"Multilayer structure and its fabrication process” Technical field
and prior art 5 The present invention relates to a process for
fabricating multilayer conposite structures naking it easier to
integrate el ectronic, optoelectronic and/or power

conponent s/functl onal ities. 10 The production of structures for
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the MOS type (for exanple CMOS ci rcwts) and el ectronic,

opt oel ect r oni / Qr. e f the I'11-V type (for
exarrpletranr'LC %01%\@‘1%@95‘ QC/detectors) relies on the
capability of conbining, on the same substrate: - single-crystal

silicon | ayerseof ﬁi—&bn@rﬁﬁ%ﬁti& quadidtes al tow gg b&%c@%@du%ron
of MOS el ect a;})nlc ¢anpone erials

t
and al | oys t For T‘R%tip]raé’cﬁfctf%rf‘?%‘cflﬁel I ngrlé?%%]f‘? éﬁshg it
opt oel ectr onlﬁs‘iSJémfd/’m> powegresrp evtsoniany qgémﬂileqfaégnhav@r@d@ﬁ

experi ment ed Qyydres@Afhenta /FAARBi bR PldRIs t0 find a satisfactory
met hodol ogy for fabricating these |ayers. The direct epi t axi al

growh of Ill-V materials (for exanple GaAs, InP, alloys, etc.) on
silicon By t¥e Cyf)odfzﬁtiﬁhemifcadtz\mwrreaepimi t anhE)gI@thIEiquenorozIehe
MBE (Mol ecul af cﬁq%{amver P i g@@d&ﬁéﬁ@%@&%@& S/ Und eRRNt

decades wi t hout obtaj nin ood results in terns of

crystal line qids ty(TF obPEHEP 1R geTtT P atdWBhs, S L FTHSe
domai ns, p0| rﬁptc’iﬁ_edﬂ:fxemh& etd/or Aeceetd agnponanct hef kuosn IIT-V

t echni que, : 5. possidhle to x%%ﬁ' cal Iy transfer. thin,singlescrystal
films of InPt GaAs mat eri al toas?:%llrlcon substrate w t hout
gources/detectors) relies o1 the capability of

combining, on the same substrate:

- gingle-crystal gilicon layers of high
crystalline gquality, allowing the production of MOS
electronic components; and

20 - ITI-V materials (GaAs, InP and alloys thereof)
for the production of III-V electromic, optoelectronic

and/or power components.

Many technigues have been experimented by research
25 teams in order to find a satisfactory methodelogy for

fabricating these layers.

The direct epitaxial growth of III-V materials (for
example GahAs, InP, alloys, etc.) on silicon by the CVD
30 (Chemical vVapor Deposition) technique or the MBE
(Moleculér Beam Epitaxy) technique has been studied
over recent decades without, however, obtaining good
regults in terms of crystalline quality (problems of
emergernt dislocations, antiphase domains, point

35 defects, etc.}.

According to another known technique, it is possible to
physically transfer thin single-crystal films of InP or

GaAs material on to a silicon substrate without



- 2 significantly inpairing the intrinsic crystalline quality of
these filnms, as for exanple described in the docunent by Jal aguier:
"Transfer of "3 in GaAs filmon silicon substrate", Electronics
Letters, 5 February 19, 1998, Vol. 34- Mo- 4, pp. 408-409). Thi's

fil mtransfer is carried out using the well-known Smart-Cut""

t echnol ogy, afl9pliamtiat i obmexbhpte ofhewhiighxisisie pagryetdine

described in @E&l:dq,ewmrﬁhedés f&l&éﬁ} 284 £8F bRahPe afiL it By # khe

Aubert on- Herv |t ed " ca Sma t-Cut ¢ ge the
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integrate sil Vifat EFTRTEY 0P Yhe YSARE nERRanteht —*nown
platform 20 $weor-divig’ t aea:hhpfisgyrretdmd igfpliemehémentat | example wely

of obtaining ks ona 200 PR.HRmRLer ale!sbfﬁ?ﬂe&"affﬁ tﬂ\ét@é@uﬁ\e ng

a GaAs donor substrate, consists in grow.ng GaAs SI ngl e-crystal
ger mani um (GSJ° Bubkk riffe. O%r i e IS Sy hafit ﬁm aReston-Herve .
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However , because of the cost and n| ca

substrates, iFLGEIRILES adeaht ag@éﬁ%e‘f‘%r t r rdf-eftla th%‘ﬂ g%r mard QA
filmon 30 sippcarei(-si4ah as GaAs and InP) and then carry out
crystalline growth of GaAs. The GaAs thus obtained has a quality
equi valent to GaAs grown epitaxially on a_ bulk GaAs substrate. 35
Ged st rdét urBigamTicum dF siRiScoRe®it hdgponstrated that it is

possible to combine the growth techniques with £ilm
transfer technigues in order to integrate silicon and

IITI-V materials on the same mechanical platform.

