| METHOD FOR PRODUCI NG HYBRI D COMPONENTS DESCRI PTI ON TECHNI CAL FI ELD AND
PRI OR ART The i nvention concerns structures known as "hybrid"
structures, for exanple of sem -conductor type. 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 Technol ogy (HOT): @pportunities and Chal |l 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 I%/ngom um on VLSI Technol ogy Di gest of
Techni cal Papers, nakMETHORBEFOR BRODYCING HYBRIP CQMBQNENTS o pi taxy zone

that serves to generate the m xed zones of 15different crystalline
orientation. However this techni qgue does not enable a
continuous buried electrical insul aDRSGRIPIEM i nuous | ayer underneath the
hybrid zones to be obtained. Such a l|ayer or such an electrical insulator

woul d nmake it ﬁmm&EﬂEWAﬂbsﬂRfd‘F@ Agfff ects of parasitic conduction
between the hybrid 20fil mand the carrier substrate, noreover enabling

these devices to attain total depletion reginmes in the case of electronic
devi ces. This therefore pd$®s in¥ehtion ePRCEl GYUCkIreD Khovtlu@s ahvy®rid film

with the conti lgygétg,rdgrﬁ@gg,@,pgof%epr”fcbﬁgu(%,ngé| cal insulator. Another
probl em which is posed this time 1n the spe

Structures of this type, |n the case of layers of silicon of
different crystalline orientation, are described in the article of M. Yang et al.
“Hybrid-Orientation Technology (HOT): Opportunities 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 ' (Al GaAs, InGAs, InP, etc.), also with a continuous buried

el ectrical insulator |ayer. Germani um i s i ndeed

envi saged to replace silicon for 30m croel ectronics systens, particularly
to increase the nobility of carriers 2 within the conduction channel s of
transi stors. Gernmani umthus enabl es hol e Zand 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
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buf f er subst r atemitiersiracsiters onbGaAsitceassure phetoneticion cgnversionhi ch makes it
possible to determne firstly the nature of the "deep"” interface, in other

wor ds t he natuEﬁE ! %Faﬁ-FEw]VIt:‘IG‘?I brid_filmt_hat vviII_be i n contact
a

with the secon or W dielectric 20 internediate |ayer
wi th, or formed on, thls second substrate, and, secondly, the nature of the
free surfate of this hybr i Thef invention firstly concerns Fhmethedefer i sadwana ér ns
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substrate, a continuous Tayer rre I‘IC on this layer, a
hybrid filmconprising al tMcmdlngngoZEe ineerdi®nof lwarldr‘élm reafarmied| oardd at
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%?;'r :ja: ayﬁr or cionrrpgl f}i)ggge 1 'naﬁth'ygﬂd %i?rﬂerﬁayoge oblate Qgcorémg ShrigRe second

approaches, with or without buiffer 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,



30substrate, 3 the assenbly of this hybrid | ayer, the continuous | ayer of
dielectric and the support substrate, the elimnation of a part at |east
of the honpbgeneous substrate, before or after the assenbly step. 5Wet her
an epitaxial growh or an anorphisation, then a recrystallisation (for
exanple by a thermal treatnent), is carried out, the honbgeneous substrate
conprises, under its surface (therefore within its volune) a nateri al
"suited to receiving the second nmaterial. 3The assenbly of the hybrid | ayer
with the final substrate is 10 for exanple assured by techni ques of
bondi ng by nol ecul ar adhesion. This hybrid layer, or its surface,

theref ore be prepared i n or das abgrhily R s Ayl v KRATBAL kbhbeo i th the

specificities of such a bon | ayer
may be elim natc@iect?l‘benélthmsumrtcsmbefraialI or part of the |n|t|al substrate

and, if appropriate, a part rj I lned b
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mechani cal t hi reabsigatepbdfoomafteattd assegibilysiepg, etc.), and/or a chem cal
o on Y il ure ol ane or dhfetih i epiaal growt; o, AR ARSI, TR A

along a fracture plane cre
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al so make it poghinkd)e: materhbi SiRkalte récdhangd tt@sécbﬁd%&érﬁé!ate or instead a
thermal action or even plasma type thinni n treatnents. 25 At |east one of

the second materials, in tHe asgsmbly phihenyorgayss vt e fing! Bybsysie isxi al
growth fromya tky é)&nﬂﬁé ﬁéétﬁéd bl aedemi c{&std?%oﬁél%btﬂy‘?ﬁolé&ﬁlﬁﬁéhﬂﬁéldrp Thidis third

materi al situated below the fifst eri al hird material is
di fferent fromhyhed{ayestoriigtseripgs, wBay fhereigrg Oe @repaked By ofdes t%@@rﬁt?ﬂet

and/or its cryghpbd RPARPRIfpARAE Gfth B5d ShdciRitieslor SB¥h & Bbnégt ance
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 treatments 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
substrate and, if necessary, a part of the hybrid layer, may be obtained by
grinding, respectively of the substrate and/or 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



30be, or not, different fromthe second material and capabl e of receiving
said second material, 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
whole is then treated, for exanple by a "Smart Cut TM type technol ogy or
substrate fracture. A deposition of anorphous material within the cavities
then a 5recrystallisation, also by thern#4 treatnent, can al so be used.
According to yet another approach, the second material may be forned via a
| ocal anorphisation technique then recrystallisation, for exanple by

thermal treat i 1 hi } i i ; i rst
mrerial o not Sanisnib Sneieverd RGN ANMERIhES of Cavilies b 12
final support stHissOna} ererdiystyceasried @ub ke nseRitxy anditee yeuilaiti® tharep(s) of

transferring t rj I I " uf f r
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enabl es a hybri [ )M f r ' vary as a function of
the targete aprgf:‘llygg%ﬁfsgﬁ&ﬁ’%l%;ﬁbt?’%ﬁﬂ@etg&a?&%ﬁéaé %gstott}?ﬂn |dhg t echni ques t hat
coul d be used, there is SnAcdor@ing v yetcimahegyppraadi,othenssdvadi materighi nni ng
(lappi ng, polishing, grinding etc.) and/.or.even the "lift off" .technique
ndror 3"t her mifey PeBARRT Ve fere brithenpei ERabile for irR e SRR aem
treat nent. for example byTiherredli trasiient in diis @ape@the frmativatofehvitibein ni ti al

substrate, and jf _necessary a part of the hybrid |ayer, then takes place
when this is astb@r%?%é%ﬁ'tﬁﬁ'ﬁ"i‘???@e&@??aéy' substrate. In this case, the

assenbly whiph the buffer syhstasab@biyf B egbiid esepUlithiid finay shigpt
bondi ng techni que, for 25exanpl e by bondi nﬂ@%m@?j" ecul ar adhesi on.

According to ondbsifale may E0XpESS PNE OE FEY¥RIR e iSRG dTsTesiMGt r at e,
and a first parhe® bﬁi@%ygx%ﬂ&ahﬁgbn%r&f@}gm,gt@att@_d, when this is assenbl ed

with the buffer substrafe, |eaving a second part of the hybrid | ayer
r emai ni ng. The combined use of a buffer substraté and varidus
possibilities for eliminating all or part of the substrate and/or the hybrid
15 layer, enables 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 (fapping, polishing, grindihg etc.) and/or even the “lit off”
technigue and/or a thermal treatment and/or a chemical treatment and/or 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 technigue, 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 buifer



30Such a nmethod may conprise, noreover, a second thinning, of the second
part of the hybrid | ayer assenbled with the buffer 5 substrate. According
to one specific enbodinment, a fraction of the second part of the hybrid

| ayer is therefore elimnated when this second part is assenbled with the
buffer substrate. The thinning of said portion of the
hybrid | ayer may be 5carried out by fracture along a second fracture plane
created by a second inplantation of ions or of atons.

According to one enbodiment, the first and second material s have
crystalline orientations of different directions. They may both be

sem - conduct or SyupkRhtet ARERIRGRBIINE! ébe%ificl GABLirkBAC GOF£HtBE df te/ 8écahaot her
exanple, the materials contained in the etched zones (trenches, cavities,

cai ssons) are et af iha Bebrid texer isTiherelommgliminatad whes tthis\Recend Pasbises
cont ai ni ng mat eéds@hﬁléafwﬁ {hb‘ﬂu?f@f‘ stk ES According to

yet another exanple, the first materia |s 15ger mani um and the second
mat eri al | s gal I i um ar seni the thinning of said porfigrc of thenfybrid yayeranay rher

exanpl e, hyBrich Havs/ fr%&ﬁr%{)%lérﬁief%e?o%éﬁ%%@e %%Scrgéteaé:&c% stcond

sem - conduc or Peterra second sem -con materi al s.
This plurality ivplataiondfsewiaafdioctor material s nmay noreover conprise a

PLural 1y of Lavers of ekt RRri Al GILRT e, orvapoe e
obt ai ned by epirhabteytals have crystalline offdrgationsesf idiffesattodicbctions. - Tiosd netyor
material may be b oRIBdm cosducrt of SRl s2aS iniicope | M t1al substrate.

10 According to yet another example, the materials contained
in the etched zones (trenches, cavities, caissons) are not all identical.
There can be at ieast 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 another 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
befow the surface of the substrate. Planarisation methods may be used to
reduce this level difference. An additional material may also be, or not,
deposited {0 make up the difference between the level of the second semi-
conductor and the surface of the substrate.

30 The invention also concerns a hybrid layer device (for

example semi-conductor), comprising a support substrate, a continuous



25They may al so be fornmed up to a |level situated above or bel ow the surface
of the substrate. Planarisation nethods nay be used to reduce this |evel
difference. An additional material may al so be, or not, deposited to nake
up the difference between the | evel of the second sem conductor and the
surface of the substrate. 30The invention al so concerns a hybrid |ayer
device (for exanple sem -conductor), conprising a support substrate, a
continuous 6 |layer of a buried dielectriecc and, on this |ayer, a hybrid

| ayer conprising alternating zones of a first material and at |east one
second material, these two materials being different by their nature,

and/or their c drtd %Brié@‘?ﬁé?éctﬁ@%:nﬂ, BHYtﬁIsaia&&graEH%ﬁ‘d B *BRpFisHg! CS-

5Exanpl es of sem -conductor materials that coul e used’in a nethod or a

devi ce accor di mifernating@ones e fishmaterial agd @blgasiene second material, thesea f i r st
and second semg, i"@gté‘f'ia%r bgﬁbg@'trflé}e%t byt *B?iéir]?in?tsdtré,cgﬁdlo\“"tﬁ%r ohidltiohne

orientations of er ent ons, - af sem -conductor naterial in
ger mani um and a&@ndkp thaiceoyataliegrapliosbarecteristiet.erial in silicon, or even in

gal lium arsgni de; the i nVg&{dﬁ?@%ﬂs&hf@ﬂcﬁ)r%%%ﬁélg’thétn?&m PeqRRg @

co-integration froman el orn Vi ew |I'so Troman opti cal
and el ectri cal ipaim¢thod ova eevice according to the inVesatidmy bra &b follgws: may conpri se

alternating zones of a first_ naterjal l,z of, and a
plurality of second mat eri'al%?Pstt1%“‘?5’?‘%@%rﬁ%ﬁﬁghﬁ?&gimgﬁ%gwt\h@r ein the
plurality of sedieod, wigt evsalline orientatizeapf different diosptidos,t ors, nmay conprise a
plurality of |ayers of mater] -conductors

The zones in second semi - c”or?d%@b?grﬁ%?%ggrﬁ‘ﬂégg?@' 15 GEETPIUL B Bh t he
surface of 14 he seedhd sOAHEEdREICR WRAEAALIE siliedn edfedvelin gallium arsenide; the
invention may therefore concern, in this case, a co-integration from an
electrical point of view but also from an opiical 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.

