PROCESS AND EQUI PMENT FOR BONDI NG BY MOLECULAR
ADHESI ON The field of the invention is that of bonding

whoomobiEdtl ar adhesi on of two substrates to oOnRCTI/EP2006/068647
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anot her. The invention concerps a process and bondi ng
equi pnent. It extends likew se to the formation of a
structure conprising a thin |l ayer nmade of a

sem conductor nmaterial on a support substrate. To form
such a structure, the typical procedure is to place a
donor substrate in close contact wth the support
substrate, so as to effect bondi ng by nol ecul ar
adhesi on of the substrates to one another. 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. Bondi ng by

nol ecul ar adhesion ('direct wafer bonding or 'fusion
bondi ng' according to English term nology) is a

techni que whi ch enabl es two substrates having
perfectly flat surfaces (polished mrror) to be stuck
to one another, w thout the application of adhesive
(gumtype, glue, etc.). The surfaces in question are
generally those of substrates made of an insul ating
material (for exanplequartz, glass) or a sem conduct or
mabeocaks( hop egamphMensi Fo8AsSNDING, B&MORECYLAR ADHESION
Bonding is typically initiated by I ocal application of
light pressure to the two substrates placed in close
contact r,A @9@@@ngff&9@tlhb%ﬂt§eheagst9g%ro%h%o%a&hgeby
extent of the substrates in a few seconds . The

bondine @nlergye dibt ai eredd att worbd Bt t&pertat wee another.

The 1invention <concerns a process and bonding

equipment. It extends likewise to the formation of a
structure comprising a thin layer made of a
semiconductor material on a support substrate. To form
such a structure, the typical procedure is to place a
donor substrate in close contact with the support
substrate, so as to effect bonding by molecular
adhesion of the substrates to 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 support substrate.

Bonding by molecular adhesion (‘direct wafer
bonding’” or ‘“fusion bonding’ according to English
terminology) is a technique which enables two
substrates having perfectly flat surfaces (polished
mirror) to Dbe stuck to one another, without the
application of adhesive (gum type, glue, etc.).

The surfaces in question are generally those of

substrates made of an insulating material (for example



is generally | ow enough relative to that observed
between two solids in covalent, ionic or netallic

wW@onneeti#dn . For numerous applications, bondi PQGI/EB2006/068647

10

15

20

25

30

thus reinforced by carrying owt thermal annealing. In

the case of a silicon surface stuck on another silicon

or silicon oxide surface, the bondi ng energy reaches

maxi mum after a bondi ng rei nforcing annealing carried

out at tenperatures of the order of HOO OC to 1200 0C
fmaaddi t oSSt oobbeabAMsaPngtatPor Ppabendiphg (6Prt wgample

supstr , Lhe typic rocedure prior to bonding is
prgﬁérg%sgh % Sbnégang%gf'the ot her of the surfaces to

be stuckondhh§ neass i neraasilng t heimecharddcal by local
per formance and/ or _to_ boost the qualitghof t he bondi ng

i nEBPLAEBT1OPr épfar &t P8R oPrEHEsUr ffaces T o K sPHERTTAtes

W phothe aihmof,dmkifg: 4 bem Aore Ry diophidd€ {Se@Nspreads
exanpl e of such treatnment for increasing the

meehani cdie behmavireur ebeeneerot hehsubstibatestdarihg a few
bonding. Wthin the scope of hydrophilic bonding, the
foFFSﬁAﬁa'properties are preferred for the surfaces to

be stuckne-bbheinyseneeqgof opantiheliest thpiahsenegpehkature
hydr ocar bons; t he absence of netallic contam nants a
Io%ﬁsu??%%éa?bnghh%%s,GQ%HﬁQxﬂH%ﬁQQ%ﬁﬁ*tﬁéh 5hATRVBPServed

StHopgeBydrophi |y  that {5, @-substantial,;dengityngtariic
Si -OH silanol bonds term nating the surfaces to be
stacknePreparati on of the surfaces to be stuck is

For numerous applications, bonding is thus
reinforced by carrying out thermal annealing. In the
case of a silicon surface stuck on another silicon or
silicon oxide surface, the bonding energy reaches
maximum after a bonding reinforcing annealing carried
out at temperatures of the order 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 absence of particles;

- the absence of hydrocarbons;



generally conpleted by utilising one or nore chem ca
treatnents. By way of exanple of chem cal treatnent

w®eiosnettias ( hydr ophi |l i c) adhesion, the foll ow NnRECTYEP20D&068647
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menti oned: cleaning of RCA type, nanely the

conbi nation of a SCA (NHOH, H2O2, H20 ) bath adapted
to shrinkage of the particles and the hydrocarbons and
a SC2 (Hd, H22 H20 ) bath adapted to shrinkage of
the nmetallic contam nants; cleaning with an ozone

sol uti on (O B)eatlapeedet of shetakhye @@nth@i@a@@ﬁi C

contanlnants cl%an%%% MAtgmﬁlsolutlon % EQQ%PEFa“

m xt ure of sulpﬁurl aci ygeriat ed”
sol uti on, Subphuris; Per oxi de leture) . Preparatlon of

t he surfaces to be stuck can |ikew se conprise
nmechani cal p?eparat i B BIPRheY surtfftes ¥9-i gt substantial

pol i shing, bgushing) o¢ carpbementifngoor Jalad Neerminating
chem cal treatnent. As a conplenment to conventiona

nmet hods of bbh@lﬁ@rb@C@®I©©ub@rsa@hb8|on trong

bondlng techntques at. qi rﬁture have fuck
developeﬁ or Peceﬁtly nmake %?%?ost?uctd?ess ue S

(adbasianlof cowp lrater iml suof1dsihgrent topejoret @hemical
stick substrates conprising partlallz or totally
a Pt

nahHEAEREREE - elfBEt FEH] co%o@a@ﬁ@%tes(a Pt igiledtreatment
gﬂza@t%oanwdf&wwle& V‘Q&ﬁ%%lon eLerE 1or, ﬁtﬂgck&m be

strates capabl e of being altered urlng anneal 1 ng
atmanghotedperature. Bondi ng by nDIecuIar adhesi on
W th pIa ' such a stro

t t
bondr g TECRAT BB EC AP GaFBar T O Heper e (par 1o Jof a

SC1 (NH4,OH, Hy;0,, H,0) bath adapted to shrinkage of

the particles and the hydrocarbons and a SCZ2 (HCI1,

H,O0, H,0) bath adapted to shrinkage of the metallic

contaminants;

- cleaning with an ozone solution (0z) adapted to
shrinkage of the organic contaminants;

- cleaning with a solution containing a mixture of
sulphuric acid and oxygenated water (or SPM
solution, 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 chemical treatment.

As a complement to conventional methods of bonding
by molecular adhesion, strong bonding techniques at low
temperature have been developed more recently to make
heterostructures (adhesion of Lwo materials of
different type), to stick substrates comprising

partially or totally manufactured electronic components



Exposure, prior to the bonding of one and/or the other
of the surfaces to be stuck to a plasma, allows strong

whoondiosrg4nergy to be reached after rel ativel yPGIBP1006/068647
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rei nforci ng annealing of the ponding (around 2 hours)

and conducted at |ow tenperature (typically |less than

600 0C ) . For exanple the following articles can be
nmentioned: - "Effects of plasnma activation on

hydrophlllc bonding of Si and Si2" T . Suni et al

J aEpe@@ﬁb@hne@o@ubvbratQ4gndh@trectuped @486F2002¥ even

¢ ETEF AERERGCTLL SUELRRE RRARELL) 23 ARG URLSE BOndDg ng

VVegaedlehgaht hlgh tEhpetroahe. Soc. Vbl 147, No. 7 ,
p . 2734 (2000). is evident that the different
t echni qoeed$ ¥ Slf?if ac " PrEPHEt | o FERiBhed Ye&r| i ePlasma

sy§E€wgt9@hl yid neorperahe at heastuone humd $tAdgonding
that is, at least rinsing of the surfaces by deionised

matechniheesu@srnaﬂesuaretthen Uempdratoreexanple by
centrifugin dry spin) ctlon of th

degr ee %g %yﬁr%thFlor ﬁf%f£%ﬁyP the gurfﬁg%san?/?ﬁethe
subsheat eF hawve §Eﬁﬁﬁé@sn®00bay%t%c&ftﬁd&@rbEQsM@Ieéllows
t hese nonol ayers being at the origin of the

i NBBFADP e ANTAH or @RITPBs PO DI ECPePeadhesion dalprhgvely

cophgeti %1%%%‘1‘&91&3/?1'?9&%%6” oefdh@ﬁé O%o%fdl%%bslé%&?d 2

to one anot her generally causes defects. By way of
exhnpke) okndetentisctadsed bbeoampagatn@Eabtgpexaﬁﬁyeiess

are def s .of hubble t b at_the |eve
of CERE. BORGPRG P ACorPatl et visent € nko LURS sTbotF T Becan b
asmuetlioasd:

“Effects of plasma activation on hydrophilic

bonding of Si and Si0,” T. Suni et al., J.

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

- "“Time-dependent surface properties and wafer

bonding of O,-plasma treated silicon (100)

surfaces’”, M. Wiegand et al., J. Electroch. Soc.

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

It is evident that the different technigques for
surface preparation mentioned earlier systematically
incorporate 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 (dry spin). As a function of their degree
of hydrophily, after drying the surfaces of the
substrates have several monolayers of adsorbed water,
these monolayers being at the origin of the
intermolecular forces responsible for adhesion during

contacting.



defects of edge type (or edge voids) at the |evel of
the thin layer of the final structure, "thin |layer on

WG appoeti4Subst rat e”, obtained after transfer. BUDBP2E6/068647
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are understood as defects whieh result from gas and/or
wat er conbing at the bonding interface between the two
substrates. Bubbles can appear after application of a

| ow budget thermal to the adhered structure (for

exanpl e after application of thermal annealing at 200

0C overBQnﬁb@gs@yam@laﬁél@bséﬁbabﬂ@nbyfiﬁgpéérabﬁSoﬁo one

thSnQQEQ' ghré%f%ﬁﬁac%au%'erég c%rJL_thfrarEgyl JATOf ehmple of

agai n Crosco
respﬁestbleaﬁeédthg poasenge abtabnet eanspeesedrzonesects
at the |evel of the final structure obtained after ,

tr%ﬁs?@?bl?héyaﬁtiEFebUEQ%??énﬁErBP@réeV8ﬁePfBBH8iH@“dl“g

Ot Bl rO-2 PhasiBegurface Pretreaboentedine” asbyWéll as
Zhang and J-P. Raskin in Electrochem cal and Sol

StQEéetesteMS edg%8§y99112rcmiﬁﬁ(2@©nds)|BtuSﬂﬁatb@vel of
th non of t or ti f bubbl es at the
bo 8 g% %& %q %er on

| nt eraf ace e VOI arse dln erset 0]0)

dekeppbsrwhsabst esubt, fbbﬂhbﬁédlBltéﬂdtmﬁhsheate
typically observed at the periphery of the fina
structu?%b?b%ﬁeﬁgﬁ?yUPﬁeFﬁéopérnﬁéf E ¢l abiphat spsult

f@oﬁpBEEC%EBQ% é%éﬁﬂgoﬂﬁﬁqugk'§héh65n8§55'QQtQEEace

hin the scope of produci ng structures of
thbeEWEeon¢hHCWWOnSmmﬁMQwﬁﬁ Se@bigpecan appear after

ASRPPEoN bacinsil afor Lo BoP Lt GPEERCS | | Bor i adhered

I nstkatetre. Wdhi R:xidhics escopecef application alf | eastmal

one of the substrates to
annealing at 200°C over 2 hours) and are observable by
inspection of the bonding interface using an infrared
camera, or again by acoustic microscopy. The bubbles
will be responsible for the presence of non-transferred
zones at the 1level of the final structure obtained
after transfer.

