;'e3eqq. | 6TEWD 02/ 084722 PCT/ FR02/ 01268 1 A detachable substrate with
control |l ed nechani cal strength and nethod of producing sane Field of the
“invention The invention relates to a nethod of assenbling tw 5

M cro- el ecW@ORO84%Lers and the resulting structure. It filfddFROUPIZ68t ons
in the fabrication of thin layer substrdtes and in transferring |ayers or
conponents onto supports of any kind. Description of the prior art 10

I ncreasingly, conponents nust be integrated onto supports different from
those used £03pEL6KE81Eeibs €PAPONRIESR EGnPLADLéd sSmeeheani @l sabséngtes or
on flexibl esUbSTTares may_be Clie r_€ex e. onponent Is meant an
m cro-el ectronic, opto-ele%ﬁﬁéﬂijh &% Xmganple cheni cal , Y
mechani cal , t her malriehdobdgictheal iarebicdchem cal sensor) device that is
conpletely or part "pro R T - et el r rt A

| ayer transfer met %& can g%%%g‘egetlg%ieﬁt ggfgt gn%ttﬁlg%qﬁgr%e%@%#égﬁoexi bl e
suppordts. 20 cheered earteamdny wehersexampl ddicof rapplLéngi oAt wWaE ch dtayer
transfer ! qohpiAues,pandroyidle f suthabl eas0kuhLon! Obel nteoahat inger
conponents ‘or laye onto a support that is_a priori different fromthat
used for tseibstyeddict 8. 1Pn EFRNSERREr11%e LBYCERi (Y nGOMPRYERLEr S Rr 25

t echni ques Sqlrp%@flt%o oreRpMsaid,. when it is required to isolate a thin
| ayer, with or without conmponents, from,its original substrate, for exanple

by separating or ePeFHIPTAGY RE &8 X% AU in the same |ine of
t hi nkiong, turning qQeefreastihiglyl,ayesmpodehtansiest i ivg i inbagoaradt ert@0

support provides engj. rs wth val e desd ructures that
woul d ot he MRS T %r‘?{)]f%eesrieﬁjlte.flqr énnﬁ%%%ge aélgfgf&%rrnﬁr% over t eI%IIE’] films can be
used to produce budosgcsiemict upes pliseit iseanpheersach WPLHAERE cQpac?®t or s
for dynam G QQEﬁﬁﬁdggg" L e 65 ﬂfbﬁgﬁﬁﬂﬁﬁr | &dhrstdon to
t he usual ; %I;Ltqﬂo@n, t he capacin{%é rs%%AMl, VO 020/ 08472 PCT/I?jROZI 1268 2 are
formed firsits angapherdiy aRéFEPredeehteNafot RRTXIFIRTT SISt PEL SHEIU €
fabrigating ddie cemmbndetnehithe, Cidddndrsi @ t henaemasbsticaiog i cAnotduer

exanple relates to the production of transistor structures referre 0 as
dougPe biochemical gensors Jevice AL P8 comﬁié%éiy' or paé&fy

"processed", i.e. completely or partly produced.
A layer transfer method can be used to integrate
the components onto flexible supports.

20 There are many other examples of applications in
which 1layer transfer techniques can provide a suitable
solution for integrating components or layers onto a
support that is a priori different from that used for their
production. In the same line of thinking, layer transfer

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

30 support provides engineers with valuable freedom to design
structures that would otherwise be impossible. Sampling and
turning over thin films can be used to produce buried

structures, for example, such as buried capacitors for

dynamic random access memory (DRAM) where, in
35 contradistinction to the usual situation, the capacitors
*150159%
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5 gate structures. The first gate of the CMOS transistor is produced on a
substrate using a conventional technol ogy and then turned over and
“transferred to a second substrate to produce the second gate and finish the
transi st or WQ 084332 | eaving the first gate buried in the SCIER@P/UH268ce,
for 10 exanple, K. Suzuki, T. Tanaka, Y2 Tosaka, H Horse and T. Sugii,
"H gh- Speed and Low Power n+-p+ Double-Gate SO CMOS', |ElICE Trans.
El ectron., vol. E78-C, 1995, pp. 360367) . The requi renent to isolate a
Ithi Et | aye{?féo%kmgdlilﬁ%?iamﬂ tﬂiéiﬁtﬂlfér%ﬂ;cérlﬂé’wo?tﬂ&@rQﬂoi:l‘iet:h%tlfl.g.@bﬁi ?L
ight emttin i ode exanp or instanc eported.in the
docurrent s RS TBARE eSS SaTIaR o et AL MR AL SIS pAGECHA0S, Vol
28, N 12, 4899%thed dew Padulssttraie et Mlothepagexbipie SPefavels. 1361tBeysi cal
20 Concept r8{1 %’ER&E' ales 4,9 né\ios"tec!r QQEPu&!EEééO L¢Peulce Aopl i ﬁ%hb as |
(1990). e 0bj ects ereis I nprove t he control of “extraction of
t he emttegategﬁtcruAﬁmfﬁér dﬂi]eecﬁllfséfl ag@Eetht frdref O3 haranaishps is

particul arpexanpbe Lheasappbirgcsubstingt 8 Héﬁ@eﬁeleﬁgﬂufi@chﬂélgé e@hﬁax' al
stack is a posterlorl bul ky, in gartlcul ar because it is el ectrlca

l'y
i nsul ati vetRaRi EHrBFQVéWtesr kG ngrareEeFredl thom RIPNIoSHeshbRESt 5°r enpve

af t er war dsptbg@usappher eceubst e aM cftwesh agvant 2geoustbe! therpbgse of
O desirable. An identical

growi ng the nateri t hus a ar t 0, be

o Cuat Yon TETEhEB T e T9F { HACE| DR 16 el FESt POty o Eel BRSamiPEat | ons
and nocr O\Aexempléor Kexa@uxuki,| IT t Mf@nsk4 pavi oMpsiakal, s Hr eéfer ol enflor.t he
conponent sq e fi Y, gr d ppoar t. hayi g
resistivi ty"T1 Jgbi cal?%ljl %ﬂ)?ée(gstae%gverg{ ersrrvstJ glm EH 8\%1&&%% EOI

PCT/ FRO2/ 094838" 3 HBWEeTragmshi gl scles s,t i V@lsuﬁs”tBréZt,e Ii¥Pnotppecadsfarily
avail abl e g¢7fhe same cost and with the sane quality as the standard
substrates usually enployed. In the case of silicon, 200 and 300 nmsilicon
waf ers of standar dT}Seré§F1§t1F@F‘f3§Ftarté3 ab8Plabfe 2 WHRtRadWEE rigsPut AlEti es

greatsr th@m@uk@hms@msttrmree is eaeyuhteika am ofher fiiR1dheo£0Qignrsi ze
and not hin all '8 Be 30 Lg{g Si z& One_sol ution consi sts in grodum ng

t he conpon %Etblﬁ andoPRGPnal MER uct ¥ i &31%3‘&%% andarat2LBst rdfe (for
10 exanpl ere;_bopte@pelrsl Itiheondbaumegta ressd stwionigt yetr anl 14 tJowagdhnofcm
and t hen, %wgoﬁbg lihagh REQCE PRk elpéog”?gff%' Ngrod {41 Ny bayeL

cont ai ni ng the conponents on uar sapphire, ‘et c. Tnsalative
substrate.LFr é’ﬁhlaepééﬁfm cf podi nt pégevﬂe%&t h8P iij Nlolbenbﬁl‘ PByeficahese

trangper opshaéhess 45 hihdacolre! %ﬂrtWav@rlop@F&beélgt:t%albayaévaeewh' ch
t he corrponentlsj are, formed and those of the final support, and they are

consequent?BPbErRFT A | n WelRP ot hEPesi Phat Homs OtRetes iR TE séShet®it ed
Si tgatl onsimmpradié cltHehec@ft ool giotal esubatttﬁbﬁ tdfat the @rﬁ&fﬂe&d alll:réﬁt ]t he
productio rpopent s _exce In_the case.of .silicon
car bi de, %I?éteég? ?85@ Pf g?l‘%ﬁkelsrrﬁpovzl ercf ?Pance I hFigher PRERPEFARGr es of
use, sSi gméx@tamldiy Ehpr O\E@dDHMQGmnsmﬁ\ier@t@nduseéque:ml egsraduase, thec. ),
but ykose @§§Ea£§afon@@£§Q togSiLi @?stérY8£¥ hbﬂf 't THUlﬁapg pgRgli ci al
to transfer  a thin |ayer of ?le cos ori gi nal frate( Afs Tnstance
silicon carfdejeont® the |ﬁb§k‘é‘éﬁ%¢@é |nallls‘él|%§wate Vhéek spPrevenys and

to recovermikbend eéuaé@@lﬁcai ¢t £068 | YyTOTHE! 88l o SLYSEEREPf QL ELWHSAS
possi bly a{ter a recycl %g operation. The transfer operatiagn can, be

carried ou %efst?r@ r3ffer YRECHr Rt iBSY B AGRO TP OFenEEe The
above t echohawes ocEangab\sDngrmm beaetirtbal iwouwld thelkdsappeahi afo obkai ni ng
athin fi ncaésfyggiéate is 35 inportant for the final application. Power

appli catl ons
An identical situation is encountered in the field

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

35 high resistivity, typically at least several kohms.cm.



WO 02/ 084722 PCT/ FR0O2/ 01268 4 particular may be cited, whether for reasons
associated wth the evacuation of heat or because in sone cases the current
“must flow through the thickness of the substrates with losses that are to a
first apprdXOWaoB&122pr oportional 5 to the thickness throughChHEROROL

current passes. Smart card applications ¥or which a thin substrate is
required for reasons of flexibility nmay al so be cited. For these
applications, the circuits are produced on thick or standard thickness

origi nal S@Mé@xe&amml@lhlfyaSrésﬂs&Qv@d‘s@MQ%,tef i1t hyt Qﬁe@@@siarlly
mechani cal resjistance to the various pro and, s

conf or mi ng V& iY@ cds e PatyfP c?rfcﬁe"l”rtlhs"%?%r?%r%? R r%%ct Fon
equi pment . gkherdd el sdhsrmiangas s ammmm@mm detwhneme . Jhses of

det achnent c n be acc anie rgnsfeé.f &9 aglgtggrs syppori. A

cases the t% ot ﬁgg suppo i s not I ndi spensabl e, especi a ]Fy i f
t he fimal tﬂasnlstas&ta,r nedrat cwaidghls, nm\m@ersasuf ffio en¥e$bsb¥6ﬁﬁ’e%s
sel {- SUPDOILIIG. &I T URLAT 65 HA LAUS LREADT gUeScian Dertpedoho dimns e

| ayers 20 f¥om one Support to _another. In some cdses, the assepbly of the
layer and tifee sApppore »‘é:h?\e bend eRpbRaRy. afhid 1i 41 Hhe 30 Torse3anpPRe when

usi ng for the dhidh | W&Esié@é\Sfﬁﬁ hpralecsHBSt kafees d@fi@ﬁﬁqémtr‘fctl@rm i &anto
provi de a guaranteed hol d duri ng q t.ransfer tQ' ﬁurl ng g{\ k g ggt nment s
to 25 whi cHPEHENRY e HRIE N %RctoF HeiR% theSEPRASFE! | subf8tt see
t he dp@urreréxahxypﬂe sampgusbe etildlcon IHEDM k985, rps1688mt@91ﬁrom prdbtem
then arises in shoosing the weans enployed tacasgentie Lheclaxerspogst he

e Hhéon a

substrate. ns st I'n patlcu esuf I clen Iy st ongto
30 fulfill tdeisfetinana thipaleyeul e:pntt@lmslsSttheheC@m@rs@étss i Ppeled by
the treatng Oﬁg s‘ap(% &oth%o g%él Oélt(go Pest1aser §88=st Ao, it nust be

possi bl e to”separate In order to free the layer to be
transferred. There Eiam a@dF?FBﬁaFaét Pesdes oF nBARYY, thecHi Al Pereliy 35

on thes adhest one feaas \Mi%@ls(f@iport%%lsat{m&éo ek ectconi decor MO 924 084732
PCT/ FRO2/ 01268 5 opto-eleciro

mechani,c i ezoel ectric,
super conducR¥ReBY L Akt Feec Eﬁﬁf&ﬁer’nns) hrhfg’t tﬁge FTORA COnPF &t EPTTEH i n
part beforeaid appbeert blfg ﬁ}fw fival | ayppovhenandattHeayeare scbnsegnedtiy t he
handl e substr at g. .Th S|on erefore be both strong to
provi de th}%%%%n%} Wt%t %1 Pw‘;terogé%d the handl e substrate, even
during the corrponerﬂfhdla&arm@a(t |@1ﬁ<pr©©es@?e§edar$dtatattm%ahﬁ 7 eGBEs| bl e
to enghl e té;'f-:h tﬁé‘i debachieat cRic t e B@ﬂéffﬁ&lb%é@t ehelﬁrwaﬁ@tgsﬁebal ly,

the problemt arises I1s that of assenbling a wafer w th_another waf er,
whi ch waf erEhe arc PEORRARET atles, AP IKAIE, @SEM i dfenthf t FRER t 8fbe

