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1 A METHOD OF DIRECT BONDING TWO SUBSTRATES USED IN
ELECTRONICS, OPTICS, OR OPTOELECTRONICS The present .
invention relates to the field of fabricating a hybrid substrate for use in
applications in 5 electronics, optics, or optoelectrpnics. More precisely,
the invention relates to a method of "diregct” bonding the two substrates,
i.e. molecular bonding without any intermediate layer such as a Iayer_of
adhesive. The method can be implemented in a method of 10 fabricating a
hybridEsitiehats dsRBATorsNAGOVE . Thithesstatereitheart methods are

alreely imowircor otaining adubeid substEaiewhichgnethods are based

i - " r'" substrate that includes the layer
onasteprglébor}cgg%gtso. called "donor" s y

for transfer, orito a so-calléd’ 15 reeBivEP GibsTale oriis whichishia fayer
is t16BEifandfetred. @é‘?léiiéily,saﬁ%ﬁéﬁﬁ@diéterlayeeisimtempmdati.ons in
betiveen therc 3 hedranistey,is dnisbpe @glkg%@r%_gg of [en:owkr)ltg a porgon

fthe d u n he "remainder” in order to obtain sai
ﬁyb&i?j 2%@255 t?a%%tf %%;P&d.@'&ée %y ‘f%naécult?s rat€ compris&S it method of
sucteESion: i HANREEFFay ¥ of thiskneat #ing in the FambeI0Er
mRBbtarsYpir)toa fenyprinae meiediatellayer- ofthigknessdyingyer of
BTN i i s e e S
having thickness of seyeral hundreds o . . _
sgb\ési%?altg%gﬁ ?er%%%g& By YrmaingritroPeh SRR AR BRRIRPEIES

exposed fadd'8f theadehop Subsrate ror emeripteiUrder suth@0dy known

ctfmsﬁanaea,ﬂhgh@uIdﬁ@ﬁbﬁeﬁyg%stﬁggg'@, hr;ﬁlii@{tlﬂg g{lggis:r%%%r based
trate,| I umed. Other techpigues consist,

g g 3 At 31 e SfnaSkhSe HEehar SHBATHia! tharpat

i FEPRS tﬁ@?e%%b?ﬁorf@ﬁh%@b%ﬁ?ﬁﬁéb@nto a so-called

"receiver" substrate, onto which said layer is to be
transferred. Generally, an intermediate layer is
interposed between them. The transfer is finished cff by
a step of removing a portion of the donor substrate known
as the "remainder" in order to obtain said hybrid
substrate in the end.

The hybrid substrate comprises in succession: the
transferred layer, of thickness lying in the range
C.01 micrometers (um) to a few um; an intermediate layer
of thickness lying typically in the range 0.01 pm to
1 nm; and the receiver substrate having thickness of
several hundreds of pum.

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, prior to bending, in
forming a zone of weakness inside the donor substrate,
then in removing the rear portion of the substrate by
fracturing 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 implanting atomic species, such as hydrogen and/or rare
gases, that technique being known under the trademark SMART CUTTM
The zone of weakness may also be obtained by a 5 porous zone, by
implementing the method known under t?e trademark ELTRANTM.
Reference can be made to the article "Silicon-on- insulator technology;
materials to VLSI", 2nd edition by J.P. Colinge, published by Kluwer

AcademigRublishers, 40,pa pRAN Bl fob Mot ATRle Jesrinignofy . ;g
thg e techniqﬁt}ljes. Those techniques of Tabricating substrates are
e

particuafly woil adapted Al WBRdTEPIrHHY e DFthafpes, that
kricgvR DhdeEtHesend skhteondusisrron 15 instiatenéSeO )M to bast
known fametheseef bﬁn@éﬁ%@@'@9r:n(api%g@&ord%@i?g%lﬁ%egr??hgeng

t jcati f h rates,.a.layer_of insulation is forme
fggg%!%[tir%i%%ro}ﬁ%f‘séﬁ%s?%peiaeﬁn S thatatd of %eejcre%giv?é?gﬁﬁst}léig%r the

206 PRk ftiffAL Contact during the bonding step. The insulator

layer coBle/fizereltatneckhy treatingiconecofihe substiates, e.g: by Hhermal-
e S e Lot 10 L S Y
the ipsulatar. layer is buried: ‘ ]

|a‘y?é?s', Qﬁl“giffy onl%) i3 ﬁﬁsbaydﬂdﬂ’rﬁﬁa&%g%lfﬁ]alf%iﬁh@ﬁfsf

e qu . N N . .
tHePreseftinesubstrate dm pagticelamthes boadmgigrergy with whick éhe
twe shhsthates are bonded together during the subsequent step of
nor supstrate is of particular

i i e.d
b L T Iy P
sHB&irated de bonted fogelneiaferbeing pedintor forming substrates
of the type known under the term semiconductor-on-
insulator (Se0I), with the best known form thereof being
the silicon-on-insulator (SOOI} substrate.

During the fabrication of such substrates, a layer
of insulation is formed on the face of the donor
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.g. by thermal oxidation, or
indeed by depositing a layer of oxide. 1In the final
substrate, the insulator layer is buried.

In all of those techniques for transferring layers,
the quality of bonding has a direct impact on the final
quality of the resulting substrate. In 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 or
contaminants on their surfaces, the roughness of said

surfaces, or their degree of hydrophyly.
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intimate contact is directly determined by the planeness 35 of substrates,
the possible presence of particles or contaminants 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 intermediate layer, referred to below as
the "bonding layer", of thickness that is sufficient, i.e. greater than 50
nanometers (nm), when placed between fwo single 5 crystal substrates,
serves to facilitate bonding by limiting the appearance of defects, e.g.

bli , h ING:i his_topic, reference can be made
tolfaeer?/vc?rtﬁt bﬁa%o.yg%lpngfangrégagl ocs%glleg , I'%{_é%igo r?d% c%ctl}1 wéfer b?)ﬁa ﬁﬁgan
1&%&868&%%8%&:&%@-, BEBIRAERhyIoReMIEy 25Sths, Newrvéra

(1989% Thusy Withtal sukdrstiate Ofithe 360 type; theehurjed Jesulgtingater
layerseryes ta fasilitate.and limit bopding defects: ]ée%@&lﬂ”é%%%s?*ﬂ%fa -

fe)g%t sitcuaajt[ions inswgic@ it is greferable to [imit the thickness of this burie

inSurating ayer 16 Valies ot IS5 than about 86 T, G- Bvalr RteRinate it
conpeter) SinEree Plorraistactec Woldie fyer of the. dbdrssudistrateat the
direcilyantastiae i20ckeceiwes substrate. This applies for example when it is

desired E%O{?H’I‘ézet ait ong %tion between the receiger ubstrate and
the transferred Iayertzil)g> Wﬁl’Ch t%eerﬁﬁzrrlge e&?gni]co ecorrrlr'?po@ne S SEJee tg'6&* by

formed, féifle Pifhdbe GXtfifimping LS hra@ruftaRoUALsmnboRAL ng
gerérite: by tite temponénigyivhilethayiatesa use. Bondingwithout asons,
byded instlatingdayer also serves to improve electrical conduction

between,the_transferred Iaﬁr and the receiver substrate, and at 30 least
to obtai?]ﬁc%lr?tac{“’th% isSelBBRAR EGnRictivBe SeO1 type, the buried
insulating layer serves to facilitate and limit bonding

defects.

