; e3e:V, 6bTc Detachable substrate with controll ed. nechani cal hold and
nmethod for production thereof Fi mmmmmmm’mmmventl on The invention rel ates
to a method of assenbling two 5 I\ ic wafers and the resulting
structure. It finds applications in thgsfabrication of thin |ayer

subst rat es WEH0%M84722ansferring | ayers or conponents onto sBEBGR02/00268any
ki ?d. D;asgri pzi on of t[]e S.r}](c)r ar% ]iLO Irﬂ;:[]easi nglé,tcorrpogentst EUSt be
integrated onto supports differen romthose used to produce them
Conmponents on plastics material substrates or on flexible substrates may be
cited, for epathchabBe cubatiatle with adntadl lEd meehaaticall old and
optoel ectronic or sensor (_far 15 exa Ig chem cal , _nechanical, thermal,

bi ol ogi cal or bi ochem cal z ongt tely or partly
"processed”, i e. domplceted oy ipardritigr oduced. A | ayer transfer method
can be used to int t. efelgyolo) o f i ble . There
are many ot her exaerrlg{egsl%o‘%éhgcplpci I ca%l?a{(;gr]ezs ?Jr?v%i%%%%/e?l@ﬁ%%%%lrl%gc VF’f:;ques
can provi devieregledirorial utwadiefor aingt eghat | hgsvbhpbaenssrocthngersitonto a
support that;igs a Prhordadidherent fram thabusadibor el roprnpduction. In
the sane line of thinki ng, layer transfer 25 techniques are also very
useful wherP 14524 [uPPed o FEeNateralpai davafer, O CRTBPIGRoRnto
conponent s,supgortd Soordgy nalndubstrate, for exanple by de nounting or
elimnating the | at esrc.riSttiiI | i n the sane I ia:r;% of thinking, turning over a
thin layer and transterrifig 9t “onto ardotter support provi des engineers
wi t h Mal uabl e freedomztensesilgn stougboeesst hatswouded dhhepwhsedbeonto

i npossi bl e. i AL i V, i i to produce
buried struct esJ&,&]g%)lr ex%érr% ef,yg%lﬁc %Et:s%]bﬂsrgl%d%éa%_ ac”%)cger lsﬁf%% dynani c
random access menorSPTPDRAN)S wABr 213t i35 cHateadrst i Hdedtorates t RE udal

situation, #hexCRRAE IS Srates may be cited, for example. By component

is meant any microelectronic, optoelectronic or sensor ( for

15 example chemical, mechanical, thermal, biclogical or
biochemical sensor) device that is completely or partly
"processed", i.e. completely or partly produced.

A layer transfer method can be used to integrate
the components onto flexible supports.

20 There are many other examples of applications in
which layer transfer techniques can provide a suitable
solution for integrating components or layers onto a
support that is a priori different from that used for their
production. In the same line of thinking, layer transfer

25 techniques are also very useful when 1t 1is required to
isolate a thin layer, with or without components, from its
original substrate, for example by demounting or
eliminating the latter. Still in the same line of thinking,
turning over a thin layer and transferring it onto another

30 support provides engineers with valuable freedom to design
structures that would otherwise be impossible. Sampling and
turning over thin films can be used to produce buried
structures, for example, such as buried capacitors for
dynamic random access memory ( DRAM) where, in

35 contradistinction to the usual situation, the capacitors

L
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2 are forned first and then transferred onto another silicon substrate
before fabricating the remai nder of the circuits on the new substrate.

Anot her exanple relates to the production of transistor structures referred
to as double 5 gate structures. The first gate of the CMOS transistor is
produced onWH® @882t e usi ng a conventional technol ogy anBCTHER02(0126¢fcd
over and transferred to a second substrate to produce the second gate and
finish the transistor, thereby leaving the first gate buried in the
structure ( see, for 10 exanpl e, K. Suzuki, T. Tanaka, Y. Tosaka, H Horse

and T. SUgiére"f%gﬁeépﬁﬁgs@nﬁnHOWﬂﬁﬁwwﬁrdh&ﬂekﬂaﬂﬂﬂﬁtd}ﬁﬁbéxar(ﬁﬂficoﬁE|CE
Trans. El ectron 995

.pp. ., 360367 Th t t
Tsolaie o CHITEE5Yer PEERFEr 2 bE bRt 4Rl DTS PETts dnatit or BT t he
field of |ight Emt tiew wtﬁﬁh&sdtdED)Anotmm exaapipée foelanstante ashe
ted i A IALS
eport o9 | noLR,JOCURRLS WS MNG ol lyce o nal oL ELecr 1 S MATER
Vol . 1361 Phy@¢catrEOthﬁ@epﬂ§eoﬁMWﬁQH¢%ﬂ% ©5rtN@v@MQ§ntﬂ§Rﬁm&tﬂﬁcliEV|ce

Appl i cationg,dqkdd90rn gh@u@@tf@@eOgﬁfﬁésasggﬂ@énbﬁéﬁalStééhh&@%éveaﬁ@e
control of extraction of the emtted light. Another object relatés to the

fact that iFDERi SUBBPE| OYIedr Ahnpfas Her 52 pher & SRS Car B REFR 1% b oduce

the 25 epi tpm@ucétaﬁ& Bécan§0§h®él @msi tIU.Urlﬁ_)é,h lﬁhepaﬁar@sxl@wozb,ecaueeeby i's
electrically insul a

t | t act To b
ablo Lo renbUBYoRY oFilr 0 e SPoNCLE EnstT o155 G ER OWES. AV dGtbus.
for the phaeeampl@;oﬁan§uthk1naﬂén?ﬁnaMunnﬂ.tﬁusaappeﬁr tHoriee 3hd T.

desirabl e. igentu§§%niﬁﬁégﬁi9ﬂ“js gﬂf%ﬁﬂk&feﬂ+'@+th80§bdeGQE? SQT

applications ?o tel cations and m crowaves, “for

situation, ¢MOR'S, pEEfEFaBirénser BIRCtaponeyids t 87BeCfi ﬁé?l9l5y ipR-egt@led
onto a suppgst) having a 35 high resistivity, typlcally at Ieast sever al
kohms. cm MD 02/ 084722 PCT/FR02/01268 3. However, hi reS|st|ve
substrate is not netedsiPAPYyTr§TSPFadi% éfo%ﬁeeséne156%t g witdP™® hetSane
qual ity as @hEgsmahdam®s$ub$brake5eusuahtgredphmye@heIﬁlema eFsel ofht -

silicon, %%fp€h§$ gégneg |I|%%Q\Mg ﬁg star %gmﬁ$§%£§§ stéglty

are avail ab Vltles grea r than here
very littlerepootéer qun the 2®@cwmrstae Warkd Menki ngt atalal,l J@utcnel%@fmﬂ

size. One SQié'é’cP&nfé’“ﬁA%ﬁlhﬂsPr%%‘é“e' rlglot9he GOIPOPENt §°0n AN Kfd Pi RRk
structure including a standard substrate (fo
I. Pollentier et al. page 1056 SPIE Vol. 1361 Physical
20 Concepts of Materials for Novel Optoelectronic Device
Applications I (1990). One of the objects sought here is to
improve the control of extraction of the emitted light.
Another object relates to the fact that in this particular
example the sapphire substrate wused to produce the
25 epitaxial stack 1s a posteriori bulky, in particular
because it 1s electrically insulative, which prevents
making electrical contacts. To be able to remove afterwards
the sapphire substrate, which was advantageous for the
phase of growing the material, would thus appear to be
30 desirable.

An identical situation is encountered in the field
of applications to telecommunications and microwaves, for
example. In this situation, it 1s preferable for the
components to be finally integrated onto a support having a

35 high resistivity, typically at least several kohms.cm



10 exanple of p-type silicon having a resistivity from14 to 22 ohmcm and
then, during the final process steps, transferring a thin |ayer containing
t he conponents onto a glass, quartz, sapphire, etc. insulative substrate.
From a technical point of view, the major benefit 15 of these transfer

oper ati ons WO @20084820rrel ate the properties of the |ayer i RCHHRIRZ/01268
conponents are formed and those of the f3nal support, and they are
consequently beneficial in nmany other situations. There nay al so be cited
situations in which the 20 original substrate that is beneficial for the
production @fwd e, COBPANRIHIS, | BeEX6€5FEVRlbstasidey. 14 Nrlbke KaSE&sHirSiyi con
carbide, for exanple, offering inproved perfornmnce hi gher, t enper at ures
of use, sidghi%i § 2% er*P%\Fe%“‘?m %rﬁ‘rb‘gv@rtsha f$ e%&"il tHiatiseCet c.
) , but whoseamdstd 25 wiosmedess t ousudipn esphveygd.hi gin ithewuwtasde of
beneficial to, transf a_thi ayer .0 cOS rigi b in
this inst ansclfa)l ST o%doc aarr%(?d%d oﬁrg‘?od]t%]%é?%%x%leir#sél/?fg ‘?’%\%ﬁé s%%s%éar?%% ere
silicon), ambistiecoyeratrke rasrediledelre,of whereast| yoori giealsubstiate for
reuse, possi t 0 in at .o f i can
be carried %ﬁété/tb%; o?é?ﬁdér i}(%glq%?déf %@%eﬁgrggfg%%%gtﬁé %E)f%rpeg}ne%?s.
The above tERfIn?QUedMcahzal 88dpreteipgneti ¢ildl im @19 FG®IwE $1 Svhi ere

obt ai ni ng asdhith dih Nakossbst § at eni S p3bduEpaLt arthef Orcdmi@ddrdtal appl i gati on.
Power appl i cationsli n V\l% 02/ 084722 RCT/ FRO2/ 1238 é pargi ulgr rr(a be
cited, whet®erdtbt! r s Hssoditratf MG h % h8“804aeh4t | DR BF T ReSt ‘of°f
becaus® i n soamplases théeyper rsantianrsthdviovg t &r oeghstheithi dovessl Ofto he
substrates wt sses t re. to fi.rst r o¥i i 0o rti 5to
t he thi cknezs\és tktfﬁlgug whi ¢ tathhgenéur%élﬁtlnéasggg grLraHfE CQFQ&G%%%I iécg'??%’ns for
which a thifraupserairgis Fhgoi Ledefrocongasonsdoft e exdnanant segntd sd be

cited. For {hese apphi€Aati ONSpnihe ChiLUi{$s @ £ ProOdUeEs o4 hi ck or
standard t hi ckness ori gi nal ‘substrates, h has the_ 10 advant age,

. whic .
firstly, of good neEcCHdhi 2alteFE8ispand®itd tHe VafFoudhsr Jr sbepstitng,
secontby, off conhess ng radsHeandasisrat idnd egasd o t hiddonise e cethai n

production equi pment. The _final thinning.is then achi eved by de unt i.ng.
Thi s dem)un?&%g%%he%eogcggﬁpgﬁygé 6§/1 tralr(%f er elBC(%Hcl)poarheocthserars%pg%???dl n
sone cases am@ thassferf tthenbimetr support, i endotthiendi spensabtequespegi al |y

if the finalothfckness; qi abe QA i Hoc L b Hg is sufficient to produce

sel f-supporting structures. Various techniques can be used to transfer
| ayers 20 from one SiPporMayo &kt hée. Fhtedmsidasdd onshel s MRy BRet he

llayerz@nd tHei SLRPDré ubSirHee t EAROT 8E Yoel&F Sci sl ther cang, pfoduexaspl £ when
using for the thin |ayer transfer handl e substr& 375 WrollosegLunctlon is.to
ar i

provi de a gu¥ arft¥ERPHI P duri n§ 19w Hr'sist eF oS § viPFou§3tFeabhent s
to 25 whi chsthecdmyesrbsdsubfect edapler eof hertnanshprov€i phrSosubpeet see

then ari ses e aRbobr Aot Re Fenrey ehbT by o aaBrb o PRET Sy o= RL A e
substrate. Theerdhexi®dn htegizenrists | wiarssiceul artcher sublifci BROFG sEPdhRg to
25 compared to silicon is wvery high, it would be beneficial to
transfer a thin layer of the costly original substrate (in
this instance silicon carbide) onto the inexpensive final

substrate (here silicon), and to recover the remainder of

the costly original substrate for reuse, possibly after a

30 recycling operation. The transfer operation can be carried
out Dbefore, during or after the production of the
components.

The above techniques can also prove beneficial in
all fields in which obtaining a thin final substrate 1is

35 important for the final application. Power applications in



30 fulfill their role and in particular to resist the stresses inposed by
the treatnments applied to the portion to be transferred. Al so, it nust be
possi ble to denount the assenbly in order to free the layer to be
transferred. There are additional stresses (thermal, mechanical, etc.) 35
on the adhe®Wii/@843%E when conponents (mcroel ectronic, NOTERRZE1268

PCT/ FR02/ 01268 5 opt oel ectroni c, nechani%al, piezoelectric, superconductor,
or magnetic conponents) nust be produced conpletely or in part before
transferring the thin layer when that |ayer is fastened to the handle

substrate. dhe:adhest onaReaps usted t haeehere her bethsshsongsdOcPsovide
the assenbly, between the thin la and the handl e substrate, even during

p
the conpone¥ttFabPfc&itoNartofesSes®ahd 4t R Eihel i A8 FevEr &I B¢ o
enabl e t he durnadntdemuant ifdgwoft Htweudtandhe shbsknate. of0 tVoy esgeneratey, the

pr obl emthati@ﬁ'§8§sé %HQ[; gt cagsendling . a naler, & %é‘i@ﬂ?@h&oﬁﬂgﬂ%alm"?h
waf ers can be subStfa es, thin’layers, "or su ciently i KPS be

sel f suppor timgtheorpusikreessy bhhenghsaehicdnposedcofrant| agstsesne dmanore
sem conduct [ : tl r | et 15 d:qr I sed,

t he assenbl@gﬂgs%ggﬂ?gégéggéné%ﬁfegS? erghfé%%&afgﬁﬁggggge&%l H?ﬁ%gf %ce.
Before de i fgasensmet RafsiBééAtHod¥bl 8166 Modatked pdr ofhepe

whol e of cosapeNErssi&fs At tBaSt coreudtst hereWwo pifice Or drd Caif gk Oubra
step of epltaX|§I grom&h. 20 VarIOUS.SOiUtIOHS have beenhenglsg%ed. ghe
first sol ut PN stEFHPSPT mi Mt PHR t he® $Bppb? tear e by abPasi oh€ but
in thig casadtdetawder fiixscdysuned Gdest rysthrdwralngrébiéspancesse Thes is

also the ¢ j n C opL.ayer Lsqprovided;pet - ers:
t he suppor?éﬁé%%%gi éé%?%%e%tﬁﬁ%é c%ﬁ%iné%%on 0 ’agﬁggiggﬁgﬁgg%ﬁgh?ﬁ%.
O her met hodsandasdd ol thhereqdnd - bef 't heditncip? eOnalsy tddifouRrtoduehian| ayer

previous!y nﬂﬁﬂeﬁ& anT%%imﬂE%aPUpEEEhniﬁgai@éMtBHHB t@%ﬂﬂ@ﬁéﬁ by
necessarily being 30 consuned. These net hodS generally use sel ective
chemical et PP B % bURT8dIPRPERRBPACET RFerdCGIRAHISH a8 okt aP2EHi th
nechanscal toreasthéhi suprpetof IMetdode | Sayesy tWedainansted tio t anosher
1V ol erelged 9, CLLeTen WRER S suBROT{ (388, GrGATREY | cB), 2 ol EEE
thickness aimed at during thinning is sufficient to produce
self-supporting structures.
Various techniques can be used to transfer layers
20 from one support to another. In some cases, the assembly of
the layer and the support can be temporary. This is the
case, for example, when using for the thin layer transfer
handle substrates whose function is to provide a guaranteed
hold during the transfer or during various treatments to
25 which the layer is subjected before the transfer. On this
subject see the document by T. Hamagushi et al., IEDM 1985,
p. 688 - 691. A problem then arises in choosing the means
employed to assemble the 1layer and the substrate. The
adhesion means must in particular be sufficiently strong to
30 fulfill their role and in particular to resist the stresses
imposed by the treatments applied to the portion to be
transferred. Also, 1t must be possible to demount the
assembly in order to free the layer to be transferred.
There are additional stresses (thermal, mechanical, etc.)

