, e3exudp< L6Ti r WO 02/084721 1 Detachable substrate or detachable
"structure and nethod for the production thereof Field of the invention The
invention relates to the production of 5 conponents froma thin |ayer on a
substrate and the production of this thin | ayer/substrate assenbly. The
Substrate initial or internedi ate substrate and

det achabl eprdgﬁ)ggzhalpt ed to be separated fromthe thin Iaylg(?fm%gymz“
Description of the prior art Increasingly, conponents must be integrated
onto supports different fromthose used to produce them Conponents on

pl astics material substrates or on flexible substrates may be cited, for
exanpl e. BPekAghable substrate, gr dataghable shryghyre aiid, or
sensor (for exanple chem cal, tpecphabdaakiohheh8Bbof£bi ol 0gi cal or

bi ochem cal sensor)_device that 1S conpletely or partly "processed”, i.e.
conpl etely or partllilleg]rdodﬁfc e ﬂrqvﬂ&l%ansfer met hod can be used to
integrate 20 the canponenhseantonf| exdlldtessupport £helhepecdnettrany odher
exanples of applications in i Jayer transfer_technjiques can provi de a
Sui tab%‘ee sol U lC|Poorhe ato‘J? ifsn oen(lzjr \fg]i %léllélong(%lxgﬁt s 0r ?ay%‘?bssgﬁ %ea kY potrl?et hat
is a prioripubudticht oof heilripr oduiot i omydmn/ A dthem samsaddereo of . t HI'inki ng,
| ayer ransfigi{.echini gues war & pl spvery ysehk wheRibbel ssmuired Lo
isolate a thin Tayer, wth or w thout conponents, fromits original
substrate, ¥t BRafsiteB\pEdEparhait ngadrreednitratihgseherphedefrogtithein
the same |imeiOfi4dnking, turning over a 30 thin layer and transferring it
ont o anot her support provides engineers with val uable freedomto design
structUres that wodf %‘E%W%é’%etrhenﬁfs"sqrblaé{t Sanpl i ng and turning over
thin filns can be uxeskdasipr@iduce chmpbadnskr uthst edbe f dnteyaapkd, saeh as

buri ed capacitors, fot. dynam ¢ random acce menor where, in

at W 02/ Oﬁwr%qf%%%bg%‘pﬁn gtgh Tadis C?fltc iporno%uoé%%%%‘ual si tuation,
the capacitors are Gameerftis spnarplddteics ranseeinéd Dt wtotheprsidmncon
substrate bﬂ@iﬁoi@béw fé‘@e% hea ¢ epel a.0f £dh& LAECH E S5 ON- 4G, MENE

substrate. Another exanple relates to the 5 production of tTransistor
struckures ¥ef @92ad t 4Nds HbThPel YRt EORt¢uctOPtOsSITRE O st §&t eSVESPhe
CMOS transi stoF ksappoducednirta ,SURStHad c4ls] Nghar®gNy eMiicarali dzachapel ogy
and then tgéne over and transferred to scecond St{@‘ﬁt;ate to produce the
second gat @ EAFFIHFEh e dnsietore Hhéteby® 169 G4 h8rfi5’%]ft§3éte
buried i n t'hersteuetd’ £ { see, choplexanple; dgartQuzukigddcedanaka, Y. Tosaka,
H Horie and T. Sugii,."Hi .gh- Power .n+- p+ | er

OME", 1EICE Trans > Eﬁggagonf{_r%q}%%_ra@%% 168 %p.E?%%ggg% it gratl

20 the components onto flexible supports.

There are many other examples of applications in
which layer transfer techniques can provide a suitable
solution for integrating components or layers onto a
support that is a priori unsuited to their production. In

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

30 thin layer and transferring it onto another support
provides engineers with valuable freedom to design
structures that would otherwise be impossible. Sampling and
turning over thin films can be used to produce buried
structures, for example, such as buried capacitors for

35 dynamic random access memory {(DRAM) where, in
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15 The requirenent to isolate a thin layer fromits original substrate is
*encduntered in the field of light-emtting diodes (LED), for exanple, for

i nstance as reported in the docunments WS Wng et al., Journal of

El ectroni c MATERI ALS, page 1409, Vol. 28, N 12, 1999 and |I. Pollentier et

al ., 20 page 1d56, SPIE Vol. 1361 Physical Concepts of Materials for Novel
Cpto-elect%ﬁﬁpém%ggice Applications I (1990). One of the S&TEERQ/H266 s to
i nprove the control of extraction of thé emtted | i ght. Anot her object
relates to the fact that in this particular exanple the sapphire substrate
used 25 to produce the epitaxial stack is a posteriori bulky, in particular
because itcbatebdesriaakliyni nsul aheveiswdli cbipuaveohs neled ngaphedtoirgal

contacts tQ its rear, face. T | e 10 renmpve. aft erwards, the sapphire
cUbst rate, Shi CRTAGS Advint TEbaUH v HEE R ot Er P RE e e HaEer ol
woul d 30 thubsappéar bedore dediriabitéd ngArthiadergnaialdesy toat tha s remdasnt er ed
inthe fie o] ppl Lcati i elqﬁ?ﬂgﬂg%c t'%&g n 1.Gr.Qwavyes, r
exanpl e. Ihqthﬁgési%%gtiéﬁﬁgﬁtgﬁ%'pre era eq?%ﬁ tfi'ggﬂ%%ﬁghtggiot%%

final Py i nPegeacédonntcd ot Sippotiohast AgchuBss hirgheresdsttiai 8y, doypileal |y
at |east sgyepalsthohm®,@n. T TrWQ024084723k RGE i 012083 Hopever, a

highly resistive substrate is not neceSsarily available at the sanme cost
and with t REOSHREAqQRI Pt PURSTERESSHANREr 8 SGBY¥EPALRBhsGEFICeRENoREE | n
t he case ofhshl itm,elﬁgfir@ﬂdaﬁ@owg?sfékg@a waf er ssedorxd aﬁdﬁéﬁﬁéte to
resistivity_are avail abl e ereas fo esistivities greater than 1

conm cm | HEPESFE. Jary HATYe AL e THtHe J00 FRPeFSatana MOGRERY at
all o theld@@imm sitwe. fnet sghiiki dmciersi st sthe prioduding: t heeepnionent s
on_standard, supsLraes anduiheny dphngatng I inal i 0GessysEeps,nt0r.
transferring a thin l'ayer contal ning e conponents onto a glass, quartz,
sapphire, éwvegiiinsliHaghvérsadstanade. Lo oipwet edthmircal Dowviode-6fatd ewOlt he

maj or benetijbsof tfiase: t¥ansd erpopet abAONSvbs .t d7decor reday e g?.e Rls@perti es
of the layer _in which the conponents are fornmed 15 and those of the final
support Ia?é??'and they are consequently beneficial in many ot her

Si t uati onsThéhekeuimenalngo e tédratsi buahiions dyewhicdmt hessuwhdtriataa t hat

is beneficial _for, the, prg [ af, th ope i S e ivel.y costly.
In this caggksggﬁtgxaﬁglégg%ﬁ¥ﬁ%Fegf %glﬁggﬁ gég%ﬁdéffo#ggiﬁnﬁnP%ﬁﬁéﬁ%d
per f or mancdiphieghdlEDe nperaat wremnmdfe ,usfeor siggtineant$ yrépprbedd imaxihreum

power s anddgega@ﬁlregi @S.sowoﬂg;ee,te%q-.),, JQHEn%IgO%@ £o8k coRar TER9ld con s

very high, 1t wou e beneficial to transfer at ayer of the costly

substrate PPrASt HddR5 Ydist atte ¥i|iLdon 102%bicds) TntRothenthexpeksiade -
sugsbbat e pheee 13]@6,COBiPIE_amﬂ)lt.OfI%DVQByEh@ia_ﬂemrﬁ%’tspfof h@la‘*‘t‘é’ﬂi'a)lsf
substrate for re-use, possi after a recycli oper ati an. transfer
operation &8A BgvgerPES_S&FC%§PBFg,DaﬁﬁfﬁgXBPQEFPEFOFﬁe p#&§§§?roﬁ”¥ﬁ t he
conponent spf3@hthebdbove hecknigues dapralvsotpeovenbenéf odi aktinacalilon

_ -elds in.phigh OQ%E{F&&‘Q 1&85@._”13&%*3&46&“ ﬁéc{ ek Lank ‘;}S’J V&}HE fd_nal
application. Power applications in particular nmay be cited, et her for
reasons asé$béiCatad tWieh PekéE 16vdédatroRPrer KEat SaRRhéRe Subgirered Used he

subsprate s Ixddlide ORebepA¥sQikN SAMRICASES ot Ko SHMF AW NBSik{| oWy
particular because it 1is electrically dinsulative, which
prevents making electrical contacts to its rear face. To be
able to remove afterwards the sapphire substrate, which was
advantageous for the phase of growing the material, would

30 thus appear to be desirable.

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

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



WO 02/ 084721 PCT/ FRO2/ 01266 4 through the thickness of the substrates with
‘| osses that are to a first approximation proportional to the thickness

t hrough which the current passes. Smart card applications for which a thin
substrate is required for reasons of 5 flexibility may al so be cited. For
t hese applications, the circuits are produced on thick or standard

t hi ckness SHOMAO8FE  which has the advantage, firstly, of PGBEROMIEHSNi cal
resi stance to the various process steps,3 and, secondly, of conformng to
standards with regard to their 10 use on certain production equi pnent. The
final thinning is achieved by separation. This separation can be

acconpani edidwetamgnséerhitghlanotasissiipporstubsitras@rei cases triecdssansiey to
anot her suppoar.t, i.s nat, indis ) especially if_the final, thickness

ai med at duaPVianlglathﬁiennaitngﬂ}és %%?? ﬁ%sgtntarf(g @ ﬁ’;}}lor%h ucSeaIQeequ nﬁlp ort{ n@je
struct ures.stVardaouds tsediati tptess cams el usedenwl ayehsf ein | ayles s damen onk

support to t . Theate iq i.scl in 1 T. El—lanjyg%{g i. et
al., Proc. %985?@%_ %@@ lnégfp gdg?ci%@ég?c?@r gggﬁ%%e. hese ‘e%rn(?ques
are of5 gredie2GEHWendTY t 8FAce avveyladrigbl e @he¢bges t doe treamsieivedi¢s om

one substrale i@ anphhgr 1 hehnt kay necessaril Y eoqnsune: the hagiGsubstrate
(which is destroyed durjng the process) and_cannot achi eve honbgeneous

transfer ofthe t4ith 7| 3 #hl @3 5o5R6pI| aferlils 1pr édent>qq man gize. One

non- honogenegaus l@yetohdithe 2h uhsivairey meher cahponOhtkherd ransi@sira

met hods knomh(r}})to tthe pers ntsrg(eirllled in.rtlhe art, #f is also %)ossi bée to use
one of trans esrtﬁange% hi i’ ayers ‘of %Ifjer? al's'% ha %@ dONtaT i a1l %‘?S‘part
of a Ifi cr odlmotafoani wirgpngpohnient . 18gae cbntheése ngetthed s cnperizaded Gtona
creating a i ed ay, i £ n terial ..y, i ]{rpgju& g one or nore
gaseous sub@t%énsg’esq&%tét’hi%psﬂmalj%c’t %teéemt Pﬁeélglo'—%:tt.Jiror\y\s\(‘:‘ntésui S A %‘74564 (or

EP- A- 533551), US- AGBZOR52 (6EhEPCALSEPITY) ,0FRVASR76THEG MeoroEFPeRra DI1D| 98)

FR-a- 2748850 (OfnEPs A 902843L, and, FRA- 2473261 (8b ERA RS 963598) e Whi ch
di scl ose such net hods. WO 02/ 084721 PCTI FR0O2/ 01266 5 These net hods are
general |y WEPHTIES nef objlect PVBTof Nddhdchi 'S HEMRBI Gt 3¢ i faFredm an
ori gimal subsdrailodd tamnsiies ifimat o susSpPpor tladde, t himd fitmepbt ai-aed
may then contaln. . nors Lom ok the ordglnal substrate,dhese S films can
serve as active CI‘{ayersyfor e pI‘OdlUCtI on of - el ecttoni ¢ or opti cal
conponents. They neihesont abl solo obeal ¢itpdd asdsmpshens. Thewdimit hiods in
particul ar epahle reusq.@f the substyate afder sepanatd O MBI Y ol tihe of

I
t he substrate 10 bei ng consuned on each cycle. This'is because tﬁe
t hi ckness reafRVAERISS freotrert s il roFesthan B0 f e fri €2 vt B9 %, SxifBp bas

substy@t e tiHpknesses iarie drypiceablivieseverakrhugdr edp b eEQMBS&F Sorhdnk s

therefore pgssible to obtain subsérates that.fre simlar to sqlljbstrates t hat
are "dermun&;hlbqké@r CtHREIB VLT o 5ady° Uet atHabt €52 by YrethRan? €af BEFe8Y™ jn
parti cul ar gpawdide case dfrdachemetdrwod odi sasesedeitn.) he dotunehnt s&S- A6820252

or EP-A-80 R I oY L cul S S I I tp form
Ll ragi e burtal s S PRLICRY, B PePEREN S, PESRC 0D LOPARLELL Ol 10y
Q her net hdosnddedaonthhe "Iaver off" s neppleéy a3 Wesisepls atldéna this

| ayeryd rom tihe: fiemmi nder <o | ESrvfdd) N3 tSUPPRE t 1 ndgRleh Whihosiththeatat ter
necessarily being copsuned. These net hods nerally use selective chem cal
et ching of  E'%UF i et +AERE medldt £°1 &FEPY SPo 'eblryemal:rlder of the costly

substrate for re-use, possibly after a recycling operation.
The transfer operation can be carried out before, during or
after the production of the components.

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

35 thin, or because in some cases the current must flow



25 associated with :nmechanical forces. This type of nethod is very wdely
“used to transfer I11-V elements to different types of support (see C.
Canmperi et al., |IEEE Transactions on photonics technol ogy, vol. 3, 12
(1991), 1123). As explained in the paper by P. Deneester et al., Sem cond.
30 Sci. Technol. 8 (1993), 1l24-1135, the transfer, which generally takes
pl ace afterWAO%H4/2kial growth step, can be carried out bgﬁgﬂ@“ﬁﬂ%&§QEH

t he production of the conponents (by "poét-processing" or "pre-processing”,
respectively). 35 O the nethods using a (pre-existing) buried |ayer 1r
WO 02/ 084721 PCT/ FRO2/ 01266 6 of | ower mechanical strength than the

remai nder ofhtdeglsubster atlei dlnedd abh Itoeal $ Zesh sepas alviien, ltdresds TRAN:

met hod may be cjted apanese Pat.ent, .Publication Nu r 07302889 In this
Case. 2 ot Ok baBe ol ThanGEEY ST AT TS Ko Ban THT el 3 nEAKBKRE By ¢ he
formati on ofheopohoubicégitdre Anotdmt phpbkbar Smagdt icardonmspsisathons
expl oiting ce o but.i i de.i.n i o]

i nsul at or (%£§)Rgﬁgﬁgt%re?hﬁgmg%gggggg%%aﬁg t%%&Tg€§§rq%§a g? g%%%segge
(i.e. produtkexipthblyY Be¥kPAg§oaRg parttecouliar 10 <R ¢atiownsfethy. If

the struct U&Pr&§i@$pd§gesuf3£bﬁh§@@il YoRUTORgty tor a”?ﬁ@ﬁ&a:’?&'bs%ﬁ&ﬁnégg_ a

high stress is applied to the structure, localized fracture, preferentially

achi eved i Sihetoxiag; camfRaddad dheut Gdvgréroset SharfRéYscaPé oFCPHe
entire subshsahgnidhe deaumeninckd {HPHhPS ol pobcReseantdys, vehd, 49, N
1/2, 1995, shows @n ex?nphg f Hhis on gggeg 5% to.%g. Unfo&%qgateé¥ t he
fracture i sSSTPPTEUl t Ofo COHGFH Hhd-hec beRFE AT ®s "Aigh HTedshi Cal “REFHEsses
to bridg itusdoah, celritehni rvotudtries afquipmenitsk Wfe bfigakl nghofntihe is
substrate o hng,,t ongnl:s, .ant S j

fragile Iay%?gﬁg?%%dgyiE%F%gp%gﬁgy ggﬁﬁbélggggg¥gﬂb?%iu8%3I%§£?§H%ggga on
crystal | i néb%i Frapafesr LS @nobipr AGRONE -NIOB,sAeTgosseetehe) tranafeange

of thickness,fgaBLActewulbers tofi angst ram 2 diids  Aeded {80 M £7 oRBt €r' s
(um, with ver%%good honngenelty. Greater thicknesses can al so be achieved.
a

To fabri cateldet abhapkeestr FiMi% 2 ofUpoRei bléNBdBgedifertui i Ersdnt 6P a
| ayeriont o gnethee soppoeshpporsuhsgt satectihtess known to the person skilled

in the art to 30 co&££oé th%ee ehghes Qj t he bgnda %etwgen %ae Iﬂ%er and
the substrate, as ihdrcated T Thg"d8criféht " EP 0702609 AL "SPhe i n9éhtdrs of
this patentfare anso awererthap, drotiroductha derhchabke siibsthee] ih is
al so possi b gsb0pyse. MRLhads duavelwing L he gontighy Of HNAIRY £eEceRadd

existing at t "Uet achment™ surface to assenbl e together
02/ 084721 PeT/ FROb¢@12660y example. These techniques are of great

20 benefit since they enable a layer to be transferred from
one substrate to another, but they necessarily consume the
basic substrate (which is destroyed during the process) and
cannot achieve homogeneous transfer of a thin film unless a
stop layer is present (i.e. a non-homogeneous layer in the

25 substrate material).

Of the transfer methods known to the person skilled
in the art, it is also possible to use one of transferring
thin layers of materials that may contain all or part of a
microelectronic component. Some of these methods are based

30 on creating a buried weak layer within a material, by
introducing one or more gaseous Substances. On this subject
see the documents US-A-5374564 (or EP-A-533551), US-A-
6020252 (or EP-A-807970), FR-A-2767416 (or EP-A-1010198),
FR-A-2748850 (or EP-A-902843), and FR-A-2773261 (or EP-A-

35 963598), which disclose such methods.



terrporarlly the thin layer and the substrate fromwhich it is subsequently
‘to be detached. The situation in which the bondi ng i s obtained by nolecular
adhesion is of particular benefit. O the categories of assenblies obtained
by 5 nol ecul ar bonding, silicon on insulator (SO) substrates produced by

t hese bandj [ ques constitute a particularly benefigial y. The
cat egory eh@gﬂ{{ﬁg‘@gt a nunber of vari an%s, t he principl esi‘jG&/m%‘ﬁgg‘{e
described in the book "Sem conductor Wafer bonding Science and 10

Technol ogy", Q-Y. Tong and U Cosele, a Wley Interscience publication,
John Wley & Sons, Inc. Sone variants are known as bonded SO (BSO) or
bond and etch backTB@e(rBESGDQiS Apar ¢efienal bpndied vihvbl Vhagobhpeetiutar
adhesi on, geast hiROt nbeliko0D BRYSIcaln! ehBKal,Oh 1 fenot! ghpal -8
substrate, g techniques and or c em cal etching tec ni ques.