Se|fSupportsﬂglc@@n@gﬁbi@eprf@fhsismpee C@ﬂﬁeseﬂgOimptobeaSpeﬂﬁermanﬂere
sem conduct materj al s

art etel rocessed or c
the assenbl ?hh%]@i?ﬁgt‘?%p%’éggléﬁﬁ%/a?gdg?ﬁer Eéé{lé? E?nﬁﬁ geﬁbf%y IR gﬁl Tce.
Bef ore det apdjmer\s amnd mistedearec e n qfossids e taj:opr)odudbeltcowb@ﬁ@nt sost
complgtely gb §¥é&yt8“ 213150515 0PE-PT iR 110 YBLEASHAM pkACEAEiYIOWL 2
step Of epi r OW 1. arlous I 6ns have een envi saged
transfer a thin layer of the costly original substrate (in
this instance silicon carbide) onto the inexpensive final
gubstrate (here silicon), and to recover the remainder of

the costly original substrate for re-use, possibly after a

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

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

35 important for the final application. Power applications in



The first solution consists in elimnating the support wafer by abrasion,
but in this case the wafer is consuned (destroyed during the process). This
“i's also the case if an etch stop layer is provided between the two 25

waf ers: theWeupRsd722nvaf er is consuned by a conbinati on of BETARMN1268
etching. Qher nethods, based on the "li4t-off" principle, also separate a
thin | ayer previously bonded to an original support, again w thout the

| atter necessarily being 30 consuned. These net hods generally use sel ective
chenical etghing.efaR kisr/ edei tardrRdi ghethaver foPoshASa86bat 8deMi th
mechani cal Torces, This type of nethod is very w deli/ used to transfer
111-V el enefit'd t BREi FV&RRE et ofe’bip tb%/%ae‘és%:. Bafp8lS @@Sef . thepee
Tr?nsactiCN§u§weﬁ5/mh@tomu@w u?ghmqgoguhevehic&neéﬁ ©9%e é&ﬁstraeésl WO
02/ 084722 PCT/ FRO2/01268. 6,_expl ai ned in, the paper P. Deneester.et -,
Seri cond S th TEERAGH . CBAF1888) Lo oo iels POREC¥ IR of) BRRVRRL sEheRal |y
t akes Pl acecaf the arhiepirtesd athgooghh witieh tClam bercenti gohsmes beSoaetor
after the p cti : - 5 s ' PO si.ng" -
ot o pr ocectr - “PpRiSariBhey SAFTARENND o hiBOBLAREREESSI N0 rliuirpd ;g
of f depend oKt Keapgpe tdfat flexibidityi caY 8ésebtke ncitedef fFash hbheaeer al
scal e exce%ﬂﬂiéamné\pot bge Sbiualiel CcanRY Strddh@e! Al ingnibe 18
presence of a buried oxide in the case of a silicon on insulator (SQ)
structure, HoARdaFd sttt he PRITER2huySHPREFAF88 beWRiCR. PBRBdUERE

W thoud seekdwghedye paftirelsr, def aghali lmdohaifefl ) reblisthacst ract yne is

bonded suffjciently st | th bst d a high 15.st i
appl o Lo THE T LEAAIE LN EERED! | BBC ; SECUP Rl B ofh eREVAFF) idghi Bved i n

t he oxi de, stamdaadist @iahcutegany etbedthedr thee scal eaftdire pnodnetion

substrate. L degurent o RHI ou Re rchy . vol 1/
1995, showsér nlf'g’ﬁarrpl e (r)rfh.et hi%f%]fpaggghgghgo ?gé‘ UEPSP_tunaacthégeyv,éﬁ heggo
fracture i Jefidehreent. t BhiégnfebpchngnNie €88 ke tacCcIMRAN IR ayii expnsfessses

to brifg it abgubrn¥hi chips R0t i egod ERBebi $heOft RIRAE NG Of ahBeher
substrate or damagi ng the conponents. The docunent, EP0703609 Al di scl oses
transferri rPRP2EL | ayer M5t o WHISRARAHG 1 atSEP5F 1@t ofFi n§REhef bBAdI ng
ener gi es. Howeyielesd Nnaihed aboveudosyneninniher €si suaficisht besdprgdaser gy
bet ween a thi irst substrate. The bondi ng energy of the

f | ayer %gd a fir b
adherent cdnstant B Tet?d t A FayRF3nd the second substrate, the target
substrate, or 30 tH&amemiputatbnigeseshemncdrt robkdd teo ttmisfier i $ageeat er

than ipe fifzsémb&?%i%%p OFL o DELVEER 1RE éé‘MSrc%‘QQthﬁhéiééée ?zté?}te-

The techni ques use ncrease a bondi ng energy between two waferS are
wi del y knowrhe Thayear @i efhen SURPBYE: sFEBatiConsC®ReERIFpr e¥d8s|3E bhe al so

in other sidawd] opsr exWQd/,08Aved? NG RBZL0E268 thin layer transfer

handle substrates whose function is to provide a guaranteed
hold during the transfer or during various treatments to
25 which the layer is subjected before the transfer. On this
subject see the document by T. Hamagushi et al., IEDM 1985,
p. 688 - 691. A problem then arises in choosing the means
employed to assemble the 1layer and the substrate. The
adhesion means must in particular be sufficiently strong to
30 fulfill their role and in particular to resist the stresses
imposed by the treatments applied to the portion to be
transferred. Also, it must be possible to separate the
assembly in order to free the layer to be transferred.
There are additional stresses (thermal, mechanical, etc.)

35 on the adhesion means when components (micro-electronic,



There is the production of SO structures, for exanple. If SO structures
are to be obtained, the surface preparation operations are intended finally
" to provide, and often with the aid of annealing carried out after bonding,
5 hi gh bonWhg2/8882%i es typically from1l to 2 J/n2. ConveRGIAFRIYQ1268 h t he
case of Si02/Si02 bonding with standard>preparation operations, the bonding
energy of the structure is a fewtens of mi/M2 at roomtenperature and 500
ml/ m2 after annealing at 400C for 30 m nutes, (bonding 10 energy determ ned
gﬁ the g'lla(g%?%meéigggﬁb(i)g%gcth{/&/\ﬁalar iéi@@le%&riapasetpearlclong.ﬂlcﬁpm,h_ )
ysS., ., Pp. : : en t structure i s annea ig
t enper at ur @F( TAPHGELC 1 FE Ry e‘ﬁ’é?'@y%fes pgféjr?télrc % yc%?pn?%tée% dg% %n 2
Jin2 (C. Mphevi be€ogl alrans$erirdorduticortHin wedwsr bonennghatcileyee is
Technol ogy _and lication |V, PV 97:3 46, em ety
Pr oceedi ngga%Fi‘ﬁ\g@, tﬁen’?ﬁ%g?%ﬂ‘,iff\u SFEﬁggf)tg'Cx—Eﬁl%r E%%%r%spo Eﬂ;a%ﬁ%r g‘%%c?n
prior 5t o behdiredoexi sig Pothexsmphg expopupride tiie s@$$@@é£}’t Sfaeednded
to a_plaSWEhQTQﬁﬁg{agg%gra n@XMGRN RLASTR) sudRd reRR ,2Qyde! GuedsyValent
bondi ng energi es 'w thout always necessitating such annealing (YA Li and
R W Bower coppanest Appbripayson verocsgysep, 7ayd 1%8)?h%e93% R
ener gi es of.ot s iEREN t4ld@nias lenconatibhe Wiétacehachnmemt . tisomharailieant s
are known as_bonded SO (BSO) and 25 bond and etch back SO (BESAO). In
addi ti on t §URSFEELEar adhesi on bondi ng, these variants are based on
physigal renoval Mefet herrigiingl shbstrebdcoy podt shirngesechni ghes afd/ or

chem cal etching.techniques. In this case t bs I S d.+.30 The
i nvent or s ﬁ‘&\?@"‘gﬁ&\ﬁg tahgfaerts)%}: el yallrhoga?%re ‘E%%‘?%ph%“f’?%ﬁp‘r”%ﬁ%?% gsg%ar}? t he
roughness elbsheasesf,addsn didfearentomeshtfi cieéntsly ehljials &anbse ssbtfai ned,
greater th r th@(ﬂ“ . mechani Shy&ngt Bsmeeaxantdongt! v Qi ned.
For exanpl %Fipggljitﬁglééate ﬁgér:&e}tﬂ% Egpe@ﬂ{bey 315_0. Rar;/lgsac et al. (Pr oclgledi ngs
of the 2ndoRet ephatffal SCTWSOBINGELF22MPEFE ERGS/ 012FB-BY Co h

Mat enisal s 596 Me@ieer elfet naihsced M Commei casbenblyp. ha83ngloe8), be
hydrofluoric acid etching increases the roughness of, a silicon i | ayer.
The paper SERFEEUHat tg‘ﬁ%§a%6§rA ?Ers @P%h ‘?%%?@%g\és Jtrﬁteeﬁ;éo%cg%‘ne?s(e%o% 5

appr oxi mat dey a@hZhemn,t 0 Ot 62huem |Hatas been verdaddidule hatoSi /@GR
bonding with an_r roughness 0 625, ngl,. O; n or, et he J agihg
surfaces yicéﬁmé)?na?%‘%ﬁ_‘ﬁqxicr%%“rﬁqbeg:r?g'&nggreg%r gy gg%lge_g%f ytgﬁgto%er oof rE500 mJ/ nP

af t er annealifegsatorl tP0@@ry. @utmacistiepwerf Epart asixd alhgremaddar d si tuati on.

10 Teghni cal prokl.emand 39hwticpl A ACEREdaReS iWalded.he i nvention The
invention therefore consists in a technique, of assenbling by nol ecul ar

adhesi on bondi ng Thfo Vidfts, MBIl tFAGSEEEEct dPe Fig At dFded 1D be
separ at ed afugdie-tlSvassenbly abtaeriioace. buitheidettadbmrdseor thef wafgrofifs of
the structure is neral ly carried.out after_ co ne . Or . ge rs ve
been conpl &CAHY pg‘i'ﬁ %‘F%Cgiu‘éléﬁl%% ttﬁg Ipa]:yoecre_rg(;s;3 'aﬁ%lrgalét %EL%& i

epi t axi al gramat hidn coneebtht ltopaf tager 26 Theovhdedt iatwded €bASIEMS in a
strucfure [iSi swhekped &t qget Yp@ngi RIeHfi3G8 1Qn abk

i nt e(rénéédi at?‘}é%{ﬁ%étly%r a%y\%gﬁ\gé_?%vgia@%? (r%g’chanlgc]gfei)t rgnath théLt isl élasy to
control, sabtssticgmiandstat@diinr®e is conpatible with the conplete or partial

production of 25 coppeients:hds, exagrbe dhecdeposiironreh g apt i al
stack), but also so that said structure can b s%%gtcﬁd. The Illeratlure
general |y e SERFEA Sthudt J@é’sera§r'%’ét0&éébl At UrEyOygina

" det acha?l Es@;izﬁtb d,at e§§aiﬁodtﬁhithoang ttgﬁa i n]l?ﬂtéﬁﬂf peoReSes itly prmﬁmydan
30 interface nol ecul ar _a i O ondin Qn .one one
facer5 an&oﬁ’eerlu“i‘ﬁéjf'er’,fkﬁf% e 9?83?%{%%’ sl%sgep %%g ?éaggo %@grﬁe%s one
of the facesdinirwnufed toiciond ricitatweedias lofyereczos bl stasgetintofdt he
interface. (The nplacsil Ala ORSSLOD, PERAL NGy EaN oRe nedtided OUWey thi @1y

used to transfer III-V elements to different types of

support (see C. Camperi et al., IEEE Transactions on
35 photonics technology, vol. 3, 12 (1991), 1123). As



35 without an internediate |ayer (oxide, nitride). WO 02/ 084722

PCT/ FR02/ 01268 9 In a situation corresponding rather to detachnent at the
" l-evel s of portions of the wafer (dies, conponents or sets and subsets of
di es, etc. WOOE84R3parati on of the wafer preferably incl J§<dFROZP1268
whereby at |east one 5 fragment of said® ayer is delinited before the

det achnent step. To control the nechanical strength of the interface, a
step of preparing at |east one of the two faces to be assenbled is
necessary iekpakdeked 0ir€0héopaipke neopghnesenk@sard/ cstt he . hy dreapkidrice.

properties thereof.. - TJo prepare, .the fa y C ralli er ess,
in the cas€°3f Si @ihgﬁirf aciges,(%f9 P)exaﬁrgéé, E?‘i?gr‘ of ?ﬁ%r&crlég&gfaélg‘t cr‘fﬁﬁgﬁ{;an be
used. O hegenkenildyl taleat nehdce apétpossinblenitdxicolurgeowals atepnctdagn of
the 15 nature of the.ma i e C B pr . det a
substrate g’fe t%%rﬁjgdt y%% %%f%grrﬁqesg%?’eé Ogﬁgi nggﬁgc%ll?%i ggbb?fjn I ng
are cénsi deosgponentishe thge Jdpdsdyeroasissdin'er et ki"HdEe -ESIGP S8 Hhot her

convent i onale gxanle, fut dORFeAS ecaksn Wi idd Obalesd , oht Iffinges to
use suitable chemcal “treatnent ( for exanple H3P04 or HF for Si 3NA y
anal ogy wi ©f INdepsn oy e o tat df de difdioght ta Oﬁ?@%ik?aﬁﬁ"cal
strengt h ofpifhen At aface 1l somd Hxeddii g aa@ent , for exanpl e heat
treatment, to 25 streré%;then the interface inﬁg controlled maPner, it.he. SO
that it is conpati BPETHRLh sThHStyuth dSPHERALRt, Y cORPFEMFIAY t Héheat
treatrent mpateareicer sof t he buehtdrepkitienein t hbet ergres ablir & shéitenpemat ure

gradient, etc.)...The {rﬁ?f t HBFI incl t oci.at i 30
subsequent lﬁ‘rsél)&l?gﬂron 0 )coérr%%#len sé.’s’ T}I[Qfgw a%lésggéggggg ?\:h@t %%é:‘@\%?ni n then
be nol ecul athedhdsicorbeohilesl, Produoedwwihboutafeehiagnedivattdtay@rgBuch

as an oxi dey Qr, b4 ay exafpl e)pphe T f produdidindde
interface i%se%fa(ﬁﬂayvxl/elgect})y 3§E£ets:?5ep ofﬂ?i fttihrgag ofgf%rtaﬁggf\%o vvai‘gers; a step of

produci ng SWAGiGA/g84722 SPCPRERY?2/ §P268128NGT1 BROPRFRTES #Fer @ el@h oni c,
opt 0-18] ect rAlidss NMBChanhCadd LY ehel eekliceursypeireendieildleOrf MRgNatd C
conponents can be executed after deta thrrent..ABet weenlthedsttep of tq:r.oduci ng
Uhe. i nt or f 66 SETFNTE ThY AT 090 stbpie oxide, Carl' Teda to'la Cutting

effect on the scale of the entire substrate. The document
"PHILIPS Journal of Research”, vol. 49, N° 1/2, 1995, shows
an example of this on pages 53 to 55. Unfortunately, the
20 fracture is difficult to control and necessitates high
mechanical stresses to bring it about, which is not free of
the risk of breaking of the substrate or damaging the
components.
The document EP0703609 Al discloses transferring a
25 layer onto a final substrate by controlling the bonding
energies. However, in the above document, there is a first
bonding energy between a thin layer and a first substrate.
The bonding energy of the adherent constant between the
layer and the second substrate, the target substrate, or
30 the manipulator is then controlled so that it 1is greater
than the first bonding energy, between the layer and the
first substrate.
The techniques used to 1increase a bonding energy
between two wafers are widely known. They are used in the

35 situations cited previously, but also in other situations.



