METHOD FOR PRODUCI NG HYBRI D COVPONENTS DESCRI PTI ON TECHNI CAL FI ELD AND
PRI OR ART 5The invention concerns structures known as "hybrid" structures,
for exanple of sem -conductor type. Structures of this type,

in the ca I s of silicon of different crystallj | ion, are
descri bedsﬁgc}p%gil%érg{i cle of M Yang et al. "Hybri d-Oi%ér?%I{}ngﬁQ{Ilg‘%:hnol ogy

(HOT): Opportunities and Chal | enges”, 10l EEE Transactions on El ectron
devices, Vol. 53, 5, My 2006. A nmet hod, described in M
Yang et al. "Silicon on Insulator MOSFETs with hybrid crystal
orientations”, 2006 Synposium on VLSI Technol ogy D gest of Techni cal
Papers, nmkes it possMETHQD FOR BRODUCING HYBRIDECOMPONENT®Nne t hat serves
to generate the m xed zones of 15different crystalline orientation.
However this techni que does not enable a continuous buried electrical

i nsul ator or continuous | ayer under DESCRIPTOMYbrid zones to be obtai ned.
Such a | ayer or such an electrical insulator would make it possible to

m nimse the eEE?mgﬁl ﬁéf_ﬁ\%{&b?@gﬁjﬂﬁ? on between the hybrid 20fil mand
S , NDOIreo n

the carrier su I'Ng these devices to attain total
depletion regines in the case of electronic devices. This therefore -poses a
problem wiich is to prodlice #veption dcdnicemswistructures donwinnasusyridsence of

a buried el ect Eﬂ.r&ﬁtljreisﬂ%%%r%l'e d?‘@gﬂinri]-%n&fc%)rlt%’g. which is posed this tine in

t he specific
Structures of this type, in the case of layers of silicon of

different crystalline orientation, are described in the article of M. Yang et al.
“Hybrid-Orientation Technology (HOT): Opporiunities and Challenges”,
10 IEEE Transactions on Electron devices, Vol. 53, 5, May 2006.

A method, described in M. Yang et al. “Silicon on Insulator
MOSFETs with hybrid crystal orientations”, 2006 Symposium on VLSI
Technology Digest of Technical Papers, makes it possible to laterally
extend the epitaxy zone that serves to generate the mixed zones of

15 different crystalline orientation.

However this technique does not enable a continuous
buried electrical insulator or continuous layer underneath the hybrid zones
to be obtained. Such a layer or such an electrical insulator would make it |
possible to minimise the effects of parasitic conduction between the hybrid

20 film and the carrier substrate, moreover enabling these devices to attain
total depletion regimes in the case of electronic devices.

This therefore poses a problem, which is to produce a
hybrid film with the continuous presence of a buried electrical insulator.

Another problem, which is posed this time in the specific

25 case of germanium, is to be able to produce a substrate having, on its
surface, a hybrid Ge/GaAs film or more generally Ge/heterogeneous type
material (AlGaAs, InGaAs, InP, etc.), also with a continuous buried
electrical insulator layer.

Germanium is indeed envisaged to replace silicon for

30  microelectronics systems, particularly to increase the mobility of carriers



25 case of germanium is to be able to produce a substrate having, on its
surface, a hybrid Ge/GAs filmor nore generally Gel/ heterogeneous type
material (A GaAs, InGaAs, InP, etc.), also with a continuous buried

el ect ri cal yiagabs | aver Ger Manp Ui BosiaAged

envi saged to reﬁlace silicon for 30m croel ectronics systens, particularly
to increase the nobility of carriers 2 wthin the conduction channels of
transi stors. Germani umthus enabl es hol e and el ectron nobilities very
consi derably greater than nobilities of holes and electrons in Si to be
proposed, but other materials such as GaAs enabl e an even greater

i nprovenent f owithinetheobdnduciionfchaheelelafciransistors AlGasmasiunt lfisgeeahlésn of a

Ge/ GaAs co-int af i I, nt | [ h p i of
hybrid el ectr oﬁlgf":a %@éj%&%ﬁrﬁ?gn%bosﬁ\?@ %ﬁ%tdﬁ?%%gg%téa@)n é"ggg\‘/{ei% 8@3 for
produci ng el echolesiandddestimas im8i iGebeamopoged, bat other matermly RobiassbasA®n GaAs
to assure photon-ﬁl ectron conversion. DE%C%PTI %{G: ][I'HE II ENTI g\l 10The
i nvention firsEMgPR G ERL G REIRIEVIBP PR TR Y o Ui PRCMBs 9t e wi th
tﬂe cont i nupus thy @@?ni_og c;ﬁfal @e@ﬁﬁ;secb-mgégr@mirrhas a high potegtial_both mﬁmi di ng E) 0
the invention, a ri ilmis fornmed on a c i.nuou urie sul at or by
the transfer, BFPYACER & YoIEsglpcifqnic (SlFV@G%Hp“j\Hh?bP'i‘ ¢idngh Pli{'dp aPMy fornmed
on, or in, a figaps)idd Wehlas Wmemgsa@;wié adefricedSon b& dnidnaptidaybr i d
filmmay be obtained accordin 0 various approaches, with or wthout
buf f er subst r afBIISHRGEINGES gn%ﬁﬁt‘»as@@sweinho BEERTECYIMERSIOMNI ch makes it
possible to determne firstly the nature of the "deep"” interface, in other
wor ds t he nat uDESTRIPTEOR QFE FHE INVENTRONybrid filmthat will be in contact
with the second substrate, or with a dielectric 20 internediate |ayer
with, or formed on, this slg]cond subsl;.rﬁte and secq the nature of the
i e Irs

, dl
free surfak® of this hybrilQefPygpLon tirstly concems &jme F?IQ/)JIW'[ PEASUEBE R ns

fi lr3 s: | yt a net hagl?:ﬁd)gubytr@fwitme?cdmgnd)@b %t‘égérﬁcfe?df? mlﬁﬁrdiﬁbmc.a ﬁ _uppf)r t
supstrate, a contl nuous er or a purie lelectri ¢, and, on IS |layer, a
hybrid film conprising al %Pﬂ'?ﬁ'r?ﬁh{éj’ g InVgAEAN. o bf"i?rf‘yf‘ IFHPEREHCNaAd at

| east one secopgntifioBs ibatied int@feort iPtheRFistar! 6n Bejodend slibsFtatoffsaen exanpl e
by their nature, their conposition or even their crystall ographic

charact eri sti c§ hySad Frmintitialy ferpiaskensiop i, @ first initial, homogeneous substrate.
15 The final hybrid film may be obtained according to various

approaches, with or without buffer substrate or handle substrate or
intermediate grip, which makes it possible to determine firstly the nature of
the “deep” interface, in other words the nature of the surface of the hybrid
film that will be in contact with the second substrate, or with a dielectric
20 intermediate layer with, or formed on, this second substrate, and, secondly,
the nature of the free surface of this hybrid film.
The invention concerns firstly a method for producing a
hybrid substrate comprising a support substrate, a continuous layer of a
buried dielectric; and, on this layer, a hybrid film comprising alternating
25 zones of a first material and at least one second material, these two
materials being different for example by their nature, their composition or
even their crystallographic characteristics, said method comprising:
- the formation of a hybrid layer, comprising alternating
zones of first and at least one second material on or in a homogeneous

30 substrate,



- the formation of a hybrid layer, conprising alternating zones of first
and at | east one second material on or in a honbgeneous 30substrate, 3
the assenbly of this hybrid | ayer, the continuous |ayer of dielectric and

t he suppor e, the elimnation of a part at 'F&%
o2 %stra %2\/@?% er an

honbgeneous s e, before or after the assenbly step.

epi taxial growth or an anorphisation, gn a recrystallisation (for exanple
by a thernmal treatnent), is carried out,”the honbgeneous substrate
conprises, under its surface (therefore within its volune) a materi al
suited to receiving the second material. The assenbly of the hybrid |ayer
with the final substrate i-stheldsskobhesfihishybed sayeedhd goniaeions dayes obdf

bondi ng by nol adhesi_on. rid layer, or its surface, my

t herefore be pa'égeﬁ% Jr:t%SrSHBPo%-au%%%de suited to and conpatible with the
specificities of such a benmenghmmatlon of a part atAegstrdf thé Hdneodeypbousl | ayer
may be elimnate%[ Ihz} n of ah bg&)r part of the initial substrate
and, if appropPiati@e eﬁ%‘?l"ra §a§ﬁ%ml}' %R | ayer, may be obtained by
fracture alopne or associ awmbmertéh@ph@ma;tgmﬁtm@ntaﬁ swebhiatiber thexanpl e a

mechani cal thinni n lg ol i shing and/ or ag I ndi n% ; and/or a chem cal
attack by huni FEHYS %t'PBJf% exgmple by & thermal reatrqqsfg f'?é‘@f’lﬁdeoﬂtay‘%e made

al ong a fract uhgmBhaRRUS' KMsREeDYorABidePLIAddratd eunfaa‘e (tl‘?é?féfo% vthirakos .
20According to one alternative, the elimnpation of a part of the substrate

and, if necess¥elyme)asaaterigisuited iaseiving the seconsialesiabbt ai ned by gri ndi ng,
respect i vel y of the substnabaeaaghsofthenjhihy effer B el ambaaioaet | on_ may

al so make it possible to elimnate~a part e substrate, or instead a
t her mal actd onfasexawple gssuseehby gqsbnlqhemf b@otlrrgaby melgoglar adhesion. This

hybrid layer, or its surface, may therefore be prepared in order to be made
suited to and compatible with the specificities of such a bonding.

A part of the hybrid layer may be eliminated. The
elimination of all or part of the initial substrate and, if appropriate, a part of

15 the hybrid layer, may be obtained by fracture alone or associated with
other freatments such as for example a mechanical thinning (polishing
and/or grinding, etc.), and/or a chemical attack by humid or dry route, etc.

The fracture may be made along a fracture plane created
by an implantation of ions or of atoms.

20 According to one alternative, the elimination of a part of the
subsirate and, if necessary, a part of the hybrid layer, may be obtained by
grinding, respectively of the substrate andfor the hybrid zone. A chemical
action may also make it possible to eliminate a part of the substrate, or
instead a thermal action or even plasma type thinning treatments.

25 At least one of the second materials, in the hybrid layer,
may be obtained by epitaxial growth from a third material thanks to the
cavities formed up to this third material situated below the first material.
This third material is different from the first material by its nature, and/or its
composition, and/or its crystallographic characteristics. it may for instance

30 be, or not, different from the second material and capable of receiving said
second material, for example by epitaxy. According to one embodiment of



25 At | east one of the second materials, in the hybrid | ayer, may be
obt ai ned by epitaxial growh froma third material thanks to the cavities
formed up to this third material situated below the first material. This

third mat egloahegtssds fferent fromthe first material by é'f/ﬁpiﬂ&?ogliﬁo and/ or
Its conmposition, and/or its crystallographic char acterl stics. It may for

I nstance 30be, or not, different fromthe second material and capabl e of
receiving said second nmaterial, for exanple by epitaxy. According to one
enbodi nent of 4 the invention, one or several etchings (for exanple:
trenches or cavities or caissons) are firstly carried out then an epitaxy,
and the whol e i inkention; eae edsevasal &gbings fobgxamplgnienchestorivavijipe or

technol ogy o RUBSSR' o 136 HoReq bloRER!di 8RRl AT ABAYRgTLSE! v thi 0

the cavities thén a Brecrys sation, trea can al so
be used. treated for emmplel b'g 4 Syt Euﬂ héypamnmatogy orh sulsstatan d

mat eri al mayb or me 0 hi sati.on ue.t hen

Tecrystal |t var TBRONch depRafion 4 PmAGRRHF atehAnulii Nk GHeSclen o

formati on of Ceedrystmﬁsatlbnld{l@obyﬁtﬁrmmtreatmﬂntIc&nl‘z{b&to beosshary. 10The
assenbly of the hybrid | ayer th the fin or ubstrate onpri se
one or several intermediat¥% ?;')lgl 9 vgt af‘?@ﬁ% B\%aﬁé E}Wesﬁ%\dl H}%E%@E f or
exanpl e on a bufdyase mwb}ear\aée local amorphlsatlon t&ihauqeerthemeébryaalneétm buf f er
substrate and various possibilities for elimnatin or part of the

substrate and/ 8 S<REPIRBY i”?:P"metr?%tWﬁnt lp{ais Gase oths B?’Fﬂ'qna?féia"%eﬁl'f' surface

properties thathe/sdhmaterial EWoEhbQasafy. the targeted application to be
produced. Anong the thinning techniques that could be used, there is Smart

Cut TM t echirbl ogy, and/ or ﬁ@@h@?ﬁeﬂ’éﬁy ohi thei ygrid | 1ayen wih el Tinghisugeorgr i ndi ng
etc.) and/or ey dmils "ontee&@Evﬁrbg @M &iatd s&:ﬂf{&ﬁ@ﬂ trédrfsféthing Nt

and/ or a chem ca treat nt an [or a 20plasna treat The
el i m nation of the drid layer| fonsxampletanea bufferisabstsatst rate, and i f necessary a

ot ! e e LYo THEERORBEES, Bhach Wl anhcngsam g 1 e
be carried out possibilitiasyfor salienindiimgdalhgr trachol theesuldfsinate? Basianphe hiypribondi ng
by mol ecul H a%@ﬁie%gbles a hybrid layer with surface properties that vary as a function
of the targeted application to be produced. Among the thinning techniques
that could be used, there is Smart Cut™ technology, and/or mechanical
thinning (lapping, polishing, grinding etc.) andfor even the “lift off”
technique and/or a thermal treatment and/or a chemical treatment and/for a
20  plasma treatment.
The elimination of a part at least of the initial substrate, and
if necessary a part of the hybrid layer, then takes place when this is
assembled with the buffer substrate. In this case, the assembly with the
buffer substrate may be carried out with any layer bonding technique, for
25  example by bonding by molecular adhesion.
According to one even more specific embodiment, the
homogeneous substrate, and a first part of the hybrid layer are eliminated,
when this is assembled with the buffer substrate, leaving a second part of
the hybrid layer remaining.
30 Such a method may comprise, moreover, a second
thinning, of the second part of the hybrid layer assembled with the buffer



According to one even nore specific enbodi nent, the honbgeneous substrate,
and a first part of the hybrid layer are elimnated, when this is assenbl ed
with the buffer substrate, |eaving a second part of the hybr i d | ayer

remai ni Ng. met hod may conpri se, noreover, Sﬁgﬂl?i% n ng, of
t he second paﬁ#ﬁ%%he hybrid | ayer assenbl ed W|th t he er ﬁ substrate.
According to one specific enbodinent, a fraction of the second part of the
hybrid layer is therefore elimnated when this second part is assenbl ed
with the buffer substrate. The thinning of said portion of

the hybrid layer may be 5carried out by fracture along a second fracture
pl ane creat ed bybsiratewrdrdimp laonaspesifiioembodiment, afractioone. the second

Crystal I Pne or PamELANG 10o0e alel e hiRrord MpTRERE WHERLBYS, Sooopslian
sen - conduct or assdnsledwdthhebbitdrsubstrstel i con. 10Accord| ng to yet another

exanple, the materials cogtaiped.in the etched zo nches VI t | es,
cai ssons) are not all ideﬂ.ﬁ"?ctglnmnﬁgf &2l ROHaN 4 tﬂ@i?éjr'gmﬁy?ugﬁ

cont ai ni ng grat @éﬁn@b%wbydﬂaﬁ:ﬁﬁ‘é eltingn@ beEdtt fracture plane created by a seé@nit!)r d| ng to
yet anot her exa the first material is 15germani um and the second

material is galm?ﬁ'htﬁﬁ‘?%gﬁpa%om fatoms. According to yet another

exanpl e, the hybrid layer A%@Gr’@idgs% ahéeéﬂ@bammom bt aarid rsebond
sem -conductor material and glmtjra ity of second sem - conductor materials

This plurali tynﬁftefﬁ?é?cé'ﬁues@ﬁt@] tRf'LeBFat'ﬁﬁﬁ &¥| differepi gliragtiodsy dhexX dig¥ i se a
plurality of | gy@rss Mmis®Mductors, for example both in silicon.

