; e3ezwD*: P6T WO 02/084721 1 P Det achabl e substrate or

det achabl e structure and net hod I ll l uction-thereof Field of the
i nventioh The invention rel ates ction of 5 conmponents froma
thin |ayer rate and the pré#settion of this thin | ate
assenbl y. Tﬁgogﬁgggigte can be an original or internediate-@%ﬁgﬁﬁéﬁgh%nd
can be denountable, i. e. adapted to be sSeparated fromthe thin |ayer. 10

Description of the prior art Increasingly, conponents must be integrated
onto supports different fromthose used to_produce them Cbnponentsfpn
[ )e & SRUDSTY a 8 abnDle < - = - L Ae

pl astics ma

exanpl e. By conponent 15 is negRé pp¥dat€ienl €RbreBEC, optoel ectronic or
ch nic%l, nmechani cal , t hermal, bi ol ogi cal or

bi ochemi cal sensor)Eagjﬁcg t F&E FOVESPPEtely or partly "processed”, i e.

conpl etely or partl yher odicesntfoh ayerlatasst eto netdied canoblectused t @f

ntegraje 20 4ife, Gomponeqls, onto.flexi blesupperts. Jhere Are MOy gier

exanpl es of applicationsin ich Tayer transfer eé%nlques can provide a

sui t abl e solrRANEteom | mfegridtiisng tdumpodenes /srulisfyrats ormtss eandupporihe hat

is a priori sufssuirded td hed raprodugt han. okniddettheqgane |lsivie tfatclhidid ng,
| ayer transfer techaé%ues are also very useful when it is required to

isolate a t ) 1y erfemwEheBteni thEut 2GMsGRertS, P r BRPRESLEHI §itRd the

substrate, forireXanedre by denpbunting or elimnating the latter. Still in
the s l'i ne of thbgk%@g, H%%ni g gyerraOSO thin layer and transferring it
ont o anot her support 5rov#5ES RGeS £0i%h A%&l uabl e freedom t o desi gn

structures that woulltcatcherwigde, becompossibs e. mBanplengi anegt aired ngprdwer
hin 1L SAbbe ool 0 REAGOPUIRE SO Shod fle SR e Such as

buried capacitors for 35 dynam c random access nemnory ( DRAM where, in
Components on plastics material substrates or on

flexible substrates may be cited, for example. By component
15 is meant any microelectronic, optoelectronic or sensor ( for
example chemical, mechanical, thermal, biological 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
20 the components onto flexible supports.

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 unsuited to their production. In

25 the same line of thinking, layer transfer techniques are
also very useful when it 1s 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

30 thin 1layer and transferring it onto another 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

35 dynamic random access memory ( DRAM) where, in

.
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WO 02/ 084721 2 PCT/ FRO2/ 01266 contradi stinction to the usual situation, the
capacitors are forned first and then transferred onto another silicon
sulbstrate before fabricating the remainder of the circuits on the new

substrate. %2 E anple relates to the 5 production of t %{
structures r &é’ @gﬁﬁﬁo as doubl e gate structures. The fi rstﬂ(gﬂﬁga ﬁ{zﬁﬁe
CMOS transistor is produced on a substratze usi ng a conventional technol ogy
and then turned over and transferred to a second substrate to produce the

second gate and finish the transistor, thereby 10 | eaving the first gate
buried in tkkendradisiiacties tor té»@anﬁ@al Ksiswagkion, T. tranaiapacy.toFss aka,

H- Horie and, b RUgidg fHah- aﬁweghéﬂdtkg%f’@w@édnén% Q%%%rG%thl%gn
CMOS", IEICE Trans. Electron. , vol. E78-C, 199 pp. 360367). 15 The

requi r enent SIPSitEAItE dof 315 nfé}%ve?a‘?lrréﬂﬂh% B?W@%ﬂ%?rs%sﬁhﬁt &lirguits
encount ered dm the fhekd efibktghtem t hhoghdr odesatpED) . rd1rt @axamy et Heor

i nstance as reported in the docungnts S ng et . ur nal of

H ocrron o RreRier ot (1 SR8TITRES fg ikl Ss® rudinat o0 sopoa i o

et al., paggal@s6ti SRittingd.. TBE1LPhysi galteCafcepis OMOBMAtennalistbar iNovel
t oel ect I I 0 - t-h

Opt oel ect r on, ¢, JRVML S ARP Iu%ter%% usli g9% ko v@ﬁl% il eceﬁn%qtﬁt@f%not -

here is to inprove the control of extraction o g
obj ect rel atfd$nt o4 agver habdi fremssegaed da & §§C@¥ﬁr’rﬁlué>s matgappshire

substrate uspGdueepradicaddiad ephtaxiad ﬂa@ghl $ha l@Q&h@&'s@.‘blr,blﬂH@bebyn
parti Iar gecauselt S eletrl%allg/ i ns atlvgl M|ch€reve{1 ?n
el ect cal SiadSs ti i FETPEal ¥ g U el BbItE'S o VERDVE &if t EFfar ¢ he

sapphi re sulstamatle, thi chuxwasi 30TadTanbageols fhrsdleg p}hlasHooieglam& g the
material , r%ﬂ it hus ,appear e%% bsngesm%gw fn ﬁﬂﬁgu G5 dyald on disy
Ctie fraPd oF ¢t et

encount er ed i e fiel | rcations el eco i'ons and
m crowaves, GMIS"exanfpl @ Tnaltl$u sEdertaphnon, vidal.i sErederbd? e f op. t BS035
conponents tgMe finally integrated onto a support having a

15 The requirement to isolate a thin layer from its
original substrate is encountered in the field of 1light-
emitting diodes (LED), for example, for instance as
reported in the documents W.S Wong et al., Journal of
Electronic MATERIALS, page 1409, Vol. 28, N° 12, 1999 and

20 I. Pollentier et al., page 1056, SPIE Vol. 1361 Physical
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

25 example the sapphire substrate wused to produce the
epitaxial stack 1is a posteriori bulky, in particular
because it is electrically insulative, which prevents
making electrical contacts to its rear face. To be able to
remove afterwards the sapphire substrate, which was

30 advantageous for the phase of growing the material, would
thus appear to be desirable.

An identical situation is encountered in the field
of applications to telecommunications and microwaves, for
example. In this situation, it is preferable for the

35 components to be finally integrated onto a support having a



WO 02/ 084721 PCT/ FR0O2/ 01266 3 high resistivity, typically at |east several
kohns.c m However, a highly resistive substrate is: not necessarily
avai'l abl'e at the sane cost and with the same quality as the standard

substrates I | oyed. In the case of 5 silicon, ZOOin;al@j

di anet er si B?@gd?/q\ﬁéﬁfr)s of standard resistivity are availa /F%ﬁg@@f?g for
resistivities greater than 1 kohmcm there is very little on offer in the
200 mMm si ze and nothing at all in the 300 nmsize. One solution consists in
produci ng the conponents on standard 10 substrates and then, during the
final proceds ot egesistavdtterri hyracehils | ayerleant aigdvrrahe kedisormamt s

onto a gl assjo ANt Z, o SRRRMNINE, r & Lst 4 NSukabk¥esubstd ahgr R d80hNi cal
poi nt of view, the major benéfit of these transfer operations is to

decorr el at e 3 1EPI5 Gerthies e A6 T &P Wit hwhitéh sae Bifdditentss &
formed and tdweselafd t kendatralt supperdalllay eremmngd ddiey 1ar e taenseguent lof

beneficial in.many other Si tions.,.There nmay .al so be cited situatjons in
Bhich the sondrrlns Rl 4 BRI AR i e 1 e SRR OB S K St
conponent s irsesexdessitiel yacest lawaillallii s ceseredor €ranplmestitdti wiftisd i con
carbide, offgrdng, "ﬂgxéé’ﬁ{e‘i'. RELEOLHRNGS, - Ni gheg Lenparahur eénoéifgé?’ in

significantly 1 nprov Maxi nmim power s’ an frequenci es of use, e
whose cost dOfpar®d o 13¢ cdndi BoVREYIhaghalit 1Rothe BEObamefsigeal Qnse 25

transfer a tdyididyercohsides coat It csiRStiatend | Bohpbichhst 3RCEs tHrld4HQN

car bi g@; ont o tge i_.nexpensjve substgfte. (here si lst:'CO ), and to recover the

remai nder of° Hre & y strith f urrjé‘t%e,t%k?os B affTECE S e MG R%g

oper ati on. Thmdgfansfierg apetlath ohagan bentainied obt hketmpoecndsr iomgoora 30

after the pr tia th ents, T e ' can al so prove
(ﬂ%;é%:[ fc{hea\(}fdzsz,i ﬁsa IC% etc.,. Q%sﬂ%ﬁ:ﬁ rYte m;l%sq:'{%ste

beneficial i N Obtaiting a thin su rate i's inportant
for the final applicdacmmn Peweniappl Peanitors iVigarttbal avjway dsnafitted,

whet her for Jasonss&ssechabedrW ipdrhg i3nsevaciiat{gn ebchedkl sl Chis
inmproved if the substrate is _ ,
15 properties of the layer in which the components are formed

and those of the final support layer, and they are
consequently beneficial in many other situations.

There may also be cited situations in which the
substrate that is beneficial for the production of the

20 components is excessively costly. In this case, for example
that of silicon carbide, offering improved performance
( higher temperatures of use, significantly improved maximum
powers and frequencies of wuse, etc.), but whose cost
compared to silicon is wvery high, it would be beneficial to

25 transfer a thin layer of the costly substrate (in this
instance silicon carbide) onto the inexpensive substrate
{ here silicon), and to recover the remainder of the costly
substrate for reuse, possibly after a recycling operation.
The transfer operation can be carried out before, during or

30 after the production of the components.

The above techniques can also prove beneficial in
all fields in which obtaining a thin substrate is important
for the final application. Power applications in particular
may be cited, whether for reasons associated with the

35 evacuation of heat, which is improved if the substrate is



WO 02| 084721 PCT/ FRO2/ 01266 4 thin, or because in sone cases the current
must flow through the thickness of the substrates with |osses that are to a
finrst ap'proxi mati on proportional to the thickness through which the current
passes. plications 5 for which a thin substrate is required

e W @@ RoE

for reasons ility may al so be cited. For these ap Q'E/g L1266 o

circuits are produced on thick or standar'd t hi ckness substr at es, which has

t he advantage, firstly, of good nechanical resistance to the various
process steps, and, 10 secondly, of conformng to standards with regard to
their use orthdent aiom pbedavseonimquigmenicastse theal cthirant ngnist adiicsved

by denount i ng,,thjrs @'ﬁ@mm&bmeggn he @ﬁ&om@g't%%t%% L iamf%sggsa&%hcer

support. In sonme cases the transfer to another Support is no
i ndi spensabl®.® dsheri B rgti prprexinatipal PFﬁP@kﬁé%aél red té‘te diviigkgress

thinning is tsnifJugH efthid @h@dlé@%r%%'tf St | 882 Bt I BEEU @pplYAdtAWhs
techm% n be us%d to transfe %grs from one sudo rt to another._ The

t echni ostcl §o&gh; %‘%rbys‘ﬁ Guchi &eWired pfgE. TEPMPY98% p.
688, may 20 ﬂ:iemmdd,tyf anaexalypd ebe Thiesedt eEhni ghes eakepafi cgrteanshenafd t

sinoe they enable @ laxel Lo die.ddansher iad dy omone subsliat < 0. anathe

but they necessari asi c su Sstrate I's destroye r| ng
t he process)sWisd Edifvot a@ﬁlcé\/ehﬁénogéﬁeoﬂév@@*aﬂ@?er ofrstihi n 94 | rBaad ess

a 25 stOp |Qﬁé@fha‘r§Ld@irleS§@§1§tén@e 2NohOMgensoys pavedsd nskegssutasficr ate
rnatterllgl ) %é,tran fer pethods known to the person skilled 1n t he art,
SO psc?scsquﬂ

rt o s‘éoﬁﬁgr{%ngréﬁsfséﬁq%dtshl%lti%yé?gaﬁ?l et EriSiSs

that may conisa rod heemhwl e propactidf efuaphkstoelraet rf@lmag colpeneRt .isSone
of these net h%ds a(rfP basgd on creatl within a

material, byqhtTroducthg oRe o Kor egghgeguglogﬂﬁépgn(?@? aicrﬁoén%adﬁ]eedct
see the documentmndSed 5374564t ieor s EPp@x 633561 omeUS2Ae6020252 farmfer

EP- A-807970) b el 6d okt Ofs 3RoEP; ﬁ‘dlgkgﬁggiﬂe, FBsée%Zé%gOl( Yhe
EP- A-902843)_, ‘and 7084721 PCT] FRO2 01266 5 FR A 27732

EP- A- 963598)E 1 i c‘hhh‘F]S%ﬁF%%eaé{H@ﬁ Rt KB NITHeR e Mt hods ﬁruéfgéﬁ@rla 1% used
W th the objmaidus @‘eldje—rmjpﬁdmddw%ﬂmmtel@s a filmfroman original

substrate 10 transt of hLOMQ. 8, SHRROrt e o TNt N 1L 8,98 gkned Sy, £ hen

from one support to another. The techniques disclosed in
1985 by T. Hamaguchi et al., Proc. IEDM, 1985, p. 688, may

20 be cited, for example. These techniques are of great
benefit since they enable a layer to be transferred from
one substrate to another, but they necessarily consume the
basic substrate ( which is destroyed during the process) and
cannot achieve homogeneous transfer of a thin film unless a

25 stop layer 1is present (i.e. a nonhomogeneous layer in the
substrate material).

Of the transfer methods known to the person skilled
in the art, it is also possible to use one of transferring
thin layers of materials that may contain the whole or part

30 of a microelectronic component. Some of these methods are
based on creating a buried weak layer within a material, by
introducing one or more gaseous substances. On this subject
see the documents  US-A-5374564 (or  EP-A-533551),
US-A-6020252 (or EP-A-807970), FR-A-2767416 (oxr

35 EP-A-1010198), FR-A-2748850 (or EP-A-902843), and



substrate. These filns can serve as active |ayers for the production of

el ectronic or optical conponents. They may contain-a part or the whole of a
conponent. These nmethods in particul ar enable reuse of the 10 substrate
after dermu y little of the substrate being consun];reéir h
cycle. This |§}%@§§ﬁ{§e the thickness remgved is frequently /ﬁgpgﬁlﬁ?&n a
few m croneters, whereas substrate thicknesses are typically several
hundred micronmeters. It is therefore possi ble to obtain substrates 15 t hat

are simlar to substrates that are "denountable" ( that is to say
denount abl e} RnA-wedRakilc alors hfeds 63 9ar t ivddicdr dis ctlivs ec gse hofmetthedsr ocess

di scl osed in the dogwamat n%é%‘rﬁd@o%(}@%e(n%rraﬁﬁypwé%@m}th HHeS RddiGuiear

process is based on inplantation to orma | e burled regi on which 20
is cut at ti ¢ RESG Giral eandiéiLe adffer arretﬁaafs froged ah (adginal
"lift-of f" pribacimedte abSQ:I_E&fBILm::] altt hhric d aﬁersﬂippcmlﬁ. .he Thenet Rder fqumtS
origin ppart., again wthout the |atter necessarily bei consurme

These tho@gjocé"elﬁleer | 1§ Yus & 681 e ANVELSE GherHO c%lo@t cﬁ)tb tg% YL

i nt er nedi at eUlmyrerateposkhddy fHssnei abed smrtvke resC haatt Tad 1a}yees folni Heype
of net hod '%)%ﬁﬁ%%ﬁkﬁglgfuﬁﬁchgfhﬁ%ns E #khbglel d'%RSQEQ&Q;ypeS

of support ransacti ons on oton|
t echnol ogy, Wtal@ alZDa(rtl@gl ythe M@)e ofae Zepmpgeditned |n t he paper by P.

tDenree?‘ter \e,:h_t ﬁ' 1T$%|@ecoﬂéi’lc(h§§él PECB?tehlc&lérl%%abme 1|r%41\'7°,w]331-3§$ tdhe
rans : i e era es place after an epitaxi 0 step, can
be carlfqr ed &H% %E/% SETPRECANGducFoh E)F%Flig Eggnpgh‘éntsél

" post - pr ocessingy' amnsiprree} proeessi ny'cled5 Tespeat ibeelaydse the rtkwal@%s&SMZl

PCT/ FRO2/ 01 t f

| ower rrecha%%gna Qrg%et ﬁ?%ﬁ&gﬁ%%gl rerraln(og((rar o?‘l flhlegg) %‘Hg‘ﬁgcrjtogﬁ%[) ros’
| ocal i zed defﬁﬁ;rﬂaSn@uttSit@aE@Twckrmswm e ey meicedd Y Fgparese matdgrﬂd
Publ i cati on N5 Q73628809) . tﬁ@ré@b§eCB§§51glétQBKOQQ%QQ %@bstrates

nonocr yst alline silicon is locally weakened by t formation of a porous
regi on-> AnotH&rt 4R 1Sdidiatudtd sniRedrsitass qh@teﬁmeou q%@%ﬂ@%séﬁé@%f a
buried oxidad nd r@ﬁa@@m@lﬁnﬁaslé) Chf @BchAsitalostf&6k) St u;fatrttrleaulmwever
standard the lac%ﬁe" rra ergvvl se be % i...€, Bro uced tho%é seekl

any particular remurcﬁa i I | % eEPCEP t RES§EPTEEUr ™ s-Hon

suf fi ci ent | YSstAedgI02 %2 acpnot EérAsabgﬁﬁét e didsa MJgthicsml@ssplrscappl iled to
the struct ungsdpcal Iizpd JHAGlEe cPIefe e Adm AAERM ddbiide i

can | ead to a cutting fect on the scale of  the entire substrate. fhe

docunedt " PHISL |9 %urtﬁ@ tdfmel?@eérlé}?l ty@nsteF. N 1/2, 1995, shows an

exanpl e of thl s on @&:%%& Seiliodd. Uhkent watehy, "w@ttbaet-ur;@ciirﬁzictilfé‘,i cul t
to control a necessit at es h| i

h mechani caiL‘I stresses to br| |t beQ t,
which is not® eedﬁm hé ritBk of 1BYEEKi hECBf the slfﬁﬁﬁjr oro ar?'aﬁl ng
t he corrponerms_g'ﬁheaddvamtp@:@etof agahhnbumedoﬁtagthe Imemtmﬁﬁﬂw
t hey can be | a a ry [ r P,
AsGa, Li Nb03, 6%&?%0% etgl‘3 ?ﬁﬁ{zsregng%dco thi ﬁ(e%eésﬂsri%fg)omm% eseqneSC%o
angst radhuni Ehemigalo %tcfwgn ef oetlapsl gd umltewﬂ@ﬁl@’é@ylgﬁ@éhorﬁ&f@ﬁéﬂ{yy

G eater thi gesses &Rt IS0Re-AsNL eyedsletalri catig d@;@@néﬁbh@t&beucl@r es
for possibl esubsequ r onto _anot her supgort

transfer of a | aye
substrate, it kﬂb&?\EYOUtsﬁg pet sBﬁaEﬁ%/?Fec} 5Vt et PRt e oAt rdd1fferent
t heener gi es wfpdshe>hondspduet weesd he. | aympeamdetthesubst[m&me Tasrgutitdaired in

t he docunent_  EP Al. Th ny rs this paten S re that,to
pr oducea dermung%%l%gggﬁﬁst ?hmf?%?‘sal‘go pos3§| bl"é t{%gggge (r)rlef%% A]s
i nvol ithg t rxrdaritves]  pfi bohei g fear cles P Demeester et al. Semlcond.

Sci. Technol. 8 (1993), 1124-1135, the transfer, which
generally takes place after an epitaxial growth step, can
be carried out before or after the production of the
components (by "post—-processing" or "pre~processing”,

35 respectively).