The zones in second semi-conductor material may be
formed flush with the surface of the semi-conductor 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 level of the
second material, for example semi-conductor and the surface of the initial
substrate.

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



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

i nsul ator, nmay be or not deposited to nake up the difference between the

| evel of the second material, for exanple sem -conductor and the surface of
the initial substrate. 25Unli ke known techniques, the invention enables a
hybrid filmto be produced on a continuous dielectric. Furthernore, it
enabl es the surface properties to be conttolled as a function of the
techni que used (use of a buffer substrate or not). 7 BRI EF DESCRI PTI ON OF
DRAW NGS - Figures 1A-1E, and 11-1K and 10 represent steps
of a method forgRIEEpESTRIETRNDEBRAWNGS a view to the formation of a
hybrid structure according to the invention. 5- Fi gures 1F-1H, and 1L

represent steps of a first nethod for produci 1:'? brid structure
according to the invention: Figures 1A-1E, and 1}~ @GF’e PERIEASNf SlPPEU R st eps

of a second netRggholiGhr ﬁﬁoﬁdéﬁﬁb%&cﬁnﬁﬁh‘éht Qltﬁfarﬂé\h%ﬁl%ﬁﬂéﬁﬂrﬂﬁféﬁﬁ
i nvention. Fi'gures 3A-3C represent steps o

met hod for 10pr¥Hstiragcsomiigrirdhe veeliaire according to the inventi on
Fi gures 4A and 4B represent hybrid
structure agcordl ng to the |ﬁ@gﬁ§ f 1A, équhe%%gﬂ%éﬁgoﬁ g%rgiséag),gaSG
represent st epstOprwuﬁingt&hmldN@'ucmactmrﬂlggtt@thmievﬁ?mimnti on, with a view
to the formation of a hybridg i r-epr esent
steps of a sixth nethod accoré?rn%g/ﬁéphebf%gﬁtl d?agﬁc%%d\%g@lﬁ c}c&fhe
formation of a m;abumldgathybndatrectommuosjlm@td thlyzem\sar‘dlbnsem conduct or

TS, st ot o <5089 SRS FRBLER BRHE TS hE el o0ecl (1

10 producing a hybrid structure accord ing to the invention.

hird

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

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

15  Gel/GaAs structure.

- Figures BA-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 8A-9B represent steps of assenbly, 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 internmediate |ayer (figures 9A
9B) 25 DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS A first
detail ed enbodinent is explained in liaison with figures 1A-1H and 11-1 L.
It involves a nethod for producing a hybrid substrate with the presence of
a continuous |ayer of a buried electricalg insulator, or even a 8 hybrid

| ayer 26" on a continuous |ayer 42 of a buried electrical insulator, that
itself lies on a substrate 40 (figures 1H and 1L). As expl ained below, this

conti nuous buri I o) £t . 42' .
5For reasons ofh %Wl%r the %égéﬂ 0 gtt?%glegrilﬂgigfg%e@kgfar%Ctégé{ngﬁ%ééé?i al
having a first tlmtytsetilllbsmm asubsttadd 4ONfigures HbaneXidiphe exdaided befmv,a second

Fovever, & hybiti ayardsrires e RERRr e hions®L PARLFES 42 1o mea,

either, nore geggrally, a combination of zones of 10 a first nmaterial and a

d material different the f t | t |
o oper 165 Such as, for eXArEREION dr e anty of T CIe 84 Bamson

characteri sti Csnaterial hawng a first crﬂé‘ﬂalﬁrﬁ'@oﬁ@ﬁétldm%"efdrf’@@mpt@lﬁm)aém are

sem -conductor materials, Si (first se conduct or teri nd Si Gei
(second seni - fSCQ’%GI'Mﬁiag'Pe@é'PBW'S'P)B’ g;reéﬁw h% )Mlt?es‘i'g@i‘?ﬂa conduct or

material) and SiyGei.y (saqqpevere -idRdUGdyer UMheblil) cehbinatioRy dre
chosen. Hereafter, nost of the exanpl'es concern sem -conduct or materlals

But the i nvent in@erials may meoqm@dyett’r@gtm?r@twefailyaﬁ capsinatign ohAones of
sem - condugg or fanm'%terrnb?ér%l ah@ %Y:Sﬁd M i rfdrént PR the frst FBXef B litlsSe nore

than 20two di fferent mater
physical properttes such as, for example, its nature and/or its
crystallographic characteristics.

In the case where these materials are semi-conductor
materials, Si (first semi-conductor material) and Si\Ge1.x (second semi-

15  conductor material), or SixGeqx (first semi-conductor material) and SiyGe.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  Hereaiter, 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.



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, honogeneous, with, or not, the
presence of a |ayer, 24, separating the |ayers 22 and 26. 25 Hereafter,
second material refers to the material 32 (see figure 1D) that constitutes,
with the first material, the hybrid | ayer and which is obtained, for
exanple, by growmh in the trenches, or obtained by deposition then thernal
treatment or by anorphisation then thermal treatnent. The substrate or the
| ayer 22 constitutes a third material, suited to receiving the 30second

material as a function of t or. The
internediate layer 24 is o oﬁ%r#%ﬁ@%gy%e %‘.Ongltl Pt'cfneag 8?d amgyelbgct ric or

any ot her type cohstitblegrofal dictestric coasucther type ofahatelibl, eemeconduciarios
enbodi nent illustrated in liaison with 5 figures 1A-1H, but also in the
ot her enbodi nef¥®s, even though the exanple illustrated concerns an initial

Slﬁbstrate conpri sing |3 |a>4‘ﬁ6&0(/§:UCn|E i bh?ohmﬁsmaﬁraté’dl ,in 2@igdn fiigur e I1A)
the invention can apply to any .nunber ere n> r exarrp e
figure 11 repr dGHMRSs 1AméHe S48 §J$0 4 th'n %&T %ﬁ%%‘f?‘&mg 2@’9@0%&”96 thg
| ayers 220, 24ana%%ﬂa lllaﬁgateé%ncérﬂs RArinBXes s B alePdShprsitl Bf’ta)ﬂaréw

identical or simlar to |la 22 of figure 1A, layer 240 is | ayer

i dentical or siasi ingrlayers| & e?4=236d?f ﬁ'QL@@lr@)i,ﬁhe I'W@F'O@G@nl gp}%\y It%yaé‘b’
i dentical or si i) ntcs?rrségéférwﬁ&e% f FOHERam e, -iwsmﬂ&%@&ww%&%er ent

fromlayer 260 and [ aye bein ifferent from|ayer 280. Layer 280 is
for exanple di fof @ﬂéﬂlt!a|tﬁuh5tl‘§tﬁ1&@ G@@Dﬁﬁﬂg@r iot lgyensy2Ala 218 g2 h 8e, 300.

characteri gpi C%o?'%r(aﬂ)%q‘ﬁ{/ 0 |§%q?gé}qdérﬁbéﬁf ﬁgﬂll%rstoqé%ge&ed’ftﬂggbé iAs nature

and/or its crystal ar ac stics rom
More general |y I@rer|2140tl$ allamlbdenm:aborfslmllam Iayere’aﬂmfdmuc@ﬁﬁr layers260 st ack of

| ayers conpri S%SISR?'J AU S O‘fgﬁﬂak ?c}’[% r 5 O ﬁﬂ)rét[g\r {%0 bgg]gq@ﬁ & and/ or

its crystallogra characteris |cs y|ng
| ayer. from layeDe60 regdaagecdi being pliffeartiet ﬁrmmtlamr mwyen 206 is

pr epar ed: tren hes r_cavi to the
substrate or é“ 'Gﬁ@%‘? EJEQ(H% raaéure W&)ﬁ§2°§¥3tgl?°gg #ﬁé}%@ egi%g.r}, in the
case of any5nurmm layef 268y end, Idyer 0l differedt (e dtsf mgture 4dd/borits

exanpl e). 25 For | S ar.row trench *, 30" down to the
honpgeneous sumsﬁato@r@g"gswar?gtef’ﬁtécslf%%payg'fg??ﬂerest, may firstly be
produced, and then a nore Mﬂm)rgéliéﬁ‘allyatemr ahitiglt cobsigatef férhehé amentm (first
material), or of any other layer in the rmrelégeneral %dse of a nunber

of layers hi ghé*‘P“’tWi‘éﬁsé‘ stagl O '@yﬁra‘t‘r‘fq"é‘ﬁf'%ﬁt” S5 SRE GYELPRINGHHE ‘%{8@1 r ed
30wi dt h of the yylignh@® atliiord crystallographic characteristics from the immediately

20  underlying layer.

During a second step, the initial substrate 20 is prepared:
trenches (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 ftrench 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.



10 The interest of the layer 24 is then to enable these w de
et ched zones 28-30 with narrow "seedi ng points" 28 -30'" to be produced, the
| ayer 24 playing for exanple a role of barrier layer. Thus, in figure 1B,
the widths of these zones 28-30, which are found in the film 26, are
greater 5 than the widths of the etched zones 28 -30" which are only
found, for their part, in the internediate layer 24. In a third step
(figure 1C) the hybrid layer is formed. 10 For this step, the
previously forned cavities 28, 30 are filled with the second material 32
(for exanple Si) which is, in the exanple 10 considered, of the same

crystalline orientation asy ﬁ@%tg%gp& He %fye,t Be id %/élﬁ; td’éné’rﬁlettﬁé'sefHﬁb%t rate 22

(here a material of orientatl _ niti substrate
20 has not beeretebeshzengs 28-GAi with vasewt'seetitg sopss” 28030 o boproducaed), a

situation that | :

anor phi sati on t %Aé)}reéclé?' x}g I%;aﬁ? H‘%)Ja'nﬁ}fé% r%%h agrg&rl]g%%“pﬁtg%dm&ﬁter ?aB

a) certain zonehe widihé at thesheonesn 8- 392wachfargtfmmd11‘0 theafilen 26marpigreater by

i mpl antatio 0, L] b r e makes
It possi bl egt o] tP@” éﬂ“‘if’ﬂ%ﬁ ng’e)%té d;?Z'? %Nﬁ T‘?’% wﬁzcgfaeréeomyl @Ihﬁg}r)ﬁ’éﬁrﬁ ér{l on

[ dentiN(r:]aI tohquyarhattrgznﬂghﬁe@iateelayaisz the layer 22, in part i cu: arfl nht he
case where the |ayer 0€s con rol of the
grai n boundaries makes it &'rglsgeﬂ&%[ﬁaf%”ggz'ygﬂ‘i%y? al i ne
orientation, during the reF@mrﬁé 3tdg, Stﬁélgﬂﬁwomwfﬁmd:abiﬂeéi% B@ erg al  of
ef fectively er yUedMiiao SBeotd CHendl podir sXarhe SEURISOR. PriBersgaimele zone
formed in the |@n8ldery, oatm:ybémé c-‘frfm@nﬁ@ahemhén haties nfeerd @mmeerayeud A
recrystallisation from'the 24 can al so take place, in the case, for

exanpl e, wher e &g sipstr ates2 H‘Q_Q‘Pl repteral of grigptation B).

According to another approggfe (m]éuhswstﬁérté b@tﬁasl ﬁdteﬁe&f‘)etch%ddgrP%iéH on of
anor phous silicon may be carried out ter definition of Otrenches, or

cai ssons or cavasedenches E&V@Hawn%trfoﬁ'ﬁﬁﬁ)o@ﬁltlaﬂt@ntth@tr'ﬁd'lUSt"ated in figure
10, a technique of local amorphisation then recrystallisation may then be

15 employed, where:
a) certain zones, in fact the zones 32 of figure 10, are
amorphised by implantation.
by 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 crystaliine, 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)



treatnment, the role of which is simlar to the previous case (cf. step b)
11 above). Advantageously, the first material 26 may be protected to avoid
a growh in excessive thickness of the second material 32.