Q her vari ’éﬁt §ra@é§@ﬂ| Béd 9T Dat t SHEPerbf ofBead hiay &l splsfainge@chalques,

are addi ti gpahl y-hiaseth o honding byrmalircub at g adhesiem and separaksan by
"cutting" along a region that has heen weakened, for exanple as in 20 t he

met hods degéﬁnﬁe&%rh Fﬁé"&oc%?reﬁt%l% A&L%%eiﬁ%Gioefort@APB@%’S“f)loéhdo

US- A- 6020282e €0k oEPcAc80BPEQ)a(ls epaipainiednt sal ang yamd @it £0h r egh@npror in
t he docunen% EP.0925888 %segﬁration by fracture along a buried | ayer that
has been r@ 5e?£d p8?888 atever the exact techni que used, the 25 common
feature of these vﬁheaatmﬂbhddmﬂnnU$mxﬁ1auﬂ&mubaabbemﬁemﬁeimﬁhnsheof t he
cases enco n et n spratgs, h i con
(Si) or SIF %g%?%;%déH?%uJ %gg§£gﬁgoghrp§§3s -%ggb%%u |§¥%Qg6%F§c

O helOmat ebFahg apesyoRet PResachcouAter edhiai ma@sausmthdébchoeém )

| F non-det aghabke SO strdigidies; ane® tRobe obiai ned, rbhe gurtaptters,
preparation operations are intended Finally to provide, and often with the

ai d of annBRPFR§ScAFPPEF26Gt tAECEPCRBRAI AGS RYBRCBORYI AGVEHRREgIERIEGHi cal |y
35 from 1 #h@cZodbiBrsConvents ataddaford hedaindad deprepasahi 8AbstiratesWO

021 084721 | FRO2/ 01266 8 erations, th ndi ng,ener t he cture
Ve of ‘the GROE S0 T08A3Fnebar P EaNRE B EPALur BEan R hOPHE af EEPE

anneabi ng at 400G dywrd8banhabtes, biyn melvhagase lofstSieE,Si 02 bendinglébondi ng
ener gy det%amewgié&géhsfbkﬁgemg@headdis@qssggpqqlmmgwﬁgéhﬂeﬁﬁess _Naszara

et al., Agg Phys Lﬁfg e structure is
anneal ed af Oﬁﬁéh (Cenfer A iE ) 05y is tH‘?eftb‘d?‘rH]t%\‘g R¥FYSS chh Besgd hi gh
as 2 J/n2 ¢k MYemddeiat @b. fosRNiLonghigi D& wateedbordiiRg, Witi&mces
Technol ogy and E gtl on IV,_.PV.97-36, 10 46, The El ectrocheni cal Society

Pr oceedi ng§"8efite AAfnGEoniPRY F1888F5X- Ot her forms of preparation
prioeoto bondi ng erthtr farthexayplleaexposur ehef theftsusf&Atesrtachelbonded
to a plas for en ma n n iV

bondi ng err]rgr g| ess\/\??gg % ag?vvaogys/l lg&%&ss% 3 |ﬁ%ﬁ§ucﬁ¥lémganl§1ea méﬂfl( Y% Li and
R W Bomerorégmndi Appporphysagax/@l wihoyr #3® 1988pr | pecessarily

contradlstb@@hboncb%shﬂ%dabOW%esbhembeﬁsagorseaegaum er ggtedsincdet gehabl e
SO structures has been shown that different nechani cal strengths can

be obt ai ned 9@15§‘lnﬁﬁquﬂ1% LhehParas 1357 Ittt Sest a%er ¢ h@oﬁéﬂl&l]rﬁess of
t he sarfacesSoE@@temarmJte; rescmandiccaalt eﬂorcﬂea papes hyp@ dRayssagoet ial .

(Proceedi ngs_of the 2nd | n ernatlon ece on terlal f
M cr oel ect I’%OHIYCS ed\?f Comr%nl cat%ronSSfer. ?35 v N% dr o?l é%r :%c gEE0Eni ng

25 i ncr easégpele afougipmesy ofsee I%ye@amem I fEtoﬁlOXI EEEETﬁeapapertld@scri bes
how an 8 ngl AFEBQQ L per e@?&;éﬂ? }Rl\/svroqugh@esslﬁrom@g 1, nm-ty 3q 62%
ed t % 55 nm

has been verif hat~si 02 ondi ng wi th roughnesses of 0
and 0.625 mHPleinele ¥ackhg PapPracdyy y?el dsmgeB6Rdi Y edér gy Ssigande of

the gpder @fi500radhAB1after @mvwealing1a4-11360C the €.t T QW ntiRAN 1N
ited. The .inventors have shoran that in

t he standard s|t tion previously

this case BRESHE h’emarfgescafﬁf%%ee gFSFté‘B < Provide Het'ichablePbofding
i nterfacespeevenrafiter annedbd igreaat dui ghftempetiad ursydwast i3m hicgh asel
1e0C. By as%%& n%w%%nblnﬁvg M%H%Q %%%ce551ng" or "pre-processing",

respectively).

35 Of the methods using a (pre-existing) buried layer



W O 02/084721 PCT/ FR02101266 9 preparati on before bonding with suitable

t hermal annealing treatnent, it has been denonstrated that detachable SO
substrates can withstand, wi thout untinmely separation at the assenbly
interface, nost steps of a process for 5 producing CMOS transi stors
(itncluding in particular heat treatnment steps at high tenperatures,
typically W 18424 el | as steps of depositing constrai nBAT/ERO2(04266 or
exanpl e layers of nitride), and could a ‘gosteri ori be detached at the
bonding interface by the intentional application of 10 controll ed

mechani cal stress. Technical problemand solution in accordance with the

i nvention D@famkﬁ@ﬁiomfbﬁaalme%I fmmMﬂﬁﬂfobgaglL@héhexﬁﬁﬂkﬁ%%:06f””¢$é|ayer
structures articular in the abrication techni Qr

n croel ect r%‘H? E%%on%%t SObE%Jn%orgoc%Jr?:ze hi §e?§r%§%‘é{55e hBSt gﬁ%@ﬁent
chem cal t rreatinedt malyydpef laigrad eﬂapangseetRat)entrrec‘?haﬂmcalt1and/m111mkpd§uys| cal

t I I
Companent . 7 HERERTT| o ndl GF 2051 Ukt S 5 BACR st ape Rt | e EERani ol
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The advantage of such buried fragile layer methods
is that they can be used to produce layers based on
crystalline silicon (or SiC, InP, AsGa, LiNbO3, LiTaO;,
etc.) in a range of thickness from a few tens of angstrom

25 units (A) to a few micrometers (pm), with very good
homogeneity. Greater thicknesses can alsc be achieved.

To fabricate detachable structures for possible
subsequent transfer of a layer onto another support or
substrate, i1t is known to the person skilled in the art to

30 control the energies of the bonds between the layer and the
substrate, as indicated in the document EP 0702609 Al.

The inventors of this patent are alsc aware that,
to produce a detachable substrate, it 1is also possible to
use methods involving the control of bonding forces

35 existing at the "detachment" surface to assemble together



15 nechani cal treatnent necessary for the production of all or sone of the
nlcroelectronlc optical, or acoustic conponents or sensors, or epitaxial
growt'h steps, wi t hout causing premat ure separation or del ami nation. More
generally, the invention consists in a 20 conbination conprising a thin

| ayer on a , said layer being connected to said substrate b
interface ngﬁifbé‘ﬁﬁr nmedi ate | ayer havi 0g a controlled | e\$7p T@R"Wﬁgm cal
strength. To this end it proposes, firstly, a method of 25 preparing a thin
| ayer including a step of producing an interface or an internedi ate | ayer
between said thin |ayer and a substrate, characterized in that said
interface iksmppodudég sheashin hasema dhnd sthe egilost have ngramf whithl dvel of
mechani cal ;str, e n g Vi ng C | evel
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rendered porous). Whatever the exact technique used, the

s

25 common feature of these variants is their use of molecular
bonding, in most of the cases encountered in the literature
between two substrates having silicon (8i) or silicon oxide
(S10,) at the surfaces to be brought into contact. Other
materials are sometimes encountered (nitrides, silicides,

30 etc.)

If non-detachable SOI 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, high bonding energies typically

35 from 1 to 2 J/m?. Conventionally, with standard preparation



WO 02/ 084721 PCT/ FR02/ 01266 12 Accordingly, the interface or internedi ate

I ayer produced between the thin |ayer and the substrate is mechanically
weaker in its central portion that at its periphery. This greatly reduces
the risk of untinely 5 delam nation. Said interface or buried | ayer can
take various forns. It can in particular be defined as: - a bondin
interface (WPW/®4#72i t hout adhesive, for_exanple bonding b@CWB@é/Q?%ﬁ‘?
adhesion), and with or 10 without an i nt&rmedi at e | ayer (oxide, nitride),

a layer of mcrocavities (and/or gas m crobubbles and/or platelets), and
nore generally a layer of defects, - an internediate | ayer having
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by different prep aratlon 25 before bgndi n roughness, different
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Beag_ treat fH%Lﬂjh dlaéfezremléfs @ln ﬂé&bh@ﬂ!h@r aften, prls@glu&%gu&bgo&og&aaﬁrfor
ondi ng, - e case,of a lay m crocayit reduce

i npl ant ati P rﬂ%“sr? ﬁl?ﬂgesg@(‘fﬁ‘&‘ ﬁé)&yor?rﬁf Jpjr‘éEI“'eJr%rht Ly griowt i %

m cr aar acksid,n trre.efl rBlecegbonemicah tf&)dzaﬁ:@ of Paopeedlisgkayeseriys,

nodi fying t a p S t igher_in the first region,
35 - in theg]eglarglg{%f& %J gil’?f%%l at &r%&grf% n #]eprgleeréarar#l%%%%4%
PCTI FRO2/ 012681118y cwemébal fegmpeoimmilen, expﬂsemfedof othe selrderieselty be

chem cal I'y \&h,ehed, tcbyavawlsﬁg therchenhcal e norgalavgmaqh CaHY hes R
doping difference or a conposition percentage di ference for

seni conductioreklibst aAeeva+ B8Rt exakpreinghi cKPREGIESS hatie@uh rec@lwmct on

any vidi at irfgrddk sensind Vehyht angReniesl etching. ade RewIoEWHECI $8n. I N
t he si tuatl vvhere 1%ktlere are onﬁ; t wo {f{g in accordance with
preferred feat Y% i Aventt on,P pok i/]gs(‘?q‘? conbi nation (in which case

In contradistinction to the above, the inventors
are interested in detachable SOOI structures. It has been

shown that different mechanical strengths can be obtained

20 by modifying the hydrophilic properties and the roughness
of the surfaces. For example, as indicated in a paper by O.
Rayssac et al. (Proceedings of the 2nd International
Conference on Materials for Microelectronics, IC0M
Communications, P. 183, 1998y, hydrofluoric etching

25 increases the roughness of a layer of silicon oxide. The

paper describes how an 8 000 A etch increases the RMS
roughness from 0.1 nm to 0.625 nm. It has been verified
that Si10,/810; bonding with RMS roughnesses of 0.625 nm and
0.625 nm for the facing surfaces yields a bonding energy
30 value of the order of 500 mJ/m? after annealing at 1 100°C,
i.e. much lower than in the standard situation previously
cited. The inventors have shown that in this case the
roughening can be exploited to provide detachable bonding
interfaces, even after annealing at high temperatures, as

35 high as 1 100°C. By astutely combining roughness



10 the second region surrounds the first region): After the step of
producing the interface there are effected a step of isolating a fragnent
of the layer containing said first region and said second region so that
sai d second region runs along the periphery of said 15 fragnent, followed
by a separ tion in which the substrate and the t re
lifted offa%kp&¥ﬁﬂzigase the lift-off sfep is sonetines ﬁggﬁkgé®iﬂ§1
preceded by a step of physical delimtation of the second region vis a vis
the first region, for exanple after partial or total 20 cutting, by total
or partial chem cal etching, by total or partial nmechanical fracture, etc.
The i nt er f aReCPAr Pk befuceal BEEweeRdANg uMi&de Sofl tald es thstierle ameal sug f ace

of the |ayefycanfedhe Stepngl mduchBgohberhptsr fragh i nekydRs RSt &Py Of
preparing at 25 |east one of  these surfaces and a bondi ng step during which

that surfactPsthoheed CE8 tHethbt Rdsurtibeuby Wotdettar S88RESESRNboREI ng;
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whi ch sai d Bmément nssepe 4T rlsigme*gercmerxtmmhe | egsidydrpphi 10C°©r a4 s
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PCT/ FRO2/ 01266 14, rdXG] d@ﬁt@?fgéédw aygt ankdhe acid ebehipgelsqeffect ed
with hydrofluoric acid, the surface’in this second region being protected
fromsi d etehi gl byd anpriotett?bnst¥d¥S exanpl e nitride) layer which is
elimnated afterwarpichiicdl apebbiemV AndAndo L titors Ui h aGRdrdaindeLasitpne of
t he two mafgrs |s_ent lrély roughened and In Sone poriions the rougnhness is
then nodifi ly inproved, to obtain greater bonding forces, for
exanple with the ai @eb&mnﬂMml ipod i%éﬂhgkmwmtpmnlenmhatn@atomext
chem cal 10, peghaniGal.or LpphecLreal manl, por, by, Y ghohing. ciTqprepare
the surface and cont t he roughness, "especrally 1T one of thé surfaces is
an oxlde, pé@b¥a¢a§t©@ etelrngacan béOéff@mnﬁﬁakﬁqﬁ}qnmﬂcﬁ¢@mp¢@e@b$d

The step of sprodugi ng=£he imier f age jaed wes n’éaié §§:@9tfﬂfen\i\eak@t@érﬂgc§-l
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treatment step advant3geBasyy"y 5? UL AT ebfFRTYST &% i B q h@%r FP¥P e aci d
medi uad  Thehaechani eakfand/ oraghemcaboser engtds of Lede | nd er fmpervant

connect | ng bayer L, ndidd oduty noprupl Lormneaha! rapimn Lo gebectiyely

strengt hen or se ecti en SOnMe regions conpared to ot her s,
accordi ng tdurface film at the edge of the wafer.

Lavyer transfer techniques (with or without

components) based on the production of detachable

30 substrates by forming an intermediate layer or fragile
interface (whether by weakening by implantation of

substances, by formation of a porous region, by control of
the bonding energy, etc.) come up against certain problems
associated with untimely delamination 1f the processing

35 prior o intentional separation is too aggressive. Cracking



WO 02/ 084721 PCT/ FRO2/ 01266 15 whether it is a matter of bondi ng roughened
surfgces, porous materials, buried defects, gaseous or other mcrocavities.
The step of producing the interface is followed 5 by a step of separating
the layer fromthe substrate. Between the step of producing the interface

and the lift] step, there is advantageously a bondin durin

whi ch the %éb@goﬁégbondgd to a second bs?rate.ySaid bongeméﬁ§£58266 °
advant ageously consi sts of nol ecul ar adtresi on 10 bondi ng or adhesive
bonding, in the latter case using an adhesive hardened by UV, a resin, or a
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advant ageoashysehfécuednbpnadirdadighiang taved/asigesppldwaitiontiod pechassca
stress. 15 T ol f 'q@ggﬂ%t rial Si e, .54C GaN
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substrate mas obt ai ned by |nn|n%§an original sem caonductor "nmateri al

subst Pat e. L1¥Re %%lHHFhQQQQ%KHEP 8 bPTAREHTRI Mpandssd to @ high
chem cal - negbasihgal ior piheicpvhtshicogtandhariehemathdsb welftidlg. andhe
thin | ayer _on e_separabl e su strate s obt ai ned tting intot

ori gi nal ﬁ?ﬁ% A6Et 6r et eri & %ﬁﬂ%ﬂr yle%ﬁelguﬁg%hdy %ﬁ%ﬁ%ﬁ%do
cutting atcbmpoheneb 3@nof adraneichatdada | ayer . thdhe planited wassak Iayar is
obt ai ned by_i ti eparation is obtained by heat and/or
nechanicalggkgygﬁﬁégeﬁggagggﬁzatnent..The substance inplanted is a gas
(hydt@gen, 35 helifdm @tieot of Whe2/ios4TXioPCTLFROZ 02286vieten thens of

product, tagawxsngl O £Y PPOSES akk as$ eI 1GOMRL! Shny; & é@)@ubQE‘réF
substrate said | ayer being connected to said substrate % an I nterface of

whi ch at Iéﬁ%?réaFFr§¥“€ho§§ﬁl?€éyon3QﬁR9Q§%| t5¢ I%mﬁﬁr%ﬁlY?IHQEhaﬁﬁéﬁl
strength aBépéréCiGﬁda&hOﬂ@ fﬁguonth:aé anlje\wIe Qfmgmdtamecaéf,stmagteh
S|gn|f|cantI¥ gher thaqwmg: &lrst veI K lyg second regi &h
surroundi ngStRESFFYst ragi b At di WSt o 6%3 erreéx¥ea?ures i cR"may be
conbilhed: mechAnicagnEneataenbtaétysaarpaforathy gebdnctedn(by slit pmg,

et ching, ﬁmé i n, gai CEHeay%lEPBE%EtPQnFé' d f%ftsltc;{leg' O'ara“daéébgt.%écond

region so that said second region runs a peri’phery sal
fragment. CYRBODNAREF &de $€sn~°;5?roi}uc‘é€l sétlwééhaé Sinomacde aﬁera% tHétbapstrate

and a surfagesof tb@ehéi@ketBéﬁaQéﬁlgﬁngﬁddQYaﬁPﬁgﬁyéﬁr adhesi on. At | east
one surface of t%e i nterface h%sy omer rou hness in saiqd second reglon

than in the first Y8§fongenera
20 combination comprising a thin layer on a substrate, said

he ention consists in

layer being connected to said substrate by an interface or
an intermediate layer having a controlled level of
mechanical strength.
To this end it proposes, firstly, a method of
25 preparing a thin layer including a step of producing an
interface or an intermediate layer between said thin layer
and a substrate, characterized in that said interface 1is
produced so as to have a first region having a first level
of mechanical strength and at least one second region
30 having a second level of mechanical strength significantly
greater than the first level.
In other words, the invention proposes a method of
obtaining a structure having a buried structure (interface
or layer) whose mechanical strength is higher in one region

35 than in another. Thus the interface (or the intermediate



The interface i$ forned by a buried layer in an 20 original substrate, the
* first region being weakened nore than the second region. The interface is
flormed by a porous | ayer between said | ayer and said substrate, said |ayer
havi ng differences of porosity between said first and second 25 regi ons.
Said |ayer is further bonded to a second substrate, advantageously by

mol ecul ar aWREW47Hondi ng or adhesi ve bondi ng, for exanpl BCB{FROZ/0dgefesi ve
hardened by WV radiation. 30 The mechadilcal and/or chemical strength of
the interface or connecting layer is selectively nodified with the aid of
treatnments (heat treatnents, UV exposure treatnents, l|laser irradiation
treat TTER'[S,la%E%%)) thlaa;t _Béeld}_:ﬂCJ_&:iikzZeQﬂ ak n@nﬂmicft(lrdﬂtefsei@@ﬁiﬁ/@hé’nts,
strengt hen or . sel ectivel y weaken .sone, regi ons_ nore, t han ers,
according S VS0 O BB FRS 1586 1 b WHETHES 15 1 R Guddtibn of
bondi ng roughened ﬁﬂﬁkﬂ&ﬁﬁmﬂpOfO&&i&Bterdab&mebhrled dbéectsexpreQQS@mus or

- - wl I
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or unprocessge PRONEt L6 FREELLaLSp L Bhif rgeser 'L%t%eofof hgs g5 M D900
hj ects, features and advant ages of the inhvention w|l energe fromthe

fol | owi ng deScrd ptFORCLIRFP'eh i3 gi FEPCIRT PO MeRdHwhi t (FECh | | St r aki ve

exanpl e andiwdhried e@f_engesit@ckhewm@@rrn@mldngs@f@m ngsLarhinai &h; fofigure
1is adi agram‘railc partlal an view of ., a 15 surface on which_ two regl ons

are prepar €F¥FP that They 'ha heF Rt er el Frol EBul Ht bERHP A Shat Act BYFSti cs,
- figuwe 2 meclkanvieml i stgeski oft takeiorgl obhgndheg) | méelalr- | Icmmpfegmenl -

flgure3|sav1ewof onmbj nati on _canpri Si 20 t hi er_on a
substrate witH &4 n?erfz(:edo t%eq??%ur%rSLa%%&’ %I gcpuur eﬁy Chemlcal
di agram"ratlc'ﬁ:t’wce}w i @s seetl oms 0il1 heeavhibd e oforebitdthidrayer on a substrate, -

figure 5 is a view ir?l SRl i QQsQf & SHRst r;?s’r@u?cﬁll"ﬁf ebr%‘i\éhdeﬁ'l%&gséd

protective |ayer, ure iIs aview of the figure 5 wafer after
recessing |1ﬁerellﬁ?}@%ﬁ’%r 7f sl%l §F eliPfired SandevatlertgterPsiratagiene

recespgs W t h-ige depgsict 20f pxé deor3det ftllgwe ghd Sn@tVb%\ﬂone sairte waf est
covered with the oxide dep05|a8after | i shi Lgegls a view of the

wafer after"@¥+%tn "’lvo“rp%f Surptts o% a%b%??ngS't gur 65103 s*89VPBw of

t he waf er afterudediwgtail3sSthdi setayerrayiaiter fixing a thick |ayer and

then thinning Especially when the whole of the thin layer is to
be transferred, at the wafer scale, the region with the

20 highest mechanical strength is preferably a ring (an
annular ring in the case of round substrates), whose width
can vary from a few hundred micrometers to a few
millimeters, or even be of the order of one centimeter.
Thus the ring can constitute the periphery of a round,

25 square, polygonal or other shape plate whose core 1is of
lower mechanical strength.