5 anot her bondi ng step can advant ageously be executed to create a second
interface. This bondi ng step advantageously includes nol ecul ar adhesion

* bondi ng or adhesive bonding (for exanple using an adhesive hardened wv
radi ati on, W® 02¢684m22 a pol yner adhesive). In this case, PCWEWfOl@@%p 10
at the IeveI of the second interface cah advantageously be carried out by
acid etching and/or application of nechanical stresses and/or thernal
and/ or photonic stresses. The wafer that has not been processed or

transferreg, gﬁ§ fQVﬁlﬂé SsbYibe gsesonost Puefhess l|f©i5e;ﬁéffnple- The
waf ers are preferab senlconductor naterlalskprefe %hchose@ fronlsl

Ge, SiGe, SiC, Gahl%nﬁoét REXUSELRE &t nfPr PEeSPY

ferro-el echrigapst DbEZOpELEELENE HBE CLhBESAA] Nbﬁalljcl ﬂ'aOﬁ)romldEmgaedl c 20

mat eri al s, processed or qtherw se. A thin t
| east one ®fteRe"thB WaFefdd th@qﬂﬁq}ﬁ%%/?a%ﬁﬁy e’ t%?ﬁ%grggﬂaﬁﬁﬁhpng an

ori gi gal subghra&ﬁnuhjﬁﬁln@m@ggiesobtamneaﬂﬁw'plénomg and/ oe cﬁb#ﬂ@aIZS
mechani cal O‘lé!%ﬁ M&f% ﬂé Rﬁ{és é}%a%%’ 0%1%@9@1%%' %B?Jal'l?@ withe thin

| ayer can i ng. i s achieved by fracturing a
weak burledtaa@erd EﬂepaThelweabpﬁﬁﬁte@nﬁayemﬁ:@Qﬂﬂ%ﬂgmﬁp%@gYnﬁﬁaﬁpﬁtlon

and the fragiyreats ol al nedyby dhgaloAnghpi’ Teeharicwal cangé it chensea
t r eat nent ys ance 1 np anted is a aS

|
35 In ternﬁoafmﬁfﬁdu%ﬁteﬁr@@ﬁ@ﬁ%&ﬁ$o®tpﬁ%ﬁo§e§éﬁn %EFB§F88L?%%H%1H9
PCT/ F(02/ 04268541 a8 8@fBhKAC@PIthe Kl dow wedlesd qi@veedpé@gbyhmasaara

bondi ng |nterface whose nechanj cal _strength o] I'le
particul ar (BRROUSRTZARS ofFi iy thed sdﬁﬁgb Pbﬁahneggfaﬂgpg é%rdphlllc
FLope[tleslgésﬁ%corduﬂgltOtmeefetmedtheaturms possabeg |ﬁﬂton@|n@ue@n A
in |ayer_can be, pr e t f d
tsglgaaatﬁg 49 dJ.dJL&Ubstt?IEi‘é bgﬂﬁéﬁgdterﬁ% i’@ Séﬁeraﬁﬂy drayer

is further sSecond S ant ageousl y by nol ecul ar
adhesi on bbhmlqydﬁra@ﬁeglvé“bonangMﬁkﬁW%&%hpﬁé Wt ng §ﬁ@%ﬂ9@§uﬂ§or

hardeged b%a%éEa%dﬂdfﬁb, Science Technology and Application IV, PV
97-36, 46, The Electrochemical Society Proceedings Series,
Pennington, NJ (1998)). Other forms of preparation prior to
bonding exist, for example exposure of the surfaces to be
bonded to a plasma (for example an oxygen plasma), and can

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

Some variants are known as bonded SOI (BSOI) and

25 bond and etch back SOI (BESOI). In addition to molecular
adhesion bonding, these variants are based on physical
removal of the original substrate by polishing techniques
and/or chemical etching techniques. 1In this case the
substrate is consumed.

30 The inventors have shown that by modifying the
hydrophilic properties and the roughness of the surfaces,
different mechanical strengths can be obtained, greater
than or less than the mechanical strengths conventionally
obtained. For example, as 1indicated in the paper by

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



The chem cal and/or nechanical strength of the interface or connecting

| ayer is nodified selectively using 15 |ocalized or non-uniformtreatnents

" (heat treatnment, Wexposure, |laser irradiation, etc.) to reinforce

sel ecti vel YWO02084XRaken sel ectively sone regi ons nore thaCHFRO2/81268
according to whether it is a question of8 bondi ng roughened surfaces, porous
materials, buried defects, gaseous or non20 gaseous m crocavities. The

| ayer is of sem conductor nmaterials (Si, Ge, SiCGe, SiC, GaN and ot her

equi val ent cBnfferdase AsEl, |IMPreeigly 0rf$§”qvlﬂiﬁ§1éie§ct9forpi@e7r0 elmri c
material s %LI NbO3, L| Nb0Q3) or %netlé 8 Lfrﬁ,é conduct,or rial

(YbacuO, NSRRI CRELRRS neb - * pdcesbad G eaEH oS PO t he
drawi ngs Adpeckssebeater epuaihtheaady aft ag&lofcdrhenxmieerllaywr WTHe gy@yege from
thefollowln S tiQn, b il ustrat dand

non- 11 m t1 FECk Bt s et o (150t rErd EhEn Y8t Bke%5R0 miod HEtetgs bY

whi ch5 - flagm-’@Ximaseéydloa@r ammio @ eizéwnm e theen efert h@mcfrmimattham of a
thin | ayer bs t nterf e e
substrate ﬁg\E}l ﬁ8§§2 b%éllga%é eﬂ’grtlhy,%S%Ef %u\é%%%st&% <éil‘yabr<:§11rar1gra%llplc a\ﬂdew of
the figur e01625V\Bm023’q}84t7129 PWFFROZSM%?@SIWW nat F’@ﬁlﬁ*lﬂ‘erbqa‘efbm ting

or grow ngeﬁe&gyf ARA UAYEF | thef ey Df SS@OVMSWnbfaEB@rpfaﬁYl'teHnéjt r4cture
after nol e¢ %8 gondl ng a s nd subzltrate known as fi,nal subStrate, 5

figure 4 irew- GurWH& Pw1etr| a&ffmactthieoﬁté‘ﬁldtaﬁél iSHSRAOE bet ween
the tloin | ayer ardchhechilr pirobllest aaide solutiiguw dnb dctordéim@ aireH itha/i ew
of a wafer, bt%ltr:l]_%(ljl after Tifting off and removing the freed Interface
| ayer, 10 —f!|—g-u+e—6 is aviewof a figure 1 type detachabl e assenbly, -
figure 7 is a vi &het hereoft iafnt ethehefpredtMnsmrstcff ¢onponeatbnifioe efanpl e
a first 1129skabotingaty molkouigs d éasvér‘PWbBPE'iﬁ Fald e{vagngS'teﬂég
oxi des, ure I's a view t ere ana i zat1on or 'exanpl e by
CWP), - fi 6&5@1%91195 %m%ﬂn%ebwga#ﬂéﬁnﬁsﬁe@m dre ageparancBondi de

(i nchgdi ngaBeatblkeati®tdace. f TEEr @ekhdimehtyi 6W tlh@rt@z% alter odetaghnment

and 20 deoxkdat kon to, renove thlelfreed |ntderface I%\{
ruccure lS genera Y carrile out a er components oxr

sensors have been completely or partly produced on the
layer or after a step of epitaxial growth on one of the
waferg.

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

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

To this end the invention proposes to produce an

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

35 without an intermediate layer (oxide, nitride).



- figure 12 is a viewof a figure 1 type detachable assenbly, - figure 13
Is a view thereof after production of conponents, 25 - figure 14 is a view
" thereof during detachnent by hydrofluoric acid etching and/or application
of mechani &%0 02@84722 wi t hout transfer to a target substratRCT/FRO2/QIA68 15 is
a view thereof after detachnent into a fAnal substrate and a substrate t hat
can be recycled, 30 - figure 16 is a variant of figure 13, after cutting
trenches or notches between the conponents, - figure 17 is a view thereof

showi ng a conponenf :Peé{‘tgué&{é&dcéf{*es{)@ﬂdﬁﬁgﬁﬁbehéfrt eb edrefineerd camci d
etching, 35 - figure 18 is a V|em1angl us t re 1 WD 02/ 084722
PCT/ FRO2/ 0£3%3 11%"%15100£5 B g Q 'fge ‘?%eﬁ dCRYPLRTE e A ew in

section of g fagar eubskasendty ddietser addae)s; vehlaorphre;gamtmmramspm@nt

SUDSLI e, S PULE 20,550, Vi et Bhellne, ety POGL A0TSR peggetily

of this asderdymersftef bafidi dgyelf ianddebimsheédgbefore the detachment
step.

To control the mechanical strength of the interface,
a step of preparing at least one of the two faces to be
assembled is necesgsary in order to control the roughness

10 and/or the hydrophilic properties thereof.

- To prepare the surface Dby controlling the
roughness, in the case of 8i0O; surfaces, for example,
hydrofluoric acid etching can be used. Other chemical
treatments are possible, of course, as a function of the

15 nature of the material to be etched.

- To produce a detachable substrate of the SOI type,
the examples of S8i0;/Si0, and Si/Si0O, bonding are
considered. In the case of layers of different kinds (Si;Ng
is another conventional example, but there are also the

20 gilicides), it suffices to use suitable chemical treatment
(for example H;PO, or HF for Sis;N,, by analogy with
NH,OH/H,0,/H,0 (also called SCl) for Si).

- The mechanical strength of the interface 1is

modified by treatment, for example heat treatment, to

25 strengthen the interface in a controlled manner, i.e. 8o
that it 1is compatible with subsequent detachment, by
controlling the heat treatment parameters (the treatment
time, the temperature, the temperature gradient, etc.). The
heat treatments include those associated with the

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

- The step of producing the interface is followed by

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



- figure 22 is an overall view anal ogous to that of figure 1, show ng
regions that are elimnated by chem cal and nechanical cutting, - figure 23
i's a view thereof after bonding an upper substrate, - figure that of figure
- figure epiQ@08M2Xtac - figure 24 is a view 1, 25 is a PCIFRI2HM2EH on
&GN, 26 is a view of an assenbly anal ogdus to thereof after depositing an
thereof after bonding of a substrate, - figure 27 is a view thereof at the
time of lifting off, - figure 28 is a view thereof of the upper portion

thereof afgier regpvingatbhe freed hptesfacect ayfic, andoptbigueer28nis, a vi ew
thereof after repoving the layer initially under _the stack. DESCI’IEIIOI’I of

the i nventTorPFRECHE ef ePYEP- rdS rsel BEPRHCPRAUEHRT detHi | eB2EREEFFpti on

pri rrgri I % é@rhpéﬁ!efﬁ.t]?s sicla'mccmT wg;?@tzlgga gfﬁt%d 1wl Bgtavamkabl.e Beﬂ:v&d‘&h f aha} of
round substrates or_exanpl e .0 i aneter. These .ret hods transfer
readily tos%?%e?fs?ﬁog}?gl@ﬁa&a{tet ejrrrl'_z%]g}%%e p%?i%li Eaﬁeaﬁ%ln% e??lzl gEgPher

t han 5il i camother a bronding t istgpmanaer aivbBniddwods tepard | egeicugmd heoscope
of the inv lon. .S | of a di Lhyvention
A R R S e e
level , i.einohudee swdlecwiar hedheybon?/ beadPng PO FROPESLYES hending

(for example using an adhesive hardened by UV radiation, a
resin, a polymer adhesive). In this case, a lift-off step

10 at the level of the second interface can advantageously be
carried out by acid etching and/or application of
mechanical stresses and/or thermal and/or  photonic
stresses. The wafer that has not been processed or
transferred can advantageously be used again after 1lift-

15 off.

- The wafers are preferably of semiconductor
materials preferably chosen from Si, Ge, SiGe, SiC, GaN and
other equivalent nitrides, AsGa, InP or ferro-electric or
piezo-electric materials (LiNbQ,, LiTaOs) or magnetic

20 materials, "processed" or otherwise.

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

- Thinning is obtained by planing and/or chemical-

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

- The thin layer can be obtained by cutting.

