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1 A METHOD OF DI RECT BONDI NG TWO SUBSTRATES USED I N
ELECTRONI CS, OPTICS, OR OPTCELECTRONI CS The present
invention relates to the field of fabricating a
hybrid substrate for use in applications in 5

el ectronics, optics, or optoelectronics. Mre
precisely, the invention relates to a method of
"direct" bonding the two substrates, i.e. nolecular

bo di i.t hout _any internediate Iayer such as a | ayer
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' dODOETL +SH r t LN e layer for
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The hybrid substrate comprises in succession: the
transferred layer, of thickness lying in the range
0.01 micrometers (pm) to a few pm; an intermediate layer
of thickness lying typically in the range 0.01 um to
1 pm; and the receiver substrate having thickness of
several hundreds of pm.

The rear portion of the donor substrate can be
removed by grinding and/or chemically etching the exposed
face of the donor substrate, for example. Under such
circumstances, it should be observed that the rear
portion of the donor substrate is completely consumed.

Other techniques consist, prlor to bonding, in
forming a zone of weakness inside the donor substrate,
then in removing the rear portion of the substrate by
fractur%ng along said zone of weakness.
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35 fracturing along said zone of weakness. 2 The zone
of weakness may be obtained by inplanting atomc
speci es, such as hydrogen and/or rare gases, that
techni que bei ng known under the trademark SMART CUTTM

The zone of weakness nmay al so be obtained by a 5

porous zone, by inplenenting tRe nethod known under

the trademark ELTRANTM Reference can be nmade to the
article "Silicon-on- insulator technology; materials
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V&0 e‘iy RPN s t T SV E Qs nkRQTe ebrder the
beﬁ?@deméhlek FITRAMon- i nsul at or (SAO) substrate.
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insulation is forne
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fQI 20 quititdgeg g ilgMddTade P&W&Ct}xc‘i‘lﬁ?r@% H1ish rs,

nd| ste 5 The insul ator | ayer cou obtai ne
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omamhnngueﬂn i ndeed by dep05|t|ng a Iayer of oxi de.

In th | at
bBrleSTf %338® “théde t5%ﬁ%y§3@§rﬁH%SFFQEEFe@FEhg

IéﬁéﬁéCUl@ﬁéquﬁﬂﬂtyd@ptbdnammguh&d dodi feahminmpatbsdrates
tB& E%%akypguﬁhb%ﬁ QEdEQetE%S%lEhn%ﬁﬁwﬁ%hﬁ%%%grjﬁg

rt| ul ar, bondi ng ener

e éﬁ@o%mdé’atht shet h’@IStdl]}iﬂpWQ fhens thsegodnibeing
sttep: @fllﬁeaﬁ%ﬁglhaame@& %@morshb%rgftet he donor

substr %P par ﬁ cul ar inpartance. It has been
observ 3rﬁﬁgt fe T8RELGH toPPh OfhSERNt REbstRgtes, a layer

saeffsttnatéstaoe hendedmbdgehhehecaffhee BEi REgepUbnbRt O
substrate and/or the face of the receiver substrate for
putting into intimate contact during the bonding step.

The insulator layer could be obtained by treating
one of the substrates, e.qg. by thermal oxidation, or
‘indeed by depositing a layer of oxide. 1In the final
substrate, the insulator layer is buried.

In all of those technigues for transferring layers,
the quality of bonding has a direct impact on the final
quality of the resulting substrate. 1In particular, the
bonding energy with which the two substrates are bonded
together during the subsequent step of removing the rear
portion of the donor substrate is of particular
importance.

It has been observed that the energy with which the
two substrates are bonded together after being put into
intimate contact is directly determined by the planeness
of substrates, the possible presence of particles ox
contaminants on their surfaces, the roughness of said

surfaces, or their degree of hydrophyly.
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intimate contact is directly determ ned by the

- pl aneness 35 of substrates, the possible presence of

particles or contam nants on their surfaces, the
roughness of said surfaces, or their degree of
hydrophyly. 3 It has been found in the state of the

art that an internediate |ayer, 3 referred to bel ow as

the "bonding layer", of thickness that is sufficient,
i.e. greater than 50 nanoneters (nn), when placed

bet weenItwbasi bgée Hoengsial tkebstabtess siegvesttBhat an

fa d y g.the ear ance
cefecrineg3PEot et roLPRd%ed e B0, ik orraeatng
onlekes to%gcthiﬂ'é]ﬁ@?%ﬁc‘éh@‘énlbesuﬁﬁect@nt.hel wor kgbyater
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SC|€i£ Q%d technology published b
50%53’5 W YOP k1 4990) SEATRS, T £3CHLSRAA AR 19 e
Sellmit;/pleg tihe appéechnddsot adépgetayes, %erb/ﬁf»sﬁé’rs, at the
a%) H@{fnc?nfjnttc—% a1 bond| ng defects.
er

orfunat E%xist situations in which it is
pr ef er b eth@ |tapic .t hee fdn eknessanfbd hsiduwsd ethe work by
| e atrdigy | Ayery ! Q—‘,d’saéll'@s Dgﬁrhfécfncﬂ@&raqp e]?%onrﬁlng

or even to elimnate it I nor

t rSFERTe (A tastha q%@qsayferpt&lweecudmﬂmgwmse & Sons,

(ﬂN&HﬁYg&kﬂMIngﬁi 20 receiver substrate. This applies

for ex | e it desired to. optim ze heat

conducta]#Hgn ’bé‘fl\%g’e ﬁ?i’srte?’éﬁevé? L dhisstiestle tyaed tihe buried

tﬂahsikaﬂxnglkgmar|seansﬂtdlﬁadeMﬂaﬁee%&kpnk@hlt bonding
yEyngnts are to be formed, for the purpose of

dunpl ng a 25 maxi num anount of the heat generated by
t he co%ﬁkﬁr@éﬁt@at\ﬁﬂmfetﬁm &g stn a;s:elata@mm gy wittikdutit is

a gryffieadipirs wlatiifg ¢ R¥er His% e%%r Vs er ot &%Vay or

electrlcal conducti on between t e trans

§HE TG ilpiers (os rdies 2 lessas Heeasbous Gt aim or
C@WE@CKCIh6hmu&aebeﬁtrb@ﬂﬂlét%Q@qUQE!%%der to transfer the

working layer of the donor substrate directly onto the
receiver substrate.

This applies for example when it is desired to
optimize heat conduction between the receiver substrate
and the transferred layer in which the microelectronic
components are to be formed, for the purpose of dumping a
maximum amount of the heat generated by the components
while they are in use.

Bonding without a buried insulating layer also
serves to improve electrical conduction between the
transferred layer and the receiver substrate, and at
least to obtain contact that is electrically conductive,

It can also be desirable to combine a transferred
layer and a receiver substrate presenting respective
crystal orientations that are different, e.g. in order to
optimize the performance of transistors made respectively
in both of these portions of the hybrid substrate.

By way of example, for components of the
complementary metal oxide semiconductor (CMOS) type, it
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It can al so be desirable to conbine a transferred

| ayer and a receiver substrate presenting respective
crystal orientations that are different, e.g. in order
to optimze the performance of transistors nade
respectively 35 in both of these portions of the
hybrid substrate. By way of exanple, for conponents
of the conplenentary netal oxide sem conductor (CMOS)
type, it 4 can be envisaged to nmake the NMOS

t reasilse oenohsaded tmamsmertm@ NMY®It einolstde on the

re r O oriented sili
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Tech: Dig. b Mo MBS LA Ehsprates,

PlyutPhiie distterer’ rel?edt¥ilc a2 00Faradtret iGHY cSwfg et
sialli. CO'HngHs E@:Ffeﬂfiﬂaﬁ@:e()@l}ddfﬁ RIS Wl cHRld 190y Atd g i rect
C%ﬁficon gg u efg to nake brid substrates .\
conprisin Eveﬂﬂgﬁ%% At gt oLgienFadiige sipbstrates™,
c@eehed Diion & tIrrﬁnsleEJerﬁd‘olna)D@l“rl@fesSIﬁdeJeQQr} @{oorsf 236I set
g m.Qr. il rmani um t hat . el ast
S?P;*‘é?@% e e e B st B g 11 2on

serpngdey sy éé;@y cermssttal Neventhéliess, |t i's

dlffquEtcEQ bq%be%%nhskgﬁq‘%%dﬁﬁkr'ﬁgf% 1 S8 e s
t he aliity required for an applicat
tFQWgFé?FPHg F§§§ﬂ§erWﬁéﬁS¢ﬁét@o@§|ﬁ@lﬂ§~§élééﬁme@overed

fdnract ahefeirtgd ZﬁybreofWBEUQ@bnaBE addighiraR@dlium or of
F d atemb%ndln% % l when _t he t'echni ques
|nvo Vet 4sEMagERdihE Iéﬁe? GFtlFﬁQ&Wn§§§ePﬁ§9 i& tension

| P tedcobpirrgslieas t han about 50 nm

Bonding techniques already exist. Nevertheless, it
is difficult to implement them industrially in terms of
the quality required for an application to transferring
layers, when the bonding is so-called "direct" bonding,
i.e. without any additional intermediate bonding layer,
or when the techniques involved use a bonding layer of
thickness that is limited, being less than about 50 nm.

