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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 optoelectronics. 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 - " " 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%@rggg 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

cifmsﬁanaea,ﬂhgh@uIdlklexqbﬁefa\tggstﬁggﬂ'@, h;%iwtlﬁgg{lggis:r%%%r based
strate,is,gompl umed. Other techpigues consist,

Egﬁdiaz?#%rrgﬁl %g l;z{(c:f]r“?e[l]%f \?vegﬁngs?éfl%gfge tﬁ%%’ﬁor §_HB’§[F£@F%&?“

i FEPOVIRG e ?egraé{ﬁ’ﬁorf BftheRibSF &S bpr8sfractaring alohedsaid

zOne ot WeakNessibstrate, 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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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
the 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 Academic Publishers, 10 pp. 50 and 51, for

more ample deseription qfdhase: dechniques, Twésf%&%'ﬁ“%gyesi?% lanting
fabrCicatin substrates are particularly well adapted and used for forming
substrates Bt he Bpe Khowh aFdEYREIERR sRfGHaERFDPases, that
inSGEtoT (SO P aiifiothkisest knodafotm¢hereatibeing theMART CUT™,
silicon-omiasyatos (s@lm&&f@% wagatbfgata@cq;%lfglggghjﬁy a

s rates, er.ofi tion is.formed on the face of the dono

s%ﬁg aﬁ%%’thé?agé% ? the Tecaiver %Lﬁ)estrné?éi‘%&dzd(&ﬁﬂﬁg fger the

intifREeBRtactHtRAY the bonding step. The insulator layer could be
obtainedRby treatiog aenoftbersabstrates: B«g. Hytheymal 'ogidpi@gnogn_
ingeed v depasitinga L%g of pxide, Inthe final ;substrate, the !a”&‘;kaf%% by
IaéleEis urie::Ld. 25 In all of t gtse techniques fqr transferring layers, "theé
quality of Bohdifgy hdd X tir8ASthgaEt B e finACadamy of Bibreselirios
stbstraté. Angartiéulaf ahe moordingehergewitr iicivthedwotsidastrates
are:bandegkdegether during the subsequent step of removing the rear 30
portion cl,fht gedoggcrzﬁggstrate IS gf fE%r%icular importance. It has been

c

observed that the energy with whi & 10 SUbRtr SRS b BoTitiedt ©
t&t?e’fﬁéF&fJféffHéin@’%@jgin‘?éialﬁﬁmﬁtei@éhtaéﬁé dfrettlyf deteiminestimsthes tes
pteheness 3pef subsiratasn therpessibledyrasense: ofpatticles oLon -

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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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 two single 5 crystal substrates, serves to facilitate bonding by
limiting the appearance of defects, e.g. bﬁsters, at the contacting
interface. On this topic, reference can be made to the work by Q.Y. Tong

du. =Semj 0 fer_bandi 0 science and
?enchnoloGP}t;'eigﬁglig{%%%rfﬁgéé \\/IVYLI eyl&g%c%’\%% ew g(;]?(lb fl‘fb@:i 'Fﬁﬁs% an
wi‘fﬁ”é%ﬂ%%ﬁ'é?et@f tha¥§s01 fBécthessiiried RRURMINgIaférseiventing

faéititege ‘anddifit bdmding seefeits: 15 Urfatdnateln there exist gituatiens

et o vt o e fhan ALt 50 it o Sven 1o Shnate o ingle-
layer to, values of less than abou nm, or. even: _

(:cj¥ r% glse%ealy, iﬁ%gra &7 10 Trarsf&r the: Working /et bF ﬁ%ed&?&%‘étrﬁéé_ _
ditdcHyTote tié 2PreererRabseatedThiscdpplies far.exampieavten itts the
desirethtor Dptimizecheatcomduction between the receiver substrate and

the transierr er i ich the _microelectronic components are to be
formed,?c?} tﬁgl%)aﬁ/r %%%%_’_dﬂ%%ﬁafanff mcai?ml%’r% grﬁg%ng:gf tﬁéeﬁe‘é‘fr k by
géneratdPBY tidCotipoR@rte L ihile BRRLARIARECBOKdRgWiklow Bng

berdeinselating lagerhalsd cggries taiimiproue elasiricRdeaNAUation s Sons,
betweenthe tragsfeired layer and the receiver substrate, and at 30 least

to obtain,contact that is electrically conductive. It can also be desirable to
combingf g‘frséhs?é}re ?a;fé?%%ﬁ%Fe%e%r%ﬁﬁst?ﬁ’(%lprgggﬁ’tingthe buried
rédpuclios iagsthhosentatonsthat ard diffeléritaeq. imdrdeitd t 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



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 NMOS transistor on the
transferred layer or on the receiver layer made out of (100) oriented
silicon, and the PMOS transistor respectively on the receiver substrate or
the transferred 5 layer, made out of (110) oriented silicon. The f?IIowing
articles: K.L. Saenger et al. "Amorphijzation/templated recrystallization
méthod Tor ec%‘éﬁaln%etae%o?iéﬁ?é??ontgfesiH&Qirﬁé@ﬁtﬁﬁf?ﬁnon the
alfeFAmfEcasindadle ¥s Bybrd eriehtationsabstrates', dPeAppla Bhysultetb £
87( 221913 £2605%)and ﬁ.fg@gwgagidalgggigb{\m;gfogﬁgﬁgg QIA?S bulk

te i irect . silicon bond (D ixed crystal orientation
et ook, D At Ioaton DeaPEe KSL: 2065 535, senfered

