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1 PREPARING A SURFACE OF A SEM CONDUCTOR WAFER FOR
BONDI NG W TH ANOTHER WAFER The present invention
relates to bonding two wafers conprising 5

sem conductor materials, for the production of
structures for mcroelectronics, optics, or

opt oel ectronics. Myre precisely, the invention
relates to preparing bopding surfaces of at | east
one of two wafers to be bonded together. In order to
ensure good contacting quality before bonding two

PREPARING ASHISAGRIE hBEMIEANC THE WAEES FarpONDINE®S

i solated parti RN s on wafer surfaces
can be prej udﬁl{éﬁﬂ ‘t(loefglood bondi ng when they are
| ocated at the interface of two wafers. This is
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_ owed by ‘detachnent at the zone to be
optics, ionppereientfodigsi ng the course of a nethod known as
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ure hose isters nmultiply and/or grow during
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such particles and 2s contam nants from bondl ng
surfaces. A conventional cleaning technl
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to be bonded, followed by detachment at the zone to be implanted during the

wafers:

course of a method known as Smart-Cut™. Those particles, which are then
ehciosed in the bonding interface, can lead to superficial blisters being formed in
the structure obtained after detachment andfor to zones having not been
transferred between the zone at which the species were implanted and the
surface of said sfructure. Those blisters multiply and/or grow during heat
ireatment, for example heat treatment carried out during or after bonding to
strehgthen the bond. '

Thus, it is important to find a means for removing such particles and
contaminants from bonding surfaces.

A conventional cleaning technigue which is known in the art comprises

steps of chemically treafing the wafers prior to bonding.
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sem conductor material, it is known to enploy a
treatnment known as the RCA clean, which conprises: a
first dip with a solution of SCI (Standard C ean 1);
conprising 5 amoni um hydroxi de (NH4OH), hydrogen
per oxi de (H202) and deionized water, generally used
at a tenperature in the range 30Cto 80C, a second
dip with a solution of SC2 (Standard C ean 2);
.containing hydrochlori¢ acid (HCl), hydrogen

peroxi de (H202) and deionized 10 water, used at a
tenperature in the range 70C to 90C. The first dlp IS
woi seahl ¥n i odidirete dutface efrey evafen| far exkapwia iac haferopl a

t he waf er rface an article r t
semtcompfs%éna%%rféf' R rehBrie S el ameie dufffias g e
t first SCL dip can i rove the
clean, EMJH%L PI city of the surfgce of rrrle the wafer to be
bond eﬁi#st tdire withda oguiftitioncofp 56ie ($iandardt Gigagutk FOEPRSING
constitut,in n S 0
ot SEEROTHEC UG EEo T OH:GHL” ROl Ao P ORE AR
i Nt oA HWAtEOLReeMILIsET Bias kempdrgturetrahs rawgm 307C to

have  been deposnted on the surface of the wafer, by
for&ﬁ)?@ chlorides. The nmetal renoval efficiency is

2oL L R, AL, 2004 s 90 e

i nt Rydrdeniat escid S(Hmymwﬂeddan fpecorideb §HiO-) @ siefonined
(A ¥o about 10 A between nbl ent dﬁenﬁegragéure and
ooCwalmyy user at 3 EEaaRatufe,g t a'?gee?A usual |y
e tRfes o 10 wafdb
FORGo B ph EERF TR Ao komck e d anaparBieo ch B06
surfacé 4@l sdenies Auriet meat te thesswanfaces tand| to rrseiggt thain d¥ene &er,
in sone cases, be nore significant than prior to
deposifif@at nent. 3 This profile existing on the surface of

?Eﬁhﬁﬁftﬁéﬁfu@{ 5en did l:aﬁ [Wepro0E @hd h?dibgﬁmn@gaftthaeu i of

rou ess value is Igh, measuring I n_angstro

RN
-the wa(é?oﬁotbe bonded, the hydrophilic property of the surface here constatutlng

an essential condition for good bonding between the two wafers.
The SG2 solution ‘is primarily intended fo remove contamination by metals
which have been deposited on the surface of the wafer, by forming chlorides.
The metal removal efﬁciency is typically beiween 95% and 99% betwgen
ambient temperature and 90°C. The depth of chemical action into the wafer is
typically from about 1 angstrom (A) to about 10 A between ambient temperature

and 80°C.
For this reason, the SC2 treatment is usually employed at temperatures in

the range 70°C to 90°C. | |
However, the surfaces obtained after implementing such chemical

treatments are still rough, which can, in some cases, be more significant than

-prior o treatment.



Mean Square). The presence of isolated particles or
contam nants on the surface of the wafers can also
be prejudicial to a good bonding of the wafers when
they are found at its interface. After bonding,
t hese particles, then enclosed at the bondi ng
interface, may lead to the formation of surface
blisters in the structtdre obtained after the
Smart - Cut TM det achnent, and/or areas not transferred
between the area at the |evel of which the species
WEhR driine ity 8A%hd BErfRdrdrang wikerk Ritsr 8if tHeChHFeSthe
These blisters increase in size and/or grow during
bonding thant the spyabnessvalve Bdigle apeasuriegimangstromd &MSkReoti n
t urse of or subsequent to the bonding in order
Mea%%y%agglidify it. EP 0 971 396 particularly discloses
aThe plesbtecofdsuisted banigice for postaiinangs én theustifatapd tagt ed
surface by inplenmenting a SC1, then a SC2, and
wafers can alsp benprelysicial il QPEQQOH’E'HB of hq waisr%wbg% they are
found P PksEsct hree steps, with a total duration of SCl
treatment of about 8 minutes (2x4 mnutes) at 80C,
afiteraba®Bihgt tese rpaiclasf thexbendlostdratiibé dending &€fadd t h

th . m. of Xim zing,t.he inprov nt in.th uality
may g BT LRt G BRGS SIS qifapell it the
Smartf@aBs g@a¥hrhéht Cand/or Mbs Adt tRpSfdcd HatRitn tha @k fdnd O

optim ze its cl eaning and bondi ng preparation action.
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treatmentpaddrtagermin theicduse df susiiaequerdt ta theaba@rdirigon dadsrds ng
w,t h anot her wafer, the oxidised surface having been

solidifg liri ect to an inplantation of atonic species, the
neb sk 1 308! datdtar dlsclogbs 8t&dh ' i
oxi di sed su%égacergy enplsoyittngn um%oaégﬁn@%}fl%%angﬂg a
such implaoted strfepe by intplemanting HCanibleoyd G2, andrfivaly amdtioer

so1 BT ST Fobens AR VG S B B TERS
treatmeheseabbut Benineeend xat @mutds) iaMBbamestdes sal iredinkacied
about 4 Tstee st Boic | O around S0C. 4

With the aim of maximizing the improvement in the guality of bonding
between two wafers, it is therefore necessary to carry out an RCA freatment
adapted to optimize its cleaning and bonding preparation action.

Embodiments of the present invention seek to improve the situation.
According to a first aspect of the present invention, there is provided a method
for preparing an oxidised surface of a wafer for bonding with another wafer, the
oxidised surface having been subject to an implantation of atomic species, the
method including a first step of cleaning the oxidised surface by employing
NH,OH and H;O,, and a second step of cleaning by employing hydrochloric
species (HCI), wherein the first step is implemented so as to etch from about 10

A to about 120 A, and wherein the second step is implemented at a selected

temperature below around 50°C.



