wb'20077060145,PCT/EP2006/065647 1 PROCESS AND
EQUI PMENT FOR BONDI NG BY MOLECULAR ADHESI ON  The
field of the invention is that of bondi ng by

worodgoel4mr adhesion of two substrates to on@cavmdnﬁmssm
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The invention concerns a prqcess and bonding 5

equi pnent. It extends |ikewise to the formation of a
structure conprising a thin |ayer nade of a

sem conductor material on a support substrate. To
form such a structure, the typical procedure is to
pl ace a donor substrate-in close contact with the
support. 10 substrate, so as to effect bondi ng by

nol ecul ar adhesion of the substrates to one anot her.
This is then followed by transfer of a part of the
donor substrate to the support substrate, so as to
formthe thin layer on the support substrate. 15
Bondi ng by nol ecul ar adhesion ('direct wafer

bondi ng" or " fusion bonding' according to English
term nol ogy) is a technique which enables two
substrates having perfectly flat surfaces (polished
mrror) to be stuck to one another, w thout the 20

application of adhesive (gumtype, glue, etc.). The

surfaces in questlon are general ly those of

glass) or a sen1conductor materi a (for exanple Sl,
) Bondln |s t pIC 1y initjate
the vern r‘k]_ g at z%/fo %é:{%%y

by |OC§F app |c§§|on of Tig pressure
substiregtdsr Bdpkaced on tW@SﬁﬂﬁﬂﬁEa@E tA basdamg@her.

front fhen S re%ds over the entire extent of the

subst rat%es i concerns a process and bonding
eguipment, It extends likewise to the formation of a
structure comprising a thin layer made of &
semiconductor material on a support substrate_ To form
such a structure, the typical procedure is to place a
donor substrate in c¢lose contact with the support
substrate, so as to effect bonding by molecular
adhesion of the substrates Lo one another. This is then

followed by transfer of a part of the donor substrate

to the support substrate, so as to form the thin layer

. on the suppert substrate.

Bonding Dby molecular adhesion (‘direct wafer
bonding’. or “fusion bonding* accerding to English
terminology) is a technique which enables  two
substrates having perfectly flat surfaces {polished
mirror) to be stuck .to one anocther, without the
application of adhesive (gum type, glue, stc.). .

The surfaces in question'are generally those of

substrates made of an insulating material (for example



seconds. The bondi ng energy obt ai ned at anbi ent

tenperature is generally |ow enough relative to that

observed 10 between two solids in covalent, ionic or

wOBBdAlhu€ connection. For nunerous appli catdcangzooso6scs”
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bonding is thus reinforced,by carrying out thernal
annealing. In the case of a silicon surface stuck on
anot her silicon or 15 silicon oxide surface, the
bondi ng energy reaches nmaxi mum after a bondi ng
reinforcing annealing carried out at tenperatures of
t keagrder 9o#s9) 00T & GIPO0CAUCRoadBRE PO t OfDbtsiaTPle

s%ELsggggoryl@oqang3qf two substrates, the typica

procedure” prior to bonding is 20 preparation of one
and/orBDhélmqherlwf thepseafaces 1&iﬂﬂ§ﬂﬁdﬂﬂ<bYThi§ocal

ng@nslcn regsb%g nechanlcal tperfqgn% % Qs

oost -the quall%% pfﬁgsgondlng |nter
Prepaeat unn oafostehe:osltmaﬁ:acesx tl:mrbiangt lﬁrIOnw tthneinhespr%ds

ai m of ki ng, t hem nore hyd i exanpl e_ of
SGBH: O B TP o s ho it FERTEARLS B a%lrew
bekavhayt - bet ween the substrates durlng bonding
Wthin the scope of hydrophilic bondi ng

fol | oWy Prisberd |eé'ser§rye ObﬁraéPSFir el ?18?1?%% ts?ﬁﬁ%@é’rsl

t @ shegshdek 130 10wt henahgence-0ft:pasr ticel eshat t Mbservea
absence of hydrocarbons; WO 2007/ 060145

PETLEPR0067 0686474193 - 1RheC AR e of ORBFal PF ¢ metallic

ceptankhagts - a | ow surface roughness, typically
less than 5 A RM5; - strong hydrophily, that is, a°

subst afitT al nuBegensi t yrflGiatdansi | anpinddéwds s thus
t?%%h?@L&&Q by carrying out thermal annealing. In the
case df a silicon surface stuck on another silicon or
siliccon oxide surface, the bonding energy reaches
maximum after a bonding reinforcing annealing carried
~out at temperatures of the o¢rder of 1100°C to 1200°C.
-In addition, to obtain satisfactory.bonding of two
substrates, the typical procedure prior to bonding is
preparation of one and/or the other of the -surfaces to
be  stuck. This means increasing the mechanical
performance and/or to boost the quality of the bonding
interface. '
Preparation of the surfaces to be stuck with the
aim of making them more hydrophilic is an example of
such treatment for increasing the mechanical behaviour
between the substrates during bonding. Within the scope
of hydrophilic bonding, the following properties are
preferred for the surfaces to be stuck.
- the ébsenée of particles;

- the absence of hydrocarbons;



the surfaces to be stuck. Preparation of the surfaces
to be stuck is generally conpleted by utilising one
or nore chem cal treatnents. By way of exanple of

wocherdse@as treatnment 10 prior to (hydrophili @®@crmEr2006/068647
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adhesion, the follow ng cansbe nentioned: cleaning
of RCA type, nanely.the conbination of a SC (NH4OH,
H202, H20 bath adapted to shrinkage of the
particles and the hydrocarbons and a SC2 (HCL, 15
H202 H2O) bath adapted to shrinkage of the nmetallic
cont ani nant'she -2RIVEFH RF WEERLAAC ozl S0on ( 03)

adapted to ,sppjnkage,of HEMHAN C KONLATHNARLS, than
cleaning with a solution containing a mxture of 20
sul phuric atid Rffd oxygenated water (or SPM’

solution, S nH[i Per.axi: M e)... Prep ' f
t he surfacé%hgo e%?Fgggﬁgggf l?%égﬁ §§’co%p?%€§§égﬁglal
mechani cal grrepiarat pon f-Athesisandhceonfbi girminating
pol i shi ng, brushi conplemepting or 25 not the
chenical-tr%hﬁrﬁﬁ%qu§§ %Oc%ﬁpfgﬁﬁgt to conventi ona

nmet hodsephrbonsh ngof bythel ecurdscagdhesbonpest sangk is
bondi n echni ques at_| ow .tenperature have bee :
dETRFORRLS nBPEOLLEt Py £5  raRe IheEr 63 FicturdeToal
(acthasien- of ©wWo w&Y epiral Sx0ip130 dif f@kantatl ypsath@nt
stick substrates conprisin partially or _total

C . . y
mERkGPActGr dYEFEPE-SAFE §heht s “p F08#PBsDBI45an be
P&ELEP2Q06/ 068647 4 (aka patterned substrate and

‘structured wafer), or even for sticking substrates

capabl etetnye ny- akteretPurt#ee - andal SR @ thrgh of a
Lfggﬁg%i”?Nﬂq%%@diﬂgcgz,bﬁiﬁ?" gevhanqadhesion Milxage or
the particles and the hydrccarbons and a SC2 (HCI,
Hzoszoi bath adapted to shrinkage of the metallic

. contaminants;

- c¢leaning with an ozone solution (03;) adapted tco

'shrinkage cf the organic contaminants;

- cleaning with a solutioh_containing a mixture of
sulphuric acid and oxygenated water {cr SPM
soiution, Sulphuric¢ Peroxide Mixture). '
Preparation of the surfaces to be stuck can

likewise comprise mechanical preparation of the

surfaces (light polishing, brushing), complementing or
not the éhemicalrtreatment.

As a complement tce conventional methods of bonding
by molecular adhesion, strong bonding technigues at low
temperature have been'developed more récently to make
hetéxostrugtures (adhesion  of TwWo materials of
different - type), to stick substrates comprising

partially or totally manufactured electronic components



15:acfivétion'is an exanpl e of such a strong bondi ng

techni que carried out at |ow tenperature. Exposure,
prior to the bonding-of one and/or the other of the

wodsHReas to be stuck to a plasma, allows  sidraiboos/06s647
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bondi ng energy to be reached after relatively 10

-short reinforcing annealing of the bonding (around 2

hours) and conducted at |ow tenperature (typically

| ess than 600C). For exanple the follow ng articles
can be nentioned: - "Effects of plasma activation on
hyldkephikiternd®d pordimeg ofanG samdcBi0ed "wafeSunioreteven

%862%t1c5;$$ £&§ pen enf¥§t %4%f g@in eé%ggdurlng

r ace pr ope ties and
wamaEalbogdanghxgh(xémMGxanmrEreated silicon (100)
surfac VVe and | ectroch. . Soc. .20
Vo | CSaeneie T BaShollano; adteRiEhoy it ap i
t taetdszaf;eaﬁntlé eehm émﬁslojepr ofSugh@ce apr epasad i Monding
mentioned earlier tenatlcall%_ I ncor porate at
I§§§P”6ﬁBehﬁﬁ¥¥F§ﬂz§§¥ hat™i SEMBErFEESt rinsing of
the suripses-dy geioni sedenat bnd2hg The substmales the
are then dried, for exanple by centrifuging (dry

sPithFT. Ofs thef GHEERERS ot Ot BEi 15 S tashr &€ Ebﬂﬂﬁfﬁpopﬁq%fws

alskebngr Wohe ihhe sWiRces, obet fi%acﬁaastarf%%s MBVER ively
several nonol ayers of "adsorbed water, these

mehelray eies PBeirAgnat Readringi Plofthhebgpding (around 2

[ I I d i
coREETT ] B B D alt a8 o] ER5 008 Dobery L Y e
Bohdhn@OBVChDIE@uIaxamﬁhesibﬁ B¢l subistay ates dlegsom@n be
gtger ggnerally’causes defects. By way of exanple
efects caused by bondi ng, notabl e exanples are
defecPs “Effects of plasma activation on hydrophilic

bonding' of Si and $iC,” T. Suni et al., J:

Electroch. Soc, Vol. 149, No. 6, p. 348 (2002});

- “Time-dependent surface properties and wafer

bonding of Oz~plasma treated silicon {(100)

surfaces”, M. Wiegand ét al., J. Electrcch. Soc.

Vol. 147, No. 7, p. 2734 (2000).

It is evident that the different technigies for
surface preparation mentioned earliér systematically
incorﬁorate at least one humid stage, that is, at least
rinsing of the surfaces by deionised water. |

The substrates are then dried, for example by
centrifuging (dﬁy spin}. As a function of their degree
of hydrophily, after drying the surfaces o¢f ‘the
substrates have Severai monolayers of adsorbed water,
these monolayers being at the origin of the
intermolecular forces responsiblie for adhesicn during

contacting.



of - bubbl e type (or bubbles) at the l|evel of the

bonding 5 interface between the two substrates, as

~well as defects of edge type (or edge voids) at the
wolB¥koi2é the thin layer of the final struGicdnSgoosmesssr
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"thin'Iayer on support sub%trate" obt ai ned after
transfer. Bubbles are understood as defects which

resul t J10 from gas and/ or water conbing at the
bondi ng i nterface between the two substrates.

Bubbl es can appear after application of a | ow budget

t her maBeraindesyndiveleal agt ralcﬂ@tegrten( for sexsinmtee aafttceone

apgllﬁgglogngfa gﬁrn&l an %@ﬂg %i 200Cé¥/e%ﬁm§le of

hour's) ~and~are” obsef vab i 'nspectiion of
bardingsi nheséddey uajrmgnaﬁ |rrmfc_raa>ﬂedexemmefﬁ awy EEgaEdrs

BEGRERE =TT | (e TBFBdEGe 201 ThoniEF ahsTerrify Ponding

ZaResrakck hepdevedn ofcHehe thionalsusktustes e obd aiviad  as
after transfer. 20 The article "Lom#Tengerature Waf er
e

BORAPAGS OBpErRs (PP (RmeC R f SREOPr et ehPfien Vel Of

Ti.pR" £y Xayeéhang tapd J-f21 Raskidtur®, “thin layer on
El ectrocheni cal and Solid- State Letters, 7 (8)

1790eR74 T904)te ]| Giitedres efEer phepotktion of the
format 00, pf 5 bubbl eg, @l 4:he,boadi NG reaa d n&rﬁiéﬁce_«esult

Edge voi ds are understood to nean defects which
r ésaint ShpoANBORY wgt%hdcvmbmg atle typikatdinpbgdrardgcee

?%%f%%gnp% 4 Qmﬁbé{;eaé‘é o e?ﬁﬁig%é UEQM%@:&%&?‘ Y er

formofa circu appfrcation
obpgﬂieatlbmn@ﬁnga|éomhabu@@$tle@ermuﬂ wid hihet kelhered

é??&ﬁgﬁﬁ% C|n strfctyr%s of _t léN%i%%Q7é$6Q&é§ﬁﬁl
/0 647 TP Semiodsnductidr nsul ator™
-Saﬁhehypﬁg(é@nt@@ﬁHU@i@ﬁ 2 Quohnsul atdrgre albdrivable by
p?E%bggéfén g%'%%onb%%dag%uh%&%Eface using an infrared
camera, or again by acoustic nﬂcroscopy. The bubbles
'will_be responsible for the presence of nothransferred
zones at the level. of the final structure obtained
after transfer. | |
| The article “"Low—Temperature Wafer Bonding,
Optimal Qs Plasma Surface Pretreatment Time™, by X.
Zhang and J-P. Raskin in_ Electrochemical and Solid-
State Letters, 7 (8) G 172-G174 (2004), illustrates the
phenomenon of the formation of bubbles at the bonding
-interface.

