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invention relates to the recycling of a donor wafer
after having taken off a |layer of a sem conductor
material, the recycling including renoval of
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15 Therefore, the layer to be taken off must have a high quality level

L MR

determined according to one or more criteria.

The quality of the layer to be taken depends largely on the growth
support, in other words the quality of the substrate on which it is epitaxied.

The formation of this type of quality substrate is often complex and

20  requires special attention, involving technical difficulties and a high economic
cost.

This point is particularly true when considering a layer to be taken off
made of a composite semiconducting material such as an alloy, the epitaxy
substrate in front of it also having a structure that is often difficult and

25  expensive to make.

Thus, in particularly, this type of difficulty during manufacture occurs
with a substrate comprising a buffer layer.

A "buffer layer" usually means a transition layer between a first

crystalline structure, such as a support substrate, and a second crystalline
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properties or an atom c reconbination at the surface.
In a special case of a buffer layer, this buffer |ayer
makes it possible to 5 obtain a second crystalline
structure in which the lattice; paranmeter is
significantly different fromthe lattice paraneter of
t he support substrate. A first technique for making a
buffer | ayer consists of growing successive |ayers so

as to forma strycture with_a conposjtion gradually
vaPyHeyre  the,fiks. ',onttW@re@faﬁﬁ%ﬁPqﬂﬁwaateaﬁl BroReRiéss, such as
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Si Iayer dlaen dleing Wirectk essofibtednwith sigratinal vadation. ofits lattice

transfer of such |ayers on a receiving substrate,

pap?riaglﬁtg'?'ly using a Smart-cut(r) process known to a

person AKhydresr 4 supbfpoRition SfaBy&S maad drPtHERKEffer layer can be
structures such as Sed (Sem conductor On | nsul ator)

st faken e ronptherdonaniuatsr éo beftransiemned fe) aotecelyinggebstrate, in

ggofaegg h’%‘?{lslaydététrﬁ?ﬁ%g S?iu rethe structure obtained
nprising the taken of ayer can then be used as a

suppor t Oherof dhevmajonappglidations of ladransféd ofbihin Eysrsofeemhed on a

bybﬁilﬁeer |a%?rre%ftesr % at)lglgdforr%iaplgh of elastically strained silicon layers,
particularly in the case in which the silicon is strained in tension since some of
its properties such as electronic mobility of the material, are then significantly
improved.

Other materials, for example such as a SiGe, can also be taken off in a
similar manner.

A transfer of such layers on a receiving substrate, particularly using a
Smart-cut® process known to a person skilled in the art, can be used to make
structures such as SeOl (Semiconductor On Insulator) structures.

For example, after taking off a layer of elastically relaxed SiGe, the
structure obtained comprising the taken off layer can then be used as a
support for growth of silicon that will be tensioned by the layer of relaxed
SiGe.
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prepared by wafer bonding and |ayer transfer for high
performance field-effect transistors”, Applied

Physics Letters, 26/02/2001, vol. 78, No. 9, in which
a process for making an 5 Si4SGO structure is
presented. Other growth applications on a buffer |ayer
are possible, particularly for sem conductors in the
I11-V famly. Transistors are thus currently nade

usi ng GaAs or |nP based echnol ogies. 10 In te
el ect r 6Ai BlupEative exaPRle PhBURRSA PTOFE 19 ggﬁ?nbednln the IBM
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trans errl layer of InP taken off onto a

r emei \ayeq tsmerr dor highh eparfprmange rfigldieffgcl tramsistershy Applied
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20 buf freanSIstpeer are Mty cutieatly cBtaeequeintoCadki oy g5 based
byf f.er is conplex. Furthernore, to mnimse the
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l S usuah kernt b elsctronipipedbimparost, e has mesigmificard\asivantage over
rri croneters. Therefore, making such a buffer |ayer
$es a long, difficult and 25 expensive

pr oceduf cHbsERCRBRNIL A6 tohsiess btramstéining éiléyei- fofnP taken off
| ayer is presented particularly in docunent

0005 2988 eivingosubsiratmithe Jilt [fyse be@gtqbt@nssthyﬁpww on a buffer
{392%3' 8n & CALETo Bt 'sthSFatlY EAY IR t ntEhuadtlifiig cost and

feasibility reasons.

Some taking-off processes, such as an "etch-back" process, then
cause destruction of the remaining part of the support substrate and the
buffer layer when taking off.

In other taking-off processes, the support substrate is recycled but the
buffer layer is lost.

The technique for making a buffer layer is complex.

Furthermore, to minimise the density of crystallographic defects, the
buffer layer is usuaily thick, typically between one and several micrometers.

Therefore, making such a buffer layer requires a long, difficult and
expensive procedure.

A second technique for making a buffer layer is presented particularly
in document WO 00/15,885, and its main purpose is to elastically relax a

strained Ge layer by means of a Ge buffer layer.
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based on particul ar epitaxy conditions, particularly

WO pwalogiomyg a conbi nation of tenperature, tinme BCTIB2004/000311
chem cal conposition paranmeters. Its nmain advantage
conpared with the first technique is that it is 5
sinpler, faster and | ess expensive to nake. The buffer
| ayer finally obtained is al so4thinner than a buffer
| ayer nade according to the first technique. Athird
techni que for nmeking a buffer | ayer is described in
the docunent entitled "Strain rel axati on of

D Cer i HRoisehighe & Badec B Watcudt ePiafy BRdlifs: afticutarty
Sulimld\&n@ 4 adomidiabfiomn "ofbtenkperbiftlré amigey e@id @hemical composition

partl cularly (in Nuclear and Instrunents and Methods
in F@/EP‘@é ‘Research B 175-177 (2001) 357-367. It

consi st §sOalrela@vhMagk heorRbatdl Githt fhal fAfst %Eﬁﬁiahe IQ that it is
the layer to be taken off by neans of an in-depth

5ni sireplen fastenand igasiexpensivato ovakel5 Thus, in this
cont ext Tpghﬂ)lﬁf%hlfa& r tﬁﬁgl;{; oﬂ’téﬁ dans 5@ i Rn%ofhea gl g?uﬁer layer

simlar e accord| n
thenéderad:cm'dmgtted’rmfmsumhniqu’e with significantly |ess

trict t regui renents. |In_particularly, this,
o ocess At {6e8Nals Hos! BRkoon SRR 18y%a 4 dasribed *in the

st iacOR@nt rerﬁ-qa@r'@.@wrremtxatlén |@Y§§ed&lrﬁ&pﬁfér BRAGR) ARi(100)
Si substrate. 20 The technlc?me! used incl udes

10j mpetarealrucuresrafiey hydipaensir eliumdaniimpkantationdagvirtuaksubstrate
Su"fé@r&%ﬂ%"ﬁ B, FIUIQMH?% af‘yﬁértlgﬂlatgfggl\luc?é‘g}sérf hgtr@[neﬁts and

determ ne ener a ances i n
t hll\d:éthedsird’aby&cs lﬁesearph &1%531 Z0(2001(13/irs3a7i ckness

causes GBRESTEPLEI Rl Fiteldile A prRpnt 1BE1AYE to be taen

t eeffiyIneany pLan h-a8sthirfirogetpsi IRdliuhPinhpTaheBAt and
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15puf fer ITAYy®rin thiscontdnthigthirdrtechriteereanilery taue result similar to
SR e okt KB o sequjauge, put i
I ntstgndficantly less strict application requirements.
In particularly, this process describes the relaxation of an SiGe layer
strained in compression, this layer being formed on an Si substrate.

20 The technique used includes implantation of hydrogen or helium ions
through the surface of the strained layer in the Si substrate at a determined
depth, generating disturbances in the Si thickness above the implanted zone
(this thickness then forms a buffer layer) and under heat treatment causes
some relaxation of the SiGe layer.

25 This technique appears shorter, easier to implement and less
expensive than the first technique for making a buffer layer.

One advantage of implementing such a technique would be that this

relaxed or pseudo-relaxed layer could subsequently be integrated into a
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maki ng conponents, particularly for electronics or
wWopieeswes roni cs. However, in a manner sim | ar PCDIE20@1/000311

first technique for making a buffer |ayer, a buffer

| ayer made according to one of the latter two

techniques is 5 elimnated according to known

techni ques for recycling the donor wafer after taking

off is finished. However, there are still technical

difficulties in inplementing it. SUMVARY OF THE

| NVENTI ON The purpose of this invention according to a

first aspect thereof, is to O i ~ove the situyation
byStRICBBsi 19 a”}ﬁkﬁlges§°mpof‘§e{)lgcl iﬁ%{'ﬂ'ﬁﬁr&f &8‘? erSlgcpnics  or
afgdﬁée@?%mgs_off a useful layer conprising a nateri al
chdosen from anong sem conductor materials, the donor

waf er (H®yevesnipra sianger sinsitagde toe fiest teehniqueatas making acdpuffer

a nulti- . the | fi -
(1507 o PG 2R Y Sodrtima, 87 the RS id Wchiices s

5 | aedbmﬁinateﬁ%qwafiagm &aownitecimjquesl for reaynliag thé donor wafer after
subst ance involving a portion of the donor wafer (10)
ontaKing ‘&E‘éé“'ﬁ%ﬁgre t he taking-off has occurred,

wher ei ryd\b@ler! #RY ate &Il RERSiEAMficliSes APRiRé@ENERY AS
to preserve a portion of the taking-off structure (I")

conpr i SUMMARY |QERIHEMNVENRIEN ysef ul | ayer which can

be takepn O f G i _
Step. o PUFEERSH AEUELIG PR RN PE AR s
10 S erV@smm gituatidre by rpremslm@ q)pmg:esgg)f aeWQﬁUgSk)r@f wafer (1 0)

maki ng. a, don wafer that will. d t ful

oAt aHIED O, 2 e et camRiseo gy BBl opeh Sy among
of ferHizbRBudtBE nSatefaldetihe diopior NVSREE (1 D) comipeisitignin sbguence a
process conprises a formation of a mul

- |
S+ sulstiate (rang 8 Dutvaes SEkss ¥ b Bul iavRrirustysedp before
Lgf;qkm&\-/@gtdo?ﬁ}g%ﬁ@ogﬁ@%a@e 15 N A 18K thE- préeesd feothprising a

ul® Tayer onor wafer to be’transferred onto a
15 r eprhoNah @f ssbsiahcatireyohdogar partion of tieajlonomdaftey (69) eméne side

g? &B%@V@gé ][tawﬁ%;%ﬁe B% gg%gir%iga gﬂ\seggﬁf {h%tt ei'e%vtar‘ of s?jbgfaance is

operated so as to preserve a portion of the taking-off structure (I') comprising

at least one other useful layer which can be taken off after recycling, without a
supplementary step of reforming the useful layer.

20 According to a second aspect, the invention proposes a process of
‘making a donor wafer that will donate a useful layer by taking-off, and that
can be recycled after taking off using the said method of recycling, wherein
the process comprises a formation of a multi-layer structure on a substrate.

According to a third aspect, the invention proposes a method of taking-

25 off a useful layer on a donor wafer to be transferred onto a receiving
substrate, comprising :

(a) bonding of the donor wafer with the receiving substrate on the

side of the useful layer to be taken off;
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accordance with the said nethod of recycling. 5
According to a fourth aspect, the invention proposes a
met hod of cyclically taking-off a useful |ayer froma
donor wafer, wherein conprisigg a sequence of steps
of taking-off the useful |ayer, each of these steps
being conformw th the said taking-off process.
According to a fifth aspect, the invention proposes an

or "t he (Bhi d JPiAGIE WerussRddRea! nclior el muly Bt cture o

CO[HBHioﬁbﬂﬂfaHi‘e recei ving substrate and the usef ul
| ayer, the useful layer conprising at |east one of

t he fol(tbwi mgcyaling thetenorSvaler irshccaadangd with theesaidgneiod of

to thc. [Il-V famly with a conposition chosen from

arﬁ?ﬁ}j lfm‘QSSi ble conbinations of (A, Ga, In)-(N, P,

As) resmretding!ty. a fbuAhcasplichgtHeo irvestion fprappsest a triethod of
i nvention E_ropo es a_daonor fyvafer t hat onathes.a "
userclicallypkingfT g aseful-i8ver, Maimch ARG MalPToMNELRIA SomRsising @
e dflientE Of Stk BY tdify-oft te TRIGANdadr, eBEN UfitR8se steps being

b
wherein it co%; ses i n sequence a substrate, a
mutanforinawith tee saicttakisgtaibprosesml i ed the useful | ayer,

and aftgr  t.aki f o L Ci '

o o ieord 9 a5l G eBl boeERls B PHIREn of e
Ca{}bi@ecyoﬂkeﬂakmbﬁoff b édrssDESARE PIdiDNakIRgTOfE pgrocadRES0 make a
ﬂﬁg;qtl,:?%ﬁgq?th&isiﬁg& osgcsq;\ﬁagrsg gtg%g%ecf g%p%%luf layer, the useful
f OIlaggM’CBH\pH@ih?i AteRadeBRE | gt theFoRdwihfembfial: F1Gef &ir af alloy
processes of the invention, given as non-limtative )
exbetphgingip tthe 1ieVefieaiyewithoa cosnasiion: ghassadran amengspossible

vt b oA SR A0 dhodsnay sLens 0 @
t aki ng Addordingto m $igtheasgecyrtha ird@ntion wedmoseba Honerdwafer that
reggr(\:elltiag ga onetflmela?/%P(gy Vtvaalziﬁé-o?ff, taenrd trgé()jcpe% %frf(':apable of being
recycled by the said method of recycling, wherein it comprises in sequence a
substrate, a multi-layer structure that supplied the useful layer, and after
taking off, having a sufficient thickness to comprise at least one other useful
layer that can be taken off.
BRIEF DESCRIPTION OF THE FIGURES
Other aspects, purposes and advantages of this invention will become

clearer after reading the following detailed description of the use of preferred
processes of the invention, given as non-limitative examples with reference to
the attached drawings in which :

Figure 1 shows the different steps in a process according to the
invention consisting of taking off a thin layer from a donor wafer followed by

recycling of the donor wafer after taking off.
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first donor wafer before taking off according to the
WO poogisioan. Figure 3 shows the various steps iPCHIB2004/000311
process according to the invention including
successively taking off a thin layer starting froma
donor 5 wafer, and recycling the donor wafer after
taking off. Figure 4 shows a second donor wafer
according to the invention. DETAILED DESCRI PTI ON OF
THE | NVENTI ON The main purpose of this invention is to
recycle a wafer conprising a nulti-layer structure,
after taking off at | east one use %Y i.h ot her
wor ds  FiBUTENg SHAE BFIrstRONGE NRIELAP cagcqrdRg to the
of fentibrorder to integrate it into a sen1conduct|ng
structure, recycling being done such that the
rerral mmgurpaﬁt shoWstihe wafious Istgpsr insta yrocess egeordinge to the

of v%?tfoif%é@g] gﬁ%c%\ﬁs vggle ak|n enen?f%g)é?'&a{r{l 'fﬂ?)gn a donor

5 rahafeml aﬂm%ovelﬁfgmrr]\elbdbﬁer wasercdfteama?]@bmfo of
crysta dne rowt t ax Ther e or e,
T o Mg REbats ackeaad AR Watr MyOLE Bbausrtion,
not  deherTARE HEFERIPAION'GF MME INVENFIONE ructure in
whi ch tTé useful Tayer_is rncluded, so that this o
usef ul The erain purpasel of this ingreliProist toaeckele rawatar ganprising a

B o

10 mJihTel pardyéthes donot waksr that waattaken pff) irhasder 26 nptegsa’tbliteinto a

ggggrﬁ'\t&%aﬁggtﬁ&“enc u%,réﬁvﬁﬁa@ﬁfyﬁ Sr? Slp\g/glg,ihqlmﬁg remalnlng part

acgPtie NAuftialér Strubieat i dhdB agﬁhaaﬁm@wsw@f@le layer in a
applied. Wth' reference to figures b, 2,

1 a
2bsulzsegignt; taking off aftar rreyding1withoud M%@retwgoa saep to reform

subst
fi ﬁ%tdsgeg@fl%% g‘f‘?‘o%y%%'k?dn g%é[hhg%% B%eé@ag(g bstrate
151 s conpDiseréfaré, ingasticudarerecyglsigahustieclode adaaled\mrea'trrlehbto not
Sl 8 S SubPar oA P RNLE 6 LB Player i
" PRRUARYS 56 it ahis useRIMBRE daR btilkbs tleer ¢ff alidrsietidlingand

a buffer structure
In one particular configuration, several useful layers that can be taken

off may be included in the recycled multi-layer structure, so that it is thus
20 possible to have a sequence of several successive taking off operations
between which a method of recycling according to this invention can
advantageously be applied.
With reference to figures 1a, 1b, 2, 2a, 2b, 3 and 4, the donor wafer 10
is composed of a substrate 1 and a multi-layer structure I.
25 In a first configuration of the substrate 1, this substrate is composed of
a single crystalline material with the first lattice parameter.
In a second configuration of the substrate 1, the substrate is a
"pseudo-substrate" composed of a support substrate and a buffer structure

interfaced with the multi-layer structure 1.
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Advant ageously, the structure at the surface is a
fairly relaxed crystallographic structure and / or
does not have a significant nunber of structura
defects. 5 Advantageously, thg buffer |ayer perforns
at |least one of the followwng two functions:
reduction of the density of defects in the upper

| ayer; adaptation of a lattice paraneter between two
crystal lographic structures with different. | at

par anetferaiiffet stryefupEmenns amesttuctyirdehaying e 2 H‘\&gf layer.
ar ca ar%ﬂtéq%ggegr 'tﬂge%ﬁ Sréng 1 duaceai$sa OffalrIWQelaxed

buffer [ayer rst attl ce paraneter al nost

| obfmtatt@grapmc stm;:tunaet andd padasetnat kdve Besiguifigant number of
the area around the periphery of its

ot 'é’rc E@ef%g% a second |l attice paraneter al nost

i dent i gedvaheagdobelyl &id befternayermnmirtormef attibast! aneeof thé following
the nulti-layer structure |I directly overlying 15 the

buModiingliensét ure). In a first configuration of the

buffer stru Hﬁ&ont&ethg'dfeﬁﬁfy@ftdéféétH'ir?tHesuprfé? ed of
a single buf ayer. fer layer locate on the

sup]|¢oor t- subsﬂd@i&ildﬁlaef a |aface|p@éampmfd}ﬁé\t\/@¢n dwojgrystallographic

sur e signif. fromthe lattice

pa?t .lfgis V‘gﬁ] d'gé'aetn&g%%pé%?b %rgstrate so that it has

a | ayerta pgtfb?n SaereecortbfunotibrrthéCaren tadnoand tiet pemphery of one
t

CmpiTacebt e aiter ket Thas ol et 141pes B o bifgtical o

t @b & da?éfﬁétemf e $apbort RRIbsBHRY, | atidehd ares 4roand the

containing a high density of defects and / or bei ng

si perighecyof fitg Qtlneraﬁaﬂ@@asgsgwrgb\aglogmﬂrae'@[&proﬁmos{ w@ntlcal to
eS8 B 73t B 4988 SHUEKRE ooty oerng
t ettlerbuffes stractune)ki ng the buf fer structure, a buffer

In a first configuration of the buffer structure, the buffer structure is
composed of a single buffer layer.

The buffer layer located on the support substrate has a lattice
parameter on its surface significantly different from the lattice parameter of
the support substrate, so that it has a layer in the same donor wafer 10 with a
lattice parameter different from the lattice parameter of the support substrate.

Furthermore, in some applications, the buffer layer may prevent the
overlying layer from containing a high density of defects and / or being
significantly strained.

In some applications, the buffer layer may also result in a good surface
condition of the overlying layer.

According to a first technique for making the buffer structure, a buffer

layer is formed so as to have a lattice parameter that is globally and
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to formthe transition between the two lattice
paranmeters. This type of layer is usually called a
nmet anor phic layer. This nodification to the lattice
paraneter may be made continugusly 5 within the

t hi ckness of the buffer layer. It may be done in
"stages" each stage being a thin layer with an al nost
const ant I?tti ce paraneter different fromthe lattice
paraneter for the subjacent sta so as ,to m)d

t FREogressively pidiffrd ove .asé&g@tf@?wg E'f'a'a%essy to fegget h%Ha"S't'O"
| thdtR¥eR HFO MR Méﬁ]e@@g}ﬂ ex formsuch as a
variation of a variable content conposition, an

| nver siTdvis bﬂpetqféamrgmuwalw.‘@lle@auraetamprblﬂwtl%@rcont ent,

o S LB i B FAPRRY 0, Fe cppguess

I Smtlﬂdmtrﬁkge@ssloﬂﬁmbmfﬁbrbayemcr easi ng the
concent ratl in the, %ff,e at 15 | east..one

f.
oo ¢ Tbiadh dqne s Blest epritHagePeitt o MRLBRE o AT almost

SURSHsEAH1 € lattid O&Jrgﬁr%'téfadiﬁe’?émf ffigRg fheomtibe pardRtér for the
substrate. Thus for exanple, a buffer |ayer nade on

s mebaqerﬁ (#5289 ¢, a8 asf thmosiﬁv the yatiige d}qraﬂnetﬁdydlﬁ%reiﬁdﬂ estage by
tg gl nary, ternary, quaternary or higher degree
1effal . 20 Thus for exanple, a buffer [ayer nmade on
a suppdt mayudtsé have aohora cdmmp1ex formaswnh as avaviatien nbalgariable
of a ternar uat er.nar

THeOTen f‘@m@/@ﬂ i iy é'& S8 ‘ﬁg Vﬁ?tmtﬁthglﬁiﬂntem’ or

t hgisesPRbUSs stapashitRé @omb@élt@%a”'m e by epitaxy, using
known techni ques such as CVvD 25 (Chem cal Vapor

Deposi t Tha) vaiiatioosf( Nbe etailics Bametyi tiaxfhe buffer layer is

by&g\ﬂdng%f%ous‘ﬁo%ﬁagl}@bﬁreggﬁgbm% fcgégérﬁ efopﬁﬁ@?@éyﬁ&d@yer of at

obleabh onebafdneic bl&yrmntctbabosemtomcbldedl inoyhehestppert substrate,
progressively starting from the support substrate.

Thus for example, a buffer layer made on a support substrate of a
unitary material may be made of a binary, ternary, quaternary or higher
degree material.

Thus for example, a buffer layer made on a support substrate of a
binary material may be made of a ternary, quaternary or higher degree
material.

The buffer layer is advantageously made by growth on the support
substrate, for example by epitaxy, using known techniques such as CVD
(Chemical Vapor Deposition) and MBE (Molecular Beam Epitaxy) techniques.