> theadifdrenPaRRtrRAT chdrabldritics b sfise 15 deésseming on its crystal
orientatidhét darl dlseiveyuseftltolmake hybrid saksitaies «coraprising a
recgiver sHbS!EALe of ﬁ@g%ﬂi&ee&Oils&%dy&g_irf‘i‘ﬁée_ﬁﬁef?n'a%%ﬁ:%foiﬂ'%‘r
orc%faglermanu{:rp1 or of silicon-germanjum’that is elastically stressed in

teRsion 20%r in coMptESEiB Bondifg Tecthidties aisk@y exdsticon: an

NBVERIEIESS, Ve iSaiAcb implémbatitientindustialiym teunsof thes”
S s e A i T LS i e £l R

[ -called "direct” bondin ithout an itional intern s

e oA a0 BN G RSty ec

tHickesSh A8 AmitdeR beffitpess earsaisdut Soimn I eninis taplestrates™,

réferenceltiam.be-nade.torhe article meSilcdolhaiat., \UY@stvaton, set

trgatmentdor3¢ Aydrgphobic w Hé’a@d%%fé%zr%%%@?%s of silicon
15 Eggiochemical Soglety, 193 (1), G013 G010 (20X

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

20 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,

25 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

30 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

35 and hydrophobic bonding.

By way of example, hydrophilic bonding of silicon-

on-silicon consists in performing hydrophilic cleaning of



which shows the difficulties in obtaining defect-free bonding. Tho_se prior
art techniques are hydrophilic bonding 35 and hydrophobic bo_ndlr!g. By
way of example, hydrophilic bonding of silicon- on-sillqon con5|§ts in
performing hydrophilic cleaning of 5 the substrates prior to putting them
into intimate contact. Such cleaning is typically performed by a method
known as the "RCA" method which consists in treating the 5 surfaces for
bonding in succession with: a first bath of a solution known as Standard

Cl 1 hat comprises a mixture of ammonium hydroxide

(Nelﬁ% H%%%}%%%é &n F|?J}e:r'lo(§<)1|:d egfh F5) - 4itF of MefomZePwAR: L1813 then
10€8%e@6hd bath of a solution known as Standard Clean 2 (SC2) that
compriseSwecmixtiireafibygirachlene eeid (HC bk pEBYHIOgen peroxide o
(Hzfglandsotaglonized it (da R 100(C s 4130 possible 10 8a0a the
the 15f?rticle by C. Maleville, 0, Rayssac, H. Moriceat et at. i Pro¢ 4tf

Rinat® SymposiuR T S&ficbRd 6P RABTé P Banbie: PV 97-36, ECS

Interna _
publications? pf #65 1987 tHydréplaoksio bonding isuswallykispexnsatackby

cleaniag the sgdagesing babof hydrafluoric acid,(HF), 20 p&?ﬁé é‘:n ,l['l%tr%i{]gm

hem j t id cleaning bejng known to the person ski e
T Y OV ABIRRG rRAHE Ko plikprfoloded B
SRRy BABFYing seegsh@hich make the procedure rather

10 complex:Ireaddittendhe surfaees as 28 tieated indhah,way are Vefia rq
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r ive ta;m j ' s and.to particles, which means that L
si)@e%:%;é% p?ecg%lgﬁs%gs?g g%a%eﬁ THis the rné%o)fgiﬁ%? e?aér;/1 g&’qﬁ&%‘fﬁéﬂ ize”

thaftsthhitiue. Ofer RYSHRAGEIc BRREMEIRetHads bxiststichisde ionized

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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30 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,
35 Vol. 32, No. 8, 2003. One of the main limitations of the
above-mentioned methods is the difficulty in implementing them, which 6
applies in particular for ultra-high vacuum annealing, which requires the

f ment that is expensive. Furthermore, the above-mentioned
e and FYorGRRONE bohting MEtO0E Lok GEREII OREd b3S

thEFM&A B RENAE $§ the mrigRe200T ®IL20BEor allew heursxh)resgve.
for 2 h. Unfertteately: aftet Banedipgeiniba 1apeR d0AGILMOOC . and

b v ' onding interface.using an infrared
o e A 1 Gadons 2

of tHE EPRLIeRTHESNt St the bbRBInGIMERHac regardeds @ﬂvc\’/ﬁeﬁ\@«:rtﬁe few
béviliag is(hydrophitic of clryctophobitirFisttenmete, 1afierannealing fete: ng

range dd06a 10,4 2006 thess huhpies-areptincessarily aggé%“gﬁ{ 2rved

ohseryable, by infrared transmission. Nevertheless, this absence of visible
bu %Iézl %ogcsy %%%ﬂ%a%n%% R ontfid' 9s BBrieAE Fargdt R prasarssion
higRBoRbHF ene By DrigE B teféreneedante made for examplertbng
thef attiole byd:De Hashingeand &R.ﬁ\ﬁ@rﬁiao"ﬁusa@-t%m?‘g&%@e@ﬂnd

C kzatign t oration etching", Second Jnternationa
Swr%&%&se%%%% S%Xmﬂ%%ﬁ%%r %I??a%‘g%) o‘ff'ﬁ“ n%: SCiehce P& &gfgnd
A%ﬁ %%?F"?/‘%-ZQ, pp. 199, 1993. Sometimes, it is even possible to

observeldefétts r2o after afinealingraboye 190G, byrising the-acoustiec +o
migreseeny {gehniaue. liis posgible to qu r%g&%sses%orqug gg{{e %8%@::
observable by infrared 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



prevent them from appearing by heat treatment at a temperature that is

greater than or equal to 1100C. 30 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 200C. Methods enabling the defects
enOPsemved during.direct, 35 bopding.aredescribed in the liferatyre. They  py
. £Onistin, creajing trenches or perforning desorplipn on surfaces prior to,

