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THIN LAYER FIELD OF THE INVENTION 5 . This invention relates to the

- recycling of a donor wafer after having taken off a layer of a

semiconductor material, the recycling including removal of substance

from part of the donor wafer on the sid& on which taking off took place.
BACKGROUND OF THE INVENTION 10 Before taking off, this type of
donor wafer comprises a substrate and an epitaxied layer to be taken off

on the substrate, After taking-off, the taken off layer is integrated into a
JREGYCIING OF AWAFER COMBRISING A BT TLUAVER STRUCTURE
optoelectronic fields AFE BRUSNKIN SRS A etiarg viE® layer to be taken
off must have a high quality level determined according to one or more
criteria. The quality of the layer to be taken depends largely on the growth

" supportliBléeF WelldhvENTEIRNOf the substrate on which it is epitaxied.

The formati s type,of quality substrate is pften complex and.20 . .
i e o AT TR having
tdenpicadayertiis seimiconpduttotarigtetaintherreoyslidgringladiaperamoval

Be dakemnfle MadeS .@magm%ﬁa{ﬂgpaﬂ%&J@%ﬁ%&lﬁcpﬁg@g%ﬁ took

alloy, the epitaxy substrate in front of it also having a structure
Bfesiedifficult and 25 expensive to make. Thus, in particularly, this type of

difficulty ACHRDNIRE e Qe N @pgubstrate comprising a buffer

layer. Abuffer Tayer™ usually'means a transition layer between a first

crystalfffuedaking siferinis yeapphficnmsyaler samarigen Rdstieirimand

an epitaxied layer to be taken off on the substrate. ‘

~ Atfter taking-off, the taken off layer is integrated into a structure from

- which. components in the electronics, optic and optoelectronic fields are

usually made.
_ Therefore, the layer to be taken off must have a high quality level
determined according to one or more criteria. ' ' -
- The quality of the layer to be taken depends targely on the growth
support, in other words the quality of the subsirate on which it is epitaxied.

The formation of this type of quality substrate is often complex and
requires special attention, involving technical difficulties and a high economic
cost.

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

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

A T"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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stoichiometric properties or an atomic recombination at the surface. In a
special case of a buffer layer, this buffer layer makes it possible to 5
obtain a second crystalline structure in which the lattice parameter is
significantly different from the lattice pagameter of the support substrate. A . ..
first technique for making a buffer layer consists of growing successive
layers so as to form a structure with a composition gradually varying in
thickness, the gradual variation of the components of the buffer 10. layer
thirndeiag; diedis pAsKSIBIEtheitLR BrasluabuaatieReabliSldlicRies, such as
Rara ?tew ,ay(?é_o A superposition of layers made on the buffer layer
CHR FEHSRER o U ORRSTSR JTRREETRS 198 RihSamia weeosbingiien at the
sulvfdcate, in order to make a determined structure. 15 One of the- major,

d on a buffer layer relates to

applicafions of a.trfansfer ft?é% rs forme I layer re '
 the formafiorr or Slagaealf) Seds g %N@Sﬂ%?é?ﬁﬁ%éﬁ@ﬁl&?@‘%ﬁ@@é@'e to
iobidirchahsationh isrpttalling istrention SMCe/BRMERS IIBMRPYBHESSEED i

' bility of th terial, th ignificantly improved. 20
R T ol SRR St e Sheharvbres:
similar Anafinsér tectaimfer Girsunhkingra obuffecdiveg sshaige, of growing

i i t- rocess known tq,a person skiljed in the
Seas 002 ST N S R L,
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then be used as™a suppoOrt for grow icon“that wi ensione

- BREIERICHS relaxed SiGe. - |

A iayer or a superposition of layers made on the buffer layer can be
taken off from the donor wafer to be transferred to a receiving substrate, in
order to make a determined structure.

- One of the major applications of a transfer of thin layers formed on a
buffer layer relates to the formation 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 bé taken off in a
similar manner.

A transfer of such layers on a receiving substrate, particularly using a
Smart-cut® process known 10 a person skilled in the art, can be used to make
structures such as 8e0l (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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"Site-On-Insulator prepared by wafer bonding and layer 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 Si/SGOI structure is

- presented. Other growth applications n a buffer layer are possible,

particularly for semiconductors in the IlI-V family. Transistors are thus
currently made using GaAs or InP based technologies. io In term of
electronic performance, InP has a significant advantage over GaAs. The

chosehtediustiat o restsrapittrahsfeehing rapessf BnHaskébeskf brittea IBM

| cFSEEM@ﬂt%Pa;}rS‘F%JQR R Lpved seinsroniained Dy-ararB 89 &8l ®onding

ayer on a S support substrate, mainly due to manufacturing cost and
aofedsisiitytieasiens@ohiaharribosmancee Siedd; efikst dsanstdrR batrplied
@ﬁ%&&%L@%}s@%Wﬁ,%nﬁé,tm[@pmmmo%t HIBEs3UBPORaking an
substrate and the "buffer layer when taking off. In other taking-off
%V&é@ﬁf%ﬁ@é@tﬁp@?@%@bé‘i’ate is recycled but the 20 buffer layer is lost.

The te@%ﬁ&t&é%ﬂ@&bf?ﬁisﬂﬁ%rn@smpwe% thasopartRularly for

minimise the density o Q/stalllographic defects, the buffer layer is usually
sRICHISHaiRr HENMRR H o2 several micrometers. Therefore, making

such aphyffgislayer seauitassa tngsdifficibasd udmgxneasive grofdeuisased
A secaond, technique for making a buffer layer is presented particularly in
i§6BMRISAISRO 00/15,885, and its main purpose is to elastically relax a

strainggl Genfaye ey mernpafoBarvefénioles a significant advantage over
GaAs. " "

The chosen technique consists of transferring a layer of InP taken off
onto a receiving substrate, the InP layer being obtained by growth on a buffer
layer on a GaAs support subsirate, mainly due to manufact‘urjng cost and
feasibility reasons. |

Some taking-off processes, such as an "etch-back" process, then
cause desfruction 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, {0 minimise the density of crystaliographic defects, the
buffer layér is usually 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 parﬁcular!y
in document WO 00/15,885, ard its mairi purpose is fo elastically relax a

strained Ge layer by means of a Ge buffer layer.
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temperature, time and chemical composition parameters. Its main
advantage;. compared with the first technique is that it is 5 simpler, faster

and less expensive to make. The buffer layer finally obtained is also

thinner than a buffer layer made according to the first technique. A third
technique for making a buffer layer is described in the document entitled
"Strain relaxation of pseudomorphic Sii. Gex J Si(100) 10

heterostructures after hydrogen or helium ion implantation for virtual
substraféhfabiichtidnidyBbatmtarste rmigaggm%%%mc%ﬁ?’r daeticularly
Instruments and Methods in Physics Research B 175- .
égsé?i\g!?glt%o%%?s] s"noqt}gpax?ﬁgp%gpﬁg% L% HRE pridh fEhATHERL e gRition

takeamefiely. means of an in-depth nitrogen or helium implantation. 15

inthi is fhi ' d sult similar to. a .
puttor ot cavaiEs SRS G B e Rt s
sijnpleaniaslessntriessppijssnisnadguivaieents. In particularly, this

processrdeseti I ion iGe layer strained.in
com 'rggingq%ﬁ%ﬂz\g e%%gﬁ?g“?opn%%ﬂo%grg é%é%bs fate, 20 The? butfer layer
t Rreartiadrieldue §ist beshritgos.of hydrogen or helium ions through
the surfgc h ' layer. i e determi pth,
B M L A R RS

(Hasumerfcaatifes {Siran BeifgAigferpamsendemasaice Simdin.cduséd 00)
RS dsiElinss bR IS8 JRVES: FeIliF il ININURERRR RS g’gﬂ%‘f%ubstrate

easier- to implement and less expensive than the first techniq
ﬁ?é’(iﬁ@@%‘h’gﬁrBIa?@f@ﬁéfﬁ/%lmaggféfﬂﬁﬁb/{éiﬂMﬂ@@’u@hﬁh‘r@éﬁmmrés and
Wistible thatihiscsseediserdneiayasbipysspadg subsequently be
integraﬁ gcggts?s?s of relaxing the elastic strains present in the layer to be taken
off by means of an in-depth nitrogen or helium implantation.

Thus, in this context, this third technique can lead to a result similar to
a. buffer layer made according to one of the first two techniques, but with
significantly 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.

The technique used includes implantation of hydrogen or helium ions
througﬁ 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.

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 technigue would be that this

relaxed or pseudo-relaxed layer could subsequently be integrated info a



5 structure for making components, particularly for electronics or
optoelectronics. However, in a manner similar to the first technique for
making a buffer layer, a buffer layer made according to one of the latter
two techniques is eliminated according to known techniques for recycling
the donor wafer after taking off is finished. However, there are still
technical difficulties in implementing it. SUMMARY OF THE INVENTION
According to a first aspect of the invention, there is provided a method of
recycling donor wafer (10) after taking off a useful layer comprising a
material chosen from among semicoriductor materials, the donor wafer
(10) comprising successively a substrate (1) and a multi-layer structure
(), the multi-layer structure (I) before taking -off comprising the useful

ta f syhsta ng
o ohe o ey L0y B e s e o B B or
opipetestaeBiCEharacterized in that after removal of substance, at least a
part Of e Htinay BR SIS Wik (ia?rrﬁmﬁg‘%f&*ﬂ@e%lﬁaéb%g r%famﬁgbﬁfiiﬁﬁer

structure |nclud|ng at least one other useful layer which can be taken off

%ﬁﬁoat%%i%d@fﬁéﬁaﬁgies@ﬁmﬁﬂ.ﬁ@%@fuﬁﬁuha%ﬁvmé@@am@qss is

eﬁm@%@%&& iBvafbiRn, t@@fﬁ:@@%@'@é@cﬂlﬁ%ﬁé QbR after
onor 'ﬁ{ E WI|| donate a useful layer by taking-off, and that can be
frey

tglag $8RMg off using the said method of recycling, wherein the

procesﬁuﬁ@mﬂmra fvgatiaaahirical wifleykiestin dopteareatiagbstrate.
( Of :@:&Nentlon there is provided a method
afer to be transferred onto a

recenAngcsrdejrahea tﬂmﬁmﬂr&m oblﬁmprlswm;ntﬁah btivedimdsafihvadbmharmethod
of PR A (0 RS ) 3R ARty °f D8RP B i Bsing

material chosen from among semiconductor materials, the donor wafer (10)

comprising successively a substrate (1) and a multi-layer structure (1), the
multi-layer structure () before taking-off comprising the useful layer to take
off, the process comprising a removal of substance involving a portion of the
donor wafer (10) on the side where the taking-off has taken place,
characterized in that after removal of substance, at least a part of the multi-
layer structure (I') remains, this at least part of the buffer structure including at
least one other useful layer which can be taken off, without a supplementary
step of reforming the useful layer.

According to embodiments of the invention, there is provided 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 second aspect of the invention, there is provided a
method of taking-off a useful fayer on a donor wafer to be transferred onto a
receiving substrate, the method comprising:

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

of the useful layer to be taken off;



6 (b) detaching the useful layer included in the multi-layer structure of the
donor wafer; (c) recycling the donor wafer in accordance with the said
method of recycling. According to embodiments of the invention, there is
provided a method of cyclically taking-off a useful layer from a donor
wafer, wherein comprising a sequence of steps of taking-off the useful
layer, each of these steps being conform with the said taking-off process.
According to alternate embodiments éf the invention, there is provided an
application of the said cyclic taking-off process or the said taking-off
process, to make a structure comprising the receiving substrate and the

usefuliayer, dBguRfY! Y e eamRIEPthek 888 RTRO MR IR RRuCture of

materials: SiGe, Si, an alloy belonging to the Ill-V family with a
e ARYItR eEhosen from among possible combinations of (Al, Ga, In)-(N,

P, As)crespestyelngeroEdinaraiehey seobrimentsitt the EenHehod of

therfz Is provided a donor wafer that donates a useful layer by taking-off,
&' BBycled or capable of being recycled by the said method of
recychngovdiegeitoit eatopdsasrins sefuBBCerySHlISH atthatenidli-layeided a

truct that lied th ful | , d after taki ff, havi i
MRS (RSAIY (PRI R ab REU] B TP ool Ay s dhasein
ctakprisniy BRIEFUBERSCHKI %@M%ﬁhﬂ%ﬂm@m@ymma, of these

t f this ti ill b | ft
SRR R s e o
proceseeerongdaraiteiiahe @'v@wdms_i nfimmeaaﬁ@ﬂeﬁwim is _provid ed
afeigsenss:ion the aachad 4y wqa%y-@ﬁhgr%@@ .%Pf%@yssﬁxa qhﬁahﬁzbﬁ
steps In a process accordingd to the Inventio conS|st|ng (0] taklng off a thin

PIagEFSrotA dAtkforawatardsiiowermirisig dhey womidenevhsifatamed the

ué%ﬂﬂglﬁﬁer, the useful layer comprising at least one of the foliowing
materials: SiGe, Si, an alloy belonging to the -V family with a composition
chosen from among possibie combinations of (Al, Ga, In)<(N, P, As)
respectively.

According 1o further embodiments of the invention, there is provided a
donor wafer that donates a useful layer by taking-off, and recycied or capabie
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 fo the
invention consisting of taking off a thin layer from a donor wafer foliowed by

recyciing of the donor wafer after taking off.
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various steps in a process according to the invention including

successively taking off a thin layer starting from a donor 5 wafer, and
recycling the donor wafer after taking off. Figure 4 shows a second donor
wafer according to the invention. DETAILED DESCRIPTION OF THE
INVENTION The main purpose of this invention is to recycle a wafer
comprising a multi-layer structure, after taking off at least one useful layer

(in other words 1o the part of the donor wafer that was taken off) in order

to integFigars intetroaeMiCARHUEENGrSHaRiL ISs TGSy (kB P IIFdEeBRITHF o the
that the remaining part of the multi-layer structure can once again supply
nisd lﬁ’?ayer in a ‘subsequent taking off after recycling without
implenteigting B stémtosrefosnvahiewseftdpayan, sUghamasstapdirding to the

line.growth by epitaxy. 15 Thereforg, in particular recycling must
O SR SRR vAl, IR o7E 2 R 3k fatingypm  donor
geafetumnthretyclingdhesdhnidayeafisr afttndadngamihat this useful layer can
still be f rrecycli I e particular copfiguration, several
et LS o B Bl B R e e e e atEen.
multi-ldy il Al i E 86 RIRTHGINKDE THEDDSYIE
severaksuc [ i f jons ep.whi method of . .
rec g:lir{?(;:;ﬁ %cﬁ%irﬁgﬁ% g?s in&@%ﬁ@f@ﬁ@@ﬁ%@%@%@ %vé%%p%%@, rthe @
@Fé@ﬁ&é&é*ﬁg%@&ﬁer takingz0fbis! deant anenesebridayedéiniothier words
9%@9&9& tha ashslralarkath WHLHRYA S I WRIE gcg_l(ﬁté PRE it into a

configuration of the substrate 1, this substrate is compos single
eRBISR- TG TG hd SRYEling el siner suphatbat dhe remaining part
epnfiguration pf e sybstiate taePuBSERIANS SupPRPUICRWRMSer in a

cogmosed_of a support substrate and a puffer structure
subsequent taking off after recycling without implementing a step to reform

EN IS T

itDOhbve a sequence of

the useful layer, such as.a step of crystalline growth by epitaxy.

Therefore, in particular recycling must include adapted treatment to not
deteriorate part of the multi-layer structure in which the useful layer is
included, so that this useful layer can still be taken off after recyacling.

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
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, 2h, 3 and 4, the donor wafer 10
ts composed of a substrate 1 and a multi-layer structure 1.

In a first configuration of the substrate 1, this substrate is composed of
a single crystailine material with the first lattice parameter.

- . In a second configuration of the subsirate 1, the substrate is a
"pseudo-substrate" composed of a support substrate and a buifer structure
interfaced with the multi-layer structure 1.
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like a buffer layer. Advantageously, the structure at the surface is a fairly
relaxed crystallographic structure and / or does not have a significant
number of structural defects. 11i 1; 5 Advantageously, the buffer layer
performs at least one of the following two functions: reduction of the
density of defects in the upper layer; adaptation of a lattice parameter
between two crystallographic structures with different lattice parameters.
10 To perform the second function, the area around the periphery of one
of the.mc@gﬁém@rm&%ﬂ%éﬁ@%wgﬁ&mi@ﬁa@oi\e@eﬁkaéra%}fr@?rg&h@{
to the lattice parameter of the support substrate, and the area around the

periphé/9VGtaasAsHacdNR ST e R Bfhe p RS r 8infbstalivndelaxed
teysbaitsdtissHiarameieref dhe 1aver dblhie AutithiaverStaighieddingeihber of
over%krg. %5 the buffer structure). In a first configuration of the buffer
shucir frE6titer structure is composed of a single buffer layer. The'
buffer |ayesitesgienhsip, the: Supfeensebsitaiorhas & lRSEoRaraMBtefdidwing
&E—“S ; rfaaﬁe significantly different from the lattice parameter of 20 the

%g%'?f’ BBEtrate, so that it has a layer in the same donor wafer 10 with a

lattice parameteh.iiteraftifremichsitatiicdafectiatitre the slayeert
substrate. Furthermore, in some. applications, the buffer

aptation’ o aram b %%er maX ! hi
prevent the overﬁ/lng I%\yer rom conPamlng a ﬁigﬁ gr%]ty’ P FErS ?é%%? I
siriaing scigiifidifetigrdtiaitiee p2Samstmte applications, the buffer layer

Ao ROl M ar e By of one

wybeitermetitbe hufieniayenhatiedipstr latiise pirarstpolsdinpshidentical fo

- the lattice parameter of the support substrate, and the area around the

periphery of its other face has a second lattice parameter almost identical to
the lattice parameter of the layer of the multi-layer structure | directly overlying
the buffer structure). '

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 techniqtie for making the buffer structure, a buffer

layer is formed so as to have a latlice parameter that is globally and

-
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parameters. This type of layer is usually called a metamorphic layer. This
modification to the lattice parameter may be made continuously 5 within
the thickness of the buffer layer. It may be done in "stages" each stage
being a thin layer with an almost constant lattice parameter different from
the lattice parameter for the subjacent stage, so as to modify the lattice
parameter discretely stage by stage. to It may also have a more complex
form such as a variation of a variable content composition, an inversion of

hegigampidne wuiifien ehie gosigrificantdistonissusosteps initbetransition

omposition. The variation of the lattice parameter in the buffer layer is
Betlre % oy

W%&?ﬁﬁg the concentration in the buffer layer
of at 1SHeaftpenef &garidsaleniyt chiiédsanntatmindarhio kagssupport -

substrate, . pro sively starting from the support substrate. Thus for.
cxamplt 5 DT et e LSl VR e eomarsy

- widlyibdéhmdbielofas binkilye tanfiartageaternary or higher degree material.

i.o Thug Fﬂéﬁﬁ%”éﬁ’}ﬁg ?n%ﬁ%é%y%%@?g?a%g 8&@%"%&“&%{;&?@% &n almost
inary material may be made of a ternary, quaternary or higher degree
ernetat ﬂﬁétibaff@ﬁr@y“@eﬁ@r_aawﬁma@‘_edc@m nihde ljtiglovnaremetier for the
§HB§£H&&%§§E%5%§X@“}R iy GRS A KIAMRICELRIGES SHChe by
as CVD 25 (Chemical Vapor Deposition) and MBE (Molecular Beam
Elgig®«y) techniques. In general, the buffer layer can be made by any other

known jiethpdisioR S¥ampe e QWEPIE%@QF%%@M%%'%%%WBP%%%ble

an alloy between different atomic elements.