Unfortunately, there exist situations in which it is
preferable to limit the thickness of this buried
insulating layer to values of less than about 50 nm, or
even to eliminate it completely, in order to transfer the
working layer of the donor substrate directly onto the
receliver substrate.

Thigs 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 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 35

in both of these portions of the hybrid substrate. By way of example, for
components of the complementary metal oxide semiconductor (CMOS)
type, it 4 can be envisaged to make the AIMOS transistor on the
UanﬂbnedIayerorontherecdvermyermadeoutof(100)oﬂeged
silicon, and the PMOS transistor respectively on the receiver substrate or
thg?l%n%eerree%vé féay%?,é m% Gt of F%)Wéﬁteﬁrﬁﬁ&frﬁﬁ% followit®y
arfi€le8sK ¢ r suéngeretalr Arorphizatienkemplatek reery stalization: of
esaaie anRonCh 10 by Srentaton Subotae: 10 AL hys. Let
al \Y ch to rid orientation substrates”, ) S. Lett.,
7 SHSLL (3008 and L e SR R e e P BT = e
tetANGIbgy TRMY dhct dlidonBon® I3 SB}: ket dry @ erientation
substratd8te Techl Dig.ndnt HectiersDexices Meein2905:236,35et out

thﬁpﬁm&;rﬁm%@ﬁ&r&s&#%ﬁ&?ﬁ%&i%gﬁﬂg%11151‘1%%%01%”%8@%%&%5&%'
oré%ntatlon. It %z?{éalso,be useful to make hybrid substrates comprising a
a

recenver substrate ot sofitt shicoRtvErett M & transiEiictlia§ér-oCaRcorRn
ofSf-GatRiEnif otRIP rsiiedn-germatiunrthatiselasticatiy strebsed-intes ™,
e Aty R
ity T o AR SO o SrerEE LR e b
iSSdo- LR RfrRet” GHaIngirde HitHwuE Anp hdldnioatiintermedidieates™,
bBrding |ayey, of vihen. theltechristepiwnives waeea bondingdayerxdf, set
thiknesgdhatis Aoited, beNgJess an aRaUES0AM: 5 o5 of silicon
depending on its crystal orientation.

It can also be useful to make hybrid substrates
comprising a receiver substrate of solid silicon covered
in a transferred layer of silicon or of germanium or of
silicon-germanium that is elastically stressed in tension
or in compression.

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 treatment for 30 hydrophobic wafer bonding", Journal of the
Electrochemical Society, 153 (7), G613 - G616 (2006) which shoyvs the
difficulties in obtaining defect-free bonding. Those prior art techniques are
hydrophilic bonding 35 and hydrophobic bonding_. By way o_f example, N
hydrophilic bonding of silicon- on-silicon consists in pe_rfqrmlng hydrophilic
cleaning of 5 the substrates prior to putting them into intimate contact.

Su I [ |caII erformed by a, method known as the "RCA"
me%ﬁt?d%ﬁgg% csgng%)st j?reatlng the’ étsll.ﬂ%ciég%‘r B&dind it imate
suC&8¥siGit with: a first bath of a solution known as Standard Clean 1

(SCI) andstivait comnpriseaa mixtureef @ﬁlrmgnlgg}:fwgﬁ@%d%ﬂwﬂ%)ﬂ%d
hygrRagh Reroxide (H2d2), and.-of dejonized Watz?éla (%t?:%%] t]ﬁogteatlng the

second bath of a solution known as Stan ard ean 2

compr%:e% & iGr e SPAVAHECHIBHS BRRe 8¢ O)! of hyBirogen peroxide
(H202), ancroffdaisnizbd tivatef. @n shid wapiorit isralse: p@sﬂbl@atﬂdgaé

the 16:arigle (3€) Maley hen D Reyeac SLMarseanelal. b BIgE Al

S tor Wafer Bonding
pub. R OE ST RSN Rafbmebtst B

g5iiRg ke HQE% i @Béthtéfeﬁydrofluorlc acid (HF) 20 prior to putting
them into cantast;csadd bleanlngmaan%lsa%&&ﬂh&%%oa skiled i tey

ar@:@éaHF2|a§§c§|?a9¥‘i‘9t588ﬂx cleanln meth IS tyggaia followedmtfx?{c‘
specific rinsin and drying sfeps, kejtﬁe it afRrnl .
aﬁﬁﬁé: &gdeﬁ, ﬂg@gsggroxzde (H,0,), and of deionized
water.

On this topic, it is also possible to read the
article by C. Maleville, 0. Rayssac, H. Moriceau et al.,
in Proc. 4th Internat. Symposium on Semiconductor Wafer
Bonding: PV 97-36, ECS publications, p. 46, 1997.

Hydrophebic bonding is usually implemented by
cleaning the surfaces in a bath of hydrofliuvoric 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 metallic contaminants and to
pankﬂes,mﬁﬂchrneansthatspedaj[necauﬂonsrnustbetaken.ni§
therefore not easy to industrialize that technique. Other hydrophobic
bonding methods exist, such as 30 cleaning in hydrofluori(_: acid_(HF)
vapor, or annealing in an ultra-high vacuum (UHV). On this topic,
reference can be made to the article by §1.J. Kim and R.W. Carpenter,
"Heterogeneous silicon integration by ultra-high vacuum wafer bonding",

Jo | of Electrochemical Materials, 35 Vol. 32, No. 8, 2003. One of the
mER T Etiohs Ofthe SbOVE marntonad “FEmoHE e THE EHICABRAR® L1 nc.

iniplerfiEntifthens wiiieh 6:apphids inpaitoarior bitta-highevasanmi ve .

annealingunttiehrrespiresthe uag@&@qm@memh | ﬁ%@h@ﬁd%ﬁw%c and

F -menf drophilic an rophobic bondi

i R e e

to .555@10?&?&31%%3%),%@&. fBP?%‘?’U%@é}tlﬂﬂé’ly}aﬁ@rénrfeaﬂr}g few

infthg ¥angd 200€ tg 1100€, bubblesthate beenahsepved fit §ie Bondagd ing

intarfagedisiag g8 inisared teansmisgor (CENNAYE,SHEY degasSINg S, rveq

pr](_)rtl)agyed%%g) d%sorbgl e1 of the species present at_the bornarg?nis ‘on

interface, regargﬁesg of Wheth&rthe bonafh g hyafdphifcort s

hgﬁr%laﬁésieeFurtﬁ@ﬁﬁoréﬁe@ﬁéusémeauﬁgmmm@ma@@a@a@mm

tmﬁeﬁwb@seafmtgwggﬁariIu%nyﬂ@gg;fﬂé%qlpfem%llgg %ydgf,rarfd

tr ISSh Ver his ;absence, of visible bubbles does no

m%%%gg'%m%%n%iwgéﬁ%%e%ﬁ ?e% t%%flft%?eslesntg %%ﬁﬂoggﬁdi AG eRérgy.
tﬂfs%’ﬁ?b?%&ference can be made for example to the article by R.D.

