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conposition wth a variable rate, a sign i'nversion of
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possi bly . c | et it constant conposition |ayer

fwﬁggﬁ{a&lyﬁ?ﬁg&aﬁ&tﬁ%f@sﬁ%mi on is then made of a
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ey
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One of the major applications of transferring thin layers formed on a
buffer layer relates to the formation of strained silicon layers.

A layer is 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 is 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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clearly inproved. Qther materials, such as for exanple
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a corrbl nati on eaf an InP layer and an InGaAs or InAl As
|§§;g,pure Kekeseniet: hossible to i nprove el ectron
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t 200247881Y., particularly in ternms of cost,
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t ydrhieahdurtoRed e Alivifahal. conmpared with 6 inches for

ans) 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, a combination of an InP layer and an InGaAs 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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A solution to this problemseens to be found with
reference to a receiving substrate, an InP |ayer
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SuGhfsisiiel y a substrate, a buffer structure and,
bef ore tltéﬁi ng-off, a wuseful |ayer, the nethod

conpr i silivg alldhase atasohs anbrsg ethers, ibwouhkbs ivike tofivoideompletely
donor. f ere the taking-off took place,
criaraioednSnb ik e tele O e SREAeRhat ance
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removal of = substance, at |east part of the buffer
sttpadirsiraspechranetbod phiesyding|agoger wafer algdr haviag 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 method comprising removal of substance on the side of the donor
wafer where 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 remains, this at least part of the
buffer structure capable of being reused as a buffer structure during a subsequent
useful layer taking-off .

According to a second aspect, the invention provides a method of taking
off a useful layer on a donor wafer in order to be transferred to a receiving

substrate, characterized in that it comprises:
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i nvention provides a nethod off taking off a useful

| ayer on a donor wafer in order to be transferred to a
recei v(aﬁg ongingsthe deror waterita thegiessiving iswbstratet i t

ggggir :18)63 . ﬁet%@ rr?goe%ls/eﬁ%?ﬁr E’ %Eéel lt(?é%g?c{/e?\a u%gtr%tf; ﬁ{o(ér? the donor

(b) detacwafeg a useful |ayer bonded to the recei ving
substr e fr e donor . wafe recycling the .
donor fré’Fy‘g’é‘ﬁﬁF §9999T Wafer coB {Yé%ﬁ Vithyhersaid %fftf?Od of recycling.
recycli nﬁccor@m@@&g'ﬂm PE& tﬁetllt&}eﬁg?l?é ﬂifes a%ﬁ?od of %y]pllcally

I nvention provides a ne of cyc
a @k@fgmfflaab}sgfulﬂamnfmnd@rﬂmomm chmmmedrmzthai it Romprises

e @etel sERCRE LRRR oD F BRAL1Se Bae bt e ey Sareyingavic e

s%aﬂdﬂ?&tﬁbﬁ%fcaflqﬂgad;ﬂfng off. According to a fourth
aspect, the invention provides an application of the

10 sai d {YeoRGHES &F 2 é(ymln aspeqt yth@ ark\ienQOmPlfOthes oh applecation df the

el P G fhod %E 09911(91 l$r taklgé o r Ot én gsr%@ g'lu (if; fﬁkmg-off for

conprising the’recefving

| agreducihdre struetefel.ldonhﬁt&ﬁfg th@ Weiﬁh@ gllﬁiratb%ﬂﬂtth@ﬁ&ﬁﬂflayer the
t he ?||0WI materials: SiGe, strained Si, GCe,
al ‘I‘%‘b’ HieE SERYSIES 2t last|ong of theyfalloyving wete@ehpﬁﬁq, |Stmned Si,

OfGé!Vh'aﬁhallo% bEl%ﬁ gtio % Iﬁh\‘?sﬁa?mf)f Sﬁkccorl%l%ﬁ% tlo? which is

(A, I nat 1 ons.
fi lfesmcagqig chqsen fremi the poﬁst(Mg@agIrd{{N RAs)svaibin@ioas.

havi Ny ef ul t aki n -of f and
capapl'e SRRl o8 arbert Bl armiien AL srionghnafer having
MeduBpliedd udesl Y8)ek BY takﬁfgaéﬁﬁﬁ@édpéﬁfé dJf 'Belf(rj\g %cry‘cfed comﬁ d/mg with

successi vel y conprises substrate an
pdhe said mh@mémffl’@cyoémg,ueham@erlze)ﬂharthatspesut:@,ssmelyrscoamhses a

a%@ﬁ}ﬁ@&é r&a?n%ng 6 he ggfg @ﬂéw Il become 20

nore cl ear appar foll ow ng

det ai | ed)tﬂaszi};pbm iadfis ahd APRhALENSS the fpeesemeiqeérﬁr%q w111 become
met hods t hereof, given, by fy of non-limting exanple
ﬁHorﬁst%“ Iy #nparenk P reding the foHewingistailed dﬁscamtlngsnf joperating

Whh& :ﬁrefgﬂreg.iu thbd$ \é@) 1@91{] 8;1 a%%fo &F (ﬁ?f:r%tgr{lgp %lg Qned made

prior art |gure I War er
tamrdn@fcuérice t@ﬁqel%pgmdedarashﬂgﬁlnazvld&nor wafer after a

first ste igure 4 shows the various steps
of a rre?cﬁ%‘ﬁ éég%%ﬁ'&f& é)‘%?qﬁé‘c?cﬁ W89 81 Prigaessi vel y
CO][m” Sipighré 2kh&\gs SAdnoP IvaferatbPrak Ry &er f rom a donor

waf er anc

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 layer into a semiconductor structure, the recycling including at least partial
recovery of the buffer structure so that it can be reused in a subsequent taking-off.

The said recycling operation must therefore comprise a suitable treatment
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ecreasing 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 identical 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
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paranmeters. Wth regard to the second function of the
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10 conpli agartiiuldr @asfigidion, e sppbrcabieitol coayias of a single
having a first lattjice paraneter at its interface with
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Furthermore, the buffer layer 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
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applications, for the overlying |ayer to prevent the
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paraneter in t buf fer | ayer I.S_advant ageousl .

P el ol s ot B ferifn BRI IR BTt material.
subst r atRug,, fot Bxangtle 2 batferMBYHIE profifi®d okla substrate 1 made of a
concentration of at |east one atomc element which is

ndtinarp rratgriabepuldbe made abatertiane quaternpry,er highsr neaterigh! e,

a buffery] Eu% H?ﬂ?

unitary T&g%ﬁégfay@%%ﬁ%‘&g\gnﬁg%@s f aﬁ%c?ﬁgoly xl/g,r er?l?ghrega/sjupport
quabsfatal fooexamdh By epigdxgr usihg knoMiugchrdiguesaxetipd the GVD and
buffer |ayer 2 produced on_a substrate 1 nmade_of a 15
biMBEy teeinees) (RDE RS ndie Sineanis rt4agpyr Deposition” and
qu i l«8ly. The buffer layer 2 is
adg‘gﬁtégg?[er?fs yﬂﬁ%gﬁégﬁ’%gtyegpbmh on the support

subst r atle geperhhrthexafifel dayey 2 piayaba prageicerdy by nampmother known

techpi ques such as. the CvVD and t echni ques

(Rl R EE o fink sl oyt e D e iSive ofan alloy of

" NokigGdhiahicBeamefeRi t axy", respectively). 20 In

general, the buffer layer 2 may be produced by ;nr%l. "
flging the

ot her krfowrnomsieth o8 finishingr e rsutfacopt Hiensubstaate dx
a bkellfl e£ Eyelraz,e rf012 eﬁ%ﬂﬁﬂesi{& n@l\/ﬁ’f pgﬁsh%llé, o%a? f possibly precede the
production of the buffer layer 2.
In a second configuration of the buffer structure I, and with reference to
Figure 1, the buffer structure I 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 I.

