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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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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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35 origin that are inposed on the system GaN | ayers
produced on sapphire are in conpression, while those
obtai ned on SiC are under slight tension and 2 those
on silicon are under high tenstfon. For |ayers under
tension, this results in a strong tendency to form

cks in the epitaxial f] thereby destroying it.
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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



Al t hough they inprove the crystal quality of the
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growi n&%l a:e/er S. ﬁescr?ﬁk{?g%r}%sthgolrn\%cﬁﬁp&’? whep
fiT st RH AN 13e9%eSi s provided a support for crystal
growm h conprising: a nucleation |layer; a

p 2 | . or rous buffer layer; and a base
i A

substra e 1er P99 BF183n absorb or acconmodat e
stresses agﬁeari ng duri ng epitaxial growth carried

out on tTh& “hieh & ofF BEFOWth Rueyéredf at iepport for crystal
suppeth .colbirssnoyel type of support can thus nore

readily produce epitaxial layers with a thickness of

the order® of "¥F¥AWiprm l#wiriexanpl e 4 pm in

particul ar Lhhgk EBNcal VS $0-ENE MUG . gation | ayer

can be a layer of nonocrystalline material, for
exanpl e for ¥ rémdSi or Sic or GaN, or formed from

sapphire or N or djapond. It can be obtained by
transfer °f r%g%%ﬁ%t ﬁlé#’sg%ﬁgter'at e.

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



The support substrate can be formed fromSi or Sic,

and the buffer |ayer can be forned from anorphous

silicon, porous silicon, polysi%icon, anorphous

silicon dioxide Si02, anmorphous silicon nitride

Si silicon .carbide (Sic), galliumnitride (GaN)
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mechani_cal sgr.ption neans or a mechanical systemis
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In a seeqrd @RReGscdn IS, provided a support fo
crystal growth, _clocn'plrgi négé%té?né%]gjts%sne #‘S’gl%’é‘?‘l‘% e, an
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elasticity, or being flexible in ap par a
t he nucl eation layer, the notifs being etched or

In a second aspect, there is provided a support for crystal

growth, comprising at least one nucleation layer,

substrate including motifs are etched or formed or produced
I

said motifs having elasticity, or being flexible

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 fdr 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. '

and a support

in a plane



formed or produced in, or from the face of the
substrate facing the nucleation |layer. The invention
al so provides a support for 4arystal growth
conprising at | east one nucleation or growth |ayer
and a base substrate into which notifs are etched.
The nucl eation | ayer and the base substrate can be
formed fromsili con an oxide or electri cal 'y

insulating |ayer | ocat ed bet
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agt M £dnaspegioud ey B den prgyl el sroepi $ 53| abalyr omepphire
met hod_in which growh is carried out on a support as

defi AeY- above. 5 Brief description of the figures

Figures 1 and 2 show a first inplenmentation of the

i nvention; es 3Ato_4 show a

i mpl enehit &t it 5‘ﬁg§f 2SBeFhe FRVEhtTY orProvl'—lldﬁﬁr &8 SRiLRFTeL growth
5Beshew st epmich arsubstiat@rfieacbut eorred hoghport as defined
Det ai | ed description of inplenentations of the

i AY8%%ion 10 In a first inplenentation, a buffer or
internmedi ate layer is interposed between a

nucl eati on or gromh layer and a base substrate,

whi ch buffer |ayer can absorb a quantity of

stresses, for exanple by generating
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crystalline defects in said |layer or by nechanical 15
di spl acenent of material in said |ayer. One exanple
of said structure is shown in Figure 1, which shows
a nucleation layer 2, a buffe® layer 4 as nentioned
above, and a support substrate 6 such as Si or SiC
or sapphire (A12QG3) or alumnumnitride (AIN). 20 The
bR fef degerimtien sopotlyerfsguresporous, or

anor phoug | ayglire§ Of £X@TP! Snokia cgnrgﬁs iz@%ﬂ@ﬂeﬁﬂagygn of
techni que and can be forned fron13| i con

