r THERMAL OXI DATION OF A Si Ge LAYER and APPLI CATI ONS THEREOF The present

I nvention concerns a nethod for oxidizing a surface 5 region of a SiGe

| ayer. And this invention concerns a nethod for treating a substrate
conprising a sem -conducting |ayer on at |east one of its surfaces, said
met hod conprising an annealing of the substrate, said annealing itself
conprising an oxidizing thermal treatment of the substrate under an 10
oxi di zing atnosphere for oxidizing a surface region of said substrate.
Such net hods al ready exi st. The annealing of substrates as it is exposed
above is generally <carried out in a controlled atnosphere. Annealing in a

non- oxi di zi ng at nosphere (nj n LAC ..} is generally
exposed to the drawback of?@éégﬂﬁdo¥ﬁ&aggﬁéﬁéa§%§ﬁiggh%$?P%ng on the
surface of a sem conductor | ayAPPLIQATIONSITHEREOSI | i con. On the ot her
hand, annealing in an oxidizing atnosphere is exposed to the drawback of
creating defects in the crystal structure of the 20 substrate. US 6 403
450 (US ' 450) prOposﬂfﬁe@rédéhutriv@rﬁtiohcvbneémealmagodiformhﬁzim@aeuvfmmout bei ng

exposed to a surface %é E% while at the same tine limting as far as
possi bl e t he® nuFfsian of PE introduced into the crystal structure of

the substrate. 25 USAndSfisi mv&tidnopperagsa eetiedchiod tma'tm@ acemntnasaes t he
creation of an oxidjzed regl on, on surfac of, the s ate, before the

anneal i ng. of sSPBPTSHYA PeECONdyCing ﬁy‘?ﬁs‘frhﬂ B P5,4f 5 ag%ﬁ.fsg regi on
protects the suRgsthoadte@mpasing Hh hfialiiy) efltiengubstrael daidnmerilimy itbef ng

carried out in gonm;?l{[s%sg heo&admng thermal treatment of the substrate under an
10  oxidizing atmosphere for oxidizing a surface region of said substrate.

Such methods already exist.

The annealing of substrates as it is exposed above is generally
carried out in a controlied atmosphere.

Annealing in a non-oxidizing atmosphere (nitrogen, argon,

15 vacuum, ...) is generally exposed fo the drawback of causing the
phenomenon of pitting on the surface of a semiconductor layer,
particularly siticon.

On the other hand, annealing in an oxidizing atmosphere is
exposed to the drawback of creating defects in the crystal structure of the

20 substrate.

US 6403 450 (US '450) proposes a solution for annealing a
substrate without being exposed to a surface pitting, while at the same
time limiting as far as possible the number of defects introduced into the
crystal structure of the substrate.

25 US ‘450 indeed proposes a method which comprises the creation
of an oxidized region on a surface of the substrate, before the annealing -
of said substrate.

In such method the oxidized surface region protects the substrate
during the annealing — said annealing being carried out in an atmosphere

30  which leaves the oxidized surface region unaffected.

US "450 thus provides a solution for limiting the drawbacks
mentioned above in relation with the annealing of a substrate.



30 which | eaves the oxidized surface region unaffected. US '450 thus
provides a solution for limting the drawbacks nentioned above in
relation with the annealing of a substrate. 2 This solution is well
adapted, anong others for the treatnent of substrates of the SO (Silicon
On Insul ator) type. However, the recent evol utions concerning the

sem conduct or substrates have pronoted nmultil ayer substrates which
generally conprise 5 a support layer in a material such as e.g. Si, and
at | east one layer in a sem -conducting material such as Si Ge having a

| attice paraneter which is different fromthe lattice paraneter of the
support layer. SGA (Silicon-Germanium On |Insul ator) substrates are an

exanpl e of such substhiatselution is well ggaptad.ameng pthersfer thgtegalaentff 1o appl y

the general SO'ébe@élesttﬂM'Siﬁ?Slﬁdan&Irfb'é@td?ﬂyﬁeseo substrate. This
general solution could be applied by creating the oxidized Eurface regi on

through a depositi onHQWe‘aQ\"- dhg meentsyeivtigns egncemingyuthe semicgn of

deposi tion i n th@sPses Aave pro%étéehhelhiayér@uﬁ&trai%wmezdgsmmmymmsaddltlonal
step woul d be associated to additional tine

exit nd cos
Anot her way df % BéRRortigyaria adR*‘r’fSFQ’e%'CB l?lsfea%eg'-r%f&n%r‘e%ﬁ'ﬁ BET f’ba pr oceed
thr 0U9h a "dir eéé‘im—ceﬁdl%hﬂ; ‘Pr'ihtéi‘fal bfigh & SSRGS laftfcepaPhehbter WhibRt r at e

(i.e. an oxidation of a surface region of the SiGe |ayer through a 20

ther mal treat nehdiffgrent flamdhesatlicn pakaraster gihe $UPBPTIEYSE r eat nent s such as a

t hermal oxidation woghgh bEsii@asimhRfh tOn UpdaisionakkuBsiRftéecdre wht hin the
SGA substrate. It is indeed known that annealing a SGO substrate - e.g.

for oxidizing ¥*eEPaRieyeR subHaeShe associated to specific problems, and
in 25 partjgul ar totRRIPenesdss Yo MicrithhasaippRNheVgdrizkal soliiol Ce | ayer

of the
provided by US ‘450 on a SGOI substrate.

This general solution could be applied by creating the oxidized
surface region through a deposition of an oxide.

However, this would add a step of deposition in the process —

15 which is not desired since such additional step would be associated to
additional time, complexity and costs.

Another way of creating the oxidized surface region would be to
proceed through a “direct” oxidation of the SiGe surface of a SGOI
substrate (i.e. an oxidation of a surface region of the SiGe layer through a

20 thermal treatment of the SiGe surface).

But thermal treatments such as a thermal oxidation would be
associated to undesirable effects within the SGOI substrate.

It is indeed known that annealing a SGOI substrate — e.g. for
oxidizing its surface — can be associated to specific problems, and in

25 particular to the generation of dislocations within the SiGe layer of the
SGOL.

Such dislocations within the SiGe layer are generated because of
the formation, under the surface oxidized region of said SiGe layer, of a
Ge-enriched layer.

30 The annealing indeed rejects Ge from the surface region of the
SiGe layer into the thickness of the SiGe layer, and this rejected Ge



SGO . Such dislocations within the Si Ge | ayer are generated because of

the formation, under the surface oxidized region of said SiGe | ayer, of a

Ge-enriched layer. 30 The annealing i Adeed rejects Ge fromthe surface

region of the SiGe layer into the thickness of the SiGe layer, and this
e bet.ween the surf

rejected Ge 3 .tends tqg pile u t the interf e
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Embodiments of the invention seek to provide a method which would not be
associated to these limitations.
Embodiments of the invention also seek to provide a method for creating an
~oxidized surface region on a SiGe layer - in particular a SiGe layer of a SGOI
substrate - by direct thermal oxidation, without generating defects such as
dislocations within the structure of the SiGe layer.
Embodiments of the invention further seek to provide a method for annealing
a substrate such as a SGOI subsirate, in order to stabilize and reinforce a bonding
interface between two layers of said substrate.
Embodiments of the invention further seek to provide a method as mentioned
above, which favours an homogeneous distribution of Ge through the SiGe layer. |
According to a first'aspect of the invention, there is provided a method for
oxidizing a surface region of a SiGe layer, said method comprising an oxidizing

thermal treatment of the SiGe layer under an oxidizing atmosphere for oxidizing



a substrate such as a SGJ substrate, in order to stabilize and reinforce
a bonding interface between two |ayers of said substrate. Enbodi nents of
the invention further seek to providé a nethod as mentioned above, which
favours an honogeneous distribution of Ge through the SiGe | ayer.

According to a first aspect .of . the inventign, there is provided a nethod
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oxi di zg&gﬁ&ggi{@e treatnent is preferably carried out with a thernal

budget spondi ng to the formation of sur f ace oxi di zed region.
corrgos ed of Si gz,said ﬁigh temperature annealing al?owmg the diffusion of &e froin said

Ge-enriched region into the underlying part of said SiGe layer.

