8 January 2007 WO 2004/006326 PCT/1B2003/003341 METHOD OF J 3R NG OF
A LAYER OF STRAI NED SEM CONDUCTOR MATERI AL The present invention'relates to
the transfer of a thin layer of a s donor wafer to a receiving substrate
in order towbaoonesdstaict ures such as a semni conduct or - ONp&Repbo@Aldesas
structure. The invention relates nore particularly to carry out this
transfer in order to produce electronic structures conprising strained

| ayers. The expression "strained |ayer" is understood here to nean any 10
| ayer of a sem conductor material whose crystallographic structure is :
mai nl y el astEm@abk WwrREKSFERATIEE OM AL BHYSR OIF STRALNEDCEEMIC@EOYCTIR YBTERIFL Cryst al
growt h, such as epitaxy, requiring at |east one lattice paraneter to be
substantially different fromthe nomnal lattice paraneter of this
material, a nomnal lattice paraneter can be understood as the lattice

- paraneter of the.'15 erial:in_j I ' LT Brd Conver sely,
the term"rel axe(]- hFa@fgggﬁtn@g%mg Téééiéﬁ_?%ftﬁ%ﬁﬁéﬁf C%(‘;%%Hé'i‘ ()I?yér”({}f‘e?i al, having
a cryst als oglcmphmaferdp axeeceiyingr substraledy orderaefeiay sEYcass1Hi 3% fact i on or

Raman spect resgehiictrRalingllatbPst@®tareA |ayer, having 100%rel axation rate,
has a lattice paraneter substantiall 20 i.dentical ‘ i;pal lattice
paraneter of the t’@Y‘f"ﬁ'P"Jﬁfa?%moé?é?ﬁlcﬂ!a{lyi?lgfig{?Oglk%"%g%ngf%]r@duce, in
particul ar, adéstepredurdeieaonirstrichises seroprisifegsteinesblBy@i§. here "Sed )

structure. Such t B s i ; oo TR oAb MBY i N
Paer o it Db Eft o TaiRindl Vo R SRIBISREHEFS to TRoRT oy

C ectrica ropert, es rthwhil e .exploiting.
25 Thus 10f orla¥slafb e SCMCONARGIAT KBARHR( W}JP&? 't%hgﬁﬂ\f% UYL I%on | ayers
(ﬂ' so cal | ednémryablaeﬁbr?‘ﬂy teieads Jin dem‘i?;stc& imacorhgressiot hdurirae crystalt | the
charge carrjer a e gga@rg. r ility than
t hat usual quo\“@h%%'%ﬁ oy %P@Jgdﬁgﬁn&a{;g?gé%#@sggﬁn%ﬁ | athrBE may in
this regard substantiallycditiergst tamthe nomaml jastice pargmetsyf ity ﬁ%ﬁ‘tegﬁaﬂ t hat
Wi thin rel axpghish IABYE paramBlerdpMiCinderibod s tiglaticopalaayetesof the i s known

to grow a silican fiLlmby epitaxy on a base conposed of silicon and
ger mani gm épﬁt@B&dBftﬁQHﬁﬂjﬂWﬁ"%%l "MBYi umhas a lattice parameter slightly

greater than thatConketshly, sthei cermi frelayed| ilayerunmeaneat eld¥®y 2HpPoxi matel y
49 . semiconductor material, having a crystallographic relaxation rate (as :
measured by X-ray diffraction or Raman spectroscopy) superior to 50%. A
layer having 100% relaxation rate, has a latlice parameter substantially

20 identical fo the nominal lattice parameter of the material of the layer.

A transfer aim is to produce, in particular, a "semiconductor-on-
“insulator® (also called here “SeOl") structure.

Such a strain exerted within a semiconductor material may in fact
. exhibit physical and/or electrical properties worthwhile exploiting.

25 Thus, for example, the main benefit of tension-strained silicon layers
(also called strained Si layers) consists mainly in the fact that the charge
carriers (such as holes and electrons) have a higher mobility than th_at
usually found in relaxed Silayers.
| The strained Si layers may in this regard reach a charge carrier

30 mobility 100% higher than that within relaxed Si layers.

To produce such strained Si layers, it is known to grow a silicon film by

epitaxy on a base composed of silicon and germanium. ' _
Since germanium in equilibrium has a lattice parameter slightly

greater than that of the silicon in equilibrium (greater by approximately 4%),

35 the presence of germanium in a defined amount in the silicon thus makes it
possible fo slightly increase the lattice parameter compared with a base
consisting only of silicon. '




35 the presence of germaniumin a defined anmount in the si 'éﬁ&%q&nﬁﬁd% makes
It possible to slightly increase the lattice paraneter conpare th a base
consisting only of silicon. 8 January 2007 WD 2004/ 006326

PCT/ | BZOOB@%&?&%&S?% Thi s silicon-germani um base (al Sotpﬁilhﬁ@%nﬁbﬁ? base)
train e 0 ma

w |l thus epitaxially grown Si filmso as elts lattice
paraneter substantially identical to,its own. In practice, a substrate
made of bulk SiGe is not available on"the s market and the SiCGe base is

t hen generally ¢ o] 4 o t Bi Rl BuBstimadt € on whi ch
a rel gxed Si G)é Iiﬁ'grﬁﬁgngie{)@a@gﬁ%&e%%é BlloPBiaebaR)

( via a buffer. |ayer. T M., buf f er
layer" is uthepitaisdly geoweahfilansg at Rt ;gﬁléﬁpgyggam%gq%g%a%ﬁi%y
crystal | ogr apdHigaitblitdelwt. €s With different lattice paraneters, 10 having

 Dent f g ' thal |
ent Tonr ot o ot Bchfe' § BubARES rMadetot b SRO6 WRbEAKER! anthe |y

ructure and 1 n the region It s ot her
face a Isat harkeianddiveSiGe dase isthen gensrallyeqmpessd 0?8 Sﬂ'@ 'ngatlhg'e second
structure. lﬁg ngtspﬁétralt@%rwhi@ﬁ%{ teskel e3iGeanydrtie pRidusagd pisy 8 WAdiest rat e and
the relaxe P ayer is generally made of SiGe, with a quantity-wi se 15

proportion d@VQjer mani um whi ch progressively increases thro 5\ t he
“thickness of theThupaon thufisosayestie undorstaps toHBEaNCAMR IERHM) fhus, it

makes it pogal ' id BghAaeS Witke dIRFamNattice pardreeterd,r om t he
support : su@%ﬁé&e“’?%\/\og’[%%@h@hﬂ el atxc?d I ag [.. 20 W&Q; %{i’%’tgﬂfﬂgt s
associ afléd wiavingt ethei EgOnedceng AF IEHFTSe S%H“éefrgf So that they are
buried; gi vadantruf fo Biaedf ithe first clructateasmet inStheerelgioneof & alber a6 i th respect
to an Si 1L oroun. el &t i { &R biboprdBuchee.Strain the
atter so a s latticé paraneter, wthout, i,nf g that o
| et L Bl e BT D
the rel axed Si Ge The%uffeydayer ingerigd|b the a3 SYRRO SHRSYR] DS er nust be
suffi ci ent! yothiagksicd Yajealsl yehowityanade dfuides  witera oTENEOVERY ee
| \T/a? re(r)ns.lsl § ;;[rogortitl)ne ! of Ogerr%gﬁ{ulrﬁ Ay SgogFeggiVQIS(eﬁf'cPéaégevﬂﬂbdeﬂ,thbhl s type of
' thickness of the support substrate towards the relaxed layer.
Thus, it makes it possible to:
- gradually increase the germanium content from the suppott
substrate towards the relaxed layer; -
20 - confine defects associated with the difference in lattice parameter
so that they are buried,; .
. -give a sufficiently thick relaxed SiGe layer stability with respect to
an Si film grown epitaxially on its surface in order to sirain the latter so as
to modify its lattice parameter without influencing that of the relaxed SiGe
25 layer. ' .
£or all these reasons, the buffer layer must be sufficiently thick,
typically having a value between one and three microns.
In the field of application of the present invention, this type of wafer
" is used as a donor in the sense that at least one layer of material is
30 removed therefrom in order to transferitto a receiving sqbstrate.
This transfer generally comprises a first step of bonding the donor
. wafer o the receiving substrate. '
A second step consists in keeping of the bonded donor wafer only at
least one thin layer adjacent to the bonding region, by removing the
35 superfiuous parts from the donar wafer. | - :
Several processes and techniques for transferring. semiconductor
layers, such as Si or SiGe layers, have thus been proposed, the donor
" wafer comprising in succession & single-crystal silicon sqpport substrate_
and a thickness of SiGe. - ' o




I's used as a donor in the sense that at |east one | ayer of teri is 30

renoved therefrom in order to transfer it to a receiving su 58 8_7 Thi s

-transfer generally conprises a first step of bonding the donor vvafer to
t he receivj rate. A second step consists in kee Cqﬁg ah{3gsLOoNded
donor waf e?"q’g%??‘y&’i{“ | east one thin |ayer adjacent to It%lh ono(l ng reg| on,
by renoving the 35 superfluous parts fromthe donor wafer. Several .

processes and techniques for transferring sem conductor |ayers, such as Si
or SiGe layers, hazmerudnushbegrt pil.opbeabsatinesetto lostitutaadied e6oMPPESI ng in

succession a singl ta gg@%ﬁ tgsuiafd gse&oieckness of
SiGe. 8 Janug?‘{/ ﬂ%?gﬂté@ Q%O%/g% P%@ﬁ%‘Z g?%é)??{%s&g ﬁsbhﬁfn Cheng et
al . of Nassacﬂwbsfeﬁfespfqﬂgfafloﬂt ane f MOSHko | Ftipicatliosy ( a docunent
entitled "Si Gonfdridr et WEL HoinationSubot mnmramepammo’uwoawmmFET

Fabricati on for EI ec tRf fational SO
Conf er ence %‘?/58“ N@W‘% 3%%&83@% S? Gﬁjr%g% el(afr%rlél gdélrg’/er s fromthe
sai d donor vv@ﬁ@e bnfﬁmiayes: ng an SiGe buffer layer: the first layer transfer

techni que is call ed tﬁ:gﬁ ?'fransfeF t&@,ﬁﬁugt@wuéa "@ﬁjmcbacng it bonsists
cheni cal - nechani cal rreans st al . o § gke and the
Si Ge buffer [ajpmORgG. &y %‘Fﬁ‘i’ﬁ “lf@ B%éaﬂ&ftg? ¥y ‘%)ﬁ'& 45 re@él Vi ng
substrate. | gubsthiel snd dfe SiBe buifxgr legbt affer' bending theedonarcnatey 1 dheised to
rSiegvgft¥§e E‘%fef‘g'ﬁg J‘;LF% &r ?r;rtehla:tsr?s Eﬂgna;blhlal Pél g;egt glhl ngq} hﬁgzt gﬁergge
| ayer. The rel axeld P@I@aﬂ gighingtgalied g” glehing i g tParx?Q}Q 87 t he
~etching, singgféMay ért ﬁﬁtmhaéﬁlesétﬂm ofistchingshe painky Site phtha lifter t her eof .
e, 5, St S e SRR SRR P B B e Thnoembored, S
structure, a Sl@gmyeofhanéjeéﬁzeﬁs m&éﬂoalla)(ar"n? m%efela@% 5&"3%{ sl‘a.g&@'goof Si Ge%
i s interpgse t aelowdl tisdresd ned material (in this case the
S THm and't q% \Iéf‘::aﬁy,ﬁﬁﬁamew film Ub‘St Qﬁlgarlmlwx ep‘ﬁgkjglﬁ/ bH&nhbeeeaal
SiGe layer in order to produce a strained Si-on-SiGe structure.
in this final structure, a layer of relaxed material (in this case, the
layer of SiGe) is interposed between the layer of strained material (in this
20 case the Sifitm) and the oxide. This may substantially reduce the technical
_ performance eﬁ(pected_ of ‘the SiSiGe combination, and especially its
electrical properties.
Thus, for example, the SiGe layer may have a tendency to increase:
the circuit capacitances and therefore reduce the switching rates of the
25 . electronic components to be produced or produced in the SifSiGe active:
part. : '
The fabrication of electranlc components in the active part of such a
structure comprising this combination having two layers on insulator- also
has the risk of being complex to carry out, especially by the creation of
30 lateral insulating regions in the on-insulator combination. -
This process furthermore limits the application to the productlon of
an S¥SiGe-on-insulator siructure and provides no solution to the
' 'productlon for example, of a strained Si-on-insulator structure.
Other etch-back techniques and processes have been proposed, for
'35  example, in document US 5013 681, in which an unstrained Si layer is
- especxal!y transferred. S '
- the second layer transfer technique reported in the document by :
Zhi-Yuan Cheng et al. is based on the "Smart—Detachment®“ technology of

the Applicant, known to those skilled in the art, and descriptions of which




performance expected of the Si/Si Ge conbi nation, and especi Ié iiog,/
el ectrical properties. Thus, for exanple, the SiGe |ayer ney’ R

tendency to increase the circuit capacitances and therefore reduce the
switching rates of the

25, electronic conponents to b &@m@b@r
produced iwotanBi3tsSi Ce active- part. The fabrication gFPe ectronic _

conponents in the active part of such a structure conprising this
combi nation having two |ayers on imsfl &t or also has the ri sk_of being

conplex to carry out,” especially b r ek nyief wader |retdeeln  nsul ati ng
regi ons in fbhe ba-ionsd| @t 8r NEBIPGT n‘éft E’ch)(r?\kscf%?“ ¢

This proce e tier e limts

the applicag] Rfﬁ %Qs.tih%oﬁéigtwdidfme bendiag, i iap! tlngn.%?%és‘u al% oEl. gtruct ure and

provi des nos6 d |,87g to the tﬁf&@é{&%&@iﬂ droembridiepeet zane: 81 WY ned

Si - on- i nsul el@xedsFIEEIAR &° Bi'her 'etCh_ﬁﬁé t echni ques and processes have

been pr oposger Kanding3Beatanephaleriih dgEe ' US 5 013 681 i Ruatd,ch an

unstrained Si | Lt i ohBIMEE tridréford rimner dhe WS hang, & SECon ayer transfer
i que il s T gherafend.