35 on the adhesion means when components (microelectronic,



WO 02/ 084722 PCT/ FR02/ 01268 6 explained in the paper by P. Deneester a t
al. , Semcond. Sci. Technol. 8 ( 1993) , 1124-1135, the transfer, which
generally takes place after an epitaxial growh step, can be carried out
before or after the production of the 5 conponents (by "post-processing" or
"pre- procesWin@R/0847Lpect i vel y). However, these techni quesPOA&RI2H1268 fti ng
off depend on the fact that it is difficult to obtain liftoff on a |ateral
scal e exceeding 1 mm Another situation consists in exploiting the 10
presence of a buried oxide in the case of a silicon on insulator ( SO)

structure, howevel.stapdardptheahathe! MR ANYW S bes(pdrcSnaREOduced
W t hout seeking any parti ‘cular denount abi | i ty effect) | f _the structure is

bonded suf f?Ei @ﬁgp?tét:r&‘?@]wn@é‘téhot%t S s PFAfECafd CRMRLGHSLY % esB i s

aﬁpl i eddt 0 pdwer Sbéf_l@ielr eraueﬁeﬂtm?:c edef taghuneyepr efterenttial | yapehi eyed in
t he oxi de, n cut.ti e ct, on the_scale.of .the entire
tobstrnte Eedefes 12 RngiARl ik Shrd norBer erndsyb e Tayst
1995, Showst erekanpl @eofbdttti ssonopages 53rdal &b5. thaf astsemdtlel ybet hee20
fracture is dif | t o] o] n S gh gegh S sses
to bring it Q%OE%}EH lai}%tcs&?%tlt rgeceil gk%clﬁeéé}?gsﬁéa?é ‘or ea |ngmorfci%% the
substrate wommnmg fHer koripoent@ OCRES focumdst  EPO70B609s Ae dj 5EN®ses

transferringefedi bpyek onéQa 1 i Rale SEPSiT ahenia)ym%%@r obf i Rt heaRONEi Ny
energi es. However, in the above docunent, there is a first bonding energy

bet ween a tW}PFW%%/E? and a first substrate. The bondi ng energy of the
adheremt cont act leetsvegBnebell gy ertendpt dbl srcahd ts Lst g et elsthﬂldtar@Et

substrate, or he nmanj |ator,.is._t cont.r IIe 0 t reat er
than the fif%t°c oindn%g eﬁg]r%l&r/, "B& \/\/éael%%{ﬁﬁe Iafgerr’an %Tch h?a J{ su Igtggte
The techni gerelsstseties o0 thtneasgeashondi sgidnerigytiet wharrk o W esgl ar e

wi dely kno e h 5 ns eykousl y al so
i n other s:l\%lll:lja%-(:g'onlsﬁl(lj lé%%g) /585%72%§P8%h%%g&l/s%126%1ﬁ hég eglfsléfthelegé%

producti on ®Re SEF SIATECtIRBECORYICNANPRESTERLSO RaEtddt (fTesCaFRL ebehbe
obt ai ned, theossssage @fepeh@trb@es@eer at i-eRs erseémﬂle,ndeciaxflirrgal | tyo t Obe
provide, and often wththe ad of @anngaling caprled;opt atter bonding.
demounting, it must have been possible to produce a part or
the whole of components on at least one of the two wafers

or to carry out a step of epitaxial growth.

20 Various solutions have been envisaged.

The first solution consists 1in eliminating the
support wafer by abrasion, but in this case the wafer is
consumed (destroyed during the process). This is also the
case if an etch stop layer is provided between the two

25 wafers: the support wafer is consumed by a combination of
abrasion and etching.

Other methods, based on the "lift-off" principle,
also demount a thin layer previously bonded to an original
support, again without the latter necessarily being

30 consumed. These methods generally use selective chemical
etching of a buried intermediate layer, possibly associated
with mechanical forces. This type of method is very widely
used to transfer III-V elements to different types of
support (see C. Camperi et al., IEEE Transactions on

35 photonics technology, vol. 3, 12 (1991), 1123). As



5 high bonding energies typically from1l to 2 J/n2. Conventionally, in the
case of Si02/Si 02 bonding with standard preparation operations, the bonding
energy of the structure is a fewtens of ml/nR2 at roomtenperature and 500
mJ/ n2 after annealing at 400 C for 30 m nutes, ( bonding 10 energy

det er mi ned WP 024@846222de net hod devel oped by Maszara ( see: PORERR2&1268 al . |
J Appl. Phys. , 64 ( 10) , p. 4943, 1988 . Wien the structure is anneal ed
at a high tenperature (1 100C), the bonding energy is generally of the
order of 2 J/n2 ( C Maleville et al. , Sem conductor wafer bonding, 15

Sci ence Tecdwnel H0¥e ANAnARML CaipON LY, PV 9dmdbs 46, e The JEl, ecs& prdeng cal
Soci ety Proceedi ngs Series, Pe gt on, (012998) ) . Oher forns of
prepar ati or° pri orr Y8 ¥ondi Ag (le?é{;]),, fglrlﬁg_%%p#e exp§suFE28Fehe st¥aRes to
be bonded tgemeidBbyratikésr paxarplsf @y oxygepiphasan) groamnth careyyi etan 20
cauivel ent, pondiiig SPrage WEbQUL al vava JPogenl L agcaugh apBesligo ¢
Seal i ng wi t¢ompereiEs of yhi s" paght pudeesdsiigltonpat i bl erev prodeswimy’ng.

S [ S b t Sa
Oe vari antSs gl e kKPow as Q%l@eg, ?ﬁl&@i%??%%ﬁﬁdg%‘se?stﬁggean%e £he PaAg

(BESA). In addition to nolecular a 1on di ese variants ar

based on pHysi cdgreetoval thg 3t ofiaf b subdifhieuhy ol okbby YEEhni ques
and/ or chendeglot£h Hge tLL N HUESexddedih$ Cagh the substrate is consuned.
30 The inventors have shown that by nodifying the hydrophilic properties
and the roughness o@n?W%urFéEBngapff é}ﬁlg‘"’ﬁeschah%{calexﬁlloéﬁdﬂ’ﬁs c&he be

obt aihed, gresdteticd hafi o besietiharxkitdee mechdrd cabsst rgngs hsiddrwentownal |y
obt ai ned. F e, i pdi in per, ) V. e 1.
(Pr oceed nge F FHe: ha0 bt Brharr Gasi | PoUEYBY) G5 SBcH RO D dba s

Conf er ence @Maaives¢ abs f or eM erodueetr shitdwut] GdeGomeuat parsicplan8s,

1998) , hydr@d hyi@ni £paci €y et ghirpgth NCr epses chhe roughnesse of 1@ si b oLy oxi de
| ayer. The paper states that an 8 000 A etch increases the rnms roughness by
5 approxi met' et @tenthym tFPnE25 AR PRRASTheMPFEFREPed@PRat 2 S| BYISI 02

bonding W tdr a4 NBsr apghneases @hdl.Gahdvnand ohdAb ronfed £ hect @eéng
surfaces vyi el a_ maxi yum bondi ng,ener gy val ue of the order of 500 mJ/ nR
bbY ehtegee

d
after anneadfAgat 1q ; miE h POt (rancdh 1Y stAnfar iyt ting
situation. dffdethoncaheprsgfalem @ndtlel encomnei s wdstaradanc v tdotlment

i nvention  her {IWENSd OmINCLLTREELO0% Stso1n B L eghni pe plo@ssebldng by
nol ecul ar adhesi on bondi ng of two wafers, t?’ue resultlr}g structure belng

i ntended t *hecyaRBAt &F aththeolsPagsently Fat 8Pf adkf omfeInid Sdount Fgy or
lifting ﬁf ff@%cﬁth"ﬁe stirsrcal_ir:@ilcmgene?alda&a@d@dlr :j %dlcpuﬁe@febgﬁtéﬁgﬁol?ﬁﬂéﬁ or
sensors have been, completely or rt produced on the | ayer or_after_a
step of opi TEErL CF by FE ST Ghe" Of PHHLS whf 61 8000 e f rvert? or SFS oL
consi sts i ntlee strriwdt ubé clongak smang dfwo thaef es sbg oranesl tcagetihenghyiganthe
interface o, Lot gorredi ate layer having a | evel of nechanical strength

that is easy I?}gocon rol, so that said structure is conpatible with the
conpl ete or partiBre peduesingn BP0703609 Al discloses transferring a

25 layer onto a final substrate by controlling the bonding
energies. However, in the above document, there is a first
bonding energy between a thin layer and a first substrate.
The bonding energy of the adherent contact between the
layer and the second substrate, the target substrate, or

30 the manipulator is then controlled so that it 1s greater
than the first bonding energy, between the layer and the
first substrate.

The techniques used to increase a bonding energy
between two wafers are widely known. They are used in the

35 situations cited previously, but also in other situations.



25 conponents (for exanple the deposition of an epitaxial stack), but also
so that said structure can be denmounted. The literature generally refers to
such structures as "de nountabl e structures” or "denountabl e substrates”.
To this end the invention proposes to produce an 30 interface by nol ecul ar
adhesi on boW&) #¥0872%ne face of one wafer and one face of BASHRIZ/NGEer
with a prior treatment step applied to at |east one of the faces to be
bonded to control the |evel of nechanical strength of the interface. The
nol ecul ar adhesi on bonding can be carried out with or 35 without an

intermedi atend@yers (t1oXigeodudtId€ledf .so1 \Mﬂ%&&@# ﬂ%(fr/&mzfém.Z% 91n a
situation correspo%nﬁgiﬁégg%cigfgggnﬁ&nt| ?)%a:lg\égl, Zt por}réaons of

the wafer (dies
pr epar at i onpod pd et Wwad es pgar &f sabl| yre nr:rhtr.&ied;eca fsitrmnll/metrcebgrmldl@,asatn@ne 5

fragment of Cﬁfér?' J«f‘é’ﬁrﬁh%f Q‘[?h et 6d 0Sh LG c%%r‘l%’%“bfl}e ”agftgérepbcﬂcf 3 gontr ol

t he mechani strengt e Intertface, "a ste preparing a 't one
of thedtwo Hiales b@nblénasse@ﬂﬂre%ﬂ&?% né&@ggawm n foraer to cdontr a8l J(me

roughness 18,2004 of o h e Pydrophidpe propertdses stﬂb?zr/gﬁ?bz -bdRdPREPAG L 1 he
surface by controlling the roughness, in the case S 02 surfaces, for

exampl e, hyHrHrIUeR | Er%.E‘?HaEJf%IﬁI AgeEahipBSuskHe @opéi,lngh@,ﬁeggy tHedtent s
are possi b|§tzr@c'5t@19é|r§§ Asrawf uagki @F ofgtde 46 B@bmreteQrfpethI%t e&m@l to

be et ched. uce a denount able su tr t he, S t
exanpl es of>Y dﬁ%‘f‘oz‘ artd S9°S (fj yphlgor&%%rég of

| ayers0 of defidegentiekentdsngd Sb@Nz&h'es kﬂadbhareWmWeiHvaﬂ@eoexkaﬁpM@szm
there are al th i_licides) , it ffi o u S abI _chegn cal
t r eat ment a(sfgo? 6)343%9 3= %54%% Hlf&fg?)lb @Y%y a%gl o%(S %
NHAOH/ H202/1~%8 (- ans%n ciahlqa et SEAjureris; é)nneal%eamwaml@ate@m@@#m of

the interface 1§O‘Ff@)dl fted b¥nhiest BBBLgyf 8k @é%@%'a@l@e%tf thRatyedy &0 25
strengthen the interface_ in a controlled nanner, that jt is

corpati bl e wi{fsuseqtiéhtVdehburiti m 'bySEB‘ﬁFPBFlPFEBrt H@fﬁéatb?rﬂ%hrﬁ%nt
par aneb er s g¢hends eababablbye, admeAppnpeaawﬁe;[w hec ¥ eppeBaf ure, greige ent ,
atc. ) . TEféé%?%cﬁé%?%gfngocigglug%oEg% §n%§5%%£?€%?‘¥éﬁhf§5%on, NJ
{1998)). Other forms of preparation prior to bonding exist,
for example exposure of the surfaces to be bonded to a
plasma (for example an oxygen plasma), and can yield

20 equivalent bonding energies without always necessitating
such annealing (YA, Li and R.W. Bower, Jpn. J. Appl. Phys.,
vol. 37, p. 737, 1998). Sealing with energies of this
magnitude is incompatible with demounting.

Some variants are known as bonded SOI (BSCI) and

25 bond and etch back SOI (BESOI). In addition to molecular
adhesion bonding, these wvariants are based on physical
removal of the original substrate by polishing techniques
and/or chemical etching techniques. In this case the
substrate is consumed.

