1 Transfer Method with a treatnent of a surface to be bonded The

I nvention generally concerns the manufacturing of multilayer wafer
including materials selected fromsem conductor naterials, and used 5in
applications i n m croel ectronics, optics, optoelectronics and/or opt ronics.
More preci 31306 A%MSi nvent i on concerns the processes fSCHBARPMT ng from
a "top” wafer (or donor wafer - these terms being herei n understood as
equi valent) a |ayer of a sem conductor Material onto a "handl e" (or
receiving wafer, or "base" wafer - these terns being herein understood as
10 equivalent), in order to make a nultilayer wafer. Several main types of
such processes ar eTkmsfer. Method withaytredtmend ©f spsuface ¢e berpanded bondi ng
step for bonding the handle and the top wafers, before a renoval of the

excess material fromthe bonded top wafer. 15We will refer to such
processes whi ch i nph§ ’EVGB'E'HBiW%@'g‘pc%cer%ﬁ@amfnﬂ"f%wr@ r'BE@%@/@E" or

" BTP" processggfer including! rﬁat‘eﬁal%%fécﬁéc?ﬁoﬁﬂhﬁmbﬁﬁdd@tﬁk mdteﬁﬁ@ anflused
correspondi ng_ acronyns given in this docunment a e provid 9‘? or_the purpose

of cl ear ! y5defl ApRligations 'PNE%‘W"M?C@P fcs, ‘fFﬁ@ ORIGS reRPTEoRNIGSe

protected by this- gpgd sely,%%méﬁt&)rd&fnc@rﬁg %bﬂﬁé@@é’%rdﬂ’a@nsfd?@rﬁ fore
i ntended to be used on y for the pose of under st andi n th| S Bﬁ! cuI ar

subj ect matt effoNMTRe rVEafﬁ'bfoﬁqﬁ’t”QﬁM@é?rt“o these fexmsy lb?'”&r‘f&‘?'

e.g. for the iggt é’citﬁﬁéléﬁ?@'lhyéfr ¥t & edenslosieiR S mghaia§n1@themahateerrbs or
patent applications in the fane of the Applicant (unless otherw se

speci fied). 2%5¢RAviRg ¥afer ppdwasst wWafes T)F%@é@@@sl QJB‘@"G'” tRLeIS9Y 2% ype

process (?h egmg@m)ofndmé%lrﬁékgégmm rivapepaf er is performed through an
etching of sai waf er), the ELTRANTm type process (the renoval is

performed through evriehoRIREYPCDHPT $UGH RIRERSSES FHEENPUN. sai d det achment

resulting f rom t hepR@gt 6@%s@f p@c@@éé%uﬁn;ﬁ@% Homding h&eb ORr VEdrRiing thé he
Smart Cut Tmt ﬁ@rocess (the renoval is rformed through a detachnent of

the excess ma | angiing t%w&tﬁﬁﬁé?ﬂfoﬁe&[ﬂ"f'Q%OFc Ly PxerRss 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 protecied by this document.

20 These definitions/acronyms are therefore intended to 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:
o the BESOI-type process (the removal of material from the top wafer is
performed through an etching of said top vwafer),
e the ELTRAN™-fype process ({the removal is performed through a
detachment of the excess material said detachment resuliing from the
30 attack of a porous region of the top wafer),
» the Smart CutTM-type process (the removal is performed through a
detachment of the excess material said detachment resulting from the



2 splitting of the top wafer at an enbrittlenment region obtained by
I npl antation of the top wafer with at | east one species. It is specified
that a general description of the main steps of a non limting enbodi nent

of this tyﬁrg) of nethod can be found in SILICONONI NSU%@%B?%@%%%\D_OGY:
|

Mat eri al s 2\‘}P_‘@:’,ﬁ"‘ﬁnd Edition (Jean-Pierre COLI NGE). step of
such processes is generally perfornmed w thout addi ng between the top and
handl e waf ers any adhesive (such as a résin). W will refer to such bonding
wi t hout adhesive as "direct bonding”". And a BTP conprising such a direct
bonding will be referred to as "Direct 10 bondi ng and transfer process"”
(DBTP) . Feplitting hofdithee dop beaftirngt anhemitfexced regitye didaided byust be

Lo oo L e AP oL D BB T BARE R oo P SoddnadnBEse 0l e
secongl waf er  t hmogegieral diisceptiorbaiittiemyainestens tfya neb limifingiemgodimepbatii ng
e o e e RN )l SR Y ool ere
pol i shing,5...) TECHNOLOGYA Muiedilatp WL St, 28" Editiba (emndPietraCMINGE. gener at es
e o enor oo TR AT AR oAb SRR ARl ol Vo
bondi ng ener ggddihg aetvekniine dop and hbndldiwajers\enywaihesive (sudhaasta eesin)addi t i onal
et e oo WA 8l T i e it B R 1
wafers a mul t AhdyeBTRedoenpristrar suchatdirekt harfiding lwill bgirafpr28 ta ad Ajirect to the
ener ay 1y caPs iRt Bie BAhERE R et neon t he bonded wai ers. I sach
cases, the bonded Fafsuch directttusling,lihe cuedces t@ bebbordiedgruetibetvesat nent '
i(SBI-FEIJ')en\é\/pgf:lhyl g&%gfﬁg@egafeséﬁtr{?%&t?ov(\?froﬁgrh%eg&pd' ng. More precisely, such BHT
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 fwo 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 obfain 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 treatmeit” (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 temberature BHT carried out at temperature higher than 900°C as a
“HT BHT".



30 tenperatures (i.e. at tenperatures of 900C or higher). W will refer to
such a high tenperature BHT carried out at tenperature higher than 900C as

a "Hr BHT". 3 Such HT BHT reinforces the bondi ng i nterface and can
bring its bondin g energy up to a desired |evel. an || Iustr tion, the
bondi ng en®PHHatteen a Si wafer and a Si or Si 02 waf BFITROMIORE 7 og aft er

a HT BHT at tenperatures in the order of 1100-1200C. 5The bondi ng energy
obtai ned after a HT BHT can e.g. be 2 t® 2.5 J/n2 for a bonding of Si/Si,

Si 02/ Si 02, or Si/Sio02. Such HT BHT can therefore allow the

manuf act ur i ng of multilayer wafers with adequate bondi ng energy between the
bonded | ayers of Suehwdl eBHT Lgikdaeesriheibording ir&el[fmnmghda&ﬂnebtim di&rry out a