20 According to a first method of implementation, one way
of obtaining GalAs on a 200 mm diameter silicon wafer,
without having a GaAs donor substrate, consists in
growing GaAs on a single-crystal germanium (Ge)
substrate. Growing GaAs on germanium makes it possible

25 to obtain wvery high-quality thin films owing to the
very small lattice parameter mismatch between these two
materials. However, because of the cost and mechanical
fragility of these Dbulk substrates, it is more
advantageous to transfer a thin germanium film on

30 silicon (such as GaAs and InP) and then carry out
crystalline growth of GaAs. The GaAs thus obtained has
a quality equivalent to GaAs grown epitaxially on a
bulk Gaas substrate.

35 GeOI structure (germanium on silicon with an
intermediate insulating f£ilm) has been demonstrated on
large diameters, that dis to say up to 200 mm in
diameter. To date, this is the most direct methodology

for combining silicon and GaAs.



internediate insulating filn) has been denonstrated on |arge
dianeters, that is to say up to 200 nmin dianeter. To date, this is
the nost direct nmethodol ogy for conbining silicon and GaAs. 3
However, for the intended application.ig the present invention,
nanmely the integration of mcroelectronic, optoelectronic and/or
power functions on silicon and 5 111-V materials, this structure is

not the best H&Qé@éﬁ' efoFNitthd S:L:@@&?é@tf ﬁ:i‘l@&[h:ﬁ:ﬁit%' %Hé’ﬁ%’!ﬁt
GaAs/ Ge transferred, structurg}FS rt%l is di ffl cylt to r oduc
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According to a second method of implementing this
technique, structures with a silicon active layer for
the surface CMOS components and an optically active
layer Dbeneath the silicon layer have thus been

20 developed for overcoming these drawbacks.

Documents US 6 645 829 and US 6 677 655 thus describe
the fabrication of structures that include buried
active optical layers, such as:
25 -  [8i sgubstrate/oxide (8i0;)/Ge layer/Si layer]
or else
- [si substrate/oxide (8i0,) /81 layer/Ge
layer/oxide (8i0;)}/8i layer].

30 However, in such structures of this t?pe, the optically
active layer is always in direct contact with a silicon
layer of better ox Ilesser lquality depending on the
method of fabrication (epitaxy or bonding) used for
producing this silicon layer.

35
Moreover, document US 2004/0252931 proposes fLorming
multilayer structures by  bonding a multilayer
monolithic electronic device, which includes an

electrically active layer and an optically active



| ayer of better or |esser quality depending on the method of
fabrication (epitaxy or bonding) used for producing this silicon

| ayer. 35 Moreover, docunent US 2004/ 0252931 proposes form ng

mul tilayer structures by bonding a nmukt el ayer nonolithic electronic
device, which includes an "electrically active |ayer and an optically
active 4 |ayEty®%n ¥ BRoRReEheRydayet heths evtedionicadndmbtomtical

| ayers pOSSI blay e ngow_bijﬂYBéingr &0sf erRe-sONt#01 ¥ e rSARPOEL to a

substrate. %ﬁb %h%.lnventlon To avoi d the af orenmentioned

sSLr
dr awbacks, th resen IERt] on proposes a solution for producing a
mul tilayer structure that honpbgeneously integrates 10 I11-V materials

and' silicen aginng-y feithe Whkkatabnthe sane tine sinplifying the
nunber of steps needeéd, so as to inprove the fabrication yield. For
this purpose, the invention relates to a process 15 for fabricating
a multilayer %t rueotaide, tbenpristemenitiodeshsdrbeathbl oniing stepEsnta)
epi taxial gr %&érﬁﬂczd% or pwbBokayer aon §o§h£ic919n J‘_%ibStﬁf%&ucPﬂg a

formati on of at ast one pattern in er;

c)
deposi tion of LQTF Y&E | SOt ihe *'skiar‘? cgthom%qué't Pt GERRdeS
of a silit®on IE%&M‘maﬁariaHMeamwi@dllbayeagtiﬁee)ajansuﬂwhmiaﬁauathe '
cavity in thegid GO 's%&ﬁﬁ@;‘ing‘ @hEhguﬁﬁéfle faéli%pélbrgs\[/%eecﬂcgo as

pattern; and f) growmh in"the’cavit | -V mater rom
to improve the fabrlcat:i.on yield.

For this purpose, the invention relates to a process
15 for fabricating a multilayer structure, comprising at
least the following steps:
a) epitaxial growth of a growth layer on a silicon
substrate;
b) formation of at least one pattern in the growth
20 layer;
c}) deposition of an oxide layer on the silicon
substrate;
d) transfer of a silicon 1layer onto. the oxide
layer; '
25 e} formation of a cavity in the silicon layer and
in the oxide layer above each pattern; and
f) growth in the cavity of a III-V matexrial from
each exposed pattern of the growth laver.