In a situation corresponding instead to separation
at the level of portions of the thin layer (by die, by
component, set or subset of dies, etc.), the preparation of

30 sald layer preferably includes a step wherein at least one
fragment of said layer 1s isolated on the substrate and
gsald second region extends along the contour of said
fragment. Thus the first region can be fragmented, each
fragment being surrounded by a region of greater mechanical

35 strength.



WO 02/ 084721 PCT/ FRO2/ 01266 18 it,- figure 1lis a variant of figure 10, in
*whi c'h, t heoxi de coating penetrates into the substrate and into thethin
layer,5- figure 12is a variant of figure 10, in which theoxide coating is
onthe thin layer,- figure 13is a variant of figure 11, in which theoxide

occupi es dj regions in the substrate and inthe thin | r.10- figure
l4shows a %&ﬁg{ﬁghzh whi ch the interfac@(s formed of a Ia&&ﬁ¥§3%’cf66y
regions of differentmaterials (in this anple Si02 and Si3N9),- figure
15is a variant of figure 10, showing aplurality of regi onsfornmed by the

oxi de, 15- figure 16is a variant of figure 14, show ng aninternedi ate
| ayerfornmed of a pRocalridiipngdfy,r eghensindfadifdar entr mattezimddiatd i darver

17shows co QSBhrcieQ apd Llerng Engtmgs%yépd_ 20 d 1 gl (lBshows an
array of regions Z1 in anoverall region Z2,- figure 191 s a di agrammatic
vi ew of thaegdasapylvonVeplare 4 afitér deposred ngpox tspt akbakayat , 145 gure

20i s anot hgp yVbewraf t eyl egulealn 1RONQicn@RRQf @ Hd nali sgubsts at @i nfdi1gur e
21i s another view after application of alift-off operation,- figure 22is a
di agr &mat P& 1¢MeR2GH O& -waf er obt ai ned after Iifting off and poli shing, 30-

figure 23is a viewsafida sepearphte assephlkyeaf the/di guae 4dcdype varfigiy e
24is a view thereqf after, produycti (1% of so ar gll of the conmponents, for
exanpl e a 86T dbsicéfor Tg&e B35 AT bFe B80S 7iSéw t her eof after

deposi tion of WO-02108a7@iln @ X iidk e rifiya cE€VP( w POT/ BRO24 DURG6E - fdhgueriere26 is a
vi ew t her eqf. af nay | ion 5 z: £lgur hesion hondi ng
- figure dg&{i d%ggé %9%% %-dr@gt??eb?hﬁlﬁeg:ﬁ%% ?g@??l%gurg‘“ gguﬁs Olz}ovi ew
t her @8f af warthoslte@n amtEmediditiey lagstr tlcedideent)itraglels a Vi ew t her eof

after separation and 29 ,iy& @ o eW 9o wenaablg Besely fc@bubbles
and/or platelets), and more generally a layer of defects,
- an intermediate layer having characteristics
different from those of the substrate and the layer, for
15 example a porous silicon layer, which can be differentiated
in terms of its mechanical strength or its susceptibility
to chemical etching (chemical and mechanical), etc.,
- an intermediate layer of different chemical
composition intended to be selectively chemically etched.
20 The differentiation between connecting regions of
higher or lower mechanical strength or other different
kinds of connections can be effected:
- in the case of a bonded interface, by connecting
energies obtained, for example, by different preparation
25 before bonding (roughness, different hydrophilic
properties, chemical surface connecting states, etc.)
and/or by heat treatment differences, in particular after
bringing into contact for bonding,
- in the case of a layer of microcavities, by
30 reduced implantation dosing in the second region or by
preferential growth of microcracks in the first region,
~ in the case of a porous layer, by modifying the
percentage porosity so that it 1s higher in the first
region,

35 - in the case of an intermediate layer of different



30 is a view thereof after production of conponents, - figure 31 is a view
t her'eof after separation with no transfer to a target substrate, by

hydrofl uoric etching and/or application of nechanical forces, - figure 32
is a vi ewthereof after separation into a final substrate and a substrate
t hat can be_rec - figure 33 is a variant of figure 30 after cuttlng

of trenches 9r02 Zﬂes bet ween conponen - figure 34 is Bac Re6e of
showi ng a conponent in the process of bé?’ng lifted off, for exarrpl e after
hydrofluoric etching, - figure 35 is a view analogous to figure 4, - figure
36 is a diagranmatic view in section of the figure 35 assenbly after

adhesi ve baridimnigcof eonpesspasent istbsiedttey be fée;l&ceti&r?e]i;s caqazidamb]fythe

upper portian t O|IShIn ure 38
i gpa vloew oefot ged upp)z @‘;%ﬂ@%ytﬁ% Gfr!éiga"gsise rﬁ; Orrp’l |"*}f| ng oefrf a%ga

pol i shi ng, dogirmgur eilggelranaevu@w af amnia@fsbtmmry aﬁalceg(oaset olitfereicd i gure
4 show ng rgglons §%x‘n£’lf6'§&§gt9¥ chemcald ndegstrat C“%BEBH wowIJl@“re

40 is a view thereo ter bondi ng an uppér 3‘5- lgure 41 is a
view to a Ila@fer ascdiee@F aRPracip Up/ 9847 YR IPETAPR, 0@%26612@Va§§erﬂﬁy

i ncludi ng idt&rieaves: sieghons Z1 and ZZ - f| gure 42 is a view of an
assenbly anal ogous to that of fi : ure 43 is, a view thereof after
deposition of 5 an &pi PExi™rStR T(Cb%%'edlﬁ‘n , SityabieR HRSTE aSRAER

t her eof af tefe bondy ngw@ BadpsSbtat ein-addotmen &b i stia it e f hed efdatalirdé e

time Oflifé%”%hgfnnventlon, possibly in combination (in which case
10 the second region surrounds the first region):

e After the step of producing the interface there
are effected a step of isolating a fragment of the layer
containing said first region and said second region so that
said second region runs along the periphery of said

15 fragment, followed by a separation operation in which the
substrate and the thin layer are lifted off; in this case,
the lift-off step is sometimes advantageously preceded by a
step of physical delimitation of the second region vis a
vis the first region, for example after partial or total

20 cutting, by total or partial chemical etching, by total or
partial mechanical fracture, etc.

e The interface is produced between a surface of
the substrate and a surface of the layer, and the step of
producing the interface includes a step of preparing at

25 least one of these surfaces and a bonding step during which
that surface 1is bonded to the other surface by molecular
adhesion bonding; the step of producing the interface
preferably and advantageously includes a preparation step
for each of the substrate and layer surfaces. The surface

30 preparation step preferably includes a treatment step
during which said surface in said first region is made less
hydrophilic or 1its roughness is locally increased, for
example; this refers, for example, to 1localized acid
etching of the surface in this first region; to be more

35 orecise, 1t 1s even more preferable if at least one surface



10 - figure 46 is a view of the upper portion thereof after polishing, -
‘figure 47 is a view thereof after renoval of the |ayer under the stack, -
figure 48 is a view of a substrate including a 15 buried weak |ayer, and -
figure 49 is a view of a substrate including a buried weak | ayer portion.
Descriptio pnvention 1 - Ml ecul ar adhesi on bondi ng 4 [ 20
The preferpgg;gégﬁ%?gs sel ected for thelqetailed descriptigg&ﬁﬁﬁﬂéﬁﬁﬁy
relate to silicon, which is generally available in the formof round
substrates, for exanple of 200 mm di aneter. These nethods transfer readily
to other systens characterized in particular by materials other than 25
silicon, inltBCH&RES MEDi MEIAne2Yahd aRdt Ho\wt ebdr efagingomst het Seoped of
the inventignehSayarerhadi-ent:2iof, the NBhhpseacenr ¢nig tQ IRy | AvgNsH on
tend to encourage lifting of the layer off its substrate at the overal

| evel , i.e. PoHY hAAE S Fﬁ@mSOS‘%/ﬂﬂ)l &tehifde RYbst r REELeGhiPE of heFs
tend to del éghtpfeagnentse)An Aassendt yci 0i beepriaduaedd miha-Wfo/der ctase is
shoran_di agrammatically in figures 1 _and 2, the interface or_internediate

| ayer éhomnaﬂ?ﬁﬁ?ﬁnﬁ€F¥@§FVy K f PYGFECS 35 r2br&§8Ati MY'e hefr dgicontYa

whi ch | ocal whbads ngi di fergrieredes roWgheze084a2d HGTI BRO210p266idhsarehéo be
created. (Mpadghiion Lo thesenfhopies, Liowe g Brticular Shoue, pne
exanpl e of the preparation of a surfate iniended to rticipate in an

i nterface haveéageri nbacdordanter@gsh theri nveampbs, wihregheonsahdvi af

different 5.peghapi cabost&aRgLNS £ rLa tReniOr € 8GN a1l N dhe exapplg) shown,
the object is to obtain a central region Z1 whose nechanjcal strength E~1

is | e$8 thaRSERaRiEad 8F AOPeri bherENeRregi oh 27 dFvuderiHY central region
Di fferent methods canrbeptissard orlobt ahPfacdi ghercdd bonding eregEyes s, t he

i ph I i ot th int t [ Z1. EX | f Si02/[Si02
nd 51/ 02 BURGF YT Hr bf CBRSI by BB PHEFASSRact OF PEYATS GRZOHH creht

ki nds (Si 3Ngttsiagotherbeoaféattedalsexanpy@robltot heracate al so

silicides), and by a g it h i cri.bed. inafter, it
suffices to use apprgg$?a%§ hé%?@g%ogﬁggﬁﬁeﬁ%P f%%ggggég%e%ﬁﬁﬁﬁ¥%¥boﬁlH20
(al solknownshepSCE) WesrkeSiinghch H3PDiedr LpFefoinSiaaNepart Pigyuseb At shbes t he

option in whhehebhessubstaat el andst heethbn hayahadd =& than the
nmonocrystalline silicon and two |nterneg|ate Iagers 12 and 20 13 are forned
prior to boRAFAGoR EHE U bt E1eAndeYRE PRIAY SPePCrAd RIS vRl y.

O course, pakyioene obribegt wohent eapedi ated!| ayersoilion 1Bormayngufthee,
and the sitga ign %n m@hch QGLEQ§£ of then1g égggl iig.lthgt gf i/Sif
bondi ng) muEtCBET86hsi AT edCE I T RINPhat 8P AP St Wb R Ar B8 e a2 e8P Pt he

i nt er ABdi at empayetsng2 aAndledseximte aademert botdredler@ib@z, & h@asystehiss
referred to; I 02 g f f, thet Let n

consi sts ofl%?6§?ggﬁgﬁgtﬁgggggggﬁ??scggggﬁﬁgg ?6152 %ﬁ%%?géhgoﬁﬁpﬁggoﬁ
nunber of tEBRNnf4GES BAA BBCEBRPI 698HORS- produce a 30 structure |ike that

shown in figure 4, énTRddi tiodpt o dechprcalucaspect sheel at pdet@abBl Cykar
Pon- separ abt 6° SO =S UBEFr a1 B S BB RUAFCoriutrar Halb: Hotii AQerserentd and
Techndbogy, r@nd¥r Tengsanfladk Cosede, of the substrate porous, this
treatment step being conducted in a different manner for
the first and second regions, followed by a coverage step
in which the layer is produced on top of said porous layer.
In the particular case where the substrate is of silicon,
30 this treatment step advantageously includes electrolysis in
a hydrofluoric acid medium.
¢ The mechanical and/or chemical strength of the
interface or connecting layer is modified by non-uniform
heat +treatment to selectively strengthen or selectively

35 weaken scme regions compared to others, according to



35 ru~~iley Interscience Publications). Hereinafter the layer 14 WO

'02/ 084721 PCT/ FR0O2101266 22 is referred to as the active |layer, being the

| ayer conprising the conponents, except for certain special cases in which
an additional, for exanple epitaxial, layer is deposited onto the |ayer 14.

I n sone vagi the 5 invention, the thin layer is objal i nni ng
t he struc?ﬁ*g&%ﬁgggkally and/ or nechanh%ally. These varia%@tﬂﬁﬂgnﬁﬁ% as
bonded SO (BSO ) and bond and etch back SO (BESO). In addition to
nol ecul ar adhesi on bondi ng, these variants are based on physical renoval of
the original 10 substrate by polishing techni ques and/ or chem cal etching
t echni queswhekimer \idri dst sa partier| ywidebondied hepevhbetdr esasfaager
transfer techniguegaranghased Hip;&ddi biegR ke, Ml ecul &k s adhgsi 0. hopdi ng,
on separation by "cutting"” or cleaving al ong a weakened regi on, such as the
15 met hods"Hese¢# bel-¢H- t he docunents US- A-5374564 (or EP- A533551) and
US- A- 6020252 (or BP-hé880494P) orsepadaldiony atleagiafekrfpbantied eyl &Redor in
t he docunent EP 0925888 separati,on by fracture ong buried | ayer that
has been rehdéred-Fbr ots. QNﬁWPV%féPEnC YD s é%??ighﬁsp%%?§tF%Fﬁted to
bondi ng f oBetirecprodecttop of sepdnabhe shbsimiadesace natdeticasei oting
Si Oz/ Si 02 even Si /.S 02) .hondj rary sk.can first be.used to
deposit a %f%té%f%ﬁn %%%g%,l'orgggg%%sgégp £ er o %l}?%oﬁtﬁ%%rgﬁﬁl§?3hm,
onto only wihieck25 ttienglefvetrhei si Ihawedxitde Si R dader shbs2 rang/.or SA3d The
oxi de Iayex, @?ngesgéﬁpﬁﬁ%gnltgg\%%}ﬁ%ﬁgl URLS sedeRasidd Qlby tder gahe 9XpAat i on
of the silicon nd can_have a’thickness that varies according to the
appl +€at i oPONEBRIt RiCs &K@l RONdingt hitek Hfer hattoki 88sps WhidkenanThe
foll owi ng 38nhs8t1v6t ubedescihesefove abtidied: dheasywdiaer0f aghescenlr al
disc is f0£ned of oxL%s Oﬁ|y Egd t he surface gf t he extgrnal rggg (T~~hi ch
is typicalt9Fa FEYEPHFT wi 08) FREPOr nBU P/ t hEOxi HePALLRYRP edSWFPh 4R
addi ti onal agvatest¢onslayerf fetoedekbgnplog dofetrditimigdednd Bor Tampslisat bbhowed
by hydroflggr'g ﬁghgcgicg£?%sgo WO 02/ 084721 PCT/ FR0O2/ 01266 23 roughen
the surface of the oxide; e roughening required increasing with the
t hi ckmess of oxi de* rEmvédyeFoiseadh sgppldosaticder s aiigthes$i cafiebe
optim zed, 5} @e partiiccul @y agna ToHmeld ong@fvd Nenrehhed; gk spr odugd ngrf be
conponents (or 5 of epitaxial growh), which nust be forped w thout
del ami nati®f; & the Ofet ABATAABPEEET +or MHEFiNa Separaeroncleypréal |y,
hydr of | uorihgtagidiet chingedn reqwwe;n, t ickpesseelkeoxi de ofinphecesdes of a
few hundred_to a.few thousand A is a good starting conpromse. Anitride 10
t hi ckness %?g?%€l8rﬁ% eﬁ%aisooo A protects the underlying oxide from
hydra®| uori c aci d etTié ng,hiwhi thyencreastbet heepotahhes supfs tidee ecentea
regi on of ide yer - nd/or..13.. The nitri I bs
renoved by$§?%ﬁ§%g d#?h%ﬁgknéégilgéD(%rgﬁﬁgﬂbs%E@%Fgﬁggﬁé%?H§§%E§?& %r 15
exanpl e. ThP#8SEAAtBe conbined with selective wet or dry cleaning to obtain
di fferent hydrophiditheroperin &8sy beteemtihecdegbgnsmddhandng?. adhgor
resulting effect is one of m§aker bogding thfn t he stang?rd boEding Tt t he
center andc%%ﬂﬂ?ﬁ% PEERETEER Tt 0°F heO 5P ahdaP At bohtihg aFIfRE | 58EPTGAT20 of
the 2bng. éfchhegoxide renmoved is thick, in particul ar because the
appl i cation requi rgsfhi s (igspeciall Yol nihbe 1ange.0fc @ Lew thausapd A
knowi ng that 5 000 A'is a good starting conprom se in nmany cases), It nust
be noted thataRBefin &ddi t¢WH im0 t henfequithéd efFietinaf | seatrynfnecessed
roughness, ja-di-tferepnseci-prLkevel is created between the central region
(whi ch has been hydrofluoric acid etched) and the ring (which has been
protected fromthi% BERhFHEF1Fo ‘ot DTt Ry SFt§é39 Mitghtiatf¥§lin t he
ringzoin 30sfcanbipatbonenkt habendi ng of satisfactory quality in the central
region, it may be peﬁgssgr¥.t§ eéiFifatgrogsredygentge difference _in_ | evel
in some cases. It tah Be’ Abpropffare 6 hise®pdrahitng 7or ‘PRIE EREr CBxanpl e
cheni cal / necHanepakapobhshengpraBeedubg bfathendibfemenbanical and/or
chemical treatment.
¢ The substance implanted 1is a gas (hydrogen,

35 helium, etc.).