In general, the buffer layer can be made by any other known method,
for example in order to obtain a buffer layer composed of an alloy between

different atomic elements.
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buffer |ayer, for exanple by CWP polishing, nmay be
performed before the buffer layer is produced. In
anot her configuration, the buffer |ayer nade accordi ng
to the first 5 technique is igmcluded in a buffer
structure that is conposed of a buffer |ayer (al nost
identical to the first buffer layer in the first
configuration) and an additional |ayer. The

addi ti gnal, | r. my b t t t bstrate.
and  hek Tt tshinGsiae SIS ERE BPF SFBPayarbsEele Hblacent
f ithShe Hffel fyefaRe exbiipfe BY GNP GoRkhihgy RraynBy pedoihéd before
second buffer 1layer, such as a buffer layer to

cdheibséerlayecisroduesd-hus i nprove the crystalline
qual i typ, ofp e &Hf@kf&tﬁ%emé%ﬁ@f \‘é"}%r Im&de @ cesrditifto the first

buf fer structure. I's additiona ayer 1s made oOf a
s erthrique i trichgledeinea baffer siredtaneathiay is odpmposed: ohethuffier layer

TGl BRSPS W Py bR o
t heduisHd (8febarly inportant criteria for achieving

this property. Thus, for exanple, structural defects

in an efdia addifanalalayer UﬁYaPhPert‘ﬁﬁ%éh%ﬁ%'HBaTtI%}J%ﬁr??ﬁ gnd the
t [ e (e8ar | r. In a second special case,
t@fg%éisﬁbﬁz?rpfh%@r@réﬂégbat ed on the buffer 20

| ayer dnca Fiest speciahsasent thisoagditional dayesfmag ferve@ second buffer

terial. It can_ thus fix .th 0 t] .
paf’é{%t%qqh ‘?ﬁeaaaﬂéi? i YET t?’ag%'ﬁﬁf?a@gg%c% hg&\;ethggvlg}pgf)ve the
f uggEiating qualiBhofahe Mutiddyep 8Buctirs Ematie om thetindfet sesature.
two special cases. |In one advggta eous confi&}uﬁ;ati on

the additif gAgitionallayer is madap -opdpging,fatesjal, preferably
g?%’ﬁﬁ ams@gmtﬁlgéltqoﬁ?pd%ﬁfoﬂmt er significantly

erent ) attice paraneter of the support
subst r afte compositios @adli thicknass: chesarhios shigh an addidoral layer to

cogé o eaatlriecmen bgﬁicﬂ%%tirln%ﬂgnt criteria for achieving this property.

Thus, for example, structural defects in an epitaxied layer usually
reduce gradually within the thickness of this layer.

In a second special case, the additional layer is located on the buffer
layer and has a constant composition of relaxed material.

It can thus fix the second lattice parameter.

The additional layer may also have several functions, such as
functions chosen from among these two special cases.

In one advantageous configuration, the additional layer is located on
the buffer layer and has a lattice parameter significantly different from the
lattice parameter of the support substrate.

In one special case of this advantageous configuration, the additional

layer is a material relaxed by the buffer layer.



layer is a material relaxed by the buffer layer. WO
2004/ 061944 PCT/1B2004/ 000311 11 The additional |ayer
w0 g00ativamt ageousl y nmade by growth on the buffePCT/IBg@&rq00311
for exanple by epitaxy by CV/D or MBE. In a first
enbodi nent, the growth of the additional |ayer is nmade
in situ, directly in continuation with the formation
of the subjacent buffer |ayeriithe 5 subjacent buffer
| ayer in this case al so advantageously being formed by
| ayer growth. In a second enbodi nent, the additiona
| ayer is grown after a short step for surface

fi hi f th ffe f I
by b TheoRidlipiay Tarbrat dibantAgensiyr gty by g on the buffer
S@%mr&%xfaﬁﬁmbg@g.taﬂﬁb SELeNMBESChNni que for maki ng

the blffer structure i's ed on a technique for ]
dep03| tln @gfirat gmbodlwntaty@rgr@wtraofstbp@@ﬂttlogab@vemsénade in situ,

{ e ih AEand BSL WR RO B BRind SLblaEEnPRLACIEGEr, the

rom ["attice ar ame
5 t hsubjakjent enffemlyer inathisocasehalss advadagedusin bemgrfpnmed by layer
substrate. This surface |ayer deposit is nmade so that
t FOWhosited layer is alnost 15 free from plastic

def ect §nSHGRcARd EnRFAEhONRe abldiitonalidyee s Igy@h after a short
made so that it wll eventually have: a first part

in
costender eirface fieishing frthe subiadcest @uff%bwebd‘ﬁr reﬁé@ple by CMP
pl d esecond
o opaishfngy BEEHSatfhhe ofiinf bl ShideBIRg 1B IEOY
10 20 wi t hA fsmwond heohquaetfoc rdalﬂagttlae Hufterf struntuneaist based on a
03|tegesur ce er then acts as

h .
| cpehTIogs lBb depasith m HEtECH: 1M o Benepy wptlt ghis surtace

pr I%?SF M&vih§@ ﬁ(ﬁﬁmﬁﬁlaﬂﬂfet parametdresignifitany difigent frandthdDattice
- it adapts the |lattice paranmeter of the surface |ayer

t oparamstier efethe pgiaceptmpiariaken dhe sHrfasrOLBSUPREE Substrate.
" Conf i nﬁ“@%ﬁﬁgé‘?f’d&%{ bBpbsiMRShadd 85t e bESbsited 18yer is almost

| ocated in
15 free from plastic defects such as dislocations.

This surface layer is made so that it will eventually have:
- a first part in contact with the support substrate, that confines
plastic defects such as dislocations; and
- a second part, relaxed or pseudo-relaxed by the first part, and
20  with few or no plastic defects.
The first part of the deposited surface layer then acts as a buffer layer
since:
- it confines plastic defects so as to preserve the second part of
the surface layer; and
25 - it adapts the lattice parameter of the surface layer to match the
lattice parameter of the substrate.
"Confinement" means that most plastic defects are located in the first
part. The second part of the surface layer is not absolutely defect free, but

the concentration of defects is compatible with microelectronics applications.
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applications. WO 2004/ 061944 PCT/1B2004/ 000311 12 The
deposition techni que used to nmake such a buffer |ayer
advant ageously conprises variations of tenperatures
and chem cal conpositions ofishe deposit with tine.
Thus, a buffer |layer can be nade with a cheni ca
conposition that is 5 alnobst constant through the

t hi ckness, unlike a buffer |ayer made according to

the first technique. wever, one.or several |ayer .
may be s oFPRRBI WeBRNIGHE BSPH e mﬁ%@r S heoutter layer
ses@nthtRdushf  ESRpRsEd aG8AtRR! - of UlehhRiraRies BRE chemical
thickness of ‘the buffer |ayer may be less than the 1o

m eompoesitionseiibe sleposit Wiihities. | ayers nade according to

the fir I echnd .00 ' s .
i nforma iuosn%ag%u%quere%ﬁgggﬂée%%@é&ﬂ rrée%ﬁ §®fc a@&@ﬁipggﬁlon that is
busherst Icapstanttroagh fige thickress, telidena duéfer layemakadegaecording

deposi t. of, Si Ge or Ge on a nonocrystalline Si support
su@’s‘?‘?é’t"%t.te Q¥&%anpl e, this type of deposition

pr ocessHpR¥vére omadsr ké\_/e‘#amég@rs tfay Pe Whdetedabe@resi the buffer

of rmnocri/hsﬁtsal line Ge is made on a nonocrystalline Si
sulayer and thssseeond pagcefdheaisHEae®1ay8E f ol | owi ng st eps:

tenper ak Wt MR {Hesﬁ'{iél&'ésgfoftthg Bmfé‘?q‘r:\%'é't ﬁ\'agi lﬂa'elesg than the
silicon Support ’ substrate at a first predetérm ne
st atilriuse thitleressesoiibefdydayars matizOatcondidg 50 0@ firshtéchnique.

preferahly bet d 460C. 20, - chem cal .vapour
eposi {Dbtumebioy iy GRlfaee picades, rormpISH fiiu ARG etample
t eBRModiniét ofduch @ blbfseldyay atcsrtingetol thisokichniggd, by making a
the support substrate with a predeterm ned thickness

| edepesibel SiGePe en & maRPcryRiadingedisuppart suRskaten t he
t re . Cr
| omet et Bt TEE R SropEARH pAERss o floaeh a mode

tenperature up to _ -
seirowdhighr adddpmsiti ofetion@&rysialtiper Geuisembde veea MeocErysidlline Si

85(§)L(|:p;:")jlonri;I smﬁ)tgs%;a%,aabclc%rdkfr?é s f%ﬁg\&ngas'?gps§50(:; and

- temperature stabilisation of the monocrystalline silicon support
substrate at a first predetermined stabilised temperature between 400°C
and 500°C, and preferably between 430°C and 460°C;

- chemical vapour deposition (CVD) of Ge at the said first
determined temperature until a base layer of Ge is obtained on the support
substrate with a predetermined thickness less than a required final thickness;

- increase in the temperature of the chemical vapour deposition of
Ge from the first predetermined temperature up to a second predetermined
temperature between 750°C and 850°C and preferably between 800°C
and 850°C; and

- continuation of the chemical vapour deposition of Ge at the said
second predetermined temperature until the final required thickness is

obtained for the surface layer of monocrystalline Ge.



continuation of the chem cal vapour deposition of Ge
at the said second predeterm ned tenperature until

wo b@406193d required thickness is obtained forrPeTEB2004/000311
surface | ayer of nonocrystalline Ge. WD 2004/ 061944
PCT/ 1 B2004/ 000311 13 The buffer layer is the part of
the deposited layer that interfaces with the support
substrate and that extends oves a thickness in which
the crystall ographic defects ratio is greater than a
limting value. In particular, the thickness of this
buffer layer may be of the order of 5 0.5to 1
m cron,_whjch is | ess_ than t i ckness, of
Iayer e bu g clgve ﬁgthﬁd’qrhePﬁTer E?p?sé@ﬁinlia)ﬁreﬂ‘a? ng&aces with

gr sPéécSrt ofudshatd aéh%ir that @kteh@@sévé?a"at itiékridd8 in which the

ti- er structure I. This type of deposition
pr@rtye@ﬂogmphmdafe@e rafmﬂs gﬁ#@ﬂ&f therr 2 fefinonalyeaint - for
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substrate and th id buffer layer. A third technique
f oRCGRERINAGC ﬁ'ISFB’TCﬁQH“ﬁcture is used on a structure

conpri sy ﬁ@ofh'é? EﬁHQﬁttHé‘Fa?eﬂlsadﬂ’eé!st Inabtest tiske RRsi-l5er Sttucture |.
the substrate erial chosen to formthis

| ayer iEhiatyns @f}d@oswonrprgceﬁsrmﬁwlsow madeiveth different variant

Par AR Shofd SCHELGRY dlchbeheflo bopiBabe | atti ce

par a surface o0 so that it
10 has to Dlee edésaadt isqarbtyctair of ﬂnedsubstratn“rprcdstheaionoowafer 10, the

tensi gn b substrate 1..The eral tru ure.. h

S Parste HpEsuit B el ST SiRtate AT LY S8 nylpriyer.
may al sg tﬁﬁ@ttééthcﬂf@fd?rméﬁMQfaabuﬁéh ﬁKM@l@&% Lm‘edr@ﬁ axstelicture
or 20 pseudo-relaxed matertal for which t

aceomprisingdne Rukstraie d ang & layer dapesitedan ‘thﬁawbﬁﬁéte 1.
thi cknegge %atlenﬁl éﬁéﬁW?fc}rﬁy Mis Ié f 13ah rhb@rist O\fflhn§q|1om|nal

layer remains in a stral ed state. In al
15 cakstiice tpacaratteai sngdn‘" batyttyr dlf&ramivfmtmgbeulattgcef pam@eteh of the

SUSSHAEL & s AL AR LRl B DB St i
CVbY insidpbby ﬁﬁﬁﬁtﬂa%l 8s.
The general structure of the strained layer is made of a strained
material, but it may also contain one or several thicknesses of relaxed or
20 pseudo-relaxed material for which the accumulated thickness is very much
less than the thickness of the strained layer, so that the strained layer
remains in a globally strained state.
In all cases, the strained layer is advantageously formed on substrate
1 by crystalline growth such as by epitaxy, and using known techniques for
25 example such as the CVD or MBE techniques.
In order to obtain such a strained layer without too many
crystallographic defects, for example such as isolated defects or extensive
defects such as dislocations, it is advantageous to choose crystalline

materials forming the substrate 1 and the strained layer (close to its interface



In order to obtain such a strained | ayer wthout too
many crystall ographic defects, for exanple such as

w0 s@hmcwas def ects or extensive defects such aBRCT/IB2004/000311
di sl ocations, it is advantageous to choose crystalline
materials formng the substrate I and the strained
| ayer (close to its interface WO 2004/ 061944
PCT/ 1 B2004/ 000311 14 with substrate 1) so that the
di fference between their first and second noni nal
lattice paraneters is sufficiently small. For exanpl e,
this difference in the lattice paraneter is typically
bet ween about 0. 5% and out 1,5% but jt. could be .
i BB Sub8rRE ) Sedhpt e dHHETRIes botadh their st sesind gominal
| afgkicespdtamigts 3 seficieAtly Smadll eater than the lattice
parameter of Si by about” 4.2% and therefore Si Ge )
wi t h 30Belofexampigys this ndifferaaice| it tthe elaifigeamarametsr et dypically
th ' r I=oOfp, P 15%
F PRISRR AR D SRETPE TR nuP RUIPREHarer S % (e

5 st r ai nefol examnplesin V-1V alaberis, dbe sioaribal latbice lparametec ah Ge is

have al npst constant intrinsi opertjes and /. or to ..

f adieaeratans e JALCEHRIPRSISG 915t Y 2Paub 2 Ry ed daseiarg Sice
(a@ithhgow bh Gd Bldsea Horkingl 1ade phfarRbRY ajteate?! th¥Atthenlattice
of the strained | ayer or the appearance of plastic

t yparanmegter albi by a@gds15%hne thi ckness of the strained
| ayer "i‘?'ﬁrtthéari'rwcb(??,:1I gglﬁggfse]réqlkﬁﬁhé Wﬁﬁkrgﬁs%;f)f tfePbirained layer is

elastic strain is critic astic strain
10 t hialnhost sondiEpE rsisthahitday ravet dimosthcendtamt intrinsikgproperties and /

formthe.straiped |layer and the said difference in the.

| apfle B aie poRii T BopRide S LE shivh B foure
inqple2pyt will use information known in the state of

the art_ 20 to determne the value of the critical .
el ast i cTepreyant relpxatinnsaf e strainadilayer o therappeapansg of plastic

us 0 iae r . [ .
oG S hd gl A P s
15| ajess than barivedl, elastichstminthicitneisse par anet er

ng\rl\f Ei Eﬁ‘%i{;rﬁ’tg{ag%iass |§§%t?lasm ttni%krhggst id%Serﬁ)(?g %ﬁl‘f/roﬁ) fthé trﬁaterial
chosen to form the strained layer and the said difference in the lattice
parameter with the substrate 1.
Those skilled in the art will use information known in the state of the art
20 ’ to determine the value of the critical elastic strain thickness of the material
that they use for the strained layer formed on the material used for the
substrate 1.
Therefore, once the strained layer is formed, it has a lattice parameter
approximately the same as the laitice parameter of its growth substrate 1, and
25 is then subjected to internal elastic compression or tension strains.
Once the structure is formed, the third technique for making a buffer
structure comprises a first step for the formation of a disturbance zone at a

given depth in the substrate 1.
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conprises a first step for the formation of a

di sturbance zone at a given depth in the substrate 1.
WO 2004/ 061944 PCT/ | B2004/ 000311 15 A di sturbance
zone is defined as a zone in 4hich internal stresses
exi st that can formstructural disturbances in
surroundi ng parts. This disturbance zone is

advant ageously fornmed over nost of the surface of the
substrate | parallel to the surface of .the suhstra

. / ¢ t
1. 5 Ofe difdehaace Goneoentieiesyan %EO%MPiWh'P'édBW"%%’?@SSGS
c §t'tﬁ§lsc@r\‘orrh@ﬂlu_@ﬂﬁéltdigﬂrﬁ%fn_céé HEGrSRRFMEParitsl t he
substrate at a given determned depth, WwWth a
det er niThisl distptbancet zane émadygntaggodsly dormaddover most of the

propprtigni ng of nm j e f L
SRR e ARt S A b,
tlo ere;rb'gé n?@tﬁgdiﬁ)e fbrsmihg?amhaad émbﬂittlb&iehtumnéhcbcﬁnprises an
ype of disturbance zaqgne, forne [ ant at i t hen
compiangation phateptigspatipsimtbe %\?’S%T&q{% 3 1N Selpapied depth,
de\fvﬁr‘?té’deﬁféﬁﬁihgg PXpIbRRLieH Pghérgysm'ﬁeﬁrﬁiﬁbéngwéoﬁibning of
the crystalline network adjacent to the disturbance
zoatomid Spgdiesse i nternal strains can then create

tal|l i ¢ di . in - lavi B .
Actor aiMMg ean ey SRBUGRREET the dmblERuAKEY e WipkRREy atomic
Megjfecidy tomprisesiegdrogers aag / ios hbliimg carried out by an

energy input adapted to and w.th ropyiate .
par anet Bp tyqp: ogglsfurh@ptﬁe “Phe fqrﬂbecgggérgsféq?aélo&then comprises
di $idthRrRE8Ms! ort Bfer Qﬁyﬁa"é{j@?hi}ti 8éfectsh eexdrizidubhathee atomic
zone; increase the anplitude of these disturbances in

t hspeaiseeimplanted 0agthen crystallinenséwerk adigsentcto the disturbance
re‘lzc%ea}ti on at least in the strained |ayer follow ng

These internal strains can then create crystallographic disturbances in
the overlying zone.

According to this third technique, the buffer layer is made while a
second step is being carried out by an energy input adapted to and with
appropriate parameters to:

- help with the appearance of disturbances in the region overlying
the disturbance zone;

- increase the amplitude of these disturbances in this overlying
region; and

- cause an elastic relaxation at least in the strained layer following
the appearance of disturbances.

Therefore the main purpose of such an energy input is to cause at
least relative relaxation of the elastic strains in the strained layer in order to

form a relaxed strained layer.



25 the appearance of disturbances. Therefore the nmain
pur pose of such an energy input is to cause at | east
WO 200ab6ed r el axati on of the elastic strains i nP€TEB2004/000311
strained layer in order to forma rel axed strained
| ayer. WD 2004/061944 PCT/1B2004/000311 16 The
internmedi ate region within substrate | between the
di sturbance zone and the stragned | ayer: confines
di sl ocation type defects; adapts the lattice paraneter
of the substrate 1 to the nomnal 5 lattice paraneter
of the strained layer; Therefore, in this case this
internmedi ate regjon can be consi dered bei ng a .
buf f er |%€F6r%4\%t§t regiom Wi SPEStéageaﬁtSb&B%%%& ﬁ‘}e Gigtyrbance
| fooHd dRPIng drlifetelages are defined for it, to
generate the said sufficient energy input to cause
these -10 stqqmﬁneﬁ dlS|Cm§‘éiD|ﬂ tyretdefaets; Thi s heat
treat nent |s
t enper at ur es g)l gnl [ ca F¥rﬂ%?ét& 5 ﬁ%%gﬁ:ﬁate 1ct? the nominal
5 taeﬁmeqiwamemwma\@wmhealaﬁegm f| cant nunber of

i mpl ant om C eci es,_ woul assed.
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t hesiRg albufferiffepal strains in the disturbance zone
These di sturbances appear mainly in the buffer

partl cuh hreay tepgémenbisnpdyantagrqusty bsed '§§P|t%b‘@rf@* QTQ)‘QTS are
dafd?eg 1 aé@ﬁera@@h%@%%eaﬂﬁircf‘eﬁeede y t'tBuﬁ%Ssg these

he i Tif nce o t treatne en t
10 d| strmmmmmmuen:hecone sufficiently large, they act

on he straj ned y.e eI aX| t he el st'

ot cascl dadiarenimani s sdpolasbisbagamnrofipl fppperatures
t egighifichBs Sowel anasl $tdraicas témpéﬂa‘iurbeebavéiwmﬁ & hsignificant
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meBHMbar ehigniented pigmicreperiesoud RedlegpasRs- and t he
mat eri anid) RUBPLY r@:gc?ll%grgm\é'elﬂ%furbéﬁé%x%éOEre‘éfted Nfom these

strai ned llle‘tyer ca e acconpani e
15 internal strains in the disturbance zone.

These disturbances appear mainly in the buffer layer, particularly due
to minimisation of elastic energy in the strained layer, and they increase in
amplitude under the influence of the heat treatment.

When these disturbances have become sufficiently large, they act on
20 the strained layer by relaxing the elastic stresses in the strained layer at least
in relative terms, these relaxed strains mainly being due to the mismatch in
the lattice parameters for the nominal mesh in the material in the strained
layer and the material in substrate 1.

However, relaxation of the strained layer can also be accompanied by
25 the appearance of inelastic type crystalline defects in the thickness of the
strained layer, such as through dislocations.

Suitable treatments such as a heat treatment, can then be applied to

reduce the number of these defects.



25 the appearance of inelastic type crystalline

defects in the thickness of the strained |ayer, such
wa@sootieowgh di sl ocations. Suitable treatnents BCDIB2a6H@0311

heat treatnment, can then be applied to reduce the

nunber of these defects. WO 2004/ 061944

PCT/ 1 B2004/ 000311 17 For exanple, an adapted

treatnment can be used to increpase the density of

di sl ocations to bring it between two limting val ues,

the two imting values defining an interval of

di sl ocation densities in which at Ieast some of the

di sl ocati ons cancel thenselves out. . al |
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buMulii-layer 8iFugtdreiInc| uded in substrate | as defined
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buffer layer. 20 A fourth technique for makin
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S o b, oLy ace of the support substrate
The buffer layer thus made using this third technique for making the
buffer layer is included in substrate 1 as defined before use of this third
technique for making the buffer layer.

20 A fourth technique for making the buffer structure is based on a
support substrate for the buffer structure to be made, for which the surface is
in relief; and deposition of the component elements of the buffer structure on
the support substrate.

Since the surface of the support substrate is not plane, the deposition

25  of the components of the buffer structure is made anisotropically with growth
selectivity effects and local coalescence that result in the constructed buffer
structure with determined properties.