30 The process of the invention proposes a structure
comprising, directly on the surface, both an active
gsilicon layer £or MOS components and one or more
iglands of III-V materials for electronic,
optoelectronic and/or power components. This structure

35 is furthermore produced more simply than with the prior
processes, in particular owing to the fact that -the
process of the invention involves only a single layer
transfer through the entire fabrication cycle.



each exposed pattern of the growh |layer. 30 The process of the

i nvention proposes a structure conprising, directly on the surface,
both an active silicon layer for MOS conponents and one or nore
islands of Il11-V materials for electrensgcy optoel ectronic and/or
power conponents. This structure 35 is furthernore produced nore
sinply than WEHEHSDrFdronpr 8eRsgesofi fhpadniventapnowiing stept o ,
fact that thesaqitogesseeh the igwrnidean b{;lVQiHéQzﬁ.c@l]Jl‘g(f aeﬁbﬂﬂl'l@ lrayer

transfer thro e r |cat|on to one
ot o, AR (EAHGT, Ed ar?
chenically e r ur
oy vary. ns‘?@d e of o oLura |ty apand PERRGERE 2
pr eI ﬁr ably uircz:rf qzsﬂ aﬁjégt pr%ﬁ?ﬁ%%%g )PE18?I; )&céé’raffﬁﬁg FRGTE
anot her aspec [ ion, in step e), e cavity is
produced by chenically et chi ng the silicon active layer and the
oxi de | ayer t I Ou( second aperture mask applied on said silicon
active Iayer, Iﬁb§%’b@?ﬂ i PR Bh FEEpé@WePBlBEChlnpé¥¥%ﬁn
?f th? gﬂé%ﬁﬁi&fyéhe_t&vhﬂygﬂep nquudmﬂsbyich?gacalzﬁahﬁwaﬁngifﬁhe
ransferred by poadi age o Solayehl UShyr €N Bl Be QS | BXELugi N,
base substrate of the Sol structure being renoved ndi h
The silicon sttt BPPEPFef P&t y2 Bt 5tbt OBxciaist valyican active
m sori ent ed sidyeagn sabdt matsk Hdimgr e dnéAy en thnyrd e igeton kiald

| ayer and tr“béﬂﬂéfﬁ of the growth layer.

15
In step d), the silicon active layer may be transferred
by bonding an SOI structure onto the oxide layer, the-
base substrate of the S0I structure being removed after
bonding.

20

The silicon substrate is preferably but not exclusively

a misoriented silicon substrate.

The growth layer may be a germaniﬁm layer and the III-V
25 material may be a material chosen from at least gallium
arsenide (GaAs}, AlGaAs and InGaAs.

Moreover, the growth layer may also be an aluminum,
nitride layer (ALN}. In this case, the TIT-V material

30 may be a waterial chosen from at least GaN, AlGaN,
InGaN and ZnGal.

The process may furthermore include, after step b) and
before step c), at least one heat treatment step so as

35 to allow the dislocations to migrate toward the edges
of each pattern and to be annihilated.

The present invention also relates to a multilayer

structure comprising:



25 material may be a material chosen fromat |east gallium arsenide
(GaAs), Al Gaas and I nGaAs. Mreover, the growh layer may al so be an
alumnum nitride layer (AIN). In this case, the Il1l-V material 30
may be a material chosen fromat |east &N, Al GN, InGaN and ZnGaN.
The process may furthernore include, after step b) and before step
c), at |east one heats tsiddicmEneubsbpas®; as 35 to allow t he

di sl ocatiods to mgralie ioys¢ dohRe A48y Ofn eachyRAtker 1y Le he
anni hi | at ed. ‘Fre%gnt invention also relates to a multilayer
structure co K e 4 - a silicon substrate; - at |east one
pattern in a grow-h lmyeride daykk|oV vt evildlcon sabsoxbde ;| ayér on

the silican substratg sémcoé ac@l@éliéfék%{'t\h% loacm% 9QLhe oxide
| ayer, the oxide |ayer the silicon acgtive avi ng cavity

above each path®er®® ?etﬁ%Y%FoﬁPﬂ FgﬁeﬁlléﬁPB aCEiV?tQaB@Fn@awﬂpﬁe&
with a Ill-V aatiery abbol€ Brickf oestoatpt BN thfe tdeodtiguiege¥he said
features and ady. §ﬁPE t gdp&§§ﬁn% Vet QR -sWhl | becone nore
clearly apparent rom-t fo | 'ow ng escription, given by way of
nonlimting indication, in 15 conjunction with the appended draw ngs
in whichilo- faginesidAdiotiknane shbefbduszsectional views show ng
the fabrication of a nultilayer structure according to one nethod of
i npl ementing the invention; and 20 - figure 2 is a flowhart of the
steps i npl erre’?h%dfeﬁﬁuW@uﬁ@éi |adtegtpgesDetai FBE dasserpt | bivesttion
enbodi ment s ofitihepkay¥Rat @te clearly apparent from the following

description, given by way of nonlimiting indication, in-

15 conjunctioh with the appended drawings in which:

- figures 1A to 1K are schematic sectional views
showing the fabrication of a multilayer structure
according to one wmethod of implementing the invention;
and

20 - figure 2 is a flowchart of the steps implemented
in figures 1A to 1K.