Edgé volds are understcod to mean defects which
result from bonding and which are typically cbkbserved at
the periphery of the final structure (generally .in the
form of a circular plate).

An application of direct bonding is that carried

out within the scope of producing structures of the



SO . structures (Silicon On Insulator). Wthin this
scope of application at |east one of the substrates
to 5 be stuck has a surface | ayer of oxide; by way of

, qummg&,lq,, Si / Si 02 bondi'ng or Si 02/ Si @ bondipg/ErSe06/068647
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~typically undertaken.to forma SOT structure. There

are three main nethods for producing Sed structures
by direct bonding: SMART CUT(r), BSO (and - 10 _
BESOT), and ELTRAN(r). A description of the processes
associated wth each of these nethods can be found in
t NecworkndSet ¢connwabenlbondi ngeddc inaleogySdrorcaidsict or

\ J .
A SNERERPL, AR sy Bupe¥ e p RIS AL g o
veds sypectwcatse (S ltthen b@nmdlmgsxﬁiaep,r)ar ewcapabl ehis
f ft t f f th I f
CReCHBRGr SEBLE Par 45T oMk ErRO R o Itk (R s T
smenﬁrtm@}al |hyétsl | {usturatbed | nafdguUE lokide; 20yt ewdp of

of formn Ol structure, an edge void Pis a_  hole
(8F‘aﬁpﬁj?arre§é Stfpi c]%?n%l/l%t wekn 2662/mithd PoRmyngj nis

‘thept Bhn1{ranss erdied kayebrmhiCchocostespands to a

zone of the donor substrate not transferred to the
suppor?h%ﬁ%staFSt & baee gaife Ié‘él’@]%o%l E%raé’ﬁ@ﬁPChﬁgt Se0T

OEEgﬁcéﬁrégehﬁdg§1ré@@rbgﬁﬁiﬁb zepgkrrofcihe "£BbD  (and

| ayer on support substrate” structure (circular
WEEEPY ) - t Ry aFeTRANRL ed S igitsrancel of:hteymr@aﬂelswes

| bQEE’S@Ea%eMS’E‘EH 220 g% Eﬁgse"‘ﬁfa%oﬁggéan3Beﬂ%%uﬁﬁg‘?m

voli ds are macr oscopi ¢ ef ects connected to poor
bohdi ngrlat ‘$hki edgevadfert ermahgr secheyogantde WOI and

2055108015 PETLEEZ000/ 05804, o ALS! HISRS-serve,
IEE (2002). _ '
But defects of "edge wvoids type, cause by the
bonding step, are capable of appearing after transfer
of the tHin layer from the' donor subétrate to the
support substrate. 7
" As is schematically illustrated in Figure 1 in
termé of forming a SOI'structure, an edge void P is a
hole (of a diameter typically between 100 m and 1 mm)
in the thin transferred layer which corresponds ﬁo a
zone of the donor substrate not transferred to the
suppcrt substrate A. - ‘
- 'The edge voids appear most oftern .at the édge
(peripheral' zone) of the “thin layer on support
substrate” structure (circular wafer); they are located
at a distance of typically between 1 mm and 5 mm of the
wafer edge. '

The edge voids are macroscopic defects connected

to poor bonding at the edge of the wafers. They can be
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-acting as an active Iayer for the formation of
el ectroni c conponents at the |ocation of an edge
voi d, 'no conponent can be manufactured at this

0|2@@7ﬁ;k¢1@§| 5 G ven the size of the edge voi dﬁj;l‘[m%@ﬂﬁgg'y
el ectronic conponent conpri,sing at |east one edge.

void is necessarily defecti've. In addition, a
transf-er process of the SMART CUT(r) type is notably
interesting in that it allows for 10 recycling of

the donor substrate. So when adhesion of a recycled
dénéiesubsteate bscoorpl etred-Ha disdnse and@ndir’flin layer

Subst te g'rgﬁdyaQ?V%QQ fi%gﬁd for v qfﬁy%ﬁgn) of

‘trans ayer; own as re
.aelgceaberc noofesneit edge Mm dlsocres:mmserfveadm tchigre wivanl,
15 bondi of an _ori.gi nal or Su strat

Séu hls location.

cOfpl &Y av /Y eFB§8 r éttov&and/ o

tcameﬁertpé asitdi rofl ayere, kaewn asidfyesim vaEfeironic
Thi s i ncreased Eresence of edge voi ds teads to

pFORPBRENt heCPERYLF Y. 3 ncéSthe pPESen895f Void is

eﬂg@eg95g§lynﬂyg§§;hﬁﬁses in 20 terms of quality and
yield, there is thus a need to prevent the formation

of suchP defetEion 13 Has*bediF 6Hessd A'n e HBEGMENL®
ERy}e5665 S%Qtab‘iyl ' {E'lﬁeﬂ;é'be: Hyrben ofngef get sz pfowdi dor

type at the edge a SO wafer obtained as a result
oﬁeﬁﬁPeEEga®f25“b6HHKﬁgSUN@@éﬁéﬁngSPoW$%ﬂ§NHBEUWEhPf a

t Qgggcggé €& éo?r&bsaclf@ o%@hsgeé‘éda(%' fé Ca Cciionor

position relative to the centre of the wafer, an
seehstoabe deéreedyhehavdongi ggeaviedn ébrthee@dgeé ofand

m%fgrs ;hﬁ%efOEEintf ggcr§§§$n %§'r%§§¥gsﬁﬁ wafer), a
defec i s*doctirent proposes 30 noditying the
cgméagur atduotveaf dhe eel@geSV@fdzwaﬁer sobshmiem:‘g thenr when

fact Mo this d
DPOBOGEE i 191 G R eur Pl TRESQHGE di peomprored

{having never served to remove and/or- transfer of a
thin laYer; known .as ‘fresh’ wafer}). This increased
presehce of edge voids tends to prohibit the recycling.

_Since the presence of eddge voids induces losses in
eerms of cuality and yield, there is thus a need to
. prevent the formation of such defects.
rIt has been'proposed-in the document EP 1 566 830
' t6 limit the number of defects of void type at the .edge
of a .SOI wafer obtained as a result of molecular
bonding. According to this document, these defects are
always ‘located at a specific position reiative to the
centre of the wafer, and seem to be due to the
configuration of the edges of wafers. Therefore, Lo
decrease the number of defects, this document proposes
modifving the configuration of the edges of wafers

during their manufacture. More precisely, this document
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regions ranging from3 nmto 10 nmfrom the periphery
of the wafer. This solution thus has the di sadvant age
of requiring previous nmechanical intervention on the
5 wafers. Another application of direct bonding is
that of Si/Si bonding of DSB type (Direct S

“Bonding). As nentioned earlier, defects of bubble

type are all the sane capable of appearing at the
bonding interface. 10 One solution for reducing the :
san of Bubblgs GANSLLSOf o Pr aguci BegR! a8Bps, in
a rq@%f%%h o? t?g sﬁrfacesC toebeostuck SO as to
obteaiimrgootkradhesi Drornadr gy. tohi'd) ol Geponthel tefdphery

sa oes not pr e satlsfactor for reduci n
oG o "BEBE! o0 4 R 5aRth ny’ 16" F bt bl Fadesatvantags

' E'&Odté@@lﬁlx@% tﬂi%vﬁrcﬁ;%emhe(tll‘ﬂ&ﬁm;apn iseekvied t iprovige the

a bondi ng techni que which rectifies these
dived@rant ages of the state of the art. According to a

first %ﬁ%%%EIOfééhﬁ% szgﬁr@E%n&kQﬁhjﬂﬁefg LRat of

provi ded ‘a proc ondlng y nol ecul ar’ adhesi on
0S1UWEAsbbaﬂﬁagesof01@ﬁf angtcher(Pirdoki ngi wahlirng . As

sg%;gceiggg saldeigpgé% tgsﬁ;rg gﬁ§%§3|6%ﬂ%$lgse 211 the

bandicnG =90l Rat WeeR 53N SubIheatesdicharatkerased
in 25 that it conprises, prior to bonding, a ste

cons|spnﬁgso@ptg@@yﬁprngeﬁwgl§@rﬁ@@ef§ggﬁél§m bubbles
and/ or. the [ st_rat. a

; g&u s&tsé:st F]chl gr(%ié;é:a ﬁﬂ %g[%eda& %%ﬁsi%goﬁ) ﬁ;élef rs(;lrfaces
CﬁkiabnsmmeﬂgrﬁﬁﬂznihﬁugﬁﬁﬁﬁmﬁgdvdIadhesjﬂh energy. This
enbodi nents of this process are the follown

WD
2607066145 PCTAEP2 66BFO6EEST DY - SRBUR T PEALTSACGPTY FOr
U he asiur %@ce stat e pgrdrdecsfasgubBles at the bonding

interface.

Embodiﬁents of the present invention seek to
provide a bonding techniquer which rectifies these
disadvantages of the state of the art.

According to a first aspect of the present
invention, there is provided a process for bonding by
molecular adhesicon of twe substrates fTo one another,
during which the surfaces of said substrates are placed
in close contact and bonding occurs by propagation of a
bonding front between Séid substrates, characterised in
that it comprises, prior to bonding, a step consisting
of modifying the surface state of one and/or the other
of said substrates so as to regulate the propagation
speed of the bonding front.

Cextain preferred, though non-limiting,

embodiments of this process are the - following:



the thickness of a |ayer of water adsorbed on the
surface of one and/or the other of the substrates to
be stuck; 5 - nodification of the surface state i s

“@ﬁﬁ&éﬁﬁg by heating; - heating is applied .?ﬁﬁﬁmmw@n

rates are placed in close contact w one
another and at least until #Pnitiation of bonding; 10
- heating is effected over a period of between 1 and
90 seconds, preferably for 30 seconds; - heating is
effected by thermal conduction via transm ssion of

heat. ffemracptabe syppect isngrane efatthessubstecakese in
to be stuck; 15 - heating is effected by radiation

from &PPafpickpgREi B Ghel®YCX haf stBkET afgs§ot8ePe®n the

StucksyuzrehPE bANPHA Sardi /AR Hadi-aki-ngs i ond henpaifvared to
range, wth a wavelength of between 0.8 mand 5 m -

heati hg sSuekfected at a tenperature of between 30C
520 and 88%&95%%{;?%% et veens 2Q0C angd H0G Con@)fq%ttﬁglgby

I's applied uni y over the entire surface o

subseerategt o be stuck; - heating is applied locally

at a peripheral zone. ratyect.odhe stucks i ceq
25 - %ﬁﬁ%&?gnlﬁeﬁﬁgﬁﬁgétF%Fgﬁérﬁﬁéh%ﬁcentre, the %)acé

peri pher all cesveost idie wiith romecianothber endealof Legrt until

substrate.to,be stuck: . - adhesion being initiated at
t he ed&é?l?ﬁéonp%%;%ﬁﬂﬁ%ﬂg7zone describes an arc of a
10Ci r ¢l @ea230ndi aretgfifealtky. oppaesed deaithe cdfdgetoen 1 and

initiation and limted an. angle at the centre of

aroun@olééFoﬂ@S'-pfﬁéaﬁé§%¥a%ﬁﬁngp FRe“Process

conpri $esr@ngt age Ofrfected by thermal - conduction via
transmission of heat from a plate supporting one of
the substrates to be stuck; _

15 - heating is effected Dby radiation from ‘a lamp
lighting one of the substrates to be stuck;

- the lamp is a lamp radiating in the infrared range,
with a wavelength of between 0.8 m and 5 m;
- heating is effected at a temperature of between 30¢°C

20 and 90°C; preferably between 50°C and eGeC;

~ heating is applied uniformly over the entire surface
of the substrate to be stuck;

— heating is applied locally at a peripheral zone of
the substrate to be stuck;

25 —~  adhesion being initiated in the centre, the
peripheral covers the entire circumference of the
substrate to be stuck;

— adhesion being initiated at the edge, the
peripheral =zone describes an arc of a circle