WO 02/ 084721 PCT/ FRO2/ 01266 7 existing at the "denounting" surface to
assenbl e together tenporarily the thin |ayer and the substrate from which
it ir's subsequently to be denpbunted. The situation in which the bonding is

obt ai ned by I adhesion is of particular 5 benefit. h
categories o Og@gﬂ#ll es obtai ned by nol ecul ar bondi ng, si ﬂ%’[{ﬁ;‘Rﬁ;{OlZ“
insulator (SO ) substrates produced by these bondi ng techni ques constitute
a particularly beneficial category. The category enconpasses a nunber of

variants, the principles of which are described 10 in the book
" Seni conduct or Vf eOfbdrid metSeiancesamd Tetbnotegystiqy) - Yurieng Jam:éru

Cosel e, a WJey1bRLer Sgdenee fubl lseete'n%eh Jehason e S'r% aYhhey 8b§ %%

Sone vari ants are known as bonded SO or bond a etch bac
(BESQ ). Ap&UPSfréhSortdi ngRiRédt vﬂrﬁj:ehlﬂi aﬁ‘e%HHsll% 15¢ heBBTRANT ant s
rely on physietadlod enmyalbof ctihedor Imp@he%bgalt@hﬂé, bybPDtashbng ey ques

d/ hem hi ng techni ques. O her_variants, described i r.t
Eﬁgret(:)(r)f%re a?;%%oa%%}teg(r\9 trglnsfg{‘] ?ggﬁﬁl FHués, S%“’i"ak %ﬁf??oﬁ&l Irgpn&?sré’(fr)c(?ﬂalﬂﬂ‘r?di ng
by nol ecul arSldemem ors ahdcdéhpuntsiakgneyd "lowt thag'f20adliony af r egimrdusat
has been weaLl%e_]r] f I d Jbe nts
US- A- 5374564 (or  EP- %Ogﬁggg)ﬁﬁgéﬁg- %Abgﬁgg%g & %SLES gB?%ﬁ%‘%l%(ldC%W
demount i ng dRSngPrasanasn aht el Plegiemh)ovkde nlltlhehﬁo@aﬁenprla 6923888 on

(dermunt I NG 1y J1r-a6ures @il onge Auduii&d lh@-\)i@‘!}ef heﬁahaeréeeﬂe2§art%@ern?aq,
porous). \Watever the exact t echni he commn feature of these

varia i s AETgse B bl %cuP’é?gB%?l Hﬂ;thPHt nBS§EXORIt REYc gegLicular
encount ered demdure dhitlartat ur ef between tMo subst ratte;s;dtaa\tleng $61 1 chdes ) or

i1 oon Oxl dade 90013 UISCHLACES {0nRenbEoU, LI O, COlRCt, | Gt 30

materials are soneti mes encount
nondenount alfit&es@ s86r aRRiied aice tTdﬁebeS@btU@lthé@, th@C@LIH@@e fptreeﬁaxr&t,l on

operations 35 fidtegnded 1fy %@Hﬂé\ﬁe‘a arnoelrfée,oﬁraé Ofc,Ia‘?ln 1 dhe algdQfng

annealing 35 carried out "after bonding, high bond |ng energies t plcally
Wo 02/08472F FféﬁltFFé@’z/ B1268C81fr &h 1Uteo ?ntﬂlﬁe S ¢bf éﬁ??ongpﬁy, Qfuent

standard prepaIatieen Jepamaili @FS Rdshke reendi m@lenex@gy of 1t/e stomuct Wi wss of

(e order o100, LI, 2 90 Lemer glursand, S0 LA A(kgLoggneali s
fracture 1is difficult to control and necessitates high
mechanical stresses to bring it about, which is not free of

20 the risk of breaking of the substrate or damaging the
components.

The advantage of such buried fragile layer methods
is that they can be wused to produce layers based on
crystalline silicon (or 8iC, 1InP, AsGa, LiNbOj3, LiTaOs,

25 etc.) in a range of thickness from a few tens of angstrom
units (A to a few micrometers (um), with very good
homogeneity. Greater thicknesses can also be achieved.

To fabricate demountable structures for possible
subsequent transfer of a layer onto another support or

30 substrate, it is known to the person skilled in the art to
control the energies of the bonds between the layer and the
substrate, as indicated in the document EP 0702609 Al.

The inventors of this patent are alsoc aware that,
to produce a demountable substrate, it is also possible to

35 use methods involving the control of Dbonding forces




5 bondi ng (bondi ng energy determ ned by the bl ade net hod devel oped by
Maszara ( see: Maszara at al. , J Appl. Phys. , 64 ( 10) , p. 4943, 1988)
When the structure is anneal ed at a high tenperature (1 100C), the

bondi ng ener, as high as 2 J/nm2 ( C. Mleville et

Sem conduct 3}96\92?@?‘%?0 bondi ng, Sci ence 'l;echnol ogy and AppIall;c‘:"f:;(f?}18?‘(0V\?,6 PV
97-36, 46, The El ectrochem cal Society Proceedi ngs Series, Pennington, NJ
(1998)). O her forns of preparation prior to bonding exist, for exanple

exposure of the surfaces to be bonded to a plasma ( for exanple an oxygen
pl asma) , a&kicdannts afi et Heeddiewaluant ngdndiurf sarrer gd esseembdat talgsdysr

necessitati %ﬁg&&%ﬁ&gﬁfﬂéﬂéﬁ&ﬁinﬂa}ér angy Re n v s§8§l€%atép@roﬂr WiRRk: iRhyS.
, vol. 37, p. 737, 1998) . In contradistinction to the above, the inventors

are i nter esti&d SUPSEERRHADIT® S8 demaditetes Thet sHadafdon 200 sHdwd s

di fferent rre:mmad ir@ali§tdl@tmg]trt§ofl Claylh h@l@?ﬁﬁéﬂeédbésmﬂi leyi g tﬂ%&tgi)tdﬂ%ﬁgi lic
properties and t ro ness of the surfaces. For example, i.ndi cated in
t he papger b}eﬁ{etjlgzgcyssalb%het%ﬁ . C@ﬁreggéé(%sngs?%of FE Chid S°nt é’?%a?ﬁ“&%gl 5

Conf erence owldatdriral bofidind) crsadliectr oonc g nsdEt2d CoBflini cathsdnst gs.

183, 1998), oriG aci chi i ea : ughnes, | ayer of
silicon oxi fg?éqi’rﬁ%ld;apgg dg{s}gpf_sle%es ovcleflgl 8 ggghk&]g?%ﬁ incre%%gtisu?%e ?ém;
roughness f iAHAG-cllahltvo BeBPE Himl | ¢ahegobeenTher CREEFOLNate SICUWESISGE

bondi ng wi t B HEndQUAINESTa% s, 0.t6R5 gran13@ GH523m iR fote the frddag
surfa%]s yi el ds%bo%dlq(g ener gy W of the order of 500 miy/n2 after
anneali'ng at'™ 10§ C°9°% e. 9 LYhal'ahf T héodt r FLiNEs | GRd
previ ously deadtholBag"i, n\enrtYor €dmayanchawn Gdsatl d,n d Wis esadentidhe aieugleni ng
can be expl qi QI OVi .ahl g,. in [ f Vi fter
anneal i ng aghﬁblelghctat%é%ﬁlér ggﬁlrn%%%gir&%ﬁ' %13\%@/85‘/ %’éﬁ%ﬂr}&%é/%%%oz *hi gh
as 1 100C. Bycastnret yagomvingiedy SPughheek) peepdcad omndetbrk benadi iPIwi th
sui tabl e thergmoranneabi g ELeat MIHENd tihes1 PELY demersthat edidddion,

denmount abl e SO substrates can w thstand, w_thout untinely denmounting _at 5
the asisenbl y-1S%Ser VaEeaNhdstr StvepSnofPly ShicidesEePorapr fuckhg aveginal
transi stors slibyciridigng by periscinar tbenhigneat aray ost eperdlcalli grching
omperatur e dYeAldY, BN Goan el ! as shon, of, dehesiidg gt rd ned
at 10 the bdrdiew itnandfare byechelidweent i anal apphiitdcanpdhyof besktr oldred
mechani cal $1JRESES by molecular adhesion and demounting by "cutting”

20 along a region that has been weakened, for example as in
the methods described in the documents US-A-5374564 (or
EP-A-533551) and US-A-6020252 (or EP-A-807970) (demounting
along an implanted region) or in the document EP 0925888
(demounting by fracture along a buried layer that has been

25 rendered porous). Whatever the exact technique used, the
common feature of these variants is their use of molecular
bonding, in most of the cases encountered in the literature
between two substrates having silicon (Si) or silicon oxide
(S102) at the surfaces to be brought into contact. Other

30 materials are sometimes encountered (nitrides, silicides,
etc.).

If nondemountable SOI structures are to be
obtained, the surface preparation operations are intended

finally to provide, and often with the aid of annealing

35 carried out after bonding, high bonding energies typically



Techni cal problem and solution in accordance with the invention

Del am nation is a well-known problemin the context 15 of multil ayer
structures, in particular in the field of fabrication techniques for

m croel ectr nents, sensors, etc. This is because nt,
chem cal ggpﬁ’&ﬁ@g%ﬁydr ofI uoric acid et %hl ng, etc.), rrechgﬁm%g(ﬁ%r
physi cal operatl ons of removing materials 20 (polishing, etc.) necessary
for producing conponents, deposition and/or epitaxial growth steps, and the

nechani cal stresses generated during the production of nonhonpgeneous
stacks, oftd&ragedert®t & cl/dtvagesvantibaaldyer "dde sdarsttad Hremarsffioat the

edges of th%;?e'iasttlrd#%turtﬁ% E@n&bﬁ?céﬁérg [ ed tlfé”s@%@tfftp&@e thecramhe

hydr of | uori c aci d t{eﬂé ? sed to deoxidize the Si ace an in sone
cases | ead 995t o’i‘}% Bt c¢ht nbeoR Fﬁé‘pﬁiﬁfﬁltélaeo%“@e THdF e B Wdaken
the surface afndemlainqmit eﬁg]é’coffcmezaowaﬁﬂiuté?@ Lﬂyethéraaséebftsd:bmml@zs
(wth or w téla ”8%%%8&%%; bazed q% & Alqduetion of @é a%eech
substrat es by an i ntermedr at e ayer or weakene ace \ﬁneth

by i npl ant atdemelm‘p@ljb@y aMeezarpy( eenattosn agk @ porbus ﬁe@p@ﬂ,- tfshxsont rol

of the bondigng (3%ENGE0Ys0 81 C.)o8OITE HACATBLESL cCELt AR RLOBlEms a0l at ed
1.. Y WD 02/08 721 P /FR02/01266 10 wth untinely delamnation if the

processi ng pr bt demrerh ol ( HelUnti ngthe PeBIABgr 888F9¥. ceradle iF can
Stha” uni nt Gﬂtdron@é:cyz ﬁt/nizh‘? Cedgﬂ§le€|illiélgettg%_P(rjocséﬁlﬁ@fmfiabtbﬁama@br?f

t he r t o conp and can 5 reduce the rt from
the rddliot GPTOr e SUFTACe SPERnat OFHe St AESTITA Lot by vy ?Dfa%?g of
the film at 4the emge tEEﬂeescetmcthérensaJcan Slogae ttyo aPhog@ednngeaseSames,

particul ate f) o vvafdacrh% ef e TH
yield in the fa i catl on 01? cogr%onents 10 andﬁ{'ont ﬁe?atl ongﬁ} &%e pl ant
used (in parRandiner $xkFlaceSoy eSXAHPSB| €xPosfunchefi nvledit PBALRpSeBotEl IR&/ at e

the drawbacks,Hyayitiisd Yorideg ¢ hankexhfpael anebksubst ALE raft erdfrac & drhat
reliably conbines the |gﬁ erative of 15 denouynting at the right tinme

and the i npefdtide ofIv P heceley %/ngvm t REE&HAPRAg tWétgﬁ&tl catd R ¥
heat or nechmruqsadlﬁarteatgmnhcmeaﬁﬁsalyn@ox yihe Ifr cstudt ROW. ofBotwae, Wwhidre or
part of the o ronlc ptl |, or, ACO iG components or sensors, or
epi t axi al grj(;]wt epshys it hVoo fga’lcéjua r%cp;i?tr?aﬁure denounti ng or

del am nati on. I\/bre denesantyadipeinavenni o cohsi stoven ahhasslamsntors

conpri sing & ddli fnd SYe5t O anSURHRAkBL1BAILHT aé/@fué)@w&s Lcoppegled seqerﬁal d
substrate by an interface aor an internedi ate | ayer having a_control | ed

| evel %Q mecHHt af ok ggﬁgﬁggﬁt mechanical strfengths can be obtalned
by modifying the hydrophilic properties and the roughness

of the surfaces. For example, as indicated in the paper by

O. Rayssac et al. (Proceedings of the 2nd International
Conference on Materials for Microelectronics, IOM
25 Communications, p. 183, 1998), hydrofluoric acid etching

increases the roughness of a layer of silicon oxide. The
paper describes how an 8 000 A etch increases the rms
roughness from 0.1 nm to 0.625 nm It has Dbeen verified
that Si10,/510; bonding with rms roughnesses of 0.625 nm and
30 0.625 nm for the facing surfaces yields a bonding energy
value of the order of 500 mJ/m’® after annealing at 1 100°C,
i.e. much lower than in the standard situation previously
cited. The inventors have shown that in this case the
roughening can be exploited to provide demountable bonding

35 interfaces, even after annealing at high temperature, as



To this end it proposes, firstly, a method of preparing a thin |ayer
including a step of producing an interface or an internedi ate | ayer between
said thih |layer and a substrate, characterized in that said interface is 30
produced so ve a first region having a first level of ne ni cal
strength an&gétozﬁ)éé one second region gaw ng a second | eG TR %H@Wéni cal
strength significantly greater than the first level. In other words, the

i nvention proposes a nethod of 35 obtaining a structure having a buried
structure (interface 5.. WD 02/084721 PCT/FR02/01266 11 or | ayer) whose
mechani cal dtirgngt Asi s hi ghépP°Cn oy r egistmtielign | comnbhheg. TFrusHriess
neerface (9l die i il W&mgCﬁftfqeseﬁkgmeqh%gn%ﬂ "é’?’ﬁ'\téaq_q_n

I’eCIUI r ement oW ng for EI’ ocessin i's I ntende

Thr oughout tqﬁesatd%’t}rﬁentltt ésemﬁ@sﬁwm%ﬁﬁ chhaEtﬁ@ﬁ‘@Pﬁta &n§q1he

mechani cal Sstdk%ﬂﬁztahésn the “starengidy, of wﬂEh@ﬁtahﬁml&t@l%e démbusaingl sa

refer neralgy ther%gscfgirﬁlbllltsytor tur dISSOCIatIO of a

contin ous or'Sdi SEFH I HYous HEditdin T sudWsds &t erfaacéjr(?rcea?

whi ch coul d sadduerirdel @Mi)ﬁattlrcansﬁsdror@(ahpheluéing) in whetrhecutars heatl n

response to r n ( be e I aGenpr ion,
Cﬂ%& dﬁ&éﬁngs“c'h St ﬁfﬁe t&ﬁ@&%é?ﬁre, @ﬂgﬁgal 311 0@PI €35

torsion, et at treat urin mca et ching, "as wel |
as all feasitfild contsitens efs. dem®si e ngﬁetr@flrterde learatisoulfar mrxsm

di scussed hergjdiapoye, nifride) s 449ubbgdqt Q BRURL ot-he LRURRINALR J4 B the
| ayer at the correct tineg, and not before, the first region_having a | ower

mechanital steen§PRIf89a ¥ BRThcPYdeth S EASF O S oRBPH 8GR bHON 20T
Especi al |y vmﬁftrtdlaemoﬁe@}(ﬁnltdaa thinedsayer is to be transferred, at the

vaf er scale, the regicon wilh e gheghomechanical S5 8RALD hScR SasRb! v
an

a ring (an annul ar rF1g
vary from a &heyinyeptddnni croneters to a few 25 n‘iIIimeters even be of

the order of one Ce@él%%ﬁ‘?{atlmusist he vfélrlgkci%rp%ﬁ%ﬂltéﬂ & %&%@J@&y of
a round, square, E onal or other shape plate whose core is of |ower

mechanital < eRYLR ﬁeé StEBiecor + Bs gRdiiifgtliatst €8d thy déhBhft ity 30

at the Ievelfacﬁrlpmttlldms @éclﬁrh@q@éﬁ n fayer nﬁlaxtoféu@cttﬂan&rrpqmmon&ﬁis or
subset of dies, etc. ,?P?repara on of s | ayer Ereferablﬁ;elncl udes

a step wher 619 " ﬁea?ttCOne Agmeht G- &5 3895 57587 At ed DIE P!
substrat e andresdimkrseconydredilawraxt eadsdal enght he, comtaur, ofmesdiahild®al

fragment. TQH&M&Q? fi§§§5{g§ion SBQrggiéﬁégneeked’r%%%@ing materials

20 ( polishing, etc.) necessary for ©producing components,

5

deposition and/or epitaxial growth steps, and the
mechanical stresses generated during the production of
nonhomogenecus stacks, often generate cleavages at the
layer edge or start 1lift-off at the edges of the

25 structures. In the case of S0I, for example, the many
hydrofluoric acid treatments used to deoxidize the Si
surface can in some cases lead to important overetching of
the buried coxide and thereby weaken the surface film at the
edge of the wafer.

30 Layer transfer techniques {with or without
components) based on the production of demountable
substrates by forming an intermediate layer or weakened
interface (whether by implantation of substances, by
formation of a porous region, by control of the bonding

35 energy, etc.) come up against certain problems associated



n WD 02/ 084721 PCT/ FR02/ 01266 12 fragnment being surrounded by a region of
greater nechanical strength. Accordingly, the interface or internediate
| ayer produced between the thin layer and the substrate is 5 nmechanically

C portion than at its periphery. This ces
t‘ﬁﬂt“ﬁ%ﬂl&ldel am nation. Said jnterface or buri e%@&@‘z/@% t ake
various forns. It can in particular be defined as: 10 - a bonding interface
( with or without adhesive, for exanple bonding by nol ecul ar adhesion),

weaker in i
the risk of

with or wt
m crocaviti

generally a Hﬁ%ﬁ&lghaqef%%%%un%Qn%r fssi€do-
characteristics different fromthose of the substrate and the | ayer, for

hout an internedi ate |ayer (oxide, nitride), - a |ayer of
&8 thandhgi ngay nﬁ@ﬂéﬁ@bbté@nandfortm atetetsdsinmd morer  to

and

e rRdi &g diavey kay ng

exanpl e a poreUS I RGH el L xuni B h tagn S5ei f & eitd abR8 PROFEPAS Bf its
FAEGHA ion 95 SUsCRBididit pa2O bo @h@rrb@ﬁllpoﬁte@l@ ng_n(dcf&m cal

nmechani cal
and nechani

ca diate | er of differe

conposition ﬁfgdé:ﬁgtetgﬂét ogljogfg'lel é‘E)’PF If§oc§fhe ca‘TEF?/ucetf]c%dogtﬁ 0 ¥ace

di fferenti atimee bef weba eonneet ifig m egd essd obyhipgleer ngr dfowene mé¢ haniadal

strength or
t he case of

exanpl e, by RIS BRT Sor @PAF 2l BR
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cont ac]t for

heat , treatnent differences, rticular after br|n i.nto
Bhdi SEP LTI LR calb of PR | BYARIf RFSRochTt | BB Ly
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mcrocracks in the fifstyfegione 3% | Mnblgcea3e & 2 POLPHS, I AVET ety

nmodi fying t

15

20

25

30

35

he
drawbacks previously cited thanks to a layer/substrate

interface that reliably combines the imperative of easy
demounting at the right time and the imperative of, where
necessary, withstanding the application of heat or
mechanical treatment necessary for the production of the
whole or part of the microelectronic, optical, or acoustic
components or sensors, or epitaxial growth steps, without
causing premature demounting or delamination.

More generally, the invention consists in an
assembly comprising a thin layer on a substrate, said layer
being connected to said substrate by an interface or an
intermediate layer having a controlled level of mechanical
strength.

To this end it proposes, firstly, a method of
preparing a thin layer including a step of producing an
interface or an intermediate layer between said thin layer
and a substrate, characterized in that said interface 1is
produced so as to have a first region having a first level
of mechanical strength and at least one second region
having a second level of mechanical strength significantly
greater than the first level.