According to yet another approach, nore general, whether the structure 20
has, or not, an internediate |layer 24, a step of growh of 5 the second
material 32 nmay be used, for exanple in silicon, by a standard epitaxy
techni que. Advantageously, the first material 26 nay be protected to avoid
grow h in excessive thickness of the second material 32. The epitaxy nmay be
preceded by a passivation of the sides at the |level of the trenches, or

cai ssons or ‘égb{@vﬁd@qta@%o W‘%é"h&% gné:’bs%ggrbet&of%\é%odt start

of growth at t uar ant ee tﬁat t he
crystal |l ine origeswiatin encesislvehblckmemlofmydnseabnztcmm:erlaicﬁéed has a crystalline

orientation inposed by the material qf el | ayer
26. Fi gure cpgﬁqqag)emqsangﬂ% rl‘?ﬁ?@ﬁ ﬁpedggﬁ%ragﬁvﬁﬁ@ﬁeém
obt ai ned accor dhé gtrlictuteh®0 hay,easrtricﬁnanﬁmermezdrateahye:rcﬁmp@rmap of @ralgthsofnot 15

cxanpl o1 n or MPRAICTEeRR 3 eV 48 sl or e dieh B A engaly o i o

Zgl i Conh BOF m%ﬁﬁéxﬁmﬁﬁuqh@dAmmmowtystrreaﬁret Ateril sﬁﬁaéyebemrmtbytedr trench
et che Int

e initial layer esented in thi ‘ In this
cavity, it i s B avaids grayitl ‘M"@P‘?‘%Ye tﬂPn'ﬁg “%éso‘eb ns%"ﬁ’f‘fja'%?%‘tﬁ'a %ét ei’g.
plurality of |ayRhsy %%y b%Z&%ceé@@%y alpggs?sl\%ftloﬁ Ioff fﬂ%r §’ﬂés RS ieveBof hach

epi taxial growth of a plurality of” | aye ried out in _one or
several et ched ieBpkes, O CBIREONS P (Faifl't'e§u3§ t%?@d@b% I39 iR QEder dRR¥RAEAY100

obtalned. {hie R bdrb@iPit iR8 ievePot B8] 128 d TR0 QlibdhRA hagmgones 26

of the flrst materi & zones o several stacked matérials in the form of
| ayers. 25Fi gurcasstalneapdentrtior mf dbeniinal Hybsidepaneomdepd afe @t Coystadline ni ti al

P ot D oPBHEEBh imAdkR AHE I dEriai A ihlayorl S48 hltbythe SRS 60N

trench, here 5 renc or c i es or caiss 28, 30, is or
are etched down to the dediigwe 1Ey@|preﬂeatﬁwaﬂﬁ@ﬁthamplec@fna Fompoﬂﬁntsson, i s

then filled wt %@%é@%g%ﬁ'ng %’etrfef’inv]e tiom2the ktiaf icBrmPbnb e 56 d@seé%tal S nmay

be 30i denti cal . encheés ‘of cavities or calssons and 30

are fill edi t lwotripeiss aare intatresdiate BRer t2de Huwucoranrises @ raabstrate @2, deiviti es

or example in germanium, and a layer 26, in a first material, for example in
silicon, formed or deposited on the substrate 22. A single cavity or trench
28, etched in the initial layer 26, is represented in this figure. In this cavity,
it is not a single material that has 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
filled 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

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



12 caissons being filled with materials different to each other and
different to the material 32. This may result fromthe different materi al

of the layer at which the bottomof the trench is |ocated; as expl ai ned
above the material filling a trench can have the same crystalline
orientation as the material of 5the |ayer where the bottomof the trench is
| ocated or properties like crystalline orientation nay be inposed by the
material of said |ayer. Theztrenches are filled with one or
nore of the techniques expl ai ned above: -filling with a material which, for
exanpl e has the same 10crystalline orientation as the |ayer reached by the

bottom of the ty r hai Qe L LLon. of ' - terial,
for exanple Si ,caﬁgﬁlﬁ%%gagy)gg%@e%ﬁ%ﬂa% r%gf?%rgﬁp? Hﬁc@?"ﬁl&fgaﬁ lﬁﬁ‘f?)€$"1%rrlrtrugltgeri al by
epi taxy. It is thaé seatedd siZbTaisnoby resuliefadmsibe tdifierehienatenidl obihedeyer at

15t echni que of | oga hi sation then recrystalli l.on e).

In a device as Wq*‘ﬁhgp% Bﬁ%feit é'gﬂé";@g‘?‘{lya% eﬁﬁ?&‘%ﬁ%}%@@&\ﬁ??@%@%&di ng
to the presenL fillmg%trgmw%art hﬁvdometsﬂm@tmtanmmiem ntationaasciei rhgtedal of

cai sson, can at a dept nder  sur e 381 ich is. different fromthe
depth at V\h?ch%t‘?léaﬁft‘f"g%eo eaﬁ%?‘?f@r‘)f?ﬁ'@ngﬁ?dbr's g%ﬂt‘ﬂ O5rPIERFIES K50 of t he
same device is gragafitoridritation rhiybe A6 18y the mgatialag saiddeyérce havi ng
different (at | east two) trenches %or c,ﬁviti_ s or cai SSOTI}E%: et.ched down to
different depths or |ayer sth&&enchesase dlled pitnne e ¢f Be B ikes30 (see
figure 1J) is |lQppikd Mova: depth different fromthe depth at which the

bottom part of trench 28 is |ocated, and the bottompart of trench 28 is
| ocated at a 25depth diffefilling Withod Patergbptchatfongxemplenas 19 sAMSart of

trench 16 {§ 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. If 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 frenches 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



| ocated.. .etc The invention concerns in particular a
structure conprising a plurality of layers, as illustrated for exanple on
figure 1K, in which a plurality of trenches or cavities or caissons is
etched, and then filled with 30material, the bottomof at |east one of said
trenches or cavities or caissons being at or in a |ayer, under the surface
of the structure, different fromthe 13 layer at or in which the bottom of
anot her one of said trenches or cavitiesl®r caissons is |ocated. Each of
said at least two trenches is filled with a material, for exanple

sem conductor material, which is different fromthe materi al vvith whi ch the
ot her trench 'jag?% lzjt%(#’lnmchefﬁ?rﬂytt%npgf ﬁg B]f %l&'ﬁre E%}mes
properties or different crystalline orien a i ons as exp alne ove
What ever the erdroztigsens is ioqatﬂbéiw:hl afrsaid @p ldngst Moﬂmehes saffillednwvitlt lay

surfece Baset v bRl Bk O B BT Ryl g e

activation by phal:enal)wm‘rawhich tlmeiotlhieetl‘emrt iskiled,rfor axanitis dgharing Hifieract ng

st ep. he e mat er i al 15, 17,
3o hay be alj udtaicel moactiRgor et e STenbibts B ekbeRisideEs ani e 1o
erase all of the rough edgmma‘vetlﬂmémmamnizé pré&aticiBdiepf iy seauep! e due
to an excessive thickness of a zone ailgn glnCLé] axn ond zﬂ'@se“ al both her e

| e Mt

and 15 her eaf t SFe&TRENS Yo SYERGE BRRSAY A EgHOSPDS AT ription
that follows alisgrigBléreSubRrasasiplyaaRd/bE Sl@aﬁ@éﬁémyﬂbmeﬁ pe'dﬂtﬁélfeﬁéﬁd in

figure 1K) conpared to a zone 31 of the first materi al pr obl em of
surface condit ﬁﬂﬁ’/qrsa%ﬁ"%orbdyeﬁlaﬁﬁ'@h A% qeeéﬁrﬁﬁeau%“tobefpfegl?r §“t1‘°@qi“§ntused
not exactlyqin ddp@i terms, but in the sense that the change of nature

of the zone 20 32 of figure 10 leads to a nodification of its surf ace,
which will no |onger be "sTha fiaglhaight efatheoepitery malpanl(9)613,115,i s (Her eby

possi bl e to obt 0 t he
Bt ace 380, 1177 BB pOHE} P nERUr o Sohip] obioF i aBF 0e B eioel )
m croel ectroni cdl Qfﬁm@m@s@gasmigmmesrs‘aceew ,)388n @81 .sfor BK@(@P'BW%@@TH ci al

| ayer 26', r I nﬁ%ﬂe f zones
31 of the fi rsME%ég\f% ﬁﬁ&neﬁg o?tah%.-iéézw tﬁé slse[é:%'gtﬁﬁﬁ'a&}nga*{ég (lE)ah o?éht

pur pose, itl5is mseﬁdmltéetsn!ewefef@meeﬁanplwsedh@m dlae emﬂmdmtn'mltwpdhatshl ng

()% Shermity A lpoNBE 8 YEE o B0RS, 44 MELFTBL T vl g 0"
material s in thempaaplte &hosen3treyf the Bﬁad‘amr!ajge'ﬂmlpgot&rpl Qi Berdlace
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 of figure 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 freatments, in which the
selectivity between the two materials in the example chosen may be
30 advantageously exploited.



14 Hereafter, exanples of carrying out steps that may fol |l ow
the previous steps are given. In these different exanples
descri bed hereafter, a transfer of the hybrid layer 26" is carried out.
This transfer particularly uses a 5 thinning of the substrate 100 of
figure 1D or | E or 1K, wherein said thinning may be carried out by various
techni ques and particularly by inplantation, in this substrate, of ions or
of atons to forma fracture plane, then a4fracture along said pl ane.

The step of inplantation |eading to the formation of this 10fracture zone
may be carried out: - in the hybrid film26', to define a

fracture zone 36 there, asyillHstrg ﬁ.@ dgn?ffé§§;%8%t’ steps th ];?”Pw_

then in the | ayer or the hohog ehecus see ri’y the
exanpl e 2 bel ovmepregmmt@psaﬁ)gwetﬁThe choi ce between these possi bilities

may be made as a function f .t f or med
for the epitaxy, dependi ng[% tﬂg gﬁﬁ% g@éle |%§§P%¢]§%ﬁ§§r ?a r&mé%ot an
adequat e t hi nniofgtheshyieidl lager 261 @/ebtrieﬂgouﬁ TiHiee trtanefecfm'tl@jlartyausés @s or

cai ssons 28,3

and t fre ur ORef,er enc de, her eaerr on
several occasi 3?\’? nng o @%{%{ RS% 1DARF @a » oFNERIS SPichini que
Is S descc:)[J l beﬂ l nhmhmga?iaycw i odt bf«umrd@nteﬂﬁngwae§tanal partiglitsrig By
mar t t chan ut ur oel ectroni.c " ed in
| nt er nat i onal g@&hﬁ"gﬁ tiopy '"I-ﬁ l@ﬁnh'@rd’ e PB4l @ EPp@'g' ﬁe&l’%?'?”%, N. 1
(2000), p. 131-f&ba frdetur alBRPgSald plane. The aimis to adapt the
surface condition of a structure 100 of of that descri bed above in

liaison with figure 10 or ['e §feP1Rf "'@fﬁ@%tiaﬁ% leqd(ypg & & fIMaiPn i thisxy t hen
surface prepar gjcfilte ZBhe M¥ayBl cHiB§but:

- in the hybrid film 26, to define a fracture zone 36 there,
as illustrated in figure 1F,

- 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. 131-14G.

