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WO 2004/061943 PCT/IB2004/000285 1 "RECYCLING BY
MECHANICAL MEANS OF A WAFER COMPRISING A TAKING-OFF

wo IRYG14RE AFTER TAKING-OFF A THIN LAYER THEREQG:5dEhdo2ss
OF THE INVENTION The present |nv§ntlon relates to the recycling of a
donor wafer after having taken off a layer of semiconductor material, the
recycling comprising a removal of substance involving a portion of the

donor wafer oiA I ing-off _
BACKGROUNUO%EE%@W AR E AWAEER

deposned on the substrate ﬁﬁerggkme{égp taken off Iayer is
integrated with a structure in 16 WHIiCH components will be formed,

PaEigy Iy TR EhinfatgsTabRpicroelectronics, optics, or optoelectronics, for
the most part. The layer to be taken off must therefore attain a high level
dihguptgpedeiensiod actteding tbeorexpeimgref speifiorcutefte afibe having

il g e e 1 bR aILIBroRlL domende O e IOl g

support, that Is; ont e quality of thé substrate’ on whic

fipesrb@f Tﬁ@mldﬁ\&\éuﬁhaa porequafitiheubomateviafsiternctiaptie
WM rEoREiRaRiRgIEAYREIatigREON, involving technical difficulty and a raised

economlc cost. 20 This latter point is further confirmed on considering a
BOUNDOBHT E R YRS BN mposite semiconductor material such

as ?n ewr@et@w %Ubﬁtﬁtﬁaﬂ@@ﬁﬁdﬂ@ﬁg&@t@ SIBLGHLE WAUC
o t t angd caqst eme us a strate comprising a
3% % FeSR 8&?\??&3%8&% e§5°(§" f?tfbﬁtgé‘;tt? fplementation. By
"bufferAﬁwrtaktg@mﬁfaﬂywtni@tstoﬁdlasfeansnmregiﬁswd)&\twe@n drftistre in
Ili r [ h as a support substrat second cryst
S B R e R SRR e
optics, or optoelectronics, forthe most part.

The layer to be taken off must therefore attain a high level of quality
determined according to one or more specific criteria.

The quality of the layer to be taken off largely depends on the growth
support, that is, on the quality of the substrate on which it is epitaxially
deposited.

The formation of such a high quality substrate is often complex and
requires particular attention, involving technical difficulty and a raised
economic cost.

This latter point is further confirmed on considering a layer to be taken
off consisting of composite semiconductor material such as an alloy, the
epitaxy substrate also having to exhibit a structure which is often difficult and
costly to implement.

Thus a substrate comprising a buffer layer specifically exhibits such
difficulties of implementation.

By "buffer layer" is generally understood a transition layer between a
first crystalline structure such as a support substrate and a second crystalline
structure having as a first function a modification of the properties of the
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WO 2004/061943 PCTILB20041000285 2 material, such as structural,
stoichiometric properties or a surface atomic recombination. In a specific

wasaohadyffer layer, the latter can permit obtaining a secogdiqissialingss

structure, whose lattice parameter diffgrs substantially 5 from that of the
support substrate. A first technique of forming a buffer layer consists in
effecting the growth of successive layers so as to form a structure having

. : P | variat ¢ .
) e R e L B TR eromic
JesenabiAgtiation of its io lattice parameter. A layer, or superposed layers,

formed,qnythe buffer-aveean hriakape it BARE danQepalesniaffyg a

transferred to a receivin% substrate soas to form a well-defined structure.

GREPHRIRIYEHNG FIELEB ovhosgnsiicsr RRrpmeias fiffersy sbatantally

e ity of eeseammtheuiesmation of layers of elastically stressed silicon,
stressed in tension,

and especially, in the case where the silicon is .
pocaush. TR AR b ARG, PUSREI R OB 1 cRRSrtng: e
grethhofdstivetgirapayees] sO the torfatenial staucinresHaviayaam@lenBifsition
0 | f 20 agubstantially analogous taking-off. A
VAR el o dy B BIBBLA X ARARROE SRR of tne
wieifieo daem dies niging wilgdtvonssasistedewitilaal gratieairyatistiopenhits
SRyelresdebg,formed such as SeOl (Semiconductor On Insulator)
structures. 25 For example, after a taking-off of an elastically relaxed layer

of SIGE 'BYEsI AP BREAA &SR fRmedrrnire Bisferdouer can tridken

BETVRASthe HOMGR RaRROIbIBe SHinRIaNBigho | ler DlAse S umsiesitensian to
the Iaéﬁr of relaxed SiGe. As an illustration, an example of such a

BihBME PR S1HEEE 30 1IBM document of L.J. Huang et at.,

("SiGe M- lok thatongineppptidatipneade ra iendifeg andhiayeyansienéa on a
blgbsp ?argl%rrm&nn%eeﬁr%qﬁeéf?é:}n%%%%sr%% r%)’/ers of elastically siressed silicon,
and especially, in the case where the silicon is siressed in tension, because
certain of its properties, such as electron mobility in the material, are then
distinctly improved. '

Other materials, such as for example SiGe, can also be the subject of
a substantially analogous taking-off.

A transfer of such layers onto a receiving substrate, specifically by a
method termed Smart-Cut® known to those skilled in the art, then permits
structures to be formed such as SeOl (Semiconductor On Insulator)
structures.

For example, after a taking-off of an elastically relaxed layer of SiGe,
the structure obtained, including the taken-off layer, can then serve as a
growth support for silicon which will be placed under tension by the layer of
relaxed SiGe.

As an llustration, an example of such a method is described in the
IBM document of L.J. Huang et al., ("SiGe-On-Insulator prepared by wafer
bénding and layer transfer for high-performance fieid-effect transistors”,
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WO 2004/061943 PCT/IB2004/000285 3 Applied Physics Letters,
26/02/2001, Vol. 78, No. 9) in which a process is given for forming an

Si/SGOI structure. Other applications of growth on a buffer layer e 100285

Wgo@g%(fg?ﬁ?érticularly with Group IlI-V semiconductors. 5 TranSAEsPS e

thus commonly formed in technologiés based on GaAs or based on InP.
In terms of electronic performance, InP has an appreciable advantage
qver Gaé% For the main reasons of cosLalznd feasibilit%, the chosen

(SRRfEUE Y TSR br A{HE eIy 1P kel dbSHARD ArakerRSf 'S

giyen ébd ibmaihtpine Sl wthucnre buffer layer on a support substrate of

Gahs. Gprain aing-off metnads: sehaz-a metod of ihe sleh back an
type, then'en A S Uectruction of the remaining )f)or i0n BT the sugaor? Y

wiithsGetemibVosehadanifictayer during taking-off. 15 In certain other

methogs of faldnd-off. 4l YPRASHY Bslaa i “ﬁ%)ﬁf»'aﬂg@ét BQﬁéll}Jgﬁrc-:-aAs

layer is lost. The technique of formation of a bufter layer is complex.
Mcdraswdondinimize its density of crystallographic defects, the

thicknegs&hasuflapystiésHapneralivceonsidarable, bipicatishetwRemere

20 and several micrometers. The production of such a buffer layer thus
&SR A often long, difficult and costly implementation. A second
technigiee theradiatiasbasboffestnysidsidissisiifg theparisidartitimue
docum(ent t% ng/élr?ig%t Oanad pe%sé as itssmgi# 0 fi'ect Ito 25*(3?§tically fefaé
5(:\3'33/' FolGe 8 ressegf%y mBahs 61 1 &E BUtE? ay%r.alk}%g it ﬁY&ﬂeos 4
bhssdednbypofithepitsaxpuftrdaiensyrsp ecifipatys alssioaiatoi ks,

param ; fﬁﬁmﬁ‘f ime, chemi it /i t
to the first te'%hnlqu ,B?ﬁg%tﬁﬁge%rﬁ%%ﬁ%tggéﬁgfﬁgfnﬁé%%ﬁé%ﬁs@%

Hea lestai Gsdgabudionrat tBe rEmealune PRIONHIHNE shpesdsieaitTeorRy
BPtrRsHhids asarufiely 'Rwaidasmed according to the first technique.

In certain other methods of taking-off, the support substrate is recycled
but the buifer layer is lost.

The technique of formation of a buffer layer is complex.

Moreover, to minimize its density of crystallographic defects, the
thickness of a buffer layer is generally considerable, typically between one
and several micrometers.

The production of such a buffer layer thus leads to an often long,
difficult and costly implementation.

A second technique of production of a buffer layer is disclosed in
particular in the document WO 00/15885, and has as its main object to
elastically relax a layer of Ge siressed by means of a Ge bufier layer.

This technique is based on specific epitaxy conditions, specifically
associating the parameters of temperature, time, and chemical composition.

With respect to the first technique, it has the main advantage of being
simpler, shorter, and less costly to perform.

The buffer layer finally obtained is moreover not as thick as a buffer

layer formed according fo the first technique.



WO 2004/061943 PCT/1B2004/000285 4 A third technique of formation

of a buffer layer is disclosed by B. Hollander at al., particularly in the
document entitled "Strain relaxation of pseudomorphic Si,-XGe, / Si(100)
wetanasisuetures after hydrogen or helium ion implantation fecwinsmb4/000285
substrate fabrication” (in Nuclear and Instruments and Methods in

Physics Research B 175-177 (2001) 357-367). It consists of relaxing

elastic stresses present in the layer to be taken off by means of a deep

hydrogemwﬁa@li,%ﬂma@tafi%ﬂéﬂ&freﬂbt%mnz%g&vi%w@&?oggad by B.
technique can give a result close to a buffer layer produced according to

onEVEREID Feviriit@higiiebhavile U berinaaNjads s rRiastion of
implemeniaionicl Be.fariho G Regoribessspesificalyafeiaxaiing ¢ o $iG8ium
layer stressed.in (%ompr ssion, this layer being formed on an Si substrate.
TS AR G DAL ABEROP Ry AW GRh RS RRENsnts
thrang Meibosisrfadengbite Rtessetl Byersin THe SIGUNBHAERSM a given
depth, ggnerating perturbations, in the_thickness of Si,abqve the implant
one (1 SoRreL o R B R RO S T E (AR R R e
trezfirhgineaveabidetpayidicoste Siberayepiatiaitechnique seems to

be less lgng.-asierR g&ﬁ{iaﬁfv@a@ ﬁ%ttﬁ&ﬂ%ﬁﬂﬂﬂ%@%ﬁﬁ%i%cgg%s% WYose

forming a buffer layer. An advantage of using this technique"would be to
late} Thidfatdanes PEPHEED PRSI éPanBd Ry i asavicpddenmirues

fakyigationseineamyness aismBAHICHaRhkIomelasigRics or opto-electronics.
However,_in a manner similar to the first technique for forming a buffer

layer, a bUtfer PP ARSSURBFdiRgAE kiRl SBANRD tédhfiqiass laver
restevssbdiniogripedsanm) fashaat espbreeweline alhe danamaler after

taking-off. Technical difficulties of implementation remain in carrying it out.
SUMMARYF P T IR R SKTBR5d AR AL 21 aRe Br o e R FRTe AT
seigotimyigyétheusitieation ffecetedingd daadirst dspesit sfttbeqeesent given

R o PIMANRELARE IOt (REKALRE B8N Fhpianteo
zone (this thickness then forms a buffer layer) and causing, under heat
treatment, 2 certain relaxation of the SiGe laver.

This technique ssems to be less long, easier to practise, and iess
costly ihan the first technigus of forming a buffer layer.

An advaniage of using this technigue would be fo later integrate this
relaxed or pssudo-relaxed iayer into 2 sfructure for the fabrication of
components, particuiarly for electronics or opto-electronics.

However, in & manner similar to the first technigue for forming a buffer
iayer, a buffer layer made according to one of the last two technigues is
removed during the known technigues of recycling of the donor wafer after

- taking-off,

Technical difficulies of impiementation remain in carrving it out.

SUMMARY OF THE INVENTION
‘Embodiments of the present invention seek fo improve the

situation. According fo a first aspect of the present invention, there is
provided a method of recycling a donor wafer after having taken off a useful
layer comprising a material chosen from semiconductor materials, the donor
wafer comprising successively a substrate and a taking-



layer comprising a material chosen from semiconductor materials, the
donor wafer comprising successively a substrate and a taking WO
2004/061943 PC1'/1B2004/000285 5 off structure, the taking-off structure
before taking-off comprising the useful layer to take off, the method

weomplsiog removal of substance on the side where the takipg-eH#Rekoos5
place, characterized in that the remawval of substance comprises
employing mechanical means so that, after removal of substance, at least
a part of the taking-off structure remains, this at least part of the taking-off
cfrsttuck iecltidingidogipfishycititedselone thiegustfcdrayesingdheansbful
th’?}}&ﬁ%&ﬁa@@%ﬁe@(@'W%tHBH“EHHﬁ)ﬁgiP@'%FﬁB@YO?tgﬂb?}tarr?é@rBH”l%é‘snde
\@eful erf Accord(ﬁpmkﬂfcond Lgpecﬁ of th pre gaé %g?ntlon th?re
d EQUAS GG &' IRAAEGES tr8im

: Qk&ﬁ:ﬁ’@ﬁ@w gumprisee SRy g REskaihal seeanscen mtaﬁ@'orﬁpfm@é of
éaﬁ:ﬁ@ndw@ih@a@@aqyaﬁafefrt@ iﬁﬁﬁg@f\@.ﬂﬁcﬁul’@ﬁf@ﬁ%ﬁﬁ tlna%ieéa‘sftbart

L e R
t&@éofﬁamgbﬁ) iﬁlé%.@ffe@;t@r ngpYslings. WABM mgswamﬁmﬁamgt@ptwé

refeseri dnaaniefo| Bagse is provided a method of cyclic taking-off of a
useful AQysrdl t%dé’”é’éé’éﬂﬁffr QBQ&@CW Briaahit ﬁ% iigs f’ﬁere is

succession oﬁ teps of taking- off ot & usef ;iayer each oft ese ste

Havgeb ApMEGuPnERarnds & Yé@%luﬂ@’ﬁ&cﬁ?&h@té’%ﬁ%oﬂ nf%.V
todnkséemingrititma Aeceidnyysicbalateatehansobeiined s ohsd presentes:

nventian 4Bt dREcARs AR@PRUSATR Sl RRIBY PLOGHANE st of

or of metho takin cord g to embodiments of the invention, to

the fo %H(?f‘? V&FJE%HFE 3 ng the receiving substrate and the

useful(Bydetacbingetine IageMdamﬂswmimmm@fm@nM@cture

@gﬁ@r@,jﬁ@l@gg&l an alloy belonging to Group lll-V whose composmon is
ompbi atlon AI Ga

. b R T e eIt S e e

Accordlng to embodlments of the present invention, there is provided
a method of cyclic taking-off of a useful Iéyer from a donor wafer,
characterized in that it comprises a succession of steps of taking-off of a
useful layer, each of these sieps being complying with the method of
recycling according to embodiments of the invention.

According to alternate embodiments of the present invention, there
is provided an application of a method of cyclic taking-off or of a method of
taking-off according fo embodiments of the invention, to the formation of 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 Group IlI-V whose composition is respectively
chosen from among the possible combinations (Al, Ga, In) - (N, P, As).
According to further embadiments of the present invention,
there is provided a donor wafer having provided a useful layer by taking-
off, and capable of being recycled by a method according fo embodiments
of the invention, characterized in that it successively comprises a substrate

and a remaining part of the taking-
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there is provided a donor wafer having provided a useful layer by taking-
off, and capable of being recycled by a method according to embodiments

wa sheivention, characterized in that it successively compriges gsze04/000283

substrate and a remaining part of the;taking WO 2004/061943
PCT/1B2004/000285 6 off structure having provided the useful layer,
characterized in that, after taking-off, the remaining part of the taking-off

i R R e

dapisars b remainingy aathgh dhef mlensrede atrunieraidh sill sulligiant thick
becenmARREeNas sl nadhedeliawdperdstaledidesssiption of

implementation trpreferred methods thereof, given as a non-limiting
SRlRhle Smdmadad : VIS hHAQR companying drawings, in
which: Bigigiesk sbows dbpclifferentmiopsiahasmathas pearistingventm wil
.0, jnvention, comprising in succession, a takjng-off of a thin layer from a
S TR PARITI) PR Hortie WEIEARR ASIA IR fEscrston o
DrEF A& DeDES CR|PEBNO F ribtEodsV BNTEON Theepriasipal purpisdtiol
t ' on. ' r ' erc ising a taking:off
kR g R e el

layer b&idyRrRKensbvEatBediifearen 8RS citidr toattograesctigingtde ite
arﬁ/%wﬂ%ﬁt.%é@fw 164 dRE GGy AiNGIRGING: im@%ﬁQ%F%ﬂwtg%é%r

remaining portion of the taking-off structure can again provide a usefu

|4 Rad Répering st sionayemier, sligsdakimeclise of a step of

reforming R psefurayerOsHCOF as-i steprafiTrgatalline growth 20 by

epitaxy. Fe(éycli%%% hould s ec?ificall comgrjse a suitable treatment which
does not EafeB RYFBHSH BF 1ottt BF RESIGRCOREE @ FEgHCling &
wiafgr ¢dhepeefub layekirghadivtediise thébateisesychagsakimaing (that is,

sible.to t off the yseful r.25In ecific configuratign, there

ARy g e RS S T e YA
posgaéetothay ietiesutdessionehisvdualsuctestive takingseoffciiverwiesng
WhISR AL Ehof 8GR diRBy portion of the taking-off structure can

again provide a useful layer in a later taking-off after recycling, without the

use of a step of reforming a useful laver, such as a step of crystalline growth
by epitaxy.