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

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

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

35 In terms of product, the invention proposes an



whol e of the substrate, while others tend to lift off delimited fragments.
For producing a detachable SO substrate, exanples of Si02/Si 02 and Si/ Si 02
" bonding are considered. In the case 5 of |ayers of different kinds (Si3N4

i s anot her wOM847128nal exanpl e, but there are al so siliciBfeEFROZALL6Ey

anal ogy with what is described hereinaftér, it suffices to use appropriate
chem cal treatnent (for exanple NH40H H202/H20 (al so known as SCl) for Si
and H3 P04 or HF for Si3N4) . 10 Figure 1 shows the option in which the
substrate GLkendy REgNINAAKYO (diblerd §diindmnagatiad ldne sidrdimy and
two internmedi ate l'ayers (12) "and 513% are formehd prior to bondltn n the
substrate QRDETERES hEDPREN PaGRANEEA} | SR vérfy. 2B ot SE: one
of the two jightear medirat epdbri@yess (&Ryoagh(13pneayplidbbi ceheandsuefadmwer of
them may exist (i.e. th of .Si/Si. bondi-ng). Jf ¢ intermedi ate | ayers
(12) and (FOEHES i‘r?dia}é?retﬁbetﬁly&r% ,1Q e < fsrtq;girﬁélq's referred to as

Si 02/ § 2 bondi ngccdrddmay one of prhEerwedexi E¢atunad, coredsssbby S0P,

t hen t he sycsotmeor%lia%irof,erred 20 to as Si/Si 02 bonding. A nunber of

t echni ques can 'be €énpl'oyed to produce a structure like that shown_ in figure
1, in addition te fpadifn deygrecan ks afucdhuire@ll dreafthediorrbone ng,
including those, s ously cited, for the production of 25 non-detachable
SO substrates (see Sem_conduct or_ Wafer gJond' rag Sci ence rﬁéd Technol ogy, Q
Y. Tong and U. Gdsé&edd Wav&r 1is &ediiGtc Cﬂﬁiﬂ 8 irR§OE BT ¢ he
|ﬁyer1d 14) d&/d’rﬁjcaﬁj’écﬁ,ﬁb]%}ﬂ By tieleailiare lalayxesiobeimgudjhgl a»;reram‘lwqaid"'vesi ngI
t he conponents,, except for _certain special_ casgs 30 in i n itd-onal ,
for exanpl g’qé}ﬂjt%'i alte% a?é?mpiede]b%gﬁlg eddnt el?é"leayg\é/gg%g)ea Sg}qns &Y

vari ants armaddireworas bonded SO (BSO ) and bond and etch back SO (BESO).
|haddition to ol Geil aragieshon BAPALNOneLHEREART! 8RLEngER DaEeC: A
physi cal renoval of e original subStrate by 35 polishing~techniques

and/ or chernimzrisashior cwvted biues . layeaD 09 /1084Dre pEe FHoRi 0a b6 8ua5ngx her

variapgs, pasdd @l dag descr hBgduheEsinbel o msnd Ay ehddtanstentheabni ques,
are based, 1n addition to nol ecul ar, adhesi ors bondi ng, _on detajghrrent f%
"cutting" SFRRPUSweal@itd FEROIRT RN 8&Ct het‘?ne"f?Pg‘?ifso’f]‘l'e‘:sc?ﬁ3 edtthethe 5
docunents U A:B83%4bbderd OEcERCcA1933951domnd rH§iAn60 20252 thranER#¥R&8DF970) :
det achnment al ong. an i npl ant regpon ri dg 0 :
det achment %‘i/c%g%]cri%rgga‘f%ﬁg}q%rbg i &8 %aﬁél%sitﬁg)tn ﬁ%r%%%ﬁf%ngégﬁg%%?ous.
Wth referencefdaespapirfows aspeetsakel dwdied AOfdongli ngpseeus her preduct i on
of dei@chab aesééﬁ) tnﬁféf&ca&ﬂ:%@f. case of Si2/Si02 (or even Si/Si Q)
bondi'ng, t oxi de layer can be prepared in several ways (deposition,

ther mal oxi dati or? gfh& héageri déh) Chn@esHr ARt HrekeEsale hadiSivarFes
according t@;dde appli eaiN ofing Foknel Serarlént anibridem t higde t henppl

oxi de is chosen. The follow ng structure is theref o(t)Le gbt.ai ned: a si{Li con
substrate c®verked Wth 1SHRPOFLIBRFHRC. THi s PLCROrFoREL*BY hyBrbffidrfc

aci d et chi ngninboQughérnbbhe surfasgnetithewxisdeertbaductgrennagereglsr ed
20 i easi Lth t t hL ckness . d w E h application,

t he P%%ghneggo%él%&beﬁ%f)ti%g%éh’, ‘?’né%rg%%i gtpﬁt(gé@%&gg% fﬁ%clt?c?%h of the method
of producing the Bowgpbrdsseriptien obitheditawikng® h), whi ch nust be used

af ter bondi ng wi tA. No-del arnali QR dHﬁH”%&\?&it@é#@é’@d@”tﬁE coppenenss and
the 25 met hod adopt'ed for the final detachnent. Typically,. hydrofluoric

aci d etchirgitb PeabIe ATPRi EkfedeldOWdRT)EeFCHEY I derb¥Ch F2ELERR to a
f ew hundr edy,pagarget&f s 119 uatdeeesst aid i R@ncaTpReTnse. ediepbydrofd ueite acid

et chi ng incregses t he roughness o%%éc\i{oxi de | a er‘gl%ﬁ. 12) and/or 30 (13).
This €@n beFTobFHed WP t H1S et RRET: ARty e “to obtain
hydrophilic propertfsguspeti fiisc & oiidgpranateld aytew The seesuildn ngt ethect is
one of meak@%mﬁ%%%%fgntg%natm%fﬁéﬁg§gp Bﬂng'@%bstrate, the interface

between the layer and the substrate having a bonding

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



Anot her option for controlling the bonding energy of 35 the detachabl e
interface is to use thermal annealing after WO 02/ 084722 PCT/ FR0O2/ 01268
" 16 the bonding operation. A tenperature difference of around 100 in the
anneal i ng WO 6208d222ft er bondi ng can, especially in the r a{g&FRO2/01268

t enmper at ures beyond 800C, lead to signi¥d cant variation of the bonding
energy. This option 5 can be used in conbination with roughening of at

| east one internediate |layer (12) and/or (13), or onits own (i.e. wthout
any roughepbpgifhepoal adtb)- déF!oQE?EhH@ bba?rb%hggal Yukenek Q'a%r but nust
not in any way be regarded imtin he invention, of Ienentatlon

for bonding is 10 ﬁbﬂu¥% énﬁéa@iﬂﬁ?WﬂRﬁ the Pﬁ@vé?Pﬁc§GF8C§H5ﬁn% Lre gure
4, or to amBgatulhratbaehditd i ai esddond owuberpeartat Ukeowpr efser by fanal

t enperature EO% egceeding that at which the conponents are to be produced,
the epitaxP4PH4 etc., or for a short tine, etc. This alternative is
parti6éularly 15 atfigoteve ﬁﬂxeappiéwadh@ﬁagthalltﬁtimg nefessitiatie alti gh

L enper at Ur ehe! Of ot 32.:ALAAUEH QL Ol onaite A0y ENCLAS ! UERU! G5 dOr
appl i cati ons t hat' ROt use mechani ca resse nd very aggressive

chem cal tpvhbhiateof structures, and for applications that do not

necessitate 20 trapsfglo0Bt 958y fHEBE 5mﬁ1geeer ialt 8 detagiebtained
(sel fsupporting final structures heni ng and deposition of oxi de have

been citedaffethéiringt PER ﬁﬁdmﬁﬁwﬁvﬂﬁéytéﬁef6§ﬁﬂlé&téﬁﬁaGE tR&eubstrat e
(11) 20An alternati f@ghﬁet@ cid ry eulewt hesea2F iopateati oggpen ddtaictiada «of the
thin | ayer é é? even on both sides. Apart fromthe production of the
det achabl e®&8 FXte itself, using techniques based on nol ecul ar bondi ng,

t here are_severaL fmbgnseal8 UB iat sriese @nereof t AELED thenproduchpoanredt it.
The benefléOB% hgﬁtg6t§89agk§ E#ESErﬁE?std% endi; Rg QN EQ% t hi ckness of the
unprocesse Piive ayer f rocesse ctive | (i.e. its
thlckness when it hagubeef pso@eES@w tbepﬁgﬁuéétarldépoﬁaﬁﬂngfoéldéﬁponent)
, ispkhat 35 it alk@gﬁ rdebaghmentigf, theraski \etkedy 91 R aAbkaiivei ther a

MD 02/084722 PCT/ FROZ/ 01268 17 sel f-supporting layer (a relatlvely t hi ck

| ayer, whefk8MPLRePYhf¥Rhess is al ready present in the detachabl e substrate

?sbnanufactured orfggﬁaenedodumgu;akxm&@%lthéféas sabse?uembﬂé@dﬁgr
abrication e .case i.n 5 epitaxi rowt h.step) or a surface

| ayer, mhl8ﬁhe§188népﬁgﬁ§gtﬁﬁﬁﬁzplegahS?Er?58Q5WF8t§ ‘target support,

whet her the |att er figurhe Ifli na$ suppicew bhemepél wiadrnpetachmsuppartd whi ch
is ipgelf j }%EEQS&BH b8 Qéfné%e@gsTE%%darlﬁt‘é%b%ﬂés 14945 to transfer the

surface 10 [ayer target su
- flgure 12 is a view of a figure 1 type detachable
assembly,
- figure 13 1is a view thereof after production of
components,
25 - figure 14 1is a view thereof during detachment by

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

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

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

trenches or notches between the components,

- figure 17 is a view thereof showing a component
being 1lifted off, for example after hydrofluoric acid
etching,

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



First of all, transfer can be effected by nol ecul ar adhesi on bondi ng of
what is to becone the thin |ayer to be transferred to another substrate.

- The benefit of detachable substrates is being able at 15 will to "nount"”
and "denpul€W¥O 02MB472Rayers on substrates, allowi ng, by overRGHHERAZ01268

| ayer, total or partial production of cbfponents on both faces of the

| ayer. By way of illustration, a detachnent nethod is described next in the
context of producing a new SO 20 structure that is referred to herein as
the second SO stryghur@ 1BNiiSs ki ngiadrambdotc @igwi ohi skesdodi Ecttidian
the techni gu,es previ ousl%grrenti oned, everthg{lﬁes(?s1i has g nunber of benefits.
The exanpl &19H&Sen’ nat el ¥t 8SLEY FrIFuCITE S 3t sécorffEdid sUbstrat e
with a burise@hsetade 25 | ayer 500 A thick, which thickness is difficult to
obtain using this kind_of thod _directl fi S e s ghtai ned
by one of the rret’h%&guﬁreevﬁué yade'v_slce(r%'l5 béégl,-gib:%eld |ngr aﬁ’ég{’:%{%a&fe 1:gﬁbéztrate
cor r espondiamg e 1fyi guitteer1 1 ilfit imd ofdkamsl @aliel@®aonocrystal line silicon

layer 14 is to becengthe petiye  ayal, OBt @pkhigopist a58ap gnsulstyate, in
whi ch the connecting™l ayer has been roughened before bonding and has not
under gone aw@estrongitat dg ftdag fdatarEhPatl shemP hi gh t enper at ur es
(preferably Iess._thagulkelOOC aadagverrehatitieryidhy | £58164a0s 1t80@G0r @ven
900C), a 500 A oxide layer 16 is, WD Q2/084722 ECT/. FRO2/.01268 18 fornmed by
thermal oxifd&itén o §PEYYNFn&eSLrEct tSHobm FhiPigareds byriiiemigae s
to bagone th@ kedres i@dlde st idye second SA structure. In the present
exanpl e, the detachable supstrate (11+12+13+14+ IS I I jon 5
bonded to a sili c‘o%l&fﬁ& elﬁea(éé%wf %88%’8%) %‘?)ﬁg ibrs&tdg%tyeiaélneq&&ﬁéeffi nal
support of siuestacttiese | ayer. The stack obtained is preferably stabilized at
a high tenperature & 0 t q .consql:igdat e st.r,0 I{,lglp_,s d t he
interface of the Iéf(l_éﬁir%( Cﬁ; Slsan% ‘(Q’Jlfg'a)& %F]len%ér(%t bonggg??ggggsu%% ected
to the samihatest uffevler t hel ess has, a mechanical strength | ess than
that 1¢f the second fhopd-beggusies i b isidwugheredsf idmier Adebertieahgandd or
mechani cal |ift-off nmethod can be used., For exanple, the stack obtained as
above is fiSRStEa¥haer ssé:(flci%?] bé"flﬁfgr% IGR¥i ¢ acid 15 bath, one object of which
is to overetch the faxgude | ageris (22)voew LIersicdr t afigefr dortdimedgés of the
assenbly. Th stt\’\%ti nterfaces 12/ 13 and 15/ 16 are preferentially etched.