This additional layer 4 is made of a semiconductor preferably having a



various atomc elenments. A mnor step of finishing the
surface of the substrate 1 underlying the buffer
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second configuration of the buffer structure I, and
vm@qussa@rreatén@lecmosmpgure 1, the buffer structure I

consi st uff t| ally nt C

Co -t hat T DI SO iRich TR AichReisfor her bifer e
addlid bmaﬂudeayr&rthén pa}h@ladﬁimp@mat critay£fo athidRy tH@@property
bet ween t he substrate 1 and the buffer layer 30 1,

on the bl#Uefor expmple; the strugiusah detectsi lgtﬁneemtaxra.ltyagrown layer
fi [ yer 4 may
Co%s?ﬂlyfﬁ%c%éa%é’%%@g%%%@ghl ?lll ay‘li'\astrs O?gﬁ%:ﬁglgrs a buffer

| ayer mdkiangcond posailin @s¢,ahe adfitioral thyked islocaad oh hhes buffer

to i mrove the crystalli ity .of a |ayer produced
orlap T Bipistioot b 2 dheet et es Bl IPORE Fayor d 1<
made of "ﬂltﬁ@fﬂ&%}oﬂg%ts‘ééorﬂrl%ﬁé Meteﬁw ng a WO

2004/ 019403 PCT/ 1 B2003/ 004029 - constant materi al

corrposi tlhmthlfﬂmammdﬁrdaseyfth@ hédlu@mqbd&ret idois lacatiedobn tﬂhﬂebuffer
k f to b d
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in an epitaxially grown | ayer 5 usual I%/ decr ease _
gr adual | Thevgddifional fayer miay latroshpvefseyarplsfunetjans, such g functions
se itional layer 4 is
o%ggglﬁ%{ﬁkl%ﬁ%gha%{%e%&%nfcy&gr g‘S%gand functions as an

upper | dyeah ddearthgeobsitdrdtgutaipar the .additiasalilayetalyis flboatddnén the
sec Iattlce araneter. I.n athirdc{l)artlcul ar case
Era doier gnaid hagya secpnd datfige prismetss differens fromythe fgst lattice

%&m&e%}qh@},@}gﬁnt@%&@a@ in the taking-off that will

be carried out onor wafer 10, such as a
t aki ng- dhfa particilar ¢ase ef thﬁhatead:dnﬁfgtumtain It]m/ealdmmal ddyeo 4 is

have, sever al nctions uc unc sen from.
{ESE &1 Rpsrieb et o Dot DullS by n ST haS dfe Sewstlolatice
Arfltg@at i on, the additional layer 4 is I ocat ed on

the 15 buffer %er 2 and has a second lattice
par anet &hedadditem@ fayfer dmis hévantageouslyaprddgeed bairgmwtheron the

T L N T

made of Ia anﬁttsEédednlheﬂltaﬂﬁdgerH bethb ulifigibndlayesr 42is aftkd out

he;}sq S}tlIZ edlrségt }9 PndC()lntaIEHFI{:{tlcé)?l w1?hatrhgr¥§}n?atlon 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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the growth of the additional d ayer 4 is carried out
in situ, directly in continuation wth the formation
of t hevhictdhasl beem dorinefl foeforétepd onZhe buffier dtmttuer I, dbrsexample by

t hi hei d |y, f d by | _
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addi tiggpalreliayer 4 is carried out after a mnor step

of finishing the surface of the underlying buffer

| ayer 2 Theglonoeywafep!l@ then Gwptipey psshispbstrateetor the gewibaf the
or_other snoothing techni ques such that the

di%¥FU®5Fi ons and other defaults contained in the

buf f er ITyeitte nt@rompHEOMRIG Rore thidNafers O¢eAding ohnhe taking-
size and don't create any slip planes, stacking
defmpdethat it i desiredto Ugef aul t s whi ch can decrease the
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The taking-o f a us ayer fromt or
1Qdérsicaipter thateef thacelaxcdi matetial afithe dfeetthee dhHthedwiffeg stredture I,

nodes: (1) the useful layer to be taken off. js rt of
{ U G ool ian) pifal s, argao feeneienpyiieh pebaveall or

L akmn offifs ciryﬁsta[?l%gfapﬁfc sPlctaMEsta@l in (S RIonSE AW oiPrdsbiBHS & the
1) WO 2004/1019403° PCT/ 1 B2003/ 004029 -9 which has been

f @ombhabien of thiesaitsvodppasiod nistdriabr structure |, for

exanpl e b I 1axial ..growt ssi bl receded by .
1 oh 4G enguls FrBes Rt HdnE s vt ol EBREFEmp ipjegavers
d QRO FuriRfiB6reliflscrie@ befwdf ith® BEff@SstAichil® $ ahdtige b@rlalée In this
growh of the 5 overlayer. The latter may conprise

orsasep thisror thesetinisrlppyearg nabigkemofig on the taki ng- of f
no, t 1dq, | S| o] .EU r N0k
TR LS B RE S P 5E g F B Aol tyer 4 and an

subst antil@lel Yformetbimtd dktahiallylidéntizhl inhener @b eaedescribed in the
material of the free face of the buffer structure I,
10 suéﬁcoé‘ét%{(m&g?grm%iﬁ)-an identical material, or

anot her \ypierdahe Mﬂi@owb& PRYEn,2hdd RithSRIZeRE thiSigure 2,

crystal l ographic structure strained In tension or in
c aifpr kfigesff and int the magwitp ofi edses iprgectinpgsets tAaand ppesighfparts
\l;l\&%)eri al . IH a. part] cuﬁlar E odi ment of thef df(}jrgr
@PPY3 ondhitakingrplt surfags af hg petpaining daner watke o o
i nsert eqrppet ¥ RErrRUf Fi81 re BN USAOHLS th @Bgs_titmn%-off layer 7

overlayer. In this 15 case, this or these interlayers
arecatast abosk the boffer lag®)2.t he useful |ayer to be taken

oL b3, Al AL R BB Pyt
t @nt baindde sréddgest dnd pbéebly 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 mainly depend on the taking-off mode and on the technique operated
during taking-off.

e 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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parts 7a and/or rough parts_igh appear on the
taking-off surface of the remaining donor wafer 10.
Thi slocaird aythefperiphary o€ the'surfageedf the 'doneyl wafers 14, @llahe projecting

post - | e locat ed.abave .t he,.buf f er
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such as ThRofendvaf 6f Sitafcd aecomiﬁ%qo RHO)iRsehtibe iPBpdrated such
are generally integral and WO 2004/ 019403
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S . 0 e donor fer 10, all t roj ecting
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ring". ThBuamaihing parafphebuffen eticti@Ki Aerabhot o Bik3LGSe, is

such as, for _exanple, those that we will study

f thusHesycledaunlikedhe kppwireeypliag @bshermsior artsuch as™ 5 t he
Smart-c C ' t] L e

onnse o potivet GEARLEL ol ECACYCITRR A EReeriRTTHE TR sccond
t Indeaki ningfdff $20r fitcauld Gacalvalagdoakitagehobde & shickiess @ the

out, .recycl.ing.accprdi to the.inventjon is operated
 GVEIayEr %9 thah agprkingiolf thsTemaipinsparhof taoyeraye! Gyhagh is the
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subsequent taking-off of a new useful |ayer. e '
r Bxeahaticey means lke npalishipafis dypiealbyuef arosnd 2 afieremeters, even if

LE@#?&%{}%%%@#&?{E etb geraf%?niél?}lég‘s arod i %%ro}ﬂ@!eir.ke the

In a second particular case of recycli.ng, 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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overlayer so that, after takijpg-off, the remaining

part of the overlayer (which is the post-taking-off
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renmovi ng substance fromthe safe buffer layer 2, and
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S%ﬁ\te‘ﬁ{éﬁ? conpri ses operation using nmeans for
nmechanical ly attacki ng substance, such as polishing or

gri ndi n@CheAodishing Pplarg is abaniageoasiyasadl withi s eektered shférsal or
in placing a donor plate 10 WD 2004/ 019403

PC#P19B2003/ 004029 -11 between a polishing head and a
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 iGming ReBerfi Al 05RO, paRPR o B Shaspary yghich is
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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 productivity 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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the plate on the donor wafer jgay advantageously be

i nj ected. Post-polishing cleaning of the wafer
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pd’i“%gm%'igae 30 rinsing and cl eani ng are fulfilled only

by a si ngladmlats. theHeRMERe, dbasivBPpRU8ed, NBich as silica particl
prOdUCt'V'aty of th ey\%ho le fet hosd‘mp%ew Cas W th oo PaTIEES,

s guay b mptblaedam audér to apyeve t@rabwtonl of tze Sbstoncs-

enbodl the t he i shin nct

ot 11 aneqlion B e R ErEol AN Bay PRabiel gl order ©
clagag}hmyfthmﬁl%m&apg@ckul filled by a single WD

2004/ 019403 PCT/1B2003/ 004029 -12 plate called a

ri nsi ng/ eneesed byjthsipalighingplate wihhehentiead etchigg ch
uncoupl §% a%hgdvagf?jk (ﬁgo(ﬂ)%f tloﬁgp }rlgge o&" qgﬂlggi/ glsﬁgﬁl}axﬁggr%m the

i nproves the qua e rinsing by us
r i dodbN Guafer 10| ahanibhl-ﬁlhchaﬁlcabphhaiﬁhynfa[lﬁe ca?lfeda@MP is carried

partlcul at e residues which rerraln attached a
pl@tethesprnciple tafi PRICBNISO M g taacthas eth 5|%&1é§mgtmf%ce of the

pcBo'l@l'ﬁhg glapé Qtifia ﬂoh%lug% glgldrt_%) rﬁfr%bab%{%iile r‘f?’ 1(9ésez§1rd' d¢hemical

