10

15

20

25

30

35

1 SUBSTRATE FOR STRESSED SYSTEMS AND METHOD FOR
CRYSTAL GROMH ON SUCH A SUBSTRATE Fi el d of the
invention and prior art 5 The invention relates to the
field of substrates for crystat growth (epitaxial
growt h) and to techniques for «crystal growth using
said substrates. It is applicable to techniques for

epit i Gt ofiPR  BFRE s oS TtSer AlPs Tas FORN, CRYSTAL

Ga AR OWITP,ONGHAIcAs A Shiglcgmipirse are currently bei ng nade

to produce epitaxial |layers of those materials, in
particular in the case of galliumnitride GaN. In

parRtiiedid arf the dnivesityiont linck prdper axt> 1 or 2 pnm) are
require ts ryst S5.qu RSy C re_not
stressegﬁgr lta}lr‘%q% o ﬁlgﬁe]% %st%?lessggldm%g \g\}hl8 ﬁrages tor
ha%ﬂs&ﬁldmtfhéﬁﬂlﬂiﬁé@a{lf @rrowwémpml #ot heghniques for

di Hrgeatdion denrs sialy basy haR 1aeLtem). A known
exanpl eeI%L .epita |aI rowh is that of GaN wusing the

MOCVD t q® §i ROt heckrigyess for egntazpal>growth
120ﬁiqumﬁbebf feicek)liade austbsir bl f oraepi tary. cIheas,

li t%‘é%A\!:{e ANt {‘A%&%per)lf%\?\nx#fglnb%l vvt h of that type

essent 1 al’l y on ®substrat es:
sapphi r &tt8mptsapdeScurThosdyt bedagsubder abepradecthe

nD%blE%%&%Qnﬁ gf ﬁhB%g Egﬁérg%fsth?nnggktisagékyan the

25 avail able s bstr f ew have been carri
oufasgn ofypailitss néGé‘hdsstHO ofnLpegopcutary enelgtively

epth&&kaﬂa§ﬁws|Q¥eﬂsoﬁoﬂoﬂﬁWeg¥§l¥qugpga'ﬁ§gh0§o@d crystal
subst ate surf%e have a dislocation density_in
r a8 13kgegnqv FhopeRenPEgaFaragedoprt AEe SBLY sllghtly

nusteasseﬂ suhtlaghivheHavéhtost 685888 HAnkhE cks Capbr

1 OS0ETRO0CH B oar Ky AEHERA B rhaL ‘EoBF {CPEnRBR 10°/cm)

t her mal Aekpansi gnamplehef epptiarkablsgbewtht s whathof GaN
deﬁ@&ﬂb”%ﬁetﬂ@c%brﬁééﬁﬁlgﬁetESr kﬁﬁthﬁlc§519 égénof GaN

that are i1 nposed on t ayers pro uced
sa;sﬁhi?ema%omﬁteéﬁpﬁ@@é?oﬁn a substrate for epltaxy

The literature mentions epitaxial growth of that
typé essentially on the following bulk substrates:
sapphire, 8iC, 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 Zn0O or LiGaQ,.

Currently, epitaxial GaN layers homogeneously
deposited on a substrate surface have a dislocation
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
subgtrate, 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 SiC are under slight tension and
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whil e those obtained on SiC are under sllght t ensi on

and 2 those on silicon are under high tension. For

| ayers under tension, this results in a strong

tendency to form cracks in thedepitaxial film

thereby destroying it. The layers in conpression are

al so a problem 5 That phenonenon is particularly true

f ofchgsewan e lision ege. uRdient rdighepienasipnsupport lavees
|'%hﬁe&efﬁﬁglowh'%@1%r§%%%1@%p3%r '%t@gﬂgsténaghhgn%o form

pm whichis a limting_ factor as re
go&F OGS ity thgy 8P4 tagyigdt i idast $hereBp des pfpbféﬁgoﬁt The
In&u@aﬁﬁfhnl@o&@&%%%@bﬂsa&@V%l%EOWanBBEehhe use of
t hat ty&%ﬁ substrate can r ? ge cr st def ect
density i en@BFPg?léFIFaﬁ it ¥rt5 Ea 95 8F°Wﬁ@ on
cowpﬂu@mm nafFore thafk epatmawysm@pnrtlluhef1$mhtcb9yond

PrGah @2athg apbde, 1HOURKRE: 1 g%ttayatﬁ nli - 480,

sorb ar

inits capaclity stresses, In I CU

“foﬁlmﬁﬁémgGéﬁcFﬁyeﬁ§ teoadst prodpming gopd)qu@ﬂy§Vaﬂayers

qua||tyG%BHQﬁr§e%st%n|QBEOW%ngﬁoﬁrgﬂﬁEngﬁlator
subs#rates hayi di sl ocation denS|t|es

ChEAPRESRES BRVENBhORBOERGE ED6areRaot LERREXFYPe OF
|asabstraeeomangtewuhe(Eh@»ctgghauqueSeexlabnsatgngn the

N LB Selth 8928 oo, 25 BRILEgRPLERRY PRy 8l Bheure
epPtake( €Byy phlinofilmhofestiddhpngpessane basetieonxide.
|ah%&ébe9veEH59W%?sEEﬂ %OgéﬁﬁEgﬁpﬁnoﬁtEhSa%QEE??i@E'szorb

gr own ayer to ul orma continu
ThELEERERAuobE PﬁrﬁéCE%ﬁauﬁ@a thagk gpr¥ciagersndatwbeRt

i mpr amedocbyghdl quality (the epitaxial latera

over 9 U 61 e L ayel O hRve L hOTgESOuS o,

sokubsomathavbabéeg deﬂmﬁstramhé ﬁmslsaaphbﬁedeﬁsetles

quaﬁgglﬁé?(%%%)OEAkﬁggggEF£h§¥o%ﬁp¥ITTn { 1%r&: q lateral

soPMﬁrgﬁ§W§bnﬁELO eteebnigeky ssligs, théopgobh9h1béchn1ques

St kR8#ni Ast Bndecepitaxy (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
homogeneocus film of crystal quality (LOFT technique).
Those solutions have been demonstrated for sapphire, SicC,
and Si (111).