silicon caP%@d%nY%F¥3°ngalI|un1n|tr|de (GaN)

sapphire OOrFl?Li‘Jé@ mn b t 4 | geowAdNsecshlli Capl dhextdeion of
(5102), icon 25 nitride Si3N4. Said materials

are given by 9y ¥t Ehple. In the exanpl e of the
silicon eaykigutde Pufded SBayeowcanebe aftéi subagerte

of anor phougs,. §é%ﬁf§qmet¥8 ysilicon or porous silicon
e

(obt ai ned by I ntentional 30 porosification or by
porous deposit). The nucleation layer 2 is, for

X fed adé@aleip@{on f@ﬂ Oﬂhﬁﬁﬁéﬁéhtaelaﬁé eéfathe invention
obt ai ned by transfer a thin froma,firs

SUbot 1 ¢ FOFSbtibl SheafabioRe =(PAEFGF cohetRbaTmediate
Knoyer abs " S tpdadd Heereedngar escblatindn 36r58rowth layer

' h
ke W90k Cani et BYEPe] PEafEL SR8, Bhootea
Typieal ty, of het rddeknesbonf elih@Phﬁchagﬁﬁﬁriiﬁy@E i's

Oérﬁk%ﬁﬁ@é @£ Ol pmtgaﬁdpﬂayekcgr EQrmééHQHh@aQ 5

t he thickness of fer layer 1s of
(e L aFenent oo t%%%l%% bﬂq Spof LRURPL e about “0. 01
pmto @b@t@xém;@m Soprsipnstandci:he sgbshmhemam@are 1,
of I o%der of several h ndérd n% % k range

S%0° R F T CERBnbrE T aBout BB6EFR B7v6Ss
pmenﬂTmne@eabm@eenaﬁdoé sthepoat expbansaba €lsand &€ Si or
ﬁ%%éo {8 o %ﬁ% Q‘éuh!“% SR gl can

1%0 dl?#éé E% 2exanpl S Cas a coef$|0|ent
of t heflng| buffer layer 4 1s 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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expansi on of 4.5x10-611, Si has a coefficient of
2.5X10-611, alum na (A1203) has a coefficient of

7X10-6K . This difference in the coefficients of the

| ayer 2 and of the substrate & can generate stresses
during 15 phases of tenperature rise or fall, in
particular once the relative difference IC1L - C1/Cl

or JCI'ypi241 13, i shat thiekstsd0¥ oth20mele3d@Yoat layer is

rafupey | bqut or -2 In_tha
etq{%‘ &fc?%gt%? eeS stlrmésté(cg.\s51 gﬁeré?gﬁ dSP?nexa?Btl b > hm;
é’a&ﬁurtshmkrﬁf?ﬁ$ e@%etla@ub@fﬁ% é@mrb@a b¢ t:he bu;rﬁée*r of a

| @Y% e dhe i éf‘%rﬁasﬁoneﬁaQﬁié!CéMé&@' ol 8Yehm tBCabout 1 um
stresses are.absorbed therein by defect generation.
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divsplacenen of {@tehéatanbéechooeshanbcabbyuabsebsh example
al%ou 5&&5& ons oL %tresses In the case of an

Srorphous MY 6Pt >¥he™Pri vi | eged rel axation node of

t he sfﬂmscasem‘snm oLrekprioflt hephayeos Pf emehtC, of
e ifventdon, Slﬁyéﬁ ﬁp&%cafléhéosaﬂs ggéygecan be
structure in e oxide 1s not an oOXl

ifitegient 30 Irk el de SHE chaperoresef{istens af hhermal

|G RS es A4 1 § 6K 'eX@Ph£s 8a coefficient of

or 0-phgpspho-sili.cate ass BPSG the | aye S . .
RS ST R L o ST MR (R RS
creep Thﬁmtdﬁlaﬁmréryqf)@ oh tbluéfecbefayeteﬁaﬁ b8 the layer 2