Mor eover, t i tert’ace 12/ 13 of the detachabl e substrate is advant ageously
an oxi de/ oxi de i nt érifoao® 2Thiks 20 vaewl tharesfeathithg dfimeheof nt ekt Hew

15/ 16, pet wegy the oxide and the silicon. Accordingly, during this first
lifting of f st'ep, there is | ess surface etching at_the interface of the
second bond t han -atfihes n2@r fgicé of Lete thETEOhatle SifstPReE. RREH:R cal

det achment HHardyesrdr? atbnddr Waj efhd einead intdhfacocuapnt, ERhD925888, by
conpressed air jet,..as in %ge docunent FR 79649%, t%x: tracti gn. as t1_kr11 t he
docurment WO 00/ 260638y i AidertT ot of 1§"bl Bt Rt ¢ A &l MRy Fr €& t he
final strudiayexr H3wtdiellSni Gir{dee thgwtmae. . Fol | owi ng renoval of the oxide

13, f exanpl e 30 A f i i it final SO structure is
obt ai%red (figure 5) e & *HJLQ:t:.J}?d as a substrate within the

det achabl e substr atfhecaprpéersedclachumdes egséactedr xanphe 1deprbirie
anot her detachablg SUbsiFaler {1F ef ST Ve &fd £11 &bd Mt dingi § hgehdy£1142) -
35 Another way to facjlitate the onset of _detachnent
avdailable in the form of round substrates, for example of
200 mm diameter. These methods transfer readily to other
30 systems characterized in particular by materials other than
silicon, in a nonlimiting manner and without departing from
the scope of the invention.
Some embodiments of the method according to the
invention tend to encourage lifting of the layer off its

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



WO 021 084722 PCT/ FR02/ 01268 19 is to elinmnate at |east part of an outer
ring of the substrate. Wet or dry chem cal etching techniques or other

" mechani cal polishing, laser cutting, etc. techniques can be enpl oyed for
this, |ocalWod/084722he ring (which yields the 5 figure 22 POMRGOH2G80Nn i n
whi ch the cross-hatched areas are to bel#enpved, which yields the figure 23
configuration after fixing a second substrate). Note that the 500 A thick
buried oxide layer 15 forned previously on the |layer 14 could have been
formed on Lhdike sebstrat esudsdiefire handiendorrther ddian ¢p ”ﬂ?ftayc?ff 14.
Anot her van#ﬁéy d|V|des t he 500 A t'hickness into two portions, wth one
portion on FHAI™BE S or exanpl e 250 A thick, and the other portion

onI t heI | ayer 14, alEEﬁ' E%iﬁgad%d:fhgpkal aetﬁtﬁabBtXﬁWB]p&t ﬁl@éﬂ&%&/é haéxahﬁplék? t wo
mol ecul ar a i 0 nded. i e both o e, oxi de/ oxi e
stabilizat i Co%h%sd’fo ?ﬁégée%%%dgb?%ﬁgﬁﬁj rcé’trifrjéiee%ﬁfgbé[rba'? g in
such & way ofs hay&;tsartaht@efféue&nq:)rleimadam(Sajmhytd;r (a‘riamrexc cam\dereimnamg
occurs at st tion of a weak
first int eﬁég&nfg e{ezhlﬂed\}tegtr}{ore erxleé]ntalzl% 5’“ &&ﬂ ‘of r}f%gg}ggdrrp et St \(,:?i
the first B&®H ngifnt @ﬁﬁé@ébeﬂnotwem@ﬁméf of ithe sis®ffes hetoet howk
accordi ng t ﬂ@ﬁﬂa\t@tbﬁ@miemt ecsfeta%{e'ﬁ% p(@@ﬂcfé;&%qu dRuRLE gR), Pt

transi stor structures (see ISg&gres 11) . The first operati'ons refating
t

to the fabriad®d ofRBIRt RS i sk s Séss%‘ﬁ‘fll alPPs co¥si BY ifPPpr &dalilng the
fi rst1oCMOS Ftirans st ogh@m ethél oireon) ieN whited achebkapsubstkeat@ 1ysidys

t .. technol hown 30 f
1 exact |y Fife S WEras! Hbvrttepl HUOFFBEh R biben 8 hisahc AT S SO
st ruct ur es iwitehrmedikite bﬂlayedsoxw% ) a;yrei (39 bamei nfoshadi | pzodt orto
t enper at ur g 4 %qn &qdq:q_ﬁed Eggger lu)r eaglang@hg g?l ii%grgf &124 0/1

000C. An oxi ness t hé or dér
deposi t ed 6r$ts@etq’°?|lé’e§1}’bst9%t@0‘€¥$gurén8y ongp @R/ Dlsamz:opci’ﬂu%mmdxbzﬁs 20

usi ng s CO'l\é?@x'son@iz degesi(tiagn rﬁa?y‘:hé‘uﬂflfcéfoén@xq{gl&lﬁ?/[%f Iﬁ‘émoﬂagﬁ

pl anari zed ur 9%) using a conventi onal chem cal / ani cal polis
bl

t echni que. (‘Pfguo’rle( 10) ‘B@/dh%ﬂ!écullafr Ehﬁeéfkirﬁﬂﬁtﬁﬂ}l%to 5
anot her si Illaq/@:ﬁrssullst r aingl 16.3)Theikaondintg dre picﬁifler@mtsﬁbJ Yy tHeakiidized at a
tenperature fr to C ik th ructures rmed for theflrst
gate can V\nqtshsr%?r?(]f %0 |gs‘n]Sol é%ﬁgﬁ ﬁﬂ?é ;? Eﬁe?&?uf’és &€ (& or der
of 900/ O@G@S@tsheram¢ecomsna¢$yoqff iSg-0: e Ih)a,n dﬂ‘teacsblymtleml $s1@efarmeedd out

in exactl ytbhgssgr{qs\ﬂ@g Bénﬁiﬁéf' ously (insertion of a blade, pressurized
water jet, conpressed air jet, etc.). Before resum ng the transistor
fabrication procesd IHAPEAr PicGESINLgUsFogane Pehempdovied d@t @radee a

remai nder @fcrha@u@él delkéyeiha;l@ ishok@moyed dyqmehemcal 145 £iehi g, Because
the oxide is et% a hydr.ofluoric acid solution_of known etching

sel ecti vi t JPRt 1Fes%@8? b8 g4 ELchPRGESEOPE MRy Seelitie oxi de
has been enniclekynet cﬂ:ﬂﬂaﬁlser@teaazludn@l@ stitedn SAud acBe Theod®d©fo@dwant age

of thizs de h iq oV 0 techni far exanp ased on
frac?ures h %&alﬁﬁlﬁé %ﬁgfi@ %ﬁl %Iﬁg(r%%atgltg% fér gxa%ﬁ Flgutclizgfr |b"at§(b§§s not

necessit at Boéﬁéé§3| @@Il)?nmr@( T&thmﬂiqaj/,se@ueﬁﬁce’somglaandr U.pGdisledryt i ¢ in
terms of thegileyPOotRpEbrakibAcEr eRls1 fedefdSs) as e M4 RYd SRLUQ .

operation, for exa
P (12)

comprising the components, except for certain special cases

1SIQ%ferred to as the active layer, being the layer

30 in which an additional, for example epitaxial, layer 1is
deposited onto the layer (14). Some variants are known as
bonded SOI (BSOI) and bond and etch back SOI (BESOI). In
addition to molecular adhesion bonding, these variants are
based on physical removal of the original substrate by

35 polishing techniques and/or chemical etching techniques.



25 The sane process can be used in many other applications. If the first

SO structure (see figure 1) is used to produce transistors, circuits,

" conponents, etc., these can be finally transferred onto many types gg
dedi cat ed WEhW0#4720r exanpl e, the substrate 16 can be 3 Cﬁ‘ﬁ%\i@(pm its

el ectrical insulation properties (highriésistivity silicon, quartz,

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

t el econmuni cation circuits, thereby limting | osses in the substrate. For
appl i cat i ooshégl abirignte,f lpdriska Eensdesct i bodpiveenti nbalfetrcat®es fLayed5

exanple of _nolten silica, is chosen faor the final .S rt,. 4722
PCT/ FRO2/ 015885 59F A&&Cﬁ‘é“rlqéi?érrm D1 fJ"&e-?t“"éilcﬁhn*‘erht Sagip ol 15° d‘é‘é???ééggher e
in the casadbéspoondubongingy cudns detahhm¢BUbsbyatésuttiggfesalgngo ab) .
he final bbLekReasanedlod Nt hest ke LXB! GAliNog€Suddian id ewhupgged um
even of the order of B a fewtens of um They re ate, for exanple, to power
appl i Bat i oAgcwrenpp| iEatA oI/ 43P SmdPE cBP - Ptherrrd r BGir£s6P8P27Ai ch

sone flexibbli k¥-hSgheatpyedgeRhbhashictt MRIRIY An SURPDikSed CHEYEEnSUBROT T S,
etc.). This exanple relates to a %ype of detachnent ngceSS|tat|£g no
transfer 18%t 618 FRFYEENSuEE Pfe 888er SHREIGECtOY sETICHERT e98°08t chnent
w t hout trpasiedriagethenhbayraslbesht eenfepdacpogotibe circuits or
conmponents, when the Jayer_14 is sufficiently.thick to _be self-supporting
but too thin to w ¥hEtantShft fBGE dﬁﬁagapﬁciﬁfFec??Ech?rcﬁ? aﬁ?%du@?ion 15
process (typndahgyfbesshehpnodutenochuntlirddtaohahleksubatreten, ofint hbeor der
of a fewt of ~u e r: i ng .det a ble:sub eis

i denti cal ?%é%vé?ygaggﬁgﬁ%ﬁﬁgﬁggvg%#@?ﬁggezgeEégﬁégg'pﬁggi%ﬁé?g ﬁéyggoduce
the figurecanstbactDEepPared exBnpPeveralt hwardse (BEPRBBLARN20 GhakEpeér

silicon wafRigatr1b8 Yrangdred s5URTIAt Cakdli ckiRessads 425 nibkddsd henat
application requires a f,inal sub%trate t hi ckness of 80 uym for exanple, a

silicon suBdfi&fe arsordigy t@45hGmaARPIARELPT 1 i BaF e T3P 10FT S sufipor t
substpate 1lumTbriersuhéinglassedbl yst broskar eTher eedpondag2stiracthee

st andard thicﬁlesse and g&fers satjsfa Lo%ﬁ resis %nge an;h%i rog gses
for fabricafi %ﬁﬁﬁé&ﬁ%n? .aAFFgr ﬁ?o&ﬂ' i o?uPﬁ FaTt & (%ﬁ ré&* ), one
of the detachmeof orthaiques previously cited may be used (figure 14),
except that the s at. ]t . 30 ac t

sel f-supporting I;§%%£1(%?fgﬁﬁgwggggg(ﬁé?%%ﬁﬁ%%%ﬂgsagﬁg_flna I?ﬁb??rate
of i nteres¥ougharaéher istafane 05ubber #%é dehi diifesEC P eningn reABEE8ANg t he
conpgpent sindheafangdnEtiets f19& PhepaneR8 td¥ee driashm@movda .l nker f agenhave

to be adapted.to the tecgnolggb al WO 02/ 084722 PCT/FR02/ 01268 2%

oper at i ons®PRALCARYRt 0 THE FAMENBESSUCh R PRt BEReM et BuBBEFACE1AE or to
det achnentasia fantttohaoft heemakthod ofieprodlicingathentsmpandnascdpdi ng t o
t he nat ure_of api tr : a . h .ach 5
Subst T at ¢ 3onSPSratER a0k ciral, FAIER mhoh BEARLY, aktek BoHAuRG)AL:E,
bondi ng i nnerfataminatinhasdusingt hbeapdodncepprarfarogponehteenpdr &here of
550C;6uhi Cllﬂetﬁo&yp'a@@%pt'e@ L heorasenl growing &l ddiindd: coNelpiube1g ol ar
cell tor use_in space), then the rns roughness nust advantageously 0 be
0.4 nm forPYRECSLBRYTE Gt 8L 6 BECBeRdchapremove a thickness o

the order of a few tens to a few hundred nanometers is a

oxide of

good starting compromise. The hydrofluoric acid etching
increases the roughness of the oxide layer(s) (12) and/oxr
30 (13). This can be combined with selective wet or dry
cleaning to obtain hydrophilic properties specific to the
oxide layer. The resulting effect is one of weaker bonding

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

35 the detachable interface is to use thermal annealing after



Anot her exanpl e of use concerns the production of circuits for smart cards,
where the flexibility of the support becones critical, firstly because of
"the increase in the size of the circuits, and secondly because the trend 15
is to requiWe 0B4B84#R2wi t h ever higher resistance to def or meRECBHFROA01268
nmonocrystal line silicon support whose thfckness is greater than around 50
umis too fragile in this context, because its thickness is too high if it
is subjected to a bending force, as can happen regularly with 20 a smart

card. Not e teatbod®ingd heperaduehi on dembesatuier @i caBrbAcRr @ deebsee
figure 16), ioarting fé%fmthe figure 13 %%nfi%urat'on, n t((:lges i sol ating
fragments &t a Pl < TGN AN FEAGTL SN 4 ekl | §° tG48re @B, 25
Fi gure 18 <hwpeazialdtyaritdi ngheassamip yosi tehperbauirbat beowd isoddqgurieedd W th
a starting,su ' r it | ayer 12' of silicqopn.oxide that is
nol ecul ar gg)h%?}ggﬁtfggrj%gdq’%\gﬁgigggor? I%glfe?b%fgji S S9N o uSP P urn
covered wi ©ana bsi [Ysash imyepmhinat e witBukovghesidq pfoddceckast e t he
silicon |ayefeclhedi e 14M4r a§§§§"bla¥1dé/%rt hey spcopd PP £5 R AN e

adhesive is preferably chosen that produces a _very t ayer 15, ‘whil st
havi ng t he "Ritdwe$t dB¥situehaidmehi efPstatength)at Aowariissr atbrt, Feor
exanpl e < 4QQ&15beateMaiidlo, rhsk daspgnsg tihe cpapopenteRfrddie Active
| ayer prodlélced after _this hondin WD 02/ 084722 / FRO2/ 01268_ 23 st ep.
These can adVeitdGeSfs N e Y AREiWes Or’faﬁﬁbgﬁ&?‘e&}:%n O IRGFRUrE to LV

radi ami on (ot th snnaEilertheaséoliet dfs thef fdtahrurie gthnaseim fidqiade 4,

substrate 16’ that js transparent to see figure. 19). 5 To lift off the
det achabl e%gfub;ttrataenqefﬁaefe 2t the b%n(gji\slg%g%ilﬁtlgngé’e 18 1 F§PERAHER appear
difficult poefesady pur bkypehshiical Hdt textéehinaushaidhesi wascandhe

substrat es JdhpRsRALeNtatd LY LEN RIREHLE MBS 8}{;19%&5% 30d gl asg). are not

totally inert to the chemical products 10 (hydro l'uoric acid, solvent’s,
etc.). On Che fGther vt BlPor efyCnethafi éél‘xeéélﬁﬂ:éﬂenﬂyﬁ gy laEit to
liftisff thetsakeater ecet bbplinkeibage drad 1do ifott hBebepdipgrenalid, at
the detachnent interface_.is de | ower than the strength of the adheésive
and the varitOBRSTRLYEES cbAGt | iﬂﬁgﬁﬁﬁtigni e grafeq Sui #RA(1HiRean be
achi eved r eltatictelrgseastody) .agdliicattikers pohatbldo t actseutde madIsiniata 11
several ti . facilita etachnent,..it may be advantagepus to

el i mnate gir%%gﬁ’;g%rs ri‘J’Hj(}:f%l of R’t%ﬁ su%%@?%%gél.vé\parcgle’rmrl&%i i nﬁfgﬁg@ﬁﬁhi c&f

et chi ng of sthecsuyrers rianrd ofo20 apml istddstars ethat ido f notherequessitete t o

el i monat e thankirag byn#BKiNgrareheEul @ity | ?f’t@:‘?c SGEUst Enff t@lejadhesi ve
bondi ng. The cutting can advant ageously "be effected by a laser (see figures

22 and 23) SURPOXtdBHefaRalyBEérUCRETEE-due of the first 25 substrate is

obt ai ned, the suppoagheafinghangubspbateibafl efr egtitie wakid DM &S ted in
"det achabl %'I'Ie(fi gure 2%%1 and re S%ilb-xl eHﬂ%r ef erably after. polishing the |ayer
S

12" and th&Sct FvEPEyEF 14" t K st 8FFed S8Ttd SShoir Shpdte 16,
as in figuepub2trate alliérnatiuel glisrfaeevandisel fo 3G¢auppording tHedehe

t hi ckress g bayell4nd s rgprigte.,Wali e cedi.ng_exanpl es,
t he second Eﬁggﬁlgt)eé 8 4:clrle{én ?ns‘?egg Egderr%:rhlef y laﬁléllhnt é%"rgﬁi gfeggﬁgsgj?late in
a much | on§éFhppdeess. The structure shown in figure 21 can 35 itself be a

detachabl e struct urgarProqueid oncwé I | pt-B8Action of the detachable
substrate itself, using techniques based on wmolecular
bonding, there are several means as to its use and to the

30 means to implement it.