Preferred but non-limiting embodiments of such a method are the
following: '
« said oxidizing thermal treatment is preferably carried out with a thermal budget
“corresponding to the formation of a surface oxidized region composed of SiOo,
- said oxidizing thermal treatment is preferably carried out at a temperature which is
above a transition temperature, said fransition temperature defining a first
temperature domain under said transition temperature, where SiGe is oxidized into
an oxide of the form Si,Ge,O, (with z different '



said oxidizing thermal treatnment is preferably carried out at a
tenperature which is above a transition tenperature, said transition
tenperature defining a first tenperdure domain under said transition
tenperature, where SiGe is oxidized into an oxide of the form Si xCGCeyQz
(With z different 5 fromO), and a high tenperature domain above said
tr ansiftcbmrﬂ)t amnpea dtigh éempheatere gomain %oxe diaie dransitiondeomerabie dwbe®

| ayer & and said transition tenperature is preferably
bet weeR cﬂk%%ﬁﬁ’cé%% 8ai d threshol d range may correspond to a thickness

of 30 ‘tsalé(ﬁlﬁ‘m lager may containZZe Gaengesaid dnsiion emperaiu is pieferably

conpris % gaid oxidizing thermal treatment is preferably
carrledso énof%(gﬁ%dgurln 15 mn, said oxidizing thermal treatnment is

pr ef er-a$dig threshpldaraoge maasdéerrasmn%t%w@@hne%ﬁ kep@ nm &y therqaxigize
t enper ling is preferably carried out W|th a thermal budget
al | ow%ﬁg&éggﬁgntlal l'y uniformdistribution of wthin the whole Si Ge

| ayer s®aidsSiGeolaypl mayatampese 208 oh Gyl $aigi Qﬂfiizmsdhaﬂﬂ?'ghﬁeafe?ﬁ%ﬁ%t ure

anneal | Hafén%b@fﬁérﬁbé@da?@bm@@u%b 1& mfh,t enper at ure between 1000 and
1100Cd ring our s sai d high ténperature annealing js preferab

|
carr i et St @XTENGoHisMa deatent 151 BIeraklk GagioR, b URJEE bRl SREEEN of

t he 'né(tﬁﬁﬁtgfh@rethere is provided a stabilizing nethod for stabilizing at
| east one

nding interface within a structure risi uried
oxi de 1 &gisk hﬁ@ttﬁ@&?ﬁrﬁt@@“ﬂ ealipg ’érf?feg@ Bp%‘?‘rf'egu%tw&gpthed'ﬁ??%tzed
in that audswmgléisﬁtss%ahﬂual@l JHifore diSRibtEoRn of s within theplhaletSice lajeradd as
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st r uct uf@elipynale said Ge-ENRGNeMESHAN: t reat nent of sai d oxi di zi ng net hod
bei ng ca4itliigh esthp@ture annealing is preferably carried out at a temperature between

1000 and 1100°C during 2 hours,
- said high temperature annealing is preferably carried out at a temperature of
1100°C,

According to a second aspect of the invention, there is provided a stabilizing
method for stabilizing at least one bonding interface within a SGOI structure
comprising a buried oxide layer between a SiGe layer and a support substrate,
characterized in that:

> said stabilizing method comprises the application of an oxidizing method as

mentioned above to the SiGe layer of said SGOI structure,
> the oxidizing thermal treatment of said oxidizing method being carrled out on
the SGOI structure so as to form a protective oxide capping on the surface of
the SiGe layer of the SGOI structure, for protecting said SiGe layer from pitting
during the subsequent high temperature annealing of said oxidizing method,
- said high temperature annealing allowing at the same time:



the SGO structure so as to forma protective oxide capping on the surface
of the SiGe layer of the SGO structure, for protecting said SiCGe |ayer
from pitting during the subsequent high tenperature annealing of said

oxi di zing nethod, said high tenperature annealing allow ng at the sane
time: 6 the stabilization of a bonding interface between said Si Ge | ayer
and said buried oxide |ayer, and/or ®f a bondi ng interface between said
support substrate and said buried oxide layer, and the diffusion of Ge

within the SiGe |layer of the SGJ structure, in order to duce
gener at Poﬁh@ﬁt%h?éﬁiioﬂé)fcﬁ bepding dnierigce fasitween raid vioe laver @Pgéé'dom'”ed
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is above said buned oxide lagependt ure, said transition tenperature defining a
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oxidized into an oxide of the form Si Z (wwith z different fromO),

and a_ hi ghredupptheagenerationmiian @Mﬁ/@fﬁﬁgﬁft@aﬁ@f%%ﬁ%@merature wher e
SiGe is oxidized into Si2, said SiGe |layer may contain 20% CGe, said
oxidizing thermal treatnent is preferably carried out. for 30 m nutes and
sai d trandtrefered dwhaoalimisingsepbediseenty 5 s sogabiizingangthd areithg

t her medy) 6 .ment may be carried out with a thermal budget whi ch

corresponds to the generatl on on said SiCGe @ilyer of a surface o zed
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domain above said transition temperature, where SiGe is oxidized into SiOs,

» said SiGe layer may contain 20% Ge, said oxidizing thermal treatment is preferably

~ carried out for 30 minutes and said transition temperature is between 750 and 800
°C,

» said oxidizing thermal treatment may be carried out with a thermal budget which
corresponds to the generation on said SiGe layer of a surface oxidized region
which is at the same time:

> Thick enough to protect said SiGe layer from pitting during the subsequent high

temperature annealing,
> Thin enough to remain under said threshold range.

» said surface oxidized region may have a thickness of 100 angstroms,

- said SiGe layer may comprise 20% of Ge, and said oxidizing thermal treatment is
preferably carried out at 900°C during 15 min,

« said high temperature annealing is preferably carned out at a temperature of at
least 950°C during 2 hours,

- said high temperature annealing is preferably carried out at a temperature between
1000 and 1100°C during 2 hours,



said high tenperature annealing is preferably carried out at a tenperature
of at least 950C during 2 hours, said high tenperature annealing is
preferably carried out at a tenperatufe between 1000 and 1100C during 2
hours, 7 said high tenperature annealing is preferably carried out at a
tenperature of 1100C. Enbodi nents of the invention also provide a bonding
met hodt ehida highGierhpgraturewannealingu s tprefesablyyearried deutoat @ Imperatidecobr
materlﬂ haracterl zed in that an oxidizing method as nentioned above is
carried ou ‘on said SiGe layer so as to form in the surface region of
said SiGe |layer a Si 02 oxide layer, and the oxidized SiGe layer is then -

bonded i ¢ e pblinRbis of € irhhBbn a1E5 bRAGIOS AR ARnd oF i SicRughr ot o

| ayer, sai 02 oxide layer-in its Surface
regi orwitiny b@bstrqieday@dmdea@f aosermmﬁnaupwémteﬂ@u sharmctorzsd imthatsan
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an, oxi el ¥REn pEhie WARRGR! Sunseaaapad advant ages of Lhe fnvention shall
ear when realngthefollovmlegdescr:élgo l@on "of .preferred
Yebt &

enbodl'rrBﬁ cged:elm@qnﬁeértpl%ﬁid subgiiate fayess gaid YER&TF RORIREISER Bvhi ch:
Figure g&ihs 03( r@rt irpqis SBFRes eRigbh anaPf bé h.mm@dggaeégltosfm af a
met hod accor % o the inventi on, gﬁ‘gﬂoﬁ raph showi ng two

t enper aBbE 7ONedh itg thickPees, 108 UTO?"-%OGBQ%SFayer (a first
domai n. Wk eséidﬁeinﬁ%érﬂaﬁéﬁ)rhrﬂﬁf!féf@@%aw pvhdmgobaidh euffacen oxideXGas-be

(Si Ge2); and a second donai n where the oxidation generates an oxide of

the for FﬁfBP‘&d thereby exhibiting a transition tenmperature between the
two  oxislatsuBBiraRday@&Smay be a Si substrate layer.

» said substrate layer may be covered by an oxide layer.