- techni que report I n th? gocur?%g& e QVer,Yé\h@ﬂ &h dingy aldiihs

" the "Smart - Bippedrfnedit \of e IRIRFPSgY of

based on

t he | kgtaetaxed t hose
skilled in %822@@ copesidgsbongrd Rgeta fnlTH” Jfgﬁﬁa‘gry? 2007
34
S

PCT/ 1 B2003/ 1.0 2 goted may be found in a nunber of works
deal ing wit Bp ﬂPeeﬁ%g&fH n i

t eahpi - 4 hdveanmiestsin et B EECKENdi ng, in
i npl anti ng speci é‘heiﬁmaj*'Pﬁ?Chmn?;%&H%ﬁ%% Iﬁ .éa(éter ta%? asrifidng fteahktket herei n an
embrittl ﬁrreqée@ggbir@t offegdiing thé tdanop ¥aie i el & Fohor waf er i s
det achnett . at EI{% oft 'L[éed therefore is, on the one hand, a donor
waf er, . relthr&iheh t?&i’"

., "and, .on_th rudi@ the @wostechiipees of part of
the thin |ayer ofothet aredsses Naxe HeencBY g{‘:‘%ﬁn‘é onded t oget her, a renoved

Si Ge and thesifrﬁ?tﬁlhé’ciu@@ substrate. The Smart - Det achnent (r)d‘ t(;l%}%gnialgue IS
i . ; . is
advant ageous™ItHat 1t affordgsy gg7 and US 6323106 thus

roducing SeOl structures from a donor wafer

p 1

15 overall process for P
_ comprising in -succession @ st ‘
SiG(l: layer and an epitaxially grown Si film bonded to an oxidized sup
bstrate. o . ‘
- The Smart-Cut® technique is employed, crealing, before .bondlnl?;i:;
20  embritlement zone in the Sisupport substrate and, after bonding, ca
i ' in this region.
etachment in the donor wafer in - - »
) ° A structure consisting in succession of pa.rt of 'the Si ef:;)\[})ed
substrate, the SiGe layer and the epitaxially grown Si ﬂlfn is ti:)ui rt(‘3 .
| ’ i ded to the oxidized receiving su strate.
the whole assembly being bon . o o
25 Two successive selective etching operations are t:erfl tcharr:;aidsup‘pOrt
A i | the remaining part of the
the structure in order firstly 1o remove : e
substrate with an etching solution such that the s|§e jayer fo.rmssomﬁoi
Aléyer and then in order to remove the SiGe layer with an etching
> Si layer.
such that the Si film forms a stop . ' o
| 30 The structure obtained at the end is an SeOl structure with a su ;
Si layer. o | L
' The main objective of this process is fo produce .'im Sei: :Lm:: e
with a silicon fayer which is both very thin and 'v_ery- uniform hrichgwou|d
fhidkness using a process which can avoid a finishing step W
35 otherwise be prejudicial o the qu.ali_ty of the-sullcon laygr. oduce an
| The main objective of this process is not, however, o p |

i ir flicon layer. .
0! structure with a strained silicon ! | .
° The SiGe layer used fo produce the Se0! structure during

‘ . . - ) Of
- implementation of this process has, moreover, a typical th_lcknes_s. .




Id the possibility of recycling the donor wafer instead of S

Cri fi'ogj, ng it,
unli ke the etch-back technique. O her processes have been p‘?%"ﬁ@'se , using
the two techni ques

-simul taneously. Docunents US 5 882 987 and US 6 323 108
thus disclose an 15 overall Process for producing SEO@IIEMEM(;Q& froma
donor waf egyo sRssRI Ng i n succession a single-crystal S base support
substrate, an SiGe layer and an epitaxially grown Si fil mbonded to an
oxi di zed support

substrate. The Smar%-tue technique is enployed, creating,
before bonding, an 20 enbrittlenen

; .zone. i pnbi asssEoakovulitrat e and,
af t er . bondi REiwEEHe 0N GnddRL aeiRiPBFt a}“?ié'ir%gs g{c%;rlf{c:)dr% wa

f | isandgi on. in
successi on of B}a‘ht l fth%ip&e%ifamﬁpmayer b&t\g@%@ﬁﬁ‘éueﬁ%:sﬁﬁﬂr?g substrate,
Si Ge | ayer el Ju pi ax%%%&rown Si filmis thus renoved, the whole
assenbly beimgoteotial eloxes XT'di zed r ec.fa; YE{]|RgDr§mli\§tSiebelayg5 andlo

successi ve sel ectjpeesitahioighe fsmagiodis & 29 hen cars }%ege ¢ t®he t he
structure in order, fi réfsk :{asyfefof anpfieal (Se®! rssnaiurt HFTPENT o t.he,(;w%i support
subst r at & wi sONSFRY e 24 Y5 qlﬁ)i g.r(] tiﬁ]éi‘g@fé hads ndtenaittee MARPYIPENYs a st op
layer and t hpmeistrameder upslraReHA the S|

| Ge | ' airetcaiiong. sol uti on
such that the.s 'B\i,énﬁblf'lwriim\iassbi@ptiné‘}%Pfes%t%ﬁgﬁgm%é@ :

_ eblayened at the
end is an Sed "&Nct u 1Sl bf aseuct@ie Q@?@W}“gﬁgttr#é‘??\ 0 tive of |
this processwhich &l %@ﬁgg'ptr&! oo

an_ SeQ r Bropbitics, aspédialyolR Bg§ r which is
both very t higg mldoanﬂm&OmdFWFWPg%%EE%ﬁlesr tphi ckness, using a process
- which can avoid | ni shing step which would as othervr,i & -Héej udi ci al
. etruciures. PR ) . t i 8!"0 o :
o e ol e s aratiie Mbiocesfs
The Si Ge | ayes sig@cretconmrisingaesiiaRe Struct ére dgrg’-@g_oﬁ-mébmtmﬂt ation of
ber | Boooss c0a3a1 THOS 8?{’°%‘%“°‘2”””““"“H‘”R“?Sfor‘i’}-gn-pje?fgﬁ’r%rycezﬁ’e%‘
prepared by wafer t?ond?’ngG and layer transter

78, No. 9)
e .4 Physics Letters, 26/02/2001, Vol. 78, 76
15 effect transistors”, Applied Physics . an SISGOI structure with

discloses for exampie a process of producing

f s K] . -l
T

i - ed SiGe
single-crystal Si support substrate, an SiGe buffer layer and a relax

t he

r ) . _Cut® technique
20 e The process employed consists in using the Smart Cut” teenniq

i i ing to an
in the relaxed SiGe layer, thus making it possible, _aﬁ:: bo;]:;:ilemem
ivi d after detachment in ine €
xidized receiving substrate an | . gl
Zone created beforehand, fo produce an SGO! structure with rela;ed :; "
Finally, a film of strained Si is then ep_itaxially grown on the 1
25 ~ SiGe layer in order to produce an SiISGOl structure.. . sice layen)
' In this final structure, a layer of relaxed material ?l.e. eTh. >
is subjacent to the layer of strained material (i.e. the Si ﬁir.rj). ,—lfz rma); >
ici jally the electronic e nce,
reiudicial to -the periormance, espec ‘ : -
Zx;ected in this case of the layer of strained material, as already
“mentioned above. o o . o
” This process furthermore limits the application o tt:ne prodl:cilicc)): ctJO
such an S¥SiGe-on-insulator structure and does not provide a soil
.the production, for example, of a strained Si-on-insulator structure. o
As regards document WO 01/99169, this proposes prc!))_czs;t i
X . . ,
35 producing, from a wafer consisting in successuon o:‘i an ?I strl 0:-‘; S_trained.
Si iGe layer and, optionaly, & aye
~8iGe buffer layer, a relaxed SiGe ‘ | e
Si or SiGe, a final structure with the relaxed SiGe tayer on the op’ao_n

other strained Si or SiGe layer.




5 er thickness insufficient, as seen above, to between Q J0 ang ?
m crons, between the Si support substrate and claimto fulgflaf1u ol e of
a buffer lay a potential relaxed SiGe |ayer. the fllmgrovvn epitaxially on
the Site layer and The silicon of 5 constituting the Si f the final
Sed st ructWPaoMResas ore seens to be little strained or I’tﬁ#?%’? Tand
therefore does structure therefore seens to be not neet the main Obj ective
little strained or unstrained, and theefe’fore does not meet tje main

obj ective of the i.on Whl t stocfieent
‘ exJpI ai ned above, feichalqu é'l’p Stoﬁ:hl Lﬁ%t e@t%gﬁ%@swﬁg}l % f a
- structure cobmdingttlmaw\mé%fﬁ@' amlvmg;@ugsgr‘qt@ el P FP% rﬂ

el ectri cal pw&'&ﬁéﬁﬁ is RRRGIrAd to/reldin sty sistbethvety etfhing tfnefﬁes'dfstfﬁf@cess
therefore see ui,table for producing a st ruct ure conprising a
pag e stfe R

strained Si raygree On-Insulator The IB % Bl by L.J.
Huang prepar ed bylt\/tm‘l@plr%ﬁmtrtblsatﬁﬂhmlﬁ%ﬂofiﬁdﬁ%‘feeft aseh Shaﬁ 188t mance

f7 '86' ﬂb 13 ef Fltﬁiéféfé%lséé Rt are bﬁﬂich%ﬁy Rk SArRE hbrabgarenus 26r0@h 2061, Vol .
Ccl Qse e r OC |
I e e e e e R

structure wi
successi on aandlohgfeeSlaethf@rIeﬁ’erbuﬁmwafsﬂi@yﬂgate an Si Ge buffer |ayer and

2 relt aéﬁd fl Gﬁ | fh&de .%Qe&& %%@%rt@ﬁ'ﬂé @M@ﬂi ﬂfénpd}ﬁilﬁhtymfueusmgt hebI
mar e technig ax ite ngL i ssi bl e,
after bokBli nga#& iFPW@ fdfi&%aﬂf%%@m Eﬂﬂé é'?eeg'é‘i%fq%%r for éd'e‘ achment in

the enbrittl kyentrangfene created beforehand to produce an SGO structure
with rel axed Si Ge I thietidedidefreal |y grown
G?Q’ %@ISFXAf ddchihbi %scﬁﬂéé"h’&@rc@ whier,

on the rel axed ayer In order to u ucture. In
this final sfrpngp[,r@mpgasm@yglaxgp S‘QF"dﬁw é’?s'f%le 1@3’6@%‘35% ®layer) is
subj acent t oldyb#S| syttracbftrsdtn@l ned material (i.e. the Si film. This may
bee 45 Then, the transfer consists of doing a Smart—Cut@ process at the .
strained Si layer level.
In these conditions, this straaned Si layer is a sacrificial layer, and
- can not become a useful layer in the formed final structure.
WO 02/15244 document describes as well a production of a strained
.20 SifSGOI structure after having transferred a SiGe layer (from a source
© wafer comprising in succession a relaxed SiGe layer/SiGe butfer {ayer/Si
~ - substrate structure) and after having grown a Si layer on the transferred
SiGe.
-These processes do not provide a solution to the production of a
- 25 simple strained silicon-on-insulator structure.
To avoid these drawbacks and the other disadvantages mentioned
above, as well as others, the present invention proposes, abcording fo a
first aspect, a method of producing a structure comprising a thin layer of
stramed semfconductor material obtained from a donor wafer, the donor
30 wafer compnsmg a lattice parameter matching layer comprising an upper
' layer of a material chosen from semiconductor materials having a first
Iettice parameter, characterized in that it comprises the following steps:
(@) growth of a film of a material chosen from semiconducior
materials on the upper layer of the matching layer, which film being of
35  material having a nominal lattice parameter substantialiy different from the
first lattice parameter, wherein the grown film has a thickness small enough

