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WO 2004/019404 PCT/IB2003/004143 -1 "RECYCLING A WAFER
COMPRISING A BUFFER LAYER, AFTER HAVING TAKEN OFF A THIN

wdYkRIdHRREFROM" The present invention relates to the peGygibg:@hay 43
donor wafer comprising a 5 buffer layer after transfer of a thin
semiconductor layer from the donof wafer to a receiving substrate. The

term “BERCREE & SHAFER COIRRIS BiGah NI ER eABERet R ERr st
crystalline sipetig $UEERSFSULSHRE 20dER SessREysglline structure

having the prime function of modifying properties of the material, such as
structyral or 10 stoichiometric prggerties or atomic surface recompination

propertiSsP IR A YARCHE e SrarBurtir gkt derotarel R ATERE {

PosSth e ghiainaseeontharsinlingistciuye:; o afticeqaranteter of
which digfer sgébstantially from that of the substrate. To this end, the
bufrer Tlell‘iiglr’ r%haayehave a composition which varies gradually 15 with
thickn8ds, tthe raffaalayariatioaret corfipoheatsanfitive bayffebtayemtadirst
being. ireciiy-Azsaaed with a.gradual vadalion ok i latlice RAAMElRr
It may also have a more complex form such as a variation in composition
wibls arivasiaptetienef ey ing Srswstist hethat@aethscarti it IHP ST

compRRitiem-RrssilkcnRlsied it a.cansiantcompesition layer for
containing 20 defects. Mention is then made of a metamarphic (buglg%9

layer oF'dP& PABIEHIRG ROk iBedmENE"stith '3LA Hidttifor shROED
Prodiiced erdhe bulfallayermatayers aatiperpasiias offaygissmayae
taken off.f the donor. wafer in order to be transferred to a receiving

% tatie}ai%rgf ﬂf" t?gtoh%% (&2 particular structure. One of the major
applicakiotissehtiahsfarfiag ahin teapes o rmedhmritdousrhl agpess efadas!tp
the;fe %a%%@s?&%ﬂg%fasg %%l'r‘f&x%x'laé(feéémp‘d@f%% 5 medeRt %g%@%&@'b\é{%h
IS _stralne Il:l ten [on orin comprt_as& n It Its .Iattlce paraméter in the
inteifeibegstapieted radpeetiibil jreaternof IB04EES MIsREhominal lattice
parameites, OINBIWISE adnlayerdsarid frResRade efariglaxsdcdngiariadl
the latter is _substantially close to jts nominal lattice parameter, a.nominal
lattie pararilte ity AR IRHRE ParimBteroF e HREMEHAPHTS Y BUR ™
foeatipositiui]paesibly completed with a constant composition layer for containing

defects.

Mention is then made of a metamorphic (buffer) layer or of a metamorphic
embodiment, such as a metamorphic epitaxy.

Produced on the buffer layer, a layer or a superposition of layers may be
taken off from the donor wafer in order io be iransferred to a receiving substrate, in
order to produce a particular structure.

One of the major applications of transferring thin layers formed on a buffer
layer relaies to the formation of sirained silicon layers.

A layer is made of a muaterial which is “strained” in iension or im
compression if its lattice parameter in the interface plane is respectively greater or
less than its nominal iattice parameter.

Otherwise, a layer is said to be made of a “relaxed” material if the latter is
substantially close 1o its nominal laitice parameter, a nominal lattice parameter

being the lattice parameter of the material in its bulk form in equilibrium.
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WO 2004/019404 PCT/IB2003/004143 2 When a layer is made of silicon
strained in tension, some properties, such as the electron mobility of the

wieiesial @ clearly improved. Other materials, such as for exaRR DR 3
may also be subject to a substantially similar taking-off. 5 The transfer of

such layers onto a receiving subStrate’in particular by a process called
SmartWuic) lapadiknadn dbsii per soniskdlieddnstte adhapatakesih as

ARSSiIG 19 ,g{,gﬂ{{j% }]rgg} gggg%%hc%%@%}@%conductor On Insulator)

structures. For example, after ng a layero axed SiGe, the structure

obtairféden nateetherielctass larseppopldobigiowiny dlieoke SiHdecthe 2
nomiRakiatlice haramgiesef SiGe (dependent on the germanium content)

is greater than the nominal lattice parameter of silicon, growth of silicon

on the SEEPisHi sk iNsRuPR® A ISR Pedio Buprtiattobiathed
makess thpassialeiarovideievsiticandayer sitaimadin tensien nddkAstan
illustration, an example of such a process js described in the IB

g L R e T S s
bgnetimgesand layer transfer for high-performance field-effect transistors”,

Applied Physics . Letters,: 26/02/2001, val., 7 4) | Qig[@ | of
producg%%egé&%?fs% i %ﬁﬂfztﬁe is p?gfsreegﬁ}e?%ﬁ’\%(}%’n{gﬁ\:\ér ex%%%%%gfd
sty Rpradess gppocron sevirgculsent US 2002/007481. Other

applicationsof MERMEAC SIoWIN-2T8rRESTIRIR L ERRECIHINY B anium
semiconductors of the 11I-V family. Thus, transistors are commonly
pFoBtERds BRI CEAS IR 1%%@%@“?@%&%&51%5@%&8{&?8?
elgctrersgenfosmancectniias @subsiantial pevantageavaenaads mikes
particulay, a comhination.of an InP layer.and an InGaAs or InAlAs layer
AREE B IS I S B RIBIRS However, the abilty to
market\sampbrenitonsng dnfhtde i alody dspimuitedis30fadied vinthhS didls

N Ty (T

tylsicallyrabeimglarinieesutmpaned fid-effachasdesigaAsypplied Physics
Letters, 26/02/2001, vol. 78, No. 9} in which a method of producing an S/SGOI
structure is presented.

Another examples of such a process is given in the document US
2002/007481.

Other applications of metamorphic growth are possible, especially Wi;th
semiconductors of the IIT-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, 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 techmology 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 1o be found with reference to a receiving



A solution to this problem seems to be found with reference to a receiving
-3- substrate, an trip layer taken off and obtained by metamorphic epitaxy
of a buffer layer on a GaAs substrate. Certain taking-off processes, such
as a process of the "etch-back" type, then lead to destruction of the
remaining part of the substrate and of the buffer layer during taking-off. In
some other taking-off processes, such as a Smart-cut(c) process, the
substrate is recycled but the buffer layer is lost. However, the

rméteraiorphidnitdelsetiokereefiritd o hsabume Slexneptmmiisoe Rk proldu divge:
el 3buiterdavgnmay therefore involve a lengthy, difficult and

expensive operation, Furthermore, internal strains due to the varjations in
compbSHRIA MEDEATsErenessehpushaAce Brathirite Guremiifpe. then
defaats desehcasdisfagatiensiang paintdefeciabsilarsenidiel nied Srdinsiayer

g&wu%}lheéifiore the generation of defects, may be minimized in particular by

mcre&smg?ﬁéo ickness over which the lattice parameter varies. It is
mainljtforothis ptlagotnkieg-tfé buffesiayersdsually produced@rerpiess, the

Witha-pica thigkngss ARG IR Q0G,L@ a few micrometers. However,

economic and technical restraints limit some essential properties of the
bufferTay&r 5UBR BEHBABIERESLUSHP (BRI RR B omplexity. For all
these (paspRmamangpetdecsdt weuld beiWisellyavaidycomptialyinvolve a

formi %Pﬁ r layer after.each recycling of the substrate. According to a
fﬁ%f%% ":dcl ) {%%Fea‘ﬁ};fﬁ? Vided & mé%}%rcli of recycling a donor wafer after
havingtetkermoft: ainleast sirdnaskiuidabe v aiaionatoriaighogen fremcause the

55{}}@%%@&' Glof inaterialy e Aenonsnaier MRS G SHECeRRINEM Ae fects.

t
substrate, a _blﬁ{f%gr structure and, before taking-off, a useful layer, the
methotPeBMWEIRY FHBYarDf Sipstiieean HaSRIEs! thelabiity wterbe

wheignthedtaking=aftteek plage:rchivactesizad imtbatoagevgimovat ofattice
substance, at least a part of the buffer structure remains, this at least part
oPHESfFerEficture can then be reused as a buffer structure for a

subsebjuentaiskfublagies tekimgtbif. theabpfsfetrperembaldimperdyeed are thick,
PLIECINlaNE e LUUNRLRIEREH AMIRe onaialRise, that atleast a part

However, economic and technical restraints limit some essential properties of
the buffer layer, such as its thickness or a certain structural complexity.

For all these reasons among others, it would be wise to avoid completely
forming a buffer layer after each recycling of the substrate.

According to a first aspect, there is provided a method of recycling a donor
wafer after having taken off 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 i that, after removal of substance, at least a part of the buffer
structure remains, this at least part of the buffer structure can then be reused as a
buffer structure for a subsequent useful layer taking-off.

In a preferred embodiment, a protective layer is further present m the donor

wafer so that at least a part of the



buffer structure underlying it; the material of the protective layer being
chosen from crystalline materials such that means for removing
substance has an etching power which is substantially different for the
material of the protective layer than for the material of at least one of the
two adjacent zones, and thus is able to operate a selective removal of
substance. According to a second aspect, there is provided a method of

roducing a donar _wafer. intended t ide a useful la taking-
S P B e e S BRI P e Bt
weyeling asdisdiosed Hereingash fvacteripakimibrtice daspriseshig power

yit%wiﬁgsﬁg%%ﬁaﬁwmﬁﬂ%@fo@ firstRAL AT raHifer SEYRIUTER an for the

ubstrate, - formation of a protective layer on the Tirst part of the buffer
soariare! m leasreAEhenv i HEH €t dHfetindo ORSFRIRAISRISH Ve
the,prateativedayee of the second part of the buffer structure, such that it
has a lattice parameter in the vicjnity .of the prqtective layer substantigll
the SARRPEUE BFEFRPAEPArBTHNE BUMA SRS L “5PUS
prefeciivedayeas. srocokdingsétubl ihirdbaspleat-tife ead cprabid efiteinmpettnydiof
taking ffaou ful layer on a donor wafer in.order to be transferred to a..
D i e A IR, FL o SR e TS fiin
dbaccweizdtn thetrécemimgssutistfaléy W) dstashing a useful layer
bonded to the receiving substrate from the donor wafer. (c) recycling the
donor wafer accordin%o said method of recycling. According to a fourth

aspect, thereaiiophides Baphetiduidi certaIn ok sEHea useful layer
from a denorwafesr sham&ierizegddndhatdt gamprisesme varl stesiRf in a

taking off a useful layer, each of these steps complying with the said

method BFHSKAGRAFCAGURARY RIEARPSRE, there is provided an
applicatiopafdie saidhnptbectaf layetioalycdakingdoftorotiiibésid structure,
method of taking-off, for producing a strycture. comprising the receiving
s%strg—laet algshﬁ?e %slg%fga%}? e use uﬂﬁgyé}cggﬁpﬁiir?ge aRrI%tg%{?‘cf)ene% of
thebfdloieihgtheaterialss BiGef Sk frsalioy bElbadmdetosthesitraifdhelyicthgy

C ositionof which is respectively chosen from the possible
(ﬁ{%@%ﬁn -(N,P,As) combinations. -5- _
According to a third aspect, there is provided a method of taking off a useful

layer on a donor wafer in order to be transferred fo a receiving substrate,
characterized in that it comprises:
{(a) bonding the donor wafer to the receiving substrate;
(b} detaching a useful layer bonded to the receiving subsirate from the
donor wafer.
(¢) recycling the donor wafer according to said method of recycling.

According to a fourth aspect, there is provided a 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 said method
of taking-off.

According to a fifth aspect, there is provided an application of the said method
of cyclically taking-off or of the said method of taking-off, for producing a structure
comprising the receiving substrate and the useful layer, the useful layer comprising
at least one of the foliowing materials:

SiGe, Si, an alloy belonging to the III-V family, the composition of which is

respectively chosen from the possible (Al Ga,In)-(N,P,As) combinations.



According to a sixth aspect, there are provided donor wafers complying
with the methods as disclosed herein. Other aspects, aims and
advantages of the present invention will become more 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-affrdFigtre $:3hewsa, donowwpleyidftedendir statecycling step wWHig tre
ﬂf@ﬂg}%sag sy donalwafer according to the present invention. Figure 5
S

ows a second donor wafer according to the present invention. Figure 6

showSthan#ePediaoriNfePacEbidiNgd Ml duerihveYRISIon frgflfeegome

shewgdhe variaussteps of droatifat aaeo ming o dbaipmtieNoperating the
ces ive%ﬁ(’:é)m rising taking-off of a thin I%eér.from a donor \%/afer and
Sd =

su
PERYEG B ETWateF Btar Yaking-Of  TRE iR 6BIR G B faade with
prizsemnteny értiorpendsisisawingsyolinbichwafer comprising a buffer

struc%%lg.feS@%&g&r@ﬁ&%g@&@%ggﬁ&%@), after at least one

useful Tayer h een taken off the wafer so as to integrate this useful
layer Figtiseat sbaveondorRes Matieictiirs mkigeelicling including at least
pagtiqfi@@@y%%m 4Hf§neutt@fe$uﬂ&tu@§@e63@tﬂ{gc@épbe reused in a
subsequent taking-off. The said .recycling operation must therefore
comprig¥& 4 gi‘ﬂ%%fl‘é[l{?é ?H?éﬁf%?ﬁ%%@gg Rgo CHERAHE Sk part of
the biiffersireciures tncdeddioadvuftdersirestiing tsthalpyeseritavstion.

Pfyst%ﬂl%%fea@m&ﬁé&m;a’d%%%\%%@dalé&%@vug?&@wg&%&&aﬂmeﬁgate and

mcreas_ n size in an |mpqrtant manner en ent r%y IS SU pI_|ed on It,
this ehisryy TobRIprboidarfosms Ry Azl HEHRTEISOTEHEdaF prOBRLS O

meehaneal B nFesinstanesr if abuffesstrueturésabSieeissheated at
a temperature of 350C, 450C or 550C, the structural state change with

FESHEBRES HIBSARTIDE A GFE Tid S8R &8 for instance the document
"Strucfueaheliarabietisatiothandestabilityoftbir xGeidSi[h0@)cycling a wafer

SRS AR B TR fean apfny B gt e
ivore ase wefehiperdiardanaagrarista ctiafer willitend s getrdusasedul layer
ifiernaksiressdydeleipghem ik slninlanes. Sacking defaulis QERINST of
Stgelzj %%Jfgg rseizll'gc):(t%rtieo r;OV\{}%tZQOC%P gﬁ%ﬁsepdciylaB %ggs%gou%ﬁ% ﬁing@fﬁ The said
recycling operation must therefore comprises a suitabie freatment which does not
damage at least part of the buffer structure.

Indeed, a buffer structure usually contains crystallographic defaults, such as
dislocations, which can propagate and increase in size in an important manner
when energy is supplied on it, this energy could provide from thermal treatments,
chemical process or mechanical process.

For instance, if a buffer structure of SiGe is heated at a temperature of 350°C,
450°C or 550°C, the structural state change with respect to the temperature chosen
(see for instance the document "Structural characterisation and stability of Sil-
xGex/Si(100) heterostructures grown by molecular beam epitaxy" of Re et al., in
the Journal of Crystal Growth, vol. 227-228, pp. 749-755, July 2001). With the

increase of temperature, the buffer structure will tend to decrease its internal stress by

relaxing them in slip planes, stacking defaults or other structural relaxation
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6 types. This can bring some future difficulties at the interface with the
useful layer to be formed. It is then important to keep these internal stress
wonfinggidimthe buffer structure. Recycling must then carried@utin@s 04143
manner, with adapted means for 5 recycling, so as to prevent and limit
the extension of these crystalline_st§e§s inside the buffer structure which
chnedabhisgeniterpeopent dstanedlifividi con thusttdinagatitibepropdrtiestof
U ealthiey s {OHRA] APt ANARIBPRRUS I G PUIRG itbalEe:haRA
crystallographic structure which is substantially relaxed and/or without a

nB‘fg\WéFfH%ﬁ%mber of structural defects on 10 the surface. A "buffer
layer” iggeimieaty datned mar s aenealiy-ahayemihisagioeumant. for
Advantageously, a buffer Ia¥§}r_ is comprised in the buffer structure,%sqge

hEEYSITRAS5 e TP YAE (S YoM GRS these crimal s iR
dansibifef deiacts Whitte dppRidayelts dripatthingadaiibepatam atenop
two, cgs%l!%%ﬁﬁehic %rlulctur%s Wiéh different lattice parameters. With
rega}? Y6 the second function of the bliffer layer, the latter is an 20
interlaydrbetgeeanytfbetimdistruictoires havwicay stalickopbiofitsctacestiihds a

fifs’ﬁbg\%’iﬁ%ﬁg%f%l?&ﬁ%? %ﬁﬁ@&@'&d&%@ Iodhat of the firsh SILues,

and around its other face, it has a second’lattice parameter substantially
idBREEA® that of the second structure. In the rest of this document, the

buffer Jayesgier stupturesdegeribed within 2a.aenemRlaemplywith thiss
latter buffer layer. However, the present invention also relates to any
b ﬂ‘é’r‘?ﬁ?fer or any buffer structure as defined in this document in the

most geherad sraniies bufftheryeorescaiaxampla-charenethetcedrtingtto
t gagrgvengi)t Wtw b§e descriR%gtbeIQW, including recycling a donor wafer of
a useﬁﬂelay F byQ[ %&?&f@ﬁ & donor wafer initially consisting of a
support substratécarasap tifaicssityotlirefoditinibteremaddmefigure 1, a

donor wafer 10 Gignpro! A dhilavelRudakings o) Nendedin e knpun

prior art consists of a stipport substrate | and a buffer strcture T.

2004/0 19dpd e RO 00N S S

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 subste_mtiaily identical to that of the first structure and around its
other face, it has 2 second lattice parameter substantially identical to that of the
second structure.

In the rest of this document, the buffer layers or structures described will in
genera) comply with this latter buffer layer.

However, the present invention also relates to any buffer laver or ény buffer
structure as defined in this document in the most general manner.

Furthermore, an example of a method according to the invention will be
described below, including recycling a donor wafer of a useful layer by taking-off,
the donor wafer initially consisting of a support subsirate and a buffer structure.

With reference to Figure 1, a donor wafer 10 (donor of a thin layer by taking-
off) mcluded in the known prior art consists of a support substrate 1 and a buffer
structure 1.
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7 The application for this donor wafer 10 in the present invention is that of
taking off a useful layer, from the part 4 of the buffer structure | and/or at
vansdipeibsef an overlayer formed on the surface of the buffesStrishidsadaiss
(not shown in Figure 1), in order tQ integrate it into a structure, such as an
SOl structure. 5 The support substfate | of the donor wafer 10 comprises
at lea$honapplsetiticdodthitatcayerifaviryia fhstiatior ipemstimetier thatits!
"9&?1{%8% W'%@é@?ab“ffﬁronﬂﬁuc%‘ﬁ% 'o# ab%%r tic\él%lt&%'i UL el Bart

support su strate COI’]SIStS a singie semicon UCtOI’ aving the first

|aftiee Parkiretérmel |pathestutas glfrdt%hl@fqh%ﬁm@r Etrpitsheynife
|aierooNGISag 8 ek IRYSE 2 sThaRUTIREIBYeEL 2dpaalesen the

support substrate 1, in this case makes it possible to present at its
surfacE® SEESHd ﬁﬁ%ﬁé@%ér%&%r@ﬁ%t&’ﬁfﬁlI}%l?f@?@ﬁf‘f’fr(ﬂn B ffves
|atiigeopannrele ol Aia sy psiradeids gaeahtbies ioikanerindhahamreitier
danor wafer 10, two layers | and 4 respectively having different lattice
pa“ér%léctzrs Furthermore, the buffer layer 2 may make it possible, in

- some pplivaions, d@ﬁgl&amerly&mglt@pentmbsmm thendaitepfrerpingle

cggﬁ%gﬁﬁgg& gv e&ec{;}ﬁs%e%%%% ayer lgelng subject to noticeable

stresses. Furtherno may make it possible, in some
applicitiofisst ofigrticon vé the vy sy erteitrave thedaié comFtscof e
Iqaggppral the buffer layer 2 has a lattice parameter which changes
gradually with thickness in order to establish the transition between the

two lattiebEialterets lasged anieriBrgEnaraiFeaidd SihesibiHid
|%Eib2&5t$'}ﬂ§£ﬁ@@ﬂﬁk ghangeckibedatticr @afﬁm&iﬁﬁdmahﬂﬂipr@lﬁdmﬁ

ti ithin the thjckn f the buffer | 2t ti it
o e LT B Gt Ceay B ) et Bt i B o s
sutrstamtifiiy @,amt@ayhtatllemdplampmetmewmnﬂmg diffferentattdhparafgiiers.
“”de”¥ Sta&% i %Sﬁ‘éri %e}e 'ﬁ%’i}g%tpﬁgsl Iéc?nps% %%&9&%%9% by

stage 3 may have als ve a more com orm SUC as a varlatlon
infoe sk positivreviatsaly araishe ?ﬁéa@s@@mmﬁmwtﬁé@@e@? density

digepAtNLIOUS HHPARS IBEOMRASIEIQR. The change of the lattice parameter

in the buffer layer 2 is advantageously
Furthermore, the buffer layer 2 may make it possible, in some applications,

for the overlying layer to have a good surface condition.