35 in level, polishing that is a priori uniformresults, WO 02/ 084721
' PCTI'FR02101266 24 through a planarizing effect that is well known to the
person skilled in the art of mcroelectronics, in preferential polishing of
the emergent region, i.e. the region of the ring in the present instance.
However, the 5 polishing can also be intentionally localized to the ring.
If the subﬁMQﬁi@&@zkircular, the ring can be preferential PGTHFRIZAME by
using a polishing cloth with a central &6bning, for exanple, thereby
reducing the level of the ring to that of the central region that has been
10 hydrofluoric acid etched. Mreover, it is known that polishing |eads to
hi gher bondi ng enerpi exdrian atffe pbtansed yheornveniritdral pebeckkar an
adhesi on bondi n Wi th na .polishing). This theref conbi nes .two. effects
tendi ng t owar I{!‘?\J'/@e£ erc%%%d‘lsnlé“fhgng%%ersté)rrllda?d Snugéls |rnagtea(t £ Y151 CERf er
and st rongere bondiagnattetetbosatiidosudfs tirlag er iyg.arThi st @ofdiead f owhish
anot her spegi al; case of i's i F gur o] I, wa requce
the | evel d%ﬁtﬁ% rin Q%O%FEEF o?ﬁ?ﬁéﬂceﬁ% %g#sqF%%aéPzg %Rgt gfbggy 8y
et chi ng. Annwm@mh%@fvét{r@nghhsaw B0 Se6QFe I hgISeTofratieop a st @r heueht e
layers) 12 apdf@rnhddichiestwehheut speliesidang 1theiidid: On tenadd; rst
treatnent localjized to the ring that significant]y 1ncreases the bonding
strengt h. T%%%%ltr%%@n%%?ss?%%gﬁdé?g¥%? xahprRdiipet iR et BFSBNr 8%y gRn
pl asma or | ocal i zeda@dwwedl hdig, t ®NepBé fie Bfcavhi £&a @k 6, bewh28nt hmeyghpa 1 ow
effect, to reconstruct and reduce the roughness of the surface of the
oxi de, or a gm the?  treatment known to the person skilled in the art to
i nprov@ t he cohesi on Adf fthemassenbl yotBidye drr gatmeint sl hadel thhetadvanyage
that they d re rekjef.:30 t I j r es: t he
use of Ioca??gg%nﬁherng?fg%hegkkhQ %%a%é?gbgg eﬁn%§ﬁ€%§¥%§%1$é?ﬁagé%?t
heating by Fegpen eng. )saifd epeeprdbgrdiing oper BRabnsaAd repmmaedreaion
hial evill efydl.a15681 €08dYEE OFnNryaber shondE PgymSkt ence Technol ogy and
Applications 'V, PV 9?-36, 35 46, %he El ectrochem cal Society Proceedi ngs
Series, WD 02/ 084724NPCHERIZPOE266° 2B PERAPAGLITE VRGP, (2ogittace o€
gnngai$ng tem@eﬁabgtEadéréﬁﬁeacsuaf&eé bopdhéglagérstgatLhc@ngbﬁdéarbthe
ondi ng ener especi dnt range of tenperature on 00C. This
o ternat tven ek EE e bitat L0 i RS P Eighani iy Gie| SALE  SRE"
i nt er nedi atlea$ aperld@epr ro8ghoesal one ¢pld. swiaomdhoreyepn ot hpoughenihg
everything)¢; (ne veLyogpecific exanple, that nust not in any way be
regarded as [imting on the invention, applied to Si02/Si 02 bonding is to
anneal the whol e of®thee stptgrtipecatisl foomrad amd o PrEiREatladfsr ringan
sel ectphvel Yot 0gin200GupAnather, i shaotfitrgtannesd o heewhal arfkdhed rinBgeat a
tenperature_of 1 rr this selective annealing alternative, it nust be

000C. Fo
under st ood TRAE, “BEcaAGSR" 3t FEAEPal conducti on phenonena and the difficulty
of produci ng equi pnenthé ointecthceeds 1botmatli hg i phrpesf éetyesebettveent y,

| ocal i zed h L ng carn. [ es [ . heat, | r adi I .S C .t he
anneal i ng tgﬁ%%raHUreléangbg cgﬁgrgergghgg%%g%ét.agﬁéﬁingﬁ$§%§thgggéaés of
t he substrafiefpgenreesal P o @ppt bAChidRfFtaRn caftier dfrsfie Subst paEend20
Anot heg vargé?gogg_the met hod of producing a separable substrate can be

i

based on a difference_ in chem cal nature between the region Z1 and the
regi on Z2. The follbmfﬁbdpaﬁﬁ§eﬁay35% c??%ﬁh%ﬁ wB9 8 dnort-exhaustryend
exampl e: ZlzShO2rand, ZAdSantdlsbu3dMN9 &yd wt/=Shzr Z4dEE SN andndbndZsdi
etc. Only th alr Z1=Si.02 and Zz=Si is _describ here, ho in figure
5“2 prot ectTUELH g CBr Fgar hof danoRPLEd: PECD Bre Y “al TEne e s
deposi t ed ontdiatsphicon substrate to define the dinmensions of the region

30 ¢ The mechanical and/or chemical strength of the
interface or connecting layer is selectively modified with
the aid of treatments (heat treatments, UV exposure
treatments, laser 1rradiation treatments, etc.) that are
localized or non-uniform to selectively strengthen or

35 selectively weaken some regions more than others, according



30 z2. The structure is then etched (Gaet or dry, by any of the techniques
‘conT.y ~entionally enployed to etch silicon) so that the etching attacks

only the unprotected region. P~lechanical attack (mlling, polishing, etc.)
can al so be 35 envisaged so that only the center is nmachined, by virtue of

r WO 02/ 08448% Bg{)ﬁROZ/OlZGG 26 the configuration and/or ﬁéfﬁRﬁi/Oiﬂiﬁ t ool
enpl oyed. In tﬁe above cases, the operation of depositing a p{ro ection

| ayer is no |onger indispensable. Regardless of the method enpl oyed
(possibly involving a step of renoving the 5 protective ring), a silicon
wafer is obtained wth a recess at the center, as shown in figure 6. This

defines théqd S oft the RefPBATEZIN( Qfs ®OWCERI sodsREngdd sHEa®fi.on 27
(outer ringbrdy edtda i depasdtad dyrddies, OV peeess Ot tha-Hadesi ting

substrate wi;th a recess. The thickness of the |ayer of oxide deposited is
much gr eat 8- G4r5 e Sfept h of the recess, producing the structure shown in

figure 7. Planarizienghey lpotdshisngoel samhabasutberdinbtetrence i(gil,eva,

bet ween the,.ring and the center the structure 15 as,well _as_th i gh
Phher et roigitasersr  RMG TypeCbPelonst ST ARET | pdirer v ¢
acid etchi mga.hen produtesrohelsttuct ur @ershopnezo-¢lgureid. mttdrislcase,
hydr of | uori G .agi-d et ¢hi {S stop he. sil i i S 1 t he
ring. This (%rlg%%és %l'lrgi%fi! 'con&(f)i Efgg%an@dbe %Oé r oouxahednrggg&odxelssd%&;t t;l['}ﬁ\ger&%elnét.'er "
confi gur at iertenifileh detines an energy difference between the regions Z1

and Z2, firstly begauysF tdeasi i Jre @O hhamawdinkfser ent roughnesses and
secondl y because t erent (different,

. re e naterltal_ 1S |
mol eddl ar adhesi on BoFEYTy ptoperFes PR IRPEAESTy Oh FhE SdersgiFion
di f f er ence wiaquigesh-det feen the fegilonsngl desdripribhe ahdwd sSequeneen can

be nodified to yield "siligcon ring and nan-r.oughened oxi de at, the center”
confi gur at ?)éln. ‘“}%(ythcifg éhodq,_f lﬁﬂjgquqofllrh&oursi%craécéi et 1" esteaﬁldcar\””btg'l
el i m nat ed,r ferrexanpl e, t hen da ¢ drenB0 ypirey idowssy ipal s ,shimgbsitadp ext ended so

t hat polishing the si jléﬁlq}’ ri; : ' - I]#ﬁhE rf ; ' ase,
the energy differ encefI et V\eéeln Jin:ﬂear %g%%srr\n%i&agn 77 ;i é?gagrnt‘%la%vf r;Bécaaﬁsed
by tH& di f feerdmse 9 tHel Hattire BFgides miterRRrAr9h it adaddiey Hmve

di ff er ence di5 i €mo B2l 420855 8 A dide-jdapesi,t have been cited in
f WD 02/084721 PCT/ FRO2/ 01266 27 the situation where t roduced on

h are
the substrate 11 (W tH3HE résdit Thdt-Shetti §GFETDH ‘?rQuF‘éBPSnfi c
obt ai ned afltiere hondihg)n @A qare ant consi sts in carrying out these

operations on the Sj%%dﬁréhf £§i9 b§¥$r0%4a(%%%bination comprising a

20 thin layer on a substrate with an interface of the figure 1
type,
- figure 4 is a diagrammatic view in section of the
whole of a thin layer on a substrate,
- figure 5 is a view in section of a substrate
25 wafer provided with a protective layer,
- figure 6 is a view of the figure 5 wafer after
recessing it,
- figure 7 1is a view of the same wafer after
filling the recess with a deposit of oxide,
30 - figure 8 1is a view of said wafer covered with the
oxlide deposit after polishing,
- figure 9 is a view of the wafer after elimination
of surplus oxide coating,
- figure 10 is a view of the wafer after fixing a

35 thin layer or after fixing a thick layer and then thinning



5 figure 12), or even on both sides (see figure 11). Methods for other
pairs’'of materials that can exhibit a difference in nechanical strength can
include a small nunber of additional steps. For exanple, if the aimis to
obtain the pair Z1=Si 3Nd and ZZ=Si 02, Si 3N4 nust be 10 deposited in
addition t bgke, taking care to define the required 44 e

whol e of tﬁgﬁsktﬁr/%gﬂre usi ng conventionak masking techni qu%gf&l{(ﬁhﬁ&

(phot ol i t hography, mechani cal nmethods, etc.). This structure has the

advant age of excellent chem cal etching (for exanple hydrofluoric 15 acid
etching) selectivity between the two materials concerned, which could
facilitate ]ste'parati on through easy and sel ective renoval of the ring by
chem cal etching. Q hergwenfilguratd enseiarg: pos S k) &e f1ar, exanpl&n -+fd gure
13 is a varoiéa.lncie of gkgure 11 i.n v,\chi ch. t he ﬁg central | ayer does not have
the sane diHensi oRSerANEhE A 4 HRL i AREhe Wait%e?r}d- Nitgurteraq
shows an asgeinbldayer which the interface | ayer betcaeen the substrate and

the thin layer has a & I riio . of erjal (S 3N9) .different 25
fromthat (Si02) of t%?l{o%ree?ilpzﬂglrstéla gfor |aglr;C %z%ﬁgeds% tlv\og pl(ﬂ t"f}blncsh b%}?%g of
di fferent ratledd bR HE el Sion ttHn tlHen sibstrate and the thin |ayer, -
figure 15 is a varian; 9Qur; L. whi re. .l pl. |4
regions Z1 of a matepﬁ_itl(;aq_{rdéic f,lfg}ejrlgsngéjsdoa{%‘l\rl%intﬂbhéapﬁogf%lﬁieﬂs’upg{)ﬂﬂ,l% ?%%%re 16
is a variaftXigie f PEEFRLI22 iH Sfitem tt Hee ®lors alpl el i sybstrateyi ensl Zin and a
plurality ofhd egionsi4&©f materials (here Si3N9 and Si02) different from
those]D here Si) of _tlaqe. subst iite and the thin layer, 35 Figures 15 and 16
can cofrrespond to a piHIS tif ofNOWS v B2F H8R 721 PpERLERY G g g ace
geonetries iof vinimwied i gur es 11aged 18ocamedexappl esgi@tist hef dig 4 ewedntor

ot herw se): - figur Y4 - qgmf' rat i Lth.a plurality of
concentric IIE)aatng s@lgoﬁ%zg,}?%\%d&? - %gédlr&é fgasﬁ%&%“)a configuration having
an array (made up of fi@Msreandd calburtnsyavnianegpdnstigfumenel @ ypehplweneg Z1) in

an overal | gagion of dhe-d s toned L2y ARAIdx[{om the production of the
separabl e substrate itself, using techni'ques based ‘on nol ecul ar 10 bondi ng,

theréfare several mednIWHE tb0it8 as&adidnto Ahefhoars 16, mhloerast an. The
benefit of e sepsradd e 1syest rabemedepgndang aird e hicgknessi ehist her

unprocessed,.active layer or of the processed active layer (i.e. its
t hi ckness vﬁfgg%erhtaéxaoteeeﬁfafss'pr ocessed to produce all or part of a

conponent) , is that fitgwdd ols slepas atbonenfribeaadt iale crayernnigo wikigd n
either a sejlf -aﬁyjp@orti ng Layer (a relatively thick |ayer, whether the
thickness is already present in the separable substrate as manufactured or
obt ai4fed during deposiitdwie stépsshows an array of regions Z; in an

overall region Z,,
- figure 19 is a diagrammatic view of the assembly
from figure 4 after depositing a surface layer,
~ figure 20 is another view after molecular bonding
25 of a final substrate,
- figure 21 is another view after application of a
lift-off operation,
- figure 22 1is a diagrammatic view of a wafer
obtained after lifting off and polishing,
30 - figure 23 is a view of a separable assembly of
the figure 4 type,
- figure 24 1is a view thereof after production of
some or all of the components, for example a first
transistor gate,

35 - figure 25 is a view thereof after deposition of



20 subsequent to its fabrication, as is the case in an epitaxial growth
'step) or a surface layer, which is generally thinner, transferred onto a
t'arget support, whether the latter is the final support or nerely a
tenporary support which is itself intended to be detached. 25 There are
various ways to transfer the surface |layer to the target substrate. First
of all, traWS®&/082H be effected by nol ecul ar adhesi on bonBEHERIR/NRGS i s
to beconme the thin |ayer to be transfertéd to another substrate. 30 By way
of illustration, a separation nethod is described next in the context of
producing a new SO structure that is referred to herein as the second SO
structure. dhigekind of nmethod, a priori less direct than the techni ques
previ ously nentioned,_neverthel ess has, a 35 nunber qf henefits.. The, exanpl e
chosen here rel ates to-4He 96\0152/808%17%"1 g&?fﬁﬂ&la%fﬁ% Is;garb??dﬁ%ﬂ%rh of a
second SO IsybdtPate with a buried oxide |layer 500 A thick, which thickness
is difficult to obtain 1 .ng i s Kkind of t LEec T i

structure is obtainedﬂb ,S%e:%? tEE.E'ngéﬁggsgggggégus%éy%%sgﬁ?%%dﬁiar

yi el ding a sépasabh eoeubbrd at Bnebidspdmhthg-1rTMYule 4. In this exanpl e
the nonocrystalline siidcan bayes d4viswt @nRecore dfte acddpie J@Nal - 2t o
this separable substrate, in which the central region of the connecting

| ayer has be@w+oteheh®d before 10 bondi ng and has not undergone any
strengtheni ng heat trepjueant 28t ivery kiigh togmer atpresbpr eferaaddly | €8s
than 1 100C and_even better less than 1 000C or even 900C), a 500 A oxide

| ayer is foried b§ fhef naYPBxi dation to yield the structure shown in figure
20. Thos oxide is to begore 15 tike buvied okedeodf atfherseoonthc3Gon of
structure. ln the present exanpl e, the separable substrate (11+12+13+14+15)
i s mol ecul ar “adhesi on’ bonded to a silicon substrate 16 that is to becone
the final support of fheuretdVel$ ayevi¢weehéieed caDer TPrParackonbyaihed is
preferably stabihjzedratoaa2Q High tepnanatiy,e dl HROQr 1. consol bdahg
strongly the second bond at the_interface of the |ayers 15 and 16. This
second bond®Pd/ebnRAt i oRalOPnCt RS CkMREChatotHfe is no differentiation
beLweeB (rjegi onﬁ of difi@ﬁﬁéﬂfiﬂeﬁéla@i@ﬁéwsthri]@{l@cbﬂ.?]ﬂ"&l@rf:éé;ls&rmm ifito

subj ected to e sane, 25 treatnent, nevertheless has, .at least.in its
central por¢®i h?aio?P%§E5ﬂé?n6g$oatﬁgb?gﬁ?%% It R NanT T st engt h | ess
than that of the seeofitlhboad.3A clemacalvaandhdr méchénpoak sapar atfbar

met hod can . Fo e, 1t k L he ﬁ%@g is first

i mrer sed inggtgﬁﬁﬁyafo¥F§§§ﬁggagfd9§%§_?go%§9% j@égmg$é icﬁ'is to overetch
the oxide layers 12~ afi@ui8, 34t drt ihgvieOnmthRECRIgESOYLNIGhe aSSBRBIGNTL 0
elimpate thg g ¢oIILSRONGENGdihd he iregidoNc£2, anb eagAmbhe regten Z1.
The tcao interfaces |12/ 13 and 1lyl6 are preferentially etched. Mreover, the
interface 38Y95P g“BFl?hEtgngEable substrate is advantageously an WO

021 084721 PCT/ FRO2/ 01266uB® ®Xi te/axvikewiaeidaoes 44 fherefote yiel ds nore
readily than the inte 15/1 6, be isde and tk il1,c0o

Accordi ngly, during tﬁiggg?egkbfl i%¥$§¥%iﬂ%ﬁ@%hé%ring ofgﬁiﬁﬁ%%gﬁgkhgﬁical
strength, theee ifdgbess Sirf aseseatdhi ng B et taﬂhﬁ%w@Tfé&@é%nqheOEecénd
bond than at thephpLgefagesetatbe separable substrate. \Wen the acid

reaches the Iom1energ¥,reg|on (the central region, see f%gure 2%%, ,
mechani cal separati on~{BYEpr édsdfi 2ed Wt &F jBtS WP Rt e unentREP

0925888, byacespressedtair 1ji€tingsoff hhe 301 tderimgnt FR 2796491, by

traction, as in the docunent .00/.26000 insertion of a. blade, etc.)
conpl etely frees the %%ﬁfesggﬁgﬁuﬁev' ¥ﬁi$%§¥ﬁ% ?%%ﬁff?%ﬁ&%?%z?f Egﬁﬁomjng
renoval of theecokilgeaiBerfoiféxagpbéfbynydebdibbbnge etching, the final SO

strucgyre I's Obtaingdfigure 39 is a view of an assembly analogous to
that of figure 4 showing regions eliminated by chemical and
mechanical cutting,
- figure 40 1is a view thereof after bonding an
upper substrate,

35 - figure 41 1is a view to a larger scale of an



15 The Si wafer 11 that served as a substrate within the separable
'substrate can be recycled and reused, for exanple to produce anot her
separabl e substrate (preferably after elimnating the layer 12). O her
means of elimnating a ring to obtain access 20 to the region Z1 can at

| east part\i]é‘dz)’osﬁﬂlm nate the ring. Wet or dry chem cal ef,@,p}mz}o?g&ni gues
‘'or other nmechanical polishing, I|aser cypting, etc. techniques can be

enpl oyed for this, localized to the ring (see figures 39 and 40, which
correspond to the production of a nechanical or 25 chem cal cut
(cross-hatched area), before bonding the second substrate). Note that the
500 A thi G&3Iel GG g, S teyr Yesriach 1BAtsudy 286 Zhe | ayer 14 coul d
have been forned on fikgirsibst r abealtrikef s HendsBegmbathemditampan the

| ayer 30 : qu?fth r variant divides the 500 A thickness into two portions,
with one pottl YHe® sibstrate 16, for exanple 250 ~ thick, and the

ot her portion on theipyer 43, ial s0 250 ~thérekf i aftbhirs depampltelorNod£ t hat
ift t wo, ol e r_ad ' e interfaces are both of the

OXi d}e}’/eoxi de’ t%f)plgé,]a!%taa iﬁ%ﬂbo%o&d\% 3%“58472 PCT/ FR02/ 01266 31 of the
second bond at hi gh ftiemper atddr eigana bevigat r itddrewf | afsech homdyngs 2o
guarantee ¢ + el erential hydrofluoric acid etching occurs at the first
interface.” I'n this method, the creation of a mechanically weak region Z1 5
achi eves pref er enti dl1®H8ar 45 oASof 2t el @pnpiherecdt aglk a%h?hetﬁﬂﬁsto%ond
interface,1 andiddhefegion Zz firstly yields an active layer 14 of good
qualjty and secondl y_preven t he onset of acks that can cause | osses of
yi el’'d and a reducti onr9H G h%gsh?f%cgl@ﬁ’ Pﬁe%é& iPESH |Hﬁ]%%l%dtkb?/rﬁ%§

peel i ng ofafither fpd M aAtiide edge, and thus a strong increase in particulate
contam nation of the walers,, APthe(fiéisa‘EB'e(Eeg% the N6 Qo he Jethied
according to the invemion relates to the production of oubl -gate

transi st orlayemcindes. ti'hesfaglst operations relating to the 15 fabrication
of the transistors. esgantd akby iGONsi $iedin o odusipgr bheef insty a
transi stor gate (see fligure 24) on a separable substrate using conventi onal
t echifol ogye{skerd fauf el 283, # shown in figure 4, for exanple, in exactly
the sane way as previjousty descri hedvier tre Hrodustrafeofind ¥@ng a
structures with a thin buried oxjde |layer. The bonding stabilization

t enper at urdicHi BEE 3 ¥ i e 1 ¥hperature range of the order of 900/ 1
000C. An oxi de | aysssaniigtioon i kilessirofertttieoror der of 1 ~mis then
deposited onto this sypsidales L ddiBH SARins ik enti onal
deposition 25 techm . anarized using a
conv&ht i onal c=n~éthcaPrréeranrc xPuishi AGLEEERAI girr ($8e figtpéeled) .

This is fald Yo 0b Gk 21 1 Rdhesd ©n honsh No-410, anetderisi héeona supstrate
16 (see figure 7%% The 8ong€0%gﬁi s_preferent 'ba{il%/‘ stabilized at a

t enper at ur@’ ¢+ ino6oet dOC TP ReSEPPLERIFEs O med ¥ U1t heftirst

gate can wia@hstrandithies el glTleedeenpetadvdse,t randtert enpedal ur e obthée order
oSO 0PSO Do e ELPALL Y, S88. T Qv & 28) 0Pl 211 00cAs, capLled out
in exactly Yhe Sane way as previously (Tnserti of “a blade, pressurized 35
~aatdFr j etsiktbrpresseda aienianitere . manmef ored resund g déeart WOy021084721

PCT/ FRO2/ 04,2665 32,4 r@psi st ofnf@bri&ation process, in particular to produce
the second gate (on the new "substrate" shown in figure 28), the remai nder

of the oxide | ayerS¥ i §MPeBVEGHy herfifGal MeERAFNFCBIARE e BREde is

etched witim@ntion tend to encourage lifting of the layer off its

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

30 whole of the substrate, while others tend to delimit
fragments.