Detailed description of embodiments of the invention

25 The present invention applies in genexal to the
production of multilayer structures, preferably in the
form of wafers, allowing easy integration of electronic
components (for example FET, MOSFET or HBT
transistors), optoelectronic components (£or example

30 light sourceg/detectors) and/or power components (for
example an HEMT (high electron mobility tramsistor))
based on III-V materials on a microelectronic circuit
based on silicon technology. This type o©f circuit may
comprise all the components usually encountered in

35 gilicon technology, such as those for producing logic

and/or analog functions, memory functions, etc.

For thig -purpose, the multilayer structure of the

present invention includes an active silicon surface



25 The present invention applies in general to the production of
mul tilayer structures, preferably in the formof wafers, allow ng
easy integration of electronic conponents (for exanple FET, MOSFET
or HBT transistors),. optoelectronic-cenponents (for exanple 30

| i ght sources/detectors) and/or power conponents (for exanple an
HEMT (hi gh ellastemon aygbi ldngy transiostor Llabdsedodn 111i-W rmefterdialls

on a i croel egisonhe Glichilichisbasedoon aljdoon technol ogy. This type
of circuit may conprise all the conponents usually encountered in 35

silicon technol ogy, such as those for producing |logic and/or anal og
functions, mewery duovesisonseret Labffaditics pur paseiliper Mddidayee

st ruct ur e of ddeor AP SEN o OVERLLAILCT HECERaN  BGLRY SR LS9 po

surface 7 | ayer one or nore | slands 0 arral” ENErgi ng
fromthis si |]?9coﬂeﬁa§é?edo&’étsr ccareanse fibr fdgiirag aAmilc i Layend
structure 5 m@mignaredi2ng to one enbodi nent of. the invention will now
be described with reference to figures 1A to 1K and figure 2. The
first step consists in formng, by epitaxial 10 growth, a germani um
layer 2 on a 319 i ddFsfubsttent econsistep Br, foguing 1ARY Theideraradi um

| ayer 2 ¢orr espends atogar@a@mﬂa hay @f ot hat assmls.@u @u%e\_t\&he 1
nucl eati on qL see Ia
e

¥§ 0 £ erial_ Wi
subsequent | y %Fbrnéd ;n%eleg} g %p??E&?%ﬂuéfzﬁY%ﬁf? QQ?W%ﬁHRQQFaI
growh is a Vst |2 ket edavequetiamd Wil Fo sersequenribh notcleation

described in gy easte%rd d@a@*’e'r Theoger yrpknm 4 ayefr 2 t mefﬂraﬁed Wag a
t hi ckness of et we gngOX|natel 100 ganoneters and m crons and

20 has a disl% 5@%5?%5 IEFEEt Rerie %%ﬁrﬁﬁ%ﬁ%ﬁlﬁ&fﬁ%WEW§ and

1x108/ cnE5 Epitaxial growth is a well- known technique and will
- consequently not be described in greater detail.

The germanium layer 2 thus formed has a thickness of
between approximately 100 nanometers and 10 microns and

20 has a dislocation density of between approximately
1x10%/cm? and 1x10%/cm?.

The silicon substrate 1 may be formed from an oriented
silicon substrate (the crystal axis and the (100)

25 surface normal being aligned) or a misoriented silicon
substrate {there being an angle, also called “miscut”
or “offcut”, between the crystal axis and the (100)
surface normal). The substrate 1 is preferably, but not
necessarily, a wmisoriented silicon substrate as it

30 allows an epitaxial growth layer to be obtained with
very few defects.

The second step consists in forming one or more
germanium patterns from the germanium layer 2. In the
35 example described here, a mask 10 is applied on the
germanium layer 2, for example by lithography (step 52,
figure 1B) and then those parts of the germanium layer
2 that are exposed through the apertures in the mask 10
are chemically etched (step 853, figure 1C). Once the