Other aspects, goals and advantages of the invention shall better appear
when reading the following description of preferred embodiments of the invention,
made in reference to the drawings on which:

» Figure 1 is a schematical representation of the main general'steps of a method
according to the invention,

» Figure 2 is a gfaph showing two temperature domains for a thermal oxidation of a
SiGe layer (a first domain where the oxidation generates an oxide of the form
SixGe,0; (SiGe0,); and a second domain where the oxidation generates an oxide
of the form SiO- - thereby exhibiting a transition temperature between the two
oxidation regimes,

- Figures 3a-3c are TEM images of cross-sections of three different samples of SiGe
layers, after these samples have undergone three different types of oxidizing
thermal treatments:



Figures 3a-3c are TEM i nmages of cross-sections of three different sanples
of SiGe layers, after these sanples have undergone three different types
of oxidizing thermal treatnents: - Thernmal oxidation at 900C during 50

m nutes (sanple of figure 3a), - Thermal oxidation at 900C during 250

m nutes (sanple of figure 3b), 5 > Thermal oxidation at 900C during 500
m nutes (sanple of figure 3c), Figyres 4al-4a3 are TEMinages-
illustrating the absence of defects in the sanple of figure 3a, after its
oxi dation, Figures 4bl-4b7 are TEMinmages illustrating the structure of
the 10 sanple of figure 3b, after its oxidation : - Figures 4bl-4b2

illustrate defects i - j ch eQion of the sanple, - Figures

4b3- 4b5 il lustrat } d‘@}ezrg?gogﬂt{oﬁea%ﬁ@egée@ B8 MEwiessrRaPlef fighta ched
region and the underdaing Si Ge of the sanple, 15 > Figures 4b6-4b7
T B O A oG B “SI
of figure 3c, after 3b)s oxidation - these figures showing in particular a
hi gh concentgatio fects..in Le-enriched region of 20 the sanple.
Ge%er al Featgur es %f qfthﬁg%laino\?‘é%f'?%ﬂ{ pfgq ﬁi‘&”"l"g ng'?‘m%%r{ﬁa@p'gmfﬂaer@ r egi gﬁ of
a W layer 25 A fiBs), aspect of the invention is a nmethod for oxidizing a

surface region of. a Si yer id nmet hod conprising an oxidi zi ng
n {:'QBFeSt Jg%(%e ITEEQF"QQ% pstegting theypbsenge atdafeptiar e for

thermal treatnen
oxi di zi ng the sample of figure 3a, after its oxidation,

» Figures 4b1-4b7 are TEM images illustrating the structure of the
10 sample of figure 3b, after its oxidation :
> Figures 4b1-4b2 iliustrate defects in a Ge-enriched region of the
sample,
> Figures 4b3-4b5 illustrate defects at the interface between said
Ge-enriched region and the underiying SiGe of the sample,
15 » Figures 4b6-4b7 illustrate a threading dislocation through the
SiGe layer of the sample, |
» Flgures 4¢1-4¢c12 are TEM images illustrating the structure of the
sample of figure 3c, after its oxidation — these figures showing in
particular a high concentration of defects in the Ge-enriched region of
20 the sample.

General Features of the invention

Method for oxidizing g surface region of a SiGe layer

25
A first aspect of the invention is a method for oxidizing a surface
region of a SiGe layer, said method comprising an oxidizing thermal
treatment of the SiGe layer under an oxidizing atmosphere for oxidizing
said surface region.
30 Such method comprises two phases :

* a first phase of oxidizing thermal treatment, which is carried out
directly on said SiGe layer, and



said surface region. 30 Such nmethod conprises two phases: a first phase
of oxidizing thermal treatnent, which is carried out directly on said
SiGe layer, and 9 a second phase of high tenperature annealing which is
carried out on said SiGe layer after said first phase, in an inert

at nosphere. The first phase is carried out under an oxidizing atnosphere.
It can be conducted as a dry thernal9 oxidation, or as a wet thernmal 5
oxidation. This first phase is carried out so as to obtain an oxidized
region of the SiGe layer which is thick enough for form ng a capping

oxi de which can protect the underlying SiGe frompitting during the

subsequent second phase. ver e, | sq.carried
out so as to obt al?usﬁ?P"d(ﬁhafﬁ' E’/gh'g J??‘B%'@p"fr'éaf"%aﬁ %ﬁ&] '§|%e"‘?e]lda§1etr with a
l'imted thickness.od salé¢SiGe Ia%rmehmfhbmasbantdmmebmmsmﬂerehe surface

i di zed [ f
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between : the Ce; ?nrlched region which is formed by the mgration of Ge
away from the S8R during the oxidizing thermal treatnent, and the
under | yi ng remai nder THis fhepr&s@és Icamed oui2ép Fhio mtvtaneranla;«ﬁmeuuegenpl oits the

exi stence of a ' ol d hi. ¢ t he
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created during thené pﬁase phase.

10 Moreover, this first phase is also caried out so as to obtain an

oxidized surface region of the SiGe layer with a limited thickness.
Indeed, in such method the thickness of the surface oxidized
region of the SiGe layer must remain under a threshold thickness range.
Said threshold range corresponds fo the generation of
i5 dislocations within the SiGe layer due to a lattice parameter mismatch
between :
» the Ge-enriched region which is formed by the migration of Ge away
from the surface during the oxidizing thermal treatment, and
« the underlying remainder of the SiGe layer.

20 The invention thus exploits the existence of a ‘“threshold
thickness range” which corresponds to the apparition of dislocations.

The second phase is carried out after the first phase, on the SiGe
layer covered by the surface oxidized region created during the first
phase. _

25 This oxidized surface region forms a capping oxide, which shali
protect the underlying part of the SiGe layer from piting during the high
temperature annealing to come.

It is specified that at this stage this “underlying part” of the SiGe
layer (i.e. the part lying under the surface oxidized region) comprises a

30 Ge-enriched layer.



25 This oxidized surface region forns a cappi ng oxi de, which shal

protect the underlying part of the SiGe layer frompitting during the high
tenperature annealing to conme. It is specified that at this stage this
"underlying part" of the SiGe layer (i.e. the part |lying under the
surface oxidized region) conprises a 30 Ce-enriched layer. 10 The high
tenperature annealing of the second phase allows the diffusion of Ge from
this Ge-enriched region into the underlying part of said SiGe |ayer. Such
oxi dizing nethod allows to create an oxidized region at the 5 surface of
a SiGe layer, while avoiding at the sane tine pitting as well as

di sl ocations. Figur erli%bilghq?rjgﬁﬁéﬁge %Qﬁarmégopm@%m Pﬁgglesa“g%@g, -appl i ed

to a SiGe layer 100 a structure 10 also conprising
a support | ayeliffush ¢fwie flonctiis Be-anrighed regieh)intarthe ambaryirgiparkiofle | ayer
102 10 bet \Neergaﬁjthgil rI ayer and the support |ayer. The structure 10 is
typically a circualar er conprising very thin |ayers - these |ayers
bei ng not drawn at r®ath oddirieg ovethddealipivgde ereatel an exidized regiongidbe, t he

oxi di zi ng ther trad g I L el . o F: &if ggn t he
surface reg?ongg#fa%gﬁlg ni |'g S‘ﬁ%«feé%@;ﬂ/jé&%é@é)saanﬁégég&llﬁéig surface

regi on 110. As dislotiatiomsed above, this surface region is thick enough for
protecting the undergyi ' | ldgtong during
the subsequent hi gh‘l:'éfé'lr%%{e?@gdtﬁgé%ﬁﬁ%%%ﬁﬁﬁ%@gdg?bp e sane tine
thin enough s&i@s layerri@faiiciuisdberet past oha shuelure 1halboHIMPrsREGR menti oned
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10  between the SiGe layer and the support layer.

The structure 10 is typically a circular wafer comprising very thin
layers — these layers being not drawn at real scale on the figures.

In the first phase, the oxidizing thermal treatment is canied out so
as to create from the surface region of the initia! SiGe layer 100 an

15 oxidized surface region 110.

As mentioned above, this surface region is thick enough for
protecting the underying regions of the SiGe layer from pitting during the
subsequent high temperature annealing. And it is at the same time thin
enough so as to remain under the thickness threshold range mentioned

20 above.

Immediately under the oxidized region 110 is a Ge-enriched
region 120 formed by the migration of Ge away from the oxidized region
110, during the themmal oxidation.

And a remainder 120 of the SiGe layer lies under the Ge-

25 enriched region 110. This remainder is composed of substantially pure
SiGe, with the same composition as the original SiGe layer.

In the second phase, a high teﬁiperature annealing is applied to
the structure obtained after the first phase.