In other words, the invention proposes a method of

obtaining a structure having a buried structure (interface

Yéduced



WO 02/ 084721 PCT/ FR0O2/01266 13 5 10 15 20 25 30 35 percentage porosity so
that it is higher in the first region, - in the case of an internedi ate
| ayer of -different chem cal conposition, intended to be selectively

chem cally varying the chem cal conposition, which can

dopi ng di ffg&ég'gg’%{%a conposition per ceﬁ:age di fference fc})rCyFROZ/Bﬁ‘S%

sem conduct or substance, for exanple, whtth would have a direct inpact on
any variation in sensitivity to chem cal etching. To be nore precise, in
the situation where there are only two regions, in accordance with
preferred feat dreeerf whesd meemaindiealpessiasiofr i i sc dvitgibeat iion ond regdicrh
case the seqong, regi QRosHELOURdSd hepdi 63k hedic@N)ioAf LRE tihe 3hRifte
producing the interface there are effected a step of isolating a fragnent
of the | ayerld¥&itai AiftRg i @PELMEE FegR®n and V88T d O8ecohd HosIGIFEs tohat
sai d second a1e@vdmg s Pror@sishegoemaphary ief isticthdacagertpplfolticowed by a
de m)ug,)ting operati&n in ;P’/tni %h thf substr(gte and the thin layer are lifted
off: i this case, thEANFFPSFt stBPSis sARELIPRY advartageo EiRF S5eCed
by a step of' mghysirdalaldedtimantgthi"ommedng hehsemendankégabnsvirsngthi $nt Hehef i r st
region, for examle afber pAdial ar Laldl cubling.abyaigbal o panid:a
chenical etching, by total or partial mechanical fractuie, etc. The
interface i IPdIded etWernsascapt okl bfYt he SUPSHIrEt € rafd & osureftdea® of

the |ayer, taﬁzld tahte c%r&ﬁr?fotbﬁ;r OQ4Ci r&gé&&m&%ﬁﬁf%ﬁ&%ﬂ?%%m% akn ]
prepar.l ng at, eas one 0O ese surraces an a ndl n e ur,l ng | C
that sutfacd €W Felt & t He2OtheF Lokt aeégsyswgﬁéeu%&ﬁaaﬁwg&l@ﬁ»bér?d% ng;

t he step of gxeaothici, ng dtee )i, nt exfearde rpr eftdrsabliy ard adwanicageousloy ipwdeudes
a preparatign sten for each.of (Lhe subsirate and | ayer surioses. e,
surface preparation step preferably includes d t1eal meAL step ‘auring which
sai d surfacé&dnsisaid ¢¢-st, r egrongi hegddet fessigndntdr ophi Fugiog iatemiswghness
is locally iqtichfargd.ad Ae11 W QAM0&ELEYL CT/IRIAMALAGH 14
15 In the case of the particular problem discussed
hereinabove, if 1t 1is required to demount the substrate
from the layer at the correct time, and not before, the
first region having a lower mechanical strength is a region
included within the second region.
20 Especially when the whole of the thin layer is to
be transferred, at the wafer scale, the region with the
highest mechanical strength is preferably a ring {(an
annular ring in the case of round substrates), whose width
can vary from a few hundred micrometers to a few
25 millimeters, or even be of the order of one centimeter.
Thus the ring can constitute the periphery of a round,
square, polygonal or other shape plate whose core is of
lower mechanical strength.
In a situation corresponding instead to demounting
30 at the level of portions of the thin layer (by die, by
component, set or subset of dies, etc.), the preparation of
sald layer preferably includes a step wherein at least one
fragment of said layer is isoclated on the substrate and
said second region extends along the contour of said

35 fragment. Thus the first region can be fragmented, each



exanple; this refers, for exanple, to localized acid etching of the surface
inthis first region; to be nore precise, it is even nore preferable if at
| east one surface includes an oxide layer and the acid etching is effected

5 with hydr [ cid, the surface in this second regio ' ect ed
fromsaid et h&%gﬂsﬁwa protection (for e flrrpl e nitride) Ia?’e&%gyﬁ{%%
elimnated afterwards. In another vari anf, the surface of at |east one of
the two wafers is entirely roughened and in sonme portions the 10 roughness
is then nodified, essentially inproved, to obtain greater bonding forces,
for exanpl e fiamentie heilddofs ueremngsld pol ias Hiagg oy @at sneRt are disaiiacdicadr
chem cal mechanegaftor ionic treatnment, or by dry etching. To prepare the
surface and control _the rolﬁ%hness, 15 especially if one of the surfaces is

an oxide, partial adFECECeRRBRY’ cahMPe EFRFHEE uSFngt My BFF 1Y e ¢ Laved.
The step of groenueiong tehiecient exhacethbal udegen siwp afheveaksEtata bursi ed

| ayer inn a ti bstr wher eby at | east. the fi.rst ion_jis .made

weaker 5t han%e%gmfg%s%ggndwéég?%,lnsal“l Sbu?‘le%dr?%lyeprorbte]‘lor{lg glggf)losae% blreEI%V\/een

a portion faeriimperiye | s andeatgort iredvcesn det heiskbstofat entimely

weakeni ng stgA preferak.y includes a step of inplanting at |east one

el enment, preferably a gas, this inplantation step being conducted in a

different way for 253iRe #PF¥Lard SHcoRHIi8Hi orRYST TRETst epkdf IR ng

the interfageros.i mtegmediiatl earayesuliaicipedes fa ddeatsient step adapted to

r ender. # surface |l ayer of the substrate porous,, this trg@%g@nt t ep being
r

conducted in a differént "XeAhRY FEECIEaTe FVHER &Fd ¥ S Ver
fol | onwed by farcowrampgee sttemdimonhbg h Mdiedwyper a&dhesdduced aonl t eptbf csai d

porous |ayer,; Jyy, fihe pantigcular Ctaes?iajgf‘%%fgo%%esu%ittrﬂtd%)?,s of silicon,
this treatnment step advant ageous?l y includes "él'ectrol’ysis’'i'n a hydrofluoric
acid medium 35 The Redlhasitcaf androcagtidricsall asid engtaasofmitdrebuliples 10

15 20 and/or platelets), and more generally a layer of defects,
15 or [ sic]

- an intermediate layer having characteristics
different from those of the substrate and the layer, for
example a porous silicon layer, which can be differentiated
in terms of i1ts mechanical strength or its susceptibility

20 to chemical etching (chemical and mechanical), etc.,

— an intermediate layer of different chemical
composition intended to be selectively chemically etched.

The differentiation between connecting regions of
higher or lower mechanical strength or other different

25 kinds of connections can be effected:

- in the case of a bonded interface, by connecting
energies obtained, for example, by different preparation
before bonding ( roughness, different hydrophilic
properties, chemical surface connecting states, etc.)

30 and/or by heat treatment differences, in particular after
bringing into contact for bonding,

- in the case of a layer of microcavities, by
reduced implantation dosing in the second region or by
preferential growth of microcracks in the first region,

35 - in the case of a porous layer, by modifying the



WO 02/ 084721 PCT/ FRO2/01266 15 interface or connecting layer is nodified by
nonuni form heat treatnent to selectively strengthen or sel ectively weaken
some regions conpared to others, according to whether it is a matter of
bondi ng roughened surfaces, porous materials, buried defects aseous or

ot her ni croca®?i®{084721 Te step of pr oduc'gg the interface iBsC? BPUM‘Sby a
step of denobunting the |layer fromthe sujo trate. Between the step of
producing the interface and the lifting off step, there is advantageously a
bondi ng step during which the |ayer is bonded to a second substrate. Said
bondi ng st epreadearfaapeorskystbrsist s thktnolecul saar hddihesi ohnborik nd igrst
adhesi ve bondifig in the latter case using an adhesive hardened by W, a
resin, or a polyner adhesive, for exanple. In these cases, the denounting
step i s advant ageous| yleftscCégehpladind ioterinegians drvapplafc siifderemt
mechani cal siH®E%al Bendoayeridrs ahteeiepRAUPOrs dTRic a1y (PlemiCGa119 te,

Si C, N and ot he ui val ent nitrides,, Ga, InP, Ce, etc.) or
ferroel®ectr ieé:cﬁ?ﬁcgr ﬁ’g’l JGY K% F08 ézgkeﬂlE%ﬁ'atcmeS&t(loﬂ' Nﬂé@,cq_icf‘ébéﬁe 2 or
processed ordapiprgocessedrangaetdrc antoemimss.tiohepéhtantayer it fidrende
nount abl e s r at S [ Lnni.ng ori ginal. sem cond r
mat eri al 25%%3%5% :ﬁ%@c#ﬁ%ﬁ%ﬁn?%ﬁgg%ﬂggf ai%grd gfghn&gﬁfni%lgﬁd%}&ﬁd
cheni cal - ned®aifi cal déregttheympdtt shbng@andrekiahéancaln esensrgi viThe tchi n
| ayer on thedemeunt akle sihstrate was 30 obtained by cutting into the
original sem conductor material substrate, The cutting is achieved b
cutti 53) at the | evelf%fP% BAFPedP R Y ayer. “Pfhed Hitd e hedReF 8y &S

obt ai ned by dmplantyativen r3yiant, demuidoiglars obliaimest dRedeal fad/uafes
mechani cal %r}d/é)re i\r/l\ge%%/ig%MZlo PCl'lglFRO%OlZG .16tcherri(cal téea ment .
substance i npl anted'i's ca gas’ (Wdroger, hel Fof- e N HAth e &7°°
product, the&hensemtanoh qeadpes esirane WBioas Sdreblfyl regnpreicsiomg :a | ayer on a
substrate, said | aygr i-ng n d.to i t e; At e of
which at least a fir stﬂgﬁgse%%]egg%% ﬁgs %ﬁ%ﬁeﬁ% 3P¥r6rg?ﬁg%i (;etg{e%ce
strendth an®t® sttt thodestiedyidh haglatiever dframidni ehl ther digtay

si gni fi cant lapritghimd kan d e ot stegli®r evrl saard e rseeerd Jre@Pthat

sur roundi ng Lhe, Fiy st 1eai,on; According Lo prefstred features. whi chmy be

The

fragment, followed by a demounting operation in which the
substrate and the thin layer are lifted off; in this case,

20 the lift-off step is sometimes advantageously preceded by a
step of physical delimitation of the second region vis a
vis the first region, for example after partial or total
cutting, by total or partial chemical etching, by total or
partial mechanical fracture, etc.

25 e The interface 1s produced between a surface of
the substrate and a surface of the layer, and the step of
producing the interface includes a step of preparing at
least one of these surfaces and a bonding step during which
that surface is bonded to the other surface by molecular

30 adhesion bonding; the step of producing the interface
preferably and advantageously includes a preparation step
for each of the substrate and layer surfaces. The surface
preparation step preferably includes a treatment step
during which said surface in said first region is made less

35 hydrophilic or its roughness is locally increased, for



A fragnent totally or partially delimted (by cutting, etching, etc.) in
said layer contains said first 15 region and said second region such that
saild second region runs along the periphery of said fragment. The

interface i r between a surface of the substrate a of
t he | ayer tﬁgpogzhgsﬁzgnded by nol ecul ar aflrem on. At | east g‘ﬂ%ﬂgﬁﬂ /hifé%
the interface 20 preferably has a |l ower Toughness in said second region

than in the first region. The interface is fornmed by a buried |ayer in an
original substrate, the first regi on being weakened nore than the second

region. 25 CRMLLer ffdde | Toferted BPra [SOROUR & aydr hémedd zes d acdyer

and sai d subkstorat®y &g dnkayairfad ngndltfrﬁ%r enLest Ofre@Qb(ﬂS' tyo bgtwegiresai d
first and second regl ons. Said |ayer is fur her onded to a second 30

Substrate, SNFATEEIOdUSI B S0l HE SEaHEGan ot e Qifesiieace
bondi ng, forlre»damése dxy amiddhdsina hadlenead hyildv ¢adhaidgons elifected

rrechanl al %dcl %‘%‘e‘%f@ str g%h 91}1 t@e 'f%terfacetﬁl connectl ng l.ayer
e ea

selectlvely m) ai dof tréatients’ ( redt ments,
exposure \)S@l@fy 08432&cPeEW/ Fﬂ%OQfﬂOﬁZt@@l 1gtecheay ment s a I1as<ete¢tx<a1d| Atfican

treatnents, flindd H@it@f&e' OQQ&/EEEQJHR h”%@”éi?ﬁ@hé@eéela?%k\h‘é&)ﬁs In

strengthen or selectively veakeh SoME regions nore than others, according
to whet her ANqIeF @5tk of MBortiHRGOugheridd SeRTacese PhHotbas two

Irmt erials, fh\téffle&% dgfseCéﬁu@élgasm@h@ﬁedloragﬁseaus %ﬁéocﬁdﬁﬁi&&s r1]:Thse
ayer I of .sem,conduct or terl Si.te t her

et vl Bt AR RO N, Bl € o S gk AT e o0l SR
materials (Igﬂ‘ebﬂ&r 10odridhadB) falrcersr,ocefsssred eotamply ocessed thegnetiicc of
material s. s daserl &H%ﬁ | t@?e&'{ £9s QE!:E%B?Faie%W el ca1-

advant ages of el nve t1on errerg romt ow ng descri ption,
which is gi \i@?{? Mgl o Aeiliiorthesd nantus Oratiw elrex &hsihdé ngnd wi th 15

reference to the acGomRamH}E rd AMNGSir fak M ‘control the roughness,
15 especially if one of the surfaces is an oxide, partial acid
etching can be effected using hydrofluoric acid.

e The step of producing the interface includes a
step of weakening a buried layer in a starting substrate,
whereby at least the first region is made weaker than the

20 second region, said buried layer being disposed between a
portion forming the layer and a portion forming the
substrate. The weakening step preferably includes a step of
implanting at least one element, preferably a gas, this
implantation step being conducted in a different way for

25 the first and second regions.

e The step of producing the interface or
intermediate layer includes a treatment step adapted to
render a surface layer of the substrate porous, this
treatment step being conducted in a different manner for

30 the first and second regions, followed by a coverage step
in which the layer is produced on top of said porous layer.
In the particular case where the substrate is of silicon,
this treatment step advantageously includes electrolysis in
a hydrofluoric acid medium

35 e The mechanical and/or chemical strength of the



- figure 1

[1-11 in fi
| ayer on a

Is a diagranmatic partial plan view of a surface on which two
regions are prepared so that they have different nolecul ar bonding
characteristics, - figure 2 is a viewin section taken along the 20 lin

- figure 3 is a view of an assenbly conprisin t hi
§’3 ‘l’?"éi‘é’lmh an interface of .the figure 1 tyggp '?/]F&%yﬁpésu

a diagrammtic view in section of the ZSI%ssenbly of a thin layer on a

substrat e,

- figure 5 is a viewin section of a substrate wafer provide

with a protective layer, - figure 6 is a view of the figure 5 wafer aft

recessing i

tintgxfadg gare conrect viewletesai s wabegd fafder by i Iridngﬁiﬂ@e:m

recess with . depesihabnexide, selféc&lirv%l&jlét@exgﬁweﬂf Sal ewaefcecrl%q\\g
ol i shing, - ure IS a view of sai

with the oxide deposit after

after 35 el

10

15

20

25

30

35

VAR oF B s d§SILPNSox i CREIREGERA nd O  FhErsis5 AFcopwding  to

whether it is a matter of bondlng roughened surfaces,
porous materials, buried defects, gaseous or other
microcavities.

e The step of producing the interface 1is followed
by a step of demounting the layer from the substrate.
Between the step of producing the interface and the lifting
off step, there 1s advantageously a bonding step during
which the layer is bonded to a second substrate. Said
bonding step advantageously consists of molecular adhesion
bonding or adhesive bonding, in the latter case using an
adhesive hardened by UV, a resin, or a polymer adhesive,
for example. In these cases, the demounting step 1is
advantageously effected by acid etching and/or application
of mechanical stress.

e The layer is of semiconductor materials (Si, Ge,
SiGe, SiC, GaN and other equivalent nitrides, AsGa, InP,
Ge, etc.) or ferroelectric materials or ©piezoelectric
materials (LiNbO;, LiTaOs), or processed or unprocessed
magnetic materials.

e The thin layer on the demountable substrate was
obtained by thinning an original semiconductor material
substrate.

¢ The thinning 1is obtained by machining and/or
chemical-mechanical or other polishing and/or chemical
etching.

e The thin layer on the demountable substrate was
obtained by cutting into the original semiconductor
material substrate.

e The cutting is achieved by cutting at the level
of a buried weak layer.

e The buried weak layer is obtained by implantation

and demounting is obtained by heat and/or mechanical and/or

e
n
i's

d
er

red
fer



30 35 WD 02/084721 18 PCT/ FRO2/ 01266 - figure 10 is a view of said wafer
after fixing the thin layer or after fixing a thick layer and then thinning
ity thinning it, - figure 11 is a variant of the assenbly [ sic] of figure

10, in whic jde coating penetrates into the substrat nto the
thin | ayer, %bﬁ%ﬁ?@qu is a variant of Lge assenbly [ si c]‘?%}a’%]“t/ﬁi@ﬁlo,
in which the oxide coating is on the thin layer, - figure 13 is a variant
of the assenbly [ sic] of figure 11, in which the oxide occupies different

regions in the substrate and in the thin layer, - figure 14 shows a variant
i n whi ch t hehamigefladersagrfegrtped of a | ayer formed by regions of different

mteri als ( in jthi S «EXRPI %.ugs%n@@d §inwg)qted- fiisgurse fb%sl S (%y{ﬁ"dg@ﬂ, of
figure 10, showing a plurality of regions forned by the oxide, - figure 16
is a vari anttSH U gHiE-14, showing an internmediate | ayer forned of a

plurality of regi ongnof tdirfkkerent prididtgl sithe figueRtldni Sprop@déantar sic]
showi ng conperlsteri and al 'g:ernati ng rings Z1 and Z2, - figure 18 .is a
variant® [ si%] mé\/}ﬁ ngCRRTAPrEY of rEdFENnsC21 9 nSélFSS&éFgH ?%Jg(floﬁtaifr -
figure 19 i e rdj agrrammEtied W esadd $hesasseabby eh fingeréadeafiferwhich
geF’O.Si ting %1?9&%%%% lgvers pse T OE 20 I8y 40t Rgk vieveafler mmlecul g
ondi ng of a final substrate,

mechanical strength and a second chosen region has a level

of mechanical strength significantly higher than the first

10 level, and the second region surrounding the first region.

According to preferred features, which may be
combined:

e A fragment totally or partially delimited { by
cutting, etching, etc.) in said layer contains said first

15 region and said second region such that said second region
runs along the periphery of said fragment.

e The interface 1s produced between a surface of
the substrate and a surface of the layer that are bonded by
molecular adhesion. At least one surface of the interface

20 preferably has a lower roughness in sald second region than
in the first region.

¢ The interface is formed by a buried layer in an
original substrate, the first region being weakened more
than the second region.