10 According to yet another example, the materials contained
in the etched zones (trenches, cavities, caissons) are not all identical.
There can be at least two such zones containing materials of different
natures.

According to yet another example, the first material is

15  germanium and the second material is gallium arsenide.

According to yet ancther example, the hybrid layer
comprises alternating zones of a first semi-conductor material and a
plurality of second semi-conductor materials. This plurality of second semi-
conductor materials may moreover comprise a plurality of layers of semi-

20  conductor materials.

Each layer of the plurality of layers of semi-conductor
materials may be obtained by epitaxy.

The zones in second semi-conductor material may be
formed flush with the surface of the initial substrate.

25 They may also be formed up to a level situated above or
below the surface of the substrate. Planarisation methods may be used to
reduce this level difference. An additional material may also be, or not,
deposited to make up the difference between the level of the second semi-
conductor and the surface of the substrate.

30 The invention also concemns a hybrid layer device (for
example semi-conductor), comprising a support substrate, a continuous



2 Oconductor materials. Each | ayer of the plurality of |ayers
of sem -conductor materials nmay be obtai ned by epitaxy. The
zones in second sem -conductor material may be forned flush with the

surface of ogii2édss @l substrate. 25They may al so be fgéfBshosbRsti@ @ | evel
situat ed above or bel ow the surface of the substrate. IpD(Fanar?ésat ?on net hods

may be used to reduce this level differepce. An additional material may

al so be, or not, deposited to nmake up the difference between the | evel of
t he second sem conductor and the surface of the substrate. 30The invention
- al so concerns a hybrid | ayer device (for exanple sem -conductor),
conprising a slaygorf ashurdad dietectric gamt om v dayes, Rapdriddpyer eamprising

dielectric and Mol g i rd.si | g zones
of a first mat g?ﬁgﬁ?{'@w%oi%ycﬁgafﬁl @ﬁ%&?&%ﬁéﬁ%@?ﬁéﬁe&ﬁ%gﬁééérfﬁvl\glﬂ%éa erials
bei ng di f f er entwhymateséls beicgrdifferantbyr theirenatuos ngralion treir aomipositivrhei r
crystal | ographi haracterlstics. l.es _of sem -conductor materials
that coul d be a@%@rﬁ’}?ﬁgr}(ﬁg@%@&aﬁyc %F%g{:}%&%'cgmordi ng to the invention, are
as follows:5 a first and Exeopibssefimenticcuthdattor nmaéreld #at chakdhbeé nsed | i con,
with crystalline orien atigns of di f.fehgpt directions

semi - conduct or "HAMMEHCY Of & deMeRACHORING iRyt ifyen igﬁc%fﬁcﬁséfglﬁq&%{)?}guct or

material in silicon, or evea fidt Gidl bedBral semi-oeiduche matRiald ®BtHTRY _

of vi ew but _al 00 S Splie Ao RAtS AT TSGIOE of view o Lo
- a first semi-conductor material in germanium and a

10  second semi-conductor material in silicon, or even in gallium arsenide; the
invention may therefore concern, in this case, a co-integration from an
electrical point of view but also from an optical and electrical point of view.

The hybrid layer may comprise alternating zones of a first
material, for example a semi-conductor and a plurality of second materials,

15  for example semi-conductors, wherein the plurality of second materials, for
example semi-conductors, may comprise a plurality of layers of materials,
for example semi-conductors. ¥ i

The zones in second semi-conductor material may be
formed flush with the surface of the semi-conductior substrate, or even up

20 to a level situated above or below the surface of the semi-conductor
substrate. In this second case, a material, for example electrical insulator,
may be or not deposited to make up the difference between the ievel of the
second material, for example semi-conductor and the surface of the initial
substrate,

25 Unlike known technigques, the invention enables a hybrid
film to be produced on a continuous diefectric. Furthermore, it enables the
surface properties to be controlled as a function of the technique used (use
of a buffer substrate or not).



The hybrid | ayer may conprise alternating zones of a first material, for
exanpl e a sem -conductor and a plurality of second materials, 15 for
exanpl e sem -conductors, wherein the plurality of second materials, for
exanpl e s }&QH&H& ors, may conprise a plurality of |layers,ef-npterials,
for exanple”sem -conductors. The zones i'n secon

sem -conductor material may be forned fl_}Jsh with the surface of the

sem - conduct or substrate, or even up 20 ‘to a level situated above or bel ow
the surface of the sem -conductor substrate. In this second case, a
material, for exanple electrical insulator, nmay be or not deposited to nake
up the differ cBREEMHBPESERIPTIGN ICF/BRAWING® second material, for exanple
sem -conductor and the surface of the initial substrate. 25Unlike known
techni ques, the invention_e SqAbyhrid,fj

continuous dielectric. FurtE@r%?%r!f”Eﬁ{ %Fe]tri\glgl1e%%bﬁglog'&tjelp?%s%§&j%%ggyta?es to be
control |l ed as mefhoddor prodating leecarepdnentiwih asdelv o fe ofmatiduéfehylyigbst r at e

or not). 7 BRILEF, DESCRI PT] DRAtig GS - Figures 1A-1E,
and 11- 1K and ita.lqtlér&agg rrqﬂnggﬁlé%mgpn l'ﬁrlet hod for producing a conponent with
a view to tshe formati on of Righyesr 11 and ti Lreprasentrsiepgyot fitsheethodent i on.
5- Figures 1F-1H and. 1L represent steps of a first nmethod for producing a
hybrid struct uf%épgﬁg'ﬁwgi%ﬁye@@ @rﬁﬁ%qrﬁé“é#)ﬂrp'gﬂ.to the PYeUO™S A 2D represent st eps

of a second nethod for prodpgursg 2A2Vbrdptestint dperaf sasecndi mgthod fohe
i nvention. . . Fi gures 3A-3C represent steps of a third
met hod for 10pPEGUENS S YPAYSFHEUES PeROFYIPG IRt 0 t he i nventi on.

- Figures 4A and 4B represepjgufdseBA-30 rapressiitt BtepBtdfosl thidd rRéthedGboNg a
hybrid structure according to the invention. .
10 producing a hybrid structure according to the invention.

- Figures 4A and 4B represent steps of a fourth method
for producing a hybrid structure according to the invention.

- Figures BA-5G represent steps of a fifth method
according to the invention, with a view to the formation of a hybrid

15  Ge/GaAs structure.

- Figures B6A-6D represent steps of a sixth method
according to the invention, with a view to the formation of a hybrid structure
comprising layers of semi-conductor materials.

- Figures 7A-7B represent steps of a specific case of the

20  sixth method according to the invention.

- Figures 8A-9B represent steps of assembly, then of
thinning, in the case of a substrate comprising an intermediate layer
{figures 8A, 8B) and in the case of a substrate not comprising such an
intermediate layer (figures 9A, 9B)

25 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

A first detailed embodiment is explained in liaison with
figures 1A-1H and 1I-1L.

It involves a method for producing a hybrid substrate with
the presence of a continuous layer of a buried electrical insulator, or even a



Fi gures 5A-5G represent steps of a fifth nmethod according to the invention,
wth a viewto the formation of a hybrid 15Ge/ GaAs structure.

- Figures 6A-6D represent steps of a sixth nmethod according to the
invention, with a viewto the formation of a hybrid st rising
|ayers of WML ctor materials. {&@ﬂ{;ﬂ%‘ggﬂ -7B
represent steps of a specific case of the 20si xth net hod accordlng to the
invention. Figures 8A-9B represent stepd of assembly, then of thinning, in
the case of a substrate conprising an internediate |ayer (figures 8A, 8B)
and in the case of a substrate not conprising such an internediate | ayer
(figures 9A 9B9brﬂ5|a§aErT2$ LarDaEcBORIGTE [BheOF2 SPEChIE¢ Ewetabal\ﬁsmsmr

A first detai I e di ment X I ed in ai 1A-1H and
11 - 1L. 'tgtiP'l'Qs ?'F\\%‘?prég % %I%‘ée"“f 64" %ﬂsﬁ{}c% “W&éﬁ’% O¥ubstrat e
with the presefmsec&{tmaoe?@Bhnéwmaldt@rwayerqha@bbwdnﬁﬂasabaﬂttwoc;@ers agul at or,
or even a 8 héfr'd | ayer 26' on a continuous |ayer 42 of a buried

el ectrical insthator, that itself lies on a substrate 40 (figures 1H and

1L). As explained bel ow, g} FoaBd bheaHg, el dad df%SIWb@IHQéyérQIY@rsa'ﬁﬁé/ be
conposed of two |layers 42, 42'. SFor reasons of cla the case of a

hybrid | ayer omaéer@hh@VIﬁﬁ@ﬂrﬁhCWﬁ’@uInﬁ@r@niat'#)@t"%rf?é?é‘ﬂmpfﬁeﬁém @& ion "A",

for exanmple (1 f I
' 360 ampl e ( %9% %’Pﬁsté\nﬁee&iﬁé]ﬁat%nyfé %Ile%ﬂé'(%)%h%@de%g%ro;m exanpl e

conbi nat i ons of materl al s Howevee Bohybdd layenewrith rﬁi%ef ronringtiops  gf
combi nat i on Of ?Q%?s r%téay b%q?r"?néd eﬁh r”ﬂ'io‘?é BELE§M|M&HQ®Wﬂ“bﬁB

different fro erial ySi properties suc
exanpl e, i1 natfistenatedaland :hsemr;dsmatdnagdlﬁpmrm frotrathadirgirinsteriakby its

In the case Wne (téaﬁ]eifﬁp%ﬁ g:gl%eare ?grtgc%)???ﬁ@gctg Hgth%l Qﬁélor Shs(fl rst

seni - conduct or P
crystallographic characteristics.

In the case where these materials are semi-conductor

materials, Si (first semi-conductor materia!) and SixGes.x (second semi-

15  conductor material), or SixGes (first semi-conductor material) and Si,Ge1.y
(second semi-conductor material) etc., may be chosen. Hereafter, most of
the examples concern semi-conductor materials. But the invention is not
uniguely restricted to an application to semi-conductor materials.

Moreover, the hybrid layer 26" may comprise more than

20  two different materials.

In a first step (figure 1A), a substrate 20 constituted of a
superposition of at least one layer 26 of orientation A (first material) is
selected, and a substrate or a layer 22 of orientation B, homogeneous,
with, or not, the presence of a layer, 24, separating the layers 22 and 26.

25  Hereafter, second material refers to the material 32 (see figure 1D) that
constitutes, with the first material, the hybrid layer and which is obtained,
for example, by growth in the trenches, or obtained by deposition then
thermal treatment or by amorphisation then thermal treatment. The
substrate or the layer 22 constitutes a third material, suited to receiving the

30  second material as a function of the method used to form it.



15 conductor material), or Si,Gei_, (first sem -conductor material) and
SiyGei-y (second sem -conductor material) etc., may be chosen. Hereafter,
nost of the exanpl es concern sem -conductor nmaterials. But the invention is

not uni que\Lv ted to an application to sem -cond%l{ al s.

Mor eover ﬁ@oﬁf}fﬁs’% | ayer 26' may conprise nore than Iﬁ[m‘g% fedr ent

mat eri al s. In a first steg (figure 1A), a substrate 20
constituted of a superposition of at |east one |ayer 26 of orientation A
(first material) is selected, and a substrate or a |ayer 22 of orientation

B, honobgeneous, with, or not, the presence of a |ayer, 24, separating the
| ayers 22 and 26. 25 Her gaét diﬁernsaﬁamdlamremais rcgﬁaenal tamdt meaynelieer i al 32

(see figure 1 t hat constitutes, with. the t mat hybrid |ayer
bnd whi oh 1 s obeisthed of 8 dieigtfs os Hny st yph of neliehy 9 aRB80c Y By ai g
by deposition gben thermal treatnent or by anor phi sati on then thernal
treatnent. The substrate o the | ayer stlt%lgs a third material,

suited to receiving the 30BN, tt'é‘f’l%ﬂ‘b mgnt diusirated B ligigen Médtthod used

to formit.s O9figures 1A-1H, but BR® iMtiss "REbRmMboanEntZ4eldn ARblg e and may
be constltuted of a dielectric or any other type of materjal,

seni - conduct or €¥@Mplgtillusingtasbeasncermsnan H@'%ﬁﬁ@ﬁf%ﬁpmmlﬁ'ﬂgﬁ layers (Gueh i ai son
Wth 5 Tiguregsife liyerbUo 8404 Bf b ffb&reomgrm@nh%tmn&aﬁw aBBol Bgah L he

exanple illustrated concerns an init strate conpri sing | ayers (such
as the | ayers pambgan ofyers, whgte 8>3.Ajor exampla figure Hrfemseaﬁsﬁhg cE%e any

nb f ol ) f h
of an i ni i al LRI SUBPAS 0 mEERIh %5 B 220 A 00 o: 360,
10 For exarmpl eraymmmEGByes220|isaamyei'dmmlcai@|rsmlasrccvﬂalyalrzz ofﬂlgayeﬁA22 of
fi 1A, | L I f
] ayer 260 FyeR2ralsts PR bRl P el B Rl AR e 20, 1a2°
| ayer 280 bei ng laiydrfigentical drranm[érayeayezaﬁ oirmgunteamrlasaﬁ@&ﬂd:iew@g diffefeat ent from
I 280. L 2 di.ff i t
cryst al | ogr aphiemoup2e fha FRE o sene e Foat sbeh 2oy B 36T < °
Fli fferggg by i for exatnipleedifforbho by it§aamrs!shaﬁokﬁgb@ptﬂlk}gmlparca:mtamot@‘isnw from
ayer

i nvent i on-]t:%rrpifrpgbéa%rsgga/bre gg&g‘efre%bb fke?%'t%tl ﬁyl Ute)'??ét{‘?te ];:;qu ﬂt}gre bei ng
different by i bq,smbg;ragh@ruwaggctéﬁsﬁ.cgwﬁi|ayércwoaph| C char acteristics from
the i mmedi ately 20underlying | ayer
More generally an initial substrate for the invention
comprises a stack of layers comprises n layers, each layer being different
by its nature and/or its crystallographic characteristics from the immediately

20  underlying layer.