This high femperature annealing favours the diffusion of Ge

30 between the regions 120 and 130. And this high temperature annealing is
carried out until such diffusion is complete, i.e. until the two regions 120
and 130 form a single and homogeneous region 140, under the surface



110, during the thernmal oxidation. And a remmi nder 120 of the Si Ge | ayer

| ies under the Ge- 25 enriched region 110. This remainder is conposed of
substantially pure SiGe, with the same conposition as the original SiCGe

| ayer. In the second phase, a high tenperature annealing is applied to
the structure obtained after the first phase. This high tenperature

anneal ing favours the diffusion of Gar 30 between the regions 120 and 130.
And this high tenperature annealing is carried out until such diffusion
is conplete, i.e. until the two regions 120 and 130 forma single and
honbgeneous regi on 140, under the surface 11 oxidized region 110 which is
unaffected by the. high te a .a kP by MR mbb@irdé i zing a
bondi ng i nt erfé’é@'ze% ﬁgéoqnﬁ@@nﬁﬁ%ﬁ Fi r@ﬂgﬁéadrtl&g(?\!/{ant aggl%ttgéagﬁl ication in
the stabilizatanperliof. a bondi ng interface between a Si Ge | ayer and anot her
| ayer. Such two | ayers bonded together can in particular be two | ayers 10
of a SGJ structure, wth an oxide |ayer buried between the Si Ge |ayer
and a support |ayer dfsthdubfo@GRbiliging adongiBg iMeE@¢econfi guration is
illustrated in figure 1. In this application of the invention, the
stabilizing et hod conprises applying an oxidizing nethod as nti oned
above to the SiGe 1Xheayeventiont fielsS@D asivaulagenus. applicatine BkiB®zi ng
thermal treatment. (i.e. the first: | bl ZinBCariseiidnod i s
carried out on Sf%g&% 0{5????&d[??"eln{s%@,aggbﬁ?%eg?éméféﬁ%{?g?i ve oxi de

cappi ng on the gurface of the SiGe |ayer of the SG structure, for

protecting said SiGe éuacx(%\yvofiéy%@ Birldbl Rt B irf Pétticular be two layers
10 of a SGO! sfructure, with an oxide layer buried between the SiGe layer
and a support layer of the SGOI structure.

Such configuration is illustrated in figure 1.
In this application of the invention, the stabilizing method

comprises applying an oxidizing method as mentioned above to the SiGe
15 layer of the SGOI structure.
And the oxidizing thermal treatment (i.e. the first phase) of said
oxidizing method is camied out on the SGOI structure so as fo form a
protective oxide capping on the surface of the SiGe layer of the SGOI
structure, for protecting said SiGe layer from pifting during the
20  subsequent high temperature annealing of said oxidizing method.
The high temperature annealing (second phase) of the oxidizing
method allows at the same time :
« the stabilization of a bonding intesface between two layers which have
been bonded (by molecular adhesion resuiting from a simple contact
25 between two surfaces which have an extremely low roughness)
> this bonding interface can be an interface between the SiGe layer
and the burled oxide layer, and/or between the support substrate
and the buried oxide layer of the structure,
« and the diffusion of Ge within the SiGe layer of the structure, in order
30 to reduce the generation of an oxide comprising Si, Ge and O (i.e. an
oxide of the general form SixGe,0,).



20 subsequent hi gh tenperature annealing of said oxidizing nmethod. The
hi gh tenperature annealing (second phase) of the oxidizing nethod allows
at the same tine : the stabilization of a bonding interface between two
| ayers whi ch have been bonded (by nol ecul ar adhesion resulting froma
simpl e contact 25 between two surfaces which have an extrenely | ow
roughness) - this bonding interface gan be an interface between the Si Ge
| ayer and the buried oxide |ayer, and/or between the support substrate
and the buried oxide |ayer of the structure, and the diffusion of Ge
within the SiGe |layer of the structure, in order 30 to reduce the

generation of an oxi deMCtﬁﬁ?i zi ng Si, G and O (i.e. an oxide of the
general form Si.GeyO, }¥& for bondi ng Anot her advant ageous
application of the invention is a bonding nethod of a SiGe |ayer with a
substrate | ayer nmade pf sem conductor .. 5 material, wherein an oxidizing
nmet hod as menti oned dg'b‘?}@eri dvégt'ap?% W'C%'ﬁ"tqtﬂgh%i"&?" AR EadgndiRdt o form
in the surface meghahobs SiGe thySi Gith baystrate lsyeOmhadsidia sawesndusis t he
oxi di zed Si I r.is then bonded with the substratie |ayer, .In such
appl i cat i on,G%t h@%‘?ﬁa&,%‘?@mﬁ&%&ﬁﬂ%@ﬁ ﬁﬁé‘?%ﬂ%aéﬁm sFagigd QUtd out so
t hat the ther mabnlel§iSe ier dosasf torferin phbs surfack ireliah BHsdil Sic@layert4 eat ment )
allows the formatlon .on,the Si | ayer of..a ,.surface oxidized,  region which
i s conposed of n%f%z.ox@? e Ao eb‘ﬂ%{‘gﬁeeé’né%aﬁ'%[y'ﬁr en OBQQCEUI%I@E?Q (i.e.
Si 2 on one susilxteatd Aydre bonded, or on both) indeed favours the bonding
of such 15 | ayers. plication,to Smart- Cut er - ocess, . exposed
above,- the inventi on%@aﬁ?o’g@pg Cﬁf’?%dtﬁ?ooxf%"%gﬁﬁf%%‘% pn erab@sbe
10 carried out so that the thermal budget of its first phase (oxidizing thermal
treatment) allows the formation on the SiGe layer of a surface oxidized
region which is composed of Si0O2.
SiO2 placed between two layers to be bonded (i.e. SiO2 on one
surface to be bonded, or on both) indeed favours the bonding of such
15 layers.

Application to a Smart-Cut’-type process

As exposed above, the invention can be applied to the bonding of
20 a SiGe layer with anocther layer.
Such “other layer” can be a substrate layer which corresponds fo
the base (or “receiving”) layer of a Smart-Cut™-type process.
In a preferred application, the SiGe layer has been oxidized so as
to form a 8i02 oxidized region on it, and before being bonded to the
25 substrate layer this SiGe layer is implanted so as fo form an
embrittlement zone in its thickness.
The impiantation is typically carried out with species such as H
and/for He.
The oxidized surface region protects the SiGe from undesired
30 effects during the implantation.
These undesired effects include in particular :
¢ contamination by hydrocarbons,



20 a SiGe layer with another |ayer. Such "other |ayer" can be a substrate
| ayer which corresponds to the base (or 'receiving") |ayer of a
Smart-Cut' mtype process. In a preferred application, the Si Ge | ayer has
been oxidized so as to forma Si Q2 oxidized region on it, and before
bei ng bonded to the 25 substrate layer this SiGe layer is inplanted so as
to forman enbrittlenment zone in itg3thickness. The inplantation is
typically carried out with species such as H and/or He. The oxidi zed
surface region protects the SiGe fromundesired 30 effects during the

I mpl antation. These undesired effects include in particular

contam nation by,h 0ossi bl.e chanpel i tha'-t,vvoul d be
created by inplant ﬁ?‘?‘%ﬁ’ﬁféﬁ t geﬂigi? ﬁf‘gt"f?ru&b h? q‘??iecggwglgg’téf"?” mibes102
surface region covéiigigetofi he SiGedayaryFhe iSIORuiefack asgisr ROvisingNhlis! | M t S
such effect of cha FN . 1.di rface regign.on the SiGe |ayer
can be used as a gﬂﬁéo‘h |nsg'g'qggg%gmgﬁhéﬁg?iiﬂmfﬁp?uﬁhteﬁ?a&ﬁPR‘?’H}Eﬁ'f’Qre bondi ng
of the SiGe |ayer wi fhe pNdizedisstface regioayoerthe SiGe tayak cateby usédhiasasur f ace
oxi di zed regipn in@l bﬁg .1 er | mal ant.at i and before the
bondi ng of the i@:aggt%geﬁ rqﬁgﬁg ant\%ﬁ%rﬁ f?’?\%&@%@?’%‘f@??ﬂ@?ﬂaﬁﬁ such
case the main f the sulestratenlayeni di zed 10 region is to protect the SiGe

| ayer fromthe undesi ' . lon. |f the surface oxidized
region is renoved bef%‘?ée#n%g‘;relﬁl’ctrt@?%Is’rtﬁacc%ﬁeng)%'e%@gefg'o%%\ ﬁ'tsﬁfb@fm be
carried out thr dlighthg implastatinn mgd bateee theliondiag ef theyaplaotd Sigeilgel | y be a

substrate |ayer wif b substratd tayel In SURT L& fhel AYR ru%d0n o 50 ];xigigecf overed by

an oxi de, before =
10 region is to protect the SiGe layer from the undesired effects of

implaniation.