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

Such a layer is generally called a metamorphic layer.

This gradual change of the lattice parameter may be produced continuously
within the thickness of the buffer layer 2. '

Alternatively, it may be carried out in “stages”, each stage being a thin layer
with a substantially constant lattice parameter which is different to that of the
underlying stage, so as to discretely change the lattice parameter stage by stage.

It may have also have a more complex form, such as a variation in
composition with a variable rate, a sign inversion of the rate or discontinuous
jumps in composition.

The change of the lattice parameter in the buffer layer 2 is advantageously



WO 2004/019404 PCT/IB2003/004143 8 found by increasing therein,
starting from the substrate 1, in a gradual manner, the concentration of at
vaastianasatomic element which is not contained in the substsatershedangsi43
for example, a buffer layer 2 produced on a substrate 1 made of a 5
unitary material could be made of a binary, tertiary, quaternary or higher
mistably ihisasifgrtborain steriabitterthembstsio dusademd wisupatesdop
Madrakas iRy DRSHALEAHIEREMAHGA] & RHBHA ALBeINARRate
higher material. The buffer layer 2 is advantageously produced by growth
ortthe support substrate 1, for example by epitaxy, using known
techhniqnﬁﬁ,smm%ﬁl@ QV@f@nﬁ%a;OMﬁEI ﬁelsdmmuaamhfevm@mfm
"Chemical Vapour Deposition! and "Molecular Beam Epitaxy" .
g R R e e R

known Thethdat, ciamptte atbudfatainyoR exadapte, @ butidstayel 2rednsidting

f.an alloy of various. atomic.el . ' inishing th
o R e
CMP pdhshm§eniayepassibiypreseshsitherploguctip oo ihob G FIRYEF 2.
In gisecand ganfignration @ﬁm,%ﬁgmw%aﬁﬁag Mith-teferenas iad

Figure 1, the buffer structure | consists of a buffer layer 2 (substantially
10 jodfRE erhotsurnt PR RImE o ur SR S d BREaddrRGHAC Ry e 2
The\@mg@pga@ygﬁéa@q%@gemw?ﬁn the substrate 1 and the buffer
layer 1, or on the, buffer layer 1, as shown.in Figure 1. In a first partigular
cove, TSR e ATy oD GE ST ) BRIy TRt s
a buffeiclayestimikifg ixposkiblebiaicoifine 2etactsirand thugld@sofovarious
im%%/% glileem(él?(stalline quality of a layer produced on the buffer structure I.
Fayer 4 is made of a semiconductor preferably havin%%%
Y 3y

This additiona

15 cqnstammmefﬁp@m@ﬁwwm&@fwmm@q%
thigkness f such ebwfewxgaﬁhﬁag,bﬁ}grg@eﬁsg 3rgcthenparticuary of
important criteria to achieve this property. 30 Thus, for example, the

strire g e in an epitaxially grown layer usually decrease gradually

within the thickeessefithislayess lha setancpakticulasasehtheference to

Adg oA Iy S oAt ed O e e ffer layer 2 (substantially identical o
20 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
25 to improve the crystalline quality of a layer produced on the buffer structure L.
This additional layer 4 is made of a semiconductor preferably having a
counstant material composition.
The choice of the composition and of the thickness of such a buffer layer 4 fo
be produced are then particularly important criteria to acl}ieve this property.
30 Thus, for example, the structural defects in an epitaxially grown layer
" usually decrease gradually within the thickness of this layer,
In a second particular case, the additional layer 4 is located on the buffer

layer 1 and funcfions as an upper layer to the buffer layer 2.
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layer 1 and functions as an upper layer to the buffer layer 2. WO
2004/019404 PCT/1B2003/004143 9 Thus it may fix the second lattice
wamsmaesrokn a third particular case, the additional layer 4 iioratechson4143
the buffer layer 1 and plays a role ig the taking-off that will be carried out
in the donor wafer 10, such as a taking-off at its level. 5 The additional
layer mi@ysdiseahsivahssoesad etHetiprrarstash as functions chosen from
these Igs] ihreG ALY IBECaRe i dMiaR.AAYBNIAgeQUB CoRTIgbaion e

additional layer 4 is located on the bufferlayer 2 and has a second lattice
paraPety tirrsle i o fAlRE SRstaitel Bssatrtsartopdie dopsporpder 1.
sulstrate thiiho-bararpabiealar case of this latter configuration, the

additional layer. 4 is made of a material relaxed by.the buffer layer 2, and
s e BRI HaFAAEP e SaBTHb G 2 = Fonetons

adhastafrenubhcdnsidtiee ghdiicgimwetisean the buffer layer 2, for example by
epitaxi OXY:IIQR G [ <N g fir ] i t rowith of.ihe
additio%!a ayer 4%( c\la{%egg%% w? E%té?%ﬁgé)g%g%%go%?n%%t%}é v%#h%%e
fohwiiioyst thendrivenysaepidiffdtitayearanetbe diffesemd Sorn theidied detbeing

adyzrirasepgly Jarmpeddiviayer growth. In a second embodiment, the
growth of the additional Iagg_er 4 is carried out after a minor step of

finishing' therEifH4E &% o drisasnyiplsumeirmyes sidpnahlarspié Hyreddp
SM@MeM%iggawqf%&h@y@m,mm ?‘@pbisw%ﬁuelaﬁw%a&ﬂmt the
islocatipns and other defaults contained in t er layer 2 don't ]
propagi%, a&%ﬁ‘?‘?ﬁ 55 1 %%2’8%?’%% F'tpc?PéFé{fglda% %rf?/ﬁ'%lé)ﬁles,e sqg%.%ng
detfaatts, or ethepidbfaedtisxid imwénbd@‘f&semquality of the final
butfer %‘i{‘f*;f:%‘irsg é&%‘é&&%{"ﬁg% %B%&?'%‘P %{é’f&éﬁfﬁ‘%‘ouﬂf{éyg'ﬁxez% MGt

donor wafer 10 is operated ccording to one of the Tollowing main

5 méres:, @yl sehtitagidmyite tedeomuiion ol hotuielamditcHar layer4.

(2)fbeuselyl axes E@@%@ﬁtﬁ%ﬁ‘%ﬁt@@ﬁaﬁ%&ﬂw%@éﬁ &agkhown in
e ou

Figure 1) which has been formed beforehand on ffer structure |, for

exampl@ By SeBHbIgiBRRh BEsEmhre e addiPRl &R e err e b
thefbuftemid6r stractarentshihe donarmafer 1ntheafungtiongasie substiate
fore%'%%&%"%‘{} %Whp%lishing, heat treatment or other smoothing techniques such
that the distocations 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 1o one of the following main modes:

(1) the vseful 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)
which has been formed beforehand on the buffer structure I, for example by
epitaxial growth possibly preceded by finishing the surface of the buffer
structure L |
The donor wafer 10 then functions as a substrate for the growth of the

overiayer,

The lafter may comprise one or more thin layers depending on the taking-off
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overlayer. The latter may comprise one or more thin layers depending on
the taking-off WO 2004/019404 PCT/IB2003/004143 - 10 mode that it is

Vi 2itdditdse. Furthermore, advantageously, it has a latticee@paramet®n4143
substantially identical to that of the relaxed material of the free face of the
buffer structure I, such as a layer of an identical material, or another
matenakoiight wdleditadaoasgll 5 or some of its crystallographic structure
strainggin 160SIOR AR Lb-E0MPIEsSIANa1QEdBa: sambinatiaaliihesstiwb
types of material. In a articufar embodiment of th ]%?no ngerll(gﬁc%ne or
more ity dhs relas Fﬂ%@ﬁﬁlo?gtﬁ?sgﬁeﬁ‘l?e‘fg\}é‘gﬁ & BUREr'S

& buffer structure |
and the pMedlaER (Rethisl Gagesidllisrantiesenntetydisharevidbremailed.

10 (3) The usefyl layer to he taken off is part of the addliti layer 4 and -
an overl&yay (fgrﬂ%édﬁﬁ’%%g&gﬁ%iaﬁw etica a#ﬁ%(?m%r %?l ?#1%1? d%efsclrlﬁaed

in thecaependotakingeafimbodepivitateverdeptakingtfithode chosen,
and wjith reference to Figu ter, taki fand.jo the,maiekiiQtrs
case\gﬁ:npar&ae%ﬁir%r p%%’g %n%ﬁﬁ?ﬁﬁi%%%%@ﬁ apéoear on thé@ i
takingroffetifaneroiureedhrairieBoheiwarerhee Tid BrmNE ST Sulfce

"in religf, belongs ipiA-Rosiaking-af Jayeirbleaated above the buffer
Iag@esr 2. This post-taking-off iayer 7 consists_of all or sor%iel of thf la e§n4’

pbBsibiye sredr avetdanterakroH s ptabiPpaFEIIA Bfay s
depenging.pn thedaking: A0 pihnandedehosemitar thehthriescpiedioutly
discussed taking-of{gmo (35. The parts 7a and 7b in relief appearing on the
surfac¥ SRhEIRELERI bt layer 7 mainly depend on the taking-off
mode anetonthie: takhniginapieratestnd anihgritikintgrofts 1T figreos after

| king-off | in | ists,d
tea%(&%.%?lggbg#?ﬁ? lﬁig‘égaﬁwg%gl?f %“crgsefgf Adaedn g:lﬁ&‘%‘%l%n%ﬁ%%@% 7h

r 8 over the entire urface of the donor wafer
16p1ivat ontiecuinpaff ofrfhes kittbe tomminng duaserslrd Substantially

centregyparhieaving, andhg surizes.phifadenaswalas b6 ipjojecinged

parts, such asthose referenced 7a. These projecting parts are generally
integraeiriigcatssat the periphery of the surface of the donor wafer 10,

all the preigeiingi3Q-parisydien deingsksoainoinstie: biisincsseas tedingtyoff
rlr(]}%;;. or morte mterlayers and possibly pert of an oveslayer depending on the taking-
off mode chosen from the three previousty 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 geperally 2 substantially
centred part) leaving, on the surface of the doner wafer 10, projecting parts,
such as those referenced 7a. These projecting parts are generally integral and
located at the periphery of the surface of the donor wafer 10, all the projgcting
parts then being known in the business-as “taking-off ring”.

» Thus, for example, known taking-oif techniques such as, for example,
those that we will study further and later on in this document, such as the

Smart-cut® fechnique already mentioned, sometimes cause surface roughness
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Thus, for example, known taking-off techniques such as, for example,
those that we will study further and later on in this document, such as the
vamanisouife) technique already mentioned, sometimes causgSWEaG 004143
roughness WO 2004/019404 PCT I?2903/004143 - 11 such as that
referenced 7b on the taking-off surface. Once the taking-off is carried out,

recysliipatuebreliergnesdie imvbntibingsoGperated in order to restore the
donor WRIEHL A FENGHAIY e AGEYCHIT COMRIS &S MR EP Hhe InTEMRBYIRG

substance; restoring at least part of thé donor wafer 10. The first step of

rOBsaFY e TeTEslese NERvdRtion consists in removing at least

the rel@inballs, fe& ARl QAFRRWNE filgyre 2). This removal of substance
according to the jnvention is operated such that, 10 after the removal, at

least partoFREREBPEMSELure | remains, which can be used again

during subseguent taking mff of @ Rwousefdl layer. The remaining part of
the buif&er %Iructure Ifozfafter removal of substance, is thus recycled, unlike

the knoWn Tty g oFTHE BRASH REaRirle ot AP SRES O F PR SiAY,
angnoemgerriiag thershid sesOndnt 0ol &shtbroitaking-off (2), it could be
advan ous to.choose, a thickne s.of t e overlayer. so_that, after
e Lo Ot R B R G

| a8fEsr Hyciscrepnal etitnptaram dbiet dEhatichinn b zawatos ritdving be used
S@?@&Qﬁa? SHER AR ROUSHINGMLARS P Rapaithout removing
Sups

tance from the safe buffer structure I. and thus preserve the entire

buffer $h EmENSPahidihe R Bralnsiar fermbvaapRIfth g THRERERGEAY
byhstaseatel, meahanicaloneansdike pelishingdstypically of around 2

micrometers, even if current development succeedsl’é%)r%aﬁih thickne

around 1 TSGR AT PR RIS Pt BOif 5B B & &g moce
cofit&iningftiiz) Saicwd tendvmageraf iakingset (@)kitcouldhbeverlayer so

a ntage to se a thicknes he 25 overlayer and of t .
RIS e ARG & B AR ETIONRE M N ating-
oviFIEyer Avidclsmetee postatskidgrstiiznier Zpeand irleasedntasbbfizhes.
adgitionablayet Al &%@p@@ﬁv%&&&%ﬁ%wmgﬁmmé%@m@aﬂg

substance, such as polishing means or CMP, without removing substance

froEe Sars Binfar sssse esntrmid Bresariiethe entire buffer layer

2.For ancthkness of material removed during the recycling by standard
mechanical means like polishing is typically of around 2 micrometers, even if
current developiment succeeds to reach thickness around [ micrometer.

In a second ‘particuiar 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 posi-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.For another
particular case of recycling, the removal of substance advantageously comprises
using of means for chemically attacking materials, such as chemical etching.

The etching may be solely chemical, electrochemical, photo-electrochemical,

or any other ecquivalent etching, such as the etching used during
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comprises using of means for chemically attacking materials, such as
vehemigaisetehing. The etching may be solely chemical, elecrothemica4143
photo-electrochemical, or any otherequivalent etching, such as the
etching used during WO 2004/019404 PCT/IB2003/004143 - 12
CHEFSAMetARR 2P B3Higking. In an advantageous etching mode,

selective Stehingdsecad dedifuiddas1dniRasickilar iskisrRassible to use an
etching,fluid. (that.is.to say a gas ar a solutian) syi far carrying out
oot S PR oA e R Aot TR G S gt
resyoletihetndniateraimpelarglagite edfdognt tayets;i_@_(ﬁtﬁatlﬁmeoved

maieral 1008, %:36%'?&}&@%ﬁ&%&%ﬁé&%ﬁ%‘%n sHigieniiakingoff

the part to be removed whilé protecting the layer to be recycled from the

cHemibamateiahiy. brrecirlsp depro ra etektitaty Besanben efisiandy kg i<
mays e examaievee Wi ohtaineddmhatdsasiareelihe allawisgicases: -

the two materials are different; or the two materials contain atomic
elEffER%s which are substantially identical except for at least one atomic

elementheprdferiwo stlatariaisharesstistantalitidantioal, dot atdeabt dae

atogr%icH ](151 ealﬂne (’g};go A toe‘{Iilal régssegn atomic concentration which is
su s?énetlaﬁy differdRt from that orihe same atomic element in the other

materiaﬁkﬂwmemmmﬁiﬁfghw@ different porosity densities. It_is _
known, for example, that Sitre BENAVES A5 a RIgRleXaENeD Siehing s

with a solution containing compounds such as KOH (potassium hydroxide,
20 selectifyie! axspt PTEO bR GPIIERIETBMIERT hydroxide, selectivity

of about 1:100),0¢JMA eBSIYAMMARMmDYdioxidal: s kaaewn,

for example, that when SiGe has a germanium concentration greater than

or equal D810 BE R LEAS B SHPIESORARET AR Y S8 S REANG

germaniusffaencent &iinnilaesssiiauneuahion?Bimewithantadtitinn:
containing 25 %]oer%goungesﬂsltsj%gvasd@g@lg. It ios(.silénﬂ wn, for example, that if
a dopl i

Si is suitably dope With (ﬁ‘oplngee}eme%tpéi)tr CR 6eﬂ}:silélgsf:oncentration,

such asielow et nfiorextrare? thal Gi9edreh8ydt behavas asavstoprisyes Si
whemetehing.an %ﬁ{%ﬂﬁggs&m‘iﬁlﬁ% WiEh2 SolHign %}9&5@&&99 hydroxide,
selectivity of about 1:100), NH,OH (ammonium hvdroxide, selectivity of about
1:100) or TMAH (tetramethy! ammonium hydroxide).
1t is known, for example, that when SiGe has a germanium concentration
greater than or equal to 25%, it behaves as a stop layer when etching SiGe having a
germaniwm concentration less than or equal to 20%, with a solution containing
compounds such as TMAH.
ft is known, for example, that if Si is suitably doped with a doping element at
a selected concentration, such as boron at more than 2 x 10 cm™, it behaves as a
stop layer when etching an undoped Si material with a solution containing

compounds such as EDP (ethylenediamine pyrocatechol), KOH or Nol

3¢ (hydrazine).

It is known, for example, that porous Si is etched by selective etching with
respect to non-porous crystalline Si, with a solution containing compounds such as
KOH or HF + H;0,.



compounds such as EDP (ethylenediamine pyrocatechol), KOH or N2H2
30 (hydrazine). It is known, for example, that porous Si is etched by
vae motivesaiching with respect to non-porous crystalline Si, witives sobutian3
containing compounds such as KGQH ar HF + H202. WO 2004/019404
PCT/IB2003/004143 - 13 Thus it is possible to selectively etch the
additiohBts &y SrPP Rtk AesisiRst G e irerddiierd v r‘iﬂ&% I55REbig
OVl eyt Wby rE SRECE thdhesadiiioaaljayeliiapitaphssibdaimntd dayer.
This r movz#i f.S%Jb tance by chemical means may also be accompanied
by 5 iﬁ?f g%ﬁlaeﬁ%\é means for attacking substance or other means. In
particulss itein b sibiebttaoar yy atieGiiP patishing Withts seterppsicd by
chemical etchin lutipn. . IThi | | Iso be preceded or
> foﬂ%%eﬁ%%%éﬁ%%%%ﬁ l(%? %u%g}[gggﬁ%%f?a{%%%rﬁ%ganical means of
erodindtsosriee Kushpassibliidninry1oy fAdhgobtirk vithyraimeeiier
mmcépeggﬂ%r%ig{;@n(emoval of substance may comprise using any
other means of attacking substance capable of rzmovin substance

without'dBh BREHN IR IFRECHR AR RGHAE c4t I A Pt A TLRET ©F
Stubbeed. Paetal Bienfetinwing subsiaiceodngavbkmodesds therdidreg,

used: 15 (a) removying part of the post-taking-off layer 7 comprising at

10 Ie%?‘fﬁ%grgﬁ%? De{r%g %aon 7he %I}E)(b) removing the entire post-taking-off
layer 7inqetelateimommg theEnirdpostmiingoiidapers zunetipamerthel
PUllELIBNPL R L6 BRI RANGII KRl E COMRIPESAREA BRAEGHA
overlayer, tﬁe substance removal mode (a) then preferably comprises
cornplérmBatekm deef parsobiehalisr pairith reference to Figure 3, the

part of the. QrigioalRMitRE SHEIEe WHISH! sRRaRSRIGERRSENCe removal

. isreferenced I', 2S It consists of: - the entire original buffer structure. | .
15 \when the sub&hnce FEMBVAERBEST AN Wad-tRane A0 R RIS
not involvexdedking i pans padnafthexadditional

(b) removing the entire post-taking-off layer 7, or
{©) removing the entire post-taking-off layer 7 and part of the
buffer layer 2.

20 If the post-taking-off layer 7 comprises part of an original overlayer, the
substance removal mode (a) then preferably comprises completely taking off this
overlayer part.