On this topic, reference can be made to the article
by S.L. Holl et al., "UV activation treatment for
hydrophobic wafer bonding", Journal of the
Electrochemical Society, 153 (7), G613 - G616 (2006)
‘which shows the difficulties in obtaining defect-free
bonding.

Those prior art techniques are hydrophilic bonding
and hydrophobic bonding.

By way of example, hydrophilic bonding of silicon-

on-silicon consists in performing hydrophilic cleaning of
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On this topic, reference can be made to the article
by S.L. Holl et al., "UV activation treatnment for 30
hydr ophobi ¢ waf er bondi ng", Journal of the

El ectrochem cal Society, 153 (7), G613 - 616 (2006)
whi ch shows the difficulties in obtaining defect-free
bondi ng. Those prior art technifues are hydrophilic
bondi ng 35 and hydrophobi ¢ bondi ng. By way of
exanpl e, hydrophilic bonding of silicon- on-silicon
colibesssbshrperbopming hydpaphihiyctEbRanhrg @htdmathe
supghfates prior to putting theminto intinate
contact. Such_ cleaning is typically performed by a
met hod SRABwAlasning 1RCAYpreehdy phrthromedsbgts iathod

treabwﬁgagh@heS"ﬁ@Aﬁaﬁ@Ehéefw99BHiEQnEEs§HC£§S§%QQEing the
a sol ution nown as andar

Wth& af&&t mgﬂf . r

a 8RR I°TBCLT L ananthAY eBnpRESesshoni withe of ammoni um
h%/dr oxi dea (NHAEH) baoh bydf gg@nggﬁwxm@wﬁSB%Z%EM]@Q%

0 opi ;.an en a_second bath of a
so ﬁ?%%n?kﬁ%g%vgégén%ﬁ%grﬁomQT%E%S2a(@$§§u¥ﬁa?f ammon i um
compirertde MkiQile off Mpdtmgdomeroxcia (H01), @fd of

hysks pgen fenext &e; (H292) hen and of deionized water. On
this topic, it 1s also possible to read the 15 article

by C. Mal®itFnd Patdyefar, sedutvion doasawetasl Standard
Pr(Dbe_zarAFZl (82N Netat SYSMOSI 468 Of m&f’é‘déﬁ?tﬁ%dwﬂoric'
Bg%%kpg Cﬁg gzﬂggﬂgFCS ubllcatJOns p. 46, 1997. o

Hy rophg%l b F%géhngﬁq%xyﬁ%|@héh{edag9 of deionized
clvedring the surfaces in a bath of hydrofluoric acid
(1) 8 B gt oo ey o confecty sald o
as-;lrfrtqqp:heagy- C.C|l\1:5aélrﬁw§1163u@ Reotsemrd NGl .mMdibda et al.,
Ly, ] R SOSEIB| 1 SRR, e
aéﬂpnﬂl&g’: e KirFoqcdLpublications, p. 46, 1997.

Hydrophobic bending is usuwally implemented by
cleaning the surfaces in a bath of hydrofluoric acid (HF)
prior to putting them into contact, said cleaning being
known to the person skilled in the art as "HF last"
cleaning. Such a cleaning method is typically followed
by specific rinsing and drying steps, which make the
procedure rather complex. In addition, the surfaces as
treated in that way are very reactive to metallic
contaminants and to particles, which means that special

'precautions must be taken. It is therefore not easy to
industrialize that technique.

Other hydrophobic bonding methods exist, such as
cleaning in hydrofluoric acid (HF) vapor, or annealing in
an ultra-high vacuum (UHV). On this topic, reference can
be made to the article by M.J. Kim and R.W. Carpenter,
"Heterogeneous silicon integration by ultra-high vacuum
wafer bonding", Journal of Electrochemical Materials,
Vol. 32, No. 8, 2003.

One of the main limitations of the above-mentioned
methods is the difficulty in implementing them, which
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25 treated in that way are very reactive to netallic
contam nants and to particles, which neans that

special precautions nust be taken. It is therefore

not easy to industrialize that technique. O her

hydr ophobi ¢ bondi ng net hods exi st, such as 30 cl eaning
in hydrofluoric acid (HF) vapore, or annealing in an
ultra-high vacuum (UHV). On this topic, reference can
be made to the article by MJ. Kimand R W Carpenter,
"FEpel@genenupasticurmmlﬁ@fgﬁatr@nhbghUbéé@nﬁlQ@neallng,

I h
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fer mrkgor(qhn)ng elrg:eﬁ@CGQ Ltrslrtglfmtimﬂtﬂaﬁ tafatr&rmls.ﬂon
SMEMEH e g

bee observed In t
i i %R%ﬁﬁﬁﬁsﬂﬁQﬁ?nftéﬁh ghﬁuboﬁﬂkﬂG(mnﬁﬁﬁﬁauy,ls

prrptdl ehite 40 WIRSU Nhe HOREidde: SRR S HAME:
ath dﬂo %O}d" ng i nterface, regardll eg:s of V\hrgot%her t%ﬁrgr
tydr ophi lic or hydrophobic. Furthernore,

gfter émmxﬂenﬁpna)Id@aemaﬁwméhmﬂﬂétxh éﬁ@ﬂﬁ§ndé“%¥90 C to
B2 ari nger obser e
oy o8 G e EREERT A o Bl st B

i nfrar transnlsS|on N¥a
oPhﬁegqvmteleo@bﬂbll@ir@@@@l thete rvpeers stikat. tmv@mmea@ss s thls

pPebiseeice Iofevildhah o ‘ou?ﬁ:ﬁ%%ntd%eg g{btp% N nert bondlng

this topic, reference can or exanp
arti EIHFR, B.- SHotARg 1&n ® TR SRtk i, bondlng energy.
" Ohf eh-itso-teafies, r%@e@@ﬁ@ecE@hﬁ?kﬁ&bﬁ@”f@& %&a%%ﬁ%ﬁ%o the
dg%%rat|o Second | nternational Sl um on
Sen]&g%8U§Wb%J fgprnlng and R.R. Martin, afer -to-wafer
bond characterization by defect decoration etching",

Second International Symposium on Semiconductor Wafer
Bonding: Science Technology and Applications, PV 93-29,
Pp. 199, 1993,

Sometimes, it is even possible to observe defects
after annealing above 1100°C, by using the acoustic
microscopy technique.

It is possible to cure these bonding defects or to
prevent them from appearing by heat treatment at a
temperature that is greater than or equal to 1100°C.
Nevertheless, depending on the intended subsequent
applications, it is not always possible to envisage
applying heat treatment at such a high temperature. It
can sometimes even be desirable not to exceed 200°C.

Methods enabling the defects observed during direct
bonding are described in the literature. They consist in
creating trenches or performing desorption on surfaces
prior to bonding. Nevertheless, those methods are not
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Bondi ng: Sci ence Technol ogy and Applications, PV
93-29, pp. 199, 1993. Sonetines, it is even possible
to observe defects 25 after annealing above 1100C, by
usi ng the acoustic mcroscopy technique. It is
possible to cure these bonding defects or to prevent
them from appearing by heat tréatnent at a

tenperature that is greater than or equal to 1100C. 30
Nevert hel ess, depending on the intended subsequent
ap@ﬁtté@lbnsatlsfastmny a$ wayst possd bl tloe exwt ape by

applyi ng t freat ayhi t eqpper at ur
can sorre?%@rrgs II(tev]gn %@%ew r%gc‘lfglrnot Itg%bexﬁ;e%r%%% lOW
Vet FIBRRY 2Tabt | e $ heh rdr el k1 bbser fenl kond g i rézirnal of