Although they improve the crystal quality of the
epitaxially grown film, 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
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epitaxially grown filnms. 35 Thus, there is a problem
W th producing a substrate or a support that can
absorb a high | evel of stresses, during crystal

growth, in particular during thick 3 epi taxi al growth
of a material, and in particular in the case in which
t he goeff,i |ent of thermal expapnsion _of the rmaterial

i s SEREPETEt 5P ?fdﬁfﬂéFgﬁFaﬁvoﬁPﬁhéF BprEpgular in the
Sukskeatie ahlbhethalb@éff&uﬁaﬂttofstﬁbemallax@hﬁelbheof the

r obl th findi.ng a,substrate ., as ort a
P AR Ry PR PR bRy Cai PEpReREDP PP FRE g the
obﬁabﬁtrhthOan@Esepﬁ@axaxaupbermhen growi ng GaN

llayers. t1@, Resgriy ﬂ%bo@h%fg&%ﬁlbﬂY@QEhoﬁlhﬁ%ﬂgféréﬁbsFrate

aspect, the invention cryst
gr Gt B EBRPPFEi kgt &aﬁuébéaﬁbohlah S?Uﬁ%ﬁ Pﬁy@Fresﬁesr in

pobyetystiabr ﬁ@r@%&alﬁrtﬁ&akpmayérbufﬁsk ek8mp B¥CWheh
|nterned|a§e Iﬁé and a base substrate. The buffer
BYolBYErS

| ay&PYERH accommpdat e stresses appearing
during epitaxial growth carried out on the nucleation

O pEBM Bl BKob oLkl 9, SURRGLE. 20 This novel type of

ort hus norere y produce epitaxia
Iayers Wit B dirktcRApsstof thReinventioh paovédefi m support

fokcexappkeat g&&wthnceab&hegh t thick GaN layers.
The nucl eation™|l ayer can ger of 25

nonocryst dl | PnBURREBELSR, Oroerew FplaYesined from S

or SiC ore GaNponcEgéEEQ,fb@ﬂbﬁappbff&m@kpﬁb&bobuffer
di anond. It.can be obt nsfer frqm anot her

substrate. TﬁéYgﬁpBErﬁngﬁg§?ﬁa¥Eec AYBL f BPed from S

or sic, andatbesbuthketkayer can be formed from

ot DR oAe30, SEL SO0y 80C0HS B 00y RELIBUIEDE, otxesses

ni eppdarSngNduringi epataxial growth carrled 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 few pm, for example 4 um, in particular thick GaN
1ayers. ‘

The nucleation layer can be a layer of
monocrystalline material, for example formed from Si or
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 8i or SicC,
and the buffer layer can be formed from amorphous
silicon, porous silicon, polysilicon, amorphous silicon
dioxide Si0;, amorphous silicon nitride Si;N,;, silicon
carbide (SiC), gallium nitride (GaN), sapphire or
aluminum nitride (ALN).

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

base substrate is formed from silicon, and an
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carbide (Sic), galliumnitride (GaN), sapphire or
alumnumnitride (ALN). In a variation, the nucleation
| ayer is formed from 35 silicopn, the buffer layer is
pol ycrystal or porous, the bas®e substrate is forned
fron1si|icon and an 4 electrically insulating | ayer
| so |ncl% ed between the nucl eation IaX and t he

F$é¥f L LYTHESUIGELRE AGYrRyef 84ROt ABR1BESY Pahupen
Oft@ﬁ mmcuéamucmxamgbe GﬁdsthECbﬂff@E &ﬁyer :
bor o- ph Q-3 4i_gat l.ass The structure of
the i nven |oﬁsu§a%o a?agﬁg ﬁﬁph%¥§81b?sﬁliggﬁroﬁ% oxide
inﬁdbat@vymmyge0¢tﬁudnape$ ofhas porrp-phbepbb-silicate glass
i mglgagntation of the invention, an internediate
| ayer I's formed between the base substrate 10 and
ei ther {Ihe Mieeititencfabe dnvensisw igogpmpatrapée with

(swper flisGi1dlccs kmpq&shaﬁebrandypesgk@hbaqrgayer for
exanpl e |I|con oxi 5) further 28 ntatlon of
the invertdSon 2 Redh ﬁFcéWP S@GP&FF&H“ Grlﬁventlon' an

nedna&mmddumxaémwex is5 febempddbenwekba bhsebaubsbﬁBBErate

thatsca t%%%o%%.tgﬁf SE@%E'ia?%%eé§e§hge§8&a&8ﬁbfé layer

the 'sur ace ani cal em co
exdﬁpp@rfaw1aérﬁaﬁlgﬁnabsuﬁblngdeheﬂehas;nghlehecanfbe

obtabppd by i 1TREHI BiAGel he base substrate, e.g. by
ionic etchin 20 The invention al so provides a

support Iop EMFEher igpsRRRNESkPPRsPAgthE LB¥SHtAR

numbeahhgﬁaqfa%EQWbE1BQYQéan§nQraabﬂéehﬁﬁbghla&?stéhols
hed, The nuc| eati on I and t he

h f t
bagérgggs%PgFgrggﬁsgesuPﬁFﬁﬁaefF ﬁFsFFFcﬁ Oﬁh oxi de

or thkeabelaalkhiy Bh?&baésngenéﬁataﬁeatbehegshﬁﬁated

bet weenqilie Buekeation Loxer,and,bhe subsbrale. Jois

second i np ion-is ars conpa
W BHramW s@nabyp@bgngusﬂamentﬂ,bwhﬁeh tapebecahtpéned by

| ogatadnbebwesRr bhgeNUGLERLLPR, e.g. by ionic etching.