To keep the first fattice parameter of the upper fa'yer and thus to be strained;

(b) formation of an embrffﬂe.hient zone in the matching layer;




‘prejudicial to the performance, especially the electronic g{for
expected in this case of the layer of strained material, % EdY7 30
nmenti oned above. This process furthernore limts the appllcatlon to the
production of such an SuSi Ge-on-i'nsal ator structure and does not provide a
solution to the production, for exanple, of a strained Si-on-insulator
structure. As regards docunent WO 01.199169, this proposes processes of 35

produci ng, - fr o) Bondii@of @aasdigihg BUbsats witheiei domopivator dil thelfivet rat e, an
Si Ge buffer |ayer, a relaxed SiGe |layer and, optionally, a |layer of
strained S 3H SiGe, a final structure with the relaxed SiGe |ayer on the

optional oth )Fémé\}dﬂgﬂaghﬂ@ftr@%dr%@ér comprising supply of dhelguary 2007 WO
2004/ 006326 PCT/ 1B20 03/0 6 The techni que enployed to produce such

a struct UROrdak delach a the embsifitament: znagre ”ﬂebpﬁrtroéé%? ¥PREr substrat e,

renmoval q,{,fgp& ﬁ"sl. Wefhhe wafer that it is not desired to retain, by
sel ectlvely et mg”] "ﬁgﬁ substrate and the Si Ge buffer layer. s It

transpires t hdﬁthehlwef%mdnemb@dmsndk&ﬁ tpregsssi ateordisgalohithere | ayer

t hi cknes t ularly thin and honbgeneous through the

t hi cknesiw%&t(&% qr@élge@ﬁé\bnlbg however, the destruction of the Si substrate
and of the Si Ge bafprecessayfer dwyrectiagittml satfate n@ugﬁhm rpmpd&sses do not

t herefore aff rd t | of reusi art of waf er, and
especi al I(i?r %ﬁaﬁ? é‘% uPYr&cs 8{)&9 URTS Oé’eﬂe% g)%‘? transfer. WO
02/ 15244 rﬁ@[@mﬁigr[@yeﬂescrl bes a source waf er, prow ded before transfer,

conprising relaxed Si Ge | ayer/st rai ned SI/S z? yer/buffer SiGe | ayer/S|
- subtract struct urgeP19) mahfurthes Wﬁeef‘hecfﬁﬁ?‘éq L Jﬁedﬁﬁ?@”}g Smart - Cut (r)

process Qéyémhicﬁ}érﬁélﬂggﬂélthé§M§‘F§|ybﬁé{ﬁ‘érgy| n these conditions, this strai ned
Si layer I's a sacrificial e/ , and can not becone a usef uI | ayer in the
formed final strubeygemoval of he part of the matching layer which remains,

may comprise at least one operation of selective etching of the matching

layer which remains with respect to the material constituting the film;

- it may further comprise a growth of a material being
substantially the same as the one of the film, on the film;

- the film thickened by the growth of material:

- may have a thickness more important than the standard
critical thickness beyond which this material usually stops
to be substantially elastically strained; and

- may be substantially elastically strained.

- after step (a), a step of growing at least one growth layer on the
film may be additionally carried out, so that the film stays substantially
elastically strained;

-~ the growth layer may have a nominal lattice .parameter
substantially identical to the first lattice parameter;

- between step (a) and step {c), steps of growing, on the film, of

layers which are not substantially decreasing the strained state of the film
may .be additionally carried out, these growth layers forming a
multilayer structure having a respective alternation of layer having the
first lattice parameter and of layer strained to have the first lattice
parameter, the growth layer directly made on film being a layer having the

first lattice parameter;




WO 02/ 15244 docunent describes as well a.production of a str |ne% ,f
Si/SGA structure after having transferred a Si Ge | ayer ﬁ' <80

waf er conprising in succession a relaxed Si Ge Iayer/SiGb buffer Iayer/S|
substrate structure) and after haviing grown a Si layer on the transferred
Si Ge. These processes do not provide a solution to the production of a ~25
sinple strained silicon-on-insulator structure. To avoid these drawbacks

and t he other disadvanta es nmentioned above, as well as others, the
present inventi oPSHVePdHS %ﬁ@r%ﬁﬁﬁdcl@atepqurfgtmlagpﬁid?astmﬁet hod of
produci ngoyis ruagé%@w@éanorthé'raaeﬁ,ﬁdﬂsnﬁgﬁ% & aRl el agharedatem conduct or
materi al obta froma donor wafer onor waf er conprising a

latti ce Ipaydmeadditinnalbhcagicdagiet tmlbpnﬁmlrigyarnbalpge‘prmedm thef a materi al
chosen f C teri . i j ttice paraneter,

char act eﬁeﬁg}é@ﬁ% 'fbt%ﬂgté éq%%r@ptﬁ%ggba'{] Hgé/clfegﬁ It@evm&r)l%osr& é%@ (a) growth of a
filmof a mat dne bbndifplager rhay be swadecadrsilicat or materials on the upper |ayer
of the matching layer, which filmbeing of 35 nmaterial having a nom nal

| attice paraneter substantially different fromthe first lattice
paranmeter, wherein the -grown filmhas a thickness small enough To keep
the first lattice paraneter of the upper |ayer and thus to be strained,

(b) formation of an enbrittlenent zone in the matching | ayer 8 January 2007
7_ (c) bonding of a receiving substrate with the donor wafer on the film
side; and (d) renoval of a part of the donor wafer, conprising supply of
energy in order to detach at the enbrittlenent zone |level, the part of the
donor wafer conprising the film Oher preferred enbodi nents of the

process according to the invention are the following: - a process for
correcting the surface roughness may be <carried out after step (d), on the
surface of the unrenoved part of the matching |ayer; - step (d) nmay

further conprise the renoval of the matching




| ayer which remains after the supply of energy; - the rermvaJJ of Ef part
of the matching |ayer which remains, may conprise at |east B?JI’é‘Wc?b ation
of selective etching of the matching |ayer which remains with respect to
the material constituting the filmg- it may further conprise a growth of a
material being substantially the sanme as the one of the film on the film
- the filmthickened by the growh of material: - may have a thickness nore
i nportant than thgest(@hddrthe bondihg amay hbe kozesed ey oyl mbiecilat hi s mat eri al

usual ly stops, to be supstantially elastically strained; and may be
subst ant iaéiﬁp?oﬁl(‘ﬁﬁ'ill’fﬁﬁlr@'strai ned. after step (a), a step of grow ng at

| east one QFO\Mhthé‘béﬁdiﬁ’g?nfa@Q)e ddcbifpBRi¥d B9 adfleinidl @eainent #psideed out, so
that the fil mséf;lvjs substantially elastically strained; - the growmh |ayer

may havelograegiendhe pards ce parameter substantially identical to the first
lattice paraneterq- eﬁﬁ}i flbret 86hd a,)nggnges &ﬁeﬁc)m §fe%p_s(bpfbygrovm ng, on
i C a

the film of |ayers are not subsStanti y decreasing t'he strained

st at e ofimpentatidmef atepidepesigdiinto dreamiaichingriayesdatcudepth Iseksaniietyivt h | ayer s
form ng Y ucture having a respective alternation of |ayer
havi ng t%ya%iﬂ&éswaﬁg?% paranmeter and of |ayer strained to have the first
lattice paranret deforestepyadvthd embitiement ziel mayrbe éoroedfin isteplb) ng a | ayer

having the first lattice par ter: 8 January 2007 7a between step (a)
and stepm{%r?srifaﬁ?’b%taolﬁysfrc;’%ﬂ?%gﬁﬁefﬁrpeast one bonding | ayer between the

recei ving substr apé fifhdoft Steaisktn afateved 6hay BBYmBEe asfdiiidoanaid yhecar ri ed out,
t he bond;ﬂg% | ayer being forned on the receiving substrate and/or on the

bondi ng ehiBg layee mipnbe Madect siicre-osBraNIWG. IgyBRICHIRG IBEr BR% of silica; 8
‘; gﬂgg{.gn%?&gise% @55\%&!3&8 Yvﬁlfl al BRI QACERNLBS ikl iHd&de8 tiroliph Mol ecul ar
the thickness and the upper layer which is relaxed beneath the strained film;
- that part of the matching layer not removed after the supply of
energy during step (d), may be at least part of the upper relaxed
silicon-germanium layer of the matching layer;
- the growth layer may be made of relaxed silicon-germanium, with
a germanium concentration substantially equal to the germanium concentration
of the relaxed upper layer of the matching layer;
| - the receiving substrate may be made of silicon;
- . the wafer may comprise at least one layer furthermore containing
carbon, with a carbon concentration in the layer substantially less than or
| equal fo 50%; and
- the wafer may comprise at least one layer furthermore containing
carbon, with a carbon concentration in the layer substantially less than or

equal to 5%.

According to a second aspect of the present invention, there is
provided an intermediate semiconductor-on-substrate structure produced
in a'cbordance with the first aspect of the present invention, the thickness of
semiconductor of the structure comprises a part of the matching layer and
the film, the substrate being the receiving substrate, characterized in that
the free surface of the part of the matching layer exhibits features of post-

detachment embrittlement zone surface.




- the bonding may be acconpanied by a thermal treatnent irléyder (§
strengthen the bonds; - the enbrittlenent zone may be forne aWﬁ“@% g (b) by
i npl antation of atom c species into the matching |ayer, at a depth
substantially equal to the inplant®depth; - before step (a), the
enbrittlement zon b6 fornmed i te by Sifi ion of a layer
beneath the fiTm S‘f'qﬁ%@“ﬁ'ﬁ’%%?“@?&'ﬁ%é%’%ﬁt?zﬁrgﬁg@ 'JBéy mg?of silicon
and the pohphiawidyayetra sapicheduthstenatbrisisubstantagigr mani um the matching

| ayer may conprisea buffer |ayer with a germani um concentration that

i ncreases through the thickness and the upper |ayer which is rel axed
beneath the strained film - that part of the matching | ayer not renoved
after the supply of energy during step (d), nay be at |east part of the
upper relaxed silicon-germaniumlayer of the matching |ayer; the growth

| ayer may be nade of relaxed silicon-germanium with a germani um
concentration substantially equal to the germanium concentration of the
rel axed upper |ayer of the matching |layer; - the receiving substrate may be
made of silicon; - the wafer may conprise at |east one |ayer furthernore
containing carbon, with a carbon concentration in the |ayer substantially
| ess than or equal to 50% and - the wafer may conprise at | east one |ayer
furthernore containing carbon, with a carbon concentration in the |ayer
substantially |l ess than or equal to 5% According to a second aspect of
the present invention, there is provided an internediate

sem conduct or-on-substrate structure produced in accordance with the first
aspect of the present invention, the thickness of sem conductor of the
structure conprises a part of the matching layer and the film the
substrate being the receiving substrate, characterized in that the free
surface of the part of the matching | ayer exhibits features of post-
detachnment enbrittlement zone surface. 8 January 2007 8a An internediate
sem conduct or-on-substrate structure may further




conprise a layer - of a sem conductor materi al substantlally Jan Py 2007
-9 the sane as the material of the renai nder part of the natéﬁl ayer,
bei ng between the substrate and the film According to a second aspect of
the present invention, there is prgvided a sem conductor-on-substrate
structure, produced in accordance wth the first aspect of the present

