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1. SUBSTRATE FOR STRESSED SYSTEMsS AND METHOD FOR
CRYSTAL GROMH ON SUCH A SUBSTRATE Field of the
invention and prior art 5 The 4 nvention relates to
the field of substrates for crystal growth
(epitaxial growth) and to techni ques for crystal
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(> 12 micrometers (pm}) on a substrate for epitaxy.

The literature mentions epitaxial growth of that
typé essentially on the following bulk substrates:
sapphire, SiC, and Si. Those three substrates are the
most frequently used, since they are the most readily
available substrates. A few tests have been carried out
on substrates such as Zn0 or LiGa0,.

Currently, epitaxial GaN layers homogeneously
deposited on a substrate surface have a diglocation
density in the range 10° and 10*°/cm? regardless of the
nucleation surface used.

The stresses in thick GaN layers obtained by MOCVD
(growth temperature 1000-1100°C) clearly depend on the
coefficient of thermal expansion of the epitaxial
substrate, which determines the stresses of thermoelastic
origin that are imposed on the system.

GaN layers produced on sapphire are in compression,

while those obtained on 8iC are under slight tension and
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coefficient of thermal expansion of the epitaxial
substrate, which determ nes the stresses of
thernoel astic 35 origin that are i nposed on the
system GaN | ayers produced on“sapphire are in
conpression, while those obtained on SiC are under

ht tensi n and 2 those on silicon are under. high
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known as pendecepitaxy (PE), lateral overgrowth from
trenches (LOFT), and cantilever epitaxy (CE). All of
those techniques are based on lateral overgrowth and
coalescence of the epitaxially grown layer to ultimately
form a continuous film. The continuous films obtained
have precise zones with improved crystal quality (the
epitaxial lateral overgrowth (ELOG} technique), or have a )
homogeneous film of crystal quality (LOFT technique) .
Those solutions have been demonstrated for sapphire, 8iC,
and Si (111).

Although they improve the crystal quality of the
epitaxially grown f£ilm, those solutions cannot
effectively solve the problem of stress in the
epitaxially grown films.

Thus, there is a problem with producing a substrate
or a support that can absorb a high level of stresses

during crystal growth, in particular during thick



epitaxial lateral overgrowh (ELOG technique), or
have a honogeneous filmof crystal quality (LOFT
techni que). Those solutions have been denonstrated
for sapphire, SiC, 30 and Si (ill). A though they
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SIS G Lp%eHPort that can absorb high |evels
of stresses, in particular to obtain thick layers,
f X3l £ Whe, rowm ng GaN | ayers. Description of
t%{? i nv?qjﬁoc?n cftnn %}%H’%’t’gﬁﬁﬁﬁ there is provided a
suppor& for crystal %r owt h conprising: a nucleation
| ayer; a®pbtyer yERSCT o BpBR obs BeMiErd pagerporandor crystal
aghaseh sathgtiai@y: The buffer layer can absorb or
accomodat e stresses ppearing during epitaxial
growt h carrPeofatdAnt hgayeﬁfucl eation or growth |ayer

of the suppargoel,HiscaOVel, type,0f,sypRort can thus
nore readil produce epitaxial layers with a

t hi ckness ofaYHe &ider of

* a base substrate.

The buffer layer can absorb or accommodate stresses
appearing during epitaxial growth carried out on the
nucleation or growth layer of the support.

This novel type of support can thus more readily
produce epitaxial layers with a thickness of the order of
a féw pm, for example 4 um, in particular thick GaN
1éyers. '

The nucleation layer can be a layer of
monocrystalline material, for example formed from Si oxr
SiC or GaN, or formed from sapphire or AIN or diamond.
It can be obtained by transfer from another substrate.

The support substrate can be formed from Si or SiC,
and the buffer layer can be formed from amorphous
silicon, porous silicon, polysilicon, amorphous silicon
dioxide Si0O,, amorphous silicon nitride Si;N;, silicon
carbide (8iC), gallium nitride (GaN), sapphire or
aluminum nitride (AIN).

In a variation, the nucleation layer is formed from
silicon, the buffer layer is polycrystal or porous, the

base substrate is formed from silicon, and an



a fewpim for exanple 4 pm in particular thick GaN
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nébﬁﬁﬁpéfélaséti%mﬁ&ﬁsemm@rataemthamé@aé%ﬁﬂ;;@@m is
fornmed 2 NASH b t can absor

t her rmg?lgs{s: Fn% str es%gssﬁa%eﬁ%t%%&% Y sﬁ?? ageample, an
array of absorbing elements, which can be obtained by

machining the base substrate, e.g. by ionic etching.

In a second aspect,

there is provided a support for crystal

growth, comprising at least one nucleation layer, and a support

substrate including motifs are etched or formed or produced,

said motifs having elasticity, or being flexible in a plane

parallel to the nucleation layer, the motifs being etched or

formed or produced in, or from, the face of the substrate facing

the nucleation layer.

The invention also provides a sﬁéport for drystal
growth comprising at least one nucleation or growth layer
and a base substrate into which motifs are etched.

