Transfer Method with a treatnment of a surface to be bonded The invention
general ly concerns the manufacturing of multilayer wafer including

mat er i al sweeb@osedtsf r om sem conductor materials, and usedTiiR2@ppiz2Tati ons
in mcroelectronics, optics, optoelectronics and/or Optronics. Mre

preci sely, the invention concerns the prpcesses for transferring froma
"top" wafer (or donor wafer - these terns being herein understood as

equi valent) a |ayer of a sem conductor material onto a "handle" (or
receiving wafer, or "hase" wafer - these ter bei her ei n under st ood as
equivalent), in o W??Bﬁ%ﬁl%dé{v'mpttr?%" f%rs.urg%%f%?’e&&??ﬂ?Qpes of
such processes are known. Many of these processes inply a bonding step for
bondi ng the handlg and the top wafers, before a removal o f the SS
material fromt heﬁ?)%ﬂﬂ)é%P O@p Q%Q%ar"? %”%ﬁrr‘? tﬁa épa%%/ag&}érW%roéc%itﬁéf%i ch
inply a bondyafershélndiang mbialasdicticanBbey samiesHsif3os nizteri@$Pangrugedsses.
It is specified that the definitions and, correspondi ng acronyns given in

thi s docdment adicalions eniareelectianigs,QRjiss. eptQelegirphiCaandenepteics.

i nvention which i il t | t.
These definitions grﬁgﬂyrrs I@?ﬁgeﬁﬁ%«%@}o&%br%%{@%ﬁé%cérgeggy%i?é%ﬂﬁ%p t he
pur pose of ufinoar 3 t“topdiwafer o dprort wefdrar thrds] Eetmsnineirg heTéipyuratassiood

i ntended to be used, f any. ot her_ purpose .g. for.the interpretation of
ot her docunmeft se%\@r{eoté %gﬁ\é r 8§taer??§ﬁ%‘?“d¢’£f%rntmag%ﬁl" HMtPoAs dﬁehek?{ama of
the ApplicanteceWMEaaifér berpass’ warei-f tredk. tefihis keipighhénanesinderdiddd as
processes include: the BESO -type process (the renoval of material from

the top MWaf epayivalgah)s byordar ih R BWIEBRYHIWRSST said top wafer), the
ELTRAN(tm -t ype %%Fgﬁtggﬁggg@\é@hh?o%sggr kidQuah a detachment of

the excess materia hment resulting fromthe attack of a porous

regi on of the topViaafeof) these processes imply a bonding step for bonding the
handle and the top wafers, before a removal of the excess material from the
bonded top wafer.

15 We will refer to such processes which imply a bonding step as “bond
and transfer processes”, or “BTP” processes.

It is specified that the definitions and corresponding acronyms given
in this document are provided for the purpose of clearly defining the
invention which is the subject matter to be protected by this document.

20 These definitions/acronyms are therefore intended o be used only
for the purpose of understanding this particular subject matter. They are not
intended to be used for any other purpose, e.g. for the interpretation of
other documents such as other patents or patent applications in the name
of the Applicant (unless otherwise specified).

25 The known types of BTP processes include:

e the BESOI-type process (the removal of material from the top wafer is
performed through an etching of said top wafer),

e the ELTRAN™-type process (the removal is performed through a
detachment of the excess material said detachment resulting from the

30 attack of a porous region of the top wafer),

e the Smart CutTM-type process (the removal is performed through a
detachment of the excess material said detachment resulting from the



the Smart Cut(tm-type process (the renmoval is perfornmed through a

det achnment of the excess material said detachnent resulting from

t hespl i t twogo@fo3tdse t op wafer at an enbrittl enment regi orCohBRIONEWH2THY

i npl antation of the top wafer with at | east one species. It is specified
that a general description of the main eps of a non |imting enbodi ment
of this type of nmethod can be found in LI CON- ON- | NSULATOR TECHNOLOGY:
Materials to VLSI, 2nd Edition (Jean-Pierre COLINGE). The bondi ng step of

such processes is generally perfornmed w thout addi ng between the t and
handl e wafers QFIW'BGh@_Eiﬂ?‘@ E%c‘ﬁ?% at r%i‘?ﬂ‘b”@@”ﬁrﬁl redipre 0 t@"‘:,eﬁ'cﬁ’lg’bondi ng
wi t hout adhesi Kﬁpl%ﬁté'tﬁinr &the 9P Hter withvad I%SB-BRe [dsSiitng spHEifled tightr ect
bonding will be teferred to as "Direct bon |n? and transfer process”
(DBTP). For sualgeharscdesmiptiongpf thaenainrstape of vonwre ligdingeembadimeset afer y

snooth (i-e. pgesent a ver oW ro es iy 4 I Rl it ovi de a
snoot h surfaceﬁzﬁewpﬁ3 f?fé%e{n&\iﬁerc#ﬁiqg% faé‘mtdéqﬁe %B‘r@%@ﬁnﬁflﬁs‘?l@&@ﬁdvb\af er
t hr guglh & di) rquctrm_@é_lﬂg_aY.eI%/@ter?a{s leLg}l,r@d fditbﬂg@l!eﬁg;ﬁ’iam[]CO[_m(fQE).wi t]tl aﬂ

oxi de | ayer) over_sai irst wafer, and/or submittin e surface of the
first wafer to a SpeoPPANG: $teRt HesHch Bf%.esﬁ%%/ ilggpﬂ@faHly_p%r%ormegowﬁﬁg of the

surfaces of AMndBLRiSoMReIp A% RENIESRbRCaRpBIREsise (aess 8 rbangl ng

i nterface associ iven ding energy (the higher this energy
the stronger the \Bendjll refaetdsndh mpnding yithobt athesiveasdiditest bpodifiong t wo

waf ers w t hopyt ddi t i |t tol | I gh, er . Thi

Is the \(,:Mase ’g'ﬁd [a?g%t cﬁ#@bﬂgﬁgns r‘ﬁa%sﬁ%% :bﬁggf?@g&vglb %ir%‘%\%\ﬁe{& Iht%t %gnggg i ng ijfs

t}/vo or rI;@r et[%@{cﬁm Fgﬁmﬁﬁé@ebeﬁf(mﬁmmh Id;” tial wafer Eri ngi ng g |

"l ayer” to e multilayer wafer thus obtaiped), wth a hi

(i ].ce. a :)ondi ng & 3‘}3@! ﬁﬁ"ﬁ@hlbp{]'dtﬁ}geath%rsqr%&ﬁSST@O%/kb@qubgmH%gﬁ’retgﬁﬁwggnded

wafers. In s Y th bj d "bondi
%éaoggi%sp%%g%%m Hhedk$ thus subjected to a "bonding

heat treat nment oves the strength of the bonding.
And it is possible to provide a smooth surface over a first wafer which

is to be bonded with a second wafer through a direct bonding, e.g. by
15 building a “bonding layer” (e.g. with an oxide layer) over said first wafer,
and/or by submitting the surface of the first wafer to a specific treatment
(e.g. polishing, ...).
A bonding of the surfaces of two wafers generates between the
bonded surfaces a bonding interface associated with a given bonding
20 energy (the higher this energy the stronger the bond).
The bonding energy obtained by direct bonding two wafers without
any additional treatment is sometimes not high enough.
This is the case in particular when it is desired to obtain with the
bonding of two or more wafers a multilayer wafer (each initial wafer bringing
25 a “layer” to the multilayer wafer thus obtained), with a high energy bond (i.e.
a bonding energy typically greater than 500mJ/m2) between the bonded
wafers. In such cases, the bonded wafers are thus subjected to a “bonding
heat treatment” (BHT) which improves the strength of the bonding.
More precisely, such BHT is generally carried out at high
30 temperatures (i.e. at temperatures of 900°C or higher). We will refer to such
a high temperature BHT carried out at temperature higher than 900°C as a
“HT BHT".



More precisely, such BHT is generally carried out at high tenperatures
(i.e. at tenperatures of 9000C or higher). We will refer to such a high

t enper at wWwe 2B¥fo3emsri ed out at tenperature higher than 92000820@%06827HT

BHT" . Such HT BHT reinforces the bonding interface and can bring its bonding
energy up to a desired level. As an illygstration, the bonding energy
between a Si wafer and a Si or Si2 wafer is maximzed after a HT BHT at
teﬁeratures in thg order of 1100-12000C. The bondi ng energy obt ai ned after
a BHT can e. e 2 to 2.5 J/n2 for a bondi n Si/Si

Si/Si . Such HTSBFFh Edn BHhkreinderees) ﬁhﬁm})?'ﬂ@nﬁaﬁﬁﬁ %ral’“ﬁgc%'? r]gt i'?%ayer

f th
waf ers wi W un@gSI rggﬁ%%ﬁrau IQ\?éIV‘ﬁ@%ntmﬁstpé’tﬂﬁlﬁ(ihé%bﬂﬂﬁwgoénérb? waf er.