Characteristics of the nethod for preparing a surface
of an oxidised wafer are (all references to unit nass
of NHAOH correspond to NHACOH diluted at a ratio of

about 30%in water): - the etching of the first step
may be inplenented so as to etch between about 10
angstrons and about 60 angstrons; - the treatnent

paraneters of the first step may be chosen so as to
renmove fromthe surface isolated particles with an
average dianeter of nore than about 0.1 m cronetres;
- the treatnent paraneters of the first step may be
chazeteristios bhit nidiikod foopigpatrgsa alrfaes of sreatidissd wafsr | ess
than about 5 A RMS, or nore particul arlé | ess than

are (all yplergncas o ngmasstqﬁé\ll-gg)é-[ rergsePnd, i Nhagddilgted at a

be in the range from about 1/2 to
ramd?é@ut dﬁﬁpwélﬁé tenperature at which this first step
i-s tﬂé CHREBE Of MRy filke stdpemagere fmpiamalited tso38Ctd @tahbout
ercent age dosing per unit mass of NHAOH H2O2
0%@%&5

betwee fromp 2and @Raut Faf8r e of this mix i s
abotHé 123k PR C LP R i LT od Bifoh BlaolP

removeLf:Fth’t theeaifacef isdMtsdpbhriReR withsn bﬂeraﬂjmdﬂbmabéﬂof mabraehan
enperature of this mx is about 70C and the cl eaning
abOUtOt‘i Crgpeifefe fir st step may be about 3 minutes; - the

do I—rlg%b 3/ 4,
S”[Ihgtgr 8%%@%“5? %r%@g% Phi's wﬁft% %ggﬁsgangh}e
roughnéﬂsmr tigatinenels Wss it dbousE 25 RMS, rRynord partibigarly 18ss

m nut es; the second step of cleaning nay be carried
than abgut 460RMSit about 95%to  99% of the metallic

Co%@ 89@8%@%851@2\560 thH%@IQI ér%ﬁ{ay%lérir‘lﬁ hg from

renove e at

about 1m totabbogt 404, trtehemaaamrmlatm thia yirst &iep Bpdoeysmd masy lﬂ)out
mtenPerature - the selected tenperature

betwee@ffgﬂb@)?@al a8iG RPPPHEPEEcond step may be

- percentage dosing per unit mass of NH,OH/H.O, may be about 1/2, the
temperature of this mix is about 50°C, and the cleaning time of the first step may
be about 3 minutes;

- the percentage dosing per unit mass of NH,OH/M.O. may be about 2/4,
the temperature of this mix is about 70°C and the cleaning time of the first step
may be about 3 minuies;

- the dosing per unit mass of NH,OH/H,O, may be about 3/4, the
temperature of this mix is about 80°C, and the cleaning time of the first step may
be about 3 minutes;

- the second step of cleaning may be carried out so that about 95% to
99% of the metallic contaminants present on the wafer surface are removed,;

- the selected temperature at which the mixture of the second step may

be employed is about room temperature;



greater than about 0C, the cleaning tinme of the
second step may be I ess than about 10 mnutes, and
nore specifically about 3 mnutes; - a step of plasnma
activation nmay be inplenented previously to the first
step. According to a second aspect of the present
invention, there is provided a nethod of renoving a
thin layer froma first wafer having superfici al
oxi de | ayer, conprisiﬁg the followi ng steps: a)
formng a zone of weakness in the first wafer -at a
depth close to the thickness of the thin |layer to be
f.or fROscldttedPicRipRItNE dniffoyadi Afing thd Mn@fsteigmaf/ st
waf er in accordance with the sald met hod for
@Bﬁeﬁhepabowq)ﬁn oxi di zed surface c) bonding the first
cond .waf er e surface prepared,i
ot e Qgbring 56 38 9 seEle I TRV i o TR 0
m.nutésayrﬁf mbRNgRifta RusSafmdesralf er, at the zone of
weakness. Characteristics of the nethod of renoving a
t-hi & stepyof plaawe gactivatign tmay beriwolgmesied prevfousiydo thecfseint
invention are: - a step of thernmal oxidation of the
surface to be prepared in step b) may be carried out
Redofding B §%§o§brﬂ)aspectt &Qhé‘?ﬁeﬁ@ﬁi ifPRAtibH I th&Rris pRIRIEUS e
preparing the bonding surface of the second wafer in
a methad ob rateowny adhiniayardrogea trshwafolbpvingrsuperdpialraxislg laven
oXi - a step of thermal oxidation of
Cowm"?ﬂ%ggﬁﬁsgié %%gthe second wafer may be carried out
a) ﬁéﬂrrﬁlﬁg ozdpeefiavddkgessAindthe Uirétaesfer at & iepitocieseofo the

kness forned during step a) may be obtai ned by
ﬂh'ﬁh"@ﬁ‘ﬁloﬁﬁ‘eéb'ﬁﬂ%@rﬁ)%f"é@ef’o a depth close to that of

b) [ehafiRG ThePbxidd BEHIRE BF theSfirst wafer in accordance with the said

method for preparing an oxidized surface,

step

¢) bonding the first wafer to a second wafer at the surface prepared in step

b),
d) supplying energy to detach the thin layer bonded to the second wafer, at

the zone of weakness.
Characteristics of the method of removing a thin layer according to
embodiments of the present invention are:

- a step of thermal oxidation of the surface to be prepared in step b)
may be carried out prior fo step b,

- the method may further comprise preparing the bonding surface of
the second wafer in accordance with the said method for preparing
an oxidized surface;

- a step of thermal oxidation of the surface of the second wafer may
be carried out prior to preparing said surface;

- the zone of weakness formed during step a) may be obtained by
implanting atomic species to a depth close to that of the zone of

weakness.



According to enbodi nents of the present invention,
there is provided an application of the thin | ayer
renoval method to the producing of a
sem conduct or-on-insul ator structure. O her aspects,
pur poses and advantages of the invention are
described in the remajnder of this docunent in
illustration of the fo?lomﬁng figures. Figure 1 shows
the different steps (figures 1 a - 1d) of a
"Smart-Cut TM' technology. Figure 2 is a graph
s heutirdilay iRRsHodRIEN & 1BE pidaentliteatioie §&raiB pY&fuel Sin
~after different cleaning operations. Figure 3 is a
appicgiogp Kt SHeWVy YR SemeveleRslipenion as oM Shawn i n

semichldiidicRofinslIEIdR stigthel 0 Predict the roughness obtained
uring nore substantial cleaning operations. -

FOther espectss parpgsespnd sidvantageso delinembont sreafestribed

. ef fecti veness of  suyrface ticle renoval froma

inthe (GraPeLe T dopentR Tgstaiepbre oo ftused by  t he
CFigani NShows 88 IdffeRerit StePs HGARR FNOM)NG JMeaRRGIBNt s of
t he nunmber of blisters observed on wafers obtai ned

technadgyer renoval using a Smart-Cut TA9 method, in which

olibte,? & s M RS he AESRRE e o

after diffeednt cRBhingdpetitions. a tenperature of 80C, after a
SCl treatnment according to the invention. The wafer

c'fiB'éfﬁi3H§a§f %HS‘SS"SE’E‘SF%? PN BeBHEETeRiR A% (hoRS RRVLB

bn [ B I .di ng
figure 2 ¥rp 86 10 pibcict ol GPHBts LRFRYA uRLPRERS A RSERIM, 10
cleaningogargfione. 1 a, a first stage of this |ayer renoval

"0CesSS. onsi st in oxidisin er. of
HGFE L i A Hvdhe meaSlismans & FharSreiveisss ot var or
surfacel Particky tehbval ot aridfs R a Rk df Aksths bletc Based b
oxi dation may be native or nade under heat treatnent

the clegning. t hermal oxidation), or by deposit of

SRS E85°  Sre pod a1 SRR o B ©
observed on wafers obtained after removal using a Smart-Cut™ method, in
which prior to bonding, a SC2 treatment has been carried out at a temperature
of 50°C or a SC2 treatment has been carried out at a temperature of 80°C, after
a SC1 treatment according to the invention.