The nucleation layer and the base substrate can be

formed from silicon, an oxide or electrically insulating

layer being located between the nucleation layer and the
substrate. '



Thi s mechani cal system conprises, for exanple, an
array of absorbing el enents, which can be obtai ned by
machi ni ng the base substraté&a e.g. by ionic etching.
In a second aspect, there is provided a support for
crystal growth, conprising at |east one nucleation

| ayer, and a support substrate including notifs are
etched or formed or produced, said notifs having

el asticity, or bej f.l exi in a n I to
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nucl eation |ayer and the substrate. 4a This second
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SO type structure. A buffer l|ayer can be | ocated

bet ween the nucl eation r.growt h | ayer. qr the oxide

| ayer ahd® tijéllﬁgsé’Spgi:ff)'stF]féifqE i i BafFer dPaydy taxtal growth
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exanple formed from Si, anorphous silicon, porous

sPPP¥dn, polysilicon, SiC, GaN, sapphire or AIN. In

a third aspect, there is provided an epitaxial growth

nmethod in which gromh is carried out on a support as
defined above. 5 Brief description of the figures

Figures 1 and 2 show a first inplenmentation of
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the invention; Figures 3Ato 4 show a second

i npl ementation of 5 the invention; Figures 5A and
5B show steps of a substrate fracture method.
Det ai | ed description of inplefentations of the
invention 10 In a first inplenmentation, a buffer or
internmediate layer is interposed between a

e} @bt descoip ot ¢f | tlyer figndea base substrate,

whi ch buff ef; hayer £am@bsosRon aqﬂﬁféttYmﬁiementatlon of
stresses, for  exanple by generating crystalline

defects in &% LP¥RELI}R by mechanical 15

di spl acerentiQirdmteLi@d 4 Nshawdal syesnd Odape¥@sRtation of
of said structure LS shown in Figure 1, which shows

a nucl eat i on'¥ ay&¥*2: 1@ buffer layer 4 as nentioned
above, amd EagwpgerAsm@étﬁBtehﬁwsatepasoSuaosubstfate

or sapphire %;ggg gmnumnitride (AIN). 20 The
buf fer IayefrJg IS a pd?ycrystal, por ous, or

amor phous | ayer, for exanple. It can be formed by CVD
IS T @S £ AP Don FOF feqenehtisens éﬁlihe invention

silicon carblde Si Lun1n|t£ g §
sapphi t% ®rt 1%&%n¥%%%%%ﬁ$??ﬁ%°?ﬁaﬂb u ?? cBh urbgFyediate
(51@2& ioristéigone@batieedea Sh3dllleatShon ont @roath layer

S 357V Y Bl OXPLE o Pebbos YRRl EnolyL ey o
oqu%ntw@ho@é stresops, @@rygxampbﬁ by 9@n@u@ténglcon

(OB A Dediby 40EELE ONQl s 303PRRPSET b€ agyo[ﬂe@ﬁaﬁycal
porous deposit). The nucl eation’ | ayer for

Rt acementy ot Bterbnbciysealfi @Y‘F‘rﬁt erl al ,

obt ai nele byxdhpnef &f rsagdast bubtukayes Eh@ﬁhalﬁiFigure 1,
s bstrate, for ex | e. usi gggthe

f t L
Woagor (el tiel Mytfoe. o BhbtSs Tavel ¢ as
rm&nﬂimmpdoabﬂvs,swm@eat$uppOEVeaubh9rate|élauby as Si or

SiC or sapphire (Al,0;3) or aluminum nitride (AIN).

The buffer layer 4 is a polycrystal, porous, or
amorphous layer, for example. It can be formed by CVD
technique and can be formed from silicon (Si), silicon
carbide (SiC), gallium nitride (GaN), sapphire or
aluminum nitride (A1N), silicon dioxide (Si0;), or silicon
nitride Si;N,. Said materials are given by way of
example.

In the example of the silicon layer, the buffer
layer can be a thin layer of amorphous silicon,
polysilicon or porous silicon (obtained by intentional
porosification or by porous deposit).

The nucleation layer 2 is, for example, a layer of
monocrystalline material, obtained by transferring a thin
layer from a first substrate, for example using the
fracture method known as “Smart—Cut”_(see Figures 54 and
5B relating te this subject, or even the article by

A. J. Auberton-Hervé cited below in thig description).
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A. J. Auberton-Herve cited belowin this

description). 6 Typically, the thickness of the

nucl eation |ayer is of the order of 0.1 pmto 2 pm

thick, for exanple 0.5 pm the thickness of the

buffer layer is of the order of a few-tenths of pm

for exanple about 0.01 pmto about 1 pm5 or 2 pm

and t@gimllﬁt ethanth:&acknﬁesheoﬁrdhe aficiedetiah layer is
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exanpl e, Si C has coefficient of thermal ~expansion
&F £ 300-31d  the %‘é}%s‘ér%‘b%f‘F%H@ﬁtOSf the grdpreef, several

ahiriad (A203) hastke cpehdécieot paf té8X1006fm, FBkSexample
di,f f qﬂf(f in the %gefflc:lents of the layer 2 and of
b

ey % ¥ caf’ géherate stresses during 15

phase§f1®f thmlpéxcai@mes resetberhal | expanpaohi Culard C, of
UMee Jéleea{@i | Ve, di- T4 erencee | reJICin-