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 techniqgue mentioned. It is aimed to contro! this surface

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



30preparation technique nentioned. It is ained to control this surface
condition for its inportance, for exanple in the use of Smart CutTM 15
technol ogy, in ternms of surface norphol ogy (pl aneness, roughness, etc.) and
physi cal / chem cal properties (contam nation, hydrophily, etc.). For this
pur pose, treatnents by chem stry, and/or by CWP, and/or by oxidation,

and/ or by plasma inplantation, etc., are inplenented. The surface may 5

t hus be prepared and adapted to conply with the specificities of |ayer
transfer techniques. The follow ng steps of this type of
treatment may be steps of inplantation of the structure 100 then transfer.

As illustrated,] (Welllg f r | 0
i npl antati on SJ‘Ié%bfrIo?(gﬂsﬁ]oﬂé? a{&%ﬁ‘@%ﬁg@xﬁ)@ﬁ?@yﬁ?@h%{n% E&gglﬁé %a(f/tgp 26" .
The i nplantati camdrpﬁwslmelmﬂ'wmicaﬂdarop&rtle&(nmnmmigaticm,ttwdmp]hcba@c suodr this a
| ocal i sed maskin to re tha he, emrittl il .0 @a.plane, in
spite of the rrrﬁugl?qsz?l’ gt%%frﬁgrftgob% h‘?%ﬂ%ﬁyngﬂ%ﬁ b&a@%e%@(%;btg\f PR Q?g@r& to each
?)t her gd in V\/ra;cndfbrtﬂsgepialﬁDiaam;ﬂéntgfbrdemc harerdypleenetitéd. eTren surfddeAmaiyel ﬁCt ric
ayer ", or  exanpl e an oxi de posi n_or rowt on
the struct u1:’ e 1065 BRdP" nBaQ?H QQEBWI G’ 591’85& ‘3(?% tﬁ% P@ﬁ‘?@s fé) bl
gpfropri at eftatﬁﬁﬁwﬁédrﬁml}@gt on tge ﬁtr]lcjctﬁre 1?0 may Ze cirzrl ed out
efore or after e inplanta ach o ese ers , ' is a
diel ectric or other, for eﬁ"&rr‘?ﬂ%wggl%%"fo 'So‘BYPGé’ rSF‘ Febe f?ﬁ?fs
oxi de/nitride @Tnﬁéibﬁfat:éﬁ bgih'é%tr%@ure 100 then transfer. The i WD' ant ed substrate,
provided if appropriate wth the 42' ., is then assenbled on a

reci pi ent substrate 40, pr%l"é@fﬁtﬁ‘ﬂ "*awr@drﬁ@tféaquerplqmﬁ@'setqmpe Byayer 42.
The assenb y f%ﬁein'g:ﬁatﬁéié(‘t;'t})d g@?@:&ﬁdﬂﬁ&@%ﬁ@ﬁ the fﬁrh%rftﬁeehy%ﬁd?&%rzlaifl (for

exanpl e the post-epi n e case where the growh the materi al
32 has been obtl&engwplaniatigy meayybe §§W@da@$teaﬁnoyduﬂ@é@ tﬂ?@“lqtﬁ'é %&@eﬂ%ere

Do ™o ISR ey, (085 GR R nBstohtyl Iy Bear ekt e 1)
a layer 42' hasplieentieonatetialsrcrosredshraughuwbichotay béwery different to 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 substirate 40, provided if
appropriate with a dielectric [ayer 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 materiai 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).



30assenbly face of the inplanted substrate is then the surface 420 of this
| ayer 42' (figure 1G. 16 According to anot her enbodi nent,
and after assenbly with a substrate 40 (covered if appropriate by a |ayer
42, Figure 1G a nechanical thinning is carried out, for exanple by
grinding, or lapping, or polishing etc., of the structure 100, fromthe

| ayer 22, up to within the layer 5 26', thus without prior inplantation of
ions or of atons 34, or fracture. This step nmay al so be conbined with a wet
or dry route chem cal treatnment and/or thermal treatnents and/or plasna
treatnments facilitating the thinning. By thinning, or by fracture along the

pl ane 36, all the part 10 ' . .Sl 22, the
| ayer 24 if any (this has %é%okg'ﬁggéj? iﬁé:thg{ %@égﬁweﬁgp%gz%ﬁtagg&hﬂﬁﬁ{hrenches
filled with secorslibsmbier 48l (cdR¢rednd apgreptiatef by he lapered 2.2 Figuse e1Ghuas
el imnated. The_final ructure (figur obtai n fter ,transf and
t hi nni ng, conprmgﬁ'lar’écai P?'Bgl'%§érf 'eg&q?'e#f-b 3?‘?%#‘%03)‘ gﬁ?@ﬂé’a?ri %R&Qg’i ﬁ!t he
exanpl eI cggsi deseidhing Wie., 6DHe slxﬁfzweocia,l ﬂcmlh _tiselsq?dzzr,mwfgi withid e Ilfa'ye:s%
materi a or,_even npre genera . plurality of sec terials.13, 15,
17, 32/first medrifdp V‘Q@?”%W‘QFH@pl%‘?é‘Bf'ﬂf 197 &nﬁ/%?mﬁ%qs Oﬁqﬁ?gtuf?yﬂﬁsd | ayer
resul ts from thaeh sy aRB' be EBMLII RS a3%bt oWirg Rouite SeHehficd) rasatmbet
fracture along the pllane 36 and/or froma thinning up to ]yvl t.hi n tﬂ%ol ayer
daitents’ EpliRiRg atheor

26', may then DRYeresasawlt Bealbianty Ider (Hiespr o ¥EH 8

m croel ectroni gRinhfhgt €r M8 of pl aneness, roughness, crystallinity, etc.
Figure 1L represents the case where the first material alternates, in the
hybrid |ayer, with a pl uraBytjingingseckenfasisie ploagshe pane 3Gl hgmask i n

[ yers E°68, SRLRE D oA bierts HERIAE, |7 Ff O
figure 1E (her eheanapedified RRathomedsourtof hedsanches ikl will seegnsk matepial t owar ds
the topography P L o9 8 e FE Bk nes SIRRdTthe (Rl SRR Y e
structures, for(figiextdplobtainechatteumanaiér andhianming, ¢amerisesia hySidalayeiCut TM
technol ogy. 17(orientation B /orientation A in the example considered; but, more
15  generaily: second material 32/ first material 26 or, even more generally:
plurality of second materials 13, 15, 17, 32ffirst material 26) on the layer(s)
42 and/or 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 tayer, 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 subsirate 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.



If the condition of the surface 380, 121, on account of its macroscopic
properties (roughness, uniformty, etc.), is alimtation to certain
applications particularly vis--vis layer transfer nmethods (and particularly
if a bonding by nol ecul ar adhesion followng a fracture step 5 such as
carried out in "Smart CutTm' technology is enployed), it is possible to
produce, according to the present exanple 2, another type of transfer in
order to be freed fromthis surface 380,17121. The surface between the | ayer
26' and the layer 24 of figure 1D is then used as bonding interface by
passi ng by nmeans of an internediate buffer substrate. In the case of 10

figures 1E and 1K, the i rrqlu ﬂ{%}g&d&%nd%gpﬁr@%gg%gﬁgjﬂﬂ&gaE&)lﬁlﬁ];?iér&g t he

nost judi ci ous position for racture structure
100 i s prepar edndayoscapicy ipnapeniigs droughsessy rifndfoani®goetc)21s (aiimitations tal so t he

free face of the_ hybrid.l [ 26 eposi ti f figyre 2A),
for exanple a &%gf"éctapslécﬁ%éﬁﬁrp%%%g@g @S“galﬁ/sle%\{ﬁq &rgnéf%iﬁﬁ%t?ngld# dg‘ggropri ate
t heI deposi ti on_p@ft_icijhirlly ifliacberading @ylraqleculaaﬁdbmiclarfmlloeﬂ;g)m fr?dtum sdtep_ f
inmplantation; it is also possihle Lry.out a.superfi .. 0X] ion o
the. hybri d 7 ayetohde Sarhel T ibremat B ieronning iseTalpthis Bigib .l oo

duri n?ht he net Wi"d@?’i é%@ﬁﬁlgglftd meqﬁegérﬁﬁs]@bh@;bwélermthﬁm ?ﬁirami@s'}n_rate 40,
or w an insul ator er Qrimed on_thi nal substrate (see figure
2D). 20 This @é%&?tbﬁ?s'?/?e&'rﬁ‘qrﬁﬂﬁsa TaR 355 124 W'%‘&SS‘%?EW?%&‘F?%\{?& he
surface 380, 12b bAditAENaysrded @0 figufd 8D 18T thh AveEi &8 bbAding Nvtet o by
subsequent bonding wth a buffer substrate 70, which is covered, or not,

with a diel ect PRESINGVRY Meanssekan| iglar@ediafe bufet suBsigatanl dhe gage of

i npl ant at i S S L ti vk j fihe thki gure
2A) where g@frgl ?Léﬁe1_%l%ggeﬂ§6tﬁgi'rgbﬁﬁieérifégffﬁggﬁ\%‘d.@é @Fﬁgﬁgﬁ\% inits turn,
wi || enable a pegatjsiiefs pegitorciar tedraciuesiang e 22 to be separated.

This step is often facilit i I i i npri sing
an internediate | ayer 24 h‘@i&%redec&]ur%ggg 'lélﬁ[}é??gﬁngf &%:rt}ght? §%t(]:ﬁ1$é;%%aglgane 36'
is, in fact, t[380, 4t (which isnalso Henfierefase s theabiriddpyerad@es depegitianofa ni xed
zone 24, which facili ’ t : i.all t fibnal o 18
treatment of t ﬁee& %"Il %gﬁ]ﬁ@remﬂs)ég&gg%éerﬁéﬁa%% 1?'?%5?2‘%‘)%1[5 %Jggsé%ﬁ%tlé%v%c to be

| evel | ed) .15 oxide; if appropxiateé dipe depbsitiati nfjthi$ diehecttio lgyenemy becawiedh a

gﬂi)fs»? { ats gb;stsr ato%t gReri i?nptlsprﬁgtié:n?ritriis %gsooﬁjéssf{;lé ﬂ)u{:frn?@n’ a \Q’nﬁérﬁéigl &ati,lzﬂiolnat ter
of the hybrid layer 26". The other face of the hybrid layer 26’, liberated
during the method, is intended to be assembled with the final substrate 40,
or with an insulator layer 42 formed on this final substrate (see figure 2D).
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 to 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 @ homogeneous material rather than in
a mixed zone 24, which facilitates the transfer and, especially, the final



