WO 2006/ 032946 PCT/ |1 B2004/003275 1 Transfer Method with a treatnent of a
surface to be bonded The invention generally concerns the manufacturing of
mul ti | ayewo ywsées204ncl udi ng materi al s sel ected from senpeqiagspifés27s
materials, and used 5 in applications in mcroelectronics, optics,

opt oel ectroni cs and/ or optronics. Mre p,{ eci sely, the invention concerns
the processes for transferring froma "top" wafer (or donor wafer - these
terns being herein understood as equivalent) a |layer of a sem conductor
material onto a "handle" (or receiving wafer, or "base" wafer - these
terns being her ei hranefer Metbadaxith adtreatment efa)surface tabe hondedle a

mul tilayer wafer. Several main types of such processes are known. Many of
t hese processes i step for bonding the handle _and the top
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ot herw se speci 25 The known types of procCesses I nc
BESQ -t yife peqwiesient) neondenty alakefa matidayesiwafesm t he top wafer is

perfornmed through A f. said top wafer t he ELTRANTM type process
(the renoval is p%g?%r%%'r?ﬁ'rp%ﬁéﬁsgmBé(gcf@ﬁﬁ%r#fecﬁno[% excess material said
detachment resul tiagyf oithddte préfesakt aekplpfa & gAdYS stqgifon Mndike thep

wafer), the Snmart t TMtype process (the renoval is perforned through a
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i5 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 maiter to be protected 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 documenis 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 BESOl-type process (the removal of material from the top wafer is

performed through an etching of said top vwafer),
» 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 Cut™-type process (the removal is performed through a
~ detachment of the excess material said detachment resulting from the



det achnent of the excess material said detachnment resulting fromthe WO
2006/ 032946 PCT/1B2004/ 003275 2 splitting of the top wafer at an

enbrittl| ewanioosegban obtained by inplantation of the teprwBiwijomhish at

| east one species. It is specified that a general description of the main
steps of a non limting enbodi nent of this type of nethod can be found in
SI LI CON- ON- | NSULATOR 5 TECHNOLOGY: MaterTals to VLSI, 2"d Edition
(Jean-Pierre COLINGE). The bonding step of such processes is generally
performed without adding between the top and handle wafers any adhesive
(such as a resiapjittinge ofi 316 tep ewafes abican bembriigment hraion qdsingd &Y

eferred to as mRaoTebHe GRWCENAR ikl Bt htloa R Rl Ingl®,
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an oxi de layer) over said first wafer, an by submitting the surface of
the first wafer tbha bopding stept oleaycheprocegaey is penerally mgrformeyl with@ddndi ng

of the surfa f e n . s a
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e (0} ng i r d Ifayer warer eac Inittlral warer
bri ngi na 25baq"'|:’%%3re"tragﬂo&fgrh%@n§ TiPEe wafer thus obtained)  with a high
energy bond (i.e.Fer pachiidirgcthonding: ;t%ecm:rfapegrt@ab%rbqnﬁgd moehPENSYbet ween

t he bonded S.. | d wafers are thus subjected to
a "bondi ng %Q&ﬁlQ'&a@@%ﬁ?a?%ﬁf“%m%%ﬁoves the strength of the
bondi ng. More presng iliy possible BHirovislege ol yurdace owst ofitst atafdyi which
is to be bonded with a second wafer through a direct bonding, e.g. by
15 huilding 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 freatment 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” fo the multilayer wafer thus obtained), with a high energy bond (i.e.
~ a bonding energy typically greater than 500mJ/m?) 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 ouf 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 800°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 "HT BHWo 2006032046/ 032946 PCT/ 1B2004/ 003275 3 Such HpcBhE200£00388r ces t he
bonding interface and can bring its bonding energy up to a desired |evel.
As an illustration, the bonding energy .between a Si wafer and a Si or Si02
wafer is maximzed after a HT BHT at témeratures in the order of
1100-1200C. 5 The bondi ng energy obtained after a HT BHT can e.g. be 2 to
2.5 J/n2 for a bonding of Si/Si, SI2/SiA2, or Si/Si 2. Such HT BHT can
therefore all ow tBechridiufBHT ueinfgross thel bondipgr intatégasr andi ¢an iaguids e

bondi he.b d | f .t f '
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coefficients of thermal expansion 1(CTE% which are significantly different.
15 I'n such ciesparasesiin thpeordaral 110448008 ted to different CTES will

under'go_ gxpansi onDboflshbes Sily BANLH AR WIHT BEMOSEH 48, B0 iGHT  Thi s

can lead to nreT%atlvee h"as a warp o ers, or even the
gener at i on of/midoea heondingrofBi/Slj SIQAiIN008Si/Hithe crystalline structure of

the wafers. 20 | a be undesirable to carrv.out . : a
bonded mul til aye$u?ib?-gf B %, FeTole glidw e Mentifacfiny I%"E%@@S‘ar
conpri ses CRERPY &N ati@gudteybOiding dricddy bethedivtiaé dsbndedclayeas of thes
usually called "structured substrate"), or the material of the wafer is

likely to beWﬁ‘Te@'ered. by a high tenperature treatment (e.g. case of a wafer

ot st aBte 1 ayer < Rareh, B R TR o A o R et e

hi gh k mat erwales. or conprising layers with metallic elenents |ike A1203 or

TN, ' This is the case e.g. when the layers of the multilayer wafer have
respective cosfficients 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 o 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 aitered by HT BHT, like low k materials, high k materials or comprising
layers with metallic elements like Al,O; or TiNj}, ...
| 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 toa plasma, before being contacted together.



In order to avoid such drawbacks and neverthel ess obtain a high bonding
energy between bonded | ayers of a multilayer wafer, techniques of 30 high

bondi ng enwgy Bye/ad290460W t enper at ures have been devel oped. pbiiesaizzishese
techni ques the surfaces to be bonded are "activated" by their exposure to

a plasma, before being contacted toget hei. WO 2006/ 032946 PCT/ 1B2004/ 003275
4 Such technique will be referred to as "plasma activation" techni que.