r [ n e en_the.oxide

AL et R B ek a8

hagesuraf |t§w\mtm3ne Prgm eor Zfalh V\hnc:}hareieubaceonce

%%%bQ%IH%f¥E”dH¥¥é¥éﬁbéhL 'aX%A/E ?2LK5 is at
|stal

senm conducti ve nmateri al refera nmono I né,

635t dlFe T rH ¥ | 30h, 2k aTRbeD aF%‘BlﬁeS?@lr@al Liam
r&lbbﬁﬂtd@ﬁaj\l,oﬁazm*mre or AN Reference nunber 12

desi g a e 5102 oxi de, er 14 represent _
the SIBLITET IS8 ShoPTEferehte RLRBerodcorepraten quring
an stlgstrsatan fior nesnfe ot ars entr€ omdsictbed bpt ehe abuffer
Q9a%er 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
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thick silicon. In such an SO structure, the oxide

| ayer also acts as a stress accommodation | ayer
because the crystal 10 growh methods are carried out
at tenperatures of the order of several hundred
degrees (for exanple: 1000C). At those tenperatures,
t he oxi de becones viscous and absorbs sone of the

sbfessmscombiachuffe matayarils pMelfleraailgzo RRI A HQME ine,
of alg strgs rent 15 nanner as ..t

doe no?rgeco%e 3‘§%@&§0n7h§1}éF§F1§@r ¥ Siénc &g ium
t hetcodef GeNenteapbhitieer mad 26%pan Riede reetose eruntdes 12

nﬁégf haees'éyﬁé Q %%dSHEﬁ o§98§trﬂ£§ 61& Q regents the
th ere ore, be ar ater t han 8 §B/ﬁ
3byd E?raﬁw@ﬁt aflérrﬁ@ﬁsﬁf@p@e( 2eaber zgcyrepz@smtsam

S§11b§t£§§é UE8rmbBe fRuhf ar ska¥ebnbhctale ©dlterSANMPIEL .
Fﬁ ﬁn1a deposit of anor phous or polycrystal
s

thaf°Ban box in and absorb stresses and is,
for eXBﬂpbﬂchlantBeIrangacthﬁUItﬁelomlmboﬂa@ek RBDso acts

k | the,thick f th
| 95 03 PaBE O SreBtnbaBL IR, Yaybpl rb iR e s
1@rﬁw¢hom30boﬁﬁ1a@e cerréaednois tiheteapgealutes it dhe
2opfr THE é@%@kﬁ@sﬁuﬁﬁrgaedebQEQE ¥%Dfmgkgmﬁﬁhun§%o °C) .

formed by deposit, is of the~order
Yy ?%ﬁS%x%ﬁﬁpﬁrﬁﬁurﬁérr5H§e°¥eéenh¢€@m9§ vagcems fad
exmm@fbs4@@ménbﬁThﬁeS§BSEé§E§ 10Tﬁ@”bbﬁf@& gayer 14 will
the s ness as.the . .substr
SPE SIPeB Yo bR PR BAL" FESPERER: aPlon iBnwitserent
Pm@mm%r3$$ in doesubstrBEeome wiscbgied support an
accompgatiOflaL fYe" azfecfants Qﬁnﬁhétﬁﬂe%@ Bkt of

el astic or certain elasticrt
at Rl x‘?/XP@é@aPPebeFHe?ﬁetbleaﬁéd@ﬂtt‘—ﬁél diﬁﬁffeé‘r éft and the

| ayssSr2de 26. céﬂlﬁhbﬂﬁﬁbrgz 1h§eﬁls@btﬁbn§@eaE@% than 10%
exa in ot ches or trenches or~ any othe
GorB 1 2 vt fAFndBberats LESPFAALUSD. 130G OF 28°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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.one Si e substrate,, an

notifs have an elasticity or are flexible in a plane
parallel to the plane of |ayers 24, 26_ The resulting