5 provided with, or not, a dielectric layer 72. The conmponent 100 is
assenbl ed by the surface 373 of the layer 73, or by the surface 380 if the
| ayer 73 is not present. This assenbly face of the conponent 100 is
prepared to make it suited to the bonding on the surface 370 of the buffer
substrate 70 or on the surface 372 of the layer 72 (Figure 2B). It is after
10 this bonding that a step of fracture may be carried out, thanks to the
i npl antation, enabling the part 52 of the8carrier substrate 22 to be

el i m nat ed. As already indicated within the scope of exanple
1, according to another enbodi nent, a nechanical thinning of the stacked 15

structure o 1iuiodRyi 6 BnAK 2ol LY orBBPPDUA kv he oBu o

substrate 70, this time u m nation of a“part of the 1nitial
carrier substrdevelled). once agal n this alter natlve does not require either

i npl antation 34 or fractu lgn%@%g%g KA nﬁghﬁ@#@tcb oH l?tn?()?QNiﬂ’} %hbﬁ‘ffé?t ep may

al so be conbined with a che trea aC| i nning. 20
The whol e assermstbstrate 70tis therhearried oby(flgaerBhgvrﬁmn rsemhhattelmumiratdnle carrier

substrate 2 i.f_ap oprl th e ce 326" of
the hybrid ayé’crri Vided BT a“?g) i), 'gyeﬁdwh?ﬂ' © cBRbandits 4b8 o figure
2C, with hybri czhsba*yibledm the@rl‘hb@r?ﬂb;ofdm myenemldr rqpmeoqmrﬁaaeésom thasul at or
| ayers 72-73 and 086)@ "buI andl| e Thi s

n'avlf trat(? 6 nent
latter structul@®o® %0 &(?\%ﬁn TP; ISHOTRETPYY 4956 OF S8 SorRPEPt A9 Bith a
dielectric | ayegreghded tenidrent Sordad taebondihg ohl thelsusbs Braiof thDbufferovi ded

or not wwth its then the bu r_substra 0, a if.appropriate
the |ayers 72- ?Ql)g)‘gﬁi% 7?6 o dng PF‘S@H‘%E%P‘C ﬁ%‘@?’ﬁa‘i kg ({Zﬁérﬁ)ag)/ilgl?sg‘%proach
(exanple 1jq thgsfoomaing tRe éléfé &F fraefPO THAV Bet BartiBE dUtEBRINKks ABPIHBACh, 1S
constituted by the surtace 80, 121 obtalned after e |tax¥ or after

i

anor phi sat i on, MpRERtARY eﬂﬁb'ﬁlﬂpﬁ%rﬁfﬁﬁ S Hhphg FTIAT (IWBSEHECPEI 1 PPes fixed

for exanple by ikt S technologies that will follow In this exanple, it
is the interface 326" that is in contact with the stack 42-43 whereas, in
the previous exanple, it s abeadyippicaiad withiedhe ($90R6e OBgXAMPY |:see

figures 1F, 1Ga dﬂ'@]ere n@@grrmﬁﬁf?né?ﬂngerﬁ?chalnlcal thlnmng of tﬁb edD al so

represents the case Irst materia ternat es g urallty of
second mat &7 i alstugiag of Jf@gﬁe 2 ¥ chgiegedut, r&fﬂeaybesboﬂdﬂrlgn\f\ath ihei buftgr

substrate |ike g nat18f7d iy@ tind Tp tdeIfnihBh o8 ddi€55 IAUYRE initial carrier

substrate 22; once again this altemative 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 fayer 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 buiffer 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



10 1L, the order of layers fromthe substrate 40 towards the surface 380 is
the same as that of figure 1E (here: |ayer 1220 towards the substrate 40,
internedi ate | ayer 1221 and | ayer 1222 towards the surface 380).

In both cases (exanple 1 and exanple 2) an assenbly conprising a substrate
40, a continuous insulator layer, and a hybrid | ayer 15is obtai ned.

Exanpl e 3: The present exanple is particularly useful in the case where the
"rear" interface between the |layers 22 ahfl 24, (or 22 and 26 if there is no
| ayer 24), is not adapted, since degraded by the steps of the nethods
described above in liaison with figures 1B to IE or 1J to 20 1K It is

consi dered t hatagghe; Aubb@fadB8fer Tpkaky ddanbedroforisiftioh] naicre iy aged

applications (mcroelectronics, optoel’ectronics, etc.). As
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interface, of ttﬁ& imﬁ]yﬁi?éishﬁb%@éﬁ(}afﬁ?r(sg@ifib&)@é'1#‘”ft? dhm'?%hétfﬂ rface
can have vari abl é ‘progerties, tor ekanple on“accourit of e l[ateral etching
brought into pleenttendedduce the cai ssons (cai ssons of 30orientation "B"

(100) in the previous exa S s (o) i i i i n al so
not be conpatible for reag@é@)e&}%ﬁlsgﬁsregie;&?h@gc%ﬁaééa%épegtrh%g[rﬁteﬂpét_eﬁglzo

I n order to resaferreatéhaite goploidiignet sesotdanaterials ri@200122 1@2@slenmtedcinanpl e 3,
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itself (figyre 3Akhe &ider 8PBYERITIGH the slibstiateddd Rivkirgs the surkea3sotifthe

Free face of tFATH e har &) SuEos hedpBurt 18D Spvarce ser SubrbF il o

dielectric 73, jhRfmediaherae hra Ibpdrer220ftoniddete blastegami tion of this

| ayer nmay be carried out before or after inplantation 34; it is also

possible to carry out a In both cases (example 1 and example 2) an assembfy
comprising a substrate 40, a continuous 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 to 1E or 1J to

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 info play to produce the caissons (caissons of

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



10superficial oxidation of the surface 380 of the hybrid |ayer 26'.

The i npl antati on beam 34 enables a fracture plane 36 to be defined, this
time in the hybrid |ayer 26'. Said plane will enable a part 38 of the
hybrid zone fornmed previously to be separated. The inplantation will be
carried out, or not, through the film73 that will be conserved, or not,
15during the subsequent step of bonding with the buffer substrate.

A first fracture (separation step according to "Smart Cut TM technol ogy) is
made along this plane 36, after bonding with a layer 72, for exanple a
dielectric layer, preferably thick, integral with a buffer substrate 70
(figure 3B), or after bon r 0 The
surface then to be bondedth&dg“&%éb Vé)ﬂ}etsg%gbig@\%i @g%\/%\nk{)ﬁr?g ?cp%hoetz, an
i nsul ator | ayerpréeentlescarripte 8pan iderr3slatenauffer 69b$tta§e ffasusksas imtheur e

operation. t rf 3 Y. it r for
exanpl e a di el e"l’c}ﬂ?ogéj é@ﬁﬁle gn tﬁ%fOtﬁ%e@%rﬁf%n 'ﬁgg/ag?éstloﬁ%t Arﬂ&iguﬁg]s t he
property of di eheaybricfilmrze’ stselﬂ(f@mﬁﬂhy be prepar ed and 25 adapt ed for a
second bonding accordi ng convent i

h CWVP,
and/ or plasfa, and/or oOXi di??@ﬁpg?@ 'SI'R%‘%‘E@E?OBf %qu%csimscuﬁ}n ggr%\%o of
"after Smart Oﬁaﬁmrtge@mn@hqxg rtascgaaatﬁ mdva:mf@tg@asosmedeeé ecepobpier ti es of

this surface cont Thi.s c i n rticular in
the case where ﬁY?ﬁ g?p‘?ﬂtﬂ%ﬂ fls% eg(g }ﬁgi t”‘?% ¥anpl e i f
the second mat Qi)daﬁiplé%agalﬁ aolhyéﬁ drecskidy tﬁ@deﬁ@sﬁﬁtﬁ‘l &11 1013 1hpsr rﬁé@ﬂi@'dérﬁedﬂ ch
corresponds to the case of cavities in I m26 larger than in the

film 24 or the Quhthaforg opafter implangations §ﬂ'e ‘tV\JSt ﬁ'SPh@OW%rtPaq:a’ZQ o4t 24 may

be hi ghly def ecdindicial oxidation of the sufa89880 BBthefhybhd fayakpéace 360 on a
substrate 40, provided with, or not, an insulat or | ayer 42 (see for exanple

the oxide |ayer 42 of 5 fTlhpuiepladptips beasn34 #nables sliactunmplapgiiteio
substrate 70 (fdeg&gfﬁreﬁ%ﬁctﬁﬂe e H}/%n&%%\‘%@ @&gj bi8&e Mlb’&fa%!gg phRv3d f any,

el i m nated. The di smant be-‘carri’ed nmeans of one or sever al

of the foll owi r@th@bymimm forme%arﬁ\mwslsoﬁo %&ﬁ%@tedtmmmg@mb@n will

di tl "S
0oL 11 rd i, G4 TG g 550 Lo ke g,

formati on o6 a duriagttie eutpsleanenh giep bébending wilh éhe7lbufter substrate. of t he | ayers
72 or 73 (If this inplant eRI fi s@fr% tdra (Qgﬁarﬁiﬁo@! &8{) 'cearding 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 fo conventional methods
(chemical, and/or CMP, and/or plasma, and/or oxidation etc.) 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



The difference between exanples 2 and 3 therefore mainly resides in the
nature of the surface that is going to be bonded, in the end, 15 on a
substrate 40 (if appropriate via the layers 42-43): in the case of exanple
2, it involves the interface between the hybrid | ayer 26" and, either the
internedi ate | ayer 24, or the substrate 22; within the scope of exanple 3,
it involves a surface that results froma fracture nmade in the thickness of
the hybrid layer 26'. 20Unli ke exanple 1z1the free final surface, according
to the present exanple 3, is, as in the case of exanple 2, constituted by

t he surface 380 (obt ai ned after epitaxy or anDrphisation and t her nal

treatment), n co L i X i.nal
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of the layers fWi@Mok het,dabmsuRtR |é§ért42/veere¢é3foﬂwampre‘ heenddd ldver Uleofsame as
that of figure | E (here | ayer 1221 towar s the suhstrate 4 and 30l ayer

1222 towardd t ABUSLPEhEdhepeyrried syt The b” er substrate, JAhifiowre,3C) ¢an fhed
exanple, it 'Sb@%medta*ﬁatth@@éye@?zmeuflaﬂweéfmmté@ﬁm%rﬁé\ﬂmgams 22 and

24 (or between the layers 22 and 26) nor the surface 380, 121 are
conpati bl e wi t et RITIEH &uit faycinepes of CHE; ereaeveesal phiher fqliawmspwphetsy%ns

(1 cr oel ect [ onionpfial dr ol RIS GUY, GXAERIRY Br i T ace €0

stemm ng fromthe fracture step ( irt Cut Tm t echnol ogy) was
bonded in the hybrid | ayerAlterpetively, pt egeaisomml% tg, usehe'SmaihlICY 't ace of

Famart o iy PRy S b, Hbi ke ﬁ}nﬁﬁ&lﬁgﬁearﬁpﬂirﬁxa%ﬁfo%abl y by

"Smart Cut 'S éxa commopn W t
previ ous exanpliactuse Eigrte inrthe lsebsiratel TQ pamsbre obtha layetsaf2or 7Briifdbe, it is

only a part 38'"8@8{1 raaﬁg)?e&r%hgpd@%c?g tained by fracture of the hybrid |ayer

26", that wll , according to this exanple 4, the
portion 38 of the hybrid Iﬁyeedlﬁé}ﬁhcabemﬂﬂnm@nmes a@and Bgharef@eiroainlyi n or der
he two

o, cnabl e & SeRalfld B BRTAE S BiedhlB BF bt songi. e sndl L%,
figures 3ALmnd odBa substrate 40 (if appropriate via the layers 42-43): in the case of
example 2, it involves the interface between the hybrid layer 26’ and, either
the intermediate layer 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, opioelectronics, 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).