Pl asma activation is advantageous since it allows obtaining high bonding
energy with a BHT which is carried out after contacting the surfaces to be
bonded, but whi chSuentachsiduenivilide tefered tmas npematactivatisy’ teshrjiquer BHT") .

And pl asna activati on has..been proppsed f .AS o] b :

obt ai ning a hi gha%llﬁ‘g% aEBH%Il% S d&@ﬂ%%@&ﬁ?&ﬁﬁ% 'Eﬂl%ﬂgnéb%ﬁﬂ% l-F—@{'BHT on
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given in "Utra-thin 10 strained-silicon-on-insulator and

Si Ge- on- i nsubtanesdpd bandad,Rptiveveh rampias dimites ta:a low iespRerara RHT

nmet ast ablze l(ayf_qu-'iT” Taraschi et al., J. Electrochem Soc. Vol. 151, No 1,

- p. 47 (2(?04). hi's gfrticle discloses a Smart Cut TMtype process in which
prior to the waffnd ipdasinagciivelion basviesemn propopedidr éEﬁ' he aatlutien a

pl asma 15 tiyati.on c be carried. out..on,the .surfaces t d. The
General pri ey PGPSRk boRdng Sl SoGaR ARGl X n IR

conpri ses fi@yadonbediraulliyed walfew t he successive main steps of such a
known principle. Figure 1 a top wafer 10, _and a handl“fj wafer 20. 20

h
The top wafer 10 /’hﬁeﬂ%@h"&%ﬁg&gg@f figh kaﬁwnoDBFﬁE’ré% Gty 8% ﬁra'm“aer to
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| ayer 1Z. The surtface s tnsulator layer is to be confacted with a
surface 200 temparatunanadaterwabedingf and amdtastahle blaweisig Tapaschh egte at.wal.

surfaces 1007200503 5c85v6FH81 RE 1 8. &7 (Sdifyyr espective
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 fop 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 fo 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... ... .. ...



"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 respegtd 386/03284K" surfaces of these wafers. 30 Fi gpcgmd2o04/6039%s the
activation of the front surfaces 100 and 200 by a plasma, in a plasma
chanmber. WO 2006/ 032946 PCT/ |1 B2004/ 00327 5 As illustrated in figure lc,
this activation creates an activated regfon 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 al so generates contam nants due to
the exposure of Bstillestratbdrin figore 1pl thiswmctigalin createman activateddeginne

particularly illus ed b ef erenc 1l a back
Paces 110, 2107 thfe it aligacs SRS e, By waBR 10 ulnd SRFERBARHIE, )

| ess cont am bgRigh mm@rﬂ%elgdoa@ﬁﬁeG@ﬁdlmamml e, the plasma
activation of a silicon wafer typically generates a lotéﬁﬂtan1nant

concentr at | on of Zbisuactvationcalge Eeneraies sentaminanipHve esxposisieh is to
be activ the i nner space of the plasma chanber, the
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cont am na el'hg above 1011 atons/cn2 on the back surface
of the wafer). ThiSuchscontermimantar afecntare partichlarlyaifusiratad bhaefstigreesl

contacts bet ach waf er and tiLn

associ at ed t:ﬁ?k@“%aﬁrﬂ’ t%ae%ctige}eﬁ:g%c%%Q1ﬁe§g§%‘sﬁQ ﬁ,y%fggg%@ﬁ?
wafer. |n coRgpf (fé@és! Yecaid éﬁhlﬁ%aﬁﬂyl sy aonthatindnits teah ¢od baok dacep(asat i on,
the wafer is disposed on a c in the Elasna chanber . Re chuc

¥ 9RO K‘?ﬁé" waf er

adapt ed to pal’lf eramplee the plasma golivalian ghg: sibepn wafel tygicg
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el ectrode towmam;g em heobafivatad iavd (hicts fam:ﬂst Hgennes spaseveft e, 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 foliowing functions:
20 s receive and hold the wafer very tightly in place during exposure to the
plasma,
. regulate the wafer temperature dunng plasma exposure, by temperature
diffusion,
» act as a an electrode fo transfer polansatton (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



25 This set of functions that have to be perfornmed by the chuck | eads to
sel ecting for nmaking the chuck materials containing elenents that are
likely toonosesmaate the surface of the wafer in cont aeamsdelyessarsxd chuck
(i.e. the back surface of the wafer, since it is the front surface which
Is directly exposed to the plasma). Thi sqmateri al can typically be Al 203
based sintered 30 ceramcs. Figure 1d ilTustrates the direct bondi ng of
top wafer 10 and handle wafer 20, these two wafers being bonded by their
front surfaces. This WD 2006/ 032946 PCT/|1B2004/ 003275 6 bondi ng enerat es
a multilayer tzndiag arenaratesr a saultileyas 3@nwaiant(eefarad 4o xs amiintemagdipteraf er )
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maki ng nul ti ltpper wafers thr ough a DBTP. However, plasma activation is in

Itself associated with her 15 drawback, rela ed to the con |, pant s
genoratod by the. dSEHUATF GIE0 IHRIEAES 18 oTBALITGhEAT SbRPaoBMARRUL 195t | on
generat egpa vﬁ%h%é”'ﬁééﬁrﬁé?écﬁé&? IVW:’E ?bﬂ%ﬁbe't?eﬁécﬂ’%?ﬁdrefugeﬁf’f@r @' 1N
particular on the back surface of waf er hi s "contam nati on”

corr esponds moae@m;mmior@ﬂnafﬁuhmame@w@m@newdwa(r@il@wamr Fe, Ni, zZn, Cr,
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surface of the vvafer I N sai sur case i SOl at ed
at ons, nol ec@dvantdsigecussior 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 fo 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 io 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