Recycling should specifically comprise a suitable treatment which
does not cause deterioration of a portion of the taking-off structure in which
the useful layer is included, so that after recycling it remains possible to take

- off the useful jayer.

in a specific configuration, there could be several useful iayers which
can be taken off, and it could thus be possibie fo have a succession of
several successive takings-off, between which a recyciing method according
to the present invention will advantageously be used.

Referring to Figures 1a and 1b, the donor wafer 10 is constituted by a
substirate and a taking-off structure |.

In & first configuration of the subsirate 1, the latier is constituiled by a
single crystalline material having the first lattice parameter.
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to the present invention will advantageously be used. Referring to Figures
la and 1b, the donor wafer 10 is constituted by a 30 substrate and a
taking-off structure 1. In a first configuration of the substrate 1, the latter is

WELHSERItEDyY a single crystalline material having the first |&§iEaB2604/000285

parameter. WO 2004/061943 PCT/1B2004/000285 7 In a second
configuration of the substrate 1, the latter is a "pseudo- substrate"
constituted by a support substrate and a buffer structure interfaced with

the taklRgBofPsRudIGRIigNAfeR Ritthe SERal#E ds HBUaBRTdSes ipseudo-
QiR RuHshiBer B Y sup fordvariaaroysly H 8aRitBeRMURCRRfaced

%stallo raphic structure which is substantially relaxed and/or is without
10 e HLRHSSP Structural defects. Advantageously, the buffer
layer hasipsteastanbeadiatiedws fofofidnipyenitiensiclla- tadtmtisiruetuhe.
density!tof éjveé‘afr? ats in tge H%@?ﬁ %F er; I;fadagtati%? farlaatﬁicce parartnet r
between two crygFéﬂH)g}/ap IC'S rugtlﬂrgg%a\ﬁ% GG |ttice Sructure
pedriamdsersulistaniédinrelaxsa camtidunctivithabit duffepecabiasnimtber of
Reiglneyrbgad.of one of its faces, a first lattice parameter substantially

15 identical to that of the support substrate and in the neighbourhood of its

other fAsvansageritsluutbe paftanersipsalpan rraecaheo tmadelfaming

layetighdhe taking-off structure | directly overlying the buffer structure. In
a first confiéguration of the buffer Ia%er, the latter is constituted by a single

buffer layefUSHoRHE HiRrdPIsI OEREIRES Shie UBRSH Y Elibstrate, permits

the presenddtiptatibiiscudaaeiob aplattinriear daeisss ubaiapHally|difiensit
fr{)m the lattice Sgg,{ﬁerpgrgﬂa tf: éhe SUéJ ogt substrate, and thus permits

RIUCres Navi & bargmeters, : :
aving on the "same donor wdfe a’layér having a lattice parameter

differentdraparthenoftitbe seqpalt Sulsiceate. 188 IboHeritegpplitasons) thiee
g%j%ﬁﬁ%‘ﬁﬁ%% é‘g&%ﬁ‘%@‘gﬁg’/’i&%?@ AeriiedaysrAman L eRARAY,
identical to that of the support substrate and in the neighbourhood of its other
face a second lattice parameter substantially identical to that of the layer of
the taking-off structure I directly overlying the buffer structure.

In a first configuration of the buffer layer, the latter is constituted by a
single buffer layer.

The buffer layer, situated on the support substrate, permits the
presentation at its surface of a latlice parameter substantiaily different from
the lattice parameter of the support substrate, and thus permits having on the
same donor wafer 10, a layer having a lattice parameter different from that of
the support substrate.

in certain applications, the buffer layer can furthermore permit the
overlying layer to avoid containing a high density of defects and/or
undergoing substantial stresses.

The buffer layer can furthermore permit the overlying layer, in certain
applications, fo have a goed surface state.

According fo a first technigue of forming a buffer structure, a buffer

'layer is formed so as o have a lattice parameter undergoing an overall
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undergoing substantial stresses. The buffer layer can furthermore permit
the overlying layer, in certain applications, to have a good surface state.
30 According to a first technique of forming a buffer structure, a buffer

WByH4%Eithed so as to have a lattice parameter undergoing QH'B&H{00285

WO 2004/061943 PCT/1112004/000285 8 progressive modification over
a substantial thickness for bringing about the transition between the two
lattice parameters. Such a layer is generally termed a metamorphic layer.

PHRITRSSIR ANBH Brakenayee pdbatactiaathisknsmsciedtiinging about the

eRibWON HENRBBA R the tBlekeassahiigQuffer layer. Or it can be
effecte%%%stﬁ s", each ste bei?{%athin layer with a substantially
constart %‘é\?&fﬁ@@?? HLIEAPRY A ThElBIRRNIHE¥R ing step, so

as to nidudy thedifitatpacimater itz digeicimashioaster bemerdt R
Iso.have a more complex form such as a variation of i o composition at a

35%@ era en,1 aanrné(?/re‘psa eo?\s'?g};r(ﬁ %?S[ﬁ% %ﬁja’u(ﬁe&i Ghtinuous jumps of

compoSlidhcFhdprefjestsiobyof stepilitieachastepebeirip thehinfmydayethisa

3f¥IHAESRH EYHQUAL By SL l%%%?ﬂ@@r?ﬂ%?éﬂ%%%@%#@mgeﬂymg

concentration there, starting he support substrate, of east one’is

siBMisxRMiemMoriiEAne lsbiccorTsAREdan the dispiir asbinrastemhysidor
example, gaRUBRIJayauETINeHRE asHRMSK SuRstratRef unitarymatsHal,e

could be of a material which is binary, tertiary, quaternary or more. The
GRfRARYCRi8LRVARERIR SRy AIRYEF BN RIGRIPH I thEa R sHisaaminvates
fomgsasfiplempystdiaxy using the known techniques such as CVD 2 o and
“MolecH T ELEES ). CEndPAlgE cHE GG Py Br i RNy
adyastageionsiyn feetibd byin eudetaotalitainpfogresaivgile, atfentiagerthe
cansthiandy arplovehfloa Hamieslenelin g8 Ighetehal one
surface finishing the support substrate underlying the buffer layer; 10r
ateiRip RIGRewhidihng, ceanpfisre istheysprecsteutrirate.

Thus, for example, a buffer layer formed on a support substrate of
unitary material could be of a material which is binary, tertiary, quaternary or
more. The buffer layer is advantageously formed by growth on the support
substrate, for example, by epitaxy using the known technigues such as CVD
and MBE {respective abbreviations of “Chemical Vapor Deposition” and
"Molecular Beam Epitaxy").

Generally, the buffer layer can be formed by any other known method,
in order to obtain, for example, a buffer layer constituted by an alloy of
different atomic elements.

A light step of surface finishing the support substrate underlying the
buffer layer, for example by CMP polishing, can if necessary precede the
forming of the buffer layer.

In another configuration, the buffer layer formed by the first technique
is comprised in a buffer structure which is constituted by a buffer layer
(substantially identical to that of the first configuration) and an additional layer.

The additional layer can be between the support substrate and the
buffer layer, or on the buffer layer.
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forming of the buffer layer. In another configuration, the buffer layer

formed by the first technique is comprised in a buffer structure which is

constituted by a buffer layer 30 (substantially identical to that of the first
weonfigosagisn) and an additional layer. The additional layer carirli®2004/600285

between the support substrate and the buffer layer, or on the buffer Iayer

WO 2004/061943 PCT/1B2004/00028> 9 In a first specific case, this

additional layer can constitute a second buffer layer, such as a buffer

layer pﬁﬂrari]tfimkég&ﬁm:t@é@@ cmaléifrwa;ﬂgual iﬁw@\dﬁs ﬁlﬁ:@fﬁﬂ@%ngecond
of the ta 0 ture | formed .on the buffer structure

ot A T AR R

mlaa;ﬁemahgothmas‘mtalt'ﬁlaecmahgerm{cﬂmmakm@%ﬁwdtthuzkressfoﬁaemmarthe

?ﬁglp m‘% to be formed are then particularly important criteria for

alnln IS property. Thus, for example, the structural defects in an
epnaxﬁh@;@d@eaw ﬁ@y@é@ezfs@graduéuytwmun@knpééamtﬂvshay@g a

%ﬁ&gﬁpﬁgmlgg,ﬁ%@t@@ additional layer is situated on the buffer

layer and has a constant composition of relaxed material. It can thus fix

the secOift FRARRNLEPEREEHOT DA dUFERT S0k pleeh %a%%@é\b@faw to

%@@@@ﬁédw@hmfpam@néﬂﬂw Hﬂér@rwmtmﬁ Wi l8sh
specifi case In an a ntageous rf?aﬂ%lé on, the ad itio IIa er |s

situated R PRI PR R 18, ABEPLRE RNty
dmmmwmrymmmmemmmwort substrate. In a specific

case of{his aetA'ageals onloalan e AAANRNPL ROIBYIRY putrr

material relaxéd b rﬁayer layeris

Mmagmwmmat@mhw@lsuﬁQMa@@tfor example by
epitaxy v C YR ORMRE sl anlr 5iiRsa [he growth of the

additional layer is performed in situ, directly following the formation of the

underlyiig BlsEeRsdpvYRiccamalsobaye S&g IR RRREHI
VI AWE HhibifyaRs8e two last specific cases.

In an advantageous configuration, the additional layer is situated on
the buffer layer and has a lattice parameter substantially different from the
lattice parameter of the support substrate.

in a specific case of this advantageous configuration, the additional
layer is of material relaxed by the buftfer layer.

The additional layer is advantageously formed by growth on the buffer
layer, for example by epitaxy by CVD or MBE.

in a first embodiment, the growth of the additional layer is performed in
situ, directly following the formation of the underlying buffer fayer, the latter
also being advantageously formed by layer growth in this case.

In a second embodiment, the growth of the additional layer is effected
after a step of light surface finishing of the underlying buffer layer, for
example by CMP polishing, thermal treatment, or other smoothing technique.

A second technigue of forming a_ buffer structure is based on a

technique of depositing a layer superficially onto a support substrate, this
superficial layer having a nominal lattice parameter substantially different



10

15

20

25

30

In a second embodiment, the growth of the additional layer is effected
after a step of light surface finishing of the underlying buffer layer, for
example by CMP polishing, thermal treatment, or other smoothing

wedamigu4A second technique of forming a buffer structure #& basBd4an@ss

30 technique of depositing a layer supgrficially onto a support substrate,
this superficial layer having a nominal lattice parameter substantially
different WO 2004/061943 PCT/1B2004/000285 10 from the lattice

proaMeisr latibe r;ﬁi%lh@t&i”@f”tﬂheri@éigﬁB&ﬁﬁ@pmétms%@twfé%ﬁort
This gre ositign of the superficial layer is performed in such a manner that
fie°d s@%ﬁgﬁqgﬁer is practically free from plastic defects such as 5
dislocalibissc@pisisioperfitial tayenicitdrmes $o perforhakinvbaociiinishetier
fl rtion. in..cont ith t rt,substrate, which confines plastic
SR SRR e BB RS A e RS
péiogatiasiaxed by the first portion, and to having no or few plastic

defectsyribe st masiion of KR ARBIYPAARICRHEN StRERIaYS the

part of a buffer layer, because: it confines the plastic defects in order to
preserde i RUBRE PokRnast wihsiiresiennasysebskates which serfinrs
lpiticecrrIRTSten & Hiedssipastieiad lawer to that of the substrate. By
"confinement" is meant tr%gi%t)pe great majority of the plastic defects are
found f TSR BOMIGR, MSHCBRATRBFAPIRS BGR R AnEa8 naRe
ahsolgtetydrdevirphastiefdefsctaut their concentration is compatible with 20
microelectrani icatians. The deppsition.technique, used for farmin
Such a B e e R A R i e
é@ﬂﬁélﬂfkﬁ!ﬂ Wﬁp@sition times of the deposition. It is thus possible to
succeadyin SoHINOADHILENIAYSBAVING Re? ICPRITLCAL GREBOSH N bortion

substantially constant over the thickness, contrary to a
of the superficial layer; and

= it adapts the lattice parameter of the superficial layer to that of the
substrate.

By "confinement” is meant that the great majority of the plastic defects
are found in the first portion. The second portion of the superficial layer is not
absolutely free from defects, but their concentration is compatible with
microelectronic applications.

The deposition technique used for forming such a buffer layer
advantageously inciudes variations in the temperature and chemical
composition times of the deposition.

It is thus possible to succeed in forming a buffer layer having a
chemical composition substantially constant over the thickness, contrary fo a
buffer layer formed according fo the first fechnigue.

One or more layers can, however, be intercalated between the buffer
layer and the second portion of the superficial layer.

The buffer layer may furthermore have a thickness less than the
smallest thicknesses of buffer layers formed by the first technique.



10

15

20

25

30

buffer layer formed according to the first technique. One or more layers
can, however, be intercalated between the buffer layer and the second
portion of the superficial layer. The buffer layer may furthermore have a
WihRRAMEs4éss than the 30 smallest thicknesses of buffer lafet<EEAHEHBH
the first technique. WO 2004/061943 PCT/1B2004/000255 11 The
document WO 00/15885 teaches an example of formation of such a
buffer layer according to this last technique, performing a deposition of
SiGe ortef Geeomerntdr@ QY&iaHaTktSachumpart subistpieaf Sorchationathegth

T SRR & B RS, AR R

HiGsoerpitatrensi aupservsiatinefs ppethgubsifafowing steps:

stabilizgiian iy leRpeRiie R MIPLYS AN slCaRYBROhSURSHAR,
at a first predetermined stabilized temé)%erature of 400C to 500C, lo

BrERIFiE, 107 [HAbDCAN6 EhEMich VaRRRIHPRASE mpsteialineD s is

eafahirl seiddirebriigminee SMmppsiH eusYilatalingiad ane tanaling

§e on the support substrate, of a predetermined thickness less than a
&8Fed final thickness: increase of the Ge chemical vapour phase

deposkion lstidilipetiatuia feonpéhetyme déte nmimed disttligre psiiadure wptot

' . ing f 750 2 o
PR A T A R G A B o oo,
presseabypbiicniar’ Said predetermined second temperature until the
desireq final HPJEKﬁE&W%SQ&H@%%J&&é%ﬁ‘{Wﬁ?@# @éeét%e said first

monocrystalline Ge. The buffer layer is the portion of the deposited layer

dairmiser darmpativin HikoBRINRQ Bsirare dRdanREPexhdReosrpRE

shisknses B WhisBiieiate ehickyiad s amhie defeetfcls THaplatknaR
limit value. The thickness of this@gffer layer can specifically be of the

order 5f 0.5 B&EATiGont\fhiGFis I%8h t¥BRAKKnBYES adsRpsHtion
laygretatmedraccirdipgtietberfireiddchnignmerature up to a predetermined

second itemperature ranging from 750°C to 850°C, preferably 800°C f{o
850°C; and

" -proceeding with Ge chemical vapour phase deposition at the
said predetermined second temperature uniil the desired final thickness is
obtained for the superficial layer of monocrystalline Ge.

The buffer layer is the portion of the deposited layer which is
interfaced with the support substrate and which extends over a thickness for
which the rate of crystallographic defects is greater than a limit value,

The thickness of this buffer layer can specifically be of the order of 0.5
to 1 micron, which is less than the thickness of a buffer layer formed
according to the first technique.

The other portion of the layer is at least a portion of the taking-off
structure |.

