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One of the major applications of transferring thin layers formed on a buffer
layer may relate to the formation of strained silicon layers.

A layer may be made of a material which is "strained" in tension or in
compression if its lattice parameter in the interface plane is respectively greater or less
than its nominal lattice parameter.

Otherwise, a layer may be said to be made of a"relaxed"material if the latter is
substantially close to its nominal lattice parameter, a nominal lattice parameter being
the lattice parameter of the material in its bulk form in equilibrium.

When a layer is made of silicon strained in tension, some properties, such
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Other applications of metamorphic growth are possible, especially with
semiconductors of the II1-V family.

Thus, transistors are commonly produced using GaAs-based or InP-based
technologies.

In terms of electron performance, InP has a substantial advantage over
GaAs, in particular, 2 combination of an InP layer and an InG_aAs or InAlAs layer
makes it possible to improve electron mobilities.

However, the ability to market components using InP technology is

- limited faced with GaAs technology, particularly in terms of cost, availability,

mechanical weakness and the size of bulk substrates (the maximum diameter for
InP typically being 4 inches compared with 6 inches for GaAs).

A solution to this problem seems to be found with reference to a receiving
substrate, an InP layer removed and obtained by metamorphic epitaxy of a buffer

layer on a GaAs substrate.
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o8 WES/BSd ¥ AbNordwafer after having taken at least one useful layer of a material
chosen from semiconductor materials, the donor wafer comprising successively a
substrate, a buffer structure and, before taking-off, a useful layer, the buffer structure
having a

first lattice parameter, for association with the substrate and a second lattice
parameter, for association with the useful layer, the method comprising removal of
substance on the side of the donor wafer whether the taking-off took place,
characterized in that the removal of substance comprises employing mechanical
means so-that, after removal of substance, at least part of the buffer structure (I)
remains, this at least part of the buffer structure (I’) capable of being reused as a

buffer structure (I) during a. subsequent new useful layer taking-off.
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2007 3a According to a second aspect of the present
invention, there is provided a method of taking off a
useful |ayer on a donor wafer in order to be
transferred to a receiving substrate, characterized
inthat it conprises: 26 February 2007 4 (a) bondi ng
the donor wafer to the receiving substrate; (b)
detaching a useful |ayer bonded to the receiving
substrate fromthe donor wafer; (c) recycling the
donor wafer conplying with the said nethod of
recycling. According to a third aspect of the present
invention, there is provided a nethod of cyclically
taking off a useful layer froma donor wafer,
characterized in that it conprises several steps of
taking off a useful |ayer, each of these steps
conplying with the said nmethod of taking-off.
According to a fourth aspect of the present invention,
there is provided an application of the said nethod
of cyclically taking-off or of the said nmethod of
taking- off, for producing a structure conprising the
recei ving substrate and the useful layer, the useful
| ayer conprising at |east one of the follow ng
materials: SiGe, strained Si, Ge, an alloy bel ongi ng
to thelll-V famly, the conposition of which is
respectively chosen fromthe possible(Al, G, In)-
(N, P, As) conbinations. According to a fifth aspect
of the present invention, there is provided a donor
waf er having supplied a useful |ayer by taking-off and
capabl e of . being recycl ed
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clearly apparent on reading the following detailed description of operating the
preferred methods thereof, given by way of non-limiting example and made with
reference to the appended drawings in which:

Figure 1 shows a donor wafer according to the prior art,

Figure 2 shows a donor wafer after taking-off.

Figure 3 shows a donor wafer after a first recycling step.

Figure 4 shows the various steps of a method according to the invention
successively comprising taking-off of a thin layer from a donor wafer and recycling of
the donor wafer after taking-off.

The main object of the present invention consists in recycling a wafer

comprising a buffer structure (i. e. any structure behaving as a buffer layer), after at

least one useful layer has been taken off from the wafer so as to integrate this useful
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defaults or other structural relaxation types. This
can bring sone future difficulties at the interface
with the useful layer to be fornmed. It is then
important to keep these internal stress confined in
the 15 buffer structure. Recycling nust then, be
carried out in a manner, wth adapted neans for
recycling, so as to prevent and limt the extension of
these crystalline stress inside the buffer structure
whi ch can damage its properties and which can thus
damage the properties of the useful layer formed on
it. 20 Advantageously, it has a crystall ographic
structure which is substantially relaxed and/or

W t hout a noteworthy nunber of structural defects on
the surface. A "buffer layer" is as al ready defined
nore generally above in this docunent.

Advant ageously, a buffer layer is conprised in the
buffer structure and 25 has at |east one of the two
follow ng functions: 1. decreasing the density of
defects in the upper layer; 2. matching a lattice
parameter of two crystallographic structures with
different lattice paraneters. Wth regard to the
second function of the buffer layer, the latter is an
30 interlayer between the two structures, and around
one of its faces it has a first lattice paraneter
substantially identical to that of the first structure
and around its other face, it has a second lattice
par anet er substantially identical to that of the
second structure. In the rest of this docunent, the
buffer |layers or structures described wll 26 February
2007 WD 2004/019403 PCT/ |1 B2003/ 004029 6- in genera
conply with this latter buffer |ayer.
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buffer layer or any buffer structure as defined in
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has at least one of the two following functions:
| 1.  decreasing the density of defects in the upper layer;
2. matching - a lattice parameter of two crystallographic
structures with different lattice parameters.

With regard to the second function of the buffer layer, the latter is an
interlayer between the two structures, and around one of its faces it has a first
lattice parameter substantially identicat to that of the first structure and around its
other face, it has a second lattice parameter substantially identical to that of the
second structure.

In the rest of this document, the buffer layers or structures described will



Thi s gradual change of the lattice paraneter
produced 26 February 2007 WD 2004/019403
PCT/ 1 B2003/ 004029 7- continuously within the thickness

woqéumheosbuffer | ayer 2. Alternatively, it wymgo_,,mng

10

15

20

25

30

carried out in "stages", _eéslgh stage being a thin
layer with a substantially constant |attice paraneter
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consists of a buffer layer 2 (substantially identical
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p%gsﬂ'llé iooﬂ}@ent! X surbace a second lattice parameter substantially different

from the first lattice parameter of the substrate 1, and thus to have, in the same

donor wafer 10, two layers 1 and 4 respectively having different lattice parameters.

Furthermore, the buffer iayer 2 may make it possible, in some
applications, for the overlying layer to prevent the latter from containing a high
defect density and/or being subject to noticeable stresses.

Furthermore, the buffer layer 2 may make it possible, in some
applications, for the overlying layer to have a good surface condition.

In general, the buffer layer 2 has a lattice parameter which changes
gradually with thickness in order to establish the transition between the two lattice
parameters.

Such a layer is generally called a metamorphic layer.