With reference to Figure 3, the part of the original buffer structure which
remains after substance removal is referenced I,

25 It consists of:

- 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

30 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 (¢) was used.
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layer 4; or - the buffer layer 2 and part of the additional layer 4 when the
substance 30 removal mode (a) was used and when the latter involved
wWakitg/off{eart of the additional layer 4; or - the buffer layer 2GFtiBeneh604143
substance removal mode (b) was usgd: or - part of the buffer layer 2 when
the substance removal mode (c) was used. WO 2004/019404 )
PCT/1BE06%00 ergling sferrtansaissnafiadye fig: steprivhimdcaiagd? the
firsibeesyeogctaprralating (9 18P SIBRCE rRimayalk retorsingiakdenstizsame
of the layers taken off during the first step. First of all, and in certain
ca%eé’s, it will be preferred to finish the surface of 5 the donor wafer 10

where Fivet sfibBiandaremouatoperated derprgithedits gy dhin gurstep dbok
place S 1o take off any roughness which m Y ing
S o A R Sp e e Ree

tréimiesk Bresnsrtrericstrisofingtenishiae Wit benas ddvsuohegiad diaing
diglocations.and ather defaults 10 confined in the buffer structure | don't
propagate, don't increase in size and don't create any slip planes, stacking

defaults dotheradrfansimels EfoseHsase RehGh A B tha o fEer
Stepeistienk EoISisAE0RNT BEYSHAGSIe RHAVal exIestais Gatldectisti e faults

structure | from the remaining buffer structure I', when part of the original
TG P o P PR R TGS PRCSn St o
Advaintage clislyitis, resthinti defafither btifte dsfautitundikts suctedivate dhce

zS“ﬁjv E@&%Hﬁei{ss uk %tr%rlltially identical to the original buffer structure I.

for

ng\?vev‘er, In a particular embodiment, it will be possible to slightly alter
some prbidsetiond pen i eten inyplies tstivtainile buffer stetiné TRl is
slightiy20 different{ram the QHidinal-Far examelfaiRsgnganiations.f
certain compounds_in a material will be slightly altered. Restoring the
butBIOEA [itirg thafbTESYEiBEfY the removed part of the buffer layer 2

when pagtafHaecariginat bulferataxes2nvas ot swaymeilingshe Mist once

pal B QBT AR S WREN 1 b DR BrFP OrchAat Gonel

layer 4 Waseeet dwvayparticular embodiment, # will be possible to slightly alter
some production parameters in order to obtain a buffer structure I which is slightly
different from the original. For example, the concentrations of certain compounds
in a material will be slightly altered.

Restoring the buffer structure T involves reforming the removed part of the
buffer layer 2 when part of the original buffer layer 2 was cut away during the first
recycling step.

Restoring the buffer structure I involves reforming all or part of the
additional layer 4 when all or part of the original additional layer 4 was cut away
during the first 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 1 is restored, an overlayer may possibly be formed
above it, which overlayer will'at least partly comprise a new useful layer fo be
taken off, possibly with one or more interlayers between the buffer structure 1 and

the overlayer.
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during the first recycling step. In this case, it will be possible to produce an
additional layer 4 with a thickness substantially identical to or

vaDbetantially different from the original. 30 Once the buffer stigirzenbim4i143

restored, an overlayer may possj_bl¥5be_formed above it, which overlayer
will at least partly comprise a new useful layer to be taken off, possibly
with oR&tor#ieie PrevikdyeremedvabRtEe Biffcrserdctiiyinad Sip arc

OYSHRMBEMS ﬁ@%@?ﬁﬁ%? gM@ %%Q%&Ve%d&ﬂ%@h@%@s, for

possibly formed durin%/ is second recycling step are advantageously
pFERRE P My oF Bk artria &P Rpective underlying layers, for
exampie HyvfsVEre! MBEepHaxial grawthytnsaifirgioease; dahledistaiyeiof
these layers is grown in sjtu, directly in 5 continuation with the formation
o D B e e B e AP e

a@mmwmymmmmmm@gmgmm, at least one of these
layers j5 grown AREE &,MING" SieBrbI0shINg;the SHTAEE AflRr step of

underlying growth support, for example by CMP™ polishing, heat treatment
ofBiHERESAMB oGt iRy yedertien gravthewarsbalis g aopin @Yo’
defulimeontingd.ihifek uiiRr sibsiutg ldembRIORAGAIR: dRNtJRerEBae

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

RGP R P eiaeE SRR Gt ST RN e SR CERRPIEF Fr O G
wafeizt Quihieh i satestantiiybiaentieatkinthastriginad, dihad ivficisayithle
dono&gglaefeg Oe sgglwnoigtfi%%% 1§tggcfinrgliy obtained, with the exception
15°0f modiications %}ésweg and-carmed out by a person skilled in the art.
The doHorswaierdOreitalfedhirhthisuveiyntelijpidsescalt tetstqrgingf tha is

orjginalRUiGTSTLelES Ly and thergfore & ieast Ramkating:ariainal briter

layer 2, which makes It possible to avoid its complete, lengthy and
exparriicriaspretiod anbkopasdiaat @as"éaﬁﬁsmés&iﬁﬁm fBegeling methods.
20 Donprawafers Jorwhishican beireaycled-Acearaing: tar thaparicWakhe
operational modes of the recycling methods presented apbove, are
BT I ThE VBB D e QIR B\ O el BeRl ey BrBETR &
pretdchiontes atpeatiparoidhs buffpkalricivte kelisagriatohédmation,
re%/clin% The donor.wafers 10,.which re shown in Figures 4, 5 and 6,

each involve a 2 gt}%ugﬁ?rgtée?yéi}%agangu fer structure l, like the donor wafer

10 shoWnrier Figadiees 110, which can be recycled according to the particular
operational modes of the recycling methods presented above, are described in the
rest of the document, they provide particularly effective protection for at least part
of the buffer structure I during matched recycling.

The donor wafers 10, which are shown in Figures 4, 5 and 6, each involve a
substrate 1 and a buffer structure I, like the donor wafer 10 shown in Figure 1.

Each of these donor wafers 10 further comprises a protective layer 3 located
in the part located on the same side of the buffer structure I as the interface of the
latter with the substrate {.

A protective layer 3, as defined in the present invention, is made of a
material chosen from crystalline materials, such as semiconductors, so as to have
the prime funciion of pretecting that part of the donor wafer 10 which is subjacent
to it, and which comprises at least part of the buffer structure I, during at least one

of the substance removing treatments used during the recycling.
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Each of these donor wafers 10 further comprises a protective layer 3
located in the part located on the same side of the buffer structure | as the

viltediacaahihe latter with the substrate 1. A protective layerp8rasdefinagls

in the present invention, is made_of g 30 material chosen from crystalline
materials, such as semiconductors, so_as to have_the prime function_of

protecthTERAEAR Y o it STUSHBFSNAYER 1 65 hRROHOR Ribjaves mromth Oarile
witiderigty prises aipeastipesianheb (i siryBareptiadilipgwinleast one
f th t ' eat t d during t ling. WO
oon ST C TGOS, CHB He A R D AR s dHieh e
layeri3iéd pubduced dmeddyen gmk_z'wﬂlmﬁiwnthéh mhdwg@wWIWmﬁor
SXAARAY Y HRMBEPIRHR AW 0L ORI ALGR 309400

first case, the growth of the protective layer 3 Is cafried out in situ, directly
inZEdidnuation with the formation of the layer which 5 is subjacent to it,

the latter alsaoin thiseCasehaing advanaacavshsiermed By layes: areyvin.

In a second case, the growth of the Erotecti\_/e layer 3 is carried out after a
TRIBPSTSP B HHRORA et dns A e ISR R R R B kR et P For
exanadie pylieitie, pelishitgmbaasitreatmeant ahoh echMaeingh that the
technigues, such that the 10 dislocatio nd.other defaults gonfined in
T A S PG Ao R e AR En BT
créaté moeslipiplanesydtiwkingedefaujtsior plhes, dethilgsdafhidts canther

degieaRe e gl e Duller SUpaIE kT g, mgleyial ofthe protecive

layer 3 is chosen such that there Is at least one means for removing

substahbe Havh elribsanejets wiark this phascrarbibingatsds ableast one
pretective: lRyerhwhishdssubstantialydifferentromtha@aietahefate

least one of the two zones adjacent to the protective layer 3. And is thus
cIPABIa B Byeradiiych sotebiiortialip st deravhr mrerebRicthgast one

suiiskence remeyakopeiated atbeiproieetive layer 3 is at least one of the
foIIowir%gﬁel%ﬁtive s%l{st ce r%moval, m?ges: 20 - selectiy(?nremoval of
the mateharin the- %ng%dig%rgﬁ?%g i e%}b?ésgﬁf’/tgl}%eyfeeﬁn %'8nd located on
the sid@m‘ &H@cﬁseﬁmbmg@emd’a&sdw@m takenpoffyutiith leyspéct dblthes
PrOE SR YRR SO RERIECING. NG E A JOIMING.Q. Stop layer for substance

removal; - selective removal of the material of the protective layer 3, the
zone adf§ktye removal of the material in the zone adjacent io the protective layer

3 and located on the side of the useful layer which has been taken off, with respect
to the protective layer 3, the protective layer 3 forming a stop layer for substance
removal;

- selective removal of the material of the protective layer 3, the zone adjacent
to the protective layer 3 and located on the side of the substrate 1 as the protective
layer 3 forming a layer stopping substance removal,

It is also possible, in one particular operation of seleciive substance removal,
to combine the successive operation of two selective substance removal modes for
the same protective layer 3.

Thus, the layer above the protective layer 3, then the protective layer 3 are
selectively removed. |

‘Whatever the selective substance removal mode chosen for operation during

the first recycling step, and intended to remove that part of the donor wafer 10



25 to the protective layer 3 and located on the side of the substrate 1 as
the protective layer 3 forming a layer stopping substance removal. It is
wisomessihle, in one particular operation of selective substapeqA80¥a4143
to combine the successive operatlorﬁf two selective substance removal
modes for the same protective layer J. 30 Thus, the layer above the
protsgigdetdherige tidhethboprotbative layer thares sdlgetivelyingnobsdnce
Whaisvar i setetie s anse ismavalmade SosenaL oReralan .

|
during the first recycling step, and intende emove that part of the

dofio Wl@%@tzmemrMM‘mde@o@@MM%e snfosidediohe
thenstisteatdf the Rkemeliveelyblayer iBeiRdadayesianRingsubsianss
removal f he protective layer 3 in the case of the first selective substance
removal or the zone adjacent to the protective layer 3 located on the
same silegfiteestubsteatett as tHewpratestie iﬁ}i@f Sfibh&m%ﬂﬁf thehe
secand stance ,5 mov ). h sto ayer acts

barr%lr t\gg?lh }é\é%gic%ﬂg%f%ﬁ s an%r:e e&’n PR yiél Bv‘%tlé%éf% %ﬁg}%oh
ma@ﬂwwméewmmwwm@mmme layer 3 (WhICh comprises at
least payt qfthe bufferstutgture R.dn.go be desired that
the protectlve layer 3 does not 1gssu§sg§t§§ ﬁgtugi% %Yer y (goes ot

10 cryetost wﬁbh%%ﬁhéhﬁré%ﬁ%ﬁe%w@@ema%wfam rijasantiderars. thed in

dO@Srﬂ@ﬁﬂi&ﬂﬁhﬂﬂ&§%t§i1§tﬂﬂ) grewiLafithe upder |¥friga|§¥§érfgn9%yer to
forgé % Z Farameter of which must, In most cases, substantiall
h

comp y Wi fi@s AaEh B{é‘fbﬂ)‘fl’tﬁ%“ﬁaﬁ H?ﬂb??}?ﬁﬁgsﬂll’étﬁ&gbﬂ@P ¥
layeit iFtistieshpoindis ahiquladydenporiant poeadhe pratective layer 3

is locat in th buff ructure | nin Fl ure 4). su tis
achlev;d.l%é%%or ing 107 seveuria %rﬁ od %ﬁ%ﬁ’ erﬂi’ﬁ ToretR Efé'ef Br %Gaéesd

15 expiditduelsimcivafisboembotignent)of the protective layer 3, the
protectiveslayar3 is .Lanvicted:ia, lige parametersubstant
identical té that of thae zones 200 ﬁ'{%&tj %%Ia%ge%%%t@n ?even it t%ro{&?w
notfT&P ﬁﬁﬁ?@lﬁwﬁ@@?’s of these two materials are substantially

differentfrerihacifdfigprotactivedayesde TWRMAInLEQRGILoNs must 3 s
there{g %g)?orret for. thieaéﬂ eration to succeed: the respective nominal

Ies ?ﬁlél%) 15t H%}'ﬁ’éf}eéﬁraﬂ%?%ﬁﬂéuy identical to that of the zones

parameters 0]
20 which are adjacent to it, even if the nominal lattice parameters of these two

5

materials are substantially _different from that of the protective layer 3.
Two main conditions must therefore be met for this operation to succeed:

¢ the respective nominal parameters of the protective layer 3 and of the

zone underlying it do not have values which are too different from each other,

25 80 as to avoid the appearance of defects (such as dislocations or local strains)
in the protective layer 3;

* the protective layer 3 must be sufficiently thin to prevent progressive

relaxation of the strain in the thickness of the layer and/or generation of

defects. For this, the thickness of such a protective semiconductor layer 3,

30 made of & strained crystalline material, must be less than a critical thickness

known to a person skilled in the art, and especially depending on the materials

forming it, the materials of the layers which are adjacent to it, and techniques

for producing the strained layer. Critical thicknesses typically encountered are
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sufficiently thin to prevent progre_ssi\ge relaxation of the strain in the
thickness of the layer andlor generation of defects. For this, the thickness
of subbsdepy StactiveehticondaidiordesieanBsBothade of a strained

Cryﬁa@&ﬁ%@&%‘@‘s@&dﬁaﬁs&?Q&ﬁtﬁigi&ﬁh§hi€£&9%§3fdﬁlﬂ@% tQjarh-

person skilled in the art, and especially depending on the materigs_
foveREiit St S sars T e BRI E S R EHEB IR P oo
terhnigues~for prosiyaingtheisirained layer. Critical thicknesses typically
encountered are WO 2004/019404 PCT/IB2003/004143 .- 18 thus le
than oS SEVRIPHTH A TR o Bl S S S e
chitigativickivess vddohiaauodim! Higie Mobiitie:SibsdnEGd stiastircdatof
Friedrich Schaffler ("Semiconduetor Sci nology" 12 (1997)
1§§§]-T§ﬁ§§.mﬁlgogn(gé%oiﬁ Oenrer?b\g% fr%é%ﬁtgc% %I;Er?rc%gt{éctive layer 3, a
materidhisschobisn fbe thet protediventaybe Swrlperashic HomiRes (gkite
pﬁg@{g&f@gﬁ bstantigllyglosg;ta.fhat of the materials forming the zones

which are adjacent to it. Thus, unlike the first embodiment, the

crystal by rishie trerdups OISO ReBHUEY dy SRISHET Hh BT I SLHEE.

1Qukerihis endodnoplsadn ahelgs tosatisirasrieriorpf seleetivitydiyring
substance removal gperated during{the first r cgéclin ste malterial w'&ll,

a
foP BRAffiple BEERILHTFHREPoIBLE BlSFS Bt 148HORE Constitue

[east oné constituent
elementiofivhiah Baiffereatdiam thosaaf thsichaterisosicherte, while
aﬂ!‘é‘é’?ﬁt thergto, Wa'}g?neﬁe.eé?érs‘g@ '{%}“c‘:%fﬂﬁéaa elerclosedahal Qg
adja en% zones, tiﬂs consfltuent 5element 1s t‘ us the ma_ln_ element
whichenilisiéter thinmainechobentiviicvithly dspsarinedhh sckegiaeant iR ErRRct

q%%ﬂegdjﬁa&ﬂ%g@?%%gﬁﬁﬁ no constituent element of the material of the

protective layer 3 is found in the material constituting the adjacent zone

involveiA BIEiQdmREAve BoSSPAHBE T erhavalt AldbmvaaisamR RAILSPETRTIY®

completely different. 20 IR-anathenparticidanheasmenchodiffaranted in the
constituent element of the protective layer 3 tith rersnp?e%todii'%%rg%jacent
2O AV SR T PR G B %%@Sf%lfgfﬁ%\l\s{}us C&hay be an additional

ance
elemeniroraantete menidaiissingdyomcthedifferent constituent element of the

protective layer 3 with respect to the adjacent zone involved in the selective
removal of substance may be an additional element or an element missing from the
adjacent layer in question.

For example, it will be possible to dope a protective layer 3 having
substantially the same lattice parameter as that of the adjacent zomes so as not 0
.substantially disturb this lattice parameter after doping.

If the protective layer 3 consists of the same material as that of the zonme
which is adjacent thereto and involved in the selective substance removal, this
doping element is the clement which will then determine the selectivity abilify.

In the case of doping the protective layer 3, the thickness of the protective
tayer 3 must however, in some cases, remain less than a certain critical thickness,
known to a person skilled in the art, if it is desired that defects, such as

dislocations, in particular of the screw type, are not fo appeat.



adjacent layer in question. For example, it will be possible to dope a
protective layer 3 having 25 substantially the same lattice parameter as
WR08f/thRieidjacent zones so as not to substantially disturbROEIBRoE04143
parameter after doping. If the pratectjve layer 3 consists of the same
material as that of the zone_which is adjacent thereto and involved in the

selectiPeSHBdEmRadkmsTh O4 DR OBEPHd B ime i SHRs L R SRTATRY
wlictheaddeter ivinadhsoselentbiliyrabiftiym 3G bdiaa:sese of doping the

- protectiye layer 3, the tickness,of the rotective.laver 3 must howevep i
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some cased, remain 1638 than a certain crtica own to a
peisnie skalizd, T theaytotifdt perdeSiceidothativeipet o5 Seshizsl, Gislocatigns,
inpasiculaL ehhescigwtype, are not to appear. WO 2004/019404
PCT/1B2003/004143 - 19 In a third embodiment of the protective layer 3,

the surfitselres plentsusympesal ey | ayetusemaben pdréustinnsrddiagst

farRea NGy SRl 4 Rieanrosification max beatried Ul hyapedization,
by implantation_of atomic species, or by any other porosification

SR AP B HRERYEd: for example, 5 in document EP 0 849 788 A2.
This laykis gh@ecaus lajaiayial madtigdieecwhen atljeast oneradjacento
material may,undergo.a selectiv suPstance attack determined by a
SR R R S B B e e KB e
pieferab yobetvesarisidadjgcehttieyietly, dratisitoespOcgayhatnaen the

layer whose g T}%?OE&%?' Bs&n E&r%‘{;‘&&ﬁ A Jaysh fopmed on iae.laver
of porous material, having substantially identical respective materials.

SR Yohssny dortaont darsstamidily pRterbvenaYer/SthrsEEpiaes not

stecdiare: afhasetwe @?ﬁ%@ﬁﬁ%@ JNURIGGINS YL B therefore
does not substantially disturb the crystallographic structure of the donoy

wafer T 5 PRI EAPLIS HBYFABRIE SHARRA SR BbEERRSY Yolra 3 which
preteativadayear S-suhighitdstaryi dlane0teiansubstantiadiyident el docthat
of the zones which are adjacent thereto, the protective layer 3 therefore
i Sotedd e o b e S L R
‘insothemdagesnitimil. be possible to have a protective layer 3 20 having

some IgfllieRee on g latlice RatgAgle rpggﬁﬁ?e%rﬁ%‘%%?ﬂoﬁ_&%% fGFede
complete or refative strain or relaxation state that the protective layer 3 is
thiaying some influence on the lattice parameter of the surrounding structures, the

complete or relative strain or relaxafion state that the protective layer 3 is then
capable of causing to the adjacent layers shows, in these particular cases, a
property considered as being of minimum benefit for the downstream application.

Several selective substance removal technigues may be operated at the
protective layer 3.

A ﬁrs{ selective substance removal technique consists in applying friction
forces to the protective layer 3 in order to take off at least part of the substance fo
be removed.

These friction forces may, for example, be applied by a polishing plate,
possibly combined with abrasive action and/or chemical action.