During a second step, the initial substrate 20 is prepared:
frenches (or caissons or cavities) 28, 30 are etched down to the substrate
or down to the homogeneous layer 22 or to any other layer in the case of
any number n of layers, for example n>3 (see figure 1J for example).

25 For this step, a narrow trench 28, 30' down to the
homogeneous substrate 22, or to the layer of interest, may firstly be
produced, and then a more important lateral etching of the layer 26 (first
material), or of any other layer in the more general case of a total number
of layers higher than 3, may be carried out so as to obtain the desired

30  width of the trenches 28, 30.



During a second step, the initial substrate 20 is prepared: trenches (or
cai ssons or cavities) 28, 30 are etched down to the substrate or down to
t he honbgeneous | ayer 22 or to any other |ayer in the case of any nunber n

of layers,y B%%ﬁéggpl e n>3 (see figure 1J for exanpl e)PCT/ﬁégdé%'rﬁJ“ s step,

a narrow trenc 30" down to the honpbgeneous substrate or to the

| ayer of interest, may firstly be prodUﬁé and then a nore inportant

| ateral etching of the layer 26 (first terial), or of any other layer in
the nore general case of a total nunber of |ayers higher than 3, nmay be
carried out so as to obtain the desired 30w dth of the trenches 28, 30. 10
The interest of the |ayer Thé ih’eereﬂﬁaﬁtlneJIaaneatﬂ%istthaséomabledhemwmk&)nes

28-30 with narr " p? . C t

pl aying for eXS%’ngzgﬁg%Qg BPUh harBl | gg‘%'”bopﬂm g éﬂ?(rjr’lbf ?%BP&J?(?%}C%#M wi dt hs
of these zonesttiz8agé, 2aplagingadoeetanpid a mie b’ébénrrbmagér Taws, grfigaterdB, 5 t han
the wi dths of he ch zones 2 I ch Qe o for their
part, in the i ﬁ@mrﬁcégesfea%;@[es%g é{fr‘f"h\gh 8”% rr)th%ﬂn&égearf@m?tﬁ% hybri d
layer is fqg rrechan the widths of the efched zbhes ssre:m vitich @rtecofilp fsing, foptineid
cavities 28, 30 are filled wwth the econd material 32 (for exanple Si)

which is, in tR&LERAMDINEMEYIEe|RYPGE%ed, of the sane crystalline
orientation as the materi Ma(ﬂ{|rd§tgpkﬁ@(@é1gPtr@‘h)ﬂjﬁ@ ISP forh8d.22 (here a

material of orientation B). initial substrate 20 has
not been etched (in whi chFeadlistsiemcinespregiously foraed favitise ndti)30 &4 t uat i on

that is illust figdeeglith thd $bér@ rifleridl SXEANGAHPIOS) ARe i PIHefbGRilOn then

recrystallisation may then be 15enpl oyed, a) certain
zones, in ¥&ct cengideredeef the semer rrryatﬁ&m@@rleateéloara@rtbﬂm%arlai;pfrtmlaerﬁt ation.

b) ‘then a cont pobj g sLbSFurb B2\ GERY Aol SRR onRgss bl e L0

re-crystallise ayer wth a pre erentra orientdiion identical to 20
that of the materi al of t Hiethieaipitial sabstrate g has mohibeen at¢fedclisevivitler e t he

| ayer 24 does polo ¥ ls 60 abltks 6FRFimebl!S SOANPhaPls ISR G Nar es

makes it possi 0 guarantee I né orirentation uring the
re-crystallisatliDpa temrmrquqoostedalbgrnbrrpensmoertmen rexfystdiisdtiapenay thenapel t hat

t he second]r ter| % thereby generated, is effectively crystalline,
%EH empoye here:
parti cul ar

a) certain zones, in fact the zones 32 of figure 10, are
amorphised by implantation.
b) then a controlled rise in temperature makes it
possible to re-crystallise the layer with a preferential orientation identical to
20  that of the material of the layer 22, in particular in the case where the layer
24 does not exist; in this case, the control of the grain boundaries makes it
possible to guarantee that the crystalline orientation, during the re-
crystallisation, is imposed by the material of the layer 22, and that the
second material 32, thereby generated, is effectively crystalline, particularly
25  at the level of the hybrid zone formed in the layer 26, a hybrid zone that will
later be transferred. A recrystallisation from the layer 24 can also take
place, in the case, for example, where this layer is in LaTiO3 or in SrTiO3.
According to another approach (with or without layer 24), a
deposition of amorphous silicon may be carried out after definition of the
30 trenches, or caissons or cavities, followed by an appropriate thermal
treatment, the role of which is similar to the previous case (cf. step b)



25 at the level of the hybrid zone fornmed in the layer 26, a hybrid zone
that will later be transferred. A recrystallisation fromthe | ayer 24 can
al so take place, in the case, for exanple, where this layer is in LaTi O3 or

in SrTi Q3. Accordi ng to anot her approac i i t hout
| ayer 24) ,wgzgng%sgls%i on of anorphous silicon may be cgé%%&gﬁgﬂ\gjfter

definition of the 30trenches, or caissons or cavities, followed by an
appropriate thernmal treatnent, the rol etdf which is simlar to the previ ous
case (cf. step b) 11 above). Advantageously, the first material 26 may be
protected to avoid a growh in excessive thickness of the second materi al
32. aboveAcAdvatitagpaduslyy dte firabinatariah P mescbe prlededémaraiti,a whet her

the structure 20 has, or not..an internediate |ayer .24, a step of growh of
5 the second nBOX Xj SXCesEye Y r@g@gf{hgosrecgg@ma? El ﬁgsi licon, by a standard
epi taxy techni que. Advant agesrdiigyto viehandthestpprobett,irabreZfenaeyl, Wietheot ect ed

to avoid growth in excessive thickness, of th eco material 32. The
cpi ¢ axy oy besr BEEHEE 2y 6 SO AR st efe, BY8T dbs? SHoR HEOPBILPT of ¢ he
trenches, of CeHeSSRBAd PMatéRM i3 8y béRisedOfor aRaMPle iR&IIREN, By QiseRidatd avoi d
any 10 start of growth at the level of the |layer 26 and in order to

guar ant ee t hat SPEYJdeGUioNe-iAfdvapiageausly. tha finst rhaterial 26 may s POISRE i ndeed

has a crystal | iggv@bi ol iPRxteBaReCthidnesd @ f Thé Yekahd Phatbhll 3BYRe 22 and
not by the | ayer 26. Figure 1E represents anot her exanple of

a conponent obRifarydNay berRIEeRIEdDY ASASHVElAN ehthetsides at thedeve ofsnent 20
does not 15 coBRieRCorEhiberRdrRalifbs Je7 36 arktor 38130 FASFRE! BOSuoR AHPST T at e
22, for exanple in germanium and a layer 26, in a first material,” for
exanpl e i nGi | blagrof gfewiived the ledelpaidhe Eyen?6 ang insergdst ioguarariee aditheyl e
cavity or tren <) e -1 ienbt bad . . ' epr - inthis
figure. In thi §‘1}8§?@ﬂe y{)ﬁ%}ﬁgﬁ'dsmr?(%)? ﬁ% f@?té‘?‘é"‘an%géi 'ﬁiﬁe‘?“@? 5 hé;sc(?%zé;bﬁéj

epi t axi ed, but cdemghiisrainipoged byt anaterial Of th228yer 222hd rb BY thef [agéerf 26 r ent

materials. Such epitaxial grow f rall f.lave rried
out in one or several etcﬁ&ﬁ’?‘%o{r}:—ege?r%sgﬁg ?Arﬂﬂﬁ%'agxas%@étéfg?woﬁeﬁ?t he
conponent 100 obtatededccdrdiag hpbihiedinkention: 2i6e initialt dempdrene 200 does! noy
alternating zones 26 of the first nateria nd zanes of ver st acked
ol s 7 RS Rnfse A InSipladicté Jgkre5s 2buf $0aRARSR & BuPSEE 2 phR o ons of
treatment of aexarfplelialgedmBailFRtadva 1dyed @6erah firstyaaRrialédr @anigiatn of
figure 11. At ast .one trench i

018 L1y . oHfgeh 985l bETENETan e AERENET2 Aot o roRdh "
trench, or cavipByetehed i theQitiall|8ydrt®) id fepksénydd iR tAisTRLRY. iIthid Savifyd, 17,
32. Certain of ittish %?)te a ré?r&g(laé Imaeltgriarlr%ﬁ/atbh%s been epitaxied, but a plurality of layers
20 1220, 1221, 1222 of different materials. Such epitaxial growth of a plurality
of layers may be carried out in one or several etched zones in the initial
substrate 20. In the component 100 obtained, the hybrid layer 26’ is
therefore formed by alternating zones 26 of the first material and zones of
several stacked materials in the form of layers.
25 Figures 1J and 1K represent the steps of treatment of an
initial substrate with several layers such as that of figure 11. At least one
trench, here 5 trenches, or cavities or caissons, 14, 16, 18, 28, 30, is or are
etched down to the desired layer. Each trench, or cavity or caisson, is then
filed with a material 13, 15, 17, 32. Certain of these materials may be
30 identical. For example the trenches or cavities or caissons 28 and 30 are

filed with the same material 32, the four other trenches or cavities or



30i dentical. For exanple the trenches or cavities or caissons 28 and 30 are
filled wth the same material 32, the four other trenches or cavities or
12 caissons being filled with materials different to each other and

di fferent \R’Bzﬁl{%ﬁe\%ﬁi erial 32. This may result fromthepcdliélg Gl terial

of the layer "a I'ch the bottomof the trench is |ocated; as expl ai ned
above the material filling a trench can Eave the sanme crystalline
orientation as the material of 5the IayéL where the bottomof the trench is
| ocated or properties like crystalline orientation may be inposed by the
material of said |ayer. The trenches are filled with one or
nore of the tecaissaonsdseimxfilled withl neadernas differéntitagpaah tather anak differant tohi ch, for

B AR AP PR AT ol 0 i e Mt BOBPRE, 2, L
for exanpl e Si whichlthebetiomyofdhe renomis Ibeatetinanexplained gbové theofateriaer i al by
AR N Y PN AR TG L AT
5 the layer where the bottom of the trench is located or properties like
crystalline orientation may be imposed by the material of said layer.
The trenches are filled with one or more of the techniques
explained above:
-filling with a material which, for example has the same
10  crystalline orientation as the layer reached by the bottom of the trench;
- or deposition of amorphous semiconductor material, for
example Si, followed by a thermal treatment;
- or growth of material by epitaxy.
It is also possible not to realise trenches and to use a
15 technique of local amorphisation then recrystallisation (see above).
In a device as illustrated on figure 1K (or in any other
device according to the present invention), the bottom of a trench, or a
cavity or a caisson, can be at a depth under surface 381 which is different
from the depth at which the bottom of another trench, or cavity or caisson
20  of the same device is located. It is thus possible to realize a device having
different (at least two) trenches {or cavities or caissons} etched down to
different depths or layers: for example, the bottom part of trench 30 (see
figure 1J) is located at a depth different from the depth at which the bottom
part of trench 28 is located, and the bottom part of trench 28 is located at a
25  depth different from the depth at which the bottom part of trench 16 is
located...etc
The invention concerns in particular a structure comprising
a plurality of layers, as illustrated for example on figure 1K, in which a
plurality of trenches or cavities or caissons is etched, and then filled with
30  material, the bottom of at least one of said trenches or cavities or caissons
being at or in a layer, under the surface of the structure, different from the



In a device as illustrated on figure 1K (or in any other device according
to the present invention), the bottomof a trench, or a cavity or a
cai sson, can be at a depth under surface 381 which is different fromthe

dept h at v;@b_cngs;l%s%)ottom of another trench, or cavity]],armﬁ@ds@ﬂ{b 20 of

the same device 'I's Tocated. It is thus possible to realize a device having
different (at |east two) trenches (or c%%ities or cai ssons) etched down to
different depths or layers: for exanple, “the bottompart of trench 30 (see
figure 1J) is located at a depth different fromthe depth at which the
bottom part of trench 28 is |ocated, and the bottom part of trench 28 is

| ocated at a 2BgepathorinfilEckeitte bottom h andiipt bnaof shiddtenches botadiespart of
trench 16 is | gcat.ed.

. . etc . T i ti i
particular a Nadiarid:; '83?&)%"?@1 ﬁ@c%%ﬁﬂpa?tiI€§Sto@¥ﬁg@r{§ﬁ§? ?Sgﬂﬁ?ec{ P’ﬁgtapat ed for
exanpl e on fi gm{laeeéiblﬁ,fog exidnbtepsemipbmwtdm matefriat, rvehicth éss differephfiom ¢ or
caissons is etc , . a - illed with maierial, the bott of, at | east
one of said trm@?{@éwﬁ'ﬁ “&]ﬁ%?&h% reggfuéss@%g, Lexdnale Wﬁ’qvwgaé)'ﬁ]%{ﬁ@?, under
the surface of phyiicet brdpettigistor difdrést eystallin@ariémationtds éxpliined atsyvel N Whi ch
t he bottom of another one of said trenches or cavities or caissons i s

e
| ocated. Each of said at Méplevarihesrbpdient & preparagonyster BY SHHa®s al . for

exanpl e sem copghifiet (BRisBIFhas pavkivatibr andlof foxfaatbn f &bt Bepsdic bRl Wi th
which the other trench is filled, for exanple by having different 5physical
properties or BAWEElaYAES s¥qsasSisNa@ngiarSiPaend/as any othes typeetmatasiak.