HT BHT on a ItLI er wafer. . Thi, S, | ayers
of the multil Yy HBS% ar%essbrggtl?‘(r%é' %%é M&%fr% s rﬁ%@ﬁgpég’gpangi on
(CIE) which aﬁaweemalsuiwaﬁatmd diifoe SID2 waldylis nmmhizedsaﬁe'radﬂ'eBHTtate | ayers

associated to _different Es wi | d expansi ons of different
magni t udes wHERPEAINESd 5 Ydpfo 1—##6'%@2 tan lead to negative effects such

as a warp ®f the Wabesehding eavey dbtsingeméati 6T BHIT dahczgsbedclo 26
indes: rabl e (UTEL OTNG ot A7 SIS S ISiOM 1T aver vt er Tor other
reasons, e.g. the smhelﬁ‘_l'aﬂslﬁ'eenim ﬁ&m&fbresaﬁgwdh@mmfactumsalof ymd"q'laymrt ially
mator | al of tWem P adsaie Pondiog ey bPIFHR e o B BYaE ot el 1
treatnent (e. \gafeease of a waf er conprising sharp doping 25 profile Iike
i B, ke | ow HRvERLea b doteu ARl B e B AL BT AP R Rled i T Y
net al | i c el engafe, | | ke Al 203 or Ti N),_ In order to avoid such drawbacks and
e e earcr T e ol LR BAGR BELRRRBPIARE hker s, of 2
have been devglspegive 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 fo 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 AlO3z 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.



In one of these techniques the surfaces to be bonded are "activated" by
their exposure to a plasm, before being contacted together. 4 Such
'It:)lechni gue will be referred to as "plasma activation” technique.

asma activation i s advantageous since it allows obtaining high bondin
energy wit WOLOHP28%ki ch is carried out after contacti nBCT’Féo@(?ﬁ?zg\%es togbe
bonded, but which remains limted to a | ow tenperature BHT 5 ("LT BHT").
And pl asma activation has been proposed4for DBTPs as a sol ution for
obtaining a high energy bonding wi thout requiring carrying out a HT BHT on
a bonded multilayer wafer. A general illustration of such known DBTP is
given in "U tra-t Suchk8chriquenivilieed efdriatioio-asplassal adtivaticn’ dechnique.

Si Ge-on-insul ator c¢reated using.|l owt t fer hondi

met ast abl e | ayer s"éiaﬁra?a%%lﬁ?t'%? |%|a\_&vaﬁt%%@sc;é[;\%g\é\@nqeﬁoﬁc%@ﬁjgaﬂgﬂ N1, p.
47 (2004). . bonding 'BﬁeggﬁmﬂiﬂhclaeBdiTswmrs’eﬁs xaSia ouCafier ypmtgaotinget® i n whi ch
prior to the wafer bonding.s etween.a 1o d h a

pl asma 15 act‘T"‘VEﬁcleﬁEO Eﬁr’i’oggeééﬁftﬁ@ﬂdb[ﬁm%ﬂs ﬁrﬂgecgﬁr§g>(%€e%e%%f§?%§m)ed_

The g_enereg{c_ prin@HI"R of isuch process is illustrated in figure 1, which
conprises figures o le to show the successiV. |5 S s. of.. such a
known pri ncipl e. I'—’%"&ﬁplés %cf’}[yﬁgoréwﬁﬁﬁ)e\?ﬁfpé?pcl‘ﬁfj @H@éﬁ: hsa%%%eso\?\%foz'r 20.
20The top waf for obhitlag alitginenenl dohdidgwiithoubrguiing mangingmet adT BhiTor der to
form an errbrlttl%r{ilgt his top wafer 10 is covered by an insul ator

zontg 11. 'E
| ayer 12. on a-popded, MUBIAYSf YAIGE ¢ his i nsul ator layer is to be contacted
with a surface 2004 afenths ihastebtionveff such koowa RBTRGS diverdimdUltra-thin

10  strained-silicon-on-insulator and SiGe-on-insulator created using low-
temperature wafer bonding and metastable layers”, Taraschi et al., J.
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 {0 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.



25These two surfaces 100, 200 shall be referred to as the respective
"front" surfaces of wafers 10 and 20. And the opposite surfaces of
thefﬁ t wo vvafters (rgspﬁctive:cy surface 110 and surface 210) are referred to
as e respective "back" surfaces of these wafers. Lgure | b shows
activation%& 2006{82346ont surfaces 100 and 200 by a pl as?"rg’rmf%qo é{mﬁ"’%srnat e
chanber. WD 2006/ 032946PCT/ B32004/ 003275 5 As illustrated in figure
1c, this activation creates an activatedregion 101 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 activation also generates

contam nants due tAstllh.&tretqmomﬁgureﬂcStI‘tl.shachemsr&abesaaplaabvmed region Such
cont am nant s

the respecti yg_oga‘?fk{rfeaggétt I @9 %%f htléstéb%éﬁerr i)d éﬁg ?ﬁ%ﬁr on%}%%@gg stboen
{ﬁgebrgs%gggﬁo\?gﬁmﬁ fwssumaonmfathfehan?lamaﬁb&(back faces (as an exarrpl e,
cont am nant  concent P& AT 9%8&9%@'{(%60%@%%%598"{8[@&%ﬁPé’%Lg]r ““surface
\(l:\ﬂ;(r:rgeir S Eﬁebqh@?ﬁa'fe_rgmd pismavhi ch faces the inner space of the plasm
back surface g?nt ﬁg“aﬁp‘t@";gn%‘%ﬂ%sr g'té %%{ggéﬁn Cl@%yﬁlﬁ' par gaﬁcﬁ{@i@? oegﬂet P:ct
that t hﬁ IOEYSHCW aw:cpu? ag)ﬁ'lsthbe*ﬁw&tlvé?omadhcmn 0, zﬂmdofsthppmfermgasethenent s
I ) e
2Eﬁlclk c;a; i gga Edgse)t(%ﬁglgr ]iz-l—gar rﬂrl]esﬁ;@s}agwlaﬁoraof:bLEtliconnNaﬂaet}picaﬂimeohm&ﬁea The
the waf er Wer YRR 9t 9%%[‘%@@3%3 ‘?‘t?%\é'mt gbd gfo s? é@né g@%&avﬁjﬂg ot d
which is to be activated and which faces the mner 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 petform the following functions:
20 e receive and hold the wafer very tightly in place during exposure to the
plasma,
o regulate the wafer temperature during plasma exposure, by temperature
diffusion,
« act as a an electrode {o transfer polarlsatlon (bias voltage) to the waier.
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 tikely
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,03 based sintered
30 ceramics. -
Figure 1d illustrates the direct bonding of top wafer 10 and handie
wafer 20, these two wafers being bonded by their front surfaces. This



regul ate the wafer tenperature during plasma exposure, by tenperature
diffusion, act as a an electrode to transfer polarisation (bias voltage)
to the wafer. 25 This set of functions that have to be perforned by the
chuck leads to selecting for making the chuck material s _containi ng el enent s