The invention also provides a support for crystal
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.

This second implementation is therefore also
compatible with an S0OI type structure.

A buffer layer can be located between the nucleation
or growth layer or the oxide layer and the base
substrate, said buffer layer being porous or polycrystal,
for example, for example formed from Si, amorphous
silicon, porous silicon, polysilicon, SiC, GaN, sapphire
or AlN.

An epitaxial growth method in accordance with the
invention can be carried out on a support in accordance

with the invention, as defined above.
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30 or growth layer or the oxide |layer and the base
substrate, said buffer |ayer being porous or

pol ycrystal, for exanple, for exanple forned from Si
anor phous silicon, porous siliscon, polysilicon, SiC
GaN, sapphire or AIN. 35 An epitaxial growth nethod
i n accordance with the invention can be carried out
onBazeﬁpﬂestrnptﬂonowﬂaﬁhe figrhhes he |nvent|on

def i ned aRoVes o9, 3¢ B | lqdgsghbpt L ops ol 1G] ¢n9é&§§étlon of

Figures | and PPrét Ienen
i nvention; FhguiegeBnion; 4 ShOM/a second

i pl enent gt i pigRfest g LHVENLLOR: o ELOYEES] érﬂgnéﬁtlon of
show st eps of a substrate fracture nethod. tail

description Bhe| WpYeReH®ati ons of the invention 10 In

a first inpl Bﬂgﬂfé\élm ,aBdbEBf ShoRr st aper v dh ad @bt ayLte
i's |nterposeg et ween a_nucl eation or grow h | ayer

and a base stb3tTate, "WhieA-buffer |ayer can absorb a
quantity of stresses, for exanple by generating

G BSHALLLECUELETL Ll 52 b ULy O DU meE S peon
sai d st¥Qctuferss -"srh@bmn@ntqrtg@me q, bum%mghb%eﬂamedlate

nughpati 9@ iﬁuéfpgse@ M&éénlayﬁucﬂeaa@mm'@f@ﬂth layer
abovg ZQ port substrate 6_such _as Si or
i %%&2

sapp LA EF U RURR PRI EE TATRG O3 FoeorS @
buﬁﬁ&ﬂtiaYe@f4StﬁegS@©Jyf@yséﬁ&mpp@rbySgeﬁéra@ﬁmgphous

| epec 013 SX20Bk e LU a0 be {OLIEA DY, OV i eghil ue

or ed” fronm i FFton carp
( Sigyplgatnenm of tmader{ GaNLn sap@hlafenr alunlnum

”itfideoﬁédékamégé'8P”sgi&X%9§u&§L£E)1s°%h§wﬁ'fﬂ”Flgére 1,

nitride S 3 materials are given Y

ex¥ibfle. shows a nucleation layer 2, a buf ayer 4 as
mentioned above, and a support substrate 6 such as Si or
SiC or sapphire (Al,0;) or aluminum nitride (AIN).

The buffer layer 4 is a polycrystal, porous, or
amorphous layer, for example. It can be formed by CVD
technigque and can be formed from silicon (8i), silicon
carbide (SiC}, gallium nitride (GaN), sapphire or
aluminum nitride (AIN)}, silicon dioxide (8i0;), 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 gilicon (obtained by intentional
porosification or by porous deposit).

The nucleation layer 2 ig, 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 5A and
5B relating to this subject, or even the article by

A. J. Auberton-Hervé cited below in this description).
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In the exanple of the silicon |layer, the buffer |ayer

can be a thin |ayer of anorphous silicon, polysilicon

or porous silicon (obtained by intentional 30

porosification or by porous deppsit). The nucleation

layer 2 is, for exanple, a layer of nonocrystalline

material, obtained by transferring a thin |ayer from

a firStEypb&b&ayesth@rtﬁlakﬁbgsuﬁknghéhﬁuggéaﬁgﬁhelayer is
o] no as " (see uyes an

By TRS BhAeRT ot oot tg: 2aginEPREkar £PE SRgybla D-5 um;

J. thabehuohnHesvefcthedbbéﬁew ﬂayeh|$sde§cthptond¢r 6f a

Ty a h ck S api g y

o EF%GE%¥ nk 8; gh @8% e%%m% EHS&% ? Eﬂ €F égogt 1 um

pnPr ?hémuha@ﬁnéég §ﬂbﬁﬁ§ab§fﬁéﬂ bayef Fonﬁr@ﬁé of degveral

thandE@W'hﬁntB§ eh @ﬁglréﬁﬁeelagp?ﬁ ?Bouboogﬂl EHktéxample
e Ssupstrate can

0
orﬁgPuBngQVEWaPr Enth@d pm or in the range 100 pm
to 700 phe ﬁOEffxaﬂBhES abouheﬁﬁﬁldaﬂpah558ﬁ pﬂhnih&b of