This gradual change of the lattice parameter may be produced

e Fipruary 2007
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| ayer, such as a buffer Ia,yer making it possible to
confine defects, and thus "fo inprove the crystalline
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oiy© Pﬁ%‘&u ar case, the additional layer 4 is

| ocat eThe@Ranigh of e fiditede patamitRF inlthehidfel 1Wp&rtd i@ ﬁ@vaﬁtﬁ%e%ﬂsiy
the buffer layer 2. Thus it may fix the

| ayer, t
g@eg iw "10%9%1?&:@1%% stagting fromy the substrate b 1 eradual maaneretbe
E&ﬁerﬁﬁﬂbﬂ éf%‘ ﬁzlast ofty &Bm‘fc diendnP & 1+cf? 1} gchntbfl} Plﬁ{ {1]19 Eubsl:l‘{f}
| ayer and paysaroelnt a{'klng F
be carrl ed out in the donor vvafer 10, such as a

t aki f t it I

oy e TG Fortalibit » BB 1mdE R oRE el s e gl of % oo,
tiiasemdtaid céuld &emmtrdﬂawa@r teGtRS; Juatériiard Br HigNR HabgADUS
confi qurat.i on, itional layer 4 Is |ocated on

t he %é’ﬁrfeéﬁmp y%gu r d3ygr B peod a@malbptmﬂt | made of a
Bﬂ&?ﬂﬁkﬁm iR Mok ofmma}fh&.l.aftérﬁé%om fifterif2” amet er

he support substrate art case of
this I'Ibeb erdw ng@tanteg\eouslhprodwdthycgmlvmloaym Suppors

ripal rel axed b buffer r and
TSR, o8 TR bR ol W s Bl it R YR AR
Bﬁertee&mq&esact\ﬂﬂdﬁé\aﬂmy sfoy PCRsmERd Viagor Dipbsitih”t Agd
‘g\ﬂffebbayer , for exanple by epitaxial growh by CVD
olggutar Begm Epitaxy srespattyeiyhent , t he growth of the
ddi t
addi t P Béeral 246 buffet 3 ty&aﬁrxhﬁpbé’lﬁfodugep ﬁ*]e ungl Y

in Contlnuatlon W th he fornation ylng
methgde in ¢rdgrde obtain, for-example, a buffer layer 2 consisting of an alloy of

various atomic elements.

A minor step of finishing the surface of the substrate 1 underlying the
buffer layer 2, for example by CMP polishing, may possibly precede the
production of the buffer layer 2.

In a second configuration of the buffer structure 1, and with reference to

~ Figure 1, the buffer structure T consists of a buffer layer 2 (substantially identical to

that of the first configuration) and of an additional layer 4.

The additional layer 4 may be between the substrate 1 and the buffer layer
1, or on the buffer layer 1, as shown in Figure 1,

In a first particular case, this additional layer 4 may constitute a second

buffer layer, such as a -buffer layer making it possible to confine defects, and thus

to improve the crystalline quality of a layer produced on the buffer structure 1.

This additional layer 4 is made of a semiconductor preferably having a
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formed by layer gromh. 25 In a second enbodi nent, the
grow h of the additional layer 4 is carried out after
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underlying buffer layer 2, ¢for exanple by
polishing, heat treatment or other snoothing
t eanbipitaqratasiabepntposifiait.  t he di sl ocati ons and ot her

def aul ntained in t.he buffer |ayer dqn'

pr opaga ee?l%lc oorﬁafe GoepY %réaq%r?fg?eﬂ'h‘?’%ﬁff 8H"gla E‘t‘f?&llaéfer
ahip teiprqalupddanetien Sktanlatlp dnptafantbritdia @l achlehe hisiHoperty.
def aul L@ V\/3| ch ca ecrease the quality of the final
buf f er 8% ¥ Fa@Ple, ths Lrueyrahdefects ihan epilaxialy arewn fayer

UGl debro@ raliialhilhfh HO MM bPhisHled, S _OPET at ed
according to one of the follow ng I'n nodes: (1) the
usef ul In &gespnd partisatan kase, thé additionplalayer dfis tonatedidnl ihei boffed

I | r e taken off is part
()l@éggla%avfélgl@%/&e%%{lnlﬁgg rg S%raxﬁenbuggb@eél) 26 February
2007 Vis3004y fi1Bd S3omd TatticBRRaR¢t&04029 - 9- which has
been forngd .beforehand on e buffer structure |, for
excanpl 8 i SRR G50 he addhtopebley s 4,5 ested g pufte
flayat b BadWaysRgol i e ekiloff M8t Witk @hrrie bt 46 tHe B ndr wﬁé}e
nor, wafer. 10 then functions as a substrate for the
38&%%%0ﬁ§1WWI-ayer. The latter may conprise
one or 4Nl ' t t aki ng- of f
ode{ P ol layeP i 314 3RGE vl Pl giR Bl il
ghissemfrony dwsslast thred pantisilancdsad. t | ce par amet er
subst ant i al,| identical to that, of the rel axed
at or | e vaPisesc denteiiatop the sdiomlieser &5 Genes e fhe

bOffa Usyer 2send Hagy @kcodfl 1@fcd ¢t&adiffeFBt §tdni the fifst lattice
anot her material which would have all or sone of iIts

pargaeten of Shersupporisubstiateck ure strained in tension or in
| JITe et ; » N
conpr qg lsct' PRiculF Al %f tﬁ? ggrﬁeg%ggﬁﬁ@%nt ‘il%?a%?ﬁng‘ﬂ%d%e? %is©

material.” In a particu

madeerf a0materind relaxadobye thenbuffer dyer 9, and Radf thet deesndlaftice
%:ﬂirﬁrtéred bet ween the buffer structure | and the
ve?ayer. In this 15 case, this or these interlayers

are ndhe tadbigion0 fidyer @33 5&&1&’%%61]‘15‘15‘ ploBl&H lgpgﬁﬁrtﬁ Hhele
ofE 1 s part of the additional |ayer 4 and an

F s e fO(P’Eﬂ“?P&)bif epitaxighgoewth by CXID of MBENt i cal  nanner
to thaf a 48 ehblfitledtNmt Rowth §F AR dadiflilal payglf 4 QS out
in situ, ditectly in continuation with the formation of the underlying buffer layer 2,
the latter also in this case being advantageously formed by layer growth.

In a second embodiment, the growth of the additional layer 4 is carried

- out after a minor step of finishing the surface of the underlying buffer layer 2, for

example by CMP polishing, heat treatment or other smoothing techniques such that

the dislocations and other defaults contained in the buffer layer 2 don’t propagate,

don’t increase in size and don’t create any slip planes, stacking defaults or other

defaults which can decrease the quality of the final buffer structure I thus formed.
The taking-off of a useful layer from the donor wafer 10 is operated

according to one of the following main modes:

(1) the useful layer to be taken off is part of the additional layer 4.

(2) the useful layer to be taken off is part of an overlayer (not shown in Figure 1)
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reference to Figure 2, 20 after taking-off and in the
majority of cases, projecting parts 7a and/or rough
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remai ni ng donor wafer 10. Jhis taking-off s ace "iIn
relief' belongs to a post-taking-off layer 7 |ocated

abov ehich adbdeh Brmed B&breRand 0di the Bifet staird §-fof éxalm@héﬂ:fy
consi sts, of all or_some of the_ layer 4, possib

25
one BRiaxigl gromgh possiklyepscedady bpiofgeﬁhmgythﬁ)éwffacsfof&he buffer
over Lawgke dependi ng on the taking- off nobde chosen
fromthe threengr evi ously di scussed taking-off nodes.
The paFhesdonar walgr 16 then fredtions asap pduirate dorahe ghavis of thece
%(, Aa)&, POSt - taking- off layer 7 mainly depend on the

aKi g-of f node and on the techni que operated during
t aki n gT}mflﬁtter Bﬁy cdmpiise ohebr mueniiih fayers depanding onfiie taltnis
Curr n industry consists in taking off the
Bﬁlé‘?‘ﬁg %&9 d%ﬂE?fj QVU€r the entire surface of the donor
vaf er ghigthedsre, OddviintaRéOuslD ok tha®fa tdifee! priBéted Wbstalkidlly

gener al lé a substanti al | y centred part) |eaving, on

ateofdhe relpxedmatsrialpffthe frmfacp pb thecifag stpigtures I,
SUNEas By b UTRR e AL BRRA, o Snoulol el OhEE M8 R o
Wﬂiﬂs@#ﬁ&ll@@%ﬁﬂﬁdﬂtﬂﬁmﬁd 90¢B2 h tedfon dmnabmﬂreediort, bethe
er f the rf.ac o t he donor wafer 10, all
B EEP ég?'fisﬁéwo B’i?st‘ga“fi‘gﬁ ‘bei ng known i n the business
as "t ak h?ﬁ'ﬂ@lﬁlﬁr dibdgiment Jﬂﬁ@donﬁpﬁa@%mh@@r 1K6Ye Wierlayers
t aki ng-o techni ques such fo exarrpl e, those

elﬁétmmenwwseewaﬂywearthﬁ buffea rsauqnert: drand the gvetlpyes. In this
%Qemeimeséﬂﬁé}l g(éj;s ard bl faken B t - cut (¢) technique

ready menti on sonet1 mes cause surface roughness
§3c Hhagsaﬂddayar db deamendoff lis pat bh dlet mddltmgalofafzersm mhdan.