The material which forms the profective layer 3 is chosen from crystaliine .
material so that there is a mechanical substance attack method having a mechanical

attack power which is substantially different for the material forming the protective
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capable of causing to the adjacent layers shows, in these particular cases,
a property considered as being of minimum benefit for the downstream
wpplicationosSeveral selective substance removal techniquepma@isbRzo04143
operated at the 25 protective layer, 3. A first selective substance removal
technique consists in applying frictioh Torces to the protective layer 3 in
drder o ttakefofftht leastishrifofithesubstarfcthtovie rerrosdidchhdsahe

friction.faor y. for , lled by a.polishing.plate .
VCEVATER S L e
npdralcatiérormbothe protective layer 3 is chosen from crystalline
materiglSeefhah i iE B AcesheRicR P RIaNce BHaGH e e dhiRviAga

mechanical attack power which is substantially different for the material
ARG AR EteREvR% O 2004/019404 PCT/IB2003/004143 - 20 layer 3
than forthetvnatasal-afal leaskoseins thettwal zangs acjaceidatne the
protective layer, 3, and thus being.capahle of rating at least one
O IR A A O o M e eeh e e
neétrotihisctiperefotiee pnecofithéafaitdwing 5 mechanical attack methods: -
selectiyg,mechanicelattack of the material ofthe z0ne adiae i Io ey,
protectiy%%er 3 ang?}:ogle%tgd 10% té]% S%(I-:-i% i{g #16_ Bi%ﬁ%ayer%%h has’
bEeraakesh gk wibichesp sebteriiap grretaiibaaireths repife iy i ot iere
pyptective layer 3 thus has properties of withstanding 10 mechanical
attack which are substantially greater than in the region which lies over _it.

For thisJURSREPREts st exarprtohisn the BRIESRETE)er 3
withtr espeet ttottlae) avBHysg Jay ef, d inadnannenisyifabie:ferthenmgchanical
atta&l%#nﬁthod chosen tp remgve the overlying zone. 15 Thus, for
eXaMBIE TR SRR AP L AYBOHAEEP ST, with a typical C concentration of

betweéﬁ_llﬁ%famdﬁﬁ%pjsihasdk_mhm ﬂhm&adabm_aﬁedi Si, Gdlestipgical C
mechanical ARk ol thematedal of the projective layer 3.lae zone

adjacent to 'Ei_e protective layer 3 and ocate_gl on the same §|de of the
substrateclacipithmedurdced dfecsrotabivednyiat sffdwnineiesthstdtistcp the
layie #0acent to the protective layer 3 and located on the same side of the substrate

1 with regard 1o the protective layer 3 forming an eich-stop layer.

The material of the protective layer 3 has properties of withstanding
mechanical attack, and especially erosion, which are substantially less than in the
zone which lies over it.

For example, it is possible to soften the protective layer 3 with respect to the
underlying layer, in a manner suitable for the substance removal technique chosen
to remove the protective layer 3.

A second selective substance removal technigee consists in chemically
etching the substance to be removed.

Wet etching may be operated with etching solutions suitable for the materials
to be removed.

Dry etching may also be operated in order to remove substance, sach as
plasmoa etching or sputtering.

Furthermore, the etching may be selely chemical, electrochemical or
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The material of the protective layer 3 has properties of withstanding
mechanical attack, and especially erosion, which are substantially less
wwandimheszone which lies over it. For example, it is possiblgég/%%ggomgdg
protective layer 3 with respect to the_25 underlying layer, in a manner
suitable for the substance removal %&ch‘nique chosen to remove the
protsotitertaybemlicdl. second selective substance removal technique
consists, | ically: etching the. s e 10 be remo Wet etching
may b?%%e%%%%ﬁv%%ﬁtcﬁr}%% o) eSti n?%bﬁ%%r%hem rr%ﬁ%??alg 5380(:'%%@%
resiAiineDmrtestdhingtmbirarst pe dperaBed{ozaeete Feibve Bbance,

SUSHiASIPIAIMR: SHaRIAS! %&@Hg%@ Jrathenners hestchingmaype
tI‘ychemlcal electrochemical or WO 2004/019404 PCT/IB2003/004143

sole

- ST GMe SiFoHR P! thdhth@iaPviiEn AR Pl it B er
3 iscehwsenddram thed erystaline matadals aathat thera iRan etehig:fiuid
(a as or a.so ution) having an ability to etch the material forming the

pr% eé‘%ﬁ%@f} r 3 which is substantially 5 different from the material of at
least oeeotlivd tovechimesabijade nhteihie folbtetiyedbpem3;thmtt:thus
being ci of .carryi ut at le e _selecti ' ;
celectir e e - aF

seleadvecetehinghsiside hserstiol erzohiciubiaben trenepromecpect
layem Qe Reatedpnthe side @fihe tsefbayermbichihas; been

taken off, with respect to the protective layer 3, the protective layer 3 .
forming SR SESP g RRiERtk B {ER G BF ke ATateridIcof e diacent
pretebivedRyev3idne 20081 ddiaeanintehtheaprotective layerBsaae Ipcaied

on gpec%?m@ side of the substrate, | with Qrﬁs[?ec_t to the protective layer 3
forfisg Sh IR ERRITR TABE 1 WM TSI ME 'R I ve etching method

likely toieioperdie daeting thiehirecyctihgdahideaiytended dperembverthattpart

g&%ﬁ%g%&"%ﬁ%ﬁ&e '%%éﬁ%%%’h}%%a%?%ﬁé%xﬁ&t%ﬁ&kﬁﬂl%%éﬁe&{'the
yer, there Is an etch-stop layer (t protective layer 5 In the case of the

firseatchisgphibeHekenrofiasedvel atjadenit t6 tiecirioitatilayclafet Brioredted

onife same.ide of hemvbstiale LasdheMiectivedaysl itthotective
layer 3 focated on the same side of the substrate 1 as the protective layer 3 in the
case of the second selective etching method).

Thus, the stop layer acts as a barrier to chemical etching, and in the same
way protects the material of the part underlying the protective layer 3 (which
comprises at least part of the buffer structure I).

As has already been stated above, the selectivity for removing substance
between the material of the protective layer 3 and the material of the adjacent zone
involved in the selective etching may be obtained by the fact that:

- the two materials are different; or

- the two materials contain substantially identical atomic elements,
except for at least one atomic element; or

- the two materials are substantially identical, but at least one atomic
element in one material has an atomic concentration which is substantiaily
different from that of the same atomic element in the other material; or

- the two materials have different porosity densitics.
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20 case of the second selective etching method). Thus, the stop layer acts
as a barrier to chemical etching, and in the same way protects the
withterdlefehe part underlying the protective layer 3 (which BomViBreBsI@L 43
least part of the buffer structure ). As has already been stated above, the
selectivity for removing substance 25 between the material of the

protectiy d5BFreneeniptidzaterfae FPEcHUfaderT Zore WSV EY iftHer
selaglive etchindmay Rerablaingskbyibsifast thatuthedwennalesials ake
dig rent; o - the two materials contain substantially identical a\';;%r;nicfTh
oINS, ‘SHCEIERSPR 1858 olNE SYBRTIC BBt ‘o387 Hhettho O the
matfciadsaterslihbtantativepticakdd hathigastpand atbim budiansientine
one material has an atomic concentration which is substantially different
from that of the same atomic element in the other material; or - the two
materidlerhabe differént boroitpadensifessiViORe0MO B Baver part 2° of
PGINBZAQ3(RA4143 - 22 With reference to Figure 4, the protective layer
3 is within the buffer structure 1, the donor wafer 10 thus comprises a
structuRETEHRESHIT BRERET BIVIN st i sy RYeRs-apasku APoRe
substsadepl nddemeropedl 3F aftpat etien shuatuak iR pratectiye: layer3

and the upper part 4' of the buffer structure 5 1. Here, the protective layer
3 P%&bé%uﬁ%gggﬁ’é%ﬁﬁrtgfe‘?ff"iﬁcéw&/‘?é'tgb%rt 2' of the buffer structure I.

Recyclinglsushtectonbywyafencl@lactor dibg indneinwahioiconsistst one
d“ort"ﬁ% %ﬁi{)r\%tl stegfir@1 \tfakLn offearlfli 01; ,E%? pa é Slpcated on the same side of
the upper parxtl%S of the bufer structure 1as the protective layer 3. At

the proteetvualavértd: thetsidbdtive subsemcefdhropalt Moddirsat (eaghe

ongoRkihe ipllowing Selactive SURSIANGE fem 9‘{%&‘9{955{1};@ erRvalal e

material from the zone of the parit 4' adjacent to the protective layer 3, the
prftBEERE ayer 3 forming a layer stopping the removal of 15 substance; -

removal ginnatesiahisemathg.Rl AfechiRlaner Bythe zaRre,ofdhe Bastydr: 2’

adjacent to the protective layer 3 forming a layer stopping the removal of
SU@?&% elo -tﬁep protective ?%fer 3 foxmir?g a I%yer stggpin% the removgl of

substance,

Whatever the selective substance removal mode likely to be operated during
the recycling and intended to remove the part 4° adjacent to the protective layer 3,
there is a layer stopping the removal of substance (the protective layer 3 in the case
of the first selective substance removal mode or the zone of the part 2° adjacent to
the protective layer 3, in the case of the second selective substance removal mode),
thus acting as a barrier to substance attack or etching, and in the same way
protecting the material of the lower part 2° of the buffer structure I.

So that the crystallographic Stmc"tu_re of the buffer structure .1 is not
substantially disturbed, this type of protective layer 3 mwust have itz own
crystallographic structure which is substantially identical to that of the zone
adjacent to the buffer structure I, and must therefore be produced according to an
embodiment which makes it possible to obtain this material property, such as one
of the three embodiments already discussed.

After the said removal of the substance lying over the lower part 2 of the

buffer structure I, the recycling advantageously comprises production of a new



10

20

25

30

Whatever the selective substance removal mode likely to be operated
during 20 the recycling and intended to remove the part 4' adjacent to the

vpoateatzedryer 3, there is a layer stopping the removal of sebstmaces(ihess
protective layer 3 in the case of the first selective substance removal
mode or the zone of the part 2' adjacent to the protective layer 3, in the

caEpebbive’d of dhrl dfec iivacsb Starndk nesmiblyabingora) Prelasiyetayas a
baies R SRS RN ARG K LIHIRG ROLI IS SAUMR WK iadeeRENRBGANY

the material of the lower part 2' of the buffer structure I. So that the

ciyetsIBEr bRt Y SttrrtrR P iprfor ey g R BYRndally
disturbegséhigdyreaf praiegtivedayat 2 mysi-hieediaigwntep of finishing

crystallographic structure which is substangially identical.tp that of the .
z%cesﬁgcgﬁﬁa ugoéju‘fﬁ%%l/@l'slﬁr%é‘fﬂrg” l‘ﬁwﬁg?néét“% Sbe olig%léepﬁg&&cg%
acsangilzghioGviF3 fotishigglinent-ednchinakebedt possible todbigirthisch

rial pe e s [ S s
O e oy
parepagsiehdomiiiffereatruntiire anthdorétyishipar vimmpgseushyidpriicds
PradusHonR ah R REUIVG d04Q1B40ARE THBLQRSRQG A3 123 upper

part 4' of the buffer structure 1, and possibly of a new protective layer 3

where tHis IHEF BAS Bedh FBmMBYEEF (@iHfivgdnleis dReEPEeRitiREed durme
subsiange keRialoMmaedementioneshabove anikypadraatment suitable for

removing this layer 3).. These layers 3 apd 4' ma rown in sit ter
e S e T T S AR
griowen(sirinll dikie pidfe sforctexampletinf€ MPepalishirg;ipeaptiredtrokive
or r othing techniques, such i '

R Rr e BRI iR O a0 O ver

in S adtiigon torediehaivp i igindsinstdiskitiged @fgiifts or other defaults
which cap.dacrease-theal igﬁ@i‘amﬁ%%@ggspﬁ%téc&% Thelawerpart

2' of the buffer structure T is therefore preserved during recycling, which is

not thadséovith the! iatroldd e PIEDABIFeIh Wit oy e most
adyigintaganymeanriigur ation of thesenenwaianadé), the lower part 2' of the

Sttctord o AT AIEG b o EHE SR e CLEHaS b A age

15vdthric sidditiorsdiaiperidas HomexamFig trechmmotdissusStd alsovatsThise

e o P o e et
and rate, etc.), and 1s jtself the subject of taking-off during the step of taking off the
layer from the donor wafer 10, protecting this additional layer 4° by the protective
fayer 3 during recycling does not seem necessary.

However, in another particular configuration of the donor wafer 10, the
protective layer 3 can be located within the additional layer 4* in order to protect at |
least part thereof.

And in another particular configuration, the protective layer 3 is formed
‘inside the buffer layer 2° in order fo protect only part thereof, for example the part
which is most difficult to produce.

With reference to Figure 5, a second donor wafer 10 according fo the
invention differs mainly from the donor wafer 10 shown in Figure 2 in that the

protective layer 3 is no longer located in the buffer structure I, but directly over the
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difficult, the longest and the most expensive to produce. Since the
additional layer 4' is usually formed by epitaxial growth, combined 20 with
vizedoparameters (such as for example the concentration of tiergienmenis 43
to be epitaxially grown, the tempetature, the pressure, the atmosphere,
the growth speed and rate, etc.), and is itself the subject of taking off
dbiviey skrecsred-of taking off the layer from the donor wafer 10, protecting

this adeliigaaldayen dvhyathe PIOIREINE olauer R ARG ESeYSing fRRs ROt

seem necessary. 25 However, in another particular configuration of the
dHS R ek tre el aprb kiR tekFeros omsavBE Ated WRhir e SctiiBhal

layefed 100 order to protect at least part thereof. And in another particular
configyration, the protective layer 3 is farmed inside, the buffer layer.2' in
o e B
difticedt i prothgen Withhpefere et HiguleSpecsetoh grontiewht it
agg&-g@&g 38t£tﬁini(%é%g9@aggf§r§imﬂﬂ@/ from the donor wafer 10 shown
) J &

in Figure 2 in that the' protective layer 3 is no longer located in the buffer
structuf&q mrizi eétihio veeiREeOIE00 490 P 0L R CARBROOBIB0 A1 iTe.

24 aridlier Stiicinien, FURRaIMOiR: 8P Y BHBYCHRIRRI EEeRE Eﬁk@'ﬁ&j acent

protective layer 3, in which at least part of a useful layer will be taken off -

orCtHIRBRF G IBXE A9 Ao eSO WiSFIEY THR*Ed MPSEHon and the
crystalltigraphic gtrsicthire ckthigeo e daye ribonilllee fehesanpiie pendingan
the physical, electrical and/qr.mechanical properties.that it is_desired to
e B R S b e
fordaamiplethavaathertiyal 3gmmmrgmmmstanmmmam@l
that e ufieLalslug. s parhadiscah R e RIleqiva aye
3, SO as to preserve a substantially relaxed structure. The material of this

O\ASFROPBY 1B thiay absEviedeeer foraatahnplee dravasinal lattice parameter
substantially giffgrenthiomialokiae pulien Sruatues ip LBk, adigeent

to the protective layer 3, and have a thickness which is sufficiently small
SOhAFTE HasTBPEs BHGER R BararhetbrBtdnemBeiET ehtictureiPiR’
itsspastukd adjacent to the protective layer 3, and thus be strained. The

materig) of his EIAYE! SmaL34IN RE.CORSENT RAMRAG! 8198k er
growth, for example by CVD or MBE epitaxial growth.

In this configuration, and in a first case, the growth of the overlayer 5 is
carried out in situ, directly in continuation with the formation of the upper part of
the buffer struciure I, the latter in this case also being advantageously formed by
laver growth.

In a second case, the growth of the overlayer 5 is carried out afier a minor
step of finishing the surface of the upper swiface of the nnderlying buffer structure
1, for example by CMP polishing, heat treatment or other smoothing techniques,
such that the dislocations and other defaults confined in the buffer structure I don’t
propagate, don’t increase in size and don’t create any siip planes, stacking defaults
or other defaults which can decrease the quality of the buffer structure 1.

With regard {o the protective layer 3, its role in this case is to protect
substantially all of the uﬁdeﬂying buffer structure 1 and the substrate 1 fiom the

substance removai operated during the first recycling step.
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to have a structure intermediate between a strained structure and a
relaxed structure. In an advantageous configuration, the overlayer 5 is

woadageddoy layer 20 growth, for example by CVD or MBE epitagimhs/eo4143
groztth. In this configuration, and iA% first case, the growth of the

overlayg! rdsw. 162 BECLOYE iRl waite Gy SR SopHaual Eg‘f"ﬂﬁkﬁb&ﬁ%ﬁﬁﬁon
of the upper part'of the buffer structure 1, the latter in this case also being

atf aFiesyeb i o rATERPESF By SPRFSWIIBIDIN 2% Bt oHiepcdBe By Hvth
ofi@:aVaraNELD BCalriagAl affele RiRersistepr ahdiniehiag:the surace
of the upper surface of the underlying buffer structure |, for example by
cﬂW&P%b 'éﬁ’fﬁ]if,‘heat treatment or other smoothing techniques, such that
the dislodatiaosaive lathel driauitaizenibeadnce thebulf erog uctitireaftdon't
pr don'tincrease in size and don't create any slip planes, stacking
dgigrﬂaﬁ%?{%glg% other del a%ﬁps WhiC Oggnm§é8?éase the quality of the buffer
structurgmanithl idg areametivd throvevtiveldyatiBeitstedhe prafodivase s o

pinteckswostansallyalkef the undsrlying Ruer siiuatu and the

substrate 1 from the subStance removal operated during the first recycling

step. Wk A1 oatd of ibpordrstradaye 25 heezpeyefingtobetieh a

deperrwefemideafiiona ysatulilayeydas hesmdakeReoff fiemyitin thaoval
ogr@/er 5, consists, during a first step, in taking off substantially all of
th¥ Pt 8Cated on the same side of the overlayer 5 as the protective

layer 3whabdvthehproteativeslayend:; thacealastide Budistariceoemedalimoge

is at |§1§St on&-:‘ : r%fe tgedf Ilowinoq{ s%ective substancT remgv% modeg:}

removal of the material of the (?ver?a§/%tpa§néxé%a%‘éer{ 5 the prglf%clfqive e

3 steeipr dbe gtive val ef @thhﬁg{@daye&sﬁapdﬁxgﬂﬁéné&ﬁo&mmﬁ the first
subRiaResupdemevallmaietal 9f e praegive. 'agg&%&ﬁeom@ phahe

buffer 10 structure | adjacent to the protective layer 3 forming a layer

stopsie thadispsala 1be stpiesiiie dawhiivEretiase se b ecqsesticave

resgevalnede kel heneparated.during: ey cling-Aned dntended toack,
remQye éhe remainin ger 5, thereis a Ia¥er sto%%in the removal

overla
of SH% ﬁ&aénﬁﬁ"éa‘b%%é‘?fﬁ\?gi SO AE TR BEISF IR 15 selective
substaficahkemovalimodeter dthenziaperof thet ubperpeartiof thgebiffdres not

substantially disturb the crysiallographic structure of the directly underlying buffer
structure 1, and does not disturb the crystalline growth of the overlying overlayer 3,
in order to preserve the influence of the structure of the buffer structure | on the
structure of the overlayer 5 being grown, and is therefore advantageously produced
according to one of the three embodiments already discussed.

After the said removal of the substance overlying the buffer structure I, the
recycling advantageously comprises producing a new overlayer 5, and possibly a
new protective layer 3 in the case where the latter has been removed (during the
second selective substance removal mode mentioned above or by a treatment
suitable for removing this layer 3).