However, it e to carry out a HT 'on a nul tilayer wafer.
This is the xseer agSi wbbnetrideaISaperS;OBfwafhelmmaxlmla%raf’ﬂ%ﬁelrrr@d at

respective goeffigcients er ©on (CTE) which are significantly
different. %ﬁm?l% UE%QS'Q ﬁc?éa%lr nﬂ%ﬁi@@ﬁ ‘associated to different CTEs

W 'l undergo expams Boadiag éhérb?rdb‘némeagaﬂdrmi%T BHN cexpagetet ® ta 25 BHT.
This can lead to negatlve effects ch. as gl/%p of the wafers, or even the

gener ati on ondé‘f"E% endingrPf /3l §l iQ20RE %e crystalline structure of
the vafers. 1t can,d 5. BrRARSiAbbf WRoRAI IRt MImajaandec

mul tilayer wafer reasons . waf er alrea npri ses
conponent s twafals yitr agequatel tbqnd;ngmmyed)e(cwaerm thaflond Lay@as 10§ thal | ed
"structured substrate"), or the material of the wafer is likely to be
altered by o P&h tenperature treatnent (e.g. case of a wafer conprising

sharp dgpi ng pr ofHidweldrki caarsnungdgisietoosmpoutandT BHTgn memakiaeEre
| ayers that vvould be altered by HT BHT, like low k materials, high k

mat eri al s orWafghpri si ng
This is the case e.g. when the layers of the multilayer wafer have

respective coefficients of thermal expansion (CTE) which are significantly
different.

15 In such case indeed, the layers associated to different CTEs will
undergo expansions of different magnitudes when exposed to a HT BHT.
This can lead to negative effects such as a warp of the wafers, or even the
generation of defects such as dislocations in the crystalline structure of the
wafers.

20 It can also be undesirable to carry out a HT BHT on a bonded
multilayer wafer for other reasons, e.g. the wafer already comprises
components totally or partially elaborated (such wafer is usually called
“structured substrate”), or the material of the wafer is likely to be altered by
a high temperature treatment (e.g. case of a wafer comprising sharp doping

25  profile like boron, phosphorous or comprising metastable layers that would
be altered by HT BHT, like low k materials, high k materials or comprising
layers with metallic elements like Al,O3 or TiN), ..

In order to avoid such drawbacks and nevertheless obtain a high
bonding energy between bonded layers of a multilayer wafer, techniques of

30 high bonding energy at low temperatures have been developed.

In one of these techniques the surfaces to be bonded are “activated”

by their exposure to a plasma, before being contacted together.



| ayers with netallic elements like AlI203 or TiN), ... In order to avoid
such drawbacks and neverthel ess obtain a high bonding energy between bonded
| ayer s ofwea 2mdased4ayer wafer, techniques of hi gh bondi ngcenBrogyoae7d ow

t enper at ures have been devel oped. In one of these techniques the surfaces
to be bonded are "activated" by their eyposure to a plasma, before being
contacted together.Such technique will be referred to as "pl asna
activation" technique. Plasna activation is advantageous since it allows
obt ai ni ng hi gh bondi ng energy with BHT mhi%g is carried,out, after

contacting the suPYECEShPBUEVIEbeTsierTed,io Wi ﬂsm@@é’lﬁ?ﬂ@t'qr?”ﬁ?i’l%@q't‘%' a | ow
tenperature BHT (ﬁIEETEHEE: vationd isO'afa%Elﬁtg bu¥adihed ihagioRaeBbiiMAgSKihf or

DBTPs as a solution for obtalning a high energy bonding w thout "requiring
carryi ng outbandifiy Biiergy aithoadBHTmwhich dgecamgteput Afgpsneentaciing dSer at i on

of such known I iven jn tUtra-thin str.ai -8l = QR-1 at or
and"S: Ce- on-THETFRcR PRt Byt M e I B S R e e Bl
met ast abke l@ypB#T”).Taraschi et al., J. Electrochem Soc. Vol. 151 , N 1,
p. 47 (2004). This article discloses Smar t Cutﬁ("t WQD%#? process . .in which
prior to the waf MbERHMAY aﬁ'\é%t"{rbgﬁ naPropesee do (ﬁé‘sv%fSQﬁg'Pna
plasma act 1 vt bBihifAg high¥ridrgf bBHUingIWitt T4 LARG TahGingoRanAatBHThe
general principle o sucﬁ process Is illustrated 1h figure 1, which

conpri ses figuadontadtroulliByeowsi®w t he successive main steps of such a

known principle. Figure |1 t 1 : & er. 20. The
top wafer 10 has'g qr%ﬁgﬁﬁgﬁgwﬁfhg@%&vﬁo&g -@{)g%i '\Zé?ﬁhor%g%?lﬁlg form
an enbriipt | esteihed-ieod-bn-ibuitdropanhf 8IGE-Bnkiasulateer ededtedarusimg uloat-or

| ayer 12. The surface 100 of this insulator |ayer is to be confacted with a
surface 200 §MRsfaturanyrteryReRdINgs gp a"’@&ﬁ‘%%’?'eb%’lﬁﬁg.-'oarascm ot A, S

Electrochem. Soc. Vol. 151, N° 1, p. 47 (2004).
This article discloses a Smart Cut"-type process in which prior to the
wafer bonding step (between a top and a handle wafers) a plasma
15 activation can be carried out on the surfaces to be bonded.
The general principle of such process is illustrated in figure 1, which
comprises figures 1a to 1e to show the successive main steps of such a
known principle.
Figure 1a shows a top wafer 10, and a handle wafer 20.
20 The top wafer 10 has been implanted with one or more species in
order to form an embrittlement zone 11.
This top wafer 10 is covered by an insulator layer 12.
The surface 100 of this insulator layer is to be contacted with a
surface 200 of the handle wafer, for a direct bonding. |
25 These two surfaces 100, 200 shall be referred to as the respective
“front” surfaces of wafers 10 and 20.
And the opposite surfaces of these two wafers (respectively surface
110 and surface 210) are referred to as the respective “back” surfaces of
these wafers.
30 Figure 1b shows the activation of the front surfaces 100 and 200 by a

plasma, in a plasma chamber.



These two surfaces 100, 200 shall be referred to as the respective "front"
surfaces of wafers 10 and 20. And the opposite surfaces of these two wafers
(respectiwelzyousedsace 110 and surface 210) are referredPCw/IBRE0Y/MES275
respective "back"” surfaces of these wafers. Figure 1b shows the activation
of the front surfaces 100 and 200 by a ptasma, in a plasma chanber.As
Illustrated in figure 1c, this activation creates an activated region 10 1
on the front surface 100 of the top wafer 10, and an activated region 201
on the front surface 200 of the handl e wafer 20. This actiyvatjon also

generates cont ani Aarllusteaied i figHee dgpBisPElVAIOMEORE%RR & vated IR0 such
contam nant S1§’i e eef(rBﬁg%gﬁé’éi@Hbﬁ of ﬂh'éstro{p%éférbbo,ra@fdeéﬁ%,ﬁﬁatbblre@ﬁ&w 2 11

on the respective bac 10, 210 of the wafers, as the front faces
recei ve si gnRoi oarthkyfrdressirface28liafdhe handenwates 0ack faces (as an exanpl e,
the plasma activa

i on af si l.i con _waf.er tvpical i nant
concentration of ib&u‘?&ﬂfaﬁ'ﬁrﬂ(ﬁl%ﬁ SROFE So%wé{ﬁﬁlawsoﬁﬁgqéﬁbgzec@o\%ﬁ%%ﬂ s to
be acti vaf edyphdamdis ¢ af espat he i nner space of the plasma chanber, the
cont am nant concentrati on bei ng above 101 1 atons/ ck surface