- content composition, an inversion of the sign of the variation of the content, or

discontiriuous steps in the composition.

The variation of the lattice parameter in the buffer layer is
advaniageously found by increasing the concentration in the buffer layer of at
least one atomic element that is not included in the support substrafe,
progressively starting from the support substrate.

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

Thus for" example, a buffer layer made on a suppori substraie of a

binary material may bé 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 abtain a buffer layer composed of an alloy between

different atomic elements.
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In another configuration, the buffer layer made according to the first s
technique is included in a buffer structure that is composed of a buffer
layer (almost identical to the first buffey layer in the first configuration) and
an additional layer. The additional layer may be between the support
substrate and the buffer layer, or on the buffer layer. 10 In a first special
case, this additional layer may form a second buffer layer, such as a
buffer layer, fine defects, .and_thus i t Ikin ality.of ‘
the Ut NG B R o the Bl L8 S L e ont
tayibeibuiterdafar, stomissempletivy Gl nuliphiigrably Wishpedonsethibefore
mgt%'iﬁgp_ %Pﬂ'ttﬂ%ﬁééeﬁ]e composition and thickness chosen for such

to

ditional laye e made are then particularly important criteria for

achieviRgah@togenfiguratientdhexhnifre lavacinageciceardingnto the first

RIS 1Y G dgHalYRes yrararadHalk witpRhe dhidgesss Y #vE 1ayer

In a second special case, the additional layer is located on the buffer 20
(aliepshddeadicat dasthat Bahpadiesr araeindbanbieligonfiesrativy fignd an
Peiserdiptice parameter. The additional layer may also have several
functions, such as functions chosen from among these two special cases.

In one HoRARSHEEH LrtigTiarone tReMEsnoE 1ayePRiuelas 2ad the |

HhgrbpfigilaysranthbarAdpttigerparameter significantly different from the
Iattice[%gra eter of the support substrate. In one speciai case of this

advantRyBotlS CBRRGIH ARt S AGHEIRERI dp¥rTsaan AR L A SaR_ad puffer
epufteiclayes. a buffer layer to confine defects, and thus improve the

crystalline quality of the multi-layer structure | made on the buffer structure.

This additional layer is made of a semi-conducting material, preferably
with a constant material composition. - _

- The composition and thickness chosen for such an additional layer fo
be made are then particu-larlyl important 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 latlice parame’ﬁer- significantly different from the
lattice parameter of the support substrate. ‘

In orie special case of this advantageous configuration, the additional

layer is a material relaxed by the buffer layer..
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epitaxy by CVD or MBE. In a first embodiment, the growth of the
additional layer is made in situ, directly in continuation with the formation
of the subjacent buffer layer, the 5 subjacent buffer layer in this case also
advantageously being formed by layerigrowth. In a second embodiment,
the additional layer is grown after a short step for surface finishing of the
subjacent buffer layer, for example by CMP polishing, heat treatment or
any other smoothing technique. 10 A second technique for making the

buffer m@cw@ﬁ@@m%@ma ascﬁmagedaswam@iér@yagmﬁme}mﬁe Mffer
% ‘p%ort substrate, this sur @ I'@ a nominal lattice parameter
I W&? ﬁBﬁ?ﬁéf ter of the adjacent material

on the [guaféce efﬁbecﬁtrmmrttbatmtram aﬂﬁbesaﬁdﬁbrrmjeamﬁaaﬁnwmm@'tu .

0 th tthe de osn d laye st 1 free m plastic d such as
o R At T B G T SR B e
ﬁrﬁumntmaﬁmalaywrtmtﬂnssuw@alsutmtmetaga@ndmmmamd by layer
defects such as dislocations; and a second part, relaxed or

seudo-relaxed by the first part, and 20 with few or no plastic defects.

The firbt pasesiahe @Bmmﬂism,rfﬁ@ talgbitioneh lagwerds gmaradigera short
§{8 Sof QBH%%SQH ﬁfﬂé 3&8@86%&2@?%?’&%&@ W%MP
apts :

ace layer; an the attlce parameter of the surface layer
mlhﬁhtaa th@atatrﬁ@érwéﬁfe@emtwé siletaeg teditigtMent” means that

most PIRSYEHRIPHBAMRIEEEH ARG hBIAEPREERIS ARTLALKR on

surface layer is not absolutely defect free, but

- technique for depositing a surface layer on a support substrate, this surface

layer having a nominal lattice parameter significantly different from the lattice
parameter of the adjacent material on the surface of the support subsirate.

This surface layer deposit is made so that the deposited layer is almost
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 disiocations; and ,

- a second part, relaxed or pséudo-retaxed by the first part, and
with few or no plastic defects.

The first part of the depoéited surface layer then acts as a buffer layer
since:

- . it confines plastic defecis so as to preserve the second part of
the ‘su'rfac'e tayer; and

- it adapts the latlice parameter of the surface layer to maich the
lattice parameter of the subsfrate.

"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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the concentration of defects is compatible with microelectronics
applications. WO 2004/061944 PCT/IB2004/000311 12 The deposition

itjd& used to make such a buffer layer advantageouslPETHBHEE400311
variations of temperatures and chemical compositions of the deposit with
time. Thus,. a buffer layer can be made with a chemical composition that
is s almost constant through the thickness, unlike a buffer layer made
according to the first technique. HowéVer, one or several layers may be
inserted between the buffer layer and the second part of the surface
layer. Furthermore, the thickness of the buffer layer may be less than the
1o minjmum thicknesses of buffer layers made according to the first

SSRGS BB SR ARaoh oot AyTer laver

exivantegempngimentnpirisueh ashniesdayeohcaesdngdatiais teshiigeBemical

- b king. a deposit of Si 2 talline Si t
GBS 10 e SNt Bt opositon process may bé made in a
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mode Thiis, vihtalffedepesicahnbenoaystalithesGehmmadecomposition that is

onocrystalline, Si._suppogt substrate, according to the following steps: .
A el e S T R b e Bhaprin
& thrftgiresdteignimed stabilised temperature between 400C and 500C,
and pr _@Ql¥e een 430 460C: 20 - chemi iti
(CVD)%ES_ e atﬁhéwsgai fi%tz%g?eqr%%%dq%&p[gegraﬁgré%%\éﬁga%léggg gﬁ'&ér 0 frer
Byas avidne ¢ ernid paip pdthe susizatelaygra predetermined thickness

| th i inal thickr g ) . . :
oo S e et B Br BT AP RLDhan the

fainpewan il e5 85 ioviiisrdaressinasie 2ocridipariadie Hisshieshnique.
750C ahg-8rtKnengr ey elARY S IWRRANBA0GHBRALARIC MMt an example

continuation of the chemical vapour deposition of Ge at the said
embodiment of such a buffer layer according to this technique, by making a

deposit of SiGe or Ge on a monocrystalline St support substrate.

For example, this type of deposition process may be made in a mode
in which a deposit of monocrystaliine Ge is made on a monocrystalline Si
support substrate, acCofding to the following steps:

- - 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 {o 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 predetérmined temperature until the final required thickness is

obtained for the surface iayer of monocrystaliine Ge.



%

second predetermined temperature until the final required thickness is
obtained for the surface layer of monocrystalline Ge. WO 2004/061944
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that interfaces with the support substrate and that extends over a

thickness in which the crystallographic defects ratio is greater than a

limiting value. In particular, the thickness of this buffer layer may be of the

order of 5 0.5 to 1 micron, which is led$ than the thickness of a buffer

layer made according to the first technique. The other part of the layer is

at least part of the multi-layer structure I. This type of deposition process

may also be made with different variant - for example as described in )

documdmneTts Byssgs 1o earretealife PrRRRiRsh iy aeaabistiatagess with

e donppurafeublirite swestinte leRANAESHIghe SHTLRHRRSSURSIGHE the

and %Egﬁ?said Euﬁlﬁ%#age,r. third technigue for making a puffer structure is
drepOlt e Ry IRARIHER 8 Yaiied YAR®-deposited on

the subistrateticuldre inatétickebesert thifobuitbisiigyer isay rpatefiahavidider of

al, 15 latti ter signjfi ly different f the lati
e S P e o s mace
sttanvedhip icothpfessimchoideasion by substrate 1. The general structure

of the saInggl YL I MALS.R18 RAed MAPHR BYL LA 3G cture 1.

contain one or Severa SsseS o r pseu

materialtiis iyhizloitlepasitinnufambdsichagsdde berynaiehvidsgiffemrtheariant
thi skral r at. ray er remains in a
glcﬁfé%%g&%\ﬁ%he% é%gﬁigré gl chcs?ggﬁ%%@gtn%gﬁégg is advantageously

formedTdresigssiaie Prasipetipstaofitbey paweiratet of Bhegioagy, wateudidgthe
%@Bwﬂ?at@cwgmi%g%ﬁ@éam@sp%m&mmﬁagvé%@@@é%%e&?ﬁhﬁ@ﬁer.

In order to obtain such a strained layer without too man
A third technique for making a buffer structure is used on a structure

comprising the substrate 1 and a layer deposited on the substrate 1.

The material chosen to form this layer is a material with a nominal
lattice parameter significantly different from the laftice parameter of the
surface of substrate 1, so that it has to be elastically strained in compression
or tension by substrate 1.

The general structure of the strained layer is made of a strained
material, but it may also contain oné or several thicknesses of re!aked or
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 crystailine growth such as by epitaxy, and using known technigues for
example such as the CVD or MBE techniques.

In order to obtain such a strained layer without oo many
crystallographic defects, for example such as isolated defects or extensive
defects such as dislocations, it is advantageous fo choose crystalline

materials forming the subsirate 1 and the sirained layer (ciose to its interface
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crystallographic defects, for example such as isolated defects or extensive
cts such as dislocations, it is advantageous, to choose crystalline B

materials forming the substrate 1 and the strained layer (Cloggfé[ﬁéo‘m 000311
interface WO 2004/061944 PCT/1B2004/000311 14 with substrate 1) so
that the difference between their first and second nominal lattice
parameters is sufficiently small: For exgmple, this difference in the lattice
parameter is typically between about 0.5% and about 1.5%, but it could
be higher. 5 For example, in IV-IV materials, the nominal lattice parameter
of Ge is greater than the lattice parameter of Si by about 4.2%, and

e j it 9 2e:h nominal laflice parameter greater . -
fh %glrf? a%%% 12’%@ é\%@tﬁ%gﬁf%@e%ge 8 ]‘.%%0{ S5 RIS sr?%é)nc} hominal

than the arame about urthermore,’1

- hatiferapreametethitkaeliciendie salhed layer is 10 almost constant, so

that it gag h oStg ' oy ili .
foture & oh ek eIl R R i R AR bar g Bty

Petprese mbes LafiinasTdabetibih8dtlalyet ib cenddapp dighate of plastic

. type in%wﬂﬁ?@e%thﬁwiﬁkﬁ%ﬁmﬁmﬂga MBS AHRY P TP is

is less than a critical elastic strain thickness. This critical elastic strain

grertisthaapbsalatict RasAriaian e Bhbyrzew 1d-25mand dheraiere SiGe

. lpuar spshths said differgnssrindbe Ialtice paamaisr withibe gstate biice

Those skilled in the art will use information known in the state of the art
PO IR AT BeAbRkTod 87 critical elastic strain thickness of the
materigyHiaéineydise forphersteired lmenfpsmed onthganairsiabbseer is

far the substrate 1. Therefore, once the strained layer is formed, it has a
RGOS S aRBRr SRpRhdhRRIDANE SmRShEnstRRtitdraRERRestqS and /
grolvtfasiiisisafietdreabondindswheninubiessedrig nipstakelastiahown in figure
%%rrcl};r)rfos)s‘lo_n or tension strains. o _

To prevent relaxation of the sirained layer or the appearance of plastic
type internal stresses; the thickness of the strained layer must also remain
less than a critical elastic strain thickness. | ,

- This critical elastic strain thickness depends mainly on the material
chosen to form the strained layer and the said difference in the laitice
parameter with the substrate 1.

Those skilled in the art will use information known in the state of the art
to detérmine 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 latlice parameter of its growth substrate 1, and
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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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
CYERHbpth in the substrate 1. WO 2004/061944 PCT/IB2B64/BR884/900311
15 A disturbance zone is defined as a zone in which internal stresses

exist that can form structural disturbances in surrounding parts. This
disturbance zone is advantageously formed over most of the surface of

the substrate 1 parallel to the surface 8g:he substrate 1. 5 One method for
forming such an embrittlement zone comprises an implantation of atomic
species in the substrate. 1 at a given determined depth, with a

determiped implantation energy and determined prqportjoning of atomic
pocied I HRITOGR S I8, AETRSH (3 R Eatrl R BRI Rl esses
atrizithaOcapefoen strongtissl distiobanaardd eamelimdingpartyge of
disturbance zpne formed by implantgtion, then comprises jnternal strains

or even' A5s ATOURRIHE GG e aNEN BISRE oIR8 0 i el the
cutfeeeysthlisabwtaterd pdiatiehtedibesdittorbahtiee zobsirdteThese
internalci]'iréatirrlr?e \n dthferr] gcr)eatfe cr ls“tc llo ragmBrﬂ_'kT%urga czesniep tgr% .
overlying Zone: ccoramg (0T third'tée nigue, & bufter ayeﬁs fRages an
whineataisnontl altepis $reotpsdnribe subblyain dralrgyginpotdetaptédao depth,

'3{391""5“ GReRARTAse igfgﬂﬁ‘%ﬁﬁﬁ ' %ggl]gﬁ%v i&%@%ﬁﬁ@&""éﬁg Brlloning of -

Isturbances in the region overlying t rbance zone; in

Migﬁé‘@?iﬁt_%se disturbances in this overlying region; and cause an
elastic {glaxglion-afdeashibimelaisethidyeiialeuiBl, 43 fplanted atomic

appearance of disturbances.
species comprise hydrogen and / or helium.

This type of disturbance zone formed by implantation then comprises
internal strains, or even crystallographic defects, exerted by the atomic
species implanted on the crystalline network adjacent to the disfurbance
zone.

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
appropriaté parameteérs 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.
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Therefore the main purpose of such an energy input is to cause at least
r(if}lsg_glegielaxation of the elastic strains in the strained layer in orderto
orm & telaxed strained layer. WO 2004/061944 PCT/IB2004/66381%0+4§0311
The intermediate region within substrate | between the disturbance zone
and the strained layer: confines dislocation type defects; adapts the lattice
parameter of the substrate 1 to the naminal s lattice parameter of the
strained layer; Therefore, in this case this intermediate region can be
considered as being a buffer layer. A heat treatment is advantageously
used, if suitable parameters are defined for it, to generate the said
sufficienl en) e Y egish DR 1@3&#&% '3l podificaigns. J}E‘iﬁrqﬁnce
heat treatment’Is advantage&ously carriea out at temperatures significantly
nerahdrine gitainled dayerature above which a significant number of -
implanted atomic j _ qlrpség . Thus, local crystallographic
e SR e

disturbances are creat intérnal strains in the disturbance

zone. Fhese @idanisativedatiine aanansicn ohdhsusubrisale Jatodiiariyominal

%céopg}‘é}%@fmﬁ’é%@éﬁ%m%'m the strained layer, and they

Increase in amplitude under the influence of the heat treatment. When

these diBRigfarRelI AR trER MNssirEaatiata Jegineycant ba crowiered as
BUMperdaxer By eglaxing the elastic stresses in the strained layer at least

in relative terms;, these relaxed strains mainly being due to the mismatch

in the fatieatplpaiRent brh@nRarshebs o5E sHERNa RRmweters are
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strained layer can also be accompanied by 25 the appearance of inelastic

B ERR IR GRS in the thickness of the

This heat treatment is advantageously carried out at temperatures
significantly lower than a critical temperature above which a significant
number of implanted atomic species would be degassed.

Thus, local crystallographic disturbances are created from these
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. o

When these disturbances have become sufficiently large, they act on
the strained layer by relaxing the elastic stresses in the strained layer at least
in relative terms, these relaxed strains mainly being due fo 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
the appearance of inelastic type crystaliine defects in the thickness of the
strained layer, such as through dislocations.

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

reduce the number of these defects.



strained layer, such as through dislocations. Suitable treatments such as a
heat treatment, can then be applied to reduce the number of these
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adapted treatment can be used to increase the density of dislocations to

- bring it between two limiting values, the two limiting values defining an

interval of dislocation densities in whig at least some of the-dislocations
cancel themselves out. 5 In all cases, the end result is a relaxed or
pseudo-relaxed layer for which the nominal lattice parameter is

significantly different from the nominal lattice parameter of the growth
substrate 1 and which has a low cantent of dislocations disadvant Stpn
o theVTGh SRR AP oS S Ea e T Hhe e g Lag " the
thyresityl OfTHisoeleicr do s -pelveshl dyer naififgriaiieieatepbvodimiting
the mulfi-layer structure t, EQr s ipformati reter _ I 9{3'558 f
\é?fuggrtcl}e%fr}fp@ian e El of d@%c?e%ﬁ%l,@gﬂgﬁi’e ; fl% \%%hl_éq k@% e o

cularly’in'the document enti train relaxation of

| Peedidbocatising Sihoe&xehsighG® dwdterostructures after hydrogen or

Instruments an thods in sics Research B 175-177 _
BbicBahy Thmingdattisrepaianaiatswonyiaanthirdifesanidieoins aaminal

Fﬁﬁgeugsfelﬂ%/&@isciﬁw@%wtﬁu&%%tbaﬁ definohReferssugasl bistent of
third technique for makinig the buffer layer. 20 A fourth technique for -
?%eesuﬁeaﬁ%tra% fofiRECBiGREONIC

ShNEHRHLR Madeideedvbichidas rydace is in relief; and deposition of

the comgonent elements of the buffer structure on t{f%e support substrate

Since thBISUBREEE! MePSEHIBH SassHateNe MR R Mnal tEFS5IRaH 5k the

ﬁ{ﬁhﬁ;gp@ﬂwé)ﬁthe buffer structure is made anisotropically with
growth

nelum PR RRALA AL fsaefigggb;ﬂ@sg%@%@m%@% (-'\2%1%!%@& Wer for

For more information, refer to B. Hollander et al., particularly in the
document. entitled "Strain relaxation of pseudomorphic Si1xGex / Si(100)
heterostructures after hydrogen or helium ion implantation for virtual substrate
fabrication® (Nuclear and Instruments and Methods in Physics Research B
176-177 (2001) 357-367). _ .