These layers 5 and 3 may be grown in situ or after a minor step of finishing
the surface of the donor wafer 10 on which the growth(s) will take place, for
example by CMP polishing, heat treatment or other smoothing techniques such
that the dislocations and other defaults confined in the buffer structure I don’t



structure |, adjacent to the protective layer 3, in the case of the second
selective substance removal mode), thus acting as a barrier to substance
vetching oiuattack, and in the same way protecting the mategghragthes/oodi43
buffer structure I. Furthermore, if r(?aé/ be advantageous that the protective
layer 3 does not 20 substantially disturb the crystallographic structure of
tHEWRERR/A0R d a1yt utier 2atrderirertaigriatdprhae digasiingdefaults
crissalline st of e aveEMng.oyeiiay eF e midekia.a eserve the

influen\ﬁée of the structure of the buffer structure | on the structure of the

overlay el BT BfoRg S T A< AR it HAGROBHIER BBt TREE O
adifedingittyohenofiih dotiieesembpsicianta alpeady Wisbesae dha Shaftar

the SAIsmEYal.of e suitance ouerlying the fuffer stucture |, the
recycling advantageously comprises producing a new overlayer 5, and

~ possiblhacerpeptioteatithdayer Blogripbicasecmerthiriltttoy tras iodre

rerQMRdLdyrng s ﬁ?ecﬁﬂ@iéﬁ,'%?é&@q%i’%%i?%?%%ﬁéﬂ@é%%es hat it

mentioned above or by a'treatment suita r removing this layer 3). 30

- Thedsirsgd& $8aimd 3 may be grown in situ or after a minor step of
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finishinphdhgagii{Ree @F hgarprewaler &) enwpichie grewihis) miice

take place, for example by CMP polishing, heat treatment or other

srRUBMiHG tocHhy SRS StttV idisp el dishe Ao i oS e falthtds Dot
cadiirent i theibuffer steugiuetgand Woh2e04 01 2484d structure. In this

PCT/IB2003/004143 - 26 propagate, dont increase in sjze don't
créate té{z]r?y%{%%ﬁ'lgngesf?s ac%l1 ﬁ’gm efé)tfj Igsler:)br“é% et 5%5% \}\7?3?8% CHR for
desrease fnthaqualitfoskitie byHfelistragtiora didiithf tbfegarved sorfagupé Bea
third.donorwafer 10 according to the invention differs mainly from the
donor wafer 10 shown in Figure 3 by the fact that there is 5 an interlayer

8 betwddp Wepigtef dhisdandayand mayprbiedave |§er3mple a nominal
compaesiienrd Whecenysialiogranhigsiuciue ffthisinteriayer Swilkhe 1

chosen as a function of the physical, electrical and/or mechanical
prgbﬁﬁ@@%ﬁéaﬁﬁe%taéa AP HG S B3 D e RSSO IR i Ay BP gy,
fohavampleschavaat anminalheadtice! 1R patemeterivbich is suhsidintialtyo
id%peti&%ltto that of the b&J{{SE structure Iin its part adjacent to its interface,

ecuve .
S0 as to preserve a sUbs antlaﬁlilrré?gxed structure. In this case, the

interlayer Sigdreeatensiorrufithetbuifahstivstinget, Wioicthemaystiryer 5 is
g@g&@g&ﬁg&%@m@gﬁg&pmﬁfg@@@m? ﬂ@ﬁi%ﬂx@e growth surface

In this configuration, and in a first case, the growth of the layer in question is
carried out in sity, difectly in continuation with the formation of the underlying
layer, the latter in this case also advantageously being formed by layer growth.

In a second case, the growth of the layer in question is carried out after a
minor step of finishing the surface of the upper surface of the underlying layer, for |
example, by CMP polishing, heat treatment or other smoothing techniques, such
that the dislocations and other defaults confined in the buffer structure I don’t
propagate, don’t increase in size and don’t create any slip planes, stacking defaulis
or other defaults which can decrease the quality of the buffer structure I.

With regard to the protective layer 3, its role in this case is to protect

virtually the entire underlying interlayer 8, the entire buffer structure I and the

substrate 1 from the substance removal operated during the first recycling step.
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15 The material of this interlayer 8 may also have, for example, a nominal
lattice parameter which is substantially different from that of the buffer
wiountarerd4im the part adjacent to its interface, and have a thigkpassoakiGys
is low enough to have to preserve the lattice parameter of the buffer
structure | in its part adjacent to thezaro"tective layer 3, and thus be
strainedAtZtelpretecaeygtad cibe sebotifig abdionethenintariaydr i8 i die one
OVGHASE R, iR RAEed Bclaver growhy [of example by CVD or MBE
epitaxy. In this configuration, and in a first case, the growth of the layer in
question i&negrrddhemaritie! dhectuylies Srafhrrstibie Withiectomitisd of
thang oM e cihpatane tibpasaa ReadiTiaBsaNSly being
formed by layer growth. 25 In a second case, the growth of the layer in
question TEREYAE B maatesiebo bt SrLesp riarE RirthRes o petiager
uppesdadace ohtherotaclerty lagkiay et ion L xample syl Rupolishingl, of

hea{[ﬂgr a%%r@ent or other smoothing techniques, such that the dislocations
and other defaults confined in the buffer structure | don't propagate, don't
increaséMhegive Brddenitcrebteranycslip il ansle, Etalskingedaefaultd BBiog

Othgt defails ‘MH%&?%&%C%%%J & %%%%m(?% epyller spuetyre b Vy!ith

regard to the protective layer 3, its role in this caseis to protect” virtua

10 theskmnieg dhelemyival inforbyencs, (the ot rutteestuetirecesmdlths first

subsfeaioel dhomm:ibe sHsAnc e anesated duingdhe fslraeysling
step. WO 2004/019404 PCT/IB2003/004143 - 27 At the protective layer

3, S EERERES oM Erenbile Yriowd leieastbranss R RIcRANE-
selgativecsubstanceremavalunedes: cemoval afdhe matesiahofthe: way

overlayer 5 adjacent to fr}% rofective layer 3, the protective layer 3
for rf%dé“l%%é’r‘%?gﬁlﬁ?ﬁé e%%ﬂo%%?é bstance; 5 - removal of the

15 materiafofiizenpnoiactivey |ayexiSathe-canehaf the mteclayerl-fadjatent tot

the ive la min layer,stopping.the temoval of. sub

W B e TS iR
duri§riener feepeliigsard fitemeéy rreivvesthetient dings OvexaysriByer
thege is arlRyes L0:seppingihgremoval.ofsibstansaithe pralective layer

3 in the case of the first selective substance removal mode or the zone of

the TREPE &Y 6 VSIS thePSRBIEEHVE 1478 31 tHseige Sprpsoduced

20seconcrdiaieetive sobstansenasdavalodey Husaeling as a barrier to

30

Substan%%tctglen%mog %t}gg}}(dla&d tjane tgu s?t%zrz?:g Vgee}glying the interlayer &, the

recycling advantageously comprises producing a new overlayer 5, and possibly a
new protective layer 3 in the case where the latter has been removed (during the
second selective substance removal mode mentioned above or by a treatment
suitable for removing this layer 3).

These Jayers 5 and 3 may be grown in sifu or afier a minor step of finishing
the surface of the donor wafer 10 on which the growth(s) will take place, for
exampie, by CMP polishing, heat treatment or other smoothing techniques,
performed such that the dislocations and other defaulis confined in the buffer
structure [ don’t propagate, don’t increase in size and d.on’t create any slip planes,

stacking defaults or other defanlts which can decrease the quality of the buffer

structure [

With reference to Figures 7a to 7f, the various steps are shown of a method
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protecting the material of the buffer structure I. 15 Furthermore, it may be
advantageous that the protective layer 3 does not substantially disturb the
wiysaiellogsaphic structure of the directly underlying interlayes8s/aach oRs 43
not disturb the crystalline growth ofg¢he overlying overlayer 5, in order to
preserve the influence of the structure of the interlayer 8 on the structure
F BBy dPS UGG SR e R SFe B bl oME D *
aseaaingdepRenidhasya embosifeetsaiteabyddisoussedubdiatidly

said removal of the substance overlying the interlayer. 8 cling
d%%%@é%%ﬁ%‘ﬁg 5155@ gvﬁ s u&ﬁr%r% %eeg(\)/ (ﬁ)}%ﬁ%fe?ng, Rgﬁgﬂ&)%s ibly a
newwpiste ctittertdyrencd in Risicake ashbsieathé. lanter buffeheeysrapioviln

( rjarkllglhter}gise r%rilﬁd é\%lt? lyg substance removal mode mentioned above

S5d ) . .
or by a treatment sul Able for removing this layer 3). These layers 5

and 3 miy begpomtivisine shlhretn PRrspempcorTrmsHRigs e shrie of
the, dongrwaiakdlenweichithearahisidilbtake place, for example, by

CIvIP polishing, heat treatment or. other smoothing techr;tirﬁ%es erfo([;@ed
such tHaPHhEXERBREATBTECY G STABR dR RIS BHITh&T T e Butr
stuRiusevdar piapagate,don't increase in size and don't create any slip
planes,, stacking defaults or other defaults which can.decre ality
o tho DSt RO D S Do T i
stﬁ;ﬁpmeﬁﬁmﬂdi@&@mdohh@@? %M@IEQAO?L PCT/1132003/004143 -
28 of iaind gll.a, 1y aveoliers And ol (BHEINGICBREk waler ke 10,

comprising a protective layer 3, which uses a donor wafer 10 with a layer

stiesturessUssteavtelyoarpreal aodtibe dESBAtED BBBe Tith ks dAcEto
Figs ARdRGH piRiQre CampsgRin BlereRcRdo EigU e dkner

substrate 1, and a buffer structure | within 5 which there |s a protective
laest e fARE- e A Dmiesalsd S R Ot BROTBEIREATEr 3 takes off
a bufferyayendrandianagditenaidayehd tnutherhuliar sistctive igytm fhiss
exemplary methqd according ta the invention, an overlayer,5. e
a&i’gﬁaﬁb%{%aﬁ%ga??&ﬁ%ngola ?5{4'.& 10 @Fgr%ciﬁél gté{ %l I g%ﬁg%g%egh out
dutivigpthis methodtwilfrélatbucakimgoff hardf tsesanifitieaifigar. 40t

and LIS QUeUANRY B, IR SATE Wk AR gter structural
configurations of thé donor Wwafer 10, "
For this, the thickness of the protective layer 3 must be less than a critical

thickness beyond which the undesirable effects would be obtained in this case.

These four layers 2, 3, 4 and 5 have advantageously been formed by epitaxial
erowth according to known techniques, for example by CVD and MBE,

Tn a first case, at least one of these four layers is grown in sifu, 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 four layers is grown after a minor step
of finishing the surface of the underlying growth support, for example by CMP
polishing, heat ireatment or other smoething techmiques, performgd such that the
dislocations and other defaults confined 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 L

A method of taking off a thin layer is shown in Figures 7b and 7c.
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there may be several overlayers and the taking-off would then relate to the
overlayers and possibly part of the additional layer 4, or there may be no
Vayarapey4ols and the taking-off would then relate to only paPCofiH2003/664143
additional layer 4. Furthermore, it isoften necessary to have a fairly thin
protective layer 3: as already explained above, toqg thick a protective layer
3 couldt FfURHEE R PriserieeorF e St AT edfich
asogehefiatinglidefactayfon, oxample dglocationsuleechangasimntie taitice
p%ruasmggla_g 5. ﬂ2]0 cE:oirr thls é?@ thickness of the protective layer 3 must be
eSS thaR & chtical thickne %’beyond which the undesirable effects would
be obt3énead itethisquasehail brrsbefoprrisgdrs 2rQjedsacid 6 fvpie zone are
ageé@é}{@gg%_sly been formed by epitaxial growth according to known
techniques, for example by CVD and MBE, In a first case, at least one of

these fodi¥ihipsksicugrontiednSsiatt-eHi@e tpiwe® copripmrasioHedith threart
formaten.fhtbsURLeHYIRg growih siRROL, e laliss alpoheingndiis

case advantageously formed by layer growth. In a second case, at least
offSBapE sl TdaTTaler i ETb ARSIt ria HeHBPsHSp: ot ARRARNGSRomic

syptace ahihes RAGUYIRG ) Wi SURRAELIIPEEXBTRIS A GMPaRONSINRY,
heat tr%ag'gH ent or other smoothing techniques, performed such that the 30
digfech &Rfother defaults confined in the buffer structure | don't

propagatesotdretinteasmiivsizef@mingdarfitefdiresaye Sipcplaiigsy: least
stacking defaults or, other defaults which can d S lity of the
o R o1 s T R Poures
9b andf7e. vl 6047 0aD404 RETH BRO0SI084bxnz 29 ofcfirdt refetradl

taing it sStep of e IKENIRR CNGISE .Graaing adlagie.7one Rthe

additional layer 4, in order to carry out a subsequent detachment, and

thefdvespdha gy eravaedited i aidisiosblpeater i rddignmeblinsé:

operateghig.cieate sushaTagilgEoneane woreasRtedRerfy Avlralimed
technigue, called. Smart-cut(r)O, known to a person skilled in the art ,(a?d
KRB ORI iy BE TS BB G RS BTGk

tekhmigues for reducing wafers) consists, in its first step, in implanting

atomicyshegies (Such fs udrpgendonsl with o particular engrgv i glder
to create In this 10 way rag|1e zone. specon Fechnlq consists |
foPAmHgSafeigibinste rkusey ing otbutittad bgsturface of the overlayer 5.

The receiving substrate 6 forms a mechanical support which is rigid enough
to support the overlayer 5 which will be taken off from the donor wafer 10, and 1o
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 bending it thereon, in which molecular adhesion is
advantageously carried out between the substrate 6 and the overlayer 3.

This bonding technique, together with variants, is in particular described in
the document entitled “Semiconductor Wafer Bonding” (Science and technology,
Interscience Technology) by Q.Y. Tong, U. Gosele and Wiley.

If necessary, the bonding is accompanied by a suitable pretreatment of the

respective surfaces to be bonded and/or by a supply of heat energy and/or a supply
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one porous layer, as described for example in document EP-A-0 849 788.
The fragile zone advantageously formed according to one of these two
wecimiguesis, in this exemplary method according to the inventiemoos/oos143
created 15 between the overlayer fpyand the additional layer 4 or in the
additional layer 4. Where the overlayer 5 is thick enough, the fragile zone
myBEdBeb i ein. In particular, this is the case where the overlayer

5 consists of a stack of layers. With reference to Figure 7b, a second step
relating.to taking off a thin layer 20 consists, in attaching a receiving:
ubstrals (SR BT e b R S AR Sr S PHE Fodeiny S bsat
formlsainpestizinioatisizp porbwiditismigitbenough to support the
overlaygf. 5, Wixe0 Wil badpken of iR e depoiMAler10qaRd.l0spratect

it from any mechanical strains coming from the outside. This receiving
suPKFafbE ey e Pestinsp leasbyrrvis oTbINEdA GhaT g arsicols; eh

angsheriyneRfRattial, The receiving substrate 6 is attached by placing
it in intimate contact with the overlayer 5 and by bonding it thereon, in

which mBlEEREeuHhe Gt ARy HHAGR SO P RAPHE I Bt Hetife BT THE S
suhstrate 6 andchihe:ovacler he hisibgnaieg fecivlicisentdgtblerwiitily
variants, is in particular described in 30 the document entitle

e s W e A
Technioiodgidyia@ey ofl ey Q. Gusgete tnd Wiley the necdsgary, thesierred

bapging is;@66 gp@g RY:Asuitgble pretreatment of the respective
on

surfaces to be ed and/or by a 'supply of heat energy and/or a supply

WO 20080 195450 Ce/B200E/0 0% harsied Iprbpiaheadrmionaip et s,

foreampie.iRsL HeRIMeNbaBRIRMI VT RG Ahiystafter the bonding
makes it possible to stiffen the bonded connections 5 The bonding ma

also be'Bdhtremsaebyts BuAdRY fegmicun chmadisid) MserggmMeiiBelthe
OVEhISNRED ANE (BESININGSHRSIEASS) RavinscrRarticyary highr maleaitar
bo_ndir;l? abilities. Advantafeously_, the matari_al . Qrmi%%bggeo, onding face
of AR T RiRG SRR ARG B AhH/ Br S ATHERET S5 G ver
possibli-faimeds is felectsithlbycdid irshtading, i draatetdapeo dusebam:80io
struetire fram.the taken off Iayers the semiconduyctar ayenot 1ens Rheite
structure then being the over er 5 transterred

layer.

Detachment at a fragile zone according to one of these two technigues makes
it possible to take off most of the wafer 10, in order to obtain a structure
comprising possibly the rest of the buffer structure 1, the overlayer 5, any bonding
layer and the receiving substrate 6.

A step of finishing the surface of the structure formed, at the taken off layer,
is then advaniageously operated in order io take off any surface roughness,
inhomogeneities in thickness and/or undesirable lavers, by using, for example,
chemical-mechanical polishing CMP, etching or at least a heat treatment.

A post-taking-off layer 7 forms the pert, after taking-off, which remains
above the protective layer 3, the entire wafer forming a donor wafer 107 to be sent
for recycling in order to be reused subsequently during another layer taking-off.

The recycling steps are shown in Figures 7d, 7e and 71

With reference to Figure 7d, a first recycling step comresponds to removing



with or without part of the additional layer 4. Once the receiving substrate
6 is bonded, part of the donor wafer 10 is taken off at the fragile zone

vaseedheferehand, by detaching it. 15 In the case of the saigfskr003/004143
technique (Smart-cut(r)), in a second step, the implanted zone (forming
the fragile zone) is subjected to a héat and/or mechanical treatment, or

othtuslipplythé peserglininodfdeietd dethpbsiitdy thedvagi e prtachivtieycase
of3the said second technique, the fragile layer is subjected to mechanical
treatment or other supply of energy, in order to detach it at the fragile 20

layer. Détaksmaanpmichetragplenzebraisebstidicly 00 enwigbincteatient may
tephRBHe S A AL ROSS I ErR ke QmRstatdne paler 4R issordando

obtain a structure comprising possibly the rest of the buffer structure I, the
> oviddinrek layisy htatiy PRydkipmaeReteilinyBups AR 6P RMEEY of
finjshingnthesrfapapidhasincine famedvahthadaienotiayarsdisdien
adyantageously operated jn order fo take. off any suyface roughness,
AR R RUSE AR BT ey e S T
expopigiechentitatanechaitcabddlishingLME, dichiago ﬁ@tﬁé&ﬁd@&t
reaimEnt ARRsLiRKNg:fLIRYEL £ oM g Rethaltsrakinaroff, which
remains 30 above the protective layer 3, the entire wafer forming a donor
10 wafer 10itclse mepibledereeyehihel firderimibeirdinmeey stasdetianes o

dugingoanetberlayesifgkingsaffohle seayRling stepsiateshau i Figures
7d, 7e and 7f. With reference to Figure 7d, a first recycling step

coffeSHENaY - hEimawHY WdP2004/019404 PCT/1B2003/004143 - 31
virtuallyialkthe-pgstaking-eétjayer tapdpassibly yemominetheqy atechive
Iaye[ 3. Mechanical or chemical-mecha ii)g{al attack or a suitable treatment
may SOLs N ERe firersedn 850%%%6{1 Brter to remove part of the

15 rest of thétibrefticitienal Tayeest7ofatheiios heakirigeoftlayertch, quotsasds to

AUtRGK DY AR i%@&&’}p'x@s.s%’ﬁ%%hca'%"epsuﬁ Smisal elg i@%w@%ﬁ%é&i@&@&%&%&%

smoothng performed suc at the dislocations and other d

cohfifvat] bl fféth ShrstprstiddnTmpropaghte adbRwirdesest ikndigkan

angdany.create any slip planes, stacking defaults or other defaults which
can decrease the quality of the buffer structure I. 10 It is also possible for

several BItRESe hdis APoteHtycoratistk s dhrmsbeR ¢h 2 protective layer 3

20  where the latter was removed.
The layers are advantageously restored by forming a layer according to a
technique which is substantially identical to one of these detailed above.
The lavers 4° and 5° obtained of the donor wafer 10° are not necessarily
identical to the layers 4 and 5 of the donor wafer 10, it being possible for the donor
25 wafer shown in Figure 7d o act as a substrate for other types of layers.
In the exemplary method according the invention which has just been
detailed, the taking-off relates to part of the additional layer 4 and the overlayer 5.
In parallel, this example may be applied to a taking-off concerning only part
of the additional layer 4 (the donor wafer 10 not having an overlayer 5).
30 In parallel, this example may be applied to a taking-off concerning only part
of the overlayer 5, and the recycling then comprises removing the remaining part
of the overlayer 5.