This fourth method of making the buffer structure uses determined

techniques with parameters set such that the properties obtained in the buffer



25 of the conponents of the buffer structure is nade
anisotropically with gromh selectivity effects and

wo omalevaal escence that result in the construcP@dIB2004/000311
buffer structure with determ ned properties. This
fourth nmethod of nmaking the buffer structure uses
determ ned techniques with paraneters set such that
the properties obtained in theggbuffer W 2004/ 061944
PCT/ 1 B2004/ 000311 18 | ayer correspond to
crystal | ographi c defect confinenment properties, so
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| alpehavech bemogeneous iviHerce avar theentiraguifaog af flee wafer.

corners h i e
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SUE&%ﬁoﬁéJ t?ﬂsrgfﬁs%lblé E@su&?&é@ﬁjll?f@n@éfv{@é}b&ﬂﬁatj@ﬂdﬁs of epitaxied
conposed of an insulating material forned on a

s ulae/ersaclesgtmthermd%ami ﬁ@ftﬁulﬂﬁly khe gorgre pf tledbandst
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i nt er medi at ayer o ine materials can
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BRI BT e
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di sturb resuned growth of the
bands are advantageously composed of an insulating material formed on a
substrate and thus forming a mask to materials that will be deposited later.

20 Furthermore, an intermediate layer of crystalline materials can be
inserted between a solid substrate and the structure in relief, acting as a
substrate for growth of the buffer structure, the insulating structure in relief
then being sufficiently thin so that it does not disturb resumed growth of the
buffer structure on the growth substrate subjacent to it.

25 This technique is also called ELOG (Epitaxially Laterally Overgrown)
and is applied mainly to deposits of nitride films by MOCVD (Metal Organic-
Chemical-Vapor-Deposition) epitaxy.

For example, the article by Shuji Nakamura entitled
"InGaN/GaN/AlGaN-Based Laser Diodes with an Estimated Lifetime of
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deposits of nitride filnms by MOCVD (Metal Organic-

Chem cal - Vapor - Deposi ti on) epitaxy. For exanple, the

article by Shuji Nakamura entitled

"I nGaN GaN Al GaN- Based Laser {j odes with an Esti mated

Lifetime of WD 2004/ 061944 PCT/ | B2004/ 000311 19

Longer than 10 000 hours" in the "Materials Research

Communi ty" Bulletin, My 1998, volune 23, No. 5, can

be used as a basi whi ch t I d b .
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or Fucture e subsira
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or o RegAPess o Rl Larediralhin pubstiele g G may or
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e advantageously nade by growt h on substrate 1,

f ocrystalimp| reateyiabat thexinteriage @ith e mplti-layer sfrygtyretl, with few or
enbodi Sone of these layers are grown in
Si Q%crys "ch‘%%yégﬁfggontl nuation wth the formation of
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SPG%CVD bhese. | ayers are grown after steps to apply
ight surface finishes to the |ayers subjacent to each

| ayer Ihca firsheamgadiment, @tieasd ispaie elgthepe Jayears @ge gEqwn in situ,
Fl?‘%‘g %&Waﬁ nt\ﬁﬁFQﬁgLfSrmgt%anf]%é Yayeis su facent to each

ayer structure obtal ne rising layers
15 of layer,\thé aubjacentialers ial this case afsd advamgeomly lbetrlgrf@rmed by
be{acglg;egrro(agzxcl i ng conprises a thickness
In a second embodiment, at least some of these layers are grown after
steps to apply light surface finishes to the layers subjacent to each layer, for
example by CMP polishing, heat treatment or other smoothing technique.
20 Finally, a multi-layer structure | is obtained comprising layers of
crystalline materials.
The multi-layer structure | before recycling comprises a thickness
equivalent to or greater than at least two useful layers.
However, the multi-layer structure | is advantageously thicker than two
25 useful layers to compensate for material thicknesses removed during
treatment(s) applied during recycling to correct defects usually created when
the useful layer is taken off.
Roughnesses, thickness variations, structural defects and / or other

types of defects are frequently found on the surface of a donor wafer 10 after
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conpensate for material thicknesses renoved during
treatnment (s) applied during recycling to correct
defects usually created when the useful layer is
taken of f. Roughnesses, thickpgss variations,
structural defects and / or other types of defects
are frequently found on the surface of a donor wafer
10 after WD 2004/ 061944 PCT/IBZOO4/000311 20 t aki ng
off, like that shown in the post-t | ayer 3'
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"SHACEE ARl AR BonE LB 88R0 of g in the

nmubdsihegsdr structure | before taking off nust be at

ltﬁ?if(né\sg ;f'g}ﬂsefpr %gﬁ%let ?mown tgkmg o?fftechnlgues for example like
those that we will describe in more detail later in this document, such as the
Smart-Cut technique mentioned above, will sometimes cause surface
roughness.

Therefore the thickness of the multilayer structure | before taking off
must be at least two useful layers to be taken off and a thickness greater than
or equal to a thickness margin corresponding to the minimum amount of
material to be removed during the recycling operation(s).

This thickness margin is thus typically of the order of one micron in the
case of recycling after a Smart-Cut type of taking off (which will be discussed
later).

However, this thickness margin can be reduced by using high

performance recycling techniques such as selective chemical etching.
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typically of the order of one mcron in the 25 case
of recycling after a Smart-Cut type of taking off
(which will be discussed later). However, this

t hi ckness margi n can be reducgd by using high
performance recycling techni ques such as sel ective
chem cal etching. WO 2004/ 061944 PCT/1B2004/ 000311 21
One main type of processing applied during recycling
according to the invention is g3[d|toroc;ess for renovi.n
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af ter I Tahd Bgtﬁéfséfsubﬁtaﬂﬁe rembl/al¢s)lia(ane appliecodn the donor wafer
recycling, a surface tr nment_ js a ed o, renpv .
10 S Pt s o Oedyes SetaCedt he mtbIavaRstctufecl TéEremains
usafdly ?*‘ﬁ?%ﬁ was taken 10 off. In particular, this

renova surface materi al renoves a sur face ) )
t hi ckndsonegrarticulanmethad efcrecielinge assurfege tegaiaspkis applied to

during taki ng.of f |
cr GHaYe %agﬁ 8€mecm8|t§1?g§\'b§ﬁjccé®e§r&f glh cgltnﬂe]gX%%Ful I?yer was taken
Seyferal surface treatnents such as the follow ng can

th b lied d [
iy or InebRuler.c Iis GESHAY. Ol dUHARen JBRBIR, ARV Fo. R iSpace
a ﬁ’ﬁ?&khefs @Mnﬂéhﬁnﬁ"’@uﬁéc@&e@b@“ﬂh&ﬂbb@éhreétdiﬁhgQtalfmg d#e such as

chenical, electrochem cal or photo-el ectrocheni cal
al dislocation type asystaltogsaphio an&jwba@@%ph@omd@f@ct@t chi ng

gﬁﬁg;%%’%r@n&@%m%@etﬁﬁém &Eﬂ %?ghggé)llo?/ﬂg%%ggﬁﬁus be applied
et ipdividualll of iresanpinatiomder HCl accorrpani ed by
- dry or wet chemical etching, advantageously applied in a bath,
by plasma or by atomisation; etching may be chemical, electrochemical or
photo-electrochemical alone, or any other equivalent etching such as etching
applied during mechanical-chemical polishing;
- annealing, for example under hydrogen;
- chemical etching, for example under HCl accompanied by
annealing;
- a surface oxidation step, carried out using oxidation techniques
known to a person skilled in the art, on the surface of the multi-layer structure
I, followed by a step to remove the oxidised layer by deoxidation,
advantageously using a chemical process (such as attack by a hydrofluoric
acid bath) advantageously preceded by an annealing step. This type of

sacrificial oxidation process will be described later in this document.
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Regardless of the configuration of the multi-layer structure 1, after
20 taking off, material is removed from the surface over a given thickness so that
finally there will be one or several layer(s) remaining comprising one or
several useful layer(s) that can be taken off in a subsequent taking off
operation.
In a second case, the improvement in the structural and geometric
25  quality of the multi-layer structure | obtained after use of the surface treatment
is not sufficient for a useful layer to be taken off without other subsequent
substance removal treatments.
The additional treatments to be applied after these surface treatments

then advantageously include selective removal of one layer with regard to the



several useful layer(s) that can be taken off in a
subsequent taking off operation. In a second case,

wao b@4oemaovenent in the structural and geonet rPCT/IE2804/000311
quality of the multi-layer structure | obtained after
use of the surface treatment is not sufficient for a
useful layer to be taken off w thout other subsequent
substance renoval treatnents.3he additional
treatnments to be applied after these surface
treatnments then advantageously include selective
renoval of one layer with regard to the WO 2004/ 061944
PCT/ | B20Q4/ 000311 . 23 adj acent | ayer, the selectivity.
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sulbya lgyees.r enoval nmay al so fol |l ow anot her substance 5
removal S?I'ef:ﬁ\?er eéubsfefq%@ ?&ﬂbnﬁbhﬂl}g%@ffb%w aaﬁb’tﬁfa@‘::?%bstance
treatment, Tor exanple such as re nassive renova

5 of revnda aifferent froar thatifoltthinedndfter -d aydace $rieatroénity dorl example
for exanple such as mechanic renoval by grinding, .
orth 4G morgn RSP EBOVE! it SYBTRNERTnRH. St Rplt-ayer
a bfrgathrentfol Bkarhpleesiidhy Bs THEGHMS re®dvaiaby Hidings polishing,
be 1o applied wi thout necessarily applying prior

t r abrasion andembuorbardRent. ¢ r eat ments or nore nassi ve
bst . '
subs anﬁSwE@é'PVé‘lh%agégntofoqeéﬁl%«ﬁg@g%l?‘sté‘tﬂ%; r%?ﬁl _q?ag%aﬁso be

subst ance renvval, ore ta
10 st applied evithatbnpeceassarily lappbiing heriors treptmenrtsoeach ofis surface

th terial in the.overlying layer, in other words

t hESRURSTIR L AP 95Pe SHHRLATSS B850 15 1 ayers cl ose

to thei n érabetd agsly 8Ueh ahrsadtive substahat rémevs, before taking off,
nmeans of selectively renpving material, in other

. h :
woHEsMitilayar staysdeier eonaprisestaatayenthat glops rgovat of the material
re [ JAHS i t; t j f
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15t hiaypss tclase tchéheiulinterfacy are sthosenusuchl thabdhere 29 a means of

f;gglrelcﬁ%eg%gﬁgwﬁtﬂ Eﬁéte\r'}'gf: ﬂ?of?l%r \I\nﬁdg Wtﬁ aOEa;SJh‘?ty%P Bttacking the
layer to be removed significantly greater than the capacity for attacking the
stop layer.
Taking off then applies to the part of the multi-layer structure | above
20 the stop layer, in other words on the side of the stop layer opposite the
substrate 1.
Several techniques for the selective removal of substance may be
used for the protection layer 3. ‘
A first technique for the selective removal of substance consists of
25 exerting friction forces on the layer to be selectively removed, to pull off at
least part of the material to be removed.
For example, these friction forces may be exerted by a polishing plate,

possibly combined with an abrasive action and / or a chemical action.
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of substance consists of 25 exerting friction forces
on the layer to be selectively renoved, to pull off at
| east part of the nmaterial to be renoved. For exanple,
these friction forces may be gxerted by a polishing
plate, possibly conmbined with an abrasive action and
/ or a chem cal action. WD 2004/ 061944
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be posstid endtéridluh iR siopRyEEthehas dignificahBLgicdier resistance
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material to be renoved. A wet etchi nﬁg process may
%

usearbanatedewdthi acansenirations of daplyeiga bett\f«ﬁ%emm’i"/er@rm $0%, is
tohgr%e?mvfﬁ@ sa@h?ﬁbﬂn %E\Eﬂﬁn'éﬁbo%é}ﬁﬁ% dii@yr.al so be used

to renove nmateri suc 20 etc I ng E)y pl asma or
by at omAssedond) technique for selective removal of substance consists of

chemically and selectively etching the material to be removed.

A wet etching process may be used with etching solutions adapted to
the materials to be removed.

A dry etching process may also be used to remove material, such as
etching by plasma or by atomisation).

Etching may also be only chemical, electrochemical, or photo-
electrochemical.

The material from which the stop layer is made is chosen from among
semiconductors so that there is a fluid (in other words a gas or a solution
depending on whether the etching is dry or wet) for etching with a significantly
lower capacity to etch the material forming the stop layer than the material in
the overlying layer to be removed, and thus being capable of implementing

selective etching.
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St ek IerNieY malldrddi SRk 1BYAMd B8 AWl ERRRE By Sllective

e same atomc element’in
15 etching may be obtained by the fact that:

- the two materials are different; or
- the two materials contain almost identical atomic elements,
except for at least one atomic element; or
- the two materials are almost identical, but the atomic
20 concentration of at least one atomic element in a material is significantly
different from the atomic concentration of the same atomic element in the
other material;, or
- the two materials have different porosity densities.
For example, it is known that SiGe behaves like a stop layer with
25 regard to etching of Si with a solution containing compounds such as KOH
(potassium hydroxide, selectivity about 1:100), NH4OH (ammonium
hydroxide, selectivity about 1:100) or TMAH (tetramethyl ammonium
hydroxide).
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15 In particular, CMP polishing may be used with a selective chemical

etching solution.

A selective chemical etching may also be preceded or followed by
removal of substance made by mechanical means of attacking the material
such as polishing, grinding, abrasion or any other means.

20 A third technique for selective removal of substance consists of
applying sacrificial oxidation.

In this respect, the multi-layer structure | comprises an oxidisable layer
with a greater oxidation capacity than the subjacent layer, and that will be the
layer to be removed selectively with respect to the subjacent layer to be kept

25 that thus acts as the stop layer.

The oxidisable layer is included within the multi-layer structure | before
taking off (and therefore before recycling), and the taking off then applies to
the part of the multi-layer structure | located above the oxidisable layer, in

other words on the side of the stop layer opposite the substrate 1.



In this respect, the multi-layer structure | conprises

an oxidisable layer wth a greater oxidation capacity
W0 b@n/o6teed subj acent |ayer, and that will be theCT/IBg&r000311

to be renoved selectively with respect to the

subj acent | ayer to be kept 25 that thus acts as the

stop layer. The oxidisable layer is included within

the nulti-layer structure | before taking off (and

therefore before recycling), and the taking off then

applies to the part of the nmulti-layer structure I

| ocat ed above the oxidisable layer, in other words on
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mul'ti-layer structure | at the tine of recycling
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removal oo, #‘Hsfsa%? ec%lleg{edd ?ﬁﬁ%lprﬁﬂor"f‘b?ﬁéa sacrificial oxidation

Regar dl es the se con ration
5 saprackssi eﬂmmersalal step %mﬁmuﬁncoﬁran Dxilea Iayeep possibly an

formation a i,de .l.ayer ossi bly an annealing
st@‘bneaé'ﬁ‘ﬁ 53 @édﬁ%lg??’ﬂﬂ% O(i dation nay apply to
the oxi dfida@itn layCasplPo m@vcsmuohasf@m or s¥erRidyers. my
al so be done close to the surface of the stop | ayer.

Oxi dat i Oxidagor sy algc kg dene dse tedhe sEpce f gtﬁt%thlayer
techni qéﬁ@’at@h“?@ L%ﬁ'pt Qﬁ%%?lthé) he@h! Sidatioh %Bﬁnlﬂues, such
ch I ed, the

speci al case in OXI atlon 'S US
10 rmasthepmadmeﬂatlsn are t he oxi dati on terrperat ure and

duration. .t her inportant ara e the oxj di,Si _
nat ure of the speg ﬁeWe ybaz Oéws Usgd, th& main

tr paﬁdﬁlﬁétbrsoé:%&ﬁéromdéﬁadltémpe@turb%nd Jmaﬁ@ par amet er s
may be well controlled, which neans that the

repr odu®ihar jimpogiant hparamgiersc atitonthr PMidisiigoceatyre sof the
Altnodiifr@,h8eRfo8h cbfineaeRbARGLbREdfo bondior.

at i occur revi ous
15 OXI dat i Ghess qmrambharslemnydb@ i wall sIO@lﬂIOHeﬂhsM&uC&l ofieans that the

SRR G e Al byt Bt " eopec
usi ng aThe purpose of the annealing step is to cure defects that might occur
durihg the previous oxidation step.

The deoxidation step consists of removing the oxide layer selectively

20 with respect to the stop layer, for example by a chemical process using a
hydrofluoric acid bath, and forms the said selective substance removal.

For illustration purposes, oxidised silicon dipped in a 10 or 20%
hydrofluoric acid bath for a few minutes can typically remove one hundred to
several hundred nanometers of thickness of this oxide.

25 Regardless of the method(s) used for selective removal of substance
in the process according to the invention, in all cases they can maintain a
quality of the layers of the multi-layer structure | remaining after recycling
almost identical to the quality that they had before recycling, and similar to the
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for a few mnutes can typically renmove one hundred to
several hundred nanoneters of thickness of this oxide.
25 Regardl ess of the nethod(s) used for selective
renoval of substance in the pgocess according to the
invention, in all cases they can naintain a quality
of the layers of the nmulti-layer structure | remaining
after recycling al most identical to the quality that
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of t he E‘m reanpvable é@y@r(s) malnmonr&ﬁe@t inghe mpulfi- layer strubture |

LR Ibeac’c?d&dlh@ 16 e ‘P[U hh%rl\ MW kSdd H‘R;e‘r'\zggbﬁ qeuallta/ and

er re yc i ng accordi ng e invention t
vepmlgmadquductqral qmadllty 5 particularly a structural

quality. EX s of .selectiv nmoval.s of teri .
Aol | cEXATARS oAy ema s R TAE ) BB pecvoiing,
cagkhg éﬁ?ﬁbce@@é‘s i ean W @3t At dohof aeféersibidorer recycling are
given'in the rest of this docunment. Wth reference to

fi givewinthe rteﬁ'éOfnfﬂISt(ﬂQqUﬁW\t- structure | before taking
of f 1onidf ‘é | rst $ur@ 1d, éhc'é nLLﬂ‘ﬁ’ﬁ ef sﬁ'[]?tu?e ?BSRJ?Q taking off

| ayer 3 on t ayer rst
f onsmang)czsesltofra firat/layef dand &l mﬂond éay@mtheofﬂrst Iaezer 2, the first

¢ oo Faang 2ratof ek fruBeequ T Rimy i 4 Pl 608F o

rret hod f#ertedidyef 8 are €bth tﬂuawrthars o timsarhe tiicknesssas the
1band1lc. 15 Afirst preferred take off step

acHeRfbl Ia¥et o the i nvention consists of creating an

enbri t tA‘?ﬁ'@cﬁBd %ﬁakl'np Jif e thhE RRRBFd ﬁi(ﬁ\fn iR figufe H18hd 1.

performa detachment and thus take off the required
| ayer ( sA.firsepeafaired etakmmffue@pn@gcowngstedthaomw@mrecgrmSIsts of

S8 S ot rbfd 4 BB A fabibtom <
t edbrich@Nt KNO WU take lndfthe required layer(s).

Several techniques may be used to create an embrittlement area of
this type, as presented herein:

A first technique, called the Smart-cut ® technique, known to those
skilled in the art (and that is described in a number of books dealing with
techniques for reducing wafers) contains a first step in which atomic species
(such as hydrogen ions) are implanted with a determined energy to thus
create an embrittlement area.

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

The weakened area advantageously formed according to one of these

two techniques, in this example following the process according to invention,
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for exanple as described in docunment EP-A-O 849 788.
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one of these two techniques, in this exanple

foll ow ng the praocess accordin o invention,, WO

D5 TOER PETPERN 155 364 G4 2nd A S SeoERaINE 3,8t it second

thgvkt gst layer 2 and the second layer 3 or in the

second |ayer 3. Wth reference to figure 1 b, a

second Wlitsgetasanes ta figureait, mgsesiondstemicancergipgr taking off a thin
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i | beTheRerOhe sPtRReno it Staaly T migntgod support

Pr @ 8Gdpdrt tHe' SERoHAYIaPBED 2P BF wHidrERMESe tdlem &ffi¢rom the donor
outside. This receiving substrate 5 may for exa

: : npl e be
mawafest10s anf do praject it omuamt meehanies) ssengss rgmdhgoutside.
mat eri al-.. T IV u t ' d i
bri ngi nJB"“F’t g?ﬁ[vgﬁeﬁppﬁtg?% g?h%?afg{ %\ﬁhﬁ(})@ﬂ% nfdUeP¥f siicon or
10 Nnubtiartt ey eny sthrendype ef ratenidl.bondi ng it, in which there

i s advant ageousl l.ecul.ar di ng, between the, . .
subst 1 af B Geabina sibfalE o5 1 adoRpE b HTRG 1 "Pto intimate
t egHMagt Qvitha sk \iltidaes Stfudtiire Braddeshdihgeid in which there is
particularly in the docunent entitled "Sem conduct or
Wapdvaragepysly esdnelgedlapniondisghhstwesn fha esuksti@iR e and
Teg{m&hp@g() by QY. Tong, U GCosele and Wley. If
necessary, bonding is acconpani ed by an appropriate

15t r eat neMhisddondirtetecbnigespend vatarsts rof ic are desdidedqratticularly in

| ni’tﬁei acljcl) unien /en%Eleg y".éQIWCtotnidﬂgtoF h@\m&l Bonding" (Science and
technology, Interscience Technology) by Q.Y. Tong, U. Gésele and Wiley.
If necessary, bonding is accompanied by an appropriate treatment of
the corresponding surfaces to be bonded initially and / or by inputting thermal
20 energy and / or by adding an additional binder.
Thus for example, a heat treatment used during or immediately after
bonding makes the bond rigid.
Bonding may also be controlled by a bonding layer such as silica,
inserted between the multi-layer structure | and the receiving substrate 5, with
25 particularly strong molecular bonding capacities.
Advantageously, the material forming the bonding face of the receiving
substrate 5 and / or the material of the bonding layer formed if any, is

electrically insulating to make an SeOl structure from the taken off layers, the



20 energy and / or by adding an additional binder.
Thus for exanple, a heat treatnent used during or

wo pavedetel y after bondi ng nakes the bond ri gedir/1B2004/000311
Bondi ng may al so be controlled by a bonding | ayer such
as silica, inserted between the nulti-Ilayer structure
| and the receiving substrate 5, with 25 particularly
strong nol ecul ar bondi ng capagpti es. Advant ageously,
the material formng the bonding face of the receiving
substrate 5 and / or the material of the bonding |ayer
formed if any, is electrically insulating to nmake an
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or sIEERAItS6 A thEFrRAIt AR or PEcRaricAafddnbniVor A tPéBtment with any
other type of energy input, to detach it at the

enbifier typerefrenesgeiaput, fo dﬁtacbag@t the enfuitiementsseand

t echni que apC ;

treat edM (t:)hret IaE%(% herﬂib;%gﬂ%%%g%'zdr té&]m&?‘%pm? %\%ér?\kgp%%rarea 'S
10t omﬂaehambaily treailedt be anethice gk dlagreargy Betrgelb v rdrdert tot dhetach it

tle rea according to one of these two
te?i‘ d’ﬂ"é%r[‘e R¥L- the largest part of the wafer 10,

to obt apBtaRhifent @t Yhé emmmémmemc@mng it dref bf theke two
an of the part of the second | ayer that was 15

nwsmﬁmw&sﬂhet Inrgest Pt pfeﬁ]ﬁawefﬂrsw he abfginup structure
f
g&ﬁgﬁ §.h5§m%a M | @w?an{, of tﬁﬁﬁaﬁg Su@%ercﬁﬁ&flé{*eﬁ% that was

I'ni's 0 rface o
15 st takehmfé(wmchmdtm cabe reméeentsftme ubefpklayer), the bonding layer if

advant a us a ed to_renove any surface

roaa}’]ﬁgagh ﬁ%%"v"% HE £ es in the thickness and /

or undeaiflnidNify bRipess thd Slirfaeerdmthe dikicige formed at the taken off
layer is advantageously applied to remove any surface roughness, non-

homogeneities in the thickness and / or undesirable layers, for example using
20 a chemical mechanical polishing CMP, an etching or at least one heat
treatment.