: cnp
of the wafer). ThBgchscenfaminararaiec AP P%HIPH@”Va@PSt{%EPt Bﬁer% yEFegal
contacts bet W?rbr?oa?l%v@{ ea%%)e%{?@‘ﬁ NGcss GNBNDY 0(6F e WHREGKSaS the

associ ated to the plrasma ¢ r are made on the back surface of the wafer.
I n commer ci afropt faces mreiveesighificantly fless edntaounans tban dhehsckdacesiast he

ber form the. PO PEIAG: Him Ei4BHR:ACtaRY 08 CagiCb P UPEnY SerisreRr, o 1 ©
i n pl ace @ur ;BatAHABRLESHdehtidiBnIfasiBut 2. 168 Wtane/cnffeometietfromttrsarfacer
during plasma exposure, by tenperature diffusion,
which is to be activated and which faces the inner space of the plasma
chamber, the contaminant concentration being above 10" atoms/cm® on
the back surface of the wafer).
This is due in particular to the fact that the physical contacts between
15  each wafer and supporting elements (e.g. chucks) associated to the plasma
chamber are made on the back surface of the wafer.
in commercially available equipment for microelectronic application,
the wafer is disposed on a chuck in the plasma chamber.
The chuck is adapted to perform the following functions:
20 e receive and hold the wafer very tightly in place during exposure to the
plasma,
e regulate the wafer temperature during plasma exposure, by temperature
diffusion, ‘
e act as a an electrode to transfer polarisation (bias voltage) to the wafer.
25 This set of functions that have to be performed by the chuck leads to
selecting for making the chuck materials containing elements that are likely
to contaminate the surface of the wafer in contact with said chuck (i.e. the
back surface of the wafer, since it is the front surface which is directly
exposed to the plasma). This material can typically be Al,O3 based sintered
30 ceramics.
Figure 1d illustrates the direct bonding of top wafer 10 and handle
wafer 20, these two wafers being bonded by their front surfaces. This



act as a an electrode to transfer polarisation (bias voltage) to the wafer.
This set of functions that have to be perforned by the chuck leads to

sel ect i ngvbanoamski4ag t he chuck material s contai ni ng el eremtiB200ivad32zy e
likely to contam nate the surface of the wafer in contact with said chuck
(i.e. the back surface of the wafer, singg it is the front surface which is
directly exposed to the plasma). This material can typically be Al 2C3 based
sintered ceram cs Fi gure 1d illustrates the direct bonding of top wafer 10

and handl e fer these two fers ded their,_front surfaces.
Thi sbond no. DEREIN Benaraep (3 1) BP0 Ao arr (FIPEF di 4% ag. ipmediale
"intermedi at @nmmaga b Er) \M’ﬂéﬁhbmm%é@ lr?PHHTcUﬁ#?thé em&ﬂérﬁamazortétﬁ

enbrittlement zone 11. Fi'gure le t ustrates the nultilayer waf er 35
obtained after a dﬁgw@hﬁﬁnthe@aﬂ|UB‘E§ate§u’theatnlt|ﬂﬂéy€érrrWBle’t BerdriaingdnafterTai s

f 3 il
(Si 11 concer meiastiehhf cetes, o of degrfilher ke Fhis wildas canps o cea
Egelr nani %&Othém)%pé &Gﬂr(ﬁilio‘éincmh I(t&ill!atdrprS@@t Kﬁld?or@clammluin On)lnsﬁﬂémr)

i 1icon . t
r emai ni ng pagg@f %% %'”?Qp %A@ﬁa@f' gtil‘ﬁf)c! &Ftaéns%@\lé'ﬁ‘ @’i ateﬁtélator h| s
part can be tS‘l@@IG(@lIS:Bﬂ C§#b$@éjdrplhsélaftﬁ¥" POLLEiRoorCOB- Qlidz)C8PahY bidrng a

new top or a new handl e wafer. This type of process illustrates that plasna
activation ccbypei be advantageous for making nultilayer wafers through a

T abonever, bl IAAES R AedSs ke At ind5a06f Meobhly 1Ak A8 o

dr awback, rel at ed't tam na ener at trvatiron

as nmentipned witioh ehad beem detachel. iTis panecat e taeaiedtasnd reisednfonfa hbw waf er
which is exposed to theogl asrT@PPI n part cul ar on the back surface of the
|

wafer. This pggﬁ%%&‘mehgt FONEHHHRS MY CthO 22 §EWRNAISIVEIRE 4] | i ¢ el enent s

(e.g. A, Fe, N, s fype bF proBesdilustrates -that *'tﬂésrﬁBYaQﬁ%/atlBﬁOEBQIHab@d in
fine partlcles on the surface of the wafer, or absorbed in said surface in

t he advantageous for making multilayer wafers through a DBTP.
However, plasma activation is in itself associated with another
15 drawback, related to the contaminants generated by the activation.

Indeed, as mentioned above plasma activation generates a
contamination of the wafer which is exposed to the plasma, in particular on
the back surface of the wafer.

This “contamination” corresponds to a deposit of metallic elements

20 (e.g. Al, Fe, Ni, Zn, Cr, Ti, Ca, Mg, Y, ...) that may be incorporated in fine
particles, on the surface of the wafer, or absorbed in said surface in the
case of isolated atoms, molecules or ions.

Such deposit of metallic elements can be observed with levels of
contamination in the order of 5.10" — 5.10" atoms/cm?® on at least some

25 areas of the surface of the exposed wafer.

Such concentrations are too high for a multilayer wafer which is to be
subject to further thermal treatments (e.g. a high temperature annealing at
temperatures above 1000°C for smoothing the surface of the wafer, or
further treatments carried out on the multilayer wafer for integrating

30 components into the wafer).
Indeéd, the contaminants of a multilayer wafer which would be

exposed to such high temperatures treatments would undergo a diffusion in



case of isolated atons, nolecules or ions. Such deposit of netallic

el ements can be observed with levels of contam nation in the order of 5.101
1 - 5 10oavemstew? on at | east sone areas of the surfacenBiood/bes2exposed
waf er. Such concentrations are too high for a nmultilayer wafer which is to
be subject to further thermal treatnentsy(e.g. a high tenperature annealing
at tenperatures above 10000C for snoothing the surface of the wafer, or
further treatnents carried out on the multilayer wafer for integrating

conponents into the wafer). Ind , .the tam f |.t]
Whi h woul difiSevelpBsdd 6 walst: AGsIvBEaNG ARES Tt BrtirEhes thott B BRker go. a
di ffusion 'fﬁgateﬁeie CrtBFeFt ) WRkiSE wadtthrfd 8nitd b6mpbhyn®l. ter the properties

(in particu ctrical "properties) of the wafer and of its
conponents. And Aowi aznntamtinaninconcealraiions such 85 mantionseddahews althd

resulting froma plasnma_activation are.t Me[af MR Yl h
speci ficati @%’It&d)nﬁg%mr@nﬁw%rﬁ(ﬂg?l{@% ﬁng\s;te Sggfﬁétrfg:?ﬁw m&n@gﬂfanﬁ ?ﬁé; ‘e
i ndust r ys of spa@ifiEatibHs i 60 rhdniurnt cortgerinatidrerieveindendlly assieei bt e

conpo t th i fi ' bei [
cven less) INENGEY cf ARG diee RUBIGET HGeteranand, i AeC Rt n as

e.g. a Smar Eoﬂﬁ%(qantangfﬁé‘s%aemédﬁoﬁ@ [Rsihg WRtHeOsYdet of Bel3Uatoresemdy obe

bonded as in ~kno state of the art, Tn order to make multil ayer
wafers, is aventessrd to sone drawbacks. And it is specified that if these

dr awbacks have been expo a | . I L vat i

Si m I ar drfiv\,backg—?l% c%r@ﬁr%@)?@%ﬁ@%@t %@@ﬁéﬁ‘ﬁ@%ﬁ%té@gglsgé o% gggj ':‘/iclaon,

\(/:\/E Ie ?n _hC ; zlso di P‘rﬁérfmuﬂ"om?o@eét)awtm At hithattioorof(tbegsurtacesxp det bondethdsdn a
activation. ..

above. ment | e AMERENBIAR 8! TRDATS ) Sst PoBEke MRV P GRS p RS SEETEE met hod
for transfegfifhe drawbacks.
And it is specified that if these drawbacks have been exposed
hereabowve in reference to a plasma activation, similar drawbacks can also
15 be associated to the activation of a surface which is different from a plasma
activation (e.g. an oxidation and/or a chemical activation...).
It is an object of the invention to overcome the above mentioned
drawbacks.
For this purpose the invention proposes a method for transferring
20 from a top donor wafer a layer of material onto a receiving handle wafer, the
top and receiving wafers comprising respective surfaces to be bonded, the
method comprising :
e a treatment step for treating at least a surface to be bonded, the
treatment of a given surface of a wafer generating on the opposed
25 surface of said wafer a contamination,
e a bonding step for direct bonding the surfaces to be bonded of the top
and handle wafers, in order to form an intermediate multilayer wafer,
e aremoval step for removing excess material from the top wafer,
the method being characterized in that during the treatment step only
30 the surface to be bonded of the top wafer is treated.
Preferred but non-limiting aspects of such a method are the

following:



froma top donor wafer a layer of material onto a receiving handl e wafer,
the top and receiving wafers conprising respective surfaces to be bonded,

t he net howlocoosesikng ©: a treatnent step for treating aCcThBa®i/0@23Ur f ace
to be bonded, the treatnment of a given surface of a wafer generating on the
opposed surface of said wafer a contam ngtion, a bonding step for direct
bondi ng the surfaces to be bonded of the top and handle wafers, in order to
forman internediate nultilayer wafer, a renoval step for renoving excess
material fromthe top wafer, the method being characterized in that during
the treat ment stepahirgatimentsiepdsa syiaee 8 @Nc¥eRhe top wafer is

treated. Pr eferte‘%a@‘coﬁ‘%@d@ﬁ BB tAS RESTe? QrfaRdChfnTR! BEFosE td ke

followi ng:- said treatne S a surface activation step, - said
cont ani nati on ofactinetedaf surfacef acemgspondss tppodedmetallite ewitaminas

surface corresponds to a netallic1€qntam nants concentrati on above 1011
atonms/cm 2, - s&PHCEPUAYGRFPOVE 1Epar PP%HQ}gﬂ?ZJthrough t he exposure of the

surface(s) to be tspppireginhent & BhRMEoutthsdugh tiesrexpdswtal the saefaced out
by detaching said excess material fromthe top wafer, - said detachnent is

carried out at 4nberreated ter@piasidhe which has been made by introduction of
at | east one Sp@c'sﬁﬁd 'ré]né{}?g%fégg[ Y@Eﬁt’r%ecr ogeb§ derﬂéélﬂﬁ'g'?a!d)@xc%sssﬁ@%rﬁa‘l i's

carried out through an i np lon of species, - sald inplantation is a
co-i npl ant at i on fafm dhe topagtafeno species, - said inplantation is carried out