The wafer cleaning steps according to the invention may be included in a
thin layer removal process according fo the so-calied Smart-Cut™ process.

With reference to figure 1a, a first stage of this layer removal process
may consist in oxidising a wafer of semi-conductor material, so as to make a
donor wafer 10 having a superficial oxide layer 11.

This oxidation may be native or made under heat treatment (i.e. thermal

oxidation), or by deposit of aggregates of SiO..
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t hrough one of these oxidised surfaces, to an

i npl antation of atom c species, such as an

i mpl antati on of hydrogen and/or helium These atom c

speci es, used during the inplantation, are dosed and

are 5 sent with a pre-set energy, to a pre-set depth

under the surface of the donor wafer 10, an

enbrittlenment area 15 that has a particul ar

brittleness relative to7the rest of the donor wafer

10. Thus, a film16 is fornmed, delimted by the

enbrittlement area 15 and the oxidi sed surface that

| L homkarat ao | oxddised,Gs Willjcted,

B@ﬁ%?gﬁ@%ﬁgﬁbﬁﬁgﬁ%glf@?d% recei ver wafer 20 is .

througr engltf thegen oxidisea cuirfaos, Ho tafenevafPEQI 0F GIATRIE SPECies,

-~ whi ch has. been_subj ect _t inplantation 12, of the
such %%W%F@F'?”?EEVCE!&%% %@Gq%ltr'lci;%gr 'y firstly used is a
Rl &eubidmideheskonuseatawiey thbémptnidtaoesrerdearghand Ao

contact. 1s An optional heat treatnent is th
sent vailiT Bi jpreé-sritenesne it anee-1h £eplh bﬂ‘a‘a the; 2 " e dgnor

-waferb?a:@t&m%mﬁﬁﬁlgb%n{ bled 15 it HRda Qftichlar rmicpkesawslaiive to

nmperatures and for a prede_term‘neﬁ‘
the redUAtthendsortvaler tibe Thosda rfgmef 6iisifemesd. i delimipd i byathe

. and to avoid the creation ofcstr al f 2Nth
embritREaTA(aEea iy PR IE ALCISHH 5&@% tﬁ?tt ﬁ%ér?ﬁgﬁ t?gs%gtssi bl e
. . a tenperature of about 3000C for about 20 30
lmplaﬁrﬁgﬁﬁl’?ggi Actual ly, this heat treat n&nt wiqlggtczi\use ttalaF

distapeéaeace & Goue 1aageecehiebpEiel 6f IHPraugat Eiggont

.. bonds to the ady the: SincfRIRM2, of the
with tig oxidigied %‘5%&3’. W%@ﬁ‘,%gsb%%F |égl?){eer:c{t Ecgﬁ%r gy, such as heat
donoradtepr nechani cal energy, is supplied to break the

PBhe 20sdinchErOREEIB o8t BRI T TR LR 1A et e
surfa%% q@Bﬁ@fj@{Oo":D?‘%an&'miuf gtr _(r)nr ngt tr Egt ure 30, shown in .

f Aguspiohdl hedietredtinent id thenecarfiedwpédo PG e qonsiing
inocigdmrvge R 2 MBI RbSRIUE g heasadinas
temp&rafifbs ahaliby aiphsddiaringl gaetiombottha the thopding efficgmcy 8s
optimal and to avoid the creation of structural defects on the wafer surface. As
an example, it may be possible to use a temperature of about 300°C for about
30 minutes. Actually, this heat treatment will cause the disappearance of a large
proportion of the SiOH bonds to the édvantage of the stronger Vcovalent Si-0-Si
bonds. _ |

Then, sufficient energy, such as heat and/or mechanical energy, is
supplied o break the weak bonds of the embrittiement area 15, and thus to
cause the detachment of the thin film 16 from the donor wafer 10, thus forming
the semiconductor-on-insulator structure 30, shown in figure 1d, the thin film 16
removed from the donor wafer 10 then forming the semiconductor part, and the

underlying oxide layer 17 then forming the electrically insulating part of the

structure 30.
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The detached and bonded surface is advantageously
finished, for exanple by chem cal etching,
sacrificial oxidation, polishing, chem ca
mechani cal polishing or CMP, atom c species
bonbar dnent or any other snoothing technique. The
final structure is then intended for applications in
5 mcroel ectronics, optics or optoel ectronics. The
final structure is then 8 ntended for an application
for mcro- electronics, optics or optronics. It wll
for exanple be possible to form conponents in the
@cmgcﬁe%y%rnd bbhddd subfde ngsau&arﬁag@umémsmd for

sem conductor-on-1 nsul ator structures such, as

exam3el b),SGﬁI’leanSaII i rcinGe ragamiaiah evidaiam a‘?%'ﬁB‘mQS(ﬁ‘em'cal

L R

smooﬁﬁﬂ P RSO WﬁeﬁrlalllstMcmr’e i shdrairdendeahfdryapsigetions in
avi ng an i nsul ating | ayer conpr|3|ng t he cl eaned

mlcroebep’tﬂ@ma&.cmﬂw ﬁfgomt@dﬁﬁ@ﬂ'%entl on interposed between
LG A8l 2ERRHIAYP T8N dntchBedl T aakbSbiicalion Abr Wicro-

ove e stage of bondi ng . the donor

e[ectr@ﬁf:@rop’ti@sboopmwsr ecel ver wafer 20 constitutes an

| tial st 1 t T
| Sﬁf@g@égﬁpﬁgmp?%&@ﬁhm AL R THb e P8 R tocheh R
lng ﬁ’mYEt Ple @%Q&é"&brﬁi@ér\@ﬁmridﬁﬁlnémton@fracmrei@smmchs
particu

ar meeting the four. foll
SO, 8BiGdSilices: Garmaymu% memlﬂ@%r)soﬁ%@e@ﬂwm%@@% d©!
the surfa t 0 t
(GermpiiuRa o Toutitef s At Bloy BEndRiEhSDy Gordfonents

belon@ﬁ@eﬁi She -1IINVO dne tHealatdrhfandiyz eagh dhavieg ranmumUIaimgt I%’er
rodghness on the wafer s%rface SO as
f

compusing de¢ cleraad oxide AREOTEINEHG dak MYEMIRD ‘BE%%%e %g'%gi‘ hus
detachBd \é?éﬁ%%&tﬁ%‘&h@%ﬁfypg energy; 25 - to make and to

€ surfaces drophilic to maxinm ze bondi 3
eaemgyhave stovmeatmve, therstage ofdngingrihe Iﬁ*@n%Wﬁf&‘ééO p thg

_ rece[\%ggéigrgﬁg%orﬁ;p UE%%%A@ fs%rﬁ%ati%l%téﬁef '8?‘?‘2 gﬁ%rﬁ@u{rmﬂ#&%s%he

A major purpose of the present invention is therefore to improve this
bonding between the two wafers 10 and 20, particularly by meeting the four

- following objectives:

~ 1o remove isolated particles from the surface of at least one of the wafers
to be bonded so as to reduce the appearance of post-bonding defects;

- to reduce the size and the number of the roughness on the wafer surface
so as to increase the contact areas of the surfaces to be bonded, and
thus to improve the bonding energy;

_ {0 make and fo keep the surfaces hydrophilic to maximize bonding
energy,;