o covhiiyet GER it brpaRetal acBlond ok G deddinen in e

restﬁé(ﬁdtdkﬁlgdﬁﬂﬁbde\]\/afer 10. A first step of recycl i ng
according to the present invention consists in

r emovi Rpteyer ﬂléa*gltma-h% mede; ipsena ards with raf@a:n%to( Em;xm? | n

a|ﬁq{rt1=’g{£egﬂ%t| ﬁﬁng%%grng sucagés’ ?ﬁg?ﬁr%;k%ﬁse e re h
Bt appenn on thedakingedff $dnﬁcdaq>iftﬁamenmh1mgcdbnmewdferrl@rml ns, V\,hl ch
can bi‘g}sﬁ?]gg%@lg?swac%qriﬁ Qgief’ugeﬁgn%u eto a poslt(-taﬂgg%fﬁt layer

new u
located above the buffer layer 2.

This post-taking-off layer 7 consists of all or some of the layer 4, possibly
one or more interlayers and possibly part of an overlayer depending on the taking-
off mode chosen from the three previously discussed taking-off modes.

The parts 7a and 7b in relief appearing on the surface of the post-taking-
off layer 7 meinly depend on the taking-off mode and on the technique operated
during taking-off.

o Thus, for example, a taking-off mode currently used in industry
consists in taking off the useful layer not over the entire surface of the donor
~wafer 10, but only over part of the latter (which is generally a substantially
centred part) leaving, on the surface of the donor wafer 10, projecting parts,

such as those referenced 7a. These projecting parts are generally integral and
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second node of taking-offjg(2), it could be

advanta eous to choose a thickness of the overlayer
o loraled atghe periphesk phigje eifrface phtbe demmuwaifemgo pdirthe prbjet ey

ove ng-.off layer 7) is

rerr%{r/g W? (%V tﬂerb% gér)lslgééaftglg ﬁgnf’%r removi ng 20

subst ance Tlms,c tﬁorasmmpﬂe SHrog ARMEDO kechiifies Wk Q! for

renpyvi ng ubst ance hrog;h{i‘ng safe buffer structure |,
AR BPSRdbal e il s, further aplfatesrondn thirdogyment, such as’
Thi K nSifigrt-adtomedcRiing a[r@d@?vﬁﬂnt%h%ﬁ NQorhdlfinds SEMSd s y

standard nechanical neans |1 ke o |§h|ng is typrcally

of Taraess suchs thaprefarenced 7heancthe t&klﬂg@ﬁ?msfme devel oprrent |
succeeggeelife {aﬁiﬂg Iafftlg' bAHIQESR r%éy%ﬁ% ?COHI‘%}ng 10 g%c%‘f?gg?%‘sn g

a second partic case of rec
Dn@afsdamd)r@@mmiorer&mctbnmfwafaidmng of f (2) it could be

SO0, R b B e e L
remiaving-aofebst tHelélief garai TBIaﬁtD'il:p?héwn RfF zéJﬁ@Z)OV erlayer

(whi CEI;'S t he post-taki ng 0 | ayer 7) "and at | east a
part ofi§ FFEovalefi ubsiange afcoyding fp ihe ineanbords oneratedasudhr d

fRE BAG (R em®®ANR kfaQtr (va%m\é' tﬂ@fen?&ruﬂﬁpeslt B4 s, Bﬁfcgnhcgg e

pol i shing mean’s renmovi ng s
f3ed ﬂgmmémngaﬁlwemﬁtftdunguy ef a @sw asefll fdgers preserve the

corr | L8Leling BEGr it SERHE 1 Gher HuovAR Shrmpe i
thint secycladgurikb tHek6w®n rebyitiig 95theplibrsd,. ng or grinding. A

pol i sgllP ng.t echni que commonly used consists in placing
a dond? 2plirst partieylay aseopf rpaydjing.oum concamping Olox said Serosd

1/ I hj d a
’Eﬁ‘?ﬁ’ g e PR o e RTHERR 0P AOb Y BRI R
asigeeyer SGI'!%@L aftes pkingioff thv;aemammg part eﬁthebvérlagaermwhﬂcls s the
alis ubstantially
gptqi‘ g ﬁﬂqéy X i TROLBp 39%@?@ Pﬁ@’%ﬁﬁ.r@%ﬁ FifemeFing
qubme;sm}fm pdﬁﬂﬂlg m&‘ns?br GRPAGRhAE rerndvilfy sUBSRRice fr@ﬁﬁh@f
HJ I]e rotati ng npvenent of the donor wafer 10
S%F t%H Fl'e‘igﬁgtg{e +a9d thys pﬁﬁsqu;the entire buffer structure I.
Thickness of material removed during the recycling by standard

mechanical means like polishing is typically of around 2 micrometers, even if
current development succeeds to reach thickness around 1 micrometer.

In a second particular case of recycling, and concerning the said second
mode of taking-off (2), it could be advantageous to chose a thickness of the
overlayer and of the additional layer 4 so that, after taking-off, the remaining part
of the overlayer (which is the post-taking-off layer 7) and at least a part of the
additional layer 4 is removed by standard mechanical means for removing
substance, such as polishing means or CMP, without removing substance from the
safe buffer layer 2, and thus preserve the entire buffer layer 2.

A removal of substance comprises operation using means for

- mechanically attacking substance, such as polishing or grinding.

A polishing technique commonly used consists in placing a donor plate 10
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causes friction on one face of the donor wafer 10, and
therefore polishes this face. |In a preferred node,
t he polishing head, acconpani ed by the donor wafer 10

WO 2@4/01008es over the upper surface of the peti/Ewm@os029
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plate along a path determiyyed in order to honogenize

the polishing as nmuch as possible. This novenent may,

£ bgtween 2 palishing head and@pakishing plee avhich ds abledto fotale Alwwbaduine

alhefag a particular axis or a helical novenent. The

pol i shing plate is advantageously coated with a

t ext ur éhe respestiveainaiorsurfddss ofibei polishingoldad ahd ofjths @hblighign
i ' ible to lubricate the friction action of

ﬁ%&%?g#bétagﬁﬁl? e %l'nor waf er may advant ageously be

I nj ect AdorcPapjlief) @b it polihid ead iph@sed thel ddBorNMf& 10 against

stﬁrface generally with deionized water which is

it weperace %1 ow t he polishing. 20 Post-polishing

(1 Do MIhdRYcRg nRfhelc o REUIRE Yol 20 AN SUERGARY ph®

cleaning, generally with a solution conprisi
Sapseaiictonsqiyang éaca At thedpmsis Waker 19,rene therethre fdlishgsithisréace.
functi a - di sperse.the residual
parc 1 cffagteefedbod e ¥l e, &S RapY e gorr Wik
46! moves nyer e upperrsesface @ therpofishing siatodng b gath et RsiBed iaf
ice, and th t o decrease t deposition on

he sl i
tPF{%’ g"d}%’é lize they POYSIG, 25 hach as PBSSII}’gw:?b‘éIWOVEﬂ@“ aHaypfr e
ekaniphs; $€a &@stitibi] fo- AN AU R AOAGHS] p@ﬁdﬂlﬁﬁg?& PIRyie

to noisten the fabric covering the plate I ch thus
Ho¥emenbut es the solution as well as possible over the

ti %10 . f fi t.
Crboct T e 'S ARAREIF (S i p B bl o
ﬁbﬁtsh!ng, 30 rinsing and cleaning are fulfilled only
ot ocuch POIFpB o Fonmekiey & shettlots birecoe Hiomacion of
the phiteain the dneswifer haydRtvaXiSe8hs] )‘?E’ei infefte® second