In the exemplary method according to the invention which has just been
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be combined or to follow one another, such as for example a succession
of attacks by chemical etching and by CMP. In all cases, the first

VASYGIN@ Siep comprises using at least one of the selective pEbsi6S004143
removal modes discussed above, 15.With reference to Figures 7e and 7f.
a second recycling step corresponds to the restoration of layers which are
sufieiiatalvy Meiseie forenddelomaten estisen tsdroiferfakeng-otf ediliiamel
regpgestive formations of an additional layer 4' and of an overlayer 5'.
Furthermore, the restoration,comprises the formation of a protective layer

3 20 wHEVOHIE 1 e PRmBIP R B OB eRb s s lereser & R S tRIg RS HER 1y e

restéy ke dwd forming elayer acendirGdaisodechpigue which is

substantially identical to one of these detailed above. The layers 4' and 5'
obtanest dF I SOOI TS At e, TR fo 1S 1dyirs
4 doeh&dohtte ddfrostwafer 10, it being possible for the donor 25 wafer
shown iy Eigue; 76,10,A61A5.8: 3UORUAIR for.other VRS, Ol Ry Ste. In dbe
exemplary metch ac%orc?inga%e inven(f%log v?ﬁ&ﬁ:%‘f%segjlurslt een t:’:fetaileg,

the Heikiprg /8t elatsing parnef Wseadditibagil dydiieresid wve Bve fayapiby

In pay dhisisxarartermayie.applied to a taking-off concerning only
part of the additional layer 4 (the donor wafer 10 not having an overlayer

5). 30 Iri PEHERel, 18 BRAMBRATRATF B¥e dpiifeds teruceihy R CoTiBHIfg
onbnpast ekiheovadayer & pachihe secyciRgUen aampriseseaaeyingn
the remaining part of the overlayer 5. In the ex lary method accordin
to BRSO iR ARGt ol VRS0t A G anee Lo Tecsebn
PCTHB2003#304 148chiBR ofittaited | dhe protéctivpctayetts jsdecttedayer 3
be ffer | 2 ddit layer 4. Ohviqusly, this example
is %{gﬁ’%‘}gg SCI)% tgo gc%%rg% %h%lrge% %gé}rl%’%e%'\% ?a%?i 3 S%[cgge%gm thel
bufféRgayeE:2 or in the additional layer 4. 5 In general, this example

extends.ipitlie 65 WREKE MG RIGISCIEIRURS BiRr I0RaEddn NG BufRr it

structure |. The description of the method _acqording to the invention with
refEFEHTE (6° PyFeLyeS ¥ RULING BrofsHbrwATRr L S HBRh RIS Gt
cantaise be:gagilys rhesposed tofdanewalers 1 wiawriting in selective

etching of the overlayer 5 with respect to the protective layer 3 and/or in selective
etching of the protective layer 3 with respect to the intertayer 8.

After recycling the donor wafer 10 according to the invention, a method of
taking off a useful layer can then be operated again,

Thus, in an advantageous context of the invention, a cyclic method of teking
a useful layer off a donor wafer 10 according to the invention is operated, by
making the following succeed each other repeatedly:

¢ a taking-off mode; and
« arecycling method according to the invention.

Beifore operating the cyclic taking-off method, it is possible to implement a
method of producing the donor wafer 10 according to the invention with one or
more of the technigues for producing thin layers on a substrate, described above.

In the remainder of this document, we present examples of configurations of
donor wafers 10 comprising buffer stractures I, and capable of being operated by a

method according to the invention.
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10 - Figure 5 by locating the protective layer 3 between the buffer
structure | and the overlayer 5 instead of placing it within the buffer
witueldredsdine layer then being taken off at the overlayer 5, $he iakingnefh
of the substance for recycling ending in selective etching of the overlayer
5 with respect to the protective Ia'ye°’r “and/or in selective etching of the
protectivedayalad witkik speetitmiheidiuiencl batadciuredpadigurestiiy
agdiﬂ% anrgljr‘;;[%relra er 8 to the donor wafer 10 by locating it between the
blHer stractire T and the protective layer 3, the layer being taken off at
the overayeh&ethereniodial shstpsthposifioed eoyctingtetdingiingeléetive
ciehipg e vsuavees wiidspnechic g RIRalNG YA andlosls
selective 20 etching of the protective layer 3 with respect to the interlayer
Slalirsrsspeim@rni BenBrsvafer 10 according to the invention, a method

of taking-nH sursetubiaver ern REHHSOPSIAIRd AT MRS b able 1o
advantageous context Qf the invention, a cyclic method of taking a useful

|aPBEE S0 AR PSR ORI 5 the invention is operated, by 25

makindnkeifohovingmscoted @asbyether repeatediyfenltakiny iaffingoties
and a recl/sclj(gg methogm

cording to the invention. Before operating the
e AR Jo e s P B SR A

IS p 0 implementa "metho bre°
produpisgghe donor wafer 10 according to the invention with one or 30

more of the eshies of PIOCSGANAYSES O AGHISIA. desshed

above. In the remainder of this document, we prese%t examples o
configurations of donor wafers 10 comprising buffer structures I, and

capable of,bging,gperated kv ai.meihod,accarding indhenyaniian. M.
2004/019404 PCT/182003/004143 - 33 In particular, we will present

matefeliE A dhhexinaavantarEsis pive sine erdusliyvibinoboaiekacrLt

we hayemgeniaduffer structure | produced on a substrate | having a first

lattice parameter has, most, of the time, the prime function of having a
s Tt

second &I STAER b &P EFRRTAR Shalctie & pmat SR & BT PET Gt
comyitisesadiuffeslayal chanpkufght pessijertmaproniube st matchingaof
a Iatt{'ce (paﬁameter. The technigue most often employed to obtain a buffer
me iC CY.
layer %g}/lng IS
Thus, in this configuration, a buffer layer 2 will mainly be an alloy.

The atomic elements chosen for the composition of the substrate 1 and for
the buffer layer 2 may be of type IV, such as Si or Ge.

For example, in this case, it is possible to have a substrate 1 made of Siand a
buffer layer 2 made of SiGe with a Ge concentration changing progressively with
thickness between a value close to 0 at the interface with the substrate 1 and a
particular value on the other face of the buffer layer 2.

In another scenario, the compositien of the substrate 1 and of the buffer layer
2 may comprise pairs of aiomic elements of type IIL-V, éuch as the possible
{Al,Ga,In)-(N,P,As) combinations.

For example, in this case, it is possible to have a substrate 1 made of AsGa
and a buffer layer 2 comprising As and/or Ga with at least one other element, the
Iatter element changing progressively with thickness between a value close to 0 at
the interface with the subsirate 1 and a particular vatue on the other face of the

buffer layer 2.
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property is to have a buffer layer 2 consisting of several atomic elements
10 comprising: at least one atomic element which is in the composition of
whoessuhsate 1. and at least one atomic element, none or yery/titeH6o4143
which is in the substrate 1, havi_ng33 concentration changing gradually
within the thickness of 15 the buffér layer 2. The gradual concentration of
this elEheantipotiiebwifdd aybst2iwill 46 tfehmbifisdais SRS YraBUSN

%‘a%ﬂg&%ﬁé&%'%ﬁﬁ%&sa@%@ FiR/EheRUTRr IRy Sh2ibie A ARSIy

anner. Thus, in this configuration, a buffer layer 2 will mainly be an alloy.
2@mh@ioihic elements chosen for the composition of the substrate | and

for the Qufferayes: omav-Rankiiredd suerasisher Ge. For example, in
this case, it is possible to have a supstrate 1 made of Si and

layer ZHidge (EFS?IG@WS&’%%CE Ee‘ﬁ??%ﬁi‘&? Sﬁ‘érn\a?rt%sgﬁ)g?g?s%{e% with
thigkaesshesdeertavdluetioskte 0 abthefiiditard Wity thesubstiand 1
an]g%ﬁ\ 25 particular value on the other face of the buffer layer 2. In

an g?'scenario, the composition of the substrate 1 and of the buffer
layer TmayvodmpiiSaparstistamtimieflbnahesepnyiidaing, SL4vEs e

p%%%ib%ﬁ ﬁ%)@s%%@&&&%@ﬂ%@%sﬁmmma this case, it is

possﬁ% e ave a substrate 1 made of AsGa 30 and_a buffer layer 2

comprisiri§inecatsatothe &t B R BHE BRI SF el HE CTREPYER T the
elementicRanaing:progLesaively mithdhisknesnibainasive vhtidinpteto 0

at the interface with the substrate | nyd a articular&jvfa% on tlhge tﬂ,}eﬂm
famatER eV e 15578 O\ SS6% B 8RO BETA L TD003/004143 - 34
Theleempasitiorwhthe-gufstrate 1 and of the buffer layer 2 may comprise

(o0 00) (5 SPGB Bl e SHr e B i hrs
configoationssbyiibiadinsithreene xdrtipldeloaigutanypoeidte 6 Ho Rt Ot
Waf‘?@%%&“ %ﬁ}i}gx?ﬁ“‘?ﬁ&f@f Empde ph&l andgravfferdavars masle
of SiGe and other layers 6f Siand of SiGe. )
stndied combining agents such as HNOs; HNOH0,HF, H,504,
H,S0,, CH;COOH, H,0, and H,0, as explained in document WO 99/53539,
page 9.
« S2: selective etching solutions for SiGe with respect to Si such as a
 solution comprising HF:H,0,:CH,COOH (selectivity of about 1:1000) or HNA
(hydrofluoric-nitric-acetic solution).

s Scl: selective etching solutions for $iGe having a Ge concentration
substantially less than or equal to 20% with respect to SiGe having a Ge
concentration approximately equal to or greater than 25%, such as a solution
comprising TMAH or KOH.

« Sdl: selective etching solutions for undoped Si with respect to Si

doped with boron, preferably at more than 2 x 10" em™, such as a solution

comprising EDP (ethylenediamine pyrocatechol), KOH or NaH, (hydrazine).

Example 1: After recycling, the donor wafer 10 consists of:
- a substrate 1 made of Si;

- & buffer structure [ made of SiGe with a buffer layer 2 and an additional
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These wafers 10 are particularly useful in the case of taking off layers of
strained SiGe and/or Si to produce SGOI, SOI or Si/SGOI structures. 10

In this context, the type of etching solutions used differ depending on the
WOAEHA 8 or SiGe) to be etched. Thus, etching solutions cBpABREEA004143

etching these materials will be claS$ed into categories, by attributing an
i(ﬂg)@pﬁgr included in the following list to each category: Si: selective
etching solutions for Si with respect to SiGe such as a_15 solution
compridifgsktaeasshs st thendiehrgeshpearidicikomsiiset 2f an
(aremgBiumhyeaxidsd; oMot &RR:-or HNO3 or solutions currently being
studied combining agents such as HNO3, HNO2H202,HF, H2S04,

H2S02,CH3COOH, H202 and H20, as explained in document WO
99/53588 bty éaPer 200 S2rabbldet veGe tehicgsalivtignezfessBibeinvittrsing

respect to Si;such.as.a sqglution comprising HE:H202: GH3COQH
e R S A R S e G o
Sepngslactivdaantchirigwolutions for SiGe having a Ge concentration
substafiafly esshaf AL SAMEL 02090 MHR IESRERIIG IR 6:RaVING e

25 concentration approximately equal to or greater than 25%, such as a

seratotruesmbrriamneon e thoriiess, ashe: <ot Stdmingesrtish ity
uihd apedatwith-Lasppatin-Rl dapadinthdeiged preferably at more than 2

x 1019 cm 3, such as a solution, comprising EDP (ethylenediamin
pyrociﬁ%ﬁgﬁ% BERGLTIPAARES fﬁf@ﬁb%ii%% B VeDuies,
tReyeloripr wakeral (GGeonrsistsiofitiera stidtrdte idmadeon Sy, -aibufier and

S de,of SiGe wit uffer layer 2.and. itional WO
2%%%5%&%&??%%%%%%%%&%5%% lI]aef}lé{ﬁz%%r-1ga’[lg|c§%%?-'taking-off layer 7
made bhSiancoftSiOreol tchfuinmsit tbersidicof anthay Baybrsiafior talkmg
off PRI lANES PsIhg.bylfes layer 2 preferably has a Ge

concentration prqgressivel%éncreasing from the interface with the

substrAtés1 imistiey 8 mMake tHESES At GardmBtrtcingy agurent
explaineesalkaVveay be made to change in the next fow years.

The additional layer 4 has a thickness which may vary hugely depending on
the case, with a typical thickness of between 0.5 and 1 micron.

In the case where the post-taking-off layer 7 is made of Si, selective etching
of the latter with respect to the additional layer 4 made of 5iGe may
advantageously be operated, with an Sl-type etching solution, in order to take it
off.

In the case where the post-taking-off layer 7 is made of SiGe and where:

- the Ge concentration in the post-taking-off layer 7 is substantially
less than or equal fo 20%, and

- the Ge concentration in the additional layer 4 is approximately
equal to or greater than 25%,

selective etching of the post-taking-off layer with respect to the additional
SiGe layer 4 will be operated, with an Sc1-type eiching solution, in order to take it
off.

In all cases, the last part of the pest-taking-off layer 7 is thus completely

removed by chemical means, with an etch-stop at the protective layer 3 which thus
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The thickness is typically between | and 3 micrometers in order to obtain
good structural relaxation at the surface, and to contain the defects

jat ith 10 the difference in lattice parameter so that they are
‘@%ﬁge%@%gggdditional layer 4 is made of SiGe substantially F‘e‘?&ﬁééa“%%j"ﬂ%‘é“

buffer layer 2. with a Ge concentraiién-which is advantageously uniform

apghsubstaMiallyeedadie thakefiha-pulipriayerdiyeattael iriasace.
The concentration of germanium in the silicon within the relaxed SiGe
layer 15 4 is typically between 15% and 30%. This limitation at 30%

represerismaldypisdidiritatitngotibdcisr eafetelthiziguesadiatinalgideanade
tochande fndhe next fewyeats: dbs addiional laver diee aehickness.

which*may vary hugély dépending on the case, with a typical thickness of
béayes8rwiitndhe afaicdi®n. 20 In the case where the post-taking-off layer 7

is mad%gfp%@ﬁ@qugr qtehing:Qfsthe latter with respect to the additional

layer 4 made of SiGe may advantageously be operated, with an Sl-type
etching &g liRorder to take it off. In the case where the
post-takigeoH;layer 7 is made of SiGe and where: 25 - the Ge
concentration jn the post-taking-off layer 7 is substantially less than or
equal tbbfﬁ%',daﬂ?ii-sfhe Ge concentration in the additional layer 4 is
approXimeiitlye eguabdoinn gredtectwonizbdthsatectiveretehing df thade of
Pastialdng-oft vsrwih aspect o e addiional 30.8igedaver 4 wilhe
opera?ed, Wwith'an cF—%ype etcﬁlng SO|U%I n, in order to take it oft. In all
cabigpthe last part of the post-taking-off layer 7 is thus completely

removed,y ghemicalmeans, g@'&l{e&%t 3tapaldbe pratastlysiayseda
which thus WO 2004/019404 PCT/IB2003/004143 - 36 forms a stop.

laper gttty GR At FRRG AR Sataeitds He SRR B i shpgtantially
Example 2rAfRe caavslingihedenanwmieisifl s substantiahidestical to

that prese ted in exampje 1, with the, exlcepti of the presence oga
protectlié HihgAP ARG AR WA 16, "i‘%@%ﬁ#ﬁ%"’&?\?&’gﬁgﬁ {ORsists of.
- strain@HiSis especially the case where the protective layer 3 is located between
two layers of the buffer structure I; or between the buffer structure I and a post-
taking-off layer 7 made of SiGe; or in the post-taking-off Jayer made of 8iGe.
Several types of etching may thus be operated depending on the material of
the protective iayer 3:
- If the protective layer 3 is made of sirained S5i:
v the overlying part made of SiGe is selectively etched with an 52-
type solution;
and/or:
v"  after having removed the post-taking-off layer 7, the protective
layer 3 is selectively etched with an SI-type solution.
- If the protective layer 3 is made of SiGe with a Ge concentration
approximately equal to or greater than 25% and if the overlying layer has a
Ge concentration substantially less than or equal 1o 20%:
v" the overlying SiGe part is selectively etched  with an Scl-type
solation.

- If the protective layer 3 is made of SiGe with a Ge concentration
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- SiGe; or - boron-doped Si. 10 It will be recalled that in the case where
the protective layer 3 is made of strained Si, the thickness of the

ve layer 3 here must not exceed a critical thickness. Tqr; s, for
V&%ﬁ%ﬁe& I??r a protective layer 3 made of strained Si insertedl” %szv‘é}é’r?"““

two SiGe layers respectively havinga Ge concentration substantially 15

equal t%t%@%‘nﬂ?ﬁz %&%mP%&@a‘i%%@ﬁpkﬁﬁl b %%h@iﬂﬁg@ﬁ)%phas a Ge

nanometres. In a first case, the protective layer 3 is located between two
SiGe layErenRioRapRpEERis R de BERHHEPB D tive layer 3 is
located betweenfwadauarsidhal hdfosstialahsrert Igebeweepdhetive
buffer s ructgr,e | and a post- %ki%%-off layer 7 age of SiGe; or in the

post-takG- oSS EF R Ed & SR 3% Wﬁﬁ%‘bé@bf etching may thus
be opénaseataiepensinghemptheaiatdezrdf itheretebtivedayer Bndetlyang
p ive | 3{{ ade.of strained Si: / the overlying part made of SiGe
isgzééegéﬁﬁlreﬁgég{%ﬁedr%{%eggégf'type solution; 25 and/or: / after havin
removébiite poseitdivinbeotiaybile, prdepisrelaive Slaydecains SeRiesvel
eirhed with.a0 SlHYRS.SQIuHL: o#f HePioleCchivRRNE! 3 Is:masiefiRiGe
with a Ge concentration approximately equal to or greater than 25% and
DU a5 A SGB BB A BRI B SR or
eqyat lPa)s; [#he overlying SiGe part is selectively etched with an
Scl-type solution. If the protective layer 3 is made of SiGe with a Ge
conceN RS SOUA GO DTSR S 7 Lo
less thetnctrelual 10 20% and if the underlying layer has a Ge
concentgation approximately. | ta-ar greater. than 25%: / after having
ﬁ% prcp£{gre.?§§_e§f%/ fg 91%%9 _551% &%%% 8.

removed the“post-takin ayer e protective layer 3 is selectively
etched with af Sbktyperkinatioh.iBinia sdediidlzasehedepibtantiva tdyes 3
is locategjpetween an underlying SiGe layer and an overlying Si layer.

- If the protective layer 3 is made of SiGe:

v the overlying Si part is selectively etched with an Sl-type
solution.

- If the protective layer 3 is made of SiGe with a Ge concentration
substantially less than or equal to 20% and if the underlying layer has a Ge
concentration approximately equal to or greater than 25%:

v'  after having removed the post-taking-off layer 7, the protective
layer 3 is selectively etched with an Sel-type solution.

In a third case, the protective layer 3 is located between two Si layers.
This is especially the case if the proteciive layer 3 is located between an Si
| interlayer and a post-taking-off Si layer 7; or in the post-taking-off Si layer 7.
Several types of etching may then be operated depending on the material of
the protective layer 3:
- If the protective layer 3 is made of B-doped Si:

v the overlying Si part is selectively etched with an Sdl-type
solution;

- If the protective layer 3 is made of SiGe:

v the overlying Si part is selectively etched with an Sl-type
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This is especially the case if the protective layer 3 is located between the

buffer structure | and a post-taking-off Si layer 7; or between an SiGe

[ %'@fg%ﬁ) 4and a post-taking-off Si layer 7; or in the post-ta&qﬁgd%&& 3
etween an SiGe 10 layer and an Si layer. Several types of etching

may then be operated depending d¥Bthe material of the protective layer 3;

- If the Ry ligo%ive layer 3 is made of B-doped Si: / the overlying Si part is

selectively etched with an Shec-type 15 solution; - If the protective layer 3

is mad@sdsTrSiGe: / the overlying Si part is selectively etched with an

- Si-type  solugion,geif they otartive lavglos-inmaderof5ise, withppoteative

concentration, 20 substantially less than or equal to 20% and if the
underyiBi§layertetiet sidsh e atrmtaproXiitately equal to or greater

than 25%: / after having removed the post-taking-off layer 7, the protective

layer 3.is selectively etched with an Sal-type.solution. In.a third case, the
prote%@gﬁ% %‘%sg 115%{35[{231 Fre v?/ggxﬁo v‘v"’of?% Pa%yceorrés.lggq?his is especially

the casenifSilsebpmatedtive layer 3 is located between an Si interlayer and a

post-taking:off Sl IAVEY 17wk IIRRRHHNINAOI 24 18 G dii RAVEEALMPES

of etching may then be operated depending on the material of the
pfotective layer 3: - If the protective layer 3 is made of B-doped Si: 30 / the

overlying3iParhis-seleciivelyeichaswitian Sd-bupes spleanyedthrer
pratective layer 3 i1s made of SiGe: / the overlying Si part is selectively

eterieg WA iSO 2004/019404 PCT/IB2003/004143 - 38
solution; randéare/ Aftarnkavsgy emevded theppast:katingiof tayer 7, the
protective layer 3 is selectively etched with an S2-type solution. 5

The buffer layer 2 preferably has a Ge concentration increasing progressively
from the interface with the subsirate 1, in order to make the lattice parameter
change between that of the Si substrate I 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 dbout 100%, or more precisely around 98%, for complete
agreement of the theoretical lattice of the two materials.