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 ane
36) a second enbrittlement plane is formed in the film 38 bonded onto, or
assenbled with, its buffer substrate 70 with the layers 72-73 if any. Thus,
in figure 4A, is represented a second inplantation beam34'. It enables a
second fracture plane 36" to be defined, this tinme in the portion 38 of the
hybrid | ayer (figure 3B). 25Then, the hybzid |ayer 38 (figure 4B) is
bonded and transferred, by fracture along this second plane 36". The
fracture enables a |ayer or part 38 of the portion 38 initially separated

fromthe hybrid | ayer 26 %?%mﬁﬁ%ﬂﬁrtﬁige&aﬂ?g&% Fsré’ésﬂh%ﬂ‘i'héﬁ'\'eithépweehgr
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fracture operatlhis RG-S apnatel e Grivditie 8568 sepfictics RRLbbd Tl oo,
type). If it isgheliasrappiicitiont (itvoslectfardes, 280).above is al so of the sane
type as the_surface 360, i
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ayer having two surfaces each resulting froma fracture operation to be
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| ayers, froman 1nitial substrate |like that of 1E. Once again, unlike
figure 1L, the !8FRQI0OGM- t he | ayers fromthe substrate 40 towards the

surface 389gis the sane asthidakafild i BMSodsePs Bmrhal Hith ¥Re brévi@y ds the
substrate 40, and 15 |ayer l122% Ipowar dsﬁ(t)%eg sErface 380) . Butb t he

operation of frexemple excepign thefingl snesfesof badayasalndeed Jepankia AgrtBRese
ayers 019m Sach b heiort Wb B chfol ot nERBRE T 61 gngaes aere L he
1221, only sai dransferead. Irafast, aceondingi tadghis examglesdiibe pattion48 aithe Rykrite oxi de
42-43. 20Anot hqg, enhad) mEN [ RFgdelCart THBELtABNMid lord@WMoPEndlfis & 'sBEGhd
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".



Once again it involves a locally structured filmtransfer nethod noreover
enabling a continuous buried dielectric underneath a hybrid filmto be
formed. 25But the initial substrate is different, because it is conposed of
an initial layer of a first material, wherein said | ayer may be

sel f-supporting or supported by a carrier substrate. Trenches are then
formed, then an epitaxy carried out, directly in this honbgeneous | ayer of
a first mterial. 30A first initial substsate is selected, in a first
material 120 (figure 5A), for exanple in germanium (solid or bulk or
resulting froma 24 thick continuous epitaxy on a carrier substrate). This

first mterial is preferaqgth]‘eagr%r@glzgor{f%gt I?ﬁe 'et %Eybgfa %ﬁﬁggéjr%g such as

[11-V, 11-VI alloys, etc. vi'ties are tormed In I'S substrate by
| ocal etching (ésulingfr&B)a fradtereduperationt (thik sutiacesiy diéhetposbB8madrGutdf” ed so

that it 5 ts,the fi,ngl. thick f h i il m.t i LI b
D oot o eaERPADGuSn T A UEERET b Y S0 bl g ol
AP ggktsa?y of @asectype alsla}tlﬁsr isa!:fade’ZGBO,_lﬁauiilsbé ?ade:lsmludiv‘fhdt dniis iapblmaolaf(ang)l e

or, nore_genera a m -conductor 111- or, - ) o]
over the enbi r BB HoGRxatin Toe Brbierh 5F MihqRengt otegyater ppifn Yo Y
appropriate, tle raedleed.al s 126, 128 are different to each other. According
to yet another alternative, i

it is also possible to carry ouyt, .in the
trenches 122, 124, mul tipli3 SPPE HeFs s AMRoYER e5aplegca dUREC e¥bposi t o
stack. For exaRavRg o tdiffeaseesth ResUliR RN 4 APadtiredOpERIibA Mo ible | S
possible to grow GAAs in the trenches, but also alloys: according to one

exanpl e, a 15 ©ORigined.| m of GaAs is epitaxied then, above, for exanple
Al GaAs, thep for exanple e}glﬁt}lriéé4ﬁml_§t€h%ﬁ@9¥ﬂsfﬂ2§cﬁé§ﬁﬁére thBSirdt TRAEASS

122,124 are therefore not f _ a single unique material. The second
material 126, BHeMaEs wite pdlwalitylsd seepnsoictarials i23 1228 femeghia dayergiependi ng
on the final Laliqki [kratST ' it hi o 20A

step of poli smg{ gﬁd?%%a%%ﬂgtrtr% mﬁf@aa{ir%r)gA?%)ég?dgé%?rﬁ'ggp@ﬁ%g?’n@ﬁt and/ or
pl asma treat meorderneitthedaydre frasy dhe shibsipsite 40 owadisnthel s@Tface238Q s e br ought

ek L e ove Yook ORISR Hde kv PALBRRLAL Botlied D) - /S
Si 3N4, etclh nigyehd2@2towards the surtackd80).tBhd the operation of fracture along the
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 self-
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



25preparation of the surface wth a view to a subsequent bondi ng.
As already indicated, in liaison with the previous hybrid integration
enbodi ments according to the invention, it is advantageously al so possible

to carry out, prior to the epitaxy: - a passivation of
the sides of the trenches 122, 124 to 30prevent them perturbing the growt h,
25 - and/or if appropriate an engi neering of the surface of

these sides (deposition of layers/multilagers of dielectrics, etc.).
This step leads to the production, in the substrate 120, of a hybrid |ayer
132 conprising an alternation of zones 127 in first material, for S5exanple

in Ge, and epi ttﬁfé&?&ﬁr@@ﬂ?@se#%gaxf%% a carmier subsirate). A'i*hubnﬁjs?'?ﬁa”"tbhélnrs V“ht h a

viewto a trans ecarrie e’ substrate 120 by t
front face 121,préferailyldavawallaciol ineacpitaxysobsempewtds sugh @ thVnii¥lg by

fracture. Th itt 30, t , i
et e RS b SRl AR B, Y Sl Bl Sichrgone ©
subs})rate 120 éﬂ%hr?hsshytgtel debmye:‘ vélrﬁﬁh réayg ebeagai mot aomtelied ob thasliﬂ ?Lor
e arrapge erore a e
St ucture | 2ot Hemesas: A Tl TidkHs o bverc fisa et BroSiFelie s © |
appropriate Vi argnsfrldesito bbulffay @170} 82findDit40)aubstratehe bondi ng may be

carried out with or wi thouf bo d|n dlelecrlcl dif there is a
bondi ng I ayer, it may be o7 /@ a’&’n EaS tr?%{:f’@ﬁﬁéf’a(figy'@atﬂﬁﬁfag?dl n

figure 5E) and/gt, foPekdfplewii@ems ot lmore generally, of a seﬁﬂ&:ohd@@tbuﬂﬁv,l dir t he

| ant at | blles the transfer of the | 1 d
| ayer 132, 1t "GV AUAN)RGEI b @i D80 9 S8 HoRgt a28r 144 ek At

t hi nni ng: %gor aaedﬁ\'dﬁ%té ree n?é’téf@ﬁei 253428 @RS Qifftrerit t8 WaRh Jther. W&@o@)ﬁ@' d

| ayer 132, l'e’in Gel GaAs, being uncovered; for this purpose, the
part 131 of théowbgnpmeaaﬂ@matige,tlhs& algo Rasaiblenta famMA Lk g tmwsﬂdl@z and

Chat Lo a2 ECATRHORAAE TRRShclolo BYPEEH Dbchpyespl end o

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 fitm 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 andfor 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 SisNs, 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 possibie to carry out, prior to the epitaxy:

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

30  prevent them perturbing the growth,



25et c. ; - or buried caissons 126, 128, for exanple 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 elimnated. This layer is not elimnated after the transfer,
but it nmay 30be elimnated later, all or part inits surface or its

t hi ckness, for exanple after having fornmed surface devices. 26

I nstead of using the technique of fractuee after inplantation, it is
possible to use, as a technique for renoving a part of the initial support
120: a nechani cal and/or chemical thinning, etc. Various alternatives of

this enbodi nent may be 5 i %&%ﬁtﬁ%g;ro;%%&e gﬂsé@q&rg@ bStHRO as in

the previous enbodi nents (cf. exa to position ?he
i npl ant ati on plthese 4i@6s (depbbmohgablaydrstyIBiay&fsz)f dieledtdes, lebo.pby possible to

have a free final surface, i.ch is
the surface defined by th T@%ﬁ%@ﬂéa%%]ﬁtﬁé é Z‘ing%fsu%&a?e qﬁ)%stead a
surface that re!wbhdskayferrdﬁﬂ&ofnmshgrw élfbrnailoamf zHB36s 1*birefirebmatediehdordi ng on
the free surface th;’g613 {a esﬁ@% to o%gi@é‘n the end, it is possible to
use, or not; arPPHIET PedfA D068t F8t E° The use of an internediate
Subfst rat ?dmakes i thOSSI b|Rnt|ﬁ|pIm‘iz‘ahon§i$wthl a\ahevfzr?@ea $rlah§fé¢emayhﬁeﬂmsﬂgl dI |
surface (designated, over er.en i inally,
it is possible GEEPYN LﬁSQ'éVéPeaé@[? %‘P“t 21l ?;121 rt%%qqléa]tﬁfb“ d

| ayer 132, and %!@di@éntfétéﬁtéfr%rﬁﬂgﬂﬂ? f-ra@tuﬂh iRy @Mbrittmh@rnt @bh@M3g anes

0

thereby constituted, as .in the case exanpl e 4 descrj bed above and with

the same advantBg®y obtringchee!injs & goneer E‘S’Sﬁ#’ﬁﬁ@tﬁt‘&?”ﬁ'sﬁ‘@\ﬁ leyea1$y By i d
layer in whjch rﬁé’@rlévk?ftﬁé”‘rﬂt@é}%béﬂﬂi@ mb%ﬁdaﬁe h?b&“cf Ager fa e Syaid ace in

contact with the ti substrate 140 or wt dielectric layer 142) are
fracture pl anedayarof fjsplad@may be afﬂﬁég@%bef@feﬁ'ebmﬂaéﬁatmbstrate enabl es the

assenbl ed surface and the f£¢ r lﬁﬂﬂﬁerns t he
case of an epitaxy, carri e%b%ﬁ?lﬁp(;@%%& é&t@rl%mﬁed%ﬂéé: Qﬂt\ﬁe substrate 120

of figure 5B, ihibstiateetd (fgure Sin)aif speeprigte vigt ardielpstricilayerelddyfPreea | ayer

of GaAs 1220, aadaﬂyﬂ{e Banélﬂﬁﬁgy i)%zéarﬁ&g ofit krﬁﬂﬁeér &théd}%ﬁlrggzai%lectnc

15 layer, and if there is a bonding layer, it may be formed on the substrate 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 layer 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 fayer 132 and
the fracture plane 130 may be eliminated, for example by polishing, and/or
chemical treatment, andfor 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.