L Lh 0Ll 2R Bt RRE o BlunAedy BB g o P
tenper agyres remgudh maddmAemnteRREon of at least one species in the top wafer,
- said introduction of species is carried out through an implantation of
species,
- said implantation is a co-implantation of at least two species,
- said implantation is carried out with a global implantation dose of a
15 few 10'® atoms/cm?,
- said remowal step is carried out through a splitting annealing carried
out at temperatures remaining under 350°C,
- said temperature for the splitting annealing is in a range between
200°C and 300°C,
20 - the method comprises :

e A treatment step for treating at least a surface to be bonded,
the treatment of a given surface of a wafer generating on the
opposed surface of said wafer a contamination,

e abonding step for direct bonding the surfaces to be bonded of

25 the top and handle wafers, in order to form an intermediate
multilayer wafer,

e a removal step for removing excess material from the top
wafer,

the method being characterized in that it comprises between the

30 bonding step and the removal step a cleaning step for removing
from the exposed main surfaces of the intermediate multilayer

wafer contaminants brought by the treatment step,



- said tenperature for the splitting annealing is in a range between 2000C
and 3Q0C, - the nethod conprises : A treatnent step for treating at |east
a surfacewbaomasmnded, the treatnment of a gi ven surfaceCofiBzoweders
generating on the opposed surface of said wafer a contam nation, a bonding
step for direct bonding the surfaces to e bonded of the top and handl e
wafers, in order to forman internediate nultilayer wafer, a renoval step
for renoving excess material fromthe top wafer, the nmethod being

characterized in that it conprises between the bonding step and the renoval
step a cl eani ng-stéj v%tmmmgwrﬁ%a%%&@a@qﬁ&i n surfaces of the

| ntermediate Miltidgy gbntfhiRbyGio oA Md3iIer MMt which RobpesEaTentns! ep. -
said treatnent step | s a surface activation step, - said contam nation of
the waf er surf acetiviiiedrsuriacepgseegponds e aseantamtivanis nongestraiinh abp¥dds to
a contam nants mceftra}éi an above 1011 atons/cnR, - said treatnment is
carried out thr Qi %bsure of the surface(s) to be treated to a
plasma, s during tsapl tregmhemtns catreipdanltytheowsglt freec expdsuraefttop suebee(s) s
treated, - said cleaning step is carried out imediately after said bonding
step, - said cl dakediealedfo @PIRsMA:ed out before any high tenperature

thermal treatment ’du'rinﬁfthg é@g@@hﬁ%téé BRIy & sBrf4Bé of kika i @afer iSBEEte’], eani ng

step is carried out W solution’and/or a HF solution, - said

cleaning step i s saidiczhring siep hisacatird faut dmynedigitely after said bonding
step,

10 - said cleaning step is carried out before any high temperature

thermal treatment,
- said cleaning step is a wet cleaning,
- said cleaning step is carried out with a SC2 solution and/or a HF
solution,
15 - said cleaning step is carried out with a mono face cleaning
equipment,
- the top wafer is made of Si, or SiGe, SiC, or Ge,
- the handle wafer is made of Si, fused silica, SiC, or glass,
- the method further comprises a high temperature thermal treatment
20 of the structure which comprises the handle wafer and the part of the
top wafer which has not been removed,
- said high temperature thermal ftreatment is carried out at a

temperature greater than 900°C.

25 Other aspects and advantages of the invention shall appear when
reading the following description made in reference to the accompanying
drawings, on which (in addition to figure 1 which has already be commented
in reference to a principal known in the state of the art) :

e figure 2 is a diagrammaitical flowchart of a process according to a first

30 embodiment of the invention,

e figure 3 is a diagrammatical flowchart of a process according to a

second embodiment of the invention.



equi pnent, - the top wafer is made of Si, or SiGe, SiC, or Ge, - the handle
wafer is made of Si, fused silica, SiC, or glass, - the nethod further
conpri seswe 2biegizzg4enper at ure thermal treatnment of the stcumaBoo@oss2ixh
conprises the handle wafer and the part of the top wafer which has not been
renoved, - said high tenperature thermglgtreatnment is carried out at a
tenperature greater than 900 0OC. O her aspects and advant ages of the
invention shall appear when reading the follow ng description made in

reference to the acco anyi dra on.which (in adi |ontof| re 1
whi ch has al readit §eS n]g%t P’é‘?mn\e@tﬁ ‘%Ml?crc’ﬁﬁl bEn BlFTaY (ﬁl
state of the e?él%r?dercah é(ﬁ'nBln'eEi a di agrammati cal flowchart of a process

according to a tirst dlnent of the invention, ure 3 is a
di agrammati cal f Itoischlgot spéciiedhrtbaieon thectiguesy WhiCla lohe eamm@nieht of

the inventiaqn.l e : I

present ed h&ﬁéﬂ’gﬂéee? ﬁ’% &Sh{eﬁgﬂéﬁﬁ%%é&ﬁé I'S a”%ggédp;@e‘r&fc% edbﬁﬂt’lﬂ%qgr;[h?ﬁg
figures whi ghnghehtedbrithorsfemnned foefigureddr shalhebel assndiatedntd tleatsames whi ch
are identical_or simlar to those commented with reference to figure 1
shal | be asdeferenc&in¥®efde sane reference nuneral . First enbodi nent Figure
2 (which conprises figures 2a-2e) shows the main steps of a first

enbodi ment of the invention. These steps reproduce sone of the steps la-1le
comment ed above. Fiisdenebodinéinks shows a top wafer 10 with an inpl anted
enbrittl ement zone 11, and a handle wafer 20. At this stage the front
surfaces 100 and 200 of top wafer 10 and handl e wafer 20 can undergo

prelimnary treafgires? (Whichreepaprises fidiees 2a-2e) shows the main steps of a
first embodiment of the invention.

These steps reproduce some of the ste ps 1a-1e commented above.

Figure 2a thus shows a top wafer 10 with an implanted embrittlement
zone 11, and a handie wafer 20.

15 At this stage the front surfaces 100 and 200 of top wafer 10 and
handle wafer 20 can undergo preliminary treatments for preparing the
surfaces to be bonded. These preliminary tireatments can inciude a
Chemical-Mechanical Polishing (CMP) and/or one or more cleanings with a
cleaning solution (such as RCA, SPM+RCA, . ..).

20 The top wafer 10 can be made of Si, SiGe, Ge, SiC, or in any other
semiconductor material.

The handle wafer 20 can be made of Si, fused silica, SiC, glass (all
these materials being possibly in crystalline, polycrystalline or amorphous
form), or in any other semiconductor material.

25 The embrittlement zone 11 can have been made by introduction of
species in the top wafer (this “introduction being carried out e.g. as an
implantation and/or by diffusion, or by any other known technique).