35t1b@nﬂﬂlé\@tﬁc5@1e§5f@§c§él b§v§’cié‘t§hel$(ﬂ§fat(§*2258 dreyY (2003).
C creatlng trenches or perforn1ng desor ption

ogﬂiur %k% Ol tHBDMRTRS ReVRrbHRINERRS ¥t always
et inotksb e ef owotuse Hntaé]etlallrsadp;sIﬁﬁd@I%@Sfd\EmaMhﬁﬁatmg

|rbj I Esser, K D. Hobart, and F.J.
,éﬁﬁﬁﬁ#%gé%xﬁy éﬁﬁé erature Si - Si hydropmllc

vvaf er BB Hyren isuy rﬁeﬂekﬁ ta heenEldse trhor legmoatment ioned

S@ﬂﬁ%c@éﬁﬁ)bh%ép%g 2003). 5 In addition, such
substrates with trenches are not always SU|tabIe for

use i n t&AHIFHEA RIS dhe dpyieddtiany 1s to provide a
emmmmmwwcs sumﬁatwtﬂcprbesméoo crleﬂ&daa one

nti ned ra acks of ior arf.
% % ar o St Vet i C{}@ mndd@ga layerr
n@tﬂwd@a@rtamrxm@ft wdhes lsknﬂxsrtataesst @dﬂ@thd@d adilr=geid y
PRem ARt S GdREI o o Ay addidanal, hendli

| ayer, at |east one stra
| BForindd @@ﬁﬂﬁ@ﬁbraﬁ@kékﬁaﬁhdﬁ Gmelxﬁ dan1Wﬂﬂh(guah1ty

t Rr@athb L f t
@1ak5 iR @sitAistincltRereeha ¢ nd vsrmﬁlt(%out OE’)H cd%%cﬂngh

§%5| that is atlsfactory an croscop
b ﬁé FECECES SUPR18S BRbSPEd"gppearing. To this
end, tHe ithienkhndn tékatieseh® ianmehede’f to a method of

direct bonding of so-called "front" faces of two
substrates for use in applications in the fields of
electronics, optics, or optoelectronics, at least one of
the two substrates referred to as the "substrate
comprising a semiconductor" comprising a layer of
semiconductor material that extends over its front face
or in the proximity thereof.
In accordance with the invention, the method
comprises the following steps consisting in:
subjecting at least the front face of the
substrate that comprises a semiconductor, or at least one
~of the front faces of both substrates if both substrates
comprise a semiconductor, to heat treatment referred to
as "preparation treatment prior to bonding™, at a
temperature lying in the range 900°C to 1200°C, in a
gaseous atmosphere comprising hydrogen and/or argon, for
‘a duration of at least 30 seconds (s); and
bonding directly together said respective front
faces of the two substrates for bonding together.
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di rect bonding of so-called "front" faces of two 20
substrates for use in applications in the fields of

el ectronics, optics, or optoelectronics, at |east one
of the two substrates referred to as the "substrate
conprising a sem conductor” conprising a | ayer of

sem conductor material that extends over its front
face 25 or in the proximty thereof. In accordance
with the invention, the nethod conprises the

fgl | owi Blylstrepshodnsikes ngt i pc:;ssﬁlblfﬁé eed | ADimind€asthe
t t trate that conprises
seﬁ?%gﬁgy%%g§$ %%eéggFeggté%%etr - ??%n?nga%%§o
of "BbER SumRevailebei to bpahs Svbst rod s Sonfadseb@ means of
SenyEsrskiet Dfomd 0 heat treatnent referred to as
"preparation treatnent prior to bonding", at a

t enper at WEFFEY nlP i the het3ehget 9OBT an- 1 200€, me¢thed can be
?a@s@mmﬁtm@m r:ﬁe?mrt,ml Sé\ﬂfh g%ﬂrfgﬁ@rlsdﬁ%( z_§2£t@£ gc%hnot

! ian. o east 30_seconds (s); an
b%%?%gﬁa_ﬁ%%]l%%%ef%‘?r’sa‘?lbl Teddwdtidr Hawhtan f aces
of Ltfel atvin s Ulmtemtims: fwittbendimig-kreget heff . 1dss WHsn about
mefdiagy makes it possible to elimnate the native oxide

present_on the treated surface and also makes it
possi bl’& fddiddanattdias sineranstdcm hremamntofprior to

hydrolery alkss i GU¥IAE O W Srate R 1dHe @dels of
the, tde can b?l used with goaod results, even if the
sUBSHY AES *do o2 Sh RREMRPASTIRLE iteg Meapsire gioq mean

tf@l}uad:@ Hm)amodgﬂmdsos@t idfgloldav?/%mg’gg.trowst NZ9 tdH GknRSSined
0 an_a am n addition, the .
pféégfz?f%nﬂﬁr§§#ﬁ%ﬁ% E?F§F3FothﬁoﬁHFﬁécﬁaﬁggai@lllcon
pSIBisEIrateo typlgied lye py dsewtlse wraiss rofighnesghes $hd torder
has bednspassibl r . square _ (rng) :
rﬁyggnesg of O.7%§E§é?%%%g%%ﬁ)%g%pggggéﬁﬁegreft%ﬁg%f prior
piPs RRPAENIWAEHERS aBh 8 CdutiyRee cdkaaisil i tendlSo make the

ssheteabteetrgpi ealilgyepr,esents rns roughness of the

or der . .
The invention thus presents the additional advantage

of putting into contact surfaces that present very little
roughness.
According to other characteristics of the invention

-that are advantageous and non-limiting, taken singly or
in combination:

said preparation treatment prior to bonding is
performed in a gaseous atmosphere containing argon
exclusively or containing hydrogen exclusively:;

said preparation treatment prior to bonding is
performed in a rapid thermal annealing (RTA) type chamber
or in a conventional chamber or within a chamber of an
epitaxy plant;

the direct bonding is performed immediately after
said preparation treatment prior to bonding;

the substrate(s) subjected to said preparation
treatment prior to bonding is/are stored temporarily in a
chamber under a controlled inert gas atmosphere prior to
said direct bonding:;
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£ r & et

of 2 A and the usual surface preparation treatnents
prior to bonding (such as SCl type cleaning) tend to
make the surface even rougher. The invention thus
presents the additional advantage 20 of putting into.
contact surfaces that present very little roughness.
According to other characteristics of the invention
that are advantageous and non-limting, taken singly
or in conbination: 25 said preparation treatnent

prior to b6bdingais dpeetOrPBAdiRga 988N ALARSPIGE€:ion
cogégtntpga9£g8g .excluglvel% or containing hydrogen
exclusi vel ¥, —sai 0° preparatFon®t réatFperpriet tving in the
bohdnag 280°Petd ol 2@’ ¢ for aghout het NBéa&nnesd i mgur,

(RIA eLyag) shasberes 3000, i 1y, A copyent j onal - chanber o

within a chanber of an  epi t'axy pId%%?' t he direct
bondi ng” i RO $WhweER atledydbig ecompaise a

prepal adn@ict s ARt £ 1L | OF o410 f5ﬁggr55_tﬁé“§$th substrates
substratg{q% §$b¢ected to said preparation 3
Priet 1o BHhdrRPIaren strsalanehpoiiey 150

i rbendighgnteerd under a controlled inert gas atnosphere
prior to [ Iorect . banding;, 9. after said direct
bondi ng, Sbazlﬁ%?sn%ﬁlc%ﬁ%do C?cd)alii t%al'tlrsea? t'ﬁ’cL from (100)
pet¥iorGasy atl X0k enipleircatrur erldyi gl li)n siHei carange 200C to
1200C, 1 aheiit i@ | Lass ﬁ%ﬁ;-fa%g, Ye Q0 cat i

I our 5 Hoth subst rl%{tg%;oa gotg bfoar?%irlﬁ:gatlng

| es han t hree hours;
ca’ng}yuﬁ%réda SUlShradRd ftidrab lgn fath defimsntusfest g of t he

* beidplsubstiatesn ae Fukies e a dhe JHieRar ¥gQls, or

LSRN0 hand ) ¢ S em ondUt g
siflizcon, and (111) silicon. The invention also
ELFYASFZs%&%ﬁ%g?%bgzgggg%%ﬁ%g Q%ec%i@%gmlgu %%%%&%}%aving
one of its faces referred to as a "front" face;
selecting a so-called "donor" substrate that
comprises a layer of material for transfer, and another
portion referred to as its "remainder"™, said layer for
‘transfer extending over one of the faces of the donor
substrate, referred to as its "front" face;

at least one of said receiver and donor substrates
comprising a layer of semiconductor material extending
over its front face or in the proximity thereof;

* proceeding with direct bonding of the two
respective front faces of the donor substrate and of the
receiver substrate in accordance with the above-specified
method; and

removing the remainder from said donor substrate
in order to obtain said hybrid substrate comprising the
receliver substrate.and the transferred layer.

According to other characteristics that are

~advantageous, taken singly or in combination:
at least one of the donor and receiver substrates
comprises a layer of insulating material on said layer of
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applications in the fields of electronics, optics, or

opt oel ectronics, conprises the follow ng steps
consisting 15 in: selecting a so-called "receiver"
substrate having one of its faces referred to as a
"front" face; selecting a so-¢t8l 1 ed "donor" substrate
that conprises a |layer of material for transfer, and
anot her ortion referred to as its "r emai nder "

saf g™ 598 ul?gPrt pahsrarlexteAdFagdovaresnefotnshbating

f amatenialhexdends oﬁébsthétﬁroﬁﬁfEé&@dotos§§d'§§bstrate,

"front" fggf §g Ieas one receiver and donor
subst r at e3° " conp % 2F g%Flaﬁ QahfEbAduRFBFENLS
rratféwbme@&tbhdtngs 2éspvenantsrfeqnalfacesornip the
proxi m tyssDgr e9fer PEOLSSGH 0g; H?ﬁé£§onobond|£$¥

the two respective front taces e st
antP ot ve He¥1d@tei ver substrate in accordance with the

above- Spe©hélﬁémaﬂﬁa@@dofaﬂﬂa3§on6§”§ﬂb§9r$@§ is removed by
?g% éﬁ{ %ﬁ $?Jd %@nor substrate 1n order to

obtain sar ST GRE [ehRiR9hg the recei ver
substr at eplamjrtm thansferartebdayeig, ASCostk Ngr t@eakness is

ot r i C t_.ar dvant ageous
mﬂﬁl{nil&gflﬁf%% |éna ?%Jr}ia Sé%setajta Tast™ o]'feét%e a portion
&%rthﬁwéqi%léi%lf &l gdte st r cmzmrtzsaetse ald ayemowafd along