In one particular configuration, a stop layer with a selective removal of
substance may be included in the useful layer in order to improve the finish of
the useful layer by selective removal of substance stopped at this stop layer.

25 A post-taking off layer 3' forms the part of the second layer 3 that
remained after taking off and located above the first layer 2, the complete
wafer forming a donor wafer 10' to be sent to recycling so that it can be
reused later during taking off a subsequent layer.

The result of recycling such a donor wafer 10' is shown in figure 1d.



20 a chem cal nechanical polishing CMP, an etching or

at |l east one heat treatnent. In one particular
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order to inprove the finish of the useful |ayer by
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5 off inthe first layer 2 during a subsequent taking

of $®Ri t hout any additional step. In another

confi gupahhdtRe bonfitfr P bf 1R BbndOwRRo1E bteﬂi?ertaklﬁ@foff the

the donor wafer conprises several pairs, eac

c otiparenafer comprises aeverabpalr%mhzcomeéeqfdhe spigl first Iayer 2

e

10 Sawkh p@spedﬂy ta thedirst taealihethef samel pairi Melay me=msy cappble of

the material. Advanta ou ly, there is also a neans of
reﬁ%@?‘i‘?’&%ﬁ"’é‘?‘f'%ﬁ’ g @ier 2 of a pair selectively

with r eﬁﬂ\%ﬁaéébdsﬂﬁ théress aﬁé&h H§SdHs éﬂetﬁovuﬁj‘ﬁhatéﬁdl m a layer
also included within the nulti-layer structure

Th2 of edvdit geleetivelnwith gesnast faithenlaygresubiagent fe it a% Fh% is also
ca c%ed‘a\mpﬁﬁﬂwe é}%’lt?l‘éﬁ/hﬁé&"&’ctl‘ﬂ‘e ih respect to the
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selectively with respect to the layer subjacent to it.
Still, in this configuration and in one special case, the layer subjacent
to layer 2 is a layer 3 that belongs to another pair of layers.

20 One example of a particular configuration of a multi-layer structure |
comprising several such pairs of layers is given with reference to figure 3, in
which the multi-layer structure | is composed of a first pair consisting of a first
layer 2A and a second layer 3A and a second pair consisting of a first layer
2B and a second layer 3B, each layer having the same thickness or a greater

25 thickness than the useful layer.

In this configuration of a donor wafer 10, one or several layers can be
removed in one or several steps, according to one process according to the
invention, with one or more intermediate recycling steps according to the

invention being applied by selective removal of substance in the part of the
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[ e t selectiv ubstance_renpyal . 15 In
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| ayer 2Thée resuttlis tenoh canfigadation tdruivdléret fohbik o€ sisosef already
a useful |ayer to be taken off. The result is then a

codepejihest akaveequi val ent to one of those al ready
In a second configuration, the crystallographic structure of layers 3A

20 and 3B, and patrticularly the lattice parameters, are almost identical, and we
would then not want the first layer 2 to significantly disturb the crystallographic
structure of its adjacent layers 3A and 3B, and particularly we would not want
it to disturb the crystalline growth of the second overlying 3B during its
formation on the first layer 2, for which in this case the lattice parameter must

25 be approximately the same as the lattice parameter for the part 3A subjacent
to the first layer 2.

This result is achieved using one or several embodiments of the first
layer 2, among those described below:



descri bed above. In a second configuration, the

crystal l ographic structure of layers 3A 20 and 3B,
wa@pa4penotd cul arly the lattice paraneters, are BCTIBRN04/000311

identical, and we would then not want the first |ayer

2 to significantly disturb the crystall ographic

structure of its adjacent |ayers 3A and 3B, and

particularly we would not wangs it to disturb the

crystalline growmh of the second overlying 3B during

its formation on the first layer 2, for which in this

case the lattice paraneter nust 25 be approxinately

t he same as the lattice parameter for the part
subj acelt @ first embogimeart Qfati?érf"ét laygr 2. F@§Jﬁ gt |aé/er is elastically

aCEbﬁéﬁ%‘ﬁ'\é&?' Bgt eltsorl ?fa?ém@f@?qg' HR{Ys® i@éniidag tB'ﬁ1§t lattice
| ayer 2, anong those esc bed bel ow. WO 2004/ 06194

FCE&H&BMG&/OO(HBG&]SA :sfbjaq‘eat fa ntstevenbbdlnerglaﬁlcafparar@eter of the
conBs IS i€ et siopliboby Hiera Frihe Fce parpupeter of the

5|dﬁfyt|a§,@k2to t he Iattlce parameter of area 3A

subjacent to jt, even if t Iatt ar aneter of
e e ormak concifns thendiayia o B FeRgecid I PERr tbr iy out

t hehié 8bbiafien Races®i@ry: of the 5 flrst | ayer 2. Two

mai n condi tions then have to be respected in order to
carry out t¥ies nopunalt parameiet exfsthe Ifigst {ayer ndnamdhithe lattice

ngg@% r 8f tl{eﬂgorﬁé Eﬁlgjak &5 i lﬁ‘@gdé@%ﬂhﬁ{ He® Jd Ia¥%r 3A) are

e zone su acen
10t haot toor diffe@ne froaAbaeh ethet otorm‘tevemtdhdla‘;jpeamncefoMBfects (such
each nce of defects (such

h t
asaaidé;l%‘gi'f’f‘%% sl P{E%%ﬁesgtnratggg&t) aYH Zhe first | ayer

2; the firstieanat Ia%/anQSﬁqulebé %Ufﬂcférﬁl?tthm fohpreveAt progressive
prevent progressive relaxation of thée elastic strain

t hreJaxgtianhef thii eJastissirajn thwelghatberthlgmess @rtheHayer and / or the
ge BSE@a‘hBH &g &]t §Ct'f50 Iqi 08 g, ﬁ}et fﬁ'lcﬁmegg%ftsm:ﬁ@ﬁr%§ layer 2
of ¥s 3 E rraofe 0 y

uch firs an el astlca
15st miadeeolf ammlashndllycttrmgeds&ammidummg ninien‘laismusﬂwbmlezss than a
known to a n the

o TR rikoERR: b apt Ao dpiaoPy SEEH 18 Mishyssheppd “depending
malb@l‘tlc@laﬁ*l,y o it BEmpBhENt b rialR, bhthel YRS tAE efiers adjacent

to it, and techniques for making the strained layer.
Critical thicknesses typically encountered for an Si layer 2 between two
20 layers 3 A and 3 B of SiGe (50% - 50%) are approximately equal to a few
tens of nanometers.

In a second embodiment of the first layer 2, a material is chosen for the
first layer 2 with a nominal lattice parameter almost the same as the lattice
parameter of the materials from which the zones adjacent to it are made.

25 Thus, unlike the first embodiment, the crystallographic structure of the
first layer 2 in this case is significantly relaxed.

Consequently, and also to satisfy a selectivity criterion during removal
of substance applied during the first recycling step, for example the material

for the first layer 2 will be chosen such that it has at least one constituent
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af %rggn ?/\(/)hF?cl:t?gthe adjacent zone concerned by the selective removal of
substance is made, this doping element is the element that will then
determine the selectivity capacity.

When doping the first layer 2, the thickness of the first layer 2 may in
some cases remain less than a critical thickness known to those skilled in the
art, if defects such as dislocations, and particularly through dislocations, are
not wanted.

In a third embodiment of the first layer 2, the layer 3A made previously
is made porous on the surface in order to make a porous layer.

This increase in porosity may be applied by anodisation or by any
other porosity technique, for example like that described in document
EP 0 849 788 A2.
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transfer it onto a receiving substrate 5 according to a taking off method
almost identical to those described above with reference to figures 1b and 1c.

After taking off and during recycling, selective removal of substance

20 applied at the first layer 2 consists of at least one of the following selective
removals of material:

- with reference to figure 2d, selective removal of the material in
the layer 3B' adjacent to the first layer 2, the first layer 2 forming a stop layer
for removal of substance;

25 - after removal of layer 3B', selective removal of the material in
the first layer 2, the material in the third layer 3A adjacent to the first layer 2
forming a stop layer for removal of substance.

In one particular method of selective removal, it is thus possible to

combine two successive selective removals of materials at the first layer 2.



Wth reference to figures 2b and 2c, part of the |ayer

3B is taken off to transfer it onto a receiving
wGeuiwsnemse 5 according to a taking off nmethod PEI/Mm2e04/000311

identical to those described above with reference to

figures 1b and 1c. After taking off and during

recycling, selective renoval of substance 20 applied

at the first layer 2 consistsypf at |east one of the

foll ow ng selective renovals of material: with

reference to figure 2d, selective renoval of the

material in the layer 3B adjacent to the first |ayer

2, the first layer 2 formng a stop |layer  for_renoval
of subdbalhise.cage, thexrseepnd dayRralBBofanda fhe first layer 2 are

Se i fRyal of the material in the first |ayer
Z,éetqﬁ(glv}ér}&%rl a?éal' n the third | ayer 3A adjacent to the

first |Rggardessobthe mgthtwdsthmsendgrseléciiverremoyal ofogubstance in

subst.ance. |.n one partjcul ar meth f t]
" BV Bevdig e R b8t WireV e s Her S i dohBr water 10 on
5 SUpeesamEeside! 8¢ tthy cudefiiagbs ierdTds ed istds layert fo# removal of

first layer 2. WD 2004/061944 PCT/1B2004/ 000311 36 In
t hsubstance, (theefirsbdayrt 2 dpethezpase /i %‘ﬁeﬁ“‘? t‘r‘@??q]f'ﬁ’gt removal of

lrrea%/ gé%}c%g & th%eio‘?\%tsé't{bz.e{dé_nf Mheefikst [B58R2Gh&8&e®Tn thshird layer

sen for se ctlve.rermval of substance in
t hdAfin thet casexyfdhe sgeondeselaetivetriemovial off substange)t he part

of the donay f 0 5_th ' Jh :

usef ul -ﬂéeyeslt?r\’l\?ﬂzérea]q‘ss gc’[sst 8% ?a@%ﬁ% Zﬂr)'d?%%%(/'éll %g? ck, and in
10 SUF@M@@IQE pfdtbetsfthe tird layer 3R in whidhethessis ahewhumseful ister to be

sel ective renova ?fst ance or the zone subjacent

t

| of . su
otakgB off qusing & \aker taking Olfyded in the third layer 3A

in the |pageotRbr EHSGRSISH of B ebh¥e wakso¥@lbefdre taking off, the
substance). The stop layer thus acts as a barrier for

nmadendravater caaprisapgeveral friplgtsragchusampesest efcthe saig first layer
b GBS 85 1 B 3 or o
15 cofifst tayentd ofreath fripket possiblyiading réMobed sekectiedly mathofespect to
oA o 45 B ECToP ) S o UL 4o G0, by means
?Egaﬁélﬂe bitdrioViRy te PAterfdnSeieehrild | ayer 3B and / or
Advantageously, there is also a method of removing material in a third
layer 3B of a triplet selectively with respect to a layer subjacent to it that is
20 also included in the multi-layer structure 1.
This latter configuration has the advantage that any layer in a triplet of
layers can be selectively removed during recycling.
In the same configuration and in a first particular case, the layer
subjacent to the third layer 3B is a second layer 3A belonging to another
25 ftriplet of layers.
Still in this configuration and in a second special case, the layer
subjacent to the third layer 3B is a first layer 2 that does not belong to the

same triplet as layer 3B.



15 first layer 2 of each triplet possibly being
renmoved sel ectively with respect to the |ayer

wGapacwm to themand form ng part of the sankCT/IB2004/000311
triplet, by a neans capable of renoving the materi al
sel ectively. Advantageously, there is also a nethod of
renmoving material in athird layer 3B of a triplet
selectively with respect to afayer subjacent to it
that is 20 also included in the nmulti-layer structure
I. This latter configuration has the advantage that
any layer in atriplet of |ayers can be selectively
renmoved during recycling. In the sanme configuration L
and i n la thisrsecopd partiawafcasgsthe finskl1aygyerin tg% iletepyerlying it
to t. s y 3B La ' i
t 3% NANER b8 FlraPBybE B ZERPEE Hffertu el Hodhtea with
c canfatiyer twipled subjetenhicait.s du thisl capecihel resalt és an lassemply formed

subj acent to the thi layer 3B | i rst

© HR o BeagceiE e SAJ TS arttive® B (Ve seffoalbug tyee 2
5 WO52604/ 061944 PCT/ |1 B2004/ 000311 37 In this second

particul ar case, the first layer 2 jn the tri

[ | I et
over | yi/iy exempln @it PRRTUATT SRTINTaleN gy ér rrgslﬁ%y%ﬁagcture !
is : . aF ) .
SRR kS, ARy R ot
aswhichltye frouttidayer stroctuee bisoemasedfoft ype 3A | ayers and

examl e of c DETEEE spresred s 2) of i st lpuer 2 tee

10 Stihgefted BetwedtPamdye? i3pdofsibeaniad 1a5ee byper 8 Mdthsrefdrence to figure

| ayers is given with reference to figure 4, in_ which

t hda.nand ja Faged layen @R, ok the iS@C%%%}geéo*YB?:?’%V\f"ihr tgference to
trf@jrgtz onposed of a layer 2A of the first layer 2

type, 0 inserted between a layer 3A of the third _

| ayer type 3Asacond triglel ecmaeoseg of guirst layvgr 24nef dhe first layer

segand, I. h . i .

B ool 8 SECoh B XA ol roerence
15 a {d figlrel 2a,ean@@ lalet BD 6f thet séconelr layey hgpe23B iwitrerefecence to

bet ween a | ac}/er 3C of the third layer type 3A with

r efighirérrde an

- a layer 2B of the first layer type 2 inserted between the two
triplets.

The thickness of each of the layers 3A, 3B, 3C and 3D is equal to or

20 greater than the thickness of the useful layer to be taken off.

In this case, the first function of the layers 2A, 2B and 2C is to protect
the layer subjacent to them from removal of substance applied during
recycling by:

- forming a stop layer to selective removal of the layer overlying it

25  during recycling; and/ or by

- forming a layer to be removed selectively with respect to the
layer subjacent to it.

Therefore in this configuration of a donor wafer 10, there are layers 3A,

3B, 3C and 3D in which useful layers can be taken off, separated by



15 to figure 2a, and a |layer 3D of the second | ayer

type 3B with reference to figure 2a; and a | ayer 2B
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15 caBurface of the taken off useful layer is being finished rather than during
recycling, particularly to remove surface roughness.

In general, and for a multi-layer structure | according to the invention in
which several useful layers can be taken off between the recycling steps
according to the invention, in one advantageous context, according to the

20 invention, a cyclic process for taking off useful layers from a donor wafer 10
according to the invention is used by performing the following steps iteratively
in turn:

- a taking off process; and

- a method of recycling according to the invention.

25 Before the cyclic taking off method is applied, a process for making the
donor wafer 10 according to the invention can be implemented with one or
several techniques for making thin layers on the substrate 1 described above.

The possibility of taking off several times according to this invention

starting from a donor wafer 10 (such as one of those represented in figures
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recycling, particularly to renove surface roughness.
In general, and for a multi-layer structure |
according to the invention in which several useful
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If the substrate 1 comprises a buffer structure, three types of recycling
of the substrate 1 may be applied:

- recycling comprising removal of the entire buffer structure, but in
which it is possible to keep at least part of the support substrate on which the
buffer structure was formed; however this recycling causes loss of part of the
substrate 1 which is usually the most difficult and most expensive to make;
and it requires the use of an additional step to form a buffer structure, for
example if it is required to reform a substrate 1 equivalent to the substrate
before recycling;

- recycling including rem.ovalvof part of the buffer structure, and
capable of keeping the support substrate on which the buffer structure was

formed and part of the buffer structure, such as a buffer layer that is
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| east part of the substrate 1 is recovered using a
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from the multi-layer structure | before recycling, by slightly modifying some
manufacturing parameters. For example, the concentrations of some
compounds in a material may be slightly modified.
In all cases, the multi-layer structure is advantageously made by
growth of layers, for example by epitaxy using CVD or MBE.
In a first case, the growth of at least one layer within the multi-layer
structure | is done in situ, directly in continuation with the formation of the
subjacent growth support, the subjacent growth support in this case also

advantageously being formed by layer growth.
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such donor wafers 10. Sone exanples that we w ||

i rfirgbledice parametersat thedeval ok its syppert pubsiEaie NG speond lattice
Bk A et
sonme of Thisdymx afplffer stncheermedprisee Dbefferlager toonake such an
t hgcg]apqgfslor?1 of the lattice parameter.

The first technique for making a buffer structure (as described above),
usually used to obtain a buffer layer with this property, is to have a buffer
layer composed of several atomic elements in which:

- at least one atomic element is included in the composition of the
support substrate; and

- at least one atomic element that is not located in the support
substrate at all, or only slightly, with a concentration that varies gradually
through the thickness of the buffer layer.

The gradual concentration of this element in the buffer layer will be the
main cause of the gradual variation of the lattice parameter in the buffer layer,
metamorphically.

Thus, in this configuration, a buffer layer is mainly an alloy.



first lattice paraneter at the level of its support
substrate and a second lattice paraneter close to its
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15 This type of buffer structure conprises a buffer

| ayer to make such an adaptation of the lattice
paraneter. The first technique for nmaking a buffer
structure (as descri bed above)z wusually used to
obtain a buffer layer with this property, is to have a
buffer |ayer conposed of several atom c elenents in
whi ch: 20 - at |east one atomic elenent is included in

the conposition of the ort. sypstrate;

| ast ol AtBRfk Seargis HRSH ifo” 168 ?%'EB?%J 5% e suppor
Sugsstiate foHIRE bafer strudtlife afd tHbffet! la b‘eﬂ dfftyp’v’e IV, such
concentration that varies gradually oug t he

t hag BhesSeof the buffer |ayer. 25 The gr adual
concentgglt Lofn b N‘ih% &Le gr adulﬁ Eehgog’élﬁleefo h?\)’@ﬁn"&'éuppoﬂ

be the nmmlin cause o ual riration o
I asmbsctmat@amlrran SiGenbuffer layerf withl ayencentration of Ge that varies
met anpor @hl cal

| a%’\d peY MOHQ tgﬁqgﬂ%‘?ﬁs Q,%w%gﬁ?é‘&'g%ﬂ%'sé’ o o? at J?\Eerface

PGlith BRO GHbPEAZUbstrae Ahe addetetrhinederaiié sncthessthef fice of the
the conposition of the support substrate for the

bubwier 13Yeruct ure and the buffer |ayer may be of type
IV, sucfy r?octhé'?e to@?%cgﬁfpogl’ﬁgm%é @u{:;‘%r%sﬁ teldnd / or the

woul d be possib ave an 5 substrate
anbuffer I8y®mtaybuclﬂée a pgieof #pehlllay aimnmwehemeinim ssich@s a pair

t hat vard C S tween a
ah%seé‘l J’Tﬁ'é‘afl{ﬁ'?s &?@‘ir@awﬁ li@hg gport

subst r aFer @Rdm@le;lernemie ade vitlwitild rbd Ipesgbieento frave afsupport

the buffer |layer. In another case, the nposi ti on_of

théufaﬁxﬁgma%séﬁs&aea%& puifer lByg’ mMaglengsorn 4ypEGa and at
”abéasf“blnbld&h@r Fb?éﬁ\eﬁ’lf thi$P@tibd bre¥nértorarging! Q%Ubﬁy |r$ WKiBkness

as a palr hosen from possi bl e conbi nations of
Gabetween-a (\/Muepqlom;o Oratrthesiaterfaes With thisi stippastesy trate and a

““Hlaf%n%e%o\?aﬁué’ l)ﬁ ﬂtlé) o{ﬁ%y Pac® SFHRE BUkfer layer.

The composition of the support substrate and / or the buffer layer may
comprise a pair of type II-VI atomic elements, such as a pair chosen among
possible combinations of (Zn, Cd) — (S, Se, Te).

We give a few examples of such configurations below:

The first five examples deal particularly with donor wafers 10
comprising a support substrate 1 made of Si and a buffer layer made ofSiGe
or Si and other layers of Si and SiGe within the multi-layer structure 1.

These wafers 10 are particularly useful when taking off layers of
strained SiGe and / or Si to make SGOI, SOI or Si/SGOI structures.