Such a method of deposition can equally be effected according to
alternatives — for example, those disclosed by the document WO 00/15885.
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The other portion of the layer is at least a portion of the taking-off
structure I. Such a method of deposition can equally be effected according
to 30 alternatives - for example, those disclosed by the document WO

VADZGB8594/O 2004/061943 PCT/IB2004/000285 12 In thiPaEismen4ines2ss

substrate | of the donor wafer 10 has;heen formed, the substrate 1
comprising the said support substrate and the said buffer layer. A third
technique of forming a buffer structure is used on a structure s comprising

the subgtaie hander m%wem@awwmws@pmmﬁ@av Wfred,

The material chosen to,constitute this layer is a material having a nominal’
KB BaHR e b SRMBASO USSR ISHaRRITe S RFAth e e ite saidhetier
tdybe surface of the substrate 1, so as to have to be elastically 1o

stresse, n.cpm essmn n ten5|on b the ub trate 1. The stressed
layer h t Ea S et PhrateHS RtS SPAISE @ StEfture
@ﬁmorfmetmleldimm of ml@xadi@yqnswbdxb}rbtax@daenmaieﬂakmm the
Raksgyulated thickness very much less than that of the stressed
layer, so that the latter retains an overall stressed state. 15 In all cases,

the stré'é&d"léﬁ%kaﬂs GhiRRAT G 6088 TdimBtso R 1se Iguasm@ﬂab)havmg a
PRYSIAMIN BNV Parifbias ApfidvdinssaUnyeaRiAkRSHIR S MRife

CVD and MBE. To obtain such a stressed layer without too many

SFaRRIGr ke rudees &) éﬂea?fB?f@@n?pIéopéﬁmi%é@%?ster%(@ﬁ%‘éﬁﬂy

detesgedslichonsp2e slisiosaiictessibis MoV sagenttete choose the
crystall.}.n mtaterlal constituting the subst and the stressed layer (in

the nelgﬂ%ou TREe 1a SN sﬁa%g‘%ﬂﬁﬁ ngﬁ fratt § %%Sﬁ?a{‘i’ﬁ lal, but
eahlmt@smmmme\/\odlﬁfmwdétm kbfemiasp&cbvepﬁmi@q@axed

sRsend RiALRIIce smmele  ELseomenlindlierence RLER..

parameter Is typically comprise etween bom'ﬁ
pliesspfdriehareinayhe/aitrisiataine raraprraihsivessathsialals, Ge has a

nomingy lafficeRaramete siesiar RyaoaUtAeaA ) dhShandihyse
SiGe, with 30% Ge, has a
substrate 1 by crysfailme growth, such as epitaxy using known techniques,

for example, CVD and MBE.
To obtain such a stressed layer without too many crystallographic

defects, such as for example point defects or extended defects such as
distocations, it is advantageous fo choose the crystalline material constituting
the substrate 1 and the stressed layer (in the neighbourhood of its interface
with the substrate 1) so that they exhibit a sufficienily low difference between
their respective first and second nominal lattice parameters.

For example, this difference in lattice parameter is typically comprised
between about 0.5% and about 1.5%, but can also have larger values.

For example, in IV-V materials, Ge has a nominal lattice parameter
greater by about 4.2% than that of Si, and thus SiGe, with 30% Ge, has a
nominal lattice parameter greater by about 1.15% than that of Si.

On the other hand, it is preferable for the stressed layer to have a
substantially constant thickness, so that it has substantially constant intrinsic
properties and/or to facilitate future bonding fo the receiving substrate (as
shown in Figure 1b).
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nominal lattice parameter greater by about 1.15% than that of Si. On the
other hand, it is preferable for the stressed layer to have a 30
substantially constant thickness, so that it has substantially constant

Witt4ies 184 perties and/or to facilitate future bonding to the RECENFR4/000285

substrate (as shown in Figure 1 b). W0 2004/061943
PCT/1B2004/000255 13 To avoid a relaxation of the stressed layer or an
appearance of plastic type internal stresses, the thickness of the said
layer shoulttdid theaingatioreoidheletretban awsiticabthmipessntelaspastic

55, hiFripabickgess ol elasic stigss prncipally depsnds on e
fncipal material choden fo Constitite the Stréssed Hayerand the Sai
mﬁéhi%ﬁmﬂrﬁﬁ@ewﬁr:@*r@t@kﬂm ohelsalisatasd. Those skilled in the art

wil efer e SRS AUEATP KNS SR IBARP SISt ne

stress value which is used for the stressed layer formed on the material

REBGiIR tﬁ@aéﬁ%@trﬁf@ie'lot‘br?éﬁ‘?@FHﬁ%dﬂlﬁe%{%ﬁéd xR BN Mag gaid

lﬂ&m@@éam@tﬁbe%mwlmlﬁﬁet@m@w{ét& growth substrate 1, and
ession or in tension. Once the

then h intern h asti tresseﬁ in r

structu ???oﬁ& r@etihi otgfé?ﬁ'nﬁtf? b arutgukgow the
ctitialiseisinbst sf@aﬁz&msﬁaﬁsmmu@mmsteataédoﬁoa th6 prdskbatioper
ch){w? gt&qwgﬂ‘g&‘gt& A§ %?%L#_ra%tl ubzs?n? |§ defined as a zone having

n es able

ernal stress orm structural perturbations in the surrounding

portior@nThisfpenedbatien sesieddiayaradboasiyaormedbtivsulpatantisity
allpthigmia ?Cﬁd%fems $hbSEAtes! @F@mﬁﬁ‘@dﬁéf%@els%ﬁ@c ghth8s internal

substance 1. 20 A method of formation of such an embrlt ement zone
ebRlFiSHE SHP M RATMRIBASR ARSHId@MRMes in the substrate 1 at the said

glven adnis, tWishstAuBivRN iMBlANERL GRE RRFaSdthR GV en Besiel Atelms:

eC|es In afgartlcular embodiment gf the implantation, the atomic

§ HEEe i FipTHRTSa dngliek RiRRoGENARAEPRelINNssakslae 1 of a
perturbation ma‘bmge&bwamﬂantatlon then comprises internal

stress%b%;tsyt)ea ic %%lgo%r%%? %eégcatsﬂ?nrg vgn%bplferr?éf s?resses able
to form structural perturbations in the surrounding portions.

This perturbation zone Is advantageously formed on substantially all
the surface of the substrate 1'and paraliel to the surface of the substance 1.

A method of formation of such an embritttement zone comprises an
implantation of atomic species in the substirate 1 at the said given depth, with
a given implantation energy and a given dose of atomic species.

In a parficular embodiment of the implantation, the atomic species
implanted comprise hydrogen and/or helium.

Such a perturbation zone formed by implantation then comprises
internal stresses, or even crystallographic defects, brought about by the
implanted atomic species in the crystalline network adjacent to the
perturbation zone.

These intemal stresses are then abie to create crystallographic

nerturbations in the overlying zone.
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implanted atomic species in the crystalline network adjacent to the
perturbation zone. These internal stresses are then able to create
crystallographic 30 perturbations in the overlying zone. WO 2004/061943

WRCTIB2004/000285 14 For this purpose, the buffer zone isrioTTE04/000285
according to this third technique during the performance of a second step
by an adapted supply of energy adjusted to suitable parameters for: »
aiding the appearance of perturbations in the region overlying the 5

perturbagenimRNBuRSEEASHI BREERIHOTIEhRIPRATEERSHARS 1 thifs third
averlying region; and " causing an at least relative elastic relaxation of the
BN B DG R TREMET ISP A SS5PHE RIRRR R 20PRIRe SHRSLPT
rerpapeanfissiei dcssyitdplofrenengytésdifos to cause an at least relative
relaxati f the glastic stresses af the, stressed layer in order to form a
relaxedgs%ﬁléérg%é ﬁgy%?.pxlaﬁ(raa Interm e%?e'{{%rre%%ﬂsc Bﬁ% AsEPIR e %%Hgﬁa%e
Iphewreatiotheoperturbation zone and the stressed layer: 15 confines

defectsof e iFhacaio e&é?ﬁ:oﬁﬁ?e@énﬁ&mﬁi R AMFIELOLH ion;
substrate | to the nominal lattice parameter o %ﬁe stresséd ?aye%ﬁ%%irggmn’
iRf¥mediate region can thus be considered here as a buffer layer. A heat

treatmentig aipaiRGRoEsl PAHRVRIILIRE AR QSN eRRe ERAYST ayer
chﬂ%m%e% are suitable, th(f said energy supply sufficient to cause these

BARREAGHCrRILEHRRUANS treatment is advantageously
perfornibairndipainrraitse of seaipareaipres subsGialyeNRy dhasedan at
T s e sl S T R en L e s e
pertrdatiby et séelersal /gpgstallographic perturbations are thus created.

The intermediate region comprised in the substrate 1 between the
perturbation zone and the stressed layer:

= confines defects of the disiocation type;

= adapts the lattice parameter of the substrate 1 to the nominal lattice
parameter of the stressed layer;

This intermediate region can thus be considered here as a buffer layer.

A heat treatment is advantageously performed in order to generate, if
its parameters are suitable, the said energy supply sufficient to cause these
structural modifications.

This said thermal treatment is advantageously performed at a
temperature or temperatures substantially lower than a critical temperature
beyond which a significant number of implanted atomic species will be
degassed.

Starting from internal stresses in the perturbation zone, local
crystallographic perturbations are thus created.

Particularly because of minimizing the elastic energy in the region of
the stressed layer, these perturbations principally appear in the buifer layer
and inc_re_ase in amplitude under the effect of the thermal treatment.

When these perturbations have become sufficiently great, they act on

the stressed layer, relaxing at least relatively the elastic stresses there, these
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Particularly because of minimizing the elastic energy in the region of the
stressed layer, these perturbations principally appear in the buffer layer
30 and increase in amplitude under the effect of the thermal treatment.

WY baa/teeme perturbations have become sufficiently great, threyrastmaotioess
stressed layer, relaxing at least relativgly the elastic stresses there, these
WO 2004/061943 PCT/1B2004/000255 15 relaxed stresses being
principally lattice misfit stresses between the respective nominal lattice

paramatestraidbe malggalpiihgaivesatrtiayeisfnsthalsektheguRekatee

1. However, the relaxation of the stressed layer may also be s
SEEBRTONRICOI AR RAREBSPTAAINE tReRsRlihe Ritesteds(rier
amdrhve ingedisleseadiens, in the thickness of the said layer. Suitable
treatments, such as a heat treatment, may then be performed to reduce
the nur%{ gregF fhe%ﬁeede?%c &R guinblinﬁea%{?ﬁPegnl%ana@g%sg%?, f@re
mmmmwyp@;mm}@a nceeal'singlﬂsh‘_mpeikyrpﬂdlﬁdm_:dm_s,l istikcit ias
TRVBILTRY eiarB AL Y kRS D LxpigRfefining an intervel

of density of dislocations within 'w at least a portion of the dislocations

is anniikitedlelreaineats, el 5ihamn) beimedtamataikendre performed

RSPHEGreiRxed FaNeF oS Rfekal lattice parameter is substantially
different from the nominal 1s lattice parameter of the growth substrate 1

and whitAHR0S BRAERRSESr BfsBesforee R feh SXPIRIR WhinRRSIBIts
m'ta@aﬁmgtlrmacd@aml @Oﬁﬁﬁﬁiméihanée{ﬁlﬁﬁdtw%‘é‘iﬁﬁrige/@fbé'thiiéﬂﬂ?ofﬁdiﬁﬁt
seudo-relaxed layer can constitute,at least ortion of t ta -o1T | .
e e SRS O e LR
athickpatiéissily rottierdotine ditlecaiits S mamividdsation of
] L S . -

ool e e i RS P ISR RIS M aver
wiBaSEn BAMIBAdiAE dery anelag it Substeniieiy BITTEBeDY frgrochy nominal
BRc35FarAm e fuier @ﬂﬁ%@{%%gm ihiddechaifuggint of

forming the buffer structure is then comprised in the substrate 1 as
distpeatipaiopssiydicial to the formation of microelectronic components in the

relaxed stressed layer.

This relaxed or pseudo-relaxed layer can constitute at least a portion
of the taking-off structure |

For more details, reference may be made to B. Hollander et al.,
specifically in the document entitled "Strain relaxation of pseudomorphic
SiixGex / Si(100) heterostructures after hydrogen or helium implantation for
virtual substrate fabrication" (in Nuclear and Instruments and Methods in
Physics Research B 175-177 (2001) 357-367).

The buffer layer thus preduced by this third technigue of forming the
buffer structure 1s then comprised in the substrate 1 as defined before the
implementation of this third technique of forming a buffer layer.

A fourth technigue of forming a buffer structure is based on a support

substrate of the buffer structure to be formed, the surface of which is in relief:
and a deposition of elements constituting the buffer structure on the support
substrate.
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implementation of this third technique of forming a buffer layer. A fourth
technique of forming a buffer structure is based on a support substrate of
the buffer structure to be formed, the surface of which is in relief, 3o and

W& depasitien of elements constituting the buffer structure onth&/BRroEEE0028S

substrate. WO 2004/061943 PCT/1B2604/000255 16 Given the
non-flatness of the support substrate surface, the deposition of the
elements constituting the buffer structure is performed in an anisotropic

fashionGwensdie ctivefaioass efftessappddcalissisiesearfaes Whichepsisn
SPeRH i : € ture. 5 This fourth mode of .
formiglg% %@5@%&?%@1@%&%%&@0 ur? iq bsegea%nﬁaarénmaer%e%'?ﬂff)op'c

SrhipBuwithnseleRtive arRudnp RifRItses ! thad) Ut denmroes ebjntnddnfer
Qmﬁmﬂq&@ﬁmgﬁr@mﬁ@q@;ﬁwwM@QM@ects, in order for the

taking-ﬂj},st uctyre | which will be formed on the buffer structure to have a
high qudiiy wrﬁ’%m%ﬁjeiﬁ%wmsm@érwg e gRamifcorthmiques
amnppgrantmatarisooeﬁ?& tb_ﬁcte&?@mé?bdba&@%ﬁ%ebém@ﬂ: h ;é_yfék} th@%{lﬁer
i topography will prefer e chosen with periodica _
A e TR R
rdRoiino e aking effestrarithe Wwidth svitfaecioftiee walte befdstructure
XANRE, m@\%‘cﬁ’é\ﬂ?iﬁ%@f@ﬁwh@(hibit bands, spaced apart by a

given distarice. For Such a topography in bands, and under certain
deposifibf @Riarichdht ipestipkvtobiive st potondmitadtig tre of the

gﬁeﬁggpagtgffyp%%H%agd@}geé%gmg neighbourhood of the bands, and
particTﬁrl the 20 corners of the bands. The thickness of the layer in

which tRPATHRY HorB JARSIHAP N it S8 FRrab kbR siwatsuwitbnperiodically
epstedgsatheris GeslayewhoktbisBRecHicraupRFLRUOHERE: SUHASBer to

Rt R ST ERE s8Rk A B R constituted by an
insulafiioy eyt fdhe el ppoat suttatiatie analthus BANSEAENGBaBRRBK ok
W%@W@ﬁi%t\é’#é%’? will later be deposited.

For such a topography in bands, and under certain deposition
conditions, it is possible to succeed in concentrating the dislocations of the
epitaxial layers in the neighbourhood of the bands, and particularly the
comers of the bands.

The thickness of the layer in which the major portion of the
dislocations is concentrated then constitutes the buffer layer.

For this specific support substrate surface topography in periodically
spaced bands over the whole surface of the support substrate, the bands are
advantageously constituted by an insulating material formed on a substrate
and thus constituting a mask for the materials which will later be deposited.

Moreover, there may be intercalated between a solid substrate and the
relief structure an intermediate layer of crystalline material serving as growth
substrate for the buffer layer, the insulating relief structure then being
sufficiently fine to not perturb the resumption of growih of the buffer structure
on the growth substrate underlying it. " |



Moreover, there may be intercalated between a solid substrate and the
relief structure an intermediate layer of crystalline material serving as
growth substrate for the buffer layer, the insulating relief structure then
wigeing /86y susfficiently fine to not perturb the resumption of grewthigidhgucozss
buffer structure on the growth substr%tr; underlying it. WO 20041061943
PCT/IB2004/000255 17 This technique is also termed epitaxial lateral
overgrowth, or "ELOG", and is. principally applied to nitride film

cotony, Thors e ac S 3 e ael RSl 06

"RdE RS TR @pplissh sunitdeofimage poeiondn O/ N ¢ViBtah Grganic
aicdenioaPhai M TErY RN ERRExyNGaN/GaN/AlGaN-Based Laser

Diodes _with an Estimated Lifetime of Longer than 10,000 hours" in which

growth SPEANAND BEnHERCs@Fchurkasissites igxapaeifcdlle et Ahe
stiveteriiel Bedtiocmetbanoardipy 4o Mis faooh techinigue 28 biéerstan the
structure formatiqn by ELOG will be,described later.in this document, in
e B AL e SRR e e Kated e s
deéB en Estimatedricietine blffengauthare)| (08 didistslidturehish growth of
c i r ' ja ibiting, fe g crystallographic
d%%e%tgs’g?ﬁjt e ?ggogrt?{?%m(%t e |nt2e|r a%%@ﬁ%?‘ e%%ﬁ%%@f structure 1. At

least orfe PorssOhealitrérenehgesorchrsteuting thertalenpotustddufter
| isracvrptaseRssbn fonmed dig SraWHR of G iBHRSIERLS 1 TisCXBRRISRY in

epitaxy by CVD or MBE. In a first embodiment, growth of at least a portion
oF¥RERI§Rrers is 20 performed in situ, directly in continuation of the

fc;rm%tiwmgwﬂaye@tw?fgfazr@@g@ﬁi‘é@ﬂamﬂwé%m%ﬁbtﬂwquaaes or
also being advantageo rm ayer growth In this case. In a

R d B DGR D GH St [Ebal AT B hLSe tegaretiitea by
pm'slsﬂaﬁiad a*imehightestbmﬂog s’enﬁanmﬁ@s%t@lo@ﬁﬁgﬂﬁy@a&ﬁamtb |dh 128 region
'8P RRCINENAAGHICHIA L Y SHAARIE Ry (CMP polishing, heat treatment,

er smoothing treatme
At least one portion of the different layers constituting the taking-off

structure | is advantageously formed by growth on the substrate 1, for
example by epitaxy by CVD or MBE,

fn a first embodiment, growth of at least a portion of these layers is
performed in situ, directly in continuation of the formation of the layers which
respectively underlie them, these layers also being advantageously formed
by layer growth in this case.