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. .

A fourth technigue for making the buffer sfructure 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
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

technigues with parameters set such that the properties obtained in the buffer
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that the properties obtained in the buffer WO 2004/061944
PCT/IB2004/000311 18 layer correspond to crystallographic defect
confinement properties, so that the taking off structure | that will be made
on the buffer structure has an intrinsic quality structure. The choice of the
topography of the support substrate is one of the 5 essential factors for
obtaining such a result. Preferably, a topography with patterns will be

chosen that is_perjodically repeated oyer the entire surface of the.support
S RT TN GoTTE IOHARBG B IHRULRE S U gl S0 that
Siafeaiang thif watertureriefteahplil] thermadeldbdreeshpfiort sinbstnate nath an
bands at a fixed , 10 distance from each other. For this type of topography
'iﬂ%%‘&s?%!&?}%' ?%é?ﬁe deposition conditions, it is possible to
succesEfalykoiveenfrdbhe dispogatiphy of dprasigpdayertbstosie tis thoe of the

* bands, ALOBIUPLNING R 0RsS QLR pands. The thickness of the

ayer in'w most of the diSlocations are 1s confined then forms the
buffer RferBbhthistpdepngeamufasBhomatepty ofthe brpgbrssubsthat is
BAB0R 7l 2 AEtieh o IBRGIGLANR LIRERLBAEAs BLISMARAR, in order

strate, the  bands are advantageously composed of an insulating

‘tndeviigheneeosh eoss iilaBeRNBIUIS foRMNG SUMAGR ) MRwAes that

will be glgpagitadiaten 4@ GMieBR S pBlcstIRdiate RHRN R dysialinted

materials can be inserted between a solid substrate and the structure in
diseneedmymearts@Bi®rate for growth of the buffer structure, the

insulatingr StHgtWBdn &Ii&fpé@%ph?ina SficienthnriinsedhalokRoREPBSItion
disturb resumed growth of the buffer structure on the growth substrate =
§98f§3@ﬂ§tdtif? possible o successfully concentrate dislocations of epitaxied
layers close to the bands, and particularly the corners of the bands.

The thickness of the layer in which most of the dislocations are
confined then forms the buffer layer. ‘

For this particular surface topography of the support substrate in bands
at a periodic spacing over the entire surface of the support substrate, the
bands are advaritageously composed of an insulating material formed on a
substrate and thus forming a mask to materials that wili be deposited {ater.

Furthermore, an intermediate layer of crystalline materials can be
inserted between a solid subsirate 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.

This téchnigue 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 eniitled
"InGaN/GaN/AlGaN-Based laser Diodes with an Estimated Lifelime of
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nic- Chemical-Vapor-Deposition) epitaxy. For example,'ﬁmm%wll
Shuji Nakamura entitled "inGaN/GaN/AiGaN-Based Laser Diodes with an
Estimated Lifetime of WO 2004/061944 PCT/IB2004/000311 19 Longer
than 10 000 hours" in the "Materials(lji search Community"” Bulletin, May
1998, volume 23, No., 5, can be used as a basis, which in particular
describes growth of GaN on a structure of Si02 bands. , Example 9 given
later in the document will describe a CAN structure 5 made using this

ourth technigy r making the buffer structurg by EL Regardles .
ol ea e SR R e Pl e
& by ffE9a3ruotine) ot S shlestBitecdristfe rosedi frasnaa basistalinism atepiattiaular

e ey B T SRR layers forming

the mutkiayeles@uginen latee indientgaoenyt miltidenchranen@al structure

g E?nq% ﬁﬂé“T&SBFHPl%&%E‘;}‘?J% R}é-l&ysdan‘{’é Miker D i by ELOG.
ime ort a ct

embod t, at least some of these layers are grown in situ, diréctly in

contind3gidrr NRpsIRE foensitici sakisendgeration icenbsyatech (réighanay or
8y HIRGEIh eSS & Hhissase dlag-adviaageass b eingsGuRee PYrom a

layer ﬁ rowth. in a second embodiment, at least some of these layers are
erovialinrematepalatdppinigrasa ity isidnediunwees Mjersseibjadinfey or

- 8 ambdpipaIaAdIiR-Ry CMP polishing, heat treatment or other

smoothing technique. 20 Finally, a multi-layer structure | is obtained
comprihGIR B GhBRMIETRAIIAS FAETHARS BN LiRYgesiructure |

' Q@Oéa\r@@wgmqmm@@swtbi@mﬂ%n efibvelen! 10 wirgsRatapl8aly Apitaxy
PR R s

Il a first embodiment, at least some of these layers are grown in situ,
directly in continuation with the formation of the layers subjacent to each
iayer, the subjacent layers in this case also advantageously being formed by
layer growth:

~ In a second embodiment, at least some of these layers are grown after
steps {o apply light surface finishes to the layers subjacent to each layer, for
example by CMP polishing, heat treatment or other smoothing technique.

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
useful layers fo 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 defecls are frequently found on the surface of a donor wafer 10 after



However, the multi-layer structure | is advantageously thicker than two 25
useful layers to compensate for material thicknesses removed during

WO Reufett(s) applied during recycling to correct defects usuahi§ E/B2084000311

10

15

20

25

g

aler 2

- 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 WO 2004/061944

PCT/IB2004/000311 20 taking off, like"that shown in the post-taking off

layer 3' with reference to figure 1c or figure 2c. For example, projecting

and / or rough parts may appear on the taking off surface of the

remaining donor water 10, after taking off. 5 These surface parts in relief
ﬁf&%@i%ﬁ"tﬁﬁ%ﬁ%%ﬁﬂﬁ‘ ISR AR dEferp Rl fjoure

08 sheguaezer of taking off and the technique used during taking off..-

Thus; le, one manner of taking off frequently used in industry,
consistob AR GPIRISTLER AR BVEHE AR BN & 8B o Taking

A fudfickz isfubeakyranpiyiduielywhieceolraffearthldng tsfving projecting

parts aver the surface of the donor wafer 10, rather than over the entire .
P ortaod TR R AAGE DRSS Tor ot dtah ApRRA D e ST o The mule
sipglesiietaran dispatednaamincdthiheenipheey of takisgrédCarad the tmriotique

Il projecting parts then being called a "taking off ring" in the 15

u5|nessn%Tt§lﬁgA§)fS@3(ample, known taking off techniques, for example

like theose thditwe, it deseriblejronoreatetell Litdekinthisftifregmentysused in
Smart-Gut ique jo b ill i _

e e R e S D U e domor

wekiord faKinbiohf imussbelit lapprawsatrliul thgeeise Rikén affichrlgaying
HP!ﬁEEﬁﬁ% QLN BRMh O'sGRURLIS AHUUNGSS WFEHR 6OFRARPMRId0er the
the minimum amount of

entire surface of the donor wafer 10. These projecting parts are generally
single-piece and located around the periphery of the surface of the donor
wafer 10, all projecting parts then being called a "taking off ring" in the
business". . _

- Thus for example, known taking off techniques, 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
of equal t6 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 recyeling after a Srarf-Cut type of taking off (which will be discussed
later). '

However, this thickness margin can- bé reduced by using high

performance recycling téchniques such as seléctive chemical etching.



material to be removed during the recycling operation(s). This thickness
in is thus typically of the order of one micron in the 25 case 0
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later). However, this thickness margin can be reduced by using high
performance recycling techniques such as selective chemical etching. WO
2004/061944 PCT/1B2004/000311 One main type of processing

applied during recycling according to the invention is a process for

removing material adapted so that only part of the multi-layer structure 1 is
kept, comprising at least one other useful Iayer that can be taken off after .
recycling. 5 This or these substance re ova |s (ar lied on

donor @%’f’ep’% ’F r?irrﬁgsé?Qh%PP ree sur ﬁi,é’}ﬁlP 2t qcorc}]?w% to the
isivaative Idhaprontaisoattemiaking mﬁt&ndr@d&@t&mm thethmhopart of the

TN SRR 1S R R 2y B L e

a:ambeetbhésmfﬁaﬁenwemdhmgmoves a surface thickness containing -

suracsAeePh I ARRRAME A ST Olre) PR S LHIRRIEP Rrater

crystal ographlc nces or | defects eral surface
tr@anmhw m@g&ﬁ@fm«wﬁng‘m ahthepadpdayar glineivigddhgbramains
g’é@ﬂ Q,fpry or wet chemical etching, advantageously applied in a
glasma or by atomisation; etching may be chemical,

eIectrdﬂw@ﬂﬁidﬁ@ﬁ%ﬁbﬁ%r@%ﬁ%ﬁﬁ%ﬁl%l@@@%y pakseay inanaied to
RIRRIDG sUFhGRIGRIng-1apefigthauting repchanisaineh agunal nglshing: 2Ren

- annealing, for example under hydrogen; chemical etchlng for example
@fider HCI accompanied by annealing;

In particular, this removal of surface material removes a surface

thickness containing surface defects that appeared during taking off, such as

dislocation type crystallographic disturbances or isolated defects.

Several surface freatments such as the following can thus be applied
individually or in combination: :

- dry or wet chemical etching; advantageously applied in a bath,
by plasma or by atomisation; etching may be chemical, electrochemical or
photo-glectrochenical 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 pérson skilled in the art, on the surface of the multi-layer structure
I, followed by a sieép to remove the oxidised fayer by deoxidation,
advantageously. usifig a chemical process (such as attack by a hydrofiuoric
acid bath) advantageously preceded by an annealing step. This type of

sacrificial oxidation process will be described iater in this document.



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 25 I,

WG 3ofo0satiby a step to remove the oxidised layer by deoxidati®®T/iB2004/000311
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advantageously using a chemical process (such as attack by a
hydrofluoric acid bath) advantageously preceded by an annealing step.
This typé of sacrificial oxidation process will be described later in this
document. WO 2004/061944 PCT/IB28®4/000311 22 A surface treatment
may also significantly improve the surface condition of the multi-layer
structure | remaining after taking off, and also the uniformity of its
thickness, particularly in the case of the last four surface treatments, and

this is gartiiifane uderirtesSnansy istégsplislgnifieantte dguitovs Idber isurface
esemesh Begridinag w&esﬁmaﬁﬁetﬁ%mm@ %%@0{8%% BsruSRe éig%vthe

can improve the surfacé quality of the multi-layér structur compared

witiamaity pfaite doishnrys boricHA el Hanas Hpihal lastafpe surface
%’%ﬁn{eﬁtgnaf@/ﬁme@;j@ﬁ#ﬁ;ﬁifﬁﬂ%@mﬁ%ﬁaﬁnstr@cww v 08 useful
multi-layer structure I is sufficiently good so that a useful layer can be
{akenisakRARM-any additional substance removal treatments. In this first

case, REgaralbEs @@mﬁétg@ﬁga@tMM@yeéléﬁww bebater® WMEY%Lan
off, the m %Ia‘lﬁr structu §|ré{;e mposed of several layers of the same

RS B Ln O IBRLRISL- 12K BTGP ChseBRE RaWith the
seehnre contiflivatinfebtienmdtitayeat ww@tp!pﬁéd)efore taking off, this

fgure 1'h2 305 1% Wt MELGHE R ObLRIE SGIANEA A AEANE Rty

editheotheltidbgecisivfithaie interfadiscRigaoiessotibe sanfigur diger ofan be
muI la rsructur after 2 k|n off. material is removed from the
AR A LAY iR SR SRR RIS, or covera

' Iayer(s)rréhmﬁmtg:eemmming erfesjrcseﬁgcmhtlsafuf Ihﬁemﬁs)tthay@as;t:mmure l

%%Pquliéha gﬁﬁg%ﬁfﬂﬂgp é)rﬁ.lcture is composed of several layers of the

same material with almost the same properties.

In this first case and in a second configuration of the multi-layer
structure | before taking off, this multi-layer structure comprises several
layers, for example as shown in figure 1a, 2a, 3 or 4, with material properties
significantly different from each other at each of their interfaces.

Régard[ess of the configuration of the muiti-layer structure |, after

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
quality of the muilti-layer structure | obtained after use of the surface treatment
is not sufficient for a useful layer to be taken off without other subsequent
substancé removal treatments.

The additional treatments {0 be applied after these surface treatments

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



operation. In a second case, the improvement in the structural and

Wo 2%385@%9? 2§ guality of the multi-layer structure | obtained a{,rﬂ; 0&%%} i
wit i
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surface treatment is not sufficient for a useful layer to be taken o ou
other subsequent substance removal treatments. The additional
treatments to be applied after these surface treatments then
advantageously include selective remegyal of one layer with regard to the
WO 20041061944 PCT/IB2004/000311 23 adjacent layer, the selectivity
between the two layers being due essentially to significant differences in
the properties of the two materials making up these two layers. Selective

SihstaneeARin ol By AIRR, iBllaNeRRAIe harhsiRl e, s HONAL SUERIERY to

from that obtained after a surface treatment, for example such as more

rigadicantritioarnreeirilicerprsaiesrehdminadyatetaliomakingote these

Ry8MBJerslich as mechanical removal by grinding, polishing, abrasion

and/ or b% bombardment. However, a treatment for selective substance

removal HESFER o B ENeEp IS RMRL T A¥ ALk UPHIVRRPEIS: substance

HepbuanGiseathasonifarst BBRIMEAtaREMPISMASS HRaHREIANGS: example
removals. In order to apply suchﬁasgiecti e substance removal, before
o]

BHGRg B, MRESmRISYE SR0Q Rance|dffermifid: Slopierdmigtdpyer
efriguraterfal éxtheptweasiyihodayeednaiival wereds/Hesivgrnategialsotiaing,
ake .up the two is layers close to.their interface are chosen such that
218 %g%%rgfy?&@ﬁ; W‘?Qﬁloving material, in other words with a
capacitydoreaitaclkinyahemntefco belaetiveyvedisitpmiteantngredterathaiso be
e Rl TR AT e IR doraurece
teaboside of therstopakaiee oppekitetheernabsirte 1. -

In order to apply such a selective substance removal, before taking off,
the muiti-layer structure | comprises a layer that sfops removal of the material
in the overlying layer, in other words the fwo materials that make up the two
layers close to their interface are chosen such that there is a means of
selectively removing material, in other words with a capacity for attacking the
fayer to be removed significantly greater than the capacity for attacking the
stop layer. _

Taking off then applies to the part of the muitiHayer structure | above
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
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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For example, these friction forces may be exerted by a polishing plate,
possibly combined with an abrasive agtjon and / or a chemical action. WO
2004/061944 PCT/1B2004/000311 24 The material that forms the stop
layer is chosen from semiconductors so that there is a mechanical means
of attacking the material with a significantly lower capacity to

mechanjcally attack the materig| forming the _stop,layer than the capacit

1o attack R R DU Ry BV Y 26 BV E e paotors
beiripauithble fos tlee recbinicaashearssedé citmokinghdmicahatiatd. With a
material in the stop layer then has significanily greater resistance 1o the
HE Y TR BSR R PR BRI R TERREN iFo e
e&mﬂmﬂ?nﬁhaul&b@ppssiwdawﬁanammeawimén Tbepeotextyiog layer 30 be
B mAst moke fesspanban iyt nadayRodhe megpnice! alackye
selected to remove theovérlying area. Thus for example, it'iIs known that'a
gwnlvoHeakatasiich as Si, carbonated with a concentration of C typically

betwees,a%,2ftiaP s RasH9L{RAHER ﬁ%@%i@ﬂfh&éﬁﬁ?’g@ﬁer resistance

semiconductor. 15 A second technique for selective removal of substance

tofhesreshanisaliciifrhheed ban Bie EyrmeMadvingtirial to be removed.
A wet eishnghRRaRsSEPa%RR HeeH WHNISERINh SRS RARMIKHSJBR the

materials to be removed. A dry etching process may also be used to

PERiSGOm dRyeE SiRMaKS ¢ SRR T iR thast BysaRyierbang syer to the
fishing mayaaisekhr b ghe MikRiv Bl 8l ocReRisg laiaPhoto-

Thus for éxample‘, it is known that a semiconductor such as Si,
carbonated with a concentration of C typically between 5% and 50%, is
harder than the same non-carbonated semiconductor.

A second technigue 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 io 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 1o etch the material forming the stop layer than the material in
the overlying layer to be removed, and thus being capable of implementing

selective efching.
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';g%ack rate”. 5 In general, the selectivity of etching a layer A wit
t

or a solution 25 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 selectpte etching. WO 2004/061944
PCT/IB2004/000311 25 However, note that the term "stop layer" has a
primary function of "stopping" etching, even if there is no absolute
stopping of etching. This is particularly the case-for etching. by

atomismme\t@f,wﬁuﬁeweata{hénfgﬁna%ﬁtﬁéyéb%;aéomﬁgm FHeHON of

! sele f etch ! respect
RRYRY BV EYER HyReseIdR iPRRABHPeRiRRP RO Rigbipgenifigs is
gﬁﬁiiﬁﬂi@bﬁﬁ fiife E?‘é@@c{(@tgtmidgygyBa&Qnﬁmiéﬁﬁﬁf&ywﬁf&Hg #eStafk dmore
arrier to chemical attack, by protecting itself and the part subjacent to it
ﬁﬁﬁlﬁrﬁﬁ&@(ﬁé’yg gﬂ%ti%fﬁgeséﬁ'é&f\‘}ﬂ?'%%ﬁémical etching between
the makeririartiie thiopclaydvianditetchiatpHabivena laNR s peceavRer B
concerr selective,. 15 etchin tained by the fact that: the
t un%g?@r%éﬁ)é 4R %%Fe(f’téwa z?%%f %ﬁ%%ﬁ%#ﬁg E%aﬂain almost identical
atomic elements, except for at least one atomic element; or the two -
materials are almost identica),_put trrlaetgt]pw(a:r _29 oncentration of at least
one atomic element in a m%nap%-snjmﬁcal*@—éfferent from the atomic
concentration of the same dtérhiog leechn il vee Sother material; or

The stop layer thus acts as a barrier to chemical attack, by protecting
itself and the part subjacent to it (which includes substrate 1). .