30 | diametrically opposed to the edge of initiation and

limited by an angle at the centre of around 120°;
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pl asma activation of one and/or the other of the
surfaces to be stuck. - nodification of the surface
state is effected by 5 roughing the surface: - the
nodi fication step of the surface state consists of
form ng a rough surface |ayet of one and/or the

ot her of the substrates to be stuck; - to formsaid
rough | ayer, the process conprises a 10 thernmal

oxi dati on operation of one and/or the other of the

subst %t%% S9 gglﬁgan?}{% %Bg%t %&%sésaygr Mage of

the Strface oné er of the

substratses amdtﬂﬁabp@matﬁbnom®ramﬁd@t1n@h¢h@th@herﬁﬁlthe'
oxi de Igyer adapted to i;ch said oxide 15 |ayer: -

t r eatSHEAACEE FﬁebﬁhéFﬁﬁl oxi de layer is chenmica

treat pERt Fizathen! ayer <t thermmle oxigdeci ssa éayectofl by
S102 and' the chemical treatnent is SCl treatnent

conductuedh inz0 tite suwdEmssr:at ure of between 50 C and
80C er a of Ion r th t n
= | cpé&. %ﬂf s?k-%F% Eg%aHE g%%%e consists

prefe hi A orm said rou
| ayerof tf@rnﬂ{r@e§Sr©Qqﬁr isseTaar lopermtédnofier and/or the
depositing a surface | ayer of oxide 25 on the

sur f &&6T Gné-Pdndi o1 TGt hét B SHE<isubstrates; -
the deposi ”Qaﬁeeffﬂddﬂﬁ eQpstst s1f gepasid i BEmprises a

| ayer of OS oxi de,  ayer of LTO oxide, or a
| ayert hafrmslt rqmaullon o piozess COAPENYEST ﬁ@l@o@her

bondl g g 2 Aef pal, gl [1£aton:shap oAby oxiae

and/ org fhe 9t hete oduthece of one and/or the other of the
substrates and an operation for treating the
thermal oxide layer adapted to etch said oxide
layer:

- treatment of the thermal oxide layer 1is chemical
treatment;

- the layer of thermal oxide is a layer of $i0, and
the chemical treatment 1s SCl treatment conducted
at a temperature of between 50 C and 80°C over a
period of longer than three minutes, preferably
over 10 minutes;

- to form said rough layer, the process comprises an
operation for depositing a surface layer of oxide
on the surface of one and/or the other of the
substrates; -

- the depositing operaﬁion consists - of depositing a
layer of TEOS oxide, a layer of LTO oxide, or a

layer of nitride;
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surfaces to be stuck. 5 According to a second aspect

of the present invention, there is provided

equi prent for bonding by nolecular adhesion of two
substrates to one another ~ foll ow ng the propagation

of a bonding front between daid substrates,
characterised in that it conprises 10 neans for

nodi fying, prior to bonding, the surface state of

one and/or the other of the substrates so as to

regyl @gﬂfl f

Accor g#fg%%¥%n1 %%%%%$Q§%ﬁ%ae presen A H4AEr said
[ nvenﬁodmnﬁlctattercml st;aapovoﬂed:h@ psocégsef cm:a‘t&r,rmm @lasma
of 15 a structure conprls n

semi o Tha SRS Bh pﬁBB{o§ub {ng%er of the

conprd st nNg-dhe:- stiepss10icp! aC| ng a donor subst rate in
cl ose contact with the support substrate so as to

pr oducédserdling bytdol@cuierorsthesitariof &fai -2 present
S to a t r g
e N S L L

tnmﬂﬁﬁdﬁlaﬁﬂiaﬁa@blah_t@ﬁ domor sshbstaate ﬁmathae another

support substrate so as to forms hin |l ayer qn
LHe 5B tRtRa 92 Kitdk att erd 3@%&5%&% h&FONE between

CQIPId SefRkAt 0 beRdi-08r8r28e8t efh ComSitSt LAY mprises
nmodi fying the surface state of the donor substrate

amdﬁﬂﬁsoﬁomhemsdpﬁaﬁnQSUbgri@Ie13b Gondiingr egbhat esurface

rop ation_s eed f t'he bondi pg
ere OBt ERE Rreddit THuehtT bh AP eaUPaCEEESY O 20

t ftfb "Hetjun d [y arh o M 2007 6 Okl PCH BERZOQRIAG86A T ront .
12 support substrate" structures obtained from

i npl emBRGHG W s R ocessthEFfer 28866¢t s OFai ' GandPresent

ady; tnach%% ofy {die. presenty: ddyentian-d | SIeFge, Jorg, of
-clea e

romrea Ing t
structure comprising a thin layer made of a

semiconductor material on a support substrate,
comprising the steps of placing ardonor substrate in
close contaét with the support substrate so as to
preduce  bonding by molecular adhesion  of said
substrates to one another following the propagation of
a bonding front between said substrates, and transfer
of part of the donor substrate to the support subétrate
so as to form said thin layer on the support substrate,
characterised in that it comprises prior to bonding a
step consisting of modifying the surface state of the
donor substrate and/or of the support substrate so as
to regulate the propagation speed of the bonding front.

Embodiments of the present invention also relate

to the “thin layer on



5 follow ng detail ed description of preferred
enbodi nents of the latter, given by way of
non-limting exanple, and done in reference to the

W§f2§)@2{>3§1qﬁg' agrams on which, other than Fi gus& dproosissss7

5

ntioned: - Figure 2 illustrates the
formati on of edge voids 10 &5 a function of the
| ocation of the point of initialisation of adhesion;
- Figure 3 represents different diagrans of
equi pnment according .to the second aspect of the
I neRblbeR; 15soubkt gafes 4 antfruwespecti ybtyisdow  from
uni form heating and | ocalised heating of two
SuBSPLERESTEBIbER L HI REXF ST cl ose contact to bring
about tRehkr ROPALRY, byim®! geul afvadhasd Pt -tifd giesent
6 is adiagramillustrating the formation 20 of edge
voildyeas ignf unictl oAMBFI¢ hEOsPopakRT Ioh TEpRed dfiitfe e
bond franher 3 it 13 OMl NGriddLiiment s
enggﬁﬁggﬁﬁgoPeFﬁéﬁégﬁﬁﬁé%;%h%%géggggggﬁgi%g to the
findt tdspetatioér, t Gevenvemt iveyw. 25 AeeokdHikig nd exkarple,

first, aspect the Lon .congerns fncess . af
bor?é‘idnga%eno necﬁleggéggé%%sitoon g?ét V\%t@%%gstrglt 3§ ?rgs o
onerhdndt, hetheduthag Whicte slaied rsuliyt mghesonade pl aced

in close .conta d hondi ng .qccur s . pro |ON, o1
~of a Bo%digﬁl&ef onfﬂbuestq:\/\réaer'?sséﬁﬁloe s% S %&%s.%%#e irbsO ds

10

under st @aed 4 hatintheoh nwantiles ilecaotohi nift edhet goint of

bondi ng by nol ecul ar adhesj on .of two substrates to WO
2007/ 066TA51 PETFERPYHOE] 638%1@?6101’3 one another., but

extends Ipkawse 80 tRerbeenaki ontigffe@enst r utifagrems  of

.conprising a thin |ayer of sem conductor materjal on
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a suppoFEUSEBSEEateCodaiPAg Whi the bsREPRG aspsct of the

invention;

- Figures 4 and 5 respectively show uniform heating
and localised ‘heating of two substrates to be
placed in close contact to bring about their
ponding by molecular adhesipn;

- Figure 6 is a diagram illustrating the formation
of edge voids as a.:ﬁnmtion of the propagation
speed cf the bohding front; .

- Figure 7 is a diagram showing an embodiment of the
bonding process according to the first aspect of
the invention.

According to a first aspect the invention concerns
a process of bonding by molecular adhesion of two
substrates to one anothei, during which said substrates
are placed in <close contact and bonding occurs by
propagation of a bonding front between said substrates.
Tt is understood that the invention is not limited

"to bonding by molecular adhesion of two substrates to



by nol ecul ar adhesion Js carried out of a donor 5
substrate wth the support 'substrate, followed by
transfer of the thin layer fromthe donor substrate

wol2007/06é¥@s support substrate: As nenti oned earfdgraipooklogsss7

w
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SMART CUT(r), BSO (and BESOT), and ELTRAN(r)
processes are exanples of processes 10 utilising
bondi ng by nol ecul ar adhesi on. According to the SMART
CUT(r) process, prior to bonding an enbrittl enent
zone will be fornmed by inplantation of atom c or

i oniec aopebees Wt tdreends clikeyd sef Leheheofprmation of a
S r ter. _bondi ng. 15 chpent :
donoreEhBe, M o B P SRR B o o
t mansfrénlt be thisudrayer supsthetsyppbrtngsadstohatending

WLl be,performed, 1a carry, oyt upleculgr adhes] oy,
o piracé“the

typi cal procedure 'S% onor -~ subst rat &
asdbsheasdappeiih  2hesubsippat-e | Buokoseteont acilovcdien by
to initiate_bonding by | ocal _application of |ight
pPERBHFRT o ¢ hBS t WBI™ SHBYTT af 8Y piliieetf I i iate Lo

centagtippdrbondisig-deont then spreads over the
entire extent of the substrates. The ori]gi n o

f the
def ect 85 r B&HFEPRG FEMBERdI fge 2BART not '¥et B8P nd@nd
WisEROE ! t 2t THAIRS §:14A%S seANakESERaly1 d Hen AR J Rk s

- shows that, within the scope of Si/Si DSB type

b@ﬁél%@%ng Héow et W;e%ﬁécﬁéhﬁﬁb‘é%\r nor e
parti cylasly; sl neg noOxigdpdayesre (hetskhan,ior o
native) 1s present at the surface of the 30
sbbstlingesano pebsitickensthe appld camtllestiomatfegmieqd by

WO S007BtThs BeT ERSBbE) 0BBoaT T of ACTajer b e
oxhdek{tos eXampte floro8i /SR dedrdi.rgpd RoOteexdmpldeng
igegggﬁﬁgétngn@ﬁeogoggrasuegtrgggLg%L%ﬁg’embrittlement_
zone to transfer the thin laver to the support
substrate will be performed.
To carry out molecular adhesion, typical proeedure
is to ©Pplace the -dohor substrate and the_ support
. substrate in cleose contact, then to initiate bonding by
local application of 1light pressure on .the two
substrates plecedt in close centact. A bonding front
then spreads over the entire extent of the substrates.
The origin of the defects resulting from bonding
'is not determined with Certainty, these days.

'Analysis by the applicant shows that, within the
scope of S5i/8i DSB type bonding, the bubble-type
defects appear more particularly -since no oxide layer
(other than native) is present at the surface of the
substrates to be stuck. The applicant estimates in

effect that in the case of adhesion with the presence



the water and gas encapsul ated during bonding or
appearing. later (for exanple during thermal 5
consolidation treatnment of the bonding) preferably

wolhd7fok@8s i n the oxide |layer and are thus | esgrippedos0&ds7

10

to diffuse to the bonding ig}erface. However, in.the
case of DSB bonding; in the absence of such a | ayer

of oxide, the applicant estinmates that the water and
the 10 gas encapsul ated duri ng bondi ng or appeared
consequently have a tendency to diffuse to the
b@ﬁdwn@ayanenﬁznmﬂd%mef@rthéympd¢lf@é Eorbee: Hwding,
far espe e

%P cts‘bjEzl Shal ¥V§9eﬁy8? £$5%% 11 Cant g%&%gh?ﬁ%¥ﬁ%ture)’
ateedefreceés AMd f aramd ngmwiaplsuékostingdefitde dyondingg, or
wher e the,bonﬂigg frq& nmeet s thg edge of. the %Ey%§ 1
SGBSERAL RS, THEFFI ust'P&Ei on$ I Equr Y2 "8Fow —NorMa
a&ahgslsdaunﬂerhakgﬁn@mtth@fapphecanmn@nngermnq;dﬂmaly
formation of %e voids. In Figure arrao

r EpFELERt thEhEO ditFEct PSR 0P Fr &Eﬁgifhlu&n% 5 w&lmed

beRding fisenteo thes pehates khbesciepr esenbvée in the
position of the bonding front at different instants,

DR8SEheTpBPRL SOPAPF@set LT R GiidSiohs 5 aver of |

i blygkrated %Qpﬁagahgf%skﬂmgtggrghgt the wdBer and the
appl i cant has effectively been able to determ ne that

wEeA bordicagshsatiait i atediae t h&ogdanfe (BY | ocalrearsd
agehggg@%@%ﬁfhﬂ@% Uf &) ierRd0e: ¥ Ol 05 Al ROLBNAL kRl ng

found e entire periphery of the support

 substrates, Howewvertheas wid lj beustmhe@cend fdm vt sisn
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30 Fi gy J(i% &, 2, Whee%tbof' 1, S 'é‘&#é ated, on hoar dd ﬂ&%ts,
ypic 0

waf er eveI a recess known as
‘Bﬂhmbs1&[b206ﬂé06ﬁﬂﬂ5c§ﬁﬂV£@@@ﬂ@ﬁﬂ686ﬁ%meiﬁlmaw@ﬂmmtS
b%%&%iagew1 feéléglﬁécé%'éﬁ% on ing, where the bonding
front meets the edge of the stuck substrates.
The illustrations of Figure 2 show analysis
- undertaken by the ap?licant concerning the formaticon of
edgé voids. In Figure 2, the arrbwsl represent the
direction ¢f propagation of the bonding front, the
pointed lines represent the position of the bonding
front at different,instantS/ and the points represent
the edge voids.
~ As is illustrated to the left in figure 2, the
applicant has effectively been able to determine that
,when bonding' is initiated at the centre (by lécal
application of pressure), edge voids are potentially
found over the entire periphery. of the support'
substrate. However, as 1is illustrated to the right in