I"at e are separate uncoupl es,
vmettdhmg@p'ect to the second enbodi ment, the rinsing

£ oM 05, ShEAR0 %R P e PoPIlERERTBSR Sy

Cll,%@tﬂﬂl@g)helﬁlcﬁl @t"cﬁmgm' ﬁfslihgntﬁe ‘éﬂ:‘l‘fﬁtgeig%htyarfd ﬁ@clﬁhc@l"%{brasxon by
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a méans Pheprasive parti¢les, @ddtetsutfncett@ betpelighstliof therdpnor wafer 10.
abr asi V§ide Bézlmctzl e rerrslg&arl] o?%ubst nlcg %meabr tfofl wad 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 solution 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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mechani cal attack 15 operatedsby the polishing plate
with chem cal etching. In an advant ageous operati onal
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paesbt msf@rabﬂsothgn HRViRg 8 AREqgpn-sORIAINIngRase Suchys apmernia

pol i shi o)

e, t neneneetvd JER Ol of i SicatRolk e s Rizctf goout
arwtenemfcadumrdmle 5 Thus it is possible to control the

st oppi ng and therefore rm accur at
contr ol ft is K SC‘?‘HF 5652 F‘E%?ﬁ{?é‘ﬁl g £ wsf:erab?y Between 3
pr&ﬂff%%lev& hiPLREA With QICNMO]CEitiBA MEeB&H Corcefraboh) clBSe to at
preferred: Injection which i's too fast leads to a

r dpasd 0d8ervelide used.t he pH of the polishing solution

ginldi ggx’T}Wagson% & Sff%%mgf stespewll? Hvan%g%ggsly %ucrll)oﬁ‘ts 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 I to be
preserved.

However, in general, 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



10 the consequence of increasing the size of the
abrasive particles by aggloneration and therefore

weExpesing it to abrasi ve danage caused by theseC1/B20@0004029
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particle agglonerates. An exanple of an operational
application of planarizing a layer is presented here

i wrejpainggwes her deroughipayte7bt o be pl anari zed

conpris at least jn 15 part.,silicon. The solution
o F bt M bR geny: Rr B3PS e, EB B Rladhd H ne
s@biiirh&i UH@yI9ask18, phkrefsubeiprsjening @it 7h0andaddgh parts 7b are
preferably between 8 and 10, the chem cal agent

premeyednby, a heaintrepsmenig This ipchnistye s edvanidgapwidy perdermed in the
S ' [ rtl f
aifrecds BT il 08 PREY %) BROLLELEROFRE QIR RrBlit. s
mitleat dliis hedt tichtnienit chemiylads dothid cveelayea and hbver thebutfavstigture
a_pH of preferably between_3 . and 5 or even around 4,
wiltreseringthedpiiarit icregpipg of Wsidedstaulitr ati on) close to

at | ea%%neQrf heRo1¥dink sP@st%iﬁ@%mJﬁ?nbﬁ@?i UerdOR: JSSb@.S' ng

step will advantageously be about 50% ofS the 2
pol i shing tif®. Tneeengreat afitbaposttaking-off layer 7 comprising at

chem cal - pechani.cal ans.are particularly

advant ‘Eégﬁ‘gr efcﬂ?‘?ﬁfa?%é‘g?@oﬁre of the invention for
control ling {He @asting the @htirePeRSaRAEHIF RYEVEDr SO as
to allow at least part of the buffer structure | to be

preserved. 3()Hovmedng the epsine past;taking-offclaperal and part of the
subst a%ﬁgfelfr?%pzt he donor wafer 10 rmay conprise
oper at i ng alla mechani cal neans of attacki ng substance,

such as]f fherpostetiiifplos lagér Ndbmprises paArotanhdiipiial Wédayer, the
atom c species. This renoval of substance may possi bl ]
béubstance demo mpdsda) thep pxgferahly compeispycomplgislystaking afb this
fl(g(,gljpag;erﬁmoth the surfaces to be renoved and/ or

renove the WO 2004/ 019403 PCT/ |1 B2003/ 004029 -14

pr oj ect iWith pdertsceta Rigure Bethe paglofphe disgidd. buffee stnediire which
treat.rren%%c , for example, be erated as di scl osed

i FCTR#BS alfdSH e (pnyabgeisicncediher e such proj ecting
parts 7§ @Rssikgpgh parts 7b are renoved by a heat
treatnment. This technique is advant ageously perforned

in the 5 ¢hasentiod omginalibiufigr stivctiratiwhgnttbdk subsphecceniovalamode

IS R RoeFarh s st HnE! Brelf ek deoth oS o RE e

bufidigonalidyeetigre |, preserving the latter to

$ner eaSI- n%leol])cuftl‘e? ?a{ygre 2 g&]i‘ galljrlt E)fc’ 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



One of the follow ng substance renoval nodes is
therefore used: (a) renoving part of the

weEoetoiadd ng-of f | ayer 7 conprising at 10 | eastT/tH2803/004029
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relief parts 7a and 7b; or-{®) renoving the entire

post -taking-off layer 7; or (c) renoving the entire
passubstak¢argmenvdl. | ayer 7 and part of the buffer |ayer

2. 1T yheq o%{;d tf%k'eQ%H@E,f ¥1e redtnfe Rl Sb%sudéarshclpftha%ﬂhe
ori gi nal Ver| dyer stance renoval node (a)
tdigocafibss aidabthyr dnfarqlfsicsmalrredmnltlwt halfﬁer tsakétnrg lodan’t pippagate,

over |l ayer part. h reference tp
(ﬂ“ntthlé‘"@ﬁegl‘hﬁlze @mﬁ fd@Ptsth?aaf‘cPWé '%H’r ¥ e%ﬁ( &“S as
Sallllkga&aa @ge%m)val is referenced I'. It consists of. 20

|

re original buffer structure | when the
subst artte seeoml step Melnwéla?S m@rllilgetbe dutfenpigyrtyrgd from the

latter did._not |nvoI akl n f I
G N BREEF A BHCUE To whely Rl g8 tpe Ve aerb‘JEfgén%“‘Sgﬁ‘ W
qgmtobgd&qqigtth@nasltrécwg{ggee when t he substance renoval
node (a) was used and V\,hen the latter invol ed tgkht
at, once

of f parAd\@htatgh@leQ theageipration af theypdler atruc(s\fre 1§ $peh t

utLégBeJ 61}(36%{%%1'6{? tsl\ll%gr]l %lgﬁlggr#&ﬂ @ﬁggg{lﬁgaxﬁllffemﬁfctﬁrm Was

subst angewéaDval pdiﬁﬂ&ar(diﬁbddﬁﬁentuﬁ adll ba mesibledo slightly alter

recycling step conprises, er the_first

lsSOéIFff pred@ﬁtwng)afaaletese "‘s‘?IB%rttS 5?@“? %??Bff%r Sm‘F‘é‘F%%‘?‘Wb gfhghﬂy
o, B Ol 4PN Sl ik iy Coppounds

pih&fxﬁﬁteﬁﬁl witl Heishigisthy alteeedsur face of the donor wafer 10

wher e the subsi3 ur i

recycl i ﬁstorg} 1@%«;{%&?&%@ I 1ggoqg§st:? ninglrgotﬂg retrrrlr]]o“:{/efi pﬁl% bf the

Al tHEAOE llﬁiﬂ)BﬁﬁEﬂa U Wwadcu@wa durm the first
2@%%}8 403 PC‘rIb/ | B2003/ %040 % t he substZ\nce ®

rm:alpc.lgig ste"podt his end, for exanpl e, a heat treatnent

Wi e, used sych, that .th [

def aul tgesé%rmgaﬁﬁegui?er{ %t’ﬁlé’ﬁ%ug f ‘erb s?gr aé}?ﬁ?igﬂdalggg%rart of the
PARRASH fayer dQheh allnipaASH thelodgingl Riditicgahlayercs vas eut away
any slip planes or stacking defaults, as 5 already
dileningsthe dirst recycling step.

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 epitaxial growth.

In a first case, at least one of these layers I and 5 is grown in sifu, 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



The second step then involves restoring the buffer
structure | fromthe remaining buffer structure I’

wob@aopan: of the original buffer structure | PeEBEIB2003/004029
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renoved during the first recygling step.