co [ r mal nS|o the

nugﬁé P%gé a er Eggna ofagﬁe ?ra?ﬂsgrggﬁ %eciﬁ be
diﬂﬂéf@ﬁﬁntForFQXaﬁgaeplshCShﬁshascaetbeéfeﬂieDt of thermal
the&g& 51Sﬁpéfsh°§x% ok 5X30- ﬁgfl §be§§§c§e t of

coef gnt, of . 0- 6K-' um na (A120 é? has a
coéfFN:Pellﬁ ofaMW%Ktﬁlerhuéaauaf%@@ Etcigngpef 7x107°K™

coef fi crepksdeEcehentbayehn aheaedeﬁflébsn§§b§fr@h§ Payer 2
can gen r e st esse?ngrln ghases of tenperature
C

ri 88% ?, SHRSpaR | SPORERSTEHE FRFGEFT durlng
dl@heseacefltéﬂperﬁfquIrﬁEelG& fall, /Eﬂ paraicul @asbdnce

E@Qr %géggye38 %?EFQH %tru ?/%; |leésecz’alk}(aflél is at

geh@aateaoauﬁrngo 2©raa0§xaursmbmenh temperature,aﬁee

abégéggdzgyctgg bytter layer 4. In the case of a
pol ycrystal |ayer, the stresses are absorbed therein

by defet® GBAEr EYPBnOL| ALTUREUERseSBFeHSHEr GEBeFayes, during
th@np@k@ﬁr@hbﬁ“&hoﬁéhﬁeghﬁﬁkécQBE”&bQ&rBB&ebyathéhbﬁbfer

nEfQ$Q£CE[|ngb ﬁgbcgse 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. In 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 gilicon,
but an oxide which becomes viscous at a lower
temperature, for example a boro-phospho-silicate glass
(BPSG}. If the laver is wviscous, 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



25 tensions or stresses. In the case of an anorphous

| ayer, the privileged relaxation node of the stresses
occurs by creep of the layers present. The invention

Is also applicable to an SO type structure in which

the oxide is not an oxide of silicon, 30 but an oxide
whi ch becones viscous at a | ower tenperature, for

ex | Lo RUQIRNCRP Ko diigat r@f%%:%,bl&B%@ogrjifsttaﬁg ine,

| ayer is_viscous, it absorbs ‘the tensio

st reskeS BgG eféiP Tt cSahe Sijgecsr asabrer Sikyepadddun
be nmxerdmm | isapkhiafe, SOr Sslzlmct ereEEeQ%tn\&%e&qu%r 12

OXi |nsulat | a and t stra Such
o R Ynd (B AV B iR 5188 S JRVER L fbRadnte the
5nu#b@ﬁaMJkﬂxﬁqn&ndﬁrafaﬂmnmd apmbei af6 seprecrtiet ave
Matgfd rat@q;cﬁr Ye JERNQCT ?ré dﬁ% l'V% Ghat forggé e.g.

on1s i con, i con car gar T m 2
ﬁﬁﬂﬂéxﬂbr Al N. Reference nunber 12 designates

a Iayerjﬁ Sl2 AXidte, Jea@ituld, r%@%e%ﬁﬂh% ﬁ%?e% also acts

buf f er er and reference nunber 16 represen

suﬁgifht e IrEF FIWRCR tEOm &6H€GCPF€@”ﬁ§téh@aFrYétél
lOfIﬂgﬁowﬂHImEMhodSWa&wCha&&lga oatrueteeepe&beueéedef the
a acts _.as,.a acco ation
becg"{JsgJ tche Crysta hfﬁ’% gﬁ\?te%ﬂggogr SXEE‘P | ed1889 )
atpﬁeﬁﬁex%ELMampaﬂauunes otter ogfidsebecamelundsedus and
de%k%%%b@f%%m%x%ﬁpk%e %Qgggkgs AtThgoﬁ%fE%gp§%§%Er§§’will

the OXId% econes Vi Scous an absorbs sone
PeECe &PSPEE soee Pt gpdf shr@EEes, abys abser Biffpvent

15 of n&ahéxSfafseS_S:e%,oe@Uhdtnb@cglnEf ¢hgebukb manner as it

does not, beco sc The rel atiyve difference in
the coeffi C|§ﬁ% %ﬁiﬁﬁﬁ?ngfpéﬁsFBﬁ ceeREeRieRE of

nutheatiadn ekppesith dedwiebe thebaubaeetlancaayer 10 and the
th | ike e reat e han 1OW or._20%

L OBbaee 1 HEC caE L8R B0 3K B0 L bs 0 brBR YR taan 100
stPﬁc?Qreortﬁ@”b@ﬁf@mbﬂayertgmpeantuﬁ@r(2ék§npke25°c

20 result FMsd @eROSLuRtu@EDr PRRUB LR er layer 14 can, for

example, result from a deposit of amorphous or
polycrystal silicen 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.

25 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 pum to 2 um. 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

30 700 nm, for example 400 nm.