: e

enbodi ment of the plates he ‘pol i'shing function is
ful fi IPogwpolishingacleaingspf the wafen surfaeel generalhi with nigicaized

SN [ dJi:l ed by a single 26

@ébr ué?&sg'g%g&’ W?@éﬁ%@%@m | B2003/ 004029 - 12-

pl at S_Posﬁnolis:h\'/\u;qg_ nl;]m@ may d:»lbe@aiajt:ag tp:haatel _ﬁ.t?}e_il’bb]&?ing and hthe
odi nent i.ch uncoupl es the paq ing fromthe

P STl P+ SO R mASIDe o, SWabls SHRet WhiR g

ihjected iThE prime function of a surfactant is to disperse the residual particles as

g

much as possible in the rinsing solution, which may continue to erode the surface
of the slice, and thus to decrease their deposition on the surface, and allow their
removal,

One of more of these solutions are advantageously injected so as to
moisten the fabric covering the plate which thus distributes the solution as well as
possible over the entire surface of the donor wafer 10.

In a first embodiment of the plates, the said plate functions of polishing,
rinsing and cleaning are fulfilled only by a single plate.

However, to improve the proc'l“uctivity of the whole method, devices with
several plates will be preferred:

- In a second embodiment of the plates, the polishing function is fulfilled by
a polishing plate and the rinsing and cleaning functions are fulfilled by a single
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for the rinsing, a plate which is conpletely free of
any particul ate residues which my remain attached to
a plate. 5 1n a third enbodi mrent of the plates, the
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plate are separate plates.;;This enbodi ment uncoupl es,
Wth respect to the seconé enbodi nent, the rinsing
fpimncaih:é fclrmang/nlgammgmlaterrp’ﬂmv iemboditnbre, ﬁaihicél urmbezitm des
ace of he S
%Sé’h hepﬂ“é‘PE’ e HmP‘é""Ey% lqg"{@f of ‘8? 5‘83‘8? by Fyine:
darthée ﬂndnag; e pladswhidle i cbhipldiel e bLIR| panahlh&crb@dheg &hichO
a rinsin p{lte n addition to the polishing,
S5V Zemai RpREEC. sych as silica particles, nmay be
i nvol vid thitd %E’&ﬁm&ﬁ of HRI IS, ‘Hé%oﬁgﬁﬁsﬂ]ﬁg tRE rihdi&y plate
substance. In addition to theégl I shing, ‘chem ca
ap thes clpanjngh platenare | sgpatate rplasesd hhis embedisaentpraguplase with
ol "
FRPRT Y B8 ehd Bfliodrie AP rkhly Ronl 82 A2 Wl BtoThE

thed@nab tleanpass\af n@ mnfase ahtbe shccohy uﬁm, fdaha clewsdfigra flée
.cal - pl an zat so cal l.e 1S
SREP i mrly B 6 iy RAeie “Bidudh b Py FSrait flinghed o
hqggﬁ@ﬂﬁtet he polishing surface of the polishing plate
W th polishing fluid conprising abrasive particles
and a ewéﬁlflelaﬁo podishing. rpgragiye perticles, sueltps pibier petielpe

FEF B APk SR front R ONEDE Ak then Jof ntly

uses em ca e etching agent
and rrEIa h@h@aﬂo thdopdishiog chyxmcai%mﬂs oizy bb irvelvedin order to

articles, of th urface to be polished of the donor
gﬁ?’@?m’f(@hd ﬁ’@’@gg%‘f{‘ the renoval of substance nay be
fol | onggrded ltﬂi&pdﬁﬁtnﬂ%ﬂé@mm?oﬁenﬁﬂcﬂ%mhmg of the

t

pollshed sur ace of e donor_wafer 10. It should be
not ed 1 BAtadvaniageousonsentipen) mofde <o fameving substepce fem ba) v

Aot WaRE 10, SHEARABI Hanfl AR N, AN GIBPIGMP.1F caied
eutt th@npraiclpldw ef pdichsisi Mgbnngqtcgether the gmlisiang istrfacheof the
ISIbE e S e g SREPnr A0 paroEles R dhrieat *°

Agi aget. t he polishing solution, fast stopping of the
chem cal _action of the polishing solution is pranpted.

For c& additipnsierthe sisehasical polishing Hh @ﬁolsﬁhmgcfbhd thepgointly

EOEM Shonipd it 1 SRETM ALy AR okl TR BB by
méaws s{abfasive particlss) ofiths enface tioheqiotisted bethe gomxrm;ife} 10.

Here again, the removal of substance may be followed by rinsing and/or

cleaning of the polished surface of the donor wafer 10.

It should be noted that the rinsing may in some cases act, not only on
faster removal of the residual and abrasive particles of the polishing, but also on
the chemical action of the polishing,

This is because, if the chemical etching agent used during polishing has a
basic pH, by adding a generally acidic surfactant agent to the polishing solution,
fast stopping of the chemical action of the polishing sclution is promoted.

For certain semiconductors, such as silicon, the chemical action
predominates over the mechanical action (the abrasive particles used while

polishing the surface of such semiconductors being small).
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-13- Such rinsing with an acidic surfactant therefore
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the action of the polishing and to control its effect
on the slice. As such, the post- polishing thickness
i s thuSuguainsng edth amchcidﬁplsmtﬂmtainblﬂwef&eﬂmabesi it possible,

BRI for i FRRHAR cnep et B e B et B epiiady Sop
rteevantionl of the pblishingRhe to diUn&Gl i&Séffeveon the Side] ANsuRh, théfost-

ri i,ng, solutjiaon will referred: injection which
Hf thig esq%mgv%aweﬂaﬁ@p@éw@ase in the pH of the

p ol i shifRg ifiebstsibRNo @&ﬁrom stokgﬁné Qﬂﬁ)l&lﬁﬁ% %n@fherefore more

sem conductors, such as sil have

@ensateersirobofglie thisknessremaved: he si ze of t he abra3| ve
partic g {i n refore QS It
A abrglg'lﬁlem{otﬁgngtlog{l?srl% i e%loﬁ ﬁe dhe lng'n 18&503%% wﬂp be
@g&jbrmde injeiceisn wAthS(&m'pfaﬁ leédsam aqpeid a!bctrearsalm amqu oAtheon

1.Z1 N a |.a er esent here.in ase
SRRt G Py, M5 i b SBEORGITS S5k 2 siCone hae
it cohfeqiéict of Mblehsifthe $RE of e WbiaGiNe patit1BPh L adeWmeration

pollshlng silicon is generally a basic solution
ﬂ??ge re ppesing, Ht ipeabrasive aipmage caugedl byr Gessr latgey particle
Eg% 8 and 10, the chemical agent preferably then
I'ng a ‘ni trogen- cont ai ni ng base, such as anmoni a.
The ab&mgxmeplp aoft arc Ioperatmnel pppicaticabbfy plenbrizimg a layer is

nol ecul.es 0 a tenth.of a .
Rt 17 in'he Pas? whER i 2 b olinarked SPRBEERA Hishiing
paisilebn.pr ef erably between 3 and 5, or even around 4,
with a CMC (Critical:-Mcellar Concentrati onzwpl ose to
at | cEistsoptionsuifgble| fop polishing siliven is gererably & basicr soliiong

iy | t 0 tihe .
g%\ﬁ&s ]{% é}f tﬁi&y{g&l ’flﬂ_%ﬁloesﬂe)s ﬁgfﬁ?a?gﬁeé\?e%{%oind IB, the %I’?emxcal
agmhprcﬁttablmbdm&avmgh nit®geascoatainigpbase, sudhas lagymonia.

advant.agepus wi thi.n the e L nve |onfo
o TR RS bR A Bre B Baah Il S bk o Shont
4 tenthl Jfamiébn.| east part of the buffer structure | to be

preserved.
If it is decided to rinse, a surfactant having a pH of preferably between 3

and 5, or even around 4, with a CMC (Critica! Micellar Concentration) close to at
least 0.1%, will be used.