Advant ageously, the restoration of the buffer

Stpolisiing, cheht freatmedtortdukr, srrtmdﬁng fh@hrﬁlqnd‘msdch thee theadislocations
y identi.cal he or huf f er

i s substa | ,
standcethre H?fla‘%tﬁ—lﬁm’é‘fz Ip nthﬁ ?}’5 i %ﬁh‘lc’é‘? g Lt pEqpagatpy don’t
WiihdreR€ iS58 hiM goﬁ Pcrﬁétb QH% LiYp Ahh&! saQRg BERGINCSH dfer defaults

parameters in order to obtain a buf fer Structure |
whvltith ¢an deiciegbet thy quality béthebuffer smctunrel.or i gi nal . For

exanpl e, ..t he foncen ns .of .cert.ain. cor nds .in
oRpor] oA doar Sateh D i i SRt BB K prgfhaf tha
bti§ fi§rsap ttha! @ohérewhfer MOOkhoR e Fgurd Nyist hﬁalryemmed P@ith the
of the "~ buffer layer 2 when part of the origj

al
bukeention of modificatiensdgsiredweng catriadryt bre perses pkllled in the art.
recycl | Qe 40%81* Wk L@ &tﬁginécpﬁ} Bmg{ (nfakec%}rfggglés%tglﬁéﬁt part of the

i nvol ves rerormng all

| aytipinatt bu\ffﬁﬂst@biuré)l aﬂdltllieréﬁ)ret fident pgt bhtheadigidal boffidr layer 2,
| ayer 4 was, cut _away 20 during the first recyclin
st‘é‘HCh makesit §0%,s&§% to i“tm‘wtﬁ Fom@eﬁo@g@w@nfi &xmr@bvad%f%aﬁaﬂon

t ess substantially
[ gagn %ﬁaéatsé)ﬂ%tgésu \)g@gér%?’?&glrﬂétg@f erent fromthe
origi naIW1th @efeeentb ao Higdres 48ttoum thiee variows stepst aneadipwanof a
over| aye SSIb| be forne bove
ovar e 6F it D Hindaseh Gof G ofrdrey Gunes BRpL Bafep 10 afer
| Et){ﬁﬁ% bff ackordnfy {CIRMRebntiBRSWhith Yis¥d & RoRGewRfer TONth a layer
interTayers between the buffer structure | and the

ovseuubta;eesubsfahteallyarylemt@abtsstbameycmlmdmé)@vci wnhrrgferemcs to Figure 1
sec cld ng ste are vant agegusl r.od y
AT bR ep o R SR RGBSR Pand o
f asuffeexaitplre 1 by CVD or MBE epitaxial growmh. 30 In a
first case, at |east one of these layers | and 5 is
grown i Anghis @xeraplla@tmreshod@ﬁcczf@ﬁgﬂﬁ mlaﬁ jnygntgm, |gn onerlayer 5 has

forgeg;%%&%ﬂ a%\{ett!gg bg jpgr growt h support, t he latter

'S0 ern t I'S Ccase advant ageously by
| ayer grlilwtﬂamolvﬁl ﬂaasmld)mé @nser], oatt dlhra@sthmn&tlmﬁ wnbsaéate to
| ayers

f .
s Rk B a1y The e G URoat Fol gp a0l Sructify
by CWP \fptl@%e%gﬁ% qlfﬁér%%g&ﬁfa@g&%’gcﬁratlo]n@ of the donor wafer

pol i shing, heat treat rrent or other snooth
t eldhnhege @saysbrs bevetrdtovetiayedi adothat taking- ofﬁn@ubt tlnen relate to the

0SB A Bl SO s S bl B v
anhdshd BkRbFESoulditRdiveRe: WohRUbdrtofthe Bhfi@ strdehaul t s

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 techniques, such that the dislocations

and other defaults contained in the buffer structure I don’t propagate, don’t



whi ch can decrease the quality of the buffer structure
I. 5 Thus, a donor wafer 10 which is substantially

wo deabiwes to the original, that is to say thecTOmB003/004029
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wafer 10 shown in Figure 1,_'Ha_fi nally obtained, with
the exception of nodifications desired and carried
Otiricrdage m Pzr awindmiki dréatel amynsliphdarsess stackine dbdmots onafhter ddfaults

obtained in this way. conprisgs at | east part of the
oI FN dBeTERSE P aAiLY of B PITH e of or @ at | east
part of Atehed bﬂﬂaﬁﬁ% o fhel la&&}{@%oz\'m inw%l‘ﬁgé Maipdees

it possible to avoid its conplete, |engthy and

expensi Yefirsefpoefomed taking-off signsofi the ipwendionrconpiets ip gugating a

| 68 e R e (AT Ar Ry Ul o et o

a thib FrigileoRe, dndahusseparale thedasirbd ngfa lg@nor waf er 10
after taking-off accordi n% to the invention, which

uses a devfsH taghmigques thahicam bg operpled ta sraate spch g fgagile zone are
s jally identical to that described above wth
rgpeéélgﬁé:fé&%b Figure 1 and which therefore conprises,

wi t h r eRefisneehiiqud;icgllisdeSHart-catCs kinstvnad @ persoarsklilled in the art
buffer struycture I. In this exenplary nmethod.according.

¢ §anch desCHOBSRS 68, WhiSh JUBY 1%y Bng. Hag THBEFT 86 4ot K soygine
t lﬂ&hﬂggéseforslgaﬁ&ﬁﬁé' Neafdrs) &ShsiERE if SIROHRL stefain Whplhnth atomic
carri out during this nethod will relate to

t apéomy-(eddh asfhydegenviens) ayithra partioalaperssgybinyordér fgagreatein this
t he bLgE#‘gﬁr structure |. In the sane way and in other
stYWAMASYF “@%hf i gurations of the donor wafer 10,

there maysdegnd @¢Rfighe BMBIstsAofmmath fri@ld iakdrfage BY reating at
woul d then relate to the overlayers and possi blgy part
ofleastanelpgfdusdayer.ragclesaribed ,for@i&amnlé i dpguynené ERcA-0 849 788.

onty parte SPEIEZ8RE ARPELARI? kot belpliE e S LuL R o

| tehdiqhediavrard\ubovagesulsiniteleen formed by epit axi al
growt h accor di n% to known techni ques, for exanple by
CVD and- MVBEthe byTtgr laygraof theadter giruqtggdioone of t hese

layers i SPQM@:‘@H _t}ierblﬁ‘#e} eldzgx{dgﬁel&:ré/laj(&l lafé}rbtf I RIEFR Structure T;

with the tormation of the un yi ng growt h support,
tlhe latter also 30 being in this case advantageously

formed by.|ayer. gr h. econd cgse, at |east one
of these Mk r@]agg‘?gs'ﬁ‘ilﬁ#tg?ﬁ erétr}‘r‘ftﬂr_c? St ep of
fini shi ngpbiiRes el FRr Audulie I BRERE oY EMGed 5 03 h
support, for exanple pol i shing, heat treatnent

by CMP
or ot her Enthetdeiktyer hine daiies s thigk anougs thisnis the particular case

' (g(f(z)afqlts contained in the

di ?I ocatt ons annlolS igt hFr tgl o
bSF PRPVLIAY Y SRR 8He S Uit e, don't WO

2004/ 01963 rdPerEAd BROPIBLAOMM) 20secold stepaelREAE td Mkdigz€ff a thin
23%@? 8@@%@3{@%&@ a¥ re?:!ailvglgpslugsrt]g?é 6 tsot t?l(e: lélllrrf]aggce(ii)?{;haelllolv‘éerslayoerr 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.



whi ch can decrease the quality of the buffer structure
I. A nmethod of taking off a thin layer is shown in

wor@uneroxtb and 4c. A first preferred taki ng- obET/B20¢8/004029
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of the invention consists injgreating a 5 fragile
zone in the donor layer 10, in order to carry out a
subsequelitis Hendamghreehniquag, togetlies Witharirlagtsz isnie, pagtiilar lescribed

separat e, t he desir.ed, useful |ayer. veral .technjques
t hlﬁt t%andoﬁgm%teregilgﬁd t o§e 18%{{@1&8&0»5 i rlg)d\df”eg ZZSCQe%%e and
preseotops, hedrienfe Meétioldgss BN QAVETorfza Ul 8@sele and Wiley.

Smart-cut(c), known to a person skil [ ed inthe art 10

(and dedERredstsaph sheorongiiedh agrpinpgaied by aduitable pratiepareny pf the
S QVEL ' r i fers)

LRSS o AN S DB ndor o suppy

sped@nhaddifisna bimier.nydr ogen ions) with a particul ar

energy i, order to create in this, y.a fragile zone. .