In this context, the etching solution types used are different depending
on the material (Si or SiGe) to be etched. Thus, etching solutions suitable for
etching these materials will be classified in categories, assigning an identifier

taken from the following list to each category:
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between a value close to O at the interface with the
support substrate and a determ ned val ue on the other
face of the buffer |layer. The conposition of the
support substrate and / or thgybuffer |ayer may
conprise a pair of type II-VI atomc elenents, such as
a pair chosen anong possible conbinations of (Zn, Cd)
- (S, Se, Te). 20 W give a few exanpl es of such

configuratiaons below The, first, five exanples deal ..
parti gu‘l ar | )élkivi Fﬁ'eetb‘f?oﬁp"\%g\ge?émi@s orpW| irﬁﬁoeg??o SiGe such
gf%g?%;é sgtﬂméhr@drﬁpﬂisiﬁ@d& Féfasts'onépéorﬂpbu'ﬁd Hmoiy _EKOhHPCNi-uOH

or Si and other layers of Si and SiGe within )
t W@mroonium hydioxige) uEMAHh EDPTRE SINQ@ 08 rsolutipngr eurrently being

i.cyl ) i ff

DrRbEH Sliphies onlnSH 35 ACR INGARIG, FIF. E75Q441s0-
stCH@COO&g.HdO) a:jrhi I?an alstea%)tained;ig detcumend X%@I9$§Il53589l, page 9.

t | ren epe . N . e. eri .
(550 51 Gy o o Splechive Rlstimar sl utiorts e Picee 8iflfepoed to Si such
Suhd aPplsBiutiBn caHt&iRingd HFBSS,, CRLEOIOH sfettivilye about 1:1000) or

classified in categories, assigning an identifier
t aBIA thydiaflupdac-niiric-aaeligselitien)t o each category: WO

2004/ 06.1944u$’c|,q0_r /n é@%&ﬂé{ &%ﬁiﬁé]solu‘%%n's &%ngl%é{gFé {Eéﬁcentration of

et chi ng sol respect to
t hae sigaificantlyotessotipari ©r neguel tbeSh, with asppoutel Sitdenyith a

KOH, NHAO: ni_um hydr oxi de VAH, or, HNGB ar,. ..
sovanaepitaton, ek wagal ¥ oFspirater Mhinetbn g dyeRt & Yolution
SUgdhtamindNIAAHBIORORO2, HF, H2SO4, H2SC2, 5 CH3COCH,

H202 and H20O as expl ai ned in docunent WD 99/53539

page 9.- S2:5d%| é@EﬂCU\ée stctvnt golstiens phHEdeRedsSEWIt regpect to

re t i S [ c abni A0 ~m3

P RB0 oS PERerpBl, Bonet ¥ rihecRBNGRE "9 oy Such @
¢ hyalutidn contanimg E0R: {etbyene diarhimei and) pyrecathesholy d¢QH @r NoH:
et&&idn .sqlutions of SiGe with a concentration of 10
Ge\"WOfM¥)cant |y 1ess than or equal to 20% with

respect to SiGe with a concentration of Ge equal to

or _greater than 25% such as a solution
Example 1:

The donor wafer 10 is composed of:
- a substrate 1 composed of:

- a support substrate made of Si;

- a buffer structure made of SiGe made according to the said
first technigue for making a buffer structure, and comprising a buffer
layer and an additional layer;

- a multi-layer structure | comprising SiGe.

The concentration of Ge in the buffer layer preferably increases
progressively from the interface with the support substrate, to vary the SiGe

lattice parameter as explained above.
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as a 15 solution containing EDP (ethyl ene diam ne and
pyrocat hechol) KOH or N2H2 (hydrazine). Exanple 1:
The donor wafer 10 is conposed of: 20 - a substrate 1
conposed of: - a support subsigate made of Si; - a
buffer structure nmade of Si Ge made according to the
said first technique for making a buffer structure,
and conprising a buffer |ayer and an additiona

| ayer; 25 - a multi-|aye tructure |, conprisin i Ge.
The corénthiines 'afty@éa\r%%? Huf &nd ﬁ”aﬁr&mmﬂé&éﬁ%ﬁvﬁace
| NIrRBABEtIoY SOGRSS 1¥84 Yhd 0.t tBeoHtaes Gaee stiutturain@laxation
support substrate, to vary the SiGe lattice paraneter

asatethpl surfase, andte.confine slig¢ds related-torthepdifersnseonitie lattice
44 T j ' ' y between 1 and 3
m'%e}%ﬁ}ae%%r%}gﬁgﬁgtsﬂdgytgﬁé;bﬁ'@%&ricentrati ons of Ge of |ess

t han 30Phd additibral nayerds athdet ofUSIQe signifiebrtkatelaxed at the buffer

IR HBCS) o 30ehe LAR LBA  Bri pence

ar @ elighcBhtratonloraha Bakbt Fé?érl clbsy & thekr inRfRcef SiGe

significantly relaxed by the buffer |ayer, with an )

advant afepeensentigtion oihgesnaeinn i thersiligonayithin fhgrelaxed SiGe

id ' . 5 hen of the buffer |ayer

cl%gé'l "tég{"?'hge)lllyrBaﬁ'teéfr??gc/g’gyﬁﬁg%doncentrati on of d

ger mani Thisi mithiorsidfi 80P wiephésentshea riypiabdinSiadien of current
en 15% and 30% 10 This

: ?%%Lﬁihfs%%’y@ﬁ%é’g P’g&i\é\%éw{%y%arﬁypi cal limitation of
currentThd @fikKHeaYast.thé WdditionaRlayeriay Varl Uery vidélifrdepending
The thickness of the additional |ayer nmay vary very
wi erfhe @mmﬁh@typlcal thickness of between 0.5 and 1 micron.
For example with reference to figure 2a, the multi-layer structure |
before taking off advantageously comprises the friplet of the following layers:
- a layer 3A made of significantly relaxed SiGe with a thickness
greater than the thickness of a useful layer to be taken off;
- a layer 2 on layer 3A,;
- a layer 3B on the significantly relaxed SiGe layer 2 and with a
thickness greater than the thickness of a useful layer to be taken off.
Layer 2 is composed of one of the following materials:
- strained Si; or
- strained SiGe.
Remember that in the case in which the layer 2 is made of strained Si
or SiGe, the thickness of this layer 2 must not exceed a critical thickness.
Thus, for example, for a layer 2 made of strained Si inserted between
two layers of SiGe with a concentration of Ge almost equal to 20%, the critical

thickness is typically of the order of about 20 nanometers.
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advant ageously conprises the triplet of the follow ng
| ayers: a layer 3A made of significantly relaxed Si Ge
with a thickness greater than the thickness of a
useful layer to be taken off;,s a layer 2 on |ayer 3A
a layer 3B on the significantly rel axed Si Ge | ayer 2
and wwth a 20 thickness greater than the thickness of
a useful layer to be taken off. Layer 2 is conposed of
one of the following materials; - strained Si;

h r . H
st r ai né¥pVeTadypee RERISBING MAY advapiagepysly heused 6&6& faking off
I ' f r | arial ).Ce, the
tﬂ?ﬁ%@ggéro?@’?ﬁﬁsénpa e@ @%qnﬂaenﬁglt% Iggecr(?éd a critical
t hi ckness. iffthedaydr@ isenadepostrdined §i:l ayer 2 nade of
strained Si ijpserted. bet n er.s [ '
concentrati o'ntHSfovéEIy'Qp ﬁgx&&‘g& #@y“z[f‘ox?t%ﬁ‘g Sgﬁcm%lgl\'ﬁth an
t ez lyprssolitfort; ypi cal Iy of the order of about 20
nanonmeters. WO 2004/ 061944 PCT/|1B2004/ 000311 45

Sever al2Nd/fes of et ching may advant ageously be used

after taking ek thdRbr 98 rbMuRiing BiteBRRIGLNBaBeéh Femoved,
material in layer 2:°if the layer 2 is nade of

st r ai ndte Gayer 2 is letchedesdlgativglyprith an®ddype ssiutieni s

et ched sel ectively w t ut i.qn: .
or CCartar - hIABERlE S Bt staltfed ¥R SRhig Bfeertfion of Ge
begimdsergeuall to drhgrebtarethad 25%ebdetle ssineehtratidry oiGd in the

an S1 type solution. |If layer 2.is e of strained
Si Qééerwrt%b&er(:'ér?i’@ﬁ?tr%ﬁqabw 'e@thaﬂé@gmst equal to or

greater than $a%aisingsart HERNGS SIGOT Sélebdly efdhed with an
overlying layer i1s almost equal to or |less than 20% -

the oveBtYytypg gedutionmade of SiGe is selectively etched
wth an If layer 2 is made of SiGe with a concentration of Ge almost

equal to or less than 20% and the concentration of Ge in the subjacent layer
is almost equal to or greater than 25%:
- after the layer 3B remaining after taking off has been removed,
the layer 2 is etched selectively with a Sc1 type solution.

A layer 2 made of SiGe or Si may also be doped with doping elements
such as boron or phosphorus, in order to improve the selectivity of chemical
etching.

In one particular configuration of the multi-layer structure 1, the multi-
layer structure | comprises several triplets of these layers 3A, 2 and 3B.

In one special case of this configuration, the multi-layer structure | is
only composed of pairs of layers 2 and 3, for example as shown in figure 3.

In the latter case, there will advantageously be a layer 2 separating two
consecutive friplets, such as the donor wafer 10 shown in figure 4.

It is then advantageous and easy to find all taking off formulas

involving one or several layers taken off in one or in several operations,
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is alnost equal to or greater than 25% - after the

| ayer 3B remaining after taking off has been renoved,
the layer 2 is etched selectively with a Scl type
solution. A layer 2 made of Sig&e or Si may al so be
doped with doping elenents 20 such as boron or
phosphorus, in order to inprove the selectivity of
chem cal etching. In one particular configuration of
the nulti-layer structure I, the nulti-

e . .
stﬁﬂ?f@ﬁé | bt orpetheds afevacyplingesp) @9@rgmg¥h@etheayg}v§ntlon
e onEt iy |h8Iu8m§usf%;P]€é_%i'v@|et&ﬁﬁ betwédH 8iGe and the material in

conc%|gurat|o t he | ayer structure | is 25 only

comlaysed. of pairs of layers 2 and 3, for exanple as

shown in figure 3. In the latter case, there wll

advant ageously be a layer 2 separating two

coE feiie tri pI ets, such as the donor wafer 10 shown
lgure 4. It is hen advant ageous and easy to find

aII takThﬁgd%qu%fPhu(Pé%comPRﬁﬂ‘V%ng one or sever al

| ayers taker, @ifistidie 9@noskl of€ver al operations, WO

2004/ 061944 PCT/IBZOO4/O 0311 46 separated by nethod

of recycli ng@swmhﬁﬁ@’aﬁ)nﬁdéq BFent i on

advant ageousl .
Si Ge and the' i aﬂh?@ré?%éﬁ%ﬁé g“ﬁ%ﬁ%?% ga tlohtehe said
dofivet teedintduel fbri makingpe beffepstructare udrsd catmprisingoapndied layer
of: - a_ s or ubstrate made of Si; - a buffer
st?@@?&f%‘%@’é‘ga addiio ?r@aléera@@a?eﬁhﬁ to the said lo
first technigygy- yeFE{?U&ﬂr@I @é%bﬁélngé&s@é Bh&ior ABaAs before
conprising a buffer layer nmade ofSi

adtaktﬁ_gd?fél | ayer made of Ge; a multi-|ayer st ruct ure |
compri StNg AR o \GE4P tRET Bliffer layer preferably increases

progressively from the interface with the support substrate, to vary the lattice
parameter of the Si support substrate with respect to the lattice parameter of
the additional layer made ofGe.

The concentration of Ge in the buffer layer is increased from about 0 to
about 100% or more precisely around 98% for a complete match in the
theoretical mesh between the two materials.

For example with reference to figure 1a, the multi-layer structure |
before taking off advantageously comprises the pair of the following layers:

- a layer 2 made of AlGaAs;

- a layer 3 on layer 2, layer 3 being made of significantly relaxed
AsGa and with a thickness greater than the thickness of a useful layer to be
taken off.

Taking off applies to the part of the multi-layer structure | above layer
2, and recycling includes selective chemical etching of layer 3 with a selective

etching solution, such as a solution containing citric acid (C¢HsO7) and



taking off. The concentration of Ge in the buffer
| ayer preferably increases 15 progressively fromthe

WO niogéee with the support substrate, to varyP€TiEB2004/000311
|attice paranmeter of the Si support substrate with
respect to the lattice paraneter of the additional
| ayer nmade of Ge. The concentration of Ge in the buffer
| ayer is increased fromabout 8 to about 100% or nore
preci sely around 98% for a conplete match in the 20
t heoretical nesh between the two materials. For
exanple with reference to figure la, the nulti-Iayer
structure | befaqgre taking of f advant usl . .
Comsfaesated watgsayiin &P bRIwegD EBRHHS 3ndy/afiae shleptiyity cosfficient

ma i y f fe N i
m%:tyglfcalﬁ} 58%0 thal ANt %@Qnﬁré){gyi‘r‘? Ggérgﬁg ta I‘ngf, i@ this case

f significantly relaxed 2 wth a

t hlaykn2behgvisgtise anreichingstaliay&hess of a useful | ayer

to pe ﬁa&% ygﬁfcg{a}ﬁéé{nﬁggr%lfhgn acﬂpcl'\je“arﬁuﬁi-cfa)'}%?stgﬁﬁdﬁreqf the muilti-

the multi-Ta above ™| ayer
S 1 elayef sigotiiel euiogyisesl rmitierdaydronadabi/sGhsulgacsntaleer 2.
Wt sel ectjve etching solution, sugh as
sol ut i oh?!Be i‘li’i'reﬂgaﬂﬂ i85 18 the Pa (‘tﬁéﬂsd‘?s"%gﬂlsef\/%’ucture | above
20044 QeI 4As B 14y 2 Gad/ Q\%chﬁlg inGilid@y Yapsak 8 cchembiBal etching of

with a pH between about 7 (the selectivity )
cobtyer @i with a selectivei efahing spiytions sueh as apalgyen chataining dilute
ent | r f [ hj - , .
penuBAUBHT e, R efh HBOG o pngiaBody e SRR UG MGent is
10 cobfpicily istween350handm1D000), apethat timaestuhe dntire @yer 2 can be
multi- 5 |ayer structure | c ri.ses anot her.|ayer ..
aERTBYeRS il bR sUpEopa AT 1aVer HERAYING ke HE ptehing stop
applveps to the part of the nmulti-layer structure |
above this other AsGa | ayer, and recycling includes
sel ect i neorespeeal caaes e §vo selectye eichings gambe done one after

S eltlfecbfh%? éﬁéﬂ@&?@ rérﬁ)bg% ig? I’Ih@g? Pﬁh (ﬁﬁaofe(%oéH& hh {o remaye layer

contar nin ric aci between about 9%
15an@.48% (the selectivity coefficient is 1o typically

e e e A S Ao B R S i s
| ayRler BEOSUFE DedrnfsBsadséiledli pHirs Of @tiese layers 2 and 3.
In one special case of this configuration, the multi-layer structure | is
only composed of pairs of layers 2 and 3, for example as shown in figure 3.
20 It is then advantageous and easy to find all taking off formulas
involving one or several layers taken off in one or in several operations,
separated by method of recyclinges according to the invention

advantageously including selective etching between AlGaAs and GaAs.

25 Example 3:
The donor wafer 10 is composed of:

- a substrate 1 composed of Si;
- a multi-layer structure | comprising Si before taking-off.



| ayer. In one special case, the two sel ective etchings

can be done one after the other in order to renove at
woe@separt of |ayer 3 and then to renove | ayePCT/IHR0@/000311

In one particular configuration of the nulti-I|ayer

structure I, the nmulti- layer structure | conprises

several pairs of these layers 2 and 3. In one speci al

case of this configuration, thg nmulti-layer structure

I is only conposed of pairs of layers 2 and 3, for

exanpl e as shown in figure 3. 20 It is then

advant ageous and easy to find all taking off fornulas

i nvol ving one or several |ayers taken off in one or
sever al F¥pexampignwith referspee da fighraeda opeomulti-layer structure |

t I
| E¥oi B 0ol iy oI e Apich o £ [0RIRH8 abers:
25 Exarr-pl e 3 layer dBnoradeadfesignificanilyc oetpxad $iokith a thickness
subst r at 0 i | ructure |
S haie et PRGBS BLa e B WP BB CS
5 PCT/ | B2004/ 09 (33&d 2 o4ﬂa{f@r3,texarrpl e vvi th reference to
figure 2a, the rrultl-la er str

taki ng-of f RN agfe d?Ps, e & fqaé‘ ¥ r?t?é 5 $ aé(Frgfa'P‘ii\éN'th a
f OM g@g g"é”éf@lf ﬁlan tﬁe ltrﬁb,‘lﬁ’fes%%f %ﬂﬁ%ﬁﬂf]a)ﬁ!r%‘ bfa'tél?efﬁ off.

axe hi ckness greater t
t hi cknebasyeasz lacomedmpee ot&aof@llowmermeﬁla% - a
| ayer 2 £r 3A; a layer 3B on the significantly
rel axed' d’%ePrZ and with a thickness greater than
10t he thicstrained 8fGa useful | ayer to be taken off. Layer
i.als

2 is conposed of f the follo t
doped Sﬁg %tha\gmr eng@esfr%whlcgeﬁ%dgggl?h{gtmgﬁepﬁe@tralned

Cagfcé Whé‘ﬂhl@khés@eof'tﬁi\é%y& 2 MulBASt SlcettAEMRAI thitkARss related
the thickness of this [ayer 2 must not exceed a

cr taq thegbe phh@ﬂdﬁ@ﬁ@nr el at ed
Several types of etching may advantageously be used after taking off

15 part of layer 3B, depending on the material in layer 2:
- if the layer 2 is made of doped Si:
- the overlying part made of Si and left after taking off is etched
selectively with an Sd1 type solution;
- if the layer 2 is made of strained SiGe:
20 - the overlying part made of Si is etched selectively with an S1
type solution;
and/or
- after the layer 3B remaining after taking off has been removed,
the layer 2 is etched selectively with an S2 type solution.
25
Example 4:
The donor wafer 10 is composed of:
- a substrate 1 composed of:

- a support substrate made of S;;
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| ayer 2 is nade of doped Si: the overlying part nade
of Si and left after taking off is etched selectively
wWth an Sd1 type solution; if the layer 2 is nade of
strained Si Ge: 20 - the overlyigng part nmade of Si is
etched selectively with an S1 type solution; and/or
after the layer 3B remaining after taking off has been
renmoved, the layer 2 is etched selectively with an S2

composed of - & RUdeHEsPLEs S BECb oo LPaUBYaF techniaue
Ut ok AGPTa ButoH ORISR Tab SO WAk i

49 - a buffer [fayer nmade using the said secon
part i cutleguroetii O 15880, imathiengvaid®byf er structure

di scussed ab iyul ' t
in ot her mr%\éggégﬂgﬁg‘é%of&gﬁ? ‘% ré‘gaé%?‘sgé’{%gg‘{r&m to the
of €aidoseddrde padivatati teghhique hfer rhaking da Sadfandstructure discussed

particul ar techni.que for | ffer structure

G sbuds et clvifird Hdbetioal B Wi fta8iment "o 00/ 15885:
possi bly T ol hoydsly 9yIIcHRRPBY tdePBsifibn &f LLSOEBhCapticHR layer that
| ayer that can inprove the crystallographic quality

of camémpraye|the ﬁ@/ﬂtai@grqpr&@qu@l_'ﬁz of thedoveilyingdayere & dascribed in
ORI WirgoREIR heNgEoReIaR BB e 40 L

of Ge; - straBiel(58/50)if thedirét lagér ihdlyebuffer laper ibufdder of Ge;
layer | 2 md?tré‘uﬁe? iSlGﬁ;the first layer in the buffer layer is made of SiGe;

- a multi-layer structure |1 comprising a sequence of pairs of
layers, each pair being composed of a relaxed layer 3 and a strained layer 2,

- each relaxed layer 3 is at least as thick as the a useful layer to
be taken off and is made of:

- Ge if the first layer made ofthe buffer layer is made of Ge; or
- SiGe if the first layer made ofthe buffer layer is made of SiGe

(with a concentration almost the same as the concentration of the first

layer in the buffer layer);

- each strained layer 2 is made of strained Si or SiGe and its
thickness is less than a critical thickness beyond which the elastic strain starts
to relax, this critical thickness depending on the composition of the three
adjacent relaxed layers made of Si.

Removal of the multi-layer structure | may apply to a set of layers or a
single layer made ofthe multi-layer structure 1.

Thus, a relaxed layer 3, a strained layer 2 or a set of strained layers 2
and relaxed layers 3 may be taken off, to transfer them onto a receiving

substrate 5.
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w0 edoanerd4d ayer 3 and a strained |ayer 2, eachpCEIBR&@00311
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layer 3 is at least as thick as the a useful layer to
15 be taken off and is made of: - Ge if the first

| ayer nmade ofthe buffer layer is nmade of Ge; or - SiGe
if the first layer made ofthegpuffer layer is nmade of
SiGe (with a concentration a?m)st the same as the
concentration of the first layer in the buffer

| ayer); 20 - each strained |ayer 2 is nmade of strained

Si or SiG and its thickness is |less than a critical
t hi ckndbtaking,@hikesi Riace ifea &plaxed (el Pararysting pecordipg to the

" 8 ontionsah B% W@Qfﬁﬁt@HWﬁﬁéﬂ@%ﬁ?%@(}%gﬁ i of the relaxed

corrp03| tion o j acent ayers nmde
oflaﬁer 3 Rithwvsolutidn tapabheibf etchingdhe satadalun éhe layey 3 selectively

toa etb of Ia er or 25 single layer nade
‘p’ﬂi@ﬁﬂ%’ ?é’?at?f' ??Meézi Thus, a rel axed | ayer
a stif piyeed is %’eﬁ:fe & Sirarﬂ:i B9er 8fis aiddai de%iGea}ﬂ&f stra@ined layer
and rel axed | ayers be taken off, tot@/y
: h%wlbhﬁcﬁt%h%wgh\ﬁfhé-Z tgmpwape 152 Yii915%5b l4Y6h 2o3an being an
t/chlﬁé%?élé 1]1' hls'sgtcl‘n #‘ IBwéélb?Sa BEGGRI &fRhihg of the

axe recyc cor Ing to’the invention
c asrtrdmed I"qylee ﬁﬂmtesl sbgectl‘msmtb aie$g;ec=éta:amtbet redaxesidayest
t he re er,3 . Wt . .
ot oni ndtis s o mbiatherd ao SGIRRAB] . lier st taking
r esipehbe deRohd @aking ©ffl &plying |t(t5t!h?£lr sttained lldydray and 2 or part of the
made of Si and | ayer 3 is nade of SiCGe, the strained

I awacezﬂ\multl I@@réf@ﬁ@aew th an S2 type solution, the
strai ne}d Weht thel glﬁ?bt@%‘s”@bt@ﬁwedehﬁaﬂ Rkt ¥ |a@?z‘&6mg to this

Thi s etcmgrm b a second etching o
t hexampleaaraér@el cfyamy dislo¢ationi type detasts, wvenin a huaggé@glon

| ot ot A0 Rtbre & Bfaini dsp B0 P AR HePused fo grow

of éddltl@@lﬁ%@ﬁ dfot akampleahbd@ppbiyaingd tsilicoh ebysepltanyemh the layer
| ayer / .ar gaét of .the subjacent nulti-Ilayer
st Madepfelrained SiGe, Ge or Si.