The selectivity of chemical etching between the material in the stop
layer and the material in the layer to be removed concerned by selective
etching may be obtained by the fact that:

- the two materials are different; or

- - the two materials confain almost identical atomic elements,
except for at least one atomic element; or o

- the two materials are almost identical, but the atomic
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
regard to etching of Si with a solution containing compounds such as KOH
(potassium hydroxide, selectivity about 1:100), NH,OH (ammonium
hydroxide, selectivity about 1:100) or TMAH (tetramethyl ammonium
hydroxide}.
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Wi ution containing compounds such as KOH (potassh 2004/000311

hydroxide, selectivity about 1:100), NH4OH (ammonium hydroxide,
selectivity about 1:100) or TMAH (tetramethyl ammonium hydroxide). WO
2004/061944 PCT/IB2004/000311 26250r example, it is known that SiGe
with a concentration of germanium greater than or equal to 25% behaves
like a stop layer with regard to etching of SiGe with a germanium
concentration less than or equal to 20%, with a solution containing
compo#mds such as érMAH 5

sk .
doped bR TR Hon LR R A R rion Al s magium
gselamothanmoreqmlrtcz %%@B@m Bkd ehslogs]bverangthpréaysa foo etching
T N Y
Wdtaazmem’famlﬁgr@mmedﬁ guRhasnTiadporous Si is etched using an-

etching:jat, 56l cHYe WIRAIALH 19 LORRYOHS SR SINNS Sh 1PN dping

solution contalnlng compounds such as K S chemic

pientall ensLisstaelesiemcareandrateompaeieddyhprusd gnore than 2 x
meehapca arphenmeansdanajaripa g maserial dadtiBRHIGUR, ed with

CMP polishing may be used W|th a selective chemical etching solution

FeRRiFieEheRTERINRGhPRIMRAHBD 5@6;5reeédé:ep& fﬁﬂl@w@d‘%ydiéi’ﬂm% and
Qﬁ%&&%@&@@;m@@@ygw@m%}ﬁﬁ@s of attacking the material such

as polishing, grlndln% abrasion or any other means. 20 A third technique
ité

for selEQIVEAMRIGalds dsshtiabBRLYS i 18,5iRRY YskisiaR etching that
@xidatiQivin Wﬂfeﬁﬂﬁﬁdth@ M= W@u@trww@;hﬁ@mﬂse@ﬂ@ a solution

83)%%?%%8 é:%)ll*g;rjounds such as KOH or HF + H,04.

This chemical removal of substance may also be accompanied by the
use of mechanical or other means for attacking the material.

In particular, CMP poiishing may be used with a selective chemical
etching solution. :

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

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 o the subjacent layer to be kept
that thus acts as the stop lavyeér.

The oxidisable layer is included within the multi-layer structure | before
taking off (and therefore before recycling), and the taking off then applies fo
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.
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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 theyoxidisable layer, in other words
on the side of the stop layer opposite the substrate 1. WO 20041061944
PCT/IB2004/000311 27 The oxidisable layer is oxidised after taking off at
the surface of the multi-layer structure | at the time of recycling, and then

corresppRgsigfstsiatiagat tRehriguedostile eyl fufRcerallial the

described above. Regardless of the selected configuration, the sacrificial
SRidtraNes proctdechfbritestinger iErauringiod st drskerTgsepnds to a
Ressikigancanmealibr ROraN\aI0sTaidRbe sty S HE stepa ayapRly

* Close 1§ FRALARACS BF (REeN HyE). CONREAIR ol SRR ARF aaton

lprovesexicatipriseshmiqutsy Suehidimatdhesnakioxisiadenidpghespaginy an

. case ir_hwhjc#%therrgal axidation IS u%ed, the main parameters are the
SG5R8R4S Sel%q 8 ﬁB%?gﬁgns Bither important parameters are the

oxidisingxidadnohtheappiyospiher exitietioryofeoneootertvandl (ratment
pressurg conditions. 15 These parameters may be.well controlled, which
eans BTG By e R B T T U SRR S

The pufpeiseitsiriie sionealisinpgtepysabtberériafectxitatiangiecbotwes, such

Q}g m%%ﬁgﬁwgggrpxidation step. The deoxidation step consists of

removing the oxi e'léyer selectively 20 with respect to the stop layer, for
exampl# bina dnaaighigsercls wWiieh dheyanafl eaiidation battisadd tbemmain

herspidERlesly faUba B RIRPEhture and duration.

Other important parameters are the oxidising nature of the
atmosphere, the oxygen content and treatment pressure conditions.

These parameters may be well conirolied, which means that the
reproducibility of this application of the process is good.

The purpose of the annealing step is io cure defects that might occur
duriﬁg the previous oxidation step. _

The deoxidation step consists of removing the oxide layer selectively
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 o
several hundred nanometers of thickness of this oxide.

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 o the quality that they had before recycling, and similar o the
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44538t -hundred nanometers of thickness of this oxide. 2BGEEAPAL0311
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 | re ?ining after recycling almost
identical to the quality that they had before recycling, and similar to the
WO 2004/061944 PCT/IB2004/00031 28 original quality during their
formation (before the first. taking off) such as a layer with a quality similar

R S e B RS R R o

layentidih th ugikkpsimilznyigdbd quality clitice Bpitatiedddyer.structural
quality. Examples _of selectiye removals of materjal lied durin _
e T T e A A R bR R L sy 1
edeyciipgy alieggiveondingetocltoirtenti oouinen t&¥jthar efeme goe dodfiglity, and

nulti-layver cture.l pefore taking off 1o is composed of a first
bR L G

ayer a’'second on the first layer 2, the first layer 2 forming a

stop lalxafopkesicetiveirative deotavalsecbmbkeyia! Jinplias dutinglageyding,

icker ickness . 2
o B e R DR, e
gakerof diepragtefding d9eHBRRention consists of creating an
embritiQmMERiRIBACK & FHEPIS, | ANE T MLISLAST SPRGURI Miskfore taking off

detachment and thus take off the required layer(s). Several techniques

inapIPeQERd 9 2 EEldarr R BRI HERRRIdAYST henghe fiss faepAidhe first
PEksiD. ’%Qrﬁﬁljsé %Bﬂ%’f@?‘@%ﬁ’e@lﬁ@%b?‘aﬂ & ipeduabgd ‘fé‘?éerBEO_
DS aVor 2 Bl ayet 5 arb sach Tioker than of the same Mokness aadh
with Y Y . 5 as the
useful layer.

A method for taking off a thin layer is shown in figures 1b and 1c.

A first preferred take off step according to the invention consisis of
creating an embrittlement area in the second layer 3, .in order to perform a
detachment and thus take off the required layer(s).

Several fechniques 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 fo thus
create an embritlement 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 technigues, in this exampie Tollowing the process according to invention,
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us create an embrittlement area. 25 A second technique ctonsis
forming a weakened interface by creation of at least one porous layer, for
example as described in document EP-A-O 849 788. The weakened area
advantageously formed according to opg of these two techniques, in this
example following the process according to invention, WO 2004/061944

. PCT/B2004/000311 29 is created between the first layer 2 and the

second layer 3 or in the second layer 3. ., 11, With reference to figure 1b,
pih & HNRYEL CORS RIS 3d5Hng Bk &econd

receiving substrate 5 to the surtace of the donor 5 wafér 10. __ | The

ﬂ@&@ﬁ/?ﬂg substrate 5 forms a sufficiently rigid mechanical support to =

SUPPOTiAfie: SFSRAdBVRY Ry U, Whishokll Beslken QIiiRg I HOS%"a thin
wafer 10, and to protect it from any mechanical stresses from the outside.
TrigrEQntiRt Shisdlding snayasrvnmasesiainao sheirtiree @b the donor
e en.any other type of material. The receiving substrate 5 is added on -

by bringlﬁg it into jntimate contact with the multi-laéer_structure | and

bonding CiRERAIERSHRYRSY alRvh RIS GLSH ieIRBIRCURIF sBRERRycal support

- hetugsporiesbstiaie] Jamel HKtpwtued Which Wik bendiamtechfitsiethandonor

variants of it, are descri articularly in the document entitled .
Rl A SR A e Tl SR R Clie
Technolody) legdiigT eupstkie dSateagntbiVieymp e dessastidarfdgifcsn or
accompanied 8¥ an @%égﬂi"at? F!rgraltment of the corresponding surfaces

[ n

or%f?inp"utting thermal 20 energy and / or by
adding aneadeéit@viapbisulesiratuSios exdeplecn yabriegingrit uskd intimate

g %%ﬂ?gc?r\imm?%atﬁlﬁﬁﬁg{rer structure | and bonding it, in which there is

advantageously a molecular bonding between the substrate 5 and
structure 1.

This bonding technique, and variants of it, are described particularly in
the document entiled "Semiconductor- Wafer Bonding" (Science and
technology, Interscience Technology) by Q.Y. Tong, U. Gdsele and Wiley.

If necessary, bonding is accompanied by an appropriate treatment of
the corresponding surfaces to be bonded initially and / or by inputting thermal
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
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 8eOQl structure from the taken off layers, the
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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 insulatingtg make an SeOl structure from the
taken off layers, the WO 2004/061944 PCT/IB2004/000311 30
semiconducting layer of the SeOl structure in this case being the taken off
part of the second transferred layer 3. Once the receiving substrate 5 is
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surface of the structure formed at the taken off layer is advantageously

BRI 5R Sy QL ARRID RO YRR LSRRG YN SRR doedetach it
Hrickaessarthégapgesirable layers, for example using 20 a chemical
e e N s b St em e S S St aing 3 oA 0 Mese two
techniques removes the largest part of the wafer 10, to obtain a structure
comprising whatever is left, if any, of the part of the second layer 3 that was
taken off (which in this case represents the useful Iéyer), the bonding layer if
any and the receiving substrate 5.

A finishing step on the surface of the structure 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
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.

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 water 10' is shown in figure 1d.
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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 wafe40' 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. WO 2004/061944
PCT/IB2004/000311 31 It uses selective removal of substance in the

post-takinged yecieMithiarnest Kulist layand Rassitkg! o esyer 3

by or preceded by a surface finishin ste ‘The donor wafer 10"is then
YBLBrERAGHR iR st ¥ Tapasel BHOHER. RHOTiRsEREPS Rl Ay Hace

suhsigayeagpaking off without any additional step. In another configuration

of the danor wafer 10, before taking off, the danor wafer comprises
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tbre Bemd#ayea@reacduﬂag easUe sqmeniethRivrigcoalithouvithieapafional
) the first layer in the same pair by a means capable of selectively
oving the material. Advantageously, there is also a means of removing
materlahlraadﬁ;mr comigupsiosetd dine onith mﬁwd@oﬁb&ﬂayeikmg off, the
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|gur tion and In one special case, the aye Subjatent to iIsa
bﬂsl@r:twiatr paloNEY themofteiaair of layers. 20 One example of a

particujgs CARAGMEIGR of Srantdtilay el RIBUHYSF removing material in a layer
2 of a pair selectively with respect fo the layer subjacent to it, and that is also
included within the multi-layer structure I. | |

This conﬁguration has the advantage that the layer 3 can be removed
selectively with respect to the subjacent layer 2 or the layer 2 can be removed
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 thaf belongs to another pair of layers.

One example of a particular configuration of a multi-layer structure |
comprising several such pairs of layers i$ given with reference fo 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
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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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, qr several layers can be removed
in one or several steps, according to 0%1 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
ie WO 2004/061944 PCéT/IB 004!0 0%11 32 layer remaining after takin
WahdIMALIBRR RS P@oﬁ{%ﬁaﬁg‘i R sbIeGRRN BT ERBPRRG A Toast
loe dakeeigif aVeoth atittathis: fakeeutdf. configuration it is possible to take
off usefpl layers with one or several layers. of materials. 5 With reference
to figure a,'the%if]néﬁﬁﬁf}?&}@%ﬂ@&ﬁ?gﬁﬁr QRSP 85*&1{8\‘% ﬂ?éysefut

lmyer2witeced betegerehlagerndflmadedBoverlying it -and a-third layer -
3A adjagent 2 [ beforg taking.off. The thicknesses gf.the .
seconmer't%fg}gﬁgj%h% ;ﬁﬁ}j]r %y%ér’ﬁeaf?eu%ir%a & tﬁtarfrj\cotr”éequéﬁ’t fRease s
tookpesedbihe fissifldyeyel. inecrtas haterainnatesticstdapyel dBchasdying it
there. oyi rial wi capacity
TR B RS o
the capHytiicknasraneahiieriasnond lexsr oif ehdelhwothiyeleysa &idare
3tSaiat el Wé@q%pé?rwiﬂfé'%ﬁﬁggé-a%mﬂe'h%%@dh%iéwp'ement selective

Substance removal. is In a first configuration, the thickness of the first

layer 2 T9edqualatadinghafisthareind ihrhierss srehubetuinasrissdeast one

Akan ol Thasomyt ﬁé@&ﬁﬁw@wfﬁ A el a9 ing the
already described above. In a second contiguration, the crystallographic
frsidaier 4 %[gglig%qgtly-different from the capacity to attacﬁ the material in at
least one of the two layers 3A and 3B, at their corresponding interfaces.

And it can thus implement selective substance removal.

In a first configuration, the thickness of the first layer 2 is equal to or
greater than the thickness of a useful layer fo be taken off.

The result is then a configuration equivalent to one of those already
described above.

In a second configuration, the crystallographic structure of layers 3A
and 3B, and particularly the latlice parameters, are almost identical, and we
would thern not want the first layer 2 to significantly disturb the crystaliographic
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
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:
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crystallographic structure of its adjacent layers 3A and 313, 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 2% 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: WO 2004/061944 PCT/IB2004/000311 33 In a

first embodirfiesit @hihediissheys Rettisstinshiy e, ihplastonibver is slastically

constrained,so that its lattice.parameter is almost identical tg the lattice )
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Itigedriayan@ the lattice parameter of the zone subjacent to it (included

within the thi y N t ifferent from each other, 1o
prgven?ﬁ%g%@a%ﬁé@ :g’}ﬁ %eth;%c S '@Rgéc)hgasedfs 88 |o%§ O ?6%5( sttﬂe%%’gg)om
imtaenesatigyesucenesidiylayer 2 must be sufficiently thin to prevent
progressive rglaxatianiatihe slastisstrapn hroughyhe thickness pfhe .
layer and / or the generati_og of defects. To a%ﬁgggﬁi?ﬁ?téﬁﬁlg@% c;?mce

arRaeiat aybeszena sibiscantdadtitanjustesingthie thiedhirdciaygr 3A) are
matataldisbhe dess bathahaical Bickassaknauseia aeerspastdladicn

the art, and depending particularly on its component materials, of the

- Aadalasalans hyerakelisssas inithafistdarsidies for making the

strained layer{esifiest (e saastwRIGRITGBRAY IS Rr RS i¥ehdssive
tr)gggc%%%rﬁ%% the elastic strain through the thickness of the layer and / or the
generation of defects. To achieve this, the thickness of such a first layer 2
made of an elasticaily strained semiconducting material must be less than a
critical thickness known io a person skilled in the art, and depending
particularly on its component materials, of the materials in the layers adjacent
to it, and techniques for making the strained layer.

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

In a second embodimient 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.

Thus, uniike 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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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

eRREIMaRLOZHGA/B I Bl BP#ROAHIRNRM Ahslsnentihatirelet the

in at least one of the materlals adjacent to it, however the material in the
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material makin acent zone concerned b ective re

st b E 8 PR R RO BTN SRR ATe BAG A b e first

l@i{?@f Sngm@émimMymmwﬁiﬁl&f@mtﬁmtbﬁ;ﬁ@*ﬂﬁxﬁhé ddsmtesned by
nt from thefgf %%&Be conc rr)fgb tﬁr/ﬁv elec ve remova _ irel
Ym%ef?ﬁ‘é@"t? tohaTeldthent Ot %|éﬁ$’eﬁ‘£‘ﬁ1%t %rc‘?e e& Sodrely
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remov
the adjacent layer being considered. .

For example, a first layer 2 with approximately the same Iattice

parameter as adjacent zones could be doped, so that this lattice parameter is

- not significanily disturbed after doping.

If the first layer 2 is composed of the same material as the material
from which the adjacent zone concemed 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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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. 25 In a third
embodiment of the first layer 2, the laysgt 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 EP0849788A2.
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ructures, the State (strained’or re , compléte or re
firsthgyefarentieiddat danendfackadapetsdinithibstheasegstapogsepty/aof the

em%wg%&ﬂ@s having 15 very little advantage for the following
application:” With reference to figures 2b and 2c, part of the layer 3B is

taken dfioewahdre ol Ght6asrsccivitg sob¥thecsiust baseriovithakisgecific
HAMGIBO®%n the lattice parameter of the surrounding structures, the state

(strained or relaxed, complete or relative) that the first layer 2 may induce in

" adjacent layers, in these casés represents a property considered as having

very little advantage for the following application. _

With reference to figures 2b and 2¢, part of the layer 3B is taken off to
transfer it onto a recelving 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

applied at the first layer 2 consists of at least one of the following sefective

. 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;

- after removal of layer 3B', selective removal of the material in
the first layer 2, the material in the third layer 3A adjacent fo 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.
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applied at the first layer 2 consists of at least one of the f&%éﬂmmﬂszﬂ
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 js thus possible to cooF_ine__t 0 successive sglective r mov%s
of matdalbS: §5trol oy 8P W0 S04 o SO PES A BON GBI % are
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nd in 10 particular protects the third layer 3A’in w ere. is a new
ety epse vk thaigarerdisplestivmiemakmpbrubstanster
configurpiorbthe enaiuwaised Oefare, kit fif. MIMIOLWAR! and in

comprises several triplets each composed of the said first layer 2, second

RE/ACYIBLREPIREISHIG 1A/ IBXCEhASBowhirhJaprea A oy YR fayer to be
faven i eaiytENsbPeasiklydreing removed selectively with respect to
the Iay?r subjacent to them and forming part of the same tripl

et, by a
means!t @nother conftzguration of the donor wafer 10 before tal>(/i-ng off, the
donor wafer comprises several triplets each composed of the said first layer

: | of (the fi i fi i
e e A5 E AL e o

- 2, second layer 3B and the third layer 3A, the second layer 3B and / or the

first layer 2 of each friplét possibly being removed selectively with respect to
the layer subjacent to them and forming part of the same triplet, by a means
capable of removing the material selectively.

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
also included in the multi-layer structure 1. -

This latter configuration has the advantage that any layer in a triplet of

tayers 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

- friplet of layers.