If the surface oxidized region is removed before bonding, such
removal should preferably be carried out through a HF etching.

The substrate layer can typically be a substrate layer in Si.

15 And the substrate layer can itself be covered by an oxide, before
the bonding.

After the implantation and bonding, the subsequent steps of a
Smart-Cut™-type process are carried out (cleaving at the embritdement
zone created by implantation, and finishing e.g. by polishing}.

20 Applying the invention in a Smart-Cut™-type process allows to
perform such a process on a SiGe top (or “donor”) layer without having fo
go through a deposition step of an oxide on such layer.

Detailed Features of the invention

25
The following explanations and details concern all the aspects of
the invention which have been mentioned above (method for oxidizing a
surface region of a SiGe layer, method for stabilizing, method for
bonding).
30 The SiGe layer can have a Ge concenfration of 20%, and this

value is used as a basis for many examples described below. However,
such value of the Ge concentration is not limitative.



t he bonding. After the inplantation and bondi ng, the subsequent steps of a
Smart-Cut 11"-type process are carried out (cleaving at the enbrittl enent
zone created by inplantation, and finishing e.g. by polishing). 20
Applying the invention in a Smart-Cutr "-type process allows to perform
such a process on a SiGe top (or "donor") layer w thout having to go

t hrough a deposition step of an oxidgqon such | ayer. Detail ed Features of
the invention 25 The follow ng explanations and details concern all the
aspects of the invention which have been nentioned above (nethod for
oxidizing a surface region of a SiCGe layer, nethod for stabilizing,

met hod for bonding). 30 The Si Ge | ayer can have a Ge concentration of
20% and this wvalue is used as a basis for nany exanpl es descri bed bel ow.

However, such val ue ofxitiaiee@eromhtrestnent iepohssafot |imitative. 14
Xxidi zing thermal treatnment (first phase) The oxidizing thermal treatnent
can be carried out as a dry 5 oxidation, or as a wet oxidation. It can be

Chi cknese f o 't he: ol osren heahab nge chAcheoghnod p 4 g1 o
i ss i XpOS v
oxi di zi ng t her mal 'c{éﬁ%'gtoﬁgg? Ogjé?‘f“?rbgt%ﬁﬁpe cagied ou Wd@uamure sxygeht aneous| y

two conditions @atmesphemxi di zed surface region of the SiGe | ayer nust be
t hi ck enough for formng a capping oxide which can protect the underlying
SiGe from 15 pitting during the subsequent second phase,

* Indication on the desired thickness for the oxidized surface

region
10
As exposed above, the oxidizing thermal treatment is carried out
S0 as to fulfil simultaneously two conditions :
* the oxidized surface region of the SiGe layer must be thick enough for
forming a capping oxide which can protect the underlying SiGe from
15 pitting during the subsequent second phase,
¢ but at the same time this oxidized surface region must remain thin
enough in order fo remain under a threshold thickness range
corresponding to the apparition of dislocations.
In an embodiment of the invention, the threshold range is defined
20 by a thickness of 30 to 50 nm for the oxidized surface region of the SiGe
layer. This is in particular well-suited for a SiGe layer comprising 20% Ge.
And a good value for the thickness of the surface oxidized region
is 100 angstrdms — this value being also well-suited for a SiGe layer
comprising 20% Ge.
25

* Generation of a surface oxidized region made of SiO2

Preferably, the oxidizing thermal treatment (first phase) is carried
out with a thermal budget corresponding to the formation of a surface
30  oxidized region composed of SiO2.
SiO2 is indeed an oxide which is temperafure-stable (i.e. its
composition is not altered by the exposition to high femperature



but at the sanme tine this oxidized surface region nust renmain thin enough
in order to remain under a threshold thickness range corresponding to the
apparition of dislocations. In an enbodi nent of the invention, the
threshold range is defined 20 by a thickness of 30 to 50 nmfor the
oxi di zed surface region of the SiGe layer. This is in particular
well-suited for a Si Ge | ayer conprisiithg 20% Ge. And a good value for the

t hi ckness of the surface oxidized region is 100 angstrons - this val ue
being also well-suited for a SiGe |layer conprising 20% Ge. 25 Generation
of a surface oxidized region made of SiQ2 Preferably, the oxidizing

thermal treat nentedihbhts), viikadsMikdsSi el | r dget
corresponding to the f_o? mat i_onhg%ﬁaﬁﬁﬁ@?e?&%mg%g% @g%ngeogﬁ%%gonposed
of SiC2. Si i UNdpEANiNg the hidh lemparstwe apsealingpbihet secend phdsieparid foe. | t s
conposition is %hdﬁhbtpﬁhﬁﬁe&’)y the exposition to high tenperature 15
treatnments), which makes, it particularly advantageous (anong others for
under goi ng the hi gh t%ﬂﬁ)@?sd%l{ﬁ?‘@eé’rﬁﬁ'@@!ﬁmﬂgafbﬂxwimd swiapedegibmwbichdnd f or
bondi ng pur paseshbmpbséd bh'ﬁoﬂ?,%e%li&‘;nh )Y Ui ?Bﬁé??fét%hg%iad%u face

i 2, I can

region which is gP con&os_e_d of S e app as exploite
observati ons madEegNt QKifizing harmal fraatients o SGRII walee straefnes vehictSGOl  waf er

structures whi clvergVafialiyidéntbll pvithde i | ; | ayer
havi ng 20% Ge), t?ge_ loxliydi zi ng ?vﬁer é?ﬁﬁegﬂlﬁkﬁ%ﬁ%g@h%)ggﬁ% duration
(30 minutes) buPXCEing Beima) tisptrents pavieg fhecsame duratipe (30 winvtes] bukse

t enper at ures be'umgn'h% bylifleit héspeaiacteRpBfature S #Ede 1o r&ﬂ}e%k%neﬁfiinas wel | as

t he conposition_ of the oxidized region were observed on ea ructure

after its tH8rnie rapge fAQ G — 860°C).

The thickness as well as the composition of the oxidized region
were observed on each structure after its thermal treatment.

The applicant has derived from these observations (and in
particular from the observation of composition of the oxidized region) that

15 a transition temperature could be defined for the oxidizing thermal
treatments.

For thermal treatments caried out above this transition
temperature, the surface oxidized region formed on the SiGe layer of the
structure was SiO2,

20 And for thermal treatments carried out under this transition
temperature, the surface oxidized region formed on the SiGe layer of the
structure comprised Ge and was of the general form 5iGe,0;.

Figure 2 shows that the transition temperature was between 750
and 800 °C in the case mentioned above (SiGe having 20% Ge, duration

25 of the thermal treatments 30 min.). This figure shows that the transition is
very-well marked.

The upper curve of figure 2 shows the thickness of the surface
oxidized region of a SiGe layer comprising 20% Ge, as a function of
temperature of the 30 min. thermal treatment applied to the SiGe layer.