I rﬁﬂcﬁtzicﬁ'ga e 8fd Aln Ay R %g{pﬁn%ﬁ] acffm nx‘gjtéglco%%%lcal

nate and said | ayer “of eri’‘a
5&’&1@% FrSRSS¥SHce of said substrate sai d

| ayler of ttms \Weatd rep wmaeme%ls Hrseﬁi%']:tn%ddtkfya&gbqosa?lttll?@

[

i %su i?:l ng%r<E ey gt%q sreé:elléﬂ%r 61?)5%1%‘5‘\/&%83?&@@5 fhdayer
r @ﬁausmﬁomnfdudt@rdamemnst alde oms_yr ey atkddiver
”%ﬁB@Q&%% a@ﬂ@%%‘é%%@é3 ?knnln rl?{&%%ﬁ%ﬂ%nt prior

direct bonding, &-zone o kn&ds
|ﬁQlH@nﬁﬁégdoﬁ%ﬁisubstrate and at Ieast a portion

the zone of weakness is a porous zone.

Other characteristics and advantages of the
invention appear from the following description given
with reference to the accompanying drawings which show
one possible implementation by way of non-limiting
indication.

In the drawings:

Figures 1A to 1C show the various steps of a
method of fabricating a hybrid substrate, implementing
the direct bonding method in accordance with the
invention; and

Figures 2A to 2C, 3A to 3D, and 4A to 4C show
respectively three variant implementations of the above
method.

The invention relates to a method of directly
bonding a donor substrate on a receiver substrate.

In the figures, the receiver substrate is given

reference 1. It presents a so-called "front" face 11
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of the remainder of the donor substrate is renoved

al ong said zone of weakness by appl yi ng nechani cal

chem cal, and/or thermal stresses; the zone of

weakness is forned by inplanting 15 atom c speci es,

the receiver substrate conprises a |ayer of

sem conductor material, and onl¥y the receiver

substrate is subjected to the preparation treatnent

prior to bonding; and the zone of weakness is a

pokEBas 28nko QoM&t hetochanbater withcshandonely agtiagesate 2,
of ahhea LHV ' a G e | ow n .
descriptlon§§%£§% g?%ﬁ ré%ggg%get$%£th% %@%%ﬁb%ﬁying

dr awi ngs*Hhi 2Rl ¥howWre oRecpbest b ebs hphereiitptésanby a front

wayaoé Pbnahd ng tisgr Faehcazion. 25 In the draw ngs:
FiguresT&é\éo 1C s owgthe ggrious steps of a nethod
of fabricatiay a HYdt FRstbst 3R ethe it ey b hieate 1

diray t by onth e nethad on meliol lapee e tdhess.

i nventi : égg¥ Fi Ato 2C, 3Ato 3D, and 4A

to 4C s}%%v& r.es:g)(e}%:eti(%/jglul;he%hdr?-%réo{/aéfl?%rﬁecf%‘f%ﬁﬂié?i?%%es 2
of2ithel HERrisfs FodiayRie dhvesniamdetaiesdtoemial .

met hod of diactioraponidg, 2 ﬂ%}ﬁrcaﬁy Wl W@ of a

recq{ver syhstrate. 35 In the gures, the receiver

Tt DA ven 1 & Rt conductnregmierial, for
sxzaig led 2 riosd] aftaae bk el a 1,hatuds 40 GO &y an
CURAL W L tQ% Qnor substrate 2, and a so-called
"rear" face f? tRat i s opposite. Simlarly, the
recei vélesfissty daé 2epsesemtes of fuhent cohea s@b andArer of
I @2 ifase Qr trate 2 and the receiver
sub trateu%%oﬁgygggrggﬁ Ig§#2§EF%€% R Pifay o
sONSSTEEESS At OFedst oan&osh toife tdemor samder eaeley erf

sehsficahascZorafdtd re@MNr 3893 E%%%ﬁe%%1§e¥5%°%d%@ﬂ§ie—
n&%@%Eaghbstrate, or at least in part for a multilayer
substrate.

For a multilayer substrate, the layer of
semiconductor material extends along the front face of
the substrate (see for example Figure 2A) or in the
proximity thereof (see for example Figure 4A). The term
in the "proximity" of means that the layer of
semiconductor material may be covered in a third layer of
insulation, e.g. of oxide, having a thickness of less
than about 10 nm, or even in a very fine layer of
insulation presenting thickness that is of the order of a
few A (1 nm = 10 A), e.g. a native oxide layer.

In similar manner, the single-layer substrate of
semiconductor material may also be covered by a léyer of
insulation as described in the above paragraph.

The semiconductor materials are those that are
generally frequently used in the field of
microelectronics, namely, for example (100) silicon,

- (110) silicon, or (111) silicon, where the numerical

references specify crystallographic types.
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In other words, one of them can be made out of a 10
material that is not a sem conductor material, for
exanpl e an insulator material, such as sapphire or an
oxi di zed substrate. The term "at | east one of them
conprises a |layer of sem conductor nmaterial"™ means
that one of the two 15 substrat®s 1 or 2, or both of
themis/are nade of sem conductor nmaterial, either
conpletely for a single- |ayer substrate, or at |east
in par tTARrinveRi i9on agersistbsin atwhiForinmg nut t1¢ayerone of
sublsé r Bi€as ther |I§U&ﬂiﬁ({;, 20, é?rﬁ@q%gﬁ néméleril,l‘zé front
the substrate (s

exfaeggsnﬁ onr%?} heégon face of ee

f or % exanpt & F /g &€ 28) tdrhFH t Heea ikt Mt @ teifrerature
(SEEl¢®FiﬁD@ﬂﬂﬂEﬁﬁ@Qﬂﬂ$?2@0%3'qEDG%UJ?iﬂ'htiﬁ%eﬁrs

Bl o1 y qﬁqn . 1 hat e layer sem conduct or
natigﬁga&ﬁér/rrﬁayq{?e covszlrn qi%éléoqemr q/%,‘rérmd:frog)en, but no
i MM T on, e.g. of oxide, having a thickness of I|ess

t han abgpdn ' very. fi ayer , of
i nsul at.ian ﬁ%ﬁggﬁ§§i§¥ﬁ¥§i2§§?€3%% %ZF%#faqhg%ﬁ%ﬁﬁ
of " S A T PETh R S F eatreny if pasifieraddivied miemed on
| rathmidfarch@Emnaodthersddygl e- | ayer substrate of 30

| so be covered hy a | ayer

sem conRdquct or. _mat eri al a

of ingﬁfhﬁﬁgﬁogf &&ﬁﬂ%ﬁﬁ%f% FhdMisove selagtgsh to
TW@H@g{ImiS@GP@mmml ik@ic_ﬂ:o@feﬁl,t ]I?QSi%éiﬁl?% iafe8y argon, or
gaeneal; q In the tle 0
nic?%éfg%fr%%L%gﬁkngﬁgﬁﬁgn?oPrefgﬁﬁl8n€186)Oﬁh%ﬁuﬂ{ them
35 SEPLANteHl Wébh, seme( PLhersidhissorxcleiagt bxygen.

nuneri gak dnekereAces $RECith%a¢ ﬁEa'ilsogftag'%'a%tt YWRES . and
12 %he bgve tion consists In subjecting a Least oné
oP*EHETFECEs PGS BohdRFGeer. 8. fav méaytesndmdnit-he

front Thacesfédttand/ dkd2zbgehOahggbrt heabRERL &b @1iminate

oamlonative, et HerbAsomiehE B RY8F6BbnoAna G treated
nfrpbgehfiackls) nendoxpgeassivate said surface (s) with
hydrogen atoms. It also serves to obtain surface
roughnesses that are very small.