Figure 2, when bonding is initiated on board the wafer

(typically at the level of a recess known as a ‘notch’ -



mani pul ation), edge voids can appear in a periphera
zone of the support substrate describing an-arc of a
circle dianetrically opposed to the point of 5 '

wolii7hok@lké On, limted by an angle at the centpcgmrhoosossss
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around - 120. In general, the invention proposes
limting the formation of d%fects caused by bondi ng,
and even to conpletely. prevent the formation of

such defects, by 10 regul ati ng the propagati on speed
of the bonding front. “Regulate' is understood to
neanst o eont rigtard maiticai nwvaddrconser vefadiel darhrand 1ts
0 ] i on, of h non.. Within t c .Qf

CRE R S 7B Yo R oroitin 12 Pharpphesal
przopagatfi armeof sudre fronslirey X8 o rémiqridnidioevesl utTonoobf a
t he enomenon .carr onds_to_ _the propagation speed
of SERLS borth i FRGA 1 Tne gheett of ‘Bt opafat gL - of

‘manetpaechsel yimregulat ed s0gas ko beeresuced of around

relggive to the speed wusually observed in the

abéénce of such control. 20 To allow regul ation of

the propagahkenispeed ofnvddeidongdisgofsoOntiniBeng the
i nvention proposes carrying out, _prior to bonding, a

nHAFFREAPT oR TstEP D t Feustft f B¥e PRIEPNE ofalhetVEDR EO
andhpictbey opberepf the stifReesnt Gy besustuekredbs, by

Accordi ng toafirst possi bl e embodi nent, this neans

| Repatef eu drhe CrEmansliorhergadne f t yrofboitiay front.

adsor belgetf\h&ﬂﬁée Slirsf a%%deéggogar eth erﬁéa?‘r?l ytJ 0 control,
decrease, W thout conpletely elimnating all the _
sapentathe aphi ckmessvef tie kLaywendf odateroladsiombedt 2

SPBRMISTs 58071 Seores B ERbbos bR g o

atser pednohanot hemrs t@rars, of hpsoneawsidm cedube tdvading

front, and evolution of thé pheneomenon corresponds to
the propagation speéd of the bonding front. '

The speed o¢f ©propagation 1s more precisely
regulated so as tco be reduced relative to the speed
usually:observed in the absence of Such control.

To allow régulation of the prepagation speed of
the bonding front, the invention proposes carrving out,
prior to bonding, a moedification step. of the surface
state of one and/or the other of the surfaces to be
stuck. ' _ _

" According to a first _possible embodiment, this
means in particular to control the quantity of water
radsorbed at the surface, -and mofe vrecisely Lo
decrease, witﬁout cbmpletely eliminating all the same,
the thickness of‘the layer of water adsorbed relative

te the thickness of the layer of water  normally



number of nonol ayers of water adsorbed at the
surface. Bondi ng by nol ecul ar adhesion is al so known
as direct bondi ng, because it concerns bonding not 5

.'wo&aﬂmsmhmg the application of an adhesive (@CTgW0s6N68647

10

15

20

25

30

other glue type). It is realdy the water adsorbed on
each of the surfaces (several nonol ayers of water)

and placed in contact which acts as adhesive and
ensures adhesion by neans of Van der Waals force. 10
Wthin the scope of this first enbodi nent, the .
saffaceest atle oPthesubserar e §5 FroBRRRR FoanBedwes the
P t i s i
R B o i G ok ‘CRG Fomperat ure o sargece
subst raeeiprd obyt ordblordilag. . ad%e Bomdi hg B svol eeedrar &s
adhesion | | assi cal.l arr.ied anmbj :
ehperar uPB B o syt Wbt ner TRt R csgargy Mot
meagal rbondithg orenIndshe cpaset ofn audhesavec Gondiwy. or

The appl icant has been able to ascertain that _th 20
eabgegoﬁégeaﬁgpﬁﬁe gﬁbb%%sr%%ﬁl%e %%ryﬁgﬁfyagforged o
t ebahl y5 ehénknatedswhesetden Subsidlatyes sag water) and
pre-heated before ‘and up until bei | aced i.n cl ose
CBREEEE. TTnE FEA g/ 4dt (ATTY BauSELeRbEY { PR 176 6rS

t Rensyrbacey states ofr vihe aswbabhat esoptaced in
contact, enabling the 25 propagation. speed:of the

bondi n§L$ioht the b Rsdueed.thiBy EbriT oPFPREIRR  the

heatknge idedis Pogsibl e bachagul ale nlhe rpE@pagatd olne
speed of the bonding front, that is, to control the

| redoeEyRiom tecpfopadat F6A speedivy  fHeTbondPngthus
! Laft: 2804 11 QU e aa&JSiln pt LRt esnd CHIMS ShAWd] dihesaiq

er of ' edde vol Np observed after transfer as a
f anbét oot of PN 2007 08GH4S -PCT/ EP2006/ 065647 17

Bonding by molecular adhesion ‘is classically
carried out at-rambient temperature (20°C to 25°C),
whether in the case of manual bonding or in the case,of
automatic bonding. ' | _

The applicént has been able to ascertain that.the
edge voids and the bubbles.can be partially or totally
eliminated. when the Substrates are pre-heated before
and up until being placed in c¢lose contact. The heating
actually causes modification o©f the surface. state of
the substrates placed in contact,'-enabling the .
piopagation‘speed of the bonding front to be reduced.
By controlling this heating,'iﬁ is possible to regulate
the propagation speed of the bonding front, that is,
to control the reduction in the propagation speed of
the bonding front. _'

Figure 6 illustrates a curve showing the number of

edge volids Np observed after transfer as & function of



t he propagati on sbeed of the bonding front Vp

(expressed in centinetres per second) for Si on Si02
-bondi ng.. Figure 6 is only a diagram given purely by

. wowsr/oedias 5 il lustration. In addition, ‘the dirfaipeikoesss7
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nunerical exanples obviousk depend on the

substrates utilised for adhesion (substrate
originating fromrecycling “refresh substrate', or
not, “fresh substrate'; type of nmaterial conprising
the substrate, in particular its 10 flexibility,

etée) . rRowadewibondismeespeeds (typi chbhgingssirhah Vp
1. .he l.ic. h o) rd a :

L (ExolBLSds RS ABRLLEADE noledSRY ed any edges; o,

or a sp e applicant has

obseriyed. between 0 and 1 edge voids. 15 The nunber -

of edge.voids.then _increases rapidl when.th :
or opagat PO spebd B Y He Bording Trom THisad, TITHEY o
appiieansthas. t s keen tabine t oheount f Beedge vwainds ical
for a eed of the order of 2 cms an et ween 50 _and
G BaTRS Y G OPOTY o EBEEE ot NESoRUEF L TGroS dbhd s bee
2@cWhendst anglar d(aleaiatg onhy gl hetiexamplen RGA):yefl ing
the substrates to be stuck is carried out prior to
boRBFRGS t HEPHpPTiTC antPthaS theehT 8B eSS ot Ve TyPe of

oygrakhapropagat topgsperd afpdhedondingobrentuof: its
between 1 cm’s and 2.5 cm's (GN range in the figure).
25lenihverhge,cthere are no edge voi ds observed on

al I sprucyures phtabneg,afder (L fansher, when bopding -

is conpleted followng RCA cleaning. But certain
stmdet ur ésehavelacsignhbpcant mewberedf asdgedwsi doids.

t ESEG dygieal ! ¥f3r1€% 7t hgses T or, ph Eﬁglwﬁn@ggi Ng {490k
3 as propagated at a speed greater than 27 Chfs,
V@Eﬁ@@@ﬁO@Qﬁ#ﬁJP@EKEPZ@Q@E068647 18 '

The number of edge voids then increases rapidly
when the propagation speed of the bonding front rises.
The applicant has thus been able to count 5 edge voids
for a speed of the order of 2 em/s and between 50 and
100 edge voids for a speed of the order of 3 cm/s. _

Whenlstandérd cleaning only (for example RCA} of
the -substratés to be stuck is carried out prior to
bonding, the rapplicant has been able to . cbserve a
overall prdpagation - speed of the bonding front of
between 1 cm/s and 2.5 cm/s_(GN rahge in the figure).
On averagef there aré no edge volds c¢bserved con all
structﬁres obtained after transfer when bonding is
completed following RCA cleaning. But certain
structures have a significant number of edge voids;
these typilcally are those for which the bonding front

has prdpagated at a speed greatér than 1.7 cm/s.
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It shoul d be nentioned here that good bonding energy
and rapi d propagation of the bonding front are
general |y associ ated. The docunent US 6 881 596

‘woRiRpeses to determine the quality of the boediEdesoesssr

~interface by neasuring the opagati on speed of the
bonding front. The article E)ErDynam cs of a Bondi ng
Front" by Rieutord, Bataillou and Mriceau in
Physical REview Letters, PRL 94, 236101 proposes' a
formula (see 10 equation 5) indicating that the

pr opagit i olosgdedbei marddsesd fhere pBoadi ngoehergpding
a e ed:h [ I
AUPRERL S anal S aP o R pdRaL BN SRRl 300V Ry PR e
t genistahtiar d RGo il e, ng TERi s pbasmentact ilkatd Gigl 596

f ocuses 15 esp aII ncreasin the bandi n
eﬁe?@?/se%’he appcl? can ehas Seeﬁua%i‘gyto asgtgjr al%r?ndmg
t hatethece pb@pag@dgmfﬁpeedel $rivbegasiigni fapeant aft ene
pljasga activation of the substrates to be stuck.

'% T¥Hematically illustrates the propagation
speed whd higrt3@1khe soopeiof REA el eaamgngrqajdmm by

pI asma activation (here activation of. _only one
"RhEUsFfacBetRd LHaY sﬁ“&ﬁ:k}‘“or%eﬂ‘én e RBYRHCAY hé—:REVlew

| pereass, | neRpr opagat i g1 speas-dph RECoPaiRaulY t heee
formation of a significant nunber of edge voids (see
GrEPeEhtige n tHelGagdre) 252W t hhe ef RFERE i@ hepeed
d?ﬁ?EéQééin@ftﬂ$%ondQ%%nEh89?%p£u ediQ bondi ng the

surface state of one e ot her of the

‘subst raxg es tdrpedst uckengionsdi f i d¢rsénasove, r egulasea

the, pyopagatiqn ,sReed, %f the angﬁ{‘ga%ra"”%cm WLRIAR o
t e scope of “Fhe exan'p ein §E) igure 6, t '
regahaar@chs pﬂe\amdag s@htibhatp lslseas peed vaofi onhgocuses

5 HB097 DRbR S BCT ErBRIIoPO R ar e iy PLBlay. 1O

The applicant has been zble to ascertain that the
‘propagation speed is more significant -after plasma
aétivation of the 'substrates to be stuck. Figure 6
schematiCally illustratés the propagation speed.within
the sco?é;pf RCA cléaning ftreatment + plasma activation
(nere activation of only one of the surfaces to Dbe
stuck). As can be noted, the increase in propagaﬁion
‘speed ié accompanied by thé formation of & significant
‘number of edge voids (see Gwr range in the figure).

With refefence to the description of the
inventiocn, prior to bonding the surface state of one

and/or the other of the substrates to be stuck is

..modified s0 as to regulate the propagation speed of the

bonding front. Within the scope o©¢f the example in
Figure 6, this regulation is provided s0 that the speed

~of the bonding front 1is in the Gr range (typically



19 between 0.8 cms and 1.7 cnis; or an overal l

bonding tinme of between 18 and 35 seconds for
substrates in the formof wafers of 300 mmin

Wo%@ﬂi%:t%) so as to prevent the formation %Iﬁﬁi@@ﬁmﬁssﬂ
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voids. 5 A first appllcat|0ﬂ)to be made of regul ation
by heating concerns the formation of a SeO

structure follow ng bonding of two substrates,

whereof one at |east has a surface oxide layer. In
fact, by reducing the speed of the bonding 10 front,
béeteeegudl-Bt rendinny {ih parsi cakapnomvehe . ledgedofrg
the wafe e

noAr rans%er ?chrtaln zoﬁ?gggg p%§¥d%%%ggkg{%tra.ghe
t dortmhefsuppert stbstoate anditomsequerdd yag he prevent

formation o oi ds., The applicant has ,

agggr%gfﬁﬁﬁl?%d?gb Usifgd°F5 such hot contact, no

edge V@IﬁlkétOb@@ﬂMﬁﬁx1bheﬁ©aQXﬁSmaﬂanyf&&e&leQi&ﬂOby

ed %e voi ds can be counted on SO structures
6Fhﬁglﬁﬁ”FfHﬁWboﬁH?ndiH?mﬁéPHg Pt aced FHI ot

atfoam’@wﬁﬂ@ tempenhat We. thb Wddsthatrsel editdialor one at

obtai ning this good-q uallt{ bondi ng -enabl es

r d&¢eFi hgS 2094 hERCT Lx4dfe 1g¥EFi sati on of substrates

of theryfefesh ﬁlrperedwctl%n dihe spope Qfr thhs fdmdting
appl-i cati on, is conducted at a tenperature

oﬁrl@étimeér?tg@@CCIU@ﬁdtgo@Ofrﬁlé"fger abhy Hyettwednd 250 andghe
699 e THES: % L SERer aLH%er %%Q‘élBSéU"{[ﬁué rﬁ’f@x?en ing the

rom se between t appear ance of edge voi s at ‘a
tenpetaam$éemhv&ethEQSCZO@aﬁbpénthee@@@@mt&uﬁﬁtnamﬁ to
ervatlon of .a dr % n excessi v

q en S £
tgnﬁe?u? ort ¥b%$é§§%bs rates gegﬁf gyh forma 01l %
e)edgssvueds BOIH@mmﬂazIamﬁ hasﬁajSOErt_gllmédtﬁTEEMyGMSlng
egigg?gggagg%gg?hzuggagggéeygﬂdaié 0 serJed #hereas as

many as 80 to 100 edge wvecids can be counted on 3501
structures originating from bonding by being placed in -

contact at ambient temperature. It will be noted that

. obtaining this good-guality bending enables recycling,

that is, the utilisation of substrates of the refresh
type.