- waf ers and

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 sone
25 areas o tdogoswdsf ace of the exposed wafer. Such concegiigide@is2s € t 00
high for a nmultilayer wafer which is to be subject to further thernal
treatnments (e.g. a high tenperature annezl ing at tenperatures above 1000C
for snoothing the surface of the wafer, further treatnents carried out
on the multilayer wafer for integrating 30 conponents into the wafer).

| ndeed, the contam nants of a multilayer wafer which woul d be exposed to
such hi gh t éheeohimeesf thewalentandwighticante eljer thedpranestiem (in pafgsular
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in order toegvalitegrs).tilayer wafers, |s associ ated to sone drawbacks. And

it is specified that if these drambac ve bee osed, h reabove I n
reference to a pl M%W'%tq%@ dgeech %ﬂ Wéﬁf)’é@% Baﬁssd %’(9% 4% ch @

associ af gd ??nér‘f'%éf’” ﬂ%ﬁbgﬁn at ?rﬁ&éﬁ@a%n%ltﬁé susiageé i@ berdorfdednagir! asma

activation g. an oxidati chemcal activation...). It is an
obj ect of t iiee kneamt StarheDtﬁtlwertcu‘nerdeméo@M@WMY%N@BWrﬁ\%&@R@t&q:or
this purpo the i ven n. proposes a nethod for transferring 20 froma
t op donor 9§Pm§ 5@‘@5 @? ‘material onto a receiving handle wafer, the
And it is specified that if these drawbacks have been exposed

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 comprising respective surfaces to be bonded, the
method comprising :
e a freatment 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 to form an intermediate multilayer wafer,
e aremoval step for removing excess material from the top wafer,
- thie 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:



top and receiving wafers conprising respective surfaces to be bonded, the
met hod conprising : a treatnent step for treating at | east a surface to be

bonded, t W 2006/62045ent of a given surface of a wafer geperagicafoedsrst he
opposed 25 surface of said wafer a contam nation, a bonding step for

di rect bonding the surfaces to be bondedsof the top and handle wafers, in
order to forman internediate nultilayer-wafer, a renoval step for

renovi ng excess material fromthe top wafer, the nmethod being characterized
in that during the treatnent step only 30 the surface to be bonded of the
top wafer is treatsaid treaiwhent stbpoista signfada adtiviatignadeact s of such a net hod

are the follow ng; . 2006/ 032946, RPCT/ | 0 1.8 - o nt
step is a surfadegsfé‘%/\fg\‘i’a%w O@p,Of -tha‘AH%%gosﬁ-%%gﬁ\&ﬁcgniso?%%dmgfﬁém
surface which i dparsed siafdde antdapendd st f ase metallis pauitarnmaats

metal lic contam nants concentrati,on above ,10" atons/cn2, 5 - said
treatment is carganegniaion RRRYeH1QA hetAREEre of the surface(s) to be
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excess material fromthe top wa , - sal et ac is carried out at an
enbrittl enent zdodennecathd Hasa plasnbeen nade by introduction of at |east one

i in the t f - said.int tj i ' i ed_out
Chrough an 1 ol nieay snaval Shut i BarBa G Y dBiadff s8R pegs hbthab
co-i npl antati on faimake tgpeiaferyo species, - said inplantation is carried out

with a global inplantation dose of a 15 few 1016 atons/cn®, - said renoval
step is carried -ofaid He@sdHMENE[§ sarie Pumtcan F‘"F{g)r tttiﬁmﬁ%zor&wh&@ has

tenperayyres remgidy ﬁnﬁd%yrntz%%‘éﬁoh 0?8t fbelstBREPeklcd ihThe tdpPwaR] LTI ng
annealing is in a range between
- 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 108 atoms/om?,
- said remowval 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,

_ o 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 ireatment step,



200C and 300C, 20 - the nmethod conprises : A treatnent step for treating
at least a surface to be bonded, the treatnent of a given surface of a

waf er geneoadondes2eds t he opposed surface of said wafer gac¢epdosdagdsi on, a
bondi ng step for direct bonding the surfaces to be bonded of 25 the top

and handl e wafers, in order to forman igternediate multi |ayer wafer, a
renoval step for renoving excess material fromthe top wafer, the nethod
bei ng characterized in that it conprises between the 30 bonding step and
the renoval step a cleaning step for renmoving fromthe exposed nmain

surfaces of the-i isiaid tredinaert siep i lccswiacerastidationrdieri nant s brought by the

|72 Surface. acti VKT CREOTon Sof o SRS AiERRs rjen R SepdsER BTHe 0 °7
whi ch i s opposedciatddesurfutid y@t@dpends ¢ca cottaptimamts conoertratiom andveant s

~concentration aboyge 1011 gtons/cnR, 5 said treatnent is carried out
t hrough t he expddlr 8l9S/ERE: surface(s) to be treated to a plasm, - during

the treament  steRaplbafindHf el SHENFARIEIEEbdSUE RlIRSIsurfasE)

cleaning step is carrie I edi ately after said bonding step, 10 -
sai d cl eani ng sttepei tseatadtd edplasimnadef ore any high tenperature thernal

e SREE DRk Sus Py £ 6P 0% i BB ARG o
step i s carried.-ogaiddduringusiep f R eamiezhiutdmneediateig rdfter 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 treatment is carried out at a
temperature greater than 900°C.

25 | Other aspects and advantages of the invention shail 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) :
. figure 2 is a diagrammatical flowchart of a process according to a first
30  embodiment of the invention,

--o-figure 3 s a- diagrammatical flowchart of a- process-according-to-a............. -

second embodiment of the invention.