5 elasticity can be cal cul ated by applying the
conventional beamtheory. Ing variant, shown in

Figure 3B, a resilient accommodation |ayer 23,

simlar to that in Figure 3A, can also be forned in

tdiet a oasd f aber ofxahelsubsir atehiﬁg ﬂet&hééeby trenches or

e ble.pro here g t
%ﬁgyﬁghgggé%géﬁ% he sug ?ra? mh?%ﬁ gg ggmggar PR1d
tfﬁretlﬁ:%rha‘geu ratt i @h%hl@ltgw erSAreTﬁ]Levaaite aht eaplane
P PRSI, S 65585e g@elgy@rgegaanbgal %h%e§§su161ng
accommpdat i on systens_in gures_ 3A and
gt C iy tFRn ska%ec%hvé%%%@fé bY| APBRABLRGr thar Fapventional
(Bt rtehady)y . not ches 25 such as sam#cuts for
exanpl are made in _the subsérate Zg one r both
Sides Bl 3 RSB r a7ROenER Bydihe aBotfedgsilient
ahsmumm@dﬂtrdﬁeiayes bt abimetlaR0tdt thst aisoFpgssebBR, can
to MEM IOl Apelbatabl of ngéeséé\sgraée 28

em Suc t
m%lqmjw @meﬁrtwe RRPRIDLE derohrhemet eheaddberence between
©Ule id fendr sfssebhie r e9edhich hem&eégséaknm the
t nens|onal eriodic pattern or in 25 onhe
ORI e THUES gife 4THAS VAT ERBRPFES also absorb
tSKﬂHﬂEEBVMth a depth p equal to about 10 pm and
Wi th = I m d a art an anou
e = 1?&%c€ﬁéaﬂﬁ#?%%ﬁf %§P$%e i %?%tﬁﬁnt5YStems in
darprzase Faiahdredharde albe apsospnt ohn stykset epam80sihetrate.
| ayerslr?—‘]an(giﬁl&ndvahpfaﬁﬁjbﬁ‘{ £e 29 %Fann chégeﬁlgl g@ h as

or simlar to layers 2, 4 and to the substrate
PSR & s i 0% @@m%etmearpa@wwn&ee%ubemate 20 on

aeaaidie bt hsitdees Scﬁﬂ&l‘i@%hﬁlbﬂﬂﬁé?e Theo:ﬂd};@' £84108D a stress
a layer o

24 ca for exa
réﬁ%ﬁﬁ%ﬁﬂ%ﬂl Fs Hht ?%%n%italned by transferring
a thid ayeralfsomaessihlsttsubste ad esydtosm exadpl & that in

%@dﬁ}é'ﬁilgﬁnﬁg é%”énémglﬁg 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
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or by fracturing the substrate (the steps of said

met hod 9 being described below in connection with
Figures 5A and 5B), and the buffer |layer 26 can, for
exanpl e, be a polycrystal or gorous |ayer of Si,

SiC, GaN, sapphire or AN 5 The structure of

Figures 3A, 3B, or 3C can also be a structure of the
¥irdy pEesdhibed)igs1d® DRI 8gnActByen eithopzi@her@@ 5A and

ulato dth Iayr24 in ne | aye
gﬁs’l ‘com CE T SRS podEThi ggt ogréar r?/roﬁ‘a‘%(%{e%e 9 2
|qulmm1 orrs RIsTolgs alsyeuctlir 81 su8hC asGaliat ssppwire or
ifix Figure 2, the substrate 16 being etched on one
and/or_the other of the faces parallel to the plane
of thefhayigicgre 19f Higusesosfn abBel @5t3€ can also be a

agGamgat l@m &Iﬁé/eﬁoﬁstyﬁéscth@eﬂa?@@%% %éﬁlg a 1ayer of

refe ence Fi qures 3 n Figure i f
e Al LR 5 vt t d Dottt he 1 Javer of
Isa)lerccﬁﬁ to the substrate 20, carrying out bonding

ont o %; gta{fgg ]%4) %]l| nEQeéaW m')d{ﬂéf{ac

bondi ng s ep, ar sTAce” tRe sur area
Bﬂm}@ﬂenﬁﬁ@mt%xnm pergoperantitah | §s riethicesh@m in