The time of the rinsing step will advantageously be about 50% of the
polishing time. |

These mechanical or chemical-mechanical means are particularly
advantageous within the scope of the invention for controlling the quantity of
substance removed so as to allow at least part of the buffer structure [ to be
preserved.

However, in genéral, the removal of substance from the donor wafer 10
may comprise operating all mechanical means of attacking substance, such as, for -
example, grinding or bombardment with atomic species.

This removal of substance may possibly be preceded by a heat treatment

making it possible to further smooth the surfaces to be removed and/or remove the
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This renmoval of substance_qgy possibly be preceded by

a heat treatnment nmaking it possible to further snooth

t Iejeetingfpate éa ardhdrevghgauy@d and/ or renove the 26

Febr ua 4/ 019403 ,PCT/ | B2 29 .-.14-
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tdoemhemrtﬂs e,esﬂé 6 10 whevs aiog ﬁojdﬁ&nngzﬁfsaIa&ﬁ‘ld&&gﬂl rafh Gbask
% urrent US_iSl 596, 10, ere such prOJ ecti ng

pfs?‘f"ée 3 Hept ety Lis b s sovengoed yRprigrmsdp

tdéﬁﬂiﬂ'@ﬁkmg bHi Having GREH pd& 1&1%%\4%9&? 91@ %bﬁ‘er@%ét&@nﬁ)d

in the case of ataklng-off havi'ng taken place in an
de rﬂmab@.‘ treptmeny gal Fotsrondhis querlayer, and got anivaet buffer strublueet
tyr MBS thE iRl | ayer and not on the
bul?%teer lg%trhuctur%nﬁfeﬁpggsﬁegrqé/e?dr?g@%e latter to

i ncr ea®nagf ibé fqllnwmg sulg@heeutmeval @ndexif tHeteforé meti:owi Ng
subst ance r nodes. i s, therefare (a) ..

r emovi ng paﬁm 6?"‘?‘1%% w&?fsfﬁls@ﬂgtalswﬂﬁﬁ%? 7 ‘F")"Pﬂsmg at
conpr leastrig: rlief pdits Ja@adyh;lohe relief parts 7a and 7b; or
(b) renoving the entire post-taking-off |ayer 7; or
(c) renovi n(g ) t Femving theenspost-iakingefidayer Tiyer 7 and
part of thee bydfi&sng! f

| ayer 7 cogprl ses&’:gn rttﬁyol?mgl?o%)trtla%ﬁg IIW ve?lg‘gélgg? 8§E'e
15 subuffeatayer 3.enoval node (a) then preferably

conpr i ete ing off thi overl a art.
wih i ERERkEL Sy tr £ oBpRics piyd of an friral eyt
bubistagice Rivovaltide (WhhéMprefeRBE dbfphibdsompléRhi ARKE off th:s
renpval is referenced I'. It consists of: 20 - th
BYRIYE MW gi nal buffer structure | when the subst ance
r enov alyifP&kere u ot
i nvol \all%ht aki n%tfeg% Fi@g%S ﬁﬁ:} ? Jggguﬁe?%%gfm?{vﬂmﬂ
mwaﬁclmsmwtfmvalay@fermcaiﬁ part of the additi onal
| ayer Itco%ﬁg .he substance renoval node (a) was used
and when atter i nvol ved taking off part of the

- the entire original buffer structure I when the substance removal mode

(a) was used and when the latter did not involve taking off any part of the
additional layer 4; or

- the buffer layer 2 and part of the additional layer 4 when the substance
removal mode (a) was used and when the latter involved taking off part of the
.additional layer 4; or

- the buffer layer 2 when the substance removal mode (b) was used; or

- part of the buffer layer 2 when the substance removal mode (c) was
used. ‘

A second recycling step comprises, after the first recycling step relating to
substance removal, reforming at least some of the layers removed during the first
step. ) '

First of all, and in certain cases, it will be preferred to finish the surface of

the donor wafer 10 where the substance removal operated during the first recycling

 step took place, so as to remove any roughness which may have appeared during

6 ebmary 2007



10

15

20

25

30

25 additional layer 4; or - the buffer |ayer 2 fhEfPruary2007

t he substance renoval node (b) was used; or - part of
the buffer layer 2 when the substance renoval node (c)

wouwag/isdeed. A second recycling step conpri segis2adsiotdoe

the first recycling stepyselating to 30 substance
removal, reformng at |east sone of the |ayers renoved
th@ﬁqbﬂfgﬂqeﬁﬁnﬂafst step. First of all, and in certain

cases | tsnsv\gn | fop %6£ﬁvﬁé & h&f el ehf‘\vﬁh bd tﬁ%dsé%ﬁ Aaf tef

t he donor wa ere the substance renoval
diglecativrescind umhen gefalﬂts chritained inghaybuffen gtructre pdendgropsigaiee,

t ah wh d
G5 i e 5T S el B4 S e e adile e
Mdyl&ﬁ;@%éOMOZg -15- the substance renoval. To this

end, for exanp a .heat treat be used such
that tTHe Se"t?P@ IStSE éhef‘dﬁ‘??“c?ﬁ desbqq?grtﬂ"d g&gqmrgctgrgﬁtfgqr@& in

&Bgmﬁngf Bifbfer StrbciGE ¥, Svben FAR’ df (RE QRBMAL Buffer Giknire 1 was
increase in size and don't create any slip planes or

remgeadidugingi e fiest resyclingstels al r eady di scussed. The second

step Led el i résg,ﬁ{;@ loPthe rucf%&ﬁfe ﬁ%&dﬁw Bnde

from filn er s
formeedothie @ltlﬁﬂils sltbsfaﬁtﬁﬂly slentioat torthe drigised buffes stowopmle Hur i n g

the fji recyclln ste nt ous

resto F"é"ﬁ’ 132 Ragfie ‘S{J?IP “g‘fr¥’ t“@? Ee Posf%le $ éﬁghlﬂﬁ ﬁ!m
$Bhe rod%hd‘anafsﬁféterst lh SrdePioloBlair & bisfFdR Stnafiré Blvhivh isdtighitiycal
to the original ffer structure I. However, in a

| q@ﬁmmcfmnaﬂw @ngm@h ﬁ@rwaamp e, the quce@raﬁe@sqf [Py @I@?qugfiﬂ ly

;engp tﬁrsﬁgﬂﬁtalte\%ﬁil parameters in order to obtain a

er S uct ch is slightly different from
t h e o Rnegonh@ the Budifer stooatoys Ieinvcﬂwhas refomdmbc smogerdspagtfof the

tain.c ound al ~w Il be slightl
vty 2R Rerd e eeon BRI 2 8 e AP ARt
ré@}fcm &0 the renoved part of the buffer layer 2 when
part of the ori ginal buffer Iayer was cut away

d uri n&estmngr the sh'lffefr stoprg fgnvalies refogaing ralher pake Of)ﬁhef er
SHHE Y56 ) phOY ) R St R B
dacidg ﬂmleoﬁmlrecb(dmg sted. was cut away :

In this case, it will be possible to produce an additional layer 4 with a
thickness substantially identical to or substantially different from the original.