Still in- this configuration and in a second special case, the layer

subjacent fo the third layer 3B is a first layer 2 that does not belong fo the

- same triplet as layer 3B.
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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 firsparticular case, the layer
subjacent to the third layer 3B is a second layer 3A belonging to another
25 triplet 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, o, e 8%%%?&5%'&%%@@&5,%&9’@&%2&@%44?13 trip,.l.elt cvegying it

PCT/1B2004/ 11 "37 Inthis second particular case, the first layer 2°n ™
aitiiplevichyifngy thiehdeeiviien Retonard ibyad epnirgeaysis inserted with
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the result is an assembly formed from a sequence of type 3A layers'an

fioe soenencR phivre 3y RYpre 2nd Raper3RdayermprParaighicadyre 2

- gRAfiguration of a multi-layer structure | comprising several such triplets of
~ layers is given with reference to figure 4, in which the multi-layer structure

| is corhPoS¥aBP's fﬁgtatriﬁﬁé?@gﬁfpﬁ%g%ﬁﬁtlﬂvé?ﬁﬂ Jnfl-igisiepeture |
BeBprisitigsesiast Aedweenipléy o Myefdhe dhieh layer pesiaviifigure 4, in
reference to fi \re 2a, an a econd [a er 3B of the second layer type 3B
ng’f’l?e Fdht tl}lf%dtﬁjéuf w 1é%8ﬁ8‘9§ﬁ8€é§mposed of a first layer 2C

of the first layer fitgperiiétsestrpdseivesaaldyper 2T of the fivisd layer B/igpe,
Haielorence Ao o 29, 2008 [aYET RREURSARRILENES Bifure
2a, and a second layer 3B of the second layer type 3B with reference fo
figure 2a; .

- a:second triplet composed of a first layer 2C -of the first layer
type 2, inserted between a layer 3C of the third layer typeSA with reference
to figure 24, and a layer 3D of the second layer type 3B with reference to
figure 2a; and .

- 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 fo or
greater than the thickness of the useful layer to be faken off.

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

- forming a stop layer o selective removal of the layer overlying it
during recycling; and/ or by _ .

- forming a layer to be removed selectively with respect fo the

layer subjacent o it.

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

3B, 3C and 3D in which useful layers can be iaken off, separated by
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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 ta Be removed selectively with
respect to the layer subjacent to it. Therefore in this configuration of a
donor wafer 10, there are layers 3A, 313, 3C and 3D in which useful

layers ¢an be taken.off, separated by WO, 2004/061944 _ . |
SRR IFYB0s . 7B At re aRRER Ay SRS fag Jaate g biacent
footieetindibndayessidjacent to them during recycling. Therefore,
ding.to one process according to the inventiop, one or several

layers CAIE T ORReACSH 40 o0 L PLPE AR GCSRIHISh ISP béerion. one or
isteenadiaiere ayatingeo ket oo accordiog tetharah\etotion withliesk or more

icul r | of the patt of the |layer.remaining after taking off .
TREH R, R R oD, B ol el Sppred
2@iticiathydritheserabavinthe laver siibibeclatyer iranthihiagcaftgrisaisag off
lea on o0ff,10 T | ' icylar
S e S Ao LY iR (2 28 or

Zhverilimyaysiofivaterciecingch kaasralbipeanare thikandothadt demprines at

- RS [RKHITEPar gt B UE TR HET Such as layers 2A, 2B and 2C

.are also taken off and can thus act as a protection layer when removing

material RéfedtfifBIfhig earlifaies sorBgurafian itakenassibisetal falerad useful
AN SR BB al layers of materials. - R

When several layers are taken off, at least one protection layer or part

of a protéction layer such as layers 2A, 2B and 2C are aiso taken off and can
thus act as a protection layer when removing material selectively when the
surface of the taken off useful layer is being finished rather than during
récycling, particularly to remove surface roughness. " - |

In general, and for a multi-layer structure 1 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
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 recyeling according to the invention.

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 thosé represented in figures
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~ substrate 1 described above. The possi

- time with implementation of

ers 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
faplegeniedilh anar SeYREalJEERRIRCE IREMAKAT LURIRYRIS P ot

llity of taking off several times

neeesaRiysaRTingeetidienaldaiegsirit antbher witheui 0gsesraityorrnliing
PRERIRS FeuJBUERSI NG 2006/0P 14 £6411512094/9003d 1R 1vith
2a, 3or 43 in the same structure | made on substrate 1 without L

Warlesaaniationshtra dtrba dridye effiprogsas. andithakendaplameytation of
fRPIYRGE A dregizght %Eﬁt@?fﬂfﬁid U RaYd - Bl HamSvRSHRIR L BAVESifferent

e global taking off process, and makes

RipersestansAging drtbrotiade ehierathd significantly less expensive

tf;?n tgﬁﬁt’éﬁffgl_kﬁiﬁ &f%ﬁ?ﬁ?@@@ﬁﬁ@;@m@ﬁﬁ_lltﬁm&atﬁtﬁéthﬁ;ﬁﬂa%%ﬂ%@ﬂﬂ? L
off and recycling several times in the multi-layer structure I, the number o
B R TIP BT BRI HIAG (PRIICHATTS! HRPGhia R BTl the
igltnlaye ostilstielttheyeanaainengrs) thiel avenstine urailisater ngrlanges | is

fficiently thick tg ] ful | > taken off. The d f
58 AR LY Bl o, oot L BT 52 AL case, e

donor Waded dithiswiafewn Gigairamradtica ip setheo sxdienbu b tiatesliistrate
lﬁst, but making the substrate may be complex, long and

In a first case, the donor wafer 10 is thrown away and in this case the
entire substrate 1 is lost, but making the substrate may be complex, long and
expensive, particularly if the substrate 1 comprises a buffer structure.

In a second more beneficial case, at least part of the substrate 1 is
recovered using a méthod of recycling. _

If the substrate 1 comprises a buffer structure, three types of recycling
of the subsirate 1 may be applied:

- recycling comprising removal of the entire buffer structure, butin -
which it is possible fo keep at least part of the support substrate on which the
buffer structure was formed; however this recycling causes ioss of part of the
substrate 1 which is usually the most difficuit and most expensive to make;
and it requires thé 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'ovaIAof 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



15 expensive, particularly if the substrate 1 comprises a buffer structure.

WO ﬂ&)@&g@pd more beneficial case, at least part of the substr t@'ljf[l?zﬂmmoosu

10

i5

20

25

recovered using a method of recycling. If the substrate | comprises a
buffer structure, three types of recycling of the substrate | may be applied:
20 - recycling comprising removal of the entire buffer structure, but in
which it is possible to keep at least paftof 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

BYHERSETH Healker J8capunittell WHeRGERBEHE oMM AallsiR®emoval of

equivalent to the substrate before recycling; recycllng includin removal

BrbgAnans Marsikieuslaring foTapasieRfR¥ehiireusipderated in the

BulTsirataroptybich the bulertRirsiusepat forareeans nawtref tharbeiige is
structure, such as a Puffer layer that js WO 2004/001944

RROATESSOHSOMR o) BAPIGHRID o kR BRI B A rgte
@qdmwemed@@hu%mgm béfalp@$ajg@ﬁng possnble starting from a stop

layer judiciou ated in the byffer struct addltlo
o PR DA R S AL et B fematncir
mqmwgmmfmmna@ms&mmmrs Iecwlkzemme th&a&lbatrﬁt@mfpre fi mshmg ‘
SNiingh eesinanchingdbe emoral of silcast paolibe femalndey,
e original mult Iayers G T 10K eep YRt Uy atE 19 e cyeing:
ffonskxag\pi&ebyfcﬁi!tﬁié rbsabfithaimelt| azarificiaturddatiary, ttmam[meﬂnent or

SIS (OB U LA e may oo
aphiiilesinpacsiop layesyédnexabwlapplisibusiidacatep lm}wemthe multi-
%%mﬁﬂgvlgp%lé‘ Rtéaggg%gy(\_/}e,en the multi- layer structure | and the

bstrate 1; After recyclin the slbstrate 1, a new multi-layer structure |
is thenAfter recycling of the substrate 1, a new mulii-layer structure | is then

formed in which several useful layers may be taken off according to a process
according fo the invention.

This new multi-layer structure | may be almost identical to the ‘structure
before recycling.

This new multi-layer structure | may have a slightly different structure
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. 7

In ail cases, the multilayer 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 sifu, directly in continuation with the formation of the
subjacent growth support, the subjacent growth support in this case also

advaniageously beihg formed by layer growth.
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may be almost identical to the structure before recycling. Tﬁls 'nIeBV%/OMmOOSH

multi-layer structure | may have a slightly different structure from the
multi-layer structure | before recycling, by slightly modifying some 20
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 ofedaysxuinidae BrAliay 8h 2Bt drlRne i urdr o bight

in continuation with the formation of the subjacent growth support, the

- nisfapentigiownteappsranantsscauthais Pl ki ol @anpierie g MP

;'%zi@ﬁﬁ?FJF@ﬁiﬂréé(t@w@ﬁ%é%ﬁ%ﬂé.ﬁ&%ﬂfﬁ&@@ 1 41 In a second

case, at least one of these layers is grown after a slight finishing step on
the: subjaéentasontihit FRGHBERA S BHLREFRBIY YN BBNERIgHons of
dersirgararen OLeMBrsmeTHUNDIReh YaUerR B fRt irhie dapiaBhted

we will present example configurations of 5 donor wafers 10 comprising
DY APIRRSSSARIRERT 1P AR V84 RIblemented by a process according

to the jRveaEHQELIHR, PaGioWiHr presisill prasemtimateialainaidsantageously be
advantagequsly be used in such donor wafers 10. Some examples that
%&&m §?€f§‘.§ CfE\i‘f‘@z?ﬁﬁti s comprise a buffer 10 structure anda“

- suppoS cwestiaimislabermihetatél hitedbustistoob imbsiogmpd:
- SnSppSunsine 'l Jome AN € GIBAEA L FLNSHRN ST being

ructure then ha tice parameter at thé leve S suppor
isuoist ranet e duppedosdbisiitide. parameter close to its interface with.the

subjaq%ntsgmgi-‘!@{%sg)ggmﬁ%g concerned, the buffer structure then has a

first lattice parameter at the level of its support substrate and a second lattice

parameter close to its interface with the subjacent multi-tayer structure |.

This typé of buifér structure comprises a buffer layer to make such an

adaptation of the lattice parameter. o

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

- 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 suppcn't=
substrate at all, or only slightly, with a concentration that varies gradually
through the thickness of the buffer tayer,

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.

Thius, in this configuration, a buffer layer is mainly an alloy.-
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is This type of buffer structure comprises a buffer layer to make such an

adaptation of the lattice parameter. The first technique for making a buffer
f‘f f1fé4as described above), usually used to obtain a buff&riaBAHRR0SIL

this property, is to have a buffer layer composed of several atomic

elements in which: 20 - 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. 25 The gradual concentration of this element in the buffer layer will

be the in of the gradual variation of the lattice parametey, in the
buffer I:s@é%r, é&r%ﬁa‘knc?r%ﬁﬁ%ﬁ’y. ?T%B%?Pn #ﬁf‘s%o%figafg% l,tlg%u er m?/ewgport
iaiisiyaia fotheNoiiacloeigesnd B0k 0801 Biay2iEhef dipmaib/, such
%Jgrgpg,tWOsen_for the composition of the support Sl_J_b_strate for the

buffer stracture and the buffer layer may be of type IV, such as Sior Ge.

For exdrplexarmiedasthin wakid bovootdibe robsitieale SiawporSbsupport
spstale althen> 516 PHIRERMS VIR %Q%%%S Gg Bat *@%e\?‘aries

grad'uallly through the thickness between a val ose to 0 at the interface
¥

Giecurildbpaabubhsriiickness delsmandl value slessctotfepfdbe dnterdace

| buﬁﬁ-m@y%mgmﬁrtmeaﬁheacamﬂﬁm QAR SHPRAE BHRSITRIELR the
u

[orthe 10 layer may include a pair of type IlI-V atomic elements,
H&Y%Shair chosen from possible combinations of (Al, Ga, In) - (N, P,

As), Fohexaomns, dadBisisasipesibRoPess RIS RAYGRSHRPIHG / or the
u%strate made of AsGa and a buffer Iai‘er made ofAs and | or Gaand at
RUPb Ry BRIDAMN S RIS AREF BRI APREFRIRINGNSnIHRbkAESS pair
chosen from possible combinations of (Al, Ga, In) — (N, P, As); :
For example, in this case it would be possible to have a support
substrate made of AsGa and a buffer layer made ofAs and / or Ga and at
least one other element, this latter element varying gradually in thickness
between a value close fo 0 at the interface with the support subsfrate and a
determined value on the other face of the buffer layer.

The composition of the support substrate and / or the buffer layer may

.comprise a pair of type -Vl 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 particulatly useful when taking off layers of
strained SiGe and / or Si fo make SGO, SOI or Si/SGOI structures.

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

taken from the following list to each category:
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h L
composition of the support substrate and / or the buffer |aye#’#ﬁ5{§32°“4’0""311
comprise a pair of type II-VI atomic elements, such as a pair chosen

among possible combinations of (Zn, Cd) - (S, Se, Te). 20 ' We give a few

examples of such configurations belovy;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 |. These wafers 10 are particularly

useful when taking gg{éaw&%%ﬁ%@ﬂ%%%?i r&ﬂtﬁoﬁe%és%ﬁ‘?uﬁcﬁee such

SGOI, SOl or Si/SGOI structures. h this context, the etchin

- fhirds aiseel diendiereprisiogeatiilgisbnone wrmepRld ensite:)KObe NH,OH

el e forensiopontiliy o erapRNS! o b A
o oI it IS Pty B

#hedier GRBYIRINQvensotu Sea.as PN BB 2bNBoRS ' HIB 388k tilS02,
SEHoO MU, With 5858ekiAcA FrdRlEinile 6YeOR539, page 0.

comprising at least one compound among KOH, NH40OH (ammonium

hydroxide), TNRAH, SEISESRIARIENG: SelliiRs el RiRabhiTgsBRmidel Si such

eHTBIRiORRgeiEIHaMtRE HN,Q%&N-Q@&@%&@%%@@@ Bls{P2:2000) or
d H20 as explained in document WO 99/53539,

COOH, H202 a

g@% é?%%@@@ﬁfﬂ)%’gféﬁﬂﬁ;?&%m'of SiGe with respect to Si such as
a solution conginingdictiR02iEHitdCEIRtIdselet Bitheaban alcbpe8hPation of
E’LNA ghxﬁ,’roélut?ri(i-nitri ﬁacetic solu_ti(in(g. %@[j sele_zgve. etchin%so utions of

Bl SEBRCeRtraton boh oPaRe SRifit M RRRPGE &uai®s with a
20%senithtionspett GeSiGmalitiva ocogranttratibmnf EE/Eqeakip asgreaislution
wg%) Wﬁ}qs gﬁthion containing TMAH or KOH. Sdl: selective

tching sglutlon 5t undor :

e s of undoped Si with respect to
- Sd1: selective etching solutions. of undoped Si with respect to
boron doped Si, preferably doped to more than 2 x 10" em™, such as a

solution containing EDP (ethylene diamine and pyrocathechol) KOH or NoHo

(hydrazine).

Example 1:
The donor wafer 10 is composed of:
.« . asubstrate 1 composed of:

- a support substrate made of Si;

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

-a muitifi'ayer structure | comprising SiGe.

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

tattice parameter as explained above.
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Rydrazine). Example 1: The donor wafer 10 is comp FO%H0g0311
substrate | composed of: - a support substrate made of Si; - a buffer
structure made of SiGe made according to the said first technique for
making a buffer structure, and comprigipg a buffer layer and an additional
layer; 25 - 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
explalnﬁﬁeata%ﬁn 9 %%%%ﬁg“ﬁegﬁgép%O%ﬁéogol%%c]rpﬁnd'eire?g for surface
thickness is typically between | and 3 micrometers for surrace
concentrations of G- of less than 30% to silttdinaaggoadsetiotinakl relaxation

laxationeat the, C t ' ts relate e difference. ..
8 St e 18 o Rl RRlEe ] A I R T
RAfdeier Sick Wighthexmry fulbged by the buffer layer, with an

advantegeoyiIRIP I, SPRCRIIFIBR SideAMARLIARPHERLIQ WPthe buffer

concentration of the bufter layer close to their interface. The concéntration

brgenwhhian advaeianesHsitHmM rTarsrpeRntriien af Fosaljpradligientical to

- hriweapdibataRto? e BEEPiaERiErden Bf BRipiREreReNts a typical |

limitation of current techniques, but it may vary in future years. The
thickne S8 FRnSeRiiRtimaPlger P BR siiger withenthsg ebwark SiGe
RARS iWitfbr iR calihsekness aihedeesn 0.5 and 1 micron. For example
with reference to figure 2a, the multi-layer structure | Lo
is limitation of 30% represents a fypical limitation of current

techniques, but it may vary in future years.

The thickness of the additional layer may vary very widely depending
on the case, with a typical thickness of between 0.5 and 1 micron.

For example with reference fo ﬁgﬁre 2a, the muliizlayer structure |
before taking off advantageously comprises the triplet 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;

- alayer 2 on iayer 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:

= sfrained 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 sirained Si inserted between
two layers of SiGe with a concentration of Ge almost equal o 20%, the critical

thickness is typically of the order of about 20 nanometers.
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greater than the thickness of a useful layer to be taken off; a layer

layer 3A; a layer 3B on the significantly relaxed SiGe layer 2 and with a
20 thickness greater than the thickness of a useful layer to be taken off.
Layer 2 is composed of one of the follpwing materials: - strained Si; or -
strained SiGe. Remember that in the case in which the layer 2 is made of
strained Si 25 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

e LG5 D AR LGS i o

- REFoPh &S SRic oueaiel on AleaTraisrebiaydaps1d: 45 Several types of

etching. may qehania0eENREJasaFigilen dakag off part of layer.3B,

depending on the material in layer 2: if the layer 2 is made of stra}ined'Si: -
the overlying pabenty@sling lesstinagncef ifdetireRiches spleripelypuith an
s2luligB;sangien; - after the layer 3B remaining after taking off has been
removed, the layer 2 is etched selectively with an S1 type solution. If

layer 238¢{fe of strained SiGe with a concentration of Ge 10 almost

equal to or greafesthan2p8e sBAhaRAngaTEtiaRing Gf HuBcoNeEyidYed,
layer is aIrFost egual to or less tharngO%' - the_averlying rpa_rt made of

siGe idla¥RT QS RERReA FRIPSHY ML RGPS SR is made of

SiGe with a ciniesair i pbGe afnedained SiGe with a concentration of Ge
almost equal to or greater than 25% and the concentration of Ge in the
overlying layer is almost equal to or less than 20%:

- - the overlying part made of SiGe is selectively etched with an

- Sc1 type solution. _

- 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 aiso be doped with doping elements
such as boron or phosphorus, in order to improve the selectivity. of chemical
etching.

In onie particular configuration of the multi-layer structure |, the multi-
tayer struciure | 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 ekampie as shown.in figure 3.