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

35 it allows detachment of the active layer to obtain either a



WD 02/ 0S4722 PCT/ FRO2/ 01268 24 continue either with the pure and sinple
elimnation of the internedi ate substrate 16' or another |ayer transfer

" operation onto a yet further support, generally involving

t he substr&‘f(éol/gs‘%z?he det achabl e substrate 5 obtai ned w tﬁé#/ﬁt{@mf the
techni que previously described is adhes} Ve bonded to the internedi ate
substrate after it has been "processed". The internedi ate substrate can be
rigid or flexible (see the above exanples). If it is rigid, it can even be
a silicon %fLéF—suﬂ:@oTlnengselmjreadHesi velativreljkncmmq}@ Lageper stretdiad | ed
n the art ean beepvsagedsfor Jthe gdhesive handing, iRcPaiddicihal, for the
operati ons® 55 g silicon wafers encapsu ing integrated circuits
or packagi ngst:rlaaek aadimny fat ek Oﬂeﬁbﬁﬁlaéﬁesﬁiwlellfgl Heprs idtion | | f
the adhesi i deds ELpIRY,RE RS %@l d0cREi €KsBNin an

i nt er medi ag‘é Eubsr,gtdrb;ste tottehtzérea? flface 0 tﬁe I'm to act as alsubstrate
or support epétagipff emiteythhe s&€Penbloy atd Cl?tutrlfr‘?Q:GCI RéYethe Michof fis

techni questhat-agan benemviesaged r2thdfrarede tdmo':lpl@al l aRirdgHt ofsdprpaﬁu on
and/ or shear and/ of bendi ngﬁf or ces. o conbi ne

t
appl i cat i oWPEEPESr cEDGI t hAERER c AP et:&ﬁr ngl%"flt h%u?ﬂ?retrf ate, n6"~'f’rec>]t}ﬁer
means, sucheapouhtfiasappdrel whiled iint dtfseded timtdemddd tted bef fddtsmalfed.he
oxi de type, etching,25 the_ |l ow ene face plit d
bondi ng i nterface ghﬁthr %r%nc%%lr%éfg% t%ﬁrgﬁsf%?a%%%ke %é%ce%secfh%ayer
to the i nt dayedi abe thiebstargted. sulpddrratidese conditions, it is advant ageous
for the processed Laygrs cle0 g petqrggetf%g ey X aF . an, addliddonal

deposit of 30 nitride in the cas uoric acid etching). The neans

for applyi aghesiessondims o fradirthi Eal t‘{’l hepamei EbRat ey ilRyER ity RE bl ade
at the bon@rgglsrf@t&refdaq:@ ardtiHed siistaddd t-of f tool (see WO 00/26000)
and/or a jet I ve nsert| flo as descri hed

docunent FR 27962%l S /E T é’lr%&at‘fh%@@ NS (R  A b‘f?dﬁ 8 25
EP 0925888wilER 0&895&8)mtl"n atIh:E taseoohtd gasif | bay¢os emersta)s‘.tuqa.nds £l ow,
for exanple.a fl.ow of hdr I f t ter I 5,,0f , the
det achabl e s-LSLt(JDstrn %anldleigl q: ee plrb péax?e l"Le orehalgd ( oérjle%%(arrpl e
by 5 chemi (pafodeltO(thlqmg)oft @Ofﬂ‘e:ememt@ fqmlhpul’b(ﬁ’ﬂQ%B taf tthe Padithg i nterf ace.

This facilitates pg %etspt'@t 5 ffdsnﬂfapé forft tahedﬁ‘éat:hht@}ﬁ%r SLEHEHUr £
bondi ng i nterface, ere’the I| ting mist take place, by protecting the

various | agessrabechenssiuctbr et]il?tccﬁf?ﬂﬁ%ﬁ nd% h@@@h’ﬁéﬁ@nt e. HRtis $9%is 10

possidy e t gtlhifdc@fd therbongi mefem&eafa@@ enverinvheast heheadbesbaa womeen
t he internal conponent Ia%elr{s [ a i nt er nedi, a e sub trate which is
“Hseng

sonet i mes PEFHTET %o Bfapé HenPhROE Ot ; etg'St NS § bart
(to form natlxeheSeohna:queisngppeerwsbys)mentrntmlesi,emetvert&ed@rsrsesb@adlang to

the el ectronie gonpone éfjte/@i CPhgamﬁQﬁ éaeﬁEgFPG%FE% diffgrent. supports.

The transfer can be co ifve, 1n case a he conponents, even
if they ar@roshertdoneet ed sAGPTs) SOEuspHStragee Witdhshelugdest PR anme

timeJgn thqa%&”e {@¢ ot pgtral wenRematd ks 201 §oAReREBLIBY teormonem (or
die by die), the latter are transferred one after the other. The
supports ca‘r?l@@ iR &Mt Limdtedhod e Y he case of a smart card, and
in this case an adhes vemetadyeﬂuageﬁeslys usett £iated heoyt r ansf esf Thige
el enent s can | sp be transfeéred nt ora}i) fer 25 |d1%orporat|@eq%é)(trrlfeble
el ect roni ¢ "5Y 0- ePEEYFORPEYdevi TR PR whi ¢h Tas€ he®t r dnster can again
use a nol eculst radiresconréspbnifog (tseef fdgurr ed .1 Iro Bhismegiampdg tthize
addi typnal e, Af GUPONeNE S, T aIRd. i1y the layepefdfd) cnthea &l epent s
can be transferr y ‘convention al

layer. Onto this detachable substrate, in which the

connecting layer has been roughened before bonding and has
not undergone any strengthening heat treatment at very high
temperatures (preferably less than 1 100°C and even better
35 less than 1 000°C or even 900°C), a 500 A oxide layer 16 is



30 nmeans such as pick and place means. The el enents can al so be transferred

onto anot her support to inprove the thermal properties, for exanple. Then,

- by appl vyi ngwstress or localized heating (for exanple using a |laser), the
thin | ayer, WOr&{084722 y bonded 35 to its final support, canPOE/FRepMI126sed

(el enent by el enent, WD 02/ 084722 PCTABR02/ 01268 26 or globally) fromits
handl e by nmeans of nechanical forces. As opposed to enbodi nents of the

nmet hod according to the invention that tend to encourage detachment of the

layer fromidrmeauiist raderndl tde dHokal deUelald -tthe UL DS BrSC &i2f 14 he
whol e of thfsag'rsubst%ate, .others tend to delimt fragnents, the shape 0o

which is cl'&dY5F rt af RSt BXEAE difed Drognmonehe sPhsiee pradecaf frken t he
active | ayerecdmre i BOEr esdirmg tiadfd .ant 1gonghet S prediShing @Q@\;ﬁgngi,one\ihe
conponent t] t-echni.ques (saw.ng,. l.aser cutting, etc.) 10 to cut or
delinit trgdﬁééthaeds}?iba]te e TSRS | g%*&%ﬁ ﬁtf*&%és,lsfgr lar @dhesnitf her
benef iTci al be@deghttd s2 baskilcom $hlesusetef L6hépeealfigueki 3 assaciiad etb with
a phot ol i t hpaiARhy-RRErALIgN uce | tical tr hes apd/or_to.renove
t he connecting r egiton af?Hta%e %‘%ﬁtpé)ﬁﬁrj %?,t .e@dfggg.&v%or %%%Xaﬁ%ﬁe,s%‘f]%r
preparing MOTEEMSE AShe e NN ngtebet izetarafe ar ehigbnltenmyertsid: and 4

are cut (fi@uneorkd) toct bencentodteshawynsft e i goent_.j
lifted off .t he ubs)tr e, &/hi ckll am?unts tnoﬂc%ngP%\Qrs%%g%t _;&%éé(ﬁeggubt&efate
is lifted &F‘rteé%@ﬁ‘ef roaaftgn%? ta¥erd diber fad vele)al | Thpef2gstapens orifall of

t he feragrremijceamelaiel gt ameonggxmd ttfi%a?e:?@tt,i g‘?:)eveQEHélleSie, Hae a
enbodi nent [ y descri bed, are t limted tqQ the single case o
nonocr yst a e}%rﬁ;%\ﬁgi%l%‘ﬁcoﬁ, rgﬁgkganl%%s eQ:tc}bar{He&hta& nﬁ%y hBEerfef¥d sRands
ot her 25 s&giceoséudtton smatcaigheined G rs8i.Ga, cBied iGN aant) oot hefcreqiicsl ent
nitrides, A3Ga. LR : ferro-electric and pi ezQ- ctric,mterials
(Li Nb0O3, LiTa03), anglte(r;tah)é)r?et ;%.gnna?gri zgﬁsgfa'm%to%er Ze%@ﬁ%@r?ént sCChaer e St?ﬁ?d%ced
before det 2PhAREREdRSHIALOVID I8 Bl Feadimmensednidd, af biydried lsicniat iaaridof a

det aclabl ebathst it GONSESIEATWAL B Y fRF e+ YEF 10T L ET RBAKUM an
Si 02- Si 02 ggg?i ng J nterface tharl hgs to_be subj ect%d toga%ggigt &)%%I]%r owt h

t enper at ur s PRAFVPRBaF PR the &fdeofyrbfngseambAy .t ghe
constitutet®d armmmiacal | 15613 uaadi aﬁa@%retFﬁéfébénEﬂﬁli ughnesy. WO
y

02 004722 RETLERIE, A ElesPons gyt sl v e QoL e
epi t axi al | #sgr owidivgramgsgiusdyi al at ackonide/det@ehabiaterface. This
20 facilitates etching of the interface 15/16 Dbetween the
oxide and the silicon. Accordingly, during this first
lifting off step, there is less surface etching at the
interface of the second bond than at the interface of the
detachable substrate. Mechanical detachment (by pressurized
25 water jet, as in the document EP 0925888, by compressed air
jet, as in the document FR 2796491, by traction, as in the
document WO 00/26000, by insertion of a blade, etc.)
completely frees the final structure 13+14+15+16 (see

figure 4). Following removal of the oxide 13, for example
30 by hydrofluoric etching, the final SOI structure is
obtained (figure 5). The Si wafer 11 that served as a

substrate within the detachable substrate can be recycled
and reused, for example to produce another detachable
substrate (preferably after eliminating the layer 12).