- the top wafer is made of Si, or SiGe, SIC, or Ge, - the handle wafer is
made of Si, fused silica, SIiC, or glass, - the nethod further conprises a

hi gh t enpevcrioas/esoher mal treatment 20 of the structure ppiiisihosodipssd ses the
handl e wafer and the part of the top wafer which has not been renoved, - -

said high tenperature thermal treat rrent,'ds carried out at a tenperature
greater than 900C. 25 Ot her aspects and advantages, of the invention shall
appear when reading the followi ng description nade in reference to the
acconpanyi ng draw ngs, on which (in addition to figure 1 which has al ready

be comrented i nlt i epesified tthakths tweigrabodimsammisi whithesbalhbe presenéedhrt)
figure 2 is | | hart of a process according to a first
30 enbodi nerﬁer%'g%{g&%%ﬁ%gme%i gure 3 is a diagrammatical flowchart of
208% ?ggz S gccng ?ilngsoradﬁog Sggaﬁmghahbﬁdﬂh@ﬂgum? tvzmc}h remmth bercorﬂment%d

46 PCT/ | 4 75 1 It is specified that the two enpodi nents
whi ch shal | %ew%'e ealempite grddpataes Blichoaes santiced o Sl 45 286%8 1 | e
that on ghe Jdmreﬁ@awimhre‘%laﬂdcebﬁ) figureen! 8Hall NBE eatiRtateti N ﬁ%eeraﬁm and

features which are i1dentical or simFar to those 5 comented wt

ref erence t gefargoeenumsiiall | be associated to the sane reference nuneral.
First enbodinent 10 Figure 2 (which conprises figures 2a-2e) shows the main
steps of a first enbodinent of the invention. These steps reproduce sone
of the steps | a- Rrst@mbotigenoove. Figure 2a thus shows a top wafer 10
with an inplanted enbrittlement =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

oo T15.0" o LT (LA o BBl SARBLIUNbAS LA AEpA IS
' 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 preliminary treatments for preparing the
surfaces io be bonded. These preliminary treatments can include 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 “infroduction” 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—.implantatipn), forexample Hand He... ... ... ... .



Chem cal - Mechani cal Polishing (CW) and/or one or nore cleanings with a

cl eaning solution (such as RCA, SPMtRCA, . _.). 20 The top wafer 10 can be
made of Syo Soéss29de, SIC, or in any other sem conduct ppragdesiadhzs The
handl e wafer 20 can be nmade of Si, fused silica, SIC, glass (all these

materials being possibly in crystallin Y pol ycrystal Il i ne or anorphous
form, or in any other sem conductor material. 25 The enbrittlenment zone 11
can have been nade by introduction of species in the top wafer (this
"introduction being carried out e.g. as an_inplantation and/or b

di f fusi on, or by Herg agaheth&fromhsurdateni 0@ ef tha ieptwafet ig theerface vk an

can b an | RO ENET Groon et e CBacl cu Bufizpd TRELESE 13 SRk P =) "
can al so havyggtegan. made by inplantation of. several species (i.e.

co-inplantation), for exarnpleH and He. WO 2006/.032946, PCT/ | B2004/ 003275
11 Here again, t gurpdh illusiraigs @maniivation sten, Syripgs 'Chst%tf@)rﬁ € of an
oxi de | ayer o3 ' an oxi di zed region of the

under | yi %g 1?&%}?%’{?@%‘é?)&ﬁ;%ﬁ%@%?@ﬁﬁ@h ates an activation step, during
whi ch the front Jhig acéivatioriGlepf—tike adpactivaapostegst ventjs N thei s

activation s - like all _activati Lon ' ' ent

enbodi nment s dﬁ%@ﬂ Bgﬁ)old”n?'ﬂSsé?sézﬁlk)e-gq@b§%§£ﬁ+%ﬁ%o¢%e”§g€oﬁg% p Jtrgfsa

treat nent stem AfecsdmeHE fst§® dfca rirfaesdied bevboérdetl, gsitterat gemeration of a

contam nation on the surface of the wafer_ which i.s o o%ite &o t he surface
Bosite 10 e

10 treat ed. CPptarRRaNOR Gnf theessuriageop! gpwateriwhieh is ap C% region

111 vvh'igh itl%a?éﬁ]t am nated with netallic contam nants such as those
mentioned above (see figure 2c). And as nentioned above, this
cont ami nati on on Thieebdrkcsurfacef btk obiop 18 is therefope wayered by regaiaad 1tlo

contam nant eﬂcﬁ? C%&@ﬁ%b@%ﬁé\?@ﬁgg{eﬁiﬁé’ Rh&BhiNantd! HRA" < 0S4 HeerdiHeum

concentrati
above (see figure 2¢).

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 to any plasma. Therefore, no
20 contamination is deposited on the surfaces of sald 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 fop 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)) .me_ntions._.the__plasma y
activation of only one of the wafers to be bonded.



It shall be noted that during this activation step, only the top wafer is
exposed to a plasma in order to be activated. The handl e wafer 20 is not
exposed twoenysgdhesm. Therefore, no 20 contam nation perdEpesésed on the
surfaces of said handle wafer. This selective exposure of the donor top
wafer only is specific to this first quodinent of the invention. In the
known experinents 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 experinments, the drawbacks, associated to

the contani nat i oBubfthis mentionayekest iefrienee tanhenaetbiatianefl ANEHE her

that a reportihrbit il nP Bnrer ARE 8 QERASRO Hiere ig npambAicke inct e
st rai ned- si lhigaatticla- binany prolsleandsShdistedntol theutentamiratioat eEsullignijonso

| owt enper at ur e, waf er bondi ng and netastable |ayers”, Taraschi et at., J.
El ect r ochemth&glasMaBActivelion. No 1, p. 47 (2004)) nentions the pl asma

activatign of onhy.op@LRing B &hs direchb®ohameed: D3P WpdfeB2d6the
PCT/IBZO%4/ 00327 elgﬂgutnq h|fe menti on nmakes ir?}‘gf er encea'tgo the activati on of