O glqed i Vo) o oAea0 %'g}esﬁg%té%ﬁ% S};n be
tdéiﬁf@rrﬁftﬁfe Fow, eX%@l@ 2DEC ohassE, cpﬁffhmepyp@fothermal
ﬁxrﬁéﬁiéﬁ_rcﬁl St resseso grrersd e}@agual &£ e PEn €XGHI Si on

grat ur are absaqr bed the bu
?ﬁgp% &avgﬁ)alh“)l‘/%y‘%rco? élc§?ﬁ1%s‘§%s7>é¥% K™
absor e hﬁrﬁeﬁrélycdeirecﬁh@e@@éﬁfioﬂentﬁ of heheasgyer 2

%fnda SO Al%%@trr?étlj% pg%/\ﬁs % eJQa eogér ses b%l%:f:bng

I splacenent eri al ant cal
e szF dhdicomertere eskes . of nf@hb, casep@ftaﬂular once

%mr@&l&lx%’%lfféf@l@é'réle—g@ yela aé@t en Mt (2 is ac
the stresses occurs rs prese

H@Stnvdtt i9h 3% BB Uppr BT *aﬁmwat:%@: o e
slouwdt woed nwizdct he oxide is not an oxi de of

Fg;;?qp thé% Q%%M§QJ Xéé%hc ﬁgg bggggggeglgggg%agéd during
an excursion in temperature are absorbed by the buffer
layer 4. In the case of a polycrystal layer, the
stresses are absorbed therein by defect generation. In
the case of a porous layer, the pores allow local
displacement of material which mechanically absorb the
tensions or stresses. 1In the case of an amorphous layer,
the privileged relaxation mode of the stresses occurs by
creep of the layers present.

The invention is also applicable to an SOI type
structure in which the oxide is not an oxide of silicon,
but an oxide which becomeg viscous at a lower
temperature, for example a boro-phospho-silicate glass
(BPSG). If the layer is viscous, it absorbs the tensions
and stresses by creep.

That same type of buffer layer can be interposed in
an SOI structure between the oxide or insulating layer
and the substrate. Such a structure is shown in Figure

2, in which reference number 10 designates a thin layer



10

15

20

25

30

35

tenperature, for exanple a boro-phospho-silicate
glass (BPSG. If the layer is viscous, it absorbs
the tensions and stresses by creep. That sane type
of buffer layer can be interposed in 35 an SO
structure between the oxide or insulating |layer and
the substrate. Such a structure is shown in Figure
20fi nemhbe?duetawg@t&m&r, j’g&e_ct%l&iawl@t ?ﬁan%ﬁrriisftalline,
I r of .sem conduyctive nmaterial, preferably
nonger FSFRPRS REot §ad i cPbingd [hASM SFEERGN S 411 it fum
cakbohdSi GaNgakhppinirei, t cird@IGaN, Redgphince, nombArN.12

u esi;gna I of ,5
oar G fEe R T geySE, SR Rignhenal, BGLeP1s HBrgsents the
r eréfefictanarbendl sefepeasennsimpers digs tepre skartre d

f eapreraedi eepfua! iFyemMBl 8khlonBludt i vieh @l 341141600 .
In such an. SO structure, the oxide |layer also acts
aghbcgt?égﬁcﬁﬁconnodation | ayer because the crystal

10 gromﬁhsﬂéhhadsS&EESQ&Ubt&&eQuthato&ﬂ@@eﬂ&@@&e%l%% acts
t 0 f ral._hundred.degtees (for . exa
1%%0%3§g§%f8 88&%Podaglo %agfr ecauggetggcggg§ al

t hose errpera} ure t e "oxXi
visewtls uadhodbsarhs ceomaedf oulieatt tespegatlireshulff ehe

| 8¥&&x 145 Wkl erah SAuARSARD 48R 8 ($RId <REhBIZGS ooy .
in a different 15 manner as i't does not becone

Vi CoRSe ThemPeFatiyesdi FRer erdesi RecrBegostipiceuenand
oébsdHes nebmexpanshensbetwees .t Peheuslh;egb&pllak/@&eml%ill
a h substrate 16 can therefore, |ikew se,_,
g%g%%egb%%%% 19% 8% 56%?0? 369556 ' aftbitent 2 aifferent
tedpee Bt &% el ¢ 20G2er n26Chec@BeFuisanusS0  struct ure,

Lhe DURREr-Layel LdqepRerbabe XAPALECOLERYLY LEOMA

deposit_of anorphous or polycrystal silTicon that
behe PR hrnp®aet pisbpEYses thgdnuslepsionxdapke, 10nand the

t b s ergee 106 NBxhOthePbibek , 01 kB sk) BePhPebREe¢K than 103
or 20% or 30% at ambient temperature (20°C or 25°C).

For an SOI structure, the buffer layer 14 can, for
example, result from a deposit of amorphous or
polycrystal silicon that can box in and absorb stresses
and is, for example, in the range 10 nm to 1 um or 0.1 um
to 2 um thick.