Horning BndtR Rerddatin, S\itader-tanwafen iband eharagterization by°c o
defesh decoration etehing’ Secopd IWS@%'&QS'S%&@P??'“%?” longer
S@@Q%%Q%(%%rggﬁ?%frared transmission. Nevertheless, this
absence of visible bubbles does not mean that the bonding
is perfect, i.e. that it presents high bonding energy.
On this topic, reference can be made for example to the
article by R.D. Horning and R.R. Martin, "Wafer-to-wafer
bond characterization by defect decoration etching",
Second International Symposium on Semiconductor Wafer
Bonding: Science Technology and Appiications, PV 93-29,
pr. 199, 19983.

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 subseqguent
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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Sometimes, it is even possible to observe defects 25 after annealing

above 1100C, 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 1100C. 30
enfNevertheless, depending.on the intended subsequent applicatiopsitis 1y
x. 201 8litays possible tq.epvisage applying heat tregiment at guch adih , o,

température. It can sometimes even be desirable not to exceed 200C.
LeTRR&HBES Ehabling the defettobserved turfiig ditéef 35%ondingHre? > ©F
thele&erived incthertiteraturé oThey gonsistin 3¢reafidg treRéhes o pédorming
addesorption ensurfases spriarttosbonding. Nevertheless, those methods arey =
su DOk entirely satisfactory as mentionedimthearticleby :BH. Esser, d6Bing
o Hcorpaggtr,l agdclé.r\g. KHb 'J'Clsmproved low temperature Si-Si hydrophilic wafer

- on]élng%, Journ%i)ofe?he Electrochemical Society, 150(3), G228-G231

(20635° H-a4ditioh, Sich 'Stbstratas With trehdRSs A not afbays sultaBe™y
theoradpse reertdin appllcation®for fabridatingt efechohiGéémponents.

Embodimnents iofithe presentinuéntion seekfo remedytheent invention

se@bovesmentioned-drawbacks,etithe: peen arqIn padicular embadiments ofe
boiiga%BreS%fl@QX%ﬂtip 3gek to provige.a method enabling two supstrates . .,

) be bonded directly one against the other without any additional ,
a9fpndiyiayer Bf iealt ohe¥sfthe Substrates coorﬁﬁris?r% afayersthstrares
cogpmicoiductdr matétial orEdne o fts fagé ofintthé istoxirffty thefeof and-ts
fafer this to.be done pwith guality thakissatisfagtoty and withoat to be done
wi FACIASCOPIG, bending defectstsuchzas bubblessappearing. ih accordance:c
boM@?ﬂ%ﬁ§%f§B@§tgh%ﬁFg§58ﬂkbies appearing.

In accordance with & first aspect of the present
invention, there is provided a methced of direct bonding of
so-called "front" faces of two substrates for use 1in
applications 1n the fields of electronics, optics, or
optoelectronics, at least o©one of the two substrates
referred toc as the "substrate compriéing a semiconductor”
comprising a layer of semliconductor material that exrtends
over i1ts front face or in the proximity thereoi,

said method being characterized in that 1t 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 hoth substrates if both substrates comprise
a semiconductor, to heat treatment referred to as
"preparation treatment prior to bonding”, at a temperature
iying in the range 900°C to 1200°C, in a gaseous atmosphere
comprising hyvdrogen and/or argen, for a duration of at
least 30 seconds {(s}; and

« bonding directly together sald respective Ifront

faces of the two substrates for bonding together.



invention, there is provided 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 extendsgover its front face or in the proximity
ther 8fé said %etgod bein% haracterized in that it comprises the following
steps Condisting in: Sabjacting At 1&8st (RETRONT AL Of the subsfratd tHag™*
inE6mptises &88midsrductdE, oPatieastene of the Lfrontfates dfibothnative
oxsubstratesddiboth.substrates comprise assemiconducter, te heat maxe it

polreaiment referred to,as "preparation freatment prior to bonding”, %tg rogen

temperature lying in the range 900C to 1200C, in'a gaseous atmosphere
atg&%prising hydrogen and/or argon, for a duration of at least 30 seconds

(s); ant bonding diretihrtogéthiet saidl réspective:frorthfaces ofithe twon e
ns8ubstrates fordonding togetherys nThermethod-agcordingLte embodiments, .
anOL i presentinvention can make.if possible fo. pliminate, ihe native oxide.
_present or. the treated surface and also make poss?l?le to passivate’ said”
PUguifacé by mearsBeRydrogeh® aforns Contrarytothe State of the art, the

method canbetised with'goodresults; ®venrif the substrates doondtchaveto
boaBiRsulating layers ot if they-da have an insylating layer, butwithae s of
roifekNess of less thap aboyt 5Q nm, In addition, the preparation treatment |

prior to %ondlng can make it possi%?e fo obtain veryliﬂovy fevels of
SdrgighnedEiSt has ek fossitite to’meéasiifeSiootifeansquare Fmg)canned
2 vougknyess of10.7 angstiems (&)@orea scanned 2wumdby:2 pot samplei Licon
suMdereas the surface of apS;ig%%t%Jb§H@tezt¥Bi§ﬁH}éQEesgﬁtstrﬁ%S order of
Z f\oua%]cgesc%%f tf&esgg ersoxgrface preparation treatments prior to
bonding (such as SCl1 type cleaning) tend to make the
surface even rougher.

Embcdiménts of the invention thus c¢an present the
additiconal advantage of putting into contact surfaces that
present very.little roughness.

According to embediments of the inventiocn that are
advantageous and non-limiting, Taken singly or in
compinaticn:

sald preparation treatment prior to bonding is
performed in a gaseous atmosphere containlng argan
exclusively or containing hydrogen exclusively;

said preparation treatment prior to bonding 1is
performed in a rapid thermal annealing (RTA) type chamber
or in a conventional chamber or within a chamber of an
epitazxy plant;

the direct bonding 1is 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;



2 A and the usual surface preparation treatments prior to bonding (such

as SCI type cleaning) tend to make the surface even rougher.

Embodiments of the invention thus can present the additional advantage

of putting into contact surfaces that present very little roughness,.