25 ¢ The interface is formed by a porous layer between
said layer and said substrate, salid layer having
differences of ©porosity between said first and second
regions.

e Said layer 1is further bonded to a second

30 substrate, advantageously by molecular adhesion bonding or
adhesive bonding, for example by an adhesive hardened by UV
radiation.

e The mechanical and/or chemical strength of the
interface or connecting layer is selectively modified with

35 the aid of treatments (heat treatments, UV exposure



- figure 21 is another view after application of a lift-off operation, -
figure 22 is a diagrammtic view of a wafer obtained after lifting off and
polishing, - figure 23 is a view of a denountable assenbly of the figure 4

type, - fig IS .a view thereof after production of th art
of the corrp&k@ﬁ%@’,s“?%r exanple a first 02/ 084721 PCT/ ﬁ’;{%@?h@@@«ﬁ?
transistor gate,- figure25is aview t her eb af t erdeposi ti on of oxi de, -
figure26is aview thereof afterplanarization5 by C MP,- figure27isa view

t hereof after nol ecul aradhesi on bondi ng(i ncludi ng heat treatnent), -
figure28is &vieewnemdrseof laseer deweuititigrantdeakineintzal i @1cl0 -thagure29is
avi ew of a dedmuniapl &assenbhy; alihe thouseidotynery fLaukedthenavicaw

t her eof afterproduction of conponents, - gure vi ew thereof after
dempunt i ng WSUPCES Vitd %t r"‘@ﬁ’éﬁeé‘r Stodea rtegrl@@ts §l%§t M{a@ weﬁwr FAceEdiag

et chi ng andier wappltication ©fa ma@gﬂwal of0pe@sing frio@ighendd issird adeeW
t her eof after denounting i.nto .a fin bstrate and a substrate that can be

recycl €d, - H%Ge 5395 & VarPEme fd?$I v 39° dPEEP 20 “CuttiFg 561 1S
trenches or mco:trdm@srlttate&een conponents, - figure 34 is a view thereof

show ng a conponent | %htehﬂ_aﬁfe‘}cg? ot Qé’fni‘goh&u{:@grOfxlgteﬁgélgx%‘%g' e%fter

hydrof | uoric etchlng - is a view anal ogous to ure
figure 36 i $i&di a‘éﬁ%rnnﬁﬁlNc a\n%V\PFhGEe@MUérYaéfSntthenlfﬁlgld%S135Aa§§enﬁln,P,af ter

adhesi ve boredﬂcn? Ar aféfaaép@égﬁcsaQStgl@tz%elecfurgw qné%?eﬂlsal% Vi §Y9h,, t he

upper portioqn of this assenblg after I|ft|ng of f and E ol i shi ng, 30 - f'|gure
38 is & vi ew'dP%he GPpEFOREFERENCHT UPRFSCESSERLIMGIRPERF F‘F‘F?Fh@ of f and
pol i shi ng, Brief description of the drawings

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

15 reference to the accompanying drawings, in which:

- figure 1 is a diagrammatic partial plan view of a
surface on which two regions are prepared so that they have
different molecular bonding characteristics,

- figure 2 is a view 1n section taken along the

20 line II-II in figure 1,

- figure 3 is a view of an assembly comprising a
thin layer on a substrate with an interface of the figure 1
type,

- figure 4 is a diagrammatic view in section of the

25 assembly of a thin layer on a substrate,

- figure 5 is a view 1in section of a substrate
wafer provided with a protective layer,

- figure 6 is a view of the figure 5 wafer after
recessing it,

30 - figure 7 1is a view of said wafer after filling
the recess with a deposit of oxide,

- figure 8 1s a view of said wafer covered with the
oxide deposit after polishing,

- figure 9 1is a view of said wafer after

35 elimination of surplus oxide cocating,



- figure 39 is a view of an assenbly anal ogous to that of figure 4 show ng
regions [lacuna] are elimnated by chem cal and nechanical cutting, 35 -
figure 40 is a view thereof after bonding an WO 02/ 084721 PCT/ FR0O2/ 01266

20 upper su r - figure 41 is a viewto a |larger scal f _an senbl y
i ncl udi ng |S§éﬂ%@§{‘/@d regions Z1 and 22,1- figure 42 is a 3}(2{,@‘@*)2/&?}62
assenbly anal ogous to 5 that of figure 4,”- figure 43 is a view thereof
after deposition of an epitaxial stack based on GaN, - figure 44 is a view
t hereof after bonding a substrate, 10 - figure 45 is a view thereof at the

time of lifting off; fifjugerd M6issaa wiew of shéduppefepoatten tfherieof
after pol i SRR, ¢nihl QURATOES 2l ewelhneol Jaldielcy enayal olndhenth
| ayer under the stack, -~ figure 48 Is a view of a substrate includi ng a
buri ed weak HhayerNdadd - figure 49 is a view of a substrate including a

buried weak |ayer portiigfire2Q 1Deser b pivh@naok e dnweassonoly - [ Mpkecwrar
adhe3|%p bo%@&%%ér¥§¥ffﬁewhich the oxide coating penetrates into the
substrate and into the thin layer,

- fiqgure 12 is a variant of the assembly [sic] of
figure 10, in which the oxide coating is on the thin layer,

- figure 13 is a variant of the assembly [sic] of

10 figure 11, in which the oxide occupies different regions in
the substrate and in the thin layer,

- figure 14 shows a variant in which the interface
is formed of a layer formed by regions of different
materials (in this example S1i0; and Si3Ng),

15 - figure 15 is a variant of figure 10, showing a
plurality of regions formed by the oxide,

- figure 16 is a variant of figure 14, showing an
intermediate layer formed of a plurality of regions of
different materials,

20 - figure 17 1is a variant [sic] showing concentric
and alternating rings Z; and Z,

- figure 18 is a variant [sic] showing an array of
regions Z; in an overall region Z,,

- figure 19 is a diagrammatic view of the assembly

25 of figure 4 after depositing a surface layer,

- figure 20 is another view after molecular bonding
of a final substrate,

- figure 21 is another view after application of a
lift-off operation,

30 - figure 22 1is a diagrammatic view of a wafer
obtained after lifting off and polishing,

- figure 23 is a view of a demountable assembly of
the figure 4 type,

- figure 24 is a view thereof after production of

35 the whole or part of the components, for example a first



The preferred exanples selected for the detailed description primarily
relate to silicon, which is generally available in the formof round
substrates, for exanple of 25 200 nm di aneter. These methods transfer

readily to er tens characterized in particular by mat
t han s?ll i co%&&%/@x‘?ﬁ}nl i mting manner angg\?vi t hout depa)r/ti ngﬁﬁ%@yﬁg cope

of the invention. Sone enbodi nents of the nmethod according to the 30
invention tend to encourage lifting of the layer off its substrate at the
overall level, i. e. on the scale of the whole of the substrate, while

ot hers t end trardelsitrn dategnents. An assenmbly to be produced in the fornmer

case is 35 shown di agreg o lysi g fyiQuy eéhe"r@d"fj %fteped'eg gikace ‘H ,
WO 02/ 084721 PCT/ FR02/ 01266 21 internedi ate | ayer ranmmatically in

figure 2 repdstnting the region in which | ocal bonding differences are to

be created. I n addi i gngueret eseidi gureisew ftBeF€oB bfitpar thlciHari 2hawsn one
exanpl 950f parat| on of a 5 surface intended to participate in an
interface haW F/in accordance with the inventi on, two regions having

di fferent mechanl cal- stirgengt hg7 chsbearmvbepr etctileszeeof n & fhee e x amyll ex wslleown,

t he obj ect ' tr ani cal strength Ecl

is less than t}f] q%%:gd(%tﬁancgig 5‘?& pher arherzc%t :@o}%sa%f%ctpr’oundl ng the central
region. Di fferent met tfd@slr(%ri%elms@dvtewobbaifﬁoﬁ RifGlear dediedingg neney i n
t he peripherfdofi€giQn %4 than in the central region Z1. Exanpl es of

Si 02/ Si 02 and Si/ Si02 bondl ng. are consjdere In the ca%e of |ayers of

di fferht kinds 15 (SE3F%Ss Znothe? EbRYefti Bnélle“@klaaﬁﬁ e RFE ryeoo'rﬁ'e

al so silicides) ,fianddy an,aia)gy Wi t h what is described hereinafter,

suffices to use appro t X H/H [ H20
al so known as SCl) &erg%tsree and P84 Vrl éré%E 31[{51? J%mll—%’r%ure 2 shgo\%rg t he

(

option 20 irrattentse substrate 11 and the thin | ayer 14 are of

monocrystal l'ine silicgn apd tymo jinterprd) atig Jaye rasftjt_;gf ik angy fpremed
prior to bonding on the substrate 11 and the th| n |l ayer 14, respectively.
O cotkrBe, oM \CEARSTRL the 2wbarAehr AEOEALE tRay dWs YRt L gy aliding,

and the situsid/y Epplmdml%nﬁgtmhﬁldﬂem@@egs (1. e. that of Si/Si
bondi ng) nust be cons%dered e t here ret s cn%tl cases). |If the

internediate |layers 1 %9133 st and Yar SRS RS
referred to aasEJSiaﬂzlsﬁtk@sZ:rtwmdla’rgj al fsmwcajzm tdtatt foeart Vi melcs_)/tcﬂ,echnd

consists of 30 Si Oz, ?‘lbrteheﬁystlgm LS (,g]‘:ggﬁgd Lp as; SitS 'ﬂ@c A
ues ca

nunmber of techni uce a structure |i at shown
infighte 40%1:%&11 d’ﬁfetrtﬁfteesctﬂﬁ crattcats%ckt%twaaratcaanﬂ%lerﬁﬂ%cul ar adhesi on

bondi ng, including thaseuievipusty aCitieds fsrdéhe pheduali an Afmghent
nondemount abl e 30}, substrates { $2%,5°M £PAQYCI O, VALY  xample after
hydrofluoric etching,
- figure 35 is a view analogous to figure 4,
25 ~ figure 36 1is a diagrammatic view in section of
the figure 35 assembly after adhesive bonding of a
transparent substrate,
- figure 37 is a view of the upper portion of this
assembly after lifting off and polishing,
30 - figure 38 is a view of the upper portion of this
assembly after lifting off and polishing,
- figure 39 is a view of an assembly analogous to
that of figure 4 showing regions [ lacuna] are eliminated by
chemical and mechanical cutting,

35 - figure 40 1is a view thereof after bonding an



WO 02/ 084721 PCT/ FRO2/ 01266 22 Bondi ng, Science and Technol ogy, Q Y. Tong
and U. Cosele, Wley Interscience Publication [sic]). Hereinafter the |ayer
14is referred to as the active |layer, being the |layer conprising the
conponent s, C Qr certain special 5 cases in which an itional  for
exanpl e epi t‘géiogﬁ)f“{z&yer is deposited oné(ﬁ the | ayer 14. Irﬁgﬂﬁéﬂ@aﬁ‘sﬁnts
of the invention, the thin layer is obtatned by thinning the structure
chem cally and/or mechanically. These variants are known as bonded SO (
BSO ) and bond and etch back SO 10 (BESO). In addition to nol ecul ar
adhesi on bondipeg, stiresearayi ants are based on physical renoval of the
original substrate hy | i shi t:echpi ques. . a or G j cal i
techni ques. O her var_lfgﬁtug,% p!g%t i%ﬁlg g\gls%”rli gg{j %erl%%?oeg?ofgggg In(g]i/eran
transfer ted¥ficdiRdy Idcd WHeed interiBayedi thiegd o6 ol @88l arr adhesi on
bondi ng, on denountingilyireCut i 19" a Ok iehedt Ngh ahosgmpl Weakanedonsgiten,
~such a thet t ho escribed in the docunents US-A-5374564 (or

EP- A- 533551)-"dnd Us-"ABP50252 ( or EP- A-807970) : denounting al ong an
i npl anted regi on, or ifidgulre docunent EReQO23F8380R20afleepunkippngibyohr adt ure
al ong a buried r..t.ha d porous. Wth reference to
specific asSgctelqu‘?%lxaltagdtstt%%g(o%%%%g ?glr %{aﬁ\g producti on of denountabl e
substrates, in the cafédsfresi 2/ Si92 g oileavennsresto23fbendibrpdiang a
temporary 2%ymsk-4) first be used to deposit a protection layer, for
exanple a layer of silicon nitride Si3N4, onto only the ring of the silicon
oxi de 18 02 layer ( sy 3936 of°131s THe oXifde It&F&E°Lanabe brepdridte i vt
several waydi(fdgpesidfifgn, thermal oxidation of the silicon) and can have a
t hi ckness 30 that varies uLarcecql%diinsg to the application. Forrttihins exanple, a
1 umthick thermal oxi'd@%s§ cfosen.® TheS Y of f o g "EFFlcEIFELE (H&F st or e
obt ai ned: t ety frede sdfindhe central disk is forned of oxide only and the
surface of the externgl g 47 Wi ch y5c§ypPheabby arfew mrnmhde) Jes fipr med
35 of the oxide covered wth an additional protection |ayer WO 02/ 084721
PCT/ FRG2/ 0126633 YWndsdt tdearmia¢ ef nitride) . This is fol l oned by
hydrofluoric acid etchiiR@irio 4pugben tVeewubtace Hibdteatxi dacitiiéng a
r ougheni ng ibncr.ea ingdkvvilth t he thcj ckness of oxide renoved. For each
application,urle we ayer, an

- figure 49 is a view of a substrate including a

buried weak layer portion.
20 Description of the invention

1 - Molecular adhesion bonding interface

The preferred examples selected for the detailed
description primarily relate to silicon, which is generally
avallable in the form of round substrates, for example of

25 200 mm diameter. These methods transfer readily to other
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

30 invention tend to encourage lifting of the layer off its
substrate at the overall level, i.e. on the scale of the
whole of the substrate, while others tend to delimit
fragments.

An assembly to be produced in the former case 1is

35 shown diagrammatically in figures 1 and 2, the interface or



5 the roughness can be optim zed, in particular as a function of the
conditions of the method of producing the conmponents ( or of epitaxial
growt h)' 5 which nust be forned w thout delam nation, and the nethod adopted
for the fin ing. Typically, hydrofluoric acid etch ve 10
a thi ckness%g?q’g&?%ﬁof the order of a few hundred to a fevry(?ﬁgiﬁg%a/{r)l is a
good starting conprom se. A nitride thickness of the order of 1 000 A
protects the underlying oxide from hydrofluoric acid etching, which

i ncreases the roughness of the central region of the_oxide |ayers) 12 15
and/or 13. FRESHTEALGE S sl§t§{@§eqt§@r‘i’t‘“’lr‘y rdéﬁ@\?éé‘ml?}l&aéllriyng l\ﬂitl’flﬁéltre( % 110
C | ort hODhO&@ﬁ‘QI’eisd‘én&G_in?; (tH_'eBFi%ionbfﬂ!i epé;a?lfl Eoclmir]%gﬁamﬂ_@ﬁcﬁ_cﬂf@r@%@e}éi th
selective wet or_dry cleanjng to _obtai.n.different ophilic propertiges
bet ween t he &g Ghe-Z1°5RA 23, The ABEH g o 1021° | 5 ORESS1 50OMBAKer
bondi ng t hadnt heast amdbaid bboodisngpred thempént erf ahbe bgnaipagratdent i ¢l at o

t he st andar i.n t. .t I i on. of I n | i - % IS
t hi ck, ajl n pgru?i%c%%:ea% e(acTIaCJl)jegde ‘f‘iﬁ?%%%c%%?%nﬂr‘egﬂi,#é??ﬁ?gé(g‘g‘,’ég% qul in
the 25 rang@csorslaner tidlsame Anviemdviong ttvet r59000sA hayiaggedd fsiramt ng
conprom se inddMRM EaSeStrendthdlUstobedohedet RakcliBeaddid i PRet @ dile
required effect of IocalLi i ncreased roughness, a difrerence in level is
created bet \ﬁg’é’r‘imt'het}éeen? Pt edifon~Q WAPERTRad HeH-#i/dr bEPUBRI &radihgse

et ched) 30 amdHaheg dsilng (tndrigdh has.,beén prekect ethafr omHdt s Bhchiofig) a To
obt ai onding .of very high quality in the ring, in.¢ Lnation with

bondi Egobof spae'?:ilg%hfgta&rfe(?géjlnl 'ltiﬁ |SH¥fﬁlénéjéﬁ9rJ%Fgrcéaflgﬁgf?]feﬁjﬁ?/gbe necessary
to elimnate or redbééfehendi frictleode canl el used stwe TasEs) &t hdaheye 35

appropri at e 4,44 pQB:é?Q%/ngir{ Ok hENi Sk { Qe SXAMRIR 1 oV D24Q8472,  the
PCT/ FR02/ 01266 24 chem cal/ mechani cal pol.i shi ng%mBecause, of the difference
1

in level, p&andHicdg 19een f1a prRdPLeanPforH e £19 hioujiPza BINEHaYd zi ng
ef f ect | that airs V@érhsfd@:y@uS ]E OIth_HélercSaiH\el s SE;CI |l%(§/feir&htdﬂﬁ aiefekent kinds
mcro ctr ,.CS, LN [ erentl a ol 1 In 0 t ene ent region, 1. e.
the ragion o ithe +Fng Priifhe OPEERE oot SHEPIEuctar  CERES pBEPSHITTS can
al so _be i nt entlilenialdsy ,| ocahdizedbyt o.artualcvcjmg. w!itht heﬂlrmr_bst;tat e deiscxriirl:_cad ar,
the ring can Qe prefierential Iy, petished by uging %F%glo:p§ri]'arﬁgoglc?{]et}ni\éfatlh a

10 central opening, fol exanple, thereby reducing evel eringto
that of the t&@atmEnt egfoh Eramtgs /8 04 ot pEsacikdcstichag. SC1)

Mor eover, |tfdrS FKNwWy tk!}@'m pekighi pgr | §§9$4)'§9F|1lg€hfi%r _4b@,<ﬁh‘$v\{ég teREIFH8 S han
are oEat ai ned by convené:eonal nol ecul (i\r adhesi gn b%ng (with 15 no

pol i stihg) 1TThI"8L ¢ Reldfor BUROMHT s w2 f EBFs & i h§YEBwar'd dEEk&T
bondi ng t hamdriee rstsaraddrichebonidiingprataridiet eent et eanddsbtengjeyebondicngrat t he
| ocati on of .t i i S..conbi hat i S_anot i a f t.is
Shown 1 11 dor % el rotR0P, £8 baRalfo RoR) BBE, SRECLRL: 632 Bodlitls L)

of the cent éhiins llayisal ilded nestremtidigl vet O muLAe, alordhanievet ¢hehitsd s to

roughen all ;qftdhedinie@y mediate 1baysr @ 33)mal?2 AFdHide, 13ind -t MddidUton
protecting the ring, but to add treatnent I'ocalized to the ring that, .
si gni fAtant 1Y i iERedsedethdeBon8fngtBePengthS tohesk e that of Si/8i

bonding) must be considered (i.e. there are two special

cases). If the intermediate layers 12 and 13 exist and are

both of Si0,, the system 1s referred to as 8Si0,;/S51i0;

bonding. If only one of the two exists, and consists of
30 Si0,;, then the system is referred to as Si/Si0O, bonding.

A number of techniques can be employed to produce a
structure 1like that shown in figure 4, in addition to
technical aspects related to molecular adhesion bonding,
including those previously cited, for the production of

35 nondemountable SOOI substrates (see Semiconductor Wafer



25 treatnents include, for exanple, the use of an oxygen plasma or
l'ocal i zed anneal ing, one aimof which would be, through a flow effect, to
reconstruct and reduce the roughness of the surface of the oxide, or any

ot her treat t to the person skilled in the art to i t he
cohesi on of Wﬁ&zéggﬁﬁ‘bl y. These treat rren%g have the advant ﬁ@ﬁﬁ%’gf%«ﬁy do
not create any relief. Another alternati relates to the use of localized
t hermal annealing ( |aser beam nonuniform furnaces, heating by |anps,

etc.) after the bonding operation. As reported in 35 C. Maleville et al. ,
Seni conduct @ongafar Fendingg, Brd eheehno My N2/ 08472 1TPCT/ FRI2V01 266 2%,

Technol ogy QHQeéppth%E%%ﬁebdﬂ(ﬂPdﬁilcPYl fr 3861 8, . TheEl8clrrechemgal
Soci ety Proceedings Series, Penni n%t on, a 100C anneal | ng
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energy, 5 e&@@@rmdo)mprﬁ.stlhﬁ_; rtmg@omfpotn@m@r atelﬂc%@tb&}dlﬂ@e&(i%lﬁ sbcs al
alternative can be us %Ilone or. t|on vmt rou Ieast
one ?

heni.n
one i nter nedicate Iayer ot fsdd |8f(afnp \Xnafﬁ ?&o o
rougheni ng dts addpositGme vetp speci 1aneexér4pl eint hatnemmrlnmts noanyhﬁay be

regarded 10 sa5dlel) N0 AR Dk nved Ny APBLESAnEa Sh02 S0 handicng 1

to anneal the whole Of the structure at and to heat the
sel ecti vel y Sttd UE20GC. chAaBiBatlYs arﬂﬁ/ctlb ﬁ‘ﬁﬁ@élﬂlﬁﬁélm ngla¢se t@#ﬁ@fnétsure

ofdl O?OCdatar%tlﬁmcﬁa% adi @oﬁ@%@tcﬁbye [@@mal 'aﬁtﬁi ad)dr&%] nghd Vercht éﬁfjﬁt

under st 00 a ecause. o ermal conducti on_phenonena an

difficl ty ifse éucﬂf@; @aaf-ﬁhﬁﬂt tPormq]t?ééﬂazreda% ?}%@W%PPHlBSrf ese
selectivity valrofaaitlszedrbeakbasr@d cen rpsysicah admatali nplit ghiadicaniginal this

case, the a%’!ﬁo%' 'r%bstrgf%%ﬁg ﬁoﬁgal‘%%%h%q jder gdq } O be a8 PQ%’%? the

20 edges of e an on approachi’'ng the center o
substrate. Afsthnaquesri ant fharhe matEd@rdfs, pr od wgintg ad e nourfestsite. bed

substrate capke hasedonag dizhker enced fecheateak gnatur ealtget Wes8dt ha n
region Z1 and the regl on Z2. 25 The foll ow n% gl rs rra C|ted bé of
N S|b3/K|9

nonexhaust | VEEEaMR et0 ziodeenlagy 39hagiory benaiidan ergEnt 3
and Z2=Si, etattDlgr the cD]&édv:Zig—ShD&d@.nﬁl “é=hknks dé@ﬁ:bhbeéuhhr as Aheshown

|nf|gure5 rteC|ver|n (ofrs 30de05|t E )afew
mmwide is d‘ée%gg %‘Qﬁ?%rja 717 &8n ilst rAve D 1E‘.lsefl ﬁg Ehgc?ﬂ?rgam S of
the region ZZP AFf5é3_3§>t5rlucta.m® VS~ ahed @t chetofweP-dr-84i79,70by  atsmcofnttimgy
techni ques canygntd Enahbya fERLOYEd ba, eldh S QN Lo8lment EP 0925888:

20 demounting by fracture along a buried layer that has been
rendered porous.