‘bonding: ‘Never, eless, those meghp(jls are not 7_entirely satisfactory as
CeTRErtionechin the article By RE EdSer, 1 B° HoBAHE Gridf F 0. k(BiZoas  of
theniproved fov slehiperattire 8i-Si hydrophilic wafeérBording", Jeufval of In
addhe ElectrochernicakSoeiety, ka0 (3); iG228+G231:(R003)a lre addition asuchy =
su substrateswith treaches ate-netalways, suitable for userp.ceftaipricat ing

eleagg[}%antgogscf&%}f%%%rlecaglgg electronic components. Embodiments of the

present invention seek to remedy the above-mentioned drawbacks of the

prioF BROTH PaRicElar embddinénts 5fthe preseht iientidiy ‘sedto F €1eCY
thprevias armetioerabligpie StiistidteS 6 bar berded directly one

against the othernwihout anycadditional borfdingrlayepratdeast oneofithe on
se8Ubstrates .Gompesing ajayei-semiconducter materiakon ope:afdts fage be
boﬁ)&g&thecﬂ% %}her‘é% an%g%ritﬂgstto b@p@ne %‘H?sgua“&yi%& any

satisfactory and without. macroscopic Eonding defects such as bubbles

20Gnna8HAg. I SRESFHANCE Witha fitst aSPectof tH présent ‘fveRtion, -2 =S
coRaress provitled aYféthcd Bt airectsoriting st t 66 talled frort™ facé< of 1 £ 5
fatwo substrates:for nseinrapplicatienssinithe fieldls of electronics popties come
wi@Rtoglectronics -atdeast one of the-twa substrates efereddo asthe scopic
bortHRSirate comprising.a semicopguctor”, comprising a layer of .
semiconductor a}tercllal tvhgt gxtepdsfoger its front Ta}cce or.in tti}? proximity .
ﬂmw%%t accordance wit a 1r8t  aspec o) e p
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.



said method being characterized in that it 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 i-f both substrates comprise a semiconductor, to heat
treatment referred to as "preparation treatment prior to bonding”, at a
temperature tl)élng in the range 900C to 1200C, in a gaseous atmosphere
comprising'fiydrdgen and/oF afdon Hfor £AGrAtIGRA S at I&dst 30'8ecohds et
ingRangboriding direttly gettiarssaid iespactivesfront. fiades oftire twetive
ox$ubstratesserbonding togethers: The meathed ascording te embodiments: +

poobthe present ipyention can make it possible to g@mﬁ%@n@e native, oxide .
present or. the treated surface and also make possible to passivate said
2t gliface by means of hydrogen atoms. Contrary to the state of the art, the

methéd cantie Gsediwith goed fesalts, even ifthe substrates-dodotdzavene
usan insulatingdayer: & if they de-have an insulating layes Ut With & o+ have
anfiias afjess than.aboyt 501, in addlin, he preparation tieatment,
___prior to bonding can make it possible to obtain very [ow levels of
CUpoighriess. ithas Besi podsibRitd maasurdradt meari 8quare (rms)

roughness of 07 .angstroms (Aroreascanned 2 umeby29m sampleyr  to
boﬂ@ﬁﬁ%a&i@ﬁfsﬁhégﬁée Qtafﬁﬂig@@b%@?]%@teot?!@i@%ﬂy PEESENISIMS  evels of

I ess of the order of 2 A and the u surface preparation
roi%ﬁ%%ﬁfs priorL tto bc?nsdinée(gll}ch%1%‘?&?j y%e élganrl{l%g‘i end to make the 2"
S94ffface 'SVEh rotigher EmbBoditherits 6f el mventin thtis cam preserftahesd
2 additional advantageof puttinghinte eontact surfaces that préseat verylicon

sulitleroughness; -Agcqrdingdoembodiments.of thedavention that are ;.. =
2 EdQ%HaQSQQSEQQaO”QE@EQQQB£%%§£¥@%9EW treatments prior to
bonding (such as SCl1 type cleaning) tend to make the
surface even rougher.

Embodiments 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;



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 gpitaxy plant; the direct bonding is

performed immediately after said preparation treatment prior to bonding; .
the suts)is'“t(rgaetg(s)Ssafftﬁlectg(]]’Jfoe Shid b r:%%ﬂ priGF o BondiAg "

. said prepa%aﬂ%n treat
hepdars StereBtemporarffintg 'Edmber uRderaaBsRrdistRineif (g i the
ragyrosphgréfriorto Saiddirect bondingzScafter said dikect bonding, hour,
orbeadingiconsefidation; heatreatment is performed at a temperature lying

in the yange 200C t0 1200C, for about at least one hour, p%e(g%r&bllysgor
less than three hours; both substrates for bonding comprise a