Typically, the thickness of the layer 10, which can
be formed by transfer, is about 10 nm to 300 nm, or is
even in the range 0.1 ym to 2 pm. The thickness of the
layer 12, which can be formed by deposit, is of the order
of a few hundred nm, for example in the range 100 nm to
700 nm, for example 400 nm.

The substrate 10 can be of substantially the same
thickness as the substrate 6 in Figure 1.

In a further implementation shown in Figure 3A, in a
substrate 20 or rigid support, an accommodation layer 22
is generated which ig elastic or which has a certain
elasticity at least in a plane xy, parallel to the plane
of the different layers 24, 26. Said layer 22, is
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elasticity can be cal cu

25 Typically, the thickness of the layer 10, which

can be forned by transfer, is about 10 nmto 300 nm

or is evenin the range 0.1 pinto 2 pm The

t hi ckness of the layer 12, wd ch can be fornmed by
deposit, is of the order of a few hundred nm for
exanple in the range 100 nmto 30 700 nm for exanple
46 nimed hef swibstamp e 10bgaat bhinf subshast bal kyethibBes or

i ck .th trat ' ' 1, | .
P TSR 5 ¢ dfoBhbw PR ERg PP RE R g0 " Bata
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aradPLd B Genefat et bi 6B 15 elasbhc 95 whigh B
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lmyeei RAeodw. 8 obtained, for exanple, by etching

not ch or trenches aor any ofher geonetric nptif
oo Lo A T o 20howh i RSTre fHes afeRtlient
elasmmerdat orn akaeydt eXd pl eimbnlarptanehapaial FeGuke 3A, can

RPN A d PV Serpd 20 TDE" EPULAL NGuBst rate 20,
a Tat ed y appl yi ng e
W R Vededd tpeep yble nprohsehanet adbenenne between

Rigre 3 f rasd | 480t suBserPIPRARs | PR ERYEEN23ppear in the
simlar to that, in Figure 3A can also be forned In

(TSR FERE o (T SEDstfat 7205 YT iRt By also absorb

prteverdaang possi bl e probl ens of adherence between

the | aye d..t he. strate. .20 which.can appear in .,
t he %}ﬁ[ ité"gor i??co%a i %5# g%‘% Iéégi. ATRPEIGAF T LR g}éﬁgems in
dHismrgss oif arst ril sesn Hheptrewenechantical sahe esgbstrate.

accommﬂagﬂ&&éys;@f@aﬂé@ (ﬂﬁgﬂglu%@g, @@ﬂeé%atgubﬁ as

Qresent in the same substrate. _not er varil an
(HaUur =), Gt GEARhe s R Fe 8298 i ctirg " sulpaErate 20 on

DRI, bATe RS iFF tHige SHRSEE AL € 20 Ofice 0084 9%, bt Brrege
si.des otf t he fsjybstrate. Once again, a stress
absorption effect 1s obtaine

It is also possible to have a system such as that in
Figure 3A or 3B on one side of the substrate, and a
gsystem such as that in Figure 3C on the other side.

The etched or hollowed ocut motifs preferably repeat
themselves in a two-dimensional periodic pattern or in
one dimension as shown in Figure 4.

As an example, trenches with a depth p equal to
about 10 pm, and with a width ¢ = 1 um and spaced apart by
an amount e = 1 pm, are hollowed into the substrate 20 to
generate said mechanical absorption gystemn.

The layers 24, 26 and the substrate 20 can be
identical or similar to layers 2, 4 and to the substrate
6 of Figure 1, with the same typical thicknesses, and
obtained with the same techniques. The nucleation layer
24 can, for example, be a layer of monocrystalline
material obtained by transferring a thin layer from a
first substrate, for example using the “Smart Cut” method

or by fracturing the substrate (the steps of said method



10

15

20

25

30

35

absorption effect is obtained. 20 It is al so possible

to have a systemsuch as that in Figure 3A or 3B on

one side of the substrate,,and a system such as that

in Figure 3C on the other side The etched or

hol |l owed out notifs preferably repeat thenselves in

a two-di nensional periodic pattern or in 25 one
ﬁdﬂﬂgﬂdﬂbéﬁhﬁéﬂWﬁbi@wFlgUéenﬂecéﬁoﬂnweﬁﬁnpiﬁures 5A and

t nches a ugl to abput 10 and

Eﬁf buﬁf%lnwa 19sgéce apa?¥ b aﬁg%eaggﬁn?
@Oiybqyﬁt&ﬂeptuw¢xwm@ layerthe SubsEi@t eG&Y, t®apphire or
genRerate said nechani cal absorption system 30 The

llayers 24, 26 and the substrate 20 can be _identica
or si Mharstgtayes sob FYIuReSt 32t hdBsudst 3@t @aneabso be a

gl dre W heRdieseRMBYbY Pi €RE lay@kn%sxsém@n@l 1ayer of
obt.aj ned with f e sane tg@hn%qyes gg nuclea
RSy b 40" BB P "hAVER| af b S SHIRT 1ayer of
nnﬂoanyslalllne 35 material obtained by transferring
a thi yer_f t,.su t anpl e
usi ngrkt%aggsaléc?%ﬁﬂ){ o%l Q&H—% &? agllti%%(ng t he
supsiaman i s tepbngfa sak vauﬁ’étlmds@ch ba$ fghat shown in

daspidded halowimscpnecis Oﬁeﬁéhegéﬂé'aeén%l@%d/or the
5B), and the buffer | ayer 26 can,_ for_exanple, be