I nvention, characterized in that the thickness of sem conductor of the

senm Cond‘{ﬁé Qhm@ad fRUhndleR Ei ﬁ{hﬁ%H{aﬁnde?ﬂ%ﬁ' ttfie PhatbilA flég}e'i“ ﬁﬂﬁ%Qf a

mul tilayer structure on ayer str ct’ur'e havi ng an
al t er nat ibetwextn ﬂha}sabstraiaand@eﬁlm first lattice paranmeter and of |ayer

strained to S t r e e. r.. directly
adj acent to t'ﬁ%ceqf{j an {S)el né %oar‘ ?@5‘*‘% \(ﬁq‘gété{ggélﬂr E]t%ﬁtﬁr{’]i%'g}%e{? aneter),

t he substpratigedaisenitdreductarein/sutgstsald Stouatuee, produted i betmglanoet he

mul til ayer, rycture and_the nul ti structure bein n,the substrate.
Accor di ndv%?l'é? ?ﬁ‘?’trﬁs%"bé’ét Bt prteﬁgn{);ré@gﬂtgn,l ﬁ%ﬁ?ﬁeﬁ'ﬁed ﬂet?‘@t t@ provi ded a
st ruct ur ghigRé$y Be wehRtoriictdisol B keniéflieest-dindaRAGI8fGsturaM th the
first aspect of the fpresent i nvention, characterized in that its

seni cond$ensists alyibe flonpid eba multilaypl \ﬁm@tﬁrq gn 4he fimeiregnrllilayeri t s
t hi Cknes%tﬂuétur%q{agﬁ{g érh%neﬁﬁﬁoﬁtcﬁrlgﬁérg Vild futshlaqﬁlfﬁérﬁbrﬁa@ﬁd whi ch the

mat eri al m usua ystosto esu stant | astically
strai ned.anghef lgyensrained rt@)ha&@rfbﬁlfﬂét ladhjasr parﬁrrmiere(tbetgrowm layer nsul at i ng

materi al 4dRy LylAoh(u0Snd Bl 63R%5a 0y MV RRThE JPYUSHEE pofarhBRrSLruct ur e, SO

that the st sem conduct at or FRIATE he structure
may have thé shlnstraiel@emfg thelrbc-mng slihetratey; thed filme beiay cotier maltilayeBi Ge | ayer

adj acent to the rther ohj ect s and advant ages of the

o eeent  FVEHE 216 thmyitket i EO8F BePe RS SBBR T eadi ng. ¢ he f ol | owi ng
detail ed deSCA(bcR:Irdm@ tcpfa tth@dlé@ﬁesmrem aheaqﬁregénﬂolimfeﬁmbad thercesses thereof,
t hese being . aﬁaven non-limting exanple and with reference to t he

appended PiP¥ qi,@sstrqqmre\,wt@ﬁonth@glp-gnin BiRE: l?"ﬁ@”‘é%’lrbﬁ%“ﬁ'f’@ﬂ%e of a first
process i HOGHY :EEQ)ec@rbfeth@Cbrre%BhP ifidritiph U cRafRieH e 10 tiatt 4 N | ayer of

strained silicon according to the invention;
semiconductor layer comprises a film which is strained even if its thickness is
larger than the standard critical thickness beyond which the material of
the film, usually stops to be substantially elastically strained.

The structure may comprise layer of an electrically insulating
material underlying the thickness of the semiconductor of the structure, so
that the structure is a semiconductor-on-insulator structure.

The structure may have, film made of -silicon.

The structure may comprise a SiGe layer adjacent to the film.

Further aspects, objects and advantages of the present invention
will be more clearly apparent on reading the following detailed description
of the implementation of preferred processes thereof, these being given by
way of non-limiting example and with reference to the appended drawings, in
which: _

- Figure 1 shows the various steps of a first process for producing
an electronic structure comprising a thin layer of strained silicon according
to the invention;

- Figure 2 shows the various steps of a second process for
producing an electronic structure comprising a thin layer of strained silicon
accord:ng to the invention;

- Flgure 3 shows. the various steps of a thlrd process for




- Figure 2 shows the various steps of a second process for 3Qrodu:ﬁ) Ng an

el ectronic structure conprising a thin layer of strained Sﬁﬁl%%ﬂr ccordi ng
to the invention; Figure 3 shows the various steps of a third process for -
R 8 January 2007 9a gproducing an electronic structure
conprising a thin layer made of strained silicon according to the
invention; and - Figure 4 shows the various steps of a fourth process for
produci ng an el ectroni.c structure conprising.a, thin | ayer of strained

5 i con BESHEG 8 leatinnIg MpRiHeromBNag Ay 8y Mag Soeiinga -6

PCT/ | B20QficeR adédkdihg to tHe inSerdtiotiBand obj ective of the present invention to
provide a reliable process for transferring a filmof strained nateri al

from a donor waf &ri9bEe £ shews dhagvanipys rsieds Phe 4Q4EMHPYOE$™H forning t he
desired i; t 8, M | ROtH: r &d h&din the film
dur i ng 1 ana R g o e Rehed et on v
now be d@dicenapeardingitode ilveatiprst arts, with reference to Figures la, 2a, 3a
and 4a, froma donor wafer 10 consisting firstly of a single-crystal
silicon support substrate | and an SiGe lattice paranmeter matching | ayer
2. The expression 'lattice paraneter matching | ayer"” denotes any to
structure behaving as a buffer |ayer and having, on the surface, a |ayer of
substantially relaxed material w thout an appreciabl e nunber of structural
defects, such as dislocations. Thus, in our exanple, it will be

advant ageous to choose an SiGe  matching |ayer 2 consisting in succession
of an SiGe buffer layer and a 15 relaxed Si Ge | ayer on the surface. The
buffer |ayer preferably has a germani um concentration which grows
uniformy fromthe interface with the support substrate 1, for reasons
whi ch were expl ained above. Its thickness is typically between 1 and 3

m cronmetres in order to obtain good structural relaxation on the surface.




20 The rel axed Si Ge | ayer has advant ageously been forned by epitax on the

surface of the buffer layer and its thickness nay vary w dezf{?n“ Adi ng on
the case, with a typical thickness of between 0.5 and 1 micron. The
germani um concentration in the silicon within the relaxed Si Ge | ayer

i s typi callQPH%2E&n 15% and 30%in order to obtain, lﬁTfIﬁﬂ]U?’?Pé:’ﬂext step
(shown by Figures 1b, 2b, 3b or 4b), 1@N epitaxially growmm Si film3
sufficiently strained in order to. have appreci abl e electrical properties

and not 100 Stfg%’?ﬁua?&oﬁ{%cﬁ\% Wﬁé%séﬂlhﬂéhﬂbn % prside alrefaflect s from
appearing. This mta

I on represen in the
current 30TecsEPgiTaasfering étﬂr'bofg%tgﬂ"b‘é} '@3%?8%?? %ﬂ%ﬁ]ome&%ﬁ%ﬂ @hnae conmi ng
years. Wt hetsbifg eélﬂ:%tl*atb Finguassenddly iRén foimiag dhabdesired SEIEEFPHE 3 i s gr own
on the Si tch| eously forned by
epi t axy us?ﬁﬂcr@ﬁ%\m g{"&%@g%%crﬁh’tﬁlh w[ﬁginﬁ&r%ﬂ&@g] Qur g posi tion).
and MBES( nol eculAar eXaTBPIBe@fnfi ap5PeasgygeoEting i) ‘“V?Hgo'k iyl F@SW ? the film3
i s then obljegeshdhdib, Wi b, hWatnasfePerice to IFiyurenss, 2, Saroni4sal | attice

t d it
par ot ot o RS AL A B S it ot 1
2007 WD 2GDbs086 32endPaT SiG2 Eitieqeaangier n‘@tchm@lggerr%m fications of its

internal crysta 896 b&oﬁt’ié{ﬁéé”p%ra\@héﬂer rhatehi Sleyérhajénmltesl |a'ny of the
charge carriers es ar?a el egt.r ons) ﬁ%(

ener gy bahd
struct 8Pe Sfrugiyee Pl"?\’,‘ﬂﬂ 3@@9‘1’@’ YRR &N |r@(¥mf 8 epg'grgéecre%/?es ggl red in this
i nvent i on @Ubsﬁahtiéil}ptﬂl@(eﬁematenél Wit eamy, apnremrsblﬁerwﬁmmqf sfYCUAH m quite a

thin Si I mthickness would in fact cause at | east
rel atlve r ?3%? Sg'%h%;secﬁ%(é@ashtorpgl n in the thi ckness f t he félﬁgtomr ds the

" nomi nal | attice Tpupaifepdr exmplaeit Wl fbiec%m'anfﬁg@o'ﬁ%?%& QL 3'9 film3is
thus typi cafhéwmhgaﬁ érhﬁfboﬁgsﬂﬁj\mmwe%lon iof aor $iGer bidTer Ibyenwsshal0o and 20

g?ngggt gfa{?ﬁw%gﬁ??@%@% él?rﬁac ere IrZseﬁt ri sk of substantial relaxation

The buffer layer preferably has a germanium concentration which
grows uniformly from the interface with the support substrate 1, for reasons
which were explained above. Its thickness is typically between 1 and
3 micrometres in order to obtain good structural relaxation on the surface.

20 The relaxed SiGe layer has advantageously been formed by epitaxy
on the surface of the buffer layer and iis thickness may vary widely
depending on the case, with a typical thickness of between 0.5 and
1 micron.

The germanium concenration in the silicon within the relaxed SiGe

25 Iayer is typically between 15% and 30% in order to obtain, during the next
step (shown by Figures 1b, 2b, 3b of 4b), an epitaxially grown Si film 3
sufficiently strained in order to have appreciable electrical properties and
not too strained so as to prevent intemal structural defects from appearing.

This 30% limitation represents a typical limitation in the current

30 techniques, but this may be caused to change in the coming years.

| With reference to Figures 1b, 2b, 3b and 4b, an Si film 3 is grown on
the SiGe matching fayer 2.

The Si film 3 is’ advantageously formed by epltaxy using known
techniques such as CVD (chemical vapour deposition) and MBE (molecular

35 beam epitaxy) techniques.

The silicon of the film 3 is then obliged by the matchmg Iayer 210
increase its nominal lattice parameter in order to make it substantiaily
identical to that of its growth substrate and thus introduce intemnal tensile
strains, -




I nvention, and bel ow 10 nanoneters there is a risk of the tg%gknefo%of t he
filmcausing problens in the fabrication of certain el ectroni cuagorrponents.

Once this donor wafer 10 containing a strained Si film3 has been 15

produced,_one difficulty resides in inplenenting a reliable process for
transfer rWRgm‘f"I%“%?rai ned film3 fromthe donor wafer PESBHPHI 34 ecei vi ng

substrate 4, the whol e assenbly therl formng the desired el ectronic
structure 20 Wthout any rel axation df "the strain within the film3 during
transfer. 20 TOTﬁééleVgnc}d}ﬂ‘icﬁtiBr?sr tok Gidl ﬁﬁerﬂglf EhetdibyraphRY str@dturgeiipds  of

I npl enentation nay be _wg}gested: Accor |z§iho a]Eﬁl r st 'Eﬁt tgog. gf

i npl enent i ingrease the coekiily £& e gharge cagiars VNERISH angi FEUORPLr ence to
Figures 1 %yaﬁkﬂﬁ@iﬁ%tﬁ’e BREGY Yand studtatardftive silcorscrpstabiched to the surface of
the strained filmg3. 25 This recealul 3 fameg8xanpl e, be
made of sili conJ”E)‘?eeﬁéva_!c%ﬂé?ilgggéﬁlgpﬂ%w?%égﬁ@éﬁgtﬁ%?al .ne‘lihe recei ving
substrase 4 is Howevtred ipyesessagy iyfarnm auitcoa ithip; Sicilw 3 d8AG5RA i th the
strained Siirh ittgéﬂn%sﬁ%gféﬁhrfé’éthr&uf@é'fat @gmbnwv% relapionlof thtiesinliar adhesi on
etween the suhstrate 4 and the fi is . a ected. This
bondi ng t ediMhitlelness ok ﬁ'&% t%qrpg%g,nqrglnglsgggc:éap%%ﬂ%ggﬁwgﬁ% in the
document esfiicbhed " Sem conductor Wafer Bonding" (Science and Technol ogy,

I nterscience TeghNakQOwks BY ke fitm 38 s Npic:gﬂ%ﬁ!%@trﬁhdzo\/ﬂérﬁ)jnetéﬁs, necessary,

bondi ng is acconpani ed by an appropriaté prior, 35 treat t he
respecifve Pﬁﬁﬁﬁn@ééetWGB%éo “é‘?ﬂi‘i‘ Prsofgg\fﬁ)aq)ﬁaﬂﬁme%{g?‘ﬂ%?q%ner gy and/or
suppl yi ng anrigdel dubetsitiab ashation lofitles strdinuthat fscdesinedriplibe peegsiér nal

treatment carrj.ed out, duri ' | . r engt hened.