A trench with nmultiple materials 1220, 1221, 1222 may thus be obtai ned. One
or several of these |layers may be one or several 30adaptation |ayers. The

| ayer 132 of the substrate 120 is a hybrid layer, with 27 alternation of
zones in a first material (that of the substrate 120) and zones in a second
conposite material formed of stacks 1220/1221/1222. An
inplantation, with a viewto a transfer, may then be carried out in the
substrate 120, by the front face 121, inzerder to facilitate a 5 subsequent
step of thinning by fracture. The enbrittlenent plane 130 thereby obtained
(figure 6B) delimts a zone of the substrate conprising for exanple a | ayer

131 in material of the inigtlal ,sulst 0 r e 32.
Transfer by inplantation t'hé%afjrgggt u"ES%qes%ug&ggri& fgu]irgctlé'%%/eéfrtl%rtl vely,
a mechani cal arshplantatioanit tsapodsibieto oge, ias ac@chniqde mrtremomng'm pdrt dDibase no

prior inplantat.i ste neces The brid | ayer 120
may then be asé%'ﬁ%ﬁé'ap&? %0 Eeeléeiénfﬁchegycaé%%n% %vered wth a

ﬁl gl egt Ir| c | ay% 142 such \f@a@gl amﬁ;rm?fvegxugre mmaﬁmﬁdfm@mr enép) beThic S
ybri ayer 1 S a e the fac 111n ich the ope S O

Y enches 155 a@PlARARISY (1of FStabedh & BRSRICH 25 T (YoPBVIcSrBIRPTR | he
surface 121, ”lé‘ineké}hélegﬁi bﬁdﬂ%okfé)/t%r pdsﬁlohstﬁéﬁﬂﬁb%(ﬁtatbhrplérﬁ'@1§®|bﬁﬂ1eate 140,
either directly, la an insulator |ayer 142, i1tself formed on this

substrate 140 AWBYI%#GYSH?’%“ 5/ Beralpy Rope lelf9d16ve a free final surface IR 8§t eps

enabl e a structyyg §uﬁ§cé {3418t Fir-8 BF ikt Bk s@ﬁa&é’d@ﬁqé&%yﬂtﬁé@%tto‘rﬂ; &fhi s
figure, the part 131 of the substrate 120 other than the 20 hybrid | ayer

132 has been elth%tﬁ@éﬂ%@ 188r 13%ampinstand paLrane Agat weults froms aplaciungl e to
| eave thi S art pjene_ 130. Moreover, deggn@ﬁﬁeorf‘ Pee 30rihed ?ﬁéﬁﬂ u%ﬁ fuf fer
or “4A ere

substrate as 1 n flgurés may be use y enabling
assembly wit h tobéais Libstheagnd, 1i40s @ossible fnsigeadomot, a@r@rlntﬂn‘ﬂedlates gufiefce of

the substrate Js%gﬁfétgefhggtser'rg)ﬁ FB hﬁﬁ()e/ﬁﬁée&?t%eﬁu%gﬂ'atte makes it possible tdf' ‘%b@usi .

al ternatives of enbo ance, It
possi bl e to posist ifinal :ﬁneel spiface, atheo hyplicireurfe8e (designatay ovieddlll by ethel32.

out - 8y ﬁi“ﬁﬁ%fgﬁ@c%ﬁ 0 BPE P Bbove and 30 wth the same advant ages.
Finally, it is possible to carry out several steps of
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 buffer
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 58, 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



28 It is also possible, starting fromthe structure of figure
6B, to elimnate certain of the layers or materials deposited by epitaxy,
the layers 1221 and 1220 in this exanple. This alternative nakes it
possible to render the first 5 material 120, which is for exanple of
germani um Ge, conpati bl e, by techni ques of non sem -conducting adaptation

| ayers 1220-1221, with a view to an epitaxy of the second material 1222.
The adaptation |ayers 1220-1221 nay be sgjectively renoved at a |l ater

stage, by elimnation of the portion of the |layer 131 situated above the
cavity 122. Wthout this 10 conpatibility, the second material 1222 cannot

be epitaxied in,thi uct ur.e, t strate
120 This. phasbdiptohl 25tes e B Phlet, BFs e etk 1 20 sl
prelimnary stepatsgcgicdchrnpostei mateialforted of stadle RAOMRARIMARc i al 1222 in
the hybrid layer. This elimnatjo take pl ace for xa | e throu
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the structufe §F’ bseqient strp of SAINKYY O% JFRAEd 1222 in
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of the hybrid layer. ese alternatives my interest t roduce
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resumng if appropriate ter stage the epi taxg | NnGaAsP.
I n anot her appraiiatiatively, & piechayicalfang/oreghemieal thinmiog imcarred ogh irwhidhj es 122,

124 b f 121 of th b
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enabi g the PlARSNRES A LRI ol LINERLLR Bl fIes LG 30 1 ©

such that direéF 1l I’l e zones in a Ot here
i s agai n, or ndayerpfesiecEasé df igufs 6B). TBls h@'@bl@gaﬂao ie angdmbladibyyer is

Sgramed: Wth £ YELDIDN AR FhichoRESobdhifiGS SF 'Rncfls 122 SHORIR! & R St ack

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 to 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.



zones 1220, 150. This hybrid | ayer may be assenbled with a substrate 140,
via a layer 142 for exanple of oxide (as in figure 6B), to obtain a
structure as illustrated in figure 7B. In this figure, the part 131 of the
substrate 120 other than the hybrid | ayer 132 has been elimnated. In the
5stack zones, and for this exanple, an excess thickness of oxide 142, 150
has been creat ed. According to another alternative, after the
epi taxy of the second material, the surfage may be higher and the excessive
t hi ckness 150 is directly inline with the first material. 10According to
one specific enbodi mnent of the invention, the aimis to produce a hybrid

layer with Si. To do this, shgltsgfgfoggﬂlé Std géﬁ%etér)kﬂ% o‘Pffx r‘e%ES?SO;LA

and follow ng figures, but a s ure’layer I"ayer
| ayer 22 in Cel/tbaglienin@é demtaBi Oﬂftlh@yayerQ@Jr|malﬁrlalssdem6ttechlblyyem@e(m. thehen an

epitaxy of Ge, .or ILL- Laconduct or terial, in the 15 trenches 28, 30
enabl es, fromtﬂ%ergdggilﬁaggb%g?n tﬁ\l@%’gﬂ ssons and therefore a hybrid | ayer
26' to be produced This alternaticermakes tio poesiblel tcerneatlélvéhe dirstt ack of

| ayers is for med hes .28, 30 0 he structure of 1A, as
in the case®of 'T'?@U?' qg &‘Fi‘ IS, i ﬁxargplgt?{jgphrp@:gracﬁ C% t'g%f Ei%yl gure 1C
i s thereby obt &édﬁﬁ'qué%ubf né® deftiohto@ingt acﬂaat@ucmt @gkrsoﬂzmyzm Wittta i s
formed in the trenches 28, 30. This ean(?m?ge 1lé)éllajustrated I%Xfl ure 1E
This hybrid | aydeWite aft epitay ef he 55601 2o dNs AN YES r at e,
for exanple by %megmﬁ?%eoéeléélﬁegtﬂéﬁfov@ﬁ dthelated amelﬁmaatromeu above
within the scope of exa

In this e \Q}R 1 tial
structure | s t Hoe d1osian ohines layer 431 situafesl pRoveathe ﬁ%‘”fly% gho in Ge,
the layer | Noomi atl W‘ Pk ‘é’b&&fﬁ-‘tmé@}’ﬁf 1242 cannot be epﬁax:é@f‘l‘?om%r :

W|th|nthe scoe parti nbodi nent, the steps of the nethod
descri bed abov@tmﬁtuream@@ﬂy@mtmﬁ m@r@@fmwsmty WopdhisRhasgdepitagys h al |

of the transter glrsr pahbYAS gS6E | daRdIdbfed L9 Breiindg d8b tbrpaidd cul ar,

it is possible, er oR a substrate suc _ _
epitaxy seeds of the second material 1222 in the hybrid layer. This

elimination takes place for example through selective chemistries, and/or

15 by polishing, and/or by plasma attack, and/or 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
8C, 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 fitm 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 alternation of zones in material of the substrate and stack



30 substrate 140, to elimnate certain |ayers obtained by epitaxy, to
produce a structure such as that of figures 6D-7B. In other words, the

st eps descri bed above in |iaison with these figures 6A-7B nay be applied to
an initial substrate 120, which is not a |layer of single material, but a

structure 5such as the stack 20 of figure 1A VWhat ever the
enbodi nent envi saged, the substrate 120 nmay al so be a substrate in "6 of f'
disorientated Si, in which an epitaxy of2z&e and/or 111-V type

sem -conductor materials nmay be carried out. Figures 8A-9B enable the

di fferences in producing hybrid 10 structures to be illustrated when the

il antati on 1 5,qh8t Ho8g, 86, Thsh HBS%{:@:I agbe BERUHAES Wi 8 diibstrate

intermedi ate | ayer such’as the when 1t Is carried out in a
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| ayer 24-1 ayer 1i28'beehrtredtédce identi fied also by the arrow 27) may prove to

be difficult due to the differ in nature of. the. materials
constituting the nixed | ay&f® iEpERer @Eferp%tlvphiagen[ %ﬁ%ﬁP’F@%% i 11

enabl e the hybrée@oh@)’rﬁte&ﬁ t@s&%c@&\ﬂéﬂt@%ngher and the excessiverthigkokess t o
resolve this dlffICU| if inth ecasegﬁf figure 9A, which represents a

simlar initial 5&'?95@‘?th” “Bﬂﬁ‘@hé@%f“ﬁtm@(ﬁerﬂ at of figure 1F, the |ayer 24

i's not ini &Pally present, AL@rdifg % bReRBetific BAGEdINeNt af fHerinvantiohatieur e
al ong the plane 36, a hormgeneous material 22 (figure 98% The thj nni ng up

to the interfaddmiyio pieskica gveridilayerétesi iTe 0(‘1*1"@’ the methog is identicilen much
simpler. 31 CLAING of figures 1A and TolloMad @ uife%r b%f %dﬁﬁbéigrélld%przzdm

substrate, conprising a port substrate 3 a continuaus |ayer of
a buried diel edée¢/layel 28 in Sl or layer 22 in Ge/layer 24 in SlO flayer 26 in Si is initially
used. Then an epitaxy of Ge, or -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 B6A.
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
techniques 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 layer 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 ali of the transfer alternatives described in figures 1A to
4B. In particular, it is possible, after transfer on a substrate such as the



5 142) and, on this layer, a hybrid |ayer (26", 132) conprising alternating
zones of a first material (26, 120) and at | east one second material (32,
126, 128, 1220, 1221, 1222), wherein these two materials are different by
their nature and/or their crystallographic characteristics, said nethod
conprising: 10- the formation of a hybrid | ayer (26', 38, 38, 132),
conprising alternating zones of a first and at | east one second nmaterial s,
on or in a honogeneous substrate (22, 120p, an
intermedi ate step of assenbly of the free surface of the hybrid | ayer, or
of a dielectric layer fornmed on this surface, with a buffer 15substrate

(70), ubf %te @zﬁéﬁrﬂiﬂh?]é &ifrtallﬁ‘!) ( S@c@éﬂeh%g%r 1ta>W‘$o gFHHdcﬁléOUS

dielectric |ayer strat
the elininati orstwcttuepwqh @ thedhsof ﬁguneﬁeSBoﬁBgémne@hgr md$ réhﬁe sters  120),

before or afterdés%ﬁb@@ﬁsm h l%’is%ﬂ wiPthese fi ures 6A-7B p%gf t%u@g%ybri%g{dl ng to

claim1, further m natio a par | ayer,
before or aft ermitlalesmatd)ﬂgo which is not a layer ofasmg}eml’raiermcb!drajshgctu[e one of

cubstrai e aid, TENEgiPepERsrB O BoUR ot The nybr d 1 ayer . is obtalned by
t hi nni ng, respecti vel y of Whetevebsifte &nebaident énvagayedpthatsebstcdtet 120 hybri d
ISt o ovea 67V Asoch o AP RRR B S Gp R S S L S SR BE T 9,
appropriate, ofGélaadiylnivitybesemi-conductor materials may be carried out.
Figures 8A-9B enable the differences in producing hybrid
10  structures to be illustrated when the implantation is carried out in a
substrate 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  embrittlemeni 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.