_ {o remove contaminants on the surface of at least one of the wafers to be

bonded to reduce the appearance of post-bonding defects.
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Anot her purpose is the possibility of neeti
pur poses by means of apsi npl e, fgtst andetl n9 these
cost-effective technique. Another purpose is to
produce a sem conductor-on-insulator structure from
a Smart-Cut TM process incorporating steps according
to the invention. 5 Another purpose is to control the
preparation for the bonding of an oxidised surface
that has been subj ect té an inplantation 12. |ndeed
the Applicant has noticed that such a surface is ’
about 5 times nore sensitive to such a preparation
ngt}%ﬂ%ér gulrﬁoééqg RO boLsaRy Stibieetty thesapuipopbahy atesaps of
, 1t 1s therefore inperative to set
asnmpf:naslefaﬁraaﬁlamt pﬁ@@n@ﬁ@@@m@at are adapted and i o
r@ﬁ%%ate@%g‘?’%{ i{ 189 %Bééee'ay?erﬁhsnmicﬁrontlﬂsmgto@rmam@l

by any type of semni conductor

From a[@éflltﬁﬁcg{ﬂe“dbl?&@y§lrncotdmtmfsmpsmt@ﬁlnglto\km invRalia. be
0s
vikriaihert ﬁ@rp;szﬁ§| I E%ggﬁgv\{ﬁ%gﬁefﬁ% 3{"51 fo Bt e@é@é‘? gl
OXIdlS%(S S%Wac {“h%s"‘ﬁé&{ WBBciol GhsieshiaradtioraliRy ijdeed Hb@

ive oxide) or artificially (this i
Apphcamah@:t enotlb@:i et esusht én sarfaqeeqs@quy 5 Wnae YR tapilive L%

such ag?}elggpq%ggﬁfua%ﬁg ! eI | g‘bg%:i ¥ub§écﬁ@o 9{:) J@%ﬁoﬁcfd thidt drfe)
it is tdFRloREembetivd he ééﬁ\{ﬁéﬁarﬂfonpparpm&ms ttlminara aaiaptast an@r

preparing this surface of the 20 wafer for bondi
calibrated helafrﬂﬂch@rte‘\)(/af er, inplementing at |east one o

em C%#er Loem ean}J ﬁeg!epréweﬂe eERkRYRda Ezng;%e of

mol ecul es o
sem:cBﬁ&Jcﬁéﬁhbtenat hese chenical species are suppl ied in a

dﬁﬁ;}\aé\&r}e ﬁ}'g”@n@ ,eggweactérh \)oglf@]aresno'&r{%%tggteartg sllf I%Em e\R?FﬁEiP \€the
mater%? l)HR’*h@CQ‘E o Aﬂﬂhéaﬂﬁ' Hid rhadedths @tmslcmécabeﬁﬂielswl ut i on.

ITst cleaning step inp t
SThis sedfat ivers DSIdlwgrmﬁt'éf@“)ér(W9%{‘r%2 Sgg@gl){)lf r@?v? H)é“de Ly

artifi c:@ﬁy bﬁ@ds's ﬂ}r%g(%fn Eelw%%tsémﬁ% tRYr NG FSr R &@He action of

Optionally, a preliminary step of plasma activation of at Ieast one omde
surface to bond may be implemented. '

The invention proposes then a method for preparing this surface of the
wafer for bonding with another wafer, imptementing at least one chemical

treatment step that employs ammoniated chemical species mixed with

“molecules of H20x.

Preferably, these chemical species are supplied in a moist medium.

The chemical species are for example diluted in deionised water. An
ammoniated solution of this kind is also called a SC1 solution.

This first cleaning step impleménted by means of this SC1 solution is

particularly the result of the following effects {obtained by the chemical action of

this solution):



the etching of the surface by digging under the
particles and thus by "stripping" them (otherw se
known as a "lift-off' effect), the creation of an

-~ --0pposite electric potential between the surface and
the particles, linked directly to the high pH of the
sol ution causing the 5 detachnent of isol ated
particles, the prevention of the migration of
particles fromthe bathitto the plate, given by the
opposite electrical potential created. This cleaning
is therefore linked particularly to the high pH of '

the a niated | ut [ i a t
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ions ih ebekisRce to figure 2, the results are shown of a
study undertaken by the Appli Q&g&wt Fat consi st S in "
f Thesa ipnse HENS dth B8 INgee Wbe O HNE@RIogRe. Bl reac
. terial 0 furgfeCliembyy SiOH
with § Pfﬁeé'\ﬂgﬂfb%g§§gréﬂe§ng?%ét§ %ﬁaggn(?osgg%ness bei ng[ _
termifERSUITRe lder «r 8o éxert om thhsulaterwi§ dheaceeatyaid

dept hs of etch ‘are here neasure refl ofret [\
repe"m@dowwﬁezpt%@m@% 30 NG AAY g’&%* .en%“rgaﬁ“te/@% pefticles
that of 1} BofRId® b GLARRIRPOthop oM Edsdlited phltioish antido
ave

een oxi dised and have been subjected to ion
prevenbitieanframireastiirghe | evel of particle renoval is

LA LK G L LATEib Yo (HRASYACHPALSoridn6t diter

_ reatment. Measurenents,
moleduid®d 67l thy durlses ofithd vaaféradiars aaljsing dd hydrephiisatioret This
hydrolplhgirs];ticf’np\gi(l:ittrr;grﬂm;\JAr%\crg thte%%%laintgowith another wafer.

With reference to figure 2, the results are shown of a study undertaken by
the Applicant that consists in finding reiationshirps between the thicknesses of
materials etched (also called depths of etch) by different SC1 solutions, with the
roughness being measured that are present on the wafer surface.

The depths of etch are- here measured by reflectometry, and the
roughness is measured using an AFM (Atomic Force Microscope), on wafers of
silicon that have been oxidised and have been subjected to ion implantations.

The level of particle removal is determined = by reflectrometry

| measurements prior to and following each SC1 freatment. Measurements,

typically taken with a ltaser adjusted fo a pre-set ﬁghtr spectrum, were taken 1o
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11 about 0.13 mcrons, this value here constituting
the average dianeter of the snallest particles
detectabl e by reflectonmetry. The x-coordi nates of the
-~ graph in figure 2 show the depths of etch obtained
with different SCI solutions, these depths of etch
bei ng expressed in 5 angstrons. The y-coordi nates of
the graph in figure 2 show the val ues of roughness
measured on the wafer fb¥ the different etches
carried out on the wafers, these roughness val ues
here bei ng expressed in RVS angstronms. The roughness

about ng#oln ﬂnpif:ntb‘ﬁ& e Garat tﬁﬁe aon&ithimg tiooavehge hdiamptehiondse

emehted on the wafer surface are shown on the
smallegf paticley delentiblelby sfleciopatiyr st result of the

measur ement s th ' n htAS I Fasieh
renRe eaieh ik, i Y IR 7 SHARNERS depifc ote
obtainb6 it GfBfine IG1 St dinaethesbaloptis ofaeigh being expsgssed in
e

tween the depth of etch and the roughness. 15 Wth
angstrbefser ence to figure 3, and taking account of this
bst ant | ' H &l Riuk@nsIhoR thetvamess ofhreuginess
a ¥’ﬁ8°'lr0@.ll#é%snéfs@8%?%d, f?”l i near extensjon qf tﬁg
meastfEl VR theiwafbi Burtiee diffeenepiches earmied aif anmBeri st igse

curve-2 in figure 3. Usin i ' r extension of
roughness \aleachere H@W&ﬁsﬁ@'rﬁ‘*@gﬂﬁ}ﬁfﬁgﬁﬁ- set roughness
\Aﬁ{eu?? d thhé& hnédaepleeasten gaere fgictibecointhe efchings

insuffiTient, it is 20 then possible to deduce and
by Bleck 26k

implerpesidiiain thhevaienduriane aepiiewerorelher i Soci at ed

th it, beyon [ i opdi BERGMahECRBINnesS
%%%fﬁr?féir%‘ﬂ%& og}jﬁgerﬁ%stﬁp%@?ﬁ Lét Hgg t?ar-ri eggout U%y t he
increcBP Withant depth ofeschconsi dered that the maxi mum

roughness val ue was set, at, .about .5 ]
Chrmppas TSl B 1 sty U 1 R My g LA inkdl
MEASUL ' iHAesdet ai | ed 25 ‘
betwegﬂgﬁggg @E@%@oﬁﬁo@%ﬁgﬁe@?gﬁdi Ing chani sns". .C..
NMafitheetdrbrcesto fidure 3pabd italdngiagspunt E‘fagg% ﬁﬁﬁgg‘iﬁ%w lippar

relatiopgnip b twh e e Gl SRy Rl Bt Hdied, RARRBAP @xBnsibn dete

a roughness above 5 RVB

cuwej?g?pihémg? ilsy §ﬂf@:t&p§tdameém the quaye 2 ﬂmﬁga@ 3. |

Using this linear extension of the curve 1, and knowing a maximum pre-
set roughness value beyond which the bonding energy becomes insufficient, it is
then  possible to deduce and predict the maximum depth of etch, that is
associated with it, beyond which this bonding energy becomes insufficient.