30 This upper curve is discontinued — and the location of the
discontinuity corresponds to the transition temperature.



The applicant has derived fromthese observations (and in particular from
t he observation of conposition of the oxidized region) that 15 a
transition tenperature could be defined for the oxidizing thermal
treatnments. For thermal treatnents carried out above this transition
tenperature, the surface oxidized region fornmed on the SiGe |ayer of the
structure was Si 2. 20 And for thermaé treatnments carried out under this
transition tenperature, the surface oxidized region forted on the Si Ge

| ayer of the structure conprised Ge and was of the general form Si GeyQz.
Figure 2 shows that the transition tenperature was between 750 and 800 C

thermal treat ment o 307 P 578 RRHEmaR bk Riektlsd o Be REifton s
very-wel | nar _kemgio‘ﬁha uinpmterzaﬂmmofdlhe hatgterm‘ {Bis ybgios Wals(c)i:atrtedaiunﬁsjsf of E he
oA o, O ik R e Tl R S R e ) "
| ayer. 30 This kg thegrephicfigire@ont i nued - and the |ocation of the
s ont L e AR it B b PR o Rl A S Lo
of the nature ofegibhicompeigingiSiGeB2 (rafractleehndax of dhyout dRSEr vat i on of t he oxi de
rgure 2.5 The I eft TRAMALRAS Bt et by corGbdier B pE radid o
oxi di zed regi a'egonmmdasofrap$(®mvenrﬂexatabam114|5¢iex_ of about 1.48). The
B I O L Ot U e o
t he thi ckners dbmeoed da a Si layer, as a function of temperature for a 30 minutes
thermal treatment. This curve is continuous since the nature of the oxide
formed on Si does not change with the temperature of the themmal
treatment.
For the thermal treatment of the “first phase” mentioned above,
15 when SiO2 is desired as the material of the surface oxidized region of the
SiGe layer, the thermal treatment is thus camried out at a temperature
which is above a fransition temperature, said fransition temperature
defining a first temperature domain under said transition temperature,
where SiGe is oxidized into an oxide of the form SixGe,O; (with z different
20 from 0), and a high temperature domain above said transition
temperature, where SiGe is oxidized into SiO». '
The graph of figure 2 concerns thermal treatments carried out
during 30 minutes. However, such duration is not a limitation — and for
different durations the transition temperature can have values different
25 from the values mentioned above with reference to figure 2.
As an example, the applicant has determined that a themmal
treatment carried out on a SiGe layer comprising 20 % Ge during 15
minutes, at 900°C, produced an oxidized SiGe layer without noticeable
distocations or pitting.
30 This last example was furthermore well suited for the application
to a stabilizing method of a SGOI comprising said SiGe layer.



10 formed on a Si layer, as a function of tenperature for a 30 m nutes
“thermal treatnent. This curve is continuous since the nature of the oxide
formed on Si does not change with the tenperature of the thernal
treatment. For the thermal treatnent of the "first phase” nentioned above,
15 when SiQ2 is desired as the material of the surface oxidized region of
the SiGe layer, the thermal treatnentr is thus carried out at a
tenperature which is above a transition tenperature, said transition
tenperature defining a first tenperature domain under said transition
tenperature, where SiCGe is oxidized into an oxide of the form Si *CGeA

(with z different 20 fygmdioorad il SemRLARIe domin above said
transition tenperature, e S 'S oxXlIdized rnto Si . The graph of

figure 2 concerns thermal treatnents carried out during 30 m nutes.

oviever, such dur at | Ofyd o GimGerkiuf Lihday of Blsd@ha Miptd & Efiodlur at i ons

t he tranS| tion tenpe can have val ues rent 25 fromthe val ues

ment i oned above omt with acthemmah badged EHIQWQ@ subsiRatially wnifgrm distributien &bpl i cant
has determ ngdwt(theZWJﬂlnt E\%r@le §lé‘éa|5 S B'Qﬁjnu%{é QY BeSbridenbayer

conprising 2 m nute C, produced an oxi dized Si Ge
| ayer without naeegieeabl e dislocati ons or pitting. 30 This |ast exanple

was furthernore well %{ﬁ'%a@lfw%eﬂggglh%tlh&?aﬂﬁdgpﬁerét abi | i zi ng met hod

of a SGO conprising sai g tenperature anneal ing
(second phase) The hifgi aéﬁﬁserlamrr eompiring i2R% &e. tshsbeonl burgst | s

carried out w &i&%&%n tﬂggmobgﬁ@wn@dw%&%ﬁbﬁﬁb}aﬁnﬁrﬁkwm

di stribution of _ Ge layer so as to elimnate said
Ge- enri ched 10r e @681 daritige howeeal i ng is carried out in an inert atnosphere.

More precisely, an annealing carried out at temperatures
between 1000 and 1100°C during two hours is particularly advantageous.

Even more precisely, an annealing carried out during two hours
at 1100°C is particularly preferred since the applicant has observed that

15 such conditions are necessary in order to. reach a thermal budget which
allows to obtain a high bonding energy (2Jim?).

Such values have in particular been characterized as
advantageous for stabilizing the SGOI structure mentioned in the
example exposed with reference to the first phase (oxidizing thermal

20 treatment carried out for 15 minutes at 800°C).

Figures 3a-3c are TEM images of cross-sections of three different
samples of SiGe layers, after these samples comprising 20% Ge and
having undergone three different types of oxidizing thermal treatments :
¢ Thermaloxidation at 900°C during 50 minutes (sample of figure 3a),

25 e Thermal oxidation at 900°C during 250 minutes (sample of figure 3b),
e Themal oxidation at 900°C during 500 minutes (sample of figure 3c).

These three samples exhibit a surface oxidized region generally '
referenced 31 (L.e. 31a, 31b, 31¢ for the three respective figures), and a
pile-up region immediately under this surface oxidized region.

30 The pile-up region (generally referenced 32) corresponds to the
Ge-enriched region where Ge has migrated and accumulated during the

thermal oxidation.



For a Si Ge |ayer conprising 20% Ge, such thermal budget typically
corresponds to an annealing carried out at a tenperature over 10 950C
during 2 hours. More precisely, an annealing carried out at tenperatures
bet ween 1000 and 1100C during two hours is particularly advantageous.

Even nore precisely, an annealing carried out during two hours at 1100C is
particul arly preferred since the applj cant has observed that~ 15 such
conditions are necessary in order to reach a thernmal budget which allows
to obtain a high bonding energy (2J/nR). Such val ues have in particul ar
been characterized as advantageous for stabilizing the SGJ structure

mentioned in the exanple exposed with reference to the first phase
(oxi di zi ng thermal 3be thresfigisas aedor exasty diawnoyittasceasdingtssalest  9000) .

Figures 3a-3c are TE%éf?ggﬁﬁg%blf'éﬁlﬁﬁxaﬁféstthé’?éat&fasBﬂh@%r’éé%ﬁ:ﬁb@@t sanpl es

of SiCGe layers, after es conprising 20% Ge avin

under gone thr ee(nmcfdmgrfbmrouqhﬂees of the fnterfagerhptversy Wﬁlpﬂﬁ{@e{@@#@ﬂt@d Ther mal
oxi dation at 9 QualHBHbARe SRAIBYE (Qhndrhif¥eBredgda 3325 _ Ther mal
oxi dation at 90@% ﬁurly{}%% 8 m nut e% sanp i’ eeor% f? ure 3b), )2 Ther mal

oxi dati on at3 900C during 500 mi nutes (sarrpl e of flgure 3c). These three
sanpl es exhi bé,,tplea surface oxi di zed regi on general I y referenced 31 (i.e

3la, 31b, 35‘0x. fon 00c | 1T 6FaT €YPEEL IS "waaee) Obéfécta P tiiecs ST PN

i mredi atel yjunder this I ace [oxI di.zed il e- [ egi opn
32';‘1‘1‘;“"%s spo[nds tlo t%iegss g&“ ﬂyegd'

(general ly referenced rre > - en efe G
has migrated and accunpl af®¥ ddring thg therma j dis'°‘gﬂ‘5"§§5m’€]-----

1s The three figures afe not exactly driawn with accordl g SCHH“’ES. The
fol | owi ng t alinefsspmivar | z€8- 2he |f @&t Ukdes ofa4rive | hre® safpl{@e 304 engihudi ng
t he r oughnessonafior 250@in 1 NT erdsace {babveEsn |t e Jmml ef u@s eyl Q2 (@ErGoum length)

B85nm for 500min ca8lh ca33 ca 3nm 3e12cm-2 | O {over 150pm length)

Figures 4a1-4a3 are TEM images illustrating the absence of
defects in the sampile of figure 3a, after its oxidation. '

It can be observed that :

10 < There is no defect at the interface between the pile-up (Ge enriched)
region 32a and the underlying remainder 33a of the SiGe layer,
+ There is no defect within the remainder 33a of the SiGe layer.

The oxidation of the first sample (illustrated in figures 3a, and

4a1-4a3) has been camied out according to the *first phase® of the
15 method of the invention.

Figures 4b1-4b7 are TEM images illustrating the sfructure of the
sample of figure 3b, after its oxidation (second sampie).

Figures 4b1-4b2 illustrate defects in a Ge-enriched region 32b of
this sample. ifs oxidation has thus not been carried cut according to the

20 “first phase” of the method of the invention.