Wwithin the 'scope of this first application,
heating is conducted at a temperatﬁre'of between 30°C
and 90°C, preferably bketween 50°C and 60°C. This
temperature range results from a compromise between the
appearance of edge voids at a temperature close to 25°C
(ambient temperature) and observation of a drop 1in
bonding energy at excessive temperatqre.'

If the substrates are heated to an excessive
temperature, a majority of the water adscrbed at the

surface (even all of it} will evaporate, and the



WD 2007/ 060145 PCT/EP2006/068647 20 bondi ng force .
ri sks dropping sharply. Other types of defects are
capabl e of being caused by excessively |ow bonding

WOoSNehEMes At the extreme, nol ecul ar adhesi on pedEp2006bes6a7
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even -be produced. 5 To illugtrate the drop in bonding
energy, reference can be nade to the article by Suni
et.al. in J. Electrochem Soc. Vol. 149 No.. 6 pp.
348 to 351, 2002, entitled "Effects of Plasm
Activation on Hydrophilic Bonding of Si and Si 02",

i honpiedh Eprie msﬂf@ntdmmmhashamﬁ?elyborﬁﬁh@r ehma@sy of

d 0 t..20

PORPSLE DL Lol (PRl Sl ALy Lo
150Q)inal énedyss. aﬁtethekﬁﬂtﬁﬂn@,ramﬂkﬂwd@mga@mﬁeabnngay
carfled out_ at %p Wthin the scope of this first
app i 4t on, the™ “f§'*i nventi on proposes to use the

| owestTof ﬁmEustEﬁp@ratheesdﬁdgwwr@ tbenéﬁg@ vVeindsgy,
to ear, not tqQ cau r mf_ul p

DOREF e ey T 9 reris i thdcoRungrE L FobRgar &0
6. tlEﬂeawbchéma ﬁb@paganl omzsgoele@l ot the bomging 351,
front of not |less 20 th SO as not to

cabi8er a ﬁﬁFﬁ*%ﬁddroEfﬁﬁC¥ﬁe BSndPﬁ@S@ﬁer§§tlgﬁHl?% on

apyqeasei 1 esspbhaing. brCrd:s hed aveid the figrimation is
of edge voids. Therefore, irrespective of the

sUERREeeH eblattat | BAs PREAENEr FOPTEE BBRAI FEO™t He Saitht’
heresis & spsed:id the GR.Jange . Lp-e5p8LL Al Iae by I/m?

reducing this speed by heating, in a control
rraiﬁﬂ@¢ oie ioingd nigs qmmielqtﬁét 51 akT’ Clact #Vat tbhs cafiter

Eﬁéﬂnig dpe%fn‘%ohéd%gd 3 h8a§§1eﬁ<§ cﬁft £:284lati ng
e Spet

actlvaMImmueft@ethepy &&Uyumgsaéce$©rapp®mcat1QMB 80e
Propagdation gf JLhg.Bonding fant (or an |0greass in
températures allowing the edge voids to disappear, S5O0
as not to cause a hHarmful drop in bending enerqy.

In reference to.the example in Figure 6, the aim
is a2 propagation speed of the bonding front of not less
than 0.8 cm/s so as not to cause a harmful drop #n the
bonding energy, and in any case less than 1.7 cm/s to’
avoid the formation of edge voids. Therefore,
irrespective of the surface preparations made-prior to
bonding, the aim here 1s a speed in the Gy range,
especially by redﬁcing this speed by heating, in a
controlled - manner. Mention is made that rlasma
activation can likewise be utilised within the scope of
regulating the speed of the bonding front, with plasma
activation effectivély causiﬁg acceleration of. the
propagation of the bonding front (or an increase in the

propagation speed).
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propagati on speed). WO 20071060145 PCT/ EP2006/ 068647
21 A first variant of this first possible enbodi nent
consi sts of unifornmy heating the whol e of one and/or
ohmﬁmﬁhmﬁr of the substrates to be stuck. Arseapide68647
variant: conpri.ses conducting localised 5 heating of
one and/ or the other of the substrates to be stuck,
limted to the zone where the edge voids m ght
di sappear. As discussed herei nabove with respect to
Figure 2, this is about the term nation zone of the
bondi ng £ oRt , Vit saf | bl antiTHe RO@ERLofetgidgment
Zgggslgtgeg§nqgggg?ﬂl§hﬁeﬁ@ﬂﬂsrth@ whbeb een%hegaa®§or
been Initrate ccordi ngly, “when the bondi ng of
ctheubaherswbSﬂﬁaﬁﬁ®ab§atﬁﬁtKatéa atutkhe centre, the
i nventio poses. heat | th nt.i | pher .
one. (+nae PetP 185 110 LBHet iR Sl b RuRELh B Sefig 1 Loea
substtagye)t .oy awsy/ caf th@umehyribEuBmeeﬂmnﬁinaummpke,be

this peripheral zone can onsi dered .as occupyin

S hBr R pner At Ban a0 0E 80 2ane W aREt POk EHECedga R mignt
waf kpB889r MMaisn di edmé exd Heweyeabowherithe b@ﬂﬂhﬁg to
of two circular 20 substrates is initiated at t

eBgEUTEnE i riveriti bh 2RAVantdFe dusIY HrdHss e 1% ﬂgthe

oBb¥athe edge:, diarmatirdatalony a8pPesEt Extend hiss tmﬁlsntz one
(in partlcular the peripheral zone delimted by

aAgPending hercehbfe THFNST odRd 12030 2@089%%%%/% n&eem

"l ogal i sedyheating, the bonding front is uniquely

slowed locally. This prevents the formation of edge.
voi ds &fedoiitnalhve r@senof thhe ordingg PRortvhegtiegular

ggﬂggtpgﬁgg @gt%&sﬂlg@gduqﬂ?rggéngeatkgssthe RIE 5 on

ondi ng ener gy
proposes heatlng ‘the entire peripheral zone (that is,

all-of'the circumference of thé substrate). By way of
purely -illustrative example, this peripheral zone can
be considered as occupying a periphéral band c¢f 50 mm-
.wide'from the edge of a_wafer-BOO mm in diameter.
.However,. when the‘ bonding . of Lwo circular
substrates 1is _initiated. at the édqe; 'the'-invention
'advantagéously proposes te heat only the edge
~diametrically copposite to this point (in particular the
peripheral Zone delimited by'an.angle at the centre of
around 120°) . 4
By. employing localised heating, the bonding front
is uniguely slowed locally. This prevents the formation
of edge wvoids without the rest of the bonding (non-
heated zone) being altered and undergoing a loss in
terms of bonding energy. ‘
The heating (localised or extended to all of one

. and/or the other of the substrates)'can be carried . out



30 The heati ng (Iocalfsed or extended to aII_ofrohe
and/ or the other of the substrates) can be carried
out WO 2007/060145 PCT/ EP2006/ 068647 22 by thermal

«woqgﬂﬁu@hgon There can be provision for thepcpm@yggqg@ﬁ
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whi ch repose one of the substrates to.be stuck
("chuck" plate) to transmt 1ts heat. It: can al so be
provided that heating is carried 5 out by radiation,
for exanple by using one or nore hal ogen | anps
ilTumnating all or part of the substrates to be :
hest edermeat icngdugté@ﬁrpl éhede befor et heogiypfacesorothe
bg1aSLUGK (i1, ALES Lhennlyphball el g ol aeed:
10 opposite, sepa ated by a few m 111 HeiTes nmeans
of(“spackf splare plcacednsmit| ose komt act and at | east
unt i | |n|t|athon g; bond|Q%M£th$ supstrates, gh arrled
havi ng Yhe&A" 81ace § P! 658 Cont act f ﬁ%r% cil"a '
heati ng | sadtar1déred Gut &uehmﬂhauntheszm@ecmmgr@rthere

e voi ds_are 15 abl e_of appearing remains
ot oA 3Pt il T pRr ChaR Blnet 1 e Be adher 64°
i@ubbtﬁag@@euiux;rﬁy@@kme5|s t he wat er desorbed

| ocally does not have to abl e to condenser before

the botR g9 sifi rﬁoéf}?éc?)te‘iTH%e%‘Lﬁeat FoR &f“rﬁél&tersngto be
depends lavgelynanAhes 20ndavi @?pi@éilyseqjetl@gr alS@ced
then. control the tenperature the heated zone. It

i SPPOPLEA | §ePRENERH PYadd T BebbiR:regy WMaymesns of
eéﬁHPé?s)ta&énﬁﬂgtéH i% %qgsgvgghgggp aﬂ&“gt fé%%t until
duration of heating is typically between 30 and
gOnsetentxn 9% Bendioted( ‘Qﬂfatsqkfﬂtsfattleﬁetﬁléﬁgélalvllnévwb§eﬂ

gﬁ&?@gé 19”e<?fm£s§£n ?ﬁ%@g@f&g a0k exgoml &4 he

ance e su StTates.
carried out such that the zone where the edge volds are

capable of appearing remains at the desired‘temperature
until the substrates are adhered in this zone (by
hypothesis, the water desorbed locally does not have to
be able to condenser before the bonding is findished).

The duration of heatiné depends largely on the
device utilised to raise then control the temperature
of the heated zone. It is typically between 1 and 50
seconds. |

By way of example, by means of a 500 W halogen
lamp, the duration of heating is typically between 30
and 90 seconds. _

‘"It is noted that thlS tlme range llkew1se depends
on other parameters, such as for example the distance
between the lamp and Lhe substrates. _ '

The spectral distribution of the lamp utilised to
heat and have the water desorbed 1is likewise a

parameter influencing the duration of heating. In fact,



The spectral- di stribution of the lanp utilised to 30
heat and have the water desorbed is |ikew se a ‘
paraneter influencing the duration of heating. In

wohagios1 2007/ 060145 PCT/ EP2006/ 068647 23 achaiiones/168647
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mainly emtting light in the infrared node (length- -
of average wave around 3 m typically conprises
between 0.8 pmand 5 pn) is particularly efficacious
to effect desorption of water (the 5 absorption band
of the.nolecules of water are effectively close to 3
mp ahd® hosiipésdseno-wdng arlaphd  heattibgg, infrared mode
quasi.-iLpnst ant a d asi e thi ckness ., Qf.:

R R S T A e
utblrpsatesn beftweech 0 nf r amedanddbativon hel psattgclQarly
sel-eqLlyely, heal, theadsor bed. yaterwhi Le heallng the,
siTicon“warer nch 9°€ss,” a Téla |vec1y transparent
mabepiatitm thentnf rar edcneA secbacduBppl | At | eatkromare

heating. relates to carryin ut _ adhesi on of B .
e (8 FRR St (b T et R e et
detetmhye &heditiigstubhinesuean becpastimd lyhoOrthickness
totally elimnated within.the scope of Si/$Si

adfeston ofeVs3B OfypEeien AR st r af es* A H¥at ed e

“upkforphyibef ope apdnuntinlerbhey ar@aphacsed i RethoSe:o

contact. 1R 20 observations_have thus shown a =
sF@ﬁ??Fé‘éﬁ%y r}é%@%_tFBﬁ_, adé\‘?éﬁetihét’_latfﬁ_e_wﬁ&%ﬁl &§3khapeg the
dLsapPEAY oy edeaLiG [ N ok eCh digl ot $hesy t N ansparent
thickness of the :layer of water adsorbed at the
supfateadbfin hée sulfgterrades. The quantity of water

~(andlof gas),capabla 25.6di ELUST ng. Al e hondind o

interface is now whi ows th
appeay angecwf diiiEsiesn atf D& bgpding interface to

dysappﬁﬁé. applicaht ‘has effectively been able to
determine that the bubbles can be partially or tetally
eliminated within the scope of S5i/51 adhesion of DSB
tType when the Substrates are heated uniformly before
and until they . are placed in c¢lcse contact. IR
. observations have thus shown & significant reduction,
even that the bubbles have disappeared.

Heating in effect diminishes the thickness of the
ia&er of wéter adsorbed at the surface of the
substrates. The quantity of water (and/or gas) capable
'of diffusing at the bonding interface is now reduced,
‘which éllows the -appearance of. bubbles at the bocending
interfaée to diéappear.