Example 5:

The donor wafer 10 is composed of:
- a substrate 1 composed of:
- a support substrate made of Si;
- a buffer layer made ofSi made according to the said third
technique for making a buffer structure;
- a multi-layer structure | comprising the following ftriplet of
successive layers:
- a first layer 3A made of SiGe with at least 15% of Ge on the

buffer structure, the SiGe being relaxed or pseudo-relaxed;



Note that the structures obtained after taking off
according to this exanple are free of any dislocation

wao ype/oewiect s, even in a buried region. And theCT/1B2004/000311

10

15

20

25

structures obtained as a result nay then be used to
grow 15 additional |ayers, for exanple nade of
strained silicon, by epitaxy on the |layer nuade

of strained Si Ge, Ge or Si. Exgnmple 5: The donor wafer
10 is conposed of: 20 - a substrate 1 conposed of: -
a support substrate nmade of Si; - a buffer |ayer nade
of Si made according to the said third technique for

making a buffer structur a ti - |
Conpr Ui g FeSparh AVAG 2 MRHR il i Si ibeg dibress much

| ayer s jess %éﬂ 8é dumiRhted MHIBGRsSEs If GPeWilsh I@ferl 8ASand the
15% of Ge on the buffer structure, the Si Ge being

rel axeeecancp&@y@daBs el axed; WD 2004/ 061944

PCT/ | B2004/ Ooaoffﬂﬁ layie 3§%§&&8f‘%héé‘>é8hta?q ﬁg‘iﬁ I%st 15% of Ge,

strai ned Si ness nmuc I"es
cumul 3tthel Si@ecbleh'@ﬁmedfortﬂseuﬂdwslaxémyer 3A and the
secon

cont ai ,fh%gévg’r%gggqr%é?/ rdwegélr oh})alpﬁga agtlg of Slqgﬁle buffer layer

r eécﬁ:’é?&n? o BReesHIQ thirl R¥¢AAiIqué Wbﬁpr@@t]élhg\ﬂﬁé Buffér()stnﬁ:tlirbe
waf er ai ned after maki nghthe buf f er

accor dilAga tfost embogirgenthpf dhe ulier d@)éerf 5Ii?e F;flgl@g(gfnlayers was
tb:;?r]eg {@éfoﬁé{ Blef& Ia & \‘?\'ra% r{} e QHQQQ)'ngPWaf&HG Ben being in
ayé

ayer et o rs was present
beﬂheﬁernhbé buffer Iayer was made, the donor wafer 10
then being in % a substrate 1 nmade of

h
Si; a rnulti ﬁaeﬁé?%%?qde? b composed of the
following im muweﬁstrudu@ﬁbémboé@yd thaAollowidg imsequence:

SiGe with at |east 15% of Ge on the
- a first layer 3A' made of SlGe with at least 15% of Ge on the
buffer structure, the SiGe being strained;
- a second layer 2' made of relaxed Sj;
- a third layer 3B' made of SiGe containing at least 15% of Ge,
the SiGe being strained.
The strained SiGe layer 3A' has approximately the same
characteristics as the strained SiGe layer 3B'.
The density of defects such as dislocations in the multi-layer structure
I' is advantageously less than about 10" cm,
Typical thicknesses of a multi-layer structure I' with layers 3A' and 3B
with 15% of Ge and a multi-layer structure I' with layers 3A" and 3B' with 30%
Ge, are about 250 nm and about 100 nm respectively, thus remaining below
the critical end of elastic strain thicknesses for each layer.
The typical thickness of the relaxed layer 2' is a few tens of
nanometers.
The orders of magnitude of the thicknesses of the strained layers 3A'

and 3B' are advantageously almost the same as each other.



buffer structure, the Si Ge being strained; 15 - a
second layer 2' nmade of relaxed Si; - a third | ayer

w@Bo4meuded of Si Ge containing at | east 15% of GeCT/IB20&4/000311
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Si Ge being strained. The strained SiCGe | ayer 3A" has
approximately the same characteristics as the
strained SiGe |ayer 3B'. 20 The density of defects
such as dislocations in the mgti-layer structure 1'

I s advant ageously | ess than about 107 cnf 2. Typi cal

thi cknesses of a nulti-layer structure I' with [ayers
3A' and 3B wth 15% of Ge and a nmulti-I|ayer
structure I' with |layers 3A' and, 3B with 30%, 6 Ge, are
about - Jerefarearice EBHEYSLBHEspALRT I M

remai niﬂb@ohﬁ#g’l’& théBdde, §butiecRyeRfl e mabas two Aldimbieps:
thi cknesses for each layer. The typical thickness of
t he rel-axed forayationof 4 disturbanget areg ibthe supRatksdhsirateianade

855 By dhe TRERNLAIER At SpREESBERARE pr HET 710 ane
as each ot h¢weat WeaBned! 66 tadde RETEAR2R&MIVR03ddatioh2of elastic

Therefore, the nulti-layer structure |I' is globally
stﬁt@'%@.th%@&ﬁv'ﬁ@#r&ic fe!'above, a buffer layer will

be ”afj‘?rﬂ'tpfhrﬁéﬁbrl@ﬁ&@trgﬁ 3s of AramRf Herused durihigsthirietnstep are
area in the support "Substirate | made of Si by the

Lﬁppiaaﬂsabémeﬁf1 Zaansh2e kéieci es such as Hor He; 5 -
eat t gﬁ%ie[ﬁ% H & ﬁé‘%g?%ére' rrtgﬁ’t&%ll;f gétg}ée\‘\el debad "’Ibr%'z.

of ela rains 1n  structure )
| npl ant-at i onMmieseogyxarapligeforaf strhinedilayer GAbwithd6Pmgf GaeH will

first step are i cal | etween 12_and k 2

| isptaree s dredtibedmaterd Gy fbad of BRutdan TG am it an
10ér7er5¥fbgout1ﬂ3 keVhus for exanple, for a strained |ayer

A" with 15% of Ge, Hw Il preferably be used for

i npl ant- at alhussfer exampir;tfora strameg laernwith 2hioa$0% éfh(’ge, He
eNGlibrePAY 18U or the implant at a dose of about 2 x 10" ecm™ with an
energy about 18 keV.

Implant depths of atomic species in the substrate 1 are also typically
between 50 nm and 100 nm.

The heat treatment applied during the second step must be adapted
particularly so that disturbances are displaced in the region between the
disturbance zone and the multi-layer structure I'.

This fegion in which disturbances are displaced will then form the
buffer layer.

The arrival of dislocations at the interface between the buffer layer and
the multi-layer structure I' then causes a global relaxation of the multi-layer
structure I' as follows:

- elastic relaxation of the strained layer 3A' to form the relaxed or

pseudo-relaxed layer 3A;



Thus for exanple, for a strained layer with 2 to 30%
of Ge, He wll preferably be used for the inplant at

w@2aese19ef about 2 x 1016 cm2 with an 15 enePQyIBRDOMI00311
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18 keV. Inplant depths of atomi c species in the
substrate 1 are also typically between 50 nmand 100
nm The heat treatnent applied during the second step
nmust be adapted particularlygso that disturbances are
di spl aced in the region between the 20 disturbance
zone and the nulti-layer structure |I'. This region in
whi ch di sturbances are displaced will then forn1the

buffer |ayer. The arrlv of di oca
i nterf aceybe‘f Ighicstr3ie “P) axq;ill@yera oto the Sfained layer 2,

Mufid 1é)ﬂ3¥etheﬁtﬁéiﬁﬁgiraeldttlcé Iﬁﬁ[’larﬁé‘tkéﬁQa‘-fm@sigEl'iftf,b@,la\me as the lattice
rel axation of the nmulti-layer 25 structure |I' as

f opargmeteroiibe subjaspakiaiaxed B he strained | ayer 3A

to formthe : : I

bo0a 061044 Bea SiPnR 2 Sraedtafer B ES i delaxed or
t hpseweloavetakdddypger 3B. to form the strained | ayer 2,

this | erthenhV|n l.atti.c er al nost

sars aq EHEINEMSIEST Helpestbhs i dne e Iesal Sauset’a large
r efigyppearalee OEH@Eicbﬁorﬁﬂn&hé%tﬂfﬂé&krtsh@cﬁﬂré pi ned | ayer

3B to formthe rel axed or pseudo-rel axed | ayer

3B.
The rmvE"r*%nhe@‘T tspaimenht I%r@’ef%al?lhe'rﬂﬂlﬁﬂﬁntq?%yﬁﬂd% s inert
Ca?f{ﬁ&? @rge disappearance of dislocations in the
ayer structure I'. The heat treatnent is
pr ef er adbyevap! érenheat uinelimenh 'maafrtbe atppligsheurderl Ganother

h d
anBieAenet pCrpele SR et o SBuERes BB o si ng

at mosphehgs, al Euﬁlcuﬂarﬂﬂiaﬁltr‘elahménﬁ&ﬁbetdp@ﬂécﬂfﬁat tHi@t)lqﬁe of donor
appl i ed for this type of donor wafer 10 wil |

at Weafptd M'hb%@@%ﬁ%@"ﬂ@ﬂ@&r%M'%M@%‘Nﬁeﬁéﬁ@c‘: ‘Bd-1000°C

for a duration varying from 30 s to 60 minutes, and more particularly from
about 5 minutes to about 15 minutes.

In a second embodiment of the buffer layer, the triplet of layers was not
present before the buffer layer was made, the donor wafer then
advantageously having the following form:

- an Si substrate 1;

- a layer made ofSiGe containing at least 15% of Ge, the SiGe
being elastically strained.

Relaxation techniques and parameters for this SiGe layer are almost
the same as for the first embodiment of the buffer layer.

The next step after the buffer layer has been made is to grow layers
forming the multi-layer structure comprising the said triplet of globally relaxed
layers.

The multi-layer structure | is thus made after the buffer layer, unlike in

the first embodiment proposed in this example.



for a duration varying from30 s to 60 m nutes, and

nore particularly from 15 about 5 m nutes to about 15
wOorRtwoew44 | n a second enbodi nent of the bufferPCEHIB2004/000311

the triplet of |ayers was not present before the

buffer | ayer was nmade, the donor wafer then

advant ageously having the following form an Si

substrate 1; 20 - a layer madg; of Si Ge containing at

| east 15% of CGe, the SiGe being elastically strained.

Rel axation techni ques and paraneters for this SiGe

| ayer are al rmst the sane as for the first errbodi ment

of the buffer er. The next step after the buff

Foyer o Tdon RN @bog) swarjenal EsB PR feGeT estudies

drie I*o VB! HifaHak: e éfo'HHdl&jI&@,{ tu'i‘echéad&drﬁérﬂ' &ititRY "Strain
glo rel axe | ayers mil ti-1layer structure |
i sretaxationadé aselmomd)r@hmfﬁ’plekGe)ay/erSl( )i ihetergstrygiures after

2doredlba e EsBofigRpislch "} PR sfpsite fabrcation” (n

5 | ﬂﬂ@d&l@@ﬁ Hied | ridhovientx pad mBthods intRigysidsoResearcleBet75-677 (2001)
studi es_ done by B. HoI | ander et al., particularly in

t o8 lhent entitled "Strain rel axation of
pseUdO'WﬁéJhﬂh% ﬁéf&ﬁ@el’faé bekh %Beb%rﬁé QStdcepling 8Gbstrate 5 on

after rogen or [Tumion inplantation for virtual
suthst raiweecr ddyercaBi @akmg-pﬁ B Hooe ewith Hrdwithewt gpeintermediate

S S BN S BBt avove

10 recei viggme Wi e rdlaxdd SiGe taher $&Ii$1>akdnloﬁyer 3B,
taking-off is done wiith or wtho nte

diate, .
bondi ngRESHAPY IS barﬁggewsl%qrée By stepgé: ) ghﬁnr%lcla?e{achlng of the
t eféémwsﬁlag&s%'&ﬁ@ abayes2 HIuHenE Iaykr hfich €biviag an etching

layer 3B is taken off. Recycling is
adstaptlaygrousl y done by sel ective chenical etching of

the re i%éfb% [ sLB¥RVe %ﬁe#ﬁ%d?get@hiwp?teﬁzois@é)}é?i?rban then be

| ayer then ormn an e Ing stop layer.
15 applied using an S1 type solution, the layer 3A forming an eiching stop layer.
The result is a recycled donor wafer 10, that can give a new useful

layer in layer 3A or a pair of layers 2/3A, by taking off.

Example 6:
20 The donor wafer 10 is composed of:

- a substrate 1 composed of:
- a support structure at least part of which is composed of AsGa
at its interface with the overlying buffer structure;
- a buffer structure made of IlI-V material made according to the
25 said first buffer structure manufacturing technique;
- a multi-layer structure | comprising an llI-V material before
taking-off.
The support structure may be made of solid AsGa or solid Ge, on

which a thickness of AsGa is epitaxied.



A second sel ective chem cal etching step of |ayer 2
can then be 15 applied using an S1 type solution, the

WO 2000604 f ormi ng an etching stop layer. The PERIB204/®0311
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a recycled donor wafer 10, that can give a new usef ul

| ayer in |layer 3A or a pair of layers 2/3A, by taking
of f. Exanple 6: 20 The donor wafer 10 is conposed of:

- a substrate 1 conposed of: gga support structure at

| east part of which is conposed of AsGa at its
interface with the overlying buffer structure; - a
buffer structure made of II1l-V material nmade according
to the _25 said first buffer structure mapufacturin

techni qlre fstradvantage «of e uffgr StuckBapIS & RgeRh tHe lattice
L1 bardndBtée i l’?@frﬂ frial %f'fh% P{(L]‘Itl-|a-§}é? sstHR)‘?&Fet&le close to their

structure my be rmge of solid or sol

nnterrfaa:et (whitn s exafmphe Gy hﬁv@pﬁi Poiinal Voo Qb@&? dowsirams in
00 3 t
S LIl 9 10 vastgh e BRIt BBfrohel Apinal value is
VVI ab?]atrmemhggﬂrahspf t he Lmlftl -l ayer structure | close
to their or
o nal Iny 80l Ty ShgteNalsysineoREGURBY CRUARAGE” BF SRy a bufer
tosﬁ*tﬁkﬁuﬁ@'rﬁé%/ FHr é)ﬂﬁ‘nﬁéqﬁ’ecfd‘n‘i’é cPHrchy (cBehpaRiRG Ndiffereh YRaterials

i s about gstroms In solid Il Vrmterlas

theuqh st scbﬂi Ianan asplidoAsGac Hon exanmple salidr AsBar deing less
0 a f t

bt B B eadhCaIBbR Mo SRBGRIS hECR less wea

exatﬁcha?mally,M|mm e m’gt(;ieelmt kamwan*ebwEE}cermrEacﬂeted:le)ologies,

avai e on sem conduct

o aha FRUE AYailapla BT e RS Siches R eRa i 4 Bees for

cog@mpmp)qgmﬁjr@gh@ﬁ]p and being available in |arger

sizes (typicall i nches instead of 4 inches for

solid |prvevaraﬁ%¢ sleddionicipeermansse\afrInPt are wsualy maeriecuseful
Pe-Ar B Y& rdRic b&Forfidhcls UrhkiaTor e usef ul

Thus, for example, the said donor wafer 10 gives a solution for the
manufacture of a 6-inch InP layer, by proposing a multi-layer structure |
comprising InP made on an AsGa support substrate and relaxed through a
buffer structure.

Therefore, the possible advantages of such a donor wafer 10 become
evident; it can be used to make an active layer made ofa known 1lI-V material
to be transferred with determined quality and properties, for example that may
be similar to the properties that could have been obtained if solid lil-V
material had been used.

The thickness of the buffer structure included within this type of donor
wafer 10 is typically more than one micron, and this thickness will increase,
particularly if it is possible to avoid destroying it after each taking off
operation, particularly due to the use of a method of recycling according to

this invention.



than the el ectronic performnces of AsG. 15 Thus, for
exanpl e, the said donor wafer 10 gives a solution for

wo ba4/oemmuf act ure of a 6-inch InP |ayer, by prpEDE220@H@0311
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mul ti-layer structure | conprising InP nade on an
AsGa support substrate and rel axed through a buffer
structure. Therefore, the possible advantages of such
a donor wafer 10 becone 20 aydent; it can be used to
make an active |layer nmade ofa known I11-V material to
be transferred with determ ned quality and properties,
for exanple that may be simlar to the properties

t hat coul d have been obtained if solid Ill-V, materi al
had bedh thes egamplecot iecrHidayeyr steyrtung s sppriging, fiR, pesentially

' %Ia’)@ﬁ%t%ﬁﬁﬂeﬂ‘a%@ ‘V\ﬁthttKQ%uB{acgﬁpﬂu der?éru%@jrérth%%df%r structure

an one m¢c hi's t hi ckness
vmdflthe aubﬁ@e 1 thparadveuiagebyslyfcorrtprnsss pd@us‘femllayar@omposed of

oA RERAGTH $ aitbrtatBheT in Sa5ha AuBRRS o FREIERRY
accor dimhg Bifertstiuturg\eay aldo. coMprideOdn @ddRiddal layer made ofan
PCT/ | B2004/ 000311 56 | n t he exialr@l e of the

mlihY - majeialssught @8e INGaOF AT sIHEAPnpVitR s8Rt jainpst  constant
r elgvsEHtrafior ﬁﬁatbﬁ?cfeélfeﬁfé?\té"”h the subj acent buffer

structure, er structure of the substrate
t hen adnmsa@@du’@lkmgc@“ﬁpasg,e@t lgapluonednk dgyar lédﬁlﬁﬁis@ﬁ in the

0 @thq%%rﬁt\r’\ﬂé%eals&rﬁ@? u#s?\é !98 [i.]ra?lgfelrr%dvd?}{%' dqgﬁc%gm&@ﬂbstrate

structure ma
campri se an additional |ayer made ofan || I -V materi al
such as_InGAs or an al nost ¢ nst

nAl As, with,
concent FWHS; 8AY Gfecgf‘@h?éﬁ glev,vgm;;,:t@mcsorop%rtlgs SpBAE &F Ushg

of f cagfy, @farhfi@Stthiang !h'épcé@é’ 8 tHes tél@?ﬁﬁﬁoéértldlsd R@mprises
multi-layer structure | so that it can be transferred

onnGad\sr et dinAiAsy slisnontinvies 10 gectonie, bands betweaan; the latter

S RBHET b BAERESA SToffearly VEbL SBBFonEChobites n e

CotaRingssfblaybrsGaAs or | nAl As; discontinuities in

el ectr ogih%r k():%rr]l |Surke)1 uér‘?ée % dtorqgr Lv%%erg r10 are possible, including other
{11-V compounds.

Typical applications for these means of taking off layers include HEMT
(High Electron Mobility Transistor) and HBT (Heterojunction Bipolar
Transistor) implementations.

Chemical etching solutions, possibly selective and adapted to remove
some IlI-V materials and not other llI-V materials, are advantageously used
during recycling.

Thus for example, selective etching of InP is advantageously used with
a solution comprising concentrated HCI in order to remove an InP layer

without taking off a subjacent layer made oflInGaAs.

Example 7:
The donor wafer 10 is composed of:



material and the Inp create significantly better
el ectronic nobilities in the 15 taking off |ayers.

w@edeneivanf i gurati ons of donor wafers 10 are pPSHIBR0EL000311
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i ncluding other 111-V conpounds. Typical applications
for these neans of taking off layers include HEMI

(H gh Electron Mobility Transistor) and HBT
(Heterojunction Bipolar 20 Tg-ansistor)

i mpl enent ati ons. Chenical etching solutions, possibly

sel ective and adapted to renove sone II1-V materials
and not other I11-V materi al s, are advant ageously used
during recycling. Thus for exapp sel ective etching

of InP-is a@\,%%btsﬁ”g%b@?m%%‘éoﬁmth 25 a sol ution
conpri si ng Coé‘%%g&()ﬁt F@(a de’ 8EnstR é?'ﬁ@vﬁté‘%cbr\ﬁth the

| ayer wi thout I ng o Jacent | ayer made
of | nGaMerlEmgrmiﬁeré’trudthEe,donor wafer 10 i s conposed

" composed o butel sEipy Tt AR itde e s RELledidue for

i ts i ntrpaking & baftdr éti’m:turevandi Yongrigngl laGastsr alcitaingerface with
a buffer structure rmade accor di ng to the said first
t echni 4@ MWt-laysr SERCHEE B buffer structure, and

conpri si ng I 'sttﬁjctdi‘éelré&ﬁﬁrléﬁhﬁ hnPt&Rd/or InsGaixAsyP1.y

mul ti-layer struct I; amulti-layer structure |
ccbﬂfolr&shahglgl-off? and/ or | nXGai xAsyPl _y before

o 0 e SHRTERRP UL  BET0E 18, PR Sructre
adYéthea@ngSdWa@\mgmM duenpréides thé paireffites folinivirg layers:
| ayer 2,3 gl TSR TIGCRASIPY of ani 1 cant |y r el axed
Lfﬂ F’aag Saelfa‘g’f# l@ g@ e@y%rg% g@fet? ﬂ‘ﬁﬁ% tadd6isighifcdrtyGkrRss InP and
with a thickness greater than the thlckness of a useful layer to be taken off.
This type of donor wafer 10 was described in example 6 above.
Taking off applies to the part of the multi-layer structure | above layer
2, and recycling includes selective chemical etching of layer 3 with a selective
etching solution, such as a solution containing HF so that almost the entire
layer 3 left after taking-off can be removed, in this case layer 2 behaving like
an etching stop layer.
In one particular configuration of the multi-layer structure |, the multi-
layer structure | comprises another layer made ofInP subjacent to layer 2.
Taking off then applies to the part of the multi-layer structure | above
this other InP layer, and recycling includes selective chemical etching of layer
2 with a selective etching solution, such as a solution containing ce" H,S04
so that almost the entire layer 2 is removed, in this case the other subjacent
InP layer behaving like an etching stop layer.
In a third case, the two selective etchings can be done one after the

other in order to remove at least part of layer 3 and to remove layer 2.