W& diberianrpraTalbel ofo shhe gplanepf “s%p*ﬁw%rs
an, AIzN B The ﬁf@ﬁm;@lﬁétg%g&lé@@mﬁé‘?%@&n oxay?tg%Ca?@
tr UCt ur (0] e e er
SRS R BN W dee ek b DT A 115 o€ 24
bei ng IaleJrgslﬁeaym of £ sméisappott is absoipadshpl e
%1%@&%&%0% fé{%}aé%;:oﬁ‘é Hﬁén&kﬁstrate 20,

structure sSuc as t at snown 1 n I gure
SEFSHFAIE T handiRg PREC on SWeSBIIFOrvite trrnerepfuay

iR amdHMd Blg tocdbhe phaperefctDer | 8V&FS the surface
area brought into contact may be substantially reduced
{by about 50%, for example).

In addition, in the case of highly etched surfaces
(and thus with a small contact surface area or a very
reduced contact surface area), for example, the
distribution of the trenches or of the notches could be
optimized to allow spontaneocus bonding. To this end, the
geometric parameters of the patterns could be adjusted,
e.g. the width and/or the periodicity of said patterns.

In order to obtain an etched substrate and to be
able to preserve a flat bonding surface, it is possible
to obturate the surface of the substrate in part or
complétely prior to bonding. Even complete obturation
over the entire depth of the trenches or of the etched
patterns enables an absorption effect of the stresses to
be consexved. |

In one example, 1f the surface is formed from
silicon, a step for smoothing the surface of the

substrate 20 in a stream of hydrogen can be carried out
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10, 12, 14 to forman elastic accommodation | ayer as
descri bed above with reference to Figures 3A to 3C
15 In Figure 3A, if the support is obtained by
nol ecul ar bonding of the |layerdo 26 to the substrate
20, carrying out bonding onto a substrate wth
trenches may nodify the bonding step, in particular
gicned ddee tsher feaoehiray gai ey dughiarthtar conipicit athy e
t  al e y oUt %_.f0 X | e).
I%#%%Ig %élrgn%é/isr'nl ]td%geoq_g a%gonc()%)’ ha}aE’g hﬁ%yllg%c%aet éu’% gﬁgp Qe 4
(anwhivls wéfgrenehaiunyont 3 timlirdatss diidd g aofay
rreduced £ act: i aceArea)e rdOin il &, the
di stri_bution of the trenches or of the notches could
be 25 8btd iR e LY SpchtReTecRP i et ik (for
@x@b nplte argeaietd) Cisﬁai@tm ; iral:reﬁi 31;0 tdta;ﬁp@tﬂeerﬂ}gg aotrtbhes
ust e e.g...1t. t h. and/ or, the periodicit
S Bl ihans 5 ek Siding draBtiaded By a
Swins topdtien igred] tediddel ovalil mertadh prseslerthieora fd7at) boirdi gy
I P i - 30 te t r e
SR s TR L) S P A AR G
Bondi-nghaRgerftc dpl etfe Wisthivatasnfasifarratie amnner
deRihidiely tha drierches @, 10f iheseiiohad cRalherNulation”,
?@@S %\57%% absorption effect of the stresses to be
erVe®®'35 I'n one exanple, if the surface is
f or med'Ha @asasidliccbyupsttef dmrs s etlhkinkgtt hthat can
r f sUhst [ re of dr ogen
%%r?ﬁ%gﬁé%rlrlﬁgébout 1&&‘%’%%03%% og}ee e(é%;?l r?éld1i S in
peforaatdempladt dihe Baraiqr adtehesf o [theowadtlenm ddie

ithleetiat /ghddy FIHINE fhot IdE WHL R HEhHRIANGE MW less .
28 indjcates filling of a trench Wlth“ silicon over a
cert alRSIERHN PR 2dfk Hdie Samfp|emagt -cut” (or
sabsteriter fdagumisr iia ddsurimxanpl amn @didQ)e s,

ﬂSPSSi%%%é%%dﬁyﬂ@¥¥éaé€“%ffe 'gg%an Smart Cut change the
future of microelectronicg?”, published in Internaticnal
Journal of High Speed Electronics and Systems, Vol. 10
No. 1, 2000, P. 131-146.

Steps of that method are described below with

r

reference to Figures SA and 5B, in which the references
40 and 42 designate two substrates, both formed from
semiconductive materials, for example.