that are | M&AYA3P4Eont ani nate the surface of the waf ePCTBRBORE with

said chuck (i.e. the back surface of the wafer, since it is the front
surface which is directly exposed to theBplasma). This material can
typically be Al 203 based sintered 30ceram cs. Figure 1d illustrates
the direct bonding of top wafer 10 and handl e wafer 20, these two wafers
bei ng bonded Hyoridied gehemids aunbitilzgysr 3Thafer Gefemedi hgagy enéintaremsdiate”

mul tilayer 30 . t an."int. Latg:. L] f
whi ch conpr i sebatipst Bl PERn ePsBE n YRR ShbryBthéde BrE At 21
then illustrates thegumel feélt llusirbies B8 miltiyee dvadént 85 abtaleed clfier @t
carried out at, th e?vbrit?.lb?rr:t ane, Tisly?er . C. p f SDtglletype
SO (511 con” SPPRGRG, epfied Sbpt & e Beliids. 8 Pk Batambd 8601
Egt Ir ai ned C§i Litheﬂyﬁlsmt{lslliadmm inéalafor), G @E(SiliconGarrharguina®o insula@opgo 1
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process, e.g. for constituting a new top or a new handl e wafer. 'rll'ﬁ}Ns

f
type of procesféfpﬁ | ustrates that plasma activation could be advant ageous
for making mul til ayRigursefeeslso tustraigh the RBTRInti@aehof the fuipagafer garti A6t i on i s

in itself _assocjated with gnother 15 drawbac [ t tam nant s
gener at ed t‘Hb‘cég’ial%‘?‘?rbﬁ?%Cned' 'ﬁ(?@g(fanaée #3%{%%0 %Feixg%@ﬁorﬁ%&g%‘
activation gensuoabss sg.dont@mtindigamesf idpher avedve hamdie etafers exposed to the
pl asma, in particulﬁggon t he. bac t.he waf er. . Thi

k f f ”
"cont am nation" cor ptéfﬂﬁs“)ft Br%geagléggﬁfa?%sg ﬂ?‘r%’(t BIIaFW@ gf}tévr?gﬂ‘t%s:%ﬁd (be9 g. A,
Fe, N, Zn, OCradvEntadéusNb; m¥king multibaertwatass theougheoDBdPat ed in fine

particles, o0, e WhkaRs edhE H8(5Hn & A°ROIPRLeb0atd fufi5haRE: " the
15 drawback, related to the contaminants generated by the activation.

Indeed, as meniioned above plasma aclivation 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 {o 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



Such deposit of netallic elenents can be observed with | evels of

contam nation in the order of 5.1011 - 5.1012 atons/cnR on at |east sonme 25
areas of the surface of the exposed wafer. Such concentrations are
too high for a nultilayer wafer which is to be subject _to further thernal

t r eat nent s WQ2Y/0324Ri gh t enperature annealing at tenmpeFSIHRYRHR e 1000C
for snoothing the surface of the wafer, or further treatnents carried out
on the nultilayer wafer for integrating B0 conponents into the wafer).

| ndeed, the contaminants of a nultilayer wafer which would be exposed to
such high tenperatures treatnents would undergo a diffusion in WO

2006/ 032946 P4 aIBPAS HFAAB 2:Fer] dridesiguificandlyddlier tae wedpertiesatinl psitighiari cant |y

alter the properties (in particular t | &Gt erties) of the wafer
and of its cgﬁ%S%Qﬁi‘%él pro erheﬂﬁt %wﬁgﬁﬁgnﬁ%{g(&%@{ r??'rggﬁgi ons such as '
ment i oned above apghd emkdrningnt reamcanipdticsisa sach iasatentioneéd abnye and
significantly higher.than the - 5 specificat]j ¥ Lhation

| evel gener alr?§”|§9'?9 (M Qlﬁﬁmﬁnﬁﬁg’?’ﬁ?ﬁ cﬂ‘reﬁhkg;}'?a%q s ng [@!e rﬁtﬁ?ﬂ(ﬁ ﬁﬁ%yer

vaf ers ang t heetiieatons asfe cheasimman eohtaninadtiese levpb gehereadly i iongsedn rihei n t he
order of 5.1Q1 tons/cn®, .or, even,| ess).. u rLyLn LsLgct

bondi ng trané'f’"g‘PS? ro@{aé'%a'tlgﬂ%tff”ﬁ% @'egrm%[ﬂl?gé}sﬁéqﬁ%%@* ﬁl,\/ﬁ‘og?fﬁtggg‘g 1:\%zmet h an
activation ofgdrinesnts atese tspebificitiomadmbiraginithe phaerlofSuid satams/amz.tdie art ,
in order to make nmultilayer wafers, is associated to sone drawbacks.

And it is spé’é”lef"il%%}hat I f these drawbacks have been exposed hereabove in
reference to a pl g¥4ms, ashiyimf dutra direct bardinly trabsiek provass Eush abe.gea

associated to_the ackjyvation . of a surface i i If ) a plasm
activati o (é@?ﬂﬁ%xim&?ﬁ’%ﬁl V%{Wa%F‘%"%‘RB%&%S%@?Cfé?&@ﬁ%ﬁégnd)ea% L

i s an obj ect @b khB&/mr Staenbf e 4rg) invederaoendkeaenaliyer wefers, oisegsatialgacks.
For this purpose the int\)/eq(tion proposes a nethod for transferring 20 froma
t op donor waf@rsogg Y Smaterial onto a receiving handle wafer, the top

and recei vi ng waf gSd CioNBr spddifipd eisateiftinese sdrafvbads hevédasonewensethe
hereabove 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 comptising 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,
¢ a bonding step for direct bonding the surfaces to be bonded of the top
and handle wafers, in order fo form an intermediate multilayer wafer,
» aremoval step for removing excess material from the fop wafer,
the method being characterized in that during the treatment step only
30 the surfaice to be bonded of the top wafer is treated.
Preferred but non-limiting aspects of such a method are the

following:



met hod conprising : a treatnment step for treating at |east a surface to be
bonded, the treatnent of a given surface of a wafer generating on the
gppg_sed :[Zﬁsurfa;:e of saig vvgfer a contam nation, a bonding step for direct
ondi ng e surfaces to be bonded of the top and handl e wafers, in order
forman i nMHBUPRE nultilayer wafer, a rgrmval st ep PEOIBPMNRT exgestsO
material fromthe top wafer, the nethod being characterized in that during
the treatnment step only 30 the surface t® be bonded of the top wafer is
treated. Preferred but non-limting aspects of such a nethod are the
followi ng: WO 2006/ 032946PCl 71132004/ 003275 8 said treatnent step is a
surface activati an sgiceifeatmetistepcigrd surfast activaiidn step, waf er surface which is

