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STRESSED SEM CONDUCTOR- ON- | NSULATOR STRUCTURE
RESI STANT TO HI GH TEMPERATURE STRESS The present
invention relates to a sem conductor- on- i nsul ator
- . structure (or Sed) designed for electronics, optics
or optoelectronics, in which the sem conductor |ayer
conprises elastic constraims. 51t is said that a
| ayer is strained if the crystalline material which
makes it up is tensed or conpressed elastically
during crystalline growmh, such as epitaxy, obliging
its lattice paraneter to be substantially different
to the nomnal lattice parameter of this 10 material,
the nomnal lattice paraneter neaning the lattice
paranmeter of the material in its bul k and
nmonocrystalline form and at equilibrium Inversely,
any |layer where the crystalline material which
constitutes it has a lattice paranmeter substantially
15 identical to its nomnal lattice paraneter is
called a ‘“relaxed Ilayer. The invention further
relates to a process for producing an Sed structure
in which the sem conductor 3 | ayer conprises elastic
constraints. During a first step of the process, a
strained fil he straine
STRERVt SB%%‘F?SD‘FFE&B %IESU%P%&T&PC@@F%%%S&&TW%W %HQ%WMPERATURE
seni conductor materials. S58Fring a second step, a
| ayer of SiQ2 is forned on the strained filmand/or
-on the surface of a substrate. During a third step
th r transfer to the substrate to
fo?ﬁ%%nﬁégggnét%g% %?%9%m5§g E%%n?8oﬁﬁu%??ﬁc Yetog -on-
insmﬁ&nwnusedubyuthe &t aiceed) f ideB iap@ddlOr¥ROSE ectronics
Oiglectrlcalky %ulatlng Eart IS, constituted by the
pics or optdel ronics n which the semiconductor layer
comprises elagtic constraints.
It is said that a layer is strained if the crystalline

material which makes it wup is tensed or compressed

elastically during crystalline growth, such as epitaxy,

cbliging its lattice parameter to be substantially

different to the nominal lattice parameter of this
maﬁerial, the nominal lattice parameter meaning the lattice
parameter of the material in its bulk and monocrystalline
form, and at equilibrium.

Inversely, any layer where the crystalline material
which constitutes it has a lattice parameter substantially
identical to its nominal lattice parameter is called a
‘relaxed’ layer. ‘ |

The invention further relates to a process  for

producing arn SeCl structure in which the semiconductor
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Si2 layer. Such a strained sem conductor layer in an
Se2 structure can be advantageous to exploit for
physical and/or electrical properties which it can
exhibit. 15 Therefore, for exanple, the main interest
of the strained silicon (or Si) layers mainly
conprises the fact that they have average nobility of
charged particles (such as*holes and el ectrons) nore
i nportant than that usually found in |ayers of
relaxed Si. 20 The. |ayers of strained Si can attain
layelr kbtnprobescadagetic pashs tteintl)0% nore signi fi cant

than that present in layers of relaxed Si In the
oo BHERES VD E3F 8518550 vt chie i ot iied Glg is

folraper of strehned, SitHen gesprglanceyeth ddisy | LB of a
25 general process, it is proposed to transfer the
mageraphedet eFReByE FORRRNIHe SmTieondacthe sabsriale;
t he r t fer tGhi agat
sel23?¥3glgngé?ag?hg ﬁa z %Q¥%€r§?se ng%nnghga on the
strefiphdb&tkm @@@hﬁrqme)thefsunﬂdqw pﬁoausubgtaatSCl
StrHﬁ%EﬂghgaEEggﬁn]ggéfSILIC%Fral F% EU|atoFr2nsferred

erern € Ssem con par a er o

. tost rta‘lmed‘sﬁbstﬁtteer nabi veoym arwh al seys \Aleeﬁupt@ﬁlem RBose

co tr uct e.wth s% g Si, g Snart1Cu%' ,
fﬂésﬂﬁiiaﬁ OF 'Paht| 18r COBSFREUESREPY ERRdsGEetrrBediin and

whpaket lesllaoa;rrllcaltlbe indociyment I%hhithgd constituted by the
Si_licon-on-Insul ator Technol ogy; Materials to VLSI,

S19nd-3F&iti on' by J.-P. Colinge edited by Kl uwer

AcageghC BUDLESDEhS Podfidhfladledz | Sy Oyfﬁ guri 8dor
the step of renoving the wafer 1 n place of sa

stsrehubackearchn quelvalitiageprecess |em@@snu|bhd-|phyelcal
anBRGL! CVLAL -1 Sat NE-JOGUTIE (BNLH! hedaRr gRRERIL On of |

Therefore, for example, the main interest of the
strained silicon (or 8i) layers mainly comprises the fact
that they have average mobility of charged particles (such
as holes and electrons) more important than that usually
found in layers of relaked Si. '

The. layers of strained 3Si cen attain mobility ~of
charged particles 100% more significant than that present
in layers of relaxed Si.

In the document WO 01/99162, which discloses formation
of a layer of strained Si in accordance with this latter
general process, it 1s proposed to transfer the strained
film by bonding the wafer to the substrate, then by
removing the wafer by etching the latter selectively ‘at
the back’ (otherwise known as ‘etch-back’ technique),
finally producing an SOI structure {acronym for Silicon—bn—

Insulator) wherein the semiconductor part is the layer of
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SiGe - free strained Si on insulator' by T.A Langdo

et al. (Proceedings of the 2002 | EEE Internationa

SO Conference' WIIliansburg/Virginia (USA), page

211). The applications of such Sed structures, and

nore 15 particularly SO structures, nost often

concern manufacturing electronic, optical or

opt oel ectroni ¢ conponents, 4such as transistors or

di odes, in strained sem conductor |ayers. These

enbodi nents of conponents often require thermal 20
stivdale@eigtis at rai sed tenperatures. The elastic

con%éralnts in_the sem conductor part of an SeO

str GCtAFERM¥ELY her 8P8r e 21¥8YSt #HSPhi PTOREFARD  an  SOI

stifieatrent Jidkel ystpagasise shgni fi caghafel@xati andfniqu
the constraints (which would have an effect contrary
fomd lfige t2s tdesiemews f@ad) deserdbed sty petirieudach ias the
adiRBEhCOC] BRESLIAROVE » SHIRANbLATh I gLakeS Hinoaloay;
elastic constrarnts in it sem con art froma
Magertails tenﬁ@ﬁﬁnAuzad\Mdnﬂ1omanhbetjcﬁptlmmldm@eredﬁted by

t OC th f 30, st
R I IR K

ducdngerthagstbe dfehavhouln®f thee wifst | enCNSd=al Ot Ssaid

iﬁ %he senlqdeuctor Eart of an Sed structure when
SLEREPREEL er ST RIBI%ct edPLE a PHRGRIET at dFe giet®Pehanin

pa@t&b&@ébohglUﬁﬂpeﬁ@@&ﬁéht5eﬁb§tpé@ce§§@§a9£tlon of novel
manuf acturi ng conponents in the strained

Sigeni céﬁé@cﬁé‘r‘abaﬂissbfOISeGlS‘thEF’QRJI ‘urss Tafe famgdo et al.
(PEbHEE@gnEQ BF”PE aé&ﬁfslééﬂW¥ng%¥ﬂ§é|Bﬁ%l g&ﬁS%% erence’

nper at ur e ear of Tosing esited properties,
Wlé@lethlasrgJ/@crgmadi grsrel eqtageni2a pr.operti es, of fered

2%’r EE%W é}%leil tllo%sc 0ggt rs%lcrlllt Sgd &t Su%ru%‘%u%es ., and more

particularly SOOI structures, . most often céncern
manufacturing electronic, - optical or optoelectronic
components, such as transistors or diodeé, in - strained
semiconductor layers. |

These embodiments of componénts often require thermal
treatments at raised temperatﬁres.

The elastic constraints in the semiconductor part of
an Se0l structure must therefore resist to this thermal
treatment likely to cause significant relaxation of the
constraints (which would have an effect contrary to the
desired effect).

An Se0I structure such as described ‘Thereinabove
substantially relaxes the elastic constraints in its
semiconductor part from a certain temperature,.which can be
of the order of 950°C to 1000°C or more in the case of said

strained SOI structure.
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"And the varieties of conmponents whi ch can be enbodi ed
in strained | ayers of an SeO structure thus risk
being -restrained. The present. invention endeavours to
overconme this 15 difficulty by proposing according to
a first aspect a sem - conductor on insul ator
structure, conprising a part made of sem conductor
material and a part made of Selectrically i nsul ating
material, solid with one another, elastic constraints
being in the part of sem conductor material, 20
whersiiriarite rhaaf:te Ofl§| eat rirealll y disilleat i I’tg:;ﬂ‘ﬂﬁﬁjﬁ_lr@ the
t t han t he
oIy O t ERfelPaTeCTGrEE Tor haR0AT (Hfer Seniconductor
p&mr@@tﬁlﬁom%m&ftutr@ewﬁ%m ¢0RdugtPL+0N: & é\ié& to a -
structure are: the viscosity tenperature TGSI
LR F NG GAESE STt RAATNappE BXE Hae & vt aMBBGt Utite
el eqtd Calotdl @%@' abjeng BALE of th
Si, GeyN, %gr §F NZ, th eme ec???%g?ﬁ§ |Hgﬁ%at|ng part ©
tcmﬂpﬁ%e%er&mucamﬂ Crybts of Sty strhetxpms eme thus
ndyct or |s a, film of stra
158M&P HS té@?{?ﬁ th gF S corfpiasheld

mat eri-al , n sem COﬂHUCt or eri

't&mpdrdunr@ff&kr&eaedoﬁaﬂeéhﬁg,tﬁe désersd rpirdieekries, such

materi al i s.made o ey, with y value between 0O
asan(??ff:%ﬁ(éaﬁ)arcfr r?%@ﬁﬁ?éﬁﬁuc}?ﬁ?p%%é?q al C4f§ged by the
eloyild sefist@aliayer iAf sheh axedsasT preMAa el axed

naterlal the layer in rel axed or pseudo- rel axed 10

OGN C SR THREERa T €IOSRt Sbatviehn Cofe b |GvEsidic

in stralned layers of an SeOI structure thus risk being
restrained,

The present invention endeavours to overcome thig
difficulty by propoéing according to a first aspect a semi-
conductor on insulator structure, comprising a part made of

semiconductor material and a part made of electrically

- insulating material, solid with one another, elastic

constraints being in the part of semiconductor material,
wherein the part of electrically insulating material has a
viscosity temperature TG greater than the 'viscosity
temperature Tbmogof‘SiOZ.r

Other characteristics - of the semiconductor-on-
insulator structure are:

- the viscosity temperature Tgsrox of $i0, is greater
than approximately 1100°C, _

- the electrically insulating part is made of 81;3N,,
S51xGeyN; or SiOyN;,

- '_thé electrically insulating part comprises Si;N,

SixGeyN. or SiOyN,,
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strained material and the electrically insulating
part, the layer in sem conductor material of relaxed
or pseudo-relaxed material is located on the side
opposite the electrically insulating part relative to
the filmof 15 strained material, the part in
sem conductor material also conprises two |ayers each
made of relaxed or pseudo-rélaxed material, one of
these two | ayers being | ocated between the fil m of
strained material and the electrically insulating
part- andhz) pdw: oihegenicthésecdsmomboyeti sl besng film of
Ioca%ﬁf on the side opposite the electrically
S dftrelative to the | ayer of strained
mat eri al ,tﬂehepéﬂ. axed SémPseuordR axedePBLEr iRknpkSses a
made of Sil xGex, 25 the part in sem conductor
£t 1fj Atradri@Gngptentad. successively from the
electrical lats in
S 1 yGey Ty A e B R R et e
vegiye x&dweent feapdr L, i n sem conductor materi al |s
constitu ugge I romthe electri
-i nsul atlht%% igfr% By %%f“\égé’%{do?g?@%%e ot @ & ! domprises
ﬂsqxﬂoafelr&&a@teal br ﬁeéudobyebazkayeﬁauﬁrﬁam,al ned
Sii_yCey, .the part nade of sqggfonductor mat er i

consti t ut®§ sudcessi vely by ¥ ’iﬁdbctr‘?’%allgseugio 2élaxed

sdrfigdnduicRer 5m§ﬁé£1aby ib'fmﬁﬂédga rgba%eenOrthe film of
pseudo-rel axed_Si | a layer of strained

stgainedapatpyigl ag)grtla? %%&wqﬂrlybs@wé@témax@art
Si | XxCGexitheAgagedi ng E@m§c§ﬁ&9@gyﬁﬁﬁﬁgérléf“%ﬂ'9@¥Q£éaqor

proposes a 10 process for realising a
P ccHedaaedr nghernsll Agokocated on the side opposite the

electrically insulating part relative to the film of
strained material,

- the part in semiconductor material also comprises

 two layers each made of relaxed or pseudo-relaxed material,

one  of these two layers being located between the film of
strained material and the electrically insulating part, -and

the other of these two layers being located on the side

opposite the electrically insulating part relative to the

layer of strained material,

- the relaxed or pseudo-relaxed material is made of
SiiyGey, |

- the part in semiconductor material is constituted
successively from the electrically insulating part:

- by a layer of strained Si;.,Gey;

- by a layer of relaxed or pseudo-relaxed 8i; xGes,

- the part in semiconductor material is constituted

successively from the electrically insulating part:
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structure as per the foregoing clainms, froma donor
waf er conprising an upper |ayer of crystalline
material having a first lattice paraneter, wherein
conprising the following steps: 15 (a) growh on the
upper | ayer of the donor wafer of a filmnade of :
materi al selected fromsem conductor materials having
a nominal lattice paraneter 7substantially different

to the first lattice paranmeter, over a sufficiently

m nimal thickness to be essentially constrained

el asti calbyya 2@vel) oforaRbken 6f Pdeldnstcioned ayer,cef;
electrically |nsulat|n%¥nater|al and having a