Here, in said study carried out by the Applicant, it was considered that the
maximum roughness value was set at about 5 RMS angstréms, in compliance
for example with the results of measurements disclosed in "Detailed
characterisation of wafer bonding mechanisms”, C. Malleville et al., published by
"Electromechanical Society Proceedings volume 97-36", page 50 §3. Indeed it is

shown that for a roughness above 5 RMS angstrfims, the bonding energy may

- reduce drastically.
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12 Thus, with reference to figure 3, it may be
deduced that the maxi num depth of etch is found
around 120 angstrons. Wafer bondi ng, when applied to
-~ -the producing of a SO structure by Smart-CutTM
requires a bond strength that is sufficient for
avoi ding any 5 unbondi ng during the next detachnent
step. This is achieved experinmentally in respect of
roughness of l|ess than fipur angstrons RMS, thus
reducing (again wth reference to figure 3) the
maxi mum et ch around 60 to 70 angstrons. These
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rﬁmsesmaasurhmepﬁrdqﬂelbééh@ Appticans have Bighiighied s '&‘?eéjnt@y
T N
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in ord% B) ﬂ§§ rre!ahbr@f{xp?ﬁ&%@ﬁ'a'hgefﬂ[%hégﬁbf BRASAY SAFRHE Sembval

asurement’ consists in illumnating the wafer
from theiviafereahy tiandepthof elenof tstwalet bmnﬁ@r@h%mewhﬂ@n@he

| d det
asleél 5; O@Q%C,mggsm{aﬁgn 3, Slﬁ% R@%I c?' t g’g&bﬁf ?ELI dﬁ@srately
pouuté?;efr%c{}v%féié %?%Epo@.iﬁn@ laepre,?s'?et siufifbee of 15%!!3:19@ phltields ghich

scattering on the wafer surface is correlated with
will rep@eenmﬁb@ftiQﬁS‘iOéﬁrG[]’é’l"eﬁrartl cles on the wafer

e R e TR oy i b
takmngPDI @ligist. Point Defect) measurements on the surfaces of different
wafers deliberately polluted in a similar way.

A LPD is a defect, which is also called a highlight, detectable by laser
light scattering optical measurements.

A LPD measurement consists in illuminating the wafer surface by an
incident optical wave emitted by the laser source, and in detecting, by means of
an optical detector, the light scattered by the LPD defects present on the
surface.

Since the light scattering on the wafer surface is correlated with the
number of residual pariicles on the wafer surface, light scéttering measurements

provide information on the number of these residual particles.
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13 O her techniques than LPD nmeasurenments may be
i npl emented, taken alone or in conbination with the
LPD neasurenents. As for the depth of etch, it is

«v ~typtcal |l y nmeasured by reflectonetry, in a
substantially identical way to that used for the
measur enents of roughness (with 5 reference to
figure 2). As x-coordinates, in the same way as for
figures 2 and 3, are shdwn different depths of etch
effected by neans of different SCl sol utions,
expressed in angstronms. As y-coordinates are shown
Lol at ed part el esphefBYRteRéits they bedmplerented, taken
93%%@@&@@8%%4 ﬁé‘e?@gm age relative to the total

alone SHIAREMbAfatibs elitittad LpArmeadueemeriSt i mat ed to be present
on the wafer surface. Particle renpyval, efbisheigyin a
Aesalon irensigpt ﬁge{&?‘f gr{ﬁtwpé(f?ngfrﬁ?%e de%&hs of I@%ﬁéﬁ( g{]e
R i e Rkt Ritedicrtie etsuremients olebug W

SUbStaPF%wggﬁtfé%pt%agan be seen that beyond a depth of etch

reference tedigues B about 10 angstrons, particles renoval
efficiengy . is close % f'd@/q:@'ue@@‘gbg,h@\a, tabhe Shown
V&l X&0pHd! %%t'nlrglea s r%\%grsa,s particles removal is

difercMEhthe 55 ctchmEmeeasi yemsamef diferhabSEA SOIUIORP HEYSTF

around 50%to 60% For etches of |ess than about .10
in angsin@yssr ons, particles renoval is therefore _

insuffic t | LioyrA idaed nearticleg o camaaah défficionges,

76 nycqoﬁéﬁgtegh%aét%%ckness is too small tg? sicles
expredi@lt i€ | perpataye tadafiyerfostpaiotal dBmis off 150 o, prACE

and their repoval effici y falls ver ui ckly.
estimatpd t%%pr%ﬁ,eﬂfrg“ﬂ?%%é%f%}%- si mul taneom_)jslqy to %/he use
% 2,8 SlovhPéficieh8y mapplgmesiasariacitael BaraRsio!
p

to separate the particles fromthe surface. W nmay

etch ar€cadwn barties geepdi by AR 98- the particul ar sensitivity

afforded b Ng i dised sihf e bebatd hadepieoh etch

sWHPé@Fer?'& ea%’ F'ﬂ%%a%‘?g??%n in the face of cf‘ che%@a\l
value [dFERIGIRMO ahgttttms kparticles neiweal effiFiengeisiotasgi Py '

about 5 tinmes greater, than.that . o meRfEs shidhaess
wheraaetbelm\’/ffm_@VB_'é@r?fQ%B}l_{:l:q atf%;%ghgf h‘%ﬁ%ﬁsgt@ I on. To this
impregﬁg S%E? itl {HR! F1BHERREYOSF a@cﬁlﬂ\dfﬁ(é’/octaB-Dﬁir. ation o_f t he

For etches of less than about 10 angsirdms, particles removal is therefore
insufficient to aliow a bonding in good conditions.

If the etched thickness is 00 small, the particles are no longer separated

from the surface, and their removal efficiency falls very quickly.

Optionally, it is possible, simultaneously to the use of the SC1 bath, 1o

‘apply megasounds that can help fo separate the particles from the surface.

We may recall here, additionally, the particular sensitivity afforded by an
oxidised surface that has been subject to an implantation in the face of a
chemical treatmént of this kind. Indeed, this sensitivity is about 5 times greater

than that of the same surface not having been subject to an implantation.