In the case where the “introduction” of species is an implantation of
species, such implantation can be an implantation of only one species

30 (such as e.g. H or He). It can also have been made by implantation of

several species (i.e. co-implantation), for example H and He.



surfaces to be bonded. These prelimnary treatnments can include a

Chemi cal - Mechani cal Polishing (CVP) and/or one or nore cleanings with a
cl eani ng wol2nas/3m46such as RCA, SPM-RCA, . . .). The topcrnaBmo4/0@2Tan be
made of Si, SiGe, Ge, SIC, or in any other sem conductor material. The
handl e wafer 20 can be made of Si, fusgg silica, SiC glass (all these
materials being possibly in crystalline, polycrystalline or anorphous
form, or in any other sem conductor naterial. The enbrittlenent zone 11

can have been de b t roduct f [
"introduction lr)rgl"gﬂe)éﬁ:'ﬂ“?‘prggﬁ EE‘I\%T L i&gﬁ%ﬁ'@pﬁ n“?’% OQQ%%L??C%&%S”
di f fusion, 8§qd Spgé??.hﬁrdé?%a%ftﬁmmo‘ﬂw oxilietin@gionh ©f Whe uhddiging

“introducti 0 pecres 1| n 1 nplantation of species, such inplantation
can be an |mﬂtanalaa.t|on of only one species (such as e.g. Hor He). It can

al so have been de b&gx%ﬁ}g O%ct%ltiéﬁ\é%& dﬁ'ﬂﬁq’%’rﬁgiﬁheeﬁont SL]!rface

co-i nplantation), '9“5? ront surtace 100 of
the top SVafQOOI(ﬁthé'ﬁ)pﬁlsré)@b%edftoarplasmde Iayer (e g. a deposit of Si2, or

an oxi di zed reglon of the underlyi I al ure 2b |IIutra a
act i valt i on step, A @ﬁBV%ﬁrtr?t%e ﬂﬁ‘@nta sﬁ?tfv 8”16 P§t 'Pﬁ@“%% Soscra]d
to a plasm, I a d
the di 1 or oo g o e e K e e o

cor responds t ca dreatmentrstep fep wifagesior b@cbom‘ﬂﬂ%ewﬁbn@eﬂenwﬁt!@nao a
To the surs soBCrRRIgN onine BB B yathfvipn S BepgRe terputacell Lo
Pﬁogerﬁgggpéﬁae%gsh i's co][lt am nat ed V\nAtg rret allic contam nants such as
contami nati on on 1fgeb see I ﬁ:eoﬁgﬁ ﬂgq? ﬁrﬁﬁgﬁcoggfgg bg%gggltpgl 1
cont am nant vﬂﬁ&?@&éﬂ%hﬁﬁ@teﬁhhiﬂ@ nietalliy RbA&rhivants such as those mentioned
above (see figure 2c¢).
And as mentioned above, this contamination on the back surface of
15 the top wafer corresponds to contaminant concentrations which is typically
higher than the maximum concentration generally tolerated.
It shall be noted that during this activation step, only the top wafer is
exposed to a plasma in order o be activated.
The handle wafer 20 is not exposed to any plasma. Therefore, no
20 contamination is deposited on the surfaces of said handle wafer.
This selective exposure of the donor top wafer only is specific to this
first embodiment of the invention.
In the known experiments.for using a plasma activation in a DBTP,
both front surfaces of the top and of the handle wafers were exposed for
25 activation by a plasma. In such experiments, the drawbacks associated to
the contamination of a multilayer structure which could undergo further high
temperature treatments had not been pointed out.
It is to be noted that a reports on one of such experiments (see
“Ultra-thin strained-silicon-on-insulator and SiGe-on-insulator created using
30 low-temperature wafer bonding and metastable layers’, Taraschi et al., J.
Electrochem. Soc. Vol. 151, N° 1, p. 47 (2004)) mentions the plasma
activation of only one of the wafers to be bonded.



hi gher than the maxi num concentration generally tolerated. It shall be
noted that during this activation step, only the top wafer is exposed to a
pl asma i rwondevostmebe activated. The handl e wafer 20 i sPoDUBEOPOSRT t 0 any
pl asma. Therefore, no contam nation is deposited on the surfaces of said
handl e wafer. This selective exposure gk the donor top wafer only is
specific to this first enbodi nent of the invention. In the known
experinments. for using a plasma activation in a DBTP, both front surfaces

of the top and of the handl e wafers re exposed for activation by a

pl asma. In such Bﬂbéh'ﬁnﬁ\%',ontﬁ@ﬁ@?ar eRree égsﬁ‘& gelyatiog Pﬁih%gmnzgr"lenat i on
of a multil ' 1 chd! RGeS EBrisinghyn Bieri 9 tho! IERBOAL W €
treatments ﬁégérh%bagﬁﬁfgg%ﬁ?gglégﬁj. It 1s L%’gnblebrl{(t;t_ed_that a reports on
one of suchthes Eeticlessft any peeblett assediated tot the pertagiinationh restliing ileMor  and
Si Ge-on-insylator create sing | owtenperature wafer bondi ng and

net ast abl e ﬂ?ﬁ/@ ma ﬁ@f'\@geﬁi et al., J. Electrochem Soc. Vol. 151 , NO 1,

p. 47 (2904)) nemheokiomiry Bles ia tiee tdireat ibondirfy ofiltye dop waferhandhvdther s t o

be bonded. But this nention nakes reference to.the activation of. the handl e
waf er, and hahdisrwales foppatenean 'Nﬁﬂ“ﬁgla%%U?Lgtl'li%‘?rn‘ﬁ?{?,r\é@t{kgr‘%"?gdh'o menti on

Ln this article ehealkeps abhigfhARaAthaasid dehfiemepatiant nation resul ting

fromthe plasma activation. lowing step is the direct bonding of the
top wafer and thén trenilustratidreof thisfirshembagiment presented andioMes £89@r waf er

1 st rat ol Sirervel i el AisiebiaE 28k e giR A PR GRect ), ¢

removal 1S ¢@é tdpeBy e eRpridriment 2umet e excess material as delimted in the
top by the enbrittl enment zone 11. In thjs art'culacg (,—:;@?e which refers to a
oPRE Yip

smart Cut (tm - t ypetHePREieUlanaseeRichdgters & 8 WP IER A om t he
i nter medi at e, waifer3% ofthE 155 TOYSachEd fidht thitérddise Wwafer 8ocor ding to any

met hod known _
The removal can also be carried out according to any method known

for BTPs.

15 This removal can therefore be carried out by etching the back face of
the top wafer 10 (i.e. the face of the top wafer which is opposed to the front
surface 100), on the intermediate wafer 30.

In such case (which corresponds to a BESOI-type method), it is not
necessafy that any implantation has been carried out on the top wafer.

20 The removal step can also be performed in accordance with the
ELTRAN® method.

In such case, the embrittlement zone has previously been made by
porous material, and here again no implantation is necessary.

in the case of a Smart Cut'-type or ELTRAN™-type method, a

25 remainder 15 shall be obtained.

In every cases (i.e. whatever the method used for removing the
excess material of the top), the multilayer wafer 35 obtained does not
comprise a heavy contamination generated on a back surface of a wafer
whose front surface would have been exposed to a plasma for its activation.

30 Indeed, in all cases the heavy contamination region 111 which is on
the back surface of the top wafer has been removed from the multilayer

wafer 35.



for BTPs. This renoval can therefore be carried out by etching the back
face of the top wafer 10 (i.e. the face of the top wafer which is opposed
to the frwotoeustaece 100), on the internediate wafer 30PCrnBzwOEhICZSe
(which corresponds to a BESO -type nethod), it is not necessary that any
i npl antation has been carried out on thg top wafer. The renoval step can
al so be perforned in accordance with the ELTRAN(r) nethod. In such case,
Lhe enbrittlenpntlzone has previ ously been nade by porous naterial, and
ere again no i antation is necessary. In the case of a Smart

Cut (tnm)-type or n_Eh*ﬁRN\IP?FBC“ﬂ%fb’e aR¥aRGgeOYS (UL ﬁﬁ‘ér”‘i@t"gﬂl Walr 8Belhi ned.
In every Caﬁfﬁn Un%rgéﬂ‘“%ﬁ@fﬁ%f“na? hlﬁeFFﬁéhocfeé{ﬁ%tiorsoﬁ%W RHedd CtHR¥GRSS

mat eri al of e top)y the nultilayer wafer 35 obtained does not conprise a
heavy cont atieatthénts hyging aateehtomed efoke sariedcwt @t highdenperantes (¢-Qont

surface woul d have been exposed to f b activation. Indeed, in
all cases tﬁa‘%@aw %Bﬁ?@ﬁﬁgﬁﬁerﬁgﬁg%%%ﬁ? 1&P|0c¢1fi s on the back surface
of the top wafer Apas HgRIsirgemayedaferorodgrising t ineayer ocsmicentratori of i s

particul arly advant ageous since this Itil ayer wafer shall then undergo
addi ti onal pﬁ@ﬁ@ﬂaﬂﬁse(ﬁ-gm?ﬁ@e@@ﬁ'@nﬁ%@s@ﬁt @?Wﬁﬁ’mf)e‘gp gENGERg gs

ment [ oned beROLRaGARARE M. ioyBicalle! GBSIA! bf d8e (rflamifent hhag tRaneal i ng

at tenperatures a ( xposi ng a wafer conprising heavy
concentrati ewaderof contami nants (e.g. concentrati ons above 1011 atons/cnR)

B oo 2120 SRECGERLF Pt cehBUAD £ Enthleh ool Pt o e
15, thejenl yohemvivatomt(pagiomtian isragisanl tdribhinder,oimes miultilageravatar 35t he
multilayer wafer 35 being totally free of such heavy contam nati on.

being totally free 6f such heavy contamination.