The article “Low—-Temperature Wafer Bonding,
Optimal 0O, 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.

Edge wvoids are understood to mean defects which
result from bonding and which are typically observed 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



be stuck has a surface | ayer of oxide; by way of
exanple, Si/SiO 2 bonding or SiQ2/Si 2 bonding is

wo 27 o6aliky undertaken to forma SO structure. POIEPM06/068647
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are three main nmethods for prgducing SeO structures

by direct bonding: SMART CUT(r), BSO (and BESO ), and
ELTRAN(r). A description of the processes associ ated

with each of these nethods can be found in the work
ASilicon wafer bonding technology for VLSI and MEMS
apbﬁ@@éﬁ@@ﬁgctos fo: Ny ifll_§ﬂéla1a®ﬂd ASEOIAUbEYe o Spmigenductor

'Egn(gggzlat Qﬁf % ZB% e@%ﬁ yoids, type, Pﬁ:;ﬂﬁgu%tor'

t hé bon b, are ¢ ppearing a
transfegtﬂﬁctﬁﬁeﬁhlrsifm@wnfranntﬂmguMHMMZ)submhtaha tehis
t he support substrate. As is schematically illustrated

i nS?P@ﬁr et1aPRlt&fie O8f HortRatd LSOOkt Rt BrBStaAtes to

edge vai diP s @ Rol eufpica diammtenstypleally et WREN of
100 mand 1 mm in the thin transferred | ayer which

coekesponds 56 /& ifone bofding dowor §u@st$%@£ rhmndlng is
tr nsfer d to.th upport _substr T e ed
vol 88 S ber "AGSF CoFran At "Tha BdgRT(PEFPBhAFSr zone)

of the Thbira laayertnResuppamt Is@mécﬂsateorst;smwﬂlg SeOI
(circular wafer) ; the¥ are | ocated at a distance of

tyEFééFFyrﬁét%ééndir anP 5 of FHETwafeF®edge O frhéand

edgpsyel ds are PRERAREOPI £ %%fs%%%tqwesfedcﬁeo POLesses
bonding at the edge of the wafers. They can beki

deﬁesDSlQEeauwethlﬁ%ﬁﬁe<absEheeeomeahbﬂsnda@yémeaﬁ@un@ in

CoRROnBRES a7 RECTolA!FBn B AHUeAGERBr Gy oF VST and

MEMS applications’, S.S. Lyer and A.J. Auberton-Hervé,
IEE (2002).

But defects of edge wvoids type, cause Dby the
bonding step, are capable of appearing after transfer
of the thin layer from the donor substrate to the
support substrate.

As 1s schematically illustrated in Figure 1 in
terms 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 to a
zone of the donor substrate not transferred to the
support substrate A.

The edge voids appear most often at the edge
(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



no conponent can be manufactured at this | ocation.
G ven the size of the edge voids, an electronic
W@ oivpoeiams conpri sing at | east one edge voi d i BCT/EP2006/068647
necessarily defective. In addition, a transfer process
of the SMART CUT(r) type is notably interesting in
that it allows for recycling of the donor substrate.
So when adhesi on of a recycled donor substrate is
conpleted (that is, a donor substrate already having
sekvédefofefenpealbcand ser ansf érhefaksatia dhyarthknowaver
as_'refresh’ fer) .a_greater_number ed | d
isaggég%veastﬁ%ﬁ'wﬁgﬁlgggdﬁ%ﬁm% an %ri§$%a|9§6ﬁ%#18n of
substrateniis conpbeteds(Bavitmg newvert iser vefl 40 eegoveoid,
and/or transfer of a thin |layer; known as fresh’ ,
wafer ) COMHPRNT ntedas@ pPeseheetbrcedg: véitds t érgatLion.
stOGQGQHIbthethgi&@cyeklnehesleageth@oﬁa§§engﬁ ot 18d9€onic
voi ds induces losses in ternms of quality and yield,
t hepeppsenhus campeed ing pradventedahe f oneat iscipeof wouch 1Is
defects. |t haa ?eeﬁ%eroposed in the docunent EP 1 566
830°t 6 A £Vt ReThuber *of defects of void type at the

edge of1a SEHiwaber abtaiamedeas mdesdd tooftm®l egukar CuT®
bondi ng. According to this docunent, these defects are
al WS | beatEfHtlva spECTEiSE 15dsi thontret atitve atld Five for

10 CepLEg-of nhherwafer ooaRd seemrtobe due tont Benhesion of a
0 d maF

configuration t he edges o ers. Therefore, to
deceemséetihéonanbernboef rdetectscomhilistddcuinbat pepopesdsnor

g0, e SORLLA L1 08T L0 24903, LTS ana

doguprpEprop@ses tMmai frg-;t hendut ves of ré hec edlgewafer), a
drops, in regions ranging from3 mmto 10 mmfromthe
pegrgﬁggy number of edge voids 1is observed than when
15 bonding of an original donor substrate 1s completed
(having never served to remove and/or transfer of a
thin layer; known as ‘fresh’ wafer). This increased
presence of edge voids tends to prohibit the recycling.

Since the presence of edge voids induces losses in

200 terms of quality and vyield, there is thus a need to
prevent the formation of such defects.

It has been proposed in the document EP 1 566 830
to limit the number of defects of void type at the edge
of a SO0I wafer obtained as a result of molecular

25 bonding. According to this document, these defects are
always located at a specific position relative to the
centre of the wafer, and seem to Dbe due to the
configuration of the edges of wafers. Therefore, to
decrease the number of defects, this document proposes

30 modifying the configuration of the edges of wafers

during their manufacture. More precisely, this document



of the wafer. This solution thus has the disadvantage
of requiring previous nechanical intervention on the

wadozen145 Anot her application of direct bondi nBCT/EP10N&068647
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of Si/Si bonding of DSB type ¢Direct Si Bonding) . As
mentioned earlier, defects of bubble type are all the
sane capabl e of appearing at the bonding interface.

One solution for reducing the formati on of bubbl es

consi sts of producing plasma activation of the
supfapeseso edishticky $beasctrovebtd ntsodedghesirops, 1in

e L Y S M

sat| reéh0|ng e number of

boadi ngel niefdracerhiThesobjectnofk ntike Hawethe oAdissdtirantage
propose an bondi ng techni que which rectifies these

di Shdvaiges of PERELSHAL "G aTHe S t 1NACESRRIAG L @°Ta tEhe
fif,stcaspect, the invention concerns a bonding process

by nol ecul ar adhesi on of two substrates to one

anot herindunénganbilckathensff adescof bandisgbsits atlest of

are.placed in.close c act and ndi n curs by
prgbﬁéau Pot% boofndi%%?’ fhaft b@?\% APsaly Bonding) . As

suhshtabesd echanaeterisetkddr that bubbCOMKESESSrradI the
to bonding, a step consisting of nodifying the surface
st at@cofabBaklandf ofPPRBT b AertofNSaPEANSUBYt FREBET36Cas

to regupatesthe: propagat iog é@ﬁﬁdtﬁé EBenPndhngs pupbles
front. Certain preferred, tﬁoug non-limting, aspects

of canbisst possrbecenbodiaent efttihasipnocésshar eutlieces
dificat%on 8% t he surfagg state
1‘;1 a

fo%lomﬁng'- S _a :

decPeSe” FHCthe Phitkngs§ 6P 14 PAYEr 261 iat8r *3as6Vbed™ s

onsbh@tion all the same does not prove satisfactory for
reducing the number of Dbubbles at the bonding
interface.

The object of the invention 1s to propose an
bonding technique which rectifies these disadvantages
of the state of the art.

According to a first aspect, the invention
concerns a bonding process by molecular adhesion of two
substrates to one another, during which the surfaces of
said substrates are placed in close contact and bonding
occurs by propagation of a bonding front between said
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.

Certain preferred, though non-limiting, aspects of
a first possible embodiment of this process are the

following:



surface of one and/or the other of the substrates to
be stuck; - nodification of the surface state is

we@orphetiesl by heating; - heating is applied bePCr/EP1h&068647
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substrates are placed in closg contact with one

another and at least until initiation of bonding; -
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 fiocgmfacpltare Uppdre i figrbaecobtehe dubst ragesedade in

be stugck; .-.. ting i ff.ect ed radiation fraoma
| amp #ﬁahgﬁﬁg%%ﬁggof&fhg éu stra %swggeﬁe%Q%R:FJa ?%ethe
| anp ksraatanpfradeabhagornthbeothérabedthangebswrbbhea to
wavel ength of between 0.8 mand 5 m; - heating is

ef f ecP8dSBY &/ t enperature of between 30 0C and 90 0C

preferaply; between, 50r0€nand BP0C ;statheati NgohSieted by
applied uniformy over the entire surface of the

subktehtegt o be stuck; - heating is applied locally at

a peripheral zone of .the.substrate to be stuck; -
adheslBR baPng i RIFbIAter St tie et T &S the: For FhRePar o0
cover snt beoest tbatactcunter eneeaabrhbe substtateake hatil
stuck; adhesion being initiated at the edge, the

peri phBtatazbAR BéskEPiBésJan arc of a circle

d!anehgﬁgﬁhhyj%p géﬁf@@e§d9ep%Ei5@tdﬁ“ﬁéﬁhéﬁ@ 1 and
limted by an angle at the centre of around 120; -
bef or e0bsadongs, t hecpeoeksy tonpsbsescandtage of

- heating is effected by thermal conduction via
transmission of heat from a plate supporting one of
the substrates to be stuck;

- heating 1is 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
and 90°C; preferably between 50°C and 60°C;

— 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;

- adhesion Dbeing 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
diametrically opposed to the edge of initiation and

limited by an angle at the centre of around 120°;



pl asma activation of one and/or the other of the
surfaces to be stuck. Certain aspects, preferred

W@ b@wagéniwdn- 1 i miting, of a second possi bl e enbRdi/ERID6/068647
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of this process are the following : - nodification of

the surface state is effected by roughing the surface:

- the nodification step of the surface state consists

of form ng a rough surface | ayer of one and/or the

ot her of the substrates to be stuck; - to formsaid
roughbeagee, tdedigrbcesbecomprdses gonreri®als oxi datdasn of

operati gn, of one and/gr Lhe giher, gf the substrates, so. ;.
as to-forma thermal oxi de |"ayer “on fhe surface of one
and/ osuthecethee bé theckubstrates and an operation

for treating the thermal oxide Iaéer adapted to etch

sai d BRFHE 'agePeCtPeaPhBAET 6F It RBOVHBr AN ~oXTdeiNgyept 2

I sseheAilicalo & fat dreniny sqithe d ayer of i thefle Oxided Sthe
a layer of° SiQ2 and the chem cal treatnent is SC

tréathentngonducted at a tenperature of between 50C

and 80 0C over. a perd od of |onger than,three mnutes,
prefégggﬁf%é%ﬁoﬁoo%r&@%sfqr c?%o?%@gﬁ(f?oﬁﬁﬁ%é%ed by
| ayeroutihenpr onessueoapet ses an operation for

depositing a surface |ayer of oxide on the surface of

one 8Ra/ 8P He CotRen oftAheCSubser st ace tHeate consists
depoéktkggnﬁ%%réiiQBu Hn%h§%%p%f geposi bieng, & | ay&foPf the
TECS oxide, a’layer of LTO oxide, or a |ayer of
nitrodeger dvhetpeosesstcenpsi seshbebetock; bondi ng and
afEe{oS%&%m1 said rough layer, the process comprises a
thermal oxidation operation of one and/or the other
of the substrates so as to form a thermal oxide layer
on the surface of one and/or the other of the
substrates and an operation for treating the thermal
oxide layer adapted to etch said oxide layer:
- Lreatment of the thermal oxide layer 1s chemical
treatment;
- the layer of thermal oxide is a layer of Si0O, and the
chemical treatment is SCl1 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 operation consists of depositing a

layer of TEOS oxide, a layer of LTO oxide, or a

layer of nitride;



nodi fication step of the surface state, a plasma
activation stage of one and/or the other of the

W@ enaeEss t o be stuck. According to a second aBEEEP006/068647

10

15

20

25

30

the i nvention concerns bondi ng equi pnent by nol ecul ar
adhesi on of two substrates to one anot her,

characterised in that it conprises neans for

nodi fying, prior to bonding, the surface state of one
and/or the other of the substrates so a to regul ate

t he-prbpagarireassperdrodethebbbndengonfong, ahd after said

particul.ar.heating s ad ed to ise contr
Phe. t SHTEAPERLbE? SR8 aal) oM Eie Gerle opPihe Y ' Bhaana
subst nat esabebor esthondi ng. dhe iaverdd omhal sether of the
concerns, under another aspect, a process for

f or mabr6h26ESat st PhcEhre conprising a thin | ayer nade

of a semicopdugor cpateri ale QA SUpport supstrat@yvention
conprising the Steps of placing in close contact a

dononcsubst banéinfoegexamphe ay' mefeesharsabsepave of two

originati fromrecyclin W th.the support. substrate .
S0 58 T 62 CaPry GuP Bonti NG By molEeGar TadRsi bh oft it
sat8mpubstratesiriso ooe anetiFgrinfgl leom &g the bonding, the
propagati on of a bonding front between said
substFaresstahd Pfafsfer8f OpakteoPtPRE @bnbpe substrates

Qét%a%%tféé£¥é§&p99étP%BB%B%@E%nS%ﬁgéé‘%f(%ﬂésﬂbﬁding

su
thin layer on the support substrate, characterised in
t hatont, conppesescpieor heetbogdnagna stleptednspstienge and

of nodi fyi the surface state of the, donar supstrat
onareresl PR Lt e rnist S iy o e oPoRet ThE cre
preppgatkoBsspeedref pbhaibgnding front. And the

i nvention extends of course to the "thin |ayer

onsuppofResipserhaiern sifaccOresrobt alRedrf ppafher aspect,

a process for formation of a structure comprising a
thin layer made of a semiconductor material on a
support substrate, comprising the steps of placing in
close contact a donor substrate, for example a
‘refresh’ substrate originating from recycling, with
the support substrate so as to carry out 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 substrate 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. And the

invention extends of course to the “thin layer on



i mpl ementing this process. O her aspects, ains and
advant ages of the present invention will enmerge nore
W@ k@anbo43 rom readi ng the follow ng detail ed PCI/EP2006/068647
description of preferred enbogi nents of the latter,
given by way of non-limting exanple, and done in
reference to the attached di agranms on whi ch, other
than Figure 1 already nentioned: - Figure 2
illustrates the formati on of edge voids as a function
of stheokbcat i srbet rehe” poi netofcirrekal | sabronnefl from

adh%%igﬂ EhggggF%arggEE%gnts di fferent diagrans of

acc € Second aspect of the
i nventi other Ebguces,4aand Scespecdriteelas shbow bai peesent
heating and | ocal i sed heating of two substrates to be

pl ACBE"FACRI g8l coRt'aEDSt IVBFE nGlaBsUY t hePP BSHTdHRY the

5bny@h@@Hh@rd§99§§58ndescgh9958n oFSpRe@b@gEAMenbodiment s
illustrating the formation of edge voids as a function

ofthéqawﬂﬁﬂﬁﬁrongspeedbﬁ vae lbdndigig-¥ronting example,
ur.e |s a dla ram show nt of .t he
boRdfi (ol 2l 3AT00aY 8 AL e At I8 Vsl ans on

|nwﬁmthpnotAQQOtdaﬂan@uaefﬂrsurasagcmehheohedent|on
concerns a process. of bondi ng by nol ecul ar adhesi on of
two sUbSEFHEEEs 4 o bhesaRvtder thaudicrgamioth fai gdge voids

105Ub5tra%§559r§uHE€989 '&fck%%e f&@é?fénaQbeQHQ'%Qunt of
occurs propagation of a bonding front between said

substraiestlallsstundeoét@@ue$ham,the I nvention is not

limted Figure 3 represents different diagrams of

equipment according to the second aspect of the
invention;

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

- Figure 6 1is a diagram illustrating the formation

20 of edge wvoids as a function of the propagation
speed of the bonding front;

— Figure 7 i1s a diagram showing an embodiment of the
bonding process according to the first aspect of
the invention.

25 According to a first aspect the invention concerns
a process of bonding by molecular adhesion of two
substrates to one another, during which said substrates
are placed 1in <close contact and bonding occurs by
propagation of a bonding front between said substrates.

30 It is understood that the invention is not limited

to bonding by molecular adhesion of two substrates to



to bondi ng by nol ecul ar adhesi on of two substrates

toone anot her, but extends |likewi se to the formation
W@Rooostisict ure conprising a thin |ayer of PCT/EP2006/068647

sem conductor material on a suypport substrate, during

whi ch bondi ng by nol ecul ar adhesion is carried out of

a donor substrate with the support substrate, foll owed

by transfer of the thin layer fromthe donor substrate

to the support substrate. As nmentioned earlier, the

SMART EuTLhyr, BSOE ¢ahanBESOLxewand EQTRAN(fPrmatiOD of a

Dy ST BELT a1 AUNGE o0 Ackordi g Lo tHe SUNRISCOTC) Lotos

progess;apr ioor dOS@ppdrﬂgsabSEHbtbttkﬁﬂﬁmtgZ@MECMAbbndlng
be formed by inplantation of atom c or ionic specie
|nthemPE?ERﬁ@§s 8f ER&CHONGP sGBSErSFe, O8hd &ft ef > donor

s bondi,ng-detachent Qﬁeth§u9$89E supgtrabecat th€1owed by
enbrittl ement zone to transfer the thin layer to the

supp@nsfsubsﬁrahe\mmun be ymer floramed- hodeapry ysebstrate to
cular ad § % ical procedure is to place the
? substr t%u RETE “support substrate in close

contactAsthmgmﬂﬂbmgﬂt@@&el@@ndkmg byvAmrakuvappl ikedi onand
8 pressure on the two substrates placed in

cI%@é Ebnté@? ERTBBHEI RGOFEBAESt RER SPPBRASS0oPér PFRESSSES

10 gngtm%s%ogal 56@%&5@5% Ihgc0thgin of the

ects resulting frombonding 1s not determ ned with
certai nhgcortese days.thAnabyaRS b@UT®ezappkﬂﬁantP&hmms to

that, within the sca of Si/Si_ DSB t ndi n
pUBBIEL by pe “Ber GELE LappeAF tor & Bar ti il ar 157 i RRE'RG PV
oxi g1 kayet i 60t herr t hatboat | vey I&om@sergp@léshe in the
surface of the
thickness of the donor substrate, and after bonding
15 detachment of the donor substrate at the embrittlement
zone to transfer the thin layer to the support
substrate will be performed.

To carry out molecular adhesion, typical procedure
is to place the donor substrate and the support

20 substrate in close contact, then to initiate bonding by
local application of 1light ©pressure on the two
substrates placed in close contact. A bonding front
then spreads over the entire extent of the substrates.

The origin of the defects resulting from bonding

25 is not determined with certainty, these days.

Analysis by the applicant shows that, within the
scope of Si/Si DSB type Dbonding, the bubble-type
defects appear more particularly since no oxide layer
(other than native) 1s present at the surface of the

30 substrates to be stuck. The applicant estimates in

effect that in the case of adhesion with the presence



substrates to be stuck. The applicant estimates in
effect that in the case of adhesion with the

wee@seeaedf a | ayer of oxide (for exanple for BT/BPIO0R068647
bondi ng, for exanple in view gf formation of a SeO
structure) , the water and gas encapsul ated during
bondi ng or appearing later (for exanple during thernal
consolidation treatnment of the bonding) preferably
diffuse in the oxide |layer and are thus I ess inclined
t 00di Bf Uswa ®heolBdéndi ngf dmtexdmees However/,Sith bheding,
ca of ondi ng,_. i h ence o u layer. of
ox?gé,eﬁgggégpﬁ%cgﬁfm%g%%réhéﬁ?’ at ¢ egmg 8? gﬁ%u?ﬁgre)’
gashencapsdlat edddugbpg bandpbgletecappearedg bonding or

consequently have a tendency to diffuse to the bondi ng
i nEBPFAEE Inheré ey W PTbe EFAPEdSand $orbubblFegimal

s WEBnEespestibQ thecgdgenvoi drt ypgedefgahisnggnabysicsrap1y
by the applicant shows that these are defec?s form ng

w g¢hféhesi ng dfhet hexbbndiager where atrlve Hordi hgs$r onclined

meets {. edge_ of _the stuck substrates. The .
e ER EPGar RS W BT EERE - LAGe A SEen by the
t heaappbircagt ecoenecemnai,nd i hend ardedrion of edge y¥old$er of
In Figure 2 , the arrows represent the direction of
pr 8pagat i GRofeRNe BoHdi Ag FrontS Fhatpdimt etfi§nednd the

10regggsenkﬂﬂJ5b§%¥gtEkpn oéﬁfbﬁgbongb%@ikﬁont 5? appeared

different instants, and the points represent the edge
votdssedsensly| haser at eedridendye defdifiude gur et Re, bbhding

ap ILca t has éfep%'vel ig e agle t gete%nine 5@%&@3.
whtR BORAFRG o LI elial PReCCBRERe" (By  PoRaP
appl i cayion okeppeESUre)b , tadge vphds aveapoygati aklxcts,
found over the entire periphery of the support
analysis by the applicant shows that these are defects
15 forming with closing of the bonding, where the bonding
front meets the edge of the stuck substrates.

The illustrations of Figure 2 show analysis
undertaken by the applicant concerning the formation of
edge voids. In Figure 2, the arrows represent the

20 direction of propagation of the bonding front, the
pointed 1lines represent the position of the bonding
front at different instants, and the points represent
the edge voids.