This preparation treatment prior to bonding also has
the effect of making the bonded surfaces hydrophobic.
This has been demonstrated by measuring the contact angle

-of a drop of water, which gave a value of 80°. This
value is considerably greater than the value that is
obtained after treatment of the "HF last" type, which is
~typically 70°, see the article by Y. Bicklind,

Karin Hermasson, L. Smith, "Bond~strength measurements
related to silicon surface hydrophilicity",

J. Electrochem. Soc., Vol. 1398, No. 8, 1992.

The advantage of the method in accordance with the
invention is that no species is adsorbed on the surface.
Since hydrogen atoms are very small, on being desorbed to
create covalent bonds between the facing front faces 11
and 12, they do not remain trapped at the interface, but
diffuse into the material, and thus do not generate a
degassing defect.
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When both substrates conprise a sem conductor

material, then this treatnent is preferably perforned

on each of their front faces. 10 The gaseous

at nosphere may thus be selected to conprise:

excl usi vely hydrogen, or exclusively argon, or a

m xture of both of them or evkhn one or other of them
associated with sone ot her gas, excluding oxygen. The
duration of the treatnment is at least 30 s, and 15

pr ef er abh yaddesioot ekneedthefmath@@u1m3a¢@@fdan6@ew1th the

efIﬁGén@on’i‘yﬁﬁ\‘?&f@e wﬁéyrtflé%nea tganhkg‘@ﬁé

nat | ve oxi d r esen e treat e

f riBwRt %%%%?sﬁH%naa% pta%%@w%tsaf@:s@xambegs)lw i simpler

hytls opaPl @hens . s1kcal 50 &@éyeﬁoﬁ or OBt A0 sty igge 20
roughn ses t.hat are ver mal | . This prepdration

treat nente pr¥ oot ot hotelf %P%% wheh e BIYeRtien can be
mekinmberidret b nte da schidraloes iyt ophabi s thgm Sté'tﬁtieﬂ?@ﬁ\re

he
of e B DT Ik WFEE F Gof el o i Here,
chd det a%lll’yg@‘é%ﬂtfeﬁfe tiamid hehemale arealing ofREd netdype

afdmrmﬁéleatdzerﬂ dded he cfndastor
typi ca% sneeefhe article bonya}ﬁ)eI;%e v\%l $%r|n
Her mas lﬁ_a%ﬁﬁtﬂ?sa¥§%ﬁi%ﬂr%ﬂﬁﬂ%ﬁQﬁﬁﬁﬁHﬂgnﬁnﬁﬁadltlonal

r eltesmdb 1t A rsiWHicON tHey fsag:ﬁstfwtrésomﬂé Clijgrgdé:es%éh Jin batches.
e

El ect r g Vol ,
advant agqe%%g‘ %ne AR ﬁo&‘? W% t4¥qgt&ent, bonding
i et iben pestﬂdmtedwores:geqms:klgz dds@merd ap thiiimize any
Syt In t I

e o i bed At i arbrt SRl Baliia e ok by the
f ARG GopRbeTrer] %lén&’@lﬂm@)t@@o irvots hroammaiim

tma@mgésaugthqgrnﬁgf@&@ dput diffuse into the
naterl%hfs%nd t hus .do not generate a degassing

def ect PRERGAIAEST fagiende Qo eremederionce 3
accor dadeenmiailkculze vi, n\ie:ntllsoréllsl&bV@o\é%ikﬁﬁey tld @@ the

UQE g%ehhgy%%%rgtﬁgrntlgne a%ﬂer 1n whlc a%%%ﬁ%t&;%phere
1s controlled so as to contain an inert gas only,
typically argon or nitrogen. Such treatment makes it
possible to lengthen waiting time before the donor and
receiver substrates 2 and 1 are bonded together.

It has also been observed that surfaces prepared in
application of the method of the invention are much less
reactive than are surfaces prepared by the above-
mentioned "HF last" method, thereby limiting particle
contamination of such surfaces. This makes
industrialization easier.

Advantageously, after bonding, it is also possible
to proceed with pre-consolidation or consolidation heat
treatment at a temperature lying in the range 200°C to
1200°C, preferably in the vicinity of at least 1100°C if
it is desired to consolidate the interface entirely.

This treatment preferably lasts for at least one
hour and preferably for less than three hours, so as to

reinforce bonding. This pre-consolidation or
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to inplement since it does not require drying. 5 The

met hod in accordance with the invention can be

i mpl enented in a chanber that enabl es high tenperature
annealing to be perforned under a controll ed

at nosphere, e.g. a single-plate rapid thernal

anneal i ng (RTA) type chanber, 18r indeed a chanber of

an epitaxy plant. 10 It is also possible to envisage
using a traditional chanber in which the substrates

ar Ecpreédédsesdonn shapeheskesApl eret vé tabavebuBblLedN€Grming,

SUEEQQ@b&r%ﬁEﬁgﬁhg BBBQ'BQnHHﬁﬁ ggegg&fgﬁnsglvi?égFéans of

quickly in order fo"mnimze a
frbRE Maée&-being cont ani nat ed by the 15 anbi ent

at mosphene. dxbeatbgaaumﬁg%sehba shaMBel Anbh BHERSedBin a
interface i s gl ven

bondi n
re?%ggﬁge g %akﬁ§8ﬁFéﬁg0358¥bng PubglE8tBossible to
store tHee meehbddosubsbratesing a Bhaebar sipswhihed
th e 2 r ed so as_1o_contain an
|n§?@bgg§8%nﬁﬁe 90i§0&9ﬁé g%?%%nchsﬁF +88en™* Such
treatnehtsﬁﬁRQEIFﬂ ap@@8®blQUbatrehgtheandaatrageivas

bes@iser thee dongr eng abEFel Y r 2 and 1 are
bonded to %ther It h%s al s&s %gﬁP% ggééd t hat

sur f aces ?Eﬁ%?%ﬁngnth%Sﬁ%ﬁﬁﬁ¢%aﬁ¢%me§¢t@ﬁ% aed heending
t hetepw et | atcar @aneis el €5 Sthé eAET¥edEBAP1BEE direct

ﬁg%%g%ﬁﬁqqﬁg@ﬁggd %g?the abovs nment i oned " HF !ast"

hereby 1 i ing particle contam nation of
such sur feeesvinhia pekieson ifustis | dbhadat smsEast€rso as to

3 , | bl e
L S A el Sy T
DSyt ngerha‘éltﬂqa Henpgaranaferted ntpyer ttekeranen the

2@m5dﬁ)sdhgxggtéﬂgﬁﬁﬁéﬁﬂﬁhéfbg@e vicinity of at |east
1100C|V{,1 eI#c;ﬁdeswed to consolidate the interface
entirel fssr ERGe it pias oknty 1astehers can be

I egsin are edxumplarsk wrehenably 4 dydbess dhsntdvee from

pre Consgrfff Cfeoln‘; elnf rsgc:eraQ%nsdléqganJhi both of which are

single-layer substrates

After surface treatment in accordance with the
invention and bonding, a portion of the donor substrate
referred to as the "remainder" is removed by mechanical
thinning of the abrading and polishing type so as to
obtain the transferred layer 20.

' Figures ZA to 2C show a variant implementation in
which the donor substrate 2 includes a zone of weakness
25,

In this example, the zone of weakness 25 is obtained
by implanting atomic species, e.g. hydrogen ions, using
the method known under the name SMART CUT™. The zone of
‘weakness 25 defines a layer 23 for transferring from the
remainder 24 of the source substrate 2.

Under such circumstances, it should be observed that
the 'donor substrate cannot subsequently be subjected to
the above-~described preparation treatment prior to
bonding. The heat treatment of the invention would run



10

15

20

25

30

35

consol i dation steps takes place w thout bubbles

formng, thereby ensuring good bondi ng energy at al

| ocations of the wafer. The direct bondi ng nethod can

be inplemented in a 5 nethod of fabricating a hybrid
substrate. The nethod of fabricating a hybrid

substrate conprises the followWwbng steps consisting

in: selecting a donor substrate 2 and a receiver
substrate 1 of the above-specified type; 10

pether miing Dﬁeceusiaqebuhhbesaturbeaﬂdrh@ﬁdaﬂga 8t6RE face

'n2§CCPBH§gC€h$”Egcéysegng 39958 ?ﬁgsg%ﬁgfégﬁﬁgtYﬁt%UCh

renovin |on of
sot’é@a#’i‘}en‘ébt ain a hybr| d substrate that conprises the

recei vernd5sgubstsater lohayingathe { fegregd |ayer
taken.frog%the donor sﬁ&a¥rat% bond% ?hg§e§g Wth

r eP ETERCRIYGERF giRke 4l t 0° 1%, Phetbli@Pnbeandern S
exanpfacef iprepar ingleddybr i theubsyeat &f mifore &ONQE.

and rec e t es 2 a 1, both, of ich are 20

si ngl e- fg%e% @%%%t%éh%ﬁ?aaﬁpg m%%r?%%%p??ﬁ£¥Hﬁ%ttt?ﬁted
acedaneke ikl dvetreent ixvesd i CfﬁtFakmlstb‘brmtetﬂg:;d,a QOrgéomd other
Ofté&%ﬁ@f@ret§é@f’£r§§‘t§ 3;@ 1{(?1915 Q St%ilcﬂe hﬂmc nsdt?r%ace

I's renoved by nechanica nnlng o Ihg an
potd st P8 do ahe @%Qﬁbt%ibﬁw’mtet rrrmsfzercrlad:ie a non-

| %j@ﬁl&ﬁldﬁtﬂl&f@sla%/éﬁ 0125 oW &5 VaFditFace.
|nplengptat|on |n whi h the donor substrate 2
i ncl udes' & Zohe taygon (fhai; s onfplHowheln the

Z(ﬁ’ﬂegtnfesmaﬂness&cﬁfe icef odataedress 230 dyuldRl 1Y i a porous

t th th
o 1 b e SR AR IS Jhorty it The
vw%ﬂéﬂﬁﬂ??iSEﬁéﬂﬂﬁbs a |ayer 23 for transferrlng from
the r @H&ﬂé}d%rhez%tﬁffa@%e t%%lér YRS al:th% rbq%é)cirhdlng

suc i rcunst ances, houl e obser

déHor® Eé‘torétué’sé'ér%’f@ts %@é@q@ent’ql}ﬁ b@r@\;md@ﬁ &d tof the

donor substrate 2 is removed by applying stresses of
mechanical, chemical, and/or thermal type, in accordance
with the techniques commonly used in implementing the
SMART CUT™ method.