Once the buffer structure I is restored, an overlayer may possibly be
formed above it, which overlayer will at least partly comprise a new useful layer to
be removed, possibly with one or more interlayers between the buffer. structure I
and the overlayer.

The layers possibly formed during this second recycling step are
advantageously produced by layer growth on their respective underlying layers, for
example by CVD or MBE epitaxiat growth.

In a first case, at Jeast one of these layers I and 5 is grown in situ, directly
in continuation with the formation of the underlying growth support, the latter also
being formed in this case advantageously by layer growth. '

In a second case, at least one of these layers is grown after a minor step of

finishing the surface of the underlying growth support, for example by CMP
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W Il be possible to produce an additional layer 4 with
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buffer structure | is restgred an overl ayer may
possi bly be forned above |t whi ch overlayer will at
Imhshngp beat hyatmemtmr ioger anmtelnngjteelﬁmdlueb ancdrthdt ehe ddodations

reno 0 . W th on r nore ipter)ayers be
R s ot i o By G B L PR e o
ARG&kdIn)siZ ahdEsh’ ﬂ(b‘édt@ﬂlytshb plah@C QRdkigale Rl aiDtifet Befadise
\@3 nt ageousl y produced | ayer rovvth on their

%ééﬁ’ SFEeashy %ﬂ'r'%mh‘gﬁ!‘ %S“'“PWF -exanpl e by CVD or

MBE eptfiaxd @dnoﬂﬁﬁ’[’éﬁt ﬁ) wl:ﬂgh is Qulﬁtamle[l@tld&ﬁﬁeﬁ to fﬁE ofi Qﬁﬁtthﬁn e

of these 1ayers | grown I'n situ, directly
doin avutae idenorwvafer tlﬂ @hmm wafngure bfis tfimelly nbiaingd; i with the

%«%ﬁﬁ(ﬂa ola%ctatlonsragm%ggéaecarr?eld%%t %b%eQ n sﬁlgﬁa gl tl|1\=:n fhis

cas vant ageousl ayer second case,
at | eddie dmer ohfet h&&btainazyﬁf sus way b@wmsai htelbasapm nhthe

ste lﬁ)f g&%k@gﬁ%fgﬁﬁfﬂ ?ce of tg% undetgﬁt %@%;72

m&m&mmwmmm&m%q thylird RPdsRB rdi@matiint

treatment or other smpoothing techniques such that t he
ﬁyﬁdbmasméhelammamehngdwm#ts contained in the

Dut 1B THEIEL o B 4R 9PAE GOl nd ARG T

size an crea
defhad lof $akmg aﬁ’ Iaahmdejeatﬁlotrsandef rebychagadbmsrewfa tChsfter
fer structure |

SR lasShuindrio 1t PSP TEh s elonon wilet 16 vitha ever

@ﬁﬂcﬁwﬁlbstaﬁm iddnfical @ thaddebdiiBed 9155% witk( eferehél 13 HMiRe | N
mﬂgure , inally obtained, with the exception of

Whiply 8tere(§¢f§ campriseviiheefesence ite Higte 4app subgtreteslpiand a
\Et’felrktﬁ&*:td LHpthe art. The donor wafer 10 obtained in
I's way conprises at |east part of the original
buf f erdn glis excimplay hethad dedordingfoathe irventiemaad oyeslater Gfhat he

rigi buf f a .10 which makes it possible
B"c? g@f@?&"?‘?&h‘-’g‘zﬂ%é{"@mrﬁ lengt hy and expensi ve

ref or MMk ireHeval At WAR be@rred DAt Al ik ReBd WaIE Y&kt e
nmet hods. Wth reference to Figures 4a to 4f, the

taking-oti of e operlayers andpapsitly of:partipé thedwifor stuetiiedg of f a
2 t o 1 EEjsmnk OB) AREto il SRKAC Win o RORE VL Bbnof ot
U} diereamayp ibe rseverdlarverldyemsi anll the takingroff would then relate to the
overlayers and possibly part of the buffer structure 1, or there may be no overlayer
and the taking-off would then relate to only part of the buffer structure L.

These two layers I and 5 have advantageously been formed by epitaxial
growth according to known techniques, for example by CVD and MBE.

In a first case, at least one of these layers is grown in situ, directly in
continuation with the formation of the underlying growth support, the latter also
being in this case advantageously formed by layer growth.

In a second case, at least one of these layers is grown after a minor step of
ﬁnishing the surface of the underlying growth support, for example by CMP
polishing, heat treatment or other smoothing technigues, such that the dislocations

and other defaults contained in the buffer structure I don’t propagate, don’t
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above with reference to Figure 1 and which therefore
conprises, with reference to Figure 4a, a substrate 1,
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according to the inventionp,_an overlayer 5 has been

added above the buffer structure . 20 The renoval

tllh:mevm size bied dan’trdreatk amy sliplplanengstdcRing defatilsoe ottiet defaults
e overlayer 5 and possibly

i ﬁ?rté%feafeﬁge%‘%fl%eqﬂ@tbr’&j el 1 h the sane way and
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I and g n formed I taxi aI

gr owt hgé‘é%:}%or‘a%gqé’g% vlgr’% %%g‘ﬁ‘ﬁ % Erede S\"%‘ry%a@ﬁﬁfng 1
pivionedte®BE. I n a fi rst case, at |east one of these

| ayers, |.s own in directly in contjnuation

it it BeBaieofIgd S Guknow fog WWW@@%@W
%ah@ deﬁi‘r%»ﬁénsabﬁ hichOnfa 1 B fduld L1 & radber 38 URIEAOGRHSE Y
ormed Dy layer growt In a second case, at |east oOne

tsehniquess £or| radusing wafers) Gousistst ineits dirstistepr ins teglanting atomic

t f
RO 3Rl LRl oS R B e 1
way oftdpile zemwot hi ng t echni ques such that the
and ot her defaul ts co tain

dislocatio n
DUt P e ieetaste Chees b Jpaiag A faik Bipcesly e At y
REM0dne p\ﬂt@u@@a@é{ B 4 bhibelr fol ek dAgfOR/ JBOHY EpJalo s4grmysease

in size and don't create any slip planes, stacking
def aulThe fiagile pansradyemagaously fompidcaccerdingdie cane 2 shest o

%@iq%&s%ﬁg?x%aﬁ%ﬁ;g%opg%%hwﬁgéLIICture |. A method of taking

own in Figures 4b and 4c. A
first- pirsthebufé ldyadofitig-taffer stuetpredf ot he i nventi on

'consist in c n fragi zon e donor
ayer- 106 Bt yau gy s hedlogetnt i e Sruckue
det achrrent at this fragr I e zone, and thus separate

t he desired usef ul (gy Several techniques that can
be oper ey relexed laven of the hufferstmetarsili ef zone ar e

3 ent il ik g SRMERBFIET, . .

- inthe overlayer 5if the latter is thick enough; this is the particular case
of an overlayer 5 consisting of a stack of layers.

With reference to Figure 4b, a second step relating to taking off a thin
layer consists in attaching a receiving substrate 6 to the surface of the overlayer 5.

The receiving substrate 6 forms a mechanical support which is rigid
enough to support the overlayer 5 which will be removed from the donor wafer 10,
and to protect it from any mechanical strains coming from the outside.