Vi scosi t Y%t énpéYELuPé FEFayRedt T tFRm the viscosity
tenper at yne TGRA2 Qladfll O%pon I8 ctifacs ofndii&ial  is

donor wafer on the side where the strained |ayer has
coedn fdeded SHRELEP1VALE Sl f dée oflekérieséproringslating
égpstrate (c) bonding the receptor substrate to the -

donor wafer at the insulating layer(s); (d) renoving

‘at l-east by paityek Dﬁerdb®w$deﬁEgseud34nﬁlaxed Sii .Ge,;

character|sti of t e nuf act process of 30 a
senlcond% t%ri% erngulgga? T ?%*are 8 5 it

f ur t-her (bgrrar lager betwnebixsd ap- (@eﬁwﬁléﬁced( B),..88,.

addition ow h step gf a rel axed or pseudo- rel axed

r
oy rooaadoron: BFFandcarattin From R ComRiGRbces a

prtRie®ysl al 500N thessidaiged il %e&b@oﬁéﬂ@&ﬁéf—%ﬂjj}hsulator
insulating layer is formed during step (b

by
SWUPFU&@n@Soqumet%%rf%w%angt%a@n%ct freal py donor wafer
I n S
cdn@ﬁtis%g Gl AY§Jerd S HRRO R ng Ia})%:&aflgme el 008, ;ﬁa%ﬁs a

to be bond, t I nsu uring
f%mﬁ:|katt1ce parameter, wherein comprising the follow1ng

steps:

(a) growth on the upper layer of the donor wafer of a

- film made of material selected from semiconductor materials

having a nominal lattice parameter substantially‘different
to the first lattice parameter, over a sufficiently minimal
thickness to be essentially constrained-elastically;

(b) formation of at least one layer ofAelectrically
insulating material and having a viscosity temperature Tg
greater than the,viscosity temperature Tgsioz ©f 810, on the
surface of the donor wafer on the side where the strained

layef has been formed and/or on a surface of the receptor

substrate;

{c} bonding the receptor substrate to the donor wafer
at the insulating layer(s);
(d) removing at least a part of the donor wéfer.
Other characteristics of the manufacturing procegss of

a semiconductor-on-insulator structure are:
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relates. to renoval of a part of the donor wafer,
with the part of the donor wafer transferred to the
receptor substrate after renoval being at |east a
part of the upper |ayer of crystalline material, 15 -
it conprises: 20 an additional step inplenented
before step (c) consisting?8of inplanting atomc

| sanples in the donor wafer at a preset depth

effectively creating an enbrittlenent zone in the

vicinity iwof chihendpbanbr 0eps h; babdehesebp (Shepdd)step
conprises_an energy contribution such as O cause

(Rfer adRmedddbtiqnrl | gvertaf s9Rp efbrd trebwmerd Penepseudo-
r&f £SEN d ket e LNQYr %ft%%ia'lt _s%'lé‘&ft‘éa”TEEgﬁeéemPé Igc.r%@ctor

step (a) , a step of 25 formation of the donor wa
maloripyd 53 nepn  ther satiadnedf £alpor ous | ayer on a

crystalline s rt. s trate; r.om h .of a .
crystalli%h?l é$§$§%#%%%#?§bor%ﬁﬁyl éﬁlr; %?ﬂﬁ%é §ﬁ%po§?rm6d
dwiosd ritegp pdnoky hayet dingr gyt ahéi @erfd@yer) ensenbl e

constituting the donor_wafer, the porous |ayer _ _
const i t Uty T CETBPLLY ehBAELIBRRT] PRV Ehet figiiRos ited on

atafedst DranduMFacel RoSHePbEeAd, conpri ses an ener gy
contribution such as to_cause detachnent at the |evel

of the e t1PEHEHIRG ohRYPF edertiern dd ndondFemafl), 1s
oA e PPiSRS, BiLEBI8NLRIssbap, of the surface of

the part of donor wafér fransferréd’to the
_ - step (d) relates to removal of a part of the
donor wafer, with the part of the donor wafer transferred
to the receptor substrate after removal being at least a
part of the upper layer of crystalline material,

- . it comprises:

» an additional sgtep implemented‘before step (c)
consisting of implanting étomic-samples in the -
donor wafer at a preset depth effectively
creating an ewbrittlement zone in the vicinity
of the implant depth; and wherein

e step (d) comprises an energy contribution such
as to cause detachment at the level of the
embrittlement zone present in the donor wafer,

- it also comprises, before step (a), a step of
formation of the donor wafer comprising:

e formation of a porous layer on a crystalline
support substrate;

« growth of a crystalline layer on the porous

layer;
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10 receptor substrate, step (d) also relates to

removal of the part of the donor wafer transferred to
the receptor substrate, such as to renove all the

donor wafer, renoval of the part of the donor wafer
remaining 15 on the filmduring step (d) is done by

sel ective chemcal etching vis-a-vis the strained
material of the film. O heP aspects, ains and

advant ages of the present invention will energe nore
clearly fromthe followng detailed description of

| 1P| eRBNabheR:Of sl e err ¢ 20 sProcesses Arfdi®i11ine
|atter, given by way of non-limting €exanple and done
wi t hlagder eanrenid ¢ hecastdhpanpbngthdr adpmes, wafer, the

whi C?érgﬁsguﬁ% Lot L4 gﬁ&&éiﬁgheagi fdghant 130eRE %%ofe in
firs proces¥ for“Tea Ising an el ectronic structure
conptlsidanear vwFearhin | ayer of strained silicon

carding to the, present . invention. Fiqure. .
arff e, e P R i Pr st i ibusdens such
ad ofor ealiksi dgtaphRkact EANI thst Taed Ur £ C MY | Sy t& 1ement
thin layer of strained siljicon according to the

2R e PERECIE0 1 P nTRAL FOROT 192 ¥ gure 3 i)l ustrates the

di f ferenkrspepsadf aokptides Process i dpaldeiNd AN the
el ectronic structure conprising a thin layer oOf
sufegienedf sitthecoradkcorfdi fgnes twetgr esepnsipnvedt jtoh. the

redebir gy 6 gsgkgy?trates the different steps of a fourth
pr ocess for rea I sing an electronic structure

conpri si sger (hi mllsayercleftest ra mesingidl coh Blkkeopdirhgof

to the present. invention. i rst oq;ect of the

tﬂ%%eggﬁ Wﬁ%gﬁthﬁn%oﬁgfg?sté}éhe receptor substrate, such
as to remove all the donor wafer,

- removal of the part of the donor wafer remaining
on the film during step (d) is done by selective chemical
etching vis-3-vig the strained material of the film.

| Other aspects, aims and advantages of the present
invention will emerge more clearly from the fdllowing
detailled description of implementation of the preferred
processes of the latter, given by way of non-limiting
example and . done with reference to the accompanying
drawings, in which:

Figure 1 illustrates the different steps of a first
process for realising an electronic.structure comprising a
thin layer of strained silicon according to the present
invention.

- Figure 2 illustrates the different'steps of a second
process for realising an electronic structure comprising a

thin layer of strained siliconl‘according' to the pregent

invention.
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10 formng a filmof strained sem conductor materia

on a substrate. A second object of the invention is

i mpl enmenting a reliable process for transferring a
filmof strained material of a donor wafer to a
receptor substrate, the 15 whole formng a desired

el ectronic structure, without relaxation of the
constraint inside the film#uring transfer. Athird
object of the invention, in ternms of inplenenting the
transfer process of the strained film to 20 realise

an 3eQursd ractiunespheresf thhe sigmcepPUEEpPALE a third
conprises elastic constraints, and to conserve t he
PIB%CIE%;? OtRT o¥eq HeRNE Gt ¢ HE Rt ROTH |$1"g‘f1tcﬁéﬂlf1?ﬁalcompr1511’19 a

thireal ppRL &r thglﬁéﬂp%HQHHEE éd&d%dﬁ%# %eh%%e ?%%ﬁent.

this neans to be able to 25 concelve avi o
lﬂWﬁFﬁ%ﬂﬂﬂ:ralnts at | east relatlvely of a Iayer of

strai g-Siy O Str ur dur.i ng,th

treat nt at {leﬂlera urstestl"%tfea A gte g%gfoé%udfth

lem Sm:hreetﬂe[rsmaig tare a¢ et r cadire tze:miﬁﬂlﬂwed:dﬁtﬁrlﬂwng a
0cessi ng carried,out_after or durin fornﬁtlon of

eiih PEFER Y0 SRt CHha IELAT Pt dingy tonFRentiapent

irafentdemponents in the film In the non-limting
exanpl es of the processes according to the present
i nvénth o nPRREWE | PEbd o uFRIFRE BRVeIREPROFOPAESES of

£ IRt 8PSE AR eescgﬂ%qlé@tgeﬁ%eﬁ&@%ofonﬁﬁ% 88 bon a

‘to 4, case studies will be presented ere
$%¥$5ﬁﬁ§d film2 to be transferred to realise the SeO

iﬁrﬂgiééﬁﬁ§§0%59599 (% 1PRe PrGSeRL LAVENS 1 90 b8 lBES g
reliable process for transferring a film of strained
material of a donor wafer to a receptor substrate, the
whole forming :a desired electronic structure, without
relaxation of the constraint inside the film during
transfer,

A third object of the inveption, in terms of
implementing the transfer process of the strained fiim, to .
realise an SeOI structure whereof the semiconductor part
comprises elastic constraints, and to conserve the
behaviour of these constraints during thermal treatment at
high temperature. '

In a particular case, this means to be able to
conceive the behaviour of the constraints at least
relatively of a layer of strained Si of a SeOI structure,
during thermal treatment at temperaturesr.greater -than
around 950°C to 1000°C,

Such thermal treatment can be employed during

processging carried out after or during formation of the
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10 Figures la to id illustrate the steps of a first of
t hese processes according to the present invention.
Wth reference to Figure la, this is based on a donor
waf er 1 whose function is to be a substrate to the
gromh of the strained film2 (with reference to
Figure Ib). 15 The donor wafer 1 is a

" pseudo-substrate' conprisiHg a support substrate 1A
made of nonocrystalline Si and a buffer structure 1B
which is interfaced with the strained film2. Buffer

sttdueddir ef iBndesisgrat esAnyESt r uekdmglBehadand sa2@ohn of
the manner, of _a buffer layer. Buffer |ayer generally

CAR e d Ma theakdilfi on | ayer between a first

crystal | {Re StyHchuherIHEh aS i SUPPQEL t%bstﬂl%&sses
1A and a second crystalline structure such as th

anQHﬁxpgv¢@séhﬁ|mmﬁaemmnmnyenﬁﬂqanh1©mtwghlobe touched
orpr tzhltse Orﬁa {%;§relxaé ' ASSGL A8y %{15’1’1“1“ t%re%ce to

stol c |onetr|c prope I'es, or Surface
FMBBBﬂhIhatDOHq|dEE£[EﬂddxﬁﬁEWlthBeObrbBéﬁEEd|&MEEe the

ca roduce .a ond crystalli structure
S af it e 2 pRPankt ot STFEERESE D ARSIy 1 Ho SeOT
st ofe tA€cSHPPOF t Lo3QUbsHE848: L1AnvEdtion is made of
Advant ageously, the buffer structure 1B presents on

stnadnegy fdce a substantially rel axed crystal |l ographic

Str@ﬁbﬁ&%sa@y(ﬁomﬁ&hgqﬁugtggﬁébkﬁen@ﬁ§ﬂé(gf a first of
structural defects. 5 Advantageously, the buffer

thegpe PrRgSSEES| @aSPréhed ofo e RURFCY |igwieng ion.

| ST oS ek A0, LIR, 1051 X0t 08 8 0ot A conor
wafetwele r'whade functlon is to be a substrate to the growth
of the strained film 2 (with reference to Figure 1b).

The donor wafer 1 is a ‘pseudo-substrate’ comprising a
support substrate 1A made of monocrystalline Si and a
buffer structure 1B which is interfaced with the strained
film 2,

Buffer structure 1B designates any structure behaving
in the manner of a buffer layer.

Buffer layer generally designates a transition layer
between a first crystalline structure such as the support
substrate 1A and a second crystalline structure such as the
film 2, whose first function is modification of properties
of the material, such as structural or stoichiometric
properties, or surface atomic recombination.

In a particular case of bﬁffer layer, the latter can
produce a second crystalline structure whose lattice
parameter differs substantially from that of the support

substrate 1A.
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10 crystall ographic structures of different lattice
paraneters. To execute the second function the buffer
| ayer ‘has iin the region of one of its faces. a first
| attice paraneter substantially identical to that of
the support substrate 1A 15 and in the region of its
ot her face a second lattice paraneter. The buffer

| ayer in the buffer structu%e 1B presents on its
surface a lattice paraneter substantially different
to the lattice paraneter of the support substrate 1A,
and adRrahitegeeanlpaveHen bhersanetdopenrealey praskayser on
having a lattice paraneter different to that of the

HSuppBrt L agtibs Br atBskant adét ai FPIEHIAG catToisr irgraphic
stiideeird ayga, AN aksBural 4 owdheiavenlmdid bayele hiReural
not contain an accunul ation of 25 defects and/or
defeférigo noti ceabl e constraints. According to a first
tec @hg#%aéggugffll%hggﬂﬁé§£J(¥ é?rﬂgng }gasg one of
buffer Tayer 1s ' torned so as to have a  l|aftice
theartametfer lowéngl Eubet ignsodi fi ed progressively on an
ensui ng thickness to.,establish the transition befween
30 The t IGCFACETEE TAParireiesy 19 S eatFaydl Foe dbper
lageneral ly called a netanorphic layer. Such a buffer

| ayer is advantageously made of SiGe with preferably a
concent r 3EPBR2BF e Pr ofr eS_F VRS FRERBECTT ropt e two

criydtanfiageaphih thessMppaitessubsirate hferdrde  1attice
thickness is typically between 1 and 3 mcroneters,

paggmesgrface concentrations of Ge of less than 30% to

Con e aerEs: Ehdoededia then et NIRRTkl s in
thieattegieon paf ameeepisudts tfmted hey faretedbedded. parameter
substantially identical to that of the support substrate 1A
and in the region of its other face a second lattice
parameter.