Figures 4b3-4b5 furthermore illustrate defects at the interface
between the Ge-enriched region 32b and the underlying remainder of
SiGe 33b of the sample. The measured defects concentration was 2.10°
defectsfom?®.

25 Moreover, figures 4b6-4b7 illustrate a threading dislocation
through the whole SiGe layer 33b of this second sample.



t he underlying remainder of the Si Ge | ayer (generally referenced 33) : 5
sanple Oxidation 900C Oxide Ge-pile up interface Defect If of defects

t hi ckness [nn] roughness density pile- theading Innj up [cm 2]

di sl ocations SiGe buffer 25nmfor 50mn 19 - 23 9,5-11,5ca 4 nm0 O
(over 30pmlength) 60nmfor 250mn 63 19 - 21,5 ca 3 nm2es an-2 2
(over60pm | ength) 85nm for 500nfr cas81,5 ca 33 ca 3 nm3el2 cm2 0 (over
150pm I ength) Figures 4al-4a3 are TEMinmages illustrating the absence of
defects in the sanple of figure 3a, after its oxidation. It can be
observed that : 10 There is no defect at the interface between the
pile-up (Ge enriched)

Si Ge |ayer, There i & i%g%igﬁg)@é‘?&\?ﬁr?ﬁgﬁf %%g%?@%%r%@@%hé%@ﬁé@%ﬁéf the

| ayer. The oxi dahinpie obfigirBSci(ihirs sarmpleplafier(itd dxidatioat ed in figures 3a, and

4al- 4a3) has been cargied_.out accordi “ L ; . 1he 15
nmet hod of the invent inﬁ'ﬁ;e faygs & °W4ﬂﬂa%%9}ag?&%§]#énﬁéag§ni%ﬁ?%fg%g{i ng the
structure of thehe GéantichedirediogB8Beoflhe sahpler its oxi dation (second
sanple). Figures 4bl1-4b2 ill ustrat ef 10 ~enri jon 32b of
this sanple.lts oxi élta"tsl%'i‘)"f? Her tbﬁ&ﬁe g”c?tnﬁélte%ﬁdéglgﬁpfg'f%@%@%g%ng to the
20 "first phasehoobednheamiat boidacbrdingetoi the &iirst pivaseFphytheavethbd -of %
furthernore illustrate defects at the interface between the Ge-enriched
regi on 32b and W&W8der|ying remai nder of SiGe 33b of the sanple. The
measured defects concentration was 2. 108 defects/cnR. 25 Moreover,
figures 4b6-4b7 illustrate a threadi ng dislocation



t hrough the whole Si Ge |ayer 33b of this second sanple. 19 Figures
4cl-4cl2 are TEMimges illustrating the structure of the sanple of
figure 3c (third sanple), after its oxidation. These figures show in
particular a high concentration of defects in the Ge-enriched region 33c
of the sanmple. 5 It is thus clear that the thernmal oxidation of this third
sanpl e has not been carried out accesding to the "first phase" of the

met hod of the invention. 20 CLAIMS 5 1. Method for oxidizing a surface
region of a SiGe layer, said nethod conprising an oxidizing thernmal
treatment of the SiGe |ayer under an oxidizing atnosphere for oxidizing
said surface region, 10 characterized in that said nethod conprises two
phases : A first phase of oxidizing thermal treatnent, which is carried
out directly on said SiCGe |ayer, said oxidizing thermal treatnent being
carried out so as to obtain an oxidized reg!gn which is : - Thick enough
for formng a capping oxide which can p 15 the underlying Si Ge from
pitting during the subsequent second phase, and > Thin enough for keeping
t he thickness of the oxidized surface region under a threshold thickness
range, said 3threshold range corresponding to the generation of 20
dislocations within the SiGe |ayer due to a lattice paraneter m smatch
between a Ge-enriched region which is located w.thin said SiCe |ayer

i medi atel y undér tMethed fef; oddizings g spdaee fegisn oh 2aride dawerusribeliody part  of

said SiGe layer,  comprising an oxidizing thermal treatment of the SiGe layer under
an oxidizing atmosphere for oxidizing said surface region,
10 characterized in that said method comprises two phases :

+ A first phase of oxidizing thermal treaiment, which is carried out
directly on said SiGe layer, said oxidizing thermal treatment
being carried out so as to obtain an oxidized region which is :

» Thick enough for forming a capping oxide which can protect
15 the underlying SiGe from pitting dwing the subsequent
second phase, and
> Thin enough for keeping the thickness of the oxidized
surface region under a threshold thickness range, said
threshold range corresponding to the generation of
20 dislocations within the SiGe layer due to a lattice parameter
mismatch between a Ge-enriched region which is jocated
within said SiGe layer. immediately under the oxidized
surface region and the underlying part of said SiGe layer,
and
25 » a second phase of high ifemperature annealing in an inert
atmosphere which is carried out on said SiGe layer after said
first phase,
> said SiGe layer being capped with said oxidized region
created during said first phase,
30 » said high temperature annealing aliowing the diffusion of Ge
from said Ge-enriched region info the underlying part of
said SiGe layer.



and 25 a second phase of high tenperature annealing in an inert

at nosphere which is carried out on said SiGe |ayer after said first
phase, > said SiGe |ayer being capped with said oxidized region created
during said first phase, 30 > said high tenperature annealing allow ng the
diffusion of Ge fromsaid Ge-enriched region into the underlying part of
said SiGe layer. 21 2. Method accordiing to the preceding claim
characterized in that said oxidizing thermal treatnent is carried out with
a thermal budget corresponding to the formation of a surface oxidized
region 5 conposed of Si2. 3. Method according to the preceding claim
characterized in that said oxidizing thermal treatnent is carried out at
a tenperature which is above a transition tenperature, said transition

t enper at ur e def idi ndletlicdzagdording tcetpdreteding drinesharastrtiged iathat saidinsi ti on
tenperature, where 1 i Lol hiOcRRa P bLE iR i XGeyQZ
(with z different fo?!gr%%g)?eﬁ%ﬁig@%ﬁehﬁ&merﬁ?ﬁg{n Oan%lféﬁmé g‘\!aaeg%éai d
transition tenperacoiespopfliage tositim diendok el surfiage Ixidized] gegion Vet hod

accordi ng tosthe pregediig &lgib characterized in that said SiGe layer
contains 20% Ge and said transition tenperature is between 750 and 800 C.
5. Method according to any preceding claimcharacterized in that said 20

threshol d range scor mr%ﬁomggﬁg%giﬁﬂqaﬁ%hﬁﬁc@% ftR&t 4o

oxi di zed surface’region. C Nng to any preceding claim
characterized in theaxidigiag dhergiabeatnest iscamadi ad st adempgraie whish isai d

oxidi zing thermal  ghove g transition temperature, said transition temperature defining
10 a first temperature domain under said transition femperature, where
SiGe is oxidized into an oxide of the form SixGe,O, (with z different
from 0), and a high temperature domain above said transition
temperature, where SiGe is oxidized into SiO..

15 4. Method according to the preceding claim characterized in that said
SiGe layer contains 20% Ge and said iransition temperature is
between 750 and 800 °C.

6. - Method according fo any preceding claim characterized in that said
20 threshold range corresponds to a thickness of 30 to 50 nm for the
oxidized surface region.

6. Method according to any preceding claim characterized in that said
SiGe layer comprises 20% of Ge, and said oxidizing thermal
25 treatment is carried out at 900°C during 15 min.

7. Method according to any preceding claim characterized in that said
oxidizing themal treatment is carried out under a pure oxygen
atmosphere.