As 1s i1llustrated to the 1left in Figure 2, the

25 applicant has effectively been able to determine that
when bonding is initiated at the centre (by 1local
application of pressure), edge voids are potentially
found over the entire periphery of the support
substrate. However, as is illustrated to the right in

30 Figure 2, when bonding is initiated on board the wafer

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



substrate. However, as is illustrated to the right in
Figure 2 , when bonding is initiated on board the

wawedoee(1sypi cal ly at the |l evel of a recess knOREII/EB2086/068647
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not ch' made on board the wafer;sto facilitate its
mani pul ati on) , edge voids can appear in a periphera

zone of the support substrate describing an arc of a
circle dianetrically opposed to the point of

initiation, limted by an angle at the centre of

arvadd 120n, Ihogéﬁerathethewaﬁeéntibﬁ prép@ééétate its

b BT O ea Rl Gty EratEnt The Harat itin of L EGeRneral

deﬁeﬁéS(ﬂbth@gﬂh@png tshe sprrepagadé oir spoeg ah khe: of a
bondi ng front. “Regulate' is understood to nean tq
COREFBFS nafhtBFht ARl EBnstRRP 1% corfmnd gt point  of

eVth£59919£ alpmge@aEE9nanV%hBu@ ghetﬁgoe@neketee around
present |nvent|on t he p enonenon i1 s that

pr dpagati on of t he bondi ng front, and evolutlon of the

phenomenon corresponds_ta the propagation_sp
bondlng??r .o fﬁé s ﬁ%d pﬁgﬁﬁga F 8RS o lmf%lng' the

preckﬁetyoﬁegujaﬁ@ﬂes@sa&aubéw bgdmﬁﬂhjﬁﬁatamatéhen to
the speed usually observed in the absence of such

coRPFBISEToY all s aregut 2k i R Rk pPopagat oir spietr DY
OfréBSlQQHQ?”ShEVBPBpa&Q€1bHV$BEEB”oEr998588n8§55yk9lnt

out, “prior bondi n Ication step of
surface ‘Beateaoé’ onesandhderBDQOOthED ofmetthe sorfaocesrol,

t b k . di t i bl .
R RakE dn SCRhSRE%el R L HERh AP S ofrpartine of a

qugﬁ&hbme%nmww@ds%@edscaipé her suié ageesanel ABKEntion,
precisely to
the phenomenon 1is that of propagation of the bonding
front, and evolution of the phenomenon corresponds to
the propagation speed of the bonding front.

The speed of ©propagation 1s more precisely
regulated so as to Dbe reduced relative to the speed
usually observed in the absence of such control.

To allow regulation of the propagation speed of
the bonding front, the invention proposes carrying out,
prior to bonding, a modification 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 1in particular to control the quantity of water
adsorbed at the surface, and more precisely to
decrease, without completely eliminating all the same,
the thickness of the layer of water adsorbed relative

to the thickness of the layer of water normally



decrease, w thout conpletely elimnating all the sane,
the thickness of the | ayer of water adsorbed relative

W@ 00vke018hi ckness of the |ayer of water PCT/EP2006/068647
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normal | yadsorbed. In other tefgms, this nmeans to reduce

t he nunber 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 bondi ng not
requiring the application of an adhesive (of gum or

ot hégoghaed- t ylpe) otherr | sereal | yrltie Weeers adsordssiasn the

eaﬁum}gérté‘% 7 nE?‘é%ﬁl £38¥er§£e¥‘39§%8¥8e8 of veLer h%”ge

| aced T n"con h~acts as adhesive and ensur
adhesu ORohyingans, ofioVanuder M@hss{i@tcas Wihon ]ddmm as
scope of this first enbodi nent, the surface state of a
suBstrate PERIAIN | ed?CEHET helbr opEG&G O spedigry  not

thecbonding foent o hs1thusippgWat ed, Dyhdd@yd ngoen 4 or
tenperature of said substrate prior to bonding.

BOQUhﬁg loy. uep| st lar - ddhesi oredklyxl absi caltley cadsdeded on

nt te eratu 200Ct 5 0C
Ine?ﬁe ggg gf%%§l%ﬁeﬁxiﬁ?rﬁf%% m?P? Y e eo¥hwaper) and

aupoastic ibondbmgactThenappl icadd has dbeeniakl ead®d ensures
ascertain that the edge voids and the bubbl es can be
paftiafLynoPYt BEarfycél Vaindted"#héen £RECSubstrates

are prewb@ﬁiﬁdtﬁﬁgoééo?@d HP %%E" peing RIaseindhe, the

cl ose contact. The I ng actually causes
noduficati ontofet ket sar f atbsstrate ofst hewdiubisid,at esid the
pl aced in,_contact, enabl

t he %r ation speed, of
G- BORAR RGoPT oRE=CD. et oduted, DBy CGoftr aTidig this thus
heatbfgatbl, | sSppossiblento bﬁgutabe thepprepagati @@ said
speed of t he bonding front, that is,
substrate prior to bondlng

Bonding by molecular adhesion is <classically
carried out at ambient temperature (20°C to 25°C),
whether in the case of manual bonding or in the case of
automatic bonding.

The applicant 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 close contact. The heating
actually causes modification of the surface state of
the substrates placed in contact, enabling the
propagation speed of the bonding front to be reduced.
By controlling this heating, it 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 wvoids Np observed after transfer as a function of



to control the reduction in the propagati on speed of
the bonding front . Figure 6 illustrates a curve

W@ b@#oerg43 he nunber of edge voi ds Np observed BET/BP2006/068647
transfer as a function ofthe propagati on speed of the
bondi ng front Vp (expressed in centinmetres per second)
for Si on Si2 bonding. Figure 6 is only a diagram
given purely by way of illustration. In addition, the
di fferent nunerical exanples obviously depend on the
subBer attewnaddtiised fepeadhesifon {kebstpadang front Vp
or (9 BBt L0gyl rom LegyEhingoor ghresh, subsfTabe i Obn sio,
not, fresh substrate  ; tType mat eri al” conprising
t heosubstrate, in particular its flexibility, etc.).
For | ow bondi ng speeds (typically less than 1.7 cms)
, the appPrEanP Ras ORI rPecbrdEd iy EdyeP Vot ts. PForay of

s speedy0f A+ 106N Sint hegappkhgant chas ghserved-betwrenical
0 and 1 edge voids. The nunber of edge voids then

i nexemséssr apivilouasdhendehengr opagaheors 8peethiofs t heilised

bondi ng_f,r ont T licant has thus b ble. .
oL Ebunt B8UG8 vIPHESE oF 5. sBoGH BF (tRE of AN of coYClind

cnsc@ndshetwpenrst 8’ andr100tedgervehdsubet ratspeedyplk of
the order _of 3 cm's. When standard cleaning only (for
exBApFELIREAC B e 'KUbsPPatBP I e st biek Rartegitidd 1ts

10 OUkq RLEBE 1§ Py bopding, the applicant has been able to
observe a overal | propagation speed of the bonding

front ofobetlweenbdndits apecZsb Cnysicds N raerge ithdmhel.”

fi . , .t d id d
on Al BY i PGt (G5 O G0 af Por "EFRASREY Mot BORC QS

I SFor a speed of 1.7 cm/s, the applicant has observed
between 0 and 1 edge voids.

15 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 cm/s and between 50 and
100 edge voids for a speed of the order of 3 cm/s.

20 When standard cleaning only (for example RCA) of
the substrates to be stuck is carried out prior to
bonding, the applicant has been able to observe a
overall propagation speed of the bonding front of
between 1 cm/s and 2.5 cm/s (Gy range in the figure).

25 On average, there are no edge voids observed on all
structures obtained after transfer when bonding 1is
completed following RCA cleaning. But certain
structures have a significant number of edge voids;
these typically are those for which the bonding front

30 has propagated at a speed greater than 1.7 cm/s.



conpl eted foll ow ng RCA cl eaning. But certain
structures have a significant nunber of edge voids;

w0 b@gectiypi cal |y are those for which the bondi PGI/EP29N6/068647
has propagated at a speed gregter than 1.7 cnis. It
shoul d be nentioned here that good bondi ng energy and
rapi d propagati on of the bonding front are generally
associ ated. The docunment US 6 881 596 proposes to
determ ne the quality of the bonding interface by
measur i Ag tHeoprdpegat nentspaed oberde Wordi wigokk ohpnding

ot TP bu " BT beair A Py Sl AP RE & LEr Tor b CPRL 27

944eR36301ypr opesesiatéar nul ahéseedequathen 5Up 6 881 596
i ndicating that the propagati on speed increases if_the,
boRAPRYSERer §9 atGhBATSCASTAPr egHG L AEHt | Bhedtle Ponding

s her gt paboue, ) agERsacthyatinn ¢an %%%i?@ﬁnsﬁé%&iQﬁf the

out as a conplenent to standard Ccl eaning. This

pl asndiagt fvanften focuses especially on increasing the
bondi ng._energy. . The applicant has been_able to ”
ascerta?%ethggt%%geprgyIﬁ%?%%% éﬁ%e@'igo§gﬁgg Front” by
si ghefiteant afdeti pl@smaract Myat teauof it herswisiaiat esview
to be stuck. Figure 6 schematically illustrates the

pr 6pagaFfon SB&ed Hirt hid? Gl scup® GIERCA cl BaRrnge  (see

tr g+ ask ' i 0 er ctj i on
0 oneer ThE sitacoe to balstuzk) . AL chnbe nsted. peed
t hencneaeaseifntpeopagdinonespeed esgaegbapani ed by

the forpation of a significant Hunb r of. edge voids
(see G\é—% r arige G97% he ?‘?aﬁﬁgﬁle. Wterﬁe]?ee]f Ehée to Phasme
degetipht ©9notatheal;aVEBAEHhOBarphEAr o€ BENdi BEmbNEment to
surface state of one

standard RCA cleaning. This plasma activation focuses

15 especially on increasing the bonding energy.

The applicant has been able to ascertain that the
propagation speed 1is more significant after plasma
activation of the substrates to be stuck. Figure 6
schematically illustrates the propagation speed within

20 the scope of RCA cleaning treatment + plasma activation
(here activation of only one of the surfaces to be
stuck). As can be noted, the increase in propagation
speed 1is accompanied by the formation of a significant
number of edge voids (see Gyp range in the figure).

25 With reference to the description of the
invention, prior to bonding the surface state of one
and/or the other of the substrates to be stuck 1is
modified so as to regulate the propagation speed of the
bonding front. Within the scope o0of the example in

30 Figure 6, this regulation is provided so that the speed

of the bonding front is in the Grg range (typically



and/ or the other of the substrates to be stuck is
nodi fied so as to regul ate the propagati on speed of
wo b@7oemdd ng front. Wthin the scope of the exBOER20061068647
Figure 6 , this regulation isjgprovided so that the
speed of the bonding front is in the GR range
(typicall ybetween 0.8 cm's and 1.7 cnis; or an overal
bondi ng time of between 18 and 35 seconds for
substrates in the formof wafers of 300 mmin
di baevee) 9o Bascrios predent: 1t hemfor mati em ofvedgel bonding

vol 5 Bel LEsh BRPLLCakLOnst g be, MRde of ([ sablallon By, p,
heating concerns the formation of "3 S80 °structure
fokbomi bg hamdirgg oaf I0W0 nsuhbist rét @set avher eof aoneocabrevent
| east has a surface oxide | ayer. In fact, by reducing

t hePSpErE™BE L PReChoRdPRgVPFBAt, better-quality bondi ng

s (in pargicyhar on,the-edge, of ot he WakgE) stan-dgi1ation by
obt ai ned, thus preventing the non-transfer of Certain

zohest ofigt heoworors sthst r dpemedivhe shppor tSefubsskatieture
an nsequently.the formati on of edge voids. Th

2ppP FEARE Has HEEH affed That By tastRg ‘sulhchor: one at
contast, hAe edgeryvecd bsiebsenyed, whereas as nany as

80 to 100 edge voids can be counted on SO structures .
ori gi nattngt&%tom BEndF Agu By Beitity pPREEE i Bt cditacPorfiing

10 ambi-gnt t%%lﬁ%lﬂéy Wi & ot ed that. obtalning the

t hi's good- ondi'ng enabl es recycling, that is,
t hedgti bfsaheomadersubshrhtesbokithd, r ehneshreypeting the

Wthin the scope_of tgis first application heahi LS
condiict 60 &f Sh PenBeF artPe”0nBetheet 36 08 ana §0 0" 0
. Pref enppbyt betweenabO 86qandn6ey06nt 17htse formation of
temperature ran%e results froma conprom se between .
t hedge voids. The applicant has ascertained that by using
15 such hot contact, no edge void is observed, whereas as
many as 80 to 100 edge voids can be counted on SOI
structures originating from bonding by being placed in
contact at ambient temperature. It will be noted that
obtaining this good-quality bonding enables recycling,
200 that is, the utilisation of substrates of the refresh
type.