According to embodiments of the invgntion that are advantageous and

non-limiting, taken singly, or in_combination: said preparation treatment

prior toal%g%&ingslg f[:c)lerf(;ér]r“nreeoC in ar%%gg&?g atm8§6h%lrggcon?§iﬂﬁ1%lé%%ﬁmn
hegkclligifélyHirdontailg hyardth exeludivélgmRald reparatiohrtweatmeit:
rapder tebéndingtis perfdrined in & rapid dhermal annealing {RTA)type hour,
prefiamberordn-a cenventional chamber, onwithin a chamber of an epitaxy

plant; the direct l%%dajteg éstﬁgrform%B;mmedti)%tgg/i%f(t}er saldogrepgéatlon

treatment prior to bonding; the substrate(s) subjectedto sai& pr‘gﬁaraﬁon
®“HeatheHtpiidr to %%ﬂdiﬁgQfsléf%Qé}Breﬁatﬁﬁﬁ)oFﬁ?ilytiﬁea ER&MbeRGTderst o8
ar gontidlledkineryas stmospherelprior a6 2$aid directtvortding;9 after said to
bodieetbonrding, bonding consolidation heat treatment is performed at a

tempetature lying in the; range 200C t0 1200G forabqut atleast.ane - o,
SjMEour, preﬁ&a{p)ly.fsoirlless than three@piﬁs; both substrates for bonding

ccl)r%m}i’se a semlconéﬁ:c%l‘, aann(fl the front faces of the both substrates are

subjetted t6 tHe preparation fredtmémsiivt to2bBRdihg; @hd sdiel present
ingemidanductonmateriakis selestedefrom:(106) t siiconpfl 10)siliciors andy 2
hyikLY) siligos: i ascerdange withra segend,aspect of the pIesent-a+ions in
th@v%ggg%’sth%rﬁ i%P&%\‘Qggg?c@?thggt%cgg‘?ricc?‘%inggtoelectronics, the
method being characterized in that it comprises the
following steps consisting in:
selecting a so-called "receiver" substrate having
one of its faces referred to as a "front" face;
selecting 3 so-called “donor™ substrate that
comprises a layer of material for tfransfer, and ancother
portion referred to as its "remainder", =aid layer for
transfer extending over one of the faces of the donor
substrate, referred to as its "front" face;
at least one of saild receiver and donor substrates
comprising a layer of semiconductor material extending over
its front face or in the proximity therect;
proceeding with direct bonding of the two respective
front faces of the donor substrate and of the recesiver
substrate in accordance with the above-specified method;
and
removing the remainder from saild donor substrate in
order to obtaln sald hybrid substrate comprising the
receiver substrate and the transferred layer.
According to embodiments of the present invention that
are advantagsous, taken singly or in combination:
at least one of the doncr and receiver substrates

comprises a layer of insulating material on said layver of
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hybrid substrate suitable for being used in applications in the fields of
electronics, optics, or optoelectronics, the method being characterized in
that it comprises the following steps consisting in: selecting a so-called
“receiver” substrate having one of its faces referred to as a "front" face;
selecting a so-called "donor" substrate thék comprises a layer of material
for transfer, and another portion referred to as its "remainder”, said layer

foc dransienexending avet one of (ejfaces of the donor substrate, .

1 n n - a cr. O :{,,
referred to as its "front” face; at [east one O-TL Sal rgcelver analaon r

slRbaieS Loriprisitita BXRY of Remidsiilticicr Fratefialsedending oveate
its front faceatdn Ireyproximityi thendeft progerding it diseet honding of
theriwoiespectives frontfaces of the dongr sybstrate and of }tg?-receivef

n

substrate in agr%org%nce ng the above-specified method; and ‘removing

the remaindér from Said dSror Stibstate ih oftfet 85 obtairt Safdl HybiRE ©f
sUlFstaté cofipiding the receiver substrate and the transferred layer.
According tthembedigients ef the preseainyentiondbat &8 ;s removed by

aduantageous, alen polyar,n sombination: at least one of the donor

and receiver substrates comprises a layér o mﬁflating material on said
layer of 10P&dftohBudtBEnfiiéts tak®Ba-NSyerdf #oifatiny weatkrigss is
eftendsdven thelfrorttfacelofi saidssubstrate; esaid ayes ©f insalating portion

mateilprespatsHthickngss that iglegs.thangrequaldo 50 nmy B sald .
layer of insulating material is a Jayer of native oxide, the remainder of fhe
donor sibstrats s FEPRdRE By We@l%é’dt%‘ﬁd%‘?%h@ﬁﬁé@%hinﬁﬂ@?malr
pABEtPthe-difasidbndingea vone of weakness is

the zone of weakness is formed by implanting
atomic species, the receiver substrate comprises a layer
of semiconductor material, and only the receiver
substrate is subjected to the preparation treatment prior
to bonding; and

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, 3B 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



10 formed inside the donor substrate, and 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;. the
zone of weakness is formed by implanting 15 atomic species, the receiver
substrate comprises a layer of semiconductor material, and only the
receiver substrate is subjected to the pré&aratlon treatment prior to
bonding; and the zone of weakness is a porous zone. 20 Other

c etisti and advant ges of nvent pear from the following
dre]%g%cgtlér% g(?/en Wltﬁ ret%rence fbttt%% aco sﬁgddjra%g%%ﬁﬂ%ﬁate 2,

SHOW dhe¥Posiinie Afplerfatatidn By wh dﬂh@t\ -linsitingpindication. 25
In the drawingsa Figyres A4 o=k @ Shew thawarous stepsfas mathod of o«

hod in
fapgeating a hiyQrid syhstrate, impl Enentlng the direct bonding met
accordance v\\:éh the |nvent|o% ang 30 FC?ures 2A to 2C, 3A to 3D, and

4A to 4C show T88pect W?é@ vari&t H"e?néﬁﬁﬁﬁéh’éi@f thehovete 1
mebd T hetingdstiokaretates to auhéthbd wf direcths heading.a donor

substrata.oniataseiver substraige 3p.indbe figures. tha receiy rl:?”PS”%t

aIS

is ref rence 1. It presents a sqg-called "front” face 11 11 t
cg?lhéelr%tc?: égo L&Swith %eft?&ﬁor s‘ﬂ%st?gfglf Ogﬁdlﬁté?)rcéfﬂ%ﬁe Feart face
12 that i$'oppbbitE. SiRMdeay, thegeedivahsubstrate Rpreseids afronts a

facet2drand atieat face 226 Ehe danebsuhsials 2.andLhe feceivgr,
subsiigled. ey he shaleslaver or pulayer substiates, Atledst one of
the donor and receiver substrates 2

oxiaized substrate.

The term "at least one of them comprises a layer of
semiconductor material® means that one of the two
substrates 1 or 2, or both of them is/are made of
semlconductor material, either completely for a single-~
layer substrate, 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 &), e.g. a native oxide layer.

In similar manner, the single-layer substrate of
semiconductor material may also be covered by a layer 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.



and 1 comprises a layer of semiconductor material. In other words, one of
them can be made out of a 10 material that is not a semiconductor
material, for example an insulator material, such as sapphire or an
oxidized substrate. The term "at least one of them comprises a layer of
semiconductor material" means thatigne of the two 15 substrates 1 or 2,
or both of them is/are made of semiconductor material, either completely
for a single- layer substrate, or at least in part for a multilayer substrate.
For dhmultitayen substrate; the layer of 20tsemiconductor mederialextends
thalongdhe f&w face of frﬂj? sy b@t.lrat@t(SLE@aI QF ezs?ﬁ@ p&ﬁfﬂ&%eh 2A)or inthe
- proximity thereof (see for example Figure 4A). The term in the."proximjty"
L Rt G B ot SO etds i oAy B bt A
“hhirdPayer 8P 95 inditatict ©.§- ofidkide FaARG & thickAesEef fess than
ccabouts10.on el evesrinanvery finerlayer obinsulatian: presenting

thickness thatis af the-arder.of a JewiALl nn =10 A)-&:9-anative oxide

ayer. In similar manner, the single:-layer substrate of 30 semiconductor
me lrcn%%éﬁg’m% Alsobe ?:oi?ér“e%ltﬁn% I<'§i11a)¥}esr oF fistidtioh'ad escrBedinthe
eaghofd pafdgraphr Phé sefiédnductor materials are those that are

genetadly frequently usedsnihe fielckof mnigroelectiernies; namely, for

coﬁé%ﬁ%%§(¥99)§yg¥W%§§(ﬂ 9%5@%9”*9&!L%%E§@§9@@@ egEgE%,_or a

i Q%'@féicg rgfetrgn%% S ec? c:%/stmallo raphic types. 12 h_g |Qvent|on
¢onsistsin SUbjecting at 1854t Sive 67 te facgs for BomdiRg Sire. Bt i¥ast