With reference to specific aspects related to
bonding for the production of demountable substrates, in
the case of Si0,/Si0; (or even Si/S10;) bonding, a temporary

25 mask can first be used to deposit a protection layer, for
example a layer of silicon nitride SisN,;, onto only the
ring of the silicon oxide 8i0O; layer(s) 12 and/or 13. The
oxide layer can be prepared in several ways (deposition,
thermal oxidation of the silicon) and can have a thickness

30 that varies according to the application. For this example,
a 1 pm thick thermal oxide 1is <chosen. The following
structure is therefore obtained: the surface of the central
disk is formed of oxide only and the surface of the
external ring (which is typically a few mm wide) is formed

35 of the oxide covered with an additional protection layer



35 that the etching attacks only the unprotected region. ;.. WD 02/084721
PCT/ FR02/ 01266 26 Mechani cal etching (mlling, polishing, etc.) can al so be
envi saged so that only the center is machined, by virtue of the

configurati %8%;1{89 21si ze of the tool enployed. In the abo%f@%@%@}ﬁﬁe
e.

operation of depositing a protection Iaygé) 5 is no |onger indi

Regardl ess of the nethod enployed ( possibly involving a step of renoving
the protective ring), a silicon wafer is obtained with a recess at the
center, as shown in figure 6. This defines the l|ocation of the region Z1
(di sk 10 wi {HAeCesPlan@®ft Hd trégiedn z2 (outer ring). An oxide is deposited
by the CVD process amilheidesuhtbRgasubst hatieo®i ibracr ec8ss- e ThRi hfi glgness

of the layer of oxide deposited is ch greater than the depth of the

recess, prodfHIE estsr”tféﬁﬁee O§h5\rH‘JF iorﬁﬂegurt@e?.roi@kﬁ R4 1110788 0 gt

pol i shi ng elwitimattes tieckdidderenhcexidel egabvbat ween thehr iaygpldnc tilee,

center of t st re _as I t. i gh .inherent. rQ ess of this type
2! tg%e 44%§ﬁﬁ§%%f&%ﬁé%b%ﬁtlﬂﬁzngi&rét%ﬁﬁﬁén@aﬁg%% a éﬁncﬁﬁﬂ?

of deposit (see 8). uorrc a Then produces
structure skdwthen danguirtda oms 10f tthies meddwd 20 rddaidivgy ithieasicdpansnitsg i s

st opped when drhecsi ldgoihiSal | Ush Wiy h t BBi EhNGruskhi $ePr OGHEES i tHddtcon
ring and roughened oxide at the center" configuration, which defines an

d
energy diff Bethden t3 regPBns M2ENRRd Z2H0R55% ¢t | {OhechiiSe tHHeSd two
regi ons havelahiddrerienf. roughnesisgs aydr 261 secondhyideeausenghe onatdimosreof

br operts es) . CUBSHIITE o (e Sy Ml Freringd Peqait SUTBECHbaY ehd "
regions Z1 anougand heh alicve sseqeente s¢aarrtt1mgmchq‘mpmﬂ>m1($ey| eld ani'tsiildecon
hnantor AR o tbelle 30 SESy hCaLguLpLiny, IRt g,
previ ous po|q>§irﬂengf1é%phéséregaéaré§ eifad Gty vhicki Enesrasefig thesul ts
in a flush swdasRsd ot hiseCasaitde engrgy dif frefense; et vaorrt B¢ regi ons
z1 anqjgz i%é%%;?Sfﬁti%Léyng %i g qétgﬁ%ggéigggﬂferéao%gg %@t%g%ﬁ¥néhe
with hot (> 110°CQ) orthophosphoric acid ( HsPOQ4), for
example. This can be combined with selective wet or dry
cleaning to obtain different hydrophilic properties between
the regions 2Z; and Z;. The resulting effect 1is one of
20 weaker bonding than the standard bonding at the center and
bonding identical to the standard bonding at the location
of the ring.
If the oxide removed 1is thick, in @particular
because the application requires this (especially in the
25 range of a few thousand A, knowing that 5 000 A is a good
starting compromise in many cases), it must be noted that
in addition to the required effect of locally increased
roughness, a difference in level 1is created between the
central region (which has been hydrofluoric acid etched)
30 and the ring (which has been protected from this etching).
To obtain bonding of wvery high quality in the ring, 1in
combination with bonding of satisfactory quality in the
central region, it may be necessary to eliminate or reduce
the difference in level 1in some cases. It can be

35 appropriate to use polishing for this (for example



WO 02/ 084721 PCT/ FR02/ 01266 27 materials. In this case, the difference is
smal ler. A recess and an oxi de deposit have been cited in the situation
wheére t'hey are produced on the substrate 11 (with the result that the

figure 10 c ion is 5 obtained after bonding). A varj ists in
carrying ou;w{)ﬁ’gg’@% erations on the si dg of the thin Iayerﬂ@ir?ﬁggﬁéggure
11), or even on both sides (see figure 1 Met hods for other pairs of

materials that can exhibit a difference in mechanical strength can include

a 10 smal |l nunber of additional steps. For exanple, if the aimis to obtain
the pair zZ1€biesngadrcezragigal SPBNS R - eBé@9§§Etétf i Rhaddiififerenget he

oxi de, taking cacelo dgbifenife rat red rhngpfosri heyiolen ofrdi ts,
structure using conventlonal, ski ng_t echni es (phot ol i t hography, 15

mechani cal FrEtROES 2t PL )an&FHFs}”l& rﬁEFGFE & hésad‘\’ﬁ'a]n]t a§eosh e%eltlh€nt
cheni cal et qiymgm(fcnskﬁméml eihydrafd uoske awfd ehtbroglesetesityjtyin

betvvee% the t ials_c r ned, ty\,h h could facilitate denmountin

t hr ough eas (?reéll e@?l vgoﬁjeﬁﬁ%/%? ot thgeri%erb%/e%heﬁl gal et chiFrg.

O her confi gwgatqnonsf atbepassidbliey fbe erasping: infigwe 1Bowsvarvart|mnt of
figure 11 '%dMTéHlA&“%éH“HféB ﬁ@yfﬁt ot aygﬁgffzééngod%%%n?ﬂ%

P
the substrate and i1n the thin |ayer, QXQ? Oure OWs an assenb Wmch
the 25 |nterIffacetPderS‘B@V\{é%ﬁethelssubéjtlrr&tuéaarmd t hBet hlﬁlm%yerC%s e

central portgreiFfe&bran@ 1l ysigd1 i Hed ep ahs(m§l NG di SHitenE1 b @Mwh hat A
Si 02) g)}‘ thecﬁp%rla%heral portion Z2, t ortions ,being of different
s ( e

mat er i | PERERG IS8 5FATR e BT AR 48 A i LA, 3o -
figure 15 ishe vathgnttof theguref10the wemtrdlheregisna phatalidy dfeen

regi ons Z1 ?‘I c&oﬁtu%fi% %I flfder% tChferdom tf’l%% onfe t he l%upg_%rt kno I’]Zg'{rh% 16 is

a variant o flgure ich there'is raI’|t regions Z1 an
plurality ofPOQE«SrféglgonsleZﬂZisof trat elfd alher ( h@nélsysrxlqnaﬁmssoz)thamff@rr@wt

from WO 02/484 ¢l RGI/ EBQ%Q%@@ﬁa% M%%%l@heraed@al&i BB§d§H85t(rvﬁtt€h and

the thin layer. Figures 15 and 16 can_corres to a plurality
geonetrl es o WRCH HifliresI 18 ahbeagf are %95%?%% Fwﬁt eﬁﬁécé'l?e tl%\?él“%r

ot herw se): toward weaker bonding than the standard bonding at the
center and stronger bonding at the location of the ring.
This combination is another special case of what is shown
in figure 3. Another way to reduce the level of the ring to
20 that of the center is localized wet or dry etching.

An alternative to this is to roughen all of the
intermediate layer(s) 12 and/or 13, i.e. without protecting
the ring, but to add treatment localized to the ring that
significantly increases the bonding strength. These

25 treatments include, for example, the use of an oxygen
plasma or localized annealing, one aim of which would be,
through a flow effect, to reconstruct and reduce the
roughness of the surface of the oxide, or any other
treatment known to the person skilled in the art to improve

30 the cohesion of the assembly. These treatments have the
advantage that they do not create any relief.

Another alternative relates to the use of localized
thermal annealing (laser beam, nonuniform furnaces, heating
by lamps, etc.) after the bonding operation. As reported in

35 C. Maleville et al., Semiconductor wafer bonding, Science



5 - figure 17 shows a configuration with a plurality of concentric bands Z1
or Z2, and - figure 18 shows a configuration having an array ( nmade up of
rows and. col unmms) of regions of one type ( here Z1) in an overall region of

t he ot her t 10 Apart fromthe production of the

substrate |%‘g§|0§m§%lng t echni ques based,on nol ecul ar bondll%gfﬁﬁﬂgﬁgngre
several means as to its use and to the neans to inplement it. The benefit
of the dempuntabl e substrate, depending 15 on the thickness of the

unprocessed active layer or of the processed active layer ( i. e. its
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th b
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to be demouniedy Hele é‘{el\é%]is'touéna"a}(%t% mbai‘B%feerlaIlel% Sk'éf%bcre i§?’erorto

the target sub trate First of all, trans er can be ecul ar
30 adhesi on B6Hd g ist] whirtei svibhbaeomd srheott hF Puglge¥ng oabe aldans e ed

to anot her S#&%I i B Wl d, | st dfisenncd demauRt ivag mrt fm;drsjed
described next in the cont EXESOf produyci ng a new SO| struc ure that

referrdd to ar'f’er]e]rrﬁ'taﬂs“q h@ sEEEnd "SERTt38 st ARR Bhi 31 R/md G drdrHeE
priori |essidi rectatihaanl tMO QGRLH084621 BT/ RO 012662 291 t beofeclalmdqttejs

previ ously rﬁ%rgjlte opleg Séerégle%cuc]tsvglﬁeoﬁ ntirrbf(gocoé O%‘R%ft%ls?r The ?a

chosen here relateés to a “second”'S
buri ed oxi derr@pgdr 509 Altﬂm ck; @ahitemperadkires sof s 1d0PPI €ulat t elbbt iqr 5

using this kKind Qfeineihod ds!r{ 11l3Yh Hle:efr'r{astt W yet yhed Seohipidiad Jyy one
of the methods previously descri beoclJ di ng a, denount abl e substrate

corr espondi dd'dte fiGEAESE. Ph t hPeTER np?%n?lﬁ%t%%oc?%@%?l?%e A4 i &g

| ayer 14 is dlo—:ﬂd_eﬁg_rmz t be api<b&1@cﬂ.lﬁ)g| RRIL pridhtt hferdelmtmlﬁi)é@ Heedimay e,

in which the nt r al ecgl orlt?of th nect.i. ng r%Jg .has been rogT hene
ndts £

bef or e bOI’ldIVH'g arPc?rﬁaesc r%é‘rvglo R} adrire SN FERE S5 et ment Gat
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than 1 000Cﬂ¥ﬁ§3§§%éﬁ§caanabe considered to be at a maximum at the
20 edges of the substrate and to fall on approaching the
center of the substrate.

Another wvariant of the method of producing a
demountable substrate can be based on a difference in
chemical nature between the region Z; and the region Z,.

25 The following pairs may be cited by way of nonexhaustive
example: Z:;=Si0; and Z,=S1; Z:=Si3N; and Z,=510,; Z;=Si3Ns and
Z,=Si, etc. Only the pair Z,=5Si0, and Z,=Si 1is described
here.

As shown in figure 5, a protective ring (of resin,

30 deposited PECVD, etc.) a few mm wide is deposited onto a
silicon substrate to define the dimensions of the region
Zo.

The structure is then etched (wet or dry, by any of
the techniques conventionally employed to etch silicon) so

35 that the etching attacks only the unprotected region.



15 500 A oxide layer is fornmed by thermal oxidation to yield the structure
shown in figure 20. This oxide is to becone the buried oxide of the second
SOk 'structure. In the present exanple, the de nountabl e substrate (
11+12+13+14 [ | ecul ar adhesi on bonded to a silicon t hat
20 is to be§%§én#§$ﬂﬁinal support of the,active |layer ( seéﬁgﬁébﬁégy% . The
stack obtained is preferably stabilized % a high tenperature (1 1000 to
consolidate strongly the second bond at the interface of the layers 15 and
16. This second bond is conventional in the sense that there is no 25
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At
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(different molecular adhesion bonding properties).

Depending on the energy difference required between
the regions Z; and Z,, the above sequence can be modified
to yield a "silicon ring and nonroughened oxide at the

30 center" configuration. To this end, the hydrofluoric acid
etching step can be eliminated, for example, and the
previous polishing step extended so that polishing the
silicon ring results in a flush surface. In this case, the
energy difference Dbetween the regions Z; and Z, is

35 essentially caused by the difference in the nature of the



WD 02/ 084721 PCT/ FRO2/ 01266 31 Note that if the two nol ecul ar adhesion
bonded interfaces are both of the oxide/oxide type, stabilization of the
second '‘bond at high tenperature can be carried out in such a way as to
guarantee t referential 5 hydrofluoric acid etching occ e first
interface. Rﬂbt(ﬁ(@“ﬁét hod, the creation ﬁ) a nmechanically v&%%ﬂb&?%l
achi eves preferential denounting of the npl ete stack at the first bond
interface, and the region ZZ firstly yields an active |ayer 14 of good
quality and secondly prevents 10 the onset of cracks that can cause |osses
of yield andwderdddeti dm ithisheaserf dde ofl fflercacti Ve Sinahleaused by

peeling of the fil muatrdhiesedggg anrd 4:huse adébé@i‘g 'h%ereeal§@er‘1 ncE?%éH' Gy ate
contam nation of the wafers. Another exanple of the use of the nethod

according 15h% Stjhfeuaitrﬁ/%rht?"]%%r‘? efBE¥s 8 tFPFéDdFH%CQIF ohh®f SYbEbréetatle
tLanS| stor gtwidct ures. leleututr sth@ﬁeraheonﬁlcg@i@tllhr[g ]Edbﬁﬂegctf'\r&}rﬂcﬁat iign of
the transi stqrs .essenti.a consi in ing the first tran5|stor
tate (e Titma TR Yertr bl o BidArh SR ol SRS Ut
technol ogy (tlsee 20pérgt|1en:23)on, Bbesizowe i of f |tgn$r etBinf drayexanpl e
exactly the £5 gy yas Ol}r%\(;(?qlu%ry b%‘%%c hé%b gqﬁp“rr%dli%l on of SO|

on

structures wth a th| A buried oxide lay er stabil'i zati on
tenperature can be Medbhess i hoa t@ﬁbérat BRere angl dﬂattewéli)lrﬁjerthﬁt elucel

8000 f\ndome?@llltkﬁ)tera m%i?féf@ﬁcéhh%;(ﬁmﬁldahe O e g éaHtmllr&th%na
eposi.te onto | S upbstr e e | gur n a C ventLon
oot o e e ey OB SR B ey Sy e e fara I S £ e i

convent i onalischem ©azlt/armch1akm cabipold,sisiiny, t enhquersl()s,eeSﬁbgurauQG) be Thi s

I's foll owed &@e’pd}%t%%?hﬁﬁ bgﬂgfﬂ% 98”% ereo"s&I aeil 5’}% 85% ‘0 %étf%tr{ ate

16 (see figur I|ze
t enper at ur e threonr&godoeto Illrllg)OC,‘Olrf ’ftTth sthodet u@%s tﬂ@r n@tlﬂl@turﬁe Ufsi ey

gate can w thstand itd=s hi ghnaaskt q.%eratgg&ml ué%t ter(gﬁ{@gdirlecsh rddig,, or der

of 900/1 000C ot herw se. Final see figure mounting 1s carried
out i ri?exactm%ﬁhwcawqmmwﬂtqvm/ FRo® @icmtalzf%m Vidie &R AS US| y

( insertiongd axbkadentpressmitaed é&&ilﬁl’ng etforcomamgwd HBidrdflalorid tc.
) . Before resu dg%the transi tor fagrlc i,0n _process, in partlcul ar, to
n

produce t he ¥e¢ Qe ¢lon Fﬁ Sh&w 7 Mbst S hoS i ntiwl gurB SIS ¢ he
remai nder ofcaremdadie vayen t8uls rfemMdd ane ccﬂlemwatllegchhmgugBemﬂe t he

oxide is etched Jitd 8 fy Ci’e%dx}éqr I agjd ﬁ gtﬂf%h@m@é@‘é‘”ﬁt@h‘i@f

selectivity wth respect to silicon, etching sto nat ur y once the oxide
has bewh entirely efthed, CoBFEaIUragionsi | air@orPOf@lQJner,ac,f@r e mpdicor

advant age of thi s teclfrilgqu% Cl\(ﬁrlsptehe‘i’razf:jiéﬁﬁ use Eeghpbquesinf ahirargtee
obt ai ned by Iant qs]ogess 88 that it does not necessitate,
e

excessi vel y ¥F§h| nce3VE hdt Car 22HT oSIERSLO 1By de %f
their pot entswkbsttrratcﬂ eate ideftdet s hias fagrera fi nal

- figure 14 shows an assembly in which the

25 interface layer between the substrate and the thin layer
has a central portion Z; and [sic] a material (SiiNy)
different from that (Si0;) of the peripheral portion 2Zg
these two portions being of different materials (here S5i)
than those of the substrate and the thin layer,

30 - figure 15 is a variant of figure 10 in which
there is a plurality of regions Z; of a material different
from that of the support,

~ figure 16 is a wvariant of figure 14 in which
there is a plurality of regions Z; and a plurality of

35 regions Z, of materials ( here Si3iNy; and Si10;) different from



15 polishing operation, for exanple. The renai nder of the double-gate
transistor fabrication process will be obvious to the person skilled in the
art. The sane nmet hod can be used in many other applications. |If the first
SA structur, igure 4) is 20 used to produce transist i its,
conponents, ‘gp(c{aﬁﬁﬁ#ése can be finally tégnsferred onto mrﬂf@ﬁ@gaﬁf“

dedi cated support. For exanple, the substrate 16 can be chosen for its

el ectrical insulation properties (highresistivity silicon, quartz,

sapphire, etc.) to provide an 25 ideal support for mcrowave and

t el ecomuni ¢a&wisen ( diersuiStis, afthéheby ubisiviraiteg ands $ée ithinheé ayelsst rat e. For

applications relatinpg tu‘%e%' ats salfens, ce?n%@ﬂ?@@{a@ﬂ& §Hb§t 'ﬁh?ca'l%t%zh%sfen
for the final suppart.” Another exanple dermoun briefly deScribed

30 here (se&SAMGHESS 2P ¥RAh i FHRET kb %‘Fldp?‘%d%lenﬁxéimpéﬁﬁtéa&n 5% n
substrat es. dihke ifdwal drhiceckressaes)of interest are typically less than a few
hundrecg Vim even of tfhe ordq‘7 Shoawfew tenElof uEnJSThe E | at e, far

exanpl € to power appl rdations of apspl caliond td ?r%rt:L r ds plﬁffa(}tlﬁcé’r 35
circuits foroiwtictresdime o lkexidsi 1Ziit pri 82repudred ( plastics WD 02/084721

PCT/ FRO2/01266 33 mat ef il SURPOL fiSys CUr Vof SRR S Sh&ving GAR ‘éa.crr'a%}‘t

relates to a type of dempunting necessitating ho transfer fo a targ}e(
substrat e. & HEP obfj eedWs sa@@ aehiepe) d@ﬁoﬁﬁgmgswfh@me fovass f é¥atieng

the layer 14 . aftarah @Kz@gamnget;m@ncbfcghb%@hegowg@enz .C, when the |ayer
14 is sufficiently thICk to be self- suggortlng but g tnhln 0 W t hstand
RducEle Rz

Wi t hthSO damage a ci FEGHC pridditt i 9 pr Ypi 8 Fes SR
hundred um tshilgt,raared eviese 1cff, thfsmgjerte@fhraq‘tm t doass eaf \dm) .molllee utetrhod

of producing, Ldrlebgéqobg@(@}%‘t@éef§9§§£iah ahﬁ a@efﬁd cals iy Ps&/Ehd %%Spcef}%t to

any of those previous 0 produce the gure structure
exanpl e. | n MEg@sc e igfplE@Emidi-amet er sili con waf ers the st andar d

subst rate t hi ckness 7ing 125 4M: Iff tth"?e %erd&?cta!&% KBS RT A fddndin
substrate thickness of 15 80 Vim or exa a silicon substrate 725 - 80