A secon hPHiRpledisas Egatmey aPB’r“?ﬁ\A@ﬁm& qriusyiafter the bonding

| Thalel 8GR sYle t6 SFdMbe BbndedRohRRBInONE POrous | ayer,

as described for exanple I n docunent EP-A-0 849 788.

The fr adlibeebonding maly also dgewngbled by mesbndingolagerngudhoas silica,
one of .these two techniqyes is created_ above the .

o UBeried bEEEn h¥yepIRGT S, i Gee e LhGoTE e eatfoularly high
stihsledulirtbondin@labilitleet ween the buffer |ayer and any

rel axed | ayer of the buffer structure I; 20 or - in
any r el @xdvantaggoaslyother matepalf fosmingt thg bondiag Ifaceopf the receiving
b h f une . and the er.l ayer. 5; or
"SRR 8 Q5B S Bl P I SplipRafbet BRI G igRlccHeally
t Hhsuldtihgl e opRE ttd Quibduice GASSOI efru@tireoftem| By afikén off layers, the

consisting of a stack of |ayers. 25 Wth reference to
Fisgicendyctorjayes ob e SQlessrupwrethem heing thegisplivl layer 5 gramsierred.

| ayer c [ P j g LYi t .
the sur (056 Uy "ehyT, SRALAD Al ALY Rl SR AL AR G0 is
s uhlenrodf @ the fragikszoae firaied befoadhasdiyatetachdnigdh is rigid
enough to support the overlayer 5 which wil| be

r ermved&\‘l lﬂl?ngats‘f'] 8} thsrigid {ast @FIX‘M‘P (Saprat-e W Bractacond step, the
£ Ccal . - Cde
AL RE N AL 08T A ot
metetngeint, sir lotheo supply off enecpyaint @rderrto detasinntahihie ftagile zode.

~material. -The receiving substrate 6 js_attached, by .
pl aci ng 17 h§ Fs¢ Hfﬁﬁaﬁaé}g iy E?FQWP% dl‘? Ffég‘ﬁﬁ/E?’FraVengECted to

25

30

anfech¥niBANHL Mk br bikeF ﬁ%g bifendiyC i BRLEUAchaH BEdE Fagile

is advantageously carried out between the substrate 6
angyer-he overlayer 5. WD 2004/ 019403 PCT/ | B2003/ 004029

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



-18 This bondi ng techni que, together with variants, is
in particular described in the docunent entitled
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t echnol ogy, Interscience Techgol ogy) by QY. Tong, U
Cosel e and Wley. If necessary, the bonding is
aanotpalayadakiyg-affsui t abl e pretreatnent of the 5
respectiye surfaces to he bonded and{ar b suppl y of
heat endigyecrlEc ens 4, ‘Xﬁmg:f‘g"e{i:ﬁ é_Ff"P%ﬁgl _bi nder.
Thus, T qpikx@fPRike {0€Riguké ORE P MHrsPRRlycRitk AP RErr@ponds to
just after the bonding " nmakes it possible to stiffen

t hembving part obtha postitekisg-offleydsdndi ng may al so be

control l.ed, by. bondi ng, | ayer ch.as siljca, 10
eer ¢ edbiEs ot hanBrRical MRS of kel fifigecotding to one
SWthdstlaftefly distvbded aBavd, iSoherstby tdietdve Rkt &F WeApost-taking-off

bondlng abil'ities. Advantageously, the nateri al
f dayfirdg t he bonding face of the receiving substrate 6

and/ or tslé@ergﬁgc .ri@.les ?{)r Itegl%vg%n&tibgtgnéeatyf{zarﬁ)glgfhilc?g%fnical means

fornmed, Ts e calTy “Insulating, i'n or

pragiugleo 88 opéhated] espediblie iff the posthakihgloelagd:f 7'l cneprises several
the 15 sem.conductqr |ayer of th&$SCl struycture t?en
belifigrentnainaiayers (fgrerampler pars Pk Sjerlasigh @nd jpart of the buffer

r LVi tra ' o] - Ofi ot r :
R0, SBP L ALSE BrdniplEPRARKg Ao byl CRIIARATby simple
b gfobisighg fidlovbgnedmbthehi ng it. I n the case of the said
first techni gye mart-cut(r)), in second, step, . t.he
o st b eeankal Hatk O hislahte ity Be BRGSO 2l lioRed by
t QuitatiE@datARHS QUcHRINBRI@REChiAR, ReaBREAMBAL or @moBtHMY such that
supply of energy, in order to detach it at the fragile

z dhe didlocatines end eothdr dé¢feultsaicantsivednid thechufiferustructyre I don’t

fragile layer.is subjected to,, nechanical . .trea nt
ornareediop g ReRR o i o s o pbief Ry et
f ra@itee defaalySwhichPeirnddergsé thatqubling of HetiufRr é@mgure 1.
according to one of these two techniques, 25 for

exanpl e IngHicases; andyaisthe ignd of dhis dirshiecypbiag stp, piid sRisrece to
1Qs:,.d r ' 81 : rising

iR Rl B Qyfer bR HRARTPL D,

over | ayaWith refareyce todiigumeg 4& aye Af, andcoierecypd migwstapgcorresponds

substrate 6. A _step of. finishing.the surface of th )
sttp the 1gsteratigp ﬁ‘gga,yercftwlpﬁlé are g%lﬁlatlliy dg%]ll,cali to t{l@ﬁgnwhlgh existed

agyeaiit 2AGAHSHY WP Bl §stclie Rfrﬂkﬁﬁoﬁsooffa%glﬁﬁgsiﬁ@m% W SRCKuffer
ness and/

roughness,” 30 i nhonogeneities in thic or
urstiesturealdnd df ay evelayby5.usi ng, for exanpl e,
chem cal chani cal

S lishin et.chi.n r a_heat.
Cr oat morie IRALUE ARSI TrIRE bToTuRRe hieE epSiine to
Ofte dHARUE ANHAEL WBhEandiBllY RIeAtid to dRkVfehdsBdealbsitiate 1
which remains after taking-off, this entire wafer )
f ormi ng Ia 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 I.
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witigie pEthe teshpiguesfor PiogusiBe Hyn layers| %la?s%

recycling steps are shown imyfFigures 4d, 4e and 4f.
Wth reference to Figure 4d, a first recycllng step
correspdhedayers | anﬁhia\bbnameﬂajftth@ﬂomdqufexst@ ’adee mgt odédessarily

RO B R ATy SRR T S T
diB &4 SREGn &PR; ﬁre 4d5to Qe atGBstial fof AMEERRE bf 18Ferb.ne
post -t aki ng-o l'ayer 7'. Several techniques for

r ermV| n@feu b@b’aln@thbylonm Wwaligs 10racerading4p theemmentionmag method

T S har e EBTBRRbe Yot PRPont original

I ayer s (They, lﬁmnmvamagmlg cehtekh8f eeeinventin, 2 @Bﬂc Pigthiod of
of the buffer structure | , such as, for exanp

méakingg offbr asefhlaygr Gom ardonpy waiferp] & accmqhng 1o ﬁ@e fnyienton is

o aPe AR WEhgh b GRAVARLAqep FLAR TS BT 0, T

such as chegitdlahg @tf@l{udegandheat treat rrent or snoot hi ng
such that 15 the di sl ocations and other defaults
cont ai ned 9 A redyelingmetbpd geqording faethp inksgatien.pr opagat e,

ol anes, CEFIERRera e Gy PEC ML IO bS5 opge »
d egtieisef lbt’ﬁeucﬁh@khet donof wiale ltﬁ)uid‘cefdiﬁg touthielingenkion Iwitlabhe or
cases, _and at the_ end of this first %ycl in

BEALEs spcrt eg above.
buf fer gf {hlé%ﬁé&%lér of rtﬁglab erft Ow%felgerft %&%ﬁl@ggf &d?lﬁgur(jitlons

Fi gures 4e an a seco recycling step corres
t of dbwornestwr d coompring auffer $trwbtumls laamed saplablbaxﬁtheaigl gperated
entl C t hose V\,hl ch existed before taking-off,