&5 HAE oF i€ froht face®1e ardIer2 Bae heatdreatirent akatemperature
lyingire the range 9008CHn<l 2006 inargaseous-atmasphere comprising

proydiogen and/oc argan, but N0 OXYOED, 1inytes (min) .

The effect of hydrogen and/or argon i1s to eliminate
any native oxide that might be present on the treated front
face{s) and to passivate said surface({s) with hydrocgen
atoms. It also serves to obtain surface roughnesses that
are very small.

This preparation treatment prior teo bonding also has
the effect of making the bonded surfaces hydrophobic. This
has Dbeen 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. Bédcklind, Karin Hermasson, L. Smith,
"Beond-strength measurements related to silicon surface
hydrophilicity", J. Electrochem. Soc., Vol. 1398, No. §,
1992,

The advantage of the method in accordance with the
invention 1s 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 comprise a semiconductor material, then this
treatment is preferably performed on each of their front faces. The
gaseous atmosphere may thus be selected to comprise: exclusively
hydrogen, or exclusively argon, or a mixture of both of them, or even one
or other of them associated with some other gas, excluding oxygen. The
duration of the treatment is at least 30 s,’ahd preferably does not exceed
a few minutes (min). The effect of hydrogen and/or argon is to eliminate
any nativ? r?Xidd: that might be present on the treated front face(s) and to

passivate §aid %%8&3 with fifar&gén %61?1@?%%1&0%&9@@@6@&% th the
suifate nsiginesves iNas ark very smalndiis, prepataton:tieataent pror

torhendingnalgo has Mffe%ﬁgmtbemdgg%@&fjsit is simpler
hyd og@%ﬂ' .mgm%r g%sn%%eri gerggggtr%tgd b meaiurl_n the contact
ang{je of %rop of water, which gave aValu .gigé]d Thi§ {:/HFU%%
considerdbl§ greiterthamimecamiciae s obtalnedhaftemreatment of dine be
"Hirdadtrype ashich ia typicaliyed, geettheasticle @yh\ﬁ-g%agi?a{g%:@@re

. ith, " = th urements related.to silicon
Hermasson, L. Saith. &@Pgogﬂ?@cg um§§§ e ?@0?%, a]_%@?ﬁjﬁ%re'

f hydrophilicity",”J. Electrochem. o _
Z%Z%Cfagaeyégfﬁ%%ﬁéé%%ﬁﬁ BBk B Witethe 2ReAtdR & thRTAS type

spetiedisadsorbdddathe sukaceubSince hydrogen atoms areavary

ot iages 11 0. 12, e o ot romeis UAed at e eriace Bt Lonal
front 11 an 0 not remaij e,
A e O R hot G ciat R AERRRHT ddrebRaghes.

In additiér, ‘Stice- e megicr et mande uthfihednvertiomiantlyebdnding

treatstenteuplkerihenahovees mengoned IF 1asts rgatment, for.example it

is, simplers the treated front faces being contaminated by the
ambient atmosphere. This bonding step is shown in
Figures 1B, 2B, 3B, and 4B.

The bonding interface is given reference 3.

Advantageously, it is also possible to store the
treated substrates in a chamber in which the atmosphere
is 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 alsc been cbserved 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 implement since it does not require drying. 5 The method in accordance
with the invention can be implemented in a chamber that enables high
temperature annealing to be performed under a controlled atmosphere,
e.g. a single-plate rapid thermal annealing (RTA) type chamber, or indeed
a chamber of an epitaxy plant. 10 It is also possible to envisage using a
traditional chamber in which the substraies are processed in batches.
After the above-mentioned surface treatment, bonding must be performed
ver glusi%lg&n order to minimize any risk of the treated front faces being

contaminated oy He 15SHtibieht Gimespticre. " BBRdRERE s SeoWring,
in FitfeFed 1BeRBUBBRENG 4B Thertsbindingeinterfacess giden referenceds of
Adviastageously, it is also possible to store the treated substrates in a

chamber 4 which the, atmosphere 20 js controlled so as to_contain an inert
gas onIy,i?ly‘%c\;icg]g[%%%orIT:’n %I[ugl fogen: Sﬂ&%r%%ﬂngﬁt MEReETepESShIL R0
leAGthBR vditnd eI bid teaddnoPahd FageRrerstbstrates 2 and 1

are bondgddogethbndt bds alsodieentahsgrediiat surfacessprepaged in
25-aeplicaian of ie method of heJovetion are gl lpss reactive than

are surfaces prepared by the above mentione st rﬁé]thod, thereby
e

limiting partice Contaifinatdn s SusH G FaceE Thigrfkes receiver
inGustHaRZdtoNleasfert Be Advantagaouslyf after honding, it is also

Ao o e G endina
reatment at a_temperature lying in the range 0 12 preferably
in%%g%/lé;irﬁ%ly gfg aﬁ%&d}trﬁ%o‘&li ‘lhlti esited Y6 conssifdks theitsifice

emMRBRABE TS Hedimémchreferably lasts for at least one hour and
preferably foeiessithan shigeholss, sorastg- rejpfasce BERdINGsfhiSso as +o

Pres¢NSONdation, 0t b4 s st rate that comprises the receiver
substrate 1 having the transferred layer taken from the
donor substrate bonded thereto. |

With reference to Figures 1A to 1C, there can be
seen an example of preparing a hybrid substrate 4 from
donor and recelver substrates 2 and 1, 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 soc as to
obtain the transferred layer 20.