In a first step (Figure 5A), ionic or atomic
implantation is carried out into the substrate 40,
forming a thin layer 52 which extends substantially
parallel to the surface 41 of the substrate 40. A layer
or plane of weakness or fracture is formed, defining in
the volume of the substrate 40 a lower region 45 intended
to constitute a thin film and an upper region 44
constituting the bulk of the substrate 40. Hydrogen is
generally implanted, but other species can also be
implanted, including co-implantation of hydrogen and

helium.
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at the surface. Said deposit can be carried out by a
non-optim zed shallow trench isolation (STI) filling

nmet hod. Such a nethod is, for_exanple, described in

10 C. P. Chang et al. "A highﬁg manuf act ur abl e cor ner
rounding solution for 0.18 pmshallow trench

i nsul EMD 97-661. The emhl ed support

f or ms F%ﬁ%ﬁfafﬁaﬁzcéﬁ pﬁﬁgﬁaﬁacHFFP §B§6?Wed patterns,

sfoesessmpyenvaenéascamﬂédramsvdefOEﬁgkaOEngf1@h@erformed

b o] r.th I[ls-of t trenches under
tﬁ% %%tggffgﬁg 4%e$ﬁo PaSF?cmSF§SS§Pr%?ﬁ8 t"hod
knomn Eh@e?w@h%uhﬁhﬁatgﬁaﬁﬂ and" 4oposplsprakd are then

f&@@éﬂﬁﬁéd'ﬁl@ﬁsﬁéerQB'QgBQﬁs@rEbEEe49yuéﬁn% wafer
bert on-Herve. et a can Smart Cut c

7 lasaet%?hlﬂﬁ%%eﬂéx%??@ﬁiag@" wabaEF| YRéadi ﬁﬁY techmque

| it nbt | Jonadm  doutnal moErbeybcbpeatdcEl estnani s
1- 146, Steps

S Vol
t%§%§QEY%O%D%E%F%e§%f?be@oégfg%ﬁﬁn?éﬁeFéPE ! eR&e Fbgondlng
FW gl ese@irdnto Sehesa tbhcbhighes etefenerse 26ul@ dedmade

42, dasd GRte oo Su{ast{raﬁssané%h é{%ggfg ”\gglnic nductor
seni conducti ve nateri for exa P
AP BREDA) ($%h¢%c%raﬁ@oﬁ?@hnpﬁﬁgﬁhtaWﬂéﬁY|s

CRit d 05k Diticd Nheb1heasubstrate 40, forming a thin
| ayer 52 mhlph extengs substantially 30 parallel to

the sdt R otk Shpstraskrage” A0 é?thEBr rgpgred by
aftﬂﬁakmEBSDKWmédhmmﬂmallSré@tm@ﬂt tehtntagseB at BRacture

t ubs 40 _a wer.,re ion 45 i ded
to‘%g§ %H? a %?%%dggn Uppef<7ag }%nog4 RaE
corhin tque nigg tdﬁescbauiﬂxe@fm hehs u@ls@vamenamhgdr ageficle by

l1§ 3. gansraldy pdplanted,i but other species can al so
i npl ant ed, including co-inplantation of hydrogen
and ﬂ%qlﬁﬁrquure obtained is that shown in” Figure 5B.

In order to reinforce the bonding interface or the
join between the substrate 42 (or its face 43) and the
thin layer 45 (or the contact face 41), it may be
desirable to raise the temperature to about 1000°C.

During the different temperature rise phases, the
structure of the motifs etched in the substrate 42, in
particular their flexibility or elasticity, compensates
for or absorbs the stresses and the variational
differences due to differences between the coefficients
of the thermal expansion of the two substrates 40, 42.
The relative difference between said coefficients can, as
already mentioned above, be at least 10% or at least 20%
or at least 30% at ambient temperature.

The film 45 can also be a nucleation or growth layer
such as the layer 2, 10, or 24 in Figures 1 to 3C (the
substrate 42 being similar to the substrate 6, 16, 20 in
Figures 1 to 4). However, unlike those structures, the

structure in Figure 5B does not present a buffer layer.
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The substrate 42 is provided with engraved patterns,

for exanple, as described above. Engraving is

performed fromthe surface 43 and/or fromthe

surface 47. The two substrates240 and 42 so prepared

are then 5 assenbled with face 43 agai nst face 41

using a wafer bonding technique (assenbling wafers

usi ng &h¢ féémnit§ueant kdtsd dekremlaiced ly an assembly of
nsapeekapbseni €5 1fisel drohbher Idhes V%h‘i%ma%ﬁ:?c(@ ‘&F the

nmol ecul ar adhe3|on&_or by bondi ng.
t hBYETF&RRNPGhes™t eFﬁ?ﬁﬁ%%mbﬁuW@nﬁéaﬁﬁééO@OQHP%Qﬁ?te

mayktbm Qu. aﬂgn@uAmdluyeGO$@baem S@ﬁkc@m$yayy'1ayers
ég <Bpogi ng" ., (Spience and ; chnolo%y VVIe
45

rscrence Pub% CALI 8RS AlSorti ol
S@ﬁ%@@&@élﬁm p§ thennnedeeédopy 1aa'6trhemmalther buffer layer
meghanhGakst feabmpt that causes a fracture 15 along
t he plane of weakness 52. An exanple of that
techni 438 fSrHaEiPPped PnPiRBcabsywepERESSNEdmabE chdained

blyy etHodAubehéenthanve cat 1§1blaiﬁ|ﬁgt§bhua ¥h€s, it is also
dis,that shown in Fi I'n order to

relhw%g%e 2t ha¥Bbndi nBOFﬁPérﬁgiéCBF t A8 degcirdbrd in the
batweehe the EubSatatech? eor a.[Lt.S“EB.G‘RAH@ k@ncgﬂlrhﬁ:tlng

t y ~th fa

desfol gVl £pthho TR ERALAThpTEE Fhbabh, Thiggeational
ﬁWE@S%Wé @ﬁlf%léﬂpnt@npénatlﬂméom %‘ecphasad Dekéce, 99-3,