The hybrid substrate 5 is obtained as shown in
Figure 2 which comprises layers 13 and 23 of
semiconductor material and a layer 14 of the donor
substrate 1.

Figures 3A to 3C show another embodiment of a hybrid
substrate in accordance with the invention, when the
donor substrate 2 is a substrate of the semiconductor-on-
insulation type. The receiver substrate 1 is identical
to that described in Figure 1A.

The donor substrate 2 comprises two layers of
semiconductor material 26 and 272, together with an
insulating layer 271.

After the bonding step shown in Figure 3B, the

remainder 27 is removed in two stages.
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t he above-descri bed preparation treatnent prior to
bondi ng. The heat treatnent of the invention would run

is the risk of causing bubbles to be forned at a

front face 21. Only the receiver substrate 1 is

subjected to such treatnent. The substrate 1 ,
conprises a layer 13 of 5 sem tonductor material, e.g.

of silicon, and on its surface it may include a fine

| ayer of native oxide. The source substrate 2 may

opt i onall §ibsett seap eshasinngnt Régabevec nesh s deed 1 HdF

| agtchBRE 0 t nigue enabling. a

hydr Eﬁ%?gﬂ%¥ %@ ?%%%Q|F§55ﬁ%§§26§g§o $% er%%f%?n%%q then
ThBOEEEPéﬁgsubstrate may i nclude a non- semni conductive

layer (18} 98cohs EOPtchRAELstsNiR VaR6RMNg the layer of
hat is not shown in the figures, ¥%|s

[ rrlJrllg n£ati 0
zone {cl)TFawle%li%ngé ¢ 5 FTodPY PEBLER LSRRG | ayer,
e.g. obTla¢nedbsistaige the fetholy kolovwi nkdesodhe 48s the

Ad h f dth
i FSE T e e D v nindked et SRR Pt %o
;

ﬁ%rt@@%ﬁo taed @oner cubsalhteeferiencendved by
appl yi Nth&t¥Lesass AecHReha caly, xﬁé}xﬁ}}eﬁ?&e%ﬁ“dﬁ&ﬁainder of

t her mal t{g@:, in accordance 20 wt t ques
c P U FHE Gk R e $Hel bSMERPYEUTEW retsodee
Theséybim tcatisiataton,5 depld B AIath ahes aWhid oI &onor

ZM% i ses layers 13 and 23 of sem conductor
mat er i aactgegg;'a | ayer 14 of the donor 25 substrate 1.

Fi gur eFB3®1tly,3@ oo tanotarerareprhiog lerin teft iy itthe
sulstdrati®d N ACRAN | hnvention, en 1.he

donor . subst r at gfé c%g%%%s\ggbes%rbr‘"}ag‘gieo Iieir?eerence 3" Filfures 4a
sdfl &nductor-on- insul ation type. The receiver

substr atte: kdc® ivdentsiy@alt 3| tihat i | -
Fi.%ure 1A Theldonor sukJ)Cst %aeig— flgigm%'??]?gseb?%el&dyearnsd t
of > S CoRGUeCorINst&L-al 26 and 272, together with

an The donor substrate 2 is similar to that of
Figure 2A, and it is not covered in an insulating layer
28.

After preparation treatment prior to bonding in
accordance with the invention, after the bonding step
(and possibly also consolidation step) as described above
and shown in Figure 4B, and after the remainder 24 has
been removed, the hybrid substrate 7 is obtained.

The hybrid substrate 7 comprises the receiver
substrate 1 and the transferred insulator and
semiconductor layers 28 and 23.

Five examples of making a silicon-silicon hybrid
substrate are described below.

Example 1, showing the principle

The source substrate 2 and the receiver substrate 1
were silicon substrates having the (100) crystal

orientation and a diameter of 300 millimeters {mm) .
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insul ating layer 271. After the bonding step shown in
Figure 3B, the 35 remainder 27 is renoved in two
stages. 16 A first step shown in Figure 3C consists
in mechanically renoving the |layer 272, by abrading
and then polishing. The second step consists in
removing the layer of 5 insul&fion 271, e.g. by

chem cal etching. The substrate as finally obtained
conprises the receiver substrate 1 having the

transf ePPEA PuheFErasespdnded £ heertosabiegteéntoviesat |

ref:e&aeﬁ@n@ afhg vembeustheehyl qf@éoﬁéfféf Vall:l]ga%ﬂgn of

galnder of 10 the source substrate 2 as eSCT I
v@lgaﬁna?goaB@osﬁg%Belﬁo%%ﬁb$h%glb%o % depdreld®iy- on

the nat Dhe 'ofeatueedan@as p@bﬁéfﬁé@ Zn Shnébl¥ax@ plant.
tation of |nvent|on|s

fo nt e
o AL b Tt o0 hefte | Peaned nidPaths of
4@z T eBel verlgubst s adred Ithen ar shaed eith ayelon bl ihater.
i'S not o] T, rate2|s
Iarﬁ%%elﬁ]ﬁt@%?&#— éddl@gﬁ{ %aﬂfjf)l <“hot L[PG by 2
nf%%%ﬂl%HF#@F¢a§%¢nn@@ @%quﬁtqﬁ ?h@x%wnd|$wﬂd under the

t riewd deeid r Jr$r £ @ab ol Ng, b nenacagrdance Mﬁhrérn%r The
|nvent|on qﬁger t he bondlng ste (‘and possi bly al so
cONEHT AT O NS BT Rgd Ao VLS T KHRmT feptment

Fiangd ehis) aa?tcbmfiicmdirh;s. r eumm;&terfcﬂﬁldlaﬁua?é ﬂfl_ﬂi_,frtreatment
r sybstrate 7. i s obtained

)%qufla?&su strate J7tci.f:on'pr RS ST e]l:ecif \afecf J'geé“{?o%{ﬁﬁrb 0
amPBHE Igsa isiftdy raecsﬂmmiht%rlhnm csemcomd:mtmj added.
| ayer s 3% gttt Ride dUfor sbubd-strate

sili on S|I|con hybri d su strate are descCri
b& fBFé%?pl’%?CPlV%\ﬁ%tt%epme{m plhen subjected to

direct bonding.
The resulting stack was subjected to consolidated
heat treatment at a temperature close to 1100°C for 2 h.
The quality of the bonding was measured by acoustic
microscopy: no bonding defect was detected.

Example 1 for comparison

Silicon wafers (substrates) were prepared by
cleaning similar to that performed in Example 1, and then
subjected to "HF last" treatment.

Prior to bonding, the number of additional particles
having a size of 0.13 pm or greater was counted and found
to be more than 800.

After bonding and consolidation annealing at 1100°C
for 2 h, bonding defects could be observed by using
acoustic microscopy.

The method in accordance with the invention is thus
more effective, see Example 1.

Example 2: analysis of hydrophobic bonding after various

types of pre-consolidation or consolidation thermal

annealing
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The source substrate 2 and the receiver substrate 1

were silicon substrates having the (100) crystal 35
orientation and a dianeter of 300 mllinmeters (nm. 17
Bot h substrates 1 and 2 were subjected to heat

treatnment at a tenperature of 1060C for a duration of

3 minin an atnosphere contai nftfig 100% hydrogen. The
treatment was performed in an epitaxy plant. 5

Bef or ehand, the substrates were cl eaned usi ng bat hs of
ozone +T1$€1P?§@¢@@lubﬁ waadthhesame nsedin nEfenpbe z8d but the

Mﬁb@ﬁdlﬂ@esﬁéﬁbﬁésOfoﬁggkéﬁoﬂng%gfééglﬁffﬁ@?ﬁﬂgg %é%ﬁgl

er surrace scanner

un%i%’?e?ﬂ%ngﬁ%%l%ﬁa?ﬁ EigtedabeBpa: by the supplier

KLA- Tergprandéel 10g measys £5Ent S: vm@"cpercﬁ@w@ﬁow Of £
and then fter bondin

t he sur er%r%ea f ment g wa's
found t oAt R ST S B e etk i £ t(Flefor 2 h,
n%lr&mmﬁ Ited a orisza\etrotm GOt partdied est v tdy/mig) ze

Off&[_];l(?wéﬁanw el p ga@d&‘ij@@"%@oﬂ:dr £9pect ive front

faces of the donor substrate 1 the receiver
substréie%ﬂﬂﬁ?%%ﬂﬁ1?ﬁﬁ?%ﬁﬁ?ﬂrQ&ﬁunﬁwxﬂn b repnéiie as in

rasuliingusinek Mass wble@RA 4 cansld 4al e g heat

treatnment at a .tenperature closeto 1100Cf _
The qual’i VTSP IS JERRSIG thes [dsdrian hysarieal as in

i@)f)rrimrtomw ‘a no. deordi rg pfif%fte-a(étu was odetoect ed. Exarrpl e

or | i con wafers (s rate ,

pr epar egr{g@r el?jé‘gllddg SR ol(y E’&tftoﬁt?rf I}eh“"llng
@ﬁﬁlérﬁatﬂﬁ@tt@@m Py egqulijtectided tsabstrdtast ‘were observed

t ieahdeah. a%Bh%FtltconﬁméE%p ilhe nunber of additional
particles having a size of 313 pm or greater was

count edfPRRdCFoHRE™ ©F SsEntde anyahuBbAesAf t er bondi ng
and comsekthdatmoee, a&%%%k&%&e%tw@%@ogreﬁgréﬁ’4§ %nneallng
ou

il BUCE0. E¥hE REPRDET Ataddblqancbraton L Ha an
IﬁV@nBPDBIESCbhmalnlng 20% hydrogen and 80% oxygen, after
which they were bonded and subjected to the same
consolidation anneals.
The same good results were observed, i.e. no bonding
defects such as bubbles.