opposed to the activated surface coryespands all i t.am.nant
concentration abové?d cor&?&ﬂﬁ%&?&f’?ﬁ‘%@%r FF&%?W‘EH ISS éée(%égdgow&g thfough
the exposure of tdegivaied§ agaffage t ocdrrespoeds ediot o aa platsiim, cosgandinesisoval

step is carried out by detaching, spid excess material fromthe top wafer,
sai d detachnent i@”ﬁﬁﬁr"ﬁ‘q’é’e 8 Vea!&aﬁggﬁ#mtlenent zone whi ch hasplobeen

irfﬁ?reogy ui: tna‘l, g (r)]dg]gt-is @pidfredtinémas tcapial SpEmi@ghi thetdxposiap ofdiesurfacets) d

to%eectlreea?ed %o%apr}ésln%g, out through an inplantation of species,
- said remowval step is carried out by detaching said excess material
from the top wafer,
- said detachment is carried out at an embrittiement zone which has

10 been made by infroduction of at least one species in the top wafer,
- said introd uction 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/om?,
- said removal step is carried out through a splitting annealing carried
out af temperatures remaining under 350°C,
- said temperature for the spliting annealing is in a range between
200°C and 300°C,

20 - the method comprises :

» 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,

» 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,

» 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 treaiment step,



- said inplantation is a co-inplantation of at |east two species,

- said inplantation is carried out with a global inplantation dose of a

15}‘ ¢¥vt 1016 atomls{cnﬂ, - said renoval step is carried out through a
splitting annealing carried out at tenperatures remaining under 350C, -

sai d t enpeRAIPE3EBF the splitting anggal ing is in a r RAYSBRWUWEREN 200C and
300C, 20- the nethod conprises : A treatnent step for treating at |least a
surface to be bonded, the treatnent of ® 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 25the top and
handl e wafers, in eaiifedtmehbsiop #s a nurfaceetiisatiomstep) | ayer wafer, a

renoval step for renpving excess erial. fr h . t t hod
bei ng characteri z'e&ﬂ%@'_ﬁﬁ'?"%ﬁ%oﬁg&'?%3@%%?%‘%3 %20%5 EIEJOI’?SF r;[gecgtggp and
the rempval step ziigdiedRufgcs tepebpondetouicogtdmioemishmnespivaion atwve

surfaces of the internediate nmultilayer wafer contam nants brought by the
treatnent step, MO 2688/ BB2946PCT/ M2004/ 003275 9 said treatnment step is a

3 glro 1; acg ?cg |t \r/]at i otn_satdte@%atrrm}tcé eamiedniutabioughdhe elposwrt ef trusdriase(shi ch i s
sed to the activated surface corresponds to a contaninants
concentration abé‘?@eltf?fiec;’foo%@laﬁw’ 5- said treatnent is carried out

through the exposurgiigf thd@esttichtatés bnly a surface of the top wafer is treated,

- said cleaning step is carried out immediately after said bonding
step,

10 - said cleaning stsp is carried out before any high temperature
thermal treatment,
- said cleaning siep is a wet cleaning,
- said cleaning step is carried out with a SC2 solution and/or a HF
solution,

15 - said cleaning step Is cartied out with a mono face cleaning
equipment,
- the top wafer is made of Si, or SiGe, SiC, or Ge,
- the handle wafer is rmade 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 treatment 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 kinown in the state of the art) :

o figure 2 is a diagrammatical flowchart of a process according to a first

30 embodiment of the invention,

o figure 3 is a diagrammnatical flowchart of a process according to a
second embodiment of the invention.



to be treated to a plasma, - during the treatnment step only a surface of
the top wafer is treated, - said cleaning step is carried out imediately
after said bonding step, 10- said cleaning step is carried out before any
hi gh tenperature thermal treatnment, - said cleaning steﬁ Is a wet cleaning,

said cl eanMRPUYEP# s carried out with a SC2 solution EhUPPOQ933S sol uti on,
15- said cleaning step is carried out wwth a nono face cl eani ng equi pnent,

the top wafer is made of Si, or SiGe, 90C, or Ge, - the handle wafer is
made of Si, fused silica, SiC, or glass, the nethod further conprises
a high temperature thermal treatnent 20of the structure which conprises the
hapgl ﬁ' Wﬁf 1(_'ar and tthie spacifiedfihahthe two wafhediméintshwhich szl becpresensded,

sai i g enperature thermal .treatnment is carried out at a tenperature
greater than 'SERREICCEERY HEO s and advant ages of the invenm)on shal |
appear when readi igist fieo fsplekifiail rthades cthe pliguoes nsitieh | shallebe reontaentedt he

acconpanyi ng draw ngs, on whi.ch (i.n additi. 8y ' I d
be corment ed l?qqc.aqrg{flag,rtgﬁ(’eéerp%ntg%l iTRAURR ‘R’bigﬁvémrgi'{ilét eaei;(s)il g*?@fagib ?ﬁ%egr:?a Y
figure 2 iss apoiiragfitadmith celerdrcewtthéigtireofl shgllr beeassaeniaied dionther samef i r st

30enbodi nent OIt the i nventi on,
reference numeral.

First embodiment

10 Figure 2 (which comprises figures 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 handle wafer 20.

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

20 The top wafer 10 can be made of 8i, 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 exarmple H and He.



figure 3 is a diagrammatical flowhart of a process according to a second
enbodi ment of the invention. WO 2006/ 032946PCT/1132004/003275 10 It
is specified that the two enbodi ments which shall be presented hereunder
can be combined. It is also specified that on the figures which shall be
conment ed WOMEEHS the el enents and features which aPETIREMPER or
simlar to those 5 commented with reference to figure 1 shall be associ ated
to the same reference numeral. First eftbodi ment 10Fi gure 2 (which conpri ses
figures 2a-2e) shows the main steps of a first enbodi ment of the invention.
These steps reproduce sone of the steps la-ic comented above. Figure 2a
thus shows a top Wefesgal, the flonbsurfagel 00 efthe tdp walsrésntine suidare afian and a

handl e wafer 20. 15At, t his stage .t fr A : to

waf er 10 and oiciefR¥en (g% A %%Oocsg(nOfﬁ§gr Sgg%r%‘fb'{n%%ﬁ%?’i}ﬂlo ?’Eﬁ%ﬁ‘?%'@gﬁ P
preloa(rjl ng a}heniﬁgﬁémcl\:/gs to be bonded. These prelimnary treatnents can

i ncl ude a em cal.- Mechani cal ., Polishin ) ; eani ngs
with a cleaning SEQH‘? gﬁ%@ﬁ@ﬁ?sa@ ?ﬁ%&?&%ﬁ(ﬁ%@hgﬂﬁgsqﬁ%@gpﬁig can bg
_rll_ﬁdehOf d|S|5, S;O%ftl@’{opf’osgxp@neditn sapiysrapher sem conductor naterial .

e handl e waf er . can, made of Si, fus 1] | o S | these
material s being pig§i Bf aﬁﬂncgﬁgt?ﬂliﬁen@] %gﬁﬁtioﬂa&/?@ﬁ ?héﬁt#egmﬁ)ﬂ'rg ous
form, or in dgmtent SebodigiEntoddsteibed imatietéxtl~ more generally corresponds

to a treatment step of a surface to be bonded, with @ generation of a

contamination on the surface of the wafer which is opposite to the surface
10 treated.