This receiving substrate 6 may, for example, be made of silicon or of
quartz or of another type of material.

The receiving substrate 6 is attached by placing it in intimate contact with

the overlayer 5 and by bonding it thereon, in which molecular adhesion is

- advantageously carried out between the substrate 6 and the overlayer 5.
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energy in order to create_jgyi this way a fragile zone.
A second technique consists in formng a fragile
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and by bonding .it thereon,, in which nol ecul ar adhesi on

is advehdharentivng sebstrate Sdis bondedeparelthe eneruwfer Kt is 6

@iRsh dNR (VB D 2004/ 019403
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Detachment at the fragile zone according to one of these two techniques,
for example, makes it possible to remove most of the wafer 10, in order to obtain a
structure comprising possibly the rest of the buffer structure I, the overlayer 5, any
bonding layer and the receiving substrate 6.

A step of finishing the surface of the structure formed, at the removed
layer, is then advantageously operated in order to remove any surface roughness,
inhomogeneities in thickness and/or undesirable layers, by using, for example,
chemical-mechanical polishing CMP, etching or a heat treatment.

A post-taking-off layer 7° forms the part of the donor wafer 10 located
above the substrate 1 which remains after taking-off, this entire wafer forming a

donor wafer 10’ to be sent for recycling in order to be reused subsequently during
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such as silica, 10 inser_tle)q bet ween the overl ayer

and receiving substrate 6, “having particularly high
ranbtharlbyar takingdting abilities. Advantageously, the
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substrate 6. step of finishing the surface of t
propagateudan’tfinorensel in size and don’eoreate ey dlipypdames, isckigedefaults

nt usky operated.in qrder, to renove apy surface
ENE 1BEERingh BRRASSE e Aol i ERREERE Lo o
undesiin aldlcgses, ayie fa thed WF it first Ry @MARRpEwith reference to
CWP, etching or a heat
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structure I and of an overlayer 5.

The layers are advantageously restored by forming a layer according to a
technique which is substantially identical to one of these detailed above.

In a first case, at least one of these layers is grown in situ, directly in

~ continuation with the formation of the underlying growth support, the latter in this

case also being advantageously formed by layer growth.

In a second case, at least one of these four layers is grown after a minor
step of finishing the surface of the underlying growth support, for example by
CMP polishing, heat treatment or other smoothing techniques such that the
dislocations and other defaults contained in the buffer structure I don’t propagate,
don’t increase in size and don’t create any slip planes, stacking defaults or other

defaults which can decrease the quality of the buffer structure 1.
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‘property is to have a buffer layer 2 consisting of several atomic elements

comprising:
» at least one atomic element which is in the composition of the
substrate 1; and
¢ at least one atomic element, none or very little of which is in the
substrate 1, having a concentration changing gradually within the thickness of
the buffer layer 2. |
The gradual concentration of this element in the buffer layer 2 will be the
main cause of the gradual change of the lattice parameter in the buffer layer 2, ina

metamorphic manner.



don't increase in size and don't create any slip
pl anes, stacking defaults or other defaults which can
decrease the quality of the buffer structure I. 26

WOB@Boassy 2007 WO 2004/ 019403 PCT/ |1 B2003/ @04#034037084h20

10

15

20

25

30

The layers | and 5 obtained of the donor wafer 10"’
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dogdsiatieize atom c el enent which is in the conposition
of th l%elow, we offer some examples of such configurations:

Example 1: After recycling, the donor wafer 10 consists of?

- asubstrate 1 made of Si;

- a buffer structure I made of SiGe with a buffer layer 2 and an
additional layer 4;

~ a post-taking-off layer 7 made of Si or of SiGe which forms the rest of
an overlayer 5 after taking off part of the latter.

These donor wafers 10 are particularly used when taking off layers of
SiGe and/or of strained Si in order to produce SGOI, SOI or Si/SGOI structures.

The buffer layer 2 preferably has a Ge concentration progressively
increasing from the interface with the substrate 1, in order to make the SiGe lattice

parameter change as explained above,
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concentration of this eleggnt in the buffer layer 2
will be the main cause of the gradual change of the
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The buffer layer 2 preferably has a Ge concenfration increasing

progressively from the interface with the substrate 1, in order to make the lattice
parameter change between that of the Si substrate 1 and that of the additional Ge

layer 4,
To this end, in the buffer layer 2, the Ge concentration is made to progress

-from about 0 to about 100%, or more precisely around 98%, for complete

agreement of the theoretical lattice of the two materials.

Example 3: After recycling, the donor wafer 10 consists of:

- asubstrate 1 comprising at least one AsGa part at its interface with the
buffer structure I;

- abuffer structure I made of a III-V material;

- a post-taking-off layer 7 comprising a I[I-V material which constitutes

the rest of an overlayer 5 after taking-off of part of the latter.
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taking off part of the Ia%l\%fr. 30 These donor wafers
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The epitaxial growth technique usually operated to produce such a buffer
structure I is furthermore particularly difficult and expensive, it is therefore
beneficial to be able to recover it at leasf partially after taking off the useful layer.

Advantageously, the buffer structure I comprises a buffer layer 2
consisting of InGaAs with an In concentration changing between 0 and about 53%.

The buffer structure I may further comprise an additional layer 4 made of
a III-V material, such as InGaAs or InAlAs, with a substantially constant
concentration of the atomic elements,

In a particular taking-off case, the InP overlayer 5 and part of the

additional layer 4 will be removed in order to transfer it to a receiving substrate.

Thus it will be possible to profit from any electrical or electronic
properties existing between the two removed materials,

This is the case, for example, if the part of the additional layer 4 removed
is made of InGaAs or of InAlAs: electronic band discontinuities between the latter

material and InP create improved electronic mobilities in the taken off layers.
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The structures finally obtained after taking-off are not limited either to
SGOI or SOI structures.
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present invention s not er struct
compriges abiradier padighing8 or an overl ayer 5 nade of

materials presented in the exanpl es above, but

extends also to other types of alloys of V-1V, I1l-V,

IT-M, MeRd of recycling a donor wafer according to the preceding claim,
characterized in that the operation of mechanical means when removing substance is

accompanied by chemical etching,

5. Method of recycling a donor wafer according to one of the preceding claims,
~ characterized in that the operation of mechanical means when removing substance

comprises chemical-mechanical planarization.

6. Method of recycling a donor wafer according to one of the preceding claims,
characterized in that the operation of mechanical means is preceded and/or is followed by

a surface smoothing treatment.
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a donor wafer according to one of the preceding
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nechani ca| 1 en . remvi bstance ¢ i ses

by o1 ve SATREATER ert R PG B g 8 TR of Palue, and an
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renmovi ng substance is acconpani ed by chenical
et ChigNYethod of recycling according to one of the preceding claims, characterized in

that the removal of substance comprises the removal of part of the buffer structure (I)

remaining after the taking-off.

11. Method of recycling according to Claims 8 and 10, characterized in that the
removal of substance comprises the removal of at least part of the additional layer

remaining after taking-off.

12. Method of recycling according to claims 8 and 10, characterized in that the

removal of substance comprises the removal of part of the buffer layer.
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of the preceding clains, characterized in that the
operati on of mechani cal nmeans when renovi ng substance
conpri ses chem cal - mechani cal planarization. 6. Method

of recycling a donor wafer ae&ording to one of the
preceding clains, characteri“Zzed in that the operation

of mechani cal neans is preceded and/or is followed by
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conprises the rerroval of part of the buffer structure

(1) . remaini ng after the taking-off. 11. Method of
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claim 9, characterized in that y=1, and in that the overlayer comprises AsGa and/or Ge.