the handl e haatile watendfonmakiig endnteopedigtemultiayerveres 8P AFlosreél), there is
no nmention in thi (W - ' to the contam nation
resulting from Eﬁ% eﬁ@&éﬁﬁ%@@’?@ﬁ%‘?%‘g?‘g&?ﬁg‘g?3?’1“@5’“8% step is the direct
bondi ng of the t gptwailastrativh dhithis fies debodivhent presenteekomgaresi 2a-&esedi at e
mul tilayer wafer 30 (Figure, 2d). he excess material from fop..Ls then
renoved. | .nﬂi"ﬁé'emqvéglsr%ﬁrl"%ﬂ%% b[yrg%iatplinpgﬁﬁ%%g%merﬁl&ﬁeﬁé}ﬁ@{%ﬁ '+i gur es
2a-2e, 14higpd gcg.ptt{ﬁ{eh% SmbAftidnschtPdnebin . det achi ng the excess material as

delimted in op. the enbritt|l enent zone 1l..In this particular
case which ref er én this pagicaltar cose™hich peferptcna@man Eutr clypedaethods e ¢ he

L) oo TR Ty b HRlREh G R e Proglpidiesmial agan l <o be
The removal can also be cartied 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
necessai‘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 embrittlement zone has previously been made by

porous material, and here again no implantation is necessary.
in the case of a Smart Cut™iype or ELTRAN™-type method, a
25 remainder 15 shall be obtained.

o In every cases (i.e. whatever the method used for removing the
excess material of the top), the multiayer 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.



15 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

front sugips@edf9es on the intermediate wafer 30. In sgefgasoks ch
corresponds to a BESOT-type nethod), it is not necessary that any

I npl antati on has been carried out on tﬁg top wafer. 20 The renoval step can
al so be perforned in accordance with t ELTRAN(r) nethod. In such case,
the enbrittlement zone has previously been made by porous material, and
here again no inplantation is necessary. In the case of a Smart Cut TMtype
or ELTRANTM t ype Tinig e garticul 2y raaivan’w@eoua&lmlﬂhlsmeitﬁamrnwaferl shallvery

cases (i. what ever t he tho sed r.enp t he al of

the top), tﬁ]%e'?rup?‘??'y?era 95@?{3%5%9}"‘@8& %8 c‘ﬁr@f? @Shﬁéf

contam nat i %a%@ﬁfs%éiﬁlg @8 rﬁeﬁﬁ@rkecﬁb@fb?éi@arﬁédaamf Righ fdnwaﬁmm(e gur f ace

woul d have been exposed to a ? asma for its activation. 30 Indeed, in all
g

cases the h@@nntbmtmaahﬂg@h repergiures abaMe dROPChn the back surface of
h f f f 0Q6/ 032946
the top er %\ er;?] e% Icu%ﬁénﬁyﬂéavﬁf"acﬁhcéﬁmﬂ@a@ 96

PCT/ 1 B2004/-00327 s par antageous since this
mul til ayer \mhmmmhatsl (e. ghemnmmﬂmtlgns&dmmlm laterefom?) wodtganeretle sone of

these thermal treat ts b oned b ore c rri hi gh
t enper at ur e ENGece ﬂ@& ﬁpﬁg qgncéﬁf%lop eatcﬁ’rn Q%g\ﬁe“itff . 5 And
exposi ng a vgfgf, conpri si ng heavy concentrations of contam nants (e.qg.

concentrations above 1011 atons/cnR) woul d generate an unacceptabl e and
i rreversible di finghesase of remathedgenaratiogi mremainder i de op tt"‘l?"r'é"ycase of

o, ot hodcenghiidy (FERACE) o SR Rphag e uRggR TR 2

(region 111)™1'S on sai ayer wafer

free of suchehepoyallydresof sadh beavyldontamoradiont hi s first enbodi ment of the

'nvention allows cére Oll'(ee, t?':is 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
conceniration level.

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

20  the top wafer at the implanted embritilement 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 top for

-.creating  the embrittlement zone 11 can advantageously be made.withmore ... ... ..

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



mul tilayer wafer with a DBTP, w thout having said nmultilayer wafer polluted
by a heavy concentration of contamnants. 15 It is specified that the

cont am nagio £9EERBL at i ons whi ch can be observed on thq;cfrmm,ﬁ(g@fg of the
exposed top after the activation step are in the order of 2.10

atons/cn2, which is a generally accepta concentration |evel. The
renmoval step illustrated in figure 2e i carrled out by detaching 20 the
top wafer at the inplanted enbrittlenment zone 11. This detachnent can
result froma nechanical and/or thermal action. |In the case of a thermnal

action (i.e. a sghdéeéd ngmtnneaﬂnplm)ﬁatiame!low:ara)mchmﬁm oSHbaltemiperaturg  at

der at ed i d dj ff h
Woul 6 have ebiesnligg Sanehmde e sitfting: an Foelioe R ARl
therefore beygd- maﬁtéubﬁ (e MirBEMhtd a0Si idpewaﬁ@pdba%l(meafgﬁ\m giobgpi cal

val ues of noderated tenperatures for such litting .anneal |ng are
300- 500C, f dmpianiatien |deper —vidt dhe ssitm Qafsthgndtms ohall TEIlRIed iSRECIR® specific

case of the sy gatlgﬁwagly%% HBtard® | Wﬁ{!ﬁﬂg’u?ﬁ bk gg st ures

| a-1 e, e inplan or cre ["*enent zone 11
can advant aggonsiombe—nadd \ware rgmmrallyna feme 'laqo catmnsslcm) ngdl dower i on,

of H+ WO 2006/,032946 /1 B2004/ 0 5 14 ndeed S
co i mpl ant att%amPeQ?ﬁUB%% than M%EV%PCPHETG& § &F‘U‘P foprygarer nggﬁ' §d ¢ ng

anneal i ng Wlﬂ?th%oéémé aﬂm?@nﬁﬂw dddec BRNvitA @My 6fi¢8pssledy

co-i npl antation . Si top wafer) occurs (for a given gl obal
i npl antati on dos 01' moge detallsseimiles CPﬁ@'“QB%ég wichag [corimplafiaien Whid) es 5