- 645 L t hi%k Ghe Hysdm ot Cf%et%%p%Pfogg%%%?aﬁétﬂe TRYST685 G tHiSck
substrate i priduess el %mﬂla;re adiy@srl Qr.konded, tfkﬁ_rckme&mpl\n&xeri d ta h&2b by hi ck
waf er, form ng areas, I ovve ani cal , st rengt e 725 Am t hi.ck wafer

e Then thi eSS b A he T T ot niBRHEsRT oD Ofnr FortEEahil e thr

pl ani ng and tdteami tal /adcécm@m@@momtmml eg. Ui aeswva Ngp yeess erbl ;obtwe.rref ore
corresponds t L er ff i a o1t
processes fo%l%H£|%a$?g§ Qﬁgg\,\g ];elgorl%g%lrit o% Eﬁ1a£§§é%§fle2?§& lat}/eer
producid on dthwrzéheatttq&ckr@@@ dfS tHe SPehb RRISFR T ééhrﬁfméﬂse%%a&asq y
cited may b%dlﬁsﬁtcka(tée@sf | gah ef 3dt uhydr ofd uarbrt@la@ud @&@ﬁh@g ddsbsmchani cal
stresses), ex @gt t he su str%t eFfE‘g}F an, be om.t resence can be

benefi ci al |n R HoweVer U3 LGErOaRY i r‘?‘ﬁ Jt5f1et1§%I 288ppdr t3'h
| ayer 14 30 ezildwewaelpr esEth t ke efp)nalorsulest rsatre agfe | dtagrasst vcfhaﬂactlal zed

by a substratg dhickness,of, Vigp o Al udig 4 o (ﬁrgal nder
of the subsﬁate caﬁpbe rec%O af required, A}E) I es canescb Q]ﬁ?[ bef'or e
denourtd ng, WBEEY s taeearlaftrt@m f itgur §§633fhﬂ@l 343UPPglif e B3 SRV othes
temporary support which is itself intended to be demounted.
There are various ways to transfer the surface
layer to the target substrate.
First of all, transfer can be effected by molecular
30 adhesion bonding of what is to become the thin layer to be
transferred to another substrate.
By way of illustration, a demounting method 1is
described next in the context of producing a new SOI
structure that 1is referred to herein as the second SOI

35 structure. This kind of method, a priori less direct than



WO 02/ 084721 PCT/ FRO2/ 01266 34 between the conponents, extending to just
bel ow t he future denmounting region, and figure 34 shows a pull-off support
SA'bonded to one of the fragnents and adapted to allow pulling off after
hydrof l uori ¢_acid etching, if any. 5 The weakeni ng paraneters have to be
adapted to t'He RIEHT) ogi cal operations at have to be carfGEERBPIZOA t he
denount abl e substrate prior to denounti n%? in particular thermal and

chemi cal treatnents, and according to the nature of the nechani cal
stresses. For exanple, if the 10 denountabl e substrate consists of a
surface | ayemheof tgehmagiem heme nigoweal \Si G2nSiiddcbondnagerhhel fase hdmt shas
to withstan i i i e 0 I Ls.typical, in
t he case of %ﬁ%ﬁ%ﬁgﬁéﬁl&ﬁtﬂ(ﬁ%%@%@égé s%ﬁésré@eﬁ?ﬂfé\grﬁggg%nﬁégp%g}e ,
then the rnPLOSWGHAESs ¢luse FECaaniAgedubpyrpee0 .4 thm § oburheds gsideat e

to be denpuntaakire.sWNok heri exanphecal tUSeKeRRGEr NS &her PEQUUCELORRain
circuits for smart cards, where the flexibility of the support becones

critica, fidsSy Wealddbrit MEHNREG 84EE°53Yin the size of the circuits,
and secondly because&hehefirend sSrhotuesuiiree oadrtds neid hbgvesndi ghfer the

resi stance fQr Lon nogr Li.;ne sj.li.con support, wh
t hi ckness i én%écglg)a eﬁﬂ%ﬁi%ﬁ%ﬁd gsgg%q%:‘bgdt 00 3flrezilgclgﬁ-:'gsi th hidsem(?o?ﬁ EX l,e
because it s stiistiedss ¢eriovpdndghng f tht figwp® stibj éot edhito axbapdendheor ce,

as can happep JRGWsarhy W hs 1 S08E T 16360, 1R guL e 35 shawge acatardddige
assenbly simlar to that shown in figure 4, with a starting substrate 11

cover éd wi t Ha¥9ray it 115 AP PR RObX BePE haRtes HDI 8BUFEr thE SERdLiadn

bonded to arsedeid dayehelFordfeilrigonapxt ddasi Noddd NreayBEREIWIHST ore
silicon | ay ircuits are produced within the silican |ayer 14

r 14'. The .
Then, for a(saosoélrgdﬂg t@ntcﬁe RS om® s u rofge (e FSiFFYHBEN %N edesi ve
i s preferabloyrechtosert taat vprpdhdeh aamperdthired ayprefidraBby whiebst tieari ng

the hi ghest \Dasoiobl e Jrechanl Galeohr S00Lh (3L, WOGI 0842, RCHLFROZ/ 01266
35 low tenperature, for exanple < 4 , SO as not_to risk danaging 'the
conpordent s 00 He @&tdsel puger 1pr doreed BRf ofke¥ms BBhARRHOBL EP. YItRdsk can

a_dVant f'igeOUSJh)é he: adhest v eshbak d@ﬂe@igﬁrge@to.orﬂm’s exROSAIN est @ cUNbdadieat i on
(in this the buried oxide of the second SOI structure. In the
present example, the demountable substrate (11+12+13+14+15)
is molecular adhesion bonded to a silicon substrate 16 that
20 is to become the final support of the active layer (see
figure 2). The stack obtained is preferably stabilized at a
high temperature (1 100°C) to consolidate strongly the
second bond at the interface of the layers 15 and 16. This
second bond is conventional in the sense that there is no
25 differentiation between regions of different mechanical
strength. The first Dbond, if subjected to the same
treatment, nevertheless has at least in 1its central
portion, corresponding to the region Z;, a mechanical
strength less than that of the second bond. A chemical
30 and/or mechanical demounting method can be used. For
example, the stack obtained as above is first immersed in a
hydrofluoric acid bath, one object of which is to overetch
the oxide layers 12 and 13, starting from the edges of the
assembly, to eliminate the ring corresponding to the region

35 Z, and reach the region Z;. The two interfaces 12/13 and



5 latter case, it is sufficient to choose a final substrate 16' that is
transparent to UV) . Wen it cones to cutting al ong the weakened regi on of
t hé denount abl e substrate ( here the bonding interface 12'/13"), it may
appear diffi roduce purely 10 chemcal lift-off be Lves
and substravgéﬂgfoggggarent to W (in prafél ce made of quarwgﬁgpﬁgg) are
not totally inert to the chem cal products ( hydrofluoric acid, solvents,
etc. ) . On the other hand, a purely nmechanical action may be sufficient to
lift off the 15 structure at the weak interface 12'/13" if the bonding
energy of tR&/dingare Iwderehad alle setehgih dorcevegdheshe e larignilee

various | ayqr2§/1c30n§§| ttUHé neeheantab@er af @k o i b 8 (éﬁl‘irén@ﬁfb@@sﬁﬁh'a%ved
relatively easi| ). t hen possible to use the substrate of the

denount abl e%d§ut9§‘tlrd§t elE‘E%FQFetl ne's. tRﬁ&retfofrreoni/F?HjFed“‘?:lFﬁ'emrc?éidlétychl ng
of the ring,zthan It$1ef urritlkelf spes 3i5he teteldem nadee dieler iamgl lwlemliun@oau
circul ar cut |n t s_Ltruc ure afIL_ﬁ adheswe b?ngé g. Ot}% t| ng._can

advant ageous y gét edu%ln% aser Ste 5 ne boun bet Ween " t ha R Oﬁf 25

bondi ng enedgwheaglmﬂaarrdmdﬂe $‘oxz\eb@hbh nghemer gyB rb@iss)nsurfatlae erthh‘gngs
only a few np V%kﬁjee’lr% ”8E“P_W‘ér 'S, gtonds Mt}ﬁd‘ fr?rstQJcethg HeUSE LR

substrate. As gener a resi due of substrate I s

obt ai ned, twé ﬁ@p&etmoomttaﬁ%es@wmaéeso herethed acd usisicheswtas Low

"dle_rmunt abl @ndrgee fegib® 3(7the a@@nrt&aneusﬁaizjl%n pr eé@é abkyga%erﬁl
polis whi, c

the lLayer 12" and the active | aye
Y her 0¥ an s s et é'e%p%l;?g%mo?dfv% SLraBEl) pElaBo g | 1
t he thi cknesls)coﬁname ERyep25888j s Bp appnopssd. air Wpe02/ 08472In the

PCT/ FRO2/ 01 Lélnl Igke 27@%4@16‘36%[}'” g Sxamles. the S_L‘%CO G, S URSI A 16
e ner e are

can instead an i nt'er nédi substraté in a nmuch Tonger process
that will cdift |0r9d@6é)|0t0her byi t hnseet peir e dnd asi hphdeel g qrat | el atied v

i ntermedi at & ddast kake A6napr & ARather llémwllsam%f e{]s@@erﬁwfb ontg a yet
further support vgenerall i nvolving elimnatjon of e substrate 16' . The

denount3abl e & TR wPth £RE aiodi6le t Helt echRf quE*AFEY Foudlyy
described i syenrdadidrd d haciat eegediage Suhst r i ganf tSiDI [ tsﬂla&ﬁaﬁﬁ\ is

"processed". The 10 i di ate s strate can Xi (., see
the above exXAMpI s %\‘e rgel wsaf‘r%lrg:ig Rt S5 e\?edﬁ aﬁeg‘:‘a 3 Stcr(?ﬁc ec " The
use of adhegihee Cﬂem@mnﬂ@i@l/m sobsheaper sen did |tecydred handr tce@andbe for

envi saged f Qe adhesive 15,80adi nganbenpar ti ckainkahikhe Qpgiatigns of
cutting sil | con wafers and encapsul ating int e%r ated ci I‘CUI ts or packagi ng
[

or back! endil iF YEBARTaK TSI TEIGH "adiéd V&S i1aSTetl@) ) . If the adhesive
filmis doubl e-sidedthielr Make @S &l hi dot Sid ck amngnter ediadhe ssdesdy at e

to the rearto the region Z; can at least partially eliminate the ring.

Wet or dry chemical etching techniques or other mechanical

polishing, laser cutting, etc. techniques can be employed

25 for this, localized to the ring (see figures 39 and 40,

which correspond to the production of a mechanical or

chemical cut (cross-hatched area), before bonding the
second substrate).

Note that the 500 A thick buried oxide layer 15

30 formed previously on the layer 14 could have been formed on

the substrate 16 before bonding rather than on the layer

14. Another variant divides the 500 A thickness intc two

portions, with one portion on the substrate 16, for example

250 A thick, and the other portion on the layer 14, also

35 250 A thick in this example.



20 face of the film to act as a substrate or support for stiffening the
assenbly at cutting tinme. The lift-off techniques that can be envi saged
i ncl ude the appl ication of traction and/or shear and/or bending forces I t

may be as |nethe 25 application of force with ¢ et chi ng
of the int\gpwgé)&%sgﬁ ot her neans, such a$ ul trasound. If ttﬁ.ﬁf/m‘ﬁ /f’%?éé to
be lifted off is of the oxide type, etch'Jng of the | ow energy interface
makes it easier for the bonding interface to yield and therefore

facilitates the transfer 30 of the processed |layer to the internedi ate
substrate. Under théegecohdati ons, tihe i $ wadvant agebas faﬁhees%ﬁeorprdmesisaeh

| ayers to b r d My e kqpa po |t ride in
t he case ofqml[E (}Lt%l%tue%rlagegm d et c% tH% ggéa%??ggggsltgg% be%ta (?ttd”l rectly
to the thindfIthe WWOBQV?FPCMBROZ?@H%@W%W%% Pﬁeclaﬁtféleﬁlediuéte
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artic i nser ade a di i nt.erface or
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for exanple a uoric acl he interface 1s of oxi
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exanpl e by q}ﬁ%@@iv@t@ek{eg) 1440 $feegobee daleulcu 0&@41' ¥ebOnbhe Rondidig s
interface. This facilita preferenti al fting.o at the multil ayer

structit e b rifs Hit e??aé:éac\ﬁ%ert@atthec?lilf F?H@eoflpsﬁﬁﬁ Ct%klél%]r%cé“d\/\ﬁ | e
protecting tﬂwubaﬂcouslhaytemé efurtthecl5ost rtled ursedineor potat | agudsde by
conponent s. S it |fs Rossl ﬂle to lift ff thdbc%ndl ng J.nterface even when

t he adhesi orlipebe et 'S Arerhalt ctohr?poené;net’ 1% ayers s WK % J’trhclrse‘—’lrSeegar d,
see figures 139 mntlwla‘lttﬁe domtermmeditdtos subgtheatwafemtsi.ch i s sonetinmes 20

referred to as a "hapdleer candidien be t%l% a0t 8kl ynar n{thB%lr tac,(cérQilerj m

notches or cutting precursors) , into elenments corresponding to
el ect rlohi ¢ dGhpoRent BVEBRECRhIER2EER B thamsPepABationdPLs éjr%ﬁl%tﬂ?&@rts
The transf ertcaf ke GoldaaidtMeed. N W qflmse;pﬁrbtqforisheréwm%erﬁos treven

if 25 the i .nt erconnec only b ort r nsferred at the
same ti msyl ?Freth‘ C?:”Lr}é) o?cd'bei gﬁ %ﬁéﬁzﬁp ent BYo) oﬁéht (
or die by dipodudifng rtehel ditresrt AMOS rta:raasn‘sersrterk cgaaeteaf tsere tfhieywteherd)
supports can, be of bl astd cs, pRL £ @l 585! Eom%n‘ﬁg%flaﬁf t%csh%rltosc;&:; eﬁi]”d

in 30 this case an adhesive Is advantage use or the tran
el enet& carfifwE be3hr apsf eRPEE ARt éleghmr r i hebr pEREPLAg dherxactly

el ectroni c i OPINRL egdyoniC 9@v15§§1y| Re¥bi¢Rcaagert haet r@@ﬁﬁu@@ﬁ S&gain
use a nol ecul ar adheS| on tec queBﬁsee figures 4 and 19 to e Bona%' ni ng

35 the addi t10ndl L pteserite Bf tRofpbheit SUF oF fre@¥iACt ¢ Faye

stabilization temperature can be reduced in a temperature
range of the order of 900/1 000°C. An oxide layer with a
25 thickness of the order of 1 um is then deposited onto this
substrate (see figure 25) wusing a conventional deposition
technique (for example CVD). The oxide is planarized using
a conventional chemical/mechanical polishing technique (see
figure 26). This is followed by molecular adhesion bonding
30 to another silicon substrate 16 (see figure 27). The
bonding is preferentially stabilized at a temperature from
1 000 to 1 100°C if the structures formed for the first
gate «can withstand +this high a temperature, or at
temperatures of the order of 900/1 000°C otherwise. Finally

35 (see figure 28), demounting is carried out in exactly the



WO 02/ 084721 PCT/ FR02/ 01266 38 14). The elenents can be transferred by
conventional neans such as pick and place neans. The el enents can al so be
transferred onto anot her support to inprove the thermal properties, for
exanpl e. pplying stress or |ocalized heating (

using a Iaser?rb2 0t%#eﬁ‘t hin layer, previously bonded to its flfér)lf/F sugg)&
can be denounted ( elenent by elenent, or globally) fromits handl e by
means of mechanical forces. As indicated with reference to fi gures 17 and
18, 10 the regions Z1 and ZZ may not define a system conprising a central
circul ar re§id¥¢ 2% UR?T oﬁﬁ@é‘élolé?lan duser tiiong A2, a ALKERET t RIESSUrdEIesY

structures Gamrehe iy sa@ﬁgreér@eaaét@y jeft sunaf 8s iBefbgdr€cdBntal Ree

repl aced by  arrays of o%hgr sha col ums, orc@entrl C Cir dlé{1

cre. ) whos& TEESERCAR ahtiobtRer GRoREERESSr o WeRSitdns taR vhpy FES

functi on of tihe amm@atglame aneh t heedemunt s ngst eahal quhcenpl oyed.iglire
benefi tz of pti a y_ pr t pref era it t ct e to
be pro uced%:éﬁtﬁosggehr}eﬁ[{ egﬁ %gl c&\sﬁt%r ecg}sfeget %&% %ar21%alr?smP%I'tmz{’j&til b
connecti ng ZHSMECES a@échlﬁtgthl Begaygeshbhe- ranide r ebet iatidiedf vdrtdas aof

good mechanirgalrcFrRRAh bsilreferabien . B kholihe d@veind4 smedaatiyre
hol es, whether intentional or otherw se, |l ocally uncovering the connectl ng

regi on, whi ¢Sy SIPRUr nt‘BeSstl,tEch@Bt F&C@ﬁﬂgnéﬂtyp%l%ﬁtﬁ% h GRGSe t
epi center i oxikie 25wl eear tensinplyfyetbredpt hodvéalongexanplse lfieion

cutti i nt ivid h e of rodu0|n dies. In pr|n0| | e,
di mensil%ons %fdr{t}%e “or J1p§ig>um g&egﬁggfgero(r%edﬂf or s r%%t% %soﬁgw ﬁ) ht e
wi t hst and hlfgtamwr@ssetﬁqffmrq@sanplieometexmtemta@{}yt@lna@y bt/hemad'ep@f tion

or 30 technqlpgiGalatSiep 31@' YhQS $kOndd L0t t GR8LOD; PL+ COMULES;QR L0 the

structure), or iin the case of small circuits, or of circuits produced ™w th
subni cron plOFBILSFhogr A E1G eSBRUEI RS Fﬁaﬁhé‘r&nPJF%}Plye@ﬂ{FatFBn tegag) es

of the orderrof tLerm Opoeaﬁﬂlalcntare:rwa&feeraletfect§5 Magy €@pbipatdionrs of

nor e ggan two .r.egi.ons can o courség WO 02/ 0%4721 PCT/ FR0O2/ 0 t26 9

envi saged ( 2175 ngZS°p8F8 o ! %ereﬁiﬂ%ﬁtea di'QEr ef ETALRDSF ot 3‘5@5 of

regi ons of pﬂ@ntb@ulg&tterrdntmm:&domtfalmngtdatmmopmmlwn wilite@teomﬂavmus

characteri Z(If:'tq) Q%eafce%to'nn‘é‘?ﬁil\é%r 13t g of .t he mechanical strength can be
e

envi saged. For 5 e mechani cal strength decreasi ng continuously
froma maxi mum val ué"hten SRSy i cPeltigd of CRhe &8ge UsEh nihi nilaWal gEh&tr its

center can %;ﬁ&\aa&am Tire e i &t DN S@n opthenalkdy( beeaxk gumaelyli Gal
about axi s gendl cul ar to t he, Iane of the substrate Producti on 10

proce es yluegl H bF 288 t?]a?'e Srid GHESr  uSRMPANGRRDUNE g rar e
in all respegtesesi madnar Heo tfhcuﬁaell@esctrnabecfe\mrtehi I efnerioe N are riyo ftlyg:ldal‘ses of to

8, Provi ded ddhal; the, aeonets{ calecshapesneip! oxed arcusuiteb! 6 smsk sshapes

for formation of prote ayers for selective roughness, apes
for selecti moe@gbsnftonronltshaebeetrpealsmm@ulatss@res prsrpeprtefes ethiigih-y

pol i shing eceRNtdHiGif\NGS.1:&dn,C-qlartz, sapphire, etc.) to provide an
25 ideal support for microwave and telecommunication circuits,
thereby limiting losses in the substrate. For applications
relating to flat screens, a transparent substrate is chosen

for the final suppcrt.
Another example of demounting is briefly described
30 here (see figures 29 to 32) in the case of producing
circuits on thin substrates. The final thicknesses of
interest are typically less than a few hundred pum, even of
the crder of a few tens of um They relate, for example, to
power applications or applications to smart cards and other
35 circuits for which some flexibility 1is required ( plastics