In a second embodiment, growth of at least a portion of these iayers is
performed after light steps of surface finishing of the layers which
respectively underlie them, for example by CMP polishing, heat treatment, or
other smoothing treatment.

A taking-off structure | is finally obtained, comprising layers of
crystalline materials.

The taking-off structure | comprises, before recycling, a thickness
equivalent to or greater than at least two useful layers.

However, the taking-off structure | very advantageously has a
thickness greater than two useful lavers, in order to free itself from the
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A taking-off structure 1 is finally obtained, comprising layers of crystalline
materials. The taking-off structure | comprises, before recycling, a
thickness 30 equivalent to or greater than at least two useful layers.

waanewstothe taking-off structure | very advantageously hasrcthickngem?2ss

greater than two useful layers, in ordgg to free itself from the WO
2004/061943 PCT/1B2004/000255 18 thicknesses of material removed
during treatment(s) performed during recycling to clear up defects created

i ) e fihe. i y
maﬁgﬁﬁ%egﬁ%r%%éiﬁ%%ﬁggf tﬁ%kﬁiﬂésﬁﬁgﬁtc@ raIE defeﬁ:]g&an(iﬁ(?rjg

defyeliarietrsafype defeekocsamacerarsd abiw timgsurvafeiiagkniodihe

likeethpeggncountered in the post-taking-off structure I' (see Figure 1c).

For example, projecting and/gr rough portions can appear after taking- off
in the rig®ABIARS LRIA -@ﬁfﬁﬂféﬁﬁggf‘ﬁﬁréﬁmmﬁgﬂfﬁﬁt&ﬁ%ﬁeﬁh nNegs,

Ehestusslpedietas reliefqrogétassvbictiappeared) Meiseiriaemoé tbe a donor
taking-off. strycture . principally depend on the manner of taking-off and o
Kl S R i ke PR
adruehily idedarrigdustg). consists of taking off the useful layer, not over

ety
L A A R a0 il

bjectieg pairibpston wenimal cadacael doademaiing clonee s@froésting

portions ec0snssAI AN a6 ABHs SiHRIehpsERh s OR IRe RUIERGRe
of the donor wafer 10, the set of projecting E;ortlons then being termed in

NGy ™ SRR Loty OPRERdsH gl ovirakiaagbend on
trehnikue s tathakfer uvesample those which will be studied hereinafter,

o S e R e e i,
siooaldth af éedirthiokribssiobht leyst twot asefulnayers!osheftakenf dibatuhar
igpess Cup! L2 A0"BAISEARH B HGENRRRPRUAHRACIC YT 19
substantially centred portion), leaving projecting portions on the surface of
the donor wafer 10. These projecting portions are generally monolithic and
situated peripherally on the surface of the donor wafer 10, the set of
projecting portions then being termed in industry "taking-off crown”.

® Thus, for example, known taking-off techniques, such as for
example those which will be studied hereinafter, such as the Smart-Cut®
technigue already mentioned, sometimes cause surface roughnesses.

The taking-off structure | before taking-off thus should have a
thickness of at least two useful layers to be taken off and a thickness equal to
or greater than a thickness margin corresponding to the minimum material to
be removed during recycling(s).

This thickness margin is thus typically of the order of a micron in the
case of recycling after a Smart-Cut® type taking-off {discussed hereinafter).

However, this thickness margin could be reduced by using efficient
recyciing techniques such as selective chemical etching.

A principal treatment implemented during recycling according to the
invention is a treatment of removal of substance adapted to preserve a
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be removed during recycling(s). This thickness margin is thus typically of
the order of a micron in the case of recycling after a Smart-Cut(r) type
taking-off (discussed hereinafter). However, this thickness margin could

wieeabegeegk by using efficient 30 recycling techniques such p&ysglesiix@orss

chemical etching. A principal treatment implemented during recycling
according to the invention is a treatrh@nt of removal of substance adapted
to preserve a WO 2004/061943 PCT/IB2004/000285 19 portion of the

taking-off structure | including at least another useful layer which can pe
B s e eSO iy R AaPR sl BSer
Pty oemel toas e d afitafeaiercidinthat is, in the region of the free surface
of the taking-off structur hich mains after.taking-off..In the context
ot the UBeRe 1 AVaIL o ol BT & B p el B UenePla:
frisdhahisalimibarregenahtheres stefrtg idhadasdistafi glosctappinghich
J%;F%aém%gﬂfperformed on the surface and is used for 1o

removing a superficial bortipn of the taking-off structure | from which the
useful Iﬁ)}@ﬁ’ﬁﬁ‘@%ﬁﬁék@ﬁ@ﬁ?&ﬁﬁ' iAfparaeabel skstantgviackides the

gyBeticialdbigiiess raniading swfasardeiacitenhIClsDaNeAPRRAE M hg or
durlr_lg taking-off, such as crystallographic perturbations of the
[#BRIBGHons or point defects type. 15 This treatment can advantageously

be perftiserdataepth datheespeciiimeasaowhiexe theftriengnaf iteclaigur
used generated defecis present .deeper, in the thickness of the taking-o

TTRIITE 1A A L e 0 T AN LR e T e e
trefpolisydnghypebaametakenseff,candisis pidikpbyinpeantitnoemalel 10 a

gsgaﬁfe?au%a%%gmﬁﬁaﬁ %&@.@HL@MWQ%@%@

durin
round a drive shatt. The respective principal surfaces of t hging g

trkdio0=0fd BiectpaRshivSiplaganbic psstarirtinnppbller Aiseetiappldeint
Hadqedsiyeg head applies the donor wafer 10 against the upper face of

the plate.. . )
This treatment can advaniageously be performed in depth in the

specific case where the taking-off technique used generated defects present
deeper in the thickness of the taking-off structure |.

A technigue of removal of substance by mechanical means of the
polishing type currently used consists of disposing a donor wafer 10 between
a polishing head and a polishing plate which can rotate around a drive shaft.

The respective principal surfaces of the polishing head and the
polishing plate are substantially parallel.

A force applied to the polishing head applies the donor wafer 10
against the upper face of the plate.

The rotating movement of the donor wafer 10 with respect to the plate
then causes rubbing on one face of the donor wafer 10, and thus polishes
this face.

in a preferred mode, the polishing head, accompanied by the donor
wafer 10, is displaced on the upper surface of the polishing plate along a
given path in order to best homogenize the polishing. This movement can,
for example, be a reciprocating translational movement along a given axis, or

a helical movement.
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25 The rotating movement of the donor wafer 10 with respect to the plate
then causes rubbing on one face of the donor wafer 10, and thus polishes
this face. In a preferred mode, the polishing head, accompanied by the

wapneiweaigr 10, is displaced on the upper surface of the pojishinghftlato2ss

along a 30 given path in order to best homogenize the polishing. This
movement can, for example, be a reCiprocating translational movement
along a given axis, or a helical movement. WO 2004/061943

PCTIIB2004/000285 OTh hi lat dvant
with a textufet orm\ﬁo ?n%tgg%\?aﬁ% %‘gﬁ%@ 38&/%% %‘%ﬁﬁ] l%/ %))\ég% or

lwbri€atioatefizhe rubbing actions of the plate on the donor wafer may

advanta%qgﬁkxg%amm 8 IiRetaiRg Sl %%gég RS he

the wafer, generally with elonlze Waterw ich'is |ne oW the

B!ﬂ??rﬁ’ﬁdhﬂ\ ‘E@é@fpﬁﬁ@f ﬁ@%r@@#@@éﬁ%@ﬁérﬁ@rmMMtween polishing
and clgapigpanserlCwihiapeutian éﬂ?ﬂé‘@@%ﬁcﬁ&%&%@éﬂéﬂ%ﬂg with

which is injected. The primary function of the surfactant is to maximally

3%’8@%%"|N"ﬁ5%'éﬂ?lﬁ§ IR RN SRR flaw hesRelisiaduhich can continue
to erode thestgpufishingf esBifeANGH 2R FR-UCHIRESIERANIERIRE End

Ean%urfacee%réga! t their vacuatl One or mobf of these solutijons
are ad%irﬁageou ly m}"ec%e%o g f8 AN S r3BrRRE Ry {ARtpipich is
widctethud begiriisrip itestibe sélmmawimnasttiaam/hMWf@cétsﬁél‘@ in

R oneiAle sobuth et ent MALEC AR ean e Al oionse”

shing,” rinsing, an cleanlng ates are per orme y asi ng
EHifQCBQf fomsbirsy etk rsdtrtiotycst theindenesitisthad thevisesagitrand
parereiRiplesRiafaferred: 20 In a second embodiment of the plates, the
polishing function is fulfilled by a polishing plate, and the functions of

rinsingd X VSRR LAE FSRiIRIMEO S §fﬁg?éjb?é'ﬁ?§§ﬁﬁéw MHEHGIL R &
wetend hisemizdimerihavbiste darauples pelishissibieestie solution over

e s RF R S SO AT P finsing

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

But to improve the productivity of the whole method, devices with
several plates are preferred:

In a second embadiment of the plates, the polishing function is fulfilled
by a polishing plate, and the functions of rinsing and cleaning are fulfiled by
a single plate termed rinsing/cleaning plate. This embodiment, which
decouples poiishing from the rinsing/cleaning, improves the quality of rinsing
by using for rinsing a plate which is "virgin® of all particulate residues which
could remain stuck to a plate.

in a third embodiment of plates, the polishing plate, the rinsing plate,
and the cleaning plate are separate plates. This embodiment decouples,
with respect to the second embodiment, the rinsing from the cleaning, and
thus improves the final cleanliness of the surface of the siice, using for

cleaning a plate virgin of all particulate residues which could remain stuck to

a rinsing plate.
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by using for rinsing a plate which is "virgin" of all particulate residues
which 25 could remain stuck to a plate. In a third embodiment of plates,
the polishing plate, the rinsing plate, and the cleaning plate are separate

wilaiRsndhig embodiment decouples, with respect to the secafghn2004/000285

embodiment, the rinsing from the C|G§Eing, and thus improves the final
cleanliness of the surface of the slice, using for 30 cleaning a plate virgin
of all particulate residues which could remain stuck to a rinsing plate. WO

0 S TR ) AL R

Qﬁa@@dﬂtﬁ&mmimmad@liﬂm&mlmm#féﬁiﬁbal agents can be
'ntmdUﬁ?QdHiﬁHﬂ%@c?Qﬁﬂﬂ?Wﬁ%l@ﬁ&H&”% BlasH SR Sy 1o

polishing plate with a 5 chemical attack. In an advantageous embodiment
BEFSMBFRYothR HeeER Femalieci Gitscipdrepv dha RRIGHRR -Blfenivgh a
Blaaizat®acRoain termed CMP, is used, the principle of which is to

bring together the polishing surface of the ,polishing plate and a pqlishin
i AR VRSN, S DA TEE At o e el SRR At e
dddifiowatemethanicatipatishingnthalpglahrgitichtheracoreointly EicGts
c [ ' C dar ' etchi
Eye e AR CRCIaes & WAl enent: A S RIS s e e
polishing pBERRNEmMoORBbINSLABIABichdpcigdes o felivwediligiinsing a
BReinic4ganinggkie polished surface of the donor wafer 10. Itis to be
noted that the rinsing can in some cases not only act on a_more rapid
removal 4R 4P ARECRBRISAIPRBRBINAg arretishingfgotapn wenjointly
effeatis ahpetishingtgsienby Ohedas thiftHie AeiRicRlaataak AL RatIRthical
during polishing has a basic pH, by adding a surfactant, generally acid, Eo
s b At

GO Y T NS BN SRR S o SRR AV o CoPigce (0 be

polishewy solution is favoured. For certain semiconductor materials such
as Silio?ﬂétpgngzg\?ami&alsubstanca may again be followed by rinsing and/or
cleaning of the polished surface of the donor wafer 10.

it is to be noted that the rinsing can in some cases not only act on a
more rapid removal of residual and abrasive polishing particles, but also on
the chemical polishing action.

Indeed, if the chemical attack agent used during polishing has a basic
pH, by adding a surfactant, generally acid, to the polishing solution, rapid
stopping of the chemical action of the polishing solution is favoured.

For certain semiconductor materials such as silicon, the chemical
action is preponderant over the mechanical action (the abrasive particles
used during the surface polishing of such semiconductor materials being of
small size).

Such a rinsing with an acid surfactant, especially for the materials
mentioned in the last paragraph, thus permits the polishing action fo be
significantly stopped and its effect on the slice to be controlled. In this way,
the post-polishing thickness is thus ensured and reproducible.

Control of the stopping of polishing, and thus more precise control of
the thickness removed, can be obtained in this manner.
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action is preponderant over the mechanical action (the abrasive particles
25 used during the surface polishing of such semiconductor materials
being of small size). Such a rinsing with an acid surfactant, especially for

wihednalgfigis mentioned in the last paragraph, thus permitsgpepalishinghss

action to be significantly stopped and its effect on the slice to be
controlled. In this way, 30 the post-&ﬁishing thickness is thus ensured
and reproducible. Control of the stopping of polishing, and thus more
precise_control of the thickness remaoved, can be obtained in this manner.

WO 200416618258 ETRESSBS5 60 S48 Fafuien iieing sidyegsivdl be
imefettosdotdberaipising sakdion withlid rpeefeired: g apicteuasinjsiatierpH of
ul It.in a rapid rease of the pH of the polishing solution and .
R oA BRI S e e R oD ReEeh AR tor Tl
it gsasitieosizeaybtibeabessivdhmiribesizes ofctbasaraisive particles is

w@é&sﬁg%a@e&t@%‘m s &Q%Q&ﬁ&éﬁéiﬁ&%@ﬁ%a{s’ﬁggﬁe&ge

of these bulkier particle agglomerations. An embodiment example
BeeaisaShdhosa i kies RajtieiR apaleeEioRse in the case where the

layer taRedianaiFRpekiRanbrabeiMeindedes silremizA0oHhesalutonr is
suitable for polishing silicon is gentﬁqlgya basic solution with pH between

PERENTBC e Mol b ERRR IS Bt RiRnaEEs Ahlegst partially

prefiefablsilleing a nitrogenous base such as ammonia. The abrasive

particles are preferably silica molecules with patrticle sizes of the.order of
b tenth OF=S ISR, LIS Sl RRENTG SIS S SRnsaY iPa selybon
with pipEHgtveterablgnteticpneidrably SiadwesarBaandnd Athwitthen@ddCagent

iti ' . Atrati f 9 .The time of the
Eﬁiﬁr%?%tgleﬂg %ﬁﬂﬁ?&@%‘& @é)%tnge&)ggrxdé% %rpl@g@/g%f the polishing
time. 20ehabeasivehparbisles: AfechErferehvmsligem@alecaiesputicartcle

gdvariagroysIY theaaenigdiqf thersyention for controlling the quantity of

material remaoved, so as to permit preservinq at least a portion of the
If it is decided to rinse, a surfactant wiil be used with a pH preferably

taking-
betwgen 3 and 5, or even around 4, with a CMC (Critical Micellar
Concentration) of about 0.1% or less.

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

These mechanical or mechano-chemical means are particularly
advantageous in the context of the invention for controlling the quantity of
material removed, so as to permit preserving at least a portion of the taking-
off structure 1.

But generally the removal of substance from the donor wafer 10 can
include the use of any mechanical means for attacking material, such as for
example lapping or bombardment with atomic species.

This removal of substance can if necessary be preceded by a heat
treatment permitting further smoothing of the surfaces o be removed.

Referring to Figure 1c, the portion of the original buffer structure which

~remains after the removal of substance is given the reference I'.