30 The inventors have shown that by modifying the
hydrophilic properties and the roughness of the surfaces,
different mechanical strengths can be obtained, greater
than or less than the mechanical strengths conventionally

obtained. For example, as indicated in the paper by

35 0. Rayssac et al. (Proceedings of the 2nd International



30 subsequent production of conponents. The faces treated in this way can
then be nol ecul ar adhesi on bonded, with or without an internedi ate |ayer
(such as an oxide or nitride |ayer, for exanple) . - The step of producing
the interface is followed by 35 a step of lifting off the two wafers; a
step of proW@2@P4a22 WO 02/ 084722 PCT/ FR0O2/ 01268 10 part BETERO2(MA8 of
m croel ectronic, optoelectronic, nechanital, pyroelectric, superconductor
or magnetic conponents can be executed after denpunting. Between the step
of producing the interface and the lifting off step, 5 another bonding step
can ad\éant agﬁm@ﬁ?hct@ ef@fgut aqbﬂi;@rj_calrmte %ﬁecmﬁbﬁ%@mé@ﬁ@ii@s bmmlb ig_g
step advant ageous] y .incl udes u esi o ndi ng or adhesi ve, bondi ng
(for exarrpl(gog‘UgLi1 aa%%esipvgnjhﬁ’deﬂéaggy &Ycﬁl%?ﬁatf?%]n? chlgsi?lt—;c%“b%l yner
adhesi ve) .iddrddies case,r@udhidsofdf A epl Nk @t dliedd eveyennf The secand
interface ¢ v eouslhy carried. ci.d etchi 0
applicatioﬁggyﬁ%%gﬁgﬁgc% ét?ggsésegﬁglég%%ﬁg¥ﬁ§lQ%%ﬂéﬁy;ﬁ%&gﬁﬁ%g%t?%sses.
The waf er tdeprdvisnaiotl bebr prvcessbd 0T nmanst draedoesin 1S bdvedt Blggbus! y
be used agaii i@, ool - witdhgnWahir sranen el st aBky 00fs 2se e onguct or
materials preferably chosen fromSi, Ge, Site, SIC GaN and other

equi val ent QHQ%§CE%,f%éG$PeIﬁ§9&HQeﬁ¥¥ﬁﬂ%ﬁ§rYbe%@SpPeﬂﬁﬁ%ﬂHWi?p?ﬁ&%ﬁiaJs
(hLi Nlbos, Lé rlest3) omgagagt i‘d}qe'ZOofl@éﬁrb_ﬂl 500; Wﬁ&ésaed'ér?rarﬁiéﬁﬁwsiigsﬁat- A
thin | ayer ¢ produced i.n at | east one of the t ers. .The thin

| ayer can Ho DHEahed By Tl R T gf el P DT ST oA T | o

obt ailned by pl aniTeclmitiak piwhi enl £3d reclhstionl i pocedrdance witierthe

pol i shi ng Qe L£dgm cal etching. - The thin layer can be obtained by
cutting. - %—rmﬁ)—rs.achi eved by fracturing a weak buried layer. 30 - The
weak buried | ayerThs sbvanheanbyliansifaneat Fonsapest K ¢ adegha@iiddicob?hi ned
by heat andiyeRBChafi Gl neel @F a € heMh €M ok N8RRI - of two wafers, the

resulting structure being intended to be demounted at the

15 assembly interface. The demounting or 1lifting off of the
structure 1is generally carried out after components or
sensors have been completely or partly produced on the
layer or after a step of epitaxial growth on one of the
wafers.

20 The invention also consists in a structure comprising
two wafers Jjoined together by an interface or an
intermediate layer having a level of mechanical strength
that 1s easy to control, so that said structure 1is
compatible with the complete or partial production of

25 components (for example the deposition of an epitaxial
stack), but also so that said structure can be demounted.
The literature generally refers to such structures as
"demountable structures" or "demountable substrates”.

To this end the invention proposes to produce an

30 interface by molecular adhesion bonding of one face of one
wafer and one face of another wafer, with a prior treatment
step applied to at least one of the faces to be bonded to
control the level of mechanical strength of the interface.
The molecular adhesion bonding can be carried out with or

35 without an intermediate layer (oxide, nitride).



- The substance inplanted is a gas (hydrogen, helium at c. ) . 35 In
ternms of product, the invention proposes an WO 02/ 084722 PCT/ FR0O2/ 01268
11 assenbly conprising two wafers joined together at a bonding interface
whose mechanical strength is at a controlled level, in particular through
control | i ngWn®2/@4722ace r oughness and/ or the hydrophilic pPEp&R024426%
According to preferred features, possibl% in combination: A thin |ayer can
be produced in at |east one of the two wafers. Said layer is further
bonded to a second substrate, 10 advantageously by nol ecul ar adhesi on

bondi ng or adhesime Hosdtngribar cexampbendshgg rafthadhes wWeehandened oy UV
radi ati on. _ The cheTi cal_. and/ or mechani eng of the interface or

gnl al st Ep.
connect i ng T&yer SVE Fodifs i BY Se1et PYelY UsYHgT 15" POES! i 280 FS SN un? ¥ or m
treat ment s fetheatintr eatlverits ¥ ekipesurejcl aserther radeparanioet ©of) tle

i nf i | ect i i th
other s accBtirng s e “ERCTRaES Loy MIEARD A8 TRaS: e
surfaces, poragrematefi gpdd duirvesd def delsmigadedes ose e ongasediusng

m crocaviti@sep, The layer is of sem conductor materials (Si, CGe, Site, SiC
GaN and ot her ‘equi val ent nitrides, I nP, etc. ) or ferroelectric or

AsQx,
pi ezoel ectric mateti GPRE¥OLi NBB3MCLPRROST Lo trggéti ©Tort i pEReohlRic®or
materials (¥ba€d o25 Pbdbaeitg at, lwhetthesne ppecessedtwor fraeks Bid ebe

description of t rawi ngs Aspects, features and adva ta es of the
mvent | on Wi 1oURET Ge  Pr QAT ol | b 50 HEecid pt PBRE N ek | 4 UEFEBy vy
of ill@str andfomandheomydnd phihg @xanpber ahes wihdreof.

- To prepare the surface by controlling the
roughness, 1n the case of Si0, surfaces, for example,
hydrofluoric acid etching can be used. Other chemical
treatments are possible, of course, as a function of the

15 nature of the material to be etched.

- To produce a demountable substrate of the SOI type,
the examples of S1i0,/8105 and Si/8i0, bonding are
considered. In the case of layers of different kinds (Si3Ng
is another conventional example, but there are also the

20 silicides), it suffices to use suitable chemical treatment
(for example H3POy; or HE for SisNg, by analogy with
NH4OH/H,0,/H,0 (also called SCl) for Si).

- The mechanical strength of the interface is

modified by treatment, for example heat treatment, to

25 strengthen the interface in a controlled manner, i.e. s0
that it is compatible with subsequent demounting, by
controlling the heat treatment parameters (the treatment
time, the temperature, the temperature gradient, etc.). The
heat treatments include those associated with the

30 subsequent production of components. The faces treated in
this way can then be molecular adhesion bonded, with or
without an intermediate layer (such as an oxide or nitride
layer, for example).

- The step of producing the interface is followed by

35 a step of lifting off the two wafers; a step of producing a



30 reference to the appended drawi ngs, in which: - figure 1 is a
diagrammatic view in section of an assenbly conprising a thin layer on a
substrate, the interface between the | ayer and the substrate having a
bondi ng energy, 35 - figure 2 is a diagrammatic view of the figure 1 WO
02/ 084722 P& &QBATRI268 12 assenbly afterdepositing or grBGIARI/I26E ace
| ayer,- figure3 is a view of the previod§ structure afternol ecul ar bondi ng
a second substrate known as the final substrate,5- figure4 is a view during
alifting off action atthe interfacebetween the thin |ayer and the
firstsubstrgdes - o guERS | ShaL4li agf aniBE+Se VeV Ohi@, WabgtooDbat Reglad t er
lifting off and renoving the freed interface |ayer,10- figure6 is a view of
a figure 1 T?fg%a%c%unt OSSN - | PPRFEFTEISTOFew Pher BF9RFEET the
product i on ofmcormpeanent sanf dsexarptatadf iafdtert rdasdbshdti ngat Get weegureBei s a
vi ew t hereq t i.ting ide, 15--figu LS _a.view t hereof after

pl anari zati%%&% ?%r %gﬁ%lcélngy t%P;jl,rEt’L?lffg%éré(@al%ﬁ?s%gevilév%%tlﬁgr €0 a?tf%é’

nol ecud ar ackrest e bdwdidigq | aceRdi g hesdvantesgemit)y - e garettted atwi ew

thereof afteregegoantdngn@andROdepxidattons tgseapyg dbe fé@@%&&%@é&@fy
| ayer,- figurel2 is a view of a figure 1 type denbunt a%l eassenbly- figurel3

is a view théredfear Ml SsrPddct PERCEELBPBNERERI 22T f RHhRELINSI sPANG} v

t her eof dur(i figr der®MPL & ngs bty dhobluesi &eatiaddetnehi ng, and/ idappl digatd on of

mechani cal f or ces vvithoEttransf r t.o % tz];r?eé substrate, - figure is a view
Stai®’ s ubst r &

f,
t her eof af t€r° tmBnPnd it & £° afi@S5§ sGbstrat €thatteBn be
recycl@ed, 30at fitigar 8&Gelsod var aricoold fiirguared ot it eadvartagepusenghies or

not ches bet . 1 he o] ts,-.figQ Zis a t her eqf. i.ng
conponent becly\%gﬁ[%?t eggfq'fp, r}sgr 3%5?@ elgt:tf]}}leﬂrgshy%%{%f%vﬁor %(P%géic%gg\gﬁ ng, 35-
figurel8 isnechariFahal gydigsass figmcdor, theropl08432d/ PCT/ ARG OGS 13

- figurel9 dsragiggrammatic view in section of thefigure 3 assenbly after
adhesi ve bondi n%agf a transparentsubstrate,- figure20 is aview of the upper
5

portionof thiS SENBINR taf $37 | PPE- BhC TS hPAg, B Sfi et i S@Rvi ew
of t hE5 uppesdypatagaods i lsassead| ygadh ettt dt | ngdffohd pol i shing, -
figure22 is an ov_e(r]ﬂlb vi ew anal ogous tat h%t g})fli gure_1, show nlg regi ons

I
that are elimnate %/chewﬁ%ced:lslo and meéhanica Cl}fttiﬂa, - ??Ig%cr:% %u? Chvi ew

t her eof af tlert dohall ngere Uppebl gublsesan efromfIguréet hdtGaf $igQur@aldsand
figure epi té‘e%ﬁll %g??'tv' 16hgurg 24 dss @ W5ew ofy 8‘?5%%1@6&%%]&41%”50}0 1,
25 is a view there a]?ter depositing an k based on GaN,

pliezoelectric materials { LiNbOs3, LiTaO03) or magnetic

20 materials, "processed" or otherwise.

- A thin layer can be produced in at least one of the
two wafers. The thin layer can be obtained by thinning an
original substrate.

- Thinning 1is obtained by planing and/or chemical-

25 mechanical polishing or other polishing and/or chemical
etching.

- The thin layer can be obtained by cutting.

- Cutting 1is achieved by fracturing a weak buried
layer.

30 - The weak buried layer is obtained by implantation
and the fracture 1is obtained by heat and/or mechanical
and/or chemical treatment.

- The substance implanted is a gas ( hydrogen, helium,
etec. ).

35 In terms of product, the invention propocses an



26 is a view thereof after bonding of a substrate, - figure 27 is a view
thereof at the tinme of lifting 20 off, - figure 28 is a view of the upper
portion thereof after removing the freed interface |ayer, and - figure 29
is a view thereof after renmoving the layer initially under the stack. 25
Descri pti onWE¥0%08472hvent i on The preferred exanpl es sel ect BET{HR02{04268
detail ed description primarily relate télsilicon, which is generally

avai lable in the formof round substrates, for exanple of 200 mm di aneter.
These nethods transfer readily to other 30 systens characterized in

par}]i cul 3r étﬁlsé'm}bﬁ; i@dﬁpﬁngthﬁﬁémmoim\ec& g i et i g relbeied i egnd
wi t hout departin romthe sco of the invention.. So enbodi nents, of the
met hod aceor i AT { MBS oMEEBR AL ERA. t BLERREkT adkd | PRt | Ag STPEREL} Eer
off its 35 sarbst,ratenat pehéiovéral | thevelgh | .comtr ltimg scadle ofutfece WO

02/ 084722 Pﬁfﬁ@gﬁé%l{%@@& L@%%@Eﬁfybéﬂ Ptiéff!‘i |l e others tend to

lift off de ragnent s. Ccl ng nountabl e SO substrate,
exanpl®s of Si 02/Ri@x &My Si /tS 02 Hyerdirdgar efeatigirder ed. ppasihbycasens of

| ayers of different: ki.nds (Si 3N4 is another conventional exanple, but there
are also silicides), and by anal ogy with what is, descrjbed hereinafter, it

suffices to use a’ppﬁ‘otd?Ji%lt ¥erf Tal PF rRHrRY (13 Rt exedpt & 292/ H20
( al so knowwaswakdys.for Si and H3P04 or HF for Si3N4) . 10 Figure 1 shows
the option in which,th ubstrate 1 nd the thin |ayer . (14)_are of
nonocrystal |l i ne st I%l%lo% ];an%elf Vio® ifn retrlhrrerdia%?%éﬁ?cgy%? s (Sﬁl%?n%n%lu%sﬁl@?t%'re

f or metl0 pri oxdvanbopeld ngl pn biyhems st at e adhes)i candoohel ndi wrl aydhegivd) |
respect i vel oursg, aaby.ene gtihhe 1no JH&rRdi ate Lo ayers gy12)
or ( 13) rra%oréﬁ?(]?’ce, and neai tp%er o%ltﬁem may ex%slt (1. e.% tehat gf Si/ Si
bondi ng) . ¥3didelomternediate layers ( 12) and ( 13) exist and are both of

Si 02, the systemd srhef &idéafl 0 aund/Qd SidénkenReikng. stkcagky ope ofnéhe

two exists, . and J‘g:onsists of Si 02, tfen t he s%séegnlg referred 20 to. as
Sl/SI 02 bOﬂJdIilF'l C ace oOr connectlng ayer 1S odlrle selective Yy using

15 localized or nonuniform treatments (heat treatment, UV
exposure, laser irradiation, etc.) to reinforce selectively
or to weaken selectively some regions more than others,
according to whether it is a question of bonding roughened
surfaces, porous materials, buried defects, gaseous or

20 nongaseous microcavities.

e The layer 1s of semiconductor materials (Si, Ge,
8iGe, S8iC, GaN and other eqgquivalent nitrides, AsGa, InP,
etc.) or ferroelectric or piezoelectric materials ( LiNbOsj,
LiTa03) or magnetic or superconductor materials (YbaCuO,