18. Method of recycling according to one of the preceding claims, characterized in
that the donor wafer comprises at least one layer further comprising carbon with a carbon

concentration in the layer which is substantially less than or equal to 50%.

19. Method of recycling according to one of the preceding claims, characterized in
that the donor wafer comprises at least one layer further comprising carbon with a carbon

concentration in the layer which is substantially less than or equal to 5%.
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o s 3R &l oFiriayt ap ' dDB0 Gt SEHS ot Bfin FERRN G Hew useful
mg&ﬁbaekﬂ&kis tiyRaltdpaif. y=1, and in that the overl ayer
conpri ses Ga and/or CGe. 18. Method of recycling

according to one of the precedlng cl ai ns,

char tl\%tjhﬁ(? gf E&P/cﬁlﬁ:ﬁccgﬂﬁn 6le grt]%r%é) EEPJchq’ Sg hiracterized in

| east ‘one Tayer rising car

thaethb tayer G [mfbﬁhéchtﬂurﬁig thestepef foam@ig Mipdrdy drgstal growth.
substantially |less than or equal to 50% 19. Method of

recycling according to one of the preceding clains,

C har@-ﬂl\ﬁ&hﬁ@ gf faﬁ*n&tr 5 ubd¥g1 lqg&c&n YRR veHMh o E&? t&be transferred

| east one layer er conprising carbon wt
tocaetomving cubstrety claracerized it that it apmprisdsi ch i s

subst a tlaII t han .or ual to SW 26 _February
2007 - (ebostoeiBE Aot sraciie S B Bectbaiy Lo one o
the prepedindiny 2uSFul Lha Raled 17 ek ﬂe@elvﬁlﬁ%hbéﬁate from the donor

further ‘conprises, after the step of renoving
wafgtist ance fromthe donor waf er, a step of formng

| ayer t he.sid t he_danor er where the re
o subLOEE PEofhep ol vaE8 haPlafie, P ot b ciopecyeling
aceBddeig to one of the preceding claims.

25. Method of taking off a useful layer according to the preceding claim,

characterized in that it comprises, before step (a), a step of forming a bonding layer.

26. Method of taking off a useful layer according to one of the two preceding

claims, characterized in that:



21. Method of recycling according to the precedi@ifiebruary 2007
claimand one of the clains 10 to 12, characterized

in that the step of form ng |ayer conprises an

operation of formng a new part of the buffer

structure (1) above the remai_iéi_ng part of the buffer
structure (1'"). 22. Method of"recycling according to

one of the two preceding clains and to one of the

clainms 1 15, characterized in that the step of . .
For m ng T4YaPa oM rERc e B iof P! ABPIAIRE dipmic species
over | ay ethrquigh tiesR0© 61 thiefdehorswafesndightoafiig e YuERS btructure (1) at
one new useful |ayer to be subsequently taken off.
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donor walféer i&eord r to be transferred to a receiving
subst r at'8YIh FEO%¥d in that it conprises: (a)

bondi ng the donor wafer to the receiving substrate;

(b) detaching a useful |ayer bonded to the receiving
subst?.aviethbd oftaking dffrmousefiddyer ac¢wilingde pob iofighe tleim 24 and 25,
donor. wafer conplying with the nmethod of recycling
C}?Eaccg%\é&bn{hstone of the preceding clains. 25. Method

of taki rig figtHer ompabasl befYektepaRriBe of FodnhiBg by porosification a
preceding claim “characterized in that it conprises,

bef ore dexsp ix e dogox wafsr dollgvedntsng seevilo ik hayer Gylkich will become
26. Met ' of useful | raccor di to .
one of 1he uSkls BYUCIA derRpltgiortien FTRFESRG MRS roming o

that: 2Grdpilbizodd Mside 0¥ abové9he bufferfstiéthRr(I)C;amAih 888,
before step (3%, .a step of implanting atom c species.
t hr ough th&teB (pX iscapertcd By sEpmipinSwaekey tadhe Hperr Wafgr in order to

t he buff tr . : ' '
o er 1 ko SEPUEE b o, ABLEET ABLRER) e S ovor o
that: - thdfagiteeqonéldvel.s operated by suppl yi ng energy

to the donor wafer (10) in order to detach a

structure conprising the receiving substrate (6) and

the s efitthod 'o@ytslangtoff‘ Eeus%ﬁﬁlq'h}egiaéemingzt%- oﬁ?%?;l;gaiﬁfs 24 to 30,

taking off a useful layer according to one o
chetagtemzed}inathdt 6 usefohlayercdetached durimg sthath) comiprisésuparhef the buffer

conprij.ses, before step (a), a step of form ng by
3%8&2%¢ ‘ication a layer in the donor wafer followed by

a growmh of a layer (which will becone

29. Method of taking off a useful layer according to one of Claims 24 to 27,
characterized in that the donor wafer comprises, before taking-off, an overlayer located on
the side away from the substrate (1), and in that the useful layer detached during step (b)

comprises at least part of the overlayer.

30. Method of cyclically taking off a useful layer from a donor wafer,
characterized in that it comprises several steps of taking off a useful layer, each of these

steps complying with the method of taking-off according to one of Claims 24 to 29.

31. Application of the method of cyclically taking-off according to one of the
preceding claim or of the method of taking-off according to one of Claims 24 to 29, for



the useful layer after detaching of step (b)), ﬁ@?dnumy2007
porosified layer formng a fragile zone inside or

above the buffer structure (1) ; and in that: - the

step (b) is operated by supplying energy to the donor

wafer in order to detach a %@[ucture conprising the

recei ving substrate and the eful layer at the

fragile zone |level. 28. Method of taking off a useful

I di to. f d.ai 3
ol AoPRoSHY PomDraRe fiRcreti e Pl b the yrell dayepfhe vsefol
la§éreRnipRikine QE RIS dldd folbwiddanibfifler structure ().
9. Method of taking off a useful |ayer according to

Sibite storingd 3, Fg, o alley belonging tr tetlBrY family.rthe pempesiiéon of which is
B R RS R Ssoregl e e

in that the useful |ayer detached during step (b)

conprises at .l east part of the overlayer. 30. Method,.

of circl4Rplicatjon ok ithgmsthodplusetically tframe-off spethrdasrerding to the
cueh b3 e taRinb R abdorBRETG |

B0 SF AP neEbd <8 Rkt pbiorBRERD ARZFRAERE! 2¢ 0 29, for
pothepsg saompénduatpraentihsildter statchwe, aofuch alriictgreodoimprising the receiving

ccordi to of Cainms 24 to 29. 31. Application
m@?“tﬁémﬁgfﬁﬁaggﬁy?yclicaIIy t aki ng-of f according to

one of the preceding claimor of the nethod of

taki ng-off according to one of Clains 24 to 29, for 26

Febr3faDpnpowfer hgoing suphlisid mgnsafus layver by takingoedh aind cenpble of being

th ecejvin trate and t he.useful,layer, t .
reb e, RSP 0 P8 ro D> Bietan ¥l S g to 23
chabdceirizad $n ol G sudtksstiole dodprisdsta suttradel Md Hebmmgingdpart of the
tothe Ill-V famly, the conposition of which is
byftes peatisgdlly chosen from the possible (A, Ga, In)-
(N, P, As) conbinations. 32. Application of the method
of cyclically taking-off nethod according to the
Caim 30 or of the nethod of taking-off according to
one of Clains 24 to 29, for producing
sem conduct or-on-insul ator structure, a such structure
conprising the receiving substrate and the useful
| ayer. 33. Donor wafer having supplied a useful |ayer
by taking-off and capable of being recycled conplying
with the nmethod of recycling according to one of
Claims 1 to 23, characterized in that it successively
conprises a substrate and a remaining part of the
buffer structure (I).