The buffer layer in the buffer structure 1B presents

on its surface a lattice parameter substantially different

to the lattice parémeter of the support substrate 1A, and

thus can have in the same donorrwafer 1 a layer having a
lattice parameter different to that of the support
substrate 1A,

In certain applications the buffer layer can also
allow the overlying layer to not contain an accuﬁulation of
defects and/or undergo noticeable constraints.

According to a first technique for realising a buffer

‘structure 1B, a buffer layer is formed so as to have a

lattice parameter overall being modified progregsively on
an ensuing thickness to establish the transition between

the two lattice parameters.
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10 Optionally, growh of an additional |ayer, in SiGe
havi ng a constant Ge conposition, follows or precedes
formati on of the buffer |ayer, the whole formng said
buffer structure 1B. The additional layer is in SiGe
substantially relaxed 15 by the buffer layer, with an
advant ageously uniform Ge concentration and
substantially identical to %hat of the buffer |ayer
in the vicinity of their interface. The concentration
of germaniumin the silicon inside the |ayer of
rel axed Si Gaybs L¥pheakiy1 betweend50andmd¥ni20ayer.
This 30%|limtation represents a |limtation typical of
cur FERR tRchHEEEEs, LBART | Lscaivatagresedd twras opfe SiCe
wilth ﬁ%@@e&%bﬁ?aﬁscoﬂggngggtﬁbﬂnék é@yﬁfoé?gééﬁJéﬁfjgyﬁ%ing
varying w dely, according to case, Wwth a typica
fnaw dheedutbefaeenwdtd ahe s@%pdrinistwrtrasdecdAdi ng to a
second technigue for jeal [obngaifie Quffer strycture,
1B, is IS based ona tecﬁﬁpque or -&ép03|ting a
misuparetietisal foayeurdace suwppentraubhshsabé GA, ofsdieds than

superficial |ayer havin nom nal _|lattice paraneter
300" St aotyed T oot hranbulelt Rrrare| 1eSsRRCAT o ings to
cdnfandd Rdicatentasdibd At drayafh aknef diReesUAROr tin lattice
substrate 1A. Noninal lattice paraneter is here

PargfetrEd stieht hBaf athet et Pareitka®iedf a material in the

sol pge i ARDOGT Y Shalldhesand pa ~ m I S, :
supe?Fﬁgial ayé% i§Jdeggs?¥£dg§29?%%%9{héa§§ggos$%eglGe

- haviper bs peagtakial Ge exompositdonpl afeltodef ezt s precedes

fc%ﬁ%%%@?oq#fhgﬁﬁ§i%&%felhif??gperQh1iahhgﬂgerféfhfﬁgkasaid
y give: a first part rn'contact with
bufifersgpporcture 1B. '

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

The concentration of germanium iﬁ the silicon inside
the layer of relaﬁed S$iGe is typically between 15% and 30%.

" This 30%,limitétion represents a limitation typical of

current techniques, but it can be adjusted to evolve in

. coming years.

The additional layer has a thickness varying widely,
according to case, with artypical thickness between 0.5 and
1 micron.

According to a second technique for realising the
buffer structure 1B, this is based on a technigque for
depositing a superficial layer on a support substrate 1A,
éaid.superficialhlayer having a nominal lattice parameter

substantially different to the lattice parameter of the
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10 substrate I A, which confines plastic def ects, such

as dislocations; and a second part, relaxed or

pseudo-rel axed by the first part, and having no or

few plastic defects. The first part of the deposited

superficial layer thus 15 plays the role of a buffer

| ayer. The depositing techni que enployed to realise

such a buffer layer can coffprise variations in tine

of tenperatures and chem cal deposit conpositions. A

buffer layer having a chem cal conposition 20
adSehshanthalrhyecRAsEaNL1 | HF i {15e tdik Skt RRe 1A,

successful ly produced, as opposed to a buffer |ayer

cr e¥eEdnaécotdr wELe o ParREctieEst 16 edtfiqueciensedr to the
1atgveal Layerscean hgpever beyipiercal at Jeenolsg,

t he §Uffgr [ayer of the secoﬁﬂ part of tﬁg g%{ o
mogpgerytiteill dinkaged. bfhenged f &prihayer can al so have a

thickness _| ess than, |lower thjickness of the buffer . -

| oy P Sy SHEEEE 20, P REET o L neTeno St el quetrndhe
detocuiredt 190eR0435885cdi sal bgesxanpienbosth nENdstofc Ikfects,

sggh a buafer structure according to the latter _
SUEECRf Gud ?52EOfPFi sing in particular the following

St epRisOsd8ROSi &1 AN BadP P maSbHd e tbArha Pl y0&ide :

first Ge or SiGe layer, o then, optlonaLI%, deposit of

a secondaddiitiSénalPals: | alfer , cabfecto WapRovéDEhe support
subk¥$hak! 0ghaphic: qyalddk iofed h 1é9tg¥er!iéyw@ Mg as

such as described in WO 00/15885, the seconds1ayer
difsdioggtianse Shde (50/50) in the case where the first

layer Ofa second part, relaxed or pseudo-relaxed by the
first part, and having no or few plastic defects. ‘

The first part of the depogited superficial layer thus

plays the role of a buffer layer.

The depcsiting technique employed to realise such a

buffer layer can comprise variations in time of

temperatures and chemical deposit compositions.

A  buifer layer having a chemical composition

‘substantially constant in its thickness can be successfully

produced, as opposed to a buffer layer created according to
the first technique.

One or several layers can however be intercalated
between the buffer layer o¢f the .second part of the
superficial layer.

The buffer layer can alsoc have a thickness lesg than
lower thickness of the buffer layers produced according to
the first technique.

The document WO 00/15885 diséloses an embodiment of

such a buffer structure according to the latter technique
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the buffer layer is in Ge; o strained Si in the case

where the first layer of the buffer layer is in SiCe.

The thickness of this buffer structure 1B can in

particul ar be of the order of 0.5 to 1 micron; which

is less than the thickness of a buffer |ayer nmade

according to 15 the first technique. The donor wafer

1 has been produced in thistSmanner, wth the donor

wafer 1 conprising said support substrate A in Si

and said buffer structure 1B in Ge or in SiCe.
cofgaaredingg ihopartAchdapr o8 Ctb Dol Behiys for a buffer

20 structure 1B, a first step consists of a depositin

a | &er COEBOSELstIRI Ao R tonsHPSLEPBRt 1dubstr &le PA 2
£idESlge Wil @iGghga?gpgort substrate | A and possibly the

epi taxi ed | ayer B being included in the donor wafer

1. A secthgnst eptdonsildys depospkamifi rg stonidc additional

I such dr ogen. .and/ or.__hel.i u avin

1a§/ane'pr?la_a%t%§“tel gtﬁo e errogfle 5\%1 a s%sntpr@o@or?gg’é cdgtu&ar;h ﬁ’e?ffanﬂhe
overdhydsigt Eiflor n2 2 spent wsbaldonrizete im wbe oohiicksess the

bet n the degth.of i mpl ant and the strained | ayer.
.Seﬁoﬁl\éfﬁﬁyﬁﬁt PSA"9ohB’ i s defined as a zone having 30

i nt ernal sgeast(kaypbs sHsePtébie WhefOMIRNGE SIFUAMA of

16 _perturbations in the surrounding parts. These
thenfefigr ¢8%strafntd @ e then susceptible to creating

crystal | qgraphig Ber tHr Baki ensel Drkhe Q¥erlefiag 1ayer of

strained layer. 5 During the tfirst step the ranges of
thempuiferehargy of 1m $¥Gde are typically between 12

and k | mpl-an d 0 r He are ,

e e e e L
particular be of the order of 0.5 to 1 micron, which is

less than the thickness of a buffer layer made according to

the first technique.

The donor wafer 1 has been produced in this manner,.

" with the donor wafer 1 comprising said support substrate 1A

o in Si and said buffer structure 1B in Ge or in 8iGe.

‘According to a third production technique for a buffer
structure 1B, a first step consists of a depositing a layer
1B of strained SiGe on a support substrate 1A in Si, with
the support substrate 1A and posgibly the epitaﬁied layer
1B being included in the donor wafer 1. _

A second step consists of implanting atomic samples,

such as hydrogen and/or helium, having an implantation

energy and a sample dosage determined such as to form a

perturbation zone in the thickness between the depth of
implant and the strained layer.

A perturbation zone is defined as a zone having

internal constraints susceptible of forming structural
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Therefore, for exanple, Hwll preferably be used 10

for the inplant dosed at around 3.1016 cm2 with an

energy - around 25 keV for a strained |layer 1B at 15%

Ge. Therefore, for exanple, Hwll preferably be used

for the inplant dosed at around 2.1016 cm2 with an

energy around 18 keV for a strained |ayer 1B at 30%

Ge. 15 The depths of inplantéof the atomc sanples in

the donor wafer 1 are typically between approxi nmately

50 nmand 100 nm To create or accentuate the
pélemltrmqtdrmanofthbh@uragﬁhaﬁﬁgt b@Pcgone, the buffer

|l ayer is produced according Otothis third

t ecHRiSf%e d0EPHRET npleTRemadniten afea bl d ssseprbybie to
- ; j [ d.co ni :
CHarans of st ra. EOTEEPEY | BecRUBLERORRT LEPEKER Shtiing
stfaigtad legestraints of the layer 1B in strained SiGe

o f relaxed strained | in 25 SiGe
The TRerTal L CAFRnt 10 gP8t SR G |1 WARH T, ey of

- HigreHe eireoxiygishblyabeospbrre2 dhersf eqe;. a particul ar

: theégpl.trﬁgtnegt 0 be used for this type of donor
waf 611 TP @R (SR R BoCFefiferdture®tSpdilealtsrveen
1 et aveen A00&md@nd 1000C over a 17 period which can vary
from30 s to 60 mnutes, and nore particularly of
approxi mebergfera; nbeesexampppr oki wiet el yrdferab nuties used

fo@qf Ofn@]la{'r&e &)c?srééj rapf?tdé]%gu‘i.zci) ng. 1056' cx%cmf iw.q_ %erf eecrgesrgy
of dislocation type; an adapts thé lattice
angawsimete ke¥f foheasappaited sldgtr dte dtAlisg 8e.to the
nontnal %%g%g Srg?r%ggtg£a§£1£P§H will preferably be used
for the implant dosed at around 2.10%¥ cm™® with an energy
around 18 keV for a strained layer 1B at 36% Ge.

The depths of implant of the atomic samples in the
donor wafer 1 are typically between approximately 50 nm and
100 nm.

To create or accentuate the perturbations of the
pertu;bation zone, the buffer layer is produced according
to this third technique during implementation of a thizrd
step by a thermal energy contribution adapted and
conveniently parametered to cause at least relative
relaxation of elastic constraints of the layer 1B in
strained SiGe so as to form a relaxed strained layer in
Sigce.

The thermal treatment is preferably' utilised in an
inert or oxidising atmosphere,

Therefore, a particular thermal treatment to be used

for this type of donor wafer 1 is carried out at

temperatures typically between 400°C and 1000°C over a
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strained layer 1B in SiGe. It can therefore be

considered here as a buffer layer. A variant to this

techni que consists of formng the filmin Si 2 on

| ayer 1B of strained SiGe prior to inplantation of the

sanples. Inplantation then thermal treatnment will then

relax or pseudo-relax the |ayer of strained Si Ge (as

descri bed 15 herei nabove) #hd constrain the film 2.

In this case, formation of the buffer |ayer and

formation of the constraint in the film2 are closely
PSSR A Bsh Eah ARIAE PHest SkONs Ief esenNaencaBshe sidancre

to B. . 2Q Hollander et al., in particular in the
PRITAFERE len it 1Fe@roxsmabehyr Bl BkAYEeR o pRRCEHRIHIE 15
miglk2Gex /[ Si(100) heterostructures after hydrogen or

heliumion inplantation for virtual substrate

f abrMhezeifome , ( theNpetrvarbanion | awwteunent s and Met hods,

in Physics Research B 175-177. 25 (.2001) 357 -367).

| rréspect® Elgfstagfg?Fﬁc?_r%&?i&ﬁﬁ?ﬁﬂ?&ﬂﬂﬁﬁ 6% he

donor Wa%@bphs|nthE'Slé@?ibgat%QPaﬁ%téﬁe.@f00@@@,-support

according to the invention, the latter is constituted
SuRstRE <l dfelirofSi thfe i erdmigwlni kot tilne warained@rf idfmthe
20 Aateri ak §Rde; 30 of crystalline Sil_xGex having
sliﬁiﬁee or&%o crysta?fographic 18 defects. The donor

waf ét tavohpersésranveppersidymd Weireh asas duffer layer.

t.hi gk . wWhich is, sufficjient to inpose its_lattice

par%hggéﬁaﬁ%t 2 sp%gi§§§hpﬁﬁWF2‘ﬁ%§Hﬁ I?fbgormlng the
fidwer iyi ngi S wWdrholtykhe 1@t teef substaed abige prior to
. influencing the «crystalline structure of the upper
el e S5 oPne: ARG T HBP ErS 1

Implantation then thermal treatment will then relax or
pseudo-relax the layer of strained SiGe (as described
hereinabove) and constrain the film 2.
In this case, formation of the buffer layer and

formation of the constraint in the film 2 are closely

associated.

For more precision, reference can be made to B.
Hollander et.al., iﬁ particular in the document entitled
‘Strain relaxation of pseudomorphic Si: Gex [/ 8i(100)
heterostructures after hydrogen or helium ion implantation
for vwvirtual substrate fabrication’ {in Nuclear and
Instruments and Methods, in Physics Research B 175-177
(2001) 357 -367).