This type of donor wafer 10 was described in exanple 6
above. 15 Taking off applies to the part of the

woredosioe19ay/er structure | above layer 2, and reCHmB200Mg00311
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i ncl udes sel ective chem cal etching of layer 3 with a
sel ective etching solution, such as a sol ution
containing HF so that alnost the entire |layer 3 left
after taking-off can be renoved, in this case |ayer 2
behaving |ike an etching stop layer. 20 In one
particul ar configuration of the nulti-Ilayer structure
I, the multi- layer structure | conprises another

| ayer made of I nP subjagcent to | aye Taki ng. of f .
then appl P& Pagicuige 49&?'9”@?'09&5 tﬁ%mwt'ﬂ%&g%rst@{%lz%t'u#@ multi-
| gReysridtine I%Jr‘r%née@%elv@b‘a@balr§6¢tH£6¥ﬂér§9 érfbcé udes

sel éctive chem cal etchin | ayer .
sel ect i Meona specigl easeuof this cguﬂswahora tbelmuitldayer structure | is

Fg§él?ic§hfbg>srgﬁ ]oY 95%?%!&@% % gn& {‘qraé%eéggng\% in ﬁgure 3.
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thjrd case, | ective etghi ngs can be done
o P G Glepeyarab e (dert Al e (dna Spierel gperations

| ay&pardtedndbl O methdde bRY eécyilingds 2@@441@ the invention
PCT‘;S}FI5 B2004/ 0%0311 58 In one)%paér,% cul ar g%ﬁf uration

of agdyantagequsly ingluding selestiveetehing hetweran InP angd/wGaAs (P).
structure |I conprises several pairs of these |ayers 2
and 3. In one special case of this configuration, the
muExkambbey&r structure | is only conposed of pairs of
| ayers as spomn in figure 3. 5 It

O P e baneaBna e BPeBes s 811 na o1 Paki g oft

formul as i nygliyétRfe AnddrAfoseRVsTt al [ ayers taken off in
one or in several operations, separated by nethod of

recycl i nges a@&ePRR gul@si_rqtﬁéna P@h're,af?fv%iﬁb 868bus| y
i ncluding sel ?%g@-ﬁesltﬁfec‘hgjer}ﬂa@@ta?g?ra {@WB tﬁé‘gai'dq‘ﬁ;@ﬁ%c?mque for

(P). 1o Exanple onor wa I's conposed o
a substrate makmg}:a)blﬂ‘ﬁbrdéyer-commsppmfi subst rate made

f hi buf f
occorarng Lo metoptic Butfef laBabaE oFak Gtv. N SuRBES varies

in thickness from 0 to 1 starting from the interface with sapphire;
- an additional layer made ofGaN to confine dislocation type
crystallographic defects;

- a multi-layer structure | comprising nitride layers.

The 1lI-V GaN, AIN and InN nitrides are useful in microelectronics,
particularly in light emitting devices such as lasers for applications such as
reading or writing data stored at high density on compact disks or such as
light emitting diodes for new display technologies. These materials are also
suitable for making high power electronic components, or electronic
components operating at high temperature.

One method of making the nitride layers included in the multi-layer
structure | is epitaxial growth on the additional layer made ofGaN by

deposition of group | organic metals, such as Trimethyl Gallium,



15 making a buffer |ayer conposed of: - a netanorphic
buffer |layer made of AAx Gal, N, where x varies in

wao biogkerwgs fromO to 1 starting fromthe interPEBMI4G0311
sapphire; - an additional |ayer made of GaN to confi ne
di sl ocation type crystallographic defects; 20 - a
mul ti-layer structure | conprising nitride |ayers. The
[11-V GaN, AIN and InN nitrides are useful in
m croel ectronics, particularly in light emtting
devi ces such as | asers for applications such as
reading or witing data stored at high density on
conpact disks or such as ght emtting diodes f

newlrae@ylaa@m@ é*dmpbarler@thym&ew ihe derosifen af &g GaN. AIN

S I g@éﬁ hi gh power el ectronic conponents,
o:rJCBrtelﬁIq l?}'lonl C cctalggl nents operating at high

t enper a'ﬂus invediien setdd tednsfierkseugralnef these inifgde dgyars starting

or Gt T, <o et el T uPle . Pl P! bt each

5 degssrhfio® fo @aked bAUP [dyepT ipadrder It@?tp@épiaresalfdmaﬂayer in the multi-
Trimethyl Gallium WO 2004/ 0 1944 .PCT/ 1 B2004/ 000311
soayef W%%edrfph%n‘ﬁhﬁh@k&g PRRIBHYM- | ndi um for the

deposi tQp Oézev%ﬁqﬁ {eahhighbd nfinty "HnbSHRIES of layers by chemical

respectively I'S | nventl ‘on used to transfer several
of etchinge hrelp riodachigyer His trurposey whileo keepiags thee syoairal and

ol Smilic FRER e 8L b SRt BB Aria ey,

I n or
10 anot herOh&Rample rsrmpnuﬂomtemhgyeashmqumuseﬁ ® datch dayers of GaN.

F oRnPRAIERI, HeTen g, (S EREHPRGE BY H-1y LPaNGY el Blpto-assisted
et &Py' étehmp%if BN, RCAHRIR st ER %3 w?l Fé&brli@8is 1996).

structural and geonetric quality the layer to
be takeln ther spmlalcaxampa thad t wil nb%cdealtlwltm}féeréxé'h?)lr@“”' layer

ool AR AR IUE ol Filighoygts o
15 Leonar dith réferen@cé’tmtlgures‘aa ghe dhultiHayee strociuge bbefeaditaking off
eSS SR i e IREY, 0, 1520)
the nmulli-I| aygdyer 3A made of AN,
- a layer 2 made of InN,
- a layer 3B made of GaN.
20 Advantageously, the multi-layer structure | comprises another almost
identical triplet of layers, separated from the first triplet by a layer made ofinN.
The advantage of this three-layer structure lies in the choice of
materials for which chemical attack means are available that are significantly
different for each of the materials.
25 - Thus, InN has a lower dry etching rate than GaN or AIN if a
plasma gas comprising polarised chlorine, hydrogen and possibly argon is
injected on the wafer 10, particularly adapting the technical parameters as

follows:



structure | conprising nitrides is like that shown in
figures 2 and 4. 15 Wth reference to figure 2a, the
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advant ageously conprises the following triplet of

| ayers: a layer 3A made of AIN, a |ayer 2 nmade of
InN, a layer 3B made of GaN. 20 Advant ageously, the
mul ti-layer structure | conpriges another al nost
identical triplet of layers, separated fromthe first
triplet by a | ayer made of I nN. The advantage of this
three-layer structure lies in the choice of materials

for which chem cal attack neans are available that are

si gni fi cant IyPowarfafaclarising Fadia freageneigs nrglieeakly bstween 400
- Thus, JAR afts! j L N or

AN if aa?l dnm as mﬁgh@%@ﬁgé }Sglﬁfﬁgmg %at\raiﬁtsjgtdéitﬁmaﬁ%he,

hydr ogen and tpowsrailise betwseni 500 anj d008dKetvin,erefesdlely closer

10, part i1 b_arly adapting the technical paraneters as
fol | ows® 2004/ 061944 PCT/ | B2004/ 000311 60 - power

of pol ari si ngow pHessures eﬂmhgsOﬂa’r aferably between 400

and 1000 Wafts, and nore particularly at about 650
VL tss -t eSO B od b0 RAEaLBbS IRAYHRT O 2 to 3, for

prefer a‘%’{o‘falcﬂ'uﬂ:ﬁ@htiotéf aHP 25 3ceml oW pressure of the
order of 1 ml; - conposition wth CI2 to H2 ratio

equal tThe htshingdeeleofivity ¢foGaN and Al qosnpdred (withdinN is mainly
e S o R kS Vgl gF¥ectes
votaitaihingyGafandKll x speci es conpared with the
MR S T e e R e—
JageRichlesBrNggyl es of NH3. Wth reference to the
experinmental results obtained by S.J. Pearton et

With reference to the experimental results obtained by S.J. Pearton et
al. in "Law Bias Electron Cyclotron Resonance Plasma Etching of GaN, AIN
and InN" (Applied Physics Letters 64 (17), April 25 1994), the etching ratio of
GaN with respect to INN may be more than 3 to 1, and the etching ratio of AIN
with respect to InN may be of the order of 5 to 1.

Still referring to the said document by S.J. Pearton et al, an etching
ratio of GaN with respect to AIN of the order of 2 to 1 can be obtained, and a
dry etching ratio of InN with respect to AIN of the order of 3 to 2 can be
obtained.

If taking off is done in the GaN layer, a gas comprising polarised
chlorine can advantageously be used so that the subjacent layer made ofinN
forms an etching stop layer.

If it is not required to keep the InN layer, dry etching can be applied
using a gas containing CHa, so that the subjacent layer made ofAIN forms an
etching stop layer.

An additional finishing step, for example by polishing, may be used to

finish the surface of the layer kept after etching.
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GaN with respect to InN may be nore than 3 to 1, and

the etching ratio of AIN wth respect to InN my be

of the order of 5to 1. Still referring to the said
docunment by S.J. Pearton et af; an etching ratio of

GaN with respect to AIN of the order of 2 to | can be
obtained, and a 20 dry etching ratio of InNwth

respect to AIN of the order of 3 to 2 can be

obtained. If taking off is done in the GaN | ayer, a
gas conigyis taviey keet aftersetghingrnay then ke daken, e Bagkoaegarding to
b a0 that the subjacent |ayer nade ofInN forns
aﬁthg?@ﬂ%rﬁgnétop layer. 25 If it is not required to

keep t IRimilaNy,| ifyaling offyisetarie ingtheadnNoblayeip ghé eesidugiofighe InN

2 750 G bV ARGk o Ol B B i B B Gl BBt e
f i NSy &dTorhe R, sthlayexanpl e by polishing, may be used

to finish the surface of the |ayer kepi after .
et chi ndf itpnebeguireddaekeserthe doyridnade S1AIN, diwaydpe possible

| aSm éntaér'yfﬁcﬁhggjes'riﬁq %g cBHl%ﬂ}ilgi lcﬁl%'ﬁﬁ@ f thaf ¥R Subjacent

according to el Sim y, It taking off
i sinbdager formh@ stopllaygyer, the residue of the InN

aver, RGRELS"FIER Yol SIS B 8P e can

| ay@rantddeduisly Benged asingretorine lgae pwhitee theasabjacanieInN layer
of AIN, it would be possible to inplenment dry etching
usioRys OB M4 ni ng chl orine so that the subjacent

I nN | ay§évér§lr B5efs §ér8%l§@h$§rt_aké:ﬂ Bf ihyal gir@é@tél@@bﬁ"&f@ation,

of AIN is taken"of f, dry etching can vant ageous
bepartiedaty ihthert laoe saverghtripiets [(AIN,HaNs @GaNceenarates by an InN
Ia%grr forms a stop |layer. Several |ayers can also be

takeR off in a si ngl e taking off operation,

Example 9:
The donor wafer 10 is composed of:

- a substrate 1 composed of:

- a support substrate made of sapphire or SiC or Si;

- an intermediate layer made ofGaN;

- a SiO, mask;

- a GaN buffer layer;

- a multi-layer structure | comprising successive layers of
nitrides, including at least one layer made ofGaN.

The method of making the buffer layer is as described above in this
document, in the presentation of the said fourth technique for making the
buffer structure, and it consists of anisotropically growing nitride layers,
particularly GaN, using the ELOG technique.
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GaN) separated by an InN layer. 15 Exanple 9: The
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of: - a support substrate made of sapphire or SiC or
Si; 20 - an internedi ate |layer made of GaN, - a Si 02
mask; - a GaN buffer layer; - a nulti-layer structure

| conprising successive |ayerg,of nitrides, including
at |l east one |ayer made of GaN. 25 The net hod of making
the buffer layer is as described above in this
docunent, in the presentation of the said fourth
technlqye for making the buffer structure, and it

consi stlhecPiOzrinagt uw wdthisycapfisuratignnis efvartagagusiyin the form

o3 ndR) SOBRUL 5 T BB or Yhoe icon. an

[ raln'imisspmﬂélitgwaahiomlnerl S advant ageousl y in the form

of ban arranged periodic [ medd

Cayer mRGcRaaR obrge eRfds huliaiid e sAdEe Sy sens of a
Thaidrdn, QMﬂ%ﬁﬁe%dm&Sﬂh baiisi oF they Bidealof ¥ fel rhibrona! der

of afewtens of a 5 mcron, while the width of

band i sThst distancer saparaing,thesbpnds fremseactather 4s éwa%a"y about
sg{@{'@é@ﬁgop qg rﬁé%% fromeach other is typically
abou

mcrons or 15 mcrons. For exanple, there
coul d Heorexaetpiertkers chidd te saneta@rioptbands att &3 wugren intervals,

ek et onad 2ot IR gl et RIR 8, Foce s 02

bands wid des@itse’! abo@ain segertiral oasy,ithese iS1I04 handaNvill cause

| ayer (s) deposited above, clos a

of logalised djglegations in the GaN layer ?s) é)eposefed a%ove aose % the free
surface of these bands.

The thickness of GaN in which these dislocations are located around
the mask then forms the said buffer layer.

The layers of GaN or other materials with lattice parameters similar to
the lattice parameters of GaN are deposited on the buffer layer to form the
said multi-layer structure |.

This multi-layer structure | then comprises at least two layers each with
a thickness equal to or greater than the thickness of a useful layer that is to
be taken off.

For further information about the method of making a wafer according
to the ELOG process, refer to the document drawn from "MRS Bulletin" May
1998, volume 23, No. 5, Article by Shuji Nakamura entitled "In/GaN/AlGaN-
Based Laser Diodes with an Estimated Lifetime of Longer than 10,000
Hours".

In particular, in this multi-layer structure I, stop layers with selective
chemical etchings such as InN layers as described previously in example 8

can be integrated during manufacturing.



The t hi ckness of GaN in which these dislocations are
| ocated around the mask then forns the said buffer
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| attice paraneters simlar to the lattice paraneters
of GaN are deposited on the buffer layer to formthe
said nmulti-layer structure |I. This nulti-Iayer
structure | then conprises atg4east twa |layers each
with a thickness equal to or greater than the

thi ckness of a useful layer that is to 20 be taken
of f. For further information about the nethod of
maki ng a wafer according to the ELOG process, refer

to the dosunar takinaaffra laver prslespiGall.i iecyping aqagsgng to the

y o3 . : it _ =
" iRl e mplelipd By Horiishtc, MARPEHERIRY LithFspoct t
Li thetsubmosht i\ tever ubkiag a0et@bing ges ¢dodaising polarised chlorine as
particulﬂar in t@i s multi-J]ayer structure |, stop

| RyEVIOURNIpscEbet N XFMRIRSni cal et chings such as InN

| ayers @mheflessstilRMtdrRI ®esladed @ nthbes8micvhdubling layers
i nt egrated during manufacturing. WO 2004/ 061944

PaTepenied4in s 1docusenth iy, exdnele BUKD F GRFOOR Malep carbon
”%c%fuﬁa%n fr?ﬁ%f/lhgc?rg?” ng'g trﬁg 'B%rfgosslgﬁﬁcaht g8t 'tlﬁ’etfhhSﬁQqual to

be 1 npl enent ed ectively w
r eS@adr mare particudarly with @t canesniratja leas than emequiat ko h%.

gas cont.aining. pol arised chl orin revi

descr aneih syt R Rsfs 3o, £ BNpL Vit 4@ made of
adghetbriald PrédemteLin aandbete Rgamdles; Hut pIss eoverd dther types of
this docunment, for exanple such as_carbo

| i afe
ca'f'@_@ﬁﬂal?c@ﬁmﬁl!%gq &g il 1tné/ \éy@rvté‘m@eﬁvg@%in?éﬁﬂa to alloys
! Sé\bﬁgiﬁg:if; it/ﬁ/%v!\)t@ﬁﬁ IHRAN-Of at®fHi@fanhifles.50% or nore

S
partic a concentration |ess than or equal
to 5% [MNoteathay,intthescasevehalloy matenas, ihaalioys ehosen anay be

A e
nat er i alf thede@bmurgivarfer 10 cohprisks aldufier 1ayer ¥r arbuifler atractuce, this
f ?'ernwlphtgqsrb?ﬁngoﬁz gwﬁ{aé gé_sa blk}ﬁ(larolg%rn 3r taoblg er s!tXJ_ch}{é v|vi|1i|cﬁ \ﬁas the
prime function of adapting the lattice parameter between two adjacent
structures with different lattice parameters, but also concerns any buffer layer
or buffer structure as defined more generally in this document.
Furthermore, the final structures obtained as a result of taking off
useful layers are not restricted to SGOI, SOI, Si/SGOI structures, nor are they
restricted to structures for HEMT and HBT transistors nor to structures for

applications in lasers.



Note that in the case of alloy materials, the alloys
chosen may be binary, ternary, quaternary or higher
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| ayer or a buffer structure, this invention is not
limted to a buffer layer or a buffer structure which
has the prine function of adapting the lattice

par amet er between two adjacery, structures with
different lattice paraneters, but al so concerns any
buffer |ayer or buffer structure as defined nore
generally in this docunent. 20 Furthernore, the final
structures obtained as a result of taking off useful
layers are not restricted t©-AMS  so, Si/sco
structures, nor are they restricted to structures for
HEMI and HBT transistors nor to structures for

appl i cdti ondMethodl f eecyclivga2donnrogafer 10) after having taken off a

PCT/ 004/ 000311 64 Cl Al . i0Q:
aRIU el g fdnalol Chosen AL Bond B inblthef, the
| a3estior GPAFBF ((B0)NEoraprigihg IsuatesEhasea Sulssiate (i © and w raulti-layer
materials, the donor wafer $126 0 risLn -

s Rteisigevd). ihg mylklayer Striare A, befdre:tak nngg&-,ff, comprising the
Stl{(éé%lqéf?l(tb)také Iofr, B blacksy @bibrisiigl rehtovil bf stisdtanse on the
taking-ott, conprising the 5 useful "layer to take off,

t reide miress $he taking-offigok plaseacharactaiizet 4n dbatp gftenthe removal

si de re the takjng- I j i By
oo PR AR S R0k A0S, oFURRCH T RER ) o
?fleé%lepawiof itl;é tbﬁﬁérbstf?mcmrteua’e ifdluding estdéast, ortehotheatuseful layer
eas art o e _buffe t ["), i ng. at -
el B e SOHIDSYa Sl i o usor
vvi|tagéwt a supplenentary step of reformng a useful 10

r.

| ay 2. Method of recycling according to the ) ]
previ o cl dlethodchefr arecyelingedacgerdingt tehetheenpygdiouss claim,

AR AL BT o Bl e aching
char actari zedethodt hdt rédyelimgl acedrdipgr tet thect pregiols) claim 1,
i Eed L3 etbflo i Ty TR A Bl ano
F €5 ¥ebbiWIaFeF @) Gntee itstirer IR WFteH fakircpd i

4. Method of recycling according to the previous claim,
characterized in that the first layer (2) comprises a useful layer that can be
taken off after recycling.

5. Method of recycling according to any of the two previous claims,
characterized in that the two materials of the respective two layers (2, 3) close
to their interface, are chosen such that there is means for selectively
removing material, with a capacity for attacking the second layer (3) to be
removed significantly greater than its capacity for attacking the first layer (2),
thus the first layer (2) forming a stop layer of the removal of the second layer
(3), and in that this process comprises the selective removal of substance.

6. Method of recycling according io the previous claim,

characterized in that the multi-layer structure comprises several pairs, each



characterized in that the first |layer (2) conprises a
useful layer that can be taken off after recycling.
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previous clainms, 20 characterized in that the two
materials of the respective two layers (2, 3) close

to their interface, are chosen such that there is

means for selectively renovigyg material, with a

capacity for attacking the second |ayer (3) to be

removed significantly greater than its capacity for
attacking the first layer (2), thus the first |ayer

(2) formng a stop |ayer of the renmoval of the second
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accor %reV|ous n? characterized 1n

t hpehir b;hmeans capablgef sslectivalyireamavng matedalsever al

Composda of NTOLpt Brdocieddh dor B8 & dRms 3 o o

S eftRRgLte YT |ﬁ3)hanf tr&aaqhumpayerr structuee s@) eaftérv ehking-off, also
renoved with respect to the f

sd@REPrisgsra dirdriaies (Bapasneatr th§ef'rét:¥qy\%((§ , tbﬁﬁbﬁr‘ﬁ Javer (3A)
RS ing 4 ustit AR Biatoah vl tbRen BREREHIAgCRRy.one of

aracterized in that the .
rrul t| - 1&yer Methadt wfe rerycliapt eacaosdingg-tof fthealprgvious  claim,

h
T T
t hayerC(Qlﬂ |§J§ghmkamlwﬁﬁeﬁe‘m éont ﬂfalleltldeg)aramelsértdfdﬂe tsécond and
cycling accor revj ous c

chtawgawrasz@a 3R o T Wit 1B dhiskipss of M8 frt st ) by smal
hefot %'el eltaQﬁcd‘llws‘fﬂauneEOb*]%eéeé&)d hid the third layers (3B,

SI gn tcantly“different fromthe lattice parameter of
t h3Asecond and third layers (3B, 3A), and in that the

t hi ck f

bei ng. 6T ast IMEPPY &t BRyoIRY “herordint 3od e HF g typHirgvious
| 8(){a|m°s (cBBract&rfed if. thﬁzbhbdd:oahateera}s_:bﬁ ihg raspectivierfygst layer (2)
R 3R Waver i ie ol chpESTs v PR e, B, Bpfe bt SBfectively
| appiovidy suBBRINER! With |2 BpadifAfor aftEckpipIed fﬁs&hybhéﬂ) to be

there i s neans for selectively renoving subst
wi remaeyedapigbificgntyo greaterathanniget waqltvgpr |aH9\@lﬂng zye tird layer

be(3A), the third layer (3A) forming thus a stop-layer of the removal of the first
layer (2), and in that the process comprises implementation of such a
selective removal of substance.

10.  Method of recycling according to any one of the three previous
claims, characterized in that the multi-layer structure comprises several
triplets each composed of the said third layer (3A) first layer (2) second layer
(3B), one of these layers possibly being removed selectively with respect to
the layer forming part of the same triplet and beneath it, by means capable of

removing selectively the substance.



removed significantly greater than the capacity for
attacking the third layer (3A), the third [ayer (3A
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20 layer (2), and in that the process conprises

i npl enentation of such a selective renoval of

substance. 10. Method of recycling according to any

one of the three previous clgins, characterized in

that the nmulti-layer structure conprises severa

triplets each conposed of the said third | ayer (3A)

first layer (2) second |ayer 25 (3B), one of these

| ayers possibly being renoved selectively wi th respect

to thdll ayé\ﬂe%@d eif mecysiing aseonding tmary eppf claimsdp, 6, 9 and

o083kl ST ol B BB o
1lcheMtitaiadciuihgr ecycl i ng according to any one of clains
08B SSRGS SRR PP R oo

et Ghiraderided iVBEhBOthedfselcRVig) loh Chaatiesldergingobefveeen the two
previous claim 5 characterized in that the

sanaterials eansidered iswhiainediyihadagidbaleen the two

material s CC}Héit\ﬁSh?i lisls QP Bifdechtbyrt he fact that: the

two naterials are |?flerent; or the two materials

cont ai r al nibe wdematedbdlsacantain alreosinidenticalx stopic f gements,
at Ieaﬁtpgorﬁ: a&om’ ctel em:fnt' or 10 - the two naterials

ar YCRPHI At {&ashONe 2OMiG RIEPRAL Qoni ¢ concentration of

at | east onghat eWbC reaterBI8t dr8 alfiesteridentidad, but the atomic
significantly different fromthe atom c concentrati

. ! Q
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- & URL T Abi itfohiSh et bt et i
L LR A0 B RS BR IR oSkt in e
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obt ai ned by DRdwpdtatlifis RV S SRR NIaR o
al nost 13.denyiethdld asfomeeyelirgeatsordiegcefot fher pitevioesstclaim,

one addi tional atom c el enent .
characterized in that the selectiwrt]y of etching between the two materials

considered is obtained by the fact that the two materials contain almost
identical atomic elements, except for at least one additional atomic element
located in the first layer, and wherein the additional atomic element is a
doping element.