32 5. Method according to claim4, wherein the fracture is nade along a
first fracture plane (36, 36', 130) created by a first inplantation of ions
or of atoms in the honbgeneous substrate or in the hybrid |layer. 5

6. Method according to claim3, wherein the elimnation of a part of the
honobgeneous substrate and, if appropriate, of a part of the hybrid |ayer,

I s obtained by nechanical thinning of the substrate and if appropriate the
hybrid zone. 10 7. Method3&according to one of the previous
claims, wherein the second material or at |east one of the second materials
I's obtained by epitaxial growh in these cavities (28, 30,122, 124) forned
in a layer on the honbgeneous substratgamisfornmed in the honpgeneous
15substrate. 8. Method according to one of clains 1 to 6,
wherein the second material or at |east one of the second materials is

obt ai ned by | ocal anorphisatiqp M&Wﬁﬁgﬁiih@ﬁh?@dﬁgﬁs"%%’ Comci)rirertgeri o

9. Method according to one of clarnms 1 e second
at | east one ofa supposteudstraten{ddr 140)s aicontieausiayernf adeyiesi digleatricd4dnor phous

Lo B, G2 3 18 G Aol S ) otpRRRR 10, Lo,
substrate (40, Zbf6} of anfirst natenst PG, 82@ andat teast ohbeschotd imahtdrent dB2, t aki ng
pl ace when sai dlzréy%éd1ééad/ E;lr22|’ls 152323,e W elar%gn metsg t&vgemgt'éf:iglgraré 'ﬂ%’i‘éi‘ﬁtbﬁf
their nature and/or their crystallographic characteristics, said method
comprising:
ig - the formation of a hybrid layer (26", 38, 38, 132),
comprising alternating zones of a first and at least one second materials,
on or in a homogeneous substrate (22, 120),
- an intermediate step of assembly of the free surface of
the hybrid iayer, or of a dielectric layer formed on this surface, with a buffer
15  substrate (70),
- the assembly of this hybrid layer, the continuous
dielectric layer (42, 142) and the support substrate (40, 140),
- the elimination of a part at least of the homogeneous
substrate (22, 120), before or after the assembly step.
20
2. Method according to claim 1, further comprising the
elimination of a part of the hybrid iayer, before or after the assembly.

3. Method according to one of claims 1 or 2, wherein the

25  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
30  achieved by fracture, respectively of the homogeneous substrate or, if

appropriate, of the hybrid layer.



33 the hybrid | ayer when said hybrid layer is assenbled with the buffer
substrate, |eaving a second part of the hybrid | ayer remaining.

12. Method according to any of clains 1 - 9, further 5conprising a thinning
of the second part of the hybrid |ayer assenbled with the buffer substrate.
13. Method according to the previous claim wherein the thinning of said
portion of the hybrid |ayer is achieved by fracture along a 10second
fracture plane created by a second inplamation of ions or atons (34').

14. Method according to any one of clains 1 to 13, wherein the first
material is sem -conductor and/or the second material or at |east one of

the second materials is a §eml\ile§ﬂ§ﬁjﬁ§§c%i claz 4 w erelr} thel#acttl}{‘netlg()d

according to any one of cl3dins erel n mat er |
sem - conduct or neatt tafengs ecdingt fractere gllare (86, I%ésﬂS@h@reﬁted Hay @ecﬁm’td
materials is a.se

crystalline, aHBP'ﬁHFﬂ%Ond C'%}]gﬁr 8[ P?ﬁgoniem Coﬁ(?'ﬁﬁégﬁeformgoggjbfs?é%e%te'hgﬂr 28% ihons.

16. Met hod acccwyﬂmcm@ytaﬂ claim 15, wherein the sem conductor materials are
both of silicon. 2517. Method according to any claim 15 or 16, wherein the
orientati on’of the first semi-conductor naterial is (110), and the

orientation of the second genp&red deétingabidiml 3,1 whdréPOhe elimination
of a part of the homogeneous substrate and, if appropriate, of a part of the
hybrid layer, is obtained by mechanical thinning of the substrate and if
appropriate the hybrid zone.
14
7. Method according to one of the previous claims,
wherein the second material or at least one of the second materials is
obtained by epitaxial growth in these cavities (28, 30, 122, 124) formed in a
layer on the homogeneous substrate, or formed in the homogeneous
15  substrate. ‘

8. Method according to one of claims 1 to 6, wherein the
second material or at least one of the second materials is obtained by local
amorphisation then recrystallisation.

20

9. Method according to one of claims 1 to 6, wherein the
second material or at least one of the second materials is obtained by
deposition in amorphous form, then recrystallisation thermal treatment.

25 10. Method according to any of claims 1 - 9, the
elimination of a part at least of the homogeneous substrate (40, 140), and if
appropriate a part of the hybrid layer, taking place when said hybrid layer is
assembled with the buffer substrate.

30 11. Method according to the previous claim, the
elimination of the homogeneous substrate (40, 140), and of a first part of



18. Method according to any one of clainms 1 to 13, 30wherein the first
material is sem -conductor and the second naterial or at | east one of the

second materials is a sem -conductor, and: 34 said first
sem -conductor material being germani umand said second material or at

| east one of said second materials being a Ill-V or II1-VI sem -conduct or
mat eri al ; or said first sem -conductor material being
silicon, said 5second material or at |ea38 one of said second materials
being a Il11-V sem - conductor materi al, or said first

mat eri al being germanium said second material or said at |east one of the

second mat e 2l pc Dl B} S 184Sy DA, A6REENBRd QiAo BEng! ol ol m

1 to 18, the hybr conpri sin ing zones of a rst sem
conduct or mat ersubstratedieaviplgu sdoong paft of deoimdbriddayariramainingem - conduct or s
and/ or non sem conductors. 1520. Method according to the previous claim
the plurality of second materials conprising a plurality of |ayers of
sem - conductor (1220, 122112.123&hodnalcordimpriosamy -of ataionst or - Batferther s.

o Ao 20T kR O RS ecEadoB oY  BpAE kBl e,

Met hod accor di nge bofiegnguetragl.ains 1 to 21, wherein the zones in second
material are formed flush with the free surface defined by the zones in
first material.

13. Method according to the previous claim, wherein the

thinning of said portion of the hybrid layer is achieved by fraciure along a
10  second fracture plane created by a second implantation of ions or atoms
(347).

14. Method according to any one of claims 1 to 13,
wherein the first material is semi-conductor and/or the second material or
at least one of the second materials is a semi-conductor.

15

15. Method according to any one of claims 1 to 13,
wherein the first material is semi-conductor and the second material or at
least one of the second materials is a semi-conductor, said semi-conductor
materials being both crystalline, and having crystalline orientations of

20  different directions.

16. Method according fo claim 15, wherein the semi-
conductor materials are both of silicon.

25 17. Method according to any claim 15 or 16, wherein the
orientation of the first semi-conductor material is (110}, and the orientation
of the second semi-conductor material is (100).

18. Method according to any one of claims 1 to 13,
30 wherein the first material is semi-conductor and the second material or at

least one of the second materials is a semi-conductor, and:



25 23. Method according to one of clains 1 to 22, wherein
the zones in second naterial are formed up to a | evel situated underneath
the free surface defined by the zones in first material, or above this free
surface. 3024. Method according to the previous claim wherein an
insulating material (150) is arranged to nmake up for the difference between
35 the level of the second material and the free surface defined by the
zones in first material . 254 Hybrid | ayer device, conprising
a support substrate 5 (40, 140), a continuous |layer of buried insulator

(42, 142) and, on this layer, a hybrid layer (26', 132) conprising

alternating zones of a firsg.: rd.al: cond
material (32, 126, 128, 122%?'%%1%%2‘%??0%@5%&&?\0%&3g?'ﬁaal”simﬁeﬁ?'ﬁg

di fferent by t resid sevandmeateridl orattiéast onerof saisl $angnd phaterieln deing 2dli-¥t i cs, at
| east two zones g@-v;‘%?#aﬁ?éﬁdu%{]o?rﬁgteﬁﬁi d 10second materials having different

depth or di fferd 26. Device according to claim25,
wherein the first and secondr saefirshbsmacenduetar-rosiedak being nadlicon| abid. 1527.
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di fferent direcoh@icor material, 28. Device according to claim 27,

wherein th ientati 200f the first - duct terial i 110),
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material or said at least one of the second materials being silicon.

10 19. Method according to any one of claims 1 to 18, the
hybrid layer comprising alternating zones of a first semi conductor material
and a plurality of second materials, semi-conductors and/or non semi-
conductors.

15 20. Method according to the previous claim, the plurality
of second materials comprising a plurality of layers of semi-conductor
(1220, 1221, 1222) and/or non semi-conductor materials.

21. Method according to the previous claim, wherein

20  each layer of the plurality of layers of materials is obtained by epitaxy.

22. Method according to one of claims 1 to 21, wherein
the zones in second material are formed flush with the free surface defined

by the zones in first material.

25
23. Method according to one of claims 1 to 22, wherein
the zones in second material are formed up to a level situated underneath
the free surface defined by the zones in first material, or above this free
surface.
30 24. Method according to the previous claim, wherein an

insulating material (150) is arranged to make up for the difference between



29. Device according to claim26, wherein: the first sem -conductor

material is germanium and the 25second sem -conductor nmaterial is a ll-V or
11-VI or 111-V sem -conductor material; or the first sem -conductor
material is germanium and the second sem -conductor material is silicon.

36 30. Device according to claim 26, wherein the hybrid |ayer

conprises alternating zones of a first sem -conductor material and a
plurality of second sem -conductor and/ o35 non sem -conductors materi al s.
531. Device according to the previous claim wherein the plurality of
second sem -conductor materials conprise a plurality of |ayers of

sem - conduct or ' [  ¢= QM&};H% t I S.
1032. Device aérﬁz%r%ggl ofltﬁ(gjjsgﬁé&gﬁ?atrﬁ'%?ﬁﬁaé@@ﬁgéggﬁa% erern yh{eﬁ%zﬁllees in
second nmt eri alin finsbmitarismkd fl ush with the surface of the device.

33. Device according to one of clains 26 to 32, wherein 15the zones in
second material are forned up to a | evel situated underneath the surface of

t he devi ce. 25. Hybrid Deysr cdevives @odiphigingoa tshppat eubstrstecl ai m
wherein an t mat eri al 50) i.s arranged t for the
di fference %ett‘%’e@ ‘gﬁt QTEQ}HPU%%BVLE)F,@“M@Hdng@?@{ﬂﬁfﬁ@ Wé' R ¥ce of
the devi ce. layer, a hybrid layer (26, 132) comprising alternating zones of a first

material (26, 120) and at least one second material (32, 126, 128, 1220,

1221, 1222), these two materials being different by their nature and/for their

crystallographic characteristics, at least two zones of at least one of said
10  second materials having different depth or different height.

26. Device according to claim 25, wherein the first and

second materials are semi-conductor materials.

15 27. Device according to claim 26, wherein the first and
second semi-conductor materials are both of silicon, and have crystalline
orientations of different directions.

28. Device according to claim 27, wherein the orientation
20  of the first semi-conductor material is (110), and the orientation of the

second semi-conductor material is {(100).

29. Device according to claim 26, wherein:
- the first semi-conductor material is germanium and the
25  second semi-conductor material is a I11-V or II-VI or [ll-V semi-conductor
material;
- or the first semi-conductor material is germanium and the
second semi-conductor material is silicon.
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30. Device according to claim 28, wherein the hybrid
layer comprises alternating zones of a first semi-conductor material and a
plurality of second semi-conductor and/or non semi-conductors materials.

31. Device according to the previous claim, wherein the
plurality of second semi-conductor materials comprise a plurality of layers
of semi-conductor (1220, 1221, 1222) and/or non semi-conductor

materials.

32. Device according to one of claims 26 to 31, wherein
the zones in second material are formed flush with the surface of the

device.

33. Device according o one of claims 26 to 32, wherein
the zones in second material are formed up to a level situated underneath

the surface of the device.

34. Device according to the previous claim, wherein an
insulating material (150) is arranged to make up for the difference between

the level of the second material and the surface of the device.