The back surface 110 of top 10 is therefore covered by a region 111
which is contaminated with metallic contaminants 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 to be activated.

The handle wafer 20 is not exposed o 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 fo 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 1o
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 fo be bonded.



25The enbrittl ement zone 11 can have been nade by introduction of species
in the top wafer (this "introduction being carried out e.g. as an
i npl antation and/ or by diffusion, or by any other known technique).

In the case where the "introduction" of species is an inplantation of
speci es, sUOPWUBIMht ati on can be an inplantation of ofRf WOORR i es 30
(such as e.g. Hor He). It can also have been nade by inplantation of

several species (i.e. co-inplantation)12for exanple H and He. WD

2006/ 032946PCT/ B32004/ 003275 11 Here again, the front surface 100 of
the top wafer is the surface of an oxide |ayer (e.g. a deposit of Si02, or
an oxi di zed regi oBubthis entihe makieagefaxered & the activation of theghardiey

illustrates an _.activatiop,step, ri [ ; I ; f 0. 100 of the
top is exposé"ff"f‘?rc)aagﬁoég € 1P Wéjfgrﬂﬁ]rgj Pgggtsl \t}ér[sr:}%ﬁ,étlﬁée% 'gHPi'ﬁ%ﬁ?ﬁ s
activation stigigsarti®etdf amgdproblenh asdbdifted eatthe roootiiminaticn thsgdiingbe@m n thi s
text - nore enegglly (E.ortr.esponds to a treatnent step of a surface to be
bonded, with B8 BESEEATYAIUF 4 contamination on the surface of the wafer
which is gppositeThe folleviayrdtag ds ¢ rdretetonding of tMbdopawifes antiatie 110 of

top 10 is therefpre covered by a.regio 11 | ' ' d wth

netal lic conﬁ'@ﬁld%a‘?i?fgr’gﬁ'bwag@ét%ﬁ%%@ﬁ? eowgmggwé?e ?@g%%%@u?a "2¢).

And as nentioned Fhekceddvinatetiahframithatopmis tien tameovedck surface of 15 the

top wafer correspongs fo contaninant .concentrati | | S typihgal |y

hi gher than the nﬁiﬁ?‘ﬂlh‘l‘%@%‘eﬁrﬁ{p thig ?’Eﬁji e&ﬁ’ﬁ@f'fﬁ‘?ﬁﬁffggﬁs“é‘%@?ﬁ?“‘%s 2%92%’[ shal |

be noted t hatthduehidgal iBicardet butay detashing theekgessimatedal asadelimitesd éxposed to

a plasm in ohd?r t o, be at():t?t'gvate . Th,E handl e wafer 20 is not exposed to
e ; t

any pl asi#. Qft by the ¢RPIPSIUGRT 280 hti on i s deposited on the surfaces of
sai d handl e waf er | i pasieblae thsewhichaslerstod Strizet GoriBtypeopeiatiethanl y i s

specific to trr(]eimsainder 15 of the top is detached from the intermediate wafer 30.

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 BESOl-type method), it is not
necessal;y 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 embritilement 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 activaiion.

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 33.



first enbodi nent of the invention. In the known experinents.for using
a plasma activation in a DBTP, both front surfaces of the top and of the
handl e wafers were exposed for 25 activation by a plasma. In such

experinents, the drawbacks associated to the contam nation of a nultilayer
structure WRWPSBEUSd undergo further high tenperat ur e PCVEBMEANES had not

been poi nted out. It is to be noted that a reports on one of such
experiments (see "Utra-thin strained-48licon-on-insulator and

Si Ge-on-insulator created using 30 | owtenperature wafer bondi ng and
nmet ast abl e | ayers", Taraschi et al., J. Electrochem Soc. Vol. 151, N1, p.
47 (2004)) menti omhist kepartiesiary anvantageous afncenthis andtilafert Wwafenehalls t o be

bonded. WD 2006/ 032946PCJ/.1132004/003275,12 u ' L.an makes
reference to ¢ ‘;%f%"%t é%ﬂtj{ a%tﬂ'@rrﬂaﬁﬁ{e@tr\ﬂglptghsog}g élfo?ﬁl%gf% {{ﬁgﬁ.@%p waf er .
And not sur prijesimehts beirftedemedtiomedipefbicorariied bhi at high fectperatires(e.gr obl em

associated to the contampation resulting fr pl asma activation. 5The
fol | owi ng st n9athipg anpealing;at @HH?W&‘"S? aﬁﬂ e ?@%f er and the handl e wafer,

for making an i nt anhaedigbsinguld | wWajer ouni@isind0 {davyureon2eptraiibine efcess
material fromthe top is then r ved. 1 . ln,the il]us l.an of this
first enbodi r@%arﬂﬂégtér{?@d CBHC‘?rﬁgE{D]P@ apave 0 tﬂﬁoysgmvavf’blﬁéé@%?értged out by
det achi ng t hearexpassepmierdral irfsvessblenditfasion rof 1ibet bentbmnanys tite the

enbrittl ement zone 11. In this particular case which refers to a

Smar t Cut-rm‘f’@tfﬁé met hod, the remainder 15 of the top is detached fromthe
i nt er redi at e waf el 8 case of a Thethbegevietatinga mnsainder tHrihe ediyolravyccor di ng

by ot ohi g ¢ (ROMGABRANGR Gegion, ALTY, Bomanty TOTRRItdare I REIfae: el RE ¢ op "
waf er whi ch iseiQprReaRdrdeoftduehheany contaiieioh00), on the internediate wafer
30. Tn such case Gy Qb Co L B0t Bobiheht BF T 1vRfo bR o hhid & ot
multilayer wafer with a DBTP, without having said muliilayer 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/icm2, 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 SOL.
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 fop for
creating the embrittlement zone 11 can advantageously be made with more

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



necessary that any inplantation has been carried out on the top wafer.
20The renoval step can also be perforned in accordance with the ELTRAN(r)
met hod. In such case, the enbrittlenment zone has previously been nade
by porous material, and here again no inplantation is necessar