The silicon substrate 1 may be forned froman oriented silicon
substrate (the crystal axis and the (100) 25 surface normal being
aligned) or a msoriented silicon substrate (there being an angle,
also called "mscut" or "offcut”, between the crystal axis and the
(100) surface nornal é« The substrate 1 is preferably, but not
necessarily, ¥ HGHri earedoesn i conpiabsdr sl athét BEkal rewsved, a

epi taxial gr oydsdndramed ﬁ@t@r@bﬁ@l pefaht honvemnt faWdefectiHstiiRe

second step consj st on nore gernani um patterns from
the ger mani uﬁtf’l a ﬁ?wnl Eégggg g%arrpl e described here, a nmask 10

is applied on the germani um | ayer 2, for exanple by |ithography (step

S2, figume 1@ and thafbidosespardsy ofeddre &ﬂfﬂé\lé&fﬂélﬁe\/ﬁ rﬁntt%t
are exposed t Qu h the ertyres in the mask are c
etched (step BF*Fiyute %D écéict"t’?éf%’f &%ﬁ%rﬁast‘beéﬁecd?ﬁﬁ%d

and the mask Jrre«rmxmmn a sgeerahi ypatpatrher nm2P reaifngmed tiwonsi ltheon
substrate 1,528,t3N0MYdN T 008 s1C o340 éata*&%e%a%' %o%eﬁ%t&f&%& here,

only a si ngle ern&nl um pattern is forme , according t

t he present SRR Jae datderay BaYf bened PRYmtre of
growt h | dger shaﬁeevﬂs&mamsac hrcpaid, erahnud. afQt deiem) {, edishbendangashi @:wlllear
shape. The p <oe of-1 h squar roun
annul ar, et cietqqi&epen i Tﬁ% %B¥m%%9§?r%%e% g C%?t' orﬁlsotnagne

or nore patt drifREhREROTRY éﬁh%#éeﬁeuébtlﬁl %leleﬂaﬁi?@lmmé?ecémtm@g

t echni ques, Ritth =aas fler e&&ﬁtﬁméepD&@:ﬁdr&a’tﬁﬂthigﬂ@roﬁ.ohoat@hﬁﬂ?
When several patterns are formed, these are preferably uni orn1y

spaced apart on the silicon substrate 1. The silicon substrate 1
wi t h t he l§er fdrurAp@RmEdr PG avmp aer tiramesh e tieder gorea medierably

cycling for rL@mI\Url?rQ.y spaced apart on the silicon substrate 1. The
silicon substrate 1 with the germanium pattexrn 20 may
furthermore undergo a thermal cycling for removing
practically all the dislocations at the pattern: 20 by
20 the dislocations migrating toward the edges of the
pattern followed by annihilation (step 84). Such
thermal cycling is for example described in the
document by Luan et al., “High-gquality Ge epilayers on
Si with low threading-dislocation densities”, APL 75
25 No. 19, November 1999, pp. 2909-2911). This cycling is
carried out at temperatures of arcund 800 to 1000°C for
a time ranging from a few tens of minutes to a few
hours. Several thermal cycles wmay sometimes be
necessary.
30
Next, a thick oxide bonding layer 3 is deposited on the
silicon substrate 1 and on the germanium pattern 20
(step 85, E£igure 1D). The oxide bonding layer is for
example an S10, layer with a thickness of a few hundred
35 nanometers if the germanium layer 2 is unpatterned
(i.e. no patterns formed). Otherwise, the 8Si0, layer
has a thickness of about three times the height of the
germanium pattern(s) formed. The surface of the oxide



practically all the dislocations at the pattern 20 by 20 the

di sl ocations mgrating toward the edges of the pattern followed by
anni hilation (step S4). Such thermal cycling is for exanple
described in the document by Luan at alg. -~ "High-quality Ge epilayers
on Si with |ow threadi ng-dislocation densities”, APL 75 25 No. 19,
Novenber 1999%oppin@dDdy@91d)is didmardyel ngtep SeqrrEed. eximplie by

t enper at ures a : ) f ; I ranging froma few
tens of m nut gitsdptg&g&%%h%%%agﬂgg&eﬁéﬁtgﬁgﬁgl cycles may sonetinmes
be necessary. 30 Next, a thick oxide bonding |layer 3 is deposited on
the silicon stbstraterdcaite od §Betyen NBOhdaEE et tes NtRd skt S5
figure 1D The_ox] I I r.i.s for ampl.e, . an SL2 l.aye
Wi th & i hknods SrtEe t I, ANy 3na‘r?§f?‘€t S/s bfSphe 5%% et o
| ayer 2 is unpPhfeefwe’l 4 i cemphbspatt @snsis orvifdd) . kopter wisse, sehe a
Si 2 layer haslgcéhi @&ae&gaaghaﬂzquta%thﬁﬁe?ai E&s_dtahe(ﬁeizghtzg%éﬂ@
germani um pattern(s).fornmed. e surface.o oxi de - ondi
layer 3 is pl %%%r%z%:%j e P gy e ?loaryegxgrlml Ehﬁ‘g lél\/go say a single-
(cheni cal - nechanteal pollistimg)llayvar Sof Srxdfet wrysdaldinhengbohiled o

to the surd acg1bwimgt RBcOXdReRdhNG aysy 31488, cbhgentF) -
The Sol strugécre ri , S|I|§§)en