In a first scenario, the selective chemical etching of the post-taking-off layer
7 with a selective etching solution, such as a solutien comprising citric acid
(CeHgO7) and hydrogen peroxide having a pld between about 6 and 7 (the
selectivity coefficient typically being 20), makes it possible to iake off
substantially all of the remaining post-taking-off layer 7, the protective layer 3
behaving here like an etch-stop layer.

In a second scenario, after removing part of the post-taking-off layer 7
overlying the protective layer 3, and for an aluminium concentration in the
protective layer 3 greater than 20%, selective chemical etching of the protective
layer 3 with a selective etching solution, such as a solution comprising diluted
hydrofluoric acid (between about 9% and 48%) (the selectivity coefficient
typically being between 350 and 10000), makes it possible to take off virtually all
of the protective layer 3, the underlying post-taking-off layer 7 behaving here like

an etch-stop layer.
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Example 3: After recycling, the donor wafer 10 consists of. - an Si
substrate 1; - a buffer structure | with an SiGe buffer layer 2 and an

W%&H?B@ 4&e layer 4; 10 - a post-taking-off AsGa layer 7 W@?Q;@BEEH?;J&& 43
ctive

rest ot an overlayer 5 after taking off part of the latter; - a prote
AlGaAs layer 3 placed in the post-taking-off layer 7. The buffer layer 2

preferablyas 265 I REALAIRINSIRASINIPIRYTRSHYElY: 4R Eemtitr

interface with the substrate 1, in order to make the lattice parameter
chibiph i sElde Amarotitrestpativdibn e ririekine Briaver dnd dnareye
layepihieb@bisyepdl, in the buffer layer 2, the Ge concentration is made to

progress from about 0 tQ apout 100%, or more precisely around 98%, for
compl &l BT SHSHIG iR AR JBRETET AIRARS f%ﬂ%t?%égﬁ?'ﬁ ééials. 201na

first scenario, the selective chemical etching of the post-taking-off layer 7

with a selective etching salution, such as a selution. rising citric acid
(C6H8%%?52%%1ﬁﬁ%rgrgﬁrgé?%k?éﬂe%oggfr%a%rpﬁﬁfégﬁﬁgﬁp about 6 and 7
(the sekrestidtipcobffiviamisippietisaiieing 201 nraKkes iitbéﬁ@fﬁﬁéetb"tﬁk@%ff
sggﬁ@@%lhof the remaining post-taking-off layer 7, the protective
layer 3 25 behaving here like an etch-stop layer. In a second. scenario,

after rerfidensgpaaiornEs sEusarmEda L& - Vraisil the protective
layer 3, apekiasiagualeminivm GnGetEal oV theepbiagtvedaysn@s the

greate thar;ﬁ%O%, elective chepical etc?i of the protective layer 3 with
TS B0 Ry COICk dh Gen P S31 ol KBimprising diluted 30
hydrofluoric acid (between about 9% and 48%) (the selectivity coefficient

typically, being between 350 and.10 i j - off
virtuall?(héfl Ip%%%geﬁﬁ)ﬁeoctﬁlnes %1;/%?;33 %Slluge%ﬁ llj%}] g ?ﬁ%n@%ﬁ%ﬁ@é&?@% aygtre3 r7
behthingiasné dilibe arcdtoinsidphaseronic ot ol 8xey 5.87 angstroms) to

P&I{1B2003G0 AR 752 I SEE0AEIRs Udgshessiple to make two

selective etchings succeed each other in order to remave at least part of
the poshidRiNgLbHIaY erateaiali1ane Mo vempE prdmlite 1 M. Fidtn thfer
st 1kis thpenpresemvrtvane jsaoampletelymecyalednductor market, less

fragile mechanically, a material from which the use of technologies with contact
by a rear face is better known, and whose size may reach high values (typically
6 inches instead of 4 inches for bulk InP).

All the benefits which can be offered by such a donor wafer 10 is therefore
seen here: this is because it makes it possible to produce an active layer of & l1I-V
material to be transferred with a particular quality and particular properties, which
may for example be close to properties that would have been found when
producing the latter material in bulk.

Ina particulér configuration of the donor wafer 10 before taking-off, the
overlayer 5 before taking-off comprised InP to be taken off.

Since the bulk InP has a dimension generally Himited to 4 inches, the donor
wafer 10 gives, for example, a solution to producing an InP layer dimensioned at
6 inches.

A buffer structure 1 for producing such an overlayer 5 requires a thickness
typically greater than one micron, and which will be made to change towards

greater thicknesses, especially if it can be recycled according to the present
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Example 4: After recycling, the donor wafer 10 consists of: - a substrate 1
comprising at least one AsGa part at its interface with the buffer structure

l; -zat Alleaiss‘:&aart of a buffer structure | made of a IlI-V material; 10 - a
%%s?f{a{&lng-oﬁ layer 7 comprising a Ill-V material which condiitdBR 04143

rest of an overlayer 5 after taking-off,of-part of the latter. The prime benefit
of this buffer structure | is to match the lattice parameter of the material of
tﬁ%v%wgﬁlfayer 5 (whose nominal value is about 5.87 angstroms) to 15 that
of the BeGai{uwimdsereiiediniglacisaboup G651 dngstdrrsyuth theWik

1P terials co ' u o.hul the | i S
e et 8 MRt

y

freegréoinbierzembli e, roenstdtia lhastpoindl tisrusking eEchputebibeysith

co nta%d%é%ﬁ@%%%&%&ﬁé@dﬁ@% anRdpubaseriae: My reashshiaty
y

values (typica 6 inches instead, of 4 inches for bulk InP). All the
b¥HBEATRIER Haf SersHErEP DS EBRR EHETIARE 255 Hdrefore seen
here: this is:ffecausadia akasfiirpessiigiodindudeianidaimet ayeie affa
|-V, material to be, transterred with ticular quality.and particular.
pir@éértrlréas%?%%icﬁu?}ﬁa?ﬁfo&rn g)%gr%pcire t%é%?%ss’e Fc’)l%roape%%sa%%? é‘ﬁfbf%a%tve
beerdommabiche 25piodeaniagsthe latter material in bulk. In a particular

confioyafianel R daneLIeler 10 BeRoscdRngsalhu e OY SRk Rona

before taking-off comprised InP to be taken off. Since the bulk InP has a
dinyensivil deridremg finmimderdoimsiad! ihe HEavineasTes-gives, for
exampig,isQitien (esBIREuC iR day ldimansianadraticf dperties

inches. A buffer structure | forgprodu,cing such an overlayer 5 requires a
tHFERHBS SRRy BradpsenE B #hicron, and which will be made to
changgipviails cgec dte ethiclapEsas raspdaialyddifieah lberdaykledoft is

acc%rdir} t‘?:the presen O 004/019';1&(%l RCT/ 82303/9%%§n3tﬁ41 ster
a

. made.of IntraAs o of . S FReEEgEIS diScontinuities g

invention.” The epitaxial growth technique usually operated to produce
sucheddafféinBtecetarenpisviur thermoie pabilciga ity thiffidelt dithexpensive,
1S IR EoRENRIRAL B AR I IBERY D ';@tgsg%zp,am%ygaﬁgma
taking off the usetul layer. 5 Advantageously, the buffer structure |
cOprrsesraTBdfeiryasr R d b sistirgie.

Typical applications of such layer taking-off are HEMT or HBT
{(“High-Blectron Mobility Transistor” and “Heterojunction Bipolar Transistor”,
respectively) production.

Chemical etching solutions, which may be selective, suitable for removing
some III-V materials with respect to other I1I-V materials will advantageousty be
used during the first recycling step.

Thus, for example, in order to remove an InP post-taking-off layer 7 without
removing an underlying InGaAs layer, selective etching of InP will

advantageously be operated with a solution comprising concentrated HCL.

Example $: After recycling, the donor wafer 10 consists oft

- a substrate 1 comprising AsGa at its interface with the buffer structure I

- a buffer structure I comprising InGaAs at its interface with the post-taking-
off layer 7;

- an InP posi-taking-off layer 7 which forms the rest of an overlayer 5 after
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of InGaAs with an In concentration changing between 0 and about 53%.
The buffer structure | may further comprise an additional layer 4 made of a
vsl,r”'\z{; &a’%grg%l, such as InGaAs or InAlAs, with a substantially constant
COREENAHSN of the atomic elements. 10 In a particular takiﬁ&gfpég(?é{fﬂ‘”“
the InP overlayer 5 and part of the agiditional layer 4 will be taken off in
rder to transfer.it to a receiving substrate. Thus it will be possible to profit
%%%lnn%ﬁi?/ygfgc??iglaﬁ%?%rectronic properties existing between the two taken
off materigtgcThis isxtte asuicfof dreapiésifthe Pantobetecar ditomast-

l2yen 4 IBHaR. Offis: AR Made ol G s.qn afdnAlAsisleckaRieband

discontinuities between the latter material and InP create improved
electronic mobilities in the taken off layers. Other configurations of the

donor maferse 42 dgoPassiblf GamPHSIOpRIRREMI GO RAWNdsI BUeknas
InAlAs or the like. Typical applications of such layer taking-off are HEMT
ogeﬁ%%’e%’(ﬁ‘ f‘%ﬂﬁeotron Mobility Transistor" and "Heterojunction
Bipolar Transistor”, respectively) production. Chemical etching solutions,

which may.be selective, suitable for removing. some [11-\.r1 I '
respoll BN SR mn e oo Ao B PR ree R WD
firstidryciies Breptd8ngoditfor exgples ivbititer compriseiieldh mpkes it

PRsIsiRkInG -Oif Jaye A WO Ul TeMRYING AN HRAGEYINGINGRAR Y S, the
selective etchlngéof InP will advantageously be operated with a solution
CBivIBFEYR drEenc BrtpaiBg hae LI e AR SR recy cling, the donor wafer

10 CONBiat5,Blnd0cc A SUDBHAR A ST RN GASB a2 U0 laifoo wilkrthe
urre, Stru ture I; -a er §tr Ctur_ comprisin n S ts Inter ace
joi g e Lk A L I e € S

IC
fasmes thevigshofdmibue dayirssaftaiody Gu2004/01840don comprising Ce™

PG T/B2003/004143 .- 41, taking O rt of the latter; -.a pr tive | 3
R LA R R el RS DR
thradsufferestre oratectivoddmetiebpbastitaking-biel ay sick- 9T l¥ctype of donor

wafer 10 wihAULRRiRIeRvE IR AeRd beaRiflssorbed he
example 4.
ano’th%r in order to remove at least part of the post-taking-off layer 7 and to remove
the protective layer 3.

The buffer structure 1 is thus preserved and is completely recycled.

Example 6: After recycling, the donor wafer 10 comprises:

- a substrate 1 comprising AsGa at its interface with the buffer structure §;
- a buffer structure I comprising InGaAs;

- an InP protective layer 3 located on or in the InGaAs.

Tn a first scenario, the selective chemical etching of the InGaAs overlying the
protective layer 3 with a selective etching solution, such as a selution comprising
Ce"Y H,804, makes it possible to take off virtnally all of this material overlying the
protective layer 3, the protective layer 3 behaving here like an etch-stop layer.

In a2 second scenario, after removing the InGaAs overlying the protective
layer 3, the selective chemical etching of the protective layer 3 with a selective

efching solution, such as a solution comprising HF, makes it possible to take off



10

20

In a first scenario, the selective chemical etching of the post-taking-off
layer 7 with a selective etching solution, such as a solution comprising
“I,-J)Fz m%)( gﬁ]it 10 possible to take off virtually all of the remai}r;'n B2003/004143
post-taking-off layer 7, the protective layer 3 behaving herelike an '
etch-stop layer. In a second scerari@, after removal of the part of the
POSt-taking- | r (| i
O T e
sethirvRg Satnliks anstbitibw &miprising Cel 15 H2S04, makes it possible

to takg:i wrwalmallPfithe RIciseting xetRdig laxsmdindarlyiaadtaae
protective Iager 3 behaving here like an etch-stop layer. In a third

SERHAHIIN P By P TR s e e temmG e Reekssl riay er -
anothén inodeidontemavRaideasidpad of thes pestdakingif leyepohans
tc}%n re ((gvag1 d‘é e, gr}%ective Ia%yer . 20 Tthe buffer structugaeagi{i)% tsh%gta ‘all
preserved and is col?ﬂﬁ‘fle éys rceaéy% ed’ Example 67ARer recycﬁng,?f‘ne v
dsnothwafer apadompiides: marsylasicaterlly corprismycAs@Gamidss theerface
wgqqlgpg @%ggrtﬁg&%%g &degt&puffer structure | comprising InGaAs; 25 -

an h P protective layer 37located on or in the InGaAs. In a first scenario,

the sefgefille dhensrestitéripRien the MACERES & Iying e pretsetve an

|ayesrdatibh: FSelaCtve AINEG:SO MHAN o BHEI-AR @3 alUtien QRBRMaRBles
C%‘V H2S04, makes it possible to take off virtually all of this material
0

oIkt RS g HbR Ry arsC tAlosF e Y 1dleY dlogh&Fng here

like antetabuiidp keyeitidh hsceonditsenaipbatiarare mauing thainGa s
ovglzing thqe rotective layer 3, the selective chemical etching of the
Fote erla?é

protecltgv % with a selective etching solution, such as a solution
compriSingiRntriakegiitpossiblintoddketsff W OrRQOHEIE 940R: layer 2 or
F’S&Héﬁ@9&@941ﬁ§,iﬁg4ﬁ]e\;ﬁ}ﬂﬁéhbﬁﬁlwéﬁh& RIRieRieARY R R alRERAS

underlying thgé:_})rotectlve layer 3 behaving here like an etch-stop layer. In
atHivgEchraieiatas seusipes mitnibtaretareretinnglits sareederomut
apeiheliasatdar i euRmovernat PhARE MGANS1BRULATRIMOVR 1hest general
protective layer 3. 5 In the semiconductor layers presented in thi
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aigaebdmconcentration substantially less than or equal to 50% or more

g3?;:'](?;]1@5%&1%@%Oﬁge%p}:[r%{)a?n!:%s%ﬁgza[t]agxrnge—gﬁala}:gg 200 IS 8L
SGOY, SOI, Si/SGOI structures, or to structures for HEMT and HBT transistors.



Finally, the present invention is not limited to a buffer structure 1, an 10
intermediate layer 8 or an overlayer 5 made of materials presented in the
examples above, but extends also to other types of alloys of IV-IV, IlI-V,
[I-VI type. It should be specified that these alloys may be binary, ternary,
quaternary or of a higher degree. The present invention is not limited
either to a recyclable buffer layer 2 or 15 buffer structure | having the
prime function of matching the lattice parameter between two adjacent
structures with different respectiieiRitite parameters, but also relates to
any buffer Sayer 2 or buffer structure | as defined in the most general
manner in the present document and which can be recycled according to
the_ inventiond2Q T hecstiugturesifinallywahiaingdrafieritaking-eff afe motleast
of Dite PHRRE [ SR oS RN SIRHENIEROF ARHMRNRSBor water
ENIT and HBT transistors. - 43 - CH?AgMS 1. Method freé_:?;;clln .a
B MRISPREN ey TARGFSH At TALSE HE'CRBR P eFars diataiglt @
ugtiobkmeirohs swihivberiuptsingessas ofisehdbmer Walley sidsrmibiisiAepor wafer
vilgearsivahs asubstratecachutieestdiiienntebefaw dakingsotine, at least

ARRt el melled spmnang rRmoxal ol shbetaree e Al be
the donor warer where the taking-off too%}l%l?ce, c}ﬁaract?fzed in that,
Iete ?éﬁ%\’ﬂ%@f@ﬁ%&aﬁ%&s FEREEL B H or e Sfucture remains,
this at least part of the buffer structure can then be reused as a buffer
structure for a subsequent useful layer taking-off 2. Method of recycling

acegordingio the preceding %@é&ﬂdﬁ%ﬂ{@%iﬁ&mg atidaglorgtaking-0ff in

the huffer structure comprises.a buffer layer and an “additional layer, the
ﬂéfﬂdl 6 5‘?%@%1“%%?\; n_grt:?l-e aﬁﬂ?&%né@%ﬂfﬁch@%@% e%o%‘éﬁe o & nEaiann}gl an
addfbens! ndlotheapdditaoel|lnyivehgaaeter which is substantially different
from thakefshehrbdsizaie:. coMthoehbnfhie dyéting acdrding to one of the

preceging.¢'aims: nﬁﬁﬁ@%ﬁ%&% in (et ihe femerelok SHSTRACS: the

comprises the removal of part of the buffer structure remaining after the

1ﬁ@jt-eoﬂ‘. 4. Method of recycling according to Claim 2, characterized in
that the removal of substance comprises the removal of at least part of
thes addiNonab deyereaeitiagningpafies takingedfthe preceding claims,

characterized in that the removal of substance comprises the removal of part of the buffer
structure remaining after the taking-ofl.

4 Method of recycling according to Claim 2, characterized in that the
removal of substance comprises the removal of at least part of the additional layer
remaining after taking-off.

5. Method of recycling according to Claim 1 or 4, characterized in that the
removal of substance comprises the removal of part of the buffer layer.

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

7. Method of recycling according to the preceding claim, characterized in that
the thickness of the overlayer has been chosen so that, after taking-off, standard



5. Method of recycling according to Claim 1 or 4, characterized in that the
removal of substance comprises the removal of part of the buffer layer. 6.
Method of recycling according to one of the preceding claims,
characterized in that, before taking-off, the donor wafer comprised an
overlayer which comprised the useful layer to be taken off, and in that,
after taking-off, the removal of supstance comprises the removal of the
remaining overlayer. 7. Method of recycling according to the preceding
neiclioncharaste fizedvtha stbetthicknessaohislove mages as beeperated
of RaseR-aayvthatraiiendaking -0t stendard wirouneshrfigalmeans fiim the

br%@ovin substance, such as polishing means, can be operated on this
UTTer stru tgre.. . .
overlayer during the removal of substance, without removing substance
from the buffer structure. 8. Method of recycling according to the claims 2

angl 6MhRsdcierizediin hebtisgthickaelhef hawdectaysnanadlie that the
ihicknessaf the-poditignaldaverhayeReemehoasnSar thal e thosen so

taking-off,.standard mechanical means far removing substance, such as
e R e e R i o
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thedouffel Hymb@vethodoftrecyclimg acestrdiegftoromiecdfutier paperding
claims, characterized in that the removal of substance comprises
chemical etching. 10. Method of recycling according to one of the
preceding claims, characterized in that the removal of substance from the

doRorMelfsd«tinstisiaesieiieednensicAlthstermiing cliathadasteterized in

theyeliag@aetof dingtdocthe oipiive 2cleharakterited in that the removal of
substance from the donor wafer comprises a selective chemical etching of

the materjal included.in at least part of the additional layer relative to the ,
buffer YASEPILS IRAETHEE %@%@9&%@8@6&?&%&% k. 1%%3#&8%?%@8 fi
thaetheernerabyiaiulstansh Stamdbefdonptnaldoroniviate sdeptivE sbsmiselective
cetignpical etching of the first material included in the remaining overlayer
relative to the buffer structure. 13. Method of recycling according to the

pregeding claim, characterized in that the, donor wafer comprises: -.a
it i et G EAR e B .
raresE e Gh A TR BrloBNG R SRIRAESS wiRreE ohamera yidiiReo!
thnohaieriSriny By lmyee temizpeatob thet hddbiofiek Ilmyerelative to the buffer layer.

12. Method of recycling according to Claim 6, characterized in that the removal
of substance from the donor wafer comprises a selective chemical etching of the first
matetial included in the remaining overlayer relative to the buffer structure.