25 NbN, etc.), whether "processed" or not.

Brief description of the drawings

Aspects, features and advantages of the invention
will emerge from the following description, which 1s given
by way of illustrative and nonlimiting example and with

30 reference to the appended drawings, in which:

- figure 1 is a diagrammatic view in section of an
assembly comprising a thin layer on a substrate, the
interface between the layer and the substrate having a
bonding energy,

35 - figure 2 1is a diagrammatic view of the figure 1



A nunber of techniques can be enployed to produce a structure |like that
.shown in figure 1, in addition to specific aspects related to nol ecul ar
adhesi on bondi ng, including those previously cited, for the production of
25 nondenount abl e SO substrates ( see Sem conductor Wafer Bondi ng, Science
and Technol W§02/@84722 Tong and U. Gosele, WIey Intersci enBeTHERIZ0248 on
[sic]). Hereinafter the layer (14) is réferred to as the active |ayer,
bei ng the layer conprising the conponents, except for certain special 30
cases in which an additional, for exanple epitaxial, |layer is deposited
onto the | asyeribllf)attSone payitame @ eydovawy as dontete SAydr,BSA ) and
bond and etch back SQ ( BESQ ) ..Ln addition tq .nmolecul ar adhesion
bondi ng, these vari am's are baséd' on pﬁysi cal Nénbval® of the ori gina
substrat e bypl3x ol shongingchni geesndndy wrs whad ¢ &hoehc i shg thec hini rples.
WO 02/ 0847%@@1{5@2/ 01268 15 Ot her variants, partially described

her ei nbef ore as 1ayer transfer techniques, are based, in addition to

mol ecut ar adhesi on it 6B derdB@dtt iy By "eutifRgNIardig af ik etled
regi on, suctha@s {he.reibodspdessehbednin thenS degurentssdJS-td3 7864 (or
EP- A-533551) and US- A-6020252 ( or EP-A-807970) : dempunting al ong an
inplanted r L&??ﬁfaqﬁ' in the docunent EP 0925888: denounting by fracture
along a buried | ayefigiat Thaiss beehi agruened porious . ofiVd hwa B4 e renicel hed

specific as rel.at 10 bondi ng. f or i 0 nt abl e
substr at es,gﬁéfhlel%tg%rggo#@%ia&éjsgl]%g&?l% te@%ﬁflg%ocgiu%%eoﬁfoan%? ﬂ%’}%ﬁe oxi de
| ayerl@an be preparfddyune sevésak Wwayeyw (depasittoone tlhervnd dxneariaplef the
silicon) angdcap,f@ve a thickness that varies according to the application.
For this exanple, @ 15 1 pmthick thermal oxide is chgsen. The foll ow ng
structure is therefflor® bt ai hed® F18M &6 StbSEaTe B HERAY 1P Phn of
O]Z(i dﬁ. Thi chﬁp{]ﬁﬁwﬁﬂf&.y Lot & L@rﬁﬁr?%iﬂ;ﬁs:imhﬂgr L@ai@ughenf the Zurface
of the oxide, the roughening increasi th the I ckness of .oxi de
Cermved. For' each A o 1 e sogread dhrde dhiTeae HI
partitul ar as a funtigwre of ihea conettiloeseof 4 fieemephaok of z produci hgrt he
conponent s i ial growh) , which nust be used after bonding
with no del%‘r:n%n%?él ok??pd%[?%()n’g the production of conponents 25 and the nethod
adopted for the finalgwes molhti hg. FypivéaM y therdadff | whier acheletehihg to

renove a thigkdessn oboxigle of ndheaoigereof ardewdens, to a few hundred
nanoneters is a good starting conprom se. The h%/drgfl uoIrA c acid etchin
2)25h8f o

g
i ncreases the roughneds of 1L he Sox? d&1PHy ri§T g SRPYLAY TR can
be copbi neddavkidsel @cttyerawmbveort itk yf xdedni mige t faobt Bayehydrophilic
properties specific:t xi de_| . Fh rﬁ%EHl | ng ct |
weaker bondi ng thanfjﬁci)%}és]'?la%d%gdabg%gi(ﬂné)jg Enot ergéopqtiﬁéfoérleﬂg%%??%?f% ng
t he bondi ngeesemmigyy.of 35 the denpuntable interface is to use thernal

annealing after _ figqure 13 is a view thereof after production of
components,
25 ~ figure 14 is a view thereof during demounting by

hydrofluoric acid etching and/or application of mechanical
forces without transfer to a target substrate,

- figure 15 is a view thereof after demounting into a
final substrate and a substrate that can be recycled,

30 - figure 16 is a variant of fiqure 13, after cutting

trenches or notches between the components,

- figure 17 is a view thereof showing a component
being lifted off, for example after hydrofluoric acid
etching,

35 - figure 18 is a view analogous to figure 1,



WO 02/ 084722 PCT/ FR02/ 01268 16 the bondi ng operation. A tenperature
difference of around 100 in the annealing effected after bondi ng can,
especially in the range of tenperatures beyond 800C, |ead to significant
variation of the bonding energy. This option 5 can be used in conbination
wi th rougheWheR/M472% | east one internediate |ayer ( 12) aREGTGR02/01268  or
onits own ( i. e. without any rougheni g step at all). An option that is
hi ghly beneficial, but nust not in any way be regarded as limting on the
i nvention, of inplementation for bonding is 10 not to anneal the whole of
the structure showriduifd Uy eid, aodibgramieal ci triaty a rsufddtiantdy tew
tenperature,, preferably a, tenperature not. exceedi,ng that at_which the
conponent s %Jrcguﬁ% eaﬁ%g&kféé(d,a%{tﬁer ePRLEXt BT 898?’89&% 2 or T 37 PR Yo t
time, etc. Jhbstedternative is particularly 15 attractive for applications
that do not necessi [ : r es f h d [ of _component s
and ot her structurefsfél%or é?)%)ﬁl%ggfl g%‘g&t %gt Ocrc]ﬂfoet ng?gége%%lgggﬁi cozit'lC tI’s’ﬁb")lré(;sses
and very agyreeBble aheed chlftreatohtand BRkuUehir®s, and for applications
Ehatl ?o not tn_ecess!f_t- @ret2021ra@sfa§:rv9@&oﬁ% frugd h@%p%b'pﬁgﬁf‘tt_iéﬁt Q#f denpal P nth i ng
sel f supportin inal structures)._Roughening an eposi tion of oxide have
been cited #t¢He %i¢ %??&F%W%i%?ﬁt%‘g‘} Bt 9ed out on the substrate
(11). An alternat+ vieidsrd o22atky adutotdesil 25i openatilogsusn tbhecsdteopf the
thin layer (. 14 or _.even _on bot.h sides. art fromthe production of the
£y o SRt o ng,

: p
denount abl € s%%s?r%ttesi P81 ruesc<ilnognst e% es E&%&H“&%%l%ycu?%?%%% i
therel@re savérmecheansahscebting use and to the 30 neans to inplenent it.

The benefit of the deypuntabl e, substeal encdenandig o di skngsseof the

unprocessed active er or o e processed active layer (
thi ckness whePSt¥a%®s been processed to produce a part or the whole of a

conmponent), 35 is-tiajuid akl ows denpunti g ofn thgsasblye drvelgd@ obsain
WO 02/ 08472&15?4%:@12@9%3618, 17
15 - figure 25 1is a view thereof after depositing an
epitaxial stack based on Gal,
- figure 26 1is a view thereof after bonding of a
substrate,
- figure 27 is a view thereof at the time of lifting
20 off,
- figure 28 is a view of the upper portion thereof
after removing the freed interface layer, and
- figure 29 1is a view thereof after removing the
layer initially under the stack.

25 Description of the invention

The preferred examples selected for the detailed
description primarily relate to silicon, which is generally
available in the form of round substrates, for example of
200 mm diameter. These methods transfer readily to other

30 systems characterized in particular by materials other than
silicon, in a nonlimiting manner and without departing from
the scope of the invention.

Some embodiments of the method according to the
invention tend to encourage lifting of the layer off its

35 substrate at the overall level, i.e. on the scale of the



either a self-supporting layer (a relatively thick |ayer, whether the
thickness is already present in the denpuntable substrate as manufactured
or obtained during deposition steps subsequent to its fabrication, as is
the case in an 5 epitaxial growh step) or a surface |layer, which is
general |y tWih#2498472% ansferred onto a target support, whet RET/RRU3/0126% er i s
the final support or nerely a tenporaryldupport which is itself intended to
be denounted. There are various ways to transfer the surface 10 | ayer to
the target substrate. First of all, transfer can be effected by nol ecul ar

adhesi on bomghng off Waat |Subd:heeome e d hbanhkayertdgbed ransterged to
anot her sub(?tiate. %nf benefét of denpuntabl e substrates is al so being 15
able at wi |t WUt 22 ERE “Senount® thin layers on substrates, allowing,

by overturning the Fayesrodwtialg i geandwrad a lpr @ du@l | umbof r £tosyp omentsl € bot h
faces of the:layer, ... f klLLkus ion, dempunt i n hod is 20
B e AR S SO A o B TR T TR

descri bed néext t’he 2con Uci Ng a new S
referred twhelayarasof hdi§teovadt SRindsr (16t uKe.isThoKie ofnvetthibohal

priori lessodipecd than {he & echni gues Pi’éféﬁ@éy '@rf@ji ne, rpng) ess
has a nunbeef of benefits. The exanpl e chosen er.)e' e atg}é %%at %3?2‘%
producti on $tat sé€ondeSAriseasst r BeEChPRRt & bur ildd oxPEELF@Fer 1900 WS¢ hi ck,

whi ch thi ckayessopsi 4l d f iceinti cho Obitd tindist NOFHRI Seskd mish ©f nAROMOL, A Bgst | Y.
The first structure is obtaitﬁ;bgI b¥ one, of the rT%thods pr ViPUS|ys'd scri bed,
yiel ding a (aaejﬁ%%nﬁ(gﬁlwél 30°s r at 8% cotr e&pOndingst % &%re i
exampl @ t hef'npmoer ystabWsnehsl lapmrord ayer widchsthe Bedsteatle (ddt)i vend ayer .
On this de t r i i-C N ay; €
roughened be orglt? Iglnglgﬁgiraﬁ%ghagqﬁg{%fuEné)ter{?%gﬁ;ey%ﬁi&%ﬂ%?eénlgllﬁcreonrma;nﬁeg‘?o
treat ment atntRFRediyte 35 avEnser a4l d) esaldprief &r aBine | é9smelanp1i@d0 ©@ and

even betterponQP2/084¢Re RellskRAA/D1268) 18, ] esgnkhaiil, 00QGer even
900C), a 500 A oxide |ayer 16 is formed by thermal oxidation'to yield the

structure SHOWEFH Y$4Xr e02. CPNIES CoxiUE Y O1® BECHRE thHE bt @emesd s of
the spgond SFend rutbur er l(M 3)hempyeseiriexandm) hdetBefecAOWHaAD! Bay

(
Substrate B0 Sel T EyursTs) DRat et o BOCORE) tnet 11 AF SUBRBTT=S1o he
active | ayeraydie (st2ckandt @l hedekssprendrabtybgthbofi 2edzattlze i ghtem
tenperature; { 1ré§919e&0t80§§ob&g§}§i§zt rl:%@)gii%gt. h% fSE‘oQﬂ’gﬂ one of the two
exists, and consists of Si0;, then the system is referred
20 to as Si/Si0; bonding.

A number of techniques can be employed to produce a
structure like that shown in figure 1, in addition to
specific aspects related to molecular adhesion bonding,
including those previously cited, for the production of

25 nondemountable SOI substrates (see Semiconductor Wafer
Bonding, Science and Technology, Q. Y. Tong and U. Gosele,
Wiley Interscience Publication [sic]). Hereinafter the
layer (14) is referred to as the active layer, being the
layer comprising the components, except for certain special
30 cases in which an additional, for example epitaxial, layer
is deposited onto the layer (14). Some variants are known
as bonded SOI (BSOI) and bond and etch back SOI ( BESOI). In
addition to molecular adhesion bonding, these variants are
based on physical removal of the original substrate by

35 polishing techniques and/or chemical etching techniques.



10 bond at the interface of the layers ( 15) and ( 16) . The first bond, if
Subjected to the sane treatnment, neverthel ess has a nechanical strength

| ess than that of the second bond because it is roughened first. A chem cal
and/ or mechanical lift-off nethod can be used. For exanple, 15 the stack
obt ai ned asW&H®/@B4722 first i mersed in a hydrofluoric aci dPEORER02M1268bj ect
of which is to overetch the oxide layers3( 12) and 13, starting fromthe
edges of the assenbly. The two interfaces 12/13 and 15/16 are
preferentially etched. Mreover, the interface 12/13 of the 20 denountabl e

substrate iscgvanhageaus)y fgﬁartt@éllci%/ oxdgleri i gr haceinbhesrbacid it afes
et ching at the interfac | 6 betvveeg the oxide and the silicon

Accor di ngl y"F¥ii g £RF nfLFIF‘l?ts | 1545 n§2off st'ép, a‘flhjetjeo’ilstloes@ojs‘iﬁ‘f]a%%
et ching at etchees:ntrerfmmmg,t heors e caxdo nonth ¢ hay at" ¢ et imger facenf 25 the

denount abl e han| al d pount in ( Jpresguriz d wat er
in the docurret'z,ak{‘Fgﬁl‘—éﬁ71 by({’lccllilrrpgessgkt1 al%tetqy agesﬁrtlﬁg do%ﬂrre*rﬁl FR
279649, bydeguoetiton, U@sA—@3t7Hé6doch¢mntERNA-(f(B’326(100 abyl |Iﬂ&e1t-t6®202)52a
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figure 4) . Follow ng renmoval o xarrpe by uorlc
acid etching} the dppamest E8t PREPBRR: |§1eéﬂ§’tlé1|t|ﬂté1§ v gurasBire ‘Hﬂe)IEI avaf er