An assembly to be produced in the former case is

shown diagrammatically in figures 1 and 2, the interface or

intermediate layer shown diagrammatically in figure 2

35 representing the region in which local bonding differences



5 hydrofluoric acid solution of known etching selectivity ~aith respect to
'sili'con, etching stops naturally once the oxide has been entirely etched,
revealing a silicon surface. The nmjor advantage of this techni que over

ot her fracture techni ques, for exanple obtained by way of 10 inplantation,
is that it e necessi tate excessively conplex finishin uences
that are pfgﬁt@%@%5E1|n terms of their gﬂtentlal to createl Qg Q)ZQE for
a final polishing operation, for exanpl The remai nder of the doubl e-gate
transi stor fabrication process will be obvious 15 to the person skilled in
the art. The sane process can be used in many other applications. If the
first SO salre.lctur be( seredtar eIm)addltmenl to phedece itaresd, stoigyre 3
circuits, C. hes a y rred, onto n
types of 20" deﬁ??ﬁ?% 1§E~ sh gF%P%exa gi@ k 1j£ é%ggg %t%8 bg?c%osen
for its el evarfzed méeneedohOpp@gé:rltslleetehulglhraes|1gtttev1t1tay:@|thatwng, quart z,
sapphire, efC.d,r4OnPLOYLIAR @He'9§@£n§9890rEwéofe&1859“ﬁ¥ﬁ ﬁg ifferent

tel econmuni cation circuits, there imting |os8es in the strate. For
appl i cati orfeePEAR kAt i 3§ TES AL éﬁ?e@ﬁs““éftr%ﬁ%%eﬁ%htl§u5§¥%a@éamﬁlehosen

for the fi rkﬂltoﬁthl,pp@hte o%nai&terlexe@splceatgglrse@aeehwell sdyief | y, dgsssiébed
here (see f| res,29.to g é g th% case of %roduc%ng circuits on thin
substrates.™ ?tﬂ%} t AFERAE5Bes et 365 i ntef st CA7 t§b?5alﬁ?2lé%§ tfan a
f ew hundr edoen pleyeanl ofecghcenozﬂerrcnfnda tfrew deantsra0f negickhey rel ate, for
exanple, to power C i plicatlons to snart ards an other
circuits for mhlchqgg%é9§% ﬁ? ﬁ?y S reqU|re§ Fplastl “Hit &t i f
suppor@ s, corvednsuFIeITty, enc Yhe Operiphicgatl 3begedat &8 tithan t yipe dhe
separation fgcessi!tAlhngnne, ! aRshol e é!tD%?é%%%laﬁg{sﬁ%%o%grﬁd%{%gt0 a
target substrate he obj ect 1s to achieve séparation W f

transferri iy eheonayeeres - aﬁ@brtbﬁoéﬁéﬁnglﬁheaEPFéuFﬁ% birf feorpgonekisde,

when the |ayer N4 iiss SMdHEt epbhyehbi6Kal Ochempekf - puppad g it L98ct hin
a circuit product.ion

to 5 withstan hout damage cess (typically less
than a fewHh H‘Fje‘gjeﬁ)mthl " dnY e @RGP thewjoit'lblerwgt?‘s8 ety téEECBt %

The net hod dérpiwaficeng the sepdifdlbles sulust nate isppodentiaiad | ahemeeyl

respect to 05§ Jes i prev I pr ce i qure 0
structure, f%%a@é%h@ (g: %%%Qégge bggécﬁ%ﬁpo q%? s%F?%%ngﬁbf%él} t he
st andar d subsrr%leanhlﬁwﬂeegﬂi§H723Huﬁlﬂ% t helaippd | €ashons relyai esianfina

substrate thyckness Ofn80 WMsthQt LXAIPLEY a1%d | LROR SUpairatg 725 - 80 =
645 umis chosen for the support substrate 11. This 645 “umthick 15

substrate iBORpERYHbReLlRar SadhESRoRRofded, IFtGrRsHANI%, L3 e 795 aRd

waf erzo f or ni ngaaeeasrobal pweb rimehatnedngs tarengid). sulhier /2% um wWah@r ths then
thinned to the rqu|re thkggngs of 80 Ofggeexa | e b% $£agbngtand
chentcal/nechanlc%Y po |Sh|n PeThe ?egul?lng 4588hb %00? eYef ore
correspond51mbetmeds@aﬁdéaﬂeranMZobfe&é sa?fsufémtereenetaheeStbuaheon

processes 04 FADLSAliO0RONE OF Al e COmanent s, yAL! erpr§9V§%' on

of the latter, one separation techni ques previous cited
used (seef@%ﬁ@en%l WR&HOPPudKF@%ﬂﬁRFQHéhrﬁg aNe 15 ﬂé@héMQx#P@@tééses)

excep;tsthatczt@es;subttr ahe 16 tcamcbeer tlegdrd 1D pRseNTe-£ad: benbeneti ci al
in sone cases, ver, After separation, the self- ﬁup orting la er 14

al one repre%%h?s the $i%al $H6st PACESBY it eF 85FTT8Rar BRt €77 z et By °4 Oz
substrate th@m&h@@s aﬁ'&&tpwtoheckuﬁlﬁges&mdnﬁxnmm@heaha chhes irmi ader of

t he substr eyca I c C f.re the di b t. _before
separatlonaéas |gj% eaﬁ1 %fgha%uf%s E?g%t g§ %ﬁo%lnguts
bet ween t he conponeht@umb&rehﬂlthhOlﬂues behomﬁth@pigvadetQSPSQQQcathon

regi ofly andsfiQufgra4 shaws (aRul bpglh supPPefilyure 4, in addition to
technical aspects related to molecular adhesion bonding,
including those previously cited, for the production of
non-separable SOT substrates (see Semiconductor Wafer
Bonding, Science and Technology, Q. Y. Tong and U. Gosele,

35 Wiley Interscience Publications). Hereinafter the layer 14



WO 02/ 084721 PCT/ FR02/ 01266 34 SA bonded to one of the fragnents and
"adapted to allow pulling off after hydrofluoric acid etching, if any. The
weakeni ng paraneters have to be adapted to the technol ogi cal operations
that have to be carried out on the 5 separable substrate prior to
separation, in particular thermal and chem cal treatnents, and according to
the nature WO HB43&hani cal stresses. For exanple, if thePSEFROAGIA6
substrate consists of a surface |ayer of2 ger mani um havi ng an Si 02- Si 02
bonding interface that has to 10 withstand an epitaxial growh tenperature
of 550C (which is typical in the case of growng GalnAs to constitute a
solar cell feor méﬁeireﬁpamﬁ)auiheﬂmihectﬁweromgpae$s myﬁmgadmaﬁtagﬁ@yﬁly be
0.4 nmfor the substra ge S8 agable qu% e§9qﬁé fﬁf concerns
the productoff ot® i%gC|rCU|? PP or Shar T Oﬁwﬁﬁ% ?R%&ﬁ 1533°%f the
support becnmesﬁnxﬂﬁlﬁaladﬁuﬁﬁdnﬁlbecﬁ@seeabm@he|emutﬁxma1n flheesi zes of
Lhe ciroul taepd0thogcailly heGALIE,LRE LAENT ]S dohef QUi EnEQT dcut i) ever
hi gher resis nce ormat i on. monocrystal I'ine silicon Support ose
20 thl%knesan%n@¥@®teﬂﬂﬁhaﬁhdmouhaygg ~h¢|sﬂﬁﬁﬁJﬁKbnge thlnhlsgcohm@xt

because itsgthickRess dkx%ﬂl%lmﬂhahﬁ/bk 'Hﬁe%l%qu/toTﬁeggnd\!'Qﬂléﬂé:e as
can happen regularly a smart card gure 35 shows a startlng assenbly

simlar to ?ﬁ%tkﬁgwghéﬁnQQ?qqﬂnﬁQ;zlB%@%% %pthPP?nénguﬁgf?hﬁﬁﬂﬁl S@bver ed
with a IayerBEQOIpf Shl it tdrder d hablésuet eadhasiadhesirarigndeseio a

d | f d d I | a
1" The oi FRUT 885 395 BIEEH Wit nERYCHG 41 | FEBR'Fhyeit 1600 THEHE £8F

assenhby1ﬂbmmsthetsebgn¢x§ugmmngJf%cmsE@ué$gand/86)qham1amﬂn&ﬁ®%nmg
preferably at pr S a n | ay hils t he
hi ghest posgl fﬁ%é%amca ggggen t%g a%%%/te (éggfﬁ%gffor %&£@¥4Q8d
400C, so ashqamlltﬂ@effpsqz @@m@@f@rthéaeéﬁp@nm@mq% a@rﬁivé)alséader in
produced afiegsiBboh hics bendiang st eRdnlbess hAINANt d9eQusly ahe Rdhssi ves
J WD 02/084721 PCT/ FR02/ 01266 35 hardened by heat "or by exposure to
radi ation (1AEHIRII abFeFlea¥dny e1redsar MeGieme FhHesse S Mt the
substrmt e Ifethbas d&sbmabsﬁanﬂﬂttﬁ@ rumdhes U QGBB§4BG4kah1n©PaA9ng
t he weakene e,s e, su rat £ t he bondi n terface
12'/13"), ?3%%§?a pear %lff%@% % rg%%d% %%ge Yy chemeat c19F 12 {#@g
because adh@@|vempéﬁdtsdbsmeaﬂ@9 tr@mspamenﬁhﬂ)lﬂpQuMEWWacEPC@9%®@%80f
quartz and glgss)y fhe B?tﬂfﬁéﬁlﬁé'd¥3§gt£ Lhe; é@eﬂb9gk RAHAUG s 10een
(hydrofluoric acid, solvents, etc.). OT the ot a purely mechani ca
action may BRAGHFEHCPRAPUSo [ift off the structure at the weak interface
12' /13y if the bonduﬂ@qenﬁégyr@[ﬁcé hecsi ngoéélfm\eraéﬂswg heréj;awékgt ht@f t he
adhesi ve a d t he varlougpg ers cgnstlt 15 circ

ti

%%lnte uh
(this can be*Adhi@vEd® VAV CEAST Serr Osss]ian 1t o lisk the
substrate o¢a$®ecﬁbp&:@bﬁbububSQIaE@eseviiéﬂl@gnebondmmgx fr onehpor 4 ed

chem cal et,ghipg. gk tf*l%srt gt ﬁgeastéuaggsg 90%5%% [0 @ ”J‘ba{(}?édzen;f‘&}” ng

by making a circular cut in the struct after dhesive
cutting caﬁé@@h@a@eobék’yrb@%fﬁéé%@@lnbyllélllﬁ@erSatNtxt/heDYb*mm@@rlw bekeeen

the hygh bopgdhpgcenengy 40 o apgdidbeshow bapding) ener gnd/egi om, I fnhthe
ring is onl a, fem1nn1mnde or even narrower, it is then possible to reuse

t he substrat®9eslayeg d&ﬁérgﬁ AR e HesPEUETS ﬂWﬁY%lF%@p%ﬁb%%?%te is
obt ai ned, ttieesuppookidbtihe smb&heabelnebanramdxmaﬂnhdvdunNEmlcsﬁ®a£able

(see fi guretﬁg)_ 9i§;e “389' Fuih {;ﬁrﬁ?e'aya&r;ifc P?éhSh#&[g% &Y&hp1&, and

the active gayer gure at' i's ansferred onto
a 1 pm thlck thermal oxide is <chosen. The follow1ng

30 structure is therefcore obtained: the surface of the central

disc 1s formed of oxide only and the surface of the
external ring (which is typically a few mm wide) is formed
of the oxide covered with an additional protection layer
(for example of nitride).

35 This 1is followed by hydrofluoric acid etching to



30 other support 16' or alternatively is free and sel fsupporting if the
"t.hi ckness of the layer 14' is appropriate. Unlike the precedi ng exanples,

t he second substrate 16' can instead be nmerely an internediate substrate in
a 35 nmuch | onger process that will continue either with the pure | WO
021084721 1266 36 and sinple elimnation of the | | Ale
substrate ?g&démﬁ%t her | ayer transfer,gperation onto a yﬂe(?flﬁgp?/ﬁiefﬁk
support, generally involving elimnation of the substrate 16'. The

separabl e substrate obtained with the aid of the 5 techni que previously
described is bonded to the internmediate substrate after it has been

" pr ocessed"EOUHEET nEle? mEHFARESs Wistihft e thie betREgirquahepiagi Blesiyis@d t he
above exampl@syeadfnd t wishr itgied, thicledds£ver k&idlesi téoreaafl ebr kK ckhe use
of adhesive filns known to the Serson skiILed in,the art .can be envi saged
for the adfEBHVEHorlimgt s n PAPRRRYT af R 0P St RETOPEFEEY onfd SR ITHIHIRF
silicon wafer sa ahdhenicapsut athegnd iit@yrat et cducinid sher quagkagintg ofor

back-endi n "Bl u. Tak:,  Tefl on hesi ve fil 5 etc.). If the adhesiyve
film :aé; doanfl( e-%‘gjdt_é%,gl% ”g);%%%gé vvewﬁlctho Sk ahSi nfeFREd ate EiBt rat e
to the rearddlapelftidie fiéng tohact mhadubsioEted or fguppahe f drinal
stiffening the assembl yrat; Cytil ngy,ti 1 (LifLsgf zhRi ques. d-hat, can
be envi sagedélgao I n?ﬂﬁde le a pY‘i ca%?%fo\;mﬁ ac%{:(l)ﬁ %ﬁgf‘ggasﬁ%ar% and/ or

bendi ng for&eshi¢knemy e @sidrelf tiheonsiste athe dpl ivadued dfo faorkaw wi t h

chem cal etghing/@d the jntesfagssq orsihemdreaisnpieisas Wt rasouned, | f

the interface to be Ilfteg off 1s of the §X| de tyEe, etching 25 the | ow

ener g3 i nt et TRk e’t i £R8aSTER T G thelBBnRi REOFREERT 466 B 4R ehd

t her ef O(rj'e fcﬁcidlébt arem hlyﬁrfgrfalms)fﬁ&l’c ca‘cjldd1_eetp<ftone§' Sedhlayerntcecties t%he )

intermedi ate substrate nder these conditions, ,it is_advantagequ t he
iy i % T dHe &ﬁggrgﬁﬁdégé

processed I]‘Eﬁ/% Y9 be proeec?%%t]ieflorrggé%l & by an EGLIRG Sit
of nitride danmdtde taseTok Midrmfdeaucrs csakbsdgesehingremsSredsbas aarhiey

applied dirgctly t9+thetRigpthl mar dHIES HdH ey mediai e rate nown
as a handl é). They canql;e rrecha)mi cal sogbr esses (li n parti cu?gﬁélp))él i eji(jmll;y 35

i nsertf ng PRI at THAE HoHi R§ iGAmdimeck)vithdeslegsdve wetworg2/dga721

PCT/ FRO2/ 012682 3imd i £ - &b a 1004 1 £ 5800 101 258001 ¢ %ndi riéi d tpetdfedmvol ve
inserting a descrjbed in.the docgggg% %é‘i
f

as flow as 96491, and/or _a
liquid (sectBP GOSN BP GO80563). e ¢ hest ©fiow OBF e a

l'iquid fl owedlotr Sbexaipd ethafil oneobthydaotll bonddngciad ithet hertdrerdrate i s

of oxide), sepat . strate ¢ a repared . .
bef or ehand o?llg(ia'rrggleﬁﬁégghtetr% ct§1e &%ﬂ%ﬁtggﬁgghgt Eg 1&|h% 31? oc%]r rﬁ/ to
t he bdhdi nged ntlee fated- This facilitates preferential lifting off at the

nul tilayer 10 structpreckhondingd ntesdarey wher ecdhec | i fitd ng i dupt - t ake
pl ace, by protecting the varjous, | ayers of the structure jncorporating the

conponent s. PRI G t 1§ BIE- G | FREUSFESt A WSontf SIEF IR B Y ad® e when
t he adhesi orabet weénat Hew nitennaind dopoentidqyensti 5 wakA Ki tshigood

starting compromise in many cases), it must be noted that
25 in addition to the required effect of locally increased
roughness, a difference in level 1is created between the
central region (which has been hydrofluoric acid etched)
and the ring (which has been protected from this etching).
To obtain bonding of very high quality in the ring, in
30 combination with bonding of satisfactory guality in the

central region, it may be necessary to eliminate or reduce

the difference in 1level 1in some <cases. It can be
appropriate to use polishing for this (for example
chemical/mechanical polishing). Because of the difference

35 in level, polishing that 1is a priori uniform results,



15 regard, see figures 39 and 40. The internediate substrate, which is
"someti.nes referred to as a "handle", can then be cut, totally or in part
(to formnotches or cutting precursors), into elenents corresponding to the
el ectroni ¢ conponents, which can be 20 transferred to different supports.
The transfer can be collective, in which case all of the conponents, even
if they are W%t hected only by a support, are t r ansf er PE&/ER02{ 2665 ane
time in the sanme technol ogi cal operati or? or conponent by conponent (or die
by die), if the latter are 25 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 adheisrwegh s zadpaahagepisgy afSedttf othabe it ansfér . kriden elcemenhs can
al so be trarggfe&rleds%n h9 . %1 vvafer corporatl ng ot herr ellectronl c_or

opt o- el ect r'oni ¢ devices, 30 in whi cﬁ ca¥e t heTt r AHSFEF e&ﬁrgﬁélcﬁ usetR

mol ecul ar a@t@@mmtmhmpqﬂasmw fofurds: 4emadgddtt arkPion magdi. ei.ngthbe
addi ti onal ce rof n f.q e 4j e S can
be transferr (gf(gfg ggnvtekﬁe?rgﬁﬂ %@ans e[srﬁgﬂé%%ﬁ%l cbg %I aglé)-wr%g]fﬁrls’ nﬁﬁé

el enents caprhishing s8Nt pAAST BFr é@t@@ttéoalﬁétlherlosiﬁldpdﬂd t%® i Wi oveng he
thermal  1r¢ 0 ghNO QRAQ84%21L PCTLFRO2( 01266 38 pueper tisgs, fennexagple.

Then, by applying stress or | ocalized heating (for exanpl e using a | aser),
the thin | a@ﬂé&?feb‘?%’r%%ﬁfypBéhHESdt &Yi tE%hat BAppBPENIcatBé et afed
(el enent byc@xh‘ef@rltopénﬂﬂiggl obal ydmprom trt@rétapdi@ddwlrﬁr@aﬂse of et hani cal
forces. i .ndi cat ed \@Athééere tof| re 17 and 8C t he reglons Z1
and ZZ may 1?1}6? defihe '8 sy8t rr% |ﬁ‘a trreaql%?rc&a&r P8§i oRe%
surrouhded hydanfbutercriagid?. etchedt | tMmhee@:f'elo,t hett stisict kmesn cahhbe
envi saged 1 ssquare ig ca a y ays
of ot her sh%pesgké 9eg%iurmgg cglr% Iﬂreftgrl C cf#@l %n%er %ngg%galglt%%éand
ot her geone@b‘i@hme@l N S QG HEE Tl Al w%%e%uk%mc@dbﬁse;pnt H@ngq cé‘t’ibh and

the separatihon, B@EBHhﬁgf enpli ay edhe r @ rRenelidti nefs adeptd Mg &N aF EAY
prove to be 15 preferable |{f the structure to be g%ggu%ed | mposes hi
ct

mechani cal 5PY2ELedFAKR" arePfAAsnit32d 16 t Ae?R Mt eraftacEg?l n
this tase sdﬂ@mteraagel rﬁpein@amnbﬁd&ngaatoft@otbm@M| ed@l g enghy.is
pr ef er abl e) r.l4 at e h i,ntentional or
ot herw se, %l? Fggﬁngégerﬁ%ﬂ n‘}Y%theg‘ﬁon ect Jia(r)llg (?%S(lw(;ﬁtf %h th Tt 58 urn
be subject i tmglunel y. déhabiiaat ven whosedeps ceint eleV@ltdmé hl@dsermg to

simplify the.getbediglopeexarple (. etddnged ip dadlididyalgdies) in the

case of producing dies. princi ple, dinmensions he or of 1 ~mare
preferred 25 for StZP‘IPJCFl}It§§nﬁ§\;‘Wﬁg % WhiAstidndthi gﬁuﬂﬁe@ss@%l(ﬁﬁr BRkanmpl e

het er 9o epi t sxie BhedDyt 6t NEYedePPSiLi Sd 6 r t BENND] ©QI @ﬁth@@epp;a@@wtﬂgg
S|gn|f|cant t ensi, on or o regiiogato t he s%ruc%ure n the ca

smal | circufts, T6F%f o TeEBCI t hOSAbRT & 0&036-'%%0}{Jd?$tﬁgafaphl c
resol ution. sig\niﬁecannlyarwrsjrtamelson tbeal éxrofintde etdengah.l nfheseeven

1 cmare pr | ~ nbi i nmor h I regio of
course bepeﬁ%/fgégrp%ﬁt l U&%3 f%qt ggém% fheffeh(% hg{r;gé g’:%scggt e(g%ﬁgrggr of

Types of re@l-@ﬁ@a Prpdptqaém@d rﬁ?ﬂ%’ﬂl% stength, C4 3B IEnty Hiukin bE,
regi ops charpetegshzesd byl @v CUUAJMOUS to reconstruct and reduce the

roughness of the surface of the oxide, or any other
treatment known to the person skilled in the art to improve
the cohesion of the assembly. These treatments have the

advantage that they do not create any relief.