Figures 2A 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



consolidation steps takes place without bubbles forming, thereby
ensuring good bonding energy at all locations of the wafer. The direct
bonding method can be implemented in a 5 method of fabricating a hybrid
substrate. The method of fabricating a hybrid substrate comprises the
following steps consisting in: selecting a donor substrate 2 and a receiver
substrate 1 of the above-specified type; 19 performing the surface
temperature and bonding steps in accordance with the above-described

direct banding method;.and remoying a portion of the donor substrate so
t%e i %gb?%ufu%%?ra?él%a}[/ %gm)b?isg§ tHe et et W sssubshrate face

as 1o oﬁ%asin a C
haidng thekandferedeaysriakes foatthet dofdorisubstiateborded-o such

thereta r4thtreference to Figures 1A to 1C, there can be seen an

exampleqq{é:)rgg%rg%g@é(bﬂd Cs%gstrrgte 4 froml donor a d Cr)%ceiver
oth of whic

substrates 2 and 1, . e 20 Séin%le-?é&%? substrates. After

0 SHFREREANE In BedsibaRte withThe SihvEritioFcand bandingna boftion
ofsthe torer tibstratei reférred ta asthe "emaindest istemaevedbiy de .
mechaniggk thinnipg.ofdhe abrading and polishing ype 59,ag 1o 22 obfaig

the transf E{gd é@/er 20. Figures 2A to 2C Show a variant implementation

in"Which the déhor SubafFate 2 itfuddsfa 2615 of WBEKRASSs 25. APfMfs other
ek&fplel the zena bl weakae sv25 fpolsthinedo 80 ydmptantingatemict ace
10 Z}ﬁecie&, %Etbﬁd{iﬁen ianss L@&f ' grfa-;e m%m5 ; E@N%%ng%%w%@ng non—
MAR . The.zone o ness, ines a layer 23 for
trans e!r;r(i)crf}g1 -ﬁg%lt % %S%Sﬁ]déﬁg o(-f]i)he%osur%é£ %ﬁﬁsﬁaﬁ){%@z Under such
circumstahcds Vit SAGME b GB<EEwead fiat o35 tHeadonior substrateceamnbt the

sthspquentlytieisubjecteddd weakness 25 could also be a porous
layer, e.g. cobtained using the method known under the
i5 trademark ELTRAN.

After the surface treatment and the direct bonding
of the two substrates 1 and 2, the remainder 24 of the
donor substrate 2 is removed by applying stresses of
mechanical, chemical, and/or thermal type, in accordance

20 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 12 and 23 of
semiconductor material and a layer 14 of the donor

25 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

30 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

35 remainder 27 is removed in two stages.
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the above-described preparation treatment prior to bonding. The heat
treatment of the invention would run 15 the risk of causing bubbles to be
formed at a front face 21. Only the receiver substrate 1 is subjected to
such treatment. The substrate 1 comprises a layer 13 of 5 semiconductor
material, e.g. of silicon, and on its surface it may include a fine layer of
native oxide. The source substrate 2 malcoptionally be treated using the
above-mentioned "HF last" method, or some other technique enabling a
hydrophobic or hydrophilic surface 10 to be obtained. The source
substratefm&y Wu@g ShoPR QBRmidhdlitEve faydF (ERrehiisg FoAbface.
In evarani iraplemertation that iseotishpwn ibThe figures thisizanesefd then
weakness 29-could also be a porous layer, e.g. obtained using the

method known undenrc}he 15 trademark ELTRAN. After the surface

treatment and the diréct Bonding 5T the fiva BuBSRRES 1%rid's, thever of
reffafdet 2408f thé L dosorSsubairatdi 21y removeitni applying stresses of

mechanigalechemicak ans/arghermalityRe Jpescawianee O with the. 1o
techni 0 d in implementing the. SMART CUTTM method.
Tr%é E&&%&%ﬁ%ﬁ%g%&qin@gg Jérs}%h%\[r}v% i?% rl—alrglﬁ'r%eef ﬁ%#cf%%&%ﬁri%gg
laPSRera Al 98 %k Ssétifdofidy&aBr Aigteiat Andafyere# of the donor

25 substfite 1v&igures 32:oi3C ghew afiother @mkadimentof adybidder of

susirate, in-accosdange with the invegtion, whenythe, dopor sybstrate 2,is
a sub%}rate of tgghsemlconductor-on- insulation type. The receiver

substrate T iS TAENHRA 36 Tt tHATHBEEHIEY RTFighe TR S dGiforthe donor
suBEkate 2%coniprises two layers of semiconductor material 26 and 272,

togethermitbany, a fourth variant implementation of the
invention is described below with reference to Figures 4A
to 4C.

The receiver substrate 1 is a single layer, and it
is not a semiconductor.

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

After preparation treatment priocr to bonding in
accordance with the invention, after the bonding step
(and possibly alsoc 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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insulating layer 271. After the bonding step shown in Figure 3B, the 35
remainder 27 is removed in two stages. 16 A first step shown in Figure
3C consists in mechanically removing the layer 272, by abrading and then
polishing. The second step consists in removing the layer of 5 insulati_on
271, e.g. by chemical etching. The substrate as finally obtained comprises
the receiver substrate 1 having the transférred layer 26 bonded thereto
and given overall reference 6. The various techniques for removing the
remaindeé Cg)fhloS h@sséorua{%% su?starlat(ﬁ as described above can also be

used in combination, PfhehalreofIHE 46H6F SubStraras:

epené?lng on 1
Fi&If2 BT8hith Variantifienahtitionf thd GAVéntidnts desonibed on of

befow ivithi refenenae o Bighues 400Abia AGs J hereeeiesulairate 1is a
single layey.and l1.is,91 @ seruicgndycior, The donor substrate 2 s, .
simiI%r to that of Fi%ure 2A, and it is not covered In an m?ﬁaﬁnglfyer 50

28 N PrEp&ration FeathEntfrisi o HoRairglif 2acdrisicewiAthe of
ing&rstion, aftéf theslednding stepetand pessiblyradeaicdnsafidation step)wster .

describedrabonampad-shewn i Figuss 4B, gnd after the (emainder2d bas, . ,
25 been rem9¥%% the hybrid substrate 7 is obtained. The hybri

hybrid
substrate 7 comprises The receivsr sBstPate 1 Ehd tetraisserggder the
inStIRAF K seidoteRRtoTHdyers 2 8tarsd 28 1Eive exaiiblesTelmaking &he
sitiearssitieare hylrid: 30-syhstrate-pe desaribed halewsExample 1yostment

S@%@ngﬁgﬁpgﬁ%@gebonding. It was found that the treatment
in accordance with the invention led to fewer than 50
particles with a size of 0.13 pm or more being added.

The respective front faces of the donor substrate
and of the receiver substrate were then 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 um 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 diameter of 300
millimeters (mm). 17 Both substrates 1 and 2 were subjected to heat
treatment at a temperature of 1060C for a duration of 3 minin an
atmosphere containing 100% hydrogen. The treatment was performed in
an epitaxy plant. 5 Beforehand, the sub&frates were cleaned using baths
of ozone + SC1 solution, and then rinsed in deionized water. The number
of additi particles was measui a laser syrface scanner device of

db
the kind sold Holor Tie tradShrar ?Seur VR SPL By th8SBpRert . but the
KPRAGHRSr STHfP 10 At aSaldfens WerevperionirdbiafSrertatsurfacema 1

treatment 1and thespafter bohding:dt wags faund that the treatment in
accordange with the inyentian led to fewer than. 50, particles with a size of
0.13 pm.or more being gdded.ij‘elé;re res%%étive ro%t’fa%ggsr 3?‘ t%%nd(?noi}’

substrat® 15 8RE df tHeSreLBRRF 5ab SR L Wera them subjebied thogiract:
bardirgwEle kosuttingistack wasEubjecied o ecansolidatesl® heat n,

treatmesntad afemperatreglesg o 4400 fer,2 hy The quality of the
bonding(\:/\jas measy ed by acoustic, 20 mjcroscopy: no bonding defect

;
was detected. EXamplel for ormpansbi/Siidshowaiars tailiiaidgateras in
pRparsd by EBading SHAil&toahat pérternettin&iipleandnd then 25
SuijCteﬂ)twﬁfeh$ﬁﬁ@mﬂpbﬂ&ﬁi@b@ﬂ@iﬂgi&?:n%ﬁﬁ%r %fnn%al as in
agdditi rticle v, ize 0fQ.13 pm o gr.was counted an
foguqndg{tl(? b%arggregth%% %%%égsa‘t%r %g%(%%o%n%{c%%@li&aﬁon annealing at
1100C 30%6F2 ROBSHdiAg dEfste EhaMBe obsioae b hsire e s st
mie@scopyaFiremethrotinaicerdance witlk theuibyertionsis thise observed

using an acoustic microscopic.