Sl fricSHEUCOT, afd the Hont fcds-of thE BBth¥ubstiated Hrd stibfettedio™®
arfhe prépataticittredtment pfor tbrboading:and saidesermieonductor.or  to
bomateral is:sglected from (100) silicon, (110) silicon, and (111) silicon. In

accordance with.a second aspectof the,present invention, there is, 14,
SjM!?riowded glmgéhogﬂf.fabncatln%a hybrid substrate suitable for being

usedin a pﬁc tions in _the’ fislds of elLec)tro?ff j;"%%Fics, or optoelectronics,
the TetiodrBeng cHaratterizedtin fHaE AEdmMpAsssthe Followiy skepssent
ingensisting initseleeting a sp-calted éreceivertisstibstrate havitg onezofitsy 2
nyfaces referced to-as aufront’faceselecting.a se-called "donar! substrate ;n,
cnthat i%%raerisgf a layer of material %rttg%%%fef@%n%sggte M POION o the
m@gﬂgge g%fﬁém gﬂgggkgﬁéfggé y?%kwthat 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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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 substfate and of the receiver
substrate in accordance with the above-specified method; and removing

the femainder from said. donar subsirate in. grder to obtain said hybrid
substrate comprising the receﬁ’er%égst?zfté%n K ]fra%gelfpescflla?/gﬁng

AL D SHibGaRRNRYSHhE Sredemtveriion tRst afed substrate;
advantagecusi, ¢aKemysimgly Or im saindbinatignmaat teask bne of the.denor

arnhreseivay subsialesscompusen aavar ol psbiating matergl on said

layer of 10 ssc_ﬂer%icfgﬁrilaductor @aterial, and, said layer of insulating ‘material
extends over fhe réht TAcS of SAlaSUDETAR; aiPhyel of Mstlatifgst ©f
matdrial preserfi sthickness that is less than or equal to 50 nm; 5 said

layer of insutating enateriabis aolayenel Agtiva-oxdes the remaigderpbthe; 1y

donossybstrate &rg%oe/egh%{%%c%hatnkilcal and/or chemical thinning;

prior to the direct bonding, azoneo Weafiﬂgslsni%’ 10 formed inside the
donor subSrat€ TandCatiB&stH pEfbnL R Emamder et tivd dogekness is
sdibstrate i nemdeed Alondosaid zomeof yesaknessly #pply#igt a portion

maehenicabshemiealr 3@9’%@@%8%‘&*%&8%99358”%9 WeRkness Is, 4
forn&ecg l%\éz[lmpla%tlr‘}%%% atomic species, the receiver substrate comprises
nd

aJayér oraemic PrTateRiX, 3RE bhl MehEethiFer Sabstraleagical ,
sabjeltad tdpepréparaties seatment prior to bonding; and the zone of

weakness {ha POIUS Z0Neyveakness 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
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20 Other characteristics and advantages of the invention appear from the
following description given with reference to the accompqnying drawings
which show one possible implementation by way of non-limiting
indication. 25 In the drawings: Figures 1A to 1C show the vario_us steps of
a method of fabricating a hybrid substrate, implementing th(_a direct
bonding method in accordance with the idvention; and 30 Figures 2A to
2C, 3Ato 3D, and 4A to 4C show respectively three variant

; i i i lates to a method
e O A T I e e 5,

of directly bonding a donor Substraté on & |
figtites, ah& Ya6ai bstageis dives réfdrentetl. itspresentsiaso-called
"front” faBerii1kr liyat is te comedntesconiast yvithuthe donor substrate2, 7y«

7 " i i imi he receiver
anthasocalled rearyface 12 that is,opposite. Similarly, t
substra%%{grs}gents% front face 21 and a rear face 22. 5 The donor

e

substrat R relliPEr S Srate ANFaY IR SiRgRIMgEr srinakityfes 1
sFsirdies. satrleast oheysfithe donot and ageeivensubstratess? and 1

comprises a layes ©f sgmieanductorynaterial i other wards. ang of the es 2

. rial that is not a semiconductor material, for
Z%g)nagéngr% ?n s%%a%%%r#‘gg%?esﬂc% asS%[b?pcﬁ%qﬂ)r%tho B)gfﬂﬁib%réti’dstrate.
The ternt Patd&istoncsidhentesmpiisds @tayen of lsemiecrdustor of
meterel! mearishatieneroftthe taeli-suRaitates 10t 2. 0F hoth of them
aiaipede ol secendigoraleral cifir sompletely B a g .y
|a3/§£ggggtéatseégg%trlgggt.|n part for a mdltiAyér subs :

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.



For a multilayer substrate, the layer of 20 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 25 insulation, e.g. of oxjde, 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
layeEha simitanmarmer,theisirigledayensubstrate of 830 Semiconsustart
thnaterialamay also e cavered by, aA@y@re%fsmfgl?éiO%ﬁa%ﬁ%S@ ihedindhe 5
. above paragraph, The semiconductor_materials are those that are ,
hggﬁgf/a ly {ar'%c{ug%%y use %Eﬁéﬂdﬁgﬁl& Picroeléctfonics. Hamely fef 7
Chexample (100 Silicon, 35916y sifior, 622y siliesARRBR the
compmesicab refetencesispecificerystallographic: typesc12gEhe invention

congistsinsibiecting-atlgastone of thefaces farhonding. e, at least
ma 20 of the front faces 1.and/or 21, to heat treatmen#% a temperature

lying in the ?gﬁlgpé: 000C 6 LIBOC: int & Jasebts Atmbsphére WBiipriding
eaR{droher dridior afgoin, BUER® oxygen. When both substrates comprise a
semitendyctero matetiak therethis tteatmentsisiprefesablypeffarmed on

coBBeh of th%&ff@aefia&g§yTB§@@§s@H§ a&?Oé&*&%@sm@xfE}U%PS&?!e%%?a

(o] compr'%se:g%(cluswgvegh rogen, or exclusively argon, or a mixture o

" Both of thent, of even oneé of otfier of te” BsSGciftedwith Sofre™Bther
45 §as iexaddivigoxygens Théluratior of Bectiegthmentds atfeast 30 s, and
preferably does not exceed a feweminuas (min)s Theeftect of hygrogen

prafdionargon is o gliminate any natve oxide that might be present on the
treated front_face(s) and to passivate said surface(s) with hydrogen
The effect ol hydrogen and/or argon 1Is 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. §,
1982,