Mrorn CA AR Yrdficion iR tdhobERLAMGR heNa SRR 2hngaihg, WD D

atons/ c - rmre generally a tons/ ower” tenperatures
than it V\oul"dtdmalma:l”cgiobmlrchxkel refé@ceamad:qotwwcyﬂdfﬁm anted wth the sane

gl obal inplantation dos but w t cies nor. S on

the conditions of* ggdlpppgarg%th _ 'Qn‘f"g{‘] %rﬁ%ﬁpgﬁe %cca}qtg%sg fgggﬂ%ﬁéon of

the tenper atfdaird @6r bBFoFRING: 4 ispUttinBNSMdditlg 2 mbdérated 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 —

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 io the first embodiment described
above.
~ Here again, the top wafer has been implanted with one or more
30  species for generating an embritilement zone 11.
 But - here -again, such implanted embrittlement zone is. only. a
particular illustration corresponding to the case where the invention is.



"standard" gl obal dose, reference is made to WO 042779. A co-inplantation
(e.g. with HtHe) therefore constitutes a favourable feature for performng

a splittigwg ApHeabisng at noderated tenperatures as nenpreggofinys And
such co-inplantation even allows a further reduction 15 of the tenperature

for the splitting annealing. For a H+He|5co-irrpl antation in a Si top with a
gl obal inplantation dose of a few 1016 Tatons/cn®2, this tenperature can
remai n under 350C - it can in particular be in a range as | ow as 200-300C.
20 Second enbodi nent Figure 3 (whjch conprises figures 3a-3f) _shows the
mai n st eps @mbodiedwdtida SmadiGuit-type mathodawhereamanyiype e BBTH ¢alst r at es
- as figure?J | a z%pd 2a - a top wafer 10 and a 25 handle wafer 20. The
materials ofP&tYR¥ op and the handle wafers can be the identical to the

materials menti opgwl idré gfeﬁémg,euﬁlesé ehdrivis spetitet], atininfarestionlgiden above.
Here again, the top wafer has been i npl ant ?d W t h oneqc;rmgor.e 0 species
for gener at iahgvarokths: first emhedimens iz apalicalip ke seepnidembadimetiy ant ed

enbrittlenment zopegl |5 M ks C rof Lhé | r RoRdimay to the
case whe?e the in LI!lrtél gﬁ ’l}‘%@%@%o%%/%%?9%*6%%@2582‘/‘%’83%’% 15 enbodi ed
wi th a Snar plaamam t ype net hod, whereas any type of DBTP can be used. And

nore generally, | ess., ot herwi,se .speci fi ed, I.nf IO, | bove
for the first en%mgews |SEepaﬁ% ifré’g'gISHH?Sgt%ﬁéggéﬁéﬁ%gghgo%?%%ﬁﬁtrgéaFi gure
3b i |l ustrahgadidwafdrel® €dn B6lekpdéaddn t hrough exposure to a plasnma. During
this step, the front surface of the top wafer glo and/ or of .the |l e

waf er 20 can be &xpixdie i watand & igepepedde eplagma 06%%@@8*"{%’92%%?%@
for act{yat lfhodifent | Geberiddd ©AhWH MBAL $RSCEbMBRHEAP N Cafb bsesatb! ned
with the seconciJ

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 multtilayer wafer



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

cont am naipgshoo@aH204xs 111 and 211 15 respectively assocpgigshobfodshs back
surfaces of the top and the handle wafers. O course, if only the top

wafer is activated there would be only gs region 111 and if only the handl e
wafer is activated there would be only region 211. 20 Figure 3d
illustrates the direct bonding of the top and handle wafers, wth their
front surfaces contacted. In this second enbodi nent, the bonding is

~ followed (pref er abiy claaningistepds carded owedn tmlrae@n@aatm@uﬁﬂwr(wafgnre 3e)

for renovin h a d 111 and
211 on the 230 el HEkT BeB Moo RS sl PogRRbF IS 0B adE e 117 O

211 whi ch hagafelhsewithoa neekning soiliiorpables te relivighiey conmtranamtat éd SGZi on has
been forrred egause %[1141%/ one waf r was ac&@vat ed by a pl asma bef ore

bondi ng) . f&j’l%‘ha q’@t'%%"‘ 8 UsedJREBRL RUEPSEo a first "nai n" surface
of the 'S“ter”Ed"ﬁ{@ci@HhHg@éﬁ'is Va8 &R’be?é}@ thB‘%vdf@:guﬁdbrééés 'aﬁ?(?rﬁg?fﬁ to be

30 associated to a second "main" surface of the internediate nu ayer
waf er 30. temperaivostresizoad (PeTampiieomnabiysatnsent Bbovai%90eChani ng step is

oot oml e LR, S TR, S, e Fall e Roliebepe e b
abl e to elirdevatdl stebéssivanelebaingd. SC2 solution or a HF solution can be
inder goes. any hi GHC GRBENGIR Ca A0kandnG (e nedigte: ROTRNErVEaE At | above
Coveta Ll THERUIER, Honp b AUSARa: prbielokd avhret g e daomanest o
i nt er medi at eleaning lang arsualy earrgd. 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 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 fo 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 Gosele, sponsored by the Electrochemical
Society, Inc., a Wiley-Interscience Publication, 1999). Such infiitrations
~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 consm!er that

- ..the.manlpulatlons associated to a cleaning step would favour debonding of .~

the bonded wafers.