The substrate 10 can be of subsgtantially 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

35 1is generated which is 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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pol ycrystal silicon that can box in and absorb

stresses and is, for exanple, in the range 10 nmto 1
pmor 0.1 pm to 2 umthick. 25 Typically, the

t hi ckness of the |ayer 10, whicgh can be forned by
transfer, is about 10 nmto 300 nm or is even in the
range 0.1 }amto 2 pm The thickness of the |ayer 12,

th%ha@ﬁ@dbefggr@ﬁgmgiedeBQSbEchhﬁ OBoEeﬁeQrgﬁrtrgﬁcﬁes or
f d in the’range 100 nmto

ew hundre nm for exanE
706 nPERSE S£QW6Fé1&0G° ik TH@OSEB§tFHP§tIBt6aHObe Sﬁld
sum&tamblhbbﬁ hheesagelcﬁbyc&aea&ea$1b&@b$@bshratpléne

in_Fi In.a further Ienen in .
i BAFRIARL R Gh8,iahRaPE J0YEFSr Pard BuppPE, FARuLEing
acebdambdatitgn ckay be 221cﬁ$atedgbyea§péglmgltheisonventional
elggghp Ao @%jch has a certain elasticity at least in

ane xy, parallel to the plane of the different
Iayers In aggardang.| gpewn22n F3a98rebedi nadreppiient

exa@ebﬁmoegtgbahuage@0§§heglaalb&eeehggaer1napygakeeeA, can
tric notif 0 the substrate 20._ Said nofif

ge

ha?dSanPel A8EMEFt ynokhgr EepretPhreofntheppyhatrate 20,
patakiebyt prihenpliagepobshibyer prabler6. ofhadhesuhtengetween
5 asticit a al cul a by [
coﬁben? gnﬁYZ%beaamFggoFVL %ﬁage |§h¥cgsﬁo
Fi gonéigBragipesiihi Enguracddmmodhtiisomakagst 28n also absorb
S|gkg@gsg? that in Figure 3A, can also be forned in

the rear_tace of the substrate 20, 10 thereby

prevent TH§ BYSsMBFBapLepLefEr6FsadREPEReeabaPReErHsStERE 10

| ayeguz8sand hheg sgbaaﬁab@ 2RepBhehigarnappaae kblbbbBeate.
conflguratlonggn Flgure This variant ca

absorb 18t POSSBET YREIEWL (EdHRRECAF) stP@Egﬂes 38 such as
acceawndatison $€yst ersmphe, 15rki gutes iRAtands3Bscanatke20 on

prSﬁS”Ersngﬁe s18dE 3 gbékratebstxat%”Ot %Eevgéééﬂt a stress

Rﬂapﬁear in the

no stich Saw cu
exahpbrptare midecinithebtabsedate 20 on one or both

sides ofcthe §4BStpALE1pPACRANANE: a255EEBRSsuch as that in
Figure 3A or 3B on one gide of the substrate, and a
system such as that in Figure 3C on the other side.

The etched or hollowed out 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 system.

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
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absorption effect is obtained. 2 0 It is also 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.g The etched or hol | owed
out notifs preferably repeat thenselves in a

t wo- di nensi onal periodic pattern or in 25 one

d'HEBﬁ@°He§§r§BQ&“bé@oﬁ' Hr@oﬂne@§1§ﬂ @%@prfgures 5A and
trenches mnth a equal to about 10

wi PR a @&Pdt Rhe buig%ﬁ1gﬁﬁegpaéeﬁaﬁpaf?rb?xaﬁal%nﬁ%%ta
= poDPtr@keaboblopedoiBt Dat/be s58bsi| agec 20340, sapphire or
geﬂg&ate sai d nmechani cal absorption system 30 The

| ayers 24, 26 and the substrate 20 can be identica

or simThe sbrhayers 2f EigndeBoBBhe3Bubsrré@ecaﬁ ®iso be a
Fi i C t pess 1 £
obfaFfctuzh) bF pHE SOEPLIUR, PEhe TLEERCSEDeify s Laver o

|a9§¢de2arcaﬂsul@F0éxaﬁéléhebéaﬁera9érb%¥n9 S t0ne layer of
nogect yshal l ine 35 material obtained by transferring a

thin Iﬁier frog1a firsﬁ substrate, for gﬁaqgle usi ng
the "SmaFt l1Bue4cRePRBAICLE BY F?ﬁEYU??Eg f®®substrate
(thmpSémeﬁtatleﬁsduﬁEhgod thﬂCﬂgrdeSﬂChb&ﬁ tlehowshown in

CORISGLECD, VAR ELAMLES S Andesn) oo BRda 1 08 BULT S o che
can of crystal or porous
Iay@henf05|thsltaceahpasabbhireootheAnLBné Jhethe layers

styyctype 9% E%gﬁégﬁ 2h e§§sﬁ9& §568ﬂﬁo&%§9o§el§Yer as

structureo elrn
ofde%ﬂrﬁbe@rabﬁgﬁlﬁ¥éh EﬁﬁeFﬁ@CPa @rFazu§%$ngAat@| -

| ayer ofn pibheonsalt 1EscBESOuppSSLDLE &Et&ﬂﬁé& 19yt

thes ntatl ns. us structure
L N S FORAE ] RORErBar B o ChEnbaPapsIP ate TS Lot RGCEREReRe
oncaﬂfyang/Oﬁtthendmhgebnab &heubatesteawathetrémcmae may

p|8ggl grﬁg %QEElzinléeag Sigkag%ﬁé #E& surface

Bt
acconmoua a er éscr O e w
oaregubesughtt@nec:CQBtantFmngbe3$ubstanhea%hwpb¢@uced

IS (9Ptabpge BY:, 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 spontaneous 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
completely 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 conserved. |

In one example, if 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



nol ecul ar bonding of the layer 26 to the substrate 20,
carrying out bonding onto a substrate with trenches
may nodify the bonding step, in particular since the
surface area brought into confgct may be
substantially reduced 20 (by about 50% for exanple).
In addition, in the case of highly etched surfaces