Within the scope of this first application,
heating is conducted at a temperature of between 30°C
and 90°C, preferably between 50°C and 60°C. This

25 Lemperature 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 in
bonding energy at excessive temperature.

If the substrates are heated to an excessive

30 temperature, a majority of the water adsorbed at the

surface (even all of 1it) will evaporate, and the



appearance of edge voids at a tenperature close to 25
OC (anbient tenperature) and observation of a drop in

whomdiosig4ner gy at excessive tenperature. |f tPEI/EP2006/068647
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substrates are heated to an excessive tenperature, a
majority of the water adsorbed at the surface (even

all of it) will evaporate, and thebonding force risks
droppi ng sharply. Other types of defects are capable

of being caused by excessively | ow bonding energy. At

t hecesinenfonasl ecublar adivesiionw nelyanoty evOhhba types of
pr o _il] r.at e e .drop.in in

Pefarsnts o35 GeTRbdT 06 dhe et Rt A b ey 10w
i nbdndikbeeheeghematSate olt r&ikd, NaolScppar 348he9ion may
351, 2002, entitled "Effects of Plasma Activation on
HyBPBpRV PP cPBOREPAGCEE - Si and Si2" , in which it is

menti oned that) fhe hondi pgeenergy, drops fram2,p JLRBrgy,
(case of bonding at anbient tenpéerature) to 1 J/nR

(casécptnpendengbeonddet ¢ athel WO Le dby $is aftet. in
bondi rei.nforcing.anneal i.ng carrij.ed t_at oC .
VW?hingﬁ%KOé%em S?%IS@%l. 156 qyo%?'tég% to ™ 351,

e scope ‘of irst”app Peatd

i nZeokj on eprrapases tEfsecthe bowestl a0 heactivation on
tenperatures allow ng the edge voids to disappear, so
asiHEFOPBLéats U Hdint 6F drlopalfl Bordi ng Ehergychinit is
referenceatio (e EnlinEl QUES D ldie BERAS 235 g/
propagati on speed of the bonding front of not [ess

t hanaBe8 i Hosclimg net tanichuse & drgrenfarumroptpn thel/m”

bo7eh08, SR A ERB0,eae, SRR DED BT oS {Rree
i roespesyi veiptothengurhase1 phegparati ensoeder prborcto
bonding, the aimhere is a speed in the GR range,

Within the scope of this first application, the
invention proposes to use the lowest of the
temperatures allowing the edge voids to disappear, sO
as not to cause a harmful drop in bonding energy.

In reference to the example in Figure 6, the aim
is a propagation speed of the bonding front of not less
than 0.8 cm/s so as not to cause a harmful drop in 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 1n the Gr range,
especially by reducing this speed by heating, in a
controlled manner. Mention is made that plasma
activation can likewise be utilised within the scope of
regulating the speed of the bonding front, with plasma
activation effectively causing acceleration of the

propagation of the bonding front (or an increase in the

propagation speed).



especially by reducing this speed by heating, in a

controll ed manner. Mention is nmade that plasm
W@ea7MetiedN can | i kewi se be utilised within theCHERE6/068647

of regulating the speed of thg bonding front, with

pl asma activation effectively causing accel erati on of

the propagation of the bonding front (or an increase

in the propagation speed) .A first variant of this

first possible enbodi nent consists of uniformy

heat i ngAt her@holve rangne faridlior fhlesibth@ﬁssbblf hembodiment

su ra tq be s co ariant ;co [

(:ogg}1 %ﬁ% I%carpgggmﬁééf?%§t1$gone Sand/ l% :E 8$%eand/or
ofthheosubstbateseteubetshusk tblhbtedutﬁ the zone

where the edge voids m ght di sappear. As di scussed
her ei nabovEWh réspeet t o PHtreS 2 ContE iy abghplised

sthﬁeEEEH%nék'SHeZQHQ/SE the bendingrf @Bt cyubstrates to be
| ocal i sation and the extent of this zone depending on

thetnahnedlmntwml¢h>Udndlngnhawhbeenunat@@@%dVOlds might
Accordin en t.he bondi ng of . t circu
Lo EebRRPIeYt (IS, Aaf b MRelhihiBatel Fl A wespgst to

prepgses lwatingst e empodde mablph£fﬁdniﬂﬂﬁh(&bab IS the
all of the circunference of the substrate) . By way of
puP@PQlPBIﬁ§995t|%@cékéﬁﬁFéontﬁP§ pBEi pKeFaF ?Snéhéénzone

10 bedgggﬁagﬁgedoﬁs t%cuwnmra peri phecal hand f %QsMbeen

rom the edge of a wafer 300 nmin di aneter.
Howeveratafen t he bonding of two circul ar substrates

[ initiated at h t
or oposetCrt REAF Bnl y TR ddbe GIARETH carl y (Opposi 60 12"

t ostiBksrpokBt i(d Niparticabantt hendperiepheral @zoneinvention
delimted by an angle at the centre of
proposes heating the entire peripheral =zone (that is,

15 all of the circumference of the substrate). By way of
purely illustrative example, this peripheral =zone can
be considered as occupying a peripheral band of 50 mm
wide from the edge of a wafer 300 mm in diameter.

However, when the bonding of two circular

20 substrates 1s 1initiated at the edge, the invention
advantageously proposes to heat only the edge
diametrically opposite to this point (in particular the
peripheral zone delimited by an angle at the centre of
around 120°).

25 By employing localised heating, the bonding front
is uniquely slowed locally. This prevents the formation
of edge voids without the rest of the bonding (non-
heated =zone) being altered and undergoing a loss in
terms of bonding energy.

30 The heating (localised or extended to all of one

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



around 120 ). By enploying |ocalised heating, the

bonding front is uniquely slowed locally. This
WEe@veetigs t he formati on of edge voids w t hout PEEEP286/068647

of the bonding (nonheated zong) being altered and

undergoing a loss in terns of bonding energy. The

heating (localised or extended to all of one and/or

the other of the substrates) can be carried outby

t hermal conduction. There can be provision for the

pl By e tds rwhilc it arebuse one Dicrhecsnbder atex ipidge for the

stuck, ("chuck"” pla o transmt its, hea It.ca
a1 E558 GPobieh FhBb=noahFagt khearRrdiiate s Be stue
radirahtiory poatexanpl erbysustngteneeat .nore hal ogen

lanps illumnating all or part of the substrates to be,

heat ed. THe &8 nf+5° cBRPIRBIRT B¢t of B2t h& S fdcesS t 6apsLed

s Stygk (4hergubgtrahes thenctypicaal Iy, being Pl 868d or more
opposite, separated by a fem1n1lllne¥res by neans of

spheérgynar d plrecedii huninzeicont adtl andr at pkgast of  the
ungi% 'niéigt%on ofhbggding (the substrates then

havl' a beeh p 3cBd Ph*tFdse contact) . In particular

heati ngueést cagriied evhpsduebdt hadféhe zore wherecébhe to be

edge voids are capabl e of aggearing remai ns at the
desFPel t éhper afuPetuAtFF t h8SBubstPafesldr ePgdRer eglaced

10inoﬁ?%éi%89e§éﬁéﬁ96§§h@§ié'ﬂé%EM@EfEmQ§§QEb%} means of

| ocal |y does not have to be able to condenser before
t hepboadshgars Pilacsfiedh clPbhe dunavronaofl heateagt until

Sopepdacl L9t 90.E08990100 ML SIL0KA) BADSY vecr

typigakhy hetweenel a@hsk 80 secamdSparticular, heating is
carried out such that the zone where the edge voids are
15 capable of appearing remains at the desired temperature
until the substrates are adhered 1in this =zone (by
hypothesis, the water desorbed locally does not have to

be able to condenser before the bonding is finished).

The duration of heating depends largely on the

20 device utilised to raise then control the temperature
of the heated zone. It is typically between 1 and 90
seconds.

By way of example, by means of a 500 W halogen
lamp, the duration of heating is typically between 30

25 and 90 seconds.

It is noted that this time range likewise depends
on other parameters, such as for example the distance
between the lamp and the substrates.

The spectral distribution of the lamp utilised to

30 heat and have the water desorbed 1s likewise a

parameter influencing the duration of heating. In fact,



By way of exanple, by neans of a 500 W hal ogen | anp,
the duration of heating is typically between 30 and 90
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depends on ot her parameters, guch as for exanple the
di stance between the | anp and the substrates. The
spectral distribution of the lanp utilised to heat and
have the water desorbed is |ikew se a paraneter
i nfluencing the duration of heating. In fact,a |anp
mai nl yarespr tid iyl v i @Wﬂtﬁﬁnﬁheliﬁhtaré@ ote (Undmgtrie dof mode
av v ound 3 iC II 0 i ses be

0. RGBTt L ratPr Ay orR bt ol rotVEECaLLY
eftemprdeser pjetonee}f watser ufit m@bsorm) ondapdrofictiherly
nol ecul es of water are effectively close to 3 m) and

t hB§TFEa88°P8 ultS ar 8pF8CheatdsRprPEION  Of water ' (the

qu%bok?ﬁéﬂt aneQis! yodecreasi ng the,thi ckpess pf dhe ;¢
| ayer of water adsorbed. In addition, the utilisation

ofeéﬁehtﬂm@&areaosadtatBonmheapg tbuseﬂeedsvebyuﬁEaBrapid
sorbed wat er the s L con
B RaF o, ST ot ot ar Y P ERLpAy eNCCRErar gt Fhéckness
| nbfarelde A seeont appldeat | @msfdrcw@d"teamnng aﬂ@.llat:I_@Sl t othe
carryi ng out adhesion of DSB type. The applicant has
efPEé%F@@Fyoﬁeeﬁfabl%UQ% debPEFATRE t FRditthe BubbresPs to

Cagepgcgétg%hgl 'h>é r 40t ag#xg%gﬂ;éal %@&%@ Wﬂéﬂ L8e ing the

scope O heS|on type when

substiabes aaéeheamedhunﬂéesn1yabeteﬂetandlynttkanheyrent
are Iace? E%ose ontact. | R observations have thus
shB#n<a*s gﬁpf gnfn edbttion, even that the bubbles

have di gsappeasgd. application from heating relates to
carrying out adhesion of DSB type.

The applicant has effectively been able to
determine that the bubbles can be partially or totally
eliminated within the scope of Si/Si adhesion of DSB
type when the substrates are heated uniformly before
and until they are placed in close contact. IR
observations have thus shown a significant reduction,
even that the bubbles have disappeared.