10 This differs fromthe cleaning operations known in the art since these
cleaning are usually carried out on single-layer wafers such as bul k

silicon walsogosbach cl eani ng of the cleaning step canppgmgaodbgehsout as a
wet cleaning, i.e. by immersing the wafer to be cleaned in a bath nmade of

the 15 cleaning solution. It is howeveg-al so possible to perform such

cleaning with a nonoface cleaning equi E nt, which projects a controlled
spray or jet of cleaning solution selectively, only on the surface to be
cl eaned. Concerning the cleaning step it is to be noted that the applicant
has 20 observed Mbaovesnenaawpuidoalap gonsider taythe pleaninskgep tawld mest use of

I ' | ut.j | i I - d
been  bondedbieiaRbRweD, Ba RentinsEX GérgliShe Hudk 85 the BYRifg IR BEEY |
art tends tothesbrgidewhfart such cl eani ng shoul d be avoi ded because the

cleaning solution_mght be infiltrated at .the baondjng 25 interface, (see
e.g. "Seni conduct&erﬁﬁ%ﬁ&le%%is%? cagried a&dﬁqh@cmnggegf"bqélm&% and

Cosel e, %pon§8é§g%£éﬁ%q“% tgg@f%égggg{gg)wé grociety, Inc., a

W | ey- | nt'er sTi enc Icatron, 1 Such infiltrations would be
associ ated to ri sked thie dpegificipragesaroyided by tois ssconderabodimedt, whitlen undo

B

prior art on[%a1 | ons ‘@ssocl at ed

cl eani ng st egpjution dutimuey SdehsdF rolution, ehoigrichedvrnal effisieniDratfiods 032946
PCT/ 1 B2004/ 003275 17 Moreover, one would al so consider that the cleaning

step woul d nivstalliGeMaminantswer t he bonding energy at the edge of the

bondi ngjignt erf acea 06t e PRNABHIART Would IRAEEP! Kave? KechARsSGkistoaP gars | ed
out as in this second enbodi ment 5 goes against the teachings of the prior

art. And theproplarns iit usedclessclpaning top Enidéorsbandle watasdbefera theihi ch
has the cl eat%nncﬁné) etE)qu{hréerd: M Ehont BELORY 2o T3 HRebofibRVRolil HE%e 2
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 o an advantageous process which allows
the manufacturing of a multilayer wafer through a DBTP, with a LT BHT.

Figure 3f Hiustrates 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:



solution such as a SC2 or HF solution, which is known to efficiently renove
metallic contam nants. 10 A SC2 or HF sol ution would indeed have been
associ at egyg moe/p3204) ens i f used for cleaning the top angcenpimpgdsersnaf er
before their bonding together : in such case, the SC2 or HF sol ution would
have renoved the undesirable contaninanﬁ%, but woul d al so have deacti vated
the surfaces to be bonded - thus |osing e benefit of the plasm
activation. 15 It therefore appears that the specific nethod proposed in
this second enbodi nent al so corresponds to an advant ageous process which
all ows the naniftacded te@nbhnee the bohdingrenae assbeiateghiosa bemdingwifithea LT
BHT. Figure 3f illustrates.the,r al, step of the excgs terl t he
top. Here agai @Uﬁ??ﬁ&@ﬂ&%ﬂﬁ §CW@§%81%9§”5%8&0%%3'?‘?@§¥ %8[%05‘1%@%‘?? re 20
applicable. An adveigp@esgfadd)i s second enbodiment is that in the case of a

i
renoval carried out in a way which generates a renminder (as illustrated in
the | eft parte ofissdgiated 8F the generatiomaiohdehehwys contamipatioean Hhedrd by t he

cleaning step. 25 .1t is.specified t, Lf. cripti i ve of
enbodi menfs of SPHECE H@Hﬁﬁi'%r?ﬁpgs?%gﬁégé ‘thf’h a&?e%obga%?mé%t?p |o§r[1 (or
several activatifpas)y” eohtdrefatoh eIy ghnddretarxipossir eotresporgires Mo (4pl asma
activation"), such “activation can alternatjvely bescarried out under

different fornsCPRiaginapleepantRian@eve dRendoMs/gd ) vation ...). 30 In al
cases the activallggy irpall WRALARAR RN EioPEAIT6EMRA Mo whfbr suifeeeged 1O
enhance the bondi ng energy associated to a bonding of the surface which is
activated (saiath sndérgoehighricmpesatare thaymabdraadmeniseid saisl surface stheawly
surface) assogiateq %o t he generation of a heavy contam nation on the
"pack”  59surPREAMIARY i s opposed to the "front” surface to be activated
(with a "heavy" contam nation being understood as corresponding to a
contam nant concentration above 1011 atons/cnR). '



And in all enbodinents the invention ensures that no wafer surfaces can
undergo high tenperature thermal treatnments if said surface is heavily 10
cont am nawaxl200¥/632806/ 032946 PCT/ | B2004/ 003275 19 CLAlpWBri200d/besbed f or
transferring froma top donor wafer (10) a layer of 5 material onto a
receiving handl e wafer (20), the top andsgeceiving wafers conprising
respective surfaces to be bonded, the meﬁ]od conprising : A treatnent
step for treating at |least a surface to be bonded, the treatnent of a

gi ven surface of a wafer generating on the 10 opposed surface of said

waf er a contam nation, a bonding step for direct bonding the surfaces to
be bonded of theg0 d handle wafers, in order to forman internedi ate
mul til ayer wafer Fd‘tfjm a renoval step for renoving excess material from
the top 15 wafer, the nethod being characterized in that during the
treatnment step onl he surface .ta be bonded of, the t er (s _freated.
2. Method accordihg @th dop NSRRI Fainf cioRr 4R Wg‘% mj)tﬂa'ﬁ‘V%';P 20
treatnent step is a gaehidfBnRChirdadiving fimile whfeMEi0)Otheopritl Ribeiingny of
‘the preceding clains characterized in~ that said contam nation of the wafer
surface which is opp@fets compripingaespeativisyiasascte behonssdntne metaod

metal lic contam nant(;? el% -e(incentrati on above 1011 atons/cnR. 4. Method
according to any of R precedi ng clains characterized in that said

treatment is carriedsOy tlbbtlﬂé@hstbgefoﬂmﬁng et dbadthe susacd acbédjordedbe
treated to a plasma. 30 WO 2006/ 032946 PCT/ 1 B2004/ 003275 20 .
the freatment of a given surface of a wafer generating on the
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 intermediaie
multilayer wafer (30),
e a removal step for removing excess material from the fop
15 wafer,
the method being characterized in that during the freatment 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 o 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 contaminanis
25 concentration above 10! atoms/om?.