8 January fb’@?{”\r\é"gdlﬁi?‘%d@%%ﬁ%%éﬁ%ﬁ \(%%%%ﬁ tﬁ%ﬁﬁ%ﬁrﬁéﬁsﬁﬂ t?rééy algso be

r ei nf or ced fiby causingprioblprisipdhe faisisatianof aespiRe@pCtiaic FAMPREhH t he

receiving SUbStDﬁE@gﬁs bE WafB @S cortainPgsa Birgined Sifitmdubas tekecul ar bonds
il m

D gt e et e, EBbioFlons ' Lidtd oddas fpndi na face
transferring the strained film 3 from the donor wafer 10 onto a receiving
subsfrate 4, the whole assembly then forming the desired electronic
structure 20 ‘without any relaxation of the strain within the film 3 during
transfer.

20 To solve this particular difficulty, several methods of implementation
may be suggested: :

According to a first method of implementing the process according
to the invention, with reference to Figures 1c and 2c, a receiving substrate
4 is attached to the surface of the strained film 3.

25 This receiving substrate 4 may, for example, be made of silicon or
may consist of other types of maferial. _

The receiving substrate 4 is attached by bringing it into intimate
contact with the strained Si film 3 and carrying out bonding, in which
molecular adhesion between the substrate 4 and the fim 3 is

30 advantageously effected. '

This bonding fechnique, as well as variants, is especially described
in the document entitled "Semiconductor Wafer Bonding" (Science and
Technology, Interscience Technology) by Q.Y. Tong, U. Gosele and Wiley.

If necessary, bonding is accompanied by an appropriate prior

. 35 treatment of the respective surfaces to be bonded and/or by supplying
| thermal energy and/or supplying an additional bonding layer.
| Thus, for example, a thermal treatment carried out during bonding
_ allows the bonds to be strengthened.




s stronger than those existing between the film3 and the rgecei vi%g,i
substrate 4. Thus, silicon oxide (also called silica or SIO2)"Fs
material that may be chosen for produci ng such a bonding | ayer, since it

exhibits @gggomi@tf;g@si on with the silicon of the film %CTEE%O%@I_‘%@ may be

~formed on the film210 3 and/or on the receiving substrate 02
deposition or by thermal oxidatianign-the respective bondi ng surfaces.
Advant ageously, the material constituting the bonding face of the

recei vi ng substBeriding? ramg/ aiso the meimf@rcedi byofa bbedibgnityey insgted optional |y
formed is i SRR R G RnekhRES tdssiBRUl ating | ayer
Is directl 8&%&&5@%&1 'In%/g e hgtljre gi&ﬁlgg%gpgﬁtfr% grf:é] coﬁgﬁzzﬁﬁ nt% oy

seni conducta REpdugatreelpaylag ppads opth it ctBAtTiMGS 3 Wi NS RGN i n fact

i npai r t heggistalthyCik behdingtBicdes trd réeiving Bubstedteudt whishcamesi sting of

t he conbi nation t . rj.al | ol of

i nsul at? nggtﬁ%ﬂg&r ;ﬂ};ﬂ" tﬁﬁf%@%ﬁ?'ﬁé&"’ﬁgn?m ﬁkm iaﬁg\ﬂﬁ%{:e%%es b;%"ﬁgﬁgﬁlear |y

necessary #hen the structure 20 that it is desired to produce in the end

is an Sed SUT Uptdd! @igc<]§r§18>§la§r(%|§9'&ﬂu6dgncd@y§o & 4 haterRe @at stayuct ure then

being the fransferre | strained Si. reover,  t.h I Vi ng

. substrate %® e Toro Profucig: sheh @ P“'?‘Fg iﬂ?n k8 s’ ie%thb@gsé(ﬁq%g to retain
subst ant i ahdllyesidrewish tha silimnsdfrtie film 8l Tist sifies why bedornaed e the #lBd Si of the
film3,,thi ' ( f [ ; I tHdn@apt r ai ned Si
film ?%assiéer@‘ﬁé";‘?“o?% g%fétﬁ’é@ EPF&'?@”‘?&%@QZ“F SR e T e o 3
bei ng mai nPXidalipn grete desractive BAading sufeqsSe bondi ng forces exi sting between
the film 3 and Adenteeustynthes idriahtcenditutingathel bondihg faee of the ned film 3
fromthe donor.wafer . 10 t.0 0 b Vi 4.\ t rel axing
the strai nr%e{vmgnsftﬁga?q f;n?'id)ﬁgrsﬂféhﬂg?&%gﬁgﬂ%ogéﬁ@f@?éﬁe?@g Q@jol ving the
abovenent i fonmed dis feledatally. inswating cen Whatgheiebexisiat an Anguiptinge ¥t e

rra i CHrERARBNER tnePHIRA SER B B e res cor ng from
S | I T ) . I _ g

the out si dmatefisl gireely; ﬁ@aF%‘lteﬁ‘)v{hﬁ ' llghg]sqop@lg%cﬂggp%lémg E?%ﬁeﬁgf part of the

donor  waf effectd desiradeineredn austiutiure mensistingoofdhe combingtiosfad thietva echni ques
that will nﬂ?e&@l ained later, in order to transfer the strained Si film3

to.the recerving substrate and.to produce the desired structure 20.
'Phis advantageous choice 0 insulatlcng material djacentsto the hfﬁ"t

20 3 becomes particularly necessary when the structure 20 that it is desired to
| produce in the end is an SeOl structure, the semiconductor layer of the 7
SeOl structure then being the transferred film 3 of strained Si.
Moreover, the receiving substrate 4 bonded fo the strained Si film 3
makes it possible fo retain substantially the strained structural state of the
25  strained Si of the film 3, this being so even if the donor wafer 10 on which
the strained Si film 3 has been grown epitaxially is removed, the strain
within the film 3 being mainly ensured after transfer by the bonding forces
existing between the film 3 and the receiving substrate 4. |

Transfer of the strained film 3 from the donor wafer 10 to the

30 receiving substrate 4 without relaxing the strain within the film 3 is thus
‘made possible, thereby solving the abovementioned difficulty.

The receiving substrate 4 furthermore constitules a mechanical
support sufficiently rigid fo sustain the strained Si film 3 and protect it from
any mechanical stresses coming from the outside.

35 . Once the receiving substrate 4 has been bonded, part of the dqnor

* wafer 10 is removed using one or more of the preferred techniques that will

be explained later, in order to transfer the strained Si film 3 fo the receiving
substrate and fo produce the desired structure 20.
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with reference to Figure Id, substantially all that part WRe

wafer 10 on the matching layer 2 side in relation to the strained film3
is removed. Thus, a final strained Si-on-substrate structure, and in

parti cul al OO0 oi ned Si-on-insul ator structure (aPSHB¥®WH4here an SO

structure), is obtained if the material subjacent to the strained Si film

3 is an electrical insulator. In a“second case, with reference to
Figure.2d, the r BRI hagdreyer 2 are
removed. 10 Thuify QQ‘P:{t cag{e't@tt@tf&enée ﬁrﬁ%@% 1d, indihRti ¢}

on- subsirate, structure, and
in parti cuifatheadprer wafen 18 emitheematshingh qyﬁ%lﬂ &tdgr nsf ﬂPPuPe{Qeal so call ed

Si Gel SO stgt,%{édrfm},g,gq;e;ﬁm@j ned if the material underlying the strained Si

film3 is an el trlc f tchin
“layer 2 is adva Hﬁre%u'gfit/s rﬁ'gﬁg ?n-g@?strrafé@ fﬁ%tu:% ahd i Et{?géihﬁté?he mattg chi ng
| ayer 2son dttainesit Bhon-inselak®, strushurg (aiso | celled 1'}5*&? ta“og& 3 FTQT x& Si Ge | ayer:

i ncl uded i rbﬁtgiﬁeWtﬁQ'tﬁﬁehé’IYQB a%ent(t%rtﬂe\éﬂhﬁllédlﬁicf' ek s apietekical | y grown
according to gne particul ar 1t of producing the matching |ayer 2

expl ai ned. dn Of.on a buffer Iayer) Accor di ng to a second nethod of
i npl ement i ng t hén prsecersd cay with cefertinag to bigure drﬂﬂ@ﬁtlpléﬁft syiptiate ef er ence to

Fi gures 3Ca€59?§£”°ﬁhé%%éﬁ a?é%a}@%ﬁ%\,@ dis grown'on the strained Si film

3, by epit or “exanpl e nt ageo e any
bondi ngOoper at i dhus,TRefil S @hﬁﬁ’@ﬂ?%rﬁﬁ%'ﬁ"ﬂﬂs aley 3@?& e?,/ qﬁj\fént ageousl y

and subst afHri@fidry dnheSicREn-araindint Siafn-inbelaiir Getrpeterse {plsne dallede bondi ng

face of 2 t.chin ving an
" addi ti onal Sbﬁ%(ﬁ? t"ff%)'tﬁé%@'feai ﬁﬂl?eﬁn{aﬁeer%? ?ﬁ%&ygﬁqﬁn@oﬁtﬁé@éﬁ tg?cul ar net hod
of i npl ererfilmtd ismn dlesticadinsui®asr s nay be grown epitaxially on the SiGe

layer, such as gigardgslablof Odaﬂsbﬁtﬂ@)‘r%”t@tﬁ@daye‘il s CHdenﬁg@O“lSWer S
respectively al ernatln i n order

Ref err ity t GG O % QReesge o th%@@ : mﬂ%‘%&)?t‘#rﬁ%@% E)%ldc;gziu'[g
only at least part of the relaxed SiGe layer included in the matchmg ayer 2 |
“{and which had been epitaxially grown according o one particular method
of producing the matching layer 2 explained above, on a buffer layer).

According to a second method of implementing the process

20 according to the invention, with reference to Figures 3c and 4c, a relaxed
SiGe layer 6 is grown’on the strained Si film 3, by epitaxy (for example by
CVD or MBE) advantageously before any bonding operation.

The Ge concentration in this layer 6 is advantageously and .

substantially the same as that of the SiGe present near the bonding face of
25 .the matching layer 2 so as to prevent this layer having an additional
influence on the strain in the film 3.

In one particular method of implementation, further layers may be
grown epitaxialty on the SiGe layer, such as strained Si or SiC layers and
SiGe or SiGeC layers respectively alternating in order to form a multilayer

30 stucture. :

Referring to Figures 3d and 4d, a receiving substrate 4 is bonded to
the relaxed SiGe layer 6 in a manner substantially identical io that
explained. above. in the first method of implementation and relating to a
recewmQ substrate 4 bonded to the strained film 3. :

35 . The bonding face of the donor wafer 10 is then the free face of the
relaxed SiGe layer 6. '

It should be pointed out that, unlike the first’ method of
lmpiementatlon the bonds do not necessarily cons’utute the only means of
preserwng ‘the strain in the ﬂm 3: this is because 'if the relaxed SfGe.




the relaxed SiGe layer 6 in a manner substantially identical_to thaz
expl ai ned. above. in the first method of inplenentation and® PRERHY to a
recei ving substrate 4 bonded to the strained film3. 35 The bondi ng face of

t he donorwmgﬁg‘[ogég is then the free face of the rel axgd Si Ge layer 6. It

shoul d be poin Yut that, unlike the first nmethod of Tm?sé%% ation, the

bonds do not necessarily constitut_elglhg only neans of preserving the
strain inthe film3: this is becauSé, if the relaxed Si Ge 8 January 2007

VO 2004/ 004320 6PETHHA2AAARO I fby artlcues 16 b obbih Cjusparaeightn t may

participate”in, or even ay ant Ee, tt;g ﬂgrﬁ%%rvatllon of ngel?]g ain in the.
film3 aft@FeS{eﬁ‘@'S“tth?%y@Wsmﬁ ¢ dIp et gfter Mgses o Bes AR %k ness of the
Si Ge epi | ayensferrgdy t hus be judiciously chosen s in this regard so as to

he 117 st ot no o FERERLAPRISE oftyct BrR) TS oo lfy BhosaV &'y Nas |

the first netho n i'ving substrate 4 has
been boBdedn thiairegasd seifs tadneservmewateroor lgssas ARNAMLST G T 8t nore of
the preferyadstiggdni ques that will be explained below, in order to transfer

lo the straine L fil o the r | Vi roduce the
desi red st%\fdf' ee"ﬁ&"e{ﬁﬁgg%wmg'ﬁe%%ﬁ?’o\(ﬂr& ﬁﬁéjre%scg@:%%g ts.tgg[giégg&rIEp 3e, ‘all
that part bgenbendehgart ofdhe dona wafer h@ isearaouedgsing/@re of BPERO n rel ati on
to the |y e BrdsmdBRKRlues Hat %l Be ldxpRingd balbRCH Sidento rahsised

Si Ge-on-substfate structure, and 1s.in particular t raipned St -on-rel axed

Si Ge- oA0i niig a“*lrﬁ'l"eété'u {'h?eto(ﬁies'f?cewgl g@"*‘éﬁ‘% i“lﬁ1 §E§1tgs‘§’§ﬁ@‘feurﬂ%, i s

obt ai ned i Hebir&l staicture@0. underlying the- relaxed SiGe layer 6 is an

electrical insu : i Mit ) raf fiRcdopidF e 4e, the Si
14t ch BRIl 8 g aRgEct o

support substr pa he chi n%,f aye .are renoved. 20 Thus,
a final Si wefesilOsen terazicing lyet 2pideda relation BH{De iAYST PR ¥ ¥ uct ure: and in
particul ar an Sifggs, @il SteARGIISiSn-alaxetl SitedorBhistrate strutdurbagind structure

(b it B R L STHRYRES iR el s o1
' ' called an SISGOI structure), is obtained if the material underlying the
relaxed SiGe layer 6 is an electrical insulator.
In a second case, with reference fo Figure 4e, the Si support
substrate 1 and part of the matching layer 2 are removed.