The previous discussion concerning the different
ways of carrying cut heating likewise applies to this

second_application, by noting all the same that uniform



The previous di scussion concerning the different

-~ways of -carrying out heating likew se applies to this

30 second application, by noting all the sane that

wolirfuesias VO 2007/ 060145 PCT/ EP2006/ 068647 FeTD3k00ER 647
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of one and/or the other of Eye substrates to be

stuck is preferably carried“out here. DSB bonding can
especially be utilised to create Si/Si bonding of
substrates having different 5 crystalline
orientations, or again substrates having different

_ d@@iaﬁgngoﬁf evedh substy dthes oideirngfdii¢ e ert rdtevelts e

. GQpStL é?éri%ﬁ#f%%ﬂ%%éﬁr%ﬂ%fﬁé of part of one of

the substr tes to t'he ot her orma thin |layer
t her e, D3® hbnntiayer cen sapponalspbsbratellséd to create

tures are produced, for |ch the thin | aye
oneyglde §n8d%%§ sup%ort85%%%¥? e o%%ﬁﬁ?%ﬂhé%jﬁﬁggnt
dm&&etemllméopenmeStlbﬁsprdﬁr teaenabliesteguéat iGN ing
of, .t he propagati on speed of e bonding front, the
o EREr R hRTRbAE pBP S e tont o prior g i frizent
adBesionpra dmdficatison sieruaihgt hﬁcaiiﬂffe&(?%ﬁtlaéﬁt ob s

one and/or. the other of the surfaces to be stuck.
ABBSrdPhth% éugéEBﬁEeﬁo§§|6ﬂ€3 @HB%H«nEﬁtiﬂﬁﬁb a thin

sugace shake, of & rSUPSIIAI&r | SonMDAhbied: by @!bts%rﬂa%gf
t he surface roughness prior to 20 bonding. ‘This

sétsnat eabddiraeNPrcsuUABle gart idUlcr |§he adabt edayer on
tBﬁef% E@twwa‘ﬁhéiéﬁﬁﬂoéﬁfgﬁiéHfa€é”oﬂmtﬁQ o@ﬂer have

|nsulat|ng ayer, is i'nterposed between the t
IéyéfesﬁmktWﬁpHﬂHHXﬂa substrate (al so known as a

bur'ed1350£§% o E@b% |n§%l lﬁggﬂgaé%rt%% s ga¥lon

formed by er mal OXi atlo onor s
apdées of the bsuppopt f3whstrahe amvagainnbyproposes to
dggg§§tgﬂg,ap&a¥ﬁr'§g adhesion, a modification step of
the surface state of one__amd/or the other of the
surfaces to be stuck. According to a second possible
embodiment, the surface state of a substrate  is
medified by altering the surfagé roughness prior to
bonding. -
This sesond embodiment is more particularly
adapted to the formaticon of a Se0l structure for which
an insulating layerqris_ intetbcsed. between the thin
layer and the suppbrt substrate (also known as a buried
layer). This insulating layer 1is normally formed by
thermal oxidation of the doner substrate and/or of the
~ Support substrate or again by depositing a layer of
oxide on the surface of the donor substrate and/or of
the support substrate. |

This embcdiment proves especially advantageous for

the formation of a Se0Il structure having an ultra thin



oxi de on the surface of the donor substrate and/or of

- the support substrate. 30 This enbodi nent proves

especi al | y advant ageous for the formation of a Sed

wohéwebds e having an ultra thin WO 2007/ 060 p¢a/EP2006/068647
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‘PCT/ EP2006/ 068647 25 insulating layer. In fact, it
proves to be particularly I fficult using technlques

~of the prior art to effect adhesion and/or transfer

wi t hout defect with such a wultra thin |ayer
interposed in between the thin layer 5 and the -
su@ﬁ@ﬁﬁtsu%swm% By f@dtraithenoiag ut@tb@g@ﬂ@;ﬂ@ula{rﬂy
| $:980 I d Lo ree t i.C
e R T T 0L o BT A g e
pﬁdp&gabncnanﬁd@ed tﬁandﬁﬁrbondtMQpﬁ|'dﬁﬁecs wmih such a
Lt to. the surface state_o he substrates
R Bntaet . PG AT BT BRT CBurTade A AN G ShaTorireT
tEﬁ&Iﬁﬁﬁts@p@@ﬁmSmﬂﬁdﬂam@IOr t o bondi ng, but also t he
surface rogghnes .. thus influence the ra |d|ty W th

whi ch PReboRdi i ifr oS Sitedds. 19T Hi ntt he SsEGpe ot 1Y

1%nbBirst 5688 0RdrenBodiaeit die-rapphi CatdsPr 0Posess than
controlllng the surface roughness of a |layer of oxide
sgl8sht oY eyut it 4 pdpagation speed of the

bondi nghe f iRfbaghRabni Sspddl SWEh @ndapheRsiihg COMAOl i
the reduction in propagation speed of the bonding

f BERE1IT20S Sihcdd e Hal GafFPoRE FResPemdatsse PUL 1in
resgbbciromti s si$ra-8h0P i Ah@NUNBeL 0f n£d9Qna/0r

voids at the edge of the wafer. Afirst variant to
t hirsaswenndoppbods neate ponststs, bprildngt obbbndilag, the

CE TP I R (A, R e oy LgETaL: ok

suppoht teebdtonaties andrtntemdedist.o Within the scope of
ihis ‘second embodiment the applicant proposes
cdntrolling the surface roughneSS-df a layver of oxide
80 as to regulate the propagation speed bf the bonding
front, that is, 1in such a  way as to control the
reduction in propagation speed of the bonding front.
Since the bonding front is_sléwed,'the result from this

~is a drop in the number of edge voids at the edge of
the wafer.

A - first wvariant to this second embodiment
consists, prior to bbnding, of modifying the surface
sﬁate of a thermalroxide layer formed on the surface of
one-of the donor or sSUpPPOrt substrates -and intended to
form the buried layer by conducting ‘aggressive’
cleaning of the surface of said layer of oxide.

This cleaning is carfied out prior to anj plasma

activation. -



formthe buriedklayer by conducting " aggressive'- .

cl eaning of the surface of said l'ayer of oxide. This
cleaning is carried out prior to any plasma 30

woabioeerss on. WO 20071060145 PCT/ EP2006/ 06864t 1135 o0elosss47
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course, a. thermal |ayer of,pxide can be formed on
each of the donor and support substrates and such
“aggressive' cleaning can be performed on one and/or
the other of the surfaces of said thermal oxide

| ayers. 5 For exanple, in the case of formation of a
SO sPEuEPUFeScoRpr PSRy al BIRY eof W9 33t e formed

t her malcoxd deg kL ayghoof ahhe QIfek10fs 1220 ALk 308 Auch

(such a layer is known as "U'tra Thin BOX' ), adapted
chewoeabsireat wesenigan dse deg r Pedfouredoons ong and/or

|9t Lynglche Lg sutface ohe 10 bhe.oxide R I oLy
exanpl e, - treatnment is applied according to

condi t Fons ekbepper atiur eshelurateow) nibrmnsgiigmi feLaat SOI
than those respected during standard eani.n ;

| BRaEiRRe LEIPEILSH IO PIIREE PR 0y oxice
t haydh oscape ofrdehecifnzent foncats0ad tienpercat W 6.agkr is

bet ween 50C___and 80C, for,exanple of the order of
e e 1 B o POk f A PRt at B (e g atment
Mcaut B8, choriexasil &so ofs tthe 105@enyoktdh MhaW@Sace of

Figure 7 is a diagramillustrating the bonding 20
pr8€eS¥1dechbi¥ihy to this variant to the first aspect

of therbpverddon Acistag@tkentheseappeiddiccording. to
substrates A and B. At stage B, procedure involves
t REFAAF0BXi GBI GILWiFe SOGBIEFAPE) A TOTF orm A Ifayent

ot haxi decQusat thessunface of kg substr@l &y A Aleaning

stage 3, 25 aggressive cleaning of the | ayer of oxide

Otirsatpenpl et@d tweasimeditn cay ghigh bayeprOieatvwithan the

SEEéﬁgeOPfthe invention at a temperature of between 30°C
and 80°C, for example of the order ldf--70°C,- with a
treatment curation greater than 3 minutes,'for example
of the order of 10 minutes.-

Figure 7 is a diagram illustrating the bonding
process according tb_this variant to the first aspect
of the invention. At stage 1, theré are two substrates
A &and B. At .Stage B, procedure Iinvolves thermal
oxidation of the substrate A to form é layer of oxide O
at the surface of the substrate A. At stage 3,
‘aggressive cleaning of the layer'.of oxide O is
completed to obtain a rough laver €’ at the surface of
the substrate A. AL stage 4, the substrates A and B are
placed in close contact by way of the rough laver 0F,
and bonding . is ,initiatéd. such that a bonding front

"spreads to the bonding interface.



the substrate A At stage 4, the substrates A and B
are - placed in close contact by way of the rough
| ayer 0', and bonding is initiated such that a

woborvdengs front 30 spreads to the bondi ng i RicanfraeRwss647
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WO 2007/:060145 PCT/ EP2006/ 068647 27 A second vari ant
of this second enbodi nent consists, prior to

bondi ng, of nodifying the surface state of one

and/or the other of the donor and support substrates
by depositing a rough [ayer on one and/or 5 the

ot her &f §§F9n§ub§ﬁ¢éﬁé§ Wt hitdlitshe stspel ofenbipgliment

.e@ﬁehstgf ggu b bdnd Shg UNGer gagg%;ngt waecqrding.

to this sec varlant st'eps i gure are
cohplet e abet hedsametité netiyr @épt@ﬂtdqﬁonaam®UQmpport
I .0 urf of .t he substrat 10 A It is
rgéﬁng %Q B C% %SItlngep05|?'% ﬁa@% Ongfand/or
oxhdeother @ﬁanphhsﬂﬂﬁmsmted by LPCVD - Low Pressure

Chem c Vapa os itiaqn Plas .
EnhancRt R e Sk LoEBEaFF bR S Of irs | layef is
Oﬁn&iérg‘xbd@ ‘(}b&y{: chefd eding eactiois Hedid@rewzhl theps
en) ain g | ayer of n|tr|de Depositing is
0

oxy
off dofed accsr Ril'} a&&aﬁt@&@ LegePostt FH@ 2oRe £RBRS DY
aaepoéym@fofp fudiha desi vedonf khafatdi kRESS slRtrate
target a certain roughness, and in 20 particular a
rBughness such that the surface state limts. the
propagat i on speed-of fbﬁeeag%%s@gté r@é}&osﬁy aW%o%f layer
exanpl e, a roughness of | ayer of ox
befweehd? NRVSETPIS ASRVBLFEH bs EeVD pr dmgé’trle@ﬁure

.SEESHL8£1t g%ﬁn ogﬂgfgn at Qﬂg %?ne tlnePa%sma

retal ning. go ng energy. It is spec I ed here
tﬁaham¢@dT$m§mxﬂgkxﬁapqn;Dep031t10n), of a LTO layer of

oxide (by chemical reaction of silane with the oxygen),
or again a layer othitrideu

Depositing isg reffectedi according - to adapted
depeositing conditions, as 1a function of the desired
final thickness, to target a cértain roughnesg, and in
particular a roughness such that the surface state
limits the propagation speed of the bonding front.

By waﬁ of example, a roughness of a TEOS lavyer of
oxide of between. 2 A RMS and 5 A RMS limits the
p;opagation.rspeed of the bonding front, at the same
time as retaining good bonding energy. 7

It is specified here that the TEOS depesit is
particularly adapted for the formation of ultra -thin
oxideés (thickness ‘less than 500 A, or even less than
250 A). 1In effect, the roughness of such deposited
Qxide is typically what .is wénted, without réquiring

additional treatment.
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partlcularly adapt-ed for the formation of ultra thin
oxi des (thickness | ess than 500 A, or even |less than
250 A) . In effect, the roughness of such deposited 30

woQui7ienys t ypi cal I y what is wanted, W thout PCEEPRIENERG47
. additional -treatment. WO 2ogy/060145 ‘

PCT/ EP2006/ 068647 28 Depositing conditions helplng

to target adequate roughness are for exanple the

foll owi ng: pressure of between 300 niI and 700- nT;
tenmperature of between 650C and 7000C. It is not ed
that tRePPHEFEHEeCPrRipredsur8elBingstyal §§rPRe adequate

| DOLEAREsL N abeMReS At M Gop T ESLLLS bR 18wiAECT 8888shPe of
roughness. It is noted that this second variant is :

appkireabl é00 bot hend 104 ok ;dépederatvfe oxi desstvasd f6G0°C

S QBSHB% -0f IH'H%an&@e% E!a%B%ﬁ@“fﬁb&%@%GQHQEEE%sure,

ergo or not p asma activation treatnmen

J peentlion dahso proposes, iaccbedpenpture seeendts in a

ect eqylpne tn&ggpllng nol ecul ar - adhesi on of two
ra es to one another. Equi pnrent for manua
bond|ngtbysrﬂﬂuﬂnﬂﬁnatadh63|eecoi& usuﬁiﬁy xanmﬂrmaabae

rt on.which | aced. a fi
SEBBR G b B hertnall ey Tt i oa nE bk FEbREAESt 6¢
t heckir shisubst rad . whheni niddsatduentof boerdigdd or not
(l ocal pressure) is assured nanually by neans of a

sPyFB%e 28° WAGRE éd<E4tiPBirent may conpri se

eSIOECI Bhd VinverAl A ia0Rer phebokegl sh&tdngiddhe Lentsk@ond
and -orientation of the water (in partlcular t hanks