The above geonetrical shapes are conpatible with the transfer of a layer 14
as a whole fromthe de nountable 20 original substrate 11+12+13+14 to the
target substrate 16. As opposed to enbodi nents of the method according to
the inventi t nd to encour age denmounting of the |ay

substrate aB’OPr@ﬁ’éi‘@ﬁ | evel, i. e. on 1he scal e of the \Aﬁo(f’te(irgmlbiﬁﬁ
substrate, others tend to dellmt 25 fragnents, the shape of which is
clearly related to the dies or conmponents to be produced fromthe active

| ayer. Figure 41 shows one exanple of this, with enlargenent of the region
t hat subseqW@tEiny adccomppeates t Avrupd (@mpecwyt@,t heg t@onportars ) vaFhiant

structure C%l@%e"sechﬁte?dt?@e”%&y @n&drﬁ?ﬁng’isnéggé@1@£€1§&m9n%ma§1stf%rbe
denmount ed on the ori |naI bstrate. |deall é?j each, region ZZ surrounds or

sinply exten@®s &l ob@ PRk c% Buralet edGT S r 2gfentPofCthel § ediOn 3R oife
surface arealenfournite ngonpehenduf orrdingfeetrdng) Calle COrEgFONdl £Xaclfltert o

the region great h | ess than the |att Ln

confi guratl cZE]r d\(/?\)nll?l(:9 one (sf?{]f%uﬁps v%of?&?ﬂ??ftﬁcﬁ'F%ﬁblgé% jlaygﬁrflélces
of the conpdésentufdigiehtillye thégikor oZbeesedipassyeo rithagotuér tobhehin to
confi gurati Q«ﬂt@‘l@‘%%tn%d derends onithgede Jmounting « echniGue 1.9, b%rld)%%@’s

whi ch can be he same as those previously described for denmounting
substrate 5 Wé’\ﬂlﬁg"léﬁl Y-8 T i hge 2z farfGithdandesd r 4 dilsiekzl. a@‘leeﬁﬁﬂet@éstl ng

vari ant consinst smderusﬂfng GRRY eRinisORE 1GHIPaMRNImeG A RE t;ﬁ@&lﬂicqlﬂl%s the
saw ng, Ias%r cuttl r’fZattO cut or delénag?rt trenches, | east

parti glol y arodidt &I U&ij; e & cjL b%n%V?EYaFe§B?F5nltol §™Wased
on the 10 usé ofhohem cmceibéldngoxaes\&m&ﬂt}ed twi t bradphet othé¢ hairaapty 4
operation tQpn %‘ﬂﬁ% 'de C&larﬁﬁfémh%% a@}?é or. QI DV ¢ %C%%%%tt'e’}g

regi on cor r éspondi ng 't 0 t e reg ure 41 shows in thécas
one particulSart l@)@é]rrmaéertshet\b@rtslt@élldad?&'s ﬁé@sltlrﬁé§ |trli7d|Cd<éi)teéSt He dant dﬂ!ﬂs of

the required sl He Wmtcsatlﬁs}r EXQIH &5 @fE%apregeét@gtavlt%%k%s@db&fsl on
over, a large area, only layers, 3 and 4 are cut to the cont aur

bondi
shomq%afterBO\/\Mﬁnbh %‘{:hef‘?gﬁﬁﬁnt 3 SH¥TXY BEPSthetsub<tr at €° whicéR afbunt s
t o consi der ithg ctkhaits t digosehstpat & hies slu;fpic&ct Sdbeacdtd ragnemhié &% 5amm

alternative, al ers_or f e.frag {s.can be at. qne
and the sane tht%%k )é}lgggr%‘ﬁé ek ent haetrba%OleFtueLFrcu???%ngo?heb(?n CErreéfhénl cal
strengt h regi*emple,atte he pgebi phrerthichewafsk, off cdeliagi retéam dﬁr iliogie r

treatnment S%%Q%anlg%leé%qghgt%o Bedyee %H?%%E%@'me%&t'%akh%% Q%H%he
conmponge nts on the 25 | ayer 4, is reduced, whereas, whe fting off is

requi rod, i - profagBs iad NoCHiess cf t59 Vi afeénelxarnpéa .*Pé(nr&lramm t he
central regiaon (ci:lherﬁﬂyahar\l@c}b&ei’t:AIH pbat ediay. t meperephet yhg. aCaEABlyNY

t he dlstrlbtl therelons d Zz 30 wit e |mof orm an
outer ring ;&t et%%éfo evel “of "TRE"E éﬁst pta e, t%s shog\ﬁngn |gure , W|t 5

di stributi osufdtiedded twesgsdtegcte darhtivd phecdsess ésrstﬁe\bmllcatfmgurtele13,

i s one benefjgiial &ML pat 'oen tlg EBMFéﬁenEQe FRQdi ec?’x} oysl %
descri bed are 35 not fTimted [e case of no cr stalline SI |con
latter, one of the demountlng techniques preVLOusly cited

may be used (see figure 31, hydrofluoric acid etching and

mechanical stresses), except that the substrate 16 can be

omitted. Its presence can be beneficial in some cases,

however. After demounting, the self-supporting layer 14

30 alone represents the final substrate of interest,

characterized by a substrate thickness of 80 um, including

the components. The remainder of the substrate can be
recycled.

If required, the dies can be cut before demounting,

35 as 1s clear from figures 33 and 34: figure 33 shows notches



WD 02/ 084721 PCT/ FR02101266 41 and can be extended to nmany materials, such
as ot her sem conductor materials ( Ge, Site, SIiC, GaN and ot her equi vaI ent
nitrides, AsGa, InP, etc.), ferroelectric and piezoelectric materials (

Li Nb03, LI T eq 6?82?ﬂe processed” 5 magnetic materials, dlggf@‘rl‘%? nents

are produced nounting or not. 4aI ready nentione

situation of a denountable substrate consrsting of a surface |ayer of
germani um havi ng an Si 02-Si 02 bonding interface that has to 10 be subjected
to an epitaxial growh tenperature of 550C (as is typical in the case of
growi ng Gal ntvseeonke i comeorerbsarcsbending teejuatspedelw thehef utnere
roughness shaiphdl,aduant ageo. &sl yahe Ql@u&r@ for $he,su St diahe Je¢ Ry pp

dermpunt abl e._ 15 Anot her exanple is that of epitaxial g ow ng an epltaX| al

stack on a dtoBRPEBAe KubSPRatE ’Tﬁ?s farrﬁﬂﬁ‘%stﬁ n2pdr t3 t@rdtéott?euow

pr odu?:tl o][l obullitey agfE Wi ter Lrgas:mfmdlhdﬁ:dﬂ al@xﬁreﬂoaﬁefg,dllqdew gor
exanp or inproved extraction of the Ii rove
evacuat(:a‘nl3 on of 20 heg‘{%il t'hah en%rbgt?aaﬁas?%?e%%tlaa%e %Bsﬂoﬁalag g i% & Rfood

conduct or oftehefatolmlasopzﬁ)mderorm tdiendnd)e o ki mwaise] dlte ceplttkaa(i al

stack concerqggh S d Si o% riyed Al
N, GaAl N, GAl I nN, %?Séa Sggsggggtg o%ﬁcoz[ﬁg}cgts 1%JHs‘L‘iS'Ln onggofga[ e processes
25 previ ousltﬁ“%%lrl t Ghegised dExBaRigpLe, st pOEt ureCREEI DAl eF?  tidh& hat

of figure 4 {yudd gure 28e OmddHiiRad5) stRewbish tiher | @y@inpt4, i sipf FiLOH (
the transferred Si f ce is at the top in the Ippqgures) t he Iayers 12 and 13

are of' &l i CBHUL ¢ aS NP HARF ] | g B teka A antP 4IRS0 Kust r e 1

is of pol ycrg&sﬁrwdjm rﬁtﬁr(cprazswpdﬁu—rse)oz Doeadithack nterrfhased et Hdy iwles
(figure 43) j epj t II Sstruct ure flgue )o The .
epitaxial te J}S;Cnr?%ta\eﬂ;d u%led% aB(X ? c?[s hi It Ir%féera r? he%pg;%?on ekﬁ e%l in
the art suchsastvpieall an tté’@m@%ﬁft aRy @ueBEnd dﬁamneoc@p@g@ﬂyut&nch

met al | o- or gadd 16 :,chegl cafo¥apae %possfsatdéan £ M, 024,084 421 RCHHARAZ/ Q1266 42

for a ther category. In the f orrrer case, the epitaxial growth
terrper%f_f ur e FHEH PR 606C, Uwbreds fRE tyﬁb]il%al stuhPedteur e§°f orbd he
second cat egi¥noaiteaidfe.t he order of 1 050 to 1 100C. For each of the above

two 5 techniques, t gi ce of t irs or Sets of chani cal . strength
regions 71, Z2, etc}}D’nOCC e exa %zgg Cseerc%%dgggsé) LOSNE taP ™t K
processes praMiauisisy descrwbeldt balsae:dison wbaghemhmg dfl ehdpitlia yoxofle dlayer s

12 and 13 byslm(;%f)glH@ébﬁe§CF91%Eeghng flsfsct*l%ﬁ%cél%? CERMLL g'ﬂ:gre(])af%the

anot her vari ant consists in de ring fromthe e
subst r4t e. St}bsfétﬁleﬁ‘hzmlj}%ﬁmql&)@%tsgr Gvitch Sétcorlql(}o@epﬁ%tﬁﬁ:efshe drra s

structure, astack wWegeitdi ckaegs i gieh tBecerden g@krl vaskh@ sidductuge is

optionally a&n;oarlneadnboerf ore the o%%ctr%;)é't%lll rowt h sf age,

support whose
thickness is greater than around 50 pm is too fragile in
this context, because its thickness is too high if it is

25 subjected to a bending force, as can happen regularly with
a smart card.

Figure 35 shows a starting assembly similar to that
shown in figure 4, with a starting substrate 11' covered
with a layer 12' of silicon oxide that is 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' (see figure 36), an adhesive is
preferably chosen that produces a very thin layer 15,

35 whilst having the highest possible mechanical strength at



15 typically in the tenperature range from900 to 1 200C, in order to
consol idate strongly the nmechanical strength of the ring. After the growth
step, the assenbly is subjected to deposition of oxide, planarization by
CwvP, nol ecul si.on bonding (for exanple onto a sili con substrat

and anneal i ‘8 a‘ﬁ%fg #doc to strength this éatter bondi ng. THEC 01@)6| s
produced (figure 44). Finally, there is dRrount i ng at the bond| ng interface
(figure 45). A few hours in a 500 hydrofluoric acid bath are sufficient to
etch the oxide layer laterally to a depth of a few nm where 25 this
interface cdrwespendsraburee rfogi omxZeple her 469° Gncmer RAg dte tegimskZ1.
This is fol Idév@ t}ﬁ; %@f@% PMhdM STRANS Y JmGhANiGa)e f WCRRi P ol e
by insertin bl a |ng a pressurized water Jet, or applying a
conpr essed Wlﬁ ebon%n%g Sttﬁ@ t BT uES Npraci BUAGF BE des bE | t%ﬁ“,esfld%es

exanmple. A fnamler@eoxwaheee frepoy e@ﬁp@§u£@etbe$\ﬂuﬂa@iatb@nOKhﬁe drayer 13
(figur§)46) | east the, SICla

t hat | t | a
epi tla%taﬂ StHEK chb EJﬁtl %ﬁéﬂllc)}el%aeqqsﬁéﬁg?%%sﬁsfgggﬁ?%%]q@%e

for th

41). Di odes lgdn e rlnsdtxamslmfmﬂ: dro afler the 35 final transfer. WO
02/ 084721 PCT/ FR02/ %/‘égg I i rpor.ati .

m crocavities, mcro Igtg C(ZJOrme at el ggék'ﬁﬁ% ?%?Fel fggg g}e%ta%e% eglon

substrate arf whhe |d§HlO(§mft@rhhet h%Ub%@ﬁiVe hayer tdwn Pasdéad tlalzfeertﬂrﬁeief orm

of a 5 buriedrwaak)l ayers feipedaghenicracayitbiies, RLCr QRURRIRS, Qlrely
platelets, fqr exanple. This process can be ased wi th many sem conduct or

and other net The L& PEdr enCECBEE Reen? BYPHRES wi 13N f Fdtsfrates
mechani cal Siraersgtdﬂrsents obt aivned rbypiadt ecenimablevelts @fiadOz waakienjingss)i n

t he case wheare as, Ji in fi %‘ér'ﬁ 1te 3,.ac ntra%hreglcorn .S reqU| rreodc1 thG
surrounded by peri pheral Qfl on of “greater ani ta Cfrengtfb i1

sufficient tdimké%ﬂédnlqma: sacrmlz,t useliesssat ettltre perqrph@w ohharathanide a

center, for exannl &nediyadiitd0d0C NG, %&hsepeﬁfebewnwtéml leer @Poyns of
t he substances for weakening the region ( _for exa hydr ogen

i npl ant2at i oHEEUGTHEE cah b‘eh%bt“ﬁaﬂfedlb§eﬁﬁ§R?nglzarT})ﬂo3rtl of o¥h? héDqWé}g

du(rjl Pg a porhdﬂdm;y)f oghethgplraln’li@.t iien p@eéatlaﬁhnflctmeexeerpbagtar dsnsé the
nodi fyi ng the, sweep dur antati.on; it can.als [

carrying out® qshucsclessla\pedl ﬁarﬁrdt  Whe A X fitderC AIF TS n%atﬁlﬁ ﬁ“gtr% Qlaitr?d[ he
various regiansuwiticsel phoperckinesbar echbebeddirdeflertéme]l yRegp onlsy) canIaI sics be
weakened di ffiprent] o)és?h%pp‘céﬁ' ngs Ji ThHer ent, aeat (L eé‘%”e@ﬂﬁetc% s&ﬁpbuu n of

obtain different Ieve weakening. 25 Wth regard to t
t he re?gﬁ ons SAPSER R (S%V%lfﬁ'ﬂgl etlﬂiﬂ?r‘@* f PRYAENL §roa1r ré}néftetdeglcd“rﬁsﬂlcal
mul titude ofetrcegur@sof ettqale )mgt hei ¢ egBnifquasdrorp Q@é@bﬁél rag télqsenate

structures ( means c(&anl cal stresses, hem Cﬁé nts, r?&e
t reat nents, elercjfril(‘?/e P’er‘ﬁ?v "% r FhGSHadt §(51 regio Z§ % uréy

they are putadlrretscivrﬂ acboneéinghe Fhenents tanmdy exaapl esdganengepuségt i dre 1
relating toeaﬂféc!’é f%e er n% #”Ea%a%%e' a%%pn%?gucﬁgt é,!eHD'@r?é“ High

adhesi on remain val 3 - ace formed
25 bonding energy region and the low bonding energy reglon If

the ring is only a few mm wide, or even narrower, 1t is
then possible to reuse the substrate.
As a general rule, the residue of the first
substrate is obtained, the support of the substrate
30 referred to until now as "demountable" (see figure 37), and
is reusable, preferably after polishing the layer 12' and
the active layer 14! (figure 38), which is either
transferred onto the other support 16' or free and self-
supporting i1f the thickness of the layer 14' is
35 appropriate.



35 The person skilled in the art knows, in particular WO 02/ 084721

PCT/ FR0O2/ 01266 44 fromthe document EP 0843346A2, that a porous |ayer can

be ‘obtai ned fromthe following materials in particular: Si, GaAs, |nP,

GaAsP, GAl GaSh, zZnS, CdTe and S| te, in m)nocrystal I i ne
VR zator

pol ycryst al phous forms. 5 Thgg is only by We
that the renmai nder of this description refers to silicon. It |s possible to

obtain porous silicon by electrolysis in hydrofluoric acid. The person
skilled in the art knows how to vary the porosity of the Si by 10 nodifying
the concentration ofUnilhi&ehydeofinegreidd raciekagplipg, vamhe mgadnel culsdmtateor

exanpl e, redygi ng,t he bydraf lyor @r@ 'd ﬁoq%@rrn%tdl ncef r%%sap/gﬁg 2Q0 4

changes the porosity from 2. 19Et : rotectlngth
outer ring GfiGte EIRKfRIOCES Swith? ta "f%ch@ ec e@&fheﬁf t‘*f%tdb thexiRiE or
pol ycryst al lare ssingleom) ifrdmexampld) tHd ﬂr&m&aﬁl@l& tsa HErke t aent red

regi on of the |I|co | ayer orou whi | e kee |ng periphery intact. It
thgn sutfi ceaang1 i mhate t rean éeelf d%B%E?Yg OPﬁ% p8ri piéry Q’ﬁ%ﬁﬁf

el ectrol yze stuppaertt,i rge2Oravai er 1n17bév¢ogsajuemc&1tofort het e thwo sellettragleysi s
operations '1;6 L0 HOULGR Y fgersﬁo%rt%ttev He il %{]1%%{ e 1N% W &l han

at the periphery. A nonocry i ne | ayer roduced on t
por ous | ayertashrdsiueaxi d?regfrlcﬂMer( s@hesfqrg}meed 48 1swhi dwr@dr eprtegs enttdican

assenbl y conpiiesin@iidtelbstpat £22d, aERBrPQROUS aM@éanrea\ég@gdﬂontm | ed
dlfferences in goroglt between the regions Z1' and ZZ' , and a thin |ayer

23). Srbot hidltF %T‘b?WéaTl‘?/dFéﬁerPeanﬁé%’rijn@rt ytb]ee?%b]a%vhﬁfaﬁgétdl?sl y
enpl oyed befaserd hexampiaxi.al IHr owmt Asstrapild) 3G sép apehh@esur fsica @fn t he
pores at le A eirn part. There can be crystal lattice continuity between the
various layers if they have the sanme constituent. The thickness of this
monocrystal | i ne | aydhe whiseh ohusadervimes tihid sct knewhayee, tepends som t he

intended 35 APPIILAt 1@NSthe art can be envisaged for the adhesive

15 bonding, 1in particular for the operations of cutting

silicon wafers and encapsulating integrated circuits or

packaging or back-ending ("Blu-Tack®", Teflon® adhesive

film, etc.). If the adhesive film is double-sided, it may

be as well to stick an intermediate substrate to the rear

20 face of the film, to act as a substrate or support for
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

25 application of force with chemical etching of the
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 makes it easier for the bonding
interface to yield and therefore facilitates the transfer

30 of the processed layer to the intermediate substrate. Under
these conditions, 1t 1s advantageous for the processed
layers to be protected (for example by an additional
deposit of nitride in the case of hydrofluoric acid
etching).

35 Stresses can be applied directly to the thin film



WO 02/ 084721 PCT/ FRO2/ 01266 45 Dependi ng on the thickness of the active
'ayer, after de nounting it can becone a self-supporting layer ( if it is
relratively thick) or it can be transferred to a target substrate (for

exanpl e by nglg y(gﬁg% adhesion), 5 especially if the layer n;gﬂthﬂyﬁ

active | ayer can |fted off its substgqte by chem cal

introducing a fluid locally into the porous layer. An alternative is to
render the periphery porous only to a distance of a fewmm ( as in figure
49, with a 10 substrate 21' , a layer 22' , sone regions of which are
porous, and @ nghoel§starernediayerspBsyrate t keawbeesmas ramstiopri dileet o

elimnate thignrigg byeeddig (@tf@é’@é’“ CZaﬂ.n or .&Sl%ul%t'a{ﬁalofe@y by
chemi cal procesmthlgn usi ng HFE/ HNO3 qu I—g Q/Vth regard to the

di stri buti ont BTSHHE"S e3i Bhede1 agnd an%giLBt?Fﬁéce¥ra6ﬁ€ﬁP§ USEr & of
regi ons, nulltiftidef Oftoepi opse mop/%l@e)ot)ecmmtﬁs aﬁoujederrm;tntlm@al\k@se
structufes ( i cal [esses. chemc I tre trrents eatrre

sel ectl ve re%v&%rl%gsaénd %g regi ons Zz°%6 ané1 hg\(/??et hey” ?%erb t
into practi dR 24154 leneand/ and aexlainplies géeen EiPn0§é¢'>18|86n ER él%f978B)t.0 an
interface orrjntgenediat eckayer jpEoduGcsd gxrnté&&w ar adhesi op1pga 4,

valid. Note that: 25 - the |nterface can be a si | e cont act surface or a
connecti ng ISXARLE § heleyagheRYdrefhuseiai §t3HibB|1fe6‘h|en iaterfegp dfs of
squares, |i nﬁs;,des.)qncemterl gepbufit @BleetLubstratidie c@%OW@&lﬁhﬁ@hgéeﬁSDyt i of

the fragnents is p erably .related to the |l ocation and the. siz ofthe
dies (10 tne it PPEGRERRSG] e FEATRLE S MRl BRENE) Tq
surface prerfa&@dl dtrin&ct épubdf ok echbhydi ngp carhe nbbudengoughéearflgcef t']P‘rELS)XI de

Layer, 35 - Al presaral ion delang fonding ean atkecl. they, WP 02/ 0R421

PCT/ FR02/01 so t he i c properties,
structure bonding interface, where the lifting off must

take place, while protecting the various layers of the

15 structure incorporating the components. Thus it is possible

to 1lift off the bonding interface even when the adhesion

between the internal component layers is weak. In this
regard, see figures 39 and 40.