To this end, the implementation and the calibration of the chemical

| treatment must be particularly minutely.
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treatnment nust be particularly mnutely. 14 The

measurenents taken by the Applicant with reference to

figures 2 and 4, have nmade it possible to eval uate
~---the depth of etch that it is desirable to obtain

when the wafer to be cleaned is brought into the

presence of the SC1 solution, the depth of etch

bei ng bound to be located here in a range between 5

about 10 angstrons and about 120 angstrons, or

bet ween about 10 angstrons and about 60 angstroms in

an application errbodyi ng an SO structure by Smart-

r f

ot b Measliifs ke HAhOPELRER 1ARGTe Rl R TSR 2 and
4, hahdhade of pessiby torenblsatet tf@n@@ptng)f tetchothtat il sedesixable 1o °

conditjons usin 1s|ut|on Té[\1L;¥|PithaV|ewt

obtain yherche w%g%ﬁﬁé Ganedgodrou e, PEssaeR o dhe S5
so]utlgﬂr htert?e}ﬁ; 8 ERAMSMY bund fbeMe hﬁ;‘éfédt ek Gkl PangBcBYesh

per unltmasso NH4 02 in a range
aboutf ‘r@mngﬂsimms an@ aboutaluangstrbms, o bfﬁW@ﬂﬁ‘ abo 101;329@%8

and a@e%‘%g'/ﬁﬁw lR“%i]f&eJ ﬁ?"l%es i 3*antgr att o ogucglé‘%u%@%—t i

Cut@l n water), and - tenperatures runni ng from about 30C
to about 80C, - - etch tines frema few seconds to
| s@wmrmthisoau&mnwﬂ trRage o¥fl 6apthy elakicd. dhe Gpplizanthhas

condl{cg tg'gt %{%}% deg %?r%e'?%f §9ne}4‘%5 58%99@ V(?ptfﬁ'h@é‘ &dch

y I pr €8 uni t
condifi®es using) SCHesvlutignst ivith al\Hé@-l[d—lﬁﬁﬂerlhﬂ:rE@s@gﬁheZPdsb
70 3im_ 3/4 80 3nm The Appl i cant has deduced in

Cleanmrhqr@mgaﬁmetf%t with:

For these etch results, they have typlcaily employed:

- dosings per unit mass of NH4OH/H202 in a range from about 1/2 to about
4/4, or from about 1/2.5 to about 4/4' (all references to unit mass of
NH,OH correspond to NH4OH diluted at a ratio of about 30% in waler),
and _

— temperatures running from about 30°G to about 80°C,

— etch times from a few seconds to several hours.

In the following table are given the conditions of cleaning by SC1 which

have proved to be particularty impressive:
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- a %per unit mass NHAOH H202= approxi mately Y2 5 -
a tenperature of about 70C, - a cleaning tine of
about 3 mnutes, an etch of about 20 angstrons was
obt ai ned, | eading to roughness of about 3 RMS
angstrons, and a level of particle renoval of nore
than about 90% thus attaining an optinmum bondi ng
energy. 10 Optionally one or nore cleaning stages
precede or follow the ptevious 'cleaning stage. In
this way, a second step of SC2 treatnent is

advant ageously i nplenented subsequent to the
previous SCI treatnent, this SC2 treatnent being on
the basis of a solution conpri si ng-a m-x of HC—and

96 1H202 115 °/Eber it messise of a WRéni cal | t (GBERRHIME
basi c pH, treat nment enpl oyi pg anmoni acal
chem cal spé{@”‘@ﬁa@? ng the SCl-type treatnent, for

14

exanpie;{has greatly inproved ®Hpe hydrpphilidmty of
the wafer surface. The hjgh concentratlon—of

hydroxi de ions 24 sol utipn wil 7% ndeed] al | ow™hese

OH--+-ons—te—+eagt—wth—pendent ggonds—generat gd,on the
surface jof the 3‘/‘50 waf er| and tg%satura e themwith. |

SrOH Term nati ons. Such superficial SiOH bonds wll

then constitute the adsorption po: ition of nolecules
oThaAApldrcaOhh@Sh@eduﬁﬁﬂé”rP%‘?JF‘?'Q’E:@a Y¥Hus causing

h roh|I at| gphilization wll
- %9 ‘? @S%gﬁﬁéﬂg_‘%m’lth pﬁ%@ng?éwv\gfer Furt her,
. Sg’i{éﬂmﬁrg}ﬂrégyggmﬁqg@d on the surface will create an
opposi ng repul sive potential which can unbond the 16

- Iaeai&‘animgrtmwofpihuutﬁlnveut@& . isolated particles) from
t he n ev, h f
& el aBact 4 puets Wi B AN o royshness, o

about%”ﬁmsearv@sltrbn@otahd reveeof padie reaipivel ptamqreltw @bgut
preventing themfromre- (ﬂ_gasnlng) and increase the
90%, macﬂmm@ap@p&rﬁvmawm@f“& *Paf er with anot her wafer.

T«ﬂg%&%ﬁ[&?&? Fno?é chéﬂfn‘rE;g&'abég ¢bcedé forgelidwétie previous

em ca at rren usi ng hydrochloric
cleaniffemagel species (HCO ).

In this way, a second step of SC2 treatment is advantageously
implemented subsequent to the previous SC1 treatment, this SC2 treatment
being on the basis of a solution comprising 2 mix of HC! and of HzOx.

The prior use of a chemical treatment at a basic pH, such as a treatment
employing ammoniacal chemical species during the SC1-type treatment, for
example, has greatly improved the hydrophilicity of the wafer surface.

The high concentration of hydroxide ions in solution will indeed allow

‘these OH- ions to react with pendent bonds generated on the surface of the

wafer and to saturate them with SiOH terminations. Such superﬁciair SiOH
bonds will then consfitute the adsorption position of molecules of waterr on the

wafer surface, thus causing hydrophilization thereof. Said hydrophilization willr

~ then improve bonding with another wafer Further, said SiOH layer formed on

'the surface will create an opposing repulsive potential which can unbond the
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In a first enbodi nent of this second step of the
nmet hod of the invention, said chemcal species are
supplied by a wet procedure. 10 In a second
.-~ --emboedi ment of the nmethod of he invention, said
chem cal species are supplied by a dry procedure. In
the latter case, said chem cal species can be diluted
in deionized water, for exanple. Such a hydrochloric
solution is then terned & SC2 solution. Tests have
been carried out by the Applicant to attenpt to
~optimze the is cleaning tenperature to achieve a
, i . . L
st FRSEH FaPEIS (10, SEbarkdle i Bt Qlitact M BV dem
from BBingRg-depdsieenl ori c treat ment on bondi ng energy by

dint of tests.  Wth f Fi . :
O Reee i SLenenee 40 FBASy g
unde%ﬁﬂ%’?ﬁﬁf&es ARREtREMORoR UBepBbsitind) dnd Frddseathe

ructur 20 produced by Smart-CutTM each
adhetive petertinboh the mafar yéthaanothes vaafei.con covered with an

LR T e A R

treatrAYAT R BYdrecieRciRmicdlagebies(HChr ried out at a

tenperature of .50C or 80C. The nunber of blisters js .
S oBeirsisroimtopoh oo, seophd Hip PERpaReings OF 1% EHBN.

‘ t i : ults of the set of.
saic Qe HERE 2 gl BY AUE Boged of “sa - oo

st ucdatoed abbadiment af ther mSthedt ofCueP inusingbn,haald chemical

under gone, E)Bdro hloric treatnment at 80C produced a
SPeciRg AF¢ HYRRIER DY@ BV PSR D about 7. 17 The overal |

| fﬁ%é $atef ¢, TRREBREARA! Spedks icaf Baltdilordains dsiphized
of structures obtained follow ng Smart-Cut TM and

- watemiorcixahvepte. (vsbreguigochlonfenldion i e teraed Asift< sqluige
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o528 T Pl B 4 Seng oy e e, e

cleanfgPehipEpsttial toachipndiat maximunt hendisgendrghy dr ochl ori ¢
bl R I L s R S e PGP o

temp{er%@ﬂ%a%riﬁﬁﬁyd.%'aﬁloﬁélf%émédt% BYNURE GRRAg Sy aihovi Wet.

he | uence of tenperature ,
With reference to Figure 5, the Applicant recorded the number of blisters

(already discussed) which appeared on substantially identical SOI structures
produced by Smart-Cut™, each formed from monocrystalline silicon covered
with an oxide layer of about 1500 A thick, whereby the chemical treatment prior
fo bonding, employing hydrochloric species, had been carried out at a
temperature of 50°C or 80°C.