(apg tiyseWhd acsHBhy 50Pkagh A ase SR D By 5) Y

reduced contact surface area) or. exanpl €,
d|§t9¥%ﬁtP%n°%fSt%é¢??eﬁ%ﬁ%§ 0?5otlt?ﬁFFﬁﬁ%ﬁm%Pcﬁﬁﬁ%Fe 4,
beiRSwipeh Nt Eedréncal havbspons aneditss thandi 1L il éhis

d t f th .coul d
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sald paineanfurtinenreramp be pbd aton -aroref chethg ubsteatel (for

an@xé@g?ﬁl bé)g %8) P S&é ?%éél al bé%lﬂi%‘%é ut{ﬁ@‘:‘Ler‘erjlcg,’tles

IS po ura e surface

subdSt ke esmﬁf?)%‘?t ﬁab@n%?—m’%l? 2l d@et@w et Byveg
CONBh £4:8t O skt gmn@weﬁéﬂ@h endd T4 Aapt s ef) tHel1ing
trenches or_of the etched, patterns enablg%ﬁg(glf
abBoritdon SRFRCE BFHRPR 1%r eEesS 1Y P HR e B

| nCone. exlaamd est i 41t hea swidlate hendfdd@itf5Ien corner
silico a step for snmot hj th face of .the "
SubeiTag BT 184, BB o ¥ i il o i T atton
oufEMD 26-tbbse the etching pits in part or conpletely

by m %ﬁé'@é‘sé’rﬂbféch' &%b@f@nﬁortﬁs% dnh |88 Bt can

Figure 4 whi ch ref'erence n er 28 |nd|2§}es
f |m¢¢h@nb<fala11ftﬁﬂ%wahb WFEFPRFEF doin Rt @ 9 dept h

h. défdmﬁttmt@ﬁrtma@@fg,o% ﬁl@iblﬁé&lfc?f fﬂl{? Wﬂlmlt(ﬁi the
Xa e.an X epo 00 uralt e e
{ ohen RO RaRE S et S oh R St i S A s
out by Bhe noetlopd i ke widét ovhe rreamoh Yo it + ore ( SToy

gle%%:r ed mfl]g% "éﬂ@ %@é@@?l %d {‘ﬁr'ﬁ%aﬁ[@lcle by

medufac tANkedr o oieeye ¢1('=.)uf|*ﬂ-:il Nk | eatt o‘%m&:@w @ut gehpmge the
Shﬁﬁiéﬁété?ﬂﬁfcfé@l@é%féﬁhcs?dﬁMQﬁ%FHﬁﬁéﬂ in International

Journal of High Speed Electronics and Systems, Vol. 10,
No. 1, 2000, P. 131-146.

Steps of that method are described below with
reference to Figures 5A and 5B, in which the references
40 and 42 designate two substrates, both formed from
gsemiconductive materials, for example.

In a first step (Figure 534), ionic or atomic
implantation is carried out intoc 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 ig 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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The assenbl ed support fornms an el enent that can

nmechani cally absorb stresses by novenent and/or 15
deformation of the bars or notches or the walls of the
trenches under the effect of tRé thernoelastic stress.

The nmet hod known under the nane "smart-cut" (or

substrate fracture) is described in the article by A

J. Aubefhenspdsfgage 42, isvpyovadeSnwithCengchardepehterns,

ZOEEHI%&%mgﬁe”‘%%OQE%%EEBQHC§%ovepUbhh hedihB is performed
I nt ernational _Journal of H g Elfectroni cs and

sy $tes thgorurfgce kg, and ?60§IOP t@?lsPIéacStéBs of
t hat nEEdet&bes@%&@&bb@@ helawawubhsorg&@pa@@a th then

Fi A and 5B h th f d

1o MBI R AR s, 1, 89=15¢n ErGrnag Feoh o valer
sebp@dnuectewénuaperlabsgmbdnngxa&ﬁbes s iagf engt tetbpique
(FiegUee : 3AnohBNii Rhed E[.g&s%le@ﬁ%ﬁ&@%hﬂepa ) CBLT L

out 1nto the substrate rmn
whﬁ@ﬁeé%ﬂﬁn§§n§éﬁ§téﬁtBalm?1§GU19§raﬂh§51PG tﬁ@ by bonding.

SUWﬁ@ﬁerééaQﬁ,EBetﬁéﬁétEéEﬁné ueé |§¥§éreﬁ&epbéﬁﬁdoﬁe made
S orﬁ% gcture is fornme

voFRnEDgr WP MthrXfeTﬂﬁgaaPémEr F@é?gﬁ SPWFEHB@HCtor
t owedpst Bontléng”t, hi(sciehaeaatddaveuppel oygyi owidédy

cogg& EEE'Echhﬁp tlgagf the substrate 40. Hydrogen is

357genera *BHE - ot her speci es can al so be
|nplantédpomngbudﬂﬂgoéothﬂpbahsaraba 60 hydtbgenramdved by

heEiHHérﬁélTBQ ﬁHEﬁEP§E914g Eétﬁé E'gﬁ%t“%gﬂ Sggga¥§gcture

patterns, for exanple escr ove ngr
|saé@ﬂﬂoFh@dplﬁﬂenpﬁh@eghﬂﬁaée523 aﬁa/@xampéﬁ1pﬁethat

su&gaaﬁlqae Thegkwersubat Hat eRe40L804E - ﬁanﬁeoﬁéapaeeﬁcle by
tgen assenbled Wi th iace 43 agai nst face 4

us ng-a EFtOBGHEENE BECAhi que (assenbling mafers
usi ng amyet Sthuqu?e bbahlnédkﬁ]QV\/ﬂhbﬁ sheéwn in Figure 5B.