VWhat ever the e ' - rqggaeg [ ShERaieds BUT Befré '£aLBESHuehPY
surface passi Vg{?(?’lgt]régﬂ\t/detgf\ g&i atrﬁéc?n?ﬁgnd‘?oraﬁzeeposi ti orrl of barri gr | ayers
such as SiI3N4 bewdiog s®P02 and/ or any ot her type of material and/or

activation by plasm) may [ Nt=1 i ng

st ep. The fﬁﬁglﬁﬁgihgﬁﬂt%?&?%gbg%@t @?%%gggﬁga??s??% 15, 17,
32 may be adj ustayde(ddjlted ike thét ofiiee barrier éayera)yire pider ito\be atier totasagee abl e to
erase all of th [ 2a38 fQr | e due
to an excessi vgﬁf)f]ﬁtékqjégglggggeé;&zﬁoﬁgs@%c%ﬁ %t? h%goégggh rr?%?ép ’eaﬁu??é?ﬂphere
and 15 her eaf treceskive thizkeesseblea eavoe F2of theussdnd boatetible(beitt heke aebcri pti on
that follo al so l.ies for .a plurality o terials as _illust ed in
Hour e’ 10 S onparalel e SolsofergeRes "Bl Yoddl SRk, e TanklmiBuiBhy or
surface condit fsibwsalgd appliEssfed anbiaralityhef inatanalsgae ilukirdieglindiglfe 1K) used,

not exact|l in the s terns ut .in the sense that the chapge ,0of nature
of the zon)e/ compare%nFo a zone of the fIfI]St mater%l. ?ﬁe prot?lem oP %u ace

condition is also posed when the technique of figure 10 is used, not exactly
in the same terms, but in the sense that the change of nature of the zone
20 32 offigure 10 leads to a modification of its surface, which will no longer be
“similar” to that of the layer 26. It is thereby possible to obtain a structure
100 or 20 (figure 1D or 1E or 1K or 10), the surface 380, 121, 381 of which
is compatible with the specificities of microelectronics (planeness,
roughness, etc.) and is, like the superficial layer 26’, of hybrid type, in other
25  words it has an alternation of zones 31 of the first material and zones 32 of
the second material. For this purpose, it is possible to use for example
chemical mechanical polishing (CMP), or chemical and/or one or several
thermal treatments, and/or one or several plasma {reatments, in which the
selectivity between the two materials in the example chosen may be
30 advantageously exploited.



20 32 of figure 10 leads to a nodification of its surface, which wll no
| onger be "simlar" to that of the layer 26. It is thereby possible to
obtain a structure 100 or 20 (figure 1D or I E or 1K or 10), the surface

380, 121, %]20@14¥gg%ch is conpatible with the specifi C%étlﬁﬁo fos7116
m croel ectronics (planeness, roughness, etc.) and is, Irke the superficial

| ayer 26', of hybrid type, in other 25 rds it has an alternation of
zones 31 of the first material and zoneslv>g2 of the second material. For
this purpose, it is possible to use for exanple chem cal nechani cal
polishing (CW), or chem cal and/or one or several thermal treatnents,
and/ or one or several pl asteresftceaexamples of wanmyingout Istepsethet mayifoovbet ween
the two materials in the e | e chosen may be 30advant ageously expl oit ed.
14 %eip_{gy:&{??gp?éaaggg%ﬁm of carrying out steps that nmay foll ow
the previous steps are gi \ethese different examples$ detdréed ribrédfareatraestenpl es

d i bed h ter, a.t fer, of the hybrid. | 26' i i ed_out .
This transtor Bhite uPa BV 28 B cdmen it nhisoPhstie” Baichipll werson of
figure 1D of lkhifrfing Kof tMaesEisratRi1d0t & fighirag1Degr WE 6ranK| acheeih $¥id vari ous

techni ques and particularly by inplantation, in this substrate, of ions or
frighlcbutc B Favohe.

_ i
of atoms to fotMHRING BAY R CB ¥ rYaHOKs Jeenigres) ang Rasy

The step of i mMphgBRhetibeNnltgidadUBSrAte, bfiend OF BRAlAR Bffoinhasrakireqrdny, e zone
may be carried out: in the hybrid film26', to define a fracture zone 36

there, as illudtens@ &acture plpggsaidpane.or then in the |ayer or the

honbgeneous substrate 22 (3esf’dfl ifbidthiort RRIMEEPIHR Brm8lichvof fhigur s
2A-2D). 15The choi ce between these possibilities ™ nay be made as a function

of the di nehsi dastusg zemeemaydeciaeiedait; 30' formed for the epitaxy,
dependi ng on whet her these di I l&, cgea{y hi nni ng
as well as a levelling of tﬁéﬂﬁ]@ﬁﬁsﬁﬁw’ﬁde%he%oﬁaCt%'Z%ﬂ@ns gré,’30' and

ches or ‘cavities or caisso
t he freed surf asdlushaRefinfigneeii,s nmade hereafter on several occasions to

- or then in the layer or the homogeneous substrate 22
(see particularly the example 2 below, figures 2A-2D).

15 The choice between these possibilities may be made as a
function of the dimensions of the trenches 28, 30’ formed for the epitaxy,
depending on whether these dimensions enable, or not, an adequate
thinning as well as a levelling of the trenches or cavities or caissons
28',30" and the freed surface.

20 Reference is made hereafter on several occasions to
“Smart Cut™” technology. An example of this technique is described in the
article of A. J. Auberton-Hervé et al. “Why can Smart-Cut change the future
of microelectronics ?” published in International Journal of High Speed
Electronics and Systems, Vol. 10, N°.1 (2000), p. 131-146.

25

Example 1:

The aim is to adapt the surface condition of a structure 100
of the type of that described above in liaison with figure 1D or 1E or 1K,
obtained, for example, by epitaxy then surface preparation, or by any other

30  preparation technique mentioned. It is aimed to control this surface

condition for its importance, for example in the use of Smart Cut™



"Smart Cut TM technol ogy. An exanple of this technique is described in the
article of A J. Auberton-Herve et al. "Wiwy can Smart-Cut change the future
of microel ectronics ?" published in International Journal of H gh Speed

El ectroni c& 02 aﬂ?é?zt ems, Vol. 10, N.1 (2000), p. 131-14§ “‘fé@' gﬁpﬁl e 1:

The aimis the surface condition of a structure e type of
t hat descri bed above in liaison with figure 1D or 1E or 1K, obtained, for
exanpl e, by epitaxy then surface prepar i on, or by any ot her 30preparation
techni que nentioned. It is aimed to control this surface condition for its
I nportance, for exanple in the use of Smart Cut TM 15 technol ogy, in terns
of surface nor{gichhalggy, (ipltarrmeésurfammmmog}e(mar)emast whgbkness, them cal

e I T S
i mpl antation, ptrpose,atr€atimiapts b rdhethisti) eansivarf e iRy aldd/ot by sodisationepar ed
cificities, of |ayer r technlques

and adapted to c the s ansf

The fol | owi ng @?@E@%fp‘??{v% 'W?E@E‘%‘Pnt PlCat HENMRIRTE s{ré ‘?r%q ant at i on
of the struct upRsLfD prdiRited rsmasaddpted\So | domsiy Mithe thel Qpémfwuree dfFlayer fracture
plane 36 is formed by 10 an inplantation 34 of ions or of atons in the

filmor the hyBangentgeeniaues. The inplantation nay be carried out according

to techniques such as a |qﬁé'fblﬁﬁ\%@@ﬁebb%tmé%pﬁﬁ&ﬂf&tﬁ@ﬁimb?fbeeéf@;ﬁétt'em?nt
will be in a plane, in spite of the material s crossed through, which may be

very di ff er ent otiwpiantationtofdie aifctung mtbﬁnttfﬁésmﬁpl ant at i on depths may be
different. 15A dielectric arM%rtraﬂa?d in f@%re fIPr Elaﬁﬂ 36X|§(i@rméo€b)f ormed by
r

deposition or growth, on t e structu 100 an assenbly substrate
40 (figurel01G aniimplaptatiopridaceiona Qﬂ@ﬁ@@mwhthezﬂlnbnrtheehmrm@b/@ﬁ%ﬁ 100 may

be carri ed. out yhelbRoRlioR h8) sENGhERIRELRLNAN EARMRRULDSIE bBYeTS 42

42' is a dlelecﬁrlc or exa nEtri
localised masking, to assure that the embnttlement will be in a plane, in

spite of the materials crossed through, which may be very different fo each
other and in which the implantation depths may be different.

15 A dielectric layer 42’, 42, for example an oxide, is formed
by deposition or growth, on the structure 100 and/or on an assembly
substrate 40 (figure 1G); if appropriate, a deposition 42’ on the structure
100 may be carried out before or after the implantation. Each of these
layers 42, 42’ is a dielectric or other, for example a layer of oxide, or nitride,

20  oroxide/nitride or other (figure 1G).

The implanted substrate, provided if appropriate with the
layer 42', is then assembled on a recipient substrate 40, provided if
appropriate with a dielectric layer 42.

The assembly face of the implanted substrate is the face

25 380, 121 (for example the post-epitaxy face in the case where the growth
of the material 32 has been obtained by epitaxy; same assembly face for
the case where there is amorphisation), which has been crossed by the
beam 34 (figure 1F); this face is brought into contact with the layer 42 (if it
is present). If a layer 42° has been formed on the structure 100, the

30 assembly face of the implanted substrate is then the surface 420 of this
layer 42’ (figure 1G).



200r oxide/nitride or other (figure 1Q. The i npl ant ed
substrate, provided if appropriate with the |layer 42', is then assenbled on
a recipient substrate 40, provided if appropriate with a dielectric |ayer

42. The a e of the inplanted substrate is t 80, 121
(for exarrpsﬁgqm?é“%ggt-epi taxy face in the case where t ef’glf‘g%{‘%ﬁé t he

mat eri al 32 has been obtained by epitaxy; sanme assenbly face for the case
where there i s anorphisation), which has ®een crossed by the beam 34
(figure 1F); this face is brought into contact with the layer 42 (if it is
present). If a layer 42' has been fornmed on the structure 100, the
30assenbly face of the i mplcanrdig tewdnsthenteenbosinmérénandheftenassambiyagith of this

| ayer 42' (figure 1 6 . Accordin 0 ,anat.her odi ment ,
and after asseﬂb?@mﬁ)af% 4&’ é‘ffB’?f?dat‘feaHBrOPE@C‘?eggdgi %yérpf}?og-{i&g e?§$ 4 | ayer
42, gi gure 1G|) rr@chmb@lrthmalrﬁgtibihdaniieammfc:rae?aahﬁmb butgrintiiog, oxkpping, by ]
grindi ng, or |apping, or ishing etea., of the structure. 10 romthe
layer 22, up thlx%h'ﬂ’% §Cy Rgﬁ]eai;@c“%ef@ﬁ: fr?rﬁdgeﬁ%eﬁéétu%rq Within e Y4t i on of
ions or of mtops, #is without pribtiFplantiich &iiens bR oA PE cedaBiuRGdTIME th a wet
or dry route chem cal treatnent and/or thermal treatnents and/ or plasnma

treat ments facPiePtBeY @pa Re GOManecth ¥iths Wedi i gouts: Ciigmicalake]iIMeNkl ong t he

plane 36, all hhg@opahbrris foeatrhaq@ufaﬁa/bat s|a§;|%|9 GRERhAME NdiRingaXes 22, the

| ayer 24 if any (this has been nodified |ocally on account of the trenches

filled with seBWitinGmterial 32) and a part of the layer 26' are thus
elimnated. The final strggt iof | in raff § er and
By dtH[ngmi/rg b?g?Qra%hDre Beslard BB! a @Aﬁ% er

t hi nni ng, conprises a hybri . ientation [orientation he
exanpl e corsi def the; substratentd® caBprging ithe layer 2aciiedayeit 24 If any 3this has st

mat erial 26 or r : ] f i 13, 15,
1 Soortiror  nRed! RpTBEToAR0 Sh¥cofuntr i bichey st AR Sed el 1%, T2
results fromtB2) bager pas' of fhieclayer Racere3BLis elimioatede Jinet finat rstnctune
fracture alon h n L thi.nni.n . Mgl | ayer
26 iy ¢ hon 0190 QR iAPel aeh frohGRraRg HhARas SoltBte® LBl 1YRF o

m cr oel ect r oni ¢wientetioar Bs /ofientativre fesia, the uspianesds , cansjdared;| bot, t moret c.

Figure 1L represents the case where the first terial alternates,.in the
yori d iayer . GRTHaly: soedd Thetohe S iR 2 € Sen B aS ey 1
| ayers (here opluyalitywof $epatd shatefislornzans] 1v, t32#rstovbterinia2e) dn ke layer(s)

42 andfor 42'. This hybrid layer results from the layer 26’. The surface 381,
which results from the fracture along the plane 36 and/or from a thinning up
to within the layer 26’, may then be prepared to comply with the present
20 standard for microelectronics in terms of planeness, roughness,
crystallinity, etc.
Figure 1L represents the case where the first material
alternates, in the hybrid layer, with a plurality of second materials 1222,
1221 formed in layers (here only two layers), from an initial substrate like
25  that of figure 1E. The stacking order of the layers is the inverse of that of
figure 1E (here: layer 1222 towards the substrate 40 and layer 1221
towards the surface 381).
Example 2: As already indicated above, the topography of
the structure 100 may have an importance in certain final structures, for
30  example on account of compatibilities with Smart Cut™ technology.



25 that of figure 1E. The stacking order of the layers is the inverse of
that of figure 1E (here: layer 1222 towards the substrate 40 and | ayer 1221
tovvards t he surface 381). Exanpl e 2: As al ready indi cated

above, ewb%&ﬁ; y of the structure 100 may have an,dma6dsA5E 5

certain final ures, for 30exanple on account of conpatibrli t| es W th
Smart Cut TM technol ogy. 17 If the condition of the surface
380, 121, on account of its macroscopi claropertl es (roughness, uniformty,
etc.), isalimtation to certain applications particularly vis--vis |ayer
transfer nethods (and particularly if a bonding by nol ecul ar adhesi on
following a fracture steplfthesogotitias of dne sedaceud8,n121Swaraccount' oftisschnol ogy

is enpl oyed it is passible.to pro in h exanpl e
2 amot hor 1y plrastosehR orpSiikS FhMESs. BRAFERY B4R, b RRfRRNLISIa0
1ﬁ1 Thedsurfgcméjnet aﬁmnaﬁicfcns Ipa%tmulaﬂ@' yamgishmybawmnfsﬂeﬁ ofettiodgui@ndlD i s

t hen used as bon erfa assin means ..of . an i ate

buf fer substraP 'C'Flﬁrll’ #a@é’g ‘an By %@?§quﬁr%cé1ef@naﬁgoqu ?ﬁr CF%I gﬁﬂ ation
depth may be a&hm&@@brh@d daf inrrsmdrrecnﬂs’ttek:m&t@gpmenmayéd)omsfwssm

fracture pl ane The structure 100 is pre arﬁg arrying out
on its surfaceio@@duae pccqpingniojthe preasent pramplee. A0 96 @ié'ﬁ &' | ayer

26') a deposi tb%rtﬁb@frbé&ﬁbmﬁﬁls(srmeé%aaA)m fl‘ﬁé stras®bemreditgd RGEF i c | ayer
such as a layer of 15 oxide; if rlate the deposition of this

di el ectric |ayaf arg theelayer r34e@If E'ﬂl-!rea‘f dé¢ therLsed é‘ﬁlklﬂﬁ‘dlrlg "'it%'faé:ﬁs%‘/ possi bl e
Lo Carry out apsupet bichabn st iRBrALARSIR! ssbartiern2fie o opt her

face of the h ayer erated during the nmethod, 1s intended to
be assenblid w‘lgwresﬁ& anchaK, tbisaplantatian depih mey esarjusisditadsfing Meer 42

formed. on thi sn{ols j%lcﬁégﬁo%ﬁbﬁ féﬁﬁ?fﬁab@x’r’é ﬁlaﬁ@ 20 This deposition or this

oxi dati on takes p ace at he surface 380, 121 to then undergo a
step of planarisation enaB‘hemguatusmb@@waparbdrwmaqymtdutantntafsue‘ace;ubst rate

70, which i : 2B
' thi's: oxanpl 20r o (sTIR etk B b7 GPEE H B RURF 26 FaBBsHRALE ” 200
substrate 22 (&ilgyere72 Aigunh 2hg, &)rfemmmeea pnemmc:aﬁyen sutthes ebiaydedf ned.