20 Thus, a final SiGe-on-strained Si-on-relaxed SiGe-on-substrate

| structure, and in particular an SiGe-on-strained Si-on-relaxed SiGe-on-
insulator structure (also called an SiGe/Si/SGO! structure), is obtained if
the material subjacent to the relaxed SiGe layer 6 is an electrical insulator.

Part of the matching layer 2 is advantageously removed so as {0
25 preserve of the matching layer 2-on the structure 20 only at least part of the
relaxed SiGe layer present in the matching layer 2 (and which had been
epitaxially grown, using one parficular method of producing the maiching
layer 2 explained above, on a buffer layer).
Thus, by means of the process according to the invention several

30  structures (shown for example in Figures 1d, 2d, 3e and 4e) comprising &
layer of strained material can be produced, each having very specific
electrical properties. - SRR '

 With reference to Figures 1d, 2d, 3e and 4e, removal of material
constifutes the final step of producing such structures.

35 A first material removal operation consists in detachment the donor
wafer in a region of the matching layer 2 that has previously been
weakened therein. ' - _

Two known non-limiting 'téchnique_s_ may thus perform -sgch an -
operation. - ' . '




Part of the matching layer .2 is advantageously renoved so as to %
preserve of the matching layer 2 on the structure 20 only éiawgﬁ%%)zart of
the relaxed SiGe |layer present in the matching |ayer 2 (and whi ch had been
epi t axi al usi ng one particular nmethod of producing the matching

| ayer 2 é&éﬁ%%ﬁggmﬁbove, on a buffer |ayer). Thus, bypﬁgﬁﬁgmﬂwm?ﬂe process
according to the invention several O structures (shown for exanple in
Figures 1d, 2d, 3e and 4e) conpri§iﬁ a layer of strained material can be

produced. each Agx} RO iffe, S8 feComBhasdibdint@nogteidiersnowhti Lh ref er ence
to Figures 1d, e and 4e, tenpval, of

- 3€ , . of mater.ial cn§t|t e the final
step of priodtheragkiledin she @k (AngdsdessEptions; elawhich Faay E‘F ?‘é'ﬁg\Pa operation
consi sts i pyABsrashwerls Hbalimpmith wakk aediction teelpiiques)f comsistireinchi ng | ayer 2
t hat has previqusly been. i; ild et | N :
t echni g ueg’"?fé?)%f’ﬂ @é%@??ﬂ?%@@@ %%gﬁd%g‘%g r"g‘ﬁ? gﬁ@ tfﬁéﬁ? ﬁ%ﬂgggﬂdggﬂgg V\%

2004/ 0653 2Bnidatéd Bagios/ 00deu then fermsaani ewbritiemeni gore: ©afl B he
okl aﬁ@@h&ﬁhgxﬁ??ﬁé& foat HRAMent! Or HReer %&Fbayeﬂ érergiieinart  (and
|

descri ptions e f unﬂl'i n.a. nunljﬁer % wor ks dealing with wafer
reduct i on PEERIN Pashe ragnt i e empfHEPef 8¢ om speci es (such as
hydr ogen i ons) DRetacHnieatt ifmors Wdn) eembrijembnt sonepthast &rmedgiimnth®ahi ch t hen

forms an Cifaidiy T maRAc pbesiflelts Mmold kA Rie AR a0, Imeabern oal

the. crit | {10 eieng Ko SOmsRirgr TPBHINAT b PP ERA YL gndt hus forned |
in the nagwelhas] MNES, ChtiRkE epltaxiliyrdle overlayerosushnassthedfyethe waf er 10,
ayer 2, ¢ haneBpliTkEhOufing iyt sH BurRERLnD BatRE 4 T "R O e Byers
such-as the | ayersecend ttaehnigue opamsistromeli Aiainiage?  WPRK ﬂ%@%?%ecm&yvi ng |
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' _ treatment, or another supply of energy, in order to make the detachment in
the weakened iayer. '
The weakened layer made of porous silicon is formed within the
_ | support substrate 1, between the support substrate 1 and the matching
20 layer 2, in the matching layer 2 (for example between a buffer layer and a
relaxed layer) or on the matching layer 2 (that is to say between the
‘matching layer 2 and the strained Si film 3 or the optional relaxed SiGe
layer 6).
To form a weakened {ayer within the support substrate 1, the porous
25 layer is advantageously grown on a single-crystal Si support substrate and
then a second growth is carri_éd out on the porous layer, so as to grow a
non-porous Si layer having su'bstantially the same lattice parameter as the
Si of the support substrate; the support substrate 4 then consists of the
support substrate, the porous layer and the non-porous Si layer.
‘30 Detschment a weakened layer makes it possible to remove at least
some of the wafer 10, in order to obtain a structure comprisihg_the optional
remainder of the wafer 10, the strained Si film 3, optionally epitaxially
grown overlayers such as the layer 6, optionally the inserted bonding layer
and the receiving substrate 4. |
35 A treatment of the wafer 10, in order to remove the porous silicon
| which remains after the detachment, is advantageously carried out, such
as an eiching operation or a thermal treatment. ' '
If the porous layer lies within the support substrate 1, a lapping,
chemical-mechanical  polishing "andlor “selective chemical etching




treatnment, or another supply of energy, in order to nake t det I n
t he vveakened | ayer. The weakened | ayer nmade of porous sil |g; ﬁmt 9’%@?‘3

within the support substrate 1, between the support substrate 1 and the

mat chi ng waGodsR¥SE in the matching layer 2 (for ex gn a buffer
| ayer and é refdaXEeGd | ayer) or on the matching | ayer Zal?ﬂtﬁt 'S to say

between the matching layer 2 and the strained Si film3 or the optional
rel axed SiGe layer 6). To forma weakened | ayer within the support

substrate } erattsndoar@%n aévérma@erous@ eain@mtoagdmusdqr tor wmpventhe

si ngl e- crysP Hpcgg_rt sub %ﬁﬁ' t%q then a second growth |s carded out

on the poré‘?fé'a'lnﬁ‘?éta eagqug 2 hon-porous Si Jayer havj .

substantial ly tﬁbe%amwolmrt—llm&nga@hﬁlﬂws anakend pepsige’ {420 port

substrate; % Be WRARRSC, aSMBShRAdID ade'ﬂW&t@ﬂﬂDStS of the support substrate,
n

| ayel nikes 1 BUSkASPICY bershdiay LI R BR LR ™ G e

to obtain avaér 1 inlaretismrocaEsngutthes dptaxample a ISPRESA CROCOH nqtrb waf er 10,

t he straingd @ ntleB optionally epitaxially grown over|ayers such as
the | ayer ﬁ?

nally the inserted bondlng I and th ﬁgervrng .
substrate 4. 35Thus ifdhe parrempveh s RasUPPAHS quﬁ%%r'be?“ ?%ertag?é)ve t he porous
silicon whiphn raeﬂﬁtdmarayer 2} hefiligied apb rmnoptidnal Sieateayeyowrd/9r carried out,
such as an et | [ I aéﬁfé? rous | ayer
lies W-li‘PhI Qthg] Ay ?ﬂ%ﬁ'@??’egﬁﬂgﬁ%r tg@fte%‘ft{@ abb(rr? cﬂten?dc@cgrrmeéﬁm cal
pol i shi ng audpmstﬂmltreteﬂ bas bemm@lmhedt chi ng T 8
January 2007 @,ﬁg@a%@n&gﬁé &malsqaaaatu aHd atopmst paitmishar e t hen

| e

advant ageousl y car r

v rt of the
~support sulR¥Fhng | qyer?h@sgoqs\[bge ﬁ%ﬁ”ﬁ?‘rﬂr‘t%‘@%’ﬂ@ﬁ.%éﬁ% alﬂg-“’@lposm ble to
rapi dl y r ey @, ofma Ao G, aed silast $iGid myem@randistr ather RPE MY, be; They al so

al | OW ROSSI Y t eRAthe Pémbinthg patef 10 in
anot he 5%@@9 &géshde% gedrjatéél% ;#Fer E%SS accordi ng gt 0
the matching layer-2 has been pohshed

A second material removal operation after detachment the wafer 10
according, for examp{e to one of the above two techniques consists in
correcting surface defects or in removing, if necessary, the remaining part

_ 20  of the matching layer 2. . :

If it is desired to remove all of the remaining part of the matching
layer 2 (referring to Figures 1d and 3e), this operation may be carried out
by selective chemical etching so that the strained Si film 3 undergoes tittle
or no etching, thus forming an etching stop layer.

25 The remaining part of the matching layer 2 is in this case etched by
\rvet etching using etching solutions having substantial selectivities with
respect to the strained Si film 3, such as a solution comprising
HF/Ho0-/CH3COOH  (approximately  1/1000 selectivity)  or HNA

, {hydrofiucric-nitric-acetic solution).

30 Dry etching operations may also be carried out in order fo remove
material, such as plasma etching, or by sputtering.

This chemical method has the main advantage of being quite rapid
for thin layers to. be removed and of avoiding the use of chemical-
mechanical polishing finishing operations usually employed after

35 detachment the wafer.

- It thus makes it possible to maintain good surface quahty and good
thickness homogeneity of the strained Si film 3 obtained d.ur_lng its epitaxy,

~ it having been unnecessary to camry out a mechanical finishing step in the
* case in which the material removal is completed by a single chemical




the invention. Thus, if the part renoved is the support sugﬁltrat%éT an
operation to reforma matching layer 2, a film3 and an optiofal Ge

| ayer 6 and/or 1o other layers may be carried out as described above,
after the_sur f the support substrate 1 has been polished. If the
renoved p t”@%?%g support substrate 1 and at | east ;fr{rﬁ'fm@fm‘{?q"f%‘” mat chi ng
| ayer 2, a possible reformation of _aLﬁo'g_her part of the matching |ayer 2,
of a film3 and of an SiGe |ayer 6 and/or other l|layers may be 15 carried