Heating in effect diminishes the thickness of the
layer of water 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 allows the appearance of bubbles at the bonding
interface to disappear.

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

second application, by noting all the same that uniform



Heating in effect dimnishes the thickness of the
| ayer of water adsorbed at the surface of the
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of diffusing at the bonding ijfsterface is now reduced,

whi ch all ows the appearance of bubbles at the bonding
interface to di sappear. The previous di scussion
concerning the different ways of carrying out heating

i kewi se applies to this second application, by noting

al heghéngapé ohat apdi por theapthgropfohbeandbsrrehes to be

ot her of .th 5 tes_to. tuck i.s preferably
catfieh ohe Crar PR Rak i B8 SR hebi a1y be
utili sedstobonheathe SidrSi e bondi 0yl of beuhstirates] hayi bgeate
different crystalline orientations, or again ,

suBst Pat esPRRGIRG di fFler et RIpi HGES or BYBR Gubstiidfegent

havipgcdiffgrent, | gvels 9fs constraints. fOlIdQWNG naving
transtfer of part of one of the subStrates to the

ot Hefferent odmpa nohi o ageent kewst ratties |layernondifferent
SUpROLY substraler, structures are produced, for which .
t he tAi i Iaye? ORC DA 'SP de Fand FHE su por? Substr dte
onohbe dit herehavedidferentopraper btesr, I rOrdermt & thin
enabl e rqu%gtion of the propagation speed of the ,
boh@YRg f rofLet he FRYBNt i1 9t opBBes TWPRATy Supstrate

prE@EuE?u?QEe%ﬂ 'pfbéﬁ%gﬁiC%Bquwﬁkﬁp ofethesurface. on
state of one and/or the other of the surfaces to be
st aok. sAceoralicdigthe ausgecand Ppossiitdtes epbodientthehehave
surfgge state of a substrate is nodified by altering

t hg' urfac _PBBEﬁﬁE%gsprior to bondi ng. This second
enmbodi MeAt oirSleROr® pafsbtal aebyilation of the propagation

speed of the bonding front, the invention proposes to
carry out, prior to adhesion, a modification step of
the surface state of one and/or the other of the
surfaces to be stuck. According to a second possible
embodiment, the surface state of a substrate 1is
modified by altering the surface roughness prior to
bonding.

This second embodiment is more particularly
adapted to the formation of a SeOI structure for which
an insulating layer 1s interposed between the thin
layer and the support substrate (also known as a buried
layer). This insulating layer is normally formed by
thermal oxidation of the donor 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 embodiment proves especially advantageous for

the formation of a Se0OI structure having an ultra thin



adapted to the formation of a Sed structure for which
an insulating layer is interposed between the thin

WO 2002063 t he support substrate (al so known aBRCHEP2006/068647
buried layer) . This insulatinng layer is normally
formed by thermal oxidation of the donor 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 enbodi nent
préﬂégléép@@iéﬁV§rad@anfagéouétfQKOVﬁé tor hat bentofuaarly

Se T u Vi n ultra th |nsuI i ng | ayer
g%a Cug% rov% qg%ﬁ$ EH%IC%|%$ %Fiégf %glﬁffeCt

teahneques cﬁndﬁu&~ptmahsae&~twuﬁﬁé@xn dyﬂ@aslomland/guCh a

transfer without defect with such a ultra thin | ayer

i nt &k pBsEdinn IretSieeh t HEPE HEH Pﬁyéﬁt&ﬁﬁntﬁé“%u%%b?tlayer

s subshrahe. sBypyltraybhtpatpsul ating layer, it is
general Iy understood here a | ayer which thickness is

| ess than 500 rA 'tQVinméyéatham'ZD@v¢r, The is generally
prop eed of the bon In sensitjve t
t he § r?gggd ate of gﬁé &upstha eég ﬁ% ?ﬁ coﬁté% S5 Ehan

Theodi Af eeesh sursbacrasl eani Ag and/or t r eat nent
options made prior to bonding, but also the surface ,
roughne88e tHUPIFHY W¥hc SRR r api dF By WX W cHrome  is

10bo@QhEQtﬂ@Q”%oSQEQagﬁer%Ehé@aEQeo§CQH§ Qﬁbggkétégcﬁﬂg in
enbodi ment the appl i cant proposes controlling t

sucbaCQCtoughﬁ@es ofifafdyrer ofsumdade socagamong and/or
sgpal ot pravauaty on, Speedof (e DAN N (1 Oty ene
pr@ﬂ@ga&eonrémgﬁﬁbég,tlmauaonghﬁgu&ﬁ@@t.tﬁ%ruﬁagﬂaaty with
bonding front is slowed, the result fromthis
which the bonding front spreads. Within the scope of
15 this second embodiment the applicant proposes
controlling the surface roughness of a layer of oxide
so as to regulate the propagation speed of the bonding
front, that 1s, 1n such a way as to control the
reduction in propagation speed of the bonding front.
20 Since the bonding front is slowed, the result from this
is a drop in the number of edge voids at the edge of
the wafer.
A first variant to this second embodiment
consists, prior to bonding, of modifying the surface
25 state of a thermal oxide layer formed on the surface of
one of the donor or support substrates and intended to
form the Dburied layer by conducting ‘aggressive’
cleaning of the surface of said layer of oxide.
This cleaning 1is carried out prior to any plasma

30 activation.
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the wafer. A first variant to this second enbodi mnent
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state of a thermal oxide |ayejs forned on the surface

of one of the donor or support substrates and intended

to formthe buried |ayer by conducting 'aggressive'

cl eaning of the surface of said |layer of oxide. This
cleaning is carried out prior to any plasm

acti vatPbncobrgeur sethermadr ey draydr ofidxidencha Bermed

f‘””e% -, €agh, of t no‘%'f°”° angd g%@ fstubss%bsattfe%t egngnguch
aggreSS|ve eani ng can 8 er forme
andé@gréheméhercl@‘armﬁ; suafﬁa@@s pérscamiecﬂ hemn&bn@xade/or

| ayers. For exang in the case of fornmation of a_ SO
st G%tﬂF@eEoﬁﬁrF ?n@uéfﬁﬁ??eaf BPtfatPRFR2EherhEP lavers.

oxi de | pyer Qfithe order +of 250 A 1@ 500 -Ad SUChoE 4 sor

| ayer is known as Utra Thin BOX ), adapted chem ca
treatnehtireanobercatnpged burlsd,asltoaltghnlyhetmhltheide

surface of the oxi de | aye For ,_ex | e, trea nent
i's %ﬁ%Fl 84 &&Corth (%ﬁ:tdyc%%%igigﬁs%?ﬁegbe AUt e aner is
dUkﬁbWﬁn)astlUQt&iagFﬂkfllrﬁmx’t)h,anacﬁé)@@@dT@B@l‘ﬁ@&&ﬂ duebng@ent
standard cleaning treatnent. SCl treatnent can thus be
appflelewr ek hefhevscdpedsdf tPhé1PRV &Nt FBANat g surface of
tegpgrg&yag of ,bet ween 50 0C and 80 0C , for exanple

of the order o¥ 700C, with a treatnment duration
greaterF©haﬁx$mpiﬁuté©1 toea5manplesoﬁppheedrdepooﬂim@ to

i t di '| t
Ponahfot sphoedt dublr ariEele Thret v8h) an b0l MRaopi fipant

aspgeeh those respected during standard cleaning
Lreatment. SCl treatment can thus be applied within the
scope of the invention at a temperature of between 50°C
and 80°C, for example of the order of 70°C, with a
Lreatment duration greater than 3 minutes, for example
of the order of 10 minutes.

Figure 7 1is a diagram 1illustrating the bonding
process according to this variant to the first aspect
of the invention. At stage 1, there are two substrates
A and B. At stage B, procedure 1involves thermal
oxidation of the substrate A to form a 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 layer O’ at the surface of
the substrate A. At stage 4, the substrates A and B are
placed in close contact by way of the rough layer 0O',
and bonding is initiated such that a bonding front

spreads to the bonding interface.
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of oxide O at the surface of ihe substrate A . At

stage 3 , aggressive cleaning of the |layer of oxide O

is conpleted to obtain a rough layer 0 ' at the

surface of the substrate A . At stage 4 , the

substrates A and B are placed in close contact by way

of the Rougkcloager ®riand bohAdi rdiiss i¥eedrd ederhiediment
th . bondi front spreads to e ndi n

nesrPadeta dasha bar Bei e it £ R o rep foce
coBshstSpfpbiner ahel/kaendiheg,otofe ot fymagdbher sanflagaepport
state of one and/or the other of the donor and support
suPSPPaFREChY e pdeR e F hgl 29 r BudiPUEY et 2BRT 0RE atRi? ofRd/ or

thenot Bencof osaikdigubghiatgsesWthin the scope of the
exanple of Figure 7 , it is understood that according

to thisisecondtivar pappestépsh? ardmplef oFi jugerd dreit is
conpl.eted at e.sane time by deposit of a.rough |aye

o TR & 0o Pl b G Aok e e T2 98 gV ety S eps
exanphe 0 deposdira JESBe| ayeplet caxiade HH{oOrsexamliee by
deposited by LPCVD - Low Pressure Chem cal Vapor
DepBBPELBNCT Br TBYIPEEYDET Pl aShaSERhaREedCheRi edPstrate
Vapgor Deposition) , of a LTO |ayer of oxide (by

chem cal reaction of silane with the oxygen) , or

agai n altayerrefilunreédi der Beposiéei hg fdspekfiectedEOS layer

accgrding t? adagted epgsitigg %oEdi§E8O§’_a§ A o ccure
fuRtt PERTGF (tHe d&siPed FPRAFIERFcRKess Yo t &PYet ™5
cechahNchoUONAEesSs, Bagosc Pafticular ay opghiness -suehasma
that the surface state
Enhanced Chemical Vapor Deposition), of a LTO layer of
oxide (by chemical reaction of silane with the oxygen),
or again a layer of nitride.

Depositing 1s effected according to adapted
depositing conditions, as a function of the desired
final thickness, to target a certain roughness, and in
particular a roughness such that the surface state
limits the propagation speed of the bonding front.

By way of example, a roughness of a TEOS layer of
oxide of between 2 A RMS and 5 A RMS limits the
propagation speed of the bonding front, at the same
time as retaining good bonding energy.

It is specified here that the TEOS deposit 1is
particularly adapted for the formation of ultra thin
oxides (thickness less than 500 A, or even less than
250 A). In effect, the roughness of such deposited
oxide 1is typically what is wanted, without requiring

additional treatment.
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way of exanple, a roughness of a TEGS | ayer of oxide
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speed of the bonding front, ajg the same tinme as

retai ning good bonding energy. It is specified here

that the TEGCS deposit is particularly adapted for the
formation of ultra thin oxides (thickness |ess than

500 A, or even less than 250 A) . In effect, the
roughneBsrofisieh deposittiedsoxideringt ypi cadigetwhatepgate
wan haut_ r U|r| di t.ional
treéyﬁ%ngﬂ%Ee%§%tfﬁg con t?%n%ﬁg %O%%ﬁw t6% ar
adbquaéenreughmessnareobomTexaamberhheréoonmbﬂgeen 650°C
pressure of between 300 ml and 700 nl; tenperature of
beteer 9856-0C fant® 700 0€ ChAL iWienot’ s ¢HEt thePressure,
i ngreasesh N JHLSIWC e 28 akJ0 {HRLLPLILASE IMbsults in a
tenperature, results in a decrease in roughness. It is
notledrehat thi sosgboadsvariant is appllcable both to

thi ck deposit f .oxides nd for d p03|ts .