13, Method of recyching according to the preceding claim, characterized in that the
donor wafer comprises:

- a substrate of Si;

- a buffer structure comprising an Si;.,Gey buffer layer with a Ge concentration x
increasing with thickness between ¢ and a y value, and an Si1.,Gey layer relaxed by
the buffer layer.

14. Method of recycling according to the preceding claim combined with one
of the Claims 6 to 8, characterized in that the overlayer comprises SiGGe and/or
strained Si.



14. Method of recycling according to the preceding claim combined with
one of the Claims 6 to 8, characterized in that the overlayer comprises
SiGe and/or strained Si. -45 15. Method of recycling according to the
claim 13 combined with one of the claims 6 to 8, characterized in that y=I,
and in that the overlayer comprises AsGa and/or Ge. 16. Method of
recycling according to claim 1, characterized in that a protective layer is
further present in the donor wafer so that at least a part of the buffer
structure underlies it; the material of the protective layer being chosen
froy crystalline,matstinky skebrthal Regpsamiemoying sl sianceasiafe

c e%ﬁhm RRWer V\ﬁhl%gte'%r aﬁe%anchgtl Iy djfferentforfhe ma %rx'f*@rlgyetpecom 1‘1568

rotective la material of at least one of the two adjacent
%%%?%{ﬁa 1s is able to operate a selective removal of substance. 17.

Method of recycling according to the preceding Claim, characterized in

tth Clld% Iattlc parameter of the.m ter | of the rote tlve layer is
Betarl Y rEN BB TS B e P BE g T eine
1@:@ illﬁ thiatitie protetive |Bferdfdinshdudh t&pe ﬁﬁaiﬁwte@sﬂéﬁnwf the
stffinestdoytthe undiedytag layehel Srivtettabd af rdeyclingacoerdingeto damg
abts %p&mm GlaiMsa ChMRaiRiZaehin that theRratectivaAvehis ign

ea%bug%(m%% & 19bswm&h§ ﬁ?é’&'fb? ey ding, 9 n&?{g é@gm&aye;

tenzed e protective ayer iS |

thepelpr sy RO oR 5&9&%@ i gl eairPes AR operate
chrieatierizethinithasthetprotective Iayer is between the buffer layer and
the additional layer. 21. Method of recycling according to claim 16 or 17

an@ﬁ'ame%o Bﬁr&%?ﬁ é%a@&[ﬁ@t%@%@@%\fd%ﬁréﬁMﬁ%ggﬁmhe

layer. o of recycling accor? gto one of, ims 1

m%&%&&wﬁramsﬁh%f B 0P PSS OB SO 23,
difettzotiionrdas ity a@m@rmg)f@tweq@rbfmlnmmm,néh@tr@@tmwwlwr
oparatione @ belaative desovd ebmateriatiaf thezeneaxestying the
protective layer, the protective layer being thus a stop-layer to this
rerrl]g.vall\g[fefgg& gy Ibe%tvac fneg according to one of the two preceding claims,
characterized n that the protective layer is in the buffer structure,

19.  Method of recveling according to claim 16 or 17 and Claim 2,
characterized in that the protective layer is in the buffer layer.

20.  Method of recycling according to claim 16 or 17 and Claim 2,
characterized in that the protective layer is between the buffer layer and the
additional layer.

21.  Method of recycling according to claim 16 or 17 and Claim 2,
characterized in that the protective layer 1s in the additional layer.

22.  Method of recyeling according to one of Claims 16 and 17, characterized in
that the protective layer overlies the buffer structure.

23.  Method of recveling according to the preceding claim, characterized by an
operation of a selective removal of material of the zone overlying the protective
layer, the protective layer being thus a stop-layer to this removal of



24. Method of recycling according to one of the two preceding claims,
characterized by an operation of a selective removal of the material of the
protective layer, the zone underlying it being thus a stop-layer to the
removal of substance. 25. Method of recycling according to one of the
two preceding claims, characterized in that the selective removal of
substance at or near the protective laygr comprises selective mechanical
attack; the material of the protective layer being chosen from crystalline
suiateriads such that mechanical means has an attack power substantially
different for the material of the protective layer than for the material of at

leggt Or}@r&fu’a'a%?’}’&gﬂlﬁ@%’&%ﬁﬁﬁg Auhdbisi ale &Q%gtaaﬁglect've
mechanica| . attack Method of fec cI| a cog%lglggto thelgfet%e ing

O EHA lc}e%]z%efﬁqﬂ%rp A& ‘é‘fé HiSLR olishing,
poissibly lepm bhaaangithdglkyinetibbeig &WW\}@’%/@P epemRatetching.
sAbstethod of recycling according to one of the claims 23 and 24,
characterized in that the selective removal of substance at or near the

pr tectrlx/i %éa CBP lses a selective che0 a tetchr Z;pe m ter;sal of
pro S 8 Sihy CHOLER" oorr?%?y ?néwﬂﬁteras Gchthat one
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dhepistestivetiayerthan ddrdbe imédte nalofa b idasponeofthy dtnezgnes
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8.. etho rec clin cor Io the Cefi claim
gf’gﬁ fﬁ?’f Hah TS ac {1 Pt ¢ matehaf of at

Tanical s pro ective layeris
b@%@l@@f W%Wrﬁ@fﬁﬁﬁ?éﬁw e ﬁ@r&@m}&e Eh@r»ﬁré@r eielsety sansshgpnical
ampiement a selective chemical-mechanical planarization. 29. Method of
recycling according to the preceding claim or to one of the claims 10 to

har in that the etck sele vrt tween.the etch ateria

v R b e SR e
@ét@ﬁ%‘ﬁé@@%@ﬁ%éﬁ%ﬁ%ﬁ@@ﬂé‘%@ﬁdﬂ?ﬁhb’ﬁéﬂ?ﬁ&d “ﬂ% dfwﬂon of
mmafetialscaneddifferentical etomaof the two materials is doped; or -47- - the

two materials are substantially identical, but at least one atomic element in
ongmalg ol S FAIOIESNESNIANIIEN. 5 lsieqialydiferen
from ‘that of the samé atomic elem

characterized in that the selective removal of substancc at or near the protective layer
comprises a selective chemical etching; the material of the protective layer being
chosen from crystaliine materials such that one etching fluid has an etch power
substantially different for the material of the protective layer than for the material of at
least one of the two zones adjacent to the protective layer and thus is able to operaie a

selective etching.

28.  Method of recycling according to the preceding claim, characterized in that a
mechanical attack of the protective layer is operated in combination with the selective
chemical etching so as to implement a selective chemical-mechanical planarization.

29.  Method of recycling according to the preceding claim or to one of the
claims 10 to 12, characterized in that the etch selectivity between the etched
material and the stop material which "stops” etching, is obtained by employing
determinated etch chemical species and by the fact that:

- the two materials are different; or
- one of the two materials is doped; or



material; or - the two materials have different porosity densities. 30.
Method of recycling according to the preceding claim, characterized in
that the etched material and the stop material are together one of the
following double-materials set: etched material stop material Si doped Si
Si SiGe SiGe Si Sit_XGe, Sir..Ge,,, with y # x 31. Method of recycling
according to one of the precedingaiaims, characterized in that it further
comprises a step of finishing the surface of the donor wafer after the step
of removilG b SEER 1 HE GBHEN WARHIS3: RAbHORrS1PRE LTI
accordingltoente iof the pretedinasiaimsioohiarsctednedtiontakiearther
compriseghaiigidiestep-af femewiner subsianee fianaldhentpnos water, a
step of fonrqry[i&%iaggr on the side of the donor wafer where the removal of
substance took place, so as regenerating the donor wafer. 33. Method of
recyclingireaosdingtnine R aegeing stediaadnemesof the claims 4 and 5,
characterized in that the step of forming layer comprises an operation of
forming a new part of the buffer structure aboye the remaining part.of the
puftab StrORT S4Bt SPTRRS MY BRI B B AL I R
phat i nghadimmicsntg tensoprasleihmid @t BraHBedReyNg that the
stepté-fasmingslayer comprises an operation of forming an overlayer on
the donor wafer so-asdefoisiat least opppewiwseful layer to be
subsequently tgken-off—35Metho % ting—according to one of the
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according to one
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of the four pre %ef%lt?@t)!_aye (s) is formed
during the ste crystal_growth-—37-Method of

recycling according to one of the preceding claims, characterized in that

the dpnonwafed compusesnat leastding layesderdtethe preceding claims,
characterized in that it further comprises a step of finishing the surface of the
donor wafer after the step of removing substance from the donor wafer.

L PR

32. Method of recycling according to one of the preceding claims,
characterized in that it further comprises, after the step of removing substance from
the donor wafer, a step of forming layer on the side of the donor wafer where the
removal of substance took place, so as regenerating the donor wafer.

33. Method of recycling according to the preceding claim and one of the
claims 4 and 5, characterized in that the step of forming layer comprises an
operation of forming a new part of the buffer structure above the remaining part of

the buffer structure.

34. Method of recycling according to one of the two preceding claims and to
one of the claims 6 to 8, characterized in that the step of forming layer comprises
an operation of forming an overlayer on the donor wafer so as to form at
least one new useful layer to be subsequently taken off.

35. Method of recycling according to one of the three preceding claims,
characterized in that the step of forming layer comprises an operation of forming in
the donor wafer a new protective layer according to claim 16.



compri sing carbon at a concentration substantially less than or equal to
50%. 38. Method of recycling according to one of the preceding claims,
characterized in that the donor wafer comprises at least one layer further
comprising carbon at a concentration substantially less than or equal to
5%. 39. Method of producing a donor wafer intended to provide a useful
layer by taking-off and capable-o#being recycled after taking-off
according to the method of recycling according to one of the claims 1.6 to
28, characterized in that it comprises the following steps: -formation of a
first part ofletadfferstyabhgrecomdngubstmatef tfo fovaporaliae fiotestive
layier-ee-thedirstaaref the Rifer atiusture stii@ sfmataralshpsenfem
c%%% ' e materials; -formation on the protective layer of the second part
of'the buffer structure, such that it has a lattice parameter in the vicinity of
the protective layer substantially the same as that of the first part of the
buffet’stridatiredrvthecyidingyrefariingritentivel [fyapretod e thaichof
proatiging Adenbivafesreoamingdoiie préasding Blainfureharacterized
Incab iR PulfeS STUCHIE RO SIRG.r Ay RS [xet 3 AaAgditional

layer having a thickness great enough to contain defects; characterized in
that the protective layer is formed: - in the buffer layer, during its

formafion Methpéateeythecgfediagde ane ehihaaaideRaglelysnsor - in the
ad:&liiiamakilze;_é'm dwﬂlﬁgaitﬁ_;fmmfaﬁ@m@pxﬁéemmt—;aﬁt mmjlugm_gﬁatdanor
W@&%&Eﬁ% Qé%ﬁ%@%&l@éﬂ%’t%ﬁ%@mﬁﬂﬁﬁ@&@ 'ﬂé%%f%c}&ﬁ%t Jugther

comprises the formation of an overlayer on the buffer structure so as to
form at least one useful layer. -49- 42. Method of producing a donor wafer
being TteMIEN9S SUSARF S AAtaPTAYRFLY RGO AYee Clpsa N DEDRINg
retdhedodftandakindglio it Alocomingytbedrgteoft GlaigisiT 6ctm@Bng to the
ChasarieHZREINHIILFAMPRLES SO SSIERS chiRIRATAMNQfA it

buffer structttfjlgefgl a substrate; - formation of a protective layer on the

buftertiGetire Wlﬁwénl%aﬁ%%al chosen from crystalline materials;
-formation of a first part of a buffer structure on a substrate;

-formation of a protective layer on the first part of the buffer structure.
in a materiai chosen from crystalline materiais;

-formation on the protective layer of the second part of the buffer
structure, such that it has a lattice parameter in the vicinity of the
protective layer substantially the same as that of the first part of the
buffer structure in the vicinity of the protective layer.

40.  Method of producing a donor wafer according to the preceding claim,
characterized in that the buffer structure comprising :
—  abuffer layer; and
- an additional layer having a thickness great enough to contain
defects;
characterized in that the protective layer is formed:
—  in the bufter layer, during its formation, or
— between the buffer layer and the additional layer, or
— inthe additional layer, during its formation.

41. Method of producing a donor wafer according to the claim 39 or 40,
characterized in that it further comprises the formation of an overlayer on the
buffer structure so as to form at least one useful layer.



- formation of an overlayer on the protective layer. 43. Method of
producing a donor wafer according to one of the four preceding claims,
characterized in that the thickness of the protective layer is controlled
during its formation such that the formed protective layer is thin enough to
be substantially elastically strained by its underlying layer. 44. Method of
producing a donor wafer accordingfto one of the five preceding claims,
characterized in that the formation of the protective layer is a crystal
growth. 45. Method of producing a donor wafer according to the preceding
clainf2. chavsthedigétridupiagie dorperelsrisisisianieh i s8yor WBthg the
priglectyeadmyessuch diiablt bebsameasadtdadayelkokeofemavdirgfiisone
oyeryinglayer maieral 46.Methed AfRsaducingaidengravgfer according

to the claim_44, characterized in that it further comprises an operation of
porosificatidf B8 PPRBHEL LAY SDARYRITAE underlying layer

becomes a Eopalier0t tesivsvarenvn hethedcsriahgeoi | ageatsrial
layer on a deser waferiswlidentadpalstransferred to a receiving substrate,

characterizestin.hal b GOMBSES KAORRABE g donor wafer to the

receiving substrate; (b) detaching a useful layer bonded to the receiving
substrate from the donor wafer, (c) recycling the donor wafer complying

with the mMeBedpfagdnnip ccoraiyaGiore 9ring AR Lty 38ias.
Methadind taking oftmusefud ayba dectidimg oot theprecadiviggleins,
chayagigtiz g hatdh AR URESHROIY & SIRR (R Sie M Ak RIMNenSugh to
bﬁ%dl - 50 - layer. %@Y Meth%ctgf ttaklggﬂofflalgsg:ful layer according to

on& ot ﬁlll@é%%‘g rg RimS R HAracterzEd ih that: - it further
comprises, before step (a), a step of implanting atomic species through

the sudfaceiehthe dopaidwafer aeighboutifty theobdiffertstamsture e dive
deferminate;depth.n-Quderde foimaragiig gonsahthisclenth: @ngd i a

that: - the step (b) is operated by supplying energy to the donor wafer in
crystal growth.

45.  Method of producing a donor wafer according to the preceding claim,
characterized in that it further comprises an operation of doping the protective
Jayer such that it becomes a stop-layer of a removal of its overlying layer

material.

46. Method of producing a donor wafer according to the claim 44,
characterized in that it further comprises an operation of porosification of the
protective layer such that its underlying layer becomes a stop-layer of its

removal.

47, Method of taking off a useful layer on a donor wafer in order fo be
transferred to a receiving substrate, characterized in that it comprises:

(a) bonding the donor wafer to the receiving substrate;

(b) detaching a useful layer bonded to the receiving substrate from the donor
wafer,

(¢) recycling the donor wafer complying with the method of recycling

according to one of the claims 1 to 38.

48. 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



order to detach a structure comprising the receiving substrate and the
useful layer at the fragile zone level. 50. Method of taking off a useful layer
according to one of the claim 48, characterized in that: - it further
comprises, before step (a), a step of forming by porosification a layer in
the donor wafer followed by a growth of a layer (which will become the
useful layer after detaching of stepo(b)), the porosified layer forming a
fragile zone inside or above the buffer structure: and in that: - the step (b)
ié."‘k%erated by supplying energy to the donor wafer in order to detach a
structure comprising the receiving substrate and the useful layer at the

fragile zopedewebrBkildethedsefiakiomeibriseiidayeacaerdingddigne
of. &l %}?éhﬂa&%@@{f a&%qterlzed in that the useful layer detached during
t

step comprises par the buffer struct e 52. Method of cyclically
taking off a useft @r%ﬁWéeﬁti)ﬁ Wéﬁ%f &%?8%{@%3%%’ é‘f e
comprises sevefREarspBrotghkt "rﬁf%tffaﬁet@éﬁﬁ feyer, walen RS EIRedHg
complying with theffnethaduoé takidegoffiaccodeiiy 1o @der of Clangrdgildo

51. 53. Applicatign, of,therpethed.ef iaxglically taking-off according to the
preceding claim rofth{eg)r: ethod of km% ff accordmg tgﬂonae of Clai erm

47 to 51, for pro ucmpg ru%?ﬂartéézdco‘ﬁwsu lllﬁl%n?r elving su Strate an
the useful layerotfe trskar WB%&H&H&%&@&S‘F%W ?H@%Tﬁﬂ%@e
materials; SiGe,Sifubinatieythefoygingte ielll-V family, the composition

of which is respectively chosen from the possible (Al,Ga,In)-(N,P,As)

com JeNel thoel of.cyclic

accor mgﬁna}?g a?%%l%‘%fgﬂ %1 ?T%égt}lg Igé—:‘ ta 'ﬁégo?fl %gggﬁ}ﬁéﬁ %%Qggne
of BRI c’JISti}‘a?or producing semiconductor-on-insulator structure, a
such structure carfiptisingptherisecbifing deibsWateandihemgerivayer.

55. Donor waferhaving:stpplieda liseiddayenbictakiog-afbandcapalbifa
of being recycleg@gmggwg pReak @%ﬂl@é’%{@é&%ﬁﬂg%@s{@ hat

it successively (ﬁ prises aSl 1 tratr 0%1[}1 dar llnlno%gart &) the Oveg
structure. 56. Donar Waker 7 ecy clz%Fe accor |ng & method of recycling
according buffer structure; and in that:

- the step (b) is operated by supplying energy to the donor wafer in
order to detach a structure comprising the recetving substrate and the
useful layer at the fragile zone level.

51. Method of taking off a useful layer according to one of Claims 47 1o 50,
characterized in that the useful layer detached during step (b) comprises part of
the buffer structure.

52. 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 47
to 51.

53. Application of the method of cyclically taking-off according to the
preceding claim or of the method of taking-off according to one of Claims 47 to
51. for producing a structure comprising the receiving substrate and the useful
layer, the useful layer comprising at least one of the following materials; SiGe, Si,
an alloy belonging to the 11I-V family. the composition of which is respectively
chosen from the possible (Al,Ga,In)-(N.P,As) combinations.



to one of Claims 16 to 28, characterized in that a protective layer is
present in the buffer structure. 57. Donor wafer according to the
preceding claim, characterized in that, before taking-off, the buffer
structure comprises a buffer layer and an additional layer, the additional
layer having: - a thickness which is large enough to contain defects;
and/or - a surface lattice parametegiwhich is substantially different from
that of the substrate; and in that the protective layer is located: - in the
buffer layer; or - between the buffer layer and the additional layer; or -in
the additiopalitayen d8hdasdoivafeydseyislailingofiiplyindingtio the Claim

methpdof LSCURINAG, FRSEIANG 40-0RE ftQﬁﬁ@éf@in’r@%ﬁ%%@%“zed in
that (ﬁb&xrotectlve Ig¥er overlies thegﬁH er struct re. 59. Donor wafer
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furgseriespTicesaan boasdyblapii-the buffer structure so as to comprise

at least one useful layer. 60. Donor wafer according to one of the four
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preceding Claims, characterized in that the protective Iayer is made of a

poroks MEkia wafer recyclable according to the method of recycling according
to one of Claims 16 to 28, characterized in that a protective layer is present in the
buffer structure.

57.  Donor wafer according to the preceding claim, characterized in that, before
taking-off, the buffer structure comprises a buffer layer and an additional layer, the
additional layer having:

- athickness which is large enough to contain defects; and/or

- asurface lattice parameter which is substantially different from that of the
substrate; and in that the protective layer 1s located:

- inthe buffer layer; or

- between the buffer layer and the additional layer; or

- inthe additional layer.

58.  Donor wafer recyclable complying with the method of recycling
according to one of Claims 16 to 28, characterized in that a protective layer overlies
the buffer structure.

59.  Donor wafer according to one of the three preceding claims,
characterized in that it further comprises an overlayer on the buffer structure so as to
comprise at least one useful layer.

60. Donor wafer according to one of the four preceding Claims,
characterized in that the protective layer is substantially elastically strained by its
underlying layer.
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61.  Donor wafer according to one of the five preceding Claims,

characterized in that the protective layer is doped.

62.  Donor wafer according to the six preceding Claims, characterized in that

the protective layer is made of a porous material.