I'n the cas¥QA0603H4art Cut-rmtype or ELTRANTM type rrePﬁE/a&O%“%@F%m nder
15 shal |l be obtai ned. In every cases (i.e. whatever the nethod used
for removing the excess material of thd4op), the nultilayer wafer 35

obt ai ned does not conprise a heavy contam nati on generated on a back
surface of a wafer whose front surface would have been exposed to a plasm
for its activati Oflndeew shaldmdmpiamtaidn am:wssa trédudtion\of thernemperaéitreon regi on

111 which is on_ the sur ace,,of pvvaf fromthe
mul tilayer waiPgfhesspli ‘"935‘“”93 ing fijecs E tal sk m’%}ﬁ%Wana ?a%%%gé% ince this
mul tilayer wagRmpiaathtion h@g HREler ipt acmltbpwvaiér)tdmeunsaﬂfortamtenegiobal sone of
t hese thernmal treat ment s s nenti.qned, bef ar.e carr h| gh
t enper at ures (PR a*é‘?ﬁ)gf’?ﬁ ng‘ %rfﬁ@a?"inﬁé’fgﬁ tdgﬁﬁﬁroﬁtq.}rlggolé{ﬁgc\l/%%ﬁ'g 5And
exposi ng & WeyRich CEAPIt gﬁbﬁlﬁr Ibeawy “stamdedt ﬁmbiaatai:ouf dosmtafnemgand gofe g.
concentrations, above, tons/c uld &t e.an accep e and
irreversible ms?@?on oink h@o@orﬂ%%f%@masf thé"t%?@ﬁ'f i In the
case of a net{ehaastirssihbAG Wolle Maive deturted 1rtﬂ’ne samhey t[dpeasfer Foplantedni nat i on
(region 111) is on said th er, wa being totally
free of such WBRIRP 2HRe akﬁ”@mpgé?{"‘éﬁon c?oserhgﬁ,\giﬂ%?@y Of'ﬁ'%ge%fg?st embodi nent of
the invention al I W rhereBéaile ofithé idoagitionsvat stichwiat do-mbETEomishivbut  havi ng
sald milt] ey g e o dbon b hd fepB SR BPTREWplihy UhrRbifg U ant s-

“standard” global dose, reference is made fo W0O/042779.

A co-implantation (e.g. with H+He) therefore constitutes a favourable
feature for performing a splitting annealing at moderated temperatures as
mentioned above. And such co-implantation even allows a further reduction
15 of the femperature for the spilitting 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  handie wafer 20.

The materials of the top and the handle wafers can be the ideniical 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 embrittiement zone 11.

But here again, such implanted embritttement zone is only a

particular illustration corresponding to the case where the invention is



15It is specified that the contam nant concentrations which can be observed
on the front face of the exposed top after the activation step are in the
order of 2.1010 atons/cn2, which is a generally acceptable concentration

| evel . The renoval step illustrated in figure 2e is carried out
by detachi M9 2/BEUSt op wafer at the inplanted enbritt PERERIMPEHE 11. This
det achnent can result from a nechani cal and/or thermal action. In the

case of a thermal action (i.e. a splittlPng annealing), the tenperature
shoul d be kept at noderated values, in order to avoid any diffusion of
contam nants which woul d have been generated on the front 25 surfaces 100,
200 (and woulginbdiadhith @ Smattaul*typemethed wvkeraas wnp tyrehef BBFRIicag
interface). Typi cal val ues of noderated tenperatures for such
splitting anf8H§8%y are 300-500C, for a multilayer wafer such as an SO .
And al ways i n theAsglandfd gereaslly, ahleshetheswisefspaciBed, all icfarmatigpeiveB0 net hod

as illustrateq in figures 1 .a-1 e..the | n i : for creating
the enbrittl e?%é’l‘f? f‘}rotﬂﬁ f'isst[ RPINHT 38%@%5‘630%@% r?%g%mwe'ﬁlﬁg%%t't han one
speci es (®o-i npl aFiguré Bh ilkistratesf thetdtep . of detivation throndle ezkposurento a

co-i npl antatipﬂn allows a reduction of the tenperature for the splitting
anneal ing : tHh#&8H itting at an ernbrittlenent zone created by

co-inpl antation (@uingHidestent thedfrddit sudfpceval dre topcwafes 10f and/er ofi then gl obal

i npl antati on dos i sum of .the doses of all inplanted species - 5

- 1. th
whi ch can tyd?aé‘gfqva{?éggcagt &%P§ed npl antation dose of e.g. 5.1016
atons/cn2 - and nrenigeiEetopl wafern§ Bvexbodéd &d apidsonelfor activatinny thedingter at ur es

than it would have ocgurred,in the sanme t far | t i he sane
gl obal i i arR™@b? Weﬁgsg?s%'lﬁ’ﬁ Wﬁbﬂ"%nlcﬁnoﬁg \é(\%gﬁ"%ésdm{yoﬁ %n%gg‘%gebtngi l's on
t he condi ti onsmpddigisah a c_o-i npl ant a_ti on V\,hi ch 10all ows a reduction of the
ef brence 1 made Naory e GRS haZpafbari et PRER Bord A hike)
t her er ore COﬂ’iénéﬂelWQﬁaéQafeiﬂ@t%wdlwé plasmze for gerforrri ng a splitting
anneal i ng at noderate epperatyres as ntione V.

g C%q) sdﬁllﬁljl;a?%ﬁlgp&Edc(‘P&t?rgwate%PPeg‘?OnM 3HS r211

co-inpl antation eveéd'al
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.



150f the tenperature for the splitting annealing. For a 1-1+He
co-inplantation in a Si top with a global inplantation dose of a few 1016

atons/cn2, this tenperature can renmain under 350C - it can in particular be
in a range as |ow as 200-300C. 20Second enbodi nent ure 3 (which
conpri ses WOAIPME2%44_3f) shows the main steps of a secBﬂWﬁ"ﬂ@m Yrent of the
I nventi on. Figure 3a illustrates - as figures la and 2a - a top
waf er 10 and a 25 handl e wafer 20. 16 The materials of the top and the
handl e wafers can be the identical to the materials nentioned in reference
to the first enbodi nent descri bed above. Here again, the top

waf er has been |nmhmmleahlmgBtepaae:amedrmﬁ@r&ﬁesmeme@amu@mérWﬂfaﬁg an

e i {1 eent g Gt e peen, miith A7 BFBL bRl o TR 38 She Hhpbt | erent

zone is only tion c I'respo he case where the
invention is wéférenfmﬁﬁiaeclemnmg solBivar ablelmoTahmylpm nenﬂammanmeyﬁe%&any type

of DBTP can be sed erwi se specified, all
i nformati on gﬁ Wna%&ﬁgpf’g&l?'ﬂg ﬁ???gﬁﬁ%qﬁi“ﬁ%ﬁ?g.eg applicable to this
second entsodi nent TheFileanimg Stepiis tarsied autbeforetretwafeniindargoesmemohighhr ough

el or 10 ana GPargRremanEY o Rl btia Eneh(ibdeRto-EL T 28 T N0 {8

top wafer 10 i s exhesbtdedning spedsiiastfabed ditfigrae i3en can hee fcomposdd afnbodi nment

descri bed above can be conbined with th i
severa successnvecr—y.anlngs.t the second enbodi ment.

