroé eeﬂnecpr lfléfﬂf;ﬁﬁ}eﬁﬂ{yrrﬂ%] Jg@htt of fkﬁ_ura\g%tﬂnﬁansfers

crysta ine de e en
Whemn &r ong, wafef nb@ddérau@éteabyeetrrfeattm pardsf:utan theexidation treatment,
has E%r?c&fn@%&%ﬂ} ﬁ@ﬁe@%@%ﬁ%ﬁg &@%‘:y&&@%&%ﬂcﬁwal ﬁ%\% tls‘éIQP(I]eCn(t) step has
been gragdsout ?Hﬁ’ an anglysimeldle defects ghowead tapredustion in crystading defects.
which is a typical thickness for the isolation |ayer 5

of a silicon on
Unhke the prior art, in the method according to the invention, precipitates and/or nuclei are

not prevented from creation, but are preferably removed during the process, as in fact their
- creation cannot be prevented, which is due to the fact that they are always created during
the heat treatments which are part of the fabrication process.

As a consequence, the donor substrate, can be more often reused which makes the
fabrication process cheaper, and at the same time the high quality of the transferred layer 15
onto the SOI wafer 11 can be assured. -




i nsul ator wafer and ained at sinulating the thernal
treatnment of four |ayer transfers. \Werein for one
waf er, no additional heat treatnment, in particular the
oxidation treatnment, has b carried out, for the
second wafer, the inventive additional heat treatnent
step has been carried out and an analysis of the
defects showed the reduction in crystalline defects.
Unli ke the prior art, in the nmethod according to the
Claimgnti on, precipitates and/or nuclei are not
prevented fromcreation, but are preferably renpved
during the process, as in fact their creation cannot
be MPBOR far sepnufasiusing campruad mpteriak wateey, int prgticulan sjicqsy @n insulator
al V@p@wﬁ‘fbﬁﬁb@ﬁpﬁbﬁgtﬁgstebbe heat treatnents which are
part of the fabri oces As a consequence, the
donor @ Elﬁ’ﬁ%’fq‘%&@m@%{ioﬂg%ﬁ@%?ven reused whi ch nakes
tEe hb)amnmajaransmatmgmer(smeweme inmakiio‘cmbridbetraemﬁ tinme
t he g n r. 0
SO vl D bl SPIAS 36 @i RtRliarop b e .
manuf el etiaching tbe intaldanonsubstratel (1Wafadrapdieisnbsicate (9, wnelr
silicgn
&) d?@gﬁlﬁé%é‘tﬁiﬁﬁor éqbﬂf??t&'a(ﬁf g§ ’thézﬁgga%{s ?ﬂniﬂ?d sﬁt}mg giea (7),

st eps: onor

f or mi ngt@rﬁqyn%%nsaqmnﬂganwé {1§)59f ¢ dnitial donop isebsiated i sinto the
substr ah@ncﬁél%ubsfr)atef(w kMG PedMRAIRE ﬁ{a'iarféﬁ@aféuph H)t tdneg

ar eg éﬂ‘:}ﬁj! n the initial donor substrate ,

at €38 1zed&Yi ni tial donor substrate (1) to a handl e

su hﬂﬂbﬁt@nﬁr&)ng &Nebst hndl fﬁbﬂﬁél itrReitrhdie sﬁz@%ﬁf foraﬂe.%st partially
(1) t he etermn spllttln?eﬁarea %

tréd 'P.l?%{ ayeq'sseﬁtﬁsﬂ YaeE PSR EF 20RREAUCS in the it
subsharatbstats (19 rahamt the renhaimddr €133 abSibldoher duBstrdt@(fhor m a
conpound material wafer (11), and characterized by

further conprising at |east one thernmal treatnent step
2 oMeittgldraadorumgab claipa$,twhaseit tral resnainded(GEof thévdonor substrate (1) is
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r emmre(alftsgt oo furthbetheomab ireatonest step is cadied oBt. Met hod
according to claim1, wherein the renmainder (13) of

t he donor substrate ( 1) is
3. Method for recycling a used donor substrate obtained in a method for manufacturing

compound material wafers (11) according to the preamble of claim 1 characterized
by

comprising a thermal treatment step configured to at least partially reduce, in
particular by dissolution, oxygen precipitates andfor nuclei in the initial donor
substrate (1) and/or the remainder {13) of the donor substrate (1).