30 Another alternative relates to the use of localized
thermal annealing (laser Dbeamnm, non-uniform furnaces,
heating by lamps, etc.) after the bonding operation. As
reported 1in C. Malevill et al., Semiconductor wafer

bonding, Science Technology and Applications IV, PV 97-36,

35 46, The Electrochemical Society Proceedings Series,



WO 02/ 084721 PCT/ FRO2/ 01266 39 variation of the nmechanical strength can be
envi saged. For exanple, the nmechanical strength decreasing continuously
froma maxi mumvalue in the vicinity of the edge to a mninmumvalue at its
center can be envisaged. The variation 5 can optionally be circularly
symret ri cayoRRh7AN axis perpendicular to the plane of t]%‘l?]"r/i‘ﬁla%i%e'
Production processes yielding this typgsof substrate and eir use In
separation are in all respects simlar to those described with reference to
figures 1 to 8, provided that the 10 geonetrical shapes enpl oyed are

sui tabl e &pask shapes for formation of grogection | ayers for selective

roughness PSSR Eitdpes ¥br §6P2%1 i veddeplSi ti oRNTSRAFEDf RS THFS i ssues
for pref eramtfieddrcepel itshi N reueeNtdare Jidigsti ®irtsly) vardkp tile Bhoveg

geonetri cal sheyoes are conppati bl e th the trazsfer of a layer 14 as a
whol e from'tH&Y¥separRblreéorigi hal E\gltﬁ,sﬁagtqg 125125988952 t ol Ehe RAYHt
subst rat e sI®.°CAs Dphpsesed terremhod meahs f tihednetrhodombiarding twidhe
invention that tend to,encaourage separation.aof the 20 |ayer fr its
SUbstr at o St AE obar v g MRS e e ¢ 6 Witol ¢ 0f The

subst r at e, 2 lotiser $1t end widldehpnigtepy aghemtsightdrel rghapeeof tivingh. i Ored ear | y

related t | £S: Of t qﬁi{p» f t. r.

Fi gure 41%3%1 vv_sscgoeﬁczl%xcanpi e io?_éq't fﬁ%aoc \j‘!\rﬂﬁ;{;ﬁd’ en ,a?lqleﬁa{erﬁ{n.‘{)%wgé:t%ée@arﬂe%él%n t hat
subsequentdsy adtbhhdiaPRs thke ldiventdrrany2 Rt higtd coppehentJioahandiidct ur e
can be repeatid asndBNYtheN®sods HEMHAre: COIPORENLE 10 0o *gepaipaties on

the original supstrate. ldeally, each _regjo Z.surrounds or sinply extends
al orld t he "&GHt oElPeofrl@é}chs?f%@%eYﬁ f tPth 380 egr oAPPENe el uPPhceE Ar ea of
t he conponreniedlortitk ewhele. pfcamecerirespasndaexaapkyatarehe f egi@0 Z1, or be
greater than or_.l.ess than . the latter, . .in canfigurations ere one qf the
surfaces of 't héC 1rlclosrrpos’neen Ctaln‘c?ie ofaI}r}'needlrlen onarhfl ennagtolnypea{sse]s tﬁréusonct hetS The
conf i gur aturgle radopicedt Hependse i dcheo85 Weparak | onntdechnbguephiendreensed,
whi ch can t S / /Fe%%'/p%je% 6 t reviously
descri bed for ,ggga?%%%gc%l%bgt%r g?ég%%f\:/if% only a r,?:ngégﬁ Qﬁ)ﬁanl g<;1é/(%:entral
di sé71. Ofabifi%er ¥dthngPeafraht IVMGEHE 1 udichgldéR¥enhrahandcomsbnent
cutting techniguesid saw Nhatl asHp Ut tgrHi . ) St ool ke i nide
trenches, at | east partiallé/ around di es frgg{rregt%, g}tc. Anot her,
benef i ci al* Wi MY | SHASEE O t it ke 5P EhERT eI TRt ORI AT a5 JbEHIEY wi th
a phot ol i tahogrlaphydoper atfi onh¢ ospbetuetei dent i tal faténchesapndiarhiog r enove
the connegtjng.J,69i,0n €an| SsQPdEdéﬁ%et.o the region Z2. As 10 figure 41 shows
r exanp

in the case of one particul a e, the vertical dashed lines indicate

t he 2Zont our of t hénEqAT e FFiagifentst Fdre exeafplad &% erppr@dpakig 2

mol ecul ar %Hﬁ%ikplrb b%é’tﬂr&é’@? @l Ange PFLdd Orliry |£Y%§f1€eﬁé}dcé1 afg cut
to the contour, sho after which ea&g:h ment is lifted off 15 the

wn, fra
subst r at o, CNFEH: anBAREESt ToiRendet Phg “EASEM He St Fafe 39599 t &t of
each fragmd {ebSlanmiayternati wey ald d¢hesd ayer sagr «fl Inai-d¢headsagrent s
can be cut e. apd. t.he tine) ., To. ept_ t, after,cutting,
t he high rree’gaﬁn ﬁil%c'afﬁstsrltebﬁg?lﬁﬁfez i%’ i &1 gsilatt&ﬁegégr?bhéé{r](g,’ tzﬁe—ts;éN‘Hasrkd of
del &% nat iZerSdur i aget r atlyenthst epdr far-Sexanping t 2pFodice & set Yond c,
optical orygpther conponents on the layers 3 or 4, is reduced, whereas, when
lifting off 1s required, it propagates without difficulty, in a controlled
manner, in the certy a3Nqwyi dn {1 ¥URRY O hate PBOERGIAVE dtleW 28> fatrehin,
peri phery)de i gu ngethie, diesia.iybut | paw Ofunt he deegi ¥ngeBbsanddZziwd hy t he
aimof formng an outer r'tL_ng at %hﬁ I evﬂ31 of ,the substrate, .as shown in
figure 4, St A dPEPPIBEFFortd nfehted £8prbredts &dth 8F (he dfe3ions
show? i n fi,gure 30 13, is one beneficial conbination. O course, the
enbodi ments previ \ i .bed ar t. liymte e, \w.,ingle se. of
nonocrystal l i ne si ‘|écosn%e%ﬁ{ Lf:)eagl%leﬁehex eendie%gc% og'ﬁéatgygﬁa?%&’l ggg,argﬁc fas
ot her senidonduetionigater cangeteonsl &, eBpCovedNtandtotthey i B5 @yui ¢ r al ent

nitrides, AsGalnke ethodnider e+el&Gt rbe18Ndehe unprotected region.
Mechanical attack (milling, polishing, etc.) can also be

35 envisaged so that only the center is machined, by virtue of



,- WD 02/084721 PCT/FR02/01266 41 piezo-electric materials (Li Nb0O3, LiTa03),
and "treated" magnetic materials, whether conponents are produced before
separation or not. As already nentioned, for the situation of a 5 separable
substrate consisting of a surface |ayer of gernmani um having an Si 02-Si 02
bonding interface that has to be subjected to an epitaxial growth

t enper at ur eV 02BP2Y as is typical in the case of grow ng RaTKRH2{08266
constitute a solar cell for use in spac&P, then the rnms roughness 10 shoul d
advant ageously be 0.4 nmfor the substrate to be separable. Another exanple
is that of epitaxially growi ng an epitaxial stack on a separable substrate.
Thi s applieshd ncpariyauhaiohoahligopr eduet b@n tok Rloda angh Wiide LEDstied 15
thin layer |l aser diodes (for exar‘rPI e fgr in(groved extraction of the |ight
emitted or FHPFOVEHS BvactRti ONCHF Cheht OF t A3 tHPY rarfRreom Y al 3Bt r at e
that is a good conducthoer of iheatpessaihl @s cheperdbesdi ambndhe | mdtted case,

the epitaxial stack c ned i . cqQnpQsi_te sem_conduct or.s
derived f ro%ngﬁ?(il N?Bég;%?ﬁlﬂ Gaﬁﬁlgﬁﬁl,glg?c. )?l &gﬁanet%%od li:gomnos‘flsr}% otfh%si ng
one of5t he procesisese preng bush ysdescon bedf¢o foroha sepdrablle strectsse
equi val ent 1o { tC%gHrflt%jﬂguEgg N Eeld Lilgfsjjl:@%gg or figure 35) in which the

layer 14 is of Si (the transferred ace 25 is at the top in the
figures), the layer¥hi1® dadirssartdiof LsFpréon & dehe ageprorhelof i (lkecq
exanpl e, angh thersubssy atgdldnd srofi el ¥£rystdld imegsi.C (or sapphire). The
stack 15" based on nitrides (fi ggre 43%5 |scb%,rowa epl.taxi al Ié/ on this
structure (figure 4% . °¥H8%%pt1 afRPS36fedhhi §igs W edPEAREHR CRosk! Sl |
knowLd o t heepersomg skiddsadate thetlar ta svebeas. mahec utlaf clbeass epift axlye ( MBE)
for one category, and_netall o-organi ¢ _chem,cal_ vapaqr .depositio T~ D)
for anot herfc ?eg%?y?xlqﬁet F\jee%f)cs)rl%grIa ggsé“,u hhé’reeﬁ eaxitg‘la%g?tohvﬁ h%fgetr}:bﬁtur es
rarely excedte 600G ss. therdasiid the sypichalre estperatin eSidwre the second
category are of thepy 021 084721 RCLLERO2/01266 .42 0198l 9f ¢ o1
100C. For each of t ea%%g/e t(ﬁ%o %e%ﬁni queg,g tehe chgi ceS of thae) p%l??%r(?%% sets
of regions 71, lggelebetvnest B optndi 2ed. thA CRETSECOAd s eStoaetvret he
Ioroce§§ig p&é’éVl{%llg Yaﬁlgstﬁ#'é bﬁﬂgbaﬁemﬁﬂtﬁu%@@mgi@f otfhe’%ﬁiéV\Qy@é: der g
ayers an . by rofJ.uoric [ i i S, chosen, r _exanple, an
anot her varﬁi%ﬁ’\?sh'bns{]%?% it i ﬁg'a Igy(gr‘fﬁaf‘b%“r? n(j‘cllrdorrfagﬁgl%get}&?nt he

substrate. Subsequent NMOYVEreptbaxi ahognowth &t gltré00C pIndutds acssack

whose t hi ck I .L.h rde . 1 ~t t i ionally
anneal ed bel%]}g?go%}ﬁ%g%ﬁ{:t %)??Lgld. %tr%gv&r%gsﬁg]ge&%?f%%cy%éy}?l gﬁ%hesgtlg%tﬁenr a?%r e
range from BD@sk o wEt200Che| nrBrdler Thé scamsodicki east rdhhl §on heimgchandcal

strengi h of .t henthdg. oA LET at hengr oukhe 8t eRont gL ASELHD! Vuh ScrUbL£LLEd toO
deposi ti on ©of Oxide, anari zation by CWP nol ecul _ar a%hem on. bondi n

pl. y 15 g
(for exanpl @ oRPBraYsPiitEEACEGEsPPAIERD &R ARNERNPnG1afNd f00C 1558{Yengt h
this |atterpbbondsag.thEie | ayer rkgiosspriogicedi (fegane 4dughiaraldsy, atifiere

is separation at the bonding interface (figure 4 A.few.hours.in_a 500
hydr of | uori %e%%?%i%athﬁcfélsae?et%%f Piaglugﬁt Ot% %}%%h%%iﬁgré%?delﬁ a%i/:é]rfk‘:flé‘ta’ré ally
to a depth ofiiaf¢éeanmmmehecelehi sdhaseehacendony espapelstiost he regi on Z2,

thereby uncovering phe.reghoN.Zlendhigelgyl gl Fpued by S£pal AL 0P by.ORaNs

of mechanical forces, for exanple by inserting a blade, applying a

pressurizedt%t Eroiens dgn and Zz, the above sSequence can be modified
to yield a "silicon ring and non-roughened oxide at the
center" configuration. To this end, the hydrofluoric acid
etching step <can be eliminated, for example, and the

30 previous polishing step extended so that polishing the

siliconr ring results in a flush surface. In this case, the
energy difference Dbetween the regions 2y and Z, is
essentially caused by the difference in the nature of the
materials. In this case, the difference is smaller.

35 A recess and an oxide deposit have been cited in



.25 applying a conpressed air jet, using the techniques previously
descrirbed, for exanple. A final deoxidation step renoves the residue of the
oxi de layer 13 (figure 46) . At least the SiC layer 14 that served as a
nucl eation | ayer for the epitaxial stack can optionally be elimnated by 30

et chi ng (fi‘g}ure 41)]. Di odes can be produced before or after the final
transfer. WORMM Huried | ayer incorporating microcaviti ECTHROMVOBUGLI es

or platelets The interface between the ddbstrate and what is to 35 formthe
"active" layer can instead take the formof a WO 021084721 PCTI FR02101266
43 buried weak | ayer, formed of mcrocavities, mcrobubbles, or platelets,
for exanpl eehdhsstpavtesswhanebehesechnd tr siunye s ech c ahdutubrs tad <ot hier
materials. The .difference thV\%%%tregh(e)nsfwith di{(gerent 5 nmechani cal

strengths i %w% aitnheed bryesdll erent | &vel s™ of weaken ncgo;nfilrglﬁaetlc%%e Wher e,

as in figurdstdined 3w cdmndinglkegifbrnvasiaryuiared $ts bien strrmundedwy a
peri pher al i.on r C i cal g stren Lo kS i cient

weaken the tl';j?érgéuégt apgrgégghgt ﬁeleggric%hdeé? E)'?hag@;{gnmeat t{qhg 1l(s)algzgefnt %? %Etb%
exanpl®, byfigitrodiel nPatetsie PerhPHersi | (sre drisivdtss 1df) t he subst ances

for weakening the negimd f aloexample byahydrogen hapbaniali omac t his, can
be obtai ned by masking a portion of the |ayer during a portiaon of the

i npl ant at i Wbt at f ofl TEEF C8CEINe, RN Gholdi F T RAOUS ERB dmSEpRurd ng

i npl antati odmall cambalserbeddhiieved ytgay.ryrdw eximsUSLessi the aim

i npl antati ons, _under,_ different conditi@ans, in the yarious,.regions ose
properties &fe fo Qﬁoeteﬂlirffgb%ntpalﬁeg b‘é@éna&fisgg ﬁl\?éakgﬁé@ di'PF&r éXt 1y by
appl yihg didéprentedean tdeatient so dltcheoxide obtaknn@Ocdirkf erentefivel s of
weakeni ng. (B 1BeLa0a | o hhe s LLDULION Of o £ NG HLOLORACER-aNd, find &
single ring, ragr%ents, array of regions, m?ltltu e of ~=egions, etc.), the
t echni ques FPFvEeprdl ng tHRSELRY r uct @ {BieTreans(wforechamaprhy,
stresses, Ghem LRl c2b hdeRbdBNtarhept tHeatd®niat Bal atdd iehd el ffe i Ngs

and regions Z2, etc.) and how,thﬁy are reduced to practice, the elenents
and exanpl €3 gi®F&R il ec FRERL£2 el %t Ty 4 o (&5 nEEATREe Y Fiftfel it at e
| ayer1pr odugeid by eseheay) ar sadhesiion thematweadn d. tBO 3 twol ntrerfeaciea for med

of a porous_|ayer The rson skilled in the art in rticular from
t he document® %%%342%&?& ﬁ:aotulziJ p%%%lt%lq%y%rsgégg%gi%’lﬁt 5?%861 r oni t-he
fol l owi ng mat@rialsciivearenevdhrot Sihe AR hnREha@iAsH, «GaAliagg. | nAs,

Al Gasb, znS, CdTe m&}t@onﬁ;lmm&cra&% déél%leQ°|f56fir3é§5a?t{(§J idne or
anor phous for ns. WO 02/ 0847 PCT/ FRO2/ 01266 44 Thus it Is only by way of

exampl e that the remeiiere ot3thfsadBaELppti 6 Fepers td &N idurEh 1the s
possibd e to-obtain pereus gbéicontbyngbectund yshsei mimediafdrioriie acig. The

person ski lsluekgs’éz_natSetabr?da{rtl g]eovx{:shﬂ?vxigﬁ?erv,ary the porosity of the Si by

- figure 14 shows an assembly in which the
interface layer between the substrate and the thin layer
has a central portion Z; of a material (Si3Ng) different

25 from that (510,;) of the peripheral portion %,, these two
portions being of different materials (here Si) than the
substrate and the thin laver,

- figure 15 is a wvariant of figure 10 in which
there is a plurality of regions Z; of a material different

30 from that of the support,

- figure 16 1is a variant of figure 14 in which
there 1is a plurality of regions Z; and a plurality of
regions %, of materials (here Si3Ny and Si0;) different from
those (here Si) of the substrate and the thin layer.

35 Figures 15 and 16 can correspond to a plurality of



nodi fying the concentration of the hydrofluoric acid or by varying the
current. For exanple, reducing the hydrofluoric acid concentration from 500
to 200 changes the porosity from2.1 g/cnB to 0.6 g/cnB. 10 Thus by
protecting the outer ring of the Si wafer with a thick deposit (of nitride,
oxi de or pol stallrne silicon, for exanple) it is possible to make a
central re&’é 298412 silicon | ayer porous whilst preserviP¢J/FRE/S66phery
intact. It then suffices to elimnate t4& |ayer 15 deposited at the
periphery and to el ectrolyze the entire wafer. The consequence of these two
el ectrolysis operations is to produce a higher porosity at the center of
the waf er thameatritle qferimphar yEidurnaorT ysial 18 nerkaygamplics (s tren

pr oduced on .20 thr RQr Q. Iaxar by epitaxial growmh (see frgure 48, which
represents a'structure coﬁbrrsrn ‘a substrate 21, the porous |ayer 22,
havi ng control | ed drﬁﬁgmeacé@7|3hqm30$|¢qnfE@mE&¢u¢mew19gran@lzrahamw-Zz
and a thin I eal i f the hydrogen annealing type is
25 advantagé§¥§1§%ﬁﬁﬁH0ye tnbef%rle hg ‘epl (gxral growth step to stop up the
surfade of the poresfagureasts i phpeast a Teerfd gvamtiencristiig | ant iaggay
continuity hetueep, the y@wgcaﬁdlaafuﬁnér Lheye §¥§stB§ %ﬁ@etg%%SthEH%nt

The thrckness of this nonocrystalline |ayer, hus becones t he
active |layén) #BpBRdsVERALheYPHEBARS BB%I?E%?FOHEPeEé%@ndrng on the

thi ckness of the agpiave Iay@ﬁn a&h@r:%ﬁﬁu@ﬁﬁiwhrto@an—@agon%e@arable

sel f - supportrn% L%’yer Q %g IS relatrve% .t hi ck) or can be tr sferred
to a 35 taryet st r dte Ciar &ARI e B ﬁggﬁlapaéﬁﬁesPQn)mo €

02/ 084721 @Eﬁkﬁﬁ@ﬁ/ﬂﬁﬂﬁﬁa45respeaeahlymeansheslayerrUS tde nandheoaatheve

| ayer can lLifted i strate by chem cal neans or by introducing a
fluid |ocal %aqﬁﬁé% #ﬁ?%%ﬁ%ﬁiqﬁayer An alternative is to render the

peri phery porous 57Tde yoerefldi stakde oferpfamamspbstiate; gorepaeagiing th a

substrate 2, H%'EB%%k@g%s §P”€héeﬁhBP§cQ£ YRi £Br aFe PQYRYSoraRE dhe
nnnocrystallrne | ayer 23"). hen becomes appropriate 1o elrnlnate thrs

ring by cuﬁﬁrrﬁ?%ﬁ%ﬁrﬁﬁﬂ%ﬁﬁrﬂ%YQﬁ’ (ager 1&gt HhaG ke sy vésdmldalnasr B&sdsi ng

usi ngs10 H ﬂﬂ%s@d Twrﬁ)rodWé hanegard ptaQtt hef dh stbhpehénn) Of ltshe;rra&gl ons
Z1 and Z2 a sr qﬁg r| fra gi arr re 'OQ§ Itrtud

regi ons, etd )t éste Vﬁg St PhEBdre s a
mechani cal aﬁk@ﬁﬁ@$onﬁmﬂgcahy¢5 tﬁearﬁtmtrvabatUhuamrmmYersthHUh&r

removal  of th g, J LI« Sc\l%_?ea‘ogs(br)es%'?ﬂ tl?xwtth@e%e@ra%a'bqgu%%st\:%ate

practi ce, enent s an exa given in section 1 relating
i nterface &rs |ﬂﬂ@m%§@¢%%ée¢ay@¢ pK&Hﬁ@@@dby‘ﬁﬁ?@%ﬁla@eaﬁﬁé§ﬂéﬁ r@ﬁ@gﬁ

vali o 20 Nefsddialnt - e iicht erhageceanohs aasi npée ot acdssurfracepr a
connecting | ayer, t he fra%nents can be drstrr ted.in a net$Prk of

squar es, I|9ﬂ&$a%kﬁkeﬁ¥Fi i YRy, &, @ 25ur éegéﬁﬁﬁ¥rrc¥ & i fition
of the fragrenrtmslilsy prefiersdd,y rte:laaisefdertr@d herltecata on aane tt hesla:rpzﬂcto,f t he

O ool L0, LIRSHES L0 L8 of ey Beates) SR nely dlipypur{sce
temporary support whlch is itself intended to be detached.