Aoyt 50% dossexan®! €3 - bé{‘n d@téh@@’oﬁ noﬁ@ea&@ﬁ&r the

of highly etched surfaces éand hus with a_ snal

BRI 1O U e G B PTF A Bl G br PR R LORE ok lete Layers

sumrf ace, area)o fdm ex@nPlestiBeacObihddDEd M Hfet Nes
enches r of t he. not ches coul d, be 250t| zed té;)

els&ﬁ 50 SSus Hohdt PpS T hF] BRI TR R
georretlm cf‘:pga:mreik,r sibfthdespppoet nss colott gt rived by

sai %%ﬁ%r kg%rgzhl i o?weggoﬁggéprﬁh&)p@ﬁ 0%_111% Yall 20,

patterns taln an etc substrate ’
&RFTYe e oW hondi g et 9 ed asEPat rpondi Heh stirgeles may

odiEPags Hdha B3 torob! umt atbecslsfagen@d the surface
substrate i.n part or co or to bondi ng

ri
o7 et Mol Se ot ey bR et het SetRabi, duced
t(fh@' takenchexwor r tdreamb Tdpd

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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patterns enabl es an absorption effect of the stresses
to be conserved. 35 In one exanple, if the surface
is formed from silicon, a step for snoothing the
surface of the substrate 20 1Ith a stream of hydrogen
can be carried out 10 to close the etching pits in
part or conpletely by mgration of silicon atons, as

iﬂdlﬁﬂd&ﬁ(ﬂhdreﬁahﬂﬂgapﬁtsiinw@ﬂxﬂ1dﬁﬁaﬂmymﬂidﬂyﬁhy

f i t |
AT LS, A0, YUedhe (B Dlaqtad SO0 P2 4,
ﬁéhlﬂé@rﬁforﬁﬁﬂﬂjﬁm%rmmbe(lf o8 mm@%rfnob&:d@) cpfs a
dsRe:IH &f 1P OB H! &ddie 4 renches, c?é dihe, surface.

Sai d deposit can be carried out by a non optim zed
shal | I t& it issoIstaE 9 -SRI ISHP T Heth Rt el (for

xamiced drs O}f:LQIe)ehaJmi@osdﬁf&i i biiudd L2 Ghatlthes
"A acturahl e corner roun
P ) o B RN R e bt by a

MENBd@tﬂﬁimedﬂahaiinmﬁﬂnﬁhqhunﬂﬁlaﬁmmms&ﬁﬁnaﬂmmﬂmng

n %ﬁ?h | or by; Jmer

Cﬁ? o%ﬁgﬁﬁg%%%?g§hggbars %%tc es or%§1ln

\%'al |Ps é?hatqge ett Pdnchds hiredely t"r?én@afcgctrachlet forner
trenbel ASEd1GsSreSor olhe 7B ot Knew 1del idiiacion”,

an[ cut" (or substrate fracture) is described
qﬁgﬁhg areﬁcle by A. J. Auberton-Herve et al. "Wy
can Srmiuet e(aﬂemﬂamgesdmeartz&cfmtwr@ @aflement that can

I S.2 tl
P T Y b P R S B o
figformgtipn Z(fOO}heP bapz - grotSthegss aof thisatwajdtshedf the

arendesy ek behpw ddre r&f anrnes & fwes SA g,
5B, in.which the references 25 40 and 42 desi gnate

two sdbét matded RV sdsE fHhsmiaER caTiud e’ (or
pmbeitiralts, frolctexaplis ddhdtﬁﬂd&tnﬁhﬂﬁa@Huﬂﬂ}%fhy