{Vﬁni“ﬁg"dr%B@é‘lg'\‘?é ¢ YVFi9ons of any missing part of

t he buf {;partiSiIAU WelWifl Pre RACMBHerialA vMET J:eé‘b’é?ﬁ/aéageghﬁy be used
| ayers are advantageously restored by formng a | ayer

adcgictidogot wafers. 25 t echni que which is substantially
|dent|c | to,one of t

case, |"gangeo§§f€én cglfbhtffﬁeé g%u t'ég‘? el?%ro %ceé 08 Vﬁ,]sub%trate tls'havmg a

difif inth(v’e pdtameeNhasN Hdbi GMhvitde, theeringy AmttidiNofHavingea second
underlying growth %egport the latter in this case

allafbceyurapeteunitt Bepdacss| y forrred by layer growth. In a
second ??&F a gﬁfféreﬂﬁﬁ: S t ep c{bﬁftﬁxsﬁ:@ rbl!lf‘?e)fel'é§er making it

grown after a m nor nishing the surface
Ofossitde tnptediioei snch glamhin@ of apgpocd parhmeteexanpl e by CWP

? glc Ihrsnhlqﬁg,% teggglhu% %‘lz)?tt ({%@tergglogetdht%rob%aql?gtbulffglg layer 2 having this
property is to have a buffer layer 2 consisting of several atomic elements
comprising:

e at least one atomic element which is in the composition of the
substrate 1; and
e 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, in a

metamorphic manner.
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defaults or other defaults_which can decrease the
quality of the buffer structure I. WO 2004/ 019403
PCT/ | B2Qhas,a0 40L&nfigifatidhen hudfee layet 2 suildl nfaimdpbaamaltbyof

t he don waf er 10"' are not necessar.i.l identical, t
the | ayane SO lemegts ShedBnBE REPETtiamof the Sylsiraly 1 and for

p j kn Figure 4d to
agl?é%@eg I%E%%tﬂeé%?gjrp eé??gl?htagytgggpgfh | ayers. After

recycl i gr ekenplenorthinahss, it pessibledd Mgve o subbserate 1 made of Si

cAHE B SarE e ar S wiF Rk B Sl Blgsively

C QiittEthickAbsstiefvden weAlueAMbse o 0 Y€ theGnteEhdRORitIPthe stibdfiafdl and a
off a useful layer froma donor wafer 10 according to

t Iperticnlae walue anithe othgsdacerafdhe biffeidaiend t he fol | owi ng
succeed t e 1.NQ: '

To o r S o BEBolion®ol M8 s8AlC | BREEH R Whtrer
Bedyer e2 operisidti bf) dnhealloy cbf ctht akil+\y- fahfilygresuehdas i thei possible
possi bl e to _operate a. nmethod of producing the donor
wafibPadn)-@bR o corgbingtiense i nvention with one or nore

of the t ' ' ' : t
Ubst r at £ PJGE B bR S Ehia Of fh ARULBRE, T pmary type
daec ofre highemdegoeeesent exanpl es of configurations 15 of

donor ers 10 conmpri sing. buffer., structures.l, .and
Capabl o 16T BUTRG: SpihFR6 i) BEHREHBAE cor € domade of

t hesdan¥eDtal Bitfer! By®ad tdofiiph@ing WG affdlok B4 @FBNAt least one other
mat eri al s whi ch can advant ageously be used in such

deteonenyethe laster slsmget ¢havging peogressivielyf Wish thiekngss batweqn a value

PRSATE AoE R Sk DA B S b e

haydensf the W@ Mler at tice paraneter on its free face.
Such a buffer structure | then conprises a buffer

| ayer 2 Thaiepmgosition pfgbe suhsirated adaf teebulies fayien 2 apyrgmprise
of | @t ti ter, T e [ -10f
a2 R BRLPE LR ype V] SORN RS pIA a5 e
prcofiditayiohs t o have a buffer layer 2 consisting of

several _atomc elenments conpri Si : at [ east one
at omi ¢ dieMmenve eﬁﬁqréﬂmrcwrﬁp ehot %H%B%f?&qr%}wnaac t he
substrate 1; and at |east one atonic el enent, none or

very little of which is in the
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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buffer layer 2 wll be the %@I n cause of the gradual
change of the lattice parameter in the buffer |ayer 2,
in a nﬁharmmiass:lsnﬁﬁmny beW@eﬁGO@MMﬁﬁﬁameters in order to obtain

PCT/ | B2003/ 004029 -2 this co figuration, 3 .
bgp?%ftmcgyélrrebxaﬁm at ?%Hrf}%@ngﬁo aPIPtelyt qrfidectt gipeiated with

SORRG the substrate 1
ﬂééngﬁ%}%%ﬂf%g&aﬁhg@%r 2 ngi}%lg%gg&tlype 'V, such as

S| or GFhe Rdditienaialeed is madmmﬁslﬁaselﬁX¢d by thepuffei layer 2,ovith

Rgv %p%%}b i at\ﬁ“ ]halnaévagggggﬁ yr\éﬁl 02%1 aglﬁgsﬁ%{t 1ally Xq&al %o that

POPHeDREel R ¥r 2 Miak iheidiheln@ss between a val ue close to
O at the interface with the substrate 1 and a

part i cullhe condenwatim afigsraariem in sheesibéont Wishipthe additiepab SiGe

2. In,anoth enar i onposi tions of the
smgff}é%ntgplfglg%gégf% L%J"S{ﬁ? i | ayer 2 consist of an
aI | oy Ofl‘htshﬁnﬁtlahoﬂ/ at B3O )teprSSd:ﬂﬁ astypieel pasatibn ©f th® current

i} (N, P, As) conbi nations. The buffer |ayer 2
p.tf‘éhesqam utcraﬁxb%tl@d%m changs in 84e RNt £V YRISE ter nary

type o Ifl"h9 tadé’ﬁtxghg I'if)r gﬁ% ﬁ%hlcfr?é'ss %?Jﬂ%gy X!nﬂa}glgélg fdepending

case, possi b ave a substrat

Asﬁahmde amt}uzi typical alyce:nesg of beprees Didgandd migdbmor Ga wit h
at | east one other 15 elenment, the latter el enent
changi ng progressively with thickness between a val ue

close t@yOmple X NSet fucgmr@%ewoh& witer polsiksistdar 1 and a

particulfar value on t her face of the buffer
Iayer 2: Théieswspatsilti on of the substrate 1 and of the

of type"  Fryier ST e ER T oo 2ad pEadlFRle toer

2Q groubtdithil P AdaxeBaow, we offer some exanpl es of such
configurations: Exanple 1: After recycling, the donor

waf er 16 emestkingoit AsGa layabd prhighe formedlrerest ofgin oveslayer 5
de of SiGe with a buffer |ayer
2B e S -

ayer 4; - a post-taking-off
| ayer 7 made of Si or of Si Ge which forms the rest of
an over | ayer 5 after takl ng ?ff part of the |atter..

The buffer layer 2 prefefably has a Ge concentration 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;

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

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

the rest of an overlayer 5 after taking-off of part of the latter.
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buffer layer 2 preferably hasza Ge concentration
progressively increasing fromthe interface with the
substrate 1, in order to make the SiGe |attice

par anmet chan e, as .ex bove 2004/ 01940

PCT/ | B20 H‘%zbe“eﬁgéﬂTﬁ st kﬁ'é‘é@“‘i 'y 3P cZpfcl) the lattice
bejangRéter oﬁ'ﬂﬂe fhat¥hial YBE BleSovelaPérds (wheseORSAIngl vAlI8O%s about
structural relaxation at the surface, and to contain

t heSHargstomshstocthalt eaf whe hAsGpe (whedee mominalj rvalugt tis c ebout

p that they are buried. The additional
Ig:{/g?g'ilg%{ro g)ade of SiGe relaxed by the buffer l|ayer 2,

W th 5 a tkebelRTIeVniatdrialy) aitd bg Bomparirdviank dgfe Uil AsGa, the
uni form and substantially equal to that of the buffer
| 2pler i lersxpensBier MOFR widehe avaihle eroiesamicentiuiorgmarket, less

ORI ST A S e s

I [ zmretaatfacrn 1sabetﬁﬁ%nbwpr aseé wlwsa sizgpinawlredchnhiphtvabres ypically
rr.ent techni ques ut may be made to change
6eF‘ﬁE SHE%’Fadfé% ?gléﬁsgor%ﬁil%h’ﬁdi tional layer 4 has a
t hi cknesg a%ﬁrﬁ&hlzﬁaébnﬁ ﬁr)i’uéi}iJ geint BRBEREIRT0 HRefbrk l&ﬁ’(lnf -off, the
case, with pi cal Thickness of between 0.5 an

mi avedayer Exlmﬁtpb @@g i lcempm@dﬂoP tnbg remoyedionor wafer 10

consi st bstrate 1 .buffer .

struct u?sé nge lﬁ“”ér{n% Weé‘P‘OPa%FQFraEyZIHB‘l{%{{]?O 4 inches, the
addbinbt anatkr |1@Y?fves 4 taif eﬁdshli}ﬁé agt sathfioh 16! Gr¥astinge;an- [P layer
post -t aki ng-of f AsGa | ayer 7 which forms the rest of
rﬂIWé‘iiPWeﬁ\manhﬁﬁer taking off part of the latter.