Such cleaning is carried out on the intermediate multilayer wafer 30.

10 This differs from the cleaning operations known in the art since these

cleaning are usually carried out on single-layer wafers 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 controlied 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 fends to indicate that such cleaning should be
avoided because the cleaning solution might be infilirated at the bonding

25 interface (see e.g. “Semiconductor on Wafer Bonding: Science and
Technology” — Tong and Goésele, sponsared 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.

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.



Figures 3b-3d illustrate the particular case where both top and handl e
wafers are activated by a pl asna. Figure 3c thus illustrates

hi ghly contam nated regions 111 and 211 15 respectively associated to the
back surfaces of the top and the handl e wafers. O, course, if only
the top walé200&03246i yated there woul d be only a regi oﬁciﬁzo%??ﬂj%"? only the
handl e wafer is activated there would be only a region 211. 20Fi gure 3d
illustrates the direct bonding of the tbp and handl e wafers, with their
front surfaces contacted. In this second enbodi nent, the bonding is
foll owed (preferably imrediately foll owed) by a cleaning step (figure 3e)
for renoving the ddoteasenane svouldbalss bensidetthgt themleaningsstepl woulgi vt 111 and

211 whi ch hasPBEeRVIBMRONE Pandiig 4y 48,15, oie ofind BRI AR 100 Nis
been fornmed bgeaseledwafeone wafer was activated by a plasma before
2orvand) or cne i RS AR Ly BB B PRI ely TR L
to be 30 assogoed aghihst the smwhinds bftiengricsart ace of the internediate
Tt e e« et P TR AL BRI S8 SOBCABERF A 0,
of the top anfahiahdl deamiigrarfonnet after! thanborrisgl furihen alibwe toouss iami nat e
SThe- ol oani ngSaHER PELER pr et BLAFIeRe: MR E BV s SREisn) e BT POse
Eerrperfat ure th@@mﬁammémirmnt@ny thermal treatment above 900C). The
sucoasst vEScl eani rijsScaueh i ey St iRl (GPEDREH ReoaRaTE .,
nul tilayer wapgiblé@fls ifl Qsddifor ddahings tter ¢op tand/oc| teandien gvadgrebefore tsiknown i n
the art since  hee BaSar 19 5o 8L, he¥dd 2 ¥ sciltiohl RBLAT hawer waf ers
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 fo 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:



Each cl eaning of the cleaning step can be carried out as a wet cleaning,
i.e. by immersing the wafer to be cleaned in a bath nade of the 16cl eani ng
sol ution. It is however al so possible to performsuch cleaning with a
nonof ace cl eani ng _equi pnent, which projects a controlled spray or jet of

cl eani ng s¥AAPY 25?glectively, only on the surface to BET@gﬁ%%%ﬁ?s
Concerning the cleaning step it is to be noted that the applicant has 20
observed that contrary to what one mightl8have expected, the use of a

cl eaning solution on a nultilayer wafer 30 whose | ayers have al ready been
bonded toget her produces very satisfactory results. | ndeed, the prior

art tends to iNndingeHdRditBasnhaHed il Baviding cabay| absbeiatddbdedorzinpabiet he
cleaning solution night be.infiltrated at .the bonding,25 intetf (see
e.g. "Seniconduc® a‘%n‘”bﬁhé? agb‘f?&‘?cﬂéﬁa'%ﬁ?@?f‘@ec%{hﬂeq’ﬂg%g?ggjgﬁr?e%gﬁ?g and
Cosel e, sponsor edg ByfrbRe skfgsd)r ochem cal Society, Inc., a

W ey-Interscience Publication, 1999). Such infiltraliﬁns WO%ldbbe”
associ at ed to ¥ i akepciatedidgtheideperationqgefapi iapvyreantamipgiion 9, e, PaGKh undo

the bond bef Wee“sulﬁnfﬁé‘ceb%&ﬁqs\wp%éd 1S W RS bidibe WBS pnsbdewithg t he
prior art one would consider that the mani pul ati ons associ ated to a

cl eani ng step wothegviaverntamingsani Rgingr undersierdieds wapareponding o a

Moreover, one wopbgta@itshi cBASRkioh BBbvé e' cliemsichd).st ep woul d nost
probably | ower the bonding energy at the edge of the bonding interface of

the bonded wafer. And in all emhodimentsthe Inventien ensyrestaal RO, WAL FUBREESs i n
this second enad - : Inte F safd slheaceris dleatityt -

And the specific %rﬁ@(;éggggn%fﬁ?pﬁﬁﬂugiﬁqﬁgl Eg%g?d enbodi ment, which 3xhas t he
cl eani ng pér f osansamieted: t he bonding, further allows to use a solution such
as a SC2 or HF solution, which is known to efficiently renove netallic
contam nants. 10A SC2 or HF solution would indeed have been associated to
problens if used for cleaning the top and/ or handl e wafer before their
bondi ng together : in such case, the SC2 or HF solution would have renoved
t he undesirabl e contam nants, but would al so have deactivated the surfaces
to be bonded - thus losing the benefit of the plasnma activation. 15 It

t herefore appears that the specific nmethod proposed in this second

enbodi ment al so corresponds to an advant ageous process which allows the
manuf acturing of a multilayer wafer through a DBTP, with a LT BHT.



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

20appl i cabl e. An advantage of this second enbodinment is that in the
case of a renoval carried out in a way which generates a remai nder (as
illustrated in the left part of figureg3f), such renmainder has already been
cl eaned by the cleaning step. 25It is specified that if the description

gi ven above of enbodi nents of the invention is focused on the case of an
activatiopn é r_several activations) carried out through the exposure to a
plasma (" activation"), such activation can alternatively be carried
out under different forns (e.g. oxidation and/or chem cal activation ...).