It will be preferred firstly and in certain cases to perform finishing of the
surface state of the donor wafer 10 in the region of which the removal of
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off structure I. But generally the removal of substance from the donor
wafer 10 can 25 include the use of any mechanical means for attacking
material, such as for example lapping or bombardment with atomic

wWePaRIess15kS removal of substance can if necessary be pregedag vsdoorss
heat treatment permitting further smoothing of the surfaces to be

removed. Referring to Figure 1 c, th%?’portion of the original buffer
structure which 30 remains after the removal of substance is given the

reference I'. It wil] be preferred firstly and jn certain ¢cases to perform
Rt ek Bk o as FEBRROP W Y0 e B SRS
tieereenuveabof VeOgR084406hRASBME/HBRO AAMNREH R gUbstamoevadkf
@38& ich was effected during the first recycling step, so as to remove

any roughness which could have appeared during the removal of
substafies tiFe PuriBqser pobeattresdmesamibbe wirosmedidonedafople.

examplgn, SRR HLslalgd pf %qugm%o%@ﬁgbo%om?rising

comprising taking off a thin layer and recycling thé donor wafer 10 after
BERGRY R BiRRYBY 3atkrerding thgtesor wale HRaadaTT§TwaingLiteglyen
e RieadFgebstentated, the taking-off structure | has a thickness
greater_than or equgl to two useful layers, 10 A thin layer taking-off
hetho R TTIBH o g Fe E Ao EUAN, R TR g
ainhetiny éhbera dbinkists srpcsedintgamoe st ieneotuzesel inybes.

koL AR LR s e

off the desired layer echniques whic 7
the cretiataireiptedstakingriffistemehthoinyaniqpresasists iergeatigan

SRR SR S HraMATHeU R ANaW SR hae skiled iihe,adréand, ?Ifater

which descriptions can be found’in a number of works concerning wafer

Relaening eofdRes i ke theiesiiRtblavaielatomic species (such as
hydroggavens ke riedy 06 Iareaing Rp B RrEenEDt <Rh

A Simbritemant gono Sre presamad hera " @ fraglle interface by the

A first technique, called Smart-Cut®, known to those skiiled in the art
(and of which descriptions can be found in a number of works concerning
wafer reduction) consists, in its first step, in implanting atomic species {such
as hydrogen ions) with a given energy for thus creating an embrittiement
zone.

A second technique consists of forming a fragile interface by the
creation of at least one porous layer, as described for example in the
document EP-A-0 849 788.

Referring to Figure 1b, a second step concerning the taking-off of a
thin layer consists in applying a receiving substrate 2 to the surface of the
donor wafer 10.

The receiving substrate 2 constitutes a mechanical support which is
sufficiently rigid to support the second layer 3, a portion of which will be taken
off from the donor wafer 10, and to protect it from possible mechanical
stresses coming from the exterior.

This receiving substrate 2 may be, for example, silicon, quartz,
sapphire, SiC, or another type of material.
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creation of at least one porous layer, as described for example in the
document EP-A-0 849 788. Referring to Figure 1b, a second step
concerning the taking-off of a 25 thin layer consists in applying a

WESRIYINg saybstrate 2 to the surface of the donor wafer 10. ThgA8SiIViREss

substrate 2 constitutes a mechanical.support which is sufficiently rigid to
support the second layer 3, a portion of which will be taken off from the
donor wafer 10, and to protect it from possible mechanical 30 stresses

coming.from the exterior. This receiving.sybstrate 2 may.be. for exa ,
o e TEba LR RE e uas e By SR RUpl At O
20H4 /&1 J4Ri RS BLooH/60 1285424 heingive viaostibstrding, israpphict

Wopé%igg gdﬂé@i%’ﬁ%%ﬁ%ﬁﬁéﬁ‘ﬁ%lﬂcu ar.a dﬁgﬁg&g{‘ﬁrg gtﬂi@r&?e 2 and

bringing about bonding, in w 0 sion Is advantageously
gretakmneall sbHaessubstrate 2 and the taking-off structure 1. 5 This

teChni%s"&@&ﬂﬁE{lﬂa % W@_Hcﬂﬁ ,'t§§nwyﬁ%§sdﬂé?ﬁgﬂﬁké§%_r islqacHRaR NG
the document entitled "Semiconductor Wafer Bonding” (Science and

PESFHBRSLY IREHOGRREaRIRS o Ao (e GBediag{cience

WiteyT ddimbleadinthisraciomp aréetindloggpIsam. Yy Penapuonssselsland
@r,efliminary treatment of the respective surfaces to be bonded and/or a
u %fy of thermal energy and/or the provision of a supplementary bonding
agent. Tineis bfomdimgmipleaechegiareadment pectssaed doyingror fusrafteate
P&Mﬁaﬁ?aﬁ H&P%@%éo !%% Q{W@%Lﬁﬁ@g?qiﬁca& diléﬂdfor a -
ontrolled"by a bonding layer, such as silica, intercalated between the

sanly. off henrensisy drofecdhanpravisitmel 2 supe@mgnéass bonding

gggqularly strong molecular bonding. Advantageously, the material
constituting the bonding face of the receiving substrate 2 and/or the

materidWHE LRI S Ser Hraimenh BeghAugngeinshigfter
mswdatnehablestiadbandsedbatritdfiedtartimpnding can also be

controlled by a bonding tayer, such as silica, intercalated between the taking-
off structure | and the receiving subsirate 2 and capable of particularly strong
molecular bonding.

Advantageously, the material constituting the bonding face of the
receiving substrate 2 and/or the material of the bonding layer formed if
necessary, is electrically insulating for forming an SeOl structure starting
from the taken-off layers, the layer of semiconductor of the SeQl structure
then being the taken-off portion (i.e., the useful iayer) of the taking-off
structure |.

Once the receiving substrate 2 is bonded, a removal of the portion of
the donor wafer 10 is performed in the region of the previously formed
embrittiement zone, by effecting detaching there.

In the case of the said first technique (Smart-Cut®), the implanted
zone (forming the embrittiement zone) is subjected in a second step o a
thermal and/or mechanical {reatment, or other provision of energy, o effect
detaching in the region of the embrittlement zone.
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from the taken-off layers, the layer of semiconductor of the SeOl structure
then being the taken-off portion (i.e., the useful layer) of the taking-off
structure I. Once the receiving substrate 2 is bonded, a removal of the

WP §fo 45 the donor wafer 10 is performed in the region @Ei&: s004/000285
previously formed embrittlement zone, by effecting detaching there. In the

case of the said first technique (Smaft2Cut(D), the implanted zone
(forming the embrittlement zone) is subjected in a second step to a
thermal and/or mechanical treatment, or other provision of energ

effect 'BONRERSSRY tharseidbgRsoRe ﬂ%mnmﬁéfﬁ%d@ywe&i subjected
20CHREI BRI ERRRAHKIARRBP sdpply BTeeRsgyablBAsAIdta6RY in the

technl the frag) Ia%eé is subjected to a mechanical treatment or
<5ﬁ9é?r§ ﬁ%f’detachlng in the region of the
embrlttmmttllgrie taetmgmgaﬁaheamgmﬂaaﬁemt enviittisroetitgdoene of

@ﬁ&é’édﬂw e Wafgj go T éf"a\f&h% " S%H%ﬁqp'ésoﬁ OYPhel d5819g 1o

portion o in a struc ure comprising the remainder of
thletadiken- @ltrmgmﬁg GRnprifingethewrtsreinderephebentioteawieftaking=off

REFRHRE PRBRY hl%ggr}gwo% NG EIG) Q%%WH&Q%%@&%&E}@ bonding

post -taking-off structure nstitutes the portion of the taking-off lo
dBRsuaed t‘é@d SrRhAnSeHRaikRIg-8ff, the whole of the wafer forming a

donor M@f@étl@ﬁﬂ@@ﬁ%hﬁ@tu%&dﬂéﬁtiﬂmﬁi@f&%wl% eiakinenetbft

of a later layer. The re Ito recy uch a_donor afrlO is shown
T Rt R SR e

poxtr1ftakibg- eﬁrﬁttoo@mpcllra;:ﬁmrwt@ te-ane afutiege abisagdyofisd us tedr
;Xré nabove to remove a portion of the post-taking-off structure I'. Several
techniques for the removal of substance by different mechanical means

can alsthbegesiptarhegnpeling &, pohieudany ifvwiadep d§i-isaktingoinhstioataréd.
I' compyisesEavRa '?‘H@éﬁé?ﬁé’éf"&se%é’&%% é P EWH&E post-

using successive attacks by CMP and by simple polishing. T
RREEREATCaSHNSINDT MaRSFrdRl béPprepeded aHiner follboasty byliscussed

hereinabove, to remove a portion of the post-taking-off structure I'.

Several techniques for the removal of substance by different
mechanical means can also be implemented here, particularly if the post-
taking-off structure I' comprises several layers of different origin, such as for
example using successive attacks by CMP and by simple polishing.

This mechanical attack of material can be preceded and/or followed by
surface treatments, such as chemical etching, heat treatment, or smoothing.

Referring to Figure 1d, the taking-off structure |" obtained after
recycling is substantially identical fo the taking-off structure |, reduced by a
thickness close to the mean thickness of the layer which has been taken off
and of the material removed during recycling. According to the invention, this
thickness is sufficient to comprise a useful layer which can be taken off.

The donor wafer 10" is then suitable for providing a taken-off useful
layer in the taking-off structure |" during a later taking-off without any other
supplementary step such as a step of crystalline growth.

In a specific configuration of the donor wafer 10 before taking-off, the
said wafer comprises a plurality of useful layers which can be taken off.
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surface treatments, such as chemical etching, heat treatment, or

smoothing. Referring to Figure 1d, the taking-off structure I" obtained

after recycling is substantially identical to the taking-off structure I,
wEIMRaA BYysa 25 thickness close to the mean thickness of theayshivhicbss

has been taken off and of the materijalé removed during recycling.

According to the invention, this thicknéss is sufficient to comprise a useful

layer which can be taken off. The donor wafer 10" is then suitable for

providinrgt%.taken- useful layer in thc?ftakin -off str

a)( tLére é du ing a ..
later taking. ST Aoty BB ISleh ’QR/'%?FZ% UGAad 3&RGe
dry $tudlimegmborthin nad ishe sfiecaintigefdtimyafst vaol dro takaderdfd betioeen

Bki0eoff . : g 1 lavers whi
s e B R A B A BB e
ctigunaibadaisdused takitrkion sifLessdl Roadifigmoattonaewaderin 0
WhighaiRy el MRy S/FAB etk %Hsﬂ«&r@nrgﬁxeéea&ﬁ?ps

according to the invention, in an advantageous coniext a cyclic method is

used, of ARAYErIELIACRER RN om a donor wafer 10 5 according to the

inventienawbdgciiegatinelyseestesning b IHedassiasn a taking-off process,
and aéee%?gr}ﬁé)roc Ss ac %rdin ft the i ve?tion. Before the
implementation o' tNe %’gﬂ(ﬁﬂ;? Rh§ o %@’5 '§s,a$<§5ﬁ58 égrocﬁ%wﬁr@' PrESS
dbriommirdethtidaccordiatptd thedoveimiphoctire ieveatfornuea, He pétfoomed,

%ﬁ%rr?eggﬁ?ﬁo@c iﬂgqééﬁr?(%%%%h?go ﬁQ{L&PX?@iR rl'a?%? .té%t%u]bstrate 1

described hereinabove. The p ty of taking off several times
sessrinpg fetRBgBYent invention, starting from a donor wafer 10, in a

same StRiCtysedifRrpast eBingLatraievkMithert oeressalily ‘Y Miedpresent

supplementary layers there and/or is without necessarily performing a

{YERHERt RIRMUGVERRgP PRI WalBibh 3R themBstEHEtirpéiaimay on
galisphiime el implessentayicareiitiie eirinédRg-affaetihads ahd/or
easier implementation of the me%hocg, ag‘élﬁfsubstantialrl‘% less elevated

oA e AR PRACRIS A HRAITEAL (3 FRSON RO Gt RP B Partion of
tiestsbatratbet, af eakitg & gfhmndf dimecyt khgSippiéonerediiontis the overall
taking-off method, an easier implementation of the method, and a

substantially less elevated economic cost than the different methods of the
prior art.

After a certain number of takings-off and of recyclings performed in the
taking-off structure I, the number of takings-off being in particuiar a function
of the thickness of the latter, the remaining taking-off structure | is no longer
sufficiently thick to contain a useful layer to be taken off.

The donor wafer 10 is then only constituted by about nothing more
than the substrate 1.

In a first case, the donor wafer 10 is discarded, and the whole of the
substrate 1, which may be complex, long and costly to produce, particularly
in the case where the substrate 1 includes a buffer structure, is then lost,

In a second, more advantageous, case, at least a portion of the
substrate 1 is recovered, by implementing a recycling method.

In the case in which the substrate 1 includes a buffer structure, three
types of recycling of the substrate 1 can be implemented:
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taking-off structure 1, the number of takings-off being in particular a
function of the thickness of the latter, the remaining taking-off structure |
is no longer sufficiently thick to contain a useful layer to be taken off. The

woReryafer 10 is then only constituted by about nothing mase4R,Hdok38s

substrate 1. In a first case, the donor wafer 10 is discarded, and the whole
of the substrate 1, which may be co?‘r?plex, long and costly to produce,
particularly in the case where the substrate 1 includes a buffer structure,

is then lost. In a second, more advantagequs, case, at least a portion of

the 30 SIS GODPEETLIES By AN DR b Cb U b RO e

the pasgittinghigedbesstibstuitet lidastuslen b ftsr taunippartseissttgpesn

of recyclin the, substrate 1 can be implemented: WO _2004/06,19,

e oA e MGt i I

of the affdostnictoeesubstiataniitgeyprdlyethatiomsf diffealt andothiemufst
u . _ ek

S i yeggﬁgﬁog%\gé}@m. @h@%ﬂﬁ%@ﬁ%@%@@afeﬁ?@

recycling alwa oss of the portion of the subst

e efstatinrul anbutfermbuciieadt 6 fppireshdricesyspigedarigform a
guplerneMiadiomeiient e RiRmestiY rsigriiphreformation of a buffer

structure if it is desired, for example, to reform a _substrate 1 equivalent to

that befdREYEIRIRG udingy it gamavaiy d&retiosval dra pufirssiraiye.
mﬁquagwgtr:?ep?@ér{oamhttmtp@ﬁwy@g@m@bmm?moﬁimsu?emer

ich the buffer 1o structure was for . a portion o urrer
S PR P Seh G o B o e S sy & buffer
I&gmjcﬁmg;hﬁeremwldcbprmmm foreeyahmglethec: m@mmw ad,
%?'%%‘é\é‘? WS@%@?@&H{% S51APRE RS- SR AYSF LGNS stonned
Pn the bu r %ptﬁ?er

situate er struciure; d supplementary step of reforming a

by ecsing ixavandiciedslypivarinantee Tuffer SirdelsifreuaisyRresIR R
5?5?r%¥4§f%lﬁﬂﬁ?§ealﬁ%{i¥%ﬁﬂ&€9r§‘%t Be{S S REYCERIImPRNERREY if it is

including the removal of at least a portion of the remainder of the original
dasihelofituRRTFEF adB pRioffy BrESHsRe Of RRVivaIRItate 1he hefore

Rieaivgd; during recycling a step could be implemented for surface

- recycling, including the removal of at least a portion of the remainder of
the original taking-off structure |, and permitting the whole of the substrate 1
to be preserved; during recycling a siep could be implemented for surface
finishing the rest of the taking-off structure | (for example by CMP, heat
treatment, sacrificial oxidation, bombardment, or other smoothing technique)
and/or performing a selective removal of substance, stopped by a siop layer,
for example judiciously situated between the taking-off structure | and the
substrate 1;

After recycling the substrate 1, a new taking-off structure | is then
reformed, in which several useful layers can be iaken off according to a
method of the invention.

This new taking-off structure | may be substantially identical {o that

before recycling.

This new taking-off structure | could have a structure slightly different

from that of the taking-off structure | before recycling, by slightly modifying
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20 finishing the rest of the taking-off structure | (for example by CMP, heat
treatment, sacrificial oxidation, bombardment, or other smoothing
technique) andlor performing a selective removal of substance, stopped

woVfosiRdayer, for example judiciously situated between thgtakings@ffosrss

structure | and the substrate 1; 25 After recycling the substrate 1, a new
taking-off structure | is then reformetf in which several useful layers can
be taken off according to a method of the invention. This new taking-off

structure | may be substantially identical to that before recycling. 30 This,
PR TT  r  TEOTHE Bt SPACTRE <GPS HALRATR Slofe e
ebthpdahdizgrof statetiaiedibegoskgretyoimdjfiby. slightly modifying WO
2004/061943 PCT/1B2004/00 28 certain, param I

For eﬁanmapqg,C@g&éﬁ%ﬁ%ﬂﬁ%‘gﬁ%& gﬁll?%g?napdo%%gg %E}g%{éﬁggﬁ?h%g yer
gigvtly, foogifieuple Byiepikaey theGsRirg-biBstructure is advantageously

formed by FYeEJOWH, %maﬁéag?enaxaf%Qé@@réwﬁgﬁieéemm

first case, the growth of at least one of the layers comprised in _
taking-off stdelire ! s fmestimsiiv SiretynirepHiHakeo S olhgdormation

tormatiagndying s0gpeiing sHpperidayeaitiedalivy alfmheitously formed
advantz(;ll\%eously fcign%ed by layer growth in this case. In a second case,
Pl BRIFPE R NS 6AE0f these layers is io performed after a light step

of surfacefigisting ofdbe, uthdedybvgttgrofviit semgtodnéorot xiveple lhydtMBR

lishing,, heat t t ing .techpigue. t foll '
B P IR R T S g S
sopibifior stractpiesbiywiti Bepelisihinyersaidmattapalsie dhbeiggesbing

l?é(cﬂ t@od according to the invention. Specifically, we will present
materials which can advantageously be used in such donor wafers 10.