35 Another way to facilitate the onset of detachment



5 substrate (figure 24). This applies in particular to the production of

bl ue and white LEDs and thin |ayer |aser diodes (for exanple, for inproved
extraction of the Iight emtted or inproved evacuation of he thanks to
transfer oV ®/084F2trate that is a good conductor of heatP wéw

copper or dianond). In this case, the epPftaxial stack concerned (f| gure 25)
is based on conposite sem conductors derived from GaN (AN, GaAI N, GaAl | nN,
etc.). One nmethod consists of using one of the processes previously

descri bed tins f ebmel teirvet@blhe sieast uparequofalant otmelrha:tlm_:j bifgutrlee 15 1
(or the Irke fl es evi ous Ci h _th 4) Sy

(the transf tgf Tac%trgranthhgg])iciag rgrq‘é: i u(r?:ée u(e a%/rers&fi% and
(13) are ofm@ahamalomcdel,sramgi,n Jtatmexf i gurteiig exangl et;ecamdlqlkr@s scsthhat e
(11) 1 of dplyraptall | 08; S CL084) 22RANEECLReTHE ol Ak AP AL O C he
nitrides is epitaxralTy o |s structure e epltaxia technrques
used can be‘-ltmtj@% a8l |cq<rfdmrtat1tqie per s odki thed Crr@StShélaéErCﬁle@‘ Rrexanpl e,

such as ol gcdl@g H@%@Mé@xmf@ﬁ)ﬁ@m@%@%ma 2 RNELABL Qb O pEgani ¢
chem cal vg%or deposij tion (I\/DCV for another category. In 25 the forner

case, the X%t r?q(e?ﬁfer%’cliﬁté%a FSrely exceed 600C, whereas the
typi cal terrperature&;tfeorthbe Sﬂ@ndooahegﬂr:;c]cabubeeas dsug:te ada¥el005 For
each of the abovce two tec cebmch{e of nanet ers rel at eddto t he
mechani cal FrEHGH of Fhes }bonrblr nger Herf ace %‘Bﬂ? a‘ﬁeenr%egn STYERYt Heni ng
by hekd treatereaubshydtapliﬁl |beﬁnmeb0nésngemt)hermstthm opt ithiezethydn t he
second cas on e se o] y i rou'%geni ng
of the tvvoelo4X| dgn?g{}égs V%fq%% ‘E{&# dgg%il usgfolsc% agﬁ cﬁﬁéﬁg %llts chosen,
for exanpl @ozriacsqurréntommm@mnm&h@rm&mm hi &, sﬁmbc@m@m WO
02/ 084722 PXZlY FOPAOIR08 28 T rDOGE RERIBERS iBns Ik biosE LR Gllessids Of
the order of 1 um The str cture |s optionally anneal ed before the
epi taxi al gri 129%PMRL e he tenperature range from 900 to 1
200C,15 n order to G\mml rtdalte sfroufigéyttvh:e holrechaatcabdseseogt lbeidéde
rin After, the h fa my| tedtod rtron of
oxi ge pl anlanrtrezra |Cg\r,1g baé%:@gm Wr%]zlr%e ééé% i c§fb11l%J Ct moiecul atra thedd Hhor
bondi ng of &f sb’rbetsacen%b@hdr mdmﬂle bempe:aatsurecoans@bstcraaire)ed canicl
anneal ing at, 1 100¢ to stgvgggt hyd hisg Iatélgé ngthé | fé(rer'i

ondi n

det achabl e substrate is separated at the %Wnt er ure A
prel i mi nar )}‘-}éﬁréﬁm%ﬁ%gi At gy QRHES (af & %hmﬁ om'{@)lf RCRC| Iﬁbat h

i's ady@nt agaous! ynestHdd Ci %Het%leémérhe oxide lpyer |piesal lyndordadept h
of a fewnillimters fromthe edge 15 the substrate. This is followed by

det achnent 3FPIREER %?eﬁ‘%ﬁﬁ%'h?'%]al dFGPE‘é‘EIenForofex’élﬁ%l €°B§’lreﬁ§erstt1ar?é‘ &bl ade,
applying a tﬂrees&mstzembnmitre_:r jreterfwceappl ying a conpressed air jet, using

t he techni ques pre bed f e I iel shown in
figure 28. A final %LE e%rxr ‘é?% oln S f %%rré\%gg ?hec)ﬁr esnrgé ue %T%%%IS%&IP

| ayer (13) t%ttheasnvehélsncn@@éreﬂm hialte spreddcadoa mfcl@@lmkﬂrg%ﬁy%r for
the epitaxiglaridafio.La82pkEaRAL! yéé)@eelﬂlraﬂaetsedsbyt@t Ghiyng (rfllegurler ) -

Di odes can be produced before or after the final transf er 25 at,
accor di ng PR FMEentEbAt18G &Pt dhifat f¥Rr 1R HRIyhefi ﬁéleortlrﬂiéﬁﬁﬁ@ﬂgsthe

hydr ophi | | eqyeRerdliBgs éénd Dswisen| pmaaamﬁgawéeslfx@rt W'ﬁf&qéf@c@@ndl ng
interface, | steaﬂ of the t di ti onal tegger ggs 100 to 1 200C in
the case of2%ondi 51\%@% thé sittacé a a nec%‘égﬁrr?glerodb?ﬂé?‘%d

The anneal iqunveerpenstlur esclanel agly ant ageoasley ,opts nszewnt dnolftigjurea bondi ng
ener SUff cﬁl enexingggle he f@m825€£fgguEhEUff ai:hI enw%/nl QX tg%lflewfm%%ley

det ac rrent at” the required t cordance Wit h e asp
i nventi on tdeRC3PLdE ﬁﬂlf gilmal praduesiownofi §RE, sthacsurss afittdr prigducti on
of buried oxide layer. The bonding stabilization temperature

can be reduced in a temperature range of the order of
900/1 000°C. An oxide layer with a thickness of the order
35 of 1 um is then deposited onto this substrate (figure 8)



WO 02/ 084722 PCT/ FRO2/ 01268 29 the interface, and an optional technol ogical
production step (production of honbgeneous or non-honbgeneous structures,

" conplete or partial production of conponents, epitaxial growh, etc.)
lifting of WOWA/#B4@2xmi cal etching 5 and/or application of POAIFROZ01268
forces, for exanple by jets of air or @&bher fluids, |localized to the
bondi ng interface of the detachable substrate. The inventors have thus
denonstrated that roughening or nodification of the hydrophilic properties

of the 10 ssfhgces GahwrduntdetreRalla SondibeniBher f a¢es, exsppatt er
anneal i ng QI gh %lerrperatcg%es, up to 1 100C Bg%iu i ciously conbi ﬁl ng the
r ougheni ngé%]? par at'Ffon HEKST e Bﬁndiphij‘r\ﬁirtlﬁeéiuit ¥ Rer fal - dHHEE i ng

t r eat ment sgontemasoheencaboinal iakclehaehabl®1SGhisip st &eBqean whihst and,
15 wi t hout. unti nel et achnment the assenbly interface, st.of the steps
of a proce;sésj %8;{% %'Sgprg%ﬁ:lﬁeon?é% ENOETT %%%]?/%IEOPEBF?ﬁeFlU({E)W%W to
partiTul arametitet redl heo stlepsrate high Teepeoadimgsistypecarbytial0PC, as
wel | as stegps,of; ositi i ned er.s, r,. ex l.e.of nitrjide), 20
and could a poﬁ%??cgr?hbgng%%rggg%ée%h€$ E%g%bolncﬂgnog F%t gﬂigge%byl héhe

i nt enti ona¥tEPPIRERR | dererdcobe¥ olthed hithanicedle staessdghsTensi haial so

been denonsigmt ed fempethenrappldcabt onemdslatig ber ex@nMy Qe t 0okhe
execution o(; epi t axi ag d@g_OSl tion step before seiaratl ng the 25
substrate.” 0%%@90%4?‘2' SBETPEROFIGPIGY 30E HIRrRBLl) /A daftardMnestt pisduci ng

a det@chabt@rstedict oue bynnoleeiddry adhesi ogakendivag Ofas)nepféﬁﬂo%l? first
0

wafer to o e. of a.seco fer, which nefhod includes, prior 5

bondi ng, a&‘sal%;eeglp% O%r@ﬁti%ggg?ggeaﬁre&?é‘lrdfz i YeFgted o proBRERsSEed

control | ecaievedt of erechanBedébret resgiingf tthee tirdres f foer besveesat bent wo
fers co i i;t.h ti | ea one of the two fers of

wa TRILAL Vibh Phe PEQILET AN BOoBLCLCARhe 0N Al d NELUO WL

a part or whol e of conponents and ew se conpati
subsequentr &t grdrmenefof thde ogtidect Larver 2.13A pet hogineosdr tiyngchemttalm 1,

charest erig@ashiny I hbchhiget 1Rt NBRigst e iidiides,acat ep @dg(??'%{%aéi?g the

roughness acpf.gcgor Jtche. h%drgpﬂi lic pr ogertl es _of at |east one aces.
15 3. A net RO Hh Pt o*BPURNFE CRRGr SeLECiNd tivh widt ¥erPetteptof

nmodi fyi ng giiei cmughaeshingnsitsiss imatusd Epy obniacraasi sgifbe HeUahaess. 4.
A met hod aggordi Lai m characterized.,in that the step of increasing
t he rough?\eess %lfﬂgnéef:glgg’z TR UeE Poclf 2807 c I T ® et &Fﬁfeng‘“‘ao’éai d
face. 5. Aduwaricpecceofdi nghis clddtachmaritar aceethndegie n dhat t hetledeni cal
etchigg i s agip flLhi 6 h cqr di l.ai m.5,. characterized in
that the acid ,etqg%ﬂ n'gn'?%r c%}riéflggéoggsugi Er%£g1 E}% rcq(#J %g’r ioc@tfsméacfd?y Viabar

met hod ac&r di HEPt3EAyieRe &Prcl #%aMRle o 61Schdtudt eritzeddoest hatota t hin

layer is preadiineidtdte abxbeastively complex finishing sequences that
are problematic in terms of their potential to create
defects, as for a final polishing operation, for example.
25 The same process can be used in many other
applications. If the first SOI structure (see figure 1) is
used to produce transistors, circuits, components, etc.,
these can be finally transferred onto many types of
dedicated support. For example, the substrate 16 can be
30 chosen for 1its electrical insulation properties (high-
resistivity silicon, quartz, sapphire, etc.) to provide an
ideal support for microwave and telecommunication circuits,
thereby limiting losses in the substrate. For applications
relating to flat screens, a transparent substrate, for
35 example of molten silica, is chosen for the final support.



one of the two wafers. 8. A nmethod according to claim7, characterized in
30 that the thin layer is obtained by chem cal and/or nmechanical thinning
~of a wafer. 9. A nmethod according to claim?7, characterized in that the
thin | ayer WQ0388423ed by fracturing a buried weak regi on BFT/ERO2QA08, ~ 35
10. A method according to claim9, chardkterized in WD 02/ 084722

PCT/ FR02/ 01268 31 that the buried weak region is obtained by inplanting
gaseous substances. 11. A nethod according to any one of clains 1 to 10,
characterized in thabthle shepplfe D@6t aghhsrt stsutiiedly idedatimwed by

t f t t he_st t t .the bondi tert 2} hod
Acoor i ng FE78) ain 1S CARP abTer i RER TN o O Kb R ePac IO, A T Chr ¢

etachien ep S carrled
out by chemfd@iuretsCMmgtcandso)r gl i fclatd lontlof ckhes pad gﬁremwtd/ame

[ i i 0 d
appl i cati Orepér  Bh10P9 ?y,l ;@;{ahrf oy Cfé‘iveﬂggtdé\eaehgo cJEGOLE NG d QLA BAL or

claimi12, at” a one the wafers is cut into at
| east Sone el effewt theior @f i pmi.ngThey. Hellaye netlitsd g¥edPdieng £ AMH 13,

characteri z %ﬂl%a go%@at Eheagﬁﬁéﬁaggahs'StBaréhggtouéaﬁaEHEﬁﬁdb%ﬁﬁhﬁﬂent
15. Amstho accor

to any one of clajns 11 to 14, char rized in

t hat , bet\/\é‘éﬁfoﬂlﬁésst@p‘-’ th?%dﬁé’iﬂﬁg ﬂ@‘%@ﬂﬁc’%hrésaﬁ&qtuﬁéf élltﬁﬁftc%tep,
a second bepdierg ast e@up§o@fzgect@ﬁir«a@dl flﬁlp@fblﬁﬂ'sth%t‘@tr)uﬁmhﬁsl Se}lfwﬁtdleéi to a
20 substrate (16, 16') its t
accordi ng 56 &% &%, acﬁé(?&ctoeq?‘g (FIH“‘?Iﬁ%t n%&ffaségﬁaﬁﬁa 3% ptqar{ésf%%%s
mol eawd ar adhesi Oﬂabgadl ngubdifratte metHeack acder diobg eicts cliai ntd5,achieve
characteriz t sai ondi de dh bo I ng, £22-18. A

Hl A SPLEn8Red Ne- AR LGy depnadhonl e DoRd Db

met hod acc clarm char ac erize at sal dhesi ve i ng
is carri edpogdugsingg tdre acthressi s har d@@@ﬁomntﬁ, r adeat ithe 1pyerA Fethod

according t tﬁqueéto i3 1§fs Chalgs ¢ 15 4o %glfcgﬁbﬁéﬁrﬁﬁh?e%dt” ﬁB@t tthfi@l stgp of

lifting of trate is effected em cal et chi ng

appl i cat i oivighsrserhnyebhonhd/BMadfer fralC ‘btrl‘fﬁ}ot:&ﬁFB%t r%’é%‘%‘éCtW A

net hads accdidigd O(eyyi @Al pf 1ekai hah te Iew ahatdcddr pmed:hlla:kt haénd

between the step roduci.n 35 structure and the tachment step, a
step is ef feé’c?ﬁbdogf fodYchng (e 35 SLTUELUS S, dft s

producing the detachable substrate is identical in every

respect to any of those described previously to produce the

figure 1 structure, for example. In the case of 200 mm

20 diameter silicon wafers, the standard substrate thickness

is 725 um. If the application requires a final substrate

thickness of 80 um, for example, a silicon substrate

725 - 80 = 645 um 1is chosen (figure 12) for the support

substrate 11. The resulting assembly therefore corresponds

25 to the standard thicknesses and offers satisfactory

resistance to the processes for fabricating components.

After production of the latter (figure 13), one of the

detachment techniques previously cited may be used (figure

14), except that the substrate 16 can be omitted. After

30 detachment, the self-supporting layer 14 (figure 15) alone

represents the final substrate of interest, characterized

by a substrate thickness of 80 um, including the
components.