11 that sermed & Bapabsinat enad tihddh thengermyuntewd @ substrate can be
recycl ed and reuse for ex r%lfe to produce a ot her 35 denount abl e

substrate ( preferamy*aft 19 nat9 ng® ke l% BRI 22 P FR027 91268
19 | ay@r 1Z)ondhinog heorvvatmet Opf:adut:ttahe dfhedemsemt@blelemuuettlrlagelss tn

elimnate de t btr te. t, Or dr
chemi cal ?Lf: [ ngg% %nl que §18 ﬁ Qrgtelchalr{l cal’ po S ﬁ‘gw‘ﬁ aset” C%?tl ng,
etc. technikpksr c%nbeee@ppeyeadf én tSIﬂV@raIlocy@IylSzédietmostlhecm,ngthemml:h

yi el ds the digue 22 eenfiguratieBohp Whichchhe HehRsss h%tﬁ%?qteer seashf e to
be renoved, whjch yields the figure 23 configuration after fixing a second

subst r at e) . VA fHt BCEREE I PHe SO0 t BPER 1B €8 0Xide Fh®r ere M3 Emed

previpaisl y onr hml@yewhéﬁna:ptﬁﬂlct@Vﬁ betess ¢ or Mesk ofb t hew st sd ¢ @l e dbe
before bondi g (rglat \%%r t han_on, the | ayer, %4 Anot%besr varl ant di vi.des, the 500
A t hi ckness' nt8SEWE OF6r t 7 Bha Gkt h Dondt pFeTork WP tHd SubSYFAEE 181t % or

exanpl e 15 R250n of hhxkje.and the other portion on the layer 14, also 250 A

thick in this exan‘pllkgT.s L\Iﬁge ftcﬁ v&efd tg§ £ r’gfll %l]tll%r €g{1§5| ?Iathﬁ degiO

interfaces are both e oxi e/ oxide ty | [Mzation O second
bond at hi g?P‘%%*Fﬁﬁrfeﬁ%rf‘eul’c%ﬁ‘?%eO%amﬁew 2‘€)h¢ nt SWEhe sl vayl Bereas ing

guar agg ee tfiath pried er BNtk abs By drobkuge ee@f@v@det GRINGERAE W SpPicd e, I st
interface. I.n this method r{:}g creation of a weak first |nterface achi eves

pref erent i at "HSTBIHIIHT of21 M Dt Bt Gt ack AT HHe¥aT A4S Kdridiig1on

interface. of the conditions of the method of producing the components
(or of epitaxial growth), which must be used after bonding
with no delamination during the production of components
25 and the method adopted for the final demounting. Typically,
hydrofluoric acid etching to remove a thickness of oxide of
the order of a few tens to a few hundred nanometers is a
good starting compromise. The hydrofluoric acid etching
increases the roughness of the oxide layer(s) (12) and/or
30 (13). This can be combined with selective wet or dry
cleaning to obtain hydrophilic properties specific to the
oxide layer. The resulting effect is one of weaker bonding

than the standard bonding.
Another option for controlling the bonding energy of

35 the demountable interface is to use thermal annealing after



25 Anot her exanple of the use of the nethod according to the invention
relates to the production of double-gate transistor structures (see figures
6 to 11). The first operations relating to the fabrication of the

transi stors essentially consist in producing the first CMOS transistor 30
gate ( figuV® #0822, de nount abl e substrate using convent PERAIRR&3PGH0I ogy
(figure 6), as shown in figure 1, for eXlnple, in exactly the same way as
previ ously described for the production of SO structures with a thin
buried oxide | ayer. The bonding stabilization tenperature 35 can be reduced

in a tenperghalr eohange @fpetrﬁﬁl@rnderA O{Eempe\!ﬁQIZfé’SélzzzeEgﬂ:ERQﬁf/ 0268 20
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(figure 10) ecu ar a eS|on ondlng to ano er Sifi'con subStrate 16.
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to silicon, etching stops naturally “once the oxl een iT€ly
etched, revRERioRpalsi Bi deMmansare The %F@ﬁdaﬂﬁarﬂ@je of twhilshderirint i ng

t echni que w&ﬁp&té}%stgﬁénwua&e ﬁ%dW' enbasedtaribractiyyfes aobfai ned by
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For appl i catl on
pportlng final structures).

Roughening and deposition of oxide have been cited in

the situation in which they are carried out on the

substrate (11). An alternative 1s to carry out these
25 operations on the side of the thin layer (14), or even on
both sides.

Apart from the production of the demountable
substrate itself, using techniques based on molecular
bonding, there are several means as to its use and to the

30 means to implement it.

The benefit of the demountable substrate, depending
on the thickness of the unprocessed active layer or of the
processed active layer (i.e. its thickness when it has been
processed to produce a part or the whole of a component),

35 is that it allows demounting of the active layer to obtain



WO 02/ 084722 PCT/ FRO2/ 01268 21 relating to flat screens, a transparent
Substrate, for exanple of nolten silica, is chosen for the final support.
Anot her exanpl e of denounting is briefly described here in the case of
producing circuits on thin substrates 5 ( figures 12 to 15) . The final

t hi cknessesW&0%Md&2%st are typically |less than a few hundPeH/FRIZ/0E8n of
the order of a few tens of ~m They rel até, for exanple, to power
applications or applications to smart cards and other circuits for which
sone flexibility is required ( plastics 10 material supports, curved
supports, eadicther TAI seeXagplpporeliayes dyern typeedhtdeapyntdnigknecesst,t ating

no transfer .tq.a target _.substrate. re the object is to achieve d unti ng
W thout -t T AALTERA g™ e B £ BRI T e I e Gy Eire
conponent s,switEirdtte lagyematdfast tbedufdy ciodnaliyeichi dkringbedeposition

sel f - suppordddig bilhpd 00uLAE NebO 1kt hshand Wilhoutadampoeng calkeat] va,
circuit production process ( typically l'ess than a few hundred umthick,
and even ofeRifeaxraler HFOWH evdi®Ms oI urg . SThief 3R] hotR YT L pr oeficthg the

denount abl eystdisiraf e disinglent | calandr evedy 2Sht@spectidyany @Jpﬁ&&@@,e
descri bed previously to produce the fi ur%,l itructure for exanple. In the
case of 200"hMRhREGBNERE LAGTEn WSf etde t hdNELandPHOShibsPF at BSF it ¥krfdss i s
725 um | f themppt gadupporequhies s fitedl Suhsiemded ti dnassmnaint®i.Vi m

for exanple, a siligon substrate, 28,725 ;80 o 645 DLl ckyls ghosen,
(figure 12) for the support substrat® 112YThe Gesu i'ng assenbly erefore

corr espondslayen heo stlandarethi cldpressase.and of fers sati sfactory resistance

to the processes faf; fabrdating GRS San Ald &l AEOAUEt O Of o dies ) at t er
( figure 13) , one 30 of the denpunting techniques previously cited may be

used ( figurdaspon beedbidtpht Whak iabser HLECTS LA Bhighiltawar W tke de

nmount i ng, tdweasetdrSappes tamer hay esudgk £add.gure 15) al one represents the
final substrate i cteriz substrate thi cknggs. of 80

um i ncl udi ng BSQﬁ}?Fenégﬁgrgi%Enf%Eérd%WW E%gb%%%z}élfé@% FHed

par aneld er s dlare pragpamiiig t he démoumtt ngandit drdeacainityive thanbel agaps edotto t he

t echnol ogi ¢ [ on . _hav o] k t. o d t e
substrate 6$Pg$g§%§%%noé%§?%%FBfnqjar ?%ﬁ?ggﬁ%ﬁgrggraa£%§%§bh§§?%glqg$

t r eat nent s, PR &k c ANy ttient hefnatamecventhe rechimtitcalfasepessés. tir
exanpl e, ifidfpe- denountable substrate consists of a surface |ayer of

ger mani um havi ng an Si 02-Si 02 bonding interface that has to withstand an

epitaxi al growth tetper@ur8lofl 5EBSE I WPRch § s IEJRVEAL N TBCERE che of
growi 2@ Galdesctitbednsidsitut ena sakarceetéxt orofuserioigpiace) a then tHer rns

roughness st Adyant 39geusly B Q. A MEOMIS FUBSIALE (OB sor
structure. This kind of method, a priori less direct than
the techniques previously mentioned, nevertheless has a
number of benefits. The example chosen here relates to the
25 production of a second SOI substrate with a buried oxide
layer 500 A thick, which thickness is difficult to obtain

using this kind of method directly.
The first structure 1is obtained by one of the
methods previously described, yielding a demountable
30 substrate corresponding to figure 1. In this example the
monocrystalline silicon layer 14 is to become the active
layer. On this demountable substrate, in which the
connecting layer has been roughened before bonding and has
not undergone any strengthening heat treatment at very high

35 temperatures ( preferably less than 1 100°C and even better



Anot her exanpl e of use concerns the production of circuits for smart cards,
Wwhere the flexibility of the 15 support becones critical, firstly because
of the increase in the size of the circuits, and secondly because the trend
is to require cards with ever higher resistance to deformation. A

nmonocr yst al WiOh&@/@84722con support whose thi ckness is great er PER&R03{082684 50
~mis too fragile in 20 this context, bé8ause its thickness is too high if
it is subjected to a bending force, as can happen regularly with a smart
card. Note that, for the production of dies, there can be provided (see

]f igure 16) ,1e'sstsarﬁ1i1aniglﬁ r(]fI][U"td"%lf iSe%\%& Jl6H 25 ,ccalfsamrzgtdﬁrue rmfayeﬂeml;pé ating
ragnents that a pull-off tool SA can renove i.vidua igure 17).

H oure 18 SHOWESS Y dr (T Deuein s G g a2l (i SHRierPHe s A0 wi th
a starting Supste a2e Thiscowered iw tto abdayes 1Be odhrsed cordexiate that is
nmol ecul ar 3 Si bonded second l.gyer ' si L xi d i n
turn coveresgee\?/‘mtg?cﬁ agglll i con Ctatgi“lerfe'M' .E)HThetq%:él rcé]??ss&tla?e Erxog‘g%%d vmg%lﬁ(%n t he
silicon | aydgmduntablfhen,sdlstasisenbl (y1 bl 4 Hed3 et supbort nelecykar

adhesi ve i s, preferabbynghgsen that; predHces i el thg ni kaxers jxravhi) st
havi ng the 35 hi ghest possible nechanical strength at |ow tenperature, WO
02/ 084722 PCBFRDS/ GL2689G ofhaxdrppe SURPIE b &fendctiys i skY¥amagi ng

the anpo?emé %}‘tatdg@ @%?ﬁia\i@eHGYﬁé p@%@%ﬂbp@f wt%ﬁi[)lii&etwnditngast%ﬂhese
can advant ageous e adhesiye rdene .heat or exposure to

radi ati on %?W?’?%%ulf%t ?ér i@ﬁsg) gt?t Cloélsé’ﬁflgla Fen?tlf%n%ﬁ%oz;glea §FHAnd
substr@t e 165nd hat itshd r dnspaifent taf Uthe(skeydrgufesl9)ando(llieht offiet he
demount abl efjgzﬂ%]\?t ralgd hese ats‘}ngfe%‘?é'g' ngcc% nt G‘crhfeace%%%é [18redtmehd, MY

appear diffi to produceé pure chenmical Tift-off because adhesives and
10 subst r atReverrshesenhaso aUvnechaptaet i 66 readéhoflefitmar Ehaand hgitasey are

not totally-hdestcbAqt RenehedGalsProducs s rbundhell yarise,. ach denspl vent s,
etc. ) . On the other hand,_ a pur nmechani cal agtlon may_be sufficient to
[

el
lift of f tHReNe %crfl%ﬁ%a%ﬂtcffhel%%‘i‘eﬁ%c%etl@?1%5‘“ © t PREBonftP hge ¥MBPYS at 15
t he depounttiing |idteck acebt simede doweibdhan ihe sirengtimeéréde atthesave

and the varﬁq$§véﬁ§§rs ponséigu%hngothe %ptegya%edkﬁkhg%jtstéthis cgnhbe .
achi eved refAtT %%%l?@% PPt sOthed 585 i Be "o Use T he” substfard 11
several tinese Isiflacillavieatse (dehouandng3,itstreytiyey from the edges of
the assembly. The two interfaces 12/13 and 15/16 are
preferentially etched. Moreover, the interface 12/13 of the
20 demountable substrate 1s advantageously an oxide/oxide
interface. This facilitates etching at the interface 15/16
between the oxide and the silicon. Accordingly, during this
first lifting off step, there 1is less surface etching at
the interface of the second bond than at the interface of
25 the demountable substrate. Mechanical demounting ( by
pressurized water Jjet, as in the document EP 0925888, by
compressed air jet, as 1in the document FR 2796491, by
traction, as in the document WO 00/26000, by insertion of a
blade, etc. ) completely frees the final structure
30 13414+15+16 (see figure 4). Following removal of the oxide
13, for example by hydrofluoric acid etching, the final SOI
structure 1is obtained (figure 5). The Si wafer 11 that
served as a substrate within the demountable substrate can
be recycled and reused, for example to produce another

35 demountable substrate (preferably after eliminating the



20 advantageous to elimnate an outer ring of the substrate. Apart from
limted chem cal etching of the outer ring of the substrate, it is further
possible to elimnate the ring by making a circular cut in the structure
after adhesi ve bonding. The cutting can advantageously be effected by a 25
| aser (see WOy@847222 and 23). As a general rule, the resi BOE/FRO2(0H26% i r st
substrate is obtained, the support of th8 substrate referred to until now
as "demountable” ( figure 20) , and is reusable, preferably after polishing
the layer 12' and the 30 active layer 14', which is either transferred onto
anot her suppofdr 462),. as in figure 21, or free and self-supporting if the

t hi ckness of the Ia er IS appro rlate Unllke t he Erecedin exanpl es,
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been "procesgsedo H@erérﬁwédmdwm@nsyubéid@t@@afh@@rélmdc@fﬁfﬁ@ufémrbl e (
see the above exanpl es) . S rltgr it can even be a silicon wafer.
The use of aafgqﬁs‘% Y s %Co%dt%ukf‘ "’bte?son skilled in the art can be
envi seaged for the awesi veabomheng500nApatr1t1c:Jul aurfied tdwel dperatieansl Df
cutting 15 i e irc

packagi ng ofé I{l ézn%ndl n %ﬂé ac Sﬂﬁé% Plg4n ga%ﬁpéla}s/ae ?%én?#e%%&%d.orllf t he
adhesi ve flﬂfm‘—l Sutf@DbBéES|1(§edbef<tr¢ra?0bélag welthero sharkoan tihet ekaveelf at e

substrate to th@npeak rf agh i0fnd hgi &1 483 tt?iea@O(ﬂSAatﬁyéﬁhééée 1t S UPROT
for 20 stiffening the assenbly at cutting tinme. The |ift-off techniques
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substrate
of the second bond at high temperature can be carried out

20 in such a way as to guarantee that preferential
hydrofluoric acid etching occurs at the first interface. In
this method, the creation of a weak first interface
achieves preferential demounting of the complete stack at
the first bonding interface.