Said plane,_in_its turn |s carrier trate 22
Vo be’ sepaii oguids: I iobropHale wehcheRualsl bis e daver ey & 11T
structure 20 (bupafie |ﬁ:uﬁbantmbnpml‘malselmgsmie tbrdamyrmnilaasweﬁmyamﬂétldms been
used initially ane 36’

honpbgeneous naPE:”?hegf‘fqr’ra @ﬁg W%O@eﬁ@%%ﬂﬁe Qa”d vﬁgﬁggﬁsqufl 4t ‘?%!t gsat he
transfer and, ggiefthl rimthob,hi% ihteR@éd to be assembled with the final substrate 40,
or with an insulator layer 42 formed on this final substrate (see figure 2'D).
20 This deposition or this oxidation takes place at least on the
surface 380, 121 to then undergo a step of planarisation enabling a
subsequent bonding with a buffer substrate 70, which is covered, or not,
with a dielectric layer 72 (see figure 2B).
In this example, the implantation step is carried out in the
25  carrier substrate 22 (figure 2A) where a fracture plane 36’ is thereby
defined. Said plane, in its turn, will enable a part 52 of this carrier substrate
22 1o be separated.
This step is often facilitated if a structure 20 (Figure 1A) not
comprising an intermediate layer 24 has been used initially: the fracture
30 plane 36’ is, in fact, then defined in 2 homogeneous material rather than in
a mixed zone 24, which facilitates the transfer and, especially, the final



18 treatnment of the film (the m xed zone 24 of figure 1D does not have to
be | evel |l ed). A step of bonding of the conponent 100 with a
buffer substrate 70 is then carried out (figure 2B), wherein said latter

substrate ided with, or not, a dielectric | conponent
100 is ass{g?b &&Q%yyt he surface 373 of the | ayer 73, ay g‘ﬁ'eg?gorface 380

If the layer 73 is not present. This as§r nbly face of the conponent 100 is
prepared to nmake it suited to the bondi éon the surface 370 of the buffer
substrate 70 or on the surface 372 of the layer 72 (Figure 28). It is after
10 this bonding that a step of fracture may be carried out, thanks to the

i npl antation, gralnengf theefilpatthe Sixast zoree24 af figwe Hlboes ackha® todee

el i m nat ed. As already indicated within the scope of exanple
1, according tl)evsuu%q)her enbodi nent, a mechani cal thinning of the stacked
15 structure of figure 2BA stepacf bendingtof thikt esmpdresribotdd wihva thuffehe buf f er

substrate 70, to e the initial
carrier subst rﬁ'?%ss"f‘%e g§ﬁ%@‘eﬁgcﬁ"ﬁe‘{nﬂ&z&'%'r?eﬁ?awpgr@ rhﬁﬂé spgat[é}eés ei t her

i npl ant ati on 3fravdedr amhprcfr abton@ d@islectrie! @yeat7NTIE agenpifiient HO0S ist ep may
al so be conbined with a chem cal tre% gtﬁfamll atin theé@qn’meg 20
The whol e asseABFSMPIEd LY dhe BHITRGRA/ BT thenBYE P ChEY TR "carrier
substrate 22 apget f73aRPREP prekht. t'l'lﬂs'a%‘é@fnb%fadenoﬁ ke compondite1dmee 326" of
the hybrid layer 26' (Figure 2C) is freed ‘and the structure 200 of figure

2C, with hybri @repaed tozmake itsuithd te te bendingea the sufaneoprd et bedwfeRsul at or
layers 72-73 agg,Qm@ TOtBier?fhe élfrfd&%@i'zeoﬂﬁ@%‘l]&tﬁz @ﬁ&ﬁ}e ZB) It is after Thi's

| atter structure 200, or rather the hyb provid or not with a
di el ectri cl0 ay#vs 4@nding thabm B@ﬁd@fdfrﬁﬁtifﬁ t"lfﬁy Bﬂmrrl%@ﬁt r@@@k&l@ the ovi ded

of not with |t Snhidielion 2entdIfg p{ée o3 gg) of Y801 dic Ehbsirld 23 wgppEOpr i ate

the | ayers 72-73, are renoved I gure I’ ke the previous approach
(exanpl e 1), teéminated. free surface accordi ng to t he present approach, is

constituted by the surfaceAS jaﬁeady indicated within the scope of example 1,
according to another embodiment, a mechanical thinning of the stacked

15  structure of figure 2B is carried out, after the bonding with the buffer
substrate 70, this time up to elimination of a part 52 of the initial carrier
substrate 22; once again this alternative does not require either
implantation 34 or fracture along an implantation plane 36". This step may
also be combined with a chemical treatment facilitating the thinning.

20 The whole assembly is then thinned by removing the
remainder of the carrier substrate 22 and if appropriate the layer 24; in this
way, the face 326’ of the hybrid layer 26’ (Figure 2C) is freed, and the
structure 200 of figure 2C, with hybrid layer 26°, is thereby obtained if
appropriate on insulator layers 72-73 and on a “buffer” or handle substrate

25 70.

This latter structure 200, or rather the hybrid layer,
provided or not with a dielectric layer 43, is then bonded onto the final
substrate 40, provided or not with its layer 42; then the buffer substrate 70,
and if appropriate the layers 72-73, are removed (figure 2D).

30 Unlike the previous approach (example 1), the final free
surface, according to the present approach, is constituted by the surface



380, 121 obtained after epitaxy, or after anorphisation, which may if
appropriate conply with the specificities fixed for exanple by the CMOS
technologies that will follow In this exanple, it is the interface 326

that is inggqntac i;%/vlyth the stack 42-43 whereas, in t%ﬁf‘é&d&@éﬁiﬁxaml e,

It was Sthe initra free surface 380, 121(seef|gure

t hat had been bonded. Fi gﬂre 2D al so represents the case
where the first material alternates with-a plurality of second naterials
1220, 1221, 1222 formed in layers, froman initial substrate |ike that of
figure 1E. This time, unlike figure 10 IL, the order of layers fromthe
substrate 40 t3%&r 8121 tdiiaisen fafiee exBOXy,.sot lafies amorakisating wiich jgay df 1E

here: | 1220 the . t ' ' d
ayer 1225t ovapeleb{HE i fundHE dobficids il SrBRME e oves, AT ¢ 4
and anrrpl F 2) te@hn@lgglemnlhat vailh fgos i lnghls escag?jle dtt is tizﬂe)]nteﬁamrﬁ%hﬂmh’gx e 3
i nsul ator |ayer, and .a a s abt ai anpl e
The present gxgnfﬂrg agt W'Bﬁpﬁ 1%8 léx'g ?rl??s’l Iy tﬁﬁeorg\é{g'és §frarRle, fovas eglro"

i nterface hetwerninitiady itgesafats 3=aml 124 (seerfigdesand, 26 add tiAeati sacho | ayer

24), is not adagéed si nce degraded by the steps of the nethods descri bed
above in |iai sBPEMPRTAGS: gures 1B to 1E or 1J to 20 1K It is considered

that the surface 380, 121Fi®r@d@m|§ﬂrédﬁe§dh% i!‘l'ﬂefh’ﬂseWréﬂﬁeﬁ}sﬁmﬁtelnéBt | ons
(m croel ectronics, optoel ectronics, ated

previously, t hét%fﬁéttesé’]ﬂﬂ't aplurality Péé@c%'@oma@‘f'%’e&?opdg@ al %?tQOfBF"B Wth a

view to a bond | | Bhig§ IREGRur Snar t
vewto a bon lagersbyromrﬁmiaﬁgu&%@eﬁmpaﬂ‘arf.gaﬁaggg Phid @1 RE TR

A second plr(bbl ékn thesmr@ﬁfsaﬁlaverm mribe splsfeate 40 tOWﬁlfélﬁéh*fP sidrface 3B ipe " r ear "
e at Eifie WO dr Adhe TE éﬁér&e[afP'ﬁﬁéytowaH%eﬁ%t sliftid Mper f ace

can have varl a properti on account o ateral etching
brought into plrwmaohqsemwc&%en@ayss&m%z orardsibasuoacaddl) ent ati on " B

(et be Bommai TEre Poe X2 kb chled Bl N0ahd SAMled) Uit acadmifif 2! S0

not be conpatible for reasons suc boundari
comprising a substrate 40, a contmuous insulator layer, and a hybrid layer

15 is obtained.

Example 3: The present example is particularly useful in
the case where the “rear” interface between the layers 22 and 24, (or 22
and 26 if there is no layer 24), is not adapted, since degraded by the steps
of the methods described above in liaison with figures 1B toc 1E or 1J 1o

20 1K. It is considered that the surface 380, 121 is adapted to the final
envisaged applications (microelectronics, optoelectronics, etc.).

As indicated previously, the post-epitaxy surface 380, 121
may pose a problem with a view to a bonding by molecular adhesion, for
example as employed in Smart Cut™ technology, but may comply with the

25  subsequent methods.

A second problem resides in the interface 326, referred to
as the ‘“rear” interface, of the hybrid film 26’, after epitaxy. Indeed, this
interface can have variable properties, for example on account of the
lateral etching brought inio play fo produce the caissons (caissons of

30  orientation “B” (100) in the previous example). If no etching is carried out, it
can also not be compatible for reasons such as grain boundaries or others.



20 In order to resolve these problens, and according to the
present exanple 3, an internedi ate buffer substrate 70 is used, as in the
previ ous exanple. On the other hand, an inplantation 34 is carried out in

t he hybri 5'3#@(}%@82 itself (figure 3A). 5If appropri atlglc,r,%%gd,s%ig?ossi ble to

prepare th Ufe 100 by carrying out on its surface (which is
also the free face of the hybrid layer 26') a deposition of a |ayer, for
exanple dielectric 73, for exanpl e agai Oa | ayer of oxide; the deposition
of this layer may be carried out before or after inplantation 34; it is

al so possible to carry out a 10Osuperficial oxidation of the surface 380 of
the hybrid | ayer 26'. In order to resolfé éhesepprabtess, amdbacoordidg émdid es a

fract | 36 to b fjned . this. ti ' h id 26 . Said
bl ane w11 enaBicsel piariigg of hissmrgiad Alt RbpBalal i uib 88if e, po
separ at ed. Thepigviguand:@hiphsl Oh lihe bthee aand,esh pulantatiomat is thrriedgiutihe film

73 that will be conserved,  or t, 15during the subsequent step of bonding
with the buffefhehiosigfip6 |tseltn(ggure]3A(;. A first fracture (separation step

according tp "Smart Cut TMit SprastaaW isi possmretorepdretihé stripdtaree1 Gbby af t er
bonding with a layer 72, for exa lelectri refer grll% t hi ck,
[

/ ( nple a d , c |ayer g
integral with &amYiRg &ut Qnpiks setfecer 380+ | lLilwhigh)is glso é’fet feeHaeRio rectly

on the buffer g 'iaé’e?_ﬂ‘ﬁ- a dShoblienSeir 4 aagert netdinpie daBege. 7ok he
ed wtn,

substrate 40 provid _ or not, an insulator |ayer 42, is the surface
360 that resul exampleragain 8 layeaof oxidepiherdaposition of thikjayes MayReccasted nay be

deposited, or pgt eﬂ’rﬁ?rﬁé‘}éf’@'gﬁta%ﬁ{mj'? q% qsdicgéfde?t@,géib@ lPY8fry ddicaof these

two | ayers 42 and/or roper 0 ctric. This surface may be
prepared anil 26parficipt@dddtion of theeswTtatelEBAdIT the byisklayer@&.o convent i onal

et fods (cher cal, andlof SRR 45 LS ILGBLIAR S50 T
advant ageous sibeaefinéd; this dipes initks hgbrid layer 28ir Baid plareywibenabletarpart 38 Thi s
COmL Ol L PR verk DB S e ol 5 B Eo T plho
obt ai ned by EObedspoed bupmorinot, tercugl the(fidni 31 thed wilk bpocuhsetvedt benckise of
s e A ReR RS T e i Al e, ot 22
A first fracture (separation step according to “Smart Cut™”
technology) is made along this plane 36, after bonding with a layer 72, for
example a dielectric layer, preferably thick, integral with a buffer substrate
70 (figure 3B), or after bonding directly on the buffer substrate 70.
20 The surface then to be bonded, on the substrate 40
provided with, or not, an insulator layer 42, is the surface 360 that results
from this fracture operation. On this surface 360 may be deposited, or not,
a layer 43, for example a dielectric layer. One of these two layers 42 and/or
43 has the property of dielectric. This surface may be prepared and
25 adapted for a second bonding according to conventional methods
(chemical, and/or CMP, and/or plasma, and/or oxidation efc.) The fact of
using a surface 360 of “after Smart Cut™ technology” type is advantageous
since the properties of this surface may be controlled. This control is
important, in particular in the case where the initial rear interface may be
30 limiting. For example if the second material 32 is obtained by EOL
deposition for example (which corresponds to the case of cavities in the