't BSPRET, pPEBARBENDI SAPeERTs KHEHY 1a% Er‘fé}’t%‘?d-qn dhe two

oL RE EaStatd O fRknsyrface preparation prior 25
to bonding (operations for cleaning, rinsing, drying,
Equlpment for manual bonding by molecular adhesion

usually comprises a support on which is placed a first
substrate,‘ the second éubstrate then being returned
withlﬁespect to the first substrate. The initiation of
bonding'(local pressure) is assured manually by means
of a stylus.
Automated equipment may comprise especially:

- an aligner for registering the éentre and
orientation of the wafer (in particular thanks to the
presence of a recess known as ‘notch’);

- one cor more station(s} for surface preparation prior
to bonding (operations for cleaning, rinsing, drying,
etc.); ' -

- an adhesion support receiving the first substrate,
~then the secoﬁd at the end of bonding. Spacers can
likewise be provided to maintain the second substrate
a4 few Millimetfes. above the first’ before they are

placed in contact;



etc.); - ‘an adhesi on support receiving the f‘irrst
substrate, then the second at the end of bondi ng.
-Spacers can |ikew se be provided to maintain the

woeemaskiasubstrate 30 afew m |l i netres above scharrbiotstscs7
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before they are placed in gpntact; WO 2007/060145

- PCT/ EP2006/ 068647 29 - an automatic piston -ensuring
“initiation of bonding; one or nore | oading ports

receiving the cassettes of substrates to be stuck or
al ready stuck; 5 - a robot ensuring transport of the
wafer safr oAUEREAté e mEnts o t hergged pent ii pianbeher Of
Inbg)gg%él the equipnent according to the second
aspect of the invention reprises the classical

conf i ganat ponmefe bondihgs epor phertcdyving édd araSﬁ@étteS
adhesi_o or._a ted) r conpri ses
rregﬁss BS&ggtdéj?aytiong?e pustrthlo% t%% agﬁégég gﬂﬁwf surface

st at e ef robet aswliéwridder odgreof dihelsubsticatsesEroo bee
stuc k. T esTe e eci al | heat'}?g means for raising
AndLEBREE oT i Y (T8 eeier SPUPECBr<Bhe. and/ or t he
other 1bh @énéhel dofies e suppordceasitishrates thef eeeond
they are plac d in close contact and al so during
beFRECBI acld IThe cl SRESGOHYACt CPRATST s, ERPsO Hamge?
prepagatteni & the hending fregtipndhtesepheatid@cular
nmeans. can di spense heat above and/or 20 bel ow the

sAHEEFAPRs (Feady 1t Phed stttk eBy RAy M ERGHRpI@Hr 15es

: d%\é'aﬁgs for ﬁ?@if thdel pWi orand, | Agh&d £ENCEREO surface

Figure 3, a "chuc ¢ can be provi ded, f'orm ng a
ﬁéatlﬁn@fvvéﬂ@r'andTﬁFs the fadherewdnpihe FUSRGERTER tiﬁebe

n@%ﬁc%he&ﬁggeOQ?eo%éﬁ%dgally heating means fcor raising

and centrolling the temperature of one'and/or the other
cf the donor and support_substrates before they are
'placed in close contact and also during being piaced in
close contact (that i1s, also during propagation cof the |
bonding front).
These heating means can dispense heat above and/or
-below the substrates ready Lo be stuck.

'By,way of example of "devices for heating below,
and in reference to Figure 3, a ‘chuck’ C' can be
brovided, forming a ‘“heating wafer’. This is for
examplé a chuék in the mass whereof one or more
electrical resistors R are integrated (see illustration
to the left in Figure 3), or a ‘chuck’ C in the mass
whereof means F are integrated for circulating fluid
whereof the Lemperature is regulated (at the centre in
Figure 3}. 1t 1is likewiserpossible to utilise (to the
right in Figure 3) one or more heatihg iamps L which -

communicate their heat to the ‘chuck’ or directly



25 electrical resistors R are intégrated (see _
illustration to the left in Figure 3), or a 'chuck
Cin the mass whereof neans F are integrated for

wockemmsh@asi ng fluid whereof the tenperature BCI/EP2006/068647
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regul ated (at the centre ins,Figure 3). It is-
I'i kewi se possible to utilise (to the 30 right In
Figure 3) one -or nore heating |anps L which
conmuni cate their heat to the "chuck' or directly WO
2007/ 060145 PCT/ EP2006/ 068647 30 illum nate the rear
f dceUBfingne of*d h&°3tibstaeR et trdUGH albrarspuitamtes
Plateucal ol eastsidAnsPaents 1Al RoabB0 Ahigrodd b 1
evi dent that In Figure 3 (as mel as in 5°Figures 4
ar@d3atienbe nentioned hereinbel ow) the donor and
support, suhst r.at r 0 . hei_ng, oppas
(typICgF|3E§é%§F§%gg Ehg@ @?ewﬁéqﬂln%tﬁgg g%ggpa%%rég
E¥ igbetor & bedn@,ﬁkadednmmtdb@sd beneammehﬁheiée denor
dg%%erent ] hnlﬁugs can b%:utl Oseda segarategy e
Pn Tofsinat Pon° f deal | st o Fhe Gihols f FRESite
chugplchnlysSppasabé@ be prodaeentepesatels eby spacers
?dlg %s over, the extent, of .the surfaces, or again
BAPES | 0THIY SORTES 18F SLRESt ENPetEture. By way
of exanpdee of dardevese eraldnnAgubeat i 1beframilised
above, an_arrangenment of |anps radiating directly
ofiEB25AtEhe Stbsfr &CBR1egR1BR, pleGRby, OﬁnPPoFﬁ?yw@Ple_

deki hefat ghyci ocati sed 15@§§ﬁ91@| w »Mi%@%ctehecee@&erature

voids are capabl e of appearln as to contro

t FE2feRPET afTRe BFe thE- Heat@d t Ssz@qaﬁhepﬁe@geam to

OFr8ht ¢ 0f o @ SUDSIRS€ @F tﬁlgeteﬁ‘ﬂ@i@&{@f@@ the

equi pnent can al so advant ageous conprise _a device
for né@suw&wgtﬁmee¥@W®b¢ap@r€1|ﬂevh@e keabédngomeating .

(@ggmsggw@é,fgﬁ g%é&@&@héﬁktgg Iéﬁﬂgcga&aating directly
onto on .the substrates can be provided, uniformly or
delibefately localised (especially where the edge voids
aré capable of appearing).

So as to control the temperature of the heated
zone (whether part or all of a substrate or the
:substrates)  the equipment can alsoc advantageouSiy
comprise. a cevice for méasuring the temperature in the
heated Zone {not shown; for example in the fdrm of a
pyvrometer or a thermocouple}.

Equipment can also be available in a manual or
automatic version.

Hereinbelow two examples are provided for using
the first embodiment of the process according to the,
first aspect of the inventiocn for the formation of S0L
structures, within the scope of the transfer process of

SMART CUT® type.
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pyr-"orreter or -a thernocouple). 25 Equi pnment can al so
be available in a manual or automatic version.
Her €i nbel ow two -exanpl es are provided for using the

' szb‘f.,;{,tsmgybodl ment of the process accordi ng tyrdbSsos/068647

first:

SO 30 structures, within't

aspect.- of the inventi gln for the formation of
e scope of the transfer

“process of SMART CUT(r) type. WO 2007/ 060145

PCTI EP2006/ 068647 31 A first exanple is that of

uni form heating of the substrates by nmeans of a

heati ng Chusk. eTtreoh fieregmt of agesfame tdeeing of the

eparatlon of the surfa es, t e st

E%F’g‘rng g tzomﬁum d °&1 EariHy cgnbcnm ng %8& ccfetlaécr'ta’lr §©

ars_dagts-eeat:aeﬂte b&asadbwdmgazone; opt i onal pl asma

activation %Ozgﬁof the surface of e donor

subsir &CePatik

i ng’ of "¢ hets ‘?%Fcetso Htkel §F GHECGR Y

to 10tbongimys hyidarishi ngokbenihyNSkOY W idbkning and

ul tra-
heatin

ure water and drying by centrifuging; uniform
gr%?* W%Wé’%é’zpﬁebe stuck by neans of a

heat L ngeeiviek A e arR Rl aged d oo roubst Re8B0k e
ace

yet in cont act but

opp05|te 5 one anot her an

separ atte¢ bipnarf ewbﬁtrdit%tres (see Fi gure 4) .

Heat i n i S carrl evera

Hocor PRI G heTooftl of TR Heat TRELREVELe RF1m £°
10 to 90 s:ee@ndsj, bypb@abhyn§0th§ﬁCﬁﬂtdél)ng 281 kac-pgre
t he substrat es .in close contact, nd gi‘niti ation of

bondi ng@tSTt &Pl HRY 0% O Tty

— uniform heating of thé substrates to be stuck by

means of a heating chuck on . which are placed the
substrates not yet in contact but placed‘opposite
one another and‘ separated by a few millimetres
{see Figure 4). Heating is carried out fer several

seconds, -according' to the power of the heating

device (from 1 to 90 seconds, typically 30

seconds) ,

‘ placiﬁg the sﬁbstrates “in close contact and

initiation of bonding;

termination of heating.

A second example 1is that -of localised heating at

the zone where edge voids are capable of appearing, and

comprises the following stages:

preparation of the surfaces to be stuck according
to humid cleaning combining RCA <c¢leaning and
treatment based on ozone; '

optional plasma activation (0;) of the surface of

the donor substrate;



A Second'éXaane,iS.that of |ocalised heéting*at t he
zone where edge voids are capabl e of appearing, and
25 conprises the follow ng stages: preparation of the

Woszua'}fumﬂs to be stuck according to hum d cleanmemecsss?

10

conbi ni ng RCA cl eaning and ;jreatnment based on ozone;
optional plasnma activation (02) of the surface of 30
t he donor substrate; WO 2007/060145 PCT/ EP2006/ 068647
32 - cleaning of the surfaces immediately prior to
adhesion, by brushing then rinsing with ultra-pure

wat er éﬂiaaﬂiﬂwngo%yt%@nt PREERFRY); WkeaetRgYofPite Lo

Subst r ahi88s§ 9n PeLF LMCKION Y it h}%éﬁ%&@%@é&é Bure
the point of initiation using a [ anp pl aced above

‘the substeatasdndtyyed i aeed rildugénat act but

OPPOS 18,005, 20pt DAL B ePRNALed Y sAdEWUa1y 1n tne

limetres i gure atingis carried ou
for sevenal ogpeeconds,tlac goriditng £t @nttheaﬂﬂorpoweimgafa tilee
heati ng device (from t09 secar nds, ically 3Q .
secondg aceﬁa &5 S nltcon§ %t S 1_T ??%npléf:eg o
adhesi onntzhct boc abpsesi il cbm@tamtk&tr tde vmp@rrated by
edge) ; rmnatian of heatipg the wafe ,
5007 0BOLEE P ERI606Fdeobiy. FICETA NE - 1 Toping is

processgatpiedondi NgoPys 8w LUl @écc&dﬂ.’be3|&fb'&:o&fdln§ tWO the
substrates to_one another during which the surfaces

of sai BO¥tbstt atd MG IR%CET R ¢FBSB torft att Smr@nds-

~ bondi ngyeceur s, o pIeRaAgALi;on of a bondi ng front:

bet ween sai d substrates, characterised in that it :
- placing ln contact and initiation of adhesion (Ig

locallsed 1n1t1atlon at the wafer edge),

- termlnatlon of heatlng the wafers;



‘wngpyﬁdm4mf t he bonding front.
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conbriSes priof to bonding a step consisting of 10

nodi fying the surface state of one and/or the other

of . the substrates so as toregulate-the propagation

2. The procesPCAEP2006/068647
clained in. daim1, characterised in that

nodi fication of the surface state 15 is a decrease

in the thickness of a |ayer of water adsorbed at the
surface of one and/or the other of the substrates to

. be bonded. 3. The process as clained in any one of

the preceding clainms; characterised in that

nodi fication of 20 the surface state is created by
heating. 4. The process as clainmed in the precedi ng
claim characterised in that -heating is applied "
prior to WD 20071060145 - - - PCT/ EP2006/ 065647 34.
placing in close contact and at least up to
initiation of bonding of the substrates to one
another. 5. The process as clainmed in one of the two
precedi ng clains, characterised in that heating is 5
carried out for a duration of between 1 and 90
seconds, -preferably over 30 seconds. 6. The process
as clainmed in any one of Cains 3 to 5,

" characterised in.that heating is carried out by

t hermal conduction via transnission of heat froma 10
pl ate supporting one of theaswpstrates to be bonded.
7. The process as clainmed in any one of Jaims 3 to
5,. characterised in that heating is carried out by

radi ati ons fpesasd arp- idd AR NA NG ONE 0zt R@hesion of
substrates to be stuck. 15 8. The. process as cl ai med

i H¥Ph8UPF eeBeR NG T IAIAMEROEREFab &1 NE et Fh tThE sifdaces

lgep dSip Lapp-radiating ifhaced in close contact and

bonding ocecurs by prepagaticn of & bonding front
between said substrates, characterised in that it
comprises prior +to  bonding a step consisting of

modifying the surface state of one and/Qr the other of

~the substrates so as to regulate the propagation_speed

of the bonding.front{

2. The process as claimed in Claim 1,
characterised in that modificétion of the surface state
is a decrease in the thickness of & layer of water
adsorbed at the surface of one and/or the other of the
substrates to be bhonded. |

3. The process as claimed in any one of thé
preceding claims, characteriséd in that modification of
the surface state is created by heating.