Irrespective of the structural configuration of the
donor wafer 1 in this application of the process according
to the invention, the latter is constituted at the level of
the interface with the strained film 2 of a material made

of crystalline Si; xGex having little or no crystallographic
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A light finishing step for the surface of the donor
waf er 1 is advantageously perforned to inprove the
surface 10 quality, by neans of surface finishing
techni ques such as polishing, chem cal etching,
. abrasion, nmechanical -chem cal planarising (CW),
sacrificial oxidation, bonmbardnment of atom c sanples,
or other snoothing techniques. Wth reference to
Figure | b, growth of afilm2 in Si 15 is used on the
Sil_xGex growth substrate of the donor wafer 1. The S
défddm. i s advantageously forned by epitaxy from using
known techni ques such as CVD and MBE techni ques
(r eSPECtIFOABEEEF dt CORRTSFCEneRi BRPEVapdYSDepldsih ie 2
e 20s Maheci ar; Beadn dpi i) - 3l NChpddies SiddEomiasi ce
a lattice paraneter different to that of the .
PRyt ungn t heef pruained dbling@d whichhevigdovikeh overlying,

' X 0. aug its ' ttijce r.io
W%ﬁﬁggagﬁﬁtm£%§?%'d%%%%%t%?%hm %ﬂﬁg?%ﬁiﬁhﬂm
ciydistrlaitre artduc2hirehons phesepnpernleyaal of etiseé oftonor wafer

constraints. These nodifications to its interna
crystall ographic structure will boost mobility of the

chargeligied t ECheshifgusheps fblte 1 esupfsh &l 8€t GRS )donor

- by nodifying the structure of the energy bands of the
walq

4 cont Tr§SYP LAY REGHUTE @ ri P Spertg eyirface

qlridihi Sof | hdxRs | B 1QulRbhsei PUEALHOAgARRRYSues such as
. obtained. For a layer to be eIastgca?Iy strai'ned, its
PRHidkmess chasicalotesitisiss abersiomal mephakiess diemical

1. n { nt .t he i §l t hj
PR AAEE TS 1 Bt ithe Sl e ! MLEkBE e o
atappearsanplelse bicl otRer weinodt g decubistest.i al |y
deter.igrate its electri.cal propertie The cri.tical |, .
hi CRiighd r=eTsE: & EGRLFPart < HEhBHos® = Fitn 2 in i
ig used on the 8Si; Gex growth substrate of the donor wafer

1.

The Si film 2 is advantageously formed by epitaxy from
using' known techniques such as CVD and MBE techniques
(respective abbreviations of Chemical Vapor Deposition and
Molecular Beam Epitaxy).

Since the silicon has a lattice parameter different to
that of the germanium, the film 2 is obliged by the growth
Sii-xGex to augment its nominal lattice parameter to appear
substantially.identical to that of its growth substrate and
thus present internal tension constraints.

These modifications to its internal crystallographic
structure will boost mobility of the charged particles
(such as the holes and electrons) by modifying the
structure of the energy bands of the silicon crystal.

The desired electric properties for this film 2 in
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mainly on the material selected to make up the
strained layer and on the difference of the lattice
paranmeter with 10 the naterial of the crystalline
structure.on which it has been formed. Therefore,
since silicon has a |attice paraneter of
approximately 4.2% | ess than that of the germni um
the disaccord in lattice bEtween the silicon of the
film2 and 15 the Sil_xGex growth support is such that
it inplies a critical thickness of the film2 of
tHied iegerapphOXrEataLY o309iReand 2000 A, depending on
the value of x. For exanple, if x = 0.2, then the
str&Fed Sia%eY i e selipi kaally ot daaiash dert it potkness
mBRPIHRE TREShY S gocIE@lEélttﬁfékﬁgg§Kﬂ?%ﬁa@%ﬁcabﬁﬁstralnt
depend on growth paraneters such as the tenperature
at \Welverdt hbef cirir2cads thi oknesls , notdstatd ororss thessiftrsomnd

' [ I tax [ rowh te h i ques nploye
el\(@fgg(ri%exgaenpi tg\p? Soréa%BE;)‘popei?a ues of CJr%I ?I cgl’ RS T
suifstaniiaflitynd2tepidaxiedit 25 DivariSidl yoepkrghiest. h
Zg?l ate %Ee Eor exgﬁﬁle pres nt%gfin thegﬂg&%y(gépends
mafriled r¢£htﬁéhaf§ﬂe&flaﬁseé%mt 06 FwikeNGEH TerbNQlgned

12 (1997) 1515- 1549% The thickness of the strained Si
lapiermand o1 htRe dbLEgprees | 9f athewlrtkdred Pargaeteis with
tHY efaleatlayl ket weed 100201 ANk SO0-Ar CEH T hSch it has

fornmed, the film2 thus has a lattice paraneter
b@@@b§@§ﬁ?ﬁally close to that of the Sil1_, Gex and

pre%ﬁ@&éfSL@St%gn %n§§{ P hgst%Psiégk e-Thgrggn = of

waf er 1 and fi ensenble forma p bondFh
apnipxmmaheﬁgfdréﬁcel@asFW@ame tmattbé pﬂﬁebgedmaglmafethe

dfg%ccord in lattice between the silicon of the film 2 and

the Si; . Gex growth support is such that it implies a
critical thickness of the film 2 of between approximately
100 A and 2000 A, depending on the value of x.

For example, if x = 0.2,wtheﬁ the straiﬂéd Si film 2
is typically of the order of 200 A approximately. |

The critical thickness may also depend on growth
parameters such as the temperature at which the f£ilm 2 was
formed, nucleation sites from which it was epitaxied, or
growth téchniques employed (for example CVD or MBE).

Values of critical thickness of a 8i film 2 epitaxied

on a Sij.xGey growth substrate are for example presented in

the document entitled ‘High-mobility Si and Ge structures’

by Friedrich Schaffler (Semiconductor Science Technology,
12 (1997} 1515-1549).
The thickness of the gtrained Si film 2 is thus

typically a few hundred angstroms, preferably between 100
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with a receptor substrate 4 is put into use. Prior to
such bonding, at |east one insulating layer 3 10 nade
of an electrically insulating material is fornmed on
the surface of the pre-bonding wafer 10 and/or on the
surface of the receptor substrate 4. The materia
selected for an insulating layer 3 is a nmateri al
having a viscosity tenperat+fe TG greater than the 15
viscosity tenperature TGSi 02 of the Si02. The val ue of
TGSi 2 of the Si02 can vary substantially according
addd oy tAain criteria, such as: the production technique

enpl oyed to produce the |ayer of Si02, if the |layer
i's (FGGuckEl By t hermas: Idcoxfélni ¢n Chmst fas in aafice

peHanfiitsid M@%&@m _Pﬁsé%éé‘t e QM IOt oW TRt @a USR,Ofang
chem cal sanpl es) GSi02 is of the order of
PRAFHTGE @dtaéltycmoo@tmlapprmmmﬂqp -1150C, V\,hl le in
the se f.or ep. S|t|n this
%l%&lg%lagg%é%'rgl ]Feggg %@ 1% % arg%g Ber®Fhre Pre-
bcprdldlgpmaget:hecJSeO structure, such as the energy for
act i i ng the surfac to be stu af fected pri or
ponding, TGPy diererS S HIS-ERE R e ter 10
witeeldf irelcept of sQBB&i:é@é ng si pr|sentad Medilm 2. 30 The

viscosity tenperature TGSi 02 of the Si2 can thus 21
reatR188" hcRUGE PPDOEFo 345host |91e hinsiladddia yaver 3

# abir @ 1Eeths A1t heonfliical ngt hervml; :u ”1§ @swa@é on

\Nhl ch the elastic conStraints seémto re
thegr gerégeentof | abei apre denditiconwadér const ﬁadvitbs Sorcafthe

u?c&%%% kEefcﬂgerngg{: ]t:e&pgé@,_t&g es, | ess than TG
' Y

ically "les O appr oXi na e4iy 100C to 200C), the
per Gbrt ageeofialr eledieattiedn. fdaeiang freverd thieleeskayer €3 atid a
re |rr%ortant as . TG
material having a VviscCosgity temperature Tg greater than the
viscosity temperature Tgsio: of the Si0,.

The wvalue of Tgsioz Of the 810, can wvary substantlally

‘according to certain criteria, such as:

- the production technlque employed to produce ‘the

layer of Si0;, if the layer is produced by thermal

oxidation (whether in a dry or humid atmosphere, associated
or not with the use of chemical samples), Tgeicz 18 of the
order of approximately 1100°C to approximately 1150°(,

while in the case of a layer formed by depositing SiOz,

 this Tgsice 18 in general less;

- the parameters for producing the Se0I structure,
such as the energy for activating the surfaces to be stuck
affected pricor to bonding, o

- structural parameters, such as the charge
coefficient of constraints presented by film 2.

The viscosity temperature Tggigs ©OF the 8i0; can thus
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I s approached. The function of an insulating |ayer 3
is principally 10 double: to electrically insulate
the receptor substrate 4 of the film2, especially in
the final SeO. structure 20 (see Figure id); to keep
the elastic constraints in the film2 at 15 high
tenperatures (greater than approximtely 950C to
1000C). This insulating |ay¢r 3 can al so have
particularly significant adhesive properties to be
exploited during the bonding step. 20 The insul ating

rdyeras3 nGh ke fioowed by dikget.deposit on the
surface in question or by chemical reaction between

at orfifc $&fpl ¥456PSLhE shPTRREETHRUdst | B Wet htlpRiefisal
1A 1eS) inl 2 E&%ﬂ@l&ﬁ%@t%%ﬂﬁlé NéhdddShts seem to

advant ageous case according to the 25 invention, the

r%kﬂ%ﬂﬁ@ﬂa(ﬁaﬁgﬁeaﬂﬂﬁmtatﬁngthayere3axgtn@m@ offc@iaNRints
I f rature TG

c;aglre er I?I’?f?%%%uﬁ%@%g@ %Fﬁt%%%s% £Fi 4 Pay%r&é/plcally
l@iﬁ%l\mtco:aappeoimameﬂwyloeﬂc ntbr ediong) wi ttlhet hersiehitaan of
réyé£g115%!|n12 and/ o c ﬁ he 22 S|é|con of the

recept of gﬁﬂ%%%éfgef ﬁ% SPRe™PAtt 8P cBAT A HEPCERALAS Te
idla@pﬂmaa@@a) or by depositing a nitride layer by a

ue on the surface in question. It should be

not 8“31 W@%.%fmmarhaén%%m@e sapebpédr tise PrEmmFRllY
dcR@li=val ent the bondi ng properties of the S Q2 in
terns of bonding ene and transfer quality, in
par ti cul &P ﬁﬁeﬁﬁélﬁaégYoin@@l$¢%|h@?aréﬁﬂnﬁonaﬂuhSﬁrate 4

ofPTOELSEi1m 2, especially in the £final SeOI structure 20

{see Figure 1d);

- to keep.the elastic constraints in the film 2 at
high temperatures (greater than approximately 950°C to
1000°C) .

This insulating layer 3 can .also have particularly
significant adhesive properties to be exploited during the
bonding step.

The insulating layer 3 can be formed by direct deposit
on the surface in question or by chemical reaction between
atomic samples of the surface in question with gaseous
samples in a controlled atmosphere.

In a first advantageous case according to the

invention, the material of the insulating layer 3 is made

. of Si3N4 .

A layer of S8Si3;N; thus has a temperature Tg which is
greater than around 1500°C.
The insulating layer of S8Si;N, can be formed by

nitriding with the silicon of the film. 2 and/or with the
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with reference for exanple to the docunent entitled

"From SO to SO M Technol ogy: application for

speci fic 10 sem conductor processes' by 0. Rayssac et

al. (in SO Technol ogy and Devices X, PV 01-03 ecs

Proceedi ngs, Pedington, and J (2001)). In a second

advant ageous case according to the present invention,

the material of the insulatkhg layer 3 is SiO/NZ 15

During formation of an insulating |layer 3 of Si OYNZ

the value of z can be played on advantageously, to
shBVEor her S GRsidpt dreRRRtdite 1G(gyokye !‘Qt@@rf@d%ntalns

this material is “substantially a functlon of th
aWt%gTélﬁe conpbace) omrmréem%ltwetﬁarngﬁrmeglayer by a

ntpé;@.{ﬂl on It‘heI Su %cho:iﬁ' thsﬁ.@o ave the TG of
the I nsulating |ayer § evol ve “ftypically between a TG
of thHe osklwrldf béat nofedhetBrER t@wh|éhaﬁaylvaay bonding

ou 1100C) and_a .TG.of order of that the _
e & St SR e i Frtent sy of the
smvemdtenaﬁs The \bainld&&gTCerﬁirgWeamcﬂ]Sﬁh:ahlsﬁgﬂ ayen iy, in
|f t hey end essent i on, the material of &he
SR | JafgeF e Eéﬁealc‘iflo fiticiaidie aceBrar gt o RFRFeSS,
wmndtéf@f@c?é/ ¥6F CBxhhp1¥asof @hEedioduhed? adMaNIGE0UsS on
case, the conditions for forming 30 the insulating

SQTayerts c&RINe aBRPRERLlo a coWRlgicREdon3 rrﬁ‘hlﬁer s eistic
sdid S8R A ngr @e!s@e&arttﬁf %reafz% 55080 ot g02 e sor
s be pla

deposit paraneters can th ed on, suc
Tedmsarcgur eang | rﬁ';ewdmgé(,ancP\pot(em&?al s t her qrasssbiuggs

%&f& §ph%5% Je 9?2|ng el enents can al so be added

ﬁaln gas ous enents contained in the
vi t rIInf laC afsicomdabdraphayeousuels@saccording to the present

invention, the material of the insulating layer 3 is SiON,.
During formation of an insulating layer 3 of SiOyN, the

value of z can be played on advantageously, to have the

viscosity temperature Tg evolve which for this material is

substantially a function of this nitrogen cémposition.
| Therefore, with a growing compeosition =z, it is

possible to have the Tg of the insulating layer 3 evolve
typically between a Tz of the order of that of the 8i0,
{(which may vary around 1100°C) and a Tg of the order of
that of the SiiN,.

By playing on y, a wide range of T; can be covered.