A bonding of this surface 360 on a substrate 40, provided with, or not, an
i nsul ator | ayer 42 (see for exanple the oxide layer 42 of 5 figure 3C) is
then carried out. The buffer substrate 70 (figure 3C) can then be renoved
and the | 3, if any, elimnated. The dismantlj carried
out by rre %}871%8&%2 or several of the follow ng technl%dt}g% rre%ﬁam cal or
chem cal technique or by dismantling, or lift off. Alternatively, it is

al so possible to use "Smart CutTM 10 #échnol ogy with inplantation, before
t he bonding step, and formation of a fracture plane in the substrate 70 or
in one of the layers 72 or 73 (if this inplanted |layer is not dielectric).
The di fferenceﬂlbeﬂ@x@gerebharmlhme Almagd o8 théeratdrial @2)yehe interfas wigts then t he

nature of the surfa 0| .ng to_be bonded, in the end 15 on a
substrate 40 (mateél?ﬁ% 2%1 h*ﬂﬁ'&‘q%&??g?’% 42-43): in the case of exanple
2, it involves the Int erfac@:dmig/\@emastmfdmﬁtﬂembﬁ aymibséie 40 drowddder the

internediate |ayer or the substrate 22; w t he scoeof npl e 3,
it involves a Eﬁ’ﬁ?sf%rcré‘)tt ﬁat’n$Lﬂ%t8HE§’ef'?‘3rﬁﬁﬁeff? %’f%’?‘geﬁlﬁ%lQXidﬁ ‘Pﬁpﬁkness of

the hybridd ayﬁgura@c) .@%w ¢é?ﬁe&z§aﬁn1hé blffef b@osﬁtrraeee?‘o I(rgmlre SW)fcéﬁ%erﬁCCOF di ng
to the present exanple 3, in the case of exa constituted by

the surface 3sbe(r@nmd1@@ﬂ éhq @Ne@p?& &yif @W:aﬁ#‘ﬁﬁ%ﬁ@g?h%ﬁ'smat“!’ﬁéﬁl%l
treatment), p fEafif BA1TBY b idhof Bﬁ?%?%vfaraq:'&f'tﬁé f&l!d@ﬁﬁl% ¥cHnifueki nal

applications o e struct m croel ectroni cs, optoelectronics, etc.).
25 Figure 3C an@ohamp@l@g@hemlqah@cbalgeembydtsmeélﬂmr etlifhefferial al ternates

wth a plurality of secondyEpbhiig! % 2o b3ednkodristel mipaiersris om an

initial substrate like tha ce again, unlike figure 1L, the
order of tie | tachnslofy eithtitmplanidtiary, deford the bmmhdg stape apdfomeatioB8W 4 s t he

same as that o I.gur o) 40, and
30l ayer 1222 tﬁﬁéﬁ"g& %HS%E’F%S@%S’[%@%% c}rgvéjonte Hﬁhgﬁa%}? 7%%(]5}3‘ frf ﬁ])ls In this
exanple, it i suaqslamteﬂdhytelnﬁnoteﬁéiwnc): he interface between t he | ayers 22 and
24 (or between the layers_22 d 26 he I
conpatible with the speci fT% eégncl‘, e?éh”?g f‘%&'g eﬁ??l 2&95%%‘%‘? @gﬁ%ns
(m croel ect ronr@ﬁdesamhé naﬁjlrél of e fur2iceahst isxohyl te k& bendedr fratbe &30
sterrmngfromthefr f or. exanpl e Smgrt, .Cut Tm technol ogy)
vas bonded 3 n PR yBRHHe: 4 4F arbio AP SRLLEn EVeRAp T R CFThaT ourf ace
of the substrakgamgiel2) ftshwmlﬁeg‘m@nmtbhgcé b&wiesh ehe heirid lapere2eagad reitheef er abl y
by "Smart Cut TM' technol o P/

the mtermedlate ayer 24, or the substrate 22; within the scope of example

3, it involves a surface that results from a fracture made in the thickness of

the hybrid layer 26°.

20 Unlike example 1, the free final surface, according to the

present example 3, is, as in the case of example 2, constituted by the

surface 380 (obtained after epitaxy or amorphisation and thermal

treatment), which can comply with the specificities fixed by the final

applications of the structure (microelectronics, optoelectronics, etc.).

25 Figure 3C also represents the case where the first material

alternates with a plurality of second materials 1221, 1222 formed in layers

from an initial substrate like that of figure 1E. Once again, unlike figure 1L,

the order of the layers from the substrate 40 towards the surface 380 is the

same as that of figure 1E (here: layer 1221 towards the substrate 40, and

30 layer 1222 towards the surface 380).



10Thi s exanple 4 enploys steps conmmon with the previous exanple, except in
the final transfer of the layer. Indeed, it is only a part 38 of the
portion 38, obtained by fracture of the hybrid layer 26', that will be

transferr f , according to this exanple 4, th of the
[ ;e/‘gp 25@/1 l?sﬁso [ [ eI'er 1{25&%%2?

hybrid | a undergoes an inplantation, in or 0 ena

second 15fracture in this hybrid |ayer. The two first steps
are therefore simlar to those descri bedZbove in Iiaison with figures 3A
and 3B. After elimnation of a part of the substrate 100

(layers 22, 24 and a first part of the |layer 26' on account of the first
fracture along the 20 pl &xantide 4alrsthiexbrapiby it iz dsovered thiahineithes ther med i n

the film 38 bonded ont S I Wi t,h,, i ts buffer substrat W th
the | ayers 72 PisTacediged 1R IR, 22 el 24 fof el id IavERce 2 B 26

:j rr})! anéI ati ﬁn basmhddsurfact 380ahkesra g&ﬁ?@ﬂﬂefwmgmﬁmlﬂam? ?@duufed fgg)

efined, t |st| in the portion of t hybr i ayer i gure :
25Then, the hyH}q ial 89%”03@?‘8“ é”F'F'@Gﬁ:"étrﬁ@?s’l SHonded and transferred, by
fracture alpng this secong Bhed pRviths- eﬂﬁﬁnlém@sﬁrﬁac@r@@ g&m.h@y@fm or part
38" of the portion 38|n|t|ally se arat fromthe % |dlayer 26' to be

separ at ed al on#& Fectpeatier $ior exame @f Syast Cuy R teennolpgy) wagbopded i s hybri d

layer 38 remai g @u?.h%yérqntths p%&eh?éxa%ﬂaéw ar{eenr?a@saﬁrécferofftﬁ@sawu%@al ong
this plane 36". end, the bonded interface wll be

a surface 360 ﬂﬂélnIsﬁerﬁ@frﬂﬁtihﬁéfaﬁw%ﬁtﬁpdoﬁ%ﬁm'nerﬁaﬁkbﬁ'iﬁm%@ut@” of the
"post Smart Cuj ‘EIMH hsg noI ogy type). If it is observed that the surface 380
above is al so o? R ame type as the surface 360, it wll be understood
that this Jacppr oach 5 enamh&exmpiemambbysrséemrmr@ns with thehevigesiei t y

e oL coR Bk Al KA s o o gl h RV 2
fracture operabf the ptm"tlbre 38bvhfaired, bylﬁﬁclgrﬂ ef ttt@ Iaaytzsad lapenr 265 ctiniat wilhke case
where the fir Sttrarqsafteﬁ'trati:t.all': fact, according to this example 4, the portion 38 of the hybrid
layer 26’ also undergoes an implantation, in order to enable a second
15  fracture in this hybrid layer.
The two first steps are therefore similar to those described
above in liaison with figures 3A and 3B.
After elimination of a part of the substrate 100 (layers 22,
24 and a first part of the layer 26’ on account of the first fracture along the
20 plane 36) a second embrittlement plane is formed in the film 38 bonded
onto, or assembled with, its buffer substrate 70 with the layers 72-73 if any.
Thus, in figure 4A, is represented a second implantation beam 34°. It
enables a second fracture plane 36" to be defined, this time in the portion
38 of the hybrid layer (figure 3B).
25 Then, the hybrid layer 38 (figure 4B) is bonded and
transferred, by fracture along this second plane 36”. The fracture enables a
layer or part 38’ of the portion 38 initially separated from the hybrid layer
26’ to be separated along the plane 36”. Another sub-layer or part 38" of
this hybrid layer 38 remains linked to the buffer substrate 70 after fracture

30 along this plane 36”.



alternates with a plurality of second materials 1221, 1222 formed in
| ayers, froman initial substrate like that of 1 E. Once again, unlike
figure IL, the order of the |ayers fromthe substrate 40 towards the

surface 38\%8523%?}22%82?61”8 as that of figure I E (here: l%mﬂ:éﬁsgosil 62/&]‘ ds the

substrate 5 layer 1222 towards the surface

operation of fracture along the plane 36" can |ead to separating these

| ayers fromeach other, thus in figure #8 i s represented the case where the
| ayer 1222 (brought by the buffer substrate 70) is separated fromthe |ayer
1221, only said latter |ayer remaining on the substrate 40 or on the oxide
42-43. 20Anot her enbodi nemi tié dnie thmmnﬁbonnm'fabe rvaillv Hee adegtaceb2sD

Once again it involves a str.uct ilmtransfer DI eover
enabling a conf?%’&@ﬂgr%?lf ‘H?@P@W'Ppé#'i?n gt ﬂlg@ $?'F&H{Tto be
formed. 25But tde@nblagy ihide)SHRSs b@é&ve@tr@ttﬁseém :mcma .$bisb50f¢mrposed of
an initial layer of a first material . where sai d

sel f - support i n§29F YoPF6r ﬂ"@dswcﬁ 260, rif il ?ﬁb‘érﬂdreé?t@‘)d 'ﬁ?%tnt@f?eép%ﬁ’@di hen
formed, then apngflibd ?é%x%ﬁ‘fdé e Qr'éblerriﬂ bERhbNoEndity rﬁ:télPHﬁ&eélﬁ@H? té ayer of

aflrst material. 30A first initial substrate s sélected, in a tirst
mat eri al 120 (bﬁg@ﬁCéVE&A), for exanple in germanium (solid or bulk or

resulting froma 24 Lhi Cl Gl URUS 18! drbokiABnEoRalied of npubsidare) . Thi s

first material is preferably favourable to e epitaxy ds such as
I11-V, 11-VI ahhvng, vt surfgess teash fezplting2froay & ff@ﬁtwél @nferaimrs t@ulb%t rate by
| ocal etching EB SB) the depth of which may be or not controlled so
that it 5 represen s the final thickness of the hybrid filmthat will be
subsequently transferred digure #Boaléd espregiriy tharca‘siervdteremmirs*smaQrmt e.

A DLy Of BuSRERY RS B P Seceh bbby (bt o ©
over the enti rﬁod'eam Hmtiéllsmm‘:naibrleaecthaﬂamE].;Leiﬂacé.faggw emi:il@) figure 1L1Ghe "

ropriate, t teri 126 28 are different, t r. rdin
P b ot her O dirdhe Flers fipm B pdistiati DiPERtas' Berified 388 i e @' "
t[enﬁhelsz 122, &3rhe asinbi of fgBei1Eathicrs im}érhtzm\to\@mrds(mersodstmtegoaan@rrposi te
st ac or exa

possi bl e t° gr le%é%ézn qt‘i"haterﬁéﬁller%‘ﬁ'ré’ﬁ%é”%gfﬁ“r teg‘boleigtl'%%f g’?‘g:aﬁzl”ﬂéf‘?o one
exanple, a plane 36" can lead to separating these layers from each other, thus in
figure 4B is represented the case where the layer 1222 (brought by the
buffer substrate 70) is separated from the layer 1221, only said latter layer
remaining on the substrate 40 or on the oxide 42-43.

20 Another embodiment of the invention will now be
described.

Once again it involves a locally structured film transfer
method moreover enabling a continuous buried dielectric underneath a
hybrid film to be formed.

25 But the initial substrate is different, because it is composed
of an initial layer of a first material, wherein said layer may be sel-
supporting or supported by a carrier substrate. Trenches are then formed,
then an epitaxy carried out, directly in this homogeneous layer of a first
material.

30 A first initial substrate is selected, in a first material 120
(figure 5A), for example in germanium (solid or bulk or resulting from a



15 thin filmof GaAs is epitaxied then, above, for exanple Al GaAs, then for
exanpl e again, Al GaN above the Al GaAs. The trenches 122,124 are therefore
not filled with a single unique material. The second material 126, 128 may

t herefore in multiple | ayers, depending ' mat eri al
that it |s&§§§&?’@§§%o have within the trench. 20A step © ‘%gqsuf"éﬂ?dng and/ or

thermal treatnent and/or chem cal treatnent and/or plasnma treatnent enables
the |l evel of epitaxied GaAs 126, 128 t 0 %e brought back to the | evel of the
surface 121 of the substrate 120 (figure 5D). As with the previous

exanpl es, depositions of insulator of type Si02, or Si3N4, etc., may be
carried out t othieN ponﬂlrmo%pemtmyad)rh an oafriarhmtmtrafeacé' higi irst amaieeial i a
subsequent bondi

r ea |ndcted W|ththe
oy ey b T Ereetably, tavpwrabls: i dhéaneon ot ooy AR cn' 5, Uik TER
advant ageousl| Yaﬂﬁy:}petlzo%lvg:bg 11219 ¢ﬁ4 Aye thﬁdplﬁ ng substtdte bypbtabesching )
-apasswatlono 1 e (0] tetence pre ent, t hem
per t ur bi ng t helf @l”fﬁ/vtstg:i the depth of Wwhich ma_y POffcoaﬁBU%grSPai‘@t
engi neeri ng of réaa@sewg trRCinAfthickesse &f meShy&ﬁaml thaPWillobe lsalysiceienty ti | ayers

of dielectrics, ). tep | eads to the production,
in the subst rair@ang@ed gntoa h?f[ﬁrl(ﬂjm)ﬂé'ﬂall‘éﬂol:%%ﬁﬁfﬁgq ng an al ternation of

zones 127 in first materi aly ohitdhy WP ABBERd Matdial 306, €28 ifiHeAcaFARES 126,
128. An inmplantation, with a viewto a transfer, nay then be

carried out i nouhforsexestiepbGass (o5 mare gengially s eicksamircondycisr dkV, 06
facil f |
acilitate a SHQﬁeéltgggbvé%ﬁ%egﬁnrérﬂéw%ﬁe% tF&ﬁQU{SﬁbS”a gmér 5&? igent

pl ane 130 thereby © mts a zone of t ising a
| ayer 131 ith leppropriatel thef matesiaiani 26,51 28sanesdifferest @ea@thdthehe"\mmmgi | ayer

132. Once agai fy & LAyRL: Qferhfiid) A0 a8 Yolbia 6 HaAGHUREHIRE tdhEnes

I mpl ant ati on.
122, 124, multiple epitaxies with a view to producing a composite stack.

For example, in the case of a substrate 120 in germanium, it is possible to
grow GaAs in the trenches, but also alloys: according to one example, a

15  thin film of GaAs is epitaxied then, above, for example AlGaAs, then for
example again, AlGaN above the AlGaAs. The trenches 122,124 are
therefore not filled with a single unique material. The second material 126,
128 may therefore be composite, in multiple layers, depending on the final
material that it is desired to have within the trench.

20 A step of polishing and/or thermal treatment and/or
chemical treatment and/or plasma treatment enables the level of epitaxied
GaAs 126, 128 to be brought back to the level of the surface 121 of the
substrate 120 (figure 5D). As with the previous examples, depositions of
insulator of type SiO,, or SisN4, etc., may be carried out to help the

25  preparation of the surface with a view to a subsequent bonding.