None of them presented any bubbles.

Furthermore, substrates were prepared by annealing
in an RTA type chamber at 1100°C for 60 s in an
atmosphere containing 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 SOT type
substrate with its silicon surface layer constituting the
layer for transfer. The silicon laver 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 various
pre~consolidation or consolidation treatments mentioned

in Example 2.
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more effective, see Example 1. 35 Example 2: analysis of hydrophobic
bonding after various types of pre-consolidation or consolidation thermal
annealing 18 The procedure was the same as in Example 1, but the
bonding step was followed by various different thermal annealing steps
as listed below: a) annealing temperature: 200C; duration 2 h; 5 b)
annealing temperature/duration: 350C fér?2 h, followed by a rise to 500C
at a rate of 5C/min, followed by a plateau at 500C for 1 h; c) annealing
temperatydge/d}ér%?{l: same anneal as in b) but with a rise to a plateau at

700C; and 10 d T atre At atdht SamltEinef ain Byot

3' anneal?ﬁlg _
birFifiFa tisey aPptakelRisat 900C. After bonding, respectively before the
annealing heat treatment and after it, the substrates were observed

usﬁgglgﬁﬁlag:o&lstic microscopic. 15 None of them presented any bubbles.

Farthermare, substrates were prepared by annealing in an RTA type

chamber &LPLBEMHED SHPah dtHogphérevdontainingef0%eerdgert , in
amd:80% GRyem after whibk theytweresbondeshand subjestetdioth@tation

sane 20oaensolidatian anneals s The. samg good r e§”'£%¥xvﬁ &P b%%rvggés s
i.%hno bonding defects such as bubbles. Example 3 25 This example
corrggpeojh%'s to a variant of the above example, in which the donor

substraté® Wwad anSOLEEE ! sithstratewithdtssiliconrsuréaceaayere

consttdtingither layer for HE@@SfFE%ﬂ_ h@x’lﬁigﬁﬁﬂdﬁ egé:@ig thergjlicar, pxide, , yer

ltzét/rg;lﬁmmé?tﬁi éﬁﬁ%ﬁ%ﬁjﬁ% r<l)§§/<(iad¥e ﬁ‘?&%ﬁf a(?l}élbyec E‘eafﬁ AP eichifd Gshgss

h?émﬂuSﬁHaﬂﬁpﬁﬁ%ﬁﬁﬁﬁcgﬁe?t can be formed voluntarily and
reach a thickness close to 50 nm.

The implantation consisted in implanting hydrogen
ions at a demsity of 5x10%%H2/cm?, with an energy of
60 kiloelectron volts (keV), so as to locate the hydrogen
concentration peak in the zone of weakness which 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-consolidation 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
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substrate 1 was obtained covered in a transferred layer of silicon. The
tests were repeated, and followed by the various 35 pre-consolidation or
consolidation treatments mentioned in Example 2. 19 The hybrid
substrates that were obtained did not present any bubbles. Example 4 5
This example constitutes a variant of Example 1, in which the source
substrate was subjected to implantation 9% atomic species, in order to

form a zone of weakness therein. In this context, the source substrate

can be ]tqlomdlzf(lad#)rlor to the implantation step. The oxide layer can be
constltutedjb)ga hafive DR ASing aticRAcsst 64 ew ransfwtdmror it
caf'Hé/fermed vBfuhtatilyrad reach a thickness close to 50 nm. The
implantatiog @ﬁﬂﬂiﬂt@@ WI%@I%QQBWQQSE Jél@rﬁﬁél%%"sﬂ){tezface
5x1016H2/c @n ene of 6QElr<l|IoeIectron volts (keV), so as

locate the hy ogen concemtration peak if the Zohe" ﬁwé&l&?é%%’iﬁhlﬁﬁ the
wa L BhBRutet by Beiibd eefckts Yepestaihdd bbope cthedmnon £ plasma
substrateaisethnonber2) subjected t@ eatmenrtdngecardange with.the
inveyfipg-Ht 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 25 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-consolidation treatment at 200C. The remainder of the
source substrate was detached 30 by applying thermal stresses, i.e.
treatment at a
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temperature of about 400C to about 600C for a duration of 2 hto 8 h, or
by applying mechanical stresses. The final substrate was advantageously
then subjected to a finishing step since its free surface 35 becomes
slightly damaged during detachment along the_zone of weakness. The
finishing step can be performed by 20 smoothing heat treatment, by
sacrificial oxidation, and/or by polishing. No bubbles were observed at the
bonding interface. In order to improve the mechanical strength .of the 5
bonding, an additional step could be provided of plasma activation on one
Clt Béth faces for being put into contact. 21 CLAIMS 1. A m_ethod Qf d_|rect
1 bondingt:abso-sallert Heont” f@@ﬁamgtwﬁﬁ%ﬁﬂééﬁ%t&ﬁtﬁgé?o@r?ggﬁ%@ of
in the fi ec ic tics, or_gptoelectronics, a ,
tv?\%/o ggl%&%t%&%feggg to§1 asgepth(:eL Usub ttr)gtleccao%rﬁf)’ﬁﬁngl B sEfficondGdr ©f
610%%6r?51}ﬁ§ ¥ layB? 'of SEmicBRIURRIC ftEfaIRACEXterrls oberiss frome  of

tHEcE OP irstHes presimity théreof,saict metisod-heing wlasactetized-idhat 9t ng

a compisesribedeliowing stans-Gonsisfing in: 5%%@9:'”9065 ;??iéé!}%r?ﬁ% ctor
f he tra t comprises a semiconductor, or ! _

matﬁg?f%%t fa?:%%of t%é%% Strates i | both%ssubs A& corhpfife £ in  the

PrSEOhEUERT i Heat fiBafmdit tofRfreBed G ‘Preparation irsdment that
1tphsiptcdingh at fcbinpetatyre dying indhe range §096 ito 1200C, in a
S A
le ~and bonding. directly together said r
th?htte tv%%gg%%gﬁgtges %)r 63%%%%8 If‘(‘#é}(le%ﬁélﬁ . Rinefbod 48&SHING RS cl&in 1the
frgﬁ&aéﬁﬁﬁﬁdﬁfﬂEﬁth substrates 1f 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 s; and

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

& gaseous atmosphere containing argon excliusively.