Lhin i1 uiPERIokBEEqraRt | yoRRHE: Sar b hot S RBkiCap1e
acbbvat iten ti eat mesbosThe kﬁweﬁiid§eabﬁa AOPOSESesits of
accordin%:to a second aspect, equi pnment. enabl i ng

moP ek tifartidhediioRSof - uFSEERCES G Yoneh aRbEheror not
Equi puRnt abet v IRAYAl  bophageby Mol ecul ar adhesi on

usual Iy conprises a support on which is placed a first
substratee theesectondasabsprapesthenabednginet irnedsecond
wthre pect t.o th flrs substr The injitiation of
DORAPREE (| il s uPBRH LR Sl WP P By ChedHe. T0

of sapst¥ht8s to one another.

%ﬁﬁssure of

Equipment for manual bonding by molecular adhesion
usually comprises a support on which is placed a first
substrate, the second substrate then being returned
with respect to the first substrate. The initiation of
bonding (local pressure) 1s assured manually by means
of a stylus.

Automated equipment may comprise especially:

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

— one or more station(s) for surface preparation prior
to bonding (operations for cleaning, rinsing, drying,
etc.);

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

placed in contact;
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recess known as notch' ); - ope or nore station (S)
for surface preparation prior to bonding (operations
for cleaning, rinsing, drying, etc .); - an adhesion

support receiving the first substrate, then the second

at the end of bonding. Spacers can |ikew se be

provi dednt o awianadiir t heiséoond supsriade arfigwation of
m | %n Eﬁﬁs above the first before they are placed in
contact;an”automatic piston ensuring initiation of

bondi ngoneneromomrer & daeadidnpqard Sré@cer dgthdecassettes
cassettes of substrates to be stuck or already stuck;

- a°FoPBPSERELEFNEOt PENSPBFE BF thESHEYeP5UFFom one

el ement ;of.ophe equi.peRt Lo ARRLRer s ML geperals £PEm one
equi pnent according tothe second aspect of the

i nvehementreprikesctgherveasstcabknebhéirgurati on of
bondingquui nment b%hnolecul%{rldhesion gganual or nd
autonate%)gSU?r?urt er 5%%5%1§ésnﬁ§ﬁ%¥?%fgﬁﬁﬁi y?na?co
preepetd adresi one t hevsfidiane stapeieksonetrand/ erakbecal
ot her of the substrates to be stuck. These are
espeefaFryeheati nd hreaRSFAF I ai SHREPAAAC comtt ol MPAgCular

theqheapshat W6 of1 oBe and/ Q. ohher erGHB%~d88ﬁbrises

d :
and support substrates before they are placed in close
contact andr almediduriingg ber hgr pltaceddhascbose tdent aotrface

(thet LS, el 0 during. PropagerLonoof bhe BYding oo o e
stuck. These are especially heating means for raising
and controlling the temperature of one and/or the other
of the donor and support substrates before they are
placed in close contact and also during being placed in
close contact (that is, also during propagation of the
bonding front).

These heating means can dispense heat above and/or
below the substrates ready to be stuck.

By way of example of devices for heating below,
and in reference to Figure 3, a ‘chuck’ C can be
provided, forming a ‘heating wafer’. This is for
example a chuck 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 temperature is regulated (at the centre in
Figure 3). It is likewise possible to utilise (to the
right in Figure 3) one or more heating lamps L which

communicate their heat to the ‘chuck’ or directly



These heating neans can di spense heat above and/ or
bel ow t he substrates ready to be stuck. By way of

we@xamobiE4df devi ces for heating bel ow, and i n PEF/BPINEQE68647
to Figure 3 , a chuck’ C can e provided, formng a

heating wafer' . This is for exanple a chuck in the
mass whereof one or nore electrical resistors R are
integrated (see illustration to the left in Figure 3)

, or a chuck' Cin the mass whereof neans F are
i ntégratedteortied r cidaat i AGOFl ubPd whe? ecff t kde substrates

tepperature [ s_r I d t centre Ln_Fi [
R, B b b e R R oLt 285PE o L PRESPHERRE ho =
Fi gadeaB8idnpne or nore heating |anps L which

communi cate their heat to the chuck' or

di rect| 1 1 putethe ¥édr #8cé U Sheof (Ghevwell as in

s supstnates,t hrgugh @o?ﬁéﬂ%@ﬁE%BheB!ﬁ%?eﬁﬁ%eh@@ﬁtthe donor
tranSparent to IR radiation) . It is evident that in

Fi gude Bufsrveldulas Hatel gares dhamd 525 teiy opposite

nment i oned. her ei nbel the donpr and.su rt
SUBGYPhE 8L ar & SHOWT A BYi g Bpbodrta (Erealty spacers
sepdr abedoby Befew pihtbaetnes1byespaseustE), before
bei ng placed in close contact. These different o

t echni qbessSean b ii9sedtsepararery ofadin be utilised

10 cogbhpati ony local] Yo ofn oot Ne Whebe,0f ythe clickyl fnoi1e
is possible to produce tenperature gradients over the

exbénttigf theckurfldcess grosgidnlre t bocreeatdidecakmperature
contrql of the tenperature. B of exanple of a .
dedTaa BRI PRGThERE! Ag FrimAbouie BN HiY EhgerbntIpin tO
| appsatadigthngcdhtest | yronhe eBmpbeasubstrates can be
provided, uniformy or deliberately |ocalised .
(especi &Y y'arhep € tHemdge 96i ds device enabling heating

15 from above, an arrangement of lamps radiating directly
onto on the substrates can be provided, uniformly or
deliberately localised (especially where the edge voids
are capable of appearing).

So as to control the temperature of the heated

20 zone (whether part or all of a substrate or the
substrates) the equipment can also advantageously
comprise a device for measuring the temperature in the
heated zone (not shown; for example in the form of a
pyrometer or a thermocouple).

25 Equipment can also be available 1in 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 invention for the formation of SOI

30 structures, within the scope of the transfer process of

SMART CUT® type.
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tenperature of the heated zone (whether part or all of

w@2®abetisst e or the substrates) the equi pment PENERI08€068647

10

15

20

25

30

advant ageously conpri se a devjce for neasuring the
tenperature in the heated zone (not shown; for exanple

in the formof a pyroneter or a thernocouple)

Equi prrent can al so be available in a nanual or

automati c version. Hereinbel ow two exanples are

provi detl forstsiengmphe flisr sthegntyoldi wehfogf et processthe
accordin he first pec f .the i,nventi far -the
fogﬁég#ggtég %é %;%%%tﬁfeg,%ﬁ Hﬁ%%t#é?@%bpgﬁ%fg%ﬁ%erent
transfes proecess 661 SMARIGECUT(r) type. A first exanple

is that of uniform heating of the substrates b% nmeans
of a ﬁeQF?ﬁéréﬁ&EQ.théqﬁf%%ﬁ%ﬁﬁe%f%ﬁe%ea?EUF gaccording

fol l owi pg: nuREEPAEREEANNGT LBRLSHIhgCeRChO BeeghYRK  and
according to hum d cl eani ng conbi ni ng RCA cl eani ng and

t r eat nenrebawedt ohasednen ozopeional plasma activation

(O 2) of the surface of the donor substrate; -

cl eani ngPot OLhe Burfhces Stmieditarel S}D%riogtri Y povbtags °of
by brushimg 4wt rdunpsidngow.th ultra-pure water and

drying by centrifuging; - uniformheating of the

substt atésatonde st uckridhy smedrscesf anhreatiiang lohupk ior  to
whi ch areﬁg.aced thq%su strat not

S .yet in conta but
bl aced GEBRSIE dHe BNUTRELS andsobb atBd By A Pawre bure
mllinetwesd serl kgurey by) certeatingrigs carried out
for severa
— uniform heating of the 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 for several

seconds, according to the power of the heating

device (from 1 to 90 seconds, typically 30

seconds),

- placing the substrates 1in <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 c¢leaning combining RCA cleaning and
treatment based on ozone;

- optional plasma activation (0;) of the surface of

the donor substrate;



seconds, according to the power of the heating device
(from1l to 90 seconds, typically 30 seconds) , -

w@bk@cioerg4z he substrates in close contact and i PCT/ERI0D€668647
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of bonding; - termnation of {3eati ng. A second exanple

is that of |ocalised heating at the zone where edge

voi ds are capabl e of appearing, and conprises the
foll owi ng stages: - preparation of the surfaces to be
stuck according to hum d cl eani ng conbi ni ng RCA

cl eani nglandingead henthdhasetr iroy onameshitenal plrasma to
activati 0 2) pf the_surfa f _the.danot _
Subst ot arGaft ngY of CERG Bt Fashs I Hasdcatary prFaRoue
to adhesbhoar bydbaushhagbtheantirnsuggnysth ul tra-pure

wat er and drying by centrifuging; heating of the ,
subsfra?%%tﬁﬁgb@fs¥@€k%ﬂﬂ%}rﬁﬁeﬁhéxkdﬁ% Dpposi PelY hen the
pol nt OthQ'B?ébb98@U%h@@péih@”BfLiﬁhéﬁggiéﬁoﬁgihgea lamp
substrates not yet placed in contact but opposite one
anot her Lamd eseparated byhae fewstiddtiaetnes @eft .placed in

Figure 5 . ting is carried out for severa
Seconds CRERGF PRy BT TFovel ot THE et ng BavFEEY P
(from lat of80 seconisettyPi catty 30 geeonds). ; Hpbacing is
in contact and initiation of adhesion (I c |ocalised
i nitiatFBhratdt RBTwdPer EFe?R L %%QQﬁQﬁn!%ﬁp%ﬁdh%%tFﬁgthe
the WﬂfﬁB@éQLékN§hé he§t95808§§iggr(?98%'@9t9y90 seconds,
nol ecul ar adhesi on of two Substrates to one anot her
during whpthat he s0rfacesds);

- placing in contact and initiation of adhesion (I¢

localised initiation at the wafer edge);

- termination of heating the wafers;
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of said substrates are placed in close contact and
bondi ng occurs by propagati on of a bondi ng front

conprises prior to bonding a step consisting of
nodi fying the surface state of one and/or the other of
the substrates so as to regul ate the propagati on speed
of the bonding front. 2 . The process as clained in
Caim1l , characterised in that nodification of the
surface state 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 clainmed in any one of the preceding clains,
characterised in that nodification of the surface
state is created by heating. 4 . The process as
claimed in the preceding claim characterised in that
heating is applied prior toplacing in close contact
and at least up to initiation of bonding of the
substrates to one another. 5 . The process as cl ai ned
in one of the two preceding clainms, characterised in
that heating is carried out for a duration of between
1 and 90 seconds, preferably over 30 seconds. 6 . The
process as clained in any one of Clains 3 to 5 ,
characterised in that heating is carried out by
t hermal conduction via trarigB$s on of heat froma
pl ate supporting one of the substrates to be bonded. 7
The process as clainmed in any one of Clains 3 to 5,

éharactEti§eﬁrbﬂeébaﬁoheakkﬁgdq5Uyﬂméfﬁb&&ﬁrbadhesion of

radiation froma lanp illum nating one of the

two substrates to one another during which the surfaces
of said substrates are placed 1in close contact and
bonding occurs by propagation of a bonding front
between said substrates, characterised 1in that it
comprises prior to bonding a step consisting of
modifying the surface state of one and/or 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 modification of the surface state
is a decrease in the thickness of a layer of water
adsorbed at the surface of one and/or the other of the
substrates to be bonded.