For cettainéiahefabiaiinlds déhifiledomensibstrite 1REBRAMisEampigfer of
SHHEHU ML RPHBREFwatRslratechisBYffRY siuaiveas heing trveesl Rlyers,

and capable of being used by a method according to the invention.

Specifically, we will present materials which can advantageously be
used in such donor wafers 10.

For certain of the examples detailed, the substrate 1 comprises a
buffer structure and a support substrate, the buffer structure being formed on
the support substrate.

The buffer structure then possesses, in the examples concerned, a
first lattice parameter in the region of its support substrate and a second
lattice parameter in the neighbourhood of its interface with the overlying
taking-off structure .

Such a buffer structure comprises a buffer layer permitting such an
adaptation of the lattice parameter to be performed.

The first method of forming a buffer structure (as discussed
hereinabove) most often used for obtaining a buffer layer having this property
is to have a buffer layer composed of several atomic elements comprising:

s af least one atomic element found in the composition of the support

substrate, and
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20 the support substrate. The buffer structure then possesses, in the
examples concerned, a first lattice parameter in the region of its support
substrate and a second lattice parameter in the neighbourhood of its

whtsiiaee:with the overlying taking-off structure 1. 25 Such a Qufafq04/000285
structure comprises a buffer layer permitting such an adaptation of the

lattice parameter to be performed. Thé first method of forming a buffer
structure (as discussed hereinabove) most often used for obtaining a

buffer layen haying is propeiiisiie have, 2 Bulfer Vel aampaaedhoon
several atomic elements cCOMprisIing: at least one’atomic element
fubrsdrtetharcbhapoxitis coficketsabipo pragrbssiaw geatwip in0ba/tedouss
(oYl %aq%ggl{g 285 29 " at least one atomic element not, or scarcely,
ound In the support substrate, and having a concentration progressing

gradualijarofasanierneastratignedd iferalaaent e theabrelies davemiwiditem tbe
Bris@ianeatis e Mdferiavel WitbBrbgd ofiRcPaiGarserhthasl 36uak

rogression of the |attice ﬁarameter in the buffer layer in a metamorphic

dRYSh s MeANSRAGUTRIE S buffer layer is principally an alloy.
The atgmie dlethignisrdinsatdnl deudermpositienpon tieabyppaitiosubstrate
for theﬂuffertsubstréte anq of tpe buff§r Ia%er may, be cEf GrOLprtg_.V 1o
type, sUAR a8 Sy & O exampre, thdre Couf BETR NS Alse & sppoTt
substrate fofr Shabdafarsiftmtiale ot SiEbe wittifer Gyeomeynadisroup IV

Egpgrgﬁéh/gggv&h@ég with a thickness between a value near O at the
[

erface with the support substrate and a specific value on the other face
of the Fof&@xryele 1henceritifbPedBdhinease tewnapssibsHaetpeSi and

SURBRSE RHRSIRTS iGN AIHE TR RFFRE RYRIIR PIESBUNIRS PRAIR AIRIRIG

elements of Groups IlI-V, such as a pair chosen from among the possible
HYRiBRRRiBRIERT @a/2ins naer ®, AdNeBierarrpMitiBreStbRRI bRt
eAgeaspUpNON SUbSIiratecsabtAsEace of the buffer layer.

in another case shown, the composition of the support substrate
and/or of the buffer layer may comprise a pair of atomic elements of Groups
-V, such as a pair chosen from among the possible combinations (Al, Ga,
In) — (N, P, As).

For example, there could be in this case a support substrate of AsGa
and a buffer layer comprising As and/or Ga with at least one other element,
the faiter element evolving progressively with a thickness from a value near 0
at the interface with the support substrate and a specific value on the other
face of the buffer layer.

The composition of the support substrate and/or of the buffer layer can
comprise a pair of atomic elements of Groups [I-VI, such as a pair chosen
from among the possible combinations (Zn, Cd) — (8, Se, Te).

We present hereinafter several examples of such configurations:

The first three examples deal particularly with donor wafers 10
comprising a substrate 1 of Si and a buffer layer of SiGe and other layers of
Si and of SiGe.

These wafers 10 are particularly useful in the case of taking off layers
of SiGe and/or of stressed Si for forming SGOI, SO, or Si’SGO! structures.
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20 and a buffer layer comprising As and/or Ga with at least one other
element, the latter element evolving progressively with a thickness from a
value near O at the interface with the support substrate and a specific
wslds,Rptae other face of the buffer layer. The compositionl;lfltngzﬁbj&%ggs
substrate and/or of the buffer layer cay), 25 comprise a pair of atomic
elements of Groups II-VI, such as a pair chosen from among the possible
combinations (Zn, Cd) - (S, Se, Te). We present hereinafter several
examp onfigurations: The first three examples deal particularly
o cors praren TR R R o e SR SR R of
SiGe and other layers of 30 Si and of SiGe. These wafers 10 are
particulaglyseful ify e gRee RLIRKING QTiayars gi.SiGe andior of
stressed Sifor forming SGOI, SOI, or SI/SGOI structures. WO
2004RYeA §4BsiRie /| BoriHied285 30 We present hereinafter several

examples of slieh sapfietiatiefsatEsagple 1: The donor wafer 10 is
constituted: - ﬁ% t% r%ﬂgstrate 1 constitﬁed: s / by a support substrate of Si/

by a buffer st PEREUGHIFRC 245 dERs tRecestnarse thersaiubirst
tédtuifqustoicbutdorsratamrectonpasing acbhifeisiayes andfan |agshitiongl an
|§¥8ﬁi 'nba)( %t%lr(_ing-off structure | comprising SiGe and possibly one or
fmore fine 10 ayers of elastically stressed Si. The buffer layer preferably
has-dGe Eilfirgoifaiorcivrichcpruyisisg Bilg snamd gsess inhno tieecintectacine
\{gyé@%%g%gﬁygﬁié@g%dtgipause the lattice parameter of the SiGe to

progress as explained hereinabove. 15 The thickness is typically

compridB8 bW 1238E 3afeHhbtersas obtaffea siwentirbigral which
iayiianalihRguEsse A tmeoiBstaierin related ipdhe diisrence o

of lattice parameter so that they are buried. The additional layer is of
ERHE° 5 1BStalHUHS rQEANRES the biher RIRS, IMithPAReERRAnBiycoXRIgined

heifeirmbdesconcentration, substantially identical to

The thickness is typically comprised between 1 and 3 micrometers to
obtain a good structural relaxation at the surface, and to confine defects
refated to the difference of lattice parameter so that they are buried.

The additional layer is of SiGe, substantially relaxed by the buffer layer,
with an advantageously uniform Ge concentration, substantially identical to
that of the buffer layer in the neighbourhood of their interface.

The concentration of germanium in the silicon within the relaxed SiGe
layer is typically comprised between 15% and 30%.

This limitation to 30% represents a typical limitation of the present
techniques, but may be made to progress during the coming years.

The additional layer has a thickness which may greatly vary according
to the case, with a thickness typically comprised between 0.5 and 1 micron.

Example 2: The donor wafer 10 is constituted:
- by a substirate 1 constituted:
v by a support substrate of Si;
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20 that of the buffer layer in the neighbourhood of their interface. The
concentration of germanium in the silicon within the relaxed SiGe layer is
typically comprised between 15% and 30%. This limitation to 30%

WEREessAks A typical limitation of the present techniques, bubgayRB4/e00285
made to progress during the coming years. 25 The additional layer has a

thickness which may greatly vary according to the case, with a thickness
typically comprised between 0.5 and 1 micron. Example 2: The donor

wafer 10 is consttyiae -y & gubaiaig LeepRIiRg §d 10 4By ArSURRHique
substrate of Si; WO 2004/061943 PCT/IB2004/000285 31/ béa buffer

SFuleirenG ri RiEBE oFHIHGUE te Sutisiigt fdpiighdayefofhing>e baéran
Hadptarroapsisnrg a buffer layer of SiGe and an additional Ge layer; -
by a taking-off structure | comprising before taking-off, AsGa and/or 5

AIGaRY. FHEHIEaN S BEfel aPRTIES RGBSR dAtiRE o rO§RR ARSI (P

iIABBegiging from the interface with the support substrate, to cause the
lattice parameter to progress betwegen that af the Si support substrate an
that of VIE Gl PIRAI P er 200 FBP i oSO A bR G arA
imthealsirftefriayethis tdedacktovibréiyeesispiporh aileritdeotabzrutsEObms jattice
J isel retically, e [
Eﬁ(gﬁ%‘?&% #%@%@ PRI dbepreical s%ﬁﬂbf}l éﬁ%q{&%%‘?{?f Wi of

ce of the two materials. Example 3: The donor water 10 is
dopdaeuasiitional lgyarsubstrate 1 constituted by Si; by a taking-off

structurey} e1BliRKGe DaTeNE dakina:f-aband e 9BGP NS ERg0

layers of elastically stressed SiGe. Example 4: The donor wafer 10 is

BoRLRERHCD 2IRPE S ip AP 1 %‘?%tﬁﬁt%‘tﬁ%r? RFEFSEbhErPYNBstAe &r 2
Siebhstisdwyftiiayerfagremaetoriinthéoditsatihe canchapeaiis.

technique of formation of a buffer structure discussed hereinabove and
Example 3: The donor wafer 10 is constituted:
- by a substrate 1 constituted by Si;

- by a taking-off structure | comprising, before taking-off, Si and

possibly one or more fine {ayers of elastically stressed SiGe.

Example 4. The donor wafer 10 is constituted:

~ by a substrate 1 constituted:

v by a support subsirate of Si;

v by a buffer layer formed according to the said second specific
technigue of formation of a buffer structure discussed hereinabove and
disclosed by the document WO 00/15885, that is, by:

= a deposition of a first layer of Ge or SiGe according to the said
second specific technigue of formation of a buffer structure discussed
hereinabove and disclosed by the document WG 00/15885,

- possibly followed by a deposition of an optional second layer,
capable of improving the crystallographic quality of the overlying layer, as
disclosed in the document WO 00/15885, the second layer being of:

o SiGe (50/50) in the case where the first tayer of the buffer layer

is of Ge;
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disclosed by the document WO 00/15885, that is, by: 25 a deposition of a
first layer of Ge or SiGe according to the said second specific technique
of formation of a buffer structure discussed hereinabove and disclosed by

wBsdpskmgnt WO 00/15885, possibly followed by a depositigiqkaidanooz2ss

optional second layer, capable of im%r ving the crystallographic quality of
the overlying layer, as 30 disclosed in the document WO 00/15885, the
second layer being of: o SiGe (50/50) in the case where the first layer of

the buffer layer, is of Ge,. WQ 2004/061943 C./Ii 004/000285 32 :
Stressed's: n TSt SHARSHE TR IS DRASLENS! Ry r e r e/
aab&ifpoff structure | comprising at least one of the following materials:

Se. SiCe. Si. 5 Togralsselid iq aBHRlh g obiE: AN SOREeRIBuing

set of layers or a single layer of the taking-off Structure I. It will be noted
tiBePprakt fefrek38htained at the end of a taking-off according to this

example geefiaadromifefectaighdbsdisioeatien as @yrarinAdiethyers

re%ion., 10 And the structures obtained of this kind can then be used for
e

A9RGB RSRERE SIS for example of stressed silicon,

on the layel tfeSieRdBad e dxanpe DbldinddpBOEaERH 16K i taking-off
constituted by:. 15 - a substrate 1 comprising:./ a ort substrate of Si; /
I B AT A A O e T R A ReR R e, Shen
férradrigiedfradiaffer structure; / a taking-off structure | comprising at least

sfedragiotter structure: / a taking-off si sn
waior obinel ater P Rt ah 12 Sy Sheariihe 1 thda "

HRas e QrevER e RYRRIPEBDIRSY $aNeFRirfor Rrample e Bisensrshsiiane on
byiariayes tietaldrg-gfistructure | was

Example &: The donor wafer 10 is constituted by:
- a substrate 1 comprising:

v a support substrate of Si;

v a buffer layer of Si, formed according to the said third technique
of formation of a buffer structure;

v a taking-off structure | comprising at least one of the following
materials: SiGGe, Si.

This donor wafer 10 is the wafer obtained after the formation of the
buffer layer according to the said third technique of forming a buffer structure.

In a first embodiment of the buffer layer, the taking-off structure | was
present before the formation of the buffer layer.

The taking-off structure before taking-off advantageously has a density
of defects, such as dislocations, less than about 10” cm®.

The typical thicknesses of a taking-off structure before taking-off, of
SiGe with 15% Ge and of a taking-off structure before taking-off, of SiGe with
30% Ge, are respectively about 250 nm and about 100 nm, thus remaining
below their respective final critical thicknesses of elastic stress.

According to what has been seen hereinabove, a buffer layer is
formed according to two principal steps:
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present before the formation of the buffer layer. 25 The taking-off structure -
before taking-off advantageously has a density of defects, such as
dislocations, less than about 107 CM-2. The typical thicknesses of a

wiakingRibsiructure before taking-off, of SiGe with 15% Ge ap¢ af>a04/000285

taking-off structure before taking-off, of SiGe with 30% Ge, are
respectively about 250 nm and about 100 nm, thus remaining 30 below
their respective final critical thicknesses of elastic stress. According to

o pricci Sl DA (1 SRR RGeS S T S b s
of a zone &YpeRliAPtEATTIAf RleBippRREnsHBachas BisiHey implantation
of atomic $ReRiIeS SHEBAISQLER éthS%frgmi?(Et?e%%ﬁté?ﬁé Rlastic

relative relaxation of the elastic stresses in the taking-off structure. s
During thesti@sage n dhe fakineshi sprhstation energies of H or He used

are tyﬂtg%HM@@Meﬂa(;@fi&@@drgé; ;lsei\éegz he _?ﬁé%?}fﬁ‘t?d@%hlﬁ@i%@'@ﬁtﬂdo@rﬂe
typic etween an m-2,. - Thus, for example, for a
égﬁﬁ‘g@gﬁ’f@ﬁ&@?&\féw}ﬂ?%&ééﬁg Iﬁ%ﬁ\fo preferably be used, with an
implanfitiesdcaxesind 8. 10 Hecimplahan] energypieatiyrisbeckeaV 6 Thing, o'’
exapgple, for a taking-off structure with 30% Ge, H will preferably be used,

with an implant dose around 2.1016 cmz at an energy around 18 keV. is
The implant dEptiss fof exaapinidas e tisinmofestubbirateithal &%h&e, H wil

tyRiEa L ReANeSREAD AP A i, %988%%%&1%@15“@_8&@%%%&%%?&

during thé second step should be suita or markedly increasing the
rﬁﬁﬁﬁ@@r%ﬁﬂﬂ%plitude of perturbations in the region situated between the

perturbation zanesang Biekakie SraThSEIEIISH 28dhiRsegeNInNRiehthGi
rturbations are dis I?ged will then form the said bufter layer. The

g’g EEARNCOD AR WS RN H TR HOSR\EPHIh € dllseSEn at an energy

around 18 keV.

The implant depths of the atomic species in the substrate 1 are then
typically between about 50 nm and 100 nm.

The heat treatment performed during the second step should be
suitable for markediy increasing the number and amplitude of perturbations in
the region situated between the perturbation zone and the taking-off structure.

This region in which the perturbations are displaced wili then form the
said buffer layer.

The appearance of dislocations in the buffer layer then causes an
overall relaxation of the taking-off structure.

The heat treatment is preferably performed under an inert atmosphere.

However, the heat treatment can be performed under another
atmosphere, such as for example an oxidizing atmosphere.