"lcroe'ggtf%ﬁe%st Qy h@dﬂgﬁgﬁﬁﬁcfg art %8 dr the

nol ecul S|on
thégéntbehwequeshereﬂbsenabecealdobelnadéace 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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10 to the work by Q Y. Tong and U GBsele,

"Sem conductor Wafer Bonding", (Science and

Technol ogy), Wley Interscience Publications. A

portion 44 of the substrate 40 % then renoved by a
thermal or nechanical treatnment that causes a fracture

is al on&gﬁ he plane of weakness 52. An exanple of that

t echni quihs st Yas 45 e ial achdeabmpe-anatd ikoned astseplbdy of
by sufpedimdWhed tONker Vo Llodler TG-& M YW & fg E‘?:' IE)%dthe

is that shown in Figure 5B. I'n order to rein
borfd'f‘f?d“?]rﬁrérrf%éx@f}’ IRCSIS G IRET 1R substrate

substgtadne, 4214 oinyt tnﬁ;lftﬂ.(zl.%.y%'ia éﬂ}fﬁi:énh&:haitmdﬁl 12y l‘la@*ers
(org tt})eSlon act fa“i’&fﬁ]% sirable_to raise

t he etpen'per at ure & & uriry SCREPdErf t

t erfgsscatiatelon s pi’l'%&'ﬁll,(‘.'ltd'm‘.‘.lm r]uaojtaﬂ el thae bnftfichs layer
et Ghedri ) te syhstyate 42, in 25 particular their

flexibillty or elasticity, conpensates for or absorbs
the strd3%¥edamptiins wir icatilom® ofdiveadinessesagubet @btained

di fenRAGRMPUMIREN e, GeRf f:l.'rr[-ﬂl%.@ft%tl(Hn t h%‘hh'%er &l is also
ex anS| n of the two substrates 40, 42. The rel ative

di f ) AMEEn LA PPTERET fSidiicirs @n degsribed in the
al rae:a:d.yzlrerhiy aedaabepehiberatall ea@mi:@&@@rb;atsﬁmﬁmg

20 |_east ,30% at t ot
T St Y o e R e o A TR
as Stm@OISa-me o Si0.icon-2h- |Im1sl¥11@u:roe:s Techo 36d(Deeice, 99-3,

futgater mc%%cmlem 1msﬁgrlett§, a]%tt*i%t rgLes €187-1481 7Q999) .

ur es
struct up ey F’F@Chﬁl%@ﬁuﬁéﬁon eﬁa@lﬁe the @@b§tﬁ@ttes to be

pr esenhed Rufchertl a Qem%%tllﬂl% fl'olnmlﬂ'él‘&?ﬁaﬁlléﬁ B8d without

repl ac an_asse superi nposed _filnms. In
otﬁgFa%&Pﬁy 3 plaResg %?agpeﬁﬁe § ﬁ@F&HlﬁﬁﬁsoHP§1Ude
copoénshlagnamdlayehlng.substrate system but any

mul til ayer systemthat enploys |ayers 5 deposited on a
substrate. It is, for exanple, the association of the
nucl eation |layer and the buffer layer in Figures 1 to
3C.
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The formation of a plane of weakness can be obt ai ned
by nethods other than ion inplantation. Thus, it is
also 10 to nake a | ayer of po&gus silicon, as
described in the article by K “Sataguchi et al.
"ELTRAN(r) by Splitting Porous Si |ayers",
Pr%&ﬁﬁ@hpgs of the 9th International Synposium on
Si [7°¢on-"on- I nsul ator Tech. and Device, 99-3, the

El dct r oéhemppalrtSdoretyysBeat grewth. cddpri2ing1999).
15 Qcher tgchnigues_alisg gggg&e Ehe bstrates to be

t hi nned wi t hout "1 npl enent ion |np htatlon and

Wi t hout ctedt PRdvarysané  oboweakness: asgchhovehhirfies

i ncl ude polqub@g @ndigtchippg. 13 5 CLAIMS 1. A

support for crystal %romrh conp rrsrng a nucl eation

| ayer L0} Suﬁpﬁ6ly§P9§F§Ptepé?0u 6) or anor phous

buffer Iayer (4, 14); and a support substrate (6,

16), A support accor.di ng

nucleatlon PEB % ?EfoFglﬁgr59eFi8%m2%no&?y¥ﬁgFﬁlﬁﬁ 10

matgcilgltign Aasappdﬂﬁ ascer daggrt of chanow2ystalbhneh

thﬁatggqggrystalllne material is formed fromsilicon,
ilicon carbide (SiC), galliumnitride (GaN),

sapphire alum num 15 nitride (ALN) , or dianond. 20

2534 Ansgpppbi-tageebding teoaeyamez of igl ghienlche 3,
whi ch % g nucl eati on E éz& i.s_obt ai ned by

t 1 BREPEFYSFROM BROPAEPTA8bet Fafartied Rrefppotfcon, silicon

accerbidg tsiahy gaE1®ﬁmchatﬂEdé (eaM) , | Bappbhies, t ABuminum

Suﬂ??%&dg ggiﬁgarglde i,s forned fronr silicon

E? sapphire, al um num
nitride (AIN), or dlanond

4. A support according to any one of claims 1 to 3, in
which the nucleation layer (2) is obtained by transfer

from ancther substrate.

5. A support according to any one of claims 1 to 4, in
which the support substrate (6, 16) is formed from
silicon (Si), silicon carbide (SiC), sapphire, aluminum

nitride (AIN}, or diamond.

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

gallium nitride, sapphire, aluminum nitride, or silicon

nitride.