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

It is then advaniageous and easy io find all taking off formulas

involving one or several layers taken off in one or in several operations,
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is 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

884744 after taking off has been removed, the layer 2 is BEREB2004/000311
selectively with a Sc1 type solution. A layer 2 made of SiGe or Si may also
be doped with doping elements 20 such as boron or phosphorus, in order
to improve the selectivity_ of chemical etching. In one particular '
configuration of the multi-layer structuté I, 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 I is 25 only composed

- of pairs of Ia%iers 2 and 3, for example as shown in figure 3. In the latter

- e5ReriRAe

Y ad0stageotbly HEXCIRGGS, sBFSRERNG wiP cdhgecifivention
tipletRagueh g itudan culalen & Gahong efigess 4ittésdhenhe material in
agvant%geous and easy to find all taking off formulas involving one or
KLY ayers taken off in one or in several operations, WO 2004/061944

'PCT/1B2004/000311 46 separated by method of recyclinges according to

E;? inv_;EnB'Qn advantageously including selective etching between. SiGe
terial in a layer 2. s Example 2: The donor wafer 10 is

compoBkd dhnar subfardi@ it composed of: - a support substrate made of

Si; - a buffer gfr, e of SiGe made according to the said O first
technique for%msg%%%%i&?eor%%%?grgﬁand comprising a buffer layer

made ofSiGe-anduppadditibatibleymadadé BifGe; a multi-layer structure |
o SRS Rl Pl SENSEY s
first technique for making a buffer structure, and comprising a buffer layer
made ofSiGe and an additional layer made ofGe;

R a'mulﬁnla'yer structure | comprising AsGa and/or AlGaAs before
taking off. , _

The concentration of Ge in the buffer 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

- thé 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 multidayer structure |

- before taking off advantageously comprises the pair of the following layers:

= alayer 2 made of AlGaAs;
- a layer 3 on layer 2, layer 3 being made of significantly refaxed

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 recyeling includes selective chemical etching of layer 3 with a selective

etching solution, such as a soiution containing citric acid (CsHsO7) and
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harameter of the additional layer made ofGe. The concentrBGdABHEHp31L

the buffer layer is increased from about 0 to about 100% or more

precisely around 98% for a complete match in the 20 theoretical mesh

between the two materials. For examp% 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 2s AsGa and with a thickness
h he thic ess B seful layer ta be t off: Taking off

e el S E RO BB NGB T s e SR St

nedyum@lmamd@g $bid ctilveost ¢hei caitet haygros Iaaarb:é\kaﬂkea sffeirtivels case

T8 S B A o e Car oo
betwedf avsupsriadlar (g Baiwstionyafolbitioulti-leyepishiicRoy Sottteamulti-
Ppastiie e ﬁ%lf?%%?éé‘éﬁrﬁﬁﬁé#ﬁl}é’ﬁn{&&@ (%8 QiEEIRIR L,

I|ke an etching stop layer. In one particular con guratio e mu t| yer

structurekingeatd iters %ﬁﬁﬁ%ihﬁeﬂ%@bﬂﬁéﬁ%ﬁ&ﬁf@@b%@ei above

s GmsHRiaesid9dryahd- rdakingP ﬁ&%@pga%%ﬁ%h& c,%ﬁ t%?c ing of

multi-layer structure | above this othér AsGa layer, and recyc ng inc

é*éY@étR/é"Eﬁe?n%%fﬂHﬁlrﬁj‘%‘f‘n&%ﬂ@'%h%’@éléétﬁ(ﬁ@l@mﬁg@ﬂtﬂlﬁmg dilute
e errobtiansenfaiBnasiie Jysreflues 8 gf? feéng @@%ﬁ@&ﬁ@&&ﬁr%@m is

and 48%) (the selectivity coefficient is to ty etween 350 and

1Ry Reiaen 358 AndoiRotysp iAo R AHer e be
suhiaren! A aHayshbehagde A aBing BeRalAYE e @ﬂee‘%@ﬁﬂglsmp

fase the two selective etchlngs can be done one after

In one special case, the two selective eichings can b_e_d'one one after
the other in order fo remove at least part of layer 3 and then to remove layer
2. o .

In one particular configuration of the multi-layer structure 1, the multi-
layer structure | comprises several pairs of these 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.

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 wmethod of recyclinges according to the invention

advantageously including selective eiching between AlGaAs and GaAs.

Example 3:
The donor wafer 10 is composed of:

- a substrate 1 composed of Si;

- a muiti-tayer structure | comprising Si before taking-off,
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the other in order to remove at least part of layer 3 and then to remove

layer 15 2. In one particular configuration of the multi-layer structure I, the
J'r% égfg%dsr structure | comprises several pairs of these Iaye?%cgﬁmﬁ%uﬁ%l?ﬂmu
one special case of this configuration, the multi-layer structure 1 is only
composed of pairs of layers 2 and 3, for example as shown in figure 3. 20
Itis 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 dopor. wafer 10 is composed. of: ibstrate 1 composed of Si;
-0 SRGHE 1 i b B LSl e ThoMER e |

befnsr004¢R00 3t anggenushnipiapritesdieedriptetofithed dwing layers:

multi-layer stryc f ing- I ises the.
triplet o¥the fo Ig\%;(%é |§§e?§%£géfa%ge§ gﬁﬁ#gﬁ@é@éﬁ%{aﬁm%%ﬁgkness
@resterHickndbe hieknesthahansehidkayerstote dsken tifier to be taken

off; 5-a !_ayeraztgybpi%@ﬁy@ﬁ%r 3B on the significantly relaxed Si

layer 2 and with a’ thickness greater than the thickness of a useful layer to

be taken off. L&yaYer i$BoRTpiBEdsiFTREGh aalaNRTing! nriefidsand with a
#oRRA=3L grdderaainatHrtnBesSBeIdhat i dPe0ssqdRanhish the

layer 2 is made of strained SiGe, the thickness of this layer 2 must not
exceed-8Y9Ti4P FRERARSSIabaN &f the lavinednataifISseveral types
of etchingopay sf\sntageously be used after taking off

- strained SiGe.

- Remember that in the case in which the layer 2 is made of strained
SiGe, the thickness of this layer 2 must not exceed a critical thickness related
to the Ge concentration. |

- Several types of elching may advantageously be used after taking off
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 ldyer 2 is made of strained SiGe: _

- the overlying part made of Si is etched selectively with an S1
type solution;

andfor

- - after the layer 3B remaining after taking off has been removed,

the layer 2 is etched selectively with an S2 type solution.

Example 4:
The donor wafer 10 is composed of:

- a substrate 1 composed of:

- a support substrate made of Si;
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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 |
composed of: - a support substrate made of Si; WO 2004/061944
PCT/IB2004/000311 49 - a buffer.layer made using the said second

particular technigueffiar ImaiingaddulRigstiecdig discusaashalaNgs Rithnique

divulged in d WQ,00/15885, in oth by: a depositign of a .
et lay 9 AR RS Ao PAISE RATRI 34 S e cPeeemcrpebgoed in

techniqdedomenstii @ DOUESBS ircttesdisorgséy: above and divulged in

document WO_00/15885: possibly followed by depositio a second
optional layer %é)?pé)a‘c’r'? ’i%ng?ﬁ\?e%%g%&%ﬁamggﬁas |ceq?|rarf]|5t’* St 2 or'amg fo the
ozdyraptayk padidescrisatingde clonenaMing 00/ bo8es, sthaclecendiscussed

S PSRRI EGE e yer s made o

SiGe; -a mu_ItP@‘:}@'b@tr@&mn@d Wm@iameﬁ@m@@mmﬁ@ﬁaﬁma that
A RPFRRCORaTEgAb AR/ 3Yeh S e ANRY '18¥Yederibed in

- document WO 00/15885, the second layer being made of:

- - SiGe (50/50) if the first layer in the buffer layer is made of Ge;

- strained Si if the first layer in the buffer layer is made-of SiGe;

- a mulli-layer structure .1 comprising a seguence 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 id 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 onfo a receiving

substrate 5.
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each relaxed layer 3 is at leastas thick as the a useful layer to is be taken
f and Is made of, - Ge if the first layer made ofthe buffer layer is made of
éﬂgﬁ‘% iGe if the first layer made ofthe buffer layer is maﬁ% g#@%&tgm&osn
(with a concentration almost the same as the concentration of the first
layer in the buffer layer); 20 - each strained layer 2 is made of strained Si
or SiGe and its thickness is less thar.g 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 25 single layer
made gfthe. multi-layer structure 1. Thus, a relaxed layer strained
ayer 2IOPHCE(S) IR  R S S oy BTk d AR tgytne
it tnaiirsfe cHre reointplamesedn by stivstnitelly. pihingaive sesuaf the relaxed
PCT/182004/000311 so 'If taki § placein.a relaxed | -
Y a8 bh et ARAAEThE AN IR BHY Shipctvely
withiegiihetrestief thateslabiadalsre?.3 with a solution capable of etching
the matqUaLnhe IeGHNal VT EeRRGRL 10 BRDARE QLAY Player
2.5 Ifti%?%qzst rﬂrﬁa@%%f%éﬁgaknéﬁaygy %,Véb rlnade of SiGe, th'_e strained Ia_yearye
2 will be efched with an S2tjyresonliaben (s sHrisaddwer 2HashEalg an
&Bhﬁ{&%?&aSF%PF?y%fhim&_ﬁfﬁE'%‘}‘% herfolRyes by Se8RaNSGIFNSF the

of the™ strained layer 2 that is selective with respectto another relaxe

stydned iayrg featiplsalsiienibniogrecbivnrarihgrdnlarer e

taking i1 Qﬁuéhso%%mwfﬁ{fﬂépﬁ@mymc%mﬁmgirmﬂéﬁ»erazfﬁ@mémng
ulti-

or part of the subjacent multi-layer structure 1. Note that the sguctures
Sfbrahteaaarnddriiaonthepsiving t6 the stainfsldawe reanst 4y part of the
slispeaitniyredeiectusnes In a buried region.

Note that the structures obtained after taking off according to this
example are free of any dislocation type deféects, even in a buried region.

And the structiures obtained as a result may then be used to grow
additional layers, for example made of strained silicon, by epitaxy on the layer

made ofsfrained 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 triplet of
successive layers:
- a first layer 3A madé of SiGe with at least 15% of Ge on the

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



And the structures obtained as a result may then be used to grow is
additional layers, for example made of strained silicon, by epitaxy on the
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composed of: 20 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 structurg; a multi-layer structure |
comprising the following triplet of 25 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; WO 2004/061944 PCT/IB2004/000311

o1 2 second el 2 R LS B S BT U o

the cumulated thitknasses bf the fir e second layer

a third leseriBamihde ofrsitaadrititkngascieast 1580 cGHyen#ASHRd the

being r%@ .ﬁg e §e‘-jtgl,,o-relaxed. This donor wafer 10 is the wafer
obtaine a(y?ter gliing the buffer layer according to the said third

technique for-peotiliisingyae PBffepde Rfufis encemeinirabddiensht'Sthel Ge,
bufer \gyes; 0 SUplEl IA3NG DR GSERRRRIore the buffer layer was

made, the donor wafer 10 then bein(% in i o the form of". a substrate |
made disi;donpionafaydOde fbe mafadphirissd afteievakdngrienbuffer layer
SEOYRIGE to AShiRYRrPechArROtSHBRUHIR IR IR QhiERIRN the

buffer structure, the SiGe being strained; is - a second layer 2' made of
dnsp first embodiment of the buffer layer, the friplet of layers was

relaxe
presént before the buffer layer was made, the donor wafer 10 then being in
the form of:
. a substrate 1. made of Si; _
— a multi-layer structure I' composed of the following in sequence:
- a first layer 3A" made of SiGe with at least 15% of Ge on the
buffer structure, the SiGe being strained;
- a second layer 2' made of relaxed Si;
- a third layer 3B' made of SiGe containing at least 15% of Ge,
the SiGe being strained. _
The sfrained SiGe layer 3A' has ap;ﬁroximatety 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 107 cm™®,

Typical thicknesses of a muiti-layer structure I' with layers 3A' and 3B’

- with. 15% of Ge and a multi-layer structure ' 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 fens of
nanometers. 3

The orders of magnitude of the thicknesses of the strained layers 3A’

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



a third layer 313' made of SiGe containing at least 15% of Ge, the SiGe
being strained. The strained SiGe layer 3A' has approximately the same

WO ¥W4fdtErstics as the strained SiGe layer 36'. 20 The densityofidaieeisnosii
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such as dislocations in the multi-layer structure I' is advantageously less
than about 107 cm'Z. 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 313" with 30% Ge, are about®50 nm and about 100 nm
respectively, thus remaining below 25 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 strdineeiajerdeanidiidars dreciaebhiagpobsHystraisethe same as
each opes, ¥ %9%@9158@«4,{5%%?%@@10\%%& madE R R SIS steps:

multi-layer structure I' is globally strained. According to the above, a buffer

layer will be nideakoveTALiIsEENCRATRRIEN beSuRROI shHbstEEa Tnmade
HSFUPIRE PebEiaediMAdRoRTISLRYRE SRl Blatiepgfglomic species

such as H or He; s - heat treatment to cause at least relative relaxation of
elastic™ strainB$RtHESRIMEMy L saUeR Bl lopshispkalivn Eslergieangbshstic

strand Hethsed thiniagstherdiisiustep are typically between 12 and 25 keV.
Implanted H or He doses are typically between 1014 and 1017 cm 2. 10 -

Thus fOPRIBHFIRNEPETIY ARRRFR P S ANTitHe B5e driaEng g first step are
pisitenabhebeamed faibeingant at a dose of about 3 x 1016 cm™2 with

_ _ oyt 25 keV. Thus for example, for a strai la #h 2 1
0% of CASTIE A EHE 875 e 0V o LM AL S oy i 2

x 1016-CM -ZTiitls &or example, for a strained layer 3A' with 15% of Ge;, H will

preferably be used for the implant at a dose of about 3 x 10'® cm? with an

~ energy about 25 keV.

- Thus for example, for a strained layer with 2 to 30% of Ge, He
will preferably be used for the implant at a dose of about 2 x 10"® cm™ 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 mulii-layer structure I'.

This région 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 [' as follows: _

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

pseudo-relaxed layer 3A;
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app uring the second step must be adapted particularly S Hf3204/000311
disturbances are displaced in the region between the 2o disturbance

zone and the multi-layer structure 1'. This region in which disturbances are
displaced will then form the buffer laygr, The arrival of dislocations at the
interface between the buffer layer and the multi-layer structure P then
causes a global relaxation of the multi-layer 25 structure I' as follows:
elastic relaxation of the strained layer 3A' to form the relaxed or

ey e i A R RO .

elastic strain in the relaxed layer rm raini

- tHéa lexendhemtheripgramietéical pesinteasanimastttiedatticne pasathetdattice

gé%mgg_@ggﬁﬁ%ﬂgatgﬁ relaxation of the strained layer 313'
to form the relaxed of 5 pseudo-relaxedlayer 3B. The movement of

dislocations irfiRétisutRlaxajionapsdheasisainaddayer ABApp Sanantie otlaxed or
Hslas@ioamideBHiigayer structure I'. The heat treatment is preferably

implemented under an inert atmosphere. 10 However, the heat treatment
may beldiSplieey Rt Hlodiepoatinpspnetes forlsaiaprs alem eauses a large
Ariis e AimesBRArSoEhHEnS AR HRItDRALT SHIBRRL!P, be applied for

this type of donor wafer 10 will be made at temperatures gpically )
tdBdenirRfesinert
anchoepiesparticularly from- 15 about 5 minutes to about 15 minutes.

However, the heat treatment may be applied under another
atmosphiere, for example such as an oxidising atmosphere;

- Thus, a particular heat freatment to be applied for this type of donor
wafer 10 will be made at temperatures typically between 400°C and 1000°C
for a duration varying from 30 s to 60 minutes, and more particularly from
about § minutes to about 15 minutes. _

in a second embodiment of the buffer layer, the triplet of iayeré 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 embodimeént propoesed in this example.



In a second embodiment of the buffer layer, the triplet of layers was not
resent before the buffer layer was made, the donor . wafer then

WO R2faGEously having the following form: an Si substrate 1PSEABMpEP0311
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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 25 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. WQ 2004/061944 )
T 0B TORR G GRS Bl BTy to studies

i gye 8. réfelitmdtndigts atipneakicBlakipliandre ad atuipesiicWamives thetrain

dgocument entitled "Strain_relaxatign of pseudgqr ic, Sii_XGex / S(100)

N o RTINSt o OBl CHeisges afer

bytstgpa fabricaliom’ (ons Mpdkeiatiod lfstruirteats sidssnethdddrivation™ (in
/S [ 175-177 (2001), 357-367). After the 10t

R AT B Al s R TN ElRe Fai e 2177 (2001)

8iirgBEN. is done with or without an intermediate bonding layer using one

0 Tol8} ' ok AL
ol e e Ak TP ey ey R sar oo trfs S on

Yuecelaxeelaicd S@hitakbiatelT rissidoaefwdtfer@Bwithayta aypdréarmediate
BBIHIAR IS FHhe DI BHREARE SESHINENSIOR {a¥RRidLES A SEISP YR ve.

chemical etching step of layer 2 can then be 15 applied using an S1 type
SolUtioROHE YR PR G e dtoiakaer
Recycling is advantageously done by selective chemical etching of the
residue of layer 3B using a type $2 solution, layer 2 then forming an efching
stop layer.
A second selective chemical etching step of layer 2 can then be
applied using an S1 type solution, the layer 3A forming an etching stop layer.r
The result is a recycled donor wafer 10, that can give a new useful

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

Exampie 6:
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 -V material made according to the
said first buffer structure manufacturing technigue;
- a multi-layer structure 1 comprising an IH-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.

o



The result is a recycled donor wafer 10, that can give a new useful layer
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onor water 10 is composed of- a substrate 1 composed of: PaKHp#000311

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 bufsfgr structure manufacturing
technique; a multi-layer structure | comprising an IlI-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. WO 2004/061944

PCT/1B2004/000311 55 The first advantage of the buffer structure isto
adapt the %t%l%%? Sﬁ%ﬁﬁ@ﬁ\ﬁ%ﬁ% Yﬁﬁ%ﬂaﬁﬁ”ﬂwﬁ Ufi- iy éapt cthfe fattice

deseretheiwititetfecarfateichl farf efteem plelthayybavetacioneingl abie &f their

i f InP), to th I fthe A hich the
L R L Bl A e e getroms i
phectesica ol dnBlgdothmorsuibubicthstiisGre(foryachxthapmeiageamealue is

_ %g%pg é’tﬂ%&gz?rent materials such as solid InP and solid AsGa,
ple so%d AsGa

for exam being less expensive, more easily available on
the seniftorlitbtdiVmenkisrialss Weakotactivedhadicaibpgsitiothsucse af buffer

i ' @ilable in . '
e (SRS SRR Rgeres

Soiidrits. Belisbver tredicalignib gemoriermxesfimmelid Wss@hy being less
sgfshsivan HerelealimpiaRarRIn e EATRANIR FBHS XA TIRIE weak
the said donor wafer 10 gives a solution for the

mechanically, with the use of the best known rear face contact techriologies,
and being available in larger sizes (typically 6 inches instead of 4 inches for
solid InP) than for solid InP.