30

8.  Method according to any preceding claim characterized in that said

high temperature annealing is carried out with a thermal budget



25 treatnent is carried out at 900C during 15 mn. 7. Method according to
any preceding claimcharacterized in that said oxidizing thermal
treatment is carried out under a pure oxygen atnosphere. 30 8. Method
according to any -preceding claimcharacterized in that said high
tenperature annealing is carried out wwth a thermal budget 22 allowing a
substantially uniformdistribution ok Ge within the whole SiGe |ayer so
as to elimnate said Ge-enriched region. 9. Method according to the
preceding claimcharacterized in that said 5 high tenperature annealing
Is carried out at a tenperature between 1000 and 1100C during 2 hours.
10. Method according,to the preceding.claimcharacterized in that said

hi gh tenperature anAdWingg substantiallydifagp déﬁ?“"él“%ﬂ{)éﬁa‘t"ﬁwé“@f‘”hoi% 1100C.
11. Stabilizing net sk fa96r & @XoldliFinage sdid GeamtickutEregndi ng interface
Within a SGJ structure conprising a buried oxide |ayer between a SiCe

| ayer and a support substrate, characterized in that : 15 said
stabilizing netlgod sRmYd SRSrdiftftodh® prevatingRlaith chlraeidrided inBat $8d hod

according to _any of t receding claips to th i | ayer. of said SGO
structure, the oxi H!ggieiﬂﬁp?'ﬁg'!’ﬁﬁ "qaﬁ'@%ﬁf@ﬁ?edcﬂﬁég?%rﬂ%”ﬁ #8R hod bei ng
carried out on the $689 ad f100P0HarisP2 A6udsO form a protective 20 oxide
capping on the surface of the SiGe |ayer of the SGO structure, for

protecting said SiGe layer frompitting during the subsequent high
tenperature anneel i MattRd sebriirytodhd bREediRg chAdAl chaeiciiz&d Bhthategarer at ur e

annealing allow n t the sa tinme
g g f?igh temperaqsre annealing is camied out at a temperature of
10 1100°C.

11. Stabilizing method for stabilizing at least one bonding interface
within a SGOI structure comprising a buried oxide layer between a
SiGe layer and a support substrate, characterized in that :

15 « said stabilizing method comprises the application of an oxidizing
method according to any of the preceding claims to the SiGe
layer of said SGOI structure,

+ the oxidizing thermal freatment of said oxidizing method being
carried out on the SGOI structure so as to form a protective

20 oxide capping on the surface of the SiGe layer of the SGOI
structure, for protecting said SiGe layer from pitting during the
subsequent high temperature annealing of said oxidizing
method,

« said high temperature annealing allowing at the same time :

25 > the stabilization of a bonding interface between said SiGe
layer and said buried oxide layer, and/or of a bonding
interface between said support subsfrate and said buried
oxide layer, and

> the diffusion of Ge within the SiGe layer of the SGOI
30 structure, in order fo reduce the generation of an oxide of the

general form Si,Ge,O;.



25 > the stabilization of a bonding interface between said SiGe |ayer and
said buried oxide |layer, and/or of a bonding interface between said
support substrate and said buried oxide |ayer, and > the diffusion of Ge
within the SiGe layer of the SGO 30 structure, in order to reduce the
generation of an oxide of the general form Si XGeyQZ. 23 12. Stabilizing
nmet hod according to the preceding cl @& mcharacterized in that said
oxidizing thermal treatnent is carried out at a tenperature which is
above a transition tenperature, said transition tenperature defining a
first tenperature domain under said 5 transition tenperature, where Si Ge

is oxidized int n i m $i &né Lt J : fromO0),
and a high tenpce)lrzgt l??ggllgﬁgﬁﬁﬁggba&%@&gg%@%nm '%%B{"ir?g!’é{a&%ﬁ?%ﬁ wher e
SiGe is oxidized iftdhat egid ogidieRg Heapsll irepimenieis hertried cowtdiahg@ t o t he

preceding ¢t al m chafdleriil &finich s 4063 at@nSiioh BdsRie, €48 WahGRor 00 .

said oxidizing thermal®™ treatnent I's carrie 0 mnutes and said
transition tenperalamperatyrepaiefigios asbrshrierpeGtee domain, usdebisaidi ng

met hod_accor di ng. t Owaidhf 1chfp@rdlieCiindtt SH6€ i16xighed o aff BREBT #hd zed 11
that said oxidizing thernmal treatnent is carried out wth a thernal
budget whi ch corr esfsomdSixEe,Q:Hwitheh difigrend froan 0k :and a diighe tamagasatues o
surface oxidized regj ' ' bR SRS ' ' i 5;{-@2%{1 to
protect said SiGe | g@'ﬁ%"%rgngﬁ%‘tﬁt?éﬁ'émgﬁﬂ ng ?%%hgr%ﬂ%eg%ueﬁt I gh
t enper at ure anneal i P SiOZhi n enough to remmin under said threshol d range.
15. Stabilizing nmethod according to the preceding claimcharacterized in

that said surface oxidized regi on has a thickness of 100
10 13, Stabilizing method according to the preceding claim characterized

in that said SiGe layer contains 20% Ge, said oxidizing thermal
treatment is carried out for 30 minutes and said transition
temperature is between 750 and 800 °C.

15 14. Stabilizing method according to any of the three preceding claims
characterized in that said oxidizing thermal freatment is carried out
with a thermal budget which corresponds to the generation on said
SiGe layer of a surface oxidized region which is at the same time :

« Thick enough to protect said SiGe layer from pitting during the

20 subsequent high temperature annealing,

e Thin enough to remain under said threshold range.

15. Stabilizing method according to the preceding claim characterized
in that said surface oxidized region has a thickness of 100
25 angsirdms. .

16. Stabilizing method according to any of the five preceding claims
characterized in that said SiGe layer comprises 20% of Ge, and
said oxidizing themmal treatment is carried out at 900°C during 15

30 min,



25 angstrons.: 16. Stabilizing nmethod according to any of the five
preceding clainms characterized in that said Si Ge |ayer conprises 20% of
Ge, and said oxidizing thermal treatnment is carried out at 900C during 15
30 min. 24 17. Stabilizing method according to the preceding claim
characterized in that said high tenperature annealing is carried out at a
tenperature of at |east 950C during 34hours. 5 18. Stabilizing nethod '
according to the preceding claimcharacterized in that said high
tenperature annealing is carried out at a tenperature between 1000 and
1100C during 2 hours. 19. Stabilizing method according to the preceding

claimcharacteri zed Q. in that said high tenperature annealing is carried
out at a terrper'lgtwséalwfzmﬂl'@e . ﬁwrﬂﬁ‘ﬁgf’ﬁﬁe g Slainy ohprgety r with a

substrate |ayer madf Ghat saideRigho RehsdraturdTRinABAIRY, iCltakriRat 64d z@dai n t hat
an oxidizing nmethod, 15 according to clajm8_is carried out on said SiGe

| ayer so as to formiqmPeralrefiat least 9L ONNeg 289V§- Si Ge | ayer a Si 2 oxi de

| ayer, and the oxidized SiGe layer is then bonded with said substrate

| ayer. 21. Baonding nethod according to the preceding. claimcharacterized
in 20 that Befdfe §§1h"5‘“§dﬂ%‘ge‘§j ing e i p ng Walp charagleszed | ayer

which conprises a Sif%4h&iXk4l@ highetemprratufe JHhéARG Isc@hpiddi 6ut iafPhanted so
as to forman enbritttlenment, zone in its thl%iness, én a Smart-Cut TMtype
t

process. 25 22. BonifiRprafterhsdvesn 108 and 1180 hduRIo Bty ¢l ai m

characterized in that after said inplantation and before said bonding

said surface oxide is_renoved. 23. Bonding nethgod according to any of the
four preceding dPai #iabilizing method according to the preceding claim characterized

10 in that said high temperature annealing is caried out at a
temperature of 1100°C.

20. Bonding method of a SiGe layer with a substrate layer made of a
semiconductor material, characterized in that an oxidizing method
15 according to claim 8 is carried out on said SiGe layer so as to form
in the surface region of said SiGe layer a SiO; oxide layer, and the

oxidized SiGe layer is then bonded with said substrate layer.

21. Bonding method according to the preceding claim characterized in

20 that before being bonded to said substrate layer said SiGe layer

which comprises a Si0O; oxide layer in its surface region is

implanted so as to form an embrittement zone in its thickness, in a
Smart-Cut™-type process.

25 22. Bonding method according to the preceding claim characterized in
that after said implantation and before said bonding said surface

oxide is removed.

23. Bonding method according to any of the four preceding claims
30 characterized in that said substrate layer is a Si substrate layer.



30 characterized in that said substrate layer is a Si substrate |layer. 25
24. Bondi ng nethod according to any of the five preceding clains
characterized in that said substrate |layer is covered by an oxide |ayer.
5

24. Bonding method according to any of the five preceding claims
characterized in that said subsirate layer is covered by an oxide
layer.