4. Method for manufacturing compound material wafers according to one of claims 1 to
3, wherein at least one of the at least one thermal treatment steps is a rapid thermal
oxidation step.




reused as initial donor substrate (1) and wherein
steps b) to e) are repeated at | east once before a
first or further thernmal treatnent step is carried
out. 3. Method for recyclingp used donor substrate
obtained in a method for manufacturing conpound
material wafers (11) according to the preanble of
claim1 characterized by conprising a thernmal
treatment step configured to at least partially
r5edM@’é'0d|a¢00r|§‘mgt focelaiay 4byheieirs theuthieomal eatment is carried out in a
pr b t dNi; o
Lol Tore et 1o et 1980'c 1 bt ivpen 1200°C ang
sub%0%e (1). 4. Met hod for nanufacturing conpound
rraterlal waf ers according to one of clainms I to 3,

wherein at | east one of the at |east one thernal
Er Methedaceerdpg tp<claim JprizereiRethaethemipk itigatment is carged it for a
5. dﬂ?étla)ﬂcbeﬂ@é‘éﬁrﬁbé@totﬂnﬁﬂ ] dﬁrli’ouléﬁ"?&raedd?aﬁdﬁ%fbb@éc@|2mln or for a
trec%ége is carried out in n‘geraturerane
betTERIPN PEAMREN,{HRiN 103878, in Fﬂsep%lb?? (Angaeal ke Jueigce ispgred to carry
anaut tH2F86id tfermbkixitatorastger ding to claim5, wherein
the thermal treatnent is carried out for a duration

between 15sec to 5 mn, in particular for a duration
of I\mm:bactoorcmg to coe of daing 4 8, athetsin et rapidthekmahnoxidation step is

Shig r i t Onro

oneBlod SRR TR -2 RARRL o Wb SRRl S5 g ancor
‘acé@d roewm ratse af i§do 89 Vminainmmrtitutan a6 oxygesrreferof 10 €mmapi d
thermal oxidation step is carried out in an

at nosphere havi ng an oxygen concentration of 5%to
8.0dhhasdpomanuiactusngramposine materil wafepadcording toiome of claims 4 to

part ableH 12N ?&\/tﬂ&:%af Akiattin Qﬁgpm fied Sut g@(&{%ﬁg sEngr a) and b)

manuf act uri ng ound mat er | ers acc
oné”‘é‘!f’r%ﬁ%ﬂﬁ?eﬁ to 7, wherein the rapid thernal

oxi dation step is carried out between step a) and b)
and/or after step e). 9. Method according to claim

Melad aggerding te ﬁ'é'"? 8pynerein dufirg tmxamath%a&q%fi%matment an
anom@éﬂa‘#@r d3§%f3§ tr(lé’)%eé?sf in& faRbé Bf‘%@td 50@\ i& YR & thelritial donor

he initial do
su%sg"éte (%) gr the remamder (13) of the donor substrate (1).

10. Method for manufacturing compound material wafers according to one of claims 4 to
9, further comprising after step e) a step f) comprising  polishing of the surface of the
donor substrate (1) at which detachment occurred and wherein the rapid thermal

- oxidation step is carried out before and/or after step f).

11. Method for manufacturing compound material wafers according to one of claims 1 to
10, wherein at least one of the at least one thermal treatment steps is a rapid thermal
anneal step, carried out in an oxygen free atmosphere.

12. Method according to claim 11, wherein the rapid thermal anneal step is carried out in
an hydrogen and/or argon atmosphere. '




substrate (1) or the remminder (13) of the donor
substrate (1). 10. Method for manufacturing conpound
mat eri al wafers according to one of clains 4 to 9,
further conprising after stefze) a step f) conprising
pol i shing of the surface of the donor substrate (1)
at which detachnment occurred and wherein the rapid
thermal oxidation step is carried out before and/or

after. ste Met hod for manufacturing conp
n;e?r @FI“QF faraFéP%fa%lew ERTRpUNG reptenial walers jaggording éo om@ Gaim 11 or
whetzi wheréin| th@ 4pi@ iser@kl Iaﬁ]%aﬂ%te'p%%ani@ﬂi%dt%n step a) and b)
treatcgent steps,.is, a rapid thermal anneal step,

car AU a58E ste e)a?f“’o@?%‘@ﬁ”ﬁ@e@"ﬁ’f"%ﬂ?ﬁere 12. Met hod

according to claim 11, wherein the rapid thernal
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confs wikreint thei edpidiatiezmal amdamli 0 dnpedinstep| igi darded @t with a

, L anneal i rde
outteHBEEEE <l IR Gech 5 R, i PR B Rab S B Hin @ baton
f ol fuaeel ishysed (}J()Mhﬁwteng)esitmp rat. of It tdastd36°Grs, in particular at least

t e waf ers according to
one ?’é wgéd;%s@&%@g’rﬂy e%g?dthe rapi d thermal
oxi dation or.anneal step is carried out with a
tenperature ranp of at least 20C/s, in particul ar at
| east 25C/s when a batch furnace is used or with a
tenperature ranp of at least 30C/s, in particular at
| east 50C/s, when a single wafer funmace is used.