25 There are various ways to transfer the surface
layer to the target substrate.

First of all, transfer can be effected by molecular
adhesion bonding of what is to become the thin layer to be
transferred to another substrate.

30 By way of illustration, a separation method 1is
described next 1in the context of producing a new SOI
structure that 1s referred to herein as the second S0I
structure. This kind of method, a priori less direct than
the technigues previously mentioned, nevertheless has a

35 number of benefits. The example chosen here relates to the



30 - the preparation before bonding can affect the roughness but also the
hydr ophilic properties, - to obtain a greater roughness of the first region
relative to that of the second region, both regions can be roughened and

t he roughness of only the second region 35 reduced, WO 021 084721

PCT/ FR0210;‘%’[63}2;{1@4 tJje difference between Z1, ZZ can result, é?@?g%%@

treat nent ocal i zed nol ecul ar bon B alternatively,

t hermal anneal i ng can be used after the ondi ng operation (laser beam
non-uni form5 furnace, heating by lanps, etc.), - when the interface is a
buried | ayer weakened by inplanting a gaseous elenent, the latter

pr ef er abl y Rafidisi Gasedbud, seaabbP@i n subptrete, Vﬂoﬁfhlén@%flel@at@ntm 10

corresponding,d,0 the AeghonkZZ Garnadvuaagenus] y a@f%llbﬁu@att%d ckwt&mm cal
et ching and/ or by mechani cal _renmoval of material (machining), -

lift-of f st¥p-anbe dfifetid e itF St Ya vacuum and/ or appl | catl on of

stresses; S j et of Melf,lr@ﬂ:l’ isroegpress%w Zcmztlaf:dnacd %@n bacused, thdhe
precedi ng ription _has enphasi zed a.sil, con_ |a ut_Si C, &GN, &As
| nP, %te Aid SE coRduct' s s der i égacfﬁéFgfronYé?igépgo r3l eviiar 2Pt her e
can be a stepofrap: t axraksgoodabh do tf\B;\ﬂﬂeIAyerIrbetme &apmpatel orhe
|1 kewl se C%'{B‘%Pc{‘c%g}s%acﬁ'&rg 8599888" gfz?' Xs Qé&kebecfh%r active

separation e regions even Rav; ng level
mechani cal lﬁy%mgt@m*d@ft@l@nsepﬁﬁﬁbﬂﬁogebétrahé,r e@| osi c2 tdred Entesl -

there can %&&P”BE”%@]‘& @&Mé’étﬂ‘ﬂg of 54,8 rf%“shaﬂé&@ rSUERAER b@éf@fv‘é‘

extrene values, rather than in plateaux |inked by discrete steps, - th
di f f rnce BN HeEharAAl %1% efth BEIEAPI e 38 oWsr%%ﬁlUF%m?ﬂ fkﬂ%fl‘ﬁa
di fference ‘@ﬁfeélﬁml Lt ORe3§ (nlrgrerﬁ@@pef@mm ofipaelfayap1y tiksaneckegi on

f teri th ' I i nterf
formed In pari by (HE rater | o1 T CHe Bttt af ©BF Cre 19981 AN Th part by
a transferred lfayex}de lbi\@e@Zh@Sﬂﬁ:tn@C‘lwfRﬁﬁéﬁmaBGo&'idﬁltAwat:b W ered hod
of preparing,a thin.lgayer sthzOU‘i' NG 13 §LLP OF ﬂ‘ifgupk[ﬂgea&s %erg%&@?ate

between a |l ayer Intended to rmpart® of said thin layer and a s
char dct er i Zidee 5 bur itdsht ogade i ﬁfer’ﬁa%e Jer Qb d¥&dd ssrastusehavinattheast a

present example, the separable substrate (11+12+13+14+15)
is molecular adhesion bonded to a silicon substrate 16 that
is to become the final support of the active layer (see
figure 2). The stack obtained is preferably stabilized at a
20 high temperature (1 100°C) to consolidate strongly the
second bond at the interface of the layers 15 and 16. This
second bond is conventional in the sense that there is no
differentiation between regions of different mechanical
strength. The first bond, 1f subjected to the same
25 treatment, nevertheless has, at least in its central
portion, corresponding to the region 2Z;, a mechanical
strength less than that of the second bond. A chemical
and/or mechanical separation method can be wused. For
example, the stack obtained as above is first immersed in a
30 hydrofluoric acid bath, one object of which is to overetch
the oxide layers 12 and 13, starting from the edges of the
assembly, to eliminate the ring corresponding to the region
Z, and reach the region Z;. The two interfaces 12/13 and
15/16 are preferentially etched. Moreover, the interface

35 12/13 of the separable substrate 1s advantageously an



first region (Z1, Z1') having a first |level of nechanical strength and a
"second region (Z2, Zz') having a second | evel of mechanical strength
significantly greater than the first |level of mechanical strength, the
first region being 10 included within the second. 2. A nethod according to
claim1l, {zed in that the second region constitu phery
of a mafeﬁ&gg&ﬁﬁﬁéﬁgthe first region c%@stltutes t he coreﬁsinﬁﬂﬁﬁﬁ?é%
according to claiml1, characterized in”1I5 that the first region is divided
into fragnents, each fragment being surrounded by a second region. 4. A
met hod according to any one of clains 1 to 3, characterized in that the
interface @@@ﬂ%@ﬂh@@i Hetteedim ee suftacehefef e subistldst emand aremﬂihye of
the |ayer @nd i 20hstepaol popdichog,the intectage Logludess e ptep. of

preparing at |east one of said surfaces and bondi ng step during
sai d surfaec?sdbynted fYTERE JitHer stePalé blylﬁfmr@cu%? 58Rediiow b@fqd. ng.
5. A net hodi @ecer fepgahecahaishrbnagr acierd zed 18535 dhataddesstgpn§f

producing the jnterface includes a ste r ing the surface of the
subst? at e &nd*® ﬁelgﬁﬁFgéggﬁoﬁnﬁp?aﬁ%?gn% b& ﬁe%h@& Acdriti niP terERSE m 4 or

claimb5, charantesiepedabiet hatbsthetsiur fietcen pt kpanat Horesicee si nlaidesw 30 a
treat nent step for Iocally d creaS|n Lhe roughness of sal d surf fhln sai d

first reglon % P Hethod accordC D clalﬁ1%n’ch§F§cteHﬁ%édal at the
treatnent m&mﬁamn@$hdespaoaahozedbacpdeesmhumgdomathe gaﬂLaGES|rnsahd first

regi on. RELN ha t 1 1
02/ 084721 ‘%ﬁ/‘%/mzea 48 Eﬁ] %egg@ étsg% n‘éf:fsej;‘%‘%ect ed W M@e
hydrbf | uordecaesel: tHe SUPe4LE: | nbEalﬁr%@Eb%@rre@$onl%e|h@epr@@@@m%@tfron1

said etchipg Gy/26b@YEr by OfineaMlod Obfni 4 rideygd, haktics) elwﬂq?ﬁéﬁglgfter
erize In

etching. 5_09. t hod. .ac ordln clajm4 o imb5, charac

t hat the s@ﬁ?%%eqﬁﬁépéFgﬁlonSEFgBtPHEIuhg£1%+£§ELglnsﬁﬁicﬁlBHéesu??éce is
r oughened B@Ilé@iygandemoshep|df\Mﬁhﬁ1thelﬁ@ugnBeSSfmh-s&mmmpmélon§ is
enhanced tO (? f noglll: eaé%c{lgondl n%ef c.l)frl %_ SJO(}: chructurehngs a%Cbcgédl:)g

claim?9, ized In BB’ t hESr SdgRneds of° €0 por tTon ched by
chemzal pﬂhee siiingpafrechahl calhattr eaeneat ors chensWad ectmnivdah itr ebbhaent ,

or dry etching-,lie &HE%PQE’eaEQHrHénQe&QCJ@QM hg %ué’é&' Mol LQardn1d>

characterized in that the step of producing the |nter ace inclu es a step
of weakeni g @WC@d pRgEReFn Sfl%?traﬁkﬁengs‘é’%gf%”é‘?e (Dfiseceplat PEBSY the
first regionihsniedegweakeraydanithe second region, said buried |ayer being
di sposed bet ween ortion form.ng.the I r and a rti fornln 20 the
substrate. 12. A rethot BEeBrdrhg St ePatHTEL S CHARAILrTZEb T n RGPSt he
weakehi ng ¢ ephénckydes &) stap @t la@$anpanglallyeekimnm&t@aﬁbeusle@enent,

said | npl %‘é@%?”g%&e%hﬁﬁfﬂ&%ﬁc? drfd LYl A f eecﬁtc!ﬁ/ d %hﬁeéﬁ%%%cggd

second regi Ohs accordi ng o ny one 0 al ns
char act er iRedishingat leRerst@y tondpr odtiei ngechB1pReer Cade hectndesyad

treatment siepradapt ethdD 1 ederca gl f aggqgl ayeke oﬁ@@ﬁ;@@@t ralE Porous,
said treatnent step bein arried. out in such a as to render t he’ flrst

30 region ot 81 pdrOUS IH tﬁé’sééﬁndpFQGFSEloandj eing"FErPBwEE by &
covers ng stlepndusingecuwhi chrbhe-hayeheds preducedbefiotep béndanhd poheus
| ayer. 14._A éh8$b§E?QEQ5”9 to claim 13, characterized in that the

substrate f%co rcon and said treatnent step 35 includes electrolysis in

an hydrofluoric acidtereding the 500 A thick buried oxide layer 15
formed previcusly on the layer 14 could have been formed on

the substrate 16 before bonding rather than on the layer
30 14. Another variant divides the 500 A thickness into two
portions, with one portion on the substrate 16, for example
250 A thick, and the other portion on the layer 14, also
250 A thick in this example.
Note that 1f the two molecular adhesion bonded

35 interfaces are both of the oxide/oxide type, stabilization



P WD 02/084721 PCT/ FRO2/ 01266 49 15. A nethod according to any one of
"olainmse 1 to 14, characterized in that the step of producing the interface
is followed by a step of separating the |ayer fromthe substrate. 5 16. A
met hod according to claim 15, characterized in that, after the step of

produci ng t ace, there follows a step of cuttl ng

f ragnent of‘gﬁn@%sg% containing said féﬁls region (Z1') Zéﬁf/?ﬁ%fog@éond
region ( z2' ) so that said second regi ( Z2' ) extends along 10 the
peri phery of said fragnment, possibly followed by a separation operation

during which the substrate and the thin layer are lifted off. 17. A nethod
accordi ng tof ctienms&bood dcaidmalt, hihtar aehperaedre ncehabe hetrwden tdet st ep
of produci theg i nter e d t S AL St @Rt h i t of
cutting thgﬂ}secon?lr eg%onfw?d Ia??ve ?g th@% stébr eqgi ga ggreeAéér%héldaeP
accordi ng thydryl bherbd a¢hd nstasing agcuhatacths i Hakt nintrrfdaqe i ngt udes,

bet ween theu@a;@pmgth@aodeﬁbn@rtea%lbm Qe acenanthdihe liif tyofif §é p@naz§tep
of 20 producing in the | ayer all part of mcroel ectronic, optical

mechant cal %%khé‘p%‘ﬁ%%tErefgreﬂtFré@-héﬁpééé&l&n“né’ft ot % aFﬁW@éetéhérté@tker@tzed in
that each cemponensti 5onaodu1¢%@}fba@| ngniche Hd nsdgiregimn fKifrJtaW necdiedd cal
strength surroggged by the sgg | n 25 of h| ni cal strength.

20. A met hot aBE6rdfng 1% a‘il‘haslh%‘/t% 958&‘?&@& SITE T
t hat, betweehet besste@fofcmcdolsucthngtt heni ntaerskace areds the gépadatarah st ep,

suggfr:atse%%g@gﬁ%goi e'Lpr) ) ngsﬁpfg%]%og)efacggrgglén% chﬂlholgaﬁggan%y
char at@ er | zeeel ing haf e df bbndahgtlst epddec] anfdst it et taronal hestoea se

bondi ng. 221n%£§%b&91§§&%6’1h@&n$19a@i&& Rdxnshaasterized 35 in that said
bondi ng step includes adhesi ve bondin WO 02/ 084721 PCT/ FRO2/ 01266 50

23. A nethod accor dfAHYERF cPEFR LY, OEhEF‘SCFéPl P2dd e MIfd ki A HAHESRE Y e

bondi ng useso aphadhesiave itdmatrd sy d@@edhbypwdua«ﬂnahl T b Fe @i hod
according to an% one o i characteri zed

lift-of f step?Pelehey %ﬁrllﬂ%g%‘flslgc*}ae eﬁjcﬁti‘ugo%%]ﬁata]poprﬁ c%ﬁjr n#%c-?tﬁégﬁé%i cal

stress®s. 2babAicethod acfordhag tovamnysones ofesdentmsallly 0o d¥hsist in
CharaCteringoﬁgciggttﬁ@efkﬁgerCMés0%r§$$i§@@& gate (see figure 24) on
a separable substrate using conventional technology (see

figure 23), as shown in figure 4, for example, in exactly

the same way as previously described for the production of

20 SOI structures with a thin 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 of 1 pm is then deposited onto this

substrate (see figure 25) using a conventional deposition

25 technique (for example CVD). The oxide is planarized using

a conventional chemical/mechanical polishing technique (see

figure 26). This is followed by molecular adhesion bonding

to another silicon substrate 16 (see figure 27). The

bonding is preferentially stabilized at a temperature from

30 1 000 to 1 100°C if the structures formed for the first
gate can withstand this high a temperature, or at
temperatures of the order of 900/1 000°C otherwise. Finally

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

same way as previously (insertion of a blade, pressurized

35 water Jjet, compressed air jet, etc.). Before resuming the



26. An assenbly including a |layer on a substrate, 10 said |ayer (13+14,

" 13' +14', 23) being connected to said substrate (11+12, 11'+12', 21) at an
interface of which at least a selected first region (Z1, Z1' ) has a first
| evel of nechanical strength and a sel ected second region (Z2, Z~') has a

second | eve‘%,ﬁce)@q@g{lani cal strength 15 significantly gr eatleé,le,mgmﬁg | first

| evel , and region ( Z1, ZI' )3'5 i ncluded in the on (
Z2, ZZ' ) . 27. An assenbly according to claim?26, characterized in that
the second region constitutes the periphery of a wafer of which the first
region constitutes 20 the core. 28. An assenbly according to claim 26,
characteri Zexhnsidathar €heriicestoneghorrdss di ¥ndahithitar famghentsrodach

fragment beifng suecguNded DY (8nSeGRNERIMQRL 23223 Ah@ssenhl e A5eps di ng
to claim 26, characterized in that a fragnent cut out in said |ayer

contains saA®d fi 8¢ regfiomdme & d-hecRddPediaffSolBhats s&PHOFEEoMRY
regi on ext endsniadong ddrenipeyi phidafe sand f bagaent i s30eB88nedn assenbdy

according to any_one of clal 26 10 29, characterized.in that the | ayer
ol udes al ORIt 6 Aohhr SOORELPRori. AOHMTCaFEoh L RECHIR Fa L Ve
conponent . WBilth Aneapsettblty acicddratimg dtocicirad ne80ps chatachéiyzechden tlnat
sai d conponent . fac the first_reqi 3 | .ow i strength
surrounded %@l% e 1E%%on e(re}elgi Srﬁllﬁgl@?\?\o %5)%%§9721q%g%%2ﬁ%%]/ 01266 51 0f"

hi gher nechani Cate st Feagta)o32. adhardssEnid§ dtor denhntquanyvene ofhet ai ns
26 to 31, c i zed-h s that thegint i's d ween, a sgrface
of the subs?%‘?gﬁlgénd, gg%ll&?%g‘é%gbf i R 5%‘%@ rey hs?%?ﬂgg% S _adh(zgi on
bonded® 33.1impl TR aéBordidtg tfo AP§S oReTtofMesIcgSHs 36 1@ sively

charact eri zeshp et hat nakhk 8gstsconensiisl agmtofatdbepkpbeehaeechasn geaher
roughness in_said first

regi,on than in the second region. .10 34.
assenbl y actor dittfg- opzfﬁ)?“glrjr@qof L a!?ﬁ%afZ% tcge%ffjcsdhg:aﬁct EPEzed iﬁ]ﬁl"h%lt t he
i nterface isoloshidg byoredatriiced | dper éwampbé ar tiheg sebstinakee, bthe fhe st
regi on bein e h - : ' : asse :
nocor ding T EEE oeter CErar heCob faBFEEaT ARk Beds; LA I I Y
interface i'soforeraeebyor potbled | Hyethdetmeen said | ayer and said

substrate, said |aygle having diffecent poroshti egskR said fidst apdhsecond
regions. 36. An assenbly according to any one of clains 26 20 to 35,

charact eri z&ePtHcahhns hel fayBe f4r88dPPiloRatytHsRddd oo T Becor) 15

substrate (dfed1€0).pBddude assemrblsyoaegordinguiws cl abfipdbenthar aster) zed
in that said second su strﬁ%e i si on bonded. 25 38. An

_ 3 nol ecul af adh(g: L I€
assenbly accdTHf ng"? cPai nt 387 thar kT8t i et in That S5 secHna subSt rat e
i s adhesi vedddndeded 3Supfwrdssehbt y exeopddi ngtlte® csbbaistnrd8e char aenerhzed in

that said adhesiye ponding us8S AR ical 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
25 relating to flat screens, a transparent substrate is chosen
for the final support.

Another example of separation is briefly described
here (see figures 29 to 32) in the case of producing
circuits on thin substrates. The final thicknesses of

30 interest are typically less than a few hundred um, even of
the order of a few tens of pm. They relate, for example, to
power applications or applications to smart cards and other
circuits for which some flexibility is required (plastics
material supports, curved supports, etc.). One variant

35 relates to a type of separation necessitating no transfer



30 adhesive that is hardened by UV radiation. 40. An assenbly according to
“any one of clainms 26 to 39, characterized in that the layer is of silicon.
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15 substrate is then molecular adhesion bonded, for example,
to a 725 pm wafer, forming areas of lower mechanical

strength. The 725 pm wafer is then thinned to the required

thickness of 30 am, for example by planing and
chemical /mechanical polishing. The resulting assembly
20 therefore corresponds to the standards and offers

sufficient resistance to the processes for fabricating some

or all of the components. After production of the latter,

one of the separation techniques previously cited may be

used (see figure 31, hydrofluoric acid etching and

25 mechanical stresses), except that the substrate 16 can be

omitted. Its presence can be beneficial in some cases,

however. After separation, the self-supporting layer 14

alone represents the final substrate of interest,

characterized by a substrate thickness of 80 pm, including

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

If reguired, the dies can be cut before separation,

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

between the components, extending to just below the future

35 separation region, and figure 34 shows a pull-off support
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Another example of use concerns the production of

15 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
is to require cards with ever higher resistance to
deformation. A monocrystalline silicon support whose

20 thickness is greater than around 50 pm 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
a smart card.