The number of blisters is shown up the ordinate.

The temperature is shown along the abscissa.

The overall results of the set of measurements carried out on a sample of
SOI structures obtained after Smart—CutTM which had undergone hydrochloric

treatment at 80°C produced a mean number of blisters of about 7.
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'numheﬁef s

on the reduction in the nunmber of surface blisters
(and "thus the increase in bonding energy) lies in
the del eterious effect of the chem cal action of HC

v ~0N--10 surface hydrophilicity. Hydrochloric acid has
an acidic pH (of about 2) and thus conprises a high
concentration of H30O+ ions in solution. Those ions
wll thus interact with water on the surface of the
wafer and with the surfage Si OH term nati ons,
reduci ng the nunber of the latter. 15 The reduction
in those bonds then tends to reduce the nunber of

gﬁge;jlgg isht?gﬁ%éﬁq phl a%f’é éxﬁsq{arﬁébeoﬁﬂbﬁaﬁ%ahaﬂerof

aracter of the surface.

structxg%‘ré;’meb%rtartggﬁlt gogévlviﬂg g Smlntkd:mté’l“ L grrt]a(ij):‘ whilkse §Q‘ﬁ f QB@@'QPB‘; bé
hydrotﬂderlméﬁeenf\ﬂhﬁfﬁ@ RYE %’g@é%lnuﬂ’?&r Wﬂ%"? %S%B%e
E{ggg%tflitaﬁthﬁass H\%Qﬁsf GldHafied Hhdt0 ngdieﬁ ‘(I"teh expmmgimal

and Cl 0se the mcro-defects aro%ln% B
condlffcﬁlﬁﬁ th@nushébhbmremtlona Ispedeswsiuring fdearwge prior to bonding

pressuri zed cavi s _that | t ce to
mcrearsgmmppgwes ShoupBRn oaRlrg St o p0T AR e, SeccTe

ﬁ{a%ﬁ‘o.wmcg c'éﬁ%ﬁroﬁided et eteﬁn?meecffftempeﬁmre
oric acidity on the hydrophiligit

on thbo*edunlg:arsmﬂwc@wnb@fgoﬁ ﬁ‘éfgaqﬁto'tr’]ﬁls p?%ﬁi&'és ¥the "67%%8 i
bondiﬂg§r%>é@ﬂylkﬁ§ &e?tﬂu?’éﬁ%@tt of thBUSieridg abher of aidi on

ermnstrate that a tenperature of
surfa%r":oﬁ;yd}B h,ngnhydr ochl oric treatment will increase the

e Al Ry B ki
conc«%ﬁ’%@% 4f§-{3by Rircdh botuiana haée &9@ valf the iretpract with avater on

reatment duration. 18 The Appli can al SO
the saffees by theeafdrfanddvitthtie sustagei HGH kaning Cé”g
during tﬂe hydrochl oric treatnent, bel ow 50C
l8Ue% he bonding energy, for a treatnent
dt*hétré@ufbtioﬁ% tﬁoaaboadmmen éndsitoueduse the epmbabpibeshig

m nutes. However, ha re
sites ahdrthe gralityof herpisaee a&’ﬁf&j a%ﬁlfﬁ ing ”¥°‘*85"H¥%§%%*h?“§??’§
treatment such as a SC2 treatnent is to
the s '6(5 $ht ani nate the surface to be bonded, Hd t hat, the
efHowaivenclyetat hgdnmphlm:ltyauft the surfaces to be 'bonded results ina

higher bonding energy between the wafers which would seal the pariicles
imprisoned at the surface more strongly (the origin of biisters) and close the
micro-defects around them. Then, on detachment, there would be fewer
pressurized cavities that could deform the surface to form blisters therein.

Thus, a reduction in temperature would reduce the deleterious effect of
hydrochloric acidity on the hydrophiicity of the bonding surfaces and thus not

reduce the bonding energy by too great an extent.
Thus, the Applicant has been able to demonstrate that a temperature of

50°C during hydrochloric treatment will increase the bonding energy by about
30% with respect to the conventionally implemented hydrochionc treatment

(which is typically done at 80°C or more), for a constant treatment duration.
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renoval (primarily metals) changes from about 95%to
about .99% dependi ng on whether the tenperature is in
the range from anbi ent tenperature to about 90C

.- ---respectively, and that the depth of action, directly

linked to the diffusion Iength of 10 chlorine ions
into the oxide at the treatnent tenperature, can vary
fromabout | A to about 10 A between ambi ent
tenperature and about 90E8. It is to be noticed that
t he decontam nation has to be particularly efficient
in the case of a plasm activation step previously
p,lf ngﬁl {as Bfe%ﬁ??&%{tﬁeg%rrbgﬁdﬂ}g th'erigﬁl%@raturte' \&uring
Pivation to contam nate the surface.
the h;ﬂcﬁo\tﬁiont(anrebtmumtbbelsweﬁ()‘tmamcma’ses fivee bendiag gnergy, for a

sufficien ydrophi | i obt ai.ne Q v s SC1
eatmenL AN TAUAT oS3 P DAL, BE BBy SHORY e

LG GQUALS theent PRVIGRIRRE ERBIMINGd MET iangndidie purpose of

hydrochl oric treatnent should be reduced, and that: -

' carryimg) olgic enthydravhiosict freatioerli H§CRURS a eSEEf fieaimemrt, 1% hi

h t
soorlGRGIAL RePREI i LEROBE OB LIS i
removfapwﬁﬁné?rﬁ‘gt( wRes)\ndngehirbincatiout 86% imabaljt 99% dependmg on
- decontam natign, To this pur the t ? es%oc,ﬁn
whethpeihedaPPERIeTs indRIr2808 fem deriangTBRETYY 0 9504
especgivggﬁ LAY tl‘xgt 3 dé;ﬁﬁ%ﬁ‘ alfish, Qifre&ﬂl}ﬁhr&@ﬂ @0 fh%lﬂ’%élt% ﬁ#@th of

ng sur ace two wafers-to be bon ed t hese
chlonﬁel\lmwaﬁbriﬂemxa:iebabth@hﬂreatmeot teropasaturmtcaot vary tfiem agewt

ot her th evel .of t t d
1A toséll"?‘gcﬁﬁ béﬁﬁ?'ﬂh% ’U\t)ag19 pe&?tél%gﬁ%%%)ﬁus eng:f? L 15 o be
noticeR9BSH @ita‘%iéc@nt%ﬁﬁﬁéﬂoﬁtha% 1B B@leeulaﬂwaﬂﬁemnbfn ﬂhar@eesnf ze
articles and thus to avoid having defects  that
piasmdcﬂﬂﬂgﬁiud‘es’@g previeusha PEQossSofb(as QFGM@P% %W&ﬁﬁd@tﬂ*%d
the ple?%rrllq aéﬁﬁ% pg?éjrldg% %pﬁlra?"}fnét% tROkufatll i cient  to obtain

ive i na ructures. Wih reference to the
fit GaH ud Geagedn tebt: sai d det achnment of a thin film 16

t the | evel of ittl t 5
Folampiesantact avacent Toarannugy Joadied e Bedidf, s
treatmgﬁg aés?%& 8lirfd@%o BYlhdndBE ThiEgIddboniding duality! t‘r@ﬂéfr@@l‘ﬁdre

* during the hydrochloric treatment should be reduced, and that:

- to decontaminate the bonding surface sufficient, the temperature should

“be increased during that hydrochioric treatment.