BOPLE HapIC e A A Ol SR KL M IR ene
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
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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formng a thin | ayer 52 which extends substantially
30 parallel to the surface 41 of the substrate 40. A
| ayer or plane of weakness OEIfracture is formed,
defining in the volune of thé substrate 40 a | ower
regi on 45 intended to constitute a thin filmand an

upper i 0 constitutin e bul k of the
substrggg SFﬁﬂFﬁg%ﬁ r§ §§g§éggﬁawﬁ§hlﬁﬁﬁéﬁﬁgﬁ-Hﬁﬁ?erﬂs
ofheres@mples gandakspibed ahpbenteﬂngwaehngiﬁ@ performed

BrhPLagtaLlenof vdpagen g0y DELlucLl. The

bstrate engrave pa f or
exanplEheaéwﬂe%@bﬁbeétaboéé agdgfaviengpireppeetommed then

fi@@@&@ﬁe§uﬁiéﬁef§§ea@g/Qba&ﬁgg]Eggesﬁﬁfagﬁn%7 h&er
%ﬁgstrates 40 and 42 50 prepared aret

SACHF AN AR e (2858HRIL ARE YFaderai1ugdpag aaw/ae@bmque

bﬁm@hngsthm@@mqﬂﬁ tRssanbrbalevBiEASCHSERG1ANY or by
that is,known n1cr elect oni c

h ue th .
(R ool ot o (£ 08 prlstTal SERRREERY MR By bonding.
dﬂh@@uxﬁgaxd by bbﬂdengechﬂvqhesegaeﬂetentheseuld be made
t@%*ﬁﬂéﬂ%ﬁikrﬁﬁﬁéenﬁe QHQd% 8§ {adgsdQ1L0 bégm%QEEdQXtor

. Tong_a em conductor rer
gﬁ%ﬁ¥mﬁon§¥ﬁgencés%h@nqecﬁﬁélB§9¥?0¥¢9Ey: Wiley
| TH 8 1564 PACes Pribi £ah & 088 . A portion 44 of the
substrate 40,1 s then re vegﬁ§€ a thermal or

mecharft &P~ ti¥hrentt ¢ kabet t9cigr Bhensrgpgigd by
tehectpdanmel ofr ieakinesscal. tAsaenanpl ehat tddtes a fracture

escr bed in_ the_above-nmenti oned artjcle
PFOHE e e S e e b e 2O B LB R cof ' EhSt
(ﬁﬁthwﬁP¢s§$tﬁﬁSQ#mbwdlnnFt@@r@bGEE mentmoded apticle by

rei nf orgadhebanding iptefface or the 20 join
bet ween the substrate 42 (or its face 43) and the

thin I"HRersYSqGITe P evHiadt 1§ atkrB15hovR #myFhgure 5B.
desi r ahl e>dder aiserd heféeopetia Lmsena@ngbwt;eﬂn@%@ or the
QTS ARl T o TREL oL ot 5. DRRSE 1S o
ithin 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 coefficients of the thers@ expansion of the two
substrates 40, 42. The relative difference between

said coefficients can, as 30 already nentioned above,

be at Tegstiimvdsr can ladast bro¥erdacad byasm 3¢eatbly of

apbpertmpespar @EQEH% They, GrHeA4 32 alt%ﬁsb%s@)ect of the
nucl eati,on or h | ayer such as the [layer "2, 10,

o EETFACR BﬂFeQ Yt Eoﬁ’ée(rtrﬁea ITRSLPYEE &7 Isaihfgrate
sépstam, tbuthanyuhﬂﬂt&&%y@x Est20: tﬂa&5e5@gwyﬁ515§é%s