4 c es,.as is well kno er se, a
substrate 43, urted g’gi d SJ(%JO%H"I‘:’W&PSE}&QS% gStqut&gﬁ alt¥v
| ayer 41, thapre¢dutedsayim si nghewn cmpstigl, si ttton |tdger Suhrhi gfut™

crystal || ne quabidanodf bl o Rnie sBE0RHE! £ Of: MG hct roni ¢
conponents. Such an ‘Sol. (silicon-on-insulator) structuré nay be

y
produced, in a known tatigih P hg2 Lt e3ECHES t d8hndiSgye i ch
conpr,i sesii hesépdtave g stepst combination) in an oxidized silicon

first substrate in order to form a weakened =zone in

said substfate, defining a donor silicon wafer;

- bonding, for example by molecular adhesion, the

first silicon substrate to a second silicon substrate
20 corresponding to the support substrate prepared as
described above;

- splitting (thermally and/or mechanically} the
donor silicon wafer at the =zone weakened by the
implantation; and, optionally,

25 - finishing by chemical etching,
polisghing/planarization and/or heat treatment.

An SOI structure {identical to structure 4), comprising
a silicon support substrate with a buried oxide layer
30 (identical to the silicon substrate 43 with the buried
oxide (8i0;) layer 42) and a silicon film obtained by
transferring the donor silicon wafer (corresponding to

the silicon active layer 41), is thus obtained.

35 The S80I structure 4 is bonded to the oxide bonding
layer 3 by means of very low-temperature bonding, which
can be achieved for example with molecular adhesion
bonding wvia plasma activation (oxygen plasma, nitrogen
plasma, etc.). Annealing in a temperature range between



- inplantation of gaseous species (H, He, etc., 15 separately or in
conbi nation) in an oxidized silicon first substrate in order to form
a weakened zone in said substrate, defining a donor silicon wafer; -
bondi ng, for exanple by nol ecul ar adhesigon, the first silicon
substrate to a second silicon substrate 20 corresponding to the
support substieproxpmsialet &P ° Hesst ildod caboag, be spipitikkdngo as to
(thermal Iy anednreqmehaninal lndihe dapeteslliogiopaler dle the zane
y, 25 - Tinishing by

weakened by the _jinplantation; and, optiona

chenical etc ,mr%ofaryﬁ n?g/?ﬂ‘%n‘g‘?‘? zgﬁ o BirHGe Heatstare ft8tentoutan
SO structureXsaant imatore sheudhitkall)praeiricsi F theSkLicodn.
support substrate with a buried oxide layer 30 (identical to the
silicon substrate 43 with the buried oxide (SiOQ2) |layer 42) and a
silicon fil m¥bthai nEBCpyS114aR EFPFREREhe 4dond? HIMYER wWaY ewater
(correspondi ngrialirighe sy | peddsathiyve dvayeraml) by i SHehdgaobtaidigey 35
The SO struc 4+4 S t,ath i . di | ayer_ 3.by ans
of very Iovv-tFeérgp ra%%’regggﬁglgnlg)v\hj%gh%x 1S(::"{(;-:Eli'ﬂn:"beb%]g %%ﬁ?eevg%y?ror “8x Ce
with ol ecul dreT5Fesi dﬁteBonﬁilag viEYeadfa cactPyat svampbxydgen dry

pl asma, niot r agesmicpllassmshieioC. Ja . ANRARISAY dRhAnk® MR aldH &HANR 1

bet ween 10 imately 6Q00C and 1100C be applied so as to
reinforce the (l)rl(r%‘lgrr{g i%rjfterer(iésge %é’t m@%ge?ﬂiy%xi%%ﬁp%di%qgaygw
and the Sol sthefdemeshylegmepisg)hydrexiddlso to restore the initial
properties of the silicon. 5 Next, the silicon substrate 43 is

renoved by fer rinding,..b ol i shi (CwP) and by chem cal,
et chi ng (s}tlvg)‘pS S@{mg?]?g&rne fﬁ)g?érghgbbur"fq‘%& oxPde- Ty ePPalgpdo s a
' 15 bilayer structure of the SOI on silicon substrate type
containing a germanium pattern 20.

The next two steps consist in forming a cavity for
opening the structure above the germanium pattern 20,
20 As during step 83, an aperture mask 11 is applied on
the silicon active layer 41 (step 511, figure 1H), for
example by lithography, and then those parts of the
gilicon active layer 41 which are exposed through the
aperture of the mask 11 are chemically etched (step
25 812, figure 1I). The aperture mask 11 mist be aligned
so as to open the layer 41 above the germanium pattern
20. The mask 11 corresponds to the countertype of the
mask 10 used in step S83. Once the etching has been
completed and the mask removed, the silicon active
30 layer 41 has a cavity 12 that lies above the germanium
pattern 20, as shown in figﬁre 1I. Next, the part of
the oxide layer 3 lying between the germanium pattexn
20 and the cavity 12 1is vremoved, by dry chemical
etching (e.g. plasma etching) or wet etching, so as to
35 extend said cavity down to the pattern 20 (step 813,
figure 1J). ' '