Sﬁﬁ@cﬁyé@t§6cﬁgﬁlaailééc@%ﬁgedsttEﬁé SPbSEi§t§2i2(1999)
in 25 rtlcular their flexib or elfastic

conpendat®s LR OAUGHSBLES ?H@bé?rE§§e§u§ﬁHrﬁﬁés to be
vatiratédned thel f f enphemsndiagt @ofi ihplenessibat WaeNwithout

t I Ci of the.thernal pansjon of the
SHefrie e S hakhPEeT pubi P ar b Lathe: aBentae
:ﬁﬁkﬁ&hﬁﬂ§|@m®n$30bang as 30 already nentioned above
be at | east 10% or at |east 20% or at |east 30% at

anbi ent tenperature. The film 45 can al so be a
nucl eation or growh | ayer



such as the layer 2, 10, or 24 in Figures 1 to 3C
(the substrate 42 being sipglar to the substrate 6,
16, 20 in 35 Figures 1 to 4). However, unlike those
structures, the structure in Figure 5B does not
ClEBEseNt a buffer layer. 12 The film45 can also be

repl ced b an assenb f | osed films. In
Lot het St P E GERate or PERER TRORRE roRY ot onl y
concerms a M@©b$ayéenohasabstrate systen1 but any

mul til gy YSukayek It on
 substy ot T T TL Foronane e PRLTe5SSa0ra i ondor

t he nul eatFoPPayefapbrehe- buffer layer in Figures
1 to 3C. The formation of a plane of weakness can be

obt aj ned by net hods, ot her t an_ion |npl ntation.
2 Thugh SEop e el SoCOR0L 00 HaKE AP ey er 01 YBoF BuLRS
nunleaxnpnasaﬁescisb&dlaperhefambnoteybyaKliﬁataguch
m%%efﬁa,"ELTRAN(r) by Splitting Porous Si |ayers”,
roceedi ngs of the 9th International Synp03|un1on
Silicon-on-1nsulator Tech. and Device, 99-3, the

3 El eci roghemcal -Sosh gLy, t§e@1££ﬁ 2P idldnich £4899).

15 O her techniques alSo enable the substrates to, be
MMy e Ak t HoRite kT &#ent F ngPTBRA |ﬁﬁP%nFé%F6ﬂnanalllcon
cant i et smre,atg@:gl:auxﬁlﬁnerpcﬁevve@hmassSagpﬁnre, aluminum

echni q i ncl ud ishing and etching. 13 CLAI M
trﬁsugzg@” for ‘gjr'?fg?%‘fl growth conprising: a
nucl eati on Iayer a polycrystal or porous buf fer

o laye(; h ortd EEBE?E'ﬁgS%St rﬁf %n@ EBEI%t 1, to 3, in

accordin to C alm nuc eatl on Iayer
whischy tﬂaesfetwﬁem@%rl,@f%rl jpecbhaiepfaby transfer

from another substrate.

5. A support according to any one of claims 1 to 4, in
which the support substrate is formed from
silicon (8i), silicon carbkide (35iC), sapphire, aluminum

nitride (AIN), or diamond.

0. A support according to any one of claims 1 to 5, in
which the buffer layer is formed from silicon, amorphous
silicen, porous silicoen, polysilicon, silicon carbide,

gallium nitride, sapphire, aluminum nitride, or silicon

nitride.

7. A support according to any one of claims 1t to 6, in
which the nucleation layer is formed from silicon,

the buffer lavyer is polycrystal or porous, the

support substrate is formed from a semiconductive layer,
and a layer of oxide is included betwesen the nucleation

layer and the buffer layer.



3. A support according to claim2, in which the
nmonocrystalline material is,fornmed fromsilicon,
silicon carbide (SO, galﬂlun1nitride (&N
sapphire, aluminum nitride (ALN), or dianond. 4. A
g suppar suggoertdiag-dmaiiany oaecoktiel ai,nsid tw0i3dh ithe oxide

which.the nucl eati.on | ayer is _obtai ned by transfer
LA by ARofndr kgt avs 16 Oh SABBAPE 6ok dIER & anyoro"

ronephdé-cidinstd gbagds (BPSGhich the support substrate
is formed fromsilicon (Si), silicon carbide (SiC
sapphire, alumnum nitride (AIN), or dianond. 6. A .
? suppdr UBEESEdRRGOLE 1Ay hedpf Qtai fd tlgeéms, 1jfe 8, in
whheeh tike buférfickayerr | shkormmeh d410msi hk¢er, is in the
anorp@oys s#llgon porous silicon, polysilicon,
TZP9F cdn’ cAPbFde? M§allium nitride, sapphire, al um num
nitride, or silicon nitride. 7. A support according
l?p aﬂy588§09£ %E bQ%i%gIpr’aﬂ$ o%%'?? ET?iHQCh¢%&!Qﬂ in
ayer 1s rorne romsi’licon, the bufter [ayer is
wivptlycepst dihigknssroust the Huggem kst raselhs the range
ofermed ££0m gnsenm conductive layer, and a |ayer of
oxi de is included between the nucleation |ayer and
the buffer layer. 14 8. A support according to claim