Thus, a specific heat treatment to be performed for this type of donor
wafer 10 is carried out at temperatures typically comprised between 400°C
and 1,000°C for a time which can be between 30 s and 60 minutes, and
more specifically about § minutes to about 15 minutes.
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overall relaxation of the taking-off structure. The heat treatment is
preferably performed under an inert atmosphere. 25 However, the heat
treatment can be performed under another atmosphere, such as for

gy} oxidizing atmosphere. Thus, a specific heat tregfent i3 Afozss
performed for this type of donor wafer 10 is carried out at temperatures
typically comprised between 400C and 1,000C for a time which can be
between 30 s and 60 minutes, and 30 more specifically about 5 minutes

Second B ASBARHER BN IS PUte fONes G M FELRBe  f ro
presssritb pédoest hihéorimatiationl thie heffeutéyrelate, ddnorduatar thafer then
adyantageou ring in th low] rm: - a substrate 1 of Si; s - a
Iai%a(/e‘%ag %ﬁ?@%&tﬁ%&%ﬁ&gig‘ﬁg %f@éﬂqﬁ%gf ?gié being elastically stressed.

The tech@iguésteate parbfieters of relaxation of this SiGe layer are

substagtigly jdenticaldq#aose qfsae fissk ephedimentqtbe,BifieLiaystany

After formation of the buffer layer, layers constituting the taking-off to
structure | &F@BFRIG the overall relaxed layer or set of layers. The

;aking-qgﬁgtlté@tﬂ{r@ah& tBHg _fﬁfﬂaﬁ%@&@fcﬁh@ﬁ’@i@fdﬁwaﬁf?ngm ra/med are
Irst emboaiment proposed in S exampile. For more detal regards
R ot N R T e b
carried Afiebyoemblitdiansfetiet slffeartiguagriyyerss dbadditaimgetitee tditind-off
"Strain relaxation. of domarphic Si4-XGex / Si heterostructures
e D TR a0 it
(in NuclBze tekinmsiistronturandavbisoidsreehjisictRostardayBri 76atrary

(204 faaf éﬁ?&d%@ﬁt%ﬂﬂ%@fimﬁw&;&mpgép a receiving substrate 5,

taking-off 1Is 20 performed with or without intermediate bonding layer,

accordihgntaerr drtae RSMRSAM e sHABRRe HNSGISI digvbb I etpignce
tomvwrfensithen #RexelRr aceonding ie HyeanventipridExanp|e8mithriry in
donor wafer 10 is constituted: . L )
the document entitled "Strain relaxation of pseudomorphic Si...Gex / Si{(100)
heterostructures afier hydrogen or helium ion implantation for virtual
substrate fabrication" (in Nuclear and Instruments and Methods in Physics
Research B 175-177 (2001) 357-367),

After bonding of the wafer 10 to a receiving substrate 5, taking-off is
performed with or without intermediate bonding layer, according to one or
more known techniques, previously described, and the wafer is then recycled

according to the invention.

Example 6: The -donor wafer 10 is constituted:

- by a substrate 1 constituted:

v by a support substrate comprising at least one portion of AsGa
in the region of its interface with the overlying buffer structure;

v a buffer structure of lll-V material formed according to the said
first technique of formation of a buffer structure;

- by a taking-off structure | comprising a li-V material before taking-

off.
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25 - by a substrate 1 constituted: / by a support substrate comprising at
least one portion of AsGa in the region of its interface with the overlying
buffer structure; / a buffer structure of 11l-V material formed according to

“Jg%'ﬁg,{%l;@t technique of formation of a buffer structure; 30?@9%192094!900285
taking-off structure | comprising a Ill%material before taking- off. WO
T

2004/061943 PCT/1B2004/000255 he main purpose of this buffer
structure is to adapt the lattice parameter to the material of the taking-off

structute | in the neighbourh of their interface (which is for example,
ominal VRIEP aBO RS &7 A Lt e TUEE 3 1 A a7 ARt
(teeamosién &b Thkienefaniaichf ihalieking-66 raciyse drinsihie nieébblidriibdt of

I : [ I SIUCiur
e D B e e e S oG ot
dBlerfrrsthaldait athat sdinsfsathpanmios! srbiamevsdecissahormidrés
ajakimen the semiconductor market, less lo mechanically fragile, with

already known implementation of rear face contact technologies, and with

larger <d8%uiRtdI 6\ n e R e 4D IR ifH?@BTicanﬁj‘ih af Sifter
Isiidiigwevier hepelectivnieramemdncmefiinh isfas agepertionlediaiien

t that of AsGa. 15 Thus, th id donpr e ives, fqr example
RS s, ey a0 A A Aaaard for
prapogiaglastkbogitff storetuaesiiablapoisingd nBefoimedaricanAa®eat, fess

%QWémﬁgﬂjgﬁai%?%ﬂ aéﬁ?é’a%ﬁ%ﬁ 1&;%#&%??‘?&%@“8%%358& ég_f\eligct

IS seen e advantage suc onor wafer 20 10 can o
itgsanAiroRs aetdanihdataal AiResnibmRifRltSradbem islead PhAsRahgRHor
agliManRmLRity smshinreerties, capable for example of being close to the
properties which would have been found in an embodiment of the said

solid mERYRYETHES GIRGIQRICRFIVGIAPR_ & IRR IR 9% 19RERFhMIe Better
ReeeIRHAEASGa.

Thus, the said donor wafer 10 gives, for example, a solution to the
formation of a layer of InP dimensioned to 6 inches by proposing a taking-off
structure | comprising InP formed on an AsGa support substrate and relaxed
by means of a buffer structure.

Thus there is seen here all the advantage which such a donor wafer
10 can offer: it permits an active layer of a llI-V material to be formed, for
transfer with a given guality and properties, capable for example of being
close to the properties which would have been found in an embodiment of
the said solid material.

The buffer structure comprised in such a donor wafer 10 necessitates
a thickness typically greater than one micron, and which can be brought to
progress foward greater thicknesses, pariicularly if destroying it after each
taking-off can be avoided, specifically by means of a recycling method
according to the present invention.

in the example of a taking-off structure | comprising essentially relaxed
InP in the region of its interface with the underying buffer structure, the bufier

structure of the substrate 1 then advantageously comprises a buffer layer
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25 a thickness typically greater than one micron, and which can be
brought to progress toward greater thicknesses, particularly if destroying
it after each taking-off can be avoided, specifically by means of a

wEsYslingdpethod according to the present invention. In the £xamplgRlhcess

taking-off structure | comprising ess gially relaxed 30 InP in the region of
its interface with the underlying buffer structure, the buffer structure of the
substrate 1 then advantageously comprises a buffer layer WO

0U0GK3 ACTUR2O0ON0385, 36 PSS L NCABTHER 9 anc

concentration progressing between
sthasttiB8 thay furthermore comprise an additional layer of 111-V material,

such as HCAAROLIAAINR WY AFHSIABHE KL AIRENI - RRRRSIUI PGt o

the atomic elements. In a particular case of taking-off, at least one |

1y \mAteEahkEHSH ahdRadng: off stiifire MBI trarfires RN Habetomgant
sihsisateaiion e mdvabiare-eimeasible electrical or electronic properties
can thus be attained. 10 It js for example the case.if the portion taken off
forther oA AR 2R BF TR A=A O T BB Bl igeen of
hibadsiiregvediestrtintuadtefontatesial dnd ePehotadyicstrate Better electron
mobilitieg in_the - . Qther. canfi tions of or.wafers 10
ore pos i NBHTAEE & eI, S R O R I R e
quchttakiad-off of layers are typically embodiments of HEMT or HBT

(High Blactandohity therOsial ARG S1RLR AiBRUARr FIRSIAoHEARS S Res

20 Example 7: The donor wafer 10 is constituted: - by a substrate 1

dBaated: IMyAss iperninbiiesiot SRSHSIRE ARDESnRRRVRRoNST Ialter
iptadnee Wil the uaEyiDackhedier BEHEIUER LRI SribiiRG SErustere fenmachf

according to the said first technique of 25 buffer formation, and
dB¥iftising InGaAs in the region of its
Other configurations of donor wafers 10 are possible, comprising other

IHi-V compounds.

The applications of such taking-off of layers are typically embodiments
of HEMT or HBT (High Electron Mobility Transistor and Heterojunction
Bipolar Transistor).

Example 7: The donor wafer 10 is constituted:

- by a substrate 1 constituted:

v by a support substrate comprising AsGa in the region of its
interface with the overlying buffer structure;

¥ by a buffer structure formed according to the said first technique of
buffer formation, and comprising InGaAs in the region of its
interface with the taking-off structure 1;

- by a taking-off structure | comprising, before taking-off, InP and/or

InyGa1.«AsyP1.y.

This type of donor wafer 10 has already been described in Example 6.

Example 8: The donor wafer 10 is constituted:
- by a substrate 1 constituted:
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interface with the taking-off structure I; - by a taking-off structure |
comprising, before taking-off, InP and/or In,,Gal.XAsyPi.y. This type of
donor wafer 10 has already been described in Example 6. 30 Example 8:

whRfAaResvafer 10 is constituted: - by a substrate 1 constitydqdiaWin00285
2004/061943 PCT/1B2004/000285 77/ by a support substrate of

sapphire or of SiC or of Si; / by a buffer structure formed according to the
said first technique of formation of a buffer layer, constituted: . by a

metamo‘;phic Buffer layer.of AIXGal XN, x varying wi 5th'§ness from
0 to 1 starting Vo?nsﬂFé ?n'?esrlt'gcsgev%h ﬁg%%ﬁ%?re%{%?/&a%rgé lional layer
of GaN thtendey adubafistrudisioe dtonedypecordsiglioghapsadddiridesshnimpue

%ﬁ@ﬁéﬂgéwg%ﬁéﬂ%ﬁ)!it #g%ﬂgfyﬁ)c? of nitrides. The Ill-V nitrides GaN,

Ain and InN are of interest in 10 microelectronics, specifically

in the light emit¥ing reteeemiin dyfielsyier obpildadordy,suchayinge with
reqeing aNAMItng ofsdaimatatsd aldveRAsnSIRR AD SoppRREL discs or

such as electroluminescent diodes for new display techno O%IGS. These

materiafs are Ss8hIpdddigrakdaveyr ehSabinvifandnd & 8rflislocation-

copwenRsMacfrBiicRaveser operating at high temperature. is A mode of
formation of Ia¥ers %I?fitrides comprised |n the taking-off structure I is

epitaxial ¥ B9IL OISR RTINS By e tigaes
organoiiesalic\¢ampoendsai GAopahdsudl asdriofattgrgatlivinthe field of

trimethylamine alane, or trimethyl indium for. respective deposition,of
e P A D e e R e g g for
teadieationsseveraothhosading dedaydiing ahdbta sdoreddshbigivafendites
Ja\V{e) cyel e t ' egitting t
i Se e ﬁgﬁe%@tam%@%ﬁ%ﬂ?ﬁ% O Wisplay

tHRGRgUIM0ISS. EXBesgIEngterisisaryisonismedl depignaindiiande manufacture of

electronic components of high power or operating at high temperature.

A mode of formation of layers of nitrides comprised in the taking-off
structure | is epitaxial growth on the additional GaN layer by deposition of
organometallic compounds of Group |, such as frimethyl gallium,
trimethylamine alane, or trimethyl indium for respective deposition of layers of
GaN, AIN and InN.

The present invention, when used for transferring several of these
nitride layers from the same donor wafer 10 involves a recycling step
between each layer taking-off, permitting the preparation of another layer of
the taking-off structure | for another taking-off.

Example 9: The donor wafer 10 is constituted:

- by a substrate 1 constituted:

v" by a support substrate of sapphire or SiC or Si;

v by an intermediate layer of GaN;

v by a mask of SiQs;

v by a buffer layer of GaN;

- by a taking-off structure 1 comprising a layer, or set of layers, of
nitride of which at least one layer is of GaN.



10

15

20

25

30

- by a substrate 1 constituted: / by a support substrate of sapphire or SIC
or Si; / by an intermediate layer of GaN; / by a mask of SiO2; 30/ by a
buffer layer of GaN; - by a taking-off structure | comprising a layer, or set

wof JRBse0qt nitride of which at least one layer is of GaN. Wg&r1p2064/000285

2004/061943 PCT/1&2004/000285 3§, The mode of formation of the
buffer layer is that already described hereinabove, in the description of
the said fourth technique of forming a buffer layer, and consists of

bringing-aqubARISHUIBRIEHERNVER %é%ﬁ?eﬁsu\égelamﬁaf% described
specifically GaN here, according to the ELOG fechnique. 5 The mas?<

J?ef&‘ﬁ*?f?ﬁg%oHﬁdﬂ?aﬂ@ﬁ%’@@‘&ﬁté@feﬁl%l?%sf%@%Fﬁ?hﬁf%dg (ﬁi%’ﬁ&%ﬁoﬁ
wuths ialRimasinthyas of GaNGIRG Assiadie MRMRE arsh el bs@anialbsive
utuall allel. The t ICW\/&?\ gf each band is t}éplcally of the order of
Ve CERIFE T SPERLIGA AR (e iARTIEPEARGNE BLIAG raBPige.
severallheRigs. ri:@s'kh&:@d!nmﬂw@aoﬂf@th&ﬂb&%ﬁpﬁ@@%ﬁﬁély ’ﬂﬁ'@ftﬂﬁ’l
jcran [ eX e, there.could be a band system o
S ot B 8 AR B B SR BB et ane
mmwwmﬁw@kplwrﬂi@above in a general case, these Si02 bands

will cavge IndlinlesatipsciPoatasd gp‘i'ﬂa@%@@‘?é’ﬂfﬁgpgf%f gl of

surface of these bands, in the layer(s) of GaN sited above

tRIENAESY W@%W%Wfbﬁ&ﬁé@é@d&éﬁ@r@%@é%é&ﬁ@é@ BHGERIE- the
mask tTeye GrirRHUEEEING FRedtUAiRY gt -id RHiRuBYSpb GraN BT RIB@Ins or

Bnéterlals having lattice parameters close 20 to GaN are deposited on the
1’5'?%1%% to form the said taking-off structure I. This taking-off structure
| then deonpeisesol, tast teouldyers Bach Hatng efthisioess aduae, each

R e A Faleb oot e
As explained above in a general case, these Si0O; bands will cause
dislocations, locaiized in the neighbourhood of the free surface of these
bands, in the layer(s) of GaN deposited above them.
The thickness of GaN in which these dislocations are localized around
the mask then constitutes the said buffer iayer,
The layers of GaN or other materials having lattice parameters close
to GaN are deposited on the buffer layer to form the said taking-off structure 1.
This taking-off structure | then comprises at least two layers, each

having a thickness equal to or greater than the thickness of a useful layer

. which it is desired 1o take off.

For more details of the mode of forming a wafer according to the LOG
method, reference can be made to the document taken from the "MRS
Bulletin® of May 1998, Volume 23, No. 5, at the article of Shuji Nakamura
entitled "In/GaN/AlGaN-Based Laser Diodes with an Estimated Lifetime of
Longer than 10,000 Hours".

Layers of InN can in particular be integrated into this taking-off
structure | during the course of its formation, as previously described in

Example 8.
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20

25 method, reference can be made to the document taken from the "MRS
Bulletin" of May 1998, Volume 23, No. 5, at the article of Shuji Nakamura
entitled "In/GaN/AlGaN-Based Laser Diodes with an Estimated Lifetime of
wePheghdhan 10,000 Hours". Layers of InN can in particular he-nigaialesh2ss
into this taking-off 30 structure I duringgthe course of its formation, as
previously described in Example 8. WO 2004/061943
PCT/IB2004/000285 39 Other constituents can be added to the
semicongyRipr IYRIRUEMETIRART b thiHiARURENESUCE AR GARRILII fors

carbon concentration in the considered layer substantially equal to or leSs
tHRRMIRE S ifnitie JRRHBERN PR S GHBRRtMING R QiR GNeRitRlpn in

5%es _d:‘clinaiaéré@ %ﬁe%hmaiiallwisiwiW@%eéﬁQ?QotrﬂnWQ@Adl‘éﬁfmore
materia entjgned In the examples hereingabove, utoa SO extends to
of?’?é?’%%'éq;' o‘?"%’a?e‘f‘?é\%%ﬁﬁ?@?n%qf@@ﬁ)ﬁ'b ¥ fﬁ‘,aﬂl?é'or VI and to

alloys beileaityindhie Gesaps eevitibh s ondt-Vimiteshéwld kinneentiafed10 of

Ul 0 4% saseiel alow Rasiala e Aloxs 0 chosen SR BEBINAY, other

ernary, quaternary, or of higher degree. In the case I which the dénor
wiafearsl @inclatisials hifengingrior @rowpted stilictlve, thepMésemd to alloys

ir}:\,@ﬂﬂ%ﬂw&tﬁ%%ﬂ%@\}g\ﬂ Wf@grolrayne\yipr buffer structure having as

primary function an adaptation of the lattice parameter between two

adjacenttsthRitlg e ragriipredotaivie dieraseistiicliaoy pratariaterdhewlloys
algeeRCRIND amnBKfeslaxg), quELIIBRAIT UL figHeR @sy/defined in the

most general manner in this (tjé)cument. The structures finally obtained
f

starting oM@ RIRJYBIFOIA%L SORAT T L dRaSE it REd D Qs or @
Sefffer SHSHOH, shegirgesntinkdrtdnaischat Brhistttiuresfar tepsisio s ffer
or to structures for apglicationis in lasers. 28 W%?OOMQ

R R o8 BT R SARHaR hE A9 ATon S aties marmeter

afietwesingtvakeragiieent structures having respective different lattice

parameters, but also concerns any buffer layer or buffer structure such as
defined in the most general manner in this document.