14. Method of recycling according to any one of the three previous
claims, wherein a mechanical attack of the material to be removed is
operated in combination with the selective chémical etching, so that a
selective mechanical-chemical planarisation is used.

15. Method of recycling according to any one of claims 5, 6, 9 and 10,
characterized in that the selective removal of substance comprises a selective

mechanical attack.



| ocated in the first layer, and wherein the additional
atomc elenent is a 20 doping elenent. 14. Method of

WO eayobiomg according to any one of the three pPEWIBR64000311
claims, wherein a nechanical attack of the material to
be renoved is operated in conbination with the
sel ective chem cal etching, so that a selective
mechani cal - chem cal pl anarisaghbon is used. 25 15.
Met hod of recycling according to any one of clains 5,
6, 9 and 10, <characterized in that the selective
renmoval of substance conprises a selective nechanical
attack. WD 2004/061944 PCT/ | B2004/ 000311 67 16. )
Met hod - Melbpd|af sgeveting regraginmta the pewipus ¢aim, ghajacterized
ch r e ol I e haoi cafk a ;
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abammaie@mth/abmasmdﬂend ¢ af ce¢rnluahgtching. Met hod of
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58S Ubﬁéraﬂt@ﬁzé@ Pthia® 8 SsefectiogParaby Al fof saBst@?ﬁt:éi @or‘n@ygés BYemoval of
deoxi dation step, the oxide |layer _ thus bein

sa@h PKidgjlayer bya d%’f‘ﬁ@tépwtepe@?(ﬂ)qqﬁlaﬁ@'bmpél ing sAqrifigial.
previ oupg Ghiath d?h@%hg.rdcés nq E)eﬂwtéﬁre%ﬂ@rdléihp%haractenzed

further a surface o ation o "ayer

st inutbaticemptiging durthierrarsuiiaces axidatiorc oltheanilfidayerysiructure (1) to
19 haod of .rec according to the previous
cIQ”%%Eﬁgfsﬁict'%qu%edfaygn that the surface oxidation

10 process{g.gvsthed df(?ewtﬁihfgldccbﬁﬁnﬁgﬁﬁj e previoysdilsinn, tcharacterlzed
surface | ayer than the [ayer beneath it. 20. Mt

r et ibet e stasedPigation prREess ki use s Hiat iids éaﬁ@ééo PK'dlse the
t hé&rfa(lbeh?}/érulﬂéhrtﬁé & ﬁbeﬁé’é\?ﬁﬁﬂ. ses a support substrate

l'ayer e buffer 15 |ayer being | ocated
bet ween2Q. H\dempmfrmcmiibgtamoaiimm theeclaim t1i, charasterized in that

° A | e SRR A U, frer
15 | ata?/ertebdmgS mat:a‘ll&debéhNédre thel ppupgort Wubsktratee and the multi-layer
con

i ni ng al | ographi.c defects. 21 Me
r e8! hé%%i’hl*fﬁrg'%b’ﬁpgﬂﬂg 6\? &sryrtaliipp amﬂ ena? having a constant
charéhical iceRfbosition and a lattice mismatch with the support substrate,

confining crystallographic defects.

21 Method of recycling according to the previous claim, characterized

20 in that the buffer layer is of Si, SiGe, Ge or a nitride material, and in that, the

multi-layer structure (I) comprises at least one of the following materials:
elastically strained Si, or SiGe or Ge.

22. Method of recycling according to any claims 1 to 19, characterized

in that the substrate (1) comprises a support substrate and a buffer structure

25 with a lattice parameter varying significantly and progressively through its

thickness between the lattice parameter of the support substrate and another

lattice parameter significantly different from the lattice parameter of the

support substrate.



20 in that the buffer layer is of Si, SiGe, G or a
nitride material, and in that, the nulti-I|ayer

w@reowosme (1) conprises at | east one of the fRCT/BRIOMP0311
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materials: elastically strained Si, or SiGe or GCe.

22. Method of recycling according to any clains 1 to

19, characterized in that the substrate (1) conprises

a support substrate and a buffer structure 25 with a

| atti ce paranmeter varying significantly and

progressively through its thickness between the

|attice paraneter of the support substrate and anot her
|attice parameter significantly different fromthe

| at ti ce2dpdviathedef re¢ydihg acsanding to shebpreavitus. cl&im, characterized

2094 %ﬂgﬁ)g?g{/ hRERDE 0 dhareds 87 didheT iler on the buffer

cheayeetwiictzed in that the buffer structure also
conprlses a add

ayer on the buffer |ayer,
Soeh: SR citvithigk B gomina uBelsr 8RET R def bats:  and
/01 5 : Ha@Sade ideA e et 3 wrd.ﬁ%ﬂeahtfmm the lattice

different fromthe lattice pararre e support
suparanagter obihe supppdgubstratecycl i ng according to one of

o L2 RIS 160 e b0 s,

re an ayer struc
botharacterzed s tizdidhe bulfet syrudtateoand e tultblagepstrudtare (1) both

foll ow.,n to fam | i es: V-1V fam | y; o
|1 PROPHAS lpe aofbefdiint o an of taf RelpVig g g families:
bi nary, I\-RY iy quaternary or hi gher degree type. 25
Met hod of recycl ing according to one of clainms 1 to

19, 15llkM&ambyieri zed in that the substrate (1)

conpris first configuration: - a support
substraﬁMf%rﬂg? - a buffer structure conprising a

buf f er this/alloydbeity GEtha bihay, (&enarypquatetiaay oo higher degree type.
ggg???gk% M?e%&?sopq'ecychngt g%cér%%ncgk essén% O<|:>f claims 1 to 19,
characterized in that the substrate (1) comprises:
- in a first configuration:

- a support substrate of Si;

- a buffer structure comprising a buffer layer of SiGe with a Ge
concentration gradually increasing with the thickness and an additional
layer of SiGe relaxed by the buffer layer;

- a multi-layer structure (I) comprising, before taking-off,
elastically strained SiGe and / or Si; or
- in a second configuration:

- a support substrate of Si;

- a buffer structure comprising a buffer layer of SiGe with a Ge

concentration gradually increasing with the thickness and an

additional layer of SiGe relaxed by the buffer layer

- the same layers and the same materials as in the first

configuration, with the buffer layer having a Ge concentration



20 | ayer of SiGe relaxed by the buffer layer; a
mul ti-layer structure (1) conprising, before
wo adoisngad f, elastically strained Si Ge and / PCT/Bi20040000311
in a second configuration: - a support substrate of
Si; 25 - a buffer structure conprising a buffer |ayer
of SiGe with a Ge concentration gradually increasing
with the thickness and an ad%iti onal |ayer of SiGe
rel axed by the buffer |ayer - fhe same | ayers and the
same materials as in the first configuration, wth
the buffer layer having a Ge concentration WO
2004/ 061944 PCT/1B2004/ 000311 69 increasing with the
t hi ckness belngke@singowiith % #hidknassubetweedv@bodt @P4 fand about

the additi onglnd r ' e e huff
| ayer havi ng?go%?r@e‘ﬁ@{r gq%l %dl%?erlag?(a%%{ %gﬁkg%(g%?cgby the buffer
conpri si Eg, dlbyéld}iawimgihicngcaﬁtfsatioﬁsdifSi@ﬂdlrﬁoﬂrzeﬁﬁ; IC()r 3)
- in athird configuration: Si ast in a thic
part interf a%%HPR}&"?% qqg%reﬁﬁk‘f‘giq?é\f@ asqNdceiPe: o 1) ;
5 CONpI i SinWthitdasnfigatdtipnst rai ned Si Ge and / or Si; or
ina fourth configuration: 10 - a support substrate
conpri si ng ABIE lagstiin @ thinkegrarbinéeridoed withethebmiitielayer structure
structug ; - a buffer structure conprising a buffer
| ayer c ﬁ‘prisi ng an atomc alloy belonging to the
L11-1V £fan | gonoprigiing etasticallyysttaymper SiGeaatd (6e8i; odegr ee,
t he comf)]os' tiBtﬁn g‘}. whi.ch is chosen from anong possible
15" conb r?atoi” Lopfiguiglion s, - 1y - (N, P, As), and at
10 | east two elsﬁ%ﬁb[sort@@%ﬁatef EGADASTRG PG at it r‘nte{'f/é@é With the

i
or at least two el enents chosen from anong the
fami |y, buffesstruetisesel ement s having a concentrati on

?’g;gi ;ng gradugl by bhhQutd SohiprliieaSo@er! el o rising an
atomic alloy belonging to the IlI-IV family of the ternary type or a higher
degree, the composition of which is chosen from among possible

15 combinations of (Al, Ga, In) - (N, P, As), and at least two elements
chosen from among the Ill family or at least two elements chosen from
among the V family, these two elements having a concentration
varying gradually within the thicknéss of the buffer layer;

- a multi-layer comprising, before taking-off, an alloy belonging to

20  the lll-V family; or

- in a fifth configuration: the same layers and the same materials as in
the fourth configuration, except that :

- the buffer structure also has a lattice parameter similar to the
lattice parameter of InP close to the face opposite its interface with the

25  support substrate; and
- the multi-layer comprises, before taking-off, InP and / or

InGaAs; or
- in a sixth configuration:

- a support substrate of sapphire or SiC or Si;



a multi-layer conprising, before taking-off, an alloy
belonging to 20 the II'INfamly; or in a fifth

waeoonitiognuat i on: the sanme | ayers and the sane nBCEIB2a04000311
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as in the fourth configuration, except that : the
buffer structure also has a lattice paraneter simlar
to the lattice paraneter of InP close to the face

opposite its interface with t 25 support substrate;
and the nmulti-layer conprises, before taking-off, InP
and / or InGaAs; or in a sixth configuration: - a

support substrate of sapphire or SiCor Si; W
2004/ 061944 PCT/1B2004/ 000311 70 - a buffer |ayer of
Al xGal_xN wherhwiffer Jayer of AlsGahiNe whess xfuadies On thickress from 0

ubst r at) S FohThE A @RE I dRSuSdy Bhbasrteny, ¢

any; a nul ti-bpliallg @mddstiongl Ialyafof@aNaIflang~ off AI N,
I nN and GaN; in a sevepth configuratio

0
support~ subs?r‘%‘f'té?%fe@ﬁliﬂﬂﬁ'ﬁm Before talid-aif, A"\L TN and GaN; or

possi bl yy g sb@yifth cohfigedlion; @ mask; - a buffer layer of
GaN, 10 - a nulti-layer conprising, before taking-off,

GaN and posst alsypp@ttﬁgbstrﬁtemfaeephlmsorSi&mosi of
[ECYCLl 0 SocBEE] ARG Gl L 3 Lo 19 cort e
structure (l)acosgk:i ses: in the first configuration:
15 - two | ayer f astlcally rel axed Si Ge;
and - an int é?i’é’%ﬁ%@é‘ef 9{/ bet ween the two Si Ge
llayers . conmpasgditibyer comprising, before taking-off, GaN and possibly
other nitrides.
26. Method of recycling according to one of claims 3 to 19 combined
with claim 25, characterized in that the multi-layer structure (I) comprises:
- in the first configuration:
- two layers of almost elastically relaxed SiGe; and
- an intermediate layer between the two SiGe layers
composed of:
- Si elastically strained to have a lattice parameter similar to
the lattice parameter of the adjacent SiGe areas; or
- SiGe with a Ge concentration significantly different from
the Ge concentrations in each of the two adjacent layers,
and being elastically strained to have a lattice parameter
similar to the lattice parameter of the adjacent areas; or
- doped Si or doped SiGe;
at least one of these three layers being a stop layer for
selective chemical etching of the layer overlying it; or
- in the second configuration:
- two layers of GaAs;



- Si elastically strained to have a lattice paraneter

simlar to the lattice paraneter of the adjacent SiGe
wae®@ane19sr 20 - SiGe with a Ge concentration PCT/IB2004/000311

significantly different from the Ge concentrations in

each of the two adjacent |ayers, and being

elastically strained to have a |lattice paraneter

simlar to the lattice pararret@r of the adjacent

areas; or - doped Si or doped’Si Ge; 25 at |east one of -

these three | ayers being a stop layer for selective

chem cal etching of the layer overlying it; or - in

the second configuration: - two |ayers of GaAs; WO

2004/ 061944 PCT/drig2layér 00BBI4As Tritermediatd byiavreenf the two layers

Al GaAs |nterrred| kg@tgetween the two layers of GaAs;

at |east one of ¢ St hr ee | ayers being a stop |ayer

for selective chaghstabnelofhthéde direbhayérByBsing\Eistap Rer for
it ; or 5-inthe third configuration: - two Iayers

of al nost el ast iS84qtiyechpmica) etghingipfithe layer overlying it ; or
51 ntermegi @b§ ,yéxggﬁﬁgﬁﬁéwn the two Si | ayers conposed

of : - SlGeeastlc y strained to have a lattice
par amet er si nt| dwo layers of alnostatasticellypralawest 8i; anél t he

adj acent Si are r _doped, Si e, at

| east one of thé en?%{p‘neeg‘quqg?@fef bggw s‘iwé)pge@}'g?s qo&pposed
sel ective chem aff| etching of the | ayer overlying it ;

or inthe fifth configuration: 15 - two layers of |nP;

- an intermedr at%%l gstically sirainadro hevae tiigecarameter similar

10l ayers of InP: {5 the laitice parameter of the adjacent Si areas; or
- doped Si or doped SiGe;
at least one of these three layers being a stop layer for
selective chemical etching of the layer overlying it ; or
- in the fifth configuration:

15 - two layers of InP;

- an intermediate layer of InGaAsP between the two layers
of InP:
at least one of these three layers being a stop layer for
selective chemical etching of the layer overlying it.

20 - in the sixth configuration:

- an intermediate layer of InN between a AIN layer and a
GaN layer;

- in the seventh configuration:

- an intermediate layer of InN between two layers of GaN.

25 27. Method of recycling according to any of the previous claims,
characterized in that a finishing step of the surface of the donor wafer (10) is
performed before or after removal of substance.

28. Method of recycling according to any of the previous claims,

wherein the donor wafer (10) comprises at least one layer further comprising



at | east one of these three |ayers being a stop |ayer
for selective chemcal etching of the |ayer overlying

WO 2004881944 i n t he sixth configuration: - an intRPCTERNGI®0311
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| ayer of InN between a AIN |layer and a GaN | ayer; -
in the seventh configuration: - an internediate |ayer
of I nN between two |ayers of GaN. 25 27. Method of
recycling according to any ofythe previous clains,
characterized in that a finishing step of the surface
of the donor wafer (10) is perforned before or after
renmoval of substance. 28. Method of recycling

according to any of the previous clains rei,n t
clomponuifes cato eanssniratan i e daer Ssinoan) Lo g &f eava
CP({"ﬁé‘%Si ng WO 2004/ 061944 PCT/1B2004/ 000311 72 carbon

W a carbon concentration in the layer significantl }/

| ess t anMethed)wfl reayolikpaccomiingvie hasty &f thecpravays claims,

di t f i - ) o
0k M Bl ADF BT G0 S i i
C @HRYInSIififa cartsel bsitantratiomircthelayercignificantiytiésathian or equal

the | ayer significantly less than or equal to 5% 30.
M@ B#d of taking-off a useful layer on a donor wafer

to be ahrafsh8H" 8¢ tAhG-oFf LGSkl NGysUBAt aadiendrSivafer to be
characterized 1n that Tt conprises : (a) bopdjng of . )
t tiendfened amt6 arreceingsubstratec(s) charastafzed wdnabit gorpgslses :
10 on e side .of NSt

(b) Gelaen, ghiding didfc d%?ﬁﬁ‘l;{_\')’gtequ bl e Fétehing slibstrate (5)
Myt the lsR¥esf b useful iayef k) be tdkenhaff;donor waf er (10);

the mothiod SREGSBR el ey driRERRE el siugture )
t 2% ddRordtafeMpid)od of taking-off a useful |ayer

according to the previous clai _characteriz n

that  t o) mulrecycliag dhe sbnae vafes 10 i SRR A rasthod of
( 1r%?:ycling according to one of claims 1 to 29.

31. Method of taking-off a useful layer according to the previous claim,
characterized in that the mulfi-layer structure (1) of the donor wafer (10)
comprises.a stop layer to a substance removal of its overlied layer,. in that
step (b) of detaching relates to a part of the multi-layer structure overlying the
stop layer, , and in that recycling of step (c) is in accordance with the method
of recycling according to one of claims 5 to 21.

32. Method of taking-off a useful layer according to one of the two
previous claims, characterized in that it comprises the formation of a bonding
layer before step (a).

33, Method of taking-off a useful layer according to one of the three
previous claims, characterized in that:

- before step (a), it comprises a formation of an embrittlement

beneath the useful layer and in that :



conprises a stop layer to a substance renoval of its
overlied layer,. in that step (b) of detaching

WO edoavew44 0 a part of the nulti-layer structurBCT/IB2004/000311
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overlying the stop layer, , and in that recycling of

step (c) is in accordance with the nethod 20 of

recycling according to one of clains 5 to 21. 32.

Met hod of taking-off a useful,;4ayer according to one

of the two previous clains, c aracterized in that it
conprises the formation of a bonding |ayer before

step (a). 33. Method of taking-off a useful |ayer
according to one of the three 25 previous clains,

char acter i z&R o) §a2pplissf by sUBRIMDg( &)ergy tinteothsr ewbsttiement

| LRt i BILRIERSEIdo g (BRSNS eI donor water
7310).step (b) is appl i ed by supplying energy into the
The. usataitathon pP Ekirshof B Saidiiatapticg & TR b2 olaim,

Meinaeactefizéchlin ngatofie ambsigtfiamentaie &CESHIEABY!ithpldetation of
previous claim 5 characterized in that the

erAPIYG $REASR- zone is formed by i npl antation of
at om ¢ BPRFIRSd o?@aklrﬁbﬁ%duééffultl LNgeBiding t8' 8 Hllewoug claim,

| ayer accordi ng ] previous Cclalm characterl ze
i rchanacterized iimpthahttbe implanted splootie sspasigs icompiise| ahdeast a

a . pr ticon,of hydr n.nd/or helium 10 36. Met hod
ofprﬁgﬁﬁﬁé ﬁyd%g&gqur\g?&erwgp according to cl ai m 34,

char act3gr i Kethddh dfhaékmgmeffeabmséﬁjl elﬁ?ért ambmmg fooromaith 34,
by poraosificatjon, of

Met
t AiarReisrizedhin def dhe ﬁﬁ}b&tﬂ%e%r&r@n%g'sﬁerra% bytprpgifipation of a
30at&. 36, characterized in that it conprises another
step, after step (b), of finishing 15 the surface of

t he uséf7uMetbgeof takingoffia us@ld@yeicamrwng tsmneplofacle!ms 30 to
oo R e AE SPGB0 hofhal S s PLf 100 disin
sehe ssrfaée sf &msﬁfulﬂa%rmjmﬂéh thewdatichmémttook place.

38. Method of cyclic taking-off a useful layer from a donor wafer,
characterized in that it operates a series of steps of taking-off a useful layer,
each of these steps complying with the method according to one of claims
30to 37.

39. Application of a cyclic taking-off method according to the previous
claim or a taking-off method according to one of claims 30to 37, to form a
structure comprising the receiving substrate (5) and the useful layer, the
useful layer including at least one of the following materials:

SiGe, Si, an alloy belonging to the 11I-V family with a composition chosen from
among possible combinations of (Al, Ga, In) - (N, P, As).

40. Application of a cyclic taking-off method according to claim 38 or or
a taking off method according to one of claims 30 to 37, to produce a

semiconductor-on-insulator structure, this latter structure comprising the



each of these steps conplying with the nethod
according to one of clains 30to 37. 20 39.
wa\pplioeatdi on of a cyclic taking-off method acceeHiBrgO4/@®0311
the previous claimor a taking-off method according
to one of clains 30to 37, to forma structure
conprising the receiving substrate (5) and the useful
| ayer, the wuseful layer inclyding at |east one of the
followng materials: SiGe, Si, an alloy belonging to
the Ill-V famly with a conposition chosen from 25
anong possi bl e conbinations of (A, G, In) - (N, P,
As). 40. Application of a cyclic taklng of f met hod
ad@@?'wnﬁgsqtt?tr@rt%l(m ged dhe csiseré layati the opefuldayesdeing at least
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ubFelpctive bstancgemovalopgratedon it avgriiad fayer.( 10)
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that the remaining part of ayer struct
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characterized in that the stOp layer is sufficient
t eharacienizedeinathel the polestiveapulatange removalj cameprises a selectnve
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is made selective by the fact that the stop layer and its overlied layer are

respectively of:
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- two different materials; or

- two materials containing almost identical atomic elements,
except for at least one atomic element; or
25 - two materials being almost identical, but the atomic
concentration of at least one atomic alement being significantly different from
the atomic concentration of the same atomic element in the other material, or

- two material having different porosity densities.



characterized in that the selective substance renoval
conprises a selective chemcal etching, and in that
wo b@4obnd cal et chi ng between the two nmat eri al BCT/BE2004000311
made sel ective by the fact that the stop layer and its
overlied layer are respectively of: two different
materials; or two materials containing al nost
identical atom c elenents, exgept for at |east one
atom c elenent; or 25 - two materials being al nost
identical, but the atomc concentration of at |east
one atom c al enent being significantly different from
the atonjc concentra&i n of the same atom c elenment in
. 10

the ot héP- Rener wafer 610) acoreing dpi ane Ivhihadour pravieys claims,
ggE:g%ﬂatcigg%ﬂ91htth§§thev\9uﬁp@§}ép§t}l9&f}rep @Y@filB%?Qﬁr}i%Q?%&%eral stop

. nor wafer (10) acCording to one o
pr Byesufor selsictive substancetamovabd i n that the

mul ti -1 [ I ' ' er-al oR .

Tayers ThDoret vt estodhiclo, GREBLPERTs SBEAT bfferizea
5 ( ﬁ&) tr@::dmf dm%mraé@'(by?ﬂri?ﬁaé ﬁﬁ%ﬁk?‘t sltﬁbsﬁfﬁaﬁ and a buffer structure,

chgracteriz in, substrate conpri ses a

suftopLier sEtete baikg Joaied Letéeen dbe Ribport sltisgale and the

st migi-Hyer BeuSWrd gpat ed between the support substrate

and the” nmulti-layer structure (I).