17, in whiphrt-hexadteind ayer &8y aotayer afioxidelofto 10,
silicon or, a |layer of _boro-_phospho-silicate_glass
Rpelor 6508 SERROFT SRebRaFngoTB ARy Brisobi "ot a s 1

to 8, in which the thickness of the nucleation layer
e cor dEnERCS angone o e al el oFe o T PAHIG el east
O@%i@Mﬁé@@téﬁﬂﬁfk?ﬁﬁﬁ#eﬁnﬁay%rsﬂﬁppﬁttﬁ@bﬁém@§e(ﬁmﬂlUding
n®PMtO ZN erched or formed or produced, said motifs
having elasticity, or being flexible in a plane parallel
te the nucleation layer, the motifs being etched or
formed or preduced in, or from, the face of the substrate

facing the nucleation layer.

13. A support according to <¢laim 12, in which the
nucleation layer and the support substrate are formed
from silicon, and a layer of oxide or insulater is

located between the nucleation layer and the substrate.

14. A support according to claim 12 or claim 13, further
comprising a buffer layer or intermediate layver, located
between the nucleation layer or the layer of oxide or

insulator, and the support substrate.

15. A support according to claim 14, in which the buffer

layer is polycrystal or porous.



11. A support according to any one of clains 1 to 10,
the substrate support furthﬁg conprising notifs. 12.
A support for crystal growh,; conprising at |east
one nucl eation |layer, and a support substrate
including notifs are etched or forned or produced,
aid notifs  having.,elasticity, or bei.ng flexible in
18 DI Ane BT A | 81 CL G 1P e "RuST B4 Ot | dyer ™ il ot | parfer
liopéng etschefoconedf orfiredn or spl.odoced am, oprbuem s$heicon,
- e s .rate [ t he.nucl eat layer .. ..
P%§§§%?%ﬂ%€brtgggég? |nd£%%50 ainﬁigg?fn ﬁﬁigﬁi?%e n%t%lde
(PRIE) eat PRPPByer afdUrReUsuppoitri§gbst (Fae rar 7 or pebicon
nftemsilicon, and a | ayer of oxide or insulator is
| ocat ed between the nucleation |ayer and the
substrate. 14. A support according to claim12 or
1tl aim 43ppbutt hefcorcmay i 8d ngna lukf e5f | ayetmer 11 to 16,
i nter Late .l ayer, . | d. between ihe nucl i.on
opd BPPERb TR b ey PERe G gy Balie Uy S RERua ke ene
seppor tosuse ratepolb. sostppbet according to claim
14, in which the buffer |layer is polycrystal or
orous. 15 16. A support according to claim15, in
1&whi ch FH@pﬁﬁFf@FCq%%;ﬂgi%@f@?ﬁe@“ﬁrdﬁﬁs?i?%%% ot to 17,
1POKOUSH St hé CABL i FROLYSI linC@he FdrnC Y Gardiites (St Bnches,
alliumpnitride (GN), sapphire, alumnumnitride
O%Aﬁﬁﬁfc%ﬁssilicon nitride. 17. A support according
to any one of clainms 11 to 16, the notifs being
bt ted | 0 l e t t.he r f,ace -
e hoport PabBet b0l LR, S R Ty, i
Copeied @Uai R A1SLPPPTL aicgowkiiely tive amot idne arfe ¢aims 1
trd hggformof notches, trenches, or sawcuts. 19. An
. epitaxial growth nmethod in which gromh is

20.’ A method according to claim 19, the material which
is grown being formed from Ga¥N, GaAs, 1InP, GaAlAs,
InGaAs, AIN, AlGaN or S$5iGe.
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carried out on a support according to any one of
clains 1 to 18. 20. A nethod according to claim 19,
the material which is grown q ing formed from GaN,
GaAs, InP, GAl As, InGAs, AN, Al GaN or Si Ge. A B
S TRACT SUBSTRATE FOR STRESSED SYSTEMS AND METHOD
FOR CRYSTAL GROWMH ON SUCH A SUBSTRATE The

i nvention provides a susz%r% T of z%rcg‘/s?al growt h
conprising: a nucleation |layer (2); a polycrystal

OEUBQ&%?&buﬁéﬁ rAANSEcHS) o vi¥iiivs BnBUBSELALS For  crysTAL
Su ort

GROWTH ON SUCH A SUBSTRATE

The invention provides a support for crystal growth

comprising:

* a nucleation layer (2);

* a polycrystal or porous buffer layer (4); and

¢ a substrate support (6).

Tranelation of the title and the abstract as they were when originally filed by the

Applicant. No account has been taken of any changes that may have been made

subseguentcly by the PCT Authorities acting ex officio, e.g. under PCT Rules 37.2,
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