25 Another example of the use of the method according
to the invention relates to the production of double-gate
transistor structures (see figures 6 to 11). The first
operations relating to the fabrication of the transistors
essentially consist in producing the first CMOS transistor

30 gate ( figure 7) on a demountable substrate using
conventional technology (figure 6), as shown in figure 1,
for example, in exactly the same way as ©previously
described for the production of SOI structures with a thin
buried oxide layer. The bonding stabilization temperature

35 can be reduced in a temperature range of the order of



30 conditions, it is advantageous for the processed | ayers to be protected
(for exanple by an additional deposit of nitride in the case of
hydrof l uoric acid etching). The means for applying stresses can be
mechani cal (in particular by inserting a blade at the bonding 35
interface), Wahe/@fid472%e a lift-of f tool &see WO 00/ 26000), PCWHRY2/00368722
PCT/ FRO2/ 01268 25 and/or a jet, or invokfe inserting a gas flow, as
described in the docunent FR 2796491, and/or a liquid (see EP 0925888, EP
0989593). In the case of a gas flow (or even a liquid flow, for exanple a
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various |ayers ‘of | structure Tncorporating the conponents t7is
possi bbe toconvenidnahechendray/machanicel everd ivhdmat Heedhiasion Betsween

the internajs coppoBeRl |(@€fi-d S19Lalky ThE d A BIFBILALS SHOSIJ 16y WS Ch 1S
sonetinmes 15 referred to as a "handle”, can then be cut, totally or_ in part

( to form rORRHRr oFlkifen n@u%‘f‘éﬁ%‘%%&@) The npen@} kerehs sPERF eEIPohAthY to
the el ect r%&@bﬁpm)?meats,a gif\@rnﬁﬁﬁ@’&hﬁ@nfb_@mt \r}ﬁ_r@s)[]oerwdlt ?Pd'f’]pf QLfenthe
supports. e transfer .can be co tive, in which case a the .
conponent s, S V&R 10 TR dar B° n%échﬁﬁg%Te@a5ﬁ1yc%9 ArEhshene  Bpts
transi@rredhght ke semperatreren tdre sanetdrgshnd wg<abfopenat ioanierorof
conponent by, ¢ brRE L gbY Eq'n(;%zllall ;(Lﬁ@?réaﬁﬁﬂaac{e%éJrPdl%T%‘irIEd one

after the other. e supports can be s materfal, as i1 n the case
of a smart @aFEledndobh 231t hiskaHseyy anta@lhe8Rre | y'3ydv R agebesi gussed for

the transferindde: benert s; canaakso Heddansfel r dtont 6 &, Wat&fpressed
i ncorporating other electronic or optoelectr h case the

(%%ICC devi ces, In | C (
transfer cantagafh uSéCa) noPeLOrsr T&FMEENGn Hschin et Ysee FRBETe’t41°%0 5,
i magi s ng theoS&saddiilri opaktprasencet®f pronperent sef aramthd ngklte, | ayee
(14)). The gl errfrrg(%% can 2@ tr%ns.fdeerr d b\é %T%ﬁventi onal ans Sulﬁh as_pick
and pl ace neans: e &' H?s ¢ al 56Ybe transfert@8 B1T o Anot Hef 5% port
to i nprove ¢hehiher mBecpuspertieesoxide éxangptehed5wlhen,a bhydpefjuogistress
or local'zegbfgaébﬂgt£0505f kWngz@Q%%&%% EQEEERQRHQ%ZQ%Jgp respect to
silicon, etching stops naturally once the oxide has been

20 entirely etched, revealing a silicon surface. The major
advantage of this demounting technique over other
techniques, for example based on fractures obtained by way
of implantation for example, is that it does not
necessitate excessively complex finishing sequences that

25 are problematic in terms of their potential to create
defects, as for a final polishing operation, for example.

The same method <can be wused in many other
applications. If the first SOI structure (see figure 1) is
used to produce transistors, <c¢ircuits, components, etc.,

30 these can be finally transferred onto many types of
dedicated support. For example, the substrate 16 can be
chosen for its electrical insulation properties (high-
resistivity silicon, quartz, sapphire, etc.) to provide an
ideal support for microwave and telecommunication circuits,

35 thereby limiting losses in the substrate. For applications



exanple using a laser) , the thin |ayer, previously bonded to its final
support, can be denounted ( elenent by elenent, or globally) fromits
handl e by nmeans of mechanical forces. As opposed to enbodi nents of the
met hod according 5 to the invention that tend to encourage denounting of
the |ayer fWON2/48472bstrate at the global level, i. e. onPERFRIZANSf t he
whol e of the substrate, others tend to délinit fragnents, the shape of
which is clearly related to the dies or conponents to be produced fromthe
active layer. 10 One interesting variant consists in using conventional
golrrponent cltéﬁhahfﬁql@ eCtlh;ni ques (§@ﬁv%af1@s, I%segr?@%tﬁaaf@ntet Subst 9atyf Zforh
elimt trenches, at_least partially aroun ie ragnents, etc. Another
benef i ¢i al VHTRA G Baseth o HHeusk® ofHeHeh O e T astbidied w t h
a photolithography &rotdper adxampl® pf odeaeundénti dal brierfdhe sdesclt Oived o
remove the gonnechinder egion & LNe,GOMOUL; Lyt De diesfors eXarml e, af ter
preparing mol ecul ar “adhesi-on bon INg over a l[arge area, onnly ayers S and 4
are cut (filgureuns) 19 the loont dire shbaml &hieknehpeR e&ch Mtesprntars

lifted of f {he; 20 SPDELEATL €pnaMhhCRAMRMALS kO PEONTASS IdF9 ditaloddier of
substrate is lifted off each fragnent }()ﬁas an alternative, all the |ayers

or all of the IfaghBAEs @an e cdfeit bRe3RAd tHYF s&FMAlPe) TOOPRW se,
t he enbodi refpsi puevdiis|or desmiliiked iarg 2% onoknbirhi t edrde taedsisgher case
of monocrystalline silicon, and can extended to many .materials,, such as
other sem condutt'st %rﬁfer“ihélc (s(;oéf‘eSF ?l%f&géaﬁsar{c?%{lﬁeerdee(qﬁi@%ﬁ]eﬁ
nitrides, AsGeerialP, setpportsf,er caekvedt rsecppondt i ezdel.ect r Fbismdeamal s

(Li Nb0O3, Li a i c.30 i , I o] t

pr oduced be%-%]?%gedserrggntg?ng ior %%t dgﬂéﬁéﬁéiﬁ%ﬁ?%ﬁggﬁ gﬁpt regrg%%%ti on
of a dermpunt@ble $aFgetat EUPBREREELI nglefea SR f £48 9y er-Sof tgeraelm evie

havi ng an Su&%’oéﬁ@ﬁn@on%%olumteréﬁ&@sf@laﬁﬂ%s t0e35 beysHbj eqt edytPean
epi t axi al grom%h tenperature of 550 C WD 02/084722 PCT/ F 2/01@1643 27 ( as
i s typical PrPYWettAsknNdf CyFolihy 841 AREPPHSAst i Sol%rc $%r use
in spete) ,stufi®ici@dntOpghhest wubd adudrtsageousliyngbeolk 4tam fudrid heo
substrate Lo, pe. degountable. 5. AnoLher expnples(oflgues 240043918 that
of epitaxi a‘1”ry grow ng —an “epi t axi A7° stack”on"a derodntable s s(flra e
(figure 24)praeess applipésalhypdrsiscutimant e tivey phoddeed opmoftihlake amddwhi te
LEDs and thife) ager {gser deodese ( of Ofe §Xamplse, of Onirh TPreyed nex ety pn of
the light 10 emtted or inproved evacuation of heat, thanks to transfer
onto a subsPfedecirpat the segsvdtediductorsorateats ddertasadopgerevery

di anopgl) . t&s peds @%sgmyt@ﬁd@M§@§&§éc§iB§& %@@ﬁ%mﬂé%&gw@d&@é tBebased
on conpositg, sem cqonduct or eriy, rom GN 1 N N ,_etc.

. One net ho qlér%oﬂsi gl}gug‘?uﬁgi ngfeoorneeéf‘mgzg' prrgf%:egglgs Cﬁ)‘_’lrse(%/i (CS%?: %&ge%ri bed
to forma déhoveteabl eidticoat waf eagui vahenstbodalat sofbdtimire thiokned®s | i ke
figures prewhoysby el o) LoWaeh the Joaveredulils 13 oy BOOELGsL e
transferredléSi E#?gc ?n:'s at jtcﬁgm{é i tﬁgfig?fguels S theﬁayers SlZ? %nd (
13) are of thickness of 80

25 725 - 80 = 645 pm thick 1s <chosen (figure 12) for the

support substrate 11. The resulting assembly therefore

um, for example, "a silicon substrate

corresponds to the standard thicknesses and offers
satisfactory resistance to the processes for fabricating
components. After production of the latter (figure 13), one
30 of the demounting techniques previously cited may be used
(figure 14), except that the substrate 16 can be omitted.
After demounting, the self-supporting layer 14 (figure 15)
alone represents the final substrate of interest,
characterized by a substrate thickness of 80 pm, including

35 the components.



20 silicon oxides, as in the figure 1 exanple, and the substrate ( 11) is
of polycrystalline SiC ( or sapphire) . The stack based on nitrides is
grown epitaxially on this structure. The epitaxial techniques used can be
those well known to the person skilled in the art, for exanple, such 25 as
mol ecul ar D¥@N248472xy (MBE) for one category, and netal | oPGFFRRAO1268eni cal
vapor deposition ( MOCVD) for another cdgegory. In the forner case, the
epitaxial growmh tenperatures rarely exceed 600C, whereas the typical
tenperatures for the second category can be as high 30 as 1 100 C. For each

of Lhe_ ablove two tq&mh fiQﬁéigmbg_@rghQiﬁ@r?f pﬁ@ﬂ(’p&fﬁﬁﬁrs_tﬁéat Qﬂbrﬁcﬂiﬁhﬁa}g ]
mechani cal strength of the ndi ng i nterface, (roug i ng,,_ strengthening by
heat treat nmeHtSt ophfiFfc %roopeg‘?ie§‘,daé3t%(,ed) NSt ggeopttﬁﬁ% 291 3he
second caseypexitioind hehpt ohesses opriayi st yeB5odesoni e bisediomble
rougheni ng of, t.he .ftwo_oxide lay ( 0 4 ER02,01268 28
and ( 13) bsyu%sytdrraotf? ugFllggactlod g%%ﬂ?%ég%‘%' c\r?bgseﬁép]?%%gﬁag%ﬁlg. &bgagra(gent
MOCVD Epi t axdieaii gplowtieeimehis, stanadt aceoatlingl00C phedurasurze spdckthose

thi ckness igHfaihe0r def r8fsds Vi MroThe cShkekUr € 1irS affd onddhdudnead ed S
before the epitaxial growh stage, typically in the tenperature range from

900 to 1 200SGERIR dePnEbSEHNS6I ifdat ¥ SAGDngRYSE het maSFaRTea™ sh¢ e h of
th_edri ngl. Afrt _esibbesgaépwnbbna&aga mﬁemlo lohaits Bihl@j Gﬁzltediltﬁsd@gdSia_trh on of
oxi1 ae, planarl zatl an , . an re a LCa , ecul ar .a esl on
oandt g or SoL T At f EnERhE e oo BRDE F Y eBi Bt MRS
annedlld ng athd 4896€ b6 stroengigh GATirsAd atd ecobondiuge Ei salllky, ddld for
denount abl bstr is d t a h i i f i 7) .
N arolt o naiSY oPhl 88 ckd S HIRMDLOR Alub G CROAERY W RSl d o A7)
bath is advemthgeous|forsutlie o et taeteh bhedosdwetalaher |laterally to a

depth of a few mllifmtens Exonpidecedqas ofohbersybsheatgodlitS drs of
foll owed by denmountin nmeans of pechani cal forcesl,&f, r. e,xanpls b%/
flat GFng- e

g by
i nserting LHTAYES applyi AR preddivi z8GSHEL eF 120 &bl
conpressed @uppdet , besbngst ke iteehn queis qrleyvi beishysdescr itdied, i doresxanpl e,
yi el ding what ji.,s shown in figure 28.. A final_deoxidatjon step (e t he
resi due of Jtrlllet%“?dsdleZ?a?/f;rt?%ﬁl.r%fltfse’as?n hseec‘Sflnzé‘,J’“iIj yﬂéef i h%ﬂt;e 2@?‘%@% as a
nucl eati on imyetof oreghérepi taxdal stabtk caer25 ldmhenaldesimtaidan naeed by
etching (figufe 23);o0 0das Gashhe produced, bef oy econ alstigipdte flindde

transfer. Note that, according to t’he invention, an alternative to
rougheni ng 'R HeRRISi A 1S OpAT i 8XBRBPerll ¢81 i &5 t oasd nagwle 1in
terrgez@tur letShfs)r canneat| nq;etcfa%sléomphsﬂgt?ﬂ&?héi%%e,iﬁ%dzdagﬁég@d of tihe is f
traditional tenperatures_of approxinmately t.o in the case o
bond ng. whet TG St FGcae PRPECRE: SHECBea At I} CORSTbc ST Bhe T hg
t enper at ur es smaradvard.ageously optim zed to obtain a bondi ng energy

sufficient for the conpanent gobute i sufdi s @nitdon oW Lioea! | @we3R defpupting
at the required tine.
provided (see figure 16), starting from the figure 13

25 configuration, notches isolating fragments that a pull-off
tool SA can remove individually (figure 17).
Figure 18 shows a starting assembly similar to that

shown in figure 1, with a starting substrate 11' covered

with a layer 12' of silicon oxide that 1is molecular
30 adhesion bonded to a second layer 13' of silicon oxide, in
turn covered with a silicon layer 14', The circuits are
produced within the silicon layer 14'. Then, for assembly

to the second support 16', an adhesive is preferably chosen
that produces a very thin layer 15, whilst having the
35 highest possible mechanical strength at low temperature,