The values Tg of the insulating layer 3, if they

depend essentially on the material of the vitreous layer,

- can also fluctuate according to the conditions by which it

was formed.
In an advantageous case, the conditions for forming

the insulating layer 3 can be adapted in a controlled
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boron and phosphorous whi ch can have the effect of
reducing the TG 10 After one or nore insulating
layers 3 are fornmed on one or two surfaces to be
bonded, a finishing step is advantageously
i npl enented on the two surfaces to be stick, before
t he bondi ng step, for exanple by neans of one of said
finishing techniques, in or¥er to snooth the surfaces
15 for bonding as nuch as possible. Bonding consists
of putting the bonding surfaces of the pre-bonding
mbefar 40 ard {6 wegeptors supstrate A é:artéon§a@ba;&h&han
bondi ng operation per se is carried out by 0
Teggmt acting the surfaces to be bonded together. The
bondig RORAS AR RERLBLADILAMREECULRT b ARl W dfin as
usi ng hydrophili'c properties of the surfaces to be
tdwgredbatuke  at tinbut elagagec centuapet¢tiel hly diodphthéec gaseous

ro %{ties %f the surfaces to be bond, chem ca
ere C

AR nlng’oF the two 25 structures for bonding can be

* don@dpinbathemenorpiasi Bg s8Che taddatiment thed |mddnowrn demus
t he expert. Anneal,ing. of the,bonded assenbly can als
ke o P8 dPnPORCEERAE BORGIHY DOTREnT g Fuch as
bR B bk¥uBdwhi BB PahURgvefchdesbone ngr bartsing
such as coval ence bonds or 30 other bonds. 24 For
ther &ater precision in terms of bonding techniques,
refarence £an be pede in.panticyl aniodthe docurpbheq
ent%tleg ‘Seniconggcto# ﬁa?er Bgnm%%§ S(Science ande ?n
onteechnoltoyy, sbnfarsei drcebFedimulasyy) abyf iQisvinMongten). is
sel e and W Figyre Id il t st S .
=BT ede atat: AmRogmebr s Sonbrbioty i ERodd o seion,
bafeimvethe bonding step, for example by means of one of

‘gaid finishing techniques, in order to smooth the surfaces

for bonding as much as possible.

Bonding consists of putting the bonding surfaces of

the pre-bonding wafer 10 and le receptor substrate 4 in

contact.

The. bonding operation per sge is carried out by
contacting the surfaéeé to be bonded together.

The bonding bonds are preferably molecular in nature
by using hydrophilic properties of thé surfaces to be bond.

To attribute or accentuate the hydrophilic properties

of the sgurfaces to be bond, chemical cleaning of the two

‘structures for bonding can be done in baths, comprising SC1

treatment well-known to the expert. ‘

Annealing of the bonded assembly can also be utilised
to reinforce the bonding bonds, for example by modifying
the nature of the bonding bonds, such as covalence bonds or

other bonds.
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According to a first nmethod of realising renoval of
the donor wafer 1, all or part of the donor wafer 1 is
10 detached at an enbrittlenent zone previously forned
in the donor wafer 1, via power supply. This

enbrittl enent zone is substantially parallel to the
bondi ng surface, and presents bond fragility between
the part above it and belowdt, these fragile bonds
bei ng 15 capabl e of being broken during power supply,
such as thermal and/or nechani cal power. According to
a fivcsyt deciufus-aei-adiniiglesald eslt Spandidat feghhiques,
used to execute the enbrittlenent zone, conprising in

refer gt qaist difce MRS adtat PBRCAFULR BN £0 20t 3@ npfiegament

edth $1N8y dORGEMMBERELd oA tme%nbrg&ﬁaﬁ&@m 7@8B8endBe and
Inplanted m xture of these two 25 I nplantation

tggntilngy. Thatsaapiesce sdipsihewlogy)bebhyd? ogé&n, Tong, U.

ng§éJ{e;r%ndtaW ;Sanpl es or other light sanples. preferably

ion power inplanted via the takes place just
- bef@n@ure sebect ttustcht ¢dhattHehe sedIf acserofttthe obtained

a'nsul ti | ayer .3 (&n.the event where it is formed on
#Wﬁ?dﬁﬁ%?ﬁﬁﬁFyWaffr pa8s”tHY6UYh the thickness of the:

| Nsulcldriddnayes 3, fliket Whitdoesst okebhesshgareedval of
tgélgggo?n%a%egrgﬁetaifl%in%giéﬁof the donor wafer 1 is
detached at an embrittlement =zone prev1ously formed in the
donor wafer 1, via power supply.

This embrittlement zone is substantially parallel to
the béndihg gsurface, and presents bond fragility between
the part above it and below it, these fragile bonds being
capable of being broken during power supply, such as
thermal and/or mechanlcal power. .

Accordlng to a. first technique a technlque called
Smart-Ccut’ is used to execute the embrittlement zone,
comprising in the first instance implantation of atomic
samples in the donor wafer 1, ét the embrittlement zone.

The implanted samples can be hydrogen, helium, a
mixture of these two samples or other light samples.

Implantation preferably takes place just before
bonding.

The implantation power is Selected guch that the
samples, implanted wvia the surface of the insulating layer
3 {in the event where it is formed oan the donor wafer 1),
pass through the thickness o©of the insulating layer 3, the
thickness of the strained film 2 and a preset thickness of

the upper part of the donor warfer 1.
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30 the upper part of the donor wafer 1. 25 It is

preferable to inplant in the donor wafer 1

sufficiently deeply so that the strained film 2 does

not. suffer damages during the step of detaching the

donor wafer 1. 5 The depth of inplant in the donor

wafer 1 is typically 1000 A approxi mately and nore.

The brittleness of the bond® in the enbrittl enent zone

is found mainly by selecting the dosage of the

i mpl anted - sanples, wth the dosage being typically

bet weeni 1016 k) ANdo 10t M2 i nanehdD@RRECkSEEY 1

bet ween approximately 2.1016 cm 2 and approxi mately _
sut fipiendhy?. At iat heenfhar s EmAinad e’gge'm‘ 2oR@ePRs not
sﬁfﬁéﬁ'aéméﬁgge%h§qngytH@CBEEbCGk a@gégﬁiﬁ@efﬁgﬂdéﬁwf”wafer

supply. For greater precision for the Smart-Cut(r)
1process, 15 reference can be nade to the docunent

tikl " Sl 1- On- sul h ' teri
Co Ut CepRl G englanl "ty BRE' agRebOm ey s AR Sy
1 wuveraphraddmiat ePybbkhdheose. p. 50 "to 51. I n accordance
ith d ti f i 0 .,
o, Fagnderade ok ieckiian oL 1Be oBriceionent sone
iarbisdl apihhy the Hocsmrg Bhd 849ad880ks tisedimgithted

enbrittlement zone is here created before formatiop _,
sagokafe iR 2thandogasengofgemdidiradt vt Retasssy 107 om

aﬂéﬁf Qi L. &5 Praduci Agré he.arbrddit) eBRRL 2N GOMREISaS 1y
the foLIomnng Mai n operations; fqgnatlon of a porous
2 |1dféremp and wrpmoatiertedyodt BOOT cone. or more | ayer (s)

on pefaus | $¥er thidNCeRURPLL AL Gerie POUQHS |AYEuguatly
| ayer 5) ensenbl' e
effected by mechanical and/or thermal power supply.

For greater precision for the smart-Cut” process,
reference can be made to the document entitled ‘Silicon-On-

Insulator Technology’: Materials to VLSI, 2nd Edition by

" J.-P. Colinge, edited by Kluwer Academic Publishers, p.50 .
to 51. |

In accordance with a second mode of execution of the
embrittlement zone, a technique described in particular in
the document EP 0 849 788 1is used.

The embrittlement zone is here created Dbefore
formation of the film-2,'and during formation of the domnor
wafer 1. - _ |

Producing the embrittlement zone comprises the
following main operations:

e formation of a porous layer on a substrate;

¢ growth of one or more layer{s) on the porcus layer.

The substrate - porous layer - layer{s) ensemble

congtitutes the donor  wafer 1, and -the porous layer
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30 constitutes the donor wafer 1, and the porous |ayer

26 constitutes the enbrittl enent zone of the donor

waf-er 1. Power supply, such as thermal and/or

mechani cal power supply, at the porous enbrittl enent

zone, then results in detachnment of the support

substrate 1A of the overlying 5 layer(s) on the

porous | ayer. The preferred® echni que according to the

present invention for renoving material at the

enbrittl enment zone, realised according to one of the
cdx 1afuteen thiemetbRg t t DEREHET LORe hef eimahrr thetkef are

allows a significant part 10 of the donor wafer 1 to

be VAT EMPOLADi dUFtamP el and/ off SRl Rever
sWANAr a pRLt pekohibe dpRok cveheht 120h8, Penkauseddits in

anot her process such as for exanple a process
d@m&n@n’@g oD thhe preseort | avbatirane Theref otde overlying

a?;?&ga np@hgfgggﬁhra?ﬁggrflIn1on the 15 wi thdrawn

d a possIk part of a donor wafer
and/Moie otlrerlfekragdr s teahnbguée nphevend 2oy akefeﬂablypresent
caft i shing the surface of .t Wi t hdr '
o’ Fich SRy St g L (e T ey dome.
rdd16 s9id a@@or&@ﬁgr vaf esnd 0 J Whishdeawn df whdh-1fheiting
latter 20 able to be reduced by different finishing

Plf@é%?rﬁlﬁlﬁ’eéleé’&éﬁaﬁ§véthB8FP§ﬁF%g‘j‘lJa‘b‘l’%ls? oft SR Her Gt Part

oA ARRLR) %QferSQCEbf bei @l £ 19x Jat 1: b1 BReEeRlen bloc.
etching, either singly or in conbination. In an

advart aéé@uglf#ﬁwraetheeWMhﬁ:gaWIhepaﬁm|%uﬁgﬁ Fgor wafer 1
tdy Fgrlr%luslétdl liges %Ehe%a%ro%testé“e S”S'ho t g, St gRanple a

ective chen1c etchi'ng, in’'co |nat|on or
pmﬂddssnadm@md¢ag toeahs. pfhammﬁcnmyeﬁﬂmnnlve et chi ng

S0l Yhions of the SLCe.viss Hals (e, S sUNe2%? on e

withdrawn part and a possible other part of a donor wafer

'-and/or other layers can be implemented, preferably after

polishing the surface of the withdrawn part.

A surface finishing step allows thé remaining part of
the Si,.xGex donor wafer to be withdiawn 1, with the latter
able to be reduced by different.finishing techniques such
as CMP polishing, abrasion, thermal RTA annealing,

gsacrificial oxidation, chemical etching, either singly or

in combination.

In an advantageous manner removing the finishing
material utilises at least at the end of the step selective
chemical etchihg, in combination or not with mechanical
means.

Therefore gelective etching solutions of the SiGe vis-
ad-vis the 5i sﬁch as a sclution comprising HF:H;0,:CH3COOH

(selectivity of around 1:1000) can be used to withdraw the
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30 (selectivity of around 1:1000) can be used to
W thdraw the 27 remaining part of the Sil_, Gex. The
film2 has a crystalline structure and properties of
honogeneity in thickness close to those it had after
growt h on the donor wafer 1. 5 After the bonding step,
a second technique for renoving material w thout K
detachnent and without enb#ittlenment zone-can be used
according to the present invention to renove the

- donor substrate 1. It consists of inplenmenting

r&eMGR] And ot weehani gak, . 10 and/ or o
mechanical -chem cal etching, For exanple, optionally
sel &8 Vel lat chilgp od ehEeStahl B aF Br et Utfe fFhoPT R dries

ed.C J 1 c '
Oflpr %grgggeﬁgfﬁﬁqut %J%g%ké%éy p%?g%]i g E)t g{:}ﬁgngi% uféecglr?g [ satlfster
gwofwidt cdn rignet Wendeneafsubdtrate 15 1 from behind, that

omt c=1=_lefrebe0r1c ce of ttehe daonor

is, .f waf er 1. .wet
et cﬁ‘lfrrtféaren'p 5yi ng et ng €61 ut i%ons” adap ed B for
rdfdEricpl s digr el alenovertleat al siethe-hused  Drandet chiitghout

: an al.so be used to renove material, such 20 as
Rl SR OB SRy aTe SHPFBn MSTGS THe &PenigRESert
| irGAh 30 e Rueeky teheabsd): Sibstetfcd rochem cal or

phot oel ectrochem cal . The etching can be preceded or ,
f ol IIGwsNR Sivsc lpdniieRl emgntaeg shemhealoped/ Gafeechpnical
LRI - ek SB Nt on P Techani cal o
aﬁﬁ%%%?%%é%ion etc I ng o? at%n?%gsanples. The etching
can Falrs o ebempdeonpapkednbylyechahéchalve atetagikinguch aghe

ndioLlshing gntignaldy, conbined vth @ Jechagieah can ve

ctionin a process.
utahiovenentdcaredinechbi qupsotess refrvhegetch-back type.

_ This technigue consists of etching the donor substrate
1 from behind, that is, from the free face of the donor
wafer 1. |

Wet etching employing etching solutions adapted to the

- materials to be removed can also be used.

Dry etching can also be used to remove material, such
as plasma etching or pulverisation'etching.

The etching can also be purely chemical or
electrochemical or photoelectrochemical.

The etching can be preceded or followed by mechanical
attack of the donor wafer 1, such as lapping, polishing,
mechanical or pulverisation etching of atomic samples.

The etching can also ‘be accompanied by mechanical
attack, such as polishing optionally combined with a
mechanical abrasive action in a CMP process.