The  parameters for ©preparing the detachment

35 interface have to be adapted to the technological



WO 02/ 084722 PCT/ FRO2/ 01268 32 producing all or part of mnicro-electronic,
opt o- electronic nmechani cal , piezo-electric, superconductor, or nagnetic
-conponent s, A et hod accordlng to any one of clainms 1 to 20

characteri moz/ﬂs‘ﬂﬁ&t after separating the structure, at H‘E&ERO%W@GM t he
wafers is used again. 22. A nethod accofdling to any one of clains 7 to 21,
characterized in that the thin layer is a |layer of sem conductor nmaterial.
10 23. A detachable structure conprising two wafers bonded together at
respect i veopelréad:eSSb)tHaﬂ ehavar tadhesi carrbéd| east oimethé IRt chaLlaces

h b h contrall ed roughnes or controlled
nyar ophi 1+ EUBPERRFE: o 18 o Pa i ATt b an A s st FERGERL aEPhe
interface bbeméealt rter&tamnami@r sang4. adx:css:tdlmg ute alclme)ramarttgtr‘eo @f aitie23,
characteri Z-Eghbﬂ that e:_‘accrlgazsg od he ﬁggesiﬁmh&gat edlf 25 | : idh V-

according to e|t er clarm or clarm 2 aract eri ze at one of the
wafer§ i s 8ubBtxabSt CANEii® t9% ot Ferfpsea lohiar | 2 egeboadedmt oy izgcond

substrate §A6,5i$ )51 26. boq‘lcs?‘fﬂév'CtJ.Wt%r"f%@ér di NG t 1 ak | %tmz?&t ni zed
in that said,second substrate Ts nol ecul ar adhesi on bonded. 27. A structure

accordi ng EBIEPER 26T ¥ty JATBMSTASPTSS OF PRhH SuhECReiBndYBEESLr dfe i s
adhesi ve bbhdedas28.ofA gtowiidir éadnasr dongdnetdltaive 27, s6har askelLi zeg in

Fadi at on. 299, LR SRR ur o A8BoFHing (B0 SIS O bl A6 V28 R,
char &6t eri edOi 4 nmaﬁOtrhehEhsanayetel soabkayetachabém.conduct or materi al .
APl 22 Aol AU Moty e progicsiongor
circuits for smart cards, where the flexibility of the
support becomes critical, firstly because of the increase
in the size of the circuits, and secondly because the trend

15 is to require cards with ever higher resistance to
deformation. A monocrystalline silicon support whose
thickness is greater than around 50 um is too fragile in
this context, because its thickness is too high if it is
subjected to a bending force, as can happen regularly with

20 a smart card.

Note that, for the production of dies, there can be
provided (see figure 16), starting from the figure 13
configuration, notches isolating fragments that a pull-off
tool SA can remove individually (figure 17).

25 Figure 18 shows a starting assembly similar to that
shown in figure 1, with a starting substrate 11' covered
with a layer 12' of silicon oxide that is molecular
adhesion bonded to a second layer 13' of silicon oxide, in
turn covered with a silicon layer 14'. The circuits are

30 produced within the silicon layer 14'. Then, for assembly
to the second support 16', an adhesive is preferably chosen
that produces a very thin layer 15, whilst having the
highest possible mechanical strength at low temperature,
for example < 400°C, so as not to risk damaging the

35 components of the active layer produced after this bonding
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the detachment interface is made lower than the strength of

the adhesive and the various layers constituting the

15 integrated circuits (this can be achieved relatively
easily). It 1isg then possible to use the substrate 11'
several times. To facilitate detachment, it may be

advantageous to eliminate an outer ring of the substrate.
Apart from limited chemical etching of the outer ring of
20 the substrate, it is further possible to eliminate the ring
by making a circular cut in the structure after adhesive
bonding. The cutting can advantageously be effected by a

laser (see figures 22 and 23).
As a general 7rule, the residue of the first
25 substrate 1ig8 obtained, the support of the substrate
referred to until now as "detachable" (figure 20) and
reusable, preferably after polishing the layer 12' and the

active layer 14' that is transferred onto another support

16', as in figure 21, or alternatively is free and self-
30 supporting 1if the thickness of the 1layer 14' is
appropriate.

Unlike the preceding examples, the second substrate
16' can instead be merely an intermediate substrate in a
much longer process. The structure shown in figure 21 can

35 itself be a detachable structure. Production will then
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is adhesive bonded to the intermediate substrate after it
has been "processed". The intermediate substrate can be
rigid or flexible (see the above examples). If it is rigid,
it can even be a silicon wafer.

10 The use of adhesive films known to the person
skilled in the art can be envisaged for the adhesive
bonding, in particular for the operations of cutting
silicon wafers and encapsulating integrated circuits or
packaging or back-ending ("Blu Tak", Teflon® adhesive film,

15 etc.). If the adhesive film is double-sided, it may be as
well to stick an intermediate substrate to the rear face of
the film, to act as a substrate or support for stiffening
the assembly at cutting time.

The 1lift-off techniques that can be envisaged

20 include the application of traction and/or shear and/or
bending forces. It may be as well to combine the
application of force with chemical etching of the
interface, or other means, such as ultrasound. If the
interface to be lifted off is of the oxide type, etching

25 the low energy interface 1is facilitated at the bonding
interface and this encourages the transfer of the processed
layer to the intermediate substrate. Under these
conditions, it is advantageous for the processed layers to
be protected (for example by an additional deposit of

30 nitride in the case of hydrofluoric acid etching) .

The means for applying stresses can be mechanical
(in particular by inserting a blade at the bonding
interface), and/or use a lift-off tool (see WO 00/26000),
and/or a jet, or involve inserting a gas flow, as described

35 in the document FR 2796491, and/or a liquid (see
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advantageously be prepared beforehand (for example by

5 chemical etching) to feed the fluid locally to the bonding

interface. This facilitates preferential lifting off at the

multilayer structure bonding interface, where the lifting

off must take place, by protecting the various layers of

the structure incorporating the components. Thus it 1is

10 possible to 1lift off the bonding interface even when the
adhesion between the internal component layers is weak.

The intermediate substrate, which 1is sometimes
referred to as a "handle", can then be cut, totally or in
part (to form notches or cutting precursors), into elements

15 corresponding to the electronic components, which can be
transferred to different supports. The transfer can be
collective, in which case all of the components, even if
they are interconnected only by a support, are transferred
at the same time in the same technological operation, or

20 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
this case an adhesive 1is advantageously wused for the
transfer. The elements can also be transferred onto a wafer

25 incorporating other electronic or opto-electronic devices,
in which case the transfer can again use a molecular
adhesion technique (see figures 1 to 5, imagining the
additional presence of components formed in the layer
(14)). The elements can be transferred by conventional

30 means such as pick and place means. The elements can also
be transferred onto another support to improve the thermal
properties, for example.

Then, by applying stress or localized heating (for
example using a laser), the thin layer, previously bonded

35 to its final support, can be separated (element by element,
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fragments, etc. Another beneficial variant is based on the
use of chemical etching associated with a photolithography
operation to produce identical trenches and/or to remove
the connecting region at the contour of the dies. For

15 example, after preparing molecular adhesion bonding over a
large area, only layers 3 and 4 are cut (figure 16) to the
contour shown, after which each fragment is lifted off the
substrate, which amounts to considering that the substrate
is lifted off each fragment (as an alternative, all the

20 layers or all of the fragments can be cut at one and the
same time).

Of course, the embodiments previously described are
not limited to the single case of monocrystalline silicon,
and can be extended to many materials, such as other

25 semiconductor materials (Ge, SiGe, S8iC, GaN and other
equivalent nitrides, AsGa,InP, etc.), ferro-electric and
piezo-electric materials (LiNbOs;, LiTa0;), and magnetic
materials, whether components are produced before
detachment or not.

30 As already mentioned, for the situation of a
detachable substrate consisting of a surface layer of
germanium having an Si0,-Si0, bonding interface that has to
be subjected to an epitaxial growth temperature of 550°C
(as 1s typical in the case of growing GaInAs to constitute

35 a solar cell for use in space), then the rms roughness
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ontd a substrate that is a good conductor of heat such as

10 copper or diamond). In this case, the epitaxial stack
concerned (figure 25) is based on composite semiconductors
derived from GaN (AIN, GaAIN, GaAIInN, etc.). One method
consists of using one of the processes previously described
to form a detachable structure equivalent to that of figure

15 1 (or the like figures previously cited) in which the layer
(14) is of SiCgH (the transferred Si face is at the top in
the figures), the layers (12) and (13) are of silicon
oxide, as in the figure 1 example, and the substrate (11)
is of polycrystalline SiC (or sapphire). The stack based on

20 nitrides 1is grown epitaxially on this structure. The
epitaxial techniques used can be those well known to the
person skilled in the art, for example, such as molecular
beam epitaxy (MBE) for one category, and metallo-organic
chemical vapor deposition (MOCVD) for another category. In

25 the former case, the epitaxial growth temperatures rarely
exceed 600°C, whereas the typical temperatures for the
second category can be as high as 1 100°C. For each of the
above two techniques, the choice of parameters related to
the mechanical strength of the bonding interface

30 (roughening, strengthening by heat treatment, hydrophilic
properties, etc.) must be optimized. In the second case,
one of the processes previously described based on
roughening of the two oxide layers 12 and 13 by
hydrofluoric acid etching is chosen, for example.

35 Subsequent MOCVD epitaxial growth on this structure at
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1 100°C produces a stack whose thickness is of the order of
1 pm. The structure is optionally annealed before the
epitaxial growth stage, typically in the temperature range
from 900 to 1 200°C, in order to consolidate strongly the
5 mechanical strength of the ring. After the growth step, the
assembly is subjected to deposition of oxide, planarization
by CMP, and where applicable molecular adhesion bonding of
a substrate 16 (for example onto a silicon substrate), and
annealing at 1 100°C to strength this latter bonding.

10 Finally, the detachable substrate is separated at the
bonding interface (figure 27). A preliminary step
consisting of a few hours in a 50% hydrofluoric acid bath
is advantageously sufficient to etch the oxide layer
laterally to a depth of a few millimeters from the edge of

15 the substrate. This is followed by detachment by means of
mechanical forces, for example by inserting a blade,
applying a pressurized water jet, or applying a compressed
air jet, wusing the techniques previously described, for
example, yielding what is shown in figure 28. A final

20 deoxidation step removes the residue of the oxide layer
(13) . At least the SiC layer 14 that served as a nucleation
layer for the epitaxial stack can optionally be eliminated
by etching (figure 29). Diodes can be produced before or
after the final transfer.

25 Note that, according to the invention, an alternative
to roughening or modifying the hydrophilic properties is to
use low temperatures for annealing the bonding interface,
instead of the traditional temperatures of 1 100 to 1 200°C
in the case of bonding where the surfaces are not

30 necessarily roughened. The annealing temperatures are
advantageously optimized to obtain a bonding energy
sufficient for the components but sufficiently low to allow
detachment at the required time.

In accordance with one aspect of the invention that

35 is original in its own right, there is, after production of
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jets of air or other fluids, localized to the bonding
interface of the detachable substrate.

The inventors have thus demonstrated that roughening
or modification of the hydrophilic properties of the
10 surfaces can produce detachable bonding interfaces, even

after annealing at high temperatures, up to 1 100°C. By

judiciously combining the roughening preparation before
bonding with suitable thermal annealing treatments, it has
been shown that detachable SOI substrates can withstand,
15 without untimely detachment at the assembly interface, most
of the steps of a process for the production of CMOS
transistors (including in particular heat treatment steps
at high temperatures, typically 1 100°C, as well as steps
of depositing constrained layers, for example of nitride),
20 and could a posteriori be separated at the bonding
interface by the intentional application of controlled
mechanical stresses. This has also been demonstrated for
other applications, relating, for example, to the execution
of an epitaxial deposition step before separating the
25 substrate.
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to bonding, a step of treating at least one of said faces
to produce a controlled level of mechanical strength of the
interface between the two wafers compatible with the
production on at least one of the two wafers of a part or
the whole of components and 1likewise compatible with
subsequent detachment of the structure.

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

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

4. A method according to claim 3, characterized in
that the step of increasing the roughness of one face
includes localized chemical etching of said face.

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

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

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

8. A method according to claim 7, characterized in
that the thin layer is obtained by chemical and/or
mechanical thinning of a wafer.

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

10. A method according to claim 9, characterized in

$1
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that the detachment step is carried out by chemical etching
and/or application of thermal stresses and/or application

10 of mechanical forces.

13. A method according to c¢laim 11 or claim 12,
characterized in that at least one of the wafers is cut
into at least one element before lifting off.

14. A method according to claim 13, characterized in

15 that the detachment is carried out element by element.

15. A method according to any one of claims 11 to
14, characterized in that, between the step of producing
the structure and the detachment step, a second bonding
step is effected during which the structure is bonded to a

20 substrate (16, 16') at the level of its thin layer.

16. A method according to claim 15, characterized in
that said bonding step includes molecular adhesion bonding.

17. A method according to claim 15, characterized in
that said bonding step includes adhesive bonding.

25 18. A method according to claim 17, characterized in
that said adhesive bonding is carried out using an adhesive
hardened by UV radiation.

19. A method according to any one of claims 15 to
18, characterized in that the step of 1lifting off the

30 substrate is effected Dby chemical etching and/or
application of mechanical and/or thermal and/or photonic
stresses.

20. A method according to any one of claims 1 to 19,
characterized in that, between the step of producing the

35 structure and the detachment step, a step is effected of
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producing all or part of micro-electronic, opto-electronic,
mechanical, piezo-electric, superconductor, or magnetic
components.

21. A method according to any one of claims 1 to 20,
characterized in that, after separating the structure, at
least one of the wafers is used again.

22. A method according to any one of claims 7 to 21,
characterized in that the thin layer is a layer of
semiconductor material.

23. A detachable structure comprising two wafers
bonded together at respective surfaces by molecular
adhesion, at least one of said surfaces having been treated
to have a controlled roughness and/or controlled
hydrophilic properties to obtain a chosen mechanical
strength at the interface between the two wafers.

24. A structure according to claim 23, characterized
in that each of the faces is treated.

25. A structure according to either claim 23 or
claim 24, characterized in that one of the wafers is a
substrate and the other is a thin layer bonded to a second
substrate (16, 16').

26. A gtructure according to claim 25, characterized
in that said second substrate is molecular adhesion bonded.

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

28. A structure according to claim 27, characterized
in that said adhesive bonding is effected using an adhesive
hardened by UV radiation.

29. A structure according to any one of claims 25 to
28, characterized in that the thin layer is a layer of
semiconductor material.