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



5. Method according to any of the preceding clainms characterized in that
said renoval step is carried out by detaching said excess nmaterial from

t he top wafoetoos/Bs26046 Met hod according to the precedi ng clpapisslhao@siseri zed
in that said detachnent is carried out at an enbrittlement zone (11) which

has been made by introduction of at le one species in the top wafer. 7.
Met hod according to the preceding claimTharacterized in that said 10

i ntroduction of species is carried out through an inplantation of species.
8. Method according to the preceding claimcharacterized in that said

inpl antation is &.ddethas ancerdinghimangtof|tbafrecading séaimsscharsclerizggimod

s oarriad out wi ¢ nTEtGRER fErRRECIRRTR, fAEdolioy WeaiMg sddiB@BE bon,
10. Met hod accor di ngnistefialfrom thedop wafer.ecedi ng clainms characterized in

that said renoval step is carried out through a splitting annealing
carried out at, tenperatures remaini.ng under 350C. 25 11. Method' according

to the peecedi ng £1mal i i i bi £ redidne
g & l@bfﬁcﬁﬁé%@&ﬁﬁ{ #othe &eb@&?g%lgwnﬁﬁ%%g%rﬂleglﬁ that's

splitting annealing I1s in range between ; Met hod for
transferring from adetachdoentris wafded eudat an Emsitlasnentzneatids MliclhRe® a

e 1 B2obal ooazys Dsenatads b SRRRRRR oS W BB R0 BB .

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.faor direct
bondi ng the surf ded¥ethothaceydiggtothe @’eﬁﬁ@ngéﬂ)a'ﬁhﬁhﬁ’fé‘ﬁ{‘}g@e%gél?%Sq“ﬁ or der

to formgn internmedjigffiuction 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/om?.

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“éécording 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 T .



multi | ayer wafer (30), a renoval step for renoving excess material from
the top wafer, the nethod being characterized in that it conprises between
the 10 bwulimgembep and the renoval step a cl eani ng st eprfigfood/6uws ng
fromthe exposed main surfaces of the internediate nmultilayer wafer

contam nants brought by the treatnment stgp. 13. Method according to the
preceding claimcharacterized in that sard 15 treatnent step is a surface
activation step. 14. Method according to one of the two preceding clains
characterized in that said contam nation of the wafer surface which is

opposed to the actiwathelresinfent stepfortrpatiog at ieast copuriagathbe bonded,

Chree proceding ol ai nae :ResiRer B, Shvar Bhice 8f A SR eb MY AT, o
through the exposure gpbddirel suricesef sdidiwafeeatooatdraithationa pl asrra 25 16.

Met hod according to any of the four precedin (? cl ai s charact é%éj bn t hat
during the treatmnment fé‘bndmg/Sf@Pszfﬂé(@@t lbending éhq %W%Se?o l?% e

17. Met hgd accor di ng Q. q ¥ Qrwdtﬁ'ﬁ&n(ﬁlbv\ﬁaﬂrgcﬁd{)@r%%@r il s%g%{ged | n

that said cleaning step is'carri out bondi ng
step. WD 2006/ 032946 mt:ummwoﬁ 22 18. NEt hod according to any of
the six preceding clains characterized in that said cl ea ]n%nsg_‘eep I S
carried out before &ny? REHPVA cHtRr IRTUFIMOYIRG nfcess xRt frem  Bie {90 hog
according to any of the %@ven precedi ng clains charact eri zed in that said
cleaning step is a wet cleaning. 20. Method according to the preceding

cl ai m characteri zedthmmehhndslwlug characterized in that it comprises between the

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

wafer contaminanis 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 two preceding claims
characterized in that said contamination of the wafer surface which
is opposed to the activated surface corresponds o a contaminants

20 concentration above 10" atomsicm?.

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 freated 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. '



10 cleaning step is carried out wwth a SC2 solution and/or a HF solution.
21. Method according to any of the nine preceding clains characterized in
t hat sai dwi maeroazgsestep is carried out with a nono 15 fpacapmoeei3krsg

equi pnment. 22. Method according to any of the preceding clains
characterized in that the top wafer is de of Si, or SiGe, SIC, or Ge. 20
23. Method according to any of the preceding clains characterized in that
the handl e wafer is made of Si, fused silica, SiC, or glass. 24. Mthod
according to any of the preceding clains characterized in that the nethod
further conprises a high tenperature thermal 25 treatnent of the structure

whi ch conpri ses Qﬂ@ I it has
not been rem)vedﬁg% ﬁ %ccﬁﬁ‘& égrﬁ)nd‘lgnr%brg]e?ﬁ& prreze:%&élﬂﬁ cﬂé?ﬁ‘s‘é}?fﬁa]‘?% g@gﬁ]e“ zed
in that said high meﬂmtraﬁauciecfebﬂimml stepeds rreatneds wtr tiefareo nyathigh
tenperature 30 gre[ater t.han
emperature thermal treatment.
5
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
ic cleaning step is carried out with a SC2 solution andfor 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 comprisés 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.. I