Figure 35 shows a starting assembly similar to that

25 shown in figure 4, with a starting substrate 11' covered
with a 1layer 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
produced within the silicon layer 14'. Then, for assembly
30 to the second support 16' (see figure 36), 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 components of the active layer produced after

35 this bonding step. These can advantageously be adhesives



100 100 100 nLO%& () -: $10%2& () -$2 Dnwmleb@3 $10%&' ()-0![3
' $10% (& ()-0!""3 $10%-& ()-0'[' 3 $10% (& ()-0'V3 $10%t#& ()-0! QP3
$109&' ()-0~ =!I $10%{(&' ()-0! 109&' ()-310%& ()-s 10 10 103
$109%& ()-0!'nh° 3 $10% ;& ()-0Zb#WU3~ =!I""| $10%-& ()-0!irl

$109%66& ().- 0!

0941& ()-0'VI  $10%t#& ()-0!' | $10%

$10% (& ()W@hﬂz)’é{s\‘uﬁ 1 10%08' () - : 10%08& (3)5_ M PCT}F)ROZ/OE%G

10

15

20

25

30

35

hardened by heat or by exposure to UV radiation (in this
latter case, it is sufficient to choose a final substrate
16' that is transparent to UV).

When it comes to cutting along the weakened area of
the separable substrate ({here the bonding interface
12'/13"'), it may appear difficult to produce purely
chemical lift-off because adhesives and substrates
transparent to UV (in practice made of quartz and glass)
are not totally inert to the chemical products
(hydrofluoric acid, solvents, etc.). On the other hand, a
purely mechanical action may be sufficient to 1lift off the
structure at the weak interface 12'/13' if the bonding
energy of the ring is lower than the strength of the
adhesive and the various layers constituting the integrated
circuits (this can be achieved relatively easily). It is
then possible to use the substrate of the separable
substrate several times. Apart from limited chemical
etching of the ring, it 1s 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 at the boundary between the high
bonding energy region and the low bonding energy region. If
the ring is only a few mm wide, or even narrower, it is

then possible to reuse the substrate.

As a general rule, the residue of the first
substrate 1s obtained, the support of the substrate
referred to until now as "separable" (see figure 37) and

reusable, preferably after polishing the layer 12' and the
active layer 14' (figure 38) that 1is transferred onto the
other support 16' or alternatively 1is free and self-
supporting 1f the thickness of the layer 14° is
appropriate.

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

much longer process that will continue either with the pure
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and simple elimination of the intermediate substrate 16' or
another layer transfer operation onto a yet further
support, generally involving elimination of the substrate
16'. The separable substrate obtained with the aid of the

5 technique previously described is 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 makes it easier for the bonding
interface to yield and therefore facilitates the transfer
of the processed layer to the intermediate substrate. Under
these conditions, 1t 1s advantageous for the processed
layers to be protected (for example by an additional

30 deposit of nitride in the case of hydrofluoric acid
etching) .

Stresses can be applied directly to the thin film
or to the intermediate substrate (known as a handle). They
can be rmwechanical stresses (in particular applied by

35 inserting a blade at the bonding interface), and/or use a
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lift-off tool (see WO 00/26000), and/or a jet, or involve
inserting a gas flow, as described 1in the document
FR 2796491, and/or a liquid (see EP 0925888, EP 0989593).
In the case of a gas flow (or even a liquid flow, for
5 example a flow of hydrofluoric acid if the interface is of
oxide), the separable substrate can advantageously be
prepared beforehand (for example by chemical etching) to
feed the fluid locally to the bonding interface. This
facilitates preferential 1lifting off at the multilayer
10 structure bonding interface, where the 1lifting off must
take place, by protecting the various Ilayers of the
structure incorporating the components. Thus it is possible
to 1lift off the bonding interface even when the adhesion

between the internal component layers is weak. In this

15 regard, see figures 32 and 40.
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

corresponding to the electronic components, which can be
20 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
component by component (or die by die), if the latter are
25 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 1s advantageously used for the
transfer. The elements can also be transferred onto a wafer
incorporating other electronic or opto-electronic devices,
30 in which case the transfer can again use a molecular
adhesion technique (see figures 4 and 19 to 22, imagining
the additional presence of components formed in the layer
14). The elements can be transferred by conventional means
such as pick and place means. The elements can also be
35 transferred onto ancther support to improve the thermal
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preoperties, for example.

Then, by applying stress or localized heating (for
example using a laser), the thin layer, previously bonded
to its final support, can be separated (element by element,

5 or globally) from its handle by means of mechanical forces.

As indicated with reference to figures 17 and 18,
the regions Z; and Z; may not define a system comprising a
central circular region Z; surrounded by an outer ring Z,.
A multitude of other structures can be envisaged. The array

10 of squares in figure 18 can be replaced by arrays of other
shapes (rows, columns, concentric circles, etc.) whose
pitch and other gecometrical dimensions can wvary as a
function of the application and the separation technique
employed. The benefit of adopting an array may prove to be
15 preferable if the structure to be produced imposes high
mechanical stresses that are transmitted to the connecting
interface (in this case short-range repetition of areas of
good mechanical strength is preferable), or if the layer 14
may feature holes, whether intentional or otherwise,
20 locally uncovering the connecting region, which may in turn
be subject to untimely delamination whose epicenter is the
hole, or to simplify the method (for example for cutting
intc individual dies) in the case of producing dies. 1In
principle, dimensions of the order of 1 pym are preferred
25 for structures having to withstand high stresses (for

example hetero-epitaxy or any other deposition or

technological step applying significant tension or
compression to the structure), or in the case of small
circuits, or of circuits produced with submicron
30 photolithographic resolution. In the contrary situation,

scales of the order of 1 mm or even 1 cm are preferable.
Many combinations of more than two regions can of course be
envisaged (Z,; 42, Zs3, etc.). Rather than a discrete number
of types of regions of particular mechanical strength, a

35 continuum of regions characterized by a continuous
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variation of the mechanical strength can be envisaged. For
example, the mechanical strength decreasing continuously
from a maximum value in the vicinity of the edge to a
minimum value at its center can be envisaged. The variation
5 can optionally be circularly symmetrical about an axis
perpendicular to the plane of the substrate. Production
processes yielding this type of substrate and their use in
separation are in all respects similar to those described
with reference to figures 1 to 8, provided that the

10 geometrical shapes employed are suitable (mask shapes for
formation of protection layers for selective roughness,
mask shapes for selective deposition, shape of polishing
tissues for preferentially polishing eccentric rings,
etc.).

15 The above Jgeometrical shapes are compatible with
the transfer of a layer 14 as a whole from the separable
original substrate 11+12+13+14 to the target substrate 16.

As opposed to embodiments of the method according
to the invention that tend to encourage separation of the

20 layer from its substrate at the global level, i.e. on the
scale of the whole of the substrate, others tend to delimit
fragments, the shape of which is clearly related to the
dies or components to be produced from the active layer.
Figure 41 shows one example of this, with enlargement of

25 the region that subsequently accommodates the die (or any
other component). This structure can be repeated as many
times as there are components to be separated on the
original substrate. Ideally, each region 7, surrounds or
simply extends along the contour of each fragment of the

30 region 7Z;. The surface area of the component (or die, etc.)
can correspond exactly to the region Z,, or be greater than
or less than the latter, in cenfigurations where one of the
surfaces of the component and of the region 7; encompasses
the other. The configuration adopted depends on the

35 separation technique to be used, which can be the same as
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those previously described for separating a substrate
having only a ring %, around a central disc 7Z;. One
interesting variant consists in using conventional
component cutting techniques (sawing, laser cutting, etc.)
5 to cut or delimit trenches, at least partially around dies,
fragments, etc. Another beneficial variant is based on the
use of chemical etching associated with a photolithography
operation to produce identical trenches and/or to remove
the connecting region corresponding to the region Z,. As
10 figure 41 shows in the case of one particular example, the
vertical dashed lines indicate the contour of the required
fragments. For example, after preparing molecular adhesion
bonding over a large area, only layers 3 and 4 are cut to
the contour shown, after which each fragment is lifted off
15 the substrate, which amounts to considering that the
substrate is lifted off each fragment (as an alternative,
all the layers or all of the fragments can be cut at one
and the same time). To the extent that, after cutting, the
high mechanical strength region is at the periphery, the
20 risk of delamination during treatment steps, for example to
produce electronic, optical or other components on the
layers 3 or 4, 1is reduced, whereas, when lifting off is
required, it propagates without difficulty, in a controlled
manner, in the central region (it may have been initiated

25 at the periphery).

Combining the distribution of the regions Zz; and Z,
with the aim of forming an outer ring at the level of the
substrate, as shown in figure 4, with a distribution
intended to protect each of the dies, as shown in figure

30 13, is one beneficial combination.

Of course, the embodiments previocusly described are
not limited to the single case of monocrystalline silicon,
and can be extended to many materials, such as other
semiconductor materials (Ge, SiGe, $iC, GaN and other

35 equivalent nitrides, AsGalInP, etc.), ferro-electric and
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piezo-electric materials (LiNbO;, LiTa0O3), and "treated"

magnetic materials, whether components are produced before
separation or not.

As already mentioned, for the situation of a

5 separable 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 1is typical in the case of growing GalnAs to constitute
a solar cell for use 1in space), then the rms roughness

10 should advantageously be 0.4 nm for the substrate to be
separable.

Another example is that of epitaxially growing an
epitaxial stack on a separable substrate. This applies in
particular to the production of blue and white LEDs and

15 thin layer laser diodes (for example, for improved
extraction of the light emitted or improved evacuation of
heat, thanks to transfer onto a substrate that is a good
conductor of heat, such as copper or diamond). In this
case, the epitaxial stack concerned is based on composite

20 semiconductors derived from GaN (AIN, GaAIN, GaAIInN,
etc.). One method consists of using one of the processes
previously described to form a separable structure
equivalent to that of figure 4 (or figure 26 or figure 35)
in which the layer 14 is of SiC¢H (the transferred Si face

25 is at the top in the figures), the layers 12 and 13 are of
silicon oxide, as in the figure 4 example, and the

substrate 11 is of polycrystalline SiC (or sapphire). The

stack 15" Dbased on nitrides (figure 43) is grown
epitaxially on this structure (figure 42). The epitaxial
30 techniques used can be those well known to the person

skiiled in the art such as molecular beam epitaxy (MBE) for
one category, and metallo-organic chemical vapor deposition
(MOCVD) for another category. In the former case, the
epitaxial growth temperatures rarely exceed 600°C, whereas

35 the typical temperatures for the second category are of the
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techniques, the choice of the pairs or sets of regions 74,

Z,, etc. must be optimized. In the second case, one of the

processes previously described based on roughening of the

5 two oxide layers 12 and 13 by hydrofluoric acid etching is

chosen, for example, and another variant consists in

forming a 5 mm wide ring from the edge of the substrate.

Subsequent MOCVD epitaxial growth at 1 100°C produces a

stack whose thickness 1is of the order of 1 pum. The

10 structure 1s optionally annealed before +the epitaxial

growth stage, typically in the temperature range from 900

to 1 200°C, in order to consolidate strongly the mechanical

strength of the ring. After the growth step, the assembly

is subjected to deposition of oxide, planarization by CMP,

15 molecular adhesion bonding (for example onto a silicon

substrate), and annealing at 1 100°C to strength this

latter bonding. The layer 16 1is produced (figure 44).

Finally, there 1is separation at the bonding interface

(figure 45). A few hours in a 50% hydroflucric acid bath

20 are sufficient to etch the oxide layer laterally to a depth

of a few mm where this interface corresponds to the region

Z2, thereby uncovering the region Z;. This is followed by

separation by means of mechanical forces, for example by

inserting a blade, applying a pressurized water Jjet, or

25 applyving a compressed air Jjet, using the techniqgues

previously described, for example. A final deoxidation step

removes the residue of the oxide layer 13 (figure 46). At

least the SiC layer 14 that served as a nucleation layer

for the epitaxial stack can optionally be eliminated by

30 etching (figure 41). Diodes can be produced before or after
the final transfer.

2 - Weak buried layer incorporating microcavities,

microbubbles or platelets

The interface between the substrate and what is to

35 form the "active" layer can instead take the form of a
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weaken the structure less at the periphery than at the
10 center, for example, by introducing at the periphery
smaller amounts of the substances for weakening the region
(for example Dby hydrogen implantation); this can be
obtained by masking a portion of the layer during a portion
of the implantation operation, for example, or by modifying
15 the sweep during implantation; it can also be achieved by
carrying out successive implantations, under different
conditions, in the various regions whose properties are to
be different. Regions can also be weakened differently by
applying different heat treatments to them to obtain
20 different levels of weakening.

With regard to the distribution of the regions Z;
and Z; (a single ring, fragments, array of regions,
multitude of regions, etc.), the techniques for separating
these structures (by means of mechanical stresses, chemical

25 treatment, heat treatment, selective removal of rings and
regions Z,, etc.) and how they are reduced to practice, the
elements and examples gilven in section 1 relating to an
interface or intermediate layer produced Dby molecular
adhesion remain valid.

30 3 ~ Interface formed of a porous layer

The person skilled in the art knows, in particular
from the document EP 08433460A2, that a porous layer can bpe
obtained from the following materials in particular: Si,
GaAs, InP, GaAsP, GaAIAs, InAs, AIGaSb, ZnS, CdTe and S5SiGe,

35 in ronocrystalline, polycrystalline or amorphous forms.
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modifying the concentration of the hydrofluoric acid or by
varying the current. For example, reducing the hydrofluoric
acid concentration from 50% to 20% changes the porosity
from 2.1 g/cm® to 0.6 g/cm’.

10 Thus by protecting the outer ring of the Si wafer
with a thick deposit (of nitride, oxide or polycrystalline
silicon, for example) 1t is possible to make a central
region of the silicon layer porous whilst preserving the
periphery intact. It then suffices to eliminate the layer

15 deposited at the periphery and to electrolyze the entire
wafer. The consequence of these two electrolysis operations
is to produce a higher porosity at the center of the wafer
than at the periphery.

A monocrystalline layer of Si is then produced on

20 this porous layer by epitaxial growth (see figure 48, which
represents a structure comprising a substrate 21, the
porous layer 22, having controlled differences in porosity
between the regions 2;' and Z;', and a thin layer 23).
Smoothing annealing of the hydrogen annealing type 1is

25 advantageously employed before the epitaxial growth step to
stop up the surface of the pores at least in part.

There can be crystal lattice continuity between the
various layers if they have the same constituent.
The thickness of this monocrystalline layer, which

30 thus becomes the active layer, depends on the intended
applications.

Depending on the thickness of the active layer,
after separation it can become a self-supporting layer (if
it 1s relatively thick) or it can be transferred to a

35 target substrate (for example by molecular adhesion),
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An alternative 1is to render the periphery porous

3
3

5 only to a distance of a few mm (as in figure 49, with a
substrate 21', a layer 22', some regions of which are
porous, and a monocrystalline layer 23'). It then becomes
appropriate to eliminate this ring Dby cutting (by
mechanical or laser cutting or by chemical processing using

10 HF/HNO3; or TMAH) .

With regard to the distribution of the regions 7,
and Z; (a single ring, fragments, array of regions,
multitude of regions, etc.), the techniques for separating
these structures (by mechanical stresses, chemical

15 treatment, heat treatment, selective removal of rings and
regions Z,, etc.) and how they are reduced to practice, the
elements and examples given in section 1 relating to an
interface or intermediate layer produced by molecular
adhesion remain valid.

20 Note that:

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

- the fragments can be distributed in a network of
squares, lines, concentric circles, etc.,

25 - the geometrical definition of the fragments is
preferably related to the location and the size of the dies
(to the nearest region Z; or the nearest sawing line),

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

30 - the preparation before bonding can affect the
roughness but also the hydrophilic properties,

- to obtain a greater roughness of the first region
relative to that of the second region, both regions can be
roughened and the roughness of only the second region

35 reduced,
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- there can be a step of epitaxial growth on the

20 layer Dbefore separation: likewise components can be
produced completely or in part before separation,

- there can be regions Z;, and even Z,4, having
levels of mechanical strength different from those of the
regions Z; and Z,,

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

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

30 (interface formed of a layer with one region of one
material and the other region of another material, or an
interface formed in part by the material of the substrate

or the layer and in part by a transferred layer).
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1. A method of preparing a thin layer including a

p104266

step of producing an interface between a layer intended to

form part of said thin layer and a substrate, characterized

5 in that said interface is produced so as to have at least a
first region (Zi1, Z:1') having a first level of mechanical
strength and a second region (%, Z2') having a second

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

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

3. A method according to claim 1, characterized in

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

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

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

5. A method according to claim 4, characterized in

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

6. A methed according to claim 4 or c¢laim 5,
characterized in that the surface preparation step includes

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

7. A method according to claim 6, characterized in

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

35 8. A method according to claim 7, characterized in
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11. A method according to any one of claims 1 to 3,
15 characterized in that the step of producing the interface
includes a step of weakening a buried layer in a starting
substrate, whereby at least the first region is made weaker
than the second region, said buried layer being disposed
between a portion forming the layer and a portion forming

20 the substrate.

12. A method according to claim 11, characterized
in that the weakening step includes a step of implanting at
least one gaseous element, said implantation step being
carried out differently for the first and second regions.

25 13. A method according to any one of claims 1 to
3, characterized in <that the step of producing the
interface includes a treatment step adapted to render a
surface layer of the substrate porous, said treatment step
being carried out in such a way as to render the first

30 region more porous than the second region, and being
followed by a covering step during which the layer is
produced on tcp of said porous layer.

14. A method according to claim 13, characterized
in that the substrate is of silicon and said treatment step

35 includes electrolysis in an hydrofluoric acid medium.
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layer containing said first region (Z;') and said second
region (Zy') so that said second region (2Z,') extends along
10 the periphery of said fragment, possibly followed by a

separation operation during which the substrate and the
thin layer are lifted off.

17. A method according to claim 15 or claim 16,
characterized in that, between the step of producing the

15 interface and the separation step, there is a step of
cutting the second region relative to the first region.

18. A method according to any one of claims 15 to
17, characterized in that it includes, between the step of
producing the interface and the lift-off step, a step of

20 producing in the layer all or part of microelectronic,
optical or mechanical components.

19. A method according to claim 18, characterized
in that each component is produced facing the first region
of low mechanical strength surrounded by the second region

25 of higher mechanical strength.

20. A method according to any one of claims 15 to
19, characterized in that, Dbetween the step of producing
the interface and the separation step, there is a bonding
step during which the layer is bonded to a second substrate

30 (le, 16'").

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

22. A method according to claim 15, characterized

35 in that said bonding step includes adhesive bonding.
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23. A method according to claim 17, characterized
in that sald adhesive bonding uses an adhesive that 1is
hardened by UV radiation.

24. A method according to any one of claims 15 to
18, characterized in that the lift-off step is carried out
by acid etching and application of mechanical stresses.

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

26. An assembly including a layer on a substrate,
said layer (13+14, 13'+14', 23) being connected to said
substrate (11+12, 11'+12', 21) at an interface of which at
least a selected first region (Z;, Z:') has a first level
of mechanical strength and a selected second region (Z,,
Z2") has a second level of mechanical strength
significantly greater than the first level, and the first
region (Z1, Zi') 1s included in the second region (Z,, Zy').

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

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

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

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

31. An assembly according to claim 30,
characterized in that said component faces the first region

of low mechanical strength surrounded by the second region
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of higher mechanical strength.

32. An assembly according to any one of claims 26
to 31, characterized in that the interface 1s produced
between a surface of the substrate and a surface of the
layer that are molecular adhesion bonded.

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

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

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

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

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

38. An assembly according to claim 30,
characterized in that said second substrate 1is adhesive
bonded.

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

40, An assembly according to any one of claims 26

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