The intermediate substrate, which is sometimes

20 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

25 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

30 this case an adhesive 1is 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 4 and 19 to 22, imagining

35 the additional presence of components formed in the layer



- to obtain a greater roughness of the first region relative to that of the
second region, both regions can be roughened and the roughness of only the
second region 5 reduced, the difference between Z1, ZZ can result from heat
treatnment after | |.i zed nol ecul ar bonding; alternatively, |localized

t her mal anne‘&ﬁ(ﬁéﬁggﬂ be used after the ?gndi ng operation (P¢HEBO2/H

nonuni form 10 furnace, heating by |lanps,”etc. ) , - when the interface is a
buried | ayer weakened by inplanting a gaseous elenent, the latter
preferably remai ns gaseous, - to obtain |ift-off, portions of material 15
cor respondi Adg)t o Thre elgantyzZcganbadiaanageoustly bye cenivieintiatoed 1byneameni cal

et ching and/fQicpyagechani cahqr el pfanat el él@ﬁ@ﬂ%%‘i)%ﬁ%m’?ls&h%e

lift-off step can be effected by etching in a vacuum an plication of

stresses; a Gréansgetkscer ONEPr AP iehr E8PRPFEedtd | dIPreNR behesddiermalhe

precedi ng desypgdittien, hasrenphagiized a silicon layer, but SiC, GN, GaAs,

InP, Site and sem cg}nduct%rs derived therefromare also relevant, - there
I

can be "a step of epit&axyalPYgrRity giP ther 9%° | 3§ el o6t oF 8ddrathtigngd .for
| i kewi se corpameites waimdeapiladeced cowplEiet ylayetrn paetribakore bonded

denounti ng, .-. t.here. i,on 3, aqg ey Z4&, having l.evel.s of
nmechani cal sttor é&%t ﬁflgl%gf %ﬁlé{r‘ﬁ%gfi‘tr’o% %nobsee of "t %encerdg ierolnesm z?ﬁ'd eif,me?&’-
there can b&Ya Loialdyoud revpligs dwnofl et hy meshgnicdalmestheerigel Beorwesn

extreme val ues, rathgr tf@ndved! af eauxckbpkadeby i S ietss st ePang 1tahe
di fference |6:rf}1 nmechani cal strecgg%th between the regions can result froma

di fference SPCdAHEN ot TG 4n8% - 197 of SYPAFEY CRIMK164Er &gi on
of one  VORRIBAT i RATIFROP4PILR667 47s oet €ihddd abgd bhe caiteer fiegj on,. of

another TR il 0, S 005 L0et U A DL e e vl o
of squares in figure 18 can be replaced by arrays of other
shapes (rows, columns, concentric circles, etc.) whose

15 pitch and other geometrical dimensions can vary as a
function of the application and the demounting technique
employed. The benefit of adopting an array may prove to be
preferable if the structure to be produced imposes high
mechanical stresses that are transmitted to the connecting

20 interface (in this case short-range repetition of areas of
good mechanical strength is preferable), or if the layer 14
may feature holes, whether intentional or otherwise,
locally uncovering the connecting region, which may in turn
be subject to untimely delamination whose epicenter is the

25 hole, or to simplify the method (for example for cutting
into individual dies) in the case of producing dies. In
principle, dimensions of the order of 1 pm are preferred
for structures having to withstand high stresses (for

example hetero-epitaxy or any other deposition or

30 technological step applying significant tension or
compression to the structure), or in the case of small
circuits, or of circuits produced with submicron

photolithographic resolution. In the contrary situation,
scales of the order of 1 mm or even 1 cm are preferable.

35 Many combinations of more than two regions can of course be



WO 02/ 084721 PCT/ FRO2/ 01266 48 CLAIMS 1. A nethod of preparing a thin |ayer
i'ncluding a step of producing an interface between a |ayer intended to form
part of said thin |ayer and a substrate, characterized 5 in that said

interface i r so as to have at least a first regio L)
having a fi f‘gﬁ(ﬁ&%ﬁ of mechani cal streng%h and a second rg%"(r‘T/ﬁ‘P%@“éZ)
havi ng a second | evel of nechanical strength significantly greater than the
first level of nechanical strength, the first region being 10 incl uded

within the second. 2. A nethod according to claiml, characterized in that
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claim4, characterized in 25t at the ste ace
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geometrlcal shapes employed are suitable (mask shapes for
formation of protection layers for selective roughness,

15 mask shapes for selective deposition, shape of polishing
tissues for ©preferentially polishing eccentric rings,
etc.).

The above geometrical shapes are compatible with
the transfer of a layer 14 as a whole from the demountable

20 original substrate 11+12+13+14 to the target substrate 16.

As opposed to embodiments of the method according
to the invention that tend to encourage demounting of the
layer from its substrate at the global level, i.e. on the
scale of the whole of the substrate, others tend to delimit

25 fragments, the shape of which is clearly related to the
dies or components to be produced from the active layer.
Figure 41 shows one example of this, with enlargement of
the region that subsequently accommodates the die (or any
other component). This structure can be repeated as many

30 times as there are components to be demounted on the
original substrate. Ideally, each region Z, surrounds or
simply extends along the contour of each fragment of the
region Z;. The surface area of the component (or die, etc.)
can correspond exactly to the region Z;, or be greater than

35 or less than the latter, in configurations where one of the



t hat the acid etching is effected with hydrofluoric acid, the surface in
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exanple of nitride, that is elimnated after etching. 5 9. A nethod
according t | Qi or claimb5, characterized in that the surf

preparati on({gf)é'g/qwﬁéludes a step in whic Othe surface is ro‘tfgmﬁ@%?"%‘i rely
and a step in which the roughness of so portions is enhanced to obtain
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fragment, podsi bls)u}:fso:lrlajamd bshiazdermountrittsy dper atdreyi dduriingg Withiagh tihe
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claim15 or alm16 aracterized int etween the step of producing
the 159 nt erafldcet%mdlw@rae@éurﬂhlngo%tébe fragEens sa Csatrépb%fcéﬁt BitnPhche

second regi Qihd el | yfnd Otirh@) fitst thegbQRent8rnAtietred racoarding tiheany
one of clai gﬁﬂﬁ to 17, racterized in that it includes, between tf}le step
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risk of delamination during treatment steps, for example to
produce electronic, optical or other components on the
25 layer 3 or 4, 1is reduced, whereas, when lifting off 1is
required, it propagates without difficulty, in a controlled
manner, in the central region (it may have been initiated
at the periphery).
Combining the distribution of the regions Z; and Z;
30 with the aim of forming an outer ring at the level of the
substrate, as shown in figure 4, with a distribution
intended to protect each of the dies, as shown in figure
13, is one beneficial combination.
Of course, the embodiments previously described are

35 not limited to the single case of monocrystalline silicon,



20 producing in the layer the whole or part of mcroelectronic, optical or
mechani cal conponents. 19. A nethod according to claim 18, characterized in
t hat each conponent is produced facing the first region of | ow nechani cal

strength sur y the second region 25 of higher nechani gt h.
20. A net hodwgct:ﬂég’s%ﬁg to any one of cl ajlfrs 15 to 19, char Z‘%@ﬂ‘?zfﬂ{f‘ﬁ
that, between the step of producing the interface and the denounting step,
there is a bonding step during which the |ayer is bonded to a second

substrate 30 ( 16, 16' ) . 21. A nethod according to claim 15,
char act eri zéd'd nCeRat Psai exbordetg W1 epainyc| waésridlecul avchdhsi ther

Do 22 achmidodancorins e o Lo Sy el oS5 g
ondi ng step includes adhesive bonding.
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stresses. 23lemRundtingd cacewtdi ng to any one of clains 1 to 19,

characterized in thal the daver ingn@f Sidd, cono26. AN assemlivd ngdauding a
| ayer on a substrate, 10 said |ayer (13+14, 13"+14", 23) being connected to
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constitutes the periphery o er o irst region constitutes

20 the core.2dBntggepysdibl yPaccdt-di Myt t ofékai n¥ 2B, EhoSAERES zeBOi n Rehat
the first re@mudswlia/i ded into fragnents, each fragnment bei ng surrounded

by a ond region. 25 29. An assenbly according to claim?26, characterized
in th;]tqé:a fragnent cﬂﬂi‘t"tczﬁ?tt | TR | & elt%GGntQafi nSPEEREL 1+ ¥t IFEYLHA AT

sai d second gEgiai. S0 stttk a1 i sReenthtggicos ubdtands. alTong tdwlpeyrd ghery
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29, charact . I'mthat the layer Tncludes the whole or part
m croel ect r gl optvyenl épsaBchabiossls cdnjponenexample, for improved

extraction of the light emitted or improved evacuation of
20 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 is based on composite
semiconductors derived from GaN (AlN, GaAlN, GaAlInN,
etc.). One method consists of using one of the processes
25 previously described to form a demountable structure
equivalent to that of figure 4 (or figure 26 or figure 35)
in which the layer 14 is of SiC¢H (the transferred Si face
is at the top in the figures), the layers 12 and 13 are of

silicon oxides, as in the figure 4 example, and the

30 substrate 11 is of polycrystalline SiC (or sapphire). The
stack 15" Dbased on nitrides (figure 43) is grown
epitaxially on this structure (figure 42). The epitaxial

techniques used can be those well known to the person
skilled in the art such as molecular beam epitaxy (MBE) for

35 one category, and metallo-organic chemical vapor deposition



31. An assenbly according to claim30, 35 characterized in that said
conponent faces the first region WO 02/084721 PCT/FR02/01266 52 5 10 15
of. | ow mechani cal strength surrounded by the second regi on of higher

mechani cal 32. An assenbly according to any one of ¢l ai 26 to
31, charact g&bi)g%%:}'ﬁlt hat the interface 4? produced bet me%@@ﬁpﬁwgof
the substrate and a surface of the |ayer*that are nol ecul ar adhesi on
bonded. 33. An assenbly according to any one of clainms 26 to 32,

characterized in that at |east one surface of the interface has greaser
roughness i hMO&IVD)fi Fst r@gmbhnelt haretiggates sécontheegfonmeB84.cae,assdrbl y
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radi ation. the edge of the substrate. Subsequent MOCVD epitaxial

growth at 1 100°C produces, on this structure, a stack
whose thickness i1s of the order of 1 um. The structure is
optionally annealed before the epitaxial growth stage,
15 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 is subjected
to deposition of oxide, planarization by CMP, molecular

adhesion bonding (for example onto a silicon substrate),

20 and annealing at 1 100°C to strength this latter bonding.
The layer 16 1is produced (figure 44). Finally, there is
demounting at the bonding interface (figure 45). A few

hours in a 50% hydrofluoric acid bath are sufficient to
etch the oxide layer laterally to a depth of a few mm where
25 this interface corresponds to the region 7Z,;,  thereby
uncovering the region Z;. This is followed by demounting by
means of mechanical forces, for example by inserting a
blade, applying a pressurized water Jjet, or applying a
compressed air Jjet, using the techniques ©previously
30 described, for example. A final deoxidation step removes
the residue of the oxide layer 13 (figure 46). At least the
SiC layer 14 that served as a nucleation layer for the
epitaxial stack can optionally be eliminated by etching
(figure 41). Diodes can be produced before or after the

35 final transfer.



40. An assenbly according to any one of clainms 26 to 39, characterized in
that the layer is of silicon.
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ca] caV] ca] cqt]l(algﬁﬁ]ngsca]:c 1caa].]eq_a,\gsca] ca] caU] ca 77@8889 """

<07?UQ@aooiaaB caljc ay ])ca] ca] ca] ca] ca ca
U]cAa]caV]ca]caU]caﬂ&%ﬂ%ﬁﬂﬂﬁface between the su straté ahd what is to
form the "active" layer can instead take the form of a

5 buried weak layer, formed of microcavities, microbubbles,
or platelets, for example. This process can be used with
many semiconductor and other materials.

The difference between regions with different

mechanical strengths 1is obtained by different levels of

10 weakening; in the case where, as in figures 1 to 3, a
central region is required to be surrounded by a peripheral
region of greater mechanical strength, it is sufficient to

weaken the structure less at the periphery than at the

center, for example, by introducing at the periphery
15 smaller amounts of the substances for weakening the region
{for example by hydrogen implantation); this can be

obtained by masking a portion of the layer during a portion
of the implantation operation, for example, or by modifying
the sweep during implantation; it can also be achieved by

20 carrying out successive implantations, under different
conditions, in the various regions whose properties are to
be different. Regions can also be weakened differently by
applying different heat treatments to them to obtain
different levels of weakening.

25 With regard to the distribution of the regions Z;
and Z, (a single ring, fragments, array of regions,
multitude of regions, etc.), the techniques for demounting
these structures ( by means of mechanical stresses, chemical
treatments, heat treatments, selective removal of rings and

30 regions Z,, etc.) and how they are put into practice, the
elements and examples given in section 1 relating to an
interface or intermediate layer produced by molecular
adhesion remain valid.

3 - Interface formed of a porous layer

35 The person skilled in the art knows, in particular
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varying the current. For example, reducing the hydrofluorlc
acid concentration from 50% to 20% changes the porosity
from 2.1 g/cm® to 0.6 g/cm’.
Thus by protecting the outer ring of the Si wafer
15 with a thick deposit (of nitride, oxide or polycrystalline
silicon, for example), 1t 1is possible to make a central
region of the silicon layer porous while keeping the
periphery intact. It then suffices to eliminate the layer
deposited at the periphery and to electrolyze the entire
20 wafer. The consequence of these two electrolysis operations
is to produce a higher porosity at the center of the wafer
than at the periphery.
A monocrystalline layer of Si is then produced on
this porous layer by epitaxial growth (see figure 48, which
25 represents an assembly comprising a substrate 21, the
porous layer 22, having controlled differences in porosity
between the regions Z;' and 2Z;', and a thin layer 23).
Smoothing annealing of the hydrogen annealing type 1is
advantageously employed before the epitaxial growth step to
30 stop up the surface of the pores at least in part.
There can be crystal lattice continuity between the
various layers if they have the same constituent.
The thickness of this monocrystalline layer, which
thus becomes the active layer, depends on the intended

35 applications.
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1s relatlvely thic or 1t can be transferred to a

target substrate (for example by molecular adhesion),

5 especially if the layer is thin. The active layer can be

lifted off its substrate by chemical means or Dby
introducing a fluid locally into the porous layer.

An alternative 1is to render the periphery porous

only to a distance of a few mm (as in figure 49, with a

10 substrate 21', a layer 22', some regions of which are
porous, and a monocrystalline layer 23'). It then becomes
appropriate to eliminate this ring by cutting (by
mechanical or laser cutting or by chemical processing using
HEF/HNO3 or TMAH).

15 With regard to the distribution of the regions Z;
and Z; (a single ring, fragments, array of regions,
multitude of regions, etc.), the techniques for demounting
these structures ( by mechanical stresses, chemical
treatments, heat treatments, selective removal of rings and

20 regions Z;, etc.) and how they are put into practice, the
elements and examples given 1n section 1 relating to an
interface or intermediate layer ©produced by molecular
adhesion remain valid.

Note that:

25 - the interface can be a simple contact surface or
a connecting layer,

- the fragments can be distributed in an array of
squares, lines, concentric circles, etc.,
- the geometrical definition of the fragments 1is

30 preferably related to the location and the size of the dies
(to the nearedt region Z, or the nearest sawing line,
etc.),

- the surface preparation step before bonding can
include roughening of the oxide layer,

35 - the preparation before bonding can affect the
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roughened and the roughness of only the second region

5 reduced,

- the difference between Z;, 2, can result from
heat treatment after localized molecular bonding;
alternatively, 1localized thermal annealing can be used
after the bonding operation (laser beam, nonuniform

10 furnace, heating by lamps, etc.),

- when the interface is a buried layer weakened by
implanting a gaseous element, the latter preferably remains
gaseous,

- to obtain lift-off, portions of material

15 corresponding to the region Z,; can advantageously be
eliminated by chemical etching and/or by mechanical removal
of material (machining),

- the lift-off step can be effected by etching in a
vacuum and/or application of stresses; a jet of water, air

20 or pressurized fluid can be used,

- the ©preceding description has emphasized a
silicon layer, but Sic, GaN, Gals, InP, SiGe and
semiconductors derived therefrom are also relevant,

- there can be a step of epitaxial growth on the

25 layer before demounting; likewise components can be
produced completely or in part before demounting,

- there can be regions Z3 and even Z,, having
levels of mechanical strength different from those of the
regions Z; and Z,,

30 - there can be a continuous evolution of the
mechanical strength between extreme values, rather than in
plateaux linked by discrete steps,

- the difference in mechanical strength between the
regions can result from a difference of composition

35 (interface formed of a layer with one region of one
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step of producing an interface between a layer intended to

form part of said thin layer and a substrate, characterized

5 in that said interface is produced so as to have at least a
first region (Zi, Z:') having a first level of mechanical
strength and a second region (Z; Z;') having a second

level of mechanical strength significantly greater than the
first level of mechanical strength, the first region being
10 included within the second.

2. A method according to claim 1, characterized in
that the second region constitutes the periphery of a wafer
of which the first region constitutes the core.

3. A method according to claim 1, characterized in

15 that the first region 1is divided into fragments, each
fragment being surrounded by a second region.

4, A method according to any one of claims 1 to 3,
characterized in that the interface is produced between a
surface of the substrate and a surface of the layer and the

20 step of producing the interface includes a step of
preparing at least one of said surfaces and a bonding step
during which said surface is bonded to the other surface by
molecular adhesion bonding.

5. A method according to claim 4, characterized in

25 that the step of producing the interface includes a step of
preparing the surface of the substrate and the surface of
the layer.

6. A method according to claim 4 or claim 5,

characterized in that the surface preparation step includes

30 a treatment step for locally increasing the roughness of
said surface in said first region.

7. A method according to claim 6, characterized in

that the treatment step includes localized acid etching of
the surface in said first region.

35 8. A method according to claim 7, characterized in
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35 in that said bonding step includes adhesive bonding.

a''step of
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in that said adhesive bonding uses an adhesive that is
hardened by UV radiation.

24. A method according to any one of claims 15 to

5 18, characterized in that the lift-off step is carried out
by acid etching and application of mechanical stresses.

25. A method according to any one of claims 1 to
19, characterized in that the layer is of silicon.

26. An assembly including a layer on a substrate,

10 said layer (13+14, 13'+14', 23) being connected to said
substrate (11+12, 11'+12', 21) at an interface of which at
least a selected first region (Z;, Z:') has a first level
of mechanical strength and a selected second region (Z,,
Z3') has a second level of mechanical strength

15 significantly greater than the first level, and the first
region (Z;, 2:') 1s included in the second region (Z,, Z,').

27. An assembly according to claim 26,
characterized in that the second region constitutes the
periphery of a wafer of which the first region constitutes

20 the core.

28. An assembly according to claim 26,
characterized in that the first region is divided into
fragments, each fragment being surrounded by a second
region.

25 29. An assembly according to claim 26,
characterized in that a fragment cut out in said layer
contains said first region and said second region so that
sald second region extends along the periphery of said
fragment.

30 30. An assembly according to any one of claims 26
to 29, characterized in that the layer includes the whole
or part of a microelectronic, optical or mechanical
component.

31. An assembly according to claim 30,

35 characterized in that said component faces the first region
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of low mechanical strength surrounded by the second region
of higher mechanical strength.

32. An assembly according to any one of claims 26
to 31, characterized in that the interface is produced
between a surface of the substrate and a surface of the
layer that are molecular adhesion bonded.

33. An assembly according to any one of claims 26
to 32, characterized in that at least one surface of the
interface has greater roughness in said first region than
in the second region.

34. An assembly according to any one of claims 26
to 31, characterized in that the interface is formed by a
buried layer in a starting substrate, the first region
being weakened more than the second region.

35. An assembly according to any one of claims 26
to 31, characterized in that the interface is formed by a
porous layer between said layer and said substrate, said
layer having different porosities in said first and second
reglons.

36. Assemblies [sic] according to any one of
claims 26 to 35, characterized 1in that the layer is
additionally bonded to a second substrate (16, 16').

37. An assembly according to claim 36,
characterized in that said second substrate is molecular
adhesion bonded.

38. An assembly according to claim 36,
characterized in that said second substrate is adhesive
bonded.

39. An assembly according to claim 38,
characterized in that said adhesive bonding uses an
adhesive that is hardened by UV radiation.

40. An assembly according to any one of claims 26

to 39, characterized in that the layer is of silicon.