4. The process as c¢laimed in the preceding claim,

characterised in “that heating. is appllied pricr to



the infrared rénge at a wavel ength of between 0.8 m-
-and 5 m 9. The process as clainmed in any one of,
CGaims 3 20 to charactericsed in that heating is

wocarviceds out  at: a tenperature of ‘bet ween 3GCTAIFdIRDER 647 -
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,preferably bet ween 50C and;60C.. -10. - The process as

clainmed in any one of Clalrrs 3 to 9, characterised

in that heating is applied 25 uniformy over the

extent of the surface of the substrate to be bonded.

11. The process as claimed in any one of Clainms 3 to
opPlérardcter Fsedsi AORhatt hedt i dlg 132 Hppld & | geidliafrion

atofabeﬁam@ees@tﬂ@%ﬁgtﬂa!%%s&é%sghét enlhde, bonded.

. The process as claimed in Gaimi1l, wherein -
adheS| B The | mindosssd &6 t Aeaterd r e charactsr iged itwo
Vgréggaﬂ?go%'ﬁa i EP%QQ%AQ@%% 33 that. sald, ;o g

ripheraf zone cdvers the entire 'circunference
th@rs‘mbgt pat ef¢0 belibwrided. of3beTheepr bcass s seconds,
cl.ai.ned Clalm vvhereln adhesion is initiated
af)r?ggra ) , c%alractseerclosnéj1 ‘in 5 that said peripheral
zone descTidesrade sy caof chathed| £n dhﬁﬁebhécalﬂ Ylaims 3

opposed to the initiation. edg

R e ahe P et o B ah g 20 P g4 | SrhE s baguT abY
ckabmrdli nnddmionibn ¢bar actershsedibh td@at heat from a
nodi fi cation of the surface state 10 is created by

r Bugh&n? P OF- tHe G fOéEcéhelﬁub?ﬁéab?%ctéé§3ea§%d§|dned

in theypreceding-cdai m ccharact exi sed bhct hat ctihens 3

stage of nodification of the surface state consists
ofof Srmchgracrkeagnctaydr thett heatsnpf deecetwépé out by

andhorrthe othgg ofy thfaéybsu%rﬁ;@ngtqrge &5 bopgded.

Substrates to be stuck.

§. The process as claimed in the precedlng claim,
characterised in that the lamp is a lamp radiating in
the infrared range, at a wavelength of between 0.8 m

_and.S Sm. ‘ 4
9. The process as claimed in any one of Claims 3

to 8, characterised in that heating is carried out at a
.tempefature of between 30°C and 90°C, preferéblj
between 50°C and 6(C°C.

‘ 10. The process as claimed in any one of Claims 3
to 9, characterised in that heating is applied
uniformly over the extent of the surface of fhe
substrate to be bonded.

11, The process as claimed in any one of Claims 3
to 9, characterised in that heating is applied locally
at a ﬁeripheral zone of the substrate to ke bonded.

12. The process as claimed 1in Claim 1l, wherein

adhesion is initiated at the c¢entre, characterised in



16. The process as. clainmed in Caim 15,
characterised in that to formsaid rough layer, it
conpri ses an operation of thermal oxidation of one

woamﬂig@gug he other of the substrates so as t@echmrbecdds7
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thermal oxide |ayer at the surface of one and/or the
other of the substrates and an operation for
treatment of the thermal oxide |ayer adapted to etch

"said oxide layer. 17. The process as clained in the

preceding claim 25 characterised in that the
tﬁéatnenﬁab¢ t et Al oxde | ageyers cher calentire

%?Egﬁ?érerkse Jhe %%%%ré%ecké"ﬁ@dbérﬁh Qe

preceding claim characterised I n that e therma
oxi de 1éyéﬁmaspaOCaneﬁsoﬁﬂ$u®2dzwﬂi@he1mhéﬁ}cmherehﬁ

L SERETE hr dof BT WK SOC WB 200 OB0Ldaracrexised in

PGEEEPQ@D@/ﬁéBﬁﬂHer@B zwmbfﬂﬁédnmbea @mra&momfgmeahemle
nutes ferahly far %Q m.nut es.

Héa‘“ﬁ%@g% s ARPHEH (50 O 19T ad Rt g,d]gged and .

I nifmhagédtey for msdid atough Layers d)f afoaracses an
operatlon for depositing a |ayer of oxide on the

sur f act? of "Bhe 6% he 26t hef-3f"¢he ‘SubstT@rds. 1/

2@nather o PEes St S v aindRd i Bat Nen P £Ceth NG EdAeMstate
characterised in that the depositing consists of 10

cafr FFAY- St epdxIter6fi9a ofayBe BEL » oxi de, a
| ayer 1 ©f fﬂgaﬁyﬂd@%s Qls %l%%MSE of {Héréfgheééhg Theim,

process as clained in any one of the preceding
chhpABctenbFatt Bt i Bleal i vha h3ttade Ffumdedrt icesipri oésthe

neletate bond e melar of RUSo actim s gl e
surface of one and/or the other of the substrates to be
bonded. | N

- 16. The process as claimed in Claim 15,

charactérisedA.in that to form said rough layver, it

comprises an c¢peration o¢f thermal oxidation cf one

and/or the other of the substrates so as to form a

thermal oxide layer at the surface of one and/or the

other of the substrates and an opefation for treatment
of the thermal oxide layer adapted to etch said oxide
laver.

17. The process as claimed in the preéeding claim,
characterised in that the treatment of {the thermal
oxide layer 1is chemical treatment.

18. The process as claimed in the preceding_claim,
characterised in that the tThermal oxide layer is a
layer of 8i0:;, and the chemical treatment is 8C1

treatment performed at a temperature of between 50°C
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22. The proéess as clainmed in the preceding cl aim
characterized in that the plasm activation all ows
strong bondi ng energy to be reached, after a

anneal i ng of the bonding of ameuNP2e06s8647
hours. 20 23. The process ag clained in the preceding
claim characterized in that the annealing is
conducted at a tenperature |ess than 600C. 24. The
process as clainmed in clains 21-23, in conbination
with any one of ,clainms 3 to 13, 25 characterised in
t hat tHE Pl bsrm aactinatioon dsegietf orhed phirge toinutes,

madLfLoation:af 1hG suiface state by heating. 25

€ procéss as clainmed inclaims 21-23, in
conmbi nati ohiha t tpramgsene 8¢ claiamsnetd t on20,C180n 15,

characterised.in that_ the plasm activation is_VWO) :
20097 DBDTAE LT/ EP200% 068647 37 ForT or g altbrs it
mednbire at s oain obpt het suit f ame &dade thyng reouglyen rg. o26.de
A_Brocess for fornat%on of a structure col rising %

t Afn Fa§er SHRERCDS . °h s¥NF codfiictor % matddral %n &P¢
sgppertasabstrate, conprising the stages of: -

pl aci ng_a donor substrate_in close contact with the
supporggsu%%ﬁrQﬁQ?%ﬁf &S Coepredut® BRRdPREFying claim,

nmehaeHbasr ashesi on of nsai doisuibshsd &5 ey onentlscs  of
anot her foll ow ng propégat|on of a bonding front
est

beEREBANS aPdt sHBRY ¥ Hi a tpwpsfer B0 pdde of diger
dgrofrguPsigat e, @ thg ., SURPRLE - $ybStrate so as to

formsaid thin layer on the support substrate; 15
characteriBetl ipwockas i2sconprimsds pri gmyt oone of the

preceding .claims, characterised in that it. further
comprises prior to bonding a step of plasma activation
of one and/or the other of the surfaces to.be_bonded.

22. The process as claimed in the preceding claim,
. characterized rin that the nplasma “activation allows
strong bonding energy to be reached after a reinforéing
annealing -of the bonding of around two hours.

23. The process as claimed in the‘pﬁeéeding claim,
characterized in that the annealing is conducted at a
‘Lemperature less than 600°C.

24. The process as claimed in claims 21-23, in
combination with any . ocne of  c¢laims 3 to 13,
charactérised in that the ' plasma activation 1is
performed prior to modification of the surface state by
heating.

25. The process as claimed in claims 21-23, in
combination with any one of «c¢laims 14 to 20,

characterised in that the plasma activation is



bonding a step consisting of nodifying the surface -
state of the donor substrate and/or of the support
substrate so as to regul ate the propagation speed of

wothe/dsamsii ng front.. 20 27. The process as GHCAVRPRE6IOEB64T
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the preceding claim wherekpn the donor substrate is
a refresh substrate originating fromrecycling. 28.
Equi prrent for bondi ng by nol ecul ar adhesi on of two
substrates to one another follow ng the propagation
25 of a bonding front between said.substrates,
cﬁﬁFé@F@?ﬂs@étPﬁ‘ﬂﬁ%ﬁlﬁﬁ?a6éﬁﬁrﬁ%%stW%aﬁér??ﬁe state by
medibweAgngPri or to bonding the surface state of one
and/ or the other of the substrates so as to regulate
the pFbépabat P6RCSHRedTOr t HOTBEAAPRg Plonf. 3J0-m2gture
TherSqubpREN 2 as. Gy Al Mey LR theapr egeding o L aldhquctox
characterlsed in that the nmeans nodi fication WO
2@@1&@6@145nP@TEEP@O@Bl@GBSﬂ?at@B Qﬂmnﬂu§%mmfdﬂ&astages
t.e consi st of heating neans adapted to raise and
control the tenperature of one and/or the other of
t he— supsa¢£m®sabekmmelﬂﬂbﬁﬁqﬂmmeﬂninlobeseontanta@ﬂth
and at_] east 1,0 t| tion of honding, of .5 said
SUbst P EeT PR Bre AHOTHALS 90, e o fiiti *petied by
cl ai medoi ¢l st ma2ﬂ1esa@mpr oS ngaadpl ammsmt\w C|"ﬂ;00ne)ne
of the substra%ef to. be stuck is. gced _ ,
char act®Pised TRITAGY thBP%%tJf%"rn% a Besfing fronc

waf er . LdO-d sHhes eqsprRREsas clainmed in Cai m 30,
characterised in that one or nore electrica

resi st 6F3NSHie Pht 8gPatkdofntdet KO REs SUEFTERRS pFat &he
32. Thg.gMi-PreMs@a%ste alomed kR fofhaiMBAnin 1ayer on

‘characterised in that neans enabllng circul ation of

the support substrate;

characterised in that it comprises priocr to
bending - a step consisting of modifying the surface
state of the donor substrate and/or of the support
sukbstrate so as to regﬁlaté the'propagation speed of
Lhe bonding front.. '

27. The process as claimed in the preceding cléim,
wherein the donor substrate 1s a refresh substrate
originating from recycling.

' 28. Eguipment for bonding by molecular adhesion of
two Sﬁbstratgs to one ancther following the propagation
of a bonding front between said substrates,
charactérised in that it comprises means for mddifying
prior fT¢ bonding the surface state of one and/or the
other of the substrates so as to regulate the
propagation speed of the bonding front. .

' 29. The eguipment as claimed in the preceding

claim, characterised in that the means for modification
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15 flwd wher eof the tenperature is regulated are.
integrated into the nmass of the plate 33. The .
equi prent as clainmed in daim30, characterised in

qual’fﬂﬁﬂtﬁconprl ses one or nore heat i ng | anpeCT/EP2006/668647

illTumnating the wafer for RBgating it. 20 34. The

equi pnent as clained in Caim?29, characterised in
that the heating nmeans are fornmed by one or nore
heating | anps radiating directly ontottd1e e
subtrates The equi pmrent as_clainmed in t

pr cetcﬁ%gsuj'zéaccq a?trﬁtegh%cf%%]t%r |%feohe?gﬁcJtr}9<att1“€ialfi'leS | afigpted
| s daae dhadicaticRgli Bhthechpbrad € @ 08he Hndor Lhe

vvavel ength of between 0.8 mand 5 m
ther "of the substrates before belng placed in -close

‘.contact and at least up to Jjutlatlon of  bonding of

sald substrates to one another.

30. The equipment as claimed in Claim 29

comprising a plate on which one of the substrates to be

stuck is. placed, characterlsed in that the plate forms
a heating wafer.

31. The eguipment &5 claimed in Claim 30,
chafacterised in that one or more electrical resistors
are integrated into the mass of the plate.

32. The eguipment as claimed in Claim 30,
characterised in that means enabling' circulation of .
fluid whereof the temperature is regulated aré
integrated into the mass of the plate.

33.. The equipment as claimed in Claim 30,
characterised in that it compfises oné,or more heating
lamps iliuminating the wafer-for‘heating it. .

' 34. The equipment as claimed in Claim 29,
ché;acterised in that the heating means are Fformed by-
ocne cr more heating lamps radiating directly onto the
substrates.

_ ._A 35. The equipment “as  claimed in the -preceding'
-Claim, characterised ‘ih that the lamp is a _lamﬁ
radiating in the infrared range, at éi wavelength of

.between 0.8 m and 5 m.