3. The process as claimed 1in any one of the
preceding claims, characterised in that modification of
the surface state is created by heating.

4. The process as claimed in the preceding claim,

characterised in that heating 1is applied prior to



substrates to be stuck. 8 . The process as clained in

the preceding claim characterised in that the lanp is
wa@2loamemisadi ating in the infrared range, at a PCI/EP2006/068647

wavel ength of between 0.8 majyd 5 m. 9 . The process

as clainmed in any one of Clains 3 to 8 , characterised

in that heating is carried out at a tenperature of

bet ween 30 0C and 90 0C , preferably between 50 0C and

60 0C . 10. The process as clainmed in any one of

C alagiggt eng clogkarcactecitsedd mit hetaleatp ngoi gnitiation

PR Bt rhbeblo b8 Bhntiohe 11 gy SEaBHELE"C) B rea

in any sneThé Ghavo®s8 taxs 9 glahard@ctieri sed i vft hahe two
heating is applied locally at a peripheral zone of the
suBSEFateNfo e HBhded-NABACTHHel 3 Gceds 444 almeG iy 1S

s dahmidy wherebp adhgshenochsSoknbiiated at ;hheggenbrengs,
characterised inthat said peripheral zone covers the

enpireéecabtunbeeende etcthdssubstrate to be bonded.

13. The process_as cl ai_ned lin.mCI inlllllh V\,h%rei N caims 3
adhesi 0?1' i s TnPtrated at° t%ealeaege, RhAPECCES sed Fhtms

t hat sai deerdpharialezone deser nbasiag ar€ @r@ied rehe by
di anetrically opposed to the initiation edge and

| i fiEEle by @ amgt eOat tife EERTPFELIEF 18P ouRd 1PERt 14rom a

The,process, 8- ¢hagl pEd bR Chai MudserGPacacteptsednhfg.
10thgt nodi??%atitoneo?ﬁt he sur%ace g%]éte IS creat ednby
roughenv ngTo¢ phecsusf a&ce.cUbimekheipr ecgsenas «f at hedns 3

L the preceding ol alm. charact grisedyinthat, they oue oy
radiation from a lamp illuminating one of the
substrates to be stuck.

15 8. The process as claimed in the preceding claim,
characterised in that the lamp is a lamp radiating in
the infrared range, at a wavelength of between 0.8 m
and 5 m.

9. The process as claimed in any one of Claims 3

20 to 8, characterised in that heating is carried out at a
temperature of between 30°C and 90°C, ©preferably
between 50°C and 60°C.

10. The process as claimed in any one of Claims 3
to 9, characterised 1in that heating 1is applied

25 uniformly over the extent of the surface of the
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 peripheral zone of the substrate to be bonded.

30 12. The process as claimed in Claim 11, wherein

adhesion is initiated at the centre, characterised in



surface state consists of form ng a rough |layer at the

surface of one and/or the other of the substrates to
wheoosoedesl. 16. The process as clained in C ai PET/BP2006/068647

characterised in that to formssaid rough |ayer, it

conprises an operation of thermal oxidation of one

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

thermal oxide |ayer at the surface of one and/or the

ot her of the substrates and an operation for treatnent

of thae theprhdl orfderhayet adapred t6o¥ech salkbeoxi datire

cl Ak U BhSr SR, PEoh e PRaF AhE TP oAEment 6t the

t her mal 18xi Teel ayercdss chemctalinkreatmentlait8.1Thewherein
process as clainmed in the preceding clai

ch§95@§éPP§é&5iﬁnﬁﬁéﬁt?ﬁe %%eﬁ@ﬁl oXvee E%yg@qp§gised in
s | ayght ok PR ranfict-he Cherd crlsdrgrtdent 45 S 5 circle

treatnment perforimed at a tenperature of between 50
0Cahdm8Or0Cat by aoswratidon tgr edther thant tdreen m adyes, and

preferably for 10 m nutes,, 19. The process a , med
P AP R 8Y *ERar aliBr rEetfncenatel 85 ornred &2 Pough
| ayer, 1it.conprispsoasseperaski oncfeimdeposihi ngcaaim 1,
| ayer of oxide on the surface of one and/or the other
of ChAgastBEL Patledn. t2BT TRELIpLERESS astcFAPMEHTEACENETATE

10Pf@%?ékegtghab9lrsﬁaﬁéﬁﬁﬁgi§§dth8 %B@%FEQ? deposi ti ng
consists of carrying out deposit of a [ayer of TECS
oxi de, a5} ayee pfotdssoxsdeladmned fayeheopraredideg. claim,

21@h§92c9é?§§83 %% %E%En%%élgéga%(g] ﬁngPfcation of the
surface state consists of forming a rough layer at the
surface of one and/or the other of the substrates to be

15 bonded.

16. The process as claimed in Claim 15,
characterised in that to form said rough layer, it
comprises an operation of thermal oxidation of one
and/or the other of the substrates so as to form a

20 thermal oxide layer at the surface of one and/or the
other of the substrates and an operation for treatment
of the thermal oxide layer adapted to etch said oxide
layer.

17. The process as claimed in the preceding claim,

25 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 thermal oxide layer is a
layer of Si0,, and the chemical treatment is SCI1

30 treatment performed at a temperature of between 50°C



precedi ng clains, characterised in that it further

conprises prior to bonding a step of plasma activation
W@R00oKe01ahd/ or the ot her of the surfaces to bePGDREAI6/068647

22. The process as clainmed i mg¢t he preceding claim

characterized in that the plasma activation all ows

strong bondi ng energy to be reached after a

rei nforcing anneal i ng of the bondi ng of around two

hours. 23. The process as clained in the preceding

cl anth ©Har aéperixzeduratipat atm@t@hedhing tilsree minutes,

cond e t tenmperatu | ess than 600 OC . 24. The
pr 5égér§§§¥lg?ﬁeggiﬁl%Pégﬁﬁ 21-23, in conbination

W th anyoonehef cpadvd®sS t md3, «hamaet eriised icnatimat 15,
the plasma activation is performed prior to ,
nmodlfreatFenses tHe §@@Fac%OsH§F@1b?aﬁéat¥%©9h2§?ﬂTﬁé 1t

s Prosgssigsschai mRd R 1 6laifn ?oﬂe-g?o%ieiw(oybm%t OBf oxide
with any one of clainms 14 to 20, characterised in that
t henpl abma actiteati o fi sperd orarelf @&f t erharpddfhenti oh the
of t etSU£face state by roughening . 26. A process for
for MREr6A-6Ff "a structure conprising a thin | ayer nmade

of a semdconduchoscHBtensatlonmadsuppont pubstrahe, claim,
conprising the stages of: placing a donor substrate in
cl 688reéshtactedi t At hé 'Shppdrit® subRPatlel 39 asoppists of

10 Produce; handi,ng Ry aekecid ar adhesi on piosabdige, a laver

substratesS to one another follow ng propagation of

bondi h§Of penticbebweenlsmed stbsitraids; transfer of a

part Of2£|:]eT1rqgnoprroséjebssstr%tse tc atilgneed in any one of the
preceding claims, characterised 1in that it further
comprises prior to bonding a step of plasma activation

15 of one and/or the other of the surfaces to be bonded.

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

20 23. The process as claimed in the preceding claim,
characterized in that the annealing i1s conducted at a
temperature less than 600°C.

24. The process as claimed in claims 21-23, in
combination with any one of claims 3 to 13,

25 characterised in that the plasma activation is
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 claims 14 to 20,

30 characterised in that the plasma activation is



support substrate so as to formsaid thin |layer on the
support substrate; characterised in that it conprises

W@erioowotias bondi ng a step consisting of nodifyi PGI/EP206/068647
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surface state of the donor supstrate and/or of the
support substrate so as to regul ate the propagation

speed of the bonding front . 27. The process as

claimed in the preceding claim wherein the donor
substrate is a refresh substrate originating from
reegefpnged2giftequi pe@hf i¢aripondifngthy solréegkarstate by
ad@gg%ggnga two substrates to one another follow ng

the p opagagfon of a bonding front between said
substrates, Acharackersi setbi N fbahattogomafi ses neamscture
for nodifying prior to bonding the surface state of
on€CHRAF Bt P he ot HEr-Tof HNESUBEI Tt e3f so2asSepLconductor

reﬁHkéE?aﬁh%np%0%%$§df¥Téﬂﬁ%%kéﬁe}r%b&ﬁ@ﬁéﬁ&gffﬁétstages
29. The equi pnent as clained in the preceding claim
chafacterised in that the nmeans for nodificationof the
surface ftatg consisﬁ of hg@%in% means ﬁda tedrgo ‘ th
rai se and Contr Sl ?%eo¥eﬁﬁ'ﬁ {3ré€ of" ofie“5nd/ ot tHe V't
ot her ofnh&éheupybstr auesthater e being plpcedutd BbOSENg by
contact and at least up to initiation of bonding of

sai d suBstrare’drt o2ghesSandt hef. 30idTheukghrpheat hs one

cl ai med,}, 9 £ A1 P2 18,59 rfc%&&g& Rlat gron, Whl.chi 0ne £y ont
of the %ugstrateg to beggﬁtc Is placed, charactlergi?seéon
I n thatb¢heephateifiosnssarheasi ng wafer. 31. The

equi pment _as_cl ai ned in ai . characterised in
t hat on r%pSﬁ%Feo | &t |ofggg§t 10T substrate to the

support substrate so as to form said thin layer on

the support substrate;

characterised in that 1t 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.

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

28. Eguipment for bonding by molecular adhesion of
two substrates to one another following the propagation
of a bonding front between said substrates,
characterised in that it comprises means for modifying
prior to 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 equipment as claimed in the preceding

claim, characterised in that the means for modification



are integrated into the mass of the plate. 32. The
equi pnent as clained in Caim30, characterised in

w0 bar/oeahs enabl i ng circul ation of fluid wherRCI/EPI906/068647
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tenperature is regul ated are jfgntegrated into the mass

of the plate. 33. The equi pnent as clained in Caim

30, characterised in that it conprises one or nore
heating lanps illum nating the wafer for heating it.

34. The equipnent as clained in daim?29,

chafa@fn@r iseddae tarte héohééﬁtn@fwéérﬁéiia“r% fermedagypprted

QOkaTBLe UG\ AR I AdLALing. did o6t YoM RAIBE tne

Strat € “equi s clai e
preﬁﬁdtn@ﬂﬂfMQ]SQbataateBI%%fdﬁbthéin@h@ﬂamamifmaclose
| amp radlatl(% in the infrared range, at a wavel en

of CBREGEEN At andgasstmupr to inftiation of bonéﬁng 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, characterised in that the plate forms
a heating wafer.

31. The egquipment as claimed in Claim 30,
characterised in that one or more electrical resistors
are integrated into the mass of the plate.

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

33. The equipment as claimed in Claim 30,
characterised in that it comprises one or more heating
lamps illuminating the wafer for heating it.

34. The equipment as claimed in Claim 29,
characterised in that the heating means are formed by
one or more heating lamps radiating directly onto the
substrates.

35. The eguipment as claimed in the preceding
claim, characterised 1in that the lamp is a lamp
radiating in the infrared range, at a wavelength of

between 0.8 m and 5 m.