The structures finally obtained starting from the taking-off of a useful

layer are also not limited to SGOI, SOI, or S¥SGOI structures, to HEMT and

HBT structures for transistors, or to structures for applications in lasers.



useful layer comprising a material chosen from semiconductor materials,
the donor wafer comprising successively a substrate and a taking-off
structure, the taking-off structure before taking-off comprising the useful
layer to take off, the method comprising removal of substance on the side

W S%gh&%akmg -off took place, characterized in that th%é%ﬂ‘g?\@ 4%00285
substance comprises employing mechanical means so that, after removal

of substance, at least a part of the ta‘mng off structure remains, this at
least part of the taking-off structure including at least one other useful
layer that can be taken off after recgclings without a supplementary step
of reforming a useful layer. 2. Me cycling a donor wafer
according to the previous claim characterized in that the employing of

3 Mothbal BFIE8gc g A T DI o G to Ui B o SRR 2

msthﬁﬂ thgezrophophisiraf mmﬂ’{anaiadhoeamsfrdmlegrtlmrﬁmdmlmﬁtenals the
SO RsER A . odielingy + M Upd aleeeying:R dagRt of
afer accor ing to revious Ialms c aracterlze inth

empuﬁyrﬁg ﬂ‘fﬁ’ntﬁiﬁﬁﬁt@ﬁl ﬁtwﬁgr@mﬁfgrmeta@mr@a’l SospEsingdhs useful

N Wh%@*EBHTp?rsMStP&%&/eEPBY%r&PaHQé‘%VnV‘tﬁEe%ade

accordln%ﬁo claim 1, characterized in that the removal of substance

iME1GERN etéh%?frﬁg BPkmdasani CAARAREZ I PHsESh Brferfcapyld of

mesaén@@lddm@fm@tmpé%) nfedvigthed aidaeyclinehatdaner véaleval of
ccordin eof the rev scl ims, C aract rized in that th
SRR Pl

SERL A AT o8 KRS BBl e PR ORIy 2 east
Saface ﬁmsﬂahggreﬁtstam‘tu?e Mathodiraf m(jmisig)aeioﬂwwawui layer that

T T T
%&MM/OOOZSS 41 8. Method of recycling according to one of the
previous claimGeHRy ReEERdiHY A SRS SHRTHRIEBMRIEES thoYiglious

layer located
claim, characterized in that the employing of mechanical means during the

removal of substance comprises polishing.

3 Method of recycling a donor wafer according to claim 1,
characterized in that the employing of mechanical means during the removal
of substance comprises abrasive polishing.

4, Method of recycling a donor wafer according to one of the
previous claims, characterized in that the employing of mechanical means
during the removal of substance is accompanied by chemical efching.

5. Method of recycling a donor wafer according to claim 1,
characterized in that the removal of substance including the employing of
mechanical means comprises a chemical and mechanical planarization
(CMP).

6. Method of recycling a donor wafer according to one of the
previous claims, characterized in that the employing of mechanical means is
preceded by, and/or followed by, a surface finishing treatment.

7. Method of recycling a donor wafer according to the previous
claim, characterized in that the surface finishing treatment comprises a
heat tfreatment.



between the support substrate and the taking-off structure, the buffer layer
being of crystalline material having a constant chemical composition and a
lattice mismatch with the support substrate, so that it confines
crystallographic defects. 9. Method of recycling according to the previous

Wﬂ%ﬂl % gacterlzed in that the buffer layer is of Si, S'GeF&?r &1}9
a east o

material, “and in that the taking-off structure comprises a ne o
following materials: elastically stressEd Si, SiGe or Ge or nitride material.
10. Method of recycling according to one of the to claims 1 to 7,
characterized in that the substrate comprises a support substrate and a

buffer Sructutdeiitd0b Y ghdReterdiag ity cisRhdhsiprayipus claims,
magrgaﬁwgbﬁthr@umttaﬁmcmmb@w@m phigdattige paremeisief Ibeated

VR 10 o B s 1 e PSR STV Wige g G rer layer
rbeytglmj acatating fodteriplddving cdaoonstirel atiemie cothpbdidghudied a

2%5% relﬁlgmgg on}gﬁﬁes( agr?ﬁ%grea géLne theS%Uffﬁf[ ?yjté}éé;{%egfines

itional layer avmg asu S's to con
a@’WS@&Q@f@@é‘llmﬁ@éep‘@rameter substantially different from that of the

supporigsubsiifstd- Methae)efirerysling aesgrdiag t@]@n%&!a%gvv%;e;gm

previous claims, characterized in that the buffér structure and the

t&hﬁf@uﬁﬁr@%@cmr@%fotheéwﬁﬁré%yﬁfomfa‘ﬁbﬁb@%n@mgqta Rjtidgrrpterial,
fatewenatomic akayy o Whsictre UBIYpYise® R At \bihe RHOMHR foWbwing

FRIRIES: RSy Eé‘é%ﬁﬁgélo%ﬁ%“ﬁf%%@?@é‘e%%&% erizedin
that the1@onoietifed asfmpopelsid \ 20005 10 DRE DI BZOGE/0RANS51 48 7,
'cHaargﬁtsetr&%Hﬁ%urt% a1 S s?ra eu%%%agﬁs%%nstltgé%%gx Rlibstrate and a
buffer structure with a lattice parameter varying substantially and
progressively through its thickness between the lattice parameter of the
support substrate and another lattice parameter substantially different from
the lattice parameter of the support substrate.

1. Method of recycling according to the previous claim,
characterized in that the buffer structure further comprises an additional layer
on thé buffer layer, the additional layer having:

+ asufficiently great thickness fo confine defects; and

* a surface lattice parameter substantially different from that of the

support substrate.

12, Method of recycling according to one of the two previous claims,
characterized in that the buffer structure and the taking-off structure both
comprise atomic alloy belonging to one of the following atomic alloy Groups:

= Group IV-V;

« Group HI-V;

»  Group VI ;
this alloy being of a binary, ternary, quaternary, or higher degree type.

13. Method of recycling according to one of claims 1 to 7,
characterized in that the donor wafer comprises:



| a buffer structure comprising a buffer layer of SiGe with a Ge
concentration which increases in thickness and an additional layer of
SiGe, relaxed by the buffer layer; | a taking-off structure comprising,
before taking-off, SiGe and/or Ge; or - in a second configuration: 4 a

Wg%ge%t@blpstrate constituted by Si; 4 a buffer structure c *Pﬂﬁ%% 2900028 5

er layer of SiGe with a Ge concentration which gradually increases’in
thickness between about 0% and aboyf 100% and an additional layer of
Ge, relaxed by the buffer layer; 4 a taking-off structure comprising, before
taking-off, AsGa and/or Ge; or - in a third configuration: Si at least over a

thick Torﬁtion igterfafed_with the taking-off structure; | a taking-off structure
c'o'rrhér)g é’%’ e ;éfﬂﬂng-oﬁ, Si; or -in a fourth configuration: 4 a support
substrate ssuppsihgubsBatindbiestigted bY i&iinterface with the buffer

fructure: he | L
tomie R G eI BN R IR AR
the compeésiKiepnbaibitvivofespueasel ioHbisknessnanatrhgdddiopasiaps
combinatic&;}%g@e%{é%a@b ﬁgﬁ)ﬁ@pﬂa%}?ast two elements chosen

from Group Il or at least two’elements chosen from Group V, these two
elements R{AKES- B RIBHEHIR PRUBNIFIEI gPLIBERI AR ThicRes 3 Ble

buffer layeget artaking-off structure comprising, before taking-off, an alloy
belonging to Groyp 1lI-V; or WO 2004/061943 PCT/1B 2004/000285 43 -
in & ﬁ‘fﬁ?g%ﬁ@ﬁ’fﬁfﬂ}ﬁ. {f'same layers and the same materials as those
of the falirth sigpion redibstratighconstituted by Si; ‘

v abuffer structure comprising a buffer layer of SiGe with a Ge
concentration which gradually increases in thickness between
about 0% and about 100% and an additional layer of Ge, relaxed
by the buffer layer;

v a taking-off structure comprising, before taking-off, AsGa and/or
Ge; or ‘

- in a third configuration:

Vv Si at least over a thick portion interfaced with the taking-off
structure;

v ataking-off structure comprising, before taking-off, Si; or

- in a fourth configuration:

V a support substrate comprising AsGa in the region of its interface

with the buffer structure;

v a buffer structure comprising a buffer layer comprising an atomic

alloy of ternary or higher degree type, belonging to Group lil-V, the

composition of which is respectively chosen from among the

possible combinations (Al, Ga, In) - (N, P, As), and at least two

elements chosen from Group il or at least two elements chosen

from Group V, these two elements having a concentration evolving

gradually in the thickness of the buffer layer;
Vv a taking-off structure comprising, before taking-off, an alloy
belonging to Group [i-V; or



a buffer structure having a lattice parameter similar to that of InP close to
the face opposite to its interface with the support substrate; a taking-off
structure comprising, before taking-off, InP and/or InGaAs; or - in a sixth
configuration: a support substrate of sapphire or of SiC or of Si; a buffer

“}v%yt% r?f%?élg al-XN, with x varying from 0 to 1 starting fror%:;ltrzﬁg;%%g%%zss

support substrate; possibly an additional layer of
taking-off structure comprising, beforettaking-off, InP and/or InGaAs; or -
in a seventh configuration: a support substrate of sapphire or of SiC or of
Si; possibly a layer of GaN; a mask; a buffer layer of GaN; a taking-off
structora Gimprsfigyrbtforettekisausf Jaya ol fussibipothatenisldess those

14 Met 5‘3#% mgt%ﬁ:%g to the previous claim, characterized in

that the taking-off structure furthermore comprises: - in the first

configuration: @ lRefileBBreaiuEatrgng i iMEaRiRREINRERT siDickashetigf InP

stressed SiGegihgeMsthAd abacysHinaaeeasling hesteebtheipreausupport
claims, characterized in that the donor wafer comprises at least one layer

furthermore ineHRAIHEEarbon with a carbon concentration in the layer
substantially eguakiagRbiestriitaire0%oHrillaY)dstad ke Qg S CaRfiNghd/or

to one of the pre iogg_claims, characterized in that the donor wafer
comprises at IHA3P6Fe Phyer W02004/061943 PCT/1B2004/000285 44
furth@mmaaigtmcbndiggraiobon with a carbon concentration in the layer

V' a support substrate of sapphire or of SiC or of Si;
v a buffer layer of Al,GaiN, with x varying from 0 to 1 starting from
the interface with the support substrate;
Y possibly an additional layer of GaN;
V a taking-off structure comprising, before taking-off, InP
and/or InGaAs; or
- in a seventh configuration:
v asupport substrate of sapphire or of SiC or of Si;
\ possibly a layer of GaN;
v amask;
v a buffer layer of GaN;
Vv a taking-off structure comprising, before taking-off, GaN and
possibly other nitrides.

4.  Method of recycling according {o the previous claim,
characterized in that the taking-off structure furthermore comprises:

- in the first configuration: elastically stressed Si;

- in the third configuration: elastically stressed SiGe. _

15, Method of recycling according to one of the previous claims,
characterized in that the donor wafer comprises at least one layer
furthermore including carbon with a carbon concentration in the layer
su'bstantially equal to or less than 50%.

16.  Method of recycling according to one of the previous claims,

characterized in that the donor wafer comprises at least one layer



substantially equal to or less than 5%. 17. Method of taking-off a useful
layer from a donor wafer by transferring it to a receiving substrate,
characterized in that it comprises: (a) bonding the donor wafer to the
receiving substrate on the side of the useful layer to be taken off; (b)
“2&8&1}' 9t&e useful layer comprised in the taking-off structure of the
onor wafer; (c) recycling the donor wafer according to thepmetedy/000285
according to one of claims 1 to 16. 18; Method of taking-off a useful layer
according to the previous claim, characterized in that it further comprises,
before the step (a), the formation of a bonding layer. 19. Method of

RGN ASHBEGHR 0% 811G WS DIBYRHB MY, taver
characterized in that: ~it further comprises, beforé stép (a), a formation o
asubsipntinhenuabieaileasthBareath the useful layer, and in that: -

step (b) {7 PeriqemRed R SURPIYIDE SNISAP BeeHan o BEnor wafer by

embrittlement zone for detaching from the donor wafer a structure
ctﬁﬁﬂzﬁf@m@&ﬁé%%ﬁﬂq%‘é@.%@%ﬂ@@»d‘d‘@f%‘l@ﬂéeéfﬁht%hﬂqa}m%s
accesping iy Bieviorchiibrchasasle kabiiiyabibsate b HEie
embyittlement zone js perfogrmed py implantation of atomic species. 21.
hﬁp&tf{-&ﬁeﬁmi%ﬁffﬁﬁ ﬁgéﬂiﬁg '‘according to the previous claim,
Cchafititzaciing that thefohdgetecoatprived pedies akimgpisesiydtagenof the
agg{qorrrﬁgyrp_. 22. Method of taking-off a useful layer according to claim

19, tharsctétized in that the embrittlement zone is formed by
pordsificaysting3hin divruet efatkingestrdingciulttay eraibodrdieeptdiogd@bne
claimsilfs tP1g4gharacterized in that it comprises, after step (b), a step of
-surface] f?nis%alng on the useful layer in the region of which detaching took

place. W® 20bktBxb 48 takmyBTbes/GedzsBYab 2acomiitgidothey dlievious
(RS Ol AcHSEIRL AUCIHEP M RAPRET WAiBhises, before the step (a), the

formation of a bonding layer.

19. Method of taking-off a useful layer according to one of the two
previous claims, characterized in that;

- it further comprises, before step (a), a formation of an embrittlement
zone situated beneath the useful layer, and in that:

- step (b) is performed by supplying energy to the region of the
embritlement zone for detaching from the donor wafer a structure
comprising the useful layer.

20. Method of taking-off a useful layer according to the previous
claim, characterized in that the formation of the embrittiement zone is
performed by implantation of atomic species.

21. Method of faking-off a useful layer according to the previous
claim, characterized in that the implanted atomic species comprise hydrogen
and/or helium.

22,  Method of taking-off a useful layer according to claim 19,
characterized in that the embrittlement zone is formed by porosification.

23. Method of taking-off a useful layer according to one of claims 17
to 22, characterized in that it comprises, after step (b), a step of surface
finishing on the useful layer in the region of which detaching took place.



characterized in that it comprises a succession of steps of taking-off of a
useful layer, each of these steps being complying with the method of
recycling according to one of claims 17 to 23. 25. Application of a method
of cyclic taking-off according to one of the previous claim or of a method

W@ji@&ﬂ%—@ggaccording to one of claims 17 to 23, to the foml%@/fb%&f@()ozss

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 Group IlI-V whose composition is respectively

chosen from amorgﬁ the gossjble combinations (Al, Ga, Inf) - (N, P, As). 26.
Applicatiéh of d4attRd Pbrxgiitatdrmgionl cbsrdihPustizam 2 aepasuater ,

m@mgd?éﬁﬁé@%ofﬁéﬁﬁofﬁiﬁﬁﬁﬁé@% of dakesidr 9 2818 tnﬁ‘!‘?téli’ﬂ@ﬂifﬂ@f a
ofas |i:onductor-on-| sulator structyre, the structyre coi%)r@ng t d of
reBéﬁfﬁ% BYBLrERP D tHRSSS RIFRSPSIAG RARRIMEDS WER AR 1828 0
padiycifgeceenicontiucter Gfygaivhshe7skniBonductor-on-insulator
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takesa4k28. Donor wafer according to the previous claim, characterized
in that the substrate comprises a support substrate and a buffer structure,
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26.  Application of a method of cyclic taking-off according to ciaim
24 or of a method of taking-off according to one of claims 17 to 23, to the
formation of a semiconductor-on-insulator structure, the structure comprising
the receiving substrate and the useful layer, the useful layer being at least a
portion of the semiconductor layer of the semiconductor-on-insulator
structure. '

27.  Donor wafer having provided a useful layer by taking-off, and
capable of being recycled by a method according to one of claims 1 to 16,
characterized in that it successively comprises a substrate and a remaining
part of the taking-off structure having provided the useful layer, and in that,
after taking-off, the rerhaining part of the taking-off structure is still sufficiently
thick for comprising at least one other useful layer to be taken-off.

28.  Donor wafer according to the previous claim, characterized in
that the substrate comprises a support substrate and a buffer structure, the
buffer structure being situated between the support substrate and the
remaining part of the taking-off structure. '