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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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.
Backlund, Karin Hermasson, L. Smith, "Bond-strength measurements

related to_silicop surface hydrophilicity”, J. Electrochem. Soc., Vol. 1398,
No. 8, 19@2’3[‘1‘[1] HidViage BRfhetetHBa th afcdraahee wighee with the

inVigktion i¢ éiatimorspeties dradsoreed-orthe, surfdcekSirice hydeagen
ateisf erevesy sMelller peing.desoriectto grate coyalentbonds ¢ o416y

betwe cing front faces 11 and 12, they do not remajn trapped at
thegé:{nt%%gc% lij}[t%ﬁflljrslg ?ntcl)%hé]i ateria ,tarlfc¥ Hitis o ALY g&erate a

degassing e Bt 134 It addif6iv Biietherhsihotlie atouriante withethebe
invemptiberiauokes iy treatmeanieuntikethe ahove-mentigned clFdastt v re

treaiment ifpr example, (s sispler, 1940 @%6“535%090‘59%85 netrequre, .,
drying. 5 The method in accordance with the invention ¢an bé

im¥|ol efttetr % ENAMBEFtBE BrighleS RighrtenAfdtarké nannddliny ts viee
peHaiirunder 4 odeteclleal athrmsphere; fe.gna single-plate rapid .

thermal annealingi(RI A)dwre ichamher orindeed a chamber Qéfaé‘ditional
e@}]ag( E!%nti 10 |P%IJ§CEHS% 8sségb e tg envisage using a tradglona_ atche
chamé%;r) in which the Substrates afe pfoceaséd fr BARAES S Aftel theP S.

above-nfehtiBhed Rarfake vreamaaitl bordingunistbe perfermeshverybonding

quickly iberdertodnininizeany ek ekthe tieated font faces:heing »o any

contamingle iy (e 1o 2 g0l AMPSRee, TSP AN RRESIUT the

quggggﬁilgh%géggé%%.4 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 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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The bonding interface is given reference 3. Advantageously, it is also
possible to store the treated substrates in a chamber in which the .
atmosphere 20 is controlled so as to contain an inert gas only, typlclallly
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 $drfaces prepared in _25
application of the method of the invention are much less reactive than are
surfaces prep red by the above mentioned "HF last" method, thereby

limiting particle %;8Hta‘?ﬁiﬁ8ﬁof?%*‘@ﬁcf?éﬁ%?ce‘éﬁﬁ%%aﬁ?&éb1e5 forming,
industialzatisn easicro3@ Advaberddusly cafter hpnating; itlis Bismtions of
poskiblerd@prqceed with pre-consolidation or consolidation heat

t ture lying in the range 200C to 1200C, preferably
i the viChy of & et TIBOCF 15 BASHb 1 coot BT THEHate =
edlifdiyoss Thisipeatitent bréterably Risisior abraxe bre hour and
preferablyHer less thah thiee€ @pu@@ﬂﬁs@ara@f@@@b@@gj@gfgﬁlg
presppselidationor 14, PPSQ%C%@P@%%PS&%SE place withaut bubbles

ensuring good bonding energy at alllocations of the

forming, there _
wafer. The af?e{)c%%%ﬁa% mAONRF carbe fhplefentéadsh a 5 fshue of
faBHEAR& Bybrig SubbeatebTie negthod Hi Eabricatieg a hybrid

el Rt

oG e S [outhille 4P HNITE o iR N et

WRRBE BEos: HBSE bethdirect bonding method; and removing a portion

of the donor smbstiate so asto: ObiAIG A Ryledselstrats that caQmprises s +o

th9§@§§W65 hybrid substrate 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



15 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
receiver substrates 2 and 1, both of which are 20 single-layer substrates.
After surface treatment in accordance with the invention and bonding, a
portion of the donor substrate referred t6%as the "remainder" is removed
by mechanical thinning of the abrading and polishing type so as to 25

obct$ié1 t{)g t?nsjgerred layer 2%%Elgijres 2A to 2C show a variant
implémentation’in WWhich'tHe Sbdtratl? ifdnfesazond diront face
weéaknes325. [Mhisreamipler thezsHeraftwedkniess 25Hs ebtaided 3G uch
byt irelanmg atomic species, e.g. hydrogen ions, using the method
known u r thenan ART CUTTM. The zone of akness 25
defines aFLI I%l% et%;lg3 for %iggférrfn%mﬁgr%siﬁes raém?;allﬁ'&é:r ;\1, 0 %e source
° ST BAUNTRK sTEt Eifddrhstaficss, iPshdiid bevbserrd that B5sthe
denorfsubstrate sannatrsubsdquentyibessubigetedd® therive oxide.

above-des@rined prepatgliop treatment pij Ing; [hg he
treatment qJ; the jnvention would rune%IS %%grgﬁgp%%%gg% b%%b?e%et%%eed

formed at & froAttacs IEOAMAE redtiveratibstratiRSsulfecteang other
stEFhrekinene THel sulssteaté Icboppitives @ layehy8lobbiseiniconductarce
10 meatetial, _algt@riaiaaon, anaeg@&Iﬁr%gfaé;@ﬂts@@aﬂ%clgl%aﬂi{%ﬂa&%f %L non-
n i € SO u te 2 may optiona treated using the
a%%\ég-%n{ﬁéqnst%%ﬁémﬁ ;{I%%tg rmgg%g , o' soxrﬁg o%reorr%%ec ﬁﬁfﬁe enabli%g a
hydroph®BicGoriyeiaprilic BaAERe DB sNobared Thasousdwwn in the
stibstratespay inciudsoaaoof seritandsetiveslayen(ld) ondts frentfage rous