As already indicated, in liaison with the previous hybrid
integration embodiments according to the invention, it is advantageously
also possible to carry out, prior to the epitaxy:

- a passivation of the sides of the trenches. 122, 124 to

30  prevent them perturbing the growth,



A bonding of the structure is then carried out with a support substrate 140
(figure 5E), if appropriate via a dielectric |layer 142. Once again the
bondi ng may be carried out with or without bonding dielectric 15 |ayer,

and if ther§§ciaq38ﬁ?§9$28ndi ng layer, it nmay be fornmed on tltler/ﬁ’i&%fogﬁioe 140

(layer 142% ure 5E) and/or on the surface 121. The
fracture in the inplantation plane enables the transfer of the |layer 131
and the hybrid layer 132. It is then pogéi ble to obtain, by a nore or |ess
i mportant thinning: 20- a mxed free surface 134 (case of figure 5F), the
hybrid | ayer 132, for exanple in Ge/ GaAs, being uncovered; for this
purpose, the part 131 of thend/obift apdreprit®,arsengiaterhgoef Weenufdoe bf/bri d

| ayer 132 and the fracture plane,6 130 may. be eljm nated, for exanple by

pol i shi ng, and;"t??e éﬁ@ﬁi@%‘?osﬂq%’é{?r‘ﬁé’ﬁfsjlméfﬁ‘éﬁyﬁs ?)‘JI éj‘%‘ﬁgt”f’?’eeé‘f'gent , and/ or

thermal treatment, 25etc. This step leads to the pro@lictiow] inetHe cabstente 920 26 ,a 1ﬁ8, for
e t he

exanple in GaAs (case of figure 50); in this case, art 131 of
substrate 1zo,hx§brtdda¥%rd1518eq%@f$'ri%%n H%F‘P%Pq ‘%fy@”eié%?éf?lgrsf ﬁ@%‘?rfaétg?hre pl ane
130 has nots beggshobah Bk, 8hd BpifBi&FzonERI 126 83®r is not elimnated after the
transfer, but it nmay 30be elimnated later, all or part inits surface or

its thickness, for exanpl &nafMRantalen. iyt ar vl Bur iEdsaieMayedien be
Instead of usipgribleut mhﬁ'gggaré% 10DAiHE oA 168 1RAPhATICH b Palilthle d S

possible to use, as a tec ue T noving a part of the initial support
120: a nechani sa@seqoentostephefithjamning pynfiagiire efee arapritdersent papgaiddes of

the pr evi ous. eLSoareapined B ETERE of YR sty o b AR B T e
i npl ant at ion pheaterial 80therinitiales g traied! 20egret the3ybrid fayies 18RcPren/agaiRd bl e to
e e ree | DSk ab 8B BRR AR B B M ol 0 S Lh 1
surface that results fromAsbdndidg ofrtee s&ﬂctpt@iad)arecarriwoawm a supparhdi ng on
(he ree =t e dbB b GRWATHET SPobREE o bR el ot SRRSO O
substrate makegghih thessinding mayhsy eariad dutnaith br edtheur banding idieedtyidr i d
surface (dle5s | gpa?ftere,dan%\/i trhglreI is%ybcgnrc]i?ngr IS{/SJ, ﬁrr]r%:ae_y l:}eztjc‘)rringd foinQHé gut?sl?l)a’te 140
(layer 142 as in figure 5E) and/or on the surface 121.
The fracture in the implantation plane enables the transfer
of the layer 131 and the hybrid fayer 132. It is then possible to obtain, by a
more or less important thinning:
20 - a mixed free surface 134 (case of figure 5F), the hybrid
layer 132, for example in Ge/GaAs, being uncovered; for this purpose, the
part 131 of the substrate 120, situated between the hybrid layer 132 and
the fracture plane 130 may be eliminated, for example by polishing, and/or
chemical treatment, and/or plasma treatment, and/or thermal treatment,
25  etc;
- or buried caissons 126, 128, for example in GaAs (case
of figure 5G); in this case, the part 131 of the substrate 120, situated
between the hybrid layer 132 and the fracture plane 130 has not been
totally eliminated. This layer is not eliminated after the transfer, but it may
30 be eliminated later, all or part in its surface or its thickness, for example

after having formed surface devices.



15Finally, it is possible to carry out several steps of inplantation in the
hybrid | ayer 132, and several fractures along the different inplantation
pl anes thereby constituted, as in the case of exanple 4 described above and

with the Sﬁgﬁﬂﬁﬂ#@s# ages, in other words the possibil 'ﬂé‘r 2&;&91 a hybrid

| ayer in wo surfaces (the free 20 surface ‘an P82 Face in
contact with the final substrate 140 or vmth its diel ectrlc | ayer 142) are
fracture planes. If appropriate, the us€®f a buffer substrate enables the
assenbl ed surface and the free surface to be chosen. Figure 6A concerns the
case of an epitaxy, carried out in 25 the trench 122 of the substrate 120
of figure 58, which resul trstéadbmof sbiagk thé rtacmﬂdqurﬂ s pf f mackexeamalter a | ayer
of GaAs 1220, a la | nGa 221 and l.ayer | nGasP 1222,

A trench wi Ch ROPEHEHRY ki B0 aDle 16550: 55 2 Sach e Sreamoie a BERGHE ned. one
or several of {riessuprirer20: @&Me@%nmeaﬁmmsa\@maét tRPamMgpétet i on | ayers. The

| ayer 132 of the substrate 120 is a brid layer, with K 27 alternation of

zones in a first material VefiA4s é‘fte'f vegb&f r g BOROMENL oA i%F a second

conposi te rmat efmﬁlbmfeﬁfe@e%r%stéhéé leSis ]p%%QrbI@%%/ 1%388 prev:ous embodimentg\n
inplantation, with a viewto a transfer, ﬁ@; en be carried out in the

substrate 120, (Hyexamoles drandrhebove) 1o pepition de InRiantation pleagd3Q inshe
subsequent st GH&&H lragérnﬂif'qs|Qéh§ré§)fPH§§?bleT$'ﬁa€é@rfl‘éetflrﬁﬂgmadé' 86 430
e 6

t hereby obtain ure S a zone the substrate conprising
for exanpl e a theysurfate13¢ofiiguer Pawhish is e swifacedeliogd Hyithe bottoros hd t he

hybrid layer 13g. oJLADST o5 Dind Gh! AGEA PR ANSNHEE AELUNECrirR d Bl 1 ed

out; alternatively, a mec am cal em ca thinning 1s carried out,
in which 10raselane 180. Moreoyﬂradeaemcbmg shepeifesenstansaihat it is desired fo The

o oy eh Bl i 1 nds PR BEBIEE ' Gk, SorohOR A lrfertidial HrBra ™! ©

covered with a° as’a | ayer o o
figure 6B). Thisabdisdte.iThe ageeof drﬂmtermeamiesblbsimté)makbe itf possible2tb havewhi ch t he

WTh the surfags T, ToncrBRPe 5 bYBtearacR reotedl AR e e
substrate 140, rgbidnes 181 irefigrg, 5[?r via an insulator |ayer 142, itself

f or med onthls substrate 140 and ont 3/br|d | ayer 120.
inally, 1 carry out several steps of

13 possib e
implantation in the hybrid layer 132, and several fractures along the
different implantation planes thereby constituted, as in the case of example
4 described above and with the same advantages, in other words the
possibility of having a hybrid layer in which the two surfaces (the free

20  surface and the surface in contact with the final substrate 140 or with its
dielectric layer 142) are fracture planes. If appropriate, the use of a bufier
substrate enables the assembled surface and the free surface to be
chosen.

Figure 6A concerns the case of an epitaxy, carried out in

25  the trench 122 of the substrate 120 of figure 5B, which results from a stack
of materials, for example a layer of GaAs 1220, a layer of InGaAs 1221
and a layer of InGasP 1222.

A trench with multiple materials 1220, 1221, 1222 may
thus be obtained. One or several of these layers may be one or several

30  adaptation layers. The layer 132 of the substrate 120 is a hybrid layer, with



These steps enable a structure as illustrated in figure 6C to be obtai ned.
In this figure, the part 131 of the substrate 120 other than the 20 hybrid
| ayer 132 has been elimnated, for exanple by polishing. But it is possible
to | eave this rt 131. Once again, an internediate or S trate 70,
72 (as in WP&&&Z‘%SS% or 4A), may be used, thereby enabﬁ'%ﬁg@%n‘gﬁsy with

t he substrate 140 or its insulator |ayer 142, a surface of the
substrate 120 other 25 than the surfacé&’121. Vari ous
alternatives of this enbodi mrent nay be inplenented: for instance, it is
possible to position an inplantation plane 130 in the hybrid | ayer 132.
Final |y, sever alterat@psoffoniesrt arirsttrhatorialr{tiahef tmgtsubdtratey0) ang zbeesar ri ed

out, as in the case of, exanple 4 abgye and 30w t dvant ages. 28

It is also posél %P%Qor@t%"ﬂﬂ%&em%%ﬁ*ﬂ%’"?ﬁr%?ﬂ‘ﬁkéqﬁ&ﬁ?gﬁﬁzgs, to elininate

certain of the layers or mptpigladtatise PO bedeRytoepittamstor, ity theletes 1221

and 1220 in this exanP Is alternative nakes it pos iblef to render the
RO Ta

le. Th
first 5 materi &ATedEU Wih@ﬁ“?@rﬂ%ﬂzgx@?ﬁlﬂm@f fage 2l JHB%E bl e, by

t echni ques f Q?&e’ﬁﬁ%t‘ eRpABE khiRGing daPRctPE. TAY Sirfbrtid@eA? dlaneWish a Vi ew
to an epitaxy of the second material '1222. The adaptation |ayers 1220-1221
may be sel ecti thsrgby ebtained (faure 6B delimis agene o thel subskalel MRSBINGHer por ti on
of the layer 1 ' ; bt ik ' | :
cormatibil ity STRIPEEIEr A3PYP e Bd indar sy dhicho 150 Rl Shd Hyprid
structure, dirtyeryl3@n Transfanthyr iraplantatiomdhen fsagtuneeis1 ais vairiedpoids e

br oduce. epi t ax € RRURGR Aathdfitel BaRERREARRFRIBI GRS DAMVAEER O
el i m nati oro t akese pd pder impfantatemstep tsmevegéaryel ective chenistries, and/ or
L e 0 2% Y e 1o AP Y S S SRTRL
I nGaAs 1221 hagebsiese 140 foedxafiptencovered twithca wistedfic 1aygnrid2&0ch|asaai ng
dncover ed {he.|kebe SabGRAS RLAGHR A WG NRRT A R FbBeFIsdY B9 Do
the face 121 in which the openings of trenches 122 are made; if the
15 epitaxied layer 1222 is flush with the surface 121, then this epitaxied layer
is assembled with the substrate 140, either directly, or via an insulator layer
142, itself formed on this substrate 140 and/or on the hybrid layer 120.
These steps enable a structure as illustrated in figure 6C to
be obtained. In this figure, the part 131 of the substrate 120 other than the
20  hybrid layer 132 has been eliminated, for example by polishing. But it is
possible o leave this part 131.
Once again, an intermediate or buffer substrate 70, 72 (as
in figures 3B or 4A), may be used, thereby enabling assembly with the
substrate 140 or its insulator layer 142, a surface of the substrate 120 other
25  than the surface 121.
Various alternatives of this embodiment may be
implemented: for instance, it is possible to position an implantation plane
130 in the hybrid layer 132. Finally, several steps of implantation in the
hybrid layer may be carried out, as in the case of example 4 above and
30  with the same advantages.



20 These alternatives may be of interest to produce quantumwells with
mul til ayer epitaxies that are conserved up to the end, or even to produce a
m xed hybrid film such as for exanple Ge/InGAsP resuning if appropriate

(or not) alyoreohsiuiss St age the epitaxy of InGaAsP. In ap@f bostRpRpach, an
epitaxy of a material 1220 in the 25 cavities 122, 124 e st opped

bef ore havi ng reached the surface 121 of, the substrate 120 (figure 7A). The
di fference in topography nay be nade up Tor by depositions (for exanple a
thick oxide 150) and one or several thinnings enabling the planeness to be
recovered. The thinning of the film 150 is such that directly inline with
the zones in a first nmatefliglalsppositieecstarting feayaithe stucturet of fflgueséBce of the

il 120, cef@finhatd dIHBR & 1Y Blels oo Bl aoblilatht BhRN, & Of  Zones

in material of the su straeand st zones hybri d
| ayer may be atayerslBH and 1220 lsm!hlstexameiemo via a layer 142 for exanple of

oxide (as in figure 6B), b st ure as.illustrated,in.f Lgure 7B.

In this figure, the part 1@&8 %?e[r aétﬂ'guﬁi#%étg Fi‘%'bé‘? ht8r rqrﬁtgﬁdtpﬁef'rﬁybri d

| ayer 132 Has mmnz& nathieldl. is | for texamipid af kgerometim aba] Eampdtibls Bxanpl e,

an excess thic ss_of X|de 142 been create

According to a HQFeﬁlq Ma??@bco"&ﬁpé'?g @H@pt@g?? A&V%?%Z?Hé%écwﬁa Frateri al ,

the surface rray|ekaetd1|a|h@mtaa§abetthe @coﬁéahmenalhnzmeﬂ‘se hﬂ@ptbﬁoﬁ“lé;ﬁé@é' y in
to one speci fic enbodi ment of the

line with the f teri OAc
i nvention, t he12é$n1 ?g‘?f'&?yp'l’%&ﬁé@t' W)EH'P? dI al@ fatgy gtﬁggﬂ by eimigtiomoE, ¢ he

net hod is identieCportibA dilak I18ferf 1 BUERSatdd bBJe fiRE [CAMNNE2D] BiheS: tﬁi’éﬂ a
structure layer 22 in Ge/layer 26 in Si or_ layer 22 i'n Ge/layer 24 |n

8i 02/ | ayert®6 FomMBatiGidy; Mhe i sgoopd uBeteriathbiZacaepet PRy epitexird igr thig | -

sem - conduct or I he
substrate 22, %ﬂ%e{écg!rggl)yn%sﬁﬂgﬁ méég&kle&m@%ﬁeﬁ%@ﬁgﬁﬁ@g (E? ﬂ)@

produced. transfer, remoxgd dpaly g eensisiesed |ased muelinisaryasiepalokprotiueayers is
o TEour s bhe EERSASEnds o cddbhochih 2ag! o] Viyodd o, Tl o255
obt ai ned, but ellmlnatlon takes place for exampie through selective chemistries, and/or
15 by polishing, and/or by plasma attack, andfor by thermal treatment.
It is the example of figure 6D, in which the layers of GaAs
1220 then of InGaAs 1221 have been etched, from the structure of figure
BC, leaving uncovered the layer of InGaAsP 1222 in the trench 122. This
etching has therefore taken place after the transfer of the hybrid layer.
20 These alternatives may be of interest to produce quantum
wells with multilayer epitaxies that are conserved up to the end, or even to
produce a mixed hybrid film, such as for example Ge/InGaAsP resuming if
appropriate (or not) at a later stage the epitaxy of InGaAsP.
In another approach, an epitaxy of a material 1220 in the
25  cavities 122, 124 may be stopped before having reached the surface 121
of the substrate 120 (figure 7A). The difference in topography may be
made up for by depositions (for example a thick oxide 150) and one or
several thinnings enabling the planeness to be recovered. The thinning of
the film 150 is such that directly in line with the zones in a first material 120
30 there is again, or not, presence of the film 150. Once again, a hybrid layer
is obtained, with aiternation of zones in material of the substrate and stack



20 this tinme it is a stack of layers that is formed in the trenches 28, 30.
This enbodinent is illustrated in figure 1E. This hybrid
| ayer is at a later stage transferred onto anot her substrate, for exanple

by appl yi one or the other of the techni ques descri thin the
scope of e‘g'gr?ﬁqséléssizto 4. 25 In this enbodi nent, thebﬁcgﬁ/@ng\éﬁgﬁn}ucture IS
therefore the sane as in Figure 1A the |ayer 22 being in Ge, the |ayer 26
in Si, with or without |ayer 24. 23 Moreover, within the scope
of this particular enbodi nent, the steps of the nethod described above in
liaison with figures 6A-7B may 30be enployed, with all of the transfer

al ternatives deesas hexb,i 150 iy Bgbridhldyer 4fdy ba asaembledl with ai subistrafeossi bl e,

after transfer such as the .30 substrate_ 14 elimnate

certain layers? %@t‘é{? Eﬁ qég fpp gyamplg %fe%g%éa% Iy {1 Qﬁr@t@hq‘éﬁ%ﬂ?ﬁ'ﬁéthat of

figures 6D-7B. shiiiehas |Mlﬁ¥h‘é§ed ihegeleePB. deIKis e, alevpaitMIti 8f @ Wi th

these figures 6A-7B nay be applied to an initial substrate 120, which is
ohe

not a |ayer of Substigie1aRoiardhan fp hybrigk laver 1i%has been gimingieds e 20 of
figure 1A. 5 gtack zones, and¥f ﬁ’ﬂ@éxélﬂ@eeﬁﬁ%%é@‘hdkﬂ&ésségé%e thg pafostrate

120 may al so be a substrate 1n " disorientated Si, in which an
epitaxy of Ge haelbeen enepted.type semi -conductor materials may be carried

out. Figures 8A-9B enabl efﬂ&:g@r mﬁgn Eﬁ&ﬁsﬁ It&knBfi %ﬂe’?%@?@r&r of-the

structures to be illustra antatlonls ca out 1n a
substrate 22, peconddeataniat, Hhawsurfaceem*aefdbamhbayaed theieircegsiventhickages 24, and

when it is carp ‘Z%(ﬂégcﬂﬁe}”ﬁ‘ﬁ)s"mfﬁgq’ff&f”%ﬂﬁt ovided with such a layer.