Example 3

This example corresponds to a variant of the above

- example, in which the donor substrate 2 was an SOOI type

substrate with its silicon surface layer constituting the
layer for transfer. The silicon layer and the silicon
oxide layer were removed respectively by polishing and
tetramethylammonium hydroxide (TMAH), and by chemical
etching using hydrofluoric acid (HF). A receiver
substrate 1 was obtained covered in a transferred layer
of silicon.

The tests were repeated, and followed by the wvarious
pre-consolidation or consolidation treatments mentioned
in Example 2.
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nore effective, see Exanple 1. 35 Exanple 2: analysis
of hydrophobi ¢ bonding after various types of
pre-consol i dation or consolidation thernmal annealing
18 The procedure was the sanme as in Exanple 1, but
the bonding step was foll owed by various different
thermal annealing steps as |ik%ed bel ow. a) annealing
tenperature: 200C, duration 2 h; 5 b) annealing
tenperature/duration: 350C for 2 h, followed by a
rise tolsooyrid swbetpit&E that wénélm\eahrb@'d adid not

Pl Bt &senatapPObubi9led, h; €) annealing .
tenperature/duration: same anneal as in b) but with a

rise to a plateau at 700C; and 10 d) annealing
t ehpmm@alaire/ durati on: same anneal as in b) but with a

rise t a p Iatea at 900C After bondj ng, respectiyvel .
beforeoﬁle arin Ulleh O T Tt e T ARE A% X"’F‘Epleth% in

subistehnttdse V@Lerctﬂ)ssarbﬁe:dramlwugs afulaatsdd Cto implantation

M of OGP £ nted any bub

Furt her nore, 'su lsl}%?atcegs (%/\]ile}?%} ﬁ{reptgorré"a Ebyz%h al{)‘??gakl}%s
I'F?P-?@Jtrype chanber at 1100C for 60 s in an

at m)spilef & Nt g 2%%&“%19&%“5@%% deo e'ije
a ter éoch they were bonded and s ected to

A& m%ﬁ%@taﬂ#@%zﬁ’?@%oo@%%m@ layer
vv@ra@ @bsmr@(t,ltlut@d by Romditige defiert 9na3;li @S thickness

bukb 320 Thi, exa le corre ds to
var| ant ﬁ%ﬁ% oveS “éx %p "% \EI“:ﬁ qmuly and
s&l?s?‘tclhataetzll\%@eaﬁ shoskey e 5§Julmart rate wt h its
Si | i coppguy c Iy ng
1&%@%n&§¥35 %%%%l%%%dthe gﬁpgggﬁlngk%ggrogen

transfer. i con
| 4985 ﬂéré ﬁ@ﬁﬁ&éd PésééﬁpﬁvEVymﬁy woth san ngnandy 30f

t 60r aaRbby karmoRl venkydr@evde GIMAE) +ANGAY CRET §3)4rogen
e%%%bg%t%%%g nh dr&fluorl% %%hg %? %éakn;%%ehéigh was
constituted by buried defects.

As explained above, the donor substrate need not be
subjected to treatment in accordance with the invention.
It can be subjected to conventional hydrophilic or
hydrophobic surface treatment, for example treatment of
the above-described RCA type.

The silicon receiver substrate was subjected to
treatment in accordance with the invention.

The donor and receiver substrates were then put into
contact via their respective front faces, and they were
then subjected to pre-consclidation treatment at 200°C.

The remainder of the source substrate was detached
by applying thermal stresses, i.e. treatment at a
temperature of about 400°C to about 600°C for a duration
of 2 h to 8 h, or by applying mechanical stresses.

The final substrate was advantageously then
subjected to a finishing step since its free surface
becomes slightly damaged during detachment along the zone
of weakness. The finishing step can be performed by




substrate 1 was obtained covered in a transferred

| ayer of silicon. The tests were repeated, and

foll owed by the various 35 pre-consolidation or
consolidation treatnments nentioned in Exanple 2. 19
The hybrid substrates that were obtained did not
present any bubbl es. Exanple 428 This exanpl e
constitutes a variant of Exanple 1, in which the
source substrate was subjected to inplantation of

at s#Petbpaei bsati nrentimentp bor snarigneiall weaknessn,
then@yBr by bBRSsRALExt, the source substrate can be
10 oxidj.zed prior to"the inplantation step. The oxide
layer danPBBPe6EstEERt eisBYyvadnati beokbddihgvingeaface.

t hi ckness oefieg tewWinpREVE! htn§agib
joies Foviamaoneng Gkl S90S LI o in

vogﬁg&aﬁily and rga ,

i T ARt P71 of"cBASF5E e SRR aAvl AgbRyBFaYéfed 18T | phasma
ataat feasioy of Smk0dBHROENRfavbthrap BBEhEYpaE H8to
kilogtgctron volts (keV), so as to locate the hydrogen
concentration peak in the zone of weakness whi ch was
constituted by buried defects. As expl ai ned above, the
donor substrate need not be 20 subjected to treatnent
In accordance with the invention. 1t can be subjected
to conventional hydrophilic or hydrophobic surface
treatment, for exanple treatnent of the
above-descri bed RCA type. The silicon receiver
substrate was subjected to 25 treatnment in accordance
with the invention. The donor and receiver substrates
were then put into contact via their respective front
faces, and they were then subjected to
pre-consolidation treatnent at 200C. The remai nder of
the source substrate was detached 30 by applying
thermal stresses, i.e. treatnent at a



tenperature of about 400C to about 600C for a duration
of 2 hto 8 h, or by applying nechanical stresses. The
final substrate was advantageously then subjected to
a finishing step since its free surface 35 becones
slightly damaged during detachment al ong the zone of
weakness. The finishing step4can be performed by 20
snoot hi ng heat treatment, by sacrificial oxidation,
and/ or by polishing. No bubbles were observed at the
chamds ng interface In order to inprove the nechanica

stﬁen%%?%i % 2. bondi ng, an_additional step could

be pf d° H%%W%%%t?%@%r?@rﬂ@dor"ﬁm%“f5@@@5 of
thor subistgapas ifim usentiact ap@licARAMS in /’sHéEt b@él@é of
eI@é@%@nﬂ@@d'BQtQEssoo%a|%§ oe{égpcnuﬁﬁees ?f @? ofone of

substrat es use i n applications h
ER% bWP oPrRIL T HiRS ke ferirashitoel e tihomi bsbsdtr dteastongd sing

aofsemheoﬁ@@CSMbstr@é@%rigiﬁgreg tqa9grth% Ilggﬂ T @& rSiuctor
rj-Si a sen caonduct comprising a | ayer of

m%%%ﬁggﬁdﬁb en&FgﬁFal VfRht tkfentOlverfdds fGfontin the
P#Qﬁ%ﬂkﬁy|¢hQ¢ﬁ?f¢w$ﬁadnmgtm@@rbeingsahdraetéﬁﬂz@@lmg that

itchamaatieldsZ @fl el @oﬁﬁ@tun!;t sE@y{i@%éﬁ% % Sc_{g{l ow ng

steps C in: He front

nsi sti ng
face 5%£Fﬁ§ %BES@Faﬁéﬁ%ﬂuﬁh%oﬁ%@@%eéa%ﬁs@ﬁ1@bﬁd@@b@ﬁrate
thet atompassesne obehbeondiondrf aces 9f hellytsubstr ad€Sthe

fddntb r [1SE e ndu to heat
tﬁga?%gﬁ%yq%¢e$%§% o asratereﬁg g% Eégfﬁﬁﬁﬁ FPRBFise
a t oSPHBhEPRIct e, a t@npéﬁaﬂuretreqm@ptlw trederande HOC as

p&@pﬁ%@@@onl&r@a@ﬁ%ﬁ@u§r§bqnﬁﬂhe6§hdfﬁq5”'éﬁng Q%géggggure

1y§n% g uration of at

dig r 8800y £0Jefntr 408 FespBefi YaSEPYAt athgephere
COG@rtLhenU\/\mMBtm;Ierrat end/otr bangbmg tfeget herdquat$dn of at
1e8Bkhad accgrding to claim1, characterized in that

* bonding directly together said respective front
faces of the two substrates for bonding together.