20 The butfal LA¥&le % f&r g&ggﬁcqlg% Yuclag, (ﬁ/ 9?¥er re(ElHres a thickness

concentration I ncrea essi ve
i nypicalac @reater thirhens utb&bh,ah@d Ivhi¢hn wold dﬁrmh&e takkanigb @owards

lattice _paraneter change between that of the Si
sﬁe%t?raffédineam P%Paﬁla@x ? e caridiet Tesyepd @scorlipgeto the prgsent
Tontditenend, in the buffer layer 2, the Ge
concentration is nmade to progress fromabout 0 to
about 1008 eptaxinbgrewfr echrsghe/usmaly nperd®8qto porducoseheat ffer
m%qeemen f t etheoretiuiqzﬂ lattice 8f t he .two., . P
iR frors: Pagqulrly UKl f3d erRenEi¥nolt Mathegefore
1Q)eﬁ@ﬂik§blﬁb ®e Qble to recover it at least 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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at its interface with the buffer structure |l; - a
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post -t aki ng-off | ayer 7 conpb%‘si ng alll-V materi al
whi ch constitutes the rest of an overlayer 5 after
t aki ng- @therotordmutatiohs tofiehé abvhar waiy 200ake QI84BI8, comprising

PCT/ | 3/004029 -23 T enefit of this
Lﬂié‘eéﬁﬁg?f:%?‘ﬁﬁ sysuplyag B‘%?%‘ Ilfgel attice paraneter
of the g@gﬁfal a&{pp}(czgfong her Qu&ar |l§5)é?rta§n{gv\5f?sﬁfenﬁmﬁl or HBT

val ue i bout 87 angstrons)  to that of the As
( vihDigh- Eiomm)all\/lqkahtueﬁassmtbﬁ utnd SHetedgundtgt qu@r TtanSIStor”
t he buLkIII terials, and by conparing bulk InP to

bUFPEROEY) FRCtply t o1 15 | ess expensi ve, nore widely

avai | ablig tnsehti@ndaetbeR &b‘ PicQéntéBInkdls, doc@ment, bthadddnhonents
nmechani cally, a material from which the use of

t adhbe addedstovihem, sushtascrartiop with pergrbonaeaaceniragien tsbstantially

OB U RECHBTE S8 A RERELrl, Wi FLMRRpFR R ik or

pasqualas 586 inahe faygrihauesionof t he donor waf er 10 bef or e
taking-off, the overlayer 5 before taking:

conprl s Ednallyp theoprsgen SRASPEED ISPAE ATt B ﬂeuﬁfﬁpstﬁ%lr%ll an
di; P@ 8@3 &eﬂleéﬁklld erld ﬁ{h&fgf ﬁaQteﬂalF E)‘P&@ﬁ‘ted i fhe & Q&?fes above,
war er I ves exa a solation to pr od ng
arbuk m&emctsmo to bkhed typemef dlysloftV-6V HeNeH-VIXypelf f er

structure such. an ove er requires

©hi cnedstoplibe SepiHeq st A aiebe PRy, ety Witeihary
Wrelfa Wdher Bgréde to change towards greater

thi cknesses, especially if it can be recycl ed

accor di ﬁl"gletpoesmtenpm@e g notulmu@dtmtbnr tozaeq}rcéabéqabufﬁaulwer 2or

bfu}ff‘g shrgé ] [ having ﬁ i RSt o ed zﬁ% ggﬁger ?%L}&ce Parameter

dlb‘efw&ul tivoddjacRK P Sisdnes wnih dlﬁfeltehe E&B&ftﬁe 18@6€ ph@hiters, but
to be able to recover it at least partially after

t aksoriglatssfto amebyféesrlqyer Pyyéldffer/sérvatmeabwfsfmyd it the most general
b I, h. .l

oo Fh HE PR ABUIRL 38 it ShE e LRI sesnntie g e
bahvem€on.0 and about 53% 25 The buf fer structure I

T - e s oo SRl oL are i e 10

SWIsHPSHA @ dicpidst ant  concentration of the atomc
elements. In a particular taking-off case, the InP

overlayer 5 and part of the
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el ectronic properties existiRg between the two

renoved materials. This is the case, for exanple, if

the part of the additional CLAIMS4 renoved is nade of
InGaAs or of InAlAs: electronic band discontinuities
between the latter material and InP create inproved

el ecraphsd BPRI:! difno@Sddndr Wak: ( AlyGRePhdvihPMRESat I one useful
2004/ 019403 PCT7 | BEOOB/ 004029 -24 O her

c dayérgefr amatarial chosehefretorromiceatiester tdtemials, pluss dongir eyafer (10)
conprisin ot her, 1115V conpound such as,.| nAl As.or . .
i hcgpnmrﬁg{g ccr‘iﬁs&lg?ly a'{’pﬁbfté%tf m g%ﬁfeg aﬁcﬁpg@ anAcf, before taking-
t alft,ngusefull 18/ee thiEMEtHH coBprising b@bvaELE slisticd/BRithd dide of the

Transistor” and "Heterojunction Bipolar Transistor"”,

5 Jamepwater () yyheps b takingeff took plage, sharpaiesivgd dn Biat the removal
| ! .
o R e ol SEARBIL A BRI vl o

as car a car
C oyubstandeaht least puhsifahd baffdrystrubeass (1) hamaing, tieigualeabtopadO9h the

or re particularly with a concentrati | ess than or
equg}%r sgueyge; ¢ 1fapibly of rhewgq@equi B bfgfgtﬁmtvry,(l)t flgring a
prs%%?é&hgﬂt%‘é&fi“a?&tﬁlﬁn gfr limted to a buffer structure

I, an

, Interlayer 8 of an overlayer 5 nade of
materials presented in the exanpl es above, but

ext | so.to ot her es of loys of V-1V, ILl-V, .
TV NieBad Otk b doBEabr (Rt Redive fosts Hapdediye aim,
MBghaRRtePizBinVthatt tBE BACHtiofloRMESHARICH] mBdnsOihed BBPRL substance
degree. 15 The present invention is not limted erther

t ccomprisespallighing. buffer |ayer 2 or buffer structure |
having the prinme function of matching the lattice
paraneter between two adjacent structures with

di f fRrdethod o8 pastiingaldahéi wefep@IBMREGARmg BUne ¢l tBO preceding
relates to any buffer |ayer 2 or buffer structure | as .
deflaipsd chagactesizeddn thay dhe pagratiopm ah Biechani¢ah angspe gdige removing

JOGHIEIL. Bl FRboifgcyc! ed according to the

I nventi1 on. e structures finally obtained after
taking-off are not limted either to SGJ or SO

strugctyres 2004/ 019403 PCT/ | B2003/,00402 -25 . .
CLAI ‘ﬁxé\%etﬁ?d pbevroBl e a#@&%%&% (G s maree (Prerpding claim,
af dh@FacRAYENS thAKRD opdrati GASE mEHanidgEhns when removing substance

is accompanied by chemical etching.

S. Method of recycling a donor wafer (10) 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 (10) 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.

7. Method of recycling a donor plate (10) according to the preceding claim,

characterized in that the surface smoothing treatment comprises a heat treatment
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and, before taking- off, a useful |ayer, the nethod
conpri sing renoval of substance on the side of the

deidy thaefherdidlditiond efi othee défaklitn goradihed othe rﬂtﬁ&e structure (1)
characterized in that the rempval of substa .

c 8npit PEpasatenslonyti ingresns dA sive @afl dpp sEcalteosoneatIp Ripgesy stacking
r ggﬁtﬂ% orqt?er%gﬁﬁftélmf"ch cgh dk&@acste tl&aitfah%f ofttH@er s?r[tcture (.
structure remai ns I's at |ea art of

buffer structure (1") capable of bei ng reused as a

buffer structure a_subsequent us ef ul Ia er.