All ﬁhe abovementioned technigues for remdving

material from the donor wafer 1 are proposed by way of
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30 material fromthe donor wafer 1 are proposed by way
of 28 exanple in the present docunent, but they do not
constitute a limtation, because the invention

extends to all types of techniques capabl e of

renoving of material fromthe donor wafer 1 as per

the process according to the invention. 5 Wth
. reference to Figure id, an B0 structure 20 is

obt ai ned whereof the sem conductor part (that is, the
film 2) is made of strained Si, and in the insulating
eRafd1d thatthd Srdf@t BlabhRy bavetnd) ab AoVi S&@stitte
‘tenperature TG greater than TGS 02 such as for
a eldatidl at IGIBNPesIaUSIEOFRE. 1ngerhacRoeRornds riyetakle types of
i reat at.er 15,95QC 1.0 1QO0E,

SRR S S (4G R g R ek Rl !
wadread Uc iasy peanstiet pentssenatherdihgn 2 twig hioutentiifos .

sem conductor_part in straine teri under.goi n .
si grlﬂp chhcaﬁgeellreg%cﬁ e 5?3??0%&23"’%3 %Eesggggg}l]ﬁ% g4 *©
oblth istddlciies hadtd s il doislilaidm garar t(thatSii@. the £ilm
second process according to . the esent jnvention is
2o i S (1 TOPfofide PRIFIGULES SATYbR oS TR (that
iPr ogessihsudyeird| 16Persane as 4 hal s&estdy bednpabdture T
reference to Figures la to Id, with the exception of
grERGave tEEp Tofior 6HEYI AF fHE SEHERLSwadells PT 15ifele,
remygn JTRICAT Il LEQILt BE-HOPOT WBLGAL] 1t RSl Gnedie! A&
.to not the whol er&fonor \Ngggr 1 but onfy a parte of éjl:he =r
thdonoP5swaCertd, 1P ACt heuehhezs parrtefint herefgmntsaf ee be
L. form an_upper_ |ayer .5.0on _the .structur. (wid '
uiid 3 i iR 2XSlge Rl i e Fitar > i dhoue
ivemparigomdietbal paet subst antriadie thheesha® asmddwgeing
di scl osed h%iei nabove (with reference to Figure id).

ST PRFIGL i151e&qtd6Mas 3D CEnsklSe TFS GPper®©?

structures having an insulating part inm 8iO,.

A second process according to the present invention is

© presented with reference to Figures 2a to 2d.

This process is overall the same as that described
with reference to Figures la to 1d, with the exception of
the step of removing the donor wafer 1.

Indeed, removing material from the donor wafer 1 here
relates to not the whole donor wafer 1 but only a part of
the donor wafer 1, with the other part of the doﬁor wafer 1
forming an wupper layer 5 on the structure 20 (with
reference to Figure 2d).

The techniques for remoﬁing material are substantially
the game ag those disclosed hereinabove (with reference to
Figure 1d).

They are however utilised so as to conserve this upper

layer 5, and so that the latter is constituted by at least
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30 layer 5, and so that the latter is constituted by
at least 29 a patio of the buffer structure 1B. This
process according to the invention is advantageously
used for a buffer structure 1B produced according to
said first technique or said second technique 5 for
"producing a buffer structure 1B. This process
according to the invention #% particularly
advant ageous if one or the other of the two types of
buffer structure (the two types of buffer structure
a it assadicated reespeglicyaky 19, the two 10 production
techni ques) conprises in its upper part a |layer of ,
Si | Bha&x h&FOR§SE coRpeSreisd whFeh i 8hgubstaveratey 1s
a RPN ROl 5 OO SBNY, CHystaL! %ﬁﬁ?ﬂﬁedeﬁ.ﬁﬁﬁrodﬁbed
this T"case, "utilising techniques for renoving nmateri al
a@@rq@angarm eFaid sficrs haechmiaqugppar saldrsécephprecasique
t1.er o | _xGex layer. The
51 %ﬁ&n}%ﬁerePbrgEagggygg%%ﬁrSQZO conpri sing an
upp@mdsaye@rﬁceésquahbbwrthg xtex Ather remosatiaot is

DA, R e ThURTRCCE SF 90 Thogeniees tvo

typbg hicknesst fr t he- MpRalrd a)/ﬁihe5 HwaSi leypdfeex, 4or buffer
exanpl e by polishing, abrasion, pl anari si ng,

stohiies  dheHivg, aélsPﬁéPt§fingI13FSé’feqtﬁV€6bfbl et i ofhe  two

prREEIIRY tte%r&l\él%'é' ﬁ}ntoorr&Ji%s@%th Walse b GOS8 Alyer

etchlng stop layer | ocated between the upper Iayer 5
ofan@ii2Fer hev sy of t hemposbrivaf ethith effectibetantially

cc;r% nr{awlr&%o € h Hﬁ%g-' %%%ESE’:LQ%@% eétéé’:;e éh'fgng this

caﬂaxﬁsjkiﬁé;ingnnEmtynl@@ﬂmgeﬁenusremovhngknagé2;n61 is

oth.s rfac Wth referenceS tcoomEJI ure 1a least
in part the latter 8i, . Ge, layer. The result is therefore a
structure 20 comprising an upper layer 5 of quality_SiL
<Gex. '

After removal of maﬁerial, a surféce finishing step is
advantageously used to withdraw surface roughness and
unevenness in thickness of the upper layer 5 of Sique@
for example by polishing,  abrasion, CMP planarising,
chemical etching, either singly or in cémbination.

According to a variant, the donor wafer 1 comprises an

etching stop layer located between the upper layer 5 and

the rest of the donor wafer 1, effectively terminating the

finishing step by selective etching at this stop layer, and
obtaining an upper layer 5 - which 1is particﬁlarly
homogeneous in thickness and with a smooth surface.

With reference to Figure 1d, the final result is a Sii-

xGex / S80I structure 20 whereof the semiconductor part {that
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30 xGex / SA structure 20 whereof the sem conductor
part (that 30 is, the upper la layer 5 and the film 2)
conprises strained Si, and whereof the insulating
part (that is, the insulating |ayer 3) has a
vi scosity tenperature TG greater than TGS 02, such as
for exanple Si3Ndor Si OyNz. 5 The structure 20 thus
allows thermal treatnment gr®ater than 950C to 1000C,
wi thout losing too many constraints in the film2. In
a particular case where thermal treatnent is done at
iR tenperRldir @ 2ndykor sa pariad g eat ey &&aﬁrﬁseéostramed
t‘enperature and a reference period fromwhich the Ge
Sidi f farsds Whereef S| theheigsudantiagnesarh tHéhaﬁperlS: the
; . I Hhu i
11’1052&5%31:1?’]? & i fu3| gn%ée t\nt%(j Sfl%é tIEkn%g%%t%E%lel ed, eater
tHaen d:E&jof,eCEUCﬂl‘B da ﬁcactepcadlpﬂEUSmm oansbeNzont r ol | ed

UG AN S0 2,81 o 07 gc LS LSS AL o e

tigimn@sndayes obobrGe whaubig acsubst arld aldny ubdgmaints
Ge _congent ratl on. There is in particular a discussion

Amphend i@ fer 20 point in the docunent US 5 461 243,

col ypm 3, géfﬂ?&uﬂa@r 1028 wheldi EdePheteeSacRRALI IG (Rne
the invention is presented with reference to Figures

at3a & o BEMPTFAUET ocakd | EoBvepal Perhedsamgcaserhathan  a
te sehiched 2Zpaw Lh reference g}e ﬁ'oglurggl ol xtvl‘? &, Md hge

e exception that 1t conprises an a t'i onar Sstep of
didrypsesl I:Jme:kgeroﬁ\th ofie aBe addttioadl ihaybe Gppsedlwyelr 5
refer nce to th 30 This additional layer 6 is
C3EhICALET, TFoFEx ﬁ‘EJ‘Pe by a CVD or MBE technique, on
t he thi logr2a0h sithainedsSls. this diffusion effect, if well

controlled, can be desired.

In fact, diffusion can be controlled such that the
samples of Ge are distributed uniformly in the entirety of
the two layers 2 and 5, forming . a single layver of 8iGe
having a substantially uniform Ge concentration.

There is in particular a discussion of the latter
point in the document US 5 461 243, column 3, lines 48 to
58.

A third process according to the invention is
presented with reference to'Figures 3a to 3e.

This process 1is overall the same as that described
with reference to Figures la to 14, with the exception that

it comprises an additional step of crystalline growth of an

- additional layer 6 used with reference to Figure 3c.

This additional layer 6 is epitaxied, for example by a
CVD or MBE technique, on the film 2 of strained si.

The material it is constituted by can be any type of
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30 The material it is constituted by can be any type
~of 31 material. However, this material is preferably
made of Sil_,Gex with a conposition z substantially

identical to the conposition x of Si1l xGe, present on
the surface of the 5 buffer structure 1B, such that
the additional layer 6 is relaxed or pseudo-rel axed.
After the growh of the additional |layer 6, the
insulating layer 3 is forned at the level of the
additional |ayer 6 and/or on the surface of the
mdeGepilor substrate 4. 10 In the event where formation

of the insulating Ia t akes place at the surface
of tweé[@&“lftl’%}ﬁac-l "1‘31 8 D&t epeb BVO&I?@@d cEJ’@/ S1li.xGex

withy ecd éitﬂfn byzchmgf@émﬂmy on g BIWRAN to the
atom c sanples and the material constituting the
camdsiddof ¥heofadditx6nal Pkapents,omi thegasedipre of the
on I t h S n
o S G N EanBE roried y ot rAthh Nt (R, o
residxiechbr pgpeudenireirngedt he addltlonal | ayer 6 in

30) BHREY 20 FerBUAM B Mol SP1 T GUPESIc) aTE" i Che

- irg(fiaaligy 1a|y@eﬂt3i cal fbemkHose drsi ypakEdobychs addlitibnal

Wth reference to Figure 3e, the final result

IS a
Lafemait GOEER O5i TEEr HOF BRES 20T wHRF eTCRRieT Substrate 4.

semeoRMUCQentPdhkrbt Ratmbheiohhesf LA Zn@mﬁaﬁmg layer 3
additional |ayer 6) 25 conprises strained Si, and

taMﬁﬁwﬂﬁaneatn§hﬁaﬁqﬁ§QQm10f(%h%taﬁélttﬁ@aln§aYﬁ¥lﬁg it
O SRS O AT SRR S R SR e
be2(rddre naadhons skhpil aal andeatthnsentnageeaaér constituting the
surface of the additional layer 6, with gaseous samples in
a controlled atmosphere. ' '
An insulating layer of SiGe,Ngz can be formed by
nitration with the silicon-- germanium of the additiocnal
1ayef & in 8i:-:Ge;. |

The bonding steps (with reference to Figure 3d) and

‘removal of material (Figure 3e) are then typically

identical to those designated by 1c and 1d.

With reference to Figure 3e, the final result is a
strained/SGOI Si structure 20 whereof the semiconductor
part (that is, the £ilm 2 and the additional Ilayer 6)
comprises strained 8Si, and whereof the insulating part
(that is, the insulating layer 3) has..a vigcosity
temperature Tg greater than Si02 such as for example be
Si,GeyNz.

The structure 20 then allows thermal treatment greater

than 950°C to 1000°C to be undertaken, without losing too
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30 than 950C to 1000C to be undertaken, w thout | osing

too 32 many constraints in the film2. In a particular

case where thermal treatnment is effected at a

tenperature and for a period greater than a

tenperature and reference period fromwhich the Ge

diffuses 5 in the Si, the Ge contained in the

additional layer 6 can dif¥use in the film2. In

certain other cases, this diffusion effect, if well

controlled, can be desired. |Indeed, diffusion can be
nEBNtdIRIded isdeghihhahet beim 1P, sanpl es of Ge are

distributed uniformy in the entirety of _the two ,

| ayéils 2 ak@r§ifBLATngcassi nyhers ayeicorels dereaidrity 18
eﬁééeceaor&e% 8O0 MLED 45q SEPSt a0 bahby ypkhee® than a

particular, a discussion on this ter point is
tdmpﬁnﬁtmweth@dd@e@nﬁﬁnCEEpsrnﬁd Qﬂ@m Wol el G¢ st 4pes
.t 15, 58. th.ref t r
s fart 100 3p1 §OFEEREEAr Ja hRY RatE b AR 6 can
difffagesdn ateofdlimg2to the present invention is overall

the sane as. th described with.reference Flg

|8 09 FRZCALPROCHE S0 BRcopRont Er ROt i g Lt well
cdmieiiiala,f cam bhegdsngeawafer 1 here relates to not

the whol e donor wafer 1, but only a part_of the donor

vaf dndged) ool R RPUpFER | Byerc®iupkips uspeh baRt the
saﬂglte@e dd nl Std uetdng R i ARharence e RirgunRtey of

; It conprises an additional "step of

ther ySWfaI lliayersgraweldof 6 arfcatdingi onakipayer lewe chfi $iGe

hé&fl Ise% ogFen§£§£f$ﬁew$9?ﬁ” %hﬁg%aﬁgyéiler%ﬁg%%rm.
ISGS ep raentica
- In particular, a discussion on this latter point is
found in the document US 5 461 243, column 3, lines 48 to
58,

With reference to Figures 4a to 4e, and more
particularly to Figures 4c¢ and 4e, a fourth proceés
according to the present invention is overall the same as
that described with reference to Figures la to 1d, with the
exception:

. removing the material from the donor wafer 1 here
relates to not the whole donor wafer 1, but only a part of

the donor wafer 1, leaving an upper layer 5 in the upper

part of the final structure 20 (with reference to Figure

4e) ;

. it comprises an additional step of crystalline
growth of an additional layer 6 which is utilised with
reference to Figure 4Zc.