2. A method according to claim 1, characterized in that
said preparation treatment prior to bonding is performed in

a gaseous atmosphere containing argon exclusively.

3. A method according to claim 1, characterized in that
said preparation treatment prior to bonding is performed in
a gaseous atmosphere containing hydrogen exclusively.

4. A method according to any preceding claim, characterized
in that said preparation treatment prior to bonding is
performed in a rapid thermal annealing (RTA) type chamber.

5. A method according to any one of claims 1 to 3,
characterized in that said preparation treatment prior to
bonding is performed in a ‘traditional heat treatment
chamber.



said preparation treatnment prior to bonding is
performed in a gaseous atnosphere containing argon
exclusively. 3. A nethod according to claiml1,
characterized in that said preparation treatnent

prior to bonding is performed in a gaseous atnosphere
cont ai ning hydrogen exclusivgly. 4. A nethod according
to any preceding claim characterized in that said
preparation treatnment prior to bonding is perforned
in arapid thermal annealing (RTA) type chanber. 5. A

met hod according to any one of clains 1 to 3,
chér aBEERPZeRFIPIHAY sdicd preparcaei onft rebemment priwe 3,
cheraboedi agdi Snpeirfaer nedi d NpaephadtibPnakeBeAtne prior to

er, .22 _ 6. A nethqod according to any
obhEHIC} pEOARR 37 2 RPRCEE PZeaMi RPLRAXY datant:
preparation treatnment prior to bonding is perfornmed

71 naameBRFRCE cObr@ EPES aXYy P ?QEedfﬁ%f%g%%Efg%Qﬁr%?$erized

.accor di to_an receding claim ¢
4 h%?’a'?'hgglﬁ r%ﬁé’cdgn}&?%“il% pEr FSEFeaTEfmddmeddy eatt erfter
sa il dp peepe Gitdrot ekt akreN b ribirot ot Boh@NEing. 8. A
nmet hod according to any one of clains 1 to 6,
characterized in that the substrate(s) subjected to
8 st d Mrhashr AGceFIiRgat vent apyi opneo bbndikrins/ dreto 6,

clsd pa@te r IRAPOLAT ittt Nt e Chamher-a¢R]SS %lﬁe,%tcrtgd s said
pfégg{ as a%pvs heﬁg prior to _said direct "bonding. 9.

A Hethod acc red-’fﬁbento FEEPr eckBi nfoBAAPE, is/are” stored
teftporetidry zéd  &n ¢hmtbef t emdzai dadi cestrdDEh Nginert gas

G L RS0l ¢t L9k r is performed at
aa tenpera?ﬁ?erlyinggP% ?%géc%aﬁgéggg%b to 1200C, for

about at |east one hour. 10. A nethod according to any
9.prreassiingl @dondinghalicacdsf igethddy dhat Aid, eleri@iatterized
jjglEEQE Qﬁﬂ%ﬁpgs qingyn%.tc nsol ation heat treatnent, js .

performed at a treafment ;%ﬁ?l % t RenriRge ooBGE Ligation
hepfpogrgafimandssis hparforeed hours. tdrpersttehalying in the
raAROYOTE 9 @@Mopé?cle&'fn%b&'@'ﬂ 1 &1 gglerlged in

that both substrates for onﬁlng conpri se
10. A method according to any preceding claim,
characterized in that after said direct bonding, bonding
consolation heat treatment is performed at a treatment
lying in the range 200°C to 1200°C for less than three
hours.

-11. A method according to any preceding claim,
characterized in that both substrates for bonding comprise
a semiconductor, and in that the front faces of the both
substrates are subjected to the preparation treatment prior
to bonding.



a sem conductor, and in that the front faces of the

both substrates are subjected to the preparation
treatment prior to bonding. 23 12. A nethod

according to any preceding claim characterized in

that said sem conductor material is selected from

(100) silicon, (110) silicomg and (111) silicon. 13.

A net hod of fabricating a hybrid substrate suitable

for being used in applications in the fields of

el ectronics, optics, or optoelectronics, the nethod
bei ng characterized in that it conprises the

followi ng steps consisting in: selecting a so-called
12¢ eBei veethedbst raterbargng tene efny t s Jracesingf er r@din,
ch® ! nty face.. selegting a so-called "dgnor" .
s Ei??éﬁ%géfatlnco%%?Fsegagalaf%%uﬁPnﬁﬁFEPFalmﬁgﬁrlal S
S?r%ﬁg?%r,f%ﬂﬁ didtHer sigéeppon féfeirediticers, i tand (111)
sitamminder”, said |layer for transfer extendi ng over

one of the faces of the donor substrate, referred to

as its "front" face; at |east one of said receiver and

L¥orformaties raf esabriorgving g lybmiyerswfs tserdec endwebak for
beBAEr hakd eXtENSb Nt O¥efond { $nf RO FACEIOT 0N LRG0
O§NOXIn1t¥ thereff; roceeding with direct on&ing St !
. T wooT eSBEREL St PR IR f aesMeEheHe bedner Aatrsictatrd zed
irarfthadf ittheompeeisesr theubsl e end Ns BGEHT ERNGE Wirgh shhe

met ho di.ng.to. an preceding.cl aj,m _and )

renov%ﬁg%%%ég enai ndercFrs saf80%6ﬁ8F SL&éh%EﬁQ§q nlaving
onsy &dr itt§ SBearnrsardragbtd dasubst fradre tofgure;si ng t he

recei wenesybayrate and-tha t@anshgrygdn! aysglqsnéﬁ%ﬁgf that

od Eq%%Saccor%in% to_claim13, characterize

gﬁ_least Dné3FTt hef dBRECTAAY rER®i FEPNSEBEY r Atk another

POESAPR sfegfejare!ecaye:(rjo ofisi nists Zﬁ'WW%EQ&Qﬁg i@ﬁi&ﬁil%yéeéri dfor

Creuasclox SMAONAY ILETAR R BB ol Mt i
, referred to as its "front" face;

at least one of said receiver and donor substrates
comprising a layer of semiconductor material extending over
its front face or in the proximity thereof;

" proceeding with direct bonding of the two respective
front faces of the donor substrate and of the receiver
substrate in accordance with the method according to any
preceding claim; and

removing the remainder from said donor substrate in
order to obtain said hybrid substrate comprising the

receiver substrate and the transferred layer.

14. A method according to claim 13, characterized in that
at least one of the donor and receiver substrates comprises
a layer of insulating material on said layer of
semiconductor material,



the front face of said substrate. 15. A nethod
according to claim 14, characterized in that said

| ayer of insulating material presents thickness that
is less than or equal to 50 nm 16. A nethod according
to claim14 or claim1l5, characterized in that said

| ayer of insulating material,js a layer of native

oxi de. 17. A method according to any one of clains 13
to 16, <characterized in that the remainder of the
adengL sykst rat: i ed by, mechani cal .and/ or

ghegi callﬁ%?hisﬁr%?ngl.a%{leréergyn%? %l SO WY Y st s over
t3f Erafhstaze tof 15aid @idrsdewdei-zed in that prior to
the direct bonding, a zone of weakness is forned

ENsjd daonor. substrate, . and in that at |east a
1gér%i glr?ttggdt %éch)é:rcriﬁinﬁdetro of13HE dénorhagapéeraged gn that

Sﬁéﬁnﬁédeéldﬁb sai$dl Zoireg ohateakabsprbgenapplitiitkness that

ipethasi galn &h%,faql ’toa%‘?fﬂg..t hermal stresses. 19. A
met hod according to claim 18, characterized in that

the zone of weakness is forned by inplanting atom c
18peki egethndt hatcddmlingrei vor subShi at @4COMY i S@$a&m 15,
ch@Y St Of 2 S£M £O tor. erial, _and i hat only the

recei ver.  subst rgl?%gi ggécggﬁgg?ﬁdoffo l(nﬁélliﬁa:éﬁgr Hatexial is
atlasmméf ntitge omédsendi ng. 20. A method according to

claim 18, characterized in that the zone of weakness

i S us zone. .
115 2 RILRYS according to any one of claims 13 to 16,
.characterized in that the remainder of the donor substrate
1is removed by mechanical and/or chemical thinning.

18. A method according to any one of claims 13 to 17,
characterized in that prior to the direct bonding, a =zone
of weakness is formed inside the donor substrate, and in
that at least a portion of the remainder of the donor
substrate is removed along said zone of weakness by
applying mechanical, chemical, and/or thermal stresses.

19. A method according to claim 18, characterized in that
the =zone of weakness is formed by implanting - atomic
- species, in that the receiver substrate comprises a layer
of semiconductor material, and in that only the receiver
substrate is subjected to the preparation treatment prior
to bonding.

20. A method according to claim 18, characterized in that
the zone of weakness is a porous zone.