'Qég@ﬁ?“&@&ﬂegﬁ%gﬁﬁﬁﬁhﬁé§H5“5ﬁ8“%é%ﬁﬁé 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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figures, this zone of weakness 25 could also be a porous layer, e.g.
obtained using the method known under the 15 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 iMdglementing the SMART CUTTM
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 donof* 25'SUstatER. Biyares 3R (& 38 v an6®Rp tRibddiment of
a itk sbbstidte imacouridancevithlthednverition, wheadhaddenrprand then
supstratend ig;a substrate of the semiconductor-on- insulation type. The

receiver sﬂjltaestrsate 1 ié idetntical 30 to that described in Figure 1A. The
donor substraté 2 Compnse& W Tayers6f BNttt niiRridPYs anat

272 BYEhEPRItR ah- irdutatingYaysre2ric Altee thhbonding step shown

in Figure 3 teeb3 kerainder 21 s removastin twestages 16s Afirshe

step, wp,in Ei onsists_in mechanically removing the layer 272,

b al?r%%in%fargj%%&ggﬁsr%ngqﬁé} geé%}\% &5%%%%%‘5{5%% r%ﬁ%%ﬁgzt%e
Ia%éﬂnéjfeg NSRRI P2 21 %. § 1M Bhemrad dkhiRf THesibshate as

finally obBiinedzoiprises dereqeiver sustiaéend having-the transferedr of

layer26 hondeddhetate apd %V%O\éee@ﬁ£‘?Lf}§é‘%i“3§b6o\;rehe%¥1%”°a“f o be

te&ggi%ueg for removin%the remainder of 10 the source substrate 2 as
dES T Dt AboVR LA 1SS Be  HSRER I binktich HetRhaify G tHere donor
n&ukssftheedohor substrate 2.

Finally, 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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F'inally, a fourth variant implementation of the invention is described
below with reference to Figures 4A 15 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 2A, and it is not covered in an insulating layer 20
28. After preparation treatment prior to bonding in accordance with the
invention, after the bonding step (and passibly also consolidation step) as
described above and shown in Figure 4B, and after the remainder 24 has
25 been removed,.the hybrid substrate 7 is obtained.  The hybrid
su bstrate%e?g%m%lﬁ%g% fh%% Fescel#vearn(s]{u KotPAtd § a?‘l'd}:tplg‘fﬁé%%fé}?’e&‘eat
indUT&RFRRE C sérhiconBEB®? 1B/ers 28ahdif® FFie Exampledwfanaking af
silibanisilidon hybrigk 30 spibhsirate-arecdascrikgd ﬁw.@m@_ grt-);L,, o1
showin rinciple The s e trate 2.and the receiver substrate

were siﬁcigﬁeguﬂggr%t@gs&h%vi%}g%hg %ﬁ)%%%?fs?al% gﬁenﬁgt}(gﬁ And-ant-
di&%%?&e&%%fmmﬂﬁe@@ﬁ%ﬁﬁ%? BGtRSsUBSRARR_A H5d Davérths of
subjerted to Agat wedtmentat ademperaturerahk260G fordeduiation df v ter .

nﬂnh1ama%nQﬁﬁﬁg%Ce@ﬂgaaaéQQ%%@W$QQ%&eE¥%”%QE”%@&%%%eddby a

i i ) hand, the substrates were cleane
pelrformed mr@a%%nasx lant. 5 Before

usw?gs aths of ozone Eofﬁj‘ﬁ%ﬁ?&n&ﬁ\e‘ﬁ}}ﬁ@éiﬂﬂ drz & deterthe
THe AORIRE bf addifierarpatidles iiastneaswed biea |&ddr-Siefaver. The

SmﬁwmmﬂemﬁﬁﬂﬁtM%k@dﬁﬁﬁibﬂﬂéﬂﬂﬁbH@g@“ﬁﬁésﬁq@%ﬁb%ﬁ?ﬁQXtment
th jer KLA: T 0 measurements were performed before
et Dok, IS, AR thiFneE Sa tment

tré B RO SR dRcE With thel RiVERid PRt dewer FRINES0 tHaaticl8§
With atsizé e 0WlBhimaor siare keing atldedm 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 respective front faces of the donor substrate 15 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 1100C
for 2 h. The quality of the bonding was measured by acoustic 20
microscopy: no bonding defect was detected. Example 1 for comparison
Silicon wafers (substrates) were preparé’c?by cleaning similar to that
performed in Example 1, and then 25 subjected to "HF last" treatment.