7. A support accoxding to any one of claims 1 to 6, in
which the nucleation layer (10) is formed from silicon,
the buffer layer (14) is polycrystal or porous, the

support substrate (16} 1s formed from a semiconductive
layer, and a layer (12) of oxide is included between the

nucleation layer and the buffer layer (14).
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6. A support according to any one of clainms 1 to 5, in
which the buffer layer is fornmed fromsilicon,

anor phous silicon, porous silicon, polysilicon,
silicon carbide, galliumnitride, sapphire, alum num
nitride, or silicon 30 nitride. 7. A support
according to any one of clains 1 to 6, in which the
nucl eation layer (10) is formed fromsilicon, the

bugfer haMGb?&%é)abéoP&LM§r¥ét@iaQ& ﬁorQHSwhiéﬁ 8Re oxide

port subsirate 6) is formed froma sem conductive
a @Yeraha a ﬂayér P23 BhewpRpdecr sdfRefibied pEtdBent

theilpueheati anlhayer ofnNdotbephdbbre-Eayetatddyladd 8srsG) .
A support according to claim7, in which the oxide
| ayer is a layer of a thermal or deposited oxide of
si Pi conAosuppbayeacobriibng- phosphoesel cfatbaghast to 8, in
( t d f.gl aj
PR Phd i ERAgn o PR hROLL O IO £27e8 16, PhEne
Iayéﬁgﬁsolh bBhetorang®-0.1 pmto 2 pm 10 10. A
support according to any one of clains 1 to 9, in
whi ch the thickness of the buffer layer_is_in the
rahfe 0. BYPBRFt028°pRI1A9. TA IPpBR ﬁﬁcﬁ?ﬂ%ﬂﬁ totanys in
onehb&hcthenshickﬁeéﬁ of 16hé& uptiheer coapetr siaginothésrange
E éSé etched or forned into the support
% T 12. A support for crystal grow h,
conpr|5|ng at least one nucleation |ayer (24), and a

gg??grtASEQ %B? eaééor%@nﬁe% 'Qn%mbﬁg BPtbiél&gzl gé 10

are produced, sald
habnrgher asevpri §ingr meei fig 22ex2%}e2$n éBblgﬁ@hed Or

patal-heh iﬁtéh@haughgﬁéfensﬁﬁysfatéB(sA sgppor t
according to claim 12, in which the 25 nucleation

| ayer and the support substrate are fornmed from
silecona augpartayer ofygxhﬂegﬁbwtnsubampflenglata1edst

bet ween tg ucle tion | r ana t he subs

ooote PublEaPusncRrk o, P 209 & 5uSHBRE Bibsradects,
16) in which motifs (22, 23, 25, 43) are etched or formed
or produced, said motifsg having elasticity, or being

flexible in a plane parallel to the nucleation layer.

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

located between the nucleation layer and the substrate.

14. A support according to claim 12 or claim 13, further
comprising a buffer layer (4, 14) or intermediate layer,
located between the nucleation layer (24) 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.
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| ayer, |ocated between the nucleation |ayer (24) or

the layer of oxide or insulator, and the support

substrate. 15. A support accoréﬁng to claimi14, in

which the buffer 35 layer is polycrystal or porous.

15 16. A support according to claim15, in which the

buffer A sp@Pdrs fagiaeed indomosidliadan 18r, ampwphebsthe buffer

Si |1'a§z@'fb Mrf@i%ecﬁ'f'r‘o%oﬁulﬁ@oﬁs'olf %%’rp?ﬂoh'sCQQE.Q@BQ' dBorous
, sapphire, al um nu

(Si E allumnluwde(

ni B &ég%wa lcen3|e1&&ﬁqm FﬁF@é631151§)suﬁﬁéFﬂum
ac e maHikg t@amny @a@pdfi rel, aialhmbhuko ni6ridehe ADRY | ebRS
be|n etched Q4 formed or produced in, or from the
fafé 6E§P A€ Ssubst rat e facing the 10 nucl eation

| ayer, and/or in, or from the face (47) of the

suhstra t e fa e _pucl 0

agar (3 SHRREE SopRaAGt o chit gl Ehathi 0 co 16,
oft@ﬁapﬁﬁtfrneobfeng ESCbaﬂt@Kh 0@@ﬁdgoet@ﬁedueed 1n, or

f oFeeh, Ok-Her eddeed i3, ert%ba%hb%%rEE@”EahHﬁgféﬁe (43)
of th substrite fa0|g% t he nuclegtlonl

belHGL6BEGPR: 4YER paPE/BF 1€onPret&y aft héagsr?éaé of
(48heokbuble rattppappostibst thke fa2@ (AciAgs@ppohticleation
ac ng,to.any.,qne of clains 11 to 18, in which the
?g&gkagg |%%fh§%?orn1of not ches, trenches, or
sawcuts. 20. An epitaxial growh nethod in which

gr @yt h hssaépeeereeeoea&n%nt@ éﬂ?pehk %%CQEQ&BE &9 28Y 16,

one of clains accord |ng
cl BrRFeonst Reingt efrhrdnairc formedypEwRrRENAGAf éflme@r

fr egeCangGEASm, | BRe G3ALAS43)301] RERABULALNat Al Galing the
Si CGe.
nicleation layer, and being obturated in part or

completely at the surface (43} of the support substrate.

19. A support according to any one of claims 11 to 18,
in which the motifs are in the form of notches, trenches,

oY saw-cuts.

20. An epitaxial growth method in which growth is
carried out on a support according to any one of claims 1
to 19.

21. A method according to claim 20, the material which
is grown being formed from GaN, GaAs, InP, GaRAlAs,
InGaAs, AIN, AlGaN or SiGe. '