4 hose struyct.ure the S ruct e
he S?éSSEHdoes ng% Biesent%a Buf -6 IK?@P

f@ﬁﬁ@ﬂ%aEaﬁnapgotbe nepﬂa@edCMy1aweassembtheobuffer 1ayer

syperigRessd:fthmgc I n other words, this aspect of
t he |nvent|on not only concerns a nonol ayer on

subst rife TSFRREAPILEGE anplrpet Pfayerkepssemrhie obtained
emlmgshbaye@ehérdeﬁeﬁl ted aRpdaselstibate. thiis Sqidf Qs a1so
ﬁgqﬁ f f asso i ation of ihe nucl eati on | ayer ang

t $e? TAYSF OFnPRFGHPes tifen3CasTARS oHRRA dR Lhe
cﬂrEuglaneYdK w&akag&eh¢aetbalobFaLmeﬂN@bymﬂEkngﬁx1ng

h | a | ug | lso, 10 taq

($££§%% %fe%gg?fggfogégéF |co§E é%c?F%egnFﬁrFﬁglonal
aﬁYm%¢%1%W fn %%faggehpneﬁnéulatEETRANbr)ab@ Device, 99-3,

Sﬂﬁétlﬁlé@trcg’@lﬁwﬁc§l Layersy, Beaceedi n Fwt h8 19t R gg9) .
I nt er nat.i onal rrp03| um on S| l'i con- on nsu

Tech. GnEDHevrcrigyes, al?ﬁeeEFEé?rBbﬁeﬁPéﬁFrseéﬁeF? be
S&airtﬂxa}l mtﬂdﬂt 12&p1éﬁ@ﬂ)61né5ﬁalh Qi‘hpl_&ﬁﬁﬁt UAS aAkS @i thout
strates to. be thinned w {hout )
Aé& dgp%%euﬁ%|aﬁ?§P|8ﬁ aﬁBCaAFﬁSEquBPEaFPﬁ&UQe
rﬂQﬁﬂﬁhﬁngwﬁmﬁesschsugh t echni ques i nclude polishing

and etching. 13 CLAIMS 1. A support for crystal
growt h conpri si ng:



a nucl eation layer; a polycrystal or porous buffer

| ayer; and a support subsfgate 2. A support

according to claim1, in whitch the nucleation |ayer

is a layer of nonocrystalline material. 3. A support
ceenez ding to claim2, in which the nonocrystalline

mat |aI IS fo med fro |ICO i.con._carbide
1S & St T i St TP L Can i mum
n|tr|de (AIN)Glertdianbaderd. A support according to

any ong of 1%&?%@]@ %t£9 3r '8]:0\?‘@' chcthe nygleatiop

| ayer is ob y transter om anot her “ substrat e.
5. A sfpporturkesf diwgStb2afy one of clains 1 to 4,
in mhlch t he support substrate is forned from

SI| Si), silicgon carbid Si C), . sapphi

2 0 urfs PO FEROTATRG O b7 ontr, 18- PR Eh phBF
naclosstdi arg layanyisne Déyeta®ﬁsmdnbor§stahllmb|ch t he
- %gfg ,layer is formed fromsilicon, anorphous

Si

i'con, porous silicon, ponS|I|con silicon
car bi de, galllun1n|tr|de sapphire, al um num

3r“trAcghp§6r§'$é@9ﬁdlﬂ©tféd§la1m A SuUpPQht cACEQEdi ng
to any one of clains whi ch the nucl eation

m@%ﬁ&ﬁY%%@#%&%%dﬂ%F%ﬁ+%%|%%o%or@ﬁa buPFeflifagep.jgilicon

cdad yaE yssBt) OrgHDI oW, ni hei SUpPesl) subsppat eel Saluminum
nltr%%d L& £m a sen&condugtlve | ayer, and a |ayer of

oxi et uded b3FRe2n t he nucl eation |ayer and

the buffer layer. 14 8. A support according to claim

|0 Wbyt e BXkAngl areradys Aud ayer oot qxi de af 5
|CO§G%$ a a?er o?ngoro- ﬁhgéﬁho sf Fcate gl ass 3, in
Wl"(lsﬂss)he muw%@%@@tlw%rw n@b¥611399 Bretofngfarm 1
fidhn &ndthe Whigbs £ hecd hi ckness of the nucl eation | ayer

is in the
5. A support according to any one of claims 1 to 4, in
which the support substrate is formed from
silicen (81}, silicon carbide (5iC), 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.