This process comprises a step idéntical to that

described with reference to Figure 2d, forming an upper
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30 described with reference to Figure 2d, formng an
upper 33 layer 5 (see Figure 4e), and a step identical
to that described with reference to Figure 3c,
formng an additional |ayer 6 (see Figure 4e)
intercal ated between the film2 and the receptor
substrate 4. 5 The neans for form ng these two | ayers
5 and 6, as well as the poSsibilities of evolving
their structure and their effect on the fina
structure are thus essentially the sane as those
laiesm Bbetkdaen Fhegupeocesisesantt ha r etepenodentticali guveshat

%ﬂ and Flg gs 3a to 3e. 10 Wth rgfere%ce t.o

R {PRAPTEBSEI t B0 F1%¥KS | Gt alhEE iy § an

aéﬁggld&iWQEﬁkﬁ‘%o (wher eabuirbeae$ CMhEORENTLOE Pftiween the
(that is, the film2 and the additional [|ayer 6)

fk%ﬁn%léﬁébtéﬁréﬁﬁéatSF SEhEtRe? ebf the insul ating

par tryd Nl rhbe ARsHhat i gk daYelho 3) ahassa Vi $68SkLY as
15 tenperature greater than 950C to 1000C such as for

wa&&umﬁetEﬁxée?szblrhelgsrgét@W@lzaneamh@hgnahﬂMQU%m@aand
cHdY&S ”QkfééteaB{IE :Fr?glfr EP@Q J% 9% h'&%“teégéﬂé‘agany
163 raifts Th the FrT § A

many cons
tHHHQaMHﬂ&H unmse WbGCE1bbarmaltheeptneaﬁses wifi ectfBgrence

at_.a tenp and.f a perjo reater than a

£G FHBBIEEIRE Sd2FoRBH eRLEapES | 40 HF Gif i ch the. Ce
di f fidses rdfeddieeS tot Mago@eCOo Al BRE ifidkhe result is a
addi tjonal | ayer 6 and in the upper layer 5 can

SIG f Use Straimeds i B 2/ 256Dk céFF‘éF’ﬁu%? het0 cagdureth £he
sdlifddish@r oef fect, dchapelsls qopt rahlhed £ap de d&&ditefbnal

In effect, dlffu5|on can be controll ed such that the
layenpl s ofmies e hinstiniasdutsd end orinedin thfe insulating

eﬂ:t I r%%ay 1s,t h@]%et:h %%ul%%ﬁ%% Zlal;elang 6 l{aog mangv:l.asc:OSJ.ty

S|ngl er ‘of

temperature greater than 950°C to 1000°C such as er
example SixGeyNz. |

The structure 20 can then undertake thermal treatment
greater than Tesiez wiﬁhbut losing too many constraints in
the film 2.

In a particular case where thermai treatment is
effected at a temperature and for a periocd greater than a
temperature and reference period from which the Ge diffuses

in the 8i, the Ge contained in the additional layer 6 and

-in the upper layer 5 can diffuse in the f£ilm 2.

In certain other cases, this diffusion effect, if well
controlled, can be desired. _

In effect, diffusion can be co_ntrolled such that the
samples of Ge are distributed uniformly in the entirety of
the three layers 2, 5 and 6 forming a single 1ayer'of SiGe

having a Ge concentration which is substantially uniform.
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30 having a Ge concentration which is substantially
uniform 34 In particular, a discussion of the latter
. point is found in the document US 5 461 243, col um
3, lines 48 to 58. According to one of the four
preferred processes 5 according to the present
i nventi on herei nabove, and according to an equi val ent
of the latter, steps for ptoducing the conponents can
be integrated into or succeed this process according
to the present invention. Therefore, preparation steps
f or mohepapt DEMCEH 0NaofdiskhpamPonent sheamditer point is
i mpl enented during the process, without altering the
EPEIL eift age ofOTET T diht s FALt RA3Fi FRTZ™TRey &P@Sué@d to

st the level of the strained Si film2 of the SGO

structure with reference to Figure id, the upper
| ay &echrgfingel bredorst | @(fcze%fmd/f@rlrt h@rﬁfﬁlﬁﬂr ofPrdnresses

'acgcﬁr%igg 2%9 st Hf%teuggggﬂe}lg %9@98 liEl%. %q'e t h%nd

or t Irtional Tayer e axe

adﬁdrdﬁ@@z o t he sguavaédn8|léijthmrLkauH&rNMtSteps for

erence to F| ure t he. r.5 of rel axed
e R S PR R o3 e B R Sucttea
tHiay @frobetk éebax&ﬂn@ to, fie2 wiedditr SirfeRmbiion20
strained SGOL structure with reference to Figure 4
LocdherrEQEReNt PLRRATHTEPT 0 SEERR piRT efhE |Hr?ﬂ%0tlon of

ool of WarEXodh o b¥mbht H@ORAPIYNg RhAt %Jx‘otéé%ﬁr am%hout
reactive-ion etching or by any other etchin

alpartiogn theapRFAGRt 25 PR eensiora Hieps! ftbe %rlédluél ng
co n r n i
A ok WA B, HETRLE] 0t e AErHhBAnER Fitn
oiaislaewim tiaErlhcattmm ws thotrefmeset bt Figumeyetdof the
strained Si

can_in_partigular | e e
SO 12 Tho ERE TR Behriige B AHnStIal LS o Of the
SiGe/S0I structure with reference to Figure 2d, the film 2
and/or the -additiocnal layer & of relaxed_Sil_zGez of the

strained 8i1/8G01 structure with reference to Figure 3e, the'.

‘upper layer 5 of relaxed Si; . Gey and/or the film 2 and/or

the additional layer 6 of relaxed Sil-zGez'of the SiGe/.Si

strained SGOl structure with reference to Figure 4e.

Local treatment designed to etch patterns in the

- layers, for example by 1lithography, photolithography,

reactive-ion etching or by any other etching with pattern
masking.

One or more steps for producing components, such as
transistors,' in the strained 8i film 2 (or in the layer of

relaxed SiGe 2’ in the case where the latter is not covered

- with a layer of strained 8i 11} can in particular be

implemented without altering the percentage of constraints

of the film 2.
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30 of the film2. 35 The techni ques described in the

~invention are proposed by way of exanple in the
present docunent, but they do not- constitute a
limtation, because the invention extends to al
‘types of techniques capable of using a process 5
according to the invention. One or nore epitaxies can
be used on the final structure 20 (with reference to
Figures id, 2d, 3e, -4e), such as epitaxy of a layer
of SiGe or SiGeC, or epitaxy of a layer of Si or

Str aiRed eehbiqlbsSHEEeeShNE ERi {1l BSvdt ildh SrOpidiRsed
film2 initially obtained i5 The applicant has also
byhotawe edf tevrmald cierityy presers CGEBmeStGe U ttdeyationgot

s: éiaéﬁ%r Sé Oiﬁfﬁ%i&y,erﬁ CM«% ' l:f'l‘ e&n@eg{:i . Qtends to
strained SIC stFucture. %ccordlng y, of the film2
aldan theeend afn pasdhmcigues, aadebdkeeniofg atstimioned byprocess

aeggﬁﬁzﬁé %B ﬁﬁ%tervér stgr. film2 of strained Si can
e stch *that s Phi ckness |
One or more epitaxies can be used on the final
structure 20 (with reference to Figures 1d, 24, 3e, 4e),
such as epitaxy of a layer of S8iGe or SiGeC, or epitaxy of
a layer of Si or strained SiC, or successive epitaxies of
SiGe or SiGeC layers and layers of 8i or strained SIC
alternating to form a multilayer structure. Accordingly,
and in particular, a thickening of the film 2 can be
attained by epitaxy of S8i on the f£ilm 2 initially ocbtained
after transfer.

The applicant has also noticed that thickening of a

film 2 of sgtrained Si can be made such that its thickness

. becomes more significant than the standard critical

thickness of the Si, without the latter 1losing elastic
constraints.

The standard critical thiékness of the Si can be found
from the value of the percentage of constraints of the film
2 and from the fact that this percentage of constraints can
be asgsociated directly with the concentration of Ge in the
Si, xGe, on the pseudo-substrate (i.e. the wvalue x) on which
the film 2 was or would be epitaxied (if the percentage of
congtraints of the film 2 was not modified since formation,
the concentration x of associated Ge is that of the pseudo-
substrate of 8i; Gey on which the film 2 was epitaxied
before being transferred).

The value of the standard critical thickness of the Si
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beconmes nore significant than the standard critical
thi ckness of the Si, without the latter |losing elastic
constraints. 20 The standard critical thickness of the
Si can be found fromthe value of the percentage of
constraints of the film 2 and fromthe fact that this
percentage of constraints can be associated directly
with the concentration of & in the Sil_,Ge,s on the
pseudo- substrate (i.e. the value x) on which 25 the
film2 was or would be epitaxied (if the percentage of
o 0pBEr AiNhs Df dafe fhbdn Bewassraliared fdetesincewith the
formation, the concentration x of associated Ce is
cqantgeting Reud®- CSubder RSO -SUPSEERE o0 fnkt nhGare OF
widl dHm gha.n/a&@w taxied okefiRna Pebdgebiangies! etkamdles of
The value of the standard critical thickness of the Si
s@Gdsfrd heritiaeR ddn dmgsshecfisddE afed @i edd yigpmg 1in
paggeicuge Qhcenhr at 90, e A, e Pagidossubet falufls: by

X on 2 was or woul d

Freipidraxihe dScled@fipe s (6émi somictatrat cscienae Teicbkoésgyof 12

[ n ound in 5 particular in “Hi gh-Mbility
lé:’rbe?e}n&ség"éggﬁif ures' by Friedrich Schaffler

( SeminegRduetor SHeencpplacmel oflas 12nofd®97that, in a
1515-1549). Therefore, _ the applicant has _noted that
SHIIEULS (RARKIE 106 | $RHYE aOF afiél S5t 2GR na Viscous

s RecoH ”QGV' SRS 5 19tf:£19ﬂé@ T$, andna strahneghsi \lesldaus
2 on the viscous rraterl al, the critical thickness of

mattee ifall, m phe bel)mrmca%| ehighreeds | @2 the ndilongar beyond
I
4t CALLY, 0 PARED Sty SRR L s nginco

id heypicallby Theref arigniddpgeniendmrhashgshewanthat iqritsical
0SS bI £ t.0 |ngrease the thi ckness of the film2 by

n&tel§e

Therefore, experience has shown that it igs pagsible to
increase the thickness of the film 2 by approximately
60 nanometres, without there being substantial 1loss of
elastic constraints intrinsic to the film 2. |

The thick fiim 2 can thus be used as an active layer
(taking advantage of the congiderable mobility of electrons
exhibited by such a material).

Once the final structure is achieved, with or without
thickening, finishing treatment can be put into practice,
comprising annealing, for example. The present invention is

not just limited to a strained Si film 2, but also extends

‘to alloys Si;4Ge, dincluding between 0 and 1, capable of

being strained by a growth support of 8i;-xGex (on the
surface of the donor wafer 1) when x = y.
Therefore, in a £first particular application, the

donor wafer 1 would be a solid substrate of Si on which a
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aRERITBESLY ol PFabt r Gfe EFOY |3 | by I

60 nanonetres, w thout there being substantial |oss of
el astic constraints intrinsic to the film2. The thick
film2 can thus be used as an active |ayer 20 (taking
advant age of the considerable nobility of electrons
exhibited by such a material). Once the fina
structure is achieved, with or without thickening,
finishing treatnent can be Jut into practice,
conpri sing annealing, for exanple. The present
invention is 25 not just limted to a strained Si film
film bait &l s exdrentdssit el | eys1di bey@:)bv&mdblﬁli Rje solid
betmeen 0 and 1, capable of being strained . a
SW upﬁdﬂceoftr@inISf)?ée)Fo( P The fs%ﬂaflaces?i%/lcfcl“@mtor'
orflonQ1WRLer dd-Ybei-& 58 YehddCRBEAEcalN B f kRSt process
particular application, the 30 donor wafer 1 would be
aca:os@lunsr substhat @resest davemitdépna EEmihed kgreinabove,
5%1%%d %'g§é32&3¥¥ﬂt E%ngr% e(gy %h%dﬁg'fﬁ the solid
straté§ nce transfer to orn1a i nal
s&hﬂﬂﬂﬂ&@ductor- on-insul ator structure is thus

i denti cal tog%f race acc rdln to g esent
invgﬁtiaorFed:e %%: é‘ﬁ &b 3&05‘% on’mga:lon SpT; fgfer 1

woRIT | bé | amedyl ZDnguBst BatttONefi 1B it heeg ol udlclslubagr alctween
In.a second partlcular appllcatlon t he dinor wafer. 1
BcPudithg®t1-+Gex
£ %%rid mp%%wat %&xhotﬁegédméteﬁfammrag Yt fd 82 by
or Sil ' mwoul d be grown, with these
theat @Glads bebsgreteai nSéngy ErRenstty d Eubstqm ea final
sé%fga%dbr ?f%5-383£95€$?'féﬂyﬂcture is 1d ntical to the
8 conduct or - ofi-1 NSul at or structure 1s entical to
pxidn:@sspr @cmdeimgor diong tthas t h;ecem@sentinvamqron described

descrii %Sd r%hna%ove nat %@t%ﬁ the egbrltglene ne
%ﬁﬁﬁ? 'S d f% Pn song Subst Ph<a
irpaHd ewilad apbbteateon, a buf f er
In a third particular application, a buffer

~structure 1B of 8Si;..Ge; {with =z dimihishing gradually in

thickness) is intercalated between the solid substrate 1A
of Sii;,Gey (y & [0%1]) and the film 2 (in strained Si or
strained 8Si;_xGex) in order fo find the constraint
coefficient of the desired film 2.

In general, the strained film 2 can be in other types
of material, such as alloys of type III-V or II-VI, or in
other sgemiconductor materials capable of being used by a
process according ﬁo the present invention and being in a

semiconductor-on-insulator structure according to the

present invention.