However, the electronic performances of InP are usually more useful

* than the electronic performances of AsGa.

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 {lI-V material
to be transferred with determined quality and properties, for example that may
be similar to the-probe.rties that could have been obfained if solid 1I-V
material had been used,

The thickness of the buffer structure included within this type of donor
watfer 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.
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&f4tructure. Therefore, the possible advantages of suBCEHA0#000311
wafer 10 become 20 evident; it can be used to make an active layer

“made ofa known IlI-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 Ill-V>faterial had been used. The
thickness of the buffer structure included within this type of donor 25
wafer 10 is typically more than one micron, and this thickness will
increase, articularI?/ if it is possible to avoid destroying it after each

taking &% thpesanie shititampbdavertaluritres honsndaing lesyeragntially

ASeRsNg: 18s Thisdenlism NWOsZBRMOK AR GiHIBRPOHRQORHor 28R ture
the example of the multi-layer structure | comprising Inp essentially

A e FuR SHEa iRt RN AV IREAGEBIARY HOSRER et achuiet iaver emposed of
HiDaAKayiEh hesuksitpiechiBemadvona oeenshrComRESasoatsar layer
composed %éjg'(%GaAs with a concentration of to varying between 0 and
about 5% b BHRFS AR PRSP IS EE APrduticaabiaysaImars ofan
Itiade ofaterithV suateriab suplGassnGRAS A Azitwithaan almest constant
constaqt zoncentratian of atomic elements. In a special taking off case, at
%Ogls?e&n%aﬁrﬂg I%S%qg{gf R M the multi-layer structure | so that it can
be trarisfearepeminb takeapioihgssdstialeash bnehind dybelrctikahast in the
lectronic.p rties can be well used. For example, this is the.case if th
agﬁiﬁ%#ﬁa{ﬁrea s{g%ofnggriseasmfn(égfpseo% Hﬁfﬁge ig&ﬁtﬁnﬂﬁféeé\fwg su s?rate
Blectronic bands between the latter material and the Inp create

- sionificiy B BIRREANG B SRIHEH JSp A7k e Pl WE Sisea.

For example, this is the case if the taken off part alse comprises
InGaAs or InAlAs; discontinuities in electronic bands between the latter

material and the Inp create significantly better electronic mobilities in the

- taking off layers.

Other configurations of donor wafers 10 are possible, including other
HI-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 remave
some HI-V materials and not other IlI-V materials, are advantageously used
during recycling.

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

without taking off a subjacent layer made ofinGaAs.

Example 7:
The donor wafer 10 is composed of:



Other configurations of donor wafers 10 are possible, including other III-V.

wo SeinRengls. Typical applications for these means of taking oljf lavers
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include HEMT  (High Electron Mobility Transistor) and HBT -/ 152004/000311

(Heterojunction Bipolar 20 Transistor) implementations. Chemical etching
solutions, possibly selective and adapted to remove some llI-V materials -
and not other Ill-V materials, are advagtageously used during recycling.
Thus for example, selective etching of InP is advantageously used with

2s a solution comprising concentrated HCI in order to remove an InP layer
without taking off a subjacent layer made oflnGaAs. Example 7: The donor

- wafer 10 is coxg Qé: y\ég 934496&{944 PCT/1B2004/000311 57 a

substrate 1 composed of: - a support su_bstraté made of AsGa at its
interface with th@ BiRRFh§EFEismadeeof AsGReabtiscinterfasgewith the

according:in the saftbfishiegshique for s making a buffer structure, and
comprising [nGaAs at its interface with the multi-layer structure I; a

multi-layer stru@:TRESHINH SR RIPanarsr dineda thagad frshésshaique for
taking-rakingr mBleswitbetersngaipdisism daiibe MUl lay Shterface with

structure | 1o before taking off advantageously comprises the pair of the
followinBadPar-R¥eisE R de of InGaAs (P): a layer 3 on layer 2, layer

3 being madentwigniksantiytretaxed IR apfisE Rthiskaess greatelas P,
g}%n th% hickness of a useful layer to be taken off. This type of donor
P18 Fscribed in example 6 above. 15 Taking off applies to the

part of e rexdtiripevdthuctifeednzieowe iyefe 1a, the multi-layer structure |
before faking off advantageously comprises the pair of the following layers: -

- a layer 2 made of InGaAs (P); _

a layer 3 on layer 2, layer 3 being made of significantly relaxed InP and
with a thickness greater than the thickness 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 I, the muiti-
layer structure | comprises another layer made ofInP subjacent to layer 2.

Taking off then applies to the part of the muiti-layer structure | above
this other InP layer, and recycling includes selective chemical efching of layer
2 with a selective efching solution, such as a solution containing ce'V HS04
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 feast part of layer 3 and to remove layer 2.



2, and recycling includes selective chemical etching of layer 3 with a
selective etching solution, such as a solution containing HF so that almost
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behaving like an etching stop layer. 20 In one particular configuration of
the multi-layer structure I, 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*ther InP layer, and recycling
includes selective chemical etching of layer 2 with a selective etching
solution, such as a solution containing Cew H2S0O4 25 so that almost the
entire layer 2 is removed, in this case the other subjacent InP layer
behavilg fe RREIEHIAL sesfigayation afttiel cudé-layensbueiwsivethe multi-
QRiINSEFRreT GORMHASESALBINE RIS LINIEdRTNLRMPYR Rbleast part
of layer 3 and to remove layer 2. WO 20041061944 PCT/IB2004/000311
58 In off® PAFricRRF AbrRgaralidhD cerigintny e tharoudifdaysnestiugture | is
loyr corvpioed 6PpIFSEsIag¥Rial RANSOTAReSaIAYE 8L MR iINRRe 3.
special case of this configuration, the multi-layer structure | is only
compod dsof%ﬁﬂs?ﬁ‘fﬁﬁgﬁg%gﬁd Ao LY N sRBwiakingg e Jogmulas
imtiobriraganiageauyand eamrdotirdralbrokindhal formylasvisng\dparations,
Qne or §e%_er$|_layer_st akéan OE in one or in several og,erations, separated
BYPREMDY of recyRIRGSS acRbrdiRGHE AR et arfagdBEslynvention
iadlulitagseleslivachictimpsettettendtvRiag hbtweds I . aknl Braampie(B).
The donor wafer 10 is.composed of a substrate | composed of - a support
substrate made of sapphire, or SIC, or Si, - a buffer structure made

@maitegdo the said first technique for 15 making a buffer layer

" Aondt WS%B%R@S&?HE% dayer made ofAl, Gal:x N, where x
aries ’

- a substrate 1 composed of:

c
Vv
- @ support substrate made of sapphire, or SiC, or Si,
- a buffer structure made according to the said first technique for
making a buffer layer composed of:
- a metamorphic buffer layer made ofAly Gasx N, where x varies
in thickness from 0 to 1 starting from the interface with sapphire;
- an additional layer made ofGaN to confine dislocation type
crystaliographic defects;
- amulli-layer structure | comprising nitride layers.
The -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

flight emitting diodes for new display technologies. These materials are also

~ suitable for making high power electronic comporients, or electronic

components operating at high temperature.
One method of making the nifride layers included in the mutti-layer
structure [ is epitaxial growth on the additional layer made ofGaN by

deposition of group | organic metals, such as Trimethyl Gallium,
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in thickness from O to | starting from the interface with sapphire; an
additional layer made ofGaN to confine dislocation type crystallographic
Y430 - a multi-layer structure | comprising nitride layer2CTRB2Af4p000311
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 techng’lggies. These materials are also 25
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 epitaxiai growth on
ARG AlRRRAE HIEE Ty Bs Rb s GRRGSTBReh Beraalls, AIN
suthNyersetydetitislp, WO 2004/061944 PCT/IB2004/000311..59; .
Trimethylamine Alane or Trimethyl Indium for the deposition of the GaN, |
AN ot TR YRR HRE Gy P AL FENAEH O BHEHS R pbRting
frese thigidetagerdostartingféronmhirgdies donecydifey Ismibiesveen each
recycling step hetween each 5 operation to take off a layer, in order,to .
A S T T B R R vl Rl e
Epyerasioncithe$ feeaemthtadbhinges] opairdyiemoothing of layers by
chemi tchi I leye thi ol ' ' ;
Ctracturd S Do e ey e SRS S Py, cnemical
atatdrginfelp 1© Omhisvamplisispaposn stbiimgkespingubeasetiuctetsh and
G ECAMNIr HATR (LI 1T GR SR Mokt hfiggerd ot at
'Photo-assiste(? dry.etch?ng of GaN", in. Applie Phys@g etters 68 (6),
Februdp's 25960/ itha BpetiagEkingpiacitriows ureddaleipiniagses icGaN.

PftslaYRpISI AN ed ennBsisingerit PRI ke Biphghovy) ItBaiSSEsisted
and 4. 1s With reference to figure 2a, the multi-layer structure | before
fgp(i%cgﬁlg of GaN", in Applied Physics letters 68 (B), February 5 1996).

In the speécial example that will be dealt with here, the multi-layer
structure | comprising nitrides is like that shown in figures 2 and 4.

With reference to figure 2a, the multi-layer structure | before taking off
advantageously comprises the following triplet of fayers:

- a layer 3A made of AIN,

- a layer 2 made of InN,

- alayer 3B made of GaN.,

Advantageously, the muiti-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.

- Thus, InN has a lower dry etching rate than GaN or AN if a
plasma gas comprising polarised chlorine, hydrogen and possibly argon is
injected on the wafer 10, particularly adapting the technical parameters as

follows:



advantageously comprises the following triplet of layers: a layer 3A-made
of AIN, a layer 2 made of InN, a layer 3B made of GaN. 20 '

WO JAgi/etitideously, the multi-layer structure | comprises anothexcalmmst4/o00311
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identical triplet of layers, separated from the first triplet by a layer made
oflnN. 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 mterials. 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: WO

- 2004/061944-REWa B0 poloticg ¥a6l fompreofopedapisifegrablidetween 400

frequengi f 4 00 Watts, re. '
particu%efi}fluiﬁzilﬁ'z(5 gb%ﬁ%%% %%@?e%ggﬁﬁ@ g%t%véjéﬁ %ﬁ%%‘inoo'
Kelvin, preferafgyngietire helpean-360 pnes 000t/ deredérhibh closer
compqgjtm@{ith CI2 to H2 ratio equal to the order of 2 to 3, for a total

fluidic ratio of about 25 sccm. The etching selectivity of GaN and AIN
compared witHW\Pressaigefdie eydae ebw wolatility of InCIX species
compared withciheysdaiityatises BHOERBARIY BadA EBS, for

in nitrides combine very well with H2 to form gaseous molecules o

13-wifh IRl udicirtie o ahath@RtarsE3ults obtained by S.J. Pearton et

- al.in "ray Bigwiidessieniiolei dRespaannq RismaEdhing piCRNmainty

AIN, 15 and InN" (Applied Physics Letters 64 (17), April 25 1994), the
%qaﬁﬂgﬁq%%yotétliﬂg of lnC!?(/ species co_mpaged) witﬁ the voiatili%y-of species

“¢ontaining Ga and Al

N atoms. in' nitrides combine very well with H, to form gaseous
molacules of NHa. '

With reference to the experimental resuits obtained by S.J. Pearton et
al. in "Law Bias Electron Cyclotron Resonance Plasma Efching 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 fo 1.

Still referring to the said document by 8.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 efching 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
chilorine 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 CHo, 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.



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
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to AIN of the order of 2 to 1 can be obtained, and a 20 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 sBbjacent layer made oflInN forms an
etching stop layer. 25 If it is not required to keep the InN layer, dry etching
can be applied using a gas containing CH2, so that the subjacent layer
made ofAIN forms an etching stop layer. An additional finishing step, for
example5y 'Buts ARt Aftsr eichingl wavitiem the stk ofapeitagecdasiing to
aftenpiching. WO 2004/061944 PCT/IB2004/000811 61 This layer kept
after etching may then be taken off again according to the invention.
similaryMi'ealing sai0asHE i deaeni fageinbhdavesidhe sesidumur agenN
R/ AENARIA0SNRI RS YO 1GRLEISING B35, ORRINRG MMItG THDEL BEit the
5 InN layer forms a stop layer. It it is not required to keep the layer made
BIAIRY ST (P50 %@ﬁ?@s’%ﬁf‘é" to implement dry etching using gas containing
chloring RaghastthecgiiacenteliNty eior minas ORIRY af Wb df Sossible

er made - of AIN i taken off, dry etching can to advant ly be
G ot AR 28 BTN gl piacont

Bl pbidyars eastafsdalyertaken off in a single taking off operation,
particuagyf e 25 SR LIRS ™ GV SEPHI LIS o
advantageously be used using chlorine gas while the subjacent InN layer
formsa sfop layer. _

Several layers can also be taken off in a single taking off operation,
particularly if there are several triplets (AIN, InN, GaN) separated by an InN

tayer.

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 of GaN;
- a Si02 mask;
- a GaN buffer layer;
- a multi-layer structure | comprising successive layers of
nifrides, 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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multi-layer structure | comprising successive' layers of nitrides, including

at least one layer made ofGaN. 25 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 buffeé&tructure, and it consists of

anisotropically growing nitride layers, particularly GaN, using the ELOG

technique. WO 2004/061944 PCT/ B2004/000311 62 The SiO2 mask

used in this configuration is advantageously in the form of bands

arrang@te&iddicwbkarsdbimthisnemhfitpiialionnnddvaitGadbandy antiestform
rallel.1o . thickness, of band,is typically of the order

B e e OB A R RS RO e S ane

wdntgrerallel e eichandeeseparating the bands from each other is

Wypicalin bR RLLIHOBIAY AR AScEy HHRPISLIIPLR SHY 1SR of o

network of bands at 13 micron inter microns

tﬁi@t@anWBilm?h@MédM a@axgidgsﬁrtbemm i fpyanisrainsase, these
Si02 'bw@sa%%asgemmdtﬂ@'eaﬂﬁenﬁdmt%%éﬁsiﬁ{ﬂ%yqe(%g%eg,gﬁ&m

ahove, close to the free surface of these bands. T ickness 0
Wh FcIRBS Rt EiEBNSare located around the mask then forms the said

buffer iayeexample, there could be a network of bands at 13 micron intervals,
each band being 0.2 microns thick and 5 microns wide.

| As described above in a general case, these Si0» bands will cause
localised dislocations in the GaN layer(s) deposited above, close fo the free
surface of these bahds.

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 simitar to
the lattice parameters of GaN are deposited on the buffer layer to form the
said mu!ti—iayér structure 1.

This multi-layér structure | then comprises at least two layers each with
a thickness equal o 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 {o the document drawn.from "MRS Bﬂiietin" May
1998, volume: 23, No. 5, Article by Shuji Nakamura entitied "In/GaN/AlGaN-
Based Laser Diodes with an Estimated Lifetime of Longer than 10,000
Hours".

In particular, in this mutti-fayer siructure |, stop layers with selective
chemical etchings such as InN layers as described previously in example 8

can be integrated during manufacturing.



15 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
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least two layers each with a thickness equal to or greater than the
thickness of a useful layer that is to 20 be taken off. For further

information about the method of making a wafer according to the ELOG
process, refer to the document drawnfm "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 25
Hours". In particular, in this multi-layer structure I, stop layers with
selectivENéhenhichtakingned sulavas madmpéanhl decyeims areatoingytm the
SRR S AR bEGHRARIRES Bﬁr&éﬁfﬁ&’fﬁ&t@'&@ SHELR O pact to
PCT/IB2004/000311 63 Thus, after taking off a layer made ofGaN,
fegyeHRingeEbiaN Jaehesityamisirting samaoBiabig PelpERsfrgtAENe as
GriVisalagtivedy ey inspeshifiethe subjacent IhN layer using an etching

gas containing polarised chlorine as previously described in example 8. 5
Other CQHE?EUEEEE’E%?W@ bR dRRiAHHEe ciffRotiir cBRGNIGHRFALICTNG  layers
piesenied imm_ﬁido{q;bmn@rfd@xa%mte;ﬁéch@iica@m}miﬂm ayjeban car}aon
concentration in the layer considered being significantly less than or equa
EPAREA DA (Bp B G E EEr e U0 B eh WiinPlrBbe o
Bty tinisra panficiagynaitestiotesbidratidoneswaian 10 ewmped of 5%.
materials presented.in the above examples, but also,covers other types of
atorid B Dl R aT T R e, WAtFr, (o nede of
beddagaly fwakertéd\in| e, adoVe apanples)ibed. Meteabratio tibarabme$ of

belonging to the V-1V, lI-V, I-V] atomic families. o
Note that in the case of alloy materials, the alloys chosen may be
binary, ternary, quatémary or higher degree.

If the donor wafer 10 comprises a buffer layer or a buffer structure, this

- invention is not limited to a buffer layer or a buffer structure which has the

prime function of adapting the lattice parameter between itwo adjacent
structures with different laftice parameters, but also concerns any buffer {ayer
or buffer structure as defined more generaily in this document.

Furthermore, the final structures obtained as a result of taking off
useful fayers 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 lasérs.



is If the donor wafer 10 comprises a buffer layer or a buffer structure, this
invention is not limited to a buffer layer or a buffer structure which has 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. 20
Furthermore, the final structures obtained as a result of taking off useful
layers are not restricted to SGOI, S@Y Si/SGOI structures, nor are they
restricted to structures for HEMT and HBT transistors nor to structures for
applications in lasers. 64 CLAIM%E}Amhod of recycling a donor wafer
after having taken off a useful layercomprising a material chosen from
semiconductor materials, the donor wafer comprising successively a

substjate angiapiltigPYSEPUIMTUE o S Mibray Shel YRRy PRIRLE off 2
taking-off, comprising the usefu Ia%er to take off, the process comprising

UFEHHOIRY R SORRERES chradasial tHeMakATgiepndskpdeaterials, the
deharagtEzed indhah @lactednamgalefsuiRaianes atrepslapadrliige,

multi-layer structure remains, this at least part of the buffer structure

R REeTeSEr S tReliorR ARl e R PRNBRG dRe s RTUlRKB  fautake
- offuphlepentess stemetiefior mingor aisefublaystasdsthabokigsyalitge the

B S BhEc S CHEIE LR et A iaos ATEIDE Presya Al SEEoRAFg =
letmsthe peevafube ai mtﬂi,amasamﬁ]dlzedémﬂiasthaim_ait!dayépattwtme_ buffer
S e e e e P R Lo
withihial areufrsiemgatannsiesef wimoingagersefal &ayebe taken off after
o, MBS0 SR DA VLB
cliasgsipsized in that the removal of substance comprises chemical etching.