range 0.1 pmto 2 pm 10. A support according to any
one of claims 1 to 9, in m@'ch the thickness of the
buffer layer is in the rang 0.01 pmto 2 pm 11. A
support according to any one of clains 1 to 10, the
8 subsar atepsupperdcdadit-her tcorpriis ng nbhi veich2.tk oxide
support for, _cryst rowm h, .conprising at least o
l%ﬁ%?eﬁ?ignlﬁ'ﬁ%}f%gﬁgiﬁﬁéu%go?gﬁ§88§tgﬁtg'Hﬁifﬁﬁfﬁgeboro_
rhotphie-aréietthedlassf 60BRBE) or produced, said notifs
havi ng el asticity, or being flexible in a plane
parallel to the nucleation |ayer, the notifs being .
? et chRdSBPPOFbr AEE CEA IR0t ety nondr O f r 6AfR Litke 1f ¢ 8, in
wiof chhersubshidkgeskacingchbe muel €atian hayek. iA3. ifA the
support.accordipng to claim 12, in which the
rﬁﬁggeét%onl 9e$ Bhd the support substrate are forned
fromsilicon, and a |ayer of oxide or insulator is
ocaj e e : ti I r_an . .
lgUbs%rg?g§5¥§4ackggggH§i$§36%2¥d?%% ?% gﬂ%?ﬁfl% 5%3 9, in
wiegialh s, thiakmerss Ehsi g asuffared ayer 1or the . range
ol ot enAediabe fayer, |ocated between the nucleation
| ayer or the layer of oxide or insulator, and the
support substrate. 15. A support according to claim
114, Answhipehltt he-dufdeig kayemy sopel yer wstalmorl to 10,
cporous. 15 16, Absgpg8££hgccordi9? to CEa'n%15, in
Whi TR he b FERPOT ayeF “ - 8°F or REBT FPORT ST EOR  or
porous silicon, polysilicon, silicon carbide (SO,
alliu Ltri.de pphi al 'ﬂﬂg@ j tri
1%%&»3;'2533343 cg%gcfggxﬁéﬁ} Q%&QRhéugg%rt 5%%% d%ﬁg leéSt
OR® AHYleA&ien clavss 12nflo A 6SUPPAEL mElPES rBéiengincluding
mc?iﬁiﬂé atgek It %t@%@{d o?rco?@éhﬁ%@ Yot p:rl&@luc%%ﬂgf aggti@f motifs
e support substrate. 18. uppo accordi.n 0 an
b hren ot QEFEFF@“HW AR Y g\i?gﬁb{%elﬁoﬁi f%lag??e H’ﬁhrgllel
td hecHeor mwafl axatiches,l dveanchese 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.



or sawcuts. 19. An epitaxial growh nethod in which
gromh is carried out on a iupport according to any
one of clainms 1 to 18. 20. nmet hod according to
claim19, the material which is grown being forned
from &N, GaAs, InP, GA As, InG&As, AIN, Al GaN or
UBSTRATE .EOR .STRESS

A B S D
1Sy STRNEAREF VTR OROCRYSTAD - MGROW ATON S0 e burte:
1S8WBSTRAEE IThemedveniion pedlides acsmpppptroﬁi@r silicon,

p&I%&fﬂc&ﬁ OWt 5 1 GQUpY | Séagﬂ?de@ P‘f‘%k@?t' O%alé%‘?{m (Zitride

ycrystal “of "por ous ayer
(saMbkit r afePRiuppert @éyminum nitride (AlN or ‘silicon

nitride.

17. A support according to any one of claims 11 to 16,
the motifs being obturated in part or completely at the

surface of the support substrate.

18. A support according to any one of claims 11 to 17,
in which the motifs are in the form of notches, trenches,

or saw-cuts.

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

to 18.

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.