Therefore, this first embodiment of the invention allows to make a
multilayer wafer with a DBTP, without having said multilayer wafer polluted
by a heavy concentration of contaminants.

15 It is specified that the contaminant concentrations which can be
observed on the front face of the exposed top after the activation step are in
the order of 2.10" atoms/cm2, which is a generally acceptable
concentration level.

The removal step illustrated in figure 2e is carried out by detaching

20 the top wafer at the implanted embrittlement zone 11.

This detachment can result from a mechanical and/or thermal action.

In the case of a thermal action (i.e. a splitting annealing), the
temperature should be kept at moderated values, in order to avoid any
diffusion of contaminants which would have been generated on the front

25 surfaces 100, 200 (and would therefore be located in the vicinity of the
bonding interface).

Typical values of moderated temperatures for such splitting
annealing are 300-500°C, for a multilayer wafer such as an SOI.

And always in the specific case of the use of a Smart Cut™-type

30 method as illustrated in figures 1a-1e, the implantation of the top for
creating the embrittlement zone 11 can advantageously be made with more

than one species (co-implantation, e.g. of H+He).



Therefore, this first enbodi nent of the invention allows to nmake a

mul tilayer wafer wwth a DBTP, wi thout having said nmultilayer wafer polluted
by a heawyocowosm4sat i on of contami nants. It is specifi @dTihzin4/bd3e75

cont am nant concentrati ons which can be observed on the front face of the
exposed top after the activation step afg in the order of 2.1010 atons/cn®,
which is a generally acceptable concentration |evel. The renoval step
illustrated in figure 2e is carried out by detaching the top wafer at the

i mpl anted enbrittl enent zone 11. This deﬁ achnment, c

_ ] g ?n gﬁﬁal tt fromta
mechani cal and/ odnd8grdh mchageipplaniafionalows @ rdugtion P EONHAYT . e. a
splitting a | O} g ﬁ.@%{l e | ues,
i n order to?g@ﬁedé}gmn%?ﬁ?%ﬂﬁgﬁ @%L%pggt am néj;'ntg @H&hﬁﬁméﬁ&ul d _(Flrgegéﬂbggn
gener at ed ormotinglémtation {erd; dd-ede 100, a Bictopawafarbareursh@rep diiemslabadat ed in

the vicinit he bonding.interf . ' | ;
Lemper at r campae SB5pI T g i ot (e ot SR Bl PR oy e
waf er sugh aghigin S -typdllpl bays tstandwrdspagidntatioasdoss dthe.qisé. " a Smart

Cut(tm-type nmethod, as illustrated in figures la-s4e, .the inplantation of
the top for ai@@éfqngzg t ha@n@nhigret I%‘?@Fﬁ"yz&efeeﬁ n é&RfB?/PHgan | 'OWSE rade

with nore t H&H\H%g@?&ema‘?ﬁit gxﬁog{gd MR8 MRLHEA in thé saffe hidrnepashteguch

co-inplantatio oOWs a re 1on of the tenperature for the splitting
anneal i ng : wittetrepgane ighapadimplanéation dades behwithondy ene gpeeiepy

co-i npl antation Q. HtHe. into a Si f ar C §'np4 i gl obal
I npl ant ati on dosé:%-rq?‘%e. erawélss?nn?l?)? cphémg}ggeog %L*C a%igol "f( I%’ﬁlttagaﬂs\%@gpes -
whi ch/ cap tyatn'gml hyrddeiction Séfaimdatahpémgrenfort thensplittieg ainneating Swith18
atons/cm - and npre generally a few 10 at / ower tenperatures
than it woul gtangaed cﬁ%@@ﬁ"r@feﬁ ﬁef?F%‘%ﬁén@‘gepnP%mp"'?kﬁbant ed with the sane
gl obal i nplantatiQps itn Y4 EPWARIH+I98EheREB e SondtRiitedT favdeiatles on
the conditions oﬁgﬁgﬁ‘?’ga”é%”nﬁ gnt ation @mﬁtl ch

feature for performing a splitting annealing at moderated temperatures as

mentioned above. And such co-implantation even allows a further reduction

15 of the temperature for the splitting annealing.
For a H+He co-implantation in a Si top with a global implantation
dose of a few 10'® atoms/cm?, this temperature can remain under 350°C — it

can in particular be in a range as low as 200-300°C.
20 Second embodiment

Figure 3 (which comprises figures 3a-3f) shows the main steps of a
second embodiment of the invention.

Figure 3a illustrates — as figures 1a and 2a — a top wafer 10 and a

25  handle wafer 20.

The materials of the top and the handle wafers can be the identical to
the materials mentioned in reference to the first embodiment described
above.

Here again, the top wafer has been implanted with one or more

30 species for generating an embrittlement zone 11.
But here again, such implanted embritilement zone is only a

particular illustration corresponding to the case where the invention is



allows a reduction of the tenperature for the splitting annealing, with a
"standard" gl obal dose, reference is nmade to WO 042779. A co-inplantation
(e.g. w tWoHedda)294her ef ore constitutes a favourabl e featraraBioos/oqsers or m ng
a splitting annealing at noderated tenperatures as nentioned above. And
such co-inplantation even allows a furtfaer reduction of the tenperature for
the splitting annealing. For a HtHe co-inplantation in a Si top with a

gl obal inglantation dose of a few 1016 atons/cnR, this tenperature can
remai n under 3500C - it can i ticular be in a ran as

200- 3000C. SBHsskied MIHA ”& uryPg rt‘ﬁfh%’h"‘%&%?? ?Bg%ﬂ?egﬁf @g@;‘f%'?) shows
the main stegpg,ffy @ second enbodi ment of the invention. Figure 3a
illustrates - as figures la and 2a - a top wafer 10 and a handl e wafer 20.
The material s of Andempe ganeralliieunigas othamise specifiedealt inbormadion @¥eNt o t he

For o' ngai n. SERESFAnsarEFoRBEaRT % RBPGELg e R et R e C, 2 T o

generatimg an enbigdre! BEdsteaes thé. stBpt ohectvatipm throsgh hexpgsuamtieda
enbrittlement zone is only a particular illustration corresponding to the
case where PRSM&vention isenbodied with a Smart Cut (tn)-type nethod,

uher eas any type iringfhi sfh, HRe URAH suffado BT RelBpaNal N0 tidiesof thber wi se
specified, all information given above for the first enbodinent is

appl i cabl e hantle watss@fheprebeedpaeed.. Figure 3b illustrates the step of

SRR 0 LG Al o L L S

I f onl y10 he ehthpdiaicat tescsbakpabevk t can [Heasommbaredacwithatthen sechedf i r st
embodiment.

Figures 3b-3d illustrate the particular case where both top and
handle wafers are activated by a plasma.

Figure 3c thus illustrates highly contaminated regions 111 and 211

15 respectively associated to the back surfaces of the top and the handle
wafers.

Of course, if only the top wafer is activated there would be only a
region 111 and if only the handle wafer is activated there would be only a
region 211.

20 Figure 3d illustrates the direct bonding of the top and handle wafers,
with their front surfaces contacted.

In this second embodiment, the bonding is followed (preferably
immediately followed) by a cleaning step (figure 3e) for removing the
contaminants from the highly contaminated regions 111 and 211 on the

25  intermediate multilayer wafer 30 (or from the region 111 or 211 which has
been formed, if only one such highly contaminated region has been formed
because only one wafer was activated by a plasma before bonding).