out as desgr] v - f afRafifo, ldieh e RRbMIRGaRdt of the
mat chi ng | E%f?’ﬁ‘%"ﬁg‘gs ﬁ?@%ﬁﬁ?%@%ﬁ% ﬁ%%ggggn@t erial renoval operation
after det actgiens, thateuolpanechanicaldtishinajer rdikel,d Bt o one of the above
two techni ques gogsiaf} paitibulaf Badess sofo golahirigpisgholeéert gsegk iniaideferovi ng, i f
necessary, ,the remainin art f hing layer 2. If it is desired
to remove # gorg;?eqslsi%e @é%ﬁ?ﬁf’ﬁ& SE'%FQ% rgi"&lﬁ?\%@%rgat ching layer 2 (referring to
Fi guressl d- and Beyevarhitee chemigel sishingyopriatiel Mayd@ agé(;ugg ctive
chehm: cal eh%ﬂe?@d,sesﬁé@éllyt iﬁethr_@t Eadengt aiihicfkbl’ fay@r todes geraevdd, thy e or]c noh
etching, thus formng anetchi st ayer,, : Wart of the
mat chi ng | HREHaDICAISON WQWFQ'“'BQQ'%“E’?EH@ SX[%') b%@pﬂé@aﬂ{m@% et chi ng
sol utions hchagicaluishingICMP séthecemaininggarhwithe matelegayei?t he strai ned Si
film3, such asga;; | j S f e HatRIngHRRSIOH(refmgpio nmat el y
1/1000 sel ecti Vllf?g?%ﬁéﬁrhﬁ!zo%afrnﬁ?ﬁg“ c-ni ﬁri C- aﬁ_let i G @%Hkhpn) . 30 Dry
et chi ngoopEicwresrd andyiel Ewilkee agdyantageoysdo FRORER Y L ve material,
such as pl gp aBpishing N pref@ablyyctemidal-aidchgnicahpalishingrCMBI ImeURHEP has t he mai n
advant age of being quit | f ' i t 'TRiARVRgvend of
avoi di ng t FANe agyc_@Hgﬁﬁ"%S%% %ﬁgcﬁ%ﬁb%&aﬁn h%@lxgéﬁ?ﬁ% P]% ni sgﬁbr/lg oper ati ons
usual | y enpppsaradaitieg degshuentefiihewefari®- wafer. 't thus nmakes it possible
to mai ”fj aiS_n ]9pfﬁog,w}%@cécmg@gbteﬁm@%mwgpdch ite ke e homny'h’ghmm y of the
strained Si film 3 obt ed duri its.epit . ; @p unnecessary
to carit} o@feS&"Frﬁ‘bWSrlT%{&Fmﬂi'W@rﬁ]ﬁadﬂﬁﬁﬁpinﬁ%gs V_détg‘stte?g%ﬁr{aﬁ}r?i gh the material
removal i s tigomalteHirepiayyr 2) siaygls bhemplayed sthessiohing swdg down or
stopping on the relaxed layer lying within the matching layer 2.
Wet etching with a solution comprising TMAH may, for example, be
very suitable for carrying out such selective etching, the relaxed layer of the
20 matching. layer 2 having in this case a germanium concentration of
between 20% and 30%.
These techniques are proposed by way of an example in the present
document, but they do not in any way constitute a limitation, the invention
" covering all types of techniques suitable for removing material from a donor
25 wafer 10 in accordance with the process according to the invention.
In one particular embodiment of the structure 20, one or more
epitaxial depositions may be carried out on the donor wafer 10, such as
epitaxial deposition of an SiGe or SiGeC fayer, or epitaxial deposiﬁon of a
strained Si or SIC layer, or successive epitaxial depositions of SiGe or
30 SiGeC layers and strained Si or SiC layers in alternation, in order fo form a
multilayer structure. .
Optionally, a growth of Siis operating on the film 3 to thicken it.
A first interest of doing a such growth of Si of refinding the initial
thickened of the film 3, which may nevertheless be thinned by soft polishing
35 'etching or event cleaning operation. ) ' :
' A second interest concerns the case of an insullatmg Jlayer
underlying the film 3 and being of a viscous material, as for example Si02
or SisN4, wherein the film 3 can be thickened so that its thickness becomes
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from appearing, such as strain-hardened regions, that such "&" I cal
finishing step is likely to cause. In certain particul ar cases, soft
pol i shi ng,i er, used in order to conpensate f surface
roughnesggéim@/ m%ver, t he chem cal etching operatioﬁ&ﬁgg%gﬁggkkageously
be preceded, especially in the cqsgeot a thicker layer to be renoved, by
mechani cal or chem cal - mechani cal abrasion by | appi ng and/ or chem cal -

rechani cal g6l i GYR Bl RIS bital pRshest, Wioutibshy s | ayer 2. I
It is desire o maintain part of the matching layer 5 (referring to io0

Fi gures 2delaplir Sl88s- it will be advantageous to choose a thermal treatnment
or a pol i shi ng, THe &fisidand \Sichitichic tiickmestiamincle fpoid BoMNEECRIFESS n order to

remove any_r.oughne J LGKASS bHid igrcaitbehave

appear ed dffHen W'ﬁeet%ﬁﬁerrg]ﬁﬁ %%htﬁhe mgpgﬁg?glﬁzﬁ)mé ?ﬁ?§§1g§::hi ngt.éel ectivity

wi t h. r espedireatly assecigiedcwiie $ig o8 pepeniration s%ﬁ“&‘?x H Stﬁ%t?_chl ng |ayer 2

l(o and Wlhi chg{eryfwf]aﬂ@é)?ﬁ'; whith tiidiint H heldbess opivoult haverbbem grayvn aif/the 221 Imay al so
e enpl oyed, the, étchi Wi n . rmekaxed | ayer

i ngp Wi %/hﬁﬁﬁe%ﬁf@t'?rﬁfﬁw{}ﬂ@%f g@%P%&%?Qé'tngﬁlhf\éog&%%wa}héroﬁlﬁﬂtai' h}Xcorrpr?/si ng

TMAH nay, &ssociatehBleaonbentrationys fiasebthe SipCaaubylraig WWMER K sel ecti ve
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any way cogpédtlyuissodiatetmithad Gervorchetration efiniSinGee svegiTate oBMNIEY pes of -

techni q”estqsﬁ”ﬁkﬁﬁ@a@%eér@&?%@id”ﬁé@é ibRkn | §rOfha SRR lexarplesaber 10 in

accordance > "process according to the | nventian. o particul ar
enbodi nent "&taﬂdaﬂ‘éf?ﬁ!’tlﬁﬁhé‘llmsiofiarbﬂ@“g?e %HF‘%'“ é‘ﬂg?'ﬁéﬂbﬁ\w §é§8§?ﬁ ons may be
carried outtr@iutedotiBREdrichasaffk, (“Samiboratuctoe Bciemce dlectioplosy't 1%n of an Si Ge

or SiGeC | r7 g{ B axi al deposition of a strained Si or SIC |ayer; or
successi ve?’é}% M %’I‘ positions of SiGe or 30 SiGeC ]ayers and strained Si
_or SIC layers iThus, tee mpplicsmt nofices that, inc sHGVTE INRYANG &WECOLS ¢ uct ure.

Ot i onal Y Aot WYk il HstraieAPST Al 8BrothetVigzolss matdristolayes, dhen i t.
critical thickness of the film 3 (beyond which the film 3 is not mainly
elastically strained) is typically more important than its standard critical

20 thickness. . :

This property may result from the viscosity of the insulator layer

which should accommodate with the Si internal stress.

Thus, experience shows that it is possible fo increase the thickness
of the film 3 about 60 nanometers, without substantial loss of stress.

25 . The thick strained Si layer can then be used as an active layer
(taking thus advantage of electrons high mobility that a such material
exhibits).

Having completed the final structure, a finishing step may optionally
be carried out, such as finishing treatments, for example like an annealing
30 operation in order to further strengthen the bonding interface between the
donor wafer 10 and the receiving substrate 4.
The present invention is not limited to a SiGe lattice parameter
métching layer 2, but also extends fo a constitution of the matching layer 2
from other types of type UV materials or other materials capable of .
35 straining the material of the epitaxially overgrown fim 3 or another
semiconductor material. ' ' :
Finally, the present invention does not relate only to transferring a.
strained silicon film 3, but in general relates fo transferring a ﬁlm qf any




A first interest of doing a such growth of Si of re-findin he i i]}ial
t hi ckened of the film 3, which may neverthel ess be thinned n‘?@‘i‘ébo
polishing 35 etching or event cleaning operation. A second interest
concerns the case of an insulating |layer wunderlying the film 3 and being
of a viscH¥WOeRPal | as for exanple SiO2 or Si3N4, RGHAPEOHOBHE fi|m 3
can be thickened so that its thickness beconmes 8 January 2007 WO
20041006326 PCT/1B20Q3/003341 18 forg important than the "standard Si
critical thjckn e W t.. | os] | j o andard Si
critical tﬂyé?(ﬁgggmicggﬁlhg@"@ gteng) ?‘?5’%5?'%%%ﬁ%%'gf%%f%gcﬁgﬁgéoﬁ the film3
and from t Hyoeesstoftthginventien.st ress ratio can be s directly associated with

the Ge concentrahimg eémitoRtictor Gyersubticr adehstiiueats iy dbevatided on whi ch

the film 3 had,been, or ul d have_ heen_ gar P r i&atio of the
film3 has tHSEef%rFé'ﬁﬁéé SRS CSI%&M?%YQW%"E’W{'|“§1‘?%3’ef@eﬁ'%§ts'és'gci ated Ge
concent rat | substamtiohoof less than o leguabito S¥staramere Paruwailyt WEh 31 m 3 has
been grown " dard critical thickness" val ue of
the film3 %g%@@ﬁ%tynﬁde’f%%tpgﬁﬁr?;Hg@ggﬁt ed with a Ge concentration of a
Sii.xGex substrate on which the film3 had been or woul d have .been grown.
Some exanples of "standard critical thickness" can then be found in

"Hi gh-Mbility Si and Ge 'structures” of Friedrich Schaffer ("Sem conductor
Sci ence Technol ogy” 12 15 (1997) 1515-1549).- Thus, the applicant notices
that, in a structure including a viscous nmaterial |layer and a strained Si
~film3 on the viscous material layer, the critical thickness of the film3
(beyond which the film3 is not mainly elastically strained) is typically
nore inportant than its standard critical 20 thickness. This property may
result fromthe viscosity of the insulator |layer which should accommpdate
wth the Si internal stress. Thus, experience shows that it is possible to
increase the thickness of the film3 about 60 nanoneters, w thout
substantial |oss of stress. 25 The thick strained Si |ayer can then be used
as an active |ayer. - :




(taking thus advantage of electrons high nobility that a such mat %I’I al
exhi bits). Having conpleted the finaj,structure, a finishi FJ2RPR A
optionally be carded out, such as finishing treatnents, for exanple I|ke
an annealing 30 operation in order to further strengthen t he bondi ng

I nterface between the donor wafer 10 and the receiving substrate 4. The
present .invention is not limted tGLANMS Ge | attice paraneter matching

| ayer 2, but also extends to a constitution of the matching layer 2 from
other types of type Ill-V materials or other materials capable of 35

st rai ni ng 1 hgefride o %ro@umh@ea eﬂmcmeal:bmpﬁyﬁg 05 OMdih fiayeP 8f Qtrafeet her
sem conductor material. Final , 1dpresent I nvention does not relate only
o

to trans‘-’reé'i"ﬁq’fﬁfblcépr r@@tﬁaalr@aalgﬁd fr@aha nen wafesuthei dpnge wafeiicopwirigings t o

transt er ifod kiRl Akl BRRIn0Rihg WP GORA/ OBF2P LTAERZ003/ 003341

19 type o uctor to be nsferred according to
a pr oce@‘@selﬂ tfﬂtvm i aemrmndnctosr nmatariade nhavngluet dirst algattlcs paramaeter,

consti t carbon with a carbon
: concentr %quﬁé@jg/&ﬂné %%am%{o"gw%gsﬁé%stantlaI ly of Iess than or
equa: to 50%(ay growtk gb arfilincefl sumlayerisit thosen fmncwmh |g@1c}mtbr¢;ﬁjatéﬂ@s onhan or
equa tci 5% anua 2007 20 CLAI I\/B 0 ﬁﬂ'{%ro Uﬁ:i ng a structure
conpri sitf§ ‘{Pﬂeﬁ Aver ?/fy fhe, matehing layer, ¥ fﬁhcglmj 0 # Eﬁﬂ&aianed froma
~donor  wWafoiiinalt [B&iceqRrametdresubeRimBaaNS ifférerd foth tth@qfrﬂaém@tp@farﬁefeehl ng |ayer
conprising an upper layer of a material chosen from sem conductor

mat er i alvheraiwn the aromn lm|ha§ta Sicesanmnall enodgh te dkeepithedirsthlatticsr it
conpri s&srhdetdr of { rfévvkpr&r a@?sand(tﬁh %] &%ﬁi’alﬁ{eda filmof a material chosen

from sem conductor nmaterials on e upper layer of the matching |ayer,
whi ch film bdbhiproatiometan ambrtement zoneiortheanatehing layer:par anet er

substantal | eSS B oL OIUDRUELERE Wit CR P LBFE S pne AfiGEL" e

grown film h ness ehough l'attT Cé
and

(d) removal of a part of the donor wafer, comprising supply of energy in
order to detach at the embrittlement zone ievel, the part of the donor wafer
comprising the film.

2. Method of producing a structure according to the preceding claim,
characterized in that a process for correcting the surface roughness is carried out
after step (d), on the surface of the unremoved part of the matching layer.

3. Method of producing a structure according to claim 1, characterized in that
step (d) further comprises the removal of the matching layer which remains after
the supply of energy.

4. Method of producing a structure according to the preceding claim,
characterized in that the removal of the part of the matching layer which remains,
comprises at least one operation of selective etching of the matching layer which
‘remains with respect to the material constituting the film.