Once the germanium pattern has been exposed, a

selective epitaxidl regrowth of gallium arsenide (Gaks)



removed (step 510, figure 1G, for exanple by dry 10 chem cal etching
(e.g. plasma etching) or wet chem cal etching, or else by selective
etching using TMAH (tetranethyl ammoni um hydroxi de). As shown in
figure 1G what is thus obtained is a 445 bilayer structure of the
SOl on silicon substrate type containing a germanium pattern 20. The
next two stepss C@:ﬁﬁfir&édi nodior Mishgpa wayi tylé@fe meni mgikhersdddugtur e
above the ger Ratt n n aperture
mask 11 is app on thcgdrw'?[slﬁ%’ocon%gc?é %%rwﬁi (st%aﬁ%llls’plafndJure
1H), for exaﬁ’?&}i‘eelﬁ?y it REGFAPRYRT ahere h@ﬁ tgﬁdééumaratrsvecmdtehe(GaAs
silicon actl Veand ety 4lewdll CHiglh etBXPOELEatdr 8dgRnkhes 1 18R W& 9k

t he mask af & che cally etched (step 25 512, figure 1lI). The
aperture mask af’f n'ﬂt be aligned so as to open the |ayer 41 above
the germanium pattern 20. The mask 11 corresponds to the countertype

of the mask d&hdisad hdt stiep SSiy ML ¢ ey @l:ahiing has Reebe GRSt ed
and the mask renoved, thge m#\con active 30 |layer 41 haslla cavi ttX-L 12

that |ies abdt®e % ha g&FAEHT uniy PateriP HFTh L% HhE 3 ot E oMt
Next, the parRomfexampleoxirdéahgyer Infghngninetalben el garafingm a

pattern 140 apd-dhe e YdNth?2 1bgetenoved, by dry chemical etching
(e.g. plasma etching) or wet etching, so as to 35 extend said cavity

down to the pattern 20 (step 513, figure 1J). . Once the germani um
pattern has bésrewmxposeathe anatsetiedt io\fetemi toanciwarih rlag'leefwt:}s afotgairlyum
arseni de (Gaﬁ_sl)mtejdl td 5?&%51'1% OUfheg S#f&ﬂé}lll%yéjguﬁl%gl T les an

regromh allaows the cav
pattern 5, cGHTEHYY rﬁé?rréd@f (&M | dRYEF sERTRRA (C@a%)(ljé??er% n(&oloével

w t h t he 1sur fsidel @fn tdhidSirkiteoandctry® which it is possible to form
ITITI-V materials such as GaN and/or AlGaN and/or InGaN
and/or ZnGaN.

The fabrication process of the present invention makes
20 it possible for III-V materials and silicon to be
homogenecusly integiated on one and the same mechanical
support, irrespective of the size of the wafers toc be

produced, such as for example 200 mm or 300 mm diameter

wafexrs.
25
Many  advantageous applications are possible with the
multilayer structure of the pregent invention. In
particular, the island(s) of III-V materials formed way
be used to produce optoelectronic components of the
30 source or detector type, which can be used as

connection means. The electromic chips fabricated from
such a structure may then be connected to external
devices via optical links (for example connection to
optical fibers oxr waveguides) and benefit £from larger
35 bandwidths and datarates than with glectrical

connections and links.

According to another advantageous application, the

structure of the invention wmay be used for placing,



5 layer 41. GaAs is not the only I11-V material that can be forned
on a germani um | ayer or pattern by epitaxial regrowh. For exanple,
Al GaAs or InGaAs may also be formed froma 10 germani um growth

| ayer. Moreover, the material of the gremh |layer is not only
limted to germanium The growth | ayer may al so be an al um num
nitride (ALN)witdyiar £ orifeidcaon carichiQ) arsé400f dbastldceors Jubsla ane
and from whi it 1S thke to-fo -V, i.al.s GaN
and/ or Al GaNchn%/Vor }ﬁ%%ﬁiggnd/% Zﬁ%ﬁ'é#he %ﬁ%@gﬁ o#y%&o%gnsagmgf
the present i MREHIGHRhakEReeD0 | thERISHISNETRBE | | BEG - hat &PR& s MA%d
silicon to be:rdiwingenequsly integrated on one and the sane.

mechani cal; support, irrespective of the size of the wafers to be
produced, such as for exanple 200 mmor 300 nm di aneter wafers. 25
Many advant ageous applications are possible with the multilayer
structure of the present invention. In particular, the island(s) of
I11-V materials fornmed may be used to produce optoel ectronic
conponents of the 30 source or detector type, which can be used as
connection nmeans. The el ectronic chips fabricated from such a
structure may then be connected to external devices via optical

| inks (for exanple connection to optical fibers or wavegui des) and
benefit fromlarger 35 bandwi dths and datarates than with el ectri cal
connections and |inks. According to anot her advantageous applicati on,
the structure of the invention may be used for placing, 12 wthin a
silicon circuit, a set of transistors based on