The region 111 is said to be associated to a first “main” surface of
the intermediate multilayer wafer 30, and the region 211 is said to be

30 associated to a second “main” surface of the intermediate multilayer wafer

30.



enbodi nent descri bed above can be conbined with the second enbodi nent.
Figures 3b-3d illustrate the particul ar case where both top and handl e
waf er s arwoaotdosad4ed by a plasma. Figure 3c thus ill ustpatras2dei/gis2ys
contam nated regions 111 and 2 11 respectively associated to the back
surfaces of the top and the handle wafefgs. O course, if only the top wafer
Is activated there would be only a region 111 and if only the handl e wafer
is activated there would be only a region 2 11. Figure 3d illustrates the

direct bonding of_the top and handle wafers,, with their fraont surfaces
contacted. In thildISELSAN%EHERI? ﬁ@ﬂf‘?%ﬂteo%mﬂﬁrmg‘%ﬁiﬁ Fﬁﬁﬂﬁye(rp"?'%%érabl y
i medi at el y Follfpe Basbiedn Ghadei bg 1tvd et itbmdhg3@F thertopeany i tighdlbe
contam nants fromthe h|0?£y contam nated regions 111 and 2 11 on_the

rem

i nt er nedi at evafars, i Wiy ea g 3wlytion pblerie rlimiegicogontemipants. XA Jpéch has
been forned,_.if. only, C | ) egi on has been forned
because onl foj)%g?‘vélﬁ‘%ﬂ#\?\s/aasbﬁ%{ P%@péélsggqgﬁﬁaggm%f ore bonding). The

regi on 181 i s saiThhe debringsiog isatadictl @ud beforsttheveafel’ undefgaes avfy hiple

internediate multilayer wafer, 30, and the, regi o 11 is.said to b
associ at ed ttgmeg@gg%ﬁga%q&q{n(l.gﬁ@;ﬁ@@rr@@ﬁrﬁ@%%qéqugi %@e&mﬂ ti Ioaygr waf er
30. This cl eaning 'liﬂ(aepclbéni‘h?[]gie%@ ifudtr08d t Re fibOfee 3EEdhAt Be Narhposate fof naf er

30 which has been nade by direct bonding of the top and handl e wafers,
with a cl earsievgral sugeessiveapleaningsel i m nat e cont ami nants. A SC2 sol ution or

o befor e e UBEERES i U ARSE: LIRS ChEROTRIyBLRRrcR | o

t her mal 10r eaftiendiffalzoen® QRO G)learing bpérations gkretvap'ini theuattr sined thaséi gur e

3e can be Cocrfé)é’rﬁﬁé’ a% USS%\éﬁ}I; Eca;!arrlseu gl?tsgrk \éleng el-?aayneirr\]/gasf'ers such as bulk silicon
wafers.

Each cleaning of the cleaning step can be carried out as a wet
cleaning, i.e. by immersing the wafer to be cleaned in a bath made of the

15  cleaning solution.

It is however also possible to perform such cleaning with a monoface
cleaning equipment, which projects a controlled spray or jet of cleaning
solution selectively, only on the surface to be cleaned.

Concerning the cleaning step it is to be noted that the applicant has

20 observed that contrary to what one might have expected, the use of a
cleaning solution on a multilayer wafer 30 whose layers have already been
bonded together produces very satisfactory results.

Indeed, the prior art tends to indicate that such cleaning should be
avoided because the cleaning solution might be infiltrated at the bonding

25 interface (see e.g. “Semiconductor on Wafer Bonding: Science and
Technology” — Tong and Gosele, sponsored by the Electrochemical
Society, Inc., a Wiley-Interscience Publication, 1999). Such infiltrations
would be associated to risks of degrading the quality of the bonding, or
even undo the bond between the bonded wafers. 4

30 In addition, when considering the prior art one would consider that
the manipulations associated to a cleaning step would favour debonding of

the bonded wafers.



Such cleaning is carried out on the internediate nultilayer wafer 30. This
differs fromthe cleaning operations known in the art since these cleaning
are usualwg 2oava3e|d out on single-layer wafers such as kpaithBmiok/b@ers waf er s.
Each cleaning of the cleaning step can be carried out as a wet cleaning,
i.e. by imersing the wafer to be cleangd in a bath made of the cleaning
solution. It is however al so possible to performsuch cleaning with a

nonof ace cl eani ng equi pment, which projects a controlled spray or jet of

cl eaning solution selectively, on ace to.be clea
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observed t hﬁiroﬁgﬁlglrleﬁvlér ttﬁ’er }[Blﬁﬁgg]gp&v\gpg hit tha\eRigexertHeEBondiRg itteffadé of

cl eani ng sol'utron’on a nu er 30 whose | ayers have al ready been
bonded t ogetthetbopdeduweafer.very satisfactory results. Indeed, the prior art

tends to indicate.that su c [ VOt de, : | eani n
sol ution m ght bgnﬁ{?fqr%’r ét&é‘%ﬁrﬁ’?&t&‘%} %%ﬁgpgog&%nsﬁ\éﬁh%cge%?ggé@%al%rﬁ °
" Sem conductgyesoayaisiahe Beachings oSthiegprior aahd Technol ogy" - Tong and Gosel e,
sponsored by the El ectrochem cal Society, ,lnc a Wley-lnterscienc

Publ i cation, 1999)Nd KR-APEGHG pigcesh oraviia by this Sheche dbadftsHE ERER ¢
degradi ng the,Oygli (g%al‘ﬂhgt pérf NerOthee YBAdINId Futther kMBdsbRY \weenat he
bonded wafers. I'n addition, en considering the prior art one woul d

consi der t hatoluffen sech palaaBCarer HE sobitienewhieh i liavumingfisieally kBmoNet avour
debondi ng of te%gl' bonﬂ%&"\{\%{tgr s. Moreover, one would al so consider that the
cl eani ng stej th & bably | ower the bonding energy at the edge of

t he bondigng i nt erAage2ofort AE ohdied waiuid . indbed ehave, beerc| assntiatedsttep

i or art. A@blaTES dpasrR BTpHBE888 Beo Gy TGS e SEB T RNt
whi ch bonding together : in such case, the SC2 or HF solution would have
removed the undesirable contaminants, but would also have deactivated
the surfaces to be bonded — thus losing the benefit of the plasma activation.

15 It therefore appears that the specific method proposed in this second
embodiment also corresponds to an advantageous process which allows
the manufacturing of a multilayer wafer through a DBTP, with a LT BHT.

Figure 3f illustrates the removal step of the excess material of the
top. Here again, all comments made above about the first embodiment are

20 applicable.

An advantage of this second embodiment is that in the case of a
removal carried out in a way which generates a remainder (as illustrated in
the left part of figure 3f), such remainder has already been cleaned by the
cleaning step.

25 It is specified that if the description given above of embodiments of
the invention is focused on the case of an activation (or several activations)
carried out through the exposure to a plasma (“plasma activation”), such
activation can alternatively be carried out under different forms (e.g.
oxidation and/or chemical activation ...).

30 In all cases the activation is:



has the cleaning perforned after the bonding, further allows to use a
solution such as a SC2 or HF solution, which is known to efficiently renove
met al | i ¢ wormveamisemnt s. A SC2 or HF sol ution woul d i ndee@#ChaBmoyesnrs
associated to problens if used for cleaning the top and/or handl e wafer
before their bonding together : in such g@se, the SC2 or HF solution would
have renoved t he undesirable contam nants, but would al so have deacti vat ed
the surfaces to be bonded - thus losing the benefit of the plasna
activation. It therefore appears that the specific rrethod ro oseqo} hn this
second embodieneintendasbiocerhangsotiesberding eagien pasRUREIIPGt 8884NEI THNE | owns

Lhe manutactur! Dgsole Gt s adkale d“’féa‘?& shRBEY T IRTRIy Btk AorbTeofE.

Figure 3f illus rem)va e exc erial t he top.
Here again, al Iasar?‘frent”Surrmd:e) above about the first enbodinent are
applicable. An advantage of this second enpodi nent i s, tPat in th se of a
renoval car ri*edagiaciatadatontiie @enertiganet & Beawy ceptamigaton L0 e l%"i‘(f‘ ted in
the left part 0% urka G Whic ¥S oéHGﬁed &I dfenhaturtlceerdye hrRENatelde@nRdaby the
cleaning Step. It 1s speci If the description given above of

enbodi nents of Thwvv’hvenn'ianmna’sori obeithed lmdetrﬁ'@odas%s ofoH@sRANAINGt iQJna(or
several activatio carried I pe to a plasma ("plasma
activation"), sHHE ﬁ!??‘?x‘a‘f%?ﬁ%é@ﬁﬁ@ggﬁ Tl ve EM gr ri ed out under
different forms (@ inoAli eaibodiimentd the mV@ﬂiotnadsnaﬂ’es\tlaah o wafer)surfaceal |
cases the activation is: intended to enhan hﬂ %oigdi {lﬂg ergeregénﬁssolci at ed
to a bondi ng &N wféergerhlaeéemﬁﬁ@i;ur%t%mé\/ leé’ i ) SaR PULRC G&eral 1y
be be ref grr% ntdmfeitdd. front” surface), associated to the generation of a
heavy contamination on the ' back surface which is opposed to the "front™

surface to be activated (with a "heavy" contam nation bei ng understood as
corresponding to a



cont am nant concentration above 1011 atons/cn2) . And in all enbodi nents
the invention ensures that no wafer surfaces can undergo high tenperature

t her mal tweavewmstsiei f said surface i s heavily contam naretdagiobs/hB235 Met hod
for transferring froma top donor wafer (10) a |l ayer of material onto a
receiving handle wafer (20), the top andig eceiving wafers conpri sing
respective surfaces to be bonded, the nethod conprising : A treatnent step
for treating at | east a surface to be bonded, the treatnment of a given
surface of a wafer generating on the opposed surface of said wafer a
contam nation, a bonding step for direct bonding the surfaces to be bonded
of the top and haegygwﬁgfers, in order to forman internediate nmultilayer
wafer (30), a renoval step for renoving excess naterial fromthe top

waf er, the nethod being characterized in that during the treatnent step

only the surface tq,be bpnded of .the t f | .