WO 02/ 084722 PCT/ FR02/01268 29 I n accordance with one aspect of the
invention that is original inits owm right, there is, after production of
the interface, and an optional technol ogi cal production step (production of
honbgeneous or nonhonbgeneous 5 structures, conplete or partial production
of conmponenW® 02408472%i al growth, etc. ) , lifting off w t hPERGRRZAN26 chi ng
and/ or application of mechanical forcesZ3for exanple by jets of air or
other fluids, localized to the bonding interface of the de nountable
substrate. 10 The inventors have thus denonstrated that roughening or

nodi ficati ofbof d:handidr aphidoa,pr erer isesnet t Be SHI §RCeGa fadi P OOLIES
denpunt abl e bondi ng i nterfaces,. even after anneali t high tenperatures,
Up to 1 100CTEPTR Uty TobiTi HhY ThePr Cugnehi To Brepai H | B Gotbr o 15

bondi ng wi tdtepi t ableeet heanmalacarargaldargistineabaentdhed itvdras hhedrnshowny t hat
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t he assenblﬁealscgt%gfgge,eqﬁ:?%tu%%f t}[,&h [% ngia&ggngﬁﬁo th\‘lg'r3 ]T%tgc%}r)oguéc i on of

e Steps o
CMOS t? ansist oks Eiuddligdiend ite pahedsal ar hewl t3ebs heate siéps 2Rxrtatishi gh

t enper at ur espa A VPl £hd Ve d dP0 GedSrWghle asg)st eps of depositing constrained
| ayers, for exanple of nitride and coul d a posteriors be denounted at

)
the bonding interfa® byt heff nEBAt AGMRNNEABIFC AL Tot Sc dMETS 1add the
mechani cal sdn@iSsses.intrFas absgibeen denongdy ataggbeler ddfetbart to

appl i cations elatin f or exanple, to_the_execution of epi t axi al

Goposi 11 on BIABTHer AT e G he S0b3Er &t 0 PoCaerooFgaasbyes < dnd

PCT/ FRD2/ 01268 30a e ArahBpareAtneichodvol ipr quumitnice dedeunifableartz
structure bé/ncﬁmléfgé'%f“ aadhesion ' gixl%rﬂ)“%of 3¢ Qfy 'fc'baflst YahgLe 40 one
face of a second wafer, which netho ncl udes, prior to ond?ng, a step
of treatind Rfdrehkione a8flidai §olaeasst o Producelm EbAt PEheEd Haddkl f

nmechani cal sirengthe@hahnai Nhetisremhot weeR ulflre ctiwa twafers: qompeat i dhe Wi th
the production on at |east one o <gragrt or the whol| e of

| f th f f
Conponont s ST T Wi 26 Dent O A (26 S ubbag s, PR I &F The

structre. the demounting interface is made lower than the strength of
the adhesive and the various layers constituting the
integrated <circuits (this can be achieved relatively
easily). It 1s then possible to use the substrate 11'
several times. To facilitate demounting, it may  be
20 advantageous to eliminate an outer ring of the substrate.
Apart from limited chemical etching of the outer ring of
the substrate, it is further possible to eliminate the ring
by making a circular cut in the structure after adhesive
bonding. The cutting can advantageously be effected by a

25 laser (see figures 22 and 23).

As a general rule, the residue of the first
substrate 1is obtalined, the support of the substrate
referred to until now as "demountable" (figure 20), and is
reusable, preferably after poclishing the layer 12' and the

30 active layer 14', which is either transferred onto another
support 16', as in figqure 21, or free and self-supporting
if the thickness of the layer 14' is appropriate.

Unlike the preceding examples, the second substrate
16' can instead be merely an intermediate substrate in a

35 much longer process.



2. A nmethod according to claim1, characterized in that the treatnent step
includes a step of nodifying the roughness and/or the hydrophilic
properties of at |east one of the faces. 153. A nethod according to claim 2,
characterized inthatthestep of nodifying the roughness consists in a stepof
i ncreasi ng W{202/88gkhess. 4. A net hod according to claim3, ERIVERG28M268:d

i nthatthestep of increasing the roughnesgd of one face20 includeslocalized
chemi cal etching of said face.5. A nethod according to claim4,
characterized inthatthechem cal etching is acid etching.6.A nethod

accor dihng t?rllél abﬁgﬁctab@r agtewnzedid ntf\ﬁ@ﬁhﬁacm etcahi ngﬂs’iela:ar r}i>@d Qlit
usi ng hydrof | uoric accordi ng. t o, any one, 0 to
6, charact efTIRY" F%g}ﬁaftﬁu?RFﬁe1a gtb?BdH%gb Fﬁe%tc?gﬁéPuﬁnﬁlBgBF

two wafers. wBthAtMethmdxacenddmmmghecﬁkﬂmﬂﬁétn@mracteﬂuzeﬁntérﬁ@diﬁaé the
thin |ayer ed by che nd/ e thlnnln ma er.
é§b99£%#8 96 ]p gh%%h E q e § {hapefﬁ gﬁ (§e? i s

9. A nethod accordrng to claim aracreri ze
obt ai ned byveét attuthey aubpeied %eaﬁraégyonnmblmnagmaiemln85lQ@ oA mkéhod

according tougseiM e, 1@har@%Eeuéﬁ@$dt%bléW@d%yé¥%¥éﬂ%6%31&%@2&9%@6§hé1

that the burjied weak region _is obtalined by inplanting gaseous substances.
11. A net hodAccdr diThE t & SaRPIGHE oPT@VAIOMS 1Y t 86T 1ORSr aéfer P9BESIVEL hat

the step of bpnaducidyy the simuets®i Htés simldtawrd byraest ep: ohadenpyshi ng
the structure_at the bon d according.tg claim11,

f
char act eri zeH T RCT AT g“ﬁ%nﬁa%E?W§8§?ES |%u%%ﬁ9$%% Gat* b5e chaditcal OF
et chi hg andfbexabpéi CaEeortLh@f dhverared xastplesses Ahdior iappliigdat,i aint 10anf

mechani cal e 3 Lh cording to claim11l or claim 12,
characterlz%géﬁng?h%tséfiggasggggg of the wafers is cut into at Ieast one

el ement before |iftThg offe 4. Adheshyd attbnsli fgpaw! cltgi mthe, person

characterlzggllpeaS;hhaujkheaQ%nneawlmklsgﬂ%ﬂédé&hO&%mel%E@ntaaueglegent
15. A nethod accord |ng to angaone of clains. 11 to 14, characterized

that. bet weBREHRIst eb of BT bHGEI B t e st et uPBSBAHIERE dehouRiRt RE"St ep,
a secbhd boaitl hgost e fier f hect edndaps tgawhhgh ireeiatet ure ricsiibended to a

20 SUbStratSaékégin&6log E%aéﬂ“%ﬂé?ﬁ% ?LﬁltST%%k%Wlay%eflon® adhesive
film, etc.). If the adhesive film is double-sided, it may
be as well to stick an intermediate substrate to the rear
face of the film, to act as a substrate or support for

20 stiffening the assembly at cutting time.

The 1lift-off techniques that can be envisaged
include the application of traction and/or shear and/or
bending forces. It may be as well to combine the
application of force with chemical etching of the

25 interface, or other means, such as ultrasound. If the
interface to be lifted off is of the oxide type, etching of
the low energy interface 1is facilitated at the bonding
interface and this encourages the transfer of the processed
layer to the intermediate substrate. Under these

30 conditions, it is advantageous for the processed layers to
be protected (for example by an additional deposit of
nitride in the case of hydrofluoric acid etching).

The means for applying stresses can be mechanical
(in particular by inserting a blade at the bonding

35 interface), and/or use a lift-off tool (see WO 00/26000),



16. A method according to claim 15, characterized in that said bonding step
includes nol ecul ar adhesi on bonding. 17. A nethod according to claim 15,
characterized in that said bonding step includes adhesive bonding. 25 18. A
met hod according to claim 17, characterized in that said adhesive bondi ng
is carried W 02884722 an adhesi ve har dened by UV radi ati on. PCI/FRO2/R6Hd
according to any one of claims 15 to 18235haracterized in that the step of
lifting off the 30 substrate is effected by chem cal etching and/or
application of nmechanical and/or thermal and/or photonic stresses. 20. A

net hod accoaddiingrt® pay, ove Dhvel aé n’ﬁné-ei’@lﬁ@,ac@ﬁé aﬁl@ﬁj zgd h8sthabed

bet ween the, ste f prodUC|n cture t he de untlng ste a
step is ef foeted't 6‘5?884%%@%@%@2/0?? o§2 p‘—?odg‘gL tg a1l %e‘gart
or the \/\hoIIéPdI92158;88),elmt@%ﬂ&%)aptml‘em roms e, ofreg hgans celowpi ezoelestri c,
super conducj o I G GO t d ordln 10 any.one
of clains 15 hggidg%gﬁgé actogr:g%p t%a#logf tggfr r?Iglem)unt |Onrgl sqa %Eture
at | eadt onchefipherfiaterdsi @ﬁjs@@lﬁ@ad nthg2 demomth@dea@m&mmet ocamy one

of clainms 7ac§1@ar2’éag§$‘@é?§t eﬁézeﬁréﬁaf?@@t bt b aYeF ot S @xéﬁ%fé Oy

sem conductor nateri al A _denount abl e structure conprising two

vaf ers bonded byt h%?cﬁing)esﬁgcﬁe?@ §hef 4ded doyt R ldcuItR  Hah PRl nat
| east one ofnisaithser fRces hayi nprbeen pf@:@éﬂélnﬁpahayﬁfﬁlﬁ@n@fﬂé@dthe

h r IIe dr proper 1 ies to,obtain a sen
mechan oal IEL E11 &R0t 1 Sk SER DY E BB BLRREE A TR P8 hardies, 55T
struct@re aekthroisy t@@lmm% withbe aplt@tetz‘e;dng nt hdrataehohs ofaydes fates
has been tredd ededrr St LACLIEB AETAGM! 0ot S AR A1 Brgd OfcClalm 24,

characterized in that one O is a rate an he other is

a thin | ayePobdhaeRl £6 diddcondl stbst rk%ﬁ%r@l@gl&nq%rféce even when the

adhesion between the internal component layers is weak.
The intermediate substrate, which is sometimes
15 referred to as a "handle", can then be cut, totally or in
part (to form notches or cutting precursors), into elements
corresponding to the electronic components, and which can
be transferred to different supports. The transfer can be
collective, in which case all of the components, even if
20 they are interconnected only by a support, are transferred
at the same time in the same technological operation, or
component by component (or die by die), if the latter are
transferred one after the other. The supports can be of
plastics material, as in the case of a smart card, and in
25 this case an adhesive 1s advantageously used for the
transfer. The elements can also be transferred onto a wafer
incorporating other electronic or optoelectronic devices,
in which case the transfer can again use a molecular
adhesion technique (see figures 1 to 5, 4imagining the
30 additional presence of components formed in the layer
(14)). The elements can be transferred by conventional
means such as pick and place means. The elements can also
be transferred onto another support to improve the thermal
properties, for example.

35 Then, by applying stress or localized heating (for



26. A structure according to claim25, characterized in that said second
substrate is nol ecul ar adhesi on bonded. 27. A structure according to claim
25, characterized 25 in that said second substrate is adhesive bonded. 28.
A structure according to claim 27, characterized in that said adhesive
bonding is &f@@yﬂ%ﬁzgm ng an adhesi ve which can be har dene®CIYFRO2/01268
radiation. 29. A structure according to2%ny one of clains 25 to 30 29 |
sic] , characterized in that the thin layer is a | ayer of sem conductor

mat eri al .
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- 0172d34777888the invention that tend to encourage demountlng of the
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fragments, the shape of which is clearly related to the
dies or components to be produced from the active layer.
10 One interesting variant consists in wusing conventional
component cutting techniques (sawing, laser cutting, etc.)
to cut or delimit trenches, at least partially around dies,
fragments, etc. Another beneficial variant is based on the
use of chemical etching associated with a photolithography
15 operation to produce identical trenches and/or to remove
the connecting region at the contour of the dies. For
example, after preparing molecular adhesion bonding over a
large area, only layers 3 and 4 are cut (figure 16) to the
contour shown, after which each fragment is lifted off the
20 substrate, which amounts to considering that the substrate
is lifted off each fragment (as an alternative, all the
layers or all of the fragments can be cut at one and the
same time).
Of course, the embodiments previously described are
25 not limited to the single case of monocrystalline silicon,
and can be extended to many materials, such as other
semiconductor materials (Ge, SiGe, SiC, GaN and other
equivalent nitrides, AsGa, InP, etc.), ferroelectric and
plezoelectric "materials ( LiNbOs, LiTa03), and magnetic
30 materials, whether components are produced before
demounting or not.
As already mentioned, for the situation of a
demountable substrate consisting of a surface layer of
germanium having an Si0,-38i0, bonding interface that has to

35 be subjected to an epitaxial growth temperature of 550°C
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10 emitted or improved evacuation of heat, thanks to transfer
onto a substrate that is a good conductor of heat, such as
copper or diamond). In this case, the epitaxial stack
concerned (figure 25) is based on composite semiconductors
derived from GaN (ALN, GaAlN, GaAlInN, etc.). One method
15 consists of using one of the processes previously described
to form a demountable structure equivalent to that of
figure 1 (or the like figures previously cited) in which
the layer (14) is of SiCgH (the transferred Si face is at
the top in the figures), the layers (12) and (13) are of
20 silicon oxides, as 1in the figure 1 example, and the
substrate (11) is of polycrystalline SiC (or sapphire). The
stack based on nitrides 1is grown epitaxially on this
structure. The epitaxial techniques used can be those well
known to the person skilled in the art, for example, such
25 as molecular beam epitaxy (MBE) for one category, and
metallo-organic chemical vapor deposition ( MOCVD) for
another category. In the former case, the epitaxial growth
temperatures rarely exceed 600°C, whereas the typical
temperatures for the second category <can be as high
30 as 1 100°C. For each of the above two techniques, the
choice of parameters related to the mechanical strength of
the bonding interface (roughening, strengthening by heat
treatment, hydrophilic properties, etc.) must be optimized.
In the second case, one of the processes previously

35 described based on roughening of the two oxide layers (12)
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structure at 1 100°C produces a stack whose thickness is of

the order of 1 um. The structure is optionally annealed

5 before the epitaxial growth stage, typically in the

temperature range from 900 to 1 200°C, in order to

consolidate strongly the mechanical strength of the ring.

After the growth step, the assembly 1is subjected to

deposition of oxide, planarization by CMP, and where

10 applicable molecular adhesion bonding of a substrate 16

(for example onto a silicon substrate), and annealing at

1 100°C to strength this latter bonding. Finally, the

demountable substrate is demounted at the bonding interface

(figure 27). A preliminary step consisting of a few hours

15 in a 50%  hydrofluoric acid bath is advantageously

sufficient to etch the oxide layer laterally to a depth of

a few millimeters from the edges of the substrate. This is

followed by demounting by means of mechanical forces, for

example by inserting a blade, applying a pressurized water

20 jet, or applying a compressed air jet, using the techniques

previously described, for example, yielding what is shown

in figure 28. A final deoxidation step removes the residue

of the oxide layer (13). At least the SiC layer 14 that

served as a nucleation layer for the epitaxial stack can

25 optionally be eliminated by etching (figure 29). Diodes can
be produced before or after the final transfer.