301 n all raseguéthed e trbivsiéringfrom a tol\GorEIQR&3 2HADIRLE of A 32HRA6RMO3275 18
i ntended to .enh nr(ﬁ?thfe @??én% ﬁ@:ﬁ:c% associated to a bonding of the
surface WRFRHNY 82%L% V&L ) (R PES'®ENn generally be be referred to as
a "front" surface), associated to the generation of a heavy contam nation
on the "back" Htreatméatetepibr ttérting ablepstseslirtace tchze Bdndedithe saatfreotoftao be

act i vat ecy 4 of ERNL: (SRALATIATS SISk BaradpLal aas,as corr espond ng

to a contanm nant concentr oV And in all
enbodi nematantieationvent i on ensures that no wafer surfaces can undergo high
tenperature thermal treatnments if said surface is heavily 10 contam nat ed.

19 CLAIME 1. Msddamid k& fof Lirdke b&Hding e 5iBe8 14 BPbSIRRAMS WRft6H akd0) a | ayer
of material onto a receiving handl e wafer &_20), t he nmet hod conpri si ng:
handle wafers, in order to form an intermediate multilayer wafer (30},

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

the method being characterized in that it comprises between the 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.

2. Method according to the claim 1 characterized in that said treatment step is a

surface activation step.

3. Method according to claims 1 or 2 characterized in that said contamination of the
wafer surface which is opposed to the activated surface corresponds to a contaminants

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.

5. Method according to any of the preceding claims characterized in that during the

treatment step only a surface of the top wafer is treated.



a treatnment step for treating at | east a surface to be bonded, the
treatnent 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 handl e wafers, in order to form an
internediate multilayer wafer (30), a,fenpval step for renoving excess
material fromthe top wafer, t%e nmet hod bei ng characterized in that
it conprises between the bonding step and the renoval step a cleaning step
for renoving fromthe exposed nmain surfaces of the internmediate nmultil ayer
waf er contam nants brought by the treatnent step. 2. Method according to
the claim1 characterized in th said treatnent step isS urface

activati éh st &fpthodzaceRigingdg agk g 8ipFFg§’ef“898aé[ﬁ]g’aia%‘?rpz?d%g'?gﬁiri zed in

t hat sai Giepmgatepieca®iad olt iniedistdle aftersafdamadingisep. i s opposed to the
activated surface corresponds to a contam nants concentration above 10"
atons/cnR2. 4. Method according to any of the preceding clains
characterized in that said treatnent is carried out through the exposure of
the surface(s) to be treated to a plasma. 5. Method according to any of

t he precddi ng Mstbechaccotsingetoteny pithe preveding claios Fhrjacterizedintehedd step only a
surface Q.fleﬁtnrh% stté:bq[s%\ﬁ@rfrigﬁ olifodf88ah¢ High t&fp&atubeinBrtaideamidht Batrit®ody of the
preceding clarns characterized in that said cleaning step is carried out

i mredi at deyperpiuses Righed theor@0rfg step. 7. Method according to any of the
preceding clains characterized in that said cleaning step is carried out
before any high tenperature thermal treatnent carried out at tenperatures
hi gher than 900C. 8. Method according to any of the preceding clains

characterj zed ,in that said cleaping st is. i.ng. Met hod
accordi ngé‘t o] thﬂ%h?)cr%(igg'fﬂﬁ'lwgtocﬁn&Pﬂihgrgﬁ)é?cggﬁgrcrai'ﬁ%lxﬁatﬁaéi%rgzt%gs"gﬁét% %ani ng step
i s carri afdeaning siéd ik aawebCRasioput i on and/or a HF solution. 10. Mt hod
according to any of the preceding clains characterized in that said
cleaning step is carried out with a nono face cl eaning equi pnrent. 11.

Met hod according to any of the preceding clains characterized in that said
renmoval step is carried out by detaching said excess matq%i al fromthe top

wafer. 12, MYeBed accerting todhe precedingviain ehasacierizer intBat s ¢RaRing PRy

det achmeng cafie€ 80t ii#th 90D sallitidaRMdid Hif ko®M. zone (11) which has been nade
by introduction of at |east one species in the top wafer.

10. Method according to any of the preceding claims characterized in that said

cleaning step is carried out with a mono face cleaning equipment.

11. Method according to any of the preceding claims characterized in that said

removal step is carried out by detaching said excess material from the top wafer.

12. Method according to claim 11 characterized in that said detachment is carried out
at an embrittlement zone (11) which has been made by introduction of at least one

species in the top wafer.



21 13. Method according to claim12 characterized in that said

i ntroduction of species is carried out through an inplantation of species.
14. Method according to claim 13 characterized in that said inplantation is
a co-inplantation of at |east two species. 15. Method according to claim
14 characterized in that said inplantgajion is carried out with a gl obal

i npl antation dose of a few 1016 atons/cnR. 16. Method according to claim
14 or 15 characterized in that said renoval step is carried out through a

spli tti ngzannemthdibaceardingad cRith 12kchir@bRazart it tRf shifl MiddutdnWwhgescisdddC.  17.
Met hod accordin | aim 16 ﬁharfact erized in that said tenperature for the

to
splitti ng’aéﬂ?ﬁééﬂ?ihwgﬁéni"ﬁp'ém}a oy’ EF%Ren 200C and 300C. 18. Met hod

according to any of the preceding clains characterized in that the top
wafer is made of Si, or SiGe, SiC, or Ge. 19. Method according to any of
the preceding clains characterized in that the handle wafer is nade of Si,

fused silj,ca, (9l - lai I . it the preceding
cl ai s chfétf act@t%de%{cpl%llﬁgtdafrﬁgsﬁe hg%%%ﬁﬁ ﬁ{ea?%%gﬁ%aﬁgtggmg&ﬁ%h

t enper at umplantatiemefl ateashiweeapecies. t he structure whi ch conprises the handl e
waf er and the part of the top wafer which has not been renoved, 22 said

hi gh tenperature thernal treatnent being carried out at tenperatures higher
t han 900C. 21. Method according to claim 12 wherein said detachment being
conduct ed151?y %}?er%ﬁc? a!lcrclz r megtt\gecFa?m%Q%EaI%Qt%rizSQdo i%:'that said implantation is carried

out with a global implantation dose of a few 10'"® atoms/cm?.

16. Method according to claim 14 or 15 characterized in that said removal step is
carried out through a splitting annealing carried out at temperatures remaining under
350°C.

17. Method according to claim 18 characterized in that said temperature for the

splitting annealing is in a range between 200°C and 300°C.

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

19. Method according to any of the preceding claims characterized in that the handle

wafer is made of Si, fused silica, SiC, or glass.

20.  Method according to any of the preceding claims characterized in that the
method further comprises a high temperature thermal treatment of the structure which
comprises the handle wafer and the part of the top wafer which has not been removed,



22

said high temperature thermal treatment being carried out at temperatures higher than
900°C.

21. Method according to claim 12 wherein said detachment being conducted by
annealing between 300°C and 500°C.