according to the bﬂ\ﬁf‘?ﬁlﬂ“ﬁ@%% nﬁf%ﬁﬁ?a@@@%z@é éjﬁnér[]g‘t%t@gl(@t?g%&%g%{ step
is a surface activaimdteriat 6to 3 reddivingchaareiienaifeg(20), thieytopf ardesqeivingdi ng
clainms characterized in that sajd contam nation 0{9 éhmf r surfa%ge whi ch
i s opposed to the aW¥Ma¢mteMBUFNGJIESEEFIERURLS P B8 et e HFAM nant s
concentration abovecé%isﬂ%@ﬁslcm' 4. Method according to any of the
preceding clains characterized in that said treatnent is carried out

t hrough the exposur es ofA treatraent siep(fey treatibg at leastel sudace b denkorgledvet hod

Step |5 garried out by MeUEAINRYL ohpaUa: SUBaRELA Gty et d Bhtkr or
10 opposed surface of said wafer a contamination,
e a bonding step for direct bonding the surfaces to be bonded of
the top and handle wafers, in order to form an intermediate
multilayer wafer (30),
e a removal step for removing excess material from the top
15 wafer,
the method being characterized in that during the treatment step
only the surface to be bonded of the top wafer is treated.

2. Method according to the preceding claim characterized in that said

20 treatment step is a surface activation step.

3. Method according to any of the preceding claims characterized in
that said contamination of the wafer surface which is opposed to
the activated surface corresponds to a metallic contaminants

25 concentration above 10'" atoms/cm?.

4. Method according to any of the preceding claims characterized in
that said treatment is carried out through the exposure of the
surface(s) to be treated to a plasma.

30



6. Method according to the preceding claimcharacterized in that said
detachnent is carried out at an enbrittlenent zone ( 11) which has been
made by iworoeused4en of at | east one species in the topPaafiBr0o4/d0327t hod
according to the preceding claimcharacterized in that said introduction of
species is carried out through an inplanjgtion of species. 8. Method
according to the preceding claimcharacterized in that said inplantation is
a co-inplantation of at |east two species. 9. Method according to the

preceding claimcharacterized in that said inplaptatiqgn is carried out with
a gl obal i npl ant & iNethgssaceardng W%PZ’[_B? (5’2%‘_7‘%419@.‘3@@3!\@?%{88’[355%#% ng to
any of the two precgding,;gl AMEA"qEaCkeEAr7Ed ot by aetadhifg ' &Ii@Vedcessep IS
carried out through a splitting annealing carried out at teénperatures

remai ni ng under 350m@Eeridlravetthedopwnaderdi ng to the preceding claim

characterized in that said tenperature for the splitting annealing is in a
range between.200 0C and 300C. 12. Method for transferring froma top donor

wafer (16) a | ayer Méthoet gcdatingnioothe precedingrgdaihackhracteaized iq 2031 saitie

met hod conprising : A treatnent step for treating at | east syr.face to be
bonded, the treat nefetaghmenyiigear. P%%tﬁﬂeﬁ‘%t?eépeﬁweagmdﬂﬁﬁhﬁﬂﬁ

opposed surface of Bée?@ rﬁ%&%gxm@%&ﬂqrﬁtdt%st ohelRidingheRop Wafék. r ect

bondi ng the surfaces the top and handl e wafers, in order to
forman internmediate nultilayer wafer (30), a renoval step for renoving

excess material %jﬂ‘e{r{?f 58@09(’%96{0’ thtehSregS&i%chg% Bﬂalcar&f’ér?z%ﬁ%itﬁﬁpsé'ia t hat

it conprises bet
10 introduction of species is carried out through an implantation of

species.

8. Method according to the preceding claim characterized in that said
implantation is a co-implantation of at least two species.
15
9. Method according to the preceding claim characterized in that said
implantation is carried out with a global implantation dose of a few

10'® atoms/cm?.

20 10.Method according to any of the two preceding claims
characterized in that said removal step is carried out through a
splitting annealing carried out at temperatures remaining under
350°C.

25 11.Method“é¢cording to the preceding claim characterized in that said
temperature for the splitting annealing is in a range between
200°C and 300°C.

12.Method for transferring from a top donor wafer (10) a layer of
30 material onto a receiving handle wafer (20), the method

comprising :



bondi ng step and the renoval step a cleaning step for renoving fromthe
exposed main surfaces of the internediate nultilayer wafer contam nants
brought byoth&/3ewmat nent step. 13. Method accordi ng to trhe/preecedsersy cl ai m
characterized in that said treatnent step is a surface activation step. 14.
Met hod according to one of the two preceding clainms characterized in that
said contam nation of the wafer surface which is opposed to the activated
surface corresponds to a contam nants concentration above 101 1 atons/cn?.
15. Method according to any of the three prece?i ng cl ai_ns %hﬁr cterized in
that said treatnent®ié Egatmeat step o bealing gk %@g@sﬁll"@a%ﬁ Q RE e(s)

to be treated to a pl Weé‘tﬁzjer!@fﬁ%iv%‘?ﬁ%r@éé@of@ iaer PJerlehRidLHA the

precedi ng cl ai ms char erize t during the treatment step only a
surface of the top wabppoised swfaedof daid iafehacoataoind@ting, t o one of the

five preceding clainms characterized in that said cleaning, sftep i Lried
out immediately aft®r astéﬁ'agwn%t?ﬁgogf’%?t}f%?mﬁfé@ ﬂ?ﬁis &@8?%?%%6 ?)8@3@%& t he
six preceding clai ms ghanapt Shizeshdls WhRkks SRl Srddradnions sheaftermediitei ed

out before any high tenperature thermal treatnment. 19. Method according to
any of the seven precaulililaysravaier ¢3k acteri zed in that said cleaning step

is a wet cleaning. 20. Method agcording t a th recedi chai
characterized in that asé?ﬂq%waéaﬁﬁﬂg RS %ﬁ“?%'néa%ﬁ%é‘g ﬁﬁt%lt ﬁgm tcs)%l ution
and/or a HF sol ution. ywhférMet hod according to any of the nine preceding
clainms characterized in that said cleani n_g?(it,ep is.carried t with a nono

face cl eaning equi pienmethod baing shasaelsriges dn that i&WWr'SﬁﬁiueﬁY"S@@ghﬁg

cl ai s EBar acteri Zegoﬁcﬂng step and the removal step a cleaning step for removing
from the exposed main surfaces of the intermediate multilayer

wafer contaminants brought by the treatment step.

13.Method according to the preceding claim characterized in that said
15 treatment step is a surface activation step.

14.Method according to one of the fwo preceding claims
characterized in that said contamination of the wafer surface which
is opposed to the activated surface corresponds to a contaminants

20 concentration above 10'! atoms/cm?.

15.Method according to any of the three preceding claims
characterized in that said treatment is carried out through the
exposure of the surface(s) to be treated to a plasma.

25
16.Method according to any of the four preceding claims
characterized in that during the treatment step only a surface of
the top wafer is treated.
30 17.Method according to one of the five preceding claims

characterized in that said cleaning step is carried out immediately

after said bonding step.



that the top wafer is made of Si, or SiGe, SiC, or Ge. 23. Method according
t o any of the preceding clains characterized in that the handle wafer is
made of SWQ 2baseBeb4si |ica, SiC or glass. 24. Method accofrdirng2m4/003arsy of t he
preceding clains characterized in that the nethod further conprises a high
tenperature thermal treatment of the strycture which conprises the handle
wafer and the part of the top wafer which has not been renoved. 25. Method
according t o the preceding claimcharacterized in that said high
ggggature thermal treatnment is carried out at a tenperature greater than

18.Method according to any of the six preceding claims characterized
in that said cleaning step is carried out before any high

temperature thermal treatment.

19.Method according to any of the seven preceding claims

characterized in that said cleaning step is a wet cleaning.

20.Method according to the preceding claim characterized in that said
10 cleaning step is carried out with a SC2 solution and/or a HF

solution.

21.Method according to any of ‘the nine preceding claims
characterized in that said cleaning step is carried out with a mono

15 face cleaning equipment.

22.Method according to any of the preceding claims characterized in
that the top wafer is made of Si, or SiGe, SiC, or Ge.

20 23.Method according to any of the preceding claims characterized in
that the handle wafer is made of Si, fused silica, SiC, or glass.

24.Method according to any of the preceding claims characterized in

that the method further comprises a high temperature thermal

25 treatment of the structure which comprises the handle wafer and
the part of the top wafer which has not been removed.

25.Method according to the preceding claim characterized in that said
high temperature thermal treatment is carried out at a temperature
30 greater than 900°C.