3. A2 method according to claim 1, characterized in that
said preparation treatment prior to bonding is performed in
a4 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.

+
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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 bondingas 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. 22 6. A

& methodeadonddingdo@nyiene ot elaims § to weChagacterizedrn that said, 3,

M?Qé@h@ﬂz@%ﬁt@ﬁmtﬁ{% tq, bondi rformed ip a chamber of an
. Jtaxy plant. 7. 2 methﬁgd aCC%)%{']nQBt% hgy(%prg:%ecer@hng aim it prior to

borﬁara etiel ShRARHE difed HOHTFS ﬁ%ﬁfo?’ﬁwe‘%ﬁhﬁﬁédldi’éwaﬁter

said preparation treatment prior to bonding. 8. A method according to any
7.orfe okdlaivas i do6rchegacterised; indbatthe;supstrata(s) S%@&E@t@m zed
msatqmpieﬂ?r(@“%%%t@e&%Q%o tiogdmgr%/gzr:e stored teg&oorarg after

s mber under.a controlled inert gas at osphere prior 10 Saitdife
abonc? h§PE IR TR ob SRR bFERG tB%ﬁ?‘bré@ed?ﬁ@%{‘éiﬂ] characterized in

that after said direct bonding, bonding consolidation heat treatment is

8 . parformeethatia tarperatuse lying in Hiey range20Q¢ to 1200¢ forabqyt ¢
atle ur,; 10. thod according to an rece claim,
Chcharg%grlz%gd%n tlhi]élt <'§tlegr]§alglq(ﬁrectubg %rng Sonding” %8%§&Sﬁlonti?eatsald
PTERAFASHOE pelfORACHSR R tradihBRt Iyl intRedinge 206¢as9206¢0red
tefgrdess than thive koursh dibérmetieikaccardingtorany pseceding slaimgas

atebaseiarizeshindbatbothsubsirates forhonding,comprise

9. A method according to any preceding claim, characterized
in that after said direct bonding, bonding consolidation
heat treatment is performed at a temperature lying in the
range 200°C to 1200°C, for about at least one hour.

i0. A method according to any preceding claim,
characterized in that after said direct bonding, bonding
conscolation 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.
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a semiconductor, and in that the front faces of the both substrates are
subjected to the preparation treatment prior to bonding. 23 12. A method
according to any preceding claim, characterized in that said
semiconductor material is selected from (100) silicon, (110) silicon, and
(111) silicon. 13. A method of fabricating a hybrid substrate suitable for
being used in applications in the field®3of electronics, optics, or
optoelectronics, the method being characterized in that it comprises the
following steps consisting in: selecting a so-called "receiver" substrate
having 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
12anqther pertigpdeferreddo.as its "'remainder”, said la %rf r_ransfer .
crextending 10%’5%0”? of tht%}fgges%f thg donor ?su straé, (reegfg#rjélagto a_s(’;flsEl lr_ﬁ’

“front" face; at least one of said réceiver 873 UGRBASM SR Fate S X otrigrsing 5
Se1 REe? Ot sERTENAULESH maférial @xtendirid &0er its ¥loitdace orinithe(111)

s igrbxirnity thereof; proceeding with direct bonding of the two respective
front faces of the donor substrate and of the receiver substrate in

aceGor e with ethod according to any preceding claim; and
13fen%0\%%g%ﬁ(§l re?n%g%gle)f i said o%r%ygﬁt}&rﬁé‘?r? GrakFtogbtaRP sgidfor
befDgdiBRiratd cGPplsRREthaNFecéMertdubstfte kel the trarisferrednics,

opkayes., 140 A negthod lascordingde claimel Smeharagterized in thak atdeast; ;o

in08R. o the deppand cecaiyer sulisitales compLises B Iayer of insulaing
material an.s id layer of semiconductor material, 24 and in thafsaid’

%tﬁl% ma?erigf)é)&%ﬁgjg%ver receiver® substrate having

layer of insula
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 respaective
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 method according to claim 14,
characterized in that said layer of insulating material presents thickness
that is less than or equal to 50 nm. 16. A method according to claim 14 or
claim 15, characterized in that said layer of insulating material is a layer
of native oxide. C. 17. A method according to any one of claims 13 to 16,
characterized in that the remainder opthe donor substrate is 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

2 weRkihsd is Tarfed mstde thé dbmon salstrate ranckini shatet teasta over

tiportioreof thiaremaindek otitheudenars sdbstrate is removed along said
zone of weakness by applying mechanical, chemical, and/or thermal

lsstr%gsesétlhg.cf\ method gccording to claim 18, characterized in that the
Zoné of weakness s ¥oHhad by fmflantfy dbmickpeseseiitegthen that

sgbdeivérrsibstate Eomprisetrs layer of semicondsetor materiabkandin that

ighatenlyitherreeeiversabstratesis sibjected to the preparation treatment
prior to bonding. 20. A method according to claim 18, characterized in
is a porous zone. 25 A METHOD OF DIRECT

16tha%‘the zone qf weakness
BO DII{?&LF\R/% SUBSTRATISS USED INEAECTRONICST OPFIGSNOR 15,
ChePICREECTRONICENAB STTR ALy F15 Tife ilventian felgtesded@rizl is

a hethad of ditactihanding dbe front faces (11, 21) of two substrates (1, 2)
for use in electronics, optics, or optoelectronics, at least one of the

1754 strates comprising a_layer of semiconductor 10 material (1, 13, 2, 20,
23 thAAEXIEH s BVEPHE HoHt t© any one of claims 13 to 16,

characterized in that the remainder of the donor substrate

is 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, & =zone
of weakness is formed inside the donor substrate, and in
that at least a portion of the remainder of the donor
substrate 1is removed along said zone of weakness Dby
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 laver
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.
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face (11, 21) or in the proximity thereof. The method is remarkable in that
it comprises the following steps consisting in: subjecting at least the front
face (11, 21) of the 15 substrate comprising a semiconductor or at least
one of the front faces (11, 21) of the two substrates if both substrates
comprise a semiconductor, to preparation heat treatment prior to bonding,
at a temperature lying in the range 900€%o0 1200C, in a gaseous _
atmosphere comprising 20 hydrogen and/or argon, and for a duration of at
least 3}%;' and bonding direct% together said respective front faces (11,
0

21) of t nggstpﬁegfﬁ% oG toHetheP BETRRTEA USED IN

ELECTRONICS, OPTICS, OR OPTOELECTRONICS
ABSTRACT

The invention relates to a method of direct bonding
the front faces (11, 21) of two substrates {1, 2} for use
in electronics, optics, or optoelectronics, at least ocone
of the substrates comprising a layer of semiconductor
material (1, 13, 2, 20, 23) that extends over its front
face (11, 21) or in the proximity therecf. The method is
remarkable in that it comprises the following steps
consisting in:

subjecting at least the front face (11, 21} of the
substrate comprising a semiconductor or at least one of
the front faces (11, 21) of the two substrates if both
substrates comprise a semiconductor, to preparation heat
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, and for a duration of at least
30 s; and

bonding directly together said respective front
faces (11, 21) of the twoc substrates {1, 2) for bonding
together.

Fig. 1A