Prior to bﬁpéji éia%ggmebe{’gf aggitional articles having a size of 0.13
pm or g,reater as counted and found 16 be Mdre'tRaf BBBPARer boRdihgthe

artP idBliER aAGalirRlaCrETD BV 2dn hondiftedefottstioeitha 1
beobserveddysusing acoutic aueraseaqpyy :The method in accordance

with the inveniian itfng moke elgeiue., ses fxample 1., 33 Fxample 2
analysis of h%dro%oblc onding after various types of pre-consolidation

or consondafiS fetmaf anABRRAG 18T PHE ProtetRfe wasthe shafe as v

Exarhpevechitthe bohdimgtstep WaSToliawed by variots Hifferertthermal

amgalingesiepy as listegihalows) ameating lempegature: 200C; duration
2h;5 b)c nnc_:lel,?lli(r%l%l em)%;e@ture/duration:ﬁ OC for 2 h, followed by arise
to 500C at arate 6 i folfowed by a%ﬁt‘égﬁ%? 5008%6r eyl as in

aRnedlity t&higeraturd/aardtiona saretdmeat as P bjGut with a rise to a
plateau dt 7600 sard 1G d} anpeating:teamparate/dyration, sameanneal s 1y
ag jn )but with a rise 1o a platea C. After handing, respectively
before the a:ereaIing heat t%at%n nl?éa%%%hearélt, &Be(ast%strates were

ter boniding, respectively before the annealing

observe
heat treatment and after it, the substrates were 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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using an acoustic microscopic. 15 None of them presented any bubbles.
Furthermore, substrates were prepared by annealing in an RTA type
chamber at 1100C for 60 s in an atmosphere containing 20% hydrogen
and 80% oxygen, after which they were bonded and subjected to the
same 20 consolidation anneals. The same good results were observed,
i.e. no bonding defects such as bubblest Example 3 25 This example
corresponds to a variant of the above example, in which the donor

substrate,2 was an SOI type  substrate with its silicon surface layer _
constitutei;ﬁ%eth%ely %}r/éﬁosr%r%asn%?ear??ﬁe Efidsn 15/6F afBtRé LidoR t6xkiaet

laf &R EFE-retRGV et EzpREtively by polishing and 30 _ _ |
tetramethylammonium hydroxide (TMAH), and by chemical etching using

hﬂggﬁﬁrg: gcid (HF). A receiver substrate 1 was obtained covered in a

transferred Jayer of silicon. The tests were repeated, and followed by'the .
various 38 re CONEBRGatP S donsbRdatbrtreataehto haitiamad snl, in
Exarhple 210 stherloybricibutisteates that weod obtaired disl natopPeasent 1 on

any bubbies cExpple.d 5 This sxample.consliues aaflant pf Fxample.
1 1rr11 which the source substrate was subjected to implantation of atomic
sptec?é:s, in order to form a zone of weakness therein. In this context, the

source stbsthfeScaPbeLtoxidiked privrwethemptaraatorcatepb®he

e s e 400 A A e

A A ol fesh e RS e
of a few nanometers or it 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



o

15 ions at a density of 5x1016H2/cm2, 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 20 subjected to treatment in
accordance with the invention. It can be subjected to conventional
hydrophilic or hydrophobic surface treat@@ént, for example treatment of
the above-described RCA type. The silicon receiver substrate was
su%j‘%g%e&tgn%ﬁre tment in accordance with the invention. The donor
and receiver Subktrates WP B putidtoS BGRAsi A Meip rdspretive
froRfFCes, Bid HedyiwRigghen subjected to pre-consolidation treatment

at 200C. Wheremainseraf the spwee subsirateyas E%E?&*ﬂﬁ%b%%g&oféce.

applying thermal,stresses, L.e. treatment at a_temperature of
to about 600C forgg d%?at%%gf)é’%r% h S B Ging Thedimidalof the

StrRRBE e fifhl A AR RAS BEFENtAGEUSIP tharr subgetedtd @ 1asma
fintshiriy steposincanits freecatiriase5thesomessshiabily slamaged;during
detasghrgent 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 or both
faces for being put into contact. 21 CLAIMS 1. 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
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a semiconductor" comprising a layer of semiconductor material that _
extends over its front face or in the proximity thereof, said mgthqd being
characterized in that it comprises the following steps consis’qng 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 semiconductog;jto heat treatment refe_rregl to as
"preparation treatment prior to bonding", at a temperaturle. lying in the
range 900C to 1200C, in a gaseous atmosphere comprising hydrogen
CldYSt argon, for a duration of at least 30 s; and bonding directly together

1 said respiestive front faces efthe iwg swbstates.for bgndipg fpgether 2. .

m in claim.1, characterized in that said preparation
tvﬁ%a?n%%%ﬁ%% b%_r%%ing}ﬂ gepeégrm%%%%lg%féasgrolﬁs attho&pifere +81ds  of

& B RtAiRTY SrgoR Bk idvel§ 53, ARPEMBRCACRARG to daimigast one of
thhafaiGte i¥dg W eiat ssaie preparatiomtreatment prionts berdingdsmprising
a pesfﬂmedﬂﬂuaweous;@}ﬁgqug?@ c?rg_itamlrggylgxutlro_g@; ﬁ)r%c%r@\%%%{ 4. tor

thed aggordin receding claim, characterize ]
m?rée%%?gtion treatmgr%%p%?)ér(sg) bonding iéacgerfgffrﬁg& in 435Fid tAermap  the
pProx ;