[11-V material of greater intrinsic performance (sw tching speed,

t hrough-current, etc.) than MOS transistors. 5 - 13 - CLAIMS 1. A
process for fabricating a multilayer structure, conprising at |east
the following steps: 5 a) epitaxial grow h-of a gromh layer (2) on a
silicon substrate (1); b) formation of at |east one pattern (20) in
the: growth layer (2); c) deposition OAEME oxide | ayer (3) on the
silicon 10 substrate (1); d) transfer of a silicon active |ayer (41)

onto the oxide |ayer %3%; e forngtlon of a cavit %é%%% in the
silicon active | &yePTP941YS ah@*i AAPRECHXIME Fall t% YhoVer w15
pattern (20);camprising griovtdrsitn thikefoaVoving 1Xemd: a 111-V materi a
(5) from eEaCh eXpoé)edeﬁéﬂ:’aﬂ %&%&w% EEe Hr Q%E)Qtlllayl_ er( 2?2) Zgnz'a

The process as, clained. in clai erein, i step Bb), each pattern
(20) is produdtHiERP cHEAERTES (2dtiching the growth |ayer (2) through
an aperture mask ¥1Qjoappliced @h sai legsowohel pyerexr’d5 (20)THey the

process as C'§£9@§hi 2l )l or 2, wherein, in step e), the cavity
(12) is produced by chenicall'’y etching the_silicon active |ayer (41)
and, the oxide |a&erdgsiHBuUGt a7 SFdPEuLBYRAsk3 | 13} Bppl T RP
said silicongasstyecd ayer;, sai d mask being aligned with 30 respect

to .eaCh _pattern (2c9)> 'l?]I ﬁglﬁeargr&%w g lgﬂYl%rco(nz)acélive:rhﬁa9égce(%§)asonto
claimed in any one of 'claims 1 1o
the oxide layer (3);

e) formation of a cavity (12} in the silicon
active layer (41) and in the oxide layer (3) above each
15 pattern (20}; and ' .
£f) growth in the cavity (12) of a III-V material
(5) from each exposed pattern (20) of the growth layer

(2} .

20 2. The process as claimed in claim 1, wherein, in
step b), each pattern (20) is produced by chemically
etching the growth layer (2} through an aperture mask
(10} applied on said growth layer.

25 3. The process as claimed in claim 1 or 2, wherein,
in step e), the cavity {(12) is produced by chemically
etching the sgilicon active layer (41) and. the oxide
layer (3) through an aperture mask (11) applied on said
silicon active layer, said mask being aligned with

30 respect to each pattern (20) of the growth layer (2).

4. The process as claimed in any one of claims 1 to
3, wherein, in step d), the ‘silicon active layer {41)
ié transferred by bonding an SOI structure (4) onto the

35 oxide layer (3), the base substrate (43) of the BS0I
structure (4) being removed after bonding.



3, wherein, in step d) , the silicon active layer (41) is
transferred by bonding an SO structure (4) onto the 35 oxide |ayer
(3), the base substrate (43) of the SO structure (4) being renoved
after bonding. - 14 5. The process as gfained in any one of clains 1
to 4, wherein the silicon substrate (1) is a msoriented silicon
substrate. 5 %. Thehoprocesssasasl alartokd niangnpnenef ofl ailagmg tlo t<p,

wherein the 940 gel»é% rtﬁ@ 1§ 4 %oﬂefsmgwghléax& 16 MR MEOLESSAS

claimed in cla furt erm)re I nc after step b) and
before step cfjlllci‘??l a‘-’tuk{%teone heat treatment step so as to allow
the dislocations to mgrate toward the edges of each pattern (20)

o 7, “wher e 15 The PTC e eA Sy °FESEngenet B IS 3 e

of the fol | oW rigRemERier itdis Inpythy dAvarséd)l dbs (RegRPaniffGiAYeEnd

InGaAs. 9. The process as clained in any one of clains 1 to 20 5,

wherein the gJ;owt Iayer oée Q alatém éJ_Ler Qde'[dl’l '8!% . T ich
process as clal ne |n C m whér ei i the eri aI chosen

from at | eastfwnehesmaree 1T25111Qﬁﬁ1romfﬁ@rrrﬁtiépl EP san@alRPf%%afF\FeEP fEaN
and ZnGaN.p at least one heat treatment step so as to allow the

dislocations to migraﬁe toward the edges of each
pattern (20) and to be annihilated thereat.

8. The process as claimed in claim € or 7, wherein

15 the iII~V material (5) is chosen from at least one of
the following materials: gallium arsenide (GalAs},
AlGaAs and InGalAs.

9. The process as claimed in any one of claims 1 to
20 5, wherein the growth layer is an aluminum nitride

lavyer.

10. The process as claimed in c¢laim 9, wherein the
III-V material is chosen from at least one of the
25 following materials: GaW, AlGaN, InGaN and ZnGaN.