Note that, according to the invention, an alternative
to roughening or modifying the hydrophilic properties is to
use low temperatures for annealing the bonding interface,

30 instead of the traditional temperatures of approximately
1 100 to 1 200°C in the case of bonding where the surfaces
are not necessarily roughened. The annealing temperatures
are advantageously optimized to obtain a bonding energy
sufficient for the components but sufficiently low to allow

35 demounting at the required time.
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18 orlginal 1In 1t§S own right, there is, after production of

the interface, and an optional technological production

step { production of homogeneocus or nonhomogeneous
5 structures, complete or partial production of components,
epitaxial growth, etc.), lifting off with chemical etching

and/or application of mechanical forces, for example by
jets of air or other fluids, 1localized to the bonding
interface of the demountable substrate.

10 The inventors have thus demonstrated that roughening
or modification of the hydrophilic properties of the
surfaces can produce demountable bonding interfaces, even
after annealing at high temperatures, up to 1 100°C. By
judiciously combining the roughening preparation before

15 bonding with suitable thermal annealing treatments, it has
been shown that demountable SOI substrates can withstand,
without untimely demounting at the assembly interface, most
of the steps of a method for the production of CMOS
transistors (including in particular heat treatment steps

20 at high temperatures, typically 1 100°C, as well as steps
of depositing constrained layers, for example of nitride),
and could a posteriori be demounted at the bonding
interface by the intentional application of controlled
mechanical stresses. This has also been demonstrated for

25 other applications, relating, for example, to the execution
of an epitaxial deposition step before demounting the

substrate.
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10!!!ivW$1O§§éog§éé)69$§$§Qg@5&)WQ%é%}O%ﬁé&%'géggggf£%éludes, prior to
5 bonding, a step of treating at least one of said faces to
produce a controlled level of mechanical strength of the

interface between the two wafers compatible with the
production on at least one of the two wafers of a part or

the whole of components and likewise compatible with

10 subsequent demounting of the structure.

2. A method according to claim 1, characterized in
that the treatment step includes a step of modifying the
roughness and/or the hydrophilic properties of at least one
of the faces.

15 3. A method according to claim 2, characterized in
that the step of modifying the roughness consists in a step
of increasing the roughness.

4. A method according to claim 3, characterized in
that the step of increasing the roughness of one face

20 includes localized chemical etching of said face.

5. A method according to claim 4, characterized in
that the chemical etching is acid etchina.

6. A method according to claim 5, characterized in
that the acid etching 1is carried out using hydrofluoric

25 acid.

7. A method according to any one of claims 1 to 6,
characterized in that a thin layer is produced in at least
one of the two wafers.

8. A method according to claim 7, characterized in

30 that the thin layer 1s obtained by chemical and/or
mechanical thinning of a wafer.

9. A method according to claim 7, characterized in
that the thin layer is obtained by fracturing a buried weak
region of one wafer.

35 10. A method according to claim 9, characterized in



10m 10m 10m y$10%& () - QeTdTeTnTTTTTI R3H
108$10%& () - 0&$109%& ()-0', $&$10%&' () - 0&$10%&' () - 0&$10%&' ()-0', STTTTTTTTt V7H
10&$10%& ()-0', $&$109%&' () - 0&$10%&' () - 0&$10%&' ()-0', $&S10%R' () - 0OTTUUU* UOUPUK
L. H , $83$10%& () - 08$109%&’ () - 0&$10%& ()-0' , $8&$10%& () - 08$10%&: () - OPUQU U] MU
UhUUt UBH &S$ A2/084732$51 098 () - 0&$10%& () -0', $&$10%&' () - 0&$ FEVBFR)2/M2$68 0 V&' (
) - OUUUUUUUU R3H&$109%& () - 083109%&’ () - 0 , $¥$109& () - 08$10%& () - 08310%&’ () - 0'
$UW

VWWpRBHE$109&' ()-0', $&$10%& () - 0&$10%&' () - 0&$10%& ()-0', $&$10%&' () - OVHVOV
PVQVaVVWKL. thad' &$1OY&5 1)k L%k (ke@%&OW&()O&amoq% () ek %@%Qg@ ()-0Vv
VWWWWoP1HES109&: () 0&5109& () - 0&$10%& () $8$109%& () - 0&$109&' () o§$10%&
"()-0

VWV R3H&S$109%&' () - 0&$109&' (n¢tﬁbd$&$¢69/&i(1§; 0&$409RO0e- OR$EDYRME) 1 0t p$SVBYOW VY

VAW RS $8$1Q¢ $ $&3$10% 0j W&
AL F@ﬁé%&%%g?? g% (?Q%&%%f/&&% Oﬁg@%’g‘%@?‘f %ﬁﬁﬁﬁﬁ%) oW
WK 5 1s followed "'by a step of demountlng the structure at the
xxngpesH SSHOUES f- O&BAOYRCE) - 0&$10%&' ()- 0", $&$10%&' () - 08&$10%& () - 0&$109& (
;<| XIXKXWKI R3HE$108&! () 20BSEDH9& eFcordsRe169aC L5 Deblooghpya0R$IHIRI(F RO | $W
xxxvx\ Xexxxxhhﬁmﬁéoar&m(;)mam@&gﬁewlé)CQ&ﬁ@&r«&o(ﬁ 698@9;@9@@51 00-1$8§100&:

Q%&’. ().~ 08310 0ES10%&: () - 0ES10%! (

OXYY6Y7Y8‘$R$§%P f(?%(%n O%‘Z% é’g}g% Yod 52 ‘Ef? RSO )E?téaﬁlo(y&

() 083009& 05 - 0eYp¥s YEXYYYRYgEFRS10%&’ () - 0) &$10%& ()-0' . $8$10%& () - 0&$10%&!
()-0&3109%& () - 0 § Z od accor

ZoQTHIS109& () - %‘Véﬂ ()" Cesi698" ) "8asidod AL thasibod @i 12
zzczozamc@bik@f—?%&ﬂo@@ (YhoRk$ 269 §9310SNOUR T ) Llte | FeSETTE (I - 08S10%&:
) - OPZSZ\ZZZZZZZhaVKeagt18né0element before llftln%§0ff

108$10%& ()-0', $&S10%& 0% () - D&S10Y&! 7777c?aVK' | #3k7r $8s$10%
PBE () - &%10%@? (%Eﬁ %?Cég?‘p%g/ %f*& ’

, Characterized in

I 10%0BE () - Z[lﬂ:[{:${3"/@lgﬁﬁK&SM@‘Vm&béirﬁ@&lﬁ&’@&(ame#ekBy$&B$ﬂn@P/@& () - &s$10

R T
K&s$L0UBE' { &s$ FHADBELE-1&SS OB EN AT, &§$¢.0%§$& the &s%@ﬁ/m p)ro#BkYn$(&s$1

0%UBE () - [[LhE[ [HeBiK&aRI0YHIK TR&s $LPAUBE () - &BLOUDH &é@%ﬂé&
LO%BE () - #3K7r S| %[L%%de&sSﬂO%ﬁt%?&s 100/ & () #3k7 £ 81004 $10%

B& () - &S$1@Aﬁ$ which the structure is bonded to a
\ Q R\ 30 cGHKEsBAOMEBE ()6 AsHA0PLBE {he S5SIOUBL (s #8K:?1ﬁ$§@§6é9%£& ()-&s$10%

assLovna () astouba ) S SEEUTOTeha: (12 HL LN\ FLCReRabbTO%uSkTr 965

$10%B& () - BESL090BE LYndsse09BE %mc@%swm&cl)ll#ﬁkéd%m&h(bax]ld@%&s$10%
#3 " 410%B& 0% 1 1
- 10% & (@&sé)lomléé (@&“@hmi QC/@-{%{&% 1%3/#9% % T BT PEI058: ) -
V' 1$109% QB[ &he Y -Sqidg 9@@7@?&8%?9 fm@md/@mmi eswe ponding.
\ 4109%6B&' () - ““iélaaMLH§§§Od4é§@@9/ (ﬁoOCL§iQ9§ﬁﬁC§hé}aQterlzed 1n

AT iR S (L i 8 et el LY

L$10W/QBVE @r@et@qowww&r@u@amnhhm |j kvUd&s$ L$10%$& ()-0

>L$10%d$s& () -0 L$10%d 10061

“L$10%Q8&" ( ()Ok[lir_n%DoY%Z%% hol Gt ds L$ gb%m%@ 9‘% 00%110 dd$ag (§-0° °
L$10% d$|&%§ 0 ChagprRhRISEd ) 1o L@@%ﬂ%e()s@ep of 1lifting off the

" L$1096d$S &S (s OZpE &) p{Jps qr Sé@%k@@ Hy$l0%dE8 &a0) - OckSLOY d$5§n&) P
LS10%Sug ()0 LSI0%dSue ()0 10iSE () - 10051008 uuvy 0d$
L$109%$8 ()2 H%‘i‘é%%ﬁé (FeBPeB183tis@n Y ¥ ~ L3396 $\ﬁ8?d(/)0ro Photonlc
[L$10°/md$n8é1(1)e£)sd>_§10°/csd$s& () - OwmmwxyzzbA410d$ q &$10%sd$s&’ () -

&$10%$& () - >8$10%d $109d$N&’ () - .

1 10%1$&! (§210d$1 z{ﬁgt é%TTgLAﬁi‘bo gﬁ“%&%‘%%@(&‘”??-?@l“ﬁb@%ﬁ"&‘?-@'

Y1 " $10% d$| @hdya@erFaduSviE D), - Gkt $268@$&e( )s @ BSL0%GEB JYcitdy ; the

<[ 2Yuys410 & 8510 QBB $10%BL &

([)cy@iy?) 10d$10cfi$%d$ |(j $10%§%‘g&ﬂ{) @i+ - ()5 g 4]1a01 ‘!i &Elo%feg%tfod%ﬁ% ()-0
8$10% GBI & ()-0 ° &$10%IQ6d& () -0 &$10% Q5" & ()-

83109 Q[ & () - 0. MX) { ZONA41010 L$109d$ne () - 0 L$10%3d$s&' ()-00
9L$10%d$s& ()- 00 qL$10%d$s& ()- 00! L$10%\s\ & ()-0 10%$& ()- &

<T| [ NA41010d$10d$10d$ ~ L$10%I$&' ()-0 L$10% d$| & ()-0 L$10% d$| & ()-0
L$109d$w& () -0 | L$SL0%d$we () - 0] [ : NA41010 ° &$1096Q6d& () -0 &$10(VQ$
83109 QB[ & () -0 >&$10% QB[ & () -0 &SLOWBV& () -0 ! TOUB&' () - E*hi j k| ob
| 109658 () - 10QB10QBL0QH  &$L0UFB& () -0 &$10% QBi & ()-0 i &3LOUBE () -

s A IS 7 1loasAs | AA NN N SN M AAA NN ST M ANA PN A TSIy 16051

& () -
U410
0

~



$109& ()- D $10%d$w& ()- [ $10% d$| & ()- °L10%I$& () -

10%d$&' () - eENA41010

[ $10%d$s& () - $10%d$s& ()-' | $$10%d$s& () - $10%d$s& () - $109%6d$s&' () - LM kIl m
NNMOB410$10%d$s& ()-' |1 $$10%6d$s& () - $10%6d$s& () - $10%d$s& () -' | $$10%6d$s&’
() - ngeE3410WQB%I2A 0%6d$s& () - $10%d$s&' () - $10%sd$s& () - PCI/BR@IMAEE S () -
$10%d$s& () -1 P041$10%d$s& () - $109%6d$s&2()-' 1 $$10%6d$s&’ () - $10%6d$s& () - $1
0%d$s& ()-'1$DEINpQr eG+4$10%d$s& () -' 1 $$10%d$s& () - $10%d$s& () - $10%sd$s
& ()-('1%$$10%d$s& ()-rueE+4$10%d$s& ()-$10%d$s& () - $10%d$s& () - $10%sdS$s
& ()-'1%-$1pteddsdng) -H0YedSp&rE) - gp Uddte [ SibIRY% 48" &mf{droelectronic,
$10%d$s & (2)-1':| $§$10%d$s&' -%llo%sd S&Ié)i- $109%6d$s& ()-' 1| $8$VU§$ ‘
&$10%$& () 2BEYT0%%R° 1104810881643 S, BITRBLIHE % VBUBTHIPUSERE P -

S, $10%I$& (9r BTyhevlASconBSIeshS: ()-0 VES10%sd$s& ()-0 &$10%$& () -0

ES10008d ()2 00 E8109SE 11 00 SRIbo b & (L ob0 s 00keak 1) T ore) 257
V&$1098d$s&E3racbaniodd 123 10%id$dRE {9r * IPROLOY 8Si &NE) -st (&$I0a$&at) - *
hieg (RS Qo ML RIS DL 1 O

&$10%.& ()-*YY|[: 10 %é%%%%%‘f%‘r jng %%ﬁ@ﬁwm@g VRS0 ASER ¢3 -
8&$10%1$&' () cha ¥R$1OLMIASAL (- * t RSL0%EBE (JhinNoraper "Headhngldpee" of

"Heading 23]c¢c"." di 33]¢"_YHeading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73%%mc€§§%gﬁgr8§%§en{§.adi ng 93] c"A "Default Paragraph

Font 590 4i <CFJQW 23 ; | A] DeRounta$&(e, sOGWRt hWW MBjrh7¥s DAB<d @BCFwiiEers
NPScTTTPUU J

ZP777% S| [ [lf és%'ézt%%{a] _%%h%%fwzj& A1 REPBT Ar GET6 MBS 28 RAManAT? AP CoLET er
New'h Root fﬁ@?%yﬁdeﬁEu%%ﬁ$t one xghgspidsurf gaos4haysYg ; been treated
<=>? @\BCDEFGHI J KL AMNOPQRSTUMBKYA1]1d abedeldhicksk! Mmapgy stuvweygitdried

hydrophilic properties to obtain a chosen mechanical
15 strength at the interface between the two wafers.
24. A structure according to claim 23, characterized
in that each of the faces has been treated.
25. A structure according to either claim 23 or
claim 24, characterized in that one of the wafers is a
20 substrate and the other is a thin layer bonded to a second
substrate (16, 16').
26. A structure according to claim 25, characterized

in that said second substrate is molecular adhesion bonded.

27. A structure according to claim 25, characterized
25 in that said second substrate is adhesive bonded.
28. A structure according to claim 27, characterized

in that said adhesive bonding is effected using an adhesive
which can be hardened by UV radiation.
29. A structure according to any one of claims 25 to
30 29 [sic], characterized in that the thin layer is a layer

of semiconductor material.