SAEHIiRY RIRIpe cﬁﬁrﬁﬁeﬁ?@h@%eﬁﬁﬂ@ﬁcc@ﬁ@iﬁg%%ﬁ?@é ofn that
itclaRie 1183 tharatterizedin shatsaid preparagen srgatment prior to
ethg achptd00 1 a0y ot S Aiine Lt charadenzed heharSgar e
th ing to any one of ¢claims 1to 3, ¢ aracteriz
thgﬁ gr%ﬁﬁ%%ﬁmé%t S%&ltgoggﬁéiﬁaﬁé' petfornied nJT%ac'_ﬁtamBﬁreof 3h ‘?he
£ rSBi}F;x@aﬁﬁﬁt. 9t A‘?ﬁé@o&%é&ww ary precbdisgleRimates comprise
a chegadterindd cinathat th&direchbendingt_?@lﬁe@eﬁ@ﬂted |m@ﬁj_@“@b/ after  as
ol s T g b i e i o Bbtfatell) SbeTE i e
1yg§%0{gla¢ﬁl§g 1rgon%’e cB%r@c&erI%g igg)oa’c,eisrl‘f a gaser:)t;zs-;J 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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preparation treatment prior to bonding is/are stored temporarily in a
chamber under a controlled inert gas atmosphere prior to said direct
bonding. 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 200C to 1200C, for about
at least one hour. 10. A method accopding to any preceding claim,
characterized in that after said direct bonding, bonding consolation heat
treatment is performed at a treatment lying in the range 200C to 1200C
for less than three hours. 11. A method according to any preceding claim,

¢ charactetized in that both sybstratesforbongding comprisea fns 1 to 3,
reeraicendyctay and inthat the_ front of the both_substrates are .

;Osryc?i'%cted to the prepar tion trgg??ne%ag:g iof 10 %ﬁdiﬁééﬁszf. A fhietifod ©°
according tolany Preleding cldint N eRa et izedn tRatisai plant.

semiconductor material is selected from (100) silicon, (110) silicon, and
7 -E)ml)nesﬂ;e;@- Mo&é;_etk@d&g&mﬁﬁ@fg@;e@mg! subsirate sHifabledar ; zeq
1 nbeig used,in agplications in the fields of electronics, aptics, or .
‘Qptoelectronics, the method beinél chzsra(ﬁgﬁ?ggﬁﬁ?hajtrﬁrnggrﬁ%ﬁ?elgth@fter

S AblloWing Steps toRsisting iReSHebiig A sbcallerdidseiver” substrate

having one of its faces referred to as a "front" face; selecting a so-called

8 . "donatiestbsirate dhatromprises a layer obmateriat fortrangfer, and ., ¢
nanather artign referr as,its "remainder’, said layer for transfer _
- extending m%aar orJliatl-i1 ofﬁﬁgtgacﬁe]%éof t%% gcn%ar tseu%gtraé?rt?élee?fr’e%dto h8jrFald

PrEPSH™ H at IERECSREDE sallTélaiver Ehd deif siBstratedagsmprising ed
temngyarcfisemitdndactorimaterinl extending averdtstfrentifage ofirthe gas

atpipmdydhereobr to said direct bonding.

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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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 #8that at least one of the donor and
receiver substrates comprises a layer of insulating material on said layer
of semiconductor material, 24 and in that said layer of insulating material
extends over the front face of said substrate. 15. A method according to
claim 14, characterized in that said layer of insulating material presents

14hicknessibah dg less jhag o4 al to,50 nm A od according to_ .

crlaim.14 oy claim 15, cht%a%tgr%led Q%?at sa?éi?’aye??g%gﬁ?aﬁﬁ mat%%%ﬁr_ﬁ’
is_a Jayer of native oxide. €. 17. & fifethdfF Acording b Ay dret6rdiains s

SeLETTE6, chiRitterfZdPih thad e romaindér 6 thesddriarsubstratel is (111]

sirkhgeved 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
kness is formed inside the donor substrate, and in

bondi f
L3k aeened e JA'A‘él%iilrtf'1C(~é":‘rté%ﬁlﬁn(ﬁleri-ﬁ‘fkfl’férﬁoﬁb‘lb%Eli‘f’i@i‘_rﬁtesi‘éjlr*élar’ftﬂ\/%df ox

that at least a portion 0
bejiidg BaRi e ofRBaKsessi By sapplying mechanitds chemiedleandfars cs,
opthiermal stressps.okd.smethod sccengingne olim 18 charastelized it i zoq
inthatathe zoneawealniessis ferved by implanting aigmic species, in that

the r_ec&iavﬁeer sg?gtrate comprises. a layer of se‘nﬁjcoqducfor mafle?ialr, and

in that only the fedeiver SUbSHAEIE subfsttsd Wethe préfatisne having
Ongedtméhtpidicasbsadingred 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,



20. A method according to claim 18, characterized in that the zone of
weakness is a porous zone. 25 A METHOD OF DIRECT BONDING TWO

SUBSTRATES USED IN ELECTRONICS, OPTICS, OR

OPTOELECTRONICS ABSTRACT S5 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 optoghectronics, at least one of the

substrates comprising a layer of semiconductor 10 materi.al _(1, 13, 2, 20,

23) that extends over its front face (11, 21) or in the proximity thereof.
antheiMethodilis Sehfhrkaie in bt itconimistsdhenfollewing stepsends over
tlonsisting ifa sabjefting &t leagt dhe froat 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 compriseq ' '
15gc.'err%!iC(Bgne 1S gir, f%)cﬁr%ﬁ%f’éiﬁ)ntl’%aFth%’dﬁnér%tfpri@hﬁ@@ﬁ&ﬁg?&tda in that

Sadhpérattre Iyifig Arthiel fargwo00C e 1200Q; i aqgaseous atrhasphere hat
iscamprising 20 laydregen angéorsargen, and for a duration of at least 30 s;
and bonding directly together said respective front faces (11, 21) of the

for bonding together. 25 Fig. 1A
léWOASUbrsnter:%kegd(l’ chcordingg t% claim d 14 or claim 15,

characterized in that said layer of insulating material is

a layer of native oxide.

17. A method according to 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.