5. Method of producing a structure according to the preceding claim,
. characterized in that it further comprises the following steps: -




paranmeter of the upper layer and thus to be strained; (b) faormation of an
enbrittl ement zone in the matching layer; (c) bonding of agrlé’?f@{y\ﬂ%%
substrate with the donor wafer on the filmside; and (d) renpoval of a part
of the donor wafer, conprising supply of energy in order to detach at the
enbrittl ement zone level, the part of the donor wafer conprising the film
2. Method of producing a structure according to the preceding claim
characterized in that a process for correcting the surface roughness is

- carried out after stepforaption®f s dayenrmade dbfa Meateria ruhiph RECHESS of t he
~matching |l ayer. 3. Met _ UG Smit | laim1,
characterized in that h@%@gg(fﬁgn?%uﬂéﬁgtr corépdgﬁéwﬁe?%tﬂgé%n%h\%g?d%&t he

mat chi ng | ayer which r exfdienescaiving substrates befsirg thef stepéelygnd 4. Met hod of

produci ng a structure accordi to.th r.ecedi | ai characterized in
that the renoval of t'heg'i?é{\fﬂt‘g]ga {rhaéer t@?\rﬂ%aubg\%gﬁa@h&%ﬁ%ﬂﬁsn N
conprises at |east one gpgeofit trenfirh, sal ket fimeg asftet hhaingfrembeingathehi ng | ayer
which remains with respect to the material constituting the film 5.

‘Met hod of producing a §g¥"@&eﬁ'r‘ﬂat§t3@53€wqdn§@pt(ab precedi ng claim
characterized in that it further conprises the follow ng steps: 8 January
2007 -21 formation of a |ayer made of a material which becones viscous

- froma pr&deMetachef profpergt ar strughre racceifingicdle theg Rraeedieg efldinhg

substr at : ) @Hfg,t .Lial  bei ng

subst antcﬁgfﬁéq%g [ég?r?ggfm{rﬁe okgﬁéé&jg}(ﬂﬁ ||Iq)£)r11c 1ﬁ,.'c(?anﬁl%tﬁcFa!éIfi | m after having
removi ng t-he - hasrmihickgeasitacgernthandherstandagd eritiqadihickhess/bepot! whichr oduci ng a
structure acggQrdi . di ' ter Lo that the film
hi ckened by RIS RRES RELER Crehtny LERR SRIBEE b, er ¢ han the
st andar d cri t-iig alibgtémtiaip ekstiCalyeteiingd. ch  this material usually stops to be
substantially elastically strained; and - is substantially elastically
strained. 7. Method of producing a structure according to one of the

precedi ng 7¢ Mithad of pRallsibb el b#esluidaddtndiing 3b todle SFLRE prédedirdy SlafRs,0f grow ng
at | east one growth |ayer on )

characteérized in that, after step (a), a step of growing at least one growth layer on

the film is additionally carried out, so that the film stays substantially elastically

strained.

8. Method of producing a structure according to the preceding claim,
. characterized in that the growth layer has a nominal lattice parameter
substantially identical to the first lattice parameter.

9. Method of producing a sﬁucture according to one of Claims 1 fo 8,

- characterized in that, between stép (a) and step (c), steps of growing, on the film

, of layers which are not substantially decreasing the strained state of the film are

additionally carried out, these growth layers forming a muitilayer structure having
a respective alternation of layer having the first lattice parameter and of layer

strained to have the first lattice parameter, the growth layer directly made on film

. being a layer having the first lattice parameter.

10. Method of producing a structure according to one of the preceding claims,
characterized in that, between step (a) and step (c), a step of forming at least one
bonding layer between a receiving substrate and the donor wafer is additionally
carried out, the bonding layer being formed on the receiving subsirate and/or on
the bonding face o_f the donor wafer. |




the filmis additionally carried out, so that the filmsta§§ subszfq tially
elastically strained. 8. Method of jpyoducing a structure ac&YPdi g’Pto t he
preceding claim characterized in that the growth |ayer has a nomi nal
| attice paraneter substantially identical to the first lattice paraneter.
9. Method of producing a structure according to one of Clains 1 to 8,

- char act er iedviethotihaf , prb@licheg Na sétartira) asdsidiag e (1B, prekaing Otlami,om ng, on
the film, , (%f .I'e%y_ers %Eh (?re not substantjally decreasing the strained
st at e of AREIENZSR 1R that the Bording lavey istyade gbsiiga | "t hese growth | ayers
formng a nultilayer structure having a respective alternation of |ayer

having the first lattice parameter and of layer strained to have the first
| attice pdaiatized of preddeipgenstrugiwe ascesting tp engief b precedingelaims.a | ayer

havi ng t I | | Etglﬁ[. 0 r ' ucture
accordi nég}%tréodt%%ddﬁmﬁﬂgﬁg@e [ n"gb‘é?%ﬁ%%\%@ﬁ‘g? gf)?gl’l z%j%“alﬂgacﬁ?%{oﬁ bet ween
step (a)(wafer bondimgl.c), a step of forming at |east one bonding |ayer

bet ween a receiving substrate and the donor wafer is additionally carried
out, the bonding |ayer being forned on the receiving substrate and/or on

-t he bondi n§. Meteocbdf producing ar stnrdhere . acBortivur ohe260the prédedidg clthsod of
producing _a structure according.to the precedi clgim _ characterized in
Phat  t noBiriein yaat e Boaiid st Sesamedticc BY anlfeiedl GRUpPadn oIS o

structurtgsﬁ@ﬁ%[hdhmaﬁmdgne of the preceding clains, characterized in that
e

step (c) of t bonding is carried out by nol ecul ar adhesion (wafer
bondi ng). 13. Method of producing a structure according to one of the

recedin | &4 Ll ' ; i | - Led by a
Pher mal ' 1'aa i effiod of HB0G5hG's AR dedfiuind'® SRON G drBcfiPERARLDC Y
pr oduci rifpaacierizediin that doe emdirittlement @one df farmed in stapdib) &y dinalamtation

h t e .' t, L t i i , b
ol ant &1 g, oot inld b iialcrind BEE ar° dBed b AN RBbCR 8 |

subst antimpldnydepthal to the inplant depth. 15. Method of producing a
structure according to one of Ctains 1 to 13, <characterized in that,
before step (a), the enbrittlenment zone is forned in step (b) by

porosi fi cabi gethbd af | @yelicihg 4 ReubRts Ricberdingy & one of Claims 1 to 13,
characterized in that, before step (a), the embrittlement zone is formed in step (b)
by porosification of a layer in the matching fayer.

16. Method of producing a structure according to one of the preceding claims,
characterized in that the film of strained material is made of silicon and the
matching layer is made of silicon- germanium, the matching layer comprising a
_buffer layer with a germanium concentration that increases through the thickness
and the upper layer which is relaxéd beneath the strained film. '

17. Method of producing a structure according to the preceding claim,
characterized in that that part of the matching layer not removed after the supply
of energy during step (d), is at least part of the upper relaxed silicon-germanium
layer of the matching layer.

18. Method of producing a structure according to either of the two preceding
claims, combined with claim 8, characterized in that the growth layer is made of

' relaxed silicbn-germanium, with a germanium concentration substantially equal to
the germanium concentration of the relaxed upper layer of the matching layer. .




16. Method of producing a structure according to one of th%l rec&%yg
claims, characterized in that the fid mof strained material T8Yrede of
silicon and the matching layer is made of silicon- germanium the matching
| ayer conmprising a buffer layer with a germani um concentration that

I ncreases through the thickness and the upper layer which is rel axed
beneath the strained film 17. Method of producing a structure according to
t he preceding. cl ai characterized in that that part of the matching |ayer
“not renoved- g‘hﬂ@?dp Broglypipe @ St8+°t‘é”ﬁeﬁ“t§9fddmﬁF%@“%PEB‘G(WFEQ"@g&la'm%ast part
of the URRActé®ciREhatithe FEHRIVIRY SRSYAR isrRIES odilidope mat ching layer. 18.
Met hod of producing a structure according to either of the two preceding
clainms, conbined with claim8, characterized in that the growh layer is
made of  rR AR bf LeAleAE I BAL i1 Qs ' QN
“substanti a%ﬁl'y equogi)* ft)@(an%ﬁg %r%ﬂjndg% uéﬁcé@g&ﬁfé@??ﬁﬂi@gﬁ@ t@%cgﬂé %F’Ldg‘g’d upper

| ayer ofchamacteniechiimgthabytbe. waferanomapsiseX0GT leagB dh@. lager hbuthefmeneoduci ng a

structure i to.one ' = Lzed in that
her eosrunng stk MR Eodlal SGr i RREn IS B st B RS ERR 5
struct ure eaabiod0%. to one of the preceding clainms, characterized in that
the wafer conprises at | east one |layer furthernore containing carbon, with
a carbon concentration in the layer substantially less than or equal to

- 50% - 21. At eghad pﬁbl@@ﬂéih?% Snfdtiird GoebRIiMF ©P6Rk BEtHeCrebeding clals,pr ecedi ng
clainms, characterized in that the wafer conprises at |east one |ayer

f ur t'her rigacterizedaiihi thgt dhe bwaferwrempesesa @b oleash rrentayeri Bithernenge” | ayer
subst angd&\'teth%%éFbotnt‘ Aith LEarBOY Bbnddhtratibn ﬁ'?thg' |§%&r§a%91aﬁg§|;¥ less than
sem conduct or-on-substrate structure produced | accordance wt
met hod aweswel ted%o one of the preceding Cains, the thickness of
sem conduct or of the structure conprises a part of the matching |ayer and
the film the substrate being the receiving: substrate, characterized in

t hat the f22ee laterfredatef sdmicpadictatort-bhebsrate hi stouchager peoduicbd t sinf eat ur es

f t - det achnen; itgl t sur f 23. Int di at
Sen condsCoiENGn- i b detnof; atorfed Sacts &f et 8reeREnS BRESI B cf ai m and
pr oducedhmkesdsdoNgemzobbactor &f 16 akaslugs icaRbrisas tahphrtidf therhBRhingconpri ses

a layer of a sem conductor material substantially the sane as the
-~ - layer and the film, the substrate being the receiving: substrate, characterized in

t he

that the free surface of the part of the matching layer exhibits features of post-
detachment embrittlement zone surface.

- 23. Intermediate semiconductor-on-substrate structure, according to the
preceding claim and produced according to claim 8, characterized in that it further
corﬁprises a layer of a semiconductor material substantially the same as the
material of the remainder part of the matching layer, being between the substrate

and the film.

24. Semiconductor-on-substrate structure produced in accordance with the
method according to Claim 9, characterized in t'hat the thickness of
semiconductor of the semiconductor-on-insulator structure cbnsists of the film
and of a multilayer structure on the film, the multilayer structure having an
alternation of layers having the first lattice parameter and of layer strained to
have the first lattice parameter (the growth layer directly adjacent fo the film
being a layer having the first lattice parameter), the substrate being the receiving
substrate, the film being on the multilayer structure and the multilayer structure

being on the substrate.




material of the remainder part of the matching |ayer, bein etwe% t he
substrate and the film 24. Sem cqr%u_ctor-on-substrate st WP gFoduced
in accordance with the method according to Claim9, characterl zed in that
t he thickness of sem conductor of the sem conductor-on-insulator structure
consists of the film and of a multilayer structure on the film the

mul tilayer structure havi ng an alternation of |ayers havi ng the first

| attice parapgter and of | ayer straj ve the first tt|

par aret ef 26; REUGHES pemeay ol bt Rlpte pridusnd et BeoarBingSa | ayer
havi ng tdltﬂmf6réﬁarhabhze?tﬁ[rpﬂill’aaitﬁts@h*)lcortdm@tcﬁubﬁérrcﬁir@ri%@b rofilh@hickcigl Vi ng
substrat e, | mbeing on_the multilayer structure and the nultilayer

structu reéaSt'b‘@ﬁ% &"@Weﬁj h%"% sty dhigknessyis garganyhan tiwpstandgrd grificaly ur e
- senmicon QHﬁkl‘i’éS's%)}oﬂa WRER thePhReb g df B fi Ih? u%ll@%@o@@ﬁé’ 'Sﬂﬂstéﬁtleﬂllya' m 6,

characterized in‘that its sem conductor layer Conprises a I mwhich is

el ast i calasfically sfraieef.even if its thickness is larger than the st andar d
critical thickness beyond which the material of the filmusually stops to
be substantially elastically strained. 26. Structure according to one of
't he four ﬁﬁesedbhlge abecbrding tohanenct the oad pirecedidmclaims amapadt@'ewdl iayer of an

~electrigally insul.ati rial yi i.ckness

Som condt f CAPPlRLs dyelobl A eleitiealy YinRdabed medirar Rgagning 't

sem condhickrigsso of ltlil@tdearhuomncaictdncwltlﬁe slrGctubé) wot thee the csirudturg isogone of the
five last ¢l ai chara(iterizedinthat the filmis of silicon. 28.

St ruct uSEMH glargnepsylater sirete® ng claim characterized in that it

conprises a SiGe |layer adjacent to the film

27. Structure according to one of the five last claims, characterized in that the
film is of silicon.

28. Structure according to the preceding claim, characterized in that it
comprises a SiGe layer adjacent to the film.