© ak Pyt STrebSHbe hebrine oy 105 Pektating ST shaftfized
aqﬂ: Hatli Hagbrt akidiEo P! fhe BAFfRH sthlcRIrBY (1) @Rprass z?bhﬁéiQayeﬁ (2) and
that the operation of nmechanical means when renoving

s ahodditionnl laysr ¢orthe pdditonpdlayshidnavigg: Met hod of

recycling a accqrdin

precedi ng Eﬂ}i&mfss ‘E{E\’SL a%%rg%t haven 19 Cf’ﬂg eﬁg&%ﬁ&i}gf i on

of mechanig @lsuﬂ?&nme@ Eﬂaﬁa‘é{EPWh'ﬁgl is SHRSINAANE ARG D85 that
abrasi ve polishing. . Method of recycling a donor

mafeﬂﬁbdﬂwﬁancébdlng to the precedi ng cl ai m
characterized in that the operation of nechanica

nmeans when renovi ng substance is acconpani ed by

chewi ¢ alletRIddT ro@clid® afcordibf b the Prede@ing Cldimgclirat@diized in that
waf er (10) according to one of the preceding clains,

c e doppewpieedl ) gompesest he operati on of mechani cal

nmeans when r.enoyi st apge conpri ses
chentcal-ﬁé@ﬁgﬁe(aguﬁpgﬁgglgg "jon. 6. Method of

recycl i ngaduffengfuchit e cohPrisiag @RSl e, befélﬂﬁ &f(2} BRh a Ge
preceding 30 clains, Characterized in that t%

oper at i on corfcensativant taleapingmathi thicknese betsgenA@nde y yalue, and

of rooycl RS aCHOGR ol Bacy e AR BB Q) e

precedlng cIaint characterized in that the surface

snoot hi ng treat ment COI’TprI ses a heat tr eahrrent )
2004P01 dpof/ resyolt otsaorstng 196 o8tichl tthat Pieprding claims,

giﬁﬁérg&éﬁie‘a'}ﬁ {154 %e%?l%@%dc&fsﬁbgtﬁe COm E)ﬁse@gge fe'ﬁtotvgﬁo art of the

er structure propagat e on"t 1ncr ase
i buffezervatute dprenfaiding after thotmkinglofp pl anes, stacki ng
defaults or other defaults which can decrease t he
quality of the buffer structure (I). 5 8. Method of

recy§l i R:tRfCHN BENDink AcOBindf to tBInkY £ a8dli1 0 9cHat Rt Eed in that
characterized in that, before taking-off, the buffer

sthasmovel ¢f Jubstangsr ¢anenrisas Bef emovhlagfeat 1) pamef thmadditional
a dlthnaI .| aye ﬁegéihg4ﬂﬁ addi tional |ayer (4) having:

ayer remainin

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 (2).

13. Method of recycling according to one of the preceding claims,
characterized in that, before taking-off, the donor wafer (10) comprised an
overlayer (5) which comprised the useful layer to be removed, and in that the
removal of substance comprises, after taking-off, the removal of the remaining

overlayer (5).
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(1). 9. Method of recycling_g;gording to the preceding
claim characterized in that™ the donor wafer (10)
conprises: - a substrate (1) consisting of Si; 15 - a

buffer structure (I) conprjsing an s%%;xceh buffer . )
| aydf- (Methd of recxgdingcansewting o thsprecedingr aigt (ffaticterized in
t . 1 - . _
RS 4 K8 Uiy 0%, S0 Ry
ofstanédary mheéchgnicad mozads fiay remowing sobstative, pick @e gohshing sieans, can

20 characterized in.that the renpval of substance .
S DareEaed o T oGy Sh{ Shring [ e el PL uBiite; rithout
(rdméBABSYsARcAfrb R thd BEfdrakl@treqi) - 11. Method of
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walhie radditidhalc taypr i(§pdiueing thy eemayar of Sybstdriceh withoytr regeaeving
the useful layer _to be renoved, and in that the
réH%%%FegpnggﬁngﬂﬁéW%&%brises, after taking-off, the
renmoval of the remaining overlayer (5). WO

2004/ 019403 PCT/ 1 B2003/ 004029 -27 14. Method of

r ecyt6! Meghat ofr geydingoatdoedipg oedia@f cthai three preceding claim

characterized in  that the thigckness of the qverlayer .

( SRS il Sl s PhaeieRzed ML RLInG Ry Cof D, ComPHee: SiGe

staddashisgaani cal nmeans for renoving substance, such

as polishing nmeans, can 5 be operated on this

overlayer (5) during the renoval of substance, w thout

re [ upst ance fr . f r (el .

et i R B o sEBE Sl S NELRIE L B chpbed with
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the donor wafer (10), a step of forming layer on the side of the donor wafer (10)

where the removal of substance took place, so as regenerating the donor wafer

(10).

19. Method of recycling according to the preceding claim and one of the claims
10 to 12, characterized in that the step of forming layer comprises an operation of
forming a new part of the buffer structure (I) above the remaining part of the buffer

structure (I’).

20. Method of recycling according to one of the two preceding claims and to



substance fromthe buffer layer (2). 15 16. Method of
recycling according to one of the three preceding
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the overlayer (5) conprises § Ge and/or strained Si.
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1%nkoofl theCcolbhnad 1o 15 chtlactdridet 9, thah alieastepr of7 éetmiing layer
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recycling according to the preceding claimand one of

the clains 30 10 to 12, characterized in that the

step of formng | ayer conprises an operation of

formng a new part of the buffer structure (1) above
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cdeprthaes egnalapd0%t i on of formi ng an overlayer (5) on
the donor wafer (10) so as to format |east one new
useful |ayer to be subsequently taken off. 5 21.

Met %d MEthb&C ¥E! feBeLIRMEC Al Ft % OBfe 0<f>f the bRk&fng claims,
precedi ng, characterized in that the layer(s) is
f ahaedtedaed iy thah ehstiemorowaﬁeol(tﬁ)ng)mmses abyeast pu¢ dyer further

growth..22. Mt had of recy cli according to.one o .
L IRRTRSRE e H ) frgarbor GORSTAMAUTLY e SR Whih S cffpstantially
dapqrihMpdiquilk@rveonpri ses at Ieast one | ayer further
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| ayer which is substantially |ess than or equal to
50@6 C r [ f.
or ecagoh 47 il GB e ldp LG U0 FarfP (iR By co be
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(c ) recycling the donor wafer (10) complying with the method of

recycling according 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:
- it further comprises, before step (a), a step of implanting atomic species

through the surface of the donor wafer (10) neighbouring the buffer



(a) bonding the donor wafer (10) to the receiving
substrate (6); (b) detaching a useful |ayer bonded to

Wo be4newies vi ng substrate (6) from the donor wed€EIB2003/004029
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(10); (c) recycling the dong?gyvafer (10) conplying

with the nethod of 25 recycling according to one of

the precestnigure!(Biats. dethminded Beh,oh dradsi todoh b feagile zone at
useful |ayer accordi n% to the preceding claim
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conprises, before step (a),, a step of inplanting

at oni ¢ spgl?i“é uh“ﬁ?&tﬂ@?ﬂ?@egﬂ%’?'ace of the donor wafer
(10) nei ghbouring the buffer WO 2004/ 019403

PCT/ 1 B2003/ 004029 -29 structure (1) at a determ nate
depth, in order to forma fragile zone at this depth;

ane?gy MefRicha? ity SHaP b i el RELGDEE, SosBP LK i 24,

SthatadtbfigdGREEE Si Nng the receiving substrate (6) and
5 the useful layer at the fragile zone. 27. Method of

t aki ng oftffughersemprisesaefpreatepdpbiarstypiad feomung by peresification a
¢l al m 241aye(gfﬁa}59§(§n§)trr Ié’%l?% 66[(‘?) ftgnggveedbb%g g];ogéftfrlno?}g [aé&@/xe(which will

conpri ses,” befor
por osi f i dadon@ntha usdfalylayer dftet Hetacking of swep @)), (HOporosified layer

foll owed by a growth of a. layer (which wll becone. .
the usef fprmyinga fraglle e Bt all?aveoﬁle@tléfsr e (IR@nd in that

porosified layer formng a fragile zone inside or

above the buffer structure (1); and in that 15 - the
step (b thesstgpér)as eperhigd dyppbplying eweygy the dome wafero(10) in
wafer (10),in . order to detach.a s&lructur.e Q) rti ?@na%dth
the r ecePUILP LSH5B SEEy s bt ey e oty Sbste (Q)ind the
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useful |ayer according to one of Clains 24 to 30, 20

characterized in that the useful |ayer detached during

. b . |
g SR L e S0 o,
ORRBar@étefited ifBhat thel e AT Jaye£dcttichet duiidg step (b)icdaiprikésepart of the

donor waf er 510) conprises, before taking-off, an
buffer structure (I).

29. Method of taking off a useful layer according to one of Claims 24 to 27,
characterized in that the donor wafer (10) comprises, before taking-off, an
overlayer (5) 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 (5).

30. Method of cyclically taking off a useful layer from a donor wafer (10),
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



25 overlayer (5) located on the side away fromthe
substrate (1), and in that the useful |ayer detached
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overlayer (5). 30. Method of 6yc| ically taking off a
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