In the first ca ayer has been kept. Figure 8A
representsi@a situation si mcbmd;rtgototdmts;mbif'rbiegmbceiirﬂlﬁ;t diutbe invendiorg the he 15

The substrate 401 P MPRREe PagaH st o Sta b0 Y dre abub G IR Ry o "5y
and after f raCthIt}ffatacbfol“@.lrééleiﬁpla&ﬂefoﬂ@mng hiiguees, riyutng struttued iazyerh'lmnn ng up to
A R T R R S A
material s used. Then an epitaxy of Ge, or llI-V semi-conductor material, in the
15 trenches 28,30 enables, from the substrate 22, mixed caissons and
therefore a hybrid layer 26’ to be produced.
According to one alternative, a stack of layers is formed in
the trenches 28, 30 of the structure of figure 1A, as in the case of figure 8A.
Once again, a structure such as that of figure 1C is thereby obtained, but
20  this time it is a stack of layers that is formed in the trenches 28, 30. This
embodiment is illustrated in figure 1E.
This hybrid layer is at a later stage transferred onto
another substrate, for example by applying one or the other of the
technigues described above within the scope of examples 1 to 4.
25 In this embodiment, the initial structure is therefore the
same as in Figure 1A, the tayer 22 being in Ge, the layer 26 in Si, with or
without layer 24.
Moreover, within the scope of this particular embodiment,
the steps of the method described above in liaison with figures 6A-7B may
30  be employed, with all of the transfer alternatives described in figures 1A to
4B. In particular, it is possible, after transfer on a substrate such as the



20 constituting the m xed | ayer 24. However, it is this thinning that wl|
enable the hybrid |layer 26' to be reveal ed. In order to
resolve this difficulty if, as in the case of figure 9A, which represents a

simlar injti ation, once again, to that of figu ayer 24
. i n%aﬂ /(3hgsd ! . 20«%)??‘1 14

I S not y present, the zone to be thinned is, racture
al ong the plane 36, a honpbgeneous material 22 (figure 98). The thinning up
to the interface 27, once again also revealing the layer 26', is then nuch

sinpler. 31 CLAIMS 1. Method for producing a hybrid substrate, conprising a
support substrate, a continuous |ayer of a buried dielectric and, on this
| ayer, a hybri dubsisate 1ébrtpreiiie"iinrajeabtteinrmzeirslgbmdn&eisb}oépi@xﬂ togqrrodnnesy i al and

at | east one second mater nth ria di.fferent b

their nature aﬁ&?"gwe[ ﬁ«gpi}\ %ﬁ)}g?alo W&%%ﬁgﬁarggﬁkﬁ '{)@3 E%i %}L t hod y

conprising: - Hb@crfb@ﬁrmjowem Gaisen ythrthesd fiyres 600TRITMay be a@bhaimaan ng zones
eneous

of a first and d materials
Subst rate. aniia SHAGIS20SPEENGs MaLS AT o SPeteTaatelel tuf ARITECE *t ne
hybrid |ayes, @lctphs thetitgtie2d of igur@yar fornmed on this surface, with a
buffer substrate, the assenbly of this hybrid | ayer, the contlnig

art at

dielectric layer and the ubgeyer g\?b%’inpﬁ‘?'g‘em ER¥isegedyi ther substrate

| east of the heiROKEsSBES &s&%f@mes, oﬁeagbﬁemateafs.ern whhamsegiaky ost ep.
2. Method according to claim1, further conprising the elimnation of a

part of the hym@d/@ryai-vww endyetoe aterialaakpelicpriedout. 3. Mgt hod
according to one of clai mhgﬁr@é a&hgmaﬁnéﬁtnbﬁﬁﬁsﬂehggmb@au@ﬁ?fﬁyeﬁat of the

honpgeneous substrate and appropriate, a part t he d’layer, is
obt ai ned by0 t hiskatthes ke dee divstrateg wheln Héesmwatl@ aw:arrled priopdi ate, of

the hybrid | aY&lbstrate 22, provided with an intermediate layer such as the layer 24, and
when it is carried out in a substrate not provided with such a layer.

In the first case (figure 8A), the layer 24 has been kept.
Figure 8A represents a situation similar to that of figure 1F, but in which the

15  embrittlement zone has been made in the substrate 22. After assembly
with the substrate 40, or with a layer 42 formed on said substrate (figure
8B), and after fracture along the plane 36, the carrying out of a thinning up
to the interface layer 24-layer 26’ (interface identified also by the arrow 27)
may prove to be difficult due to the difference in nature of the materials

20  constituting the mixed layer 24. However, it is this thinning that will enable
the hybrid layer 26 to be revealed.

In order to resolve this difficulty if, as in the case of figure
9A, which represents a similar initial situation, once again, to that of figure
1F, the layer 24 is not initially present, the zone to be thinned is, after

25 fracture along the plane 36, a homogeneous material 22 (figure 9B). The
thinning up to the interface 27, once again also revealing the layer 26', is
then much simpler.



4. Method according to claim 3, wherein: - the thinning is achieved
by fracture, respectively of the honbgeneous substrate or, if appropriate,
of the hybrid |ayer, the fracture 32 being for exanple nade along a first
fracture plane created by a first inplantation of ions or of atons in the
honobgeneous substrate or in the hybrigh | ayer, - or the
elimnation of a part of the honbgeneous substrate and, if appropriate, of
a part of the hybrid layer, is obtained by nechanical thinning of the
substrate and if appropriate the hyBAlMSGone. 5. Met hod according
to one of the previous clains, wherein the second material or at |east one
of the second materials is obtained by epitaxial growh in cavities forned

in a layer onithe RMEERLQUSIEIRSENgbAd sObstfae ehprisitde sappogeneous
substrate. 6. Method according to one of, c erein the

. . : laimg 1 to 5, .
second nEvBirate. acortinyaisdayed %‘?Uft%d'§l§él=5ﬁcﬁ'1ﬂja9€rth'gﬁ§yqrsaB‘B'Pré ned by
| ocal a i i t cﬁﬁe@' i i o ] NGk position in
anor phogéggrc%ﬁﬁ{r%@g ér]gg?étgﬁa I ngiazfﬂ%ﬂtrﬂgtréﬁgf élt%cg ggie%%nt ) Qé(cd?%l 7. Met hod
accor di ngnaterialnwhefeic taesestwo magriatsnaredlifferentley theirofaterempnd/ordheireast of t he

honbgeneous ,substrat e and. 1.f appr op,l . of the hybrid | ayer,

t aki ng pIcé%séaly&%?ro@%fzﬁar@%”ishc?’ﬁﬁ "f‘)aéhog"ls‘g"é’ﬁ%'ﬁ)sz’éé-mth the buffer substrate.
8. Method accor di ng-tigs idwapoe e auybad &iyer, ddmepridingri nati on of the
honbgeneous substrate, and of a first part of the brid | an%er when said

hybrid | &femnatiegzesessrf adirsgiand Qtﬂﬁaﬁﬁﬂ”ﬁeﬁecgﬁﬁﬂ%’%@%g’ PRV a second part

of the hypyic J-AWEE s[iE&RIRI NY- 9. Method according to any of clains
1 - 8, fﬁﬁh(gebr corrprslbs% a thinning of the second part of the hybrid |ayer

assenbl ed wi th t he-budrf istermaskate sten of agsembinpl Bediee swtacerd thg ong a second
f t | t [ t.atl I . 33
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mat eri al dupsiatd - conduct or and/ or the second material or at |east one of
the second materi al_s tling agsésnggliy_o?%g%%% iayer, the continuous dielectric layer
and the support substrate,
— the elimination of a part at least of the homogeneous substrate

, before or after the assembly step.

2. Method according to claim 1, further comprising the elimination of a

part of the hybrid layer, before or after the assembly.

3. Method according to one of claims 1 or 2, wherein the elimination of
a part of the homogeneous substrate and, if appropriate, a part of the hybrid
layer, is obtained by thinning, respectively of the substrate and, if appropriate, of

the hybrid layer.

4. Method according to claim 3, wherein:
— the thinning is achieved by fracture, respectively of the homogeneous

substrate or, if appropriate, of the hybrid layer, the fracture



or the first material is sem -conductor, for exanple silicon, and the
second material or at |east one of the second materials is a sem conductor,
for exanple silicon, said sem -conductor nmaterials being both crystalline,
and having crystalline orientations of different directions; or the
first mterial is sem -conductor and Xhe second material or at |east one of
the second naterials is a sem -conductor, and: * said first sem -conductor
mat eri al bei ng germani um and sai d second material or at |east one of said
second nheisgifat exanaplegnade plony aofirst iracture plape ceesiedi by erfirpdmdlardation

*or said t t ri.al (second materi al
or at |e8s kon%og%ﬁ@ogﬁ?@%ﬁég%né%%oh@ Egté;?r?ﬂA {h%qﬂ’-b\)ase conduct or

mat eri al , - @rtheeullm:matrcstofrmpm bathetimmggegmmarsiuba’qrateai d second

mat eri al or aid at Ieat one cond ter s bejn S|I|con

T O h et haacaE abaptigtes 67 1PN Ar the hule) VAT ih BB B BT RERE RS he 1 st
semi - Conﬂgﬁﬁuﬁé omeeédt%'tratesaﬁkﬁ 1faap§)¥6p§rFaté’[Hee}ﬁ‘}tiﬂd£Uhe and the orientation of
t he second seni -conductor material is of a second orientation. 12.

Met hod according to any one of clains 1 to 11, the hybrid | ayer conprising
alternating zgnes pleydd hdchai %oﬁQ@;f'tWé&reviB%%‘%{éﬁ's Ry Blaral ity of

second nmaterials, sem - con rs an non sem conduct or
Met hod aeecord] mgtdrial bhat Ipae[vmmmef theaeopnd heatadials & oltginefl l:smmhadlahat er [ aI S
conduct or

conprisin plural.it ayers of m nd/ or 4 ngn

e - conBlRAGN Gavert e aievayen Hahamosia s s ByieR puiiredls

mat er i al §dPRbMBgEMEo XA MatatObt ai ned by epitaxy. 14. Method according to one
of claine 1 to %3, wherein the zones in second naterial are forned flush

with the free surface defined by the zones in first material and/or are

formed up to levﬁietﬁc?c} H@éo‘?&liggsg%bﬁ Parﬁwgq breerikihage sdedidqed by the

zones in first materi a ee surface, and then an insulating
mat eri al niterng qpad st pnaof dregestond rrmﬂeealspsbbtalmekdaby:l!dmbrence bet ween the
:CIe;lgl (r)rfmatg{]qer ﬁlggt(i)c?n threrz%tr%(r:ry%{alhsa?o% O?ISTCrl alneHrfaé: océiefifolnrfrel%mb&{'plll(%1 5 zones in

form, then recrystallisation thermal treatment.

7. Method according to any of claims 1 - 6, the elimination of a part at
least of the homogeneous substrate , and if appropriate a part of the hybrid layer,

taking place when said hybrid layer is assembled with the buffer substrate.

8. Method according to the previous claim, the elimination of the
homogeneous substrate , and of a first part of the hybrid layer when said hybrid
layer is assembled with the buffer substrate, leaving a second part of the hybrid

layer remaining.

9. Method according to any of claims 1 - 8, further comprising a
thinning of the second part of the hybrid layer assembled with the buffer
subsirate, for example by fracture along a second fracture plane created by a

second implantation of ions or atoms.
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10.  Method according to any one of claims 1 to 9, wherein:

- the first material is semi-conductor and/or the second material or at least
one of the second materials is a semi-conductor;

- or the first material is semi-conductor, for example silicon, and the
second material or at least one of the second materials is a semiconductor, for
example silicon, said semi-conductor materials being both crystalline, and having
crystalline orientations of different directions;

- or the first material is semi-conductor and the second material or at least
one of the second materials is a semi-conductor, and:

* said first semi-conductor material being germanium and
said second material or at least one of said second materials being a IlI-V or [I-VI
semi-conductor material,

* or said first semi-conductor material being silicon, said second material
or at least one of said second materials being a lil-V semiconductor material,

* or said first material being germanium, said second material or said at

least one of the second materials being silicon.

11.  Method according to claim 10, wherein the orientation of the first
semi-conductor material is of a first orientation, and the orientation of the second

semi-conductor material is of a second orientation.

12.  Method according to any one of claims 1 to 11, the hybrid layer
comprising alternating zones of a first semi conductor material and a piurality of

second materials, semi-conductors and/or non semiconductors.

13.  Method according to the previous claim, the plurality of

second materials comprising a plurality of layers of semi-conductor and/or
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non semi-conductor materials, each layer of the plurality of layers of materials

being for example obtained by epitaxy.

14.  Method according to one of claims 1 to 13, wherein the zones in
second material are formed flush with the free surface defined by the zones in
first material and/or are formed up to a level situated underneath the free surface
defined by the zones in first material, or above this free surface, and then an
insulating material being possibly arranged to make up for the difference
between the level of the second material and the free surface defined by the

zones in first material.