3. Method of recycling according to the previous claim 1,
characterized in that the multi-layer structure comprises a first layer and a
second layer on the first layer, after taking off.

4. Method of recyciing according to the previous claim,
characterized in that the first layer 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 close to
their interface, are chosen such that there is means for selectively removing
material, with a capacity for attacking the second layer fo be removed
significantly greater than its capacity for attacking the first layer, thus the first
layer forming a stop layer of the removal of the second layer, and in that this
process comprises the selective removal of substance.

8. Method of recycling according to the previous claim,

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



their interface, are chosen such that there is means for selectively
removing material, with a capacity for attacking the second layer to be
removed significantly greater than its capacity for attacking the first layer,
thus the first layer forming a stop layer of the removal of the second layer,
and in that this process comprises selective removal of substance. 6.
Method of recycling according to the previous claim, characterized in that
the multi-layer structure comprises several pairs, each 65 composed of
the said first and second layers, the second layer of each pair can be

selectiv F oved Ith res ecttota first layer in the s air b
o S A R R VBl i A REL AT el pair
cacdmdintptdively civlaved @ith 6espeatdcténeddsh thartiretheilialagepair by

n%ﬁ{%‘%%%@?é E@g%g{ggi&gﬁégé(}ﬂgﬁﬁt%h@{d layer beneath the first

yer, ird layer com ‘ ayer ‘that can be taken off after
recycling. 8.Wstust off reepritigcacedirting the praeioos daims 3 to 8,

cﬁgi%r&%tﬁi@@qd RHhatHRE At atiee ParREr i r% rgﬁt%’:@& Qf(otrt?\%rlsaes

first layer is significantly different from the lattice parameter of the seco

a &htﬂdtiﬁma%s@aéhdhﬁ firat tayehidRACKYIEf BNeficeTaREsiRdst AR IRNer

e chRiBg %ﬂép,cgﬁyaﬁ@aué%g@m@e second and the third layers (. 9.
Methad of recycling according tg any one of the two previous claims,

chardeterizel#iAL: 198 tv%%‘l’égla@‘“o?%@‘?@sp@%tl\meﬁrs@Tﬁle‘@ndC‘aim
cﬁbuL@bk@ye_re@rah Qh%ﬂ@hﬁ?htbﬁtéﬂﬁ@ @mﬂ%@f Iﬁ%faﬁ@gﬂwéné@@gwmﬂrst
substance with g ca or atta e first e.remove
YR B GG, SR eHe FAPB 1R BT TE S i Pt
thgieEagtmr@;r@mUB ahstpthiaykickhthus reﬁwmhoiﬂh&yfwsidasaeralamymmﬁfor
th tati f lective,removal of
o e RET BTG B Ak T AR, e three
prew&us cldﬁﬂ&ﬁn@ﬂmmzbdgmmatrmggﬁo!tamjymmbmmtcrmmpm@us
ol ﬁ%@@hﬁr‘glﬁ&%&é&'}&ﬁm{’&?&% hgsp LAY RELIRY §-SEE0RT and

ayer, one
third layer, are chosen such that there is means for selectively removing

substance with a capacity for attacking the first layer to be removed
significantly greater than the capacity for attacking the third layer, the third
1ayér forming thus a stop-iayer of the removal of the first layer, 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 mulii-layer structure comprises several
triplets each composed of the said third layer first layer second layer, 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.



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. 66 11. Method of recycling according
to any one of claims 5, 6, 9 and 10, characterized in that selective removal
of substance comprises a selective chemical etching. 12. Method of
recycling according to the previous claim, characterized in that the
selectivity of chemical etching betweih the two materials considered is
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
atomit. condxeemmttbofofeayt&iag avecatingidelameohs o mialgabiss, 9 and

nificantly._di er rom the atomic ¢ on of the same atomijc ..
1 R A I R SRR, £y Bovoenyve
chmnméstdfﬂng/lethod of recycling accordlng to the previous claim,

charag}erlzq\qé that t ?SF%%QP it hatt 5':‘891 etyeen rfge té\fam ;}grlaé%m

considered Is o talne e two'materials co ost

chaepgicsizadniic @@fnmﬂs%w@émttoroétma@m@ﬁé stilinghdietwaso the two
melRMERlIaRAd RQ%BE%H@H% 3pd iRty the additional atomic

element is a doping element. 14 Method of recycling according to any
one of the St WRVIgiRr2laiRTe, diffRsit #echanical attack of the

material to hrd eV e RRerawitdhCammaatinr Mita g SRIRCMBments,

chemlcal etchln so that a selective mechanical-chemical planarisation is

@B?r@%iﬁﬁ 18RSI to any one of claims 5, 6, 9 and
10, charactmzedma thattaeselective mmoval aisueianCEROMSISeSdIc

Cdc’r?g:%%ttlyaeiion 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.

13,  Method of recycling according fo the previous claim,
characterized in that the selectivity of etching between the two materials
considered is obtained by the fact that the two materials contain aimost
identical atomic eiements, 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 fo any one of the three previous
claims, wherein a mechanical attack of the material to be removed is
operated in combination with the selective chemical etching, so that a
selective mechanical-chemical planarisation is used.

15. Method of recycling according to any one of claims 5, 8, 9 and 10,
characterized in that the selective removal of substance comprises a selective

mechanical atfack.



mechanical attack. 67 16. Method of recycling according to the previous
claim, characterized in that the selective mechanical attack is done by
polishing, possibly associated with abrasive and / or chemical etching. 17.
Method of recycling according to any one of claims 5, 6, 9 and 10,
characterized in that a selective rem8Val of substance comprises a

removal of an oxide layer by a deoxidation step, the oxide layer thus

being sacrificial. 18. Method of recycling according to the previous claim,
characterized in that comprising further a surface oxidation of the

multi-gy elistiusiuse recfolinmgtbe sadiifigitd txdprayieusl 8idde! g eicterized

: [ di h j im, ch ized inthat th .
iR T R R R R
alssmridhan with | apeadieacatt itoP@hbhatbaidetdmegycling according to the

i i g )

and At TS S B A R s e o
charattatizecinttatraisclegbivestanaval, ohsuhstantayeeeingesfaremoval of
R y3ialing materialbaying s WstpHheShAUqa) comRRAIAN-ALt Adettice

mismatch’with the support substrate, confining crystallographic defects.

21. ME&hddedheacotrngyativeraripeinktpibaoue viaks danaclearasdeiired
inhlhedpuesiiysuithet 9 SIBROEM AR deRateia- R insthatu ke to

multi-layer structure comprises at least one of the following materials:

st petiiil @99 aYREe or Ge. 22. Method of recycling according to
any clamgidited dfcealanielizedoaiiptdhas yhstigsCorRis@fafacterized

. support substrate and a buffer structure with a lattice, parameter varyjn

S 5y PR BRP TR RS R SR o ot the
spheferrpeigeotibe shppaybsiesicalit &nd another lattice parameter
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the substrate comprises a support substrate and a buffer layer, the buffer
layer being located between the support substrate and the mulii-layer
structure, the buffer layer being of a crystalline material having a constant
chemical composition and a lattice mismaich with the support substrate,
confining crystallographic defects.

21. Method of recycling according to the previous ciaim, characterized
in that the buffer layer is of Si, SiGe, Ge or a nitride material, and in that, the
multi-layer structure comprises at least one of the following materials:
elastically strained Si, or SiGe or Ge.

22. Method of recycling according to any claims 1 fo 19, characterized
in that the substrate comprises a support subsirate and a buffer structure with
a lattice parameter varying significantly and progressively through its
thickness between the latlice parameter of the support substrate and another
lattice parameter significantly different from the lattice parameter of the

support substrate,



68 23. Method of recycling according to the previous claim, characterized
in that the buffer structure also comprises an additional layer on the buffer
layer, which: - is sufficiently thick to confine defects; and / or - has a
surface lattice parameter slightly different from the lattice parameter of
the support substrate. 24. Method of recycling according to one of the
three previous claims, characterized in that the buffer structure and the
multi-layer structure both comprise atomic alloy belonging to one of the
following atomic alloy families: IV-IVae{gmily; llI-V family; 11-VI family; this
alloy being of the binary, ternary, quaternary or higher degree type. 25
Method of recycling according to one of claims 1 to 19, characterized in
that the substrate comprises: in a first configuration: - a support substrate

of Si; - a buffer structure comprising a buffer layer of SiGe with a Ge _
conc&ﬁiﬂéﬁwaééﬁwﬁk?@aamtﬁmﬂt% RS Ah G A ddAGREPriZed

inayrertahSiGeffetasedonyrthelbufiesiayeses anlbidayRsrEiusiEe on the buffer
comprising, before taking-off, elastically strained SiGe and / or Si; or in a

in
ias%%roﬁvd%’:c figuration: - a support substrate of Si; - a buffer structure
comprissngEibiefidly [thiek bb StBEneitedetle; aoddemtration gradually
increasipg with ' a itignal.|ayerof SiGe relaxed by, ..
the_buffg rg %y%r%Qﬁégékr%ﬁg?/e%% %EH%‘%S ssglgﬁ%t tha Eefﬁ%a{ sngs?fr? ?Pé Ef?s?gtt;oe
pesamaieatirthais e b etdsigts. having a Ge concentration 69

24. Methoed of recycling according to one of the three previous claims,
characterized in that the buffer structure and the multi-layer structure both
comprise atomic alloy belonging to one of the following atomic alloy families:

V-1V family,

-V family;

I-VI family;

this alloy being of the binary, termary, quaternary or higher degree type.

25 Method of recycling according to one of claims 1 to 19,
characterized in that the substraie comprises:

- in a first configuration:

- a support substrate of Si;

- a buffer structure comprising a buffer layer of SiGe with a Ge
conceniration gradually increasing with the thickness and an additional
tayer of SiGe relaxed by the buffer layer;

- a multi-ayer structure 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



increasing with the thickness between about 0% and about 100% and
with the additional layer of SiGe relaxed by the buffer layer having a
concentration of Si of almost zero; comprising, before taking-off, AsGa
and / or Ge; or in a third configuration: Si at least in a thick part interfaced
with the multi-layer structure; - comprising elastically strained SiGe and |
or Si; or in a fourth configuration: - a support substrate comprising AsGa
at its interface with the buffer structug®; - a buffer structure comprising a
buffer layer comprising 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 combinations of (Al, Ga, In) - (N, P, As), and at least two

elhementfs chma‘gqr% wmﬁ;me_tlmdkrfégéﬂmweil ﬁ%ﬁjc%moo% gRNEHout
chosen from ng the Y family, these two ele aving a
concentratior:]a@?&%@&%&ﬁ%ﬁdﬁﬂ%ﬂ%ﬁkﬁé@ friexEreM iR DYffer
multi-layer cémpprisimgnbefaenakicish an Siloydelongiegoto the Ili-V
family; or in fi;ﬁh config%req;tion: the sa the.same materials

t

ayers an
asin the fourth c%rr;ﬁfa%fatlo%fe&ac}%%g H%?Atﬁ? %tﬂ%ﬁs?lru ftr€also has a
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comprises, before taking-o and S; or In a Sixt
configuratiorr CRITRifsHost elaptioally srangghféeradiC/or St 20 - a buffer
_layer %’%-%@l@%d’r‘iﬂ@[@éﬁ&ﬁ?ies in thickness from 0

- a support substrate comprising AsGa at its interface with the
buffer structure;

- a buffer structure comprising a buffer layer comprising an
atomic alloy belonging fo the [V family of the ternary type or a higher
degree, the composition of which is chosen from among possible
combinations of (Al, Ga, In) - (N, P, As), and at least two elements
chosen from among the lli family or at ieast two eiements chosen from
among the V family, these two elements having a concentration
varying gradually within the thickness of the buffer layer;

- a multi-layer comprising, before taking-off, an alloy belonging
to the Hi-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
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;



to 1 starting from the interface with the support substrate; - optionally an
additional layer of GaN, if any; - a multi-layer comprising, before taking-off,
AIN, InN and GaN; or in a seventh configuration: - a support substrate of
sapphire or SiC or Si; - possibly a layer of GaN; - a mask; - a buffer layer
of GaN; - a multi-layer 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
comprises: In the first configuration: 7vo 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 signifisartjedifergBArom, iecae,contestrmiiapriBRaFhAT
paran OGNS 1§ CATBAEE MO B B e or
doped Si or dapetibGaBeantdddiionae lafthefe3hledflapgrs being a stop
e D B AN YA Econ o
-intermisciasetstheernflgpitaiiviayers of GaAs;
- a support substrate of sapphire or SiC or Si;
- possibly a iayer of GaN;
- amask:
- a buffer layer of GaN;
- a multi-layer 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 comprises:
- In the first configuration:
- two layers of aimost elastically relaxed SiGe; and
- an intermediate layer between the two SiGe lavers
composed of:
- Si elastically strained to have a lattice parameter similar to
the iattice parameter of the adjacent SiGe areas; or
- SiGe with a Ge concentration significantly different from
the Ge concentrations in each of the fwo 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 eiching of the layer overlying it; or
- in the second configuration:
- two layers of GaAs;



at least one of these three layers being a stop layer for selective chemical
etching of the layer overlying it; or in the third configuration: - two layers
of almost elastically relaxed Si; and - an intermediate layer between the
two Si layers composed of: - SiGe elastically strained to have a lattice
parameter similar to the lattice 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: - two layers of InP; - aidIntermediate 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. in the
sixth configuration: - an intermediate layer of InN between a AIN layer and
a GaN layer; ~in tine seyenti A0GHGY dliemmcaidiRiened@idiayerofdpdls
between two Iayeg %N. 27. Method of recycling according to any of
the previous claims, Haracterized in that a finishing step of the surface of
the donor wafer isatgessh ezl didfozeottatieriayemsviad pigsalsdtanizye28or

Method of reCyC'i%‘é@Eﬁ%di%ﬁ‘?ié‘éﬁye?éﬁﬁf?rpéﬂﬂ%”%gé?iBl?ec}gfﬂgrﬁé’bl;he
donor wafer comprises at least one layer further comprising arbon
-with a ciiribom Ediscepnigiviaiivthe layer significantly less than or equal to

50%. two layers of aimost elastically reiaxed Si; and
- an intermediate layer between the two Si layers composed
of:
- SiGe elastically strained to have a lattice parameter similar
to the lattice 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:
- two layers of InP;
- an intermediate layer of inGaAsP between the two lavers
of InP:
at least one of these three layers being a stop layer for
selective chemical etching of the layer overlying it.
- 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.

27. Method of recycling according to any of the previous claims,
characterized in that a finishing step of the surface of the donor wafer is
performed before or after removal of substance.

28. Method of recycling according to any of the previous claims

H

wherein the donor wafer comprises at least one layer further comprising



29. Method of recycling according to any of the previous claims, wherein
the donor wafer comprises at least one layer further comprising carbon
with a carbon concentration in the layer significantly less than or equal to
5%. 30. Method of taking-off a useful layer on a donor wafer to be
transferred onto a receiving substrate, characterized in that it comprises :
(a) bonding of the donor wafer with the receiving substrate on the side of
the useful layer to be taken off; (b) detaching the useful layer included in
the multi-layer structure of the donewmwafer; (c) recycling the donor wafer
10 in accordance with the method of recycling 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 multi-layer structure of the donor wafer
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three previous claims, characterized in that: before step (a), it comprises
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detach a structure comprising the useful Iayer from the donor wafer, 34.
el et g B U U o e s
ofahmniseﬂm@jm.to be taken off;
b) detaching the useful layer included in the multi-layer structure of the
donor wafer;
(c) recycling the donor wafer 10 in accordance with the method of

recycling 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 multi-layer structure of the donor wafer comprises a stop
layer to a substance removal of its overlied layer, in that step (b) of detaching
relates fo 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 fo
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:



35. Method of taking-off a useful layer according to the previous claim,
characterized in that the implanted atomic species comprise at least a
proportion of hydrogen and/or helium. 36. Method of taking-off a useful
layer according to claim 34, characterized in that the embrittlement zone
is formed by porosification of a layer. 37. Method of taking-off a useful
layer according to one of claims 30 to 36, characterized in that it
comprises another step, after step (b), of finishing the surface of the
useful layer at which the detachmen%ook 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-30 to 37. 39.

Application of a cyclic taking-off methqod according. to the preyioys claim or
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lagfter taking- off, the remaining of the multiplayer structure is still
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characterized in that it comprises another step, after step (b), of finishing the
surface of the useful layer at which the detachment took 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 30 to 37.

39. Application of a cyclic taking-off method according to the previous claim or
a taking-off method according to one of claims 30 to 37, to form a structure
comprising the receiving substrate and the useful layer, the useful layer
inciuding at least one of the following materiais:

SiGe, Si, an alloy belonging to the il-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
a taking off method according fo one of claims 30 to 37, to produce a

semiconductor-on-insulator structure, this latter structure comprising the



42. Donor wafer according to the previous claim, characterized in that the
remaining part of the multi-layer structure comprises a stop layer of a
selective substance removal operated on its overlied layer. 43. Donor
wafer according to the previous claim, characterized in that the stop layer
is sufficiently thick to include a useful layer that can be taken off after a
selective substance removal of its overlied layer. 44. Donor wafer
according to claim 40, characterized-ig that the stop layer is sufficiently
thin to be elastically strained by the adjacent layers. 45. Donor wafer
according to one of the three previous claims, characterized in that the
selective substance removal comprises a selective chemical etching, and

in that th ical etching b en the two materials. is made selective
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different porosity densities. 75 46. Donor wafer according to one of the
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struct4ipe [DRingeraledwveety thetasppenisubsitaie asiskibe evitiedayethat
thse’emgg}%?hing part of the multi-layer structure comprises a stop layer of a
selective substance removal operated on its overlied layer.

43. Donor wafer according to the previous claim, characterized in that
the stop layer is sufficiently thick to include a useful layer that can be taken
off after a selective substance removal of its overlied layer.

44. Donor wafer according to claim 40, characterized in that the stop
fayer is sufficiently thin to be elastically sirained by the adjacent layers.

45. Donor wafer according fo one of the three previous claims,
characterized in that the selective substance removal comprises a selective
chemical efching, and in that the chemical etching between the two materials
iIs made selective by the fact that the stop layer and its overlied layer are
respectively of:

- two different materials; or

- two materials containing aimost identical atomic eiements,
except for at least one atomic element; or

- two materials being aimost identical, but the atomic
concentration of at ieast 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. .
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48. Donor wafer according o one of the four previous claims, characterized
in that the multi-layer structure still comprises several stop layers for selective
substance removal.

47. Donor wafer according {o one of claims 42 to 47, characterized in that
the substrate comprises a support substrate and a buffer structure, the buffer
structure being located between the support substrate and the multi-layer
structure.