For example, the film 2 can be made of a nitride
material, such as an alloy {Al, Ga, In) - (N), which has

been initially formed on a donor wafer 1 constituted by a




structure 1B of Sil_zGez (wth z dimnishing gradually
in thickness) is intercal ated between the solid
substrate 1A of Sil_yGey (y e [0;61]) and the film2
(in strained Si or 20 strained Sil_,Gex) in order to
find the constraint coefficient of the desired film
2. In general, the strained film2 can be in other
types of material, such as*@lloys of type III-V or
['1-VI, or in other sem conductor materials capabl e of
bei ng used by a 25 process according to the present
seINvedu¥t rate kel BgpkBudo- SeBt EoAEk CLOrsappHinsuloat gic.
structure accordlng to the, present invention. For
exanpt e Pehe 13Y$¥%5 2 HanSBRIARARUGFORS nidiSspgsed in this
ddEﬁﬁHﬂéﬂ,oéH@P asn& Alds (Al S@’ahakd' @Nkh @@‘Ehrbon
has 30 been initially formed on a donor wafer
ateorst |cs>@10@dtwtao:38 8b| | ermhest gt etde alayer consrtdered
BaRudo-sull rape.d n saRRNi Le O LG AN 1HE.! aYSrs Qlore
sem con ors discussed in this 5Bcunent ot he
pac_amsiulla:tén»tsad:aa benaddedat sochl &ss cdr T aiqua.l to 5%.
concentration of carbon in the |ayer considered 5
substantially | ess than or equal to 50%or, nore
particularly, at a concentration |ess than or equal to
5% 39 CLAIM5 1. Sem conductor-on-insulator structure,
conprising a part made of sem conductor material and
a part of electrically insulating material, solid
with one another, elastic constraints being in the
part of sem conductor material, wherein the part of
~electrically insulating material presents a viscosity
tenperature TG greater than the viscosity tenperature
TGSi 02 of the Si2. 2. The sem conduct or - on- I nsul at or
“structure as cl ai ned
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in the preceding claim wherein the viscosity :

tenperature 10 TGSIi 2 of the SIiQ2. is greater than

approxi mately 1100C. - 3. The sem conduct or-on-i nsul at or

structure as clained in either of the two preceding

clainms, wherein the electrically insulating part is

made of Si3N4, SiCGeyN, or S i OyNz . 15 4. The

sem conductor-on-insulator ¥ ructure as claimed in

either of Clainms 1 to 2, wherein the electrically

i nsul ating part conprises Si3N4, SixCeyN, or Si OyNZ.

5. The sem conduct or - on- igrsulmat or structure as cl ai ned

in any one of the preceding clains, wherein the part

of 20 sem conductor material is a filmof strained

”HtQF'%Emléonﬁhété%ﬂbﬁoﬂﬁyﬁiéﬁoﬁnsteéekékef %bhb?EHEﬁg a

as clained in any one of Cains wherein t he
pasdm doardiict of ﬁamef:@adu@mlf C@ﬁ‘pﬁr‘s@% aamil memadersf of
e UdANRG RUBIL A e it ThE SETICONAUEI QT 308n! B3W! Ahfecner,

structure-as In any one O

ekxsﬂxﬂm ngnstaaﬂntSVWhHrngw tthe tls¢ r giened nﬁte$emdconductor

maRS el Sutkmienh, . kel Lar Ry uorortIES e Y Fndy apgne

md e rGlaal n@ﬁesm ek N vSedbeenducichartteliieal TPaitater than
further onprises a |ayer of relaxed or
tf}?séfd&&qsélté(xéémﬁﬁf-‘@i;llé? Tgio2TRE the Si0Os.

- SemxC ORGIC Rk BBRHASHLAL 8 - SEEMCLE:L ASrEd@l® s INlaimed
the preceding claim wherein the |ayer of relaxed or

irg tp@%uﬁ@féﬁ@ﬁa&@d cdapinc oMIGEEHR rrittervidcqss Yyodanmprature

SELIES ) B O 800815 o

Tegi®a & iCa insul ating
senBcoﬂM&cE@mianndusubatom'$m$umaMmE sisruatmened iglaimed

1_0 %%3%§3 whe elgﬁ%he | ayer_of elaxe or _pseu ref% the
Tel serff MatRrTAY | ocdt e rat THE Sside
electrically dnsulating part is made of Si;N,, SiGe/N, or
S10,N;.

4. The semiconductor-on-insulator structure as claimed
in either of Claims 1 to 2, wherein the electrically
insulating part comprises SisN., Si.Ge/N, or SiO,N;.

5. The semiconductor-on-insulator structure-as claimed
in any one of the preceding claims, wherein the part of
gemiconductor material is a f£ilm of strained material.

6. The semiconductor-on-insulator structure as claimed
in any one of Claims 1 to 4, wherein the semiconductor
material part comprises a film made of strained material.

7. The semiconductor-on-insulator structure as claimed
in any one of the two preceding ‘¢laims, wherein ﬁhe
strained material is made of Si;.,Ge,, with y value between
0 and 1.

8. The gemiconductor-on-insulator structure as claimed
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opposite the electrically insulating part relative to
the filmof strained material. 11. The
sem conductor-on-insulator structure as clainmed in
Caim6, wherein the sem conductor material part 15
further conprises two | ayers each of a relaxed or
pseudo rel axed naterial, one of these two | ayers being
situated between the fil m4fade of strained material
and the electrically insulating part, and the other
of these two |ayers being situated on the side
1irPPRegk ke 4 heyglbesl hl Galnl eAfudre arha@&rpﬁt phetaté e her
to the |ayer of strained material. 12
capv icmrd wctlevegnofnsalared <r rm@t@@@%@la}iﬁdamﬁ@rulﬁl
any $ong:f S LaunoPLeced ng. el AP corblagd M tdained
da wher e e rel axed or pseudo-rtel axed
immateei greiceddnh_xGexim,25wHdreiinethe layer of relaxed or

conductar-on-insul ator str ctur as | ai i.n
o P auddey ST SR neHEE LBk cohddErBFes Between
tHeat efi Bh parFt issraonAsti t bedrsHtcessidvelthd romdderically
_electrically |nsulat|ng part: by a strained Sil_yCey
insW&EINgO PEYta | ayer of rel axed or pseudo-rel axed

Sil 26GeXhedl Idbnihe®eM:¢eRAUGHAN1 9PoNSUlRt- Ok ture as
structure as clained in daim12, wherein the

cl@@maﬁoﬁdu&l@rlm@trewharelpaﬁhm sagenset tyxekaKed or pseudo-

r Lébg&%ss%\éﬁlﬁéog re axergét?é:ffa{lcal lsy 10'3%%8 ?9 p@{é sride

y a layer o pseu do- r el’axe
omapsatleaytme otlstraierld S iny@Geytind. pdhe relatlve to the

%ff%%ptor on- nsulﬁaor structure as clained in
i AMRE ePRCER& hat eri al semi conductor part is
ConSI:LI t ghed SustessInGRIcE ofd- @mhheuebestrl caltkyctilPe as

cllanl?n%ldatl n%lpa%ﬁnt 6, wherein the semiconductor material part
further comprises two layers éach of a relaxed or pseudo-
relaxed material, one of these two layers being situated
between the film made o©f strained material and the

electrically insulating part, and the other of these two

‘layers being situated on the side opposite the electrically

insulating part relative to the layer of strained material.

12. The gemiconductor-on-insulator structure as
claimed in any one of the four preceding claims combined

with Claim 7, wherein the relaxed or - pseudo-relaxed

" material is 8i1,..0ey.

13. The gemiconductor-on-insulator structure as
claimed in the preceding claim, wherein the semiconductor
material part is constituted successively from the
electrically ingulating part: _

- by a strained Si;.,Ge, layer;

- - by a layer of relaxed or pseudo-relaxed Si; ;Gex.
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- Si 02 on

by a | ayer of relaxed or pseudo-relaxed Sil_zCGez; by
a layer of strained Sil_yGey; - by a layer of rel axed
or pseudo-relaxed Sil_xGex. 16. A process for
realising a sem conductor-on- 15 insulator structure
as clainmed in any one of the preceding clains, froma
donor wafer conprising an upper |ayer of crystalline
material having a first |attice paraneter, conprising
the follow ng steps: (a) growh on the upper |ayer of
the donor wafer of a 20 filmof material selected
f r omss.emiondugdmi coratiiticd -$n -Hasung tarnonistaludtatiel ce as
araneter supstantially different to the first

c}agngte lparaifetter 12ovefier 41 ckitgs Semsondgicépe ymaterial
pdii B enheiessent i ghdyesd Bsdipaldnbm Sthal Nelecbically

(b) formation of at |east one |layer of electrically

insishftdtriagardt-eri al having a viscosity tenperature To

greater t t i SGOS] r TGS fast h )
R R R
where t héy st layeedof bayeinedssSior®sd and/ or on a
surface of the 30 receptor substrate; 42 baondi ng
ot Meopt oS H S AL HARGP e BEPRe® 2
clMeld ofint hEldinsubal i Rghdrayier (she (dtoraryakenicaiductor
| east, a part of the donor wafer. 17. The, process as
PR néd CRTPRETPFBL edT PRI TRLY 5 TGPt hERS cofpP ST i L LY
iRetweshstRiRe(a) and step (b) , an additional growth
step of "a'rel axed or pseudo-rel axed |ayer, of a
mat er i al byelede¥@rt PENY§bAKEd nel R udrtRalidgies, SignGe:;
t he strai fi . : cess @as .clainmed in any
one of th ?Méabgg %?e%gg$ﬁ§é§1§?ﬂgggﬂherein t he
el ectri cay y ilagelrabEngelayed or pseudo-relaxed Si;.xGex.

16. A process for realising a semiconductor-on-

- insulator structure as claimed in any one of the preceding

claims, from a donor wafer comprising an upper layer of

~corystalline material having a first lattice parameter,

comprising the following steps: _

(a) growth on the upper layer of the donor wafer of a
film of material selected from semiconductor materials
having a nominal lattice pafameﬁer substantially different
to  the first lattice parameter, over a thickness
sufficiently minimal to be essentially elastically
strained: |

(b) formation of at least one layer of electrically
insulating material having a viscosity temperature Tg
greater than the viscosity temperature Tgsioz ©f the Si0O; on

the surface of the donor wafer on the side where the

- strained- layer was formed and/or on .a surface of the

receptor substrate;
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is formed, during step (b), by nitriding of the
surface(s). 19. The process as clainmed in either of
Clainms 17 and 18, wherein the electrically insulating
| ayer is deposited on at. | east one surface to be
bonded. 15 20. The process as clainmed in either of the
two preceding clainms, wherein the insulating |ayer
formed during step (b) is frade up by Si3N4, Si, GeyN,
or SiOyN,. 21. The process as clained in any one of
the five preceding clains, wherein step (d) relates
to reovalor@fing 20 paet ﬁcdﬂ%%rdoélﬂﬁsﬁbﬁaftﬁi ¥ tehhel h@onor
part of the _donor wafer transferred to the recept or

W%ﬁﬁa%talftattéieaflteéﬁelr SholRE BBFRGELHRI| BAERT E8)part of the

UppecilaﬁﬁﬁmQ%lcbfsﬁalhéﬁgtngtﬁéféjof e R PLAGRSS
as clained in the preceding claim characterised in

t hat17 25 het BW$%e§SanCh@lm¢Cﬂonal slhhep pneglediegt eetaim,
- on of t
san‘p‘{rgs%toﬁlﬁfgg%‘ﬁé dzﬂﬁ%%wg\/\% erStggpa?%r egaq%éd%gle% (b), an

adﬂxﬁmonaj agroegnbr i stéenment zonerdlaxicke mr0|pséwd@frélﬁxed
th o wherei.n 30 s conpri ses,
" S ehtar £olehnet " otorRbnpanttaror MRatSfidls,
oﬁwﬁﬁetgﬁﬁanﬂaa zgne@ . present in the donor wafer. 23.

The process as clainmed in_C aim22, further
conprd silhg, PFPOFST o a8t eflEaTeda idt epnyf 927 @l okh®f two

pféﬁédfiénHYQld@af%&e%@ﬁﬁrtﬁbnglecEQEHEEI nlﬁgufb$ﬁﬂénﬁéyer

| ayer on a crystalllne support substrate; growh
isy fnymadal quuﬁrengayéﬁpohbt heb:r)ombwdi@/@f tthee symfp@ﬁt

subsiy atg QU3 LAY i medY §h efji‘%h%&y%tfa'dl' s 17 and
ensenbl e éaorﬁ:&t i1 u%l 5 t%Lalge nor ‘wa Sams an
18, wherein the electrlcally insulating layer 1is deposited
on at least one surface to be bonded.

20. The process as claimed in either of the two

preceding claims, wherein the insulating layer formed

~during step (b) is maderup by S8izN;, SixGey/N; or SiOyN.

21. The process as claimed in any one of the five
preceding c¢laims, wherein step (d) relates tc removal of a
part of the donor wafer, with the part of the donor wafer
transferred to the receptor substrate after removal being
at least a part of the upper layer of crystalline matérial.

22. The process asr claimed 1in the preceding claim,
characterised in that:

- it comprises an additional step implemented
before step (c¢) congisting of implanting atomic samples
into the donor wafer at a preset depth c¢reating an
embrittlement zone in the vicinity of the depth of implant;
and wherein

- step (d) comprises a power supply so as toc cause
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porous | ayer constituting an enbrittlenent zone in the
donor wafer; and wherein step (d) conprises a power
~supply such as to cause detachnment at the
“enbrittlenment zone present in 15 the donor wafer. 24.
The process as clained in any one of the three
precedi ng clains, wherein sfep (d) conprises a
finishing step of the surface of the part of the
donor wafer transferred to the receptor substrate. 20
25. The process as clained in any one of Clains 22 to
d@@cm@?telﬁﬁ stkp ewprarsbewentt esneopressull iaf thse donor
of the donor wafer transferred to the receptor
ubstrate, such as to renove all of the donor wafer.
26 ZHheTmEOC@S©cassclasnedlammeﬁe pnec@ﬂahg ctaj mfu2her
rei.n removal of the part, of th
R H e e 1 (1 TeRBn( B - sBbEEPR: Sldf G OBy Y the
ddrsor el ferrericagriyingel ective chenical etching with
respect %p the strained material_of the film

ormation of a porous layer on a crystalline
support substrate;

. growth of a crystalline 1layer on the porous
layer; the support substrate - porous layer - layer
crystalline ensemble constituting the donor wafer, ' the
porcus layer .constituting an embrittlement =zone in the

donor wafer;

and wherein step (d) comprises a power supply such as

"to cause detachment at the embrittlement zone present in

the donor wafer.
24, The process as c¢laimed in any one of the three

preceding claimsg, wherein step {d) comprises a finishing

-gtep of "the surface of the part of the donor wafer

transferred to the receéptor substrate.

25. The process as claimed in any one of Claims 22 to
24, wherein step (d) aléo'relates to removal of the part of
the donor wafer transferred to the receptor substrate, such
as to remocve all of the donor wafer.

26. The process as claimed in the preceding claim,
wherein removal of the part of the donor wafer transferred
to the receptor substrate during step (d) is implemented by
selective chemical etching with respect to the strained

material of the film.