~ Thus, a compromise can be found between hydrophilicity and metal

- decontamination.

To this purpose, the temperéture can be adapted to maximize the
bonding energy.

After cleaning of at least one of the said two oxidised bonding surfaces of
two wafers fo be bonded, these two wafers are brought into close contact with
each other at the level of this (or these) cleaned surface(s).

Oxidised wafer cleaning thus makes it -pbssible to restrict a sizeable

number of large-size particles and thus to avoid having defects that downgrade



- 10

15
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These defects are reduced as far as possible by the
cl eaning steps according to the invention
i mpl enented prior to bonding, the chem cal treatnent

-+~ --SCl having been carried out in conditions and in
accordance with treatnent paraneters adjusted so as
to reduce to the maxi mumthe nunber of isolated 1o
particles at the bonding i nterface, while reducing
i nterfaci al roughness as’far as possible, and taking
into account the particular sensitivity to etching of
an oxidised surface that has been subject to an

the whidh], anférsitdihg dberyrhded Wheh thieclsdniing energy isvpbiesusintient
such that netallic contaninants are efficiently

to obtpiarmeneteiegityetfinal HIHgbPHi |y obtai ned with SCI ‘15
LRALIRMNG! BYFe RLR ‘fcoéndaﬁoesta&%e@@ﬁ}ﬂbﬁw@f aThﬁn f lm 16
present invention“relates t0 a preparation of

at theSievdl af anofmbridilemeridareadben @rderdmf@m?y algtmigtuse &Qa?élfrieﬂl
relatin

out aftﬁéPa@d'agn@?& Ezaaifi& :%’58{‘%%? lg é%{aiﬁgelr Io’irfgsuch

afhesk! Hé’f@ﬁtsoéreare%ubé&% faﬁ%’s”ﬁﬂ&:éi]ﬁlbﬂb)l the chwmng steps
extending al so to other types of alloy of th? I V-1V,

ftre@Hnent

SC l‘é#v?rt& ﬁ?@ﬁgﬁkéépé&? ﬁlo&%ﬁkjﬁn éc%%wgﬁa[l \?i%?ttr%éﬂﬁém

paranii@paldjitfedRows b ﬁa‘eldmsw ﬂ'wcma&frman viaé emn‘fb@r db dsrlated

L

t r f ng &leRing of
possitlss gﬁ@e%ﬁ@g ﬁﬁgc d;ﬂtetﬁ% %aymml\lsﬁgﬁl@g%dgwozmgaﬁdag

oxidise¢ sonfabesthaphad beﬂreamjeugtw gty 5 hydrochloric

species ( elntheflr P J S i e

R A L B Y i
contar‘f‘m%'h% Ard REfcG@RgN@nriven arkl tHemhyerophiyedbatineda with SC1

sel ected tenperature bel ow around 50C for a duration

treatmeéléstat/ﬁaiﬁlhdbbﬁbeﬁﬁ bandifgt es. 2. Method for preparing
egéﬁfeﬁjlvgmo‘ﬁr reiied A8 R?efp%%tﬂinrlﬂc the suace b9 oxidised

sus ol wherein the etching of the first step
wafers ﬁomrmiye!namoémasmamselamgetbdhe field of semiconductors, in other
words a material belonging to atomic family IV such as siiicon or a Silicon-

Germanium alloy, but extending also to other types of alloy of the V-1V, -V or

Vi family_.

* It should be specified that these alloys may be binary, ternary, quaternary

or of higher degree.
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bet ween about 10 angstrons and about 60 angstrons. 3.
Met hod for preparing an oxidi sed wafer surface
according to the previous claim wherein the

- -- treatnment parameters of the first step are chosen so

as to renove fromthe surface isolated particles with
an average dianeter of 1s nore than about 0.1

m croneters. 4. Method for preparing an oxidi sed
waf er surface accordi ng2oo one of the previous
clainms, wherein the treatnent paraneters of the first
step are chosen so that the roughness after
treatnent is less thanahgdt 5 ARMS. 5. Method for
preparing an oxidi sed surface according to the
20 previous claim wherein the roughness after

treatnment of the first ‘f % Sﬁi agz}wg (is with
ARVBES BRI HBrApPATR RUTEFF B LR dopApEIng
anoth\%ﬁ(nfa"f‘é:re tiﬁ-ﬁﬂggbﬁ%uﬁ'@cgmﬁvﬁ B sdbl' &Y't@léﬁ lﬂgﬁérﬁﬁion of

osi ng per unit nass o is in
atomit bpecies ribe niatiord Ibbldtﬂgld first ﬁea@bdsammthet gyédised surface

e e R e T

' hydro@fﬁl@ﬁ@%b@rﬂe@'(ﬁ@ﬂ' @hél%@h Wi et Stepliearplagentedi stgas @ ofvh

revi ous ai ns, wherein the percentage
from amn ﬁg %rahmffmﬂés ang piherslotaseeend s teprs TapisTentepal

a seiéa@egda&?qﬂgg{aﬁ}rg rbeeéc% tak&ﬁrfd Bk kgt e?‘*aﬂ}éﬁloﬁ%és a4t 10

rst step I's about 3 mnutes.
minui8s. Met hod f-or preparing an oxidi sed wafer surface

accordi ng to one of the lajns.,1 to. 6, wher |nth
S et o R G e NS ity o
prev:o%ggﬂ’é H?(N‘?ﬁeré;ﬁ e §t€ﬁi%b%tf ﬁ’feeﬁr@f stbﬁ isSinPleméfie®Be téts t& @féh
& cleaning tinme of first 'step is about 3
betwemnhraitoes 10 gngmm@and abowr@mstrgmén oxi di sed waf er

T g e Ve i
previoudRealin, 3héreih i iréarmnt thah%t@% of kriesfirei step area&:'fmwn SO

80C, and the cleaning, tine the first s
as 1o apmave 3rom e syrfagg lso)gtﬁ%lpﬁggﬂqsowlﬂb 2B paérlei‘q,g&p glﬁmeter Oof

more BdndigiedoSUniGRetts @ wafer according to

4. Method for preparing an oxidised wafer surface according to one of the
previous claims, wherein the treatment parameters of the first step are chosen
so that the roughness after treatment is less than about 5 ARMS.

5. Method for preparing an oxidised wafer surface according to the
previous claim, wherein the roughness after treatment of the first 'step is less
than about 4 ARMS.

6. Method for preparing an oxidised wafer surface according to one of the
previous claims, wherein the dosing-per unit mass of NH4OH/H20; is in the

range from about 1/2 to about 4/4, the temperature at which this first step is

‘processed is between from about 30°C to about 90°C.

7. Method for preparing an oxidised wafer surface according to one of the

previous claims, wherein the percentage dosing per unit mass of NH;OM/H202 is
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the preceding claim wherein the second step of
cleaning is carried out so that about 95%to 99% of
the netallic contam nants present on the wafer
surface are renoved. 15 11. A nethod for preparing
an oxi di sed surface of a wafer according to any
preceding claims, wherein the selected tenperature at
which the m xture of the second step is enployed is
about roomtenperature.212. A nmethod for preparing an
oxi di zed surface of a wafer according to the
pr ecedi ng claim wherein the selected tenperature
g S th f
aout g8 PGPk ot A SR B S ah e
the fir&WibREeatRkL 8 rwalites. according:to the preceding claim
wherein the second ste nt ed alt % e
tBrivieihad forPBRAEW %ﬂ%‘ﬁ'&e@@)‘@@oﬁu C8AFEPIAH} es'?sq{fhan
t 8 BRaadNgS A égl
C]a'mssgq#afscé’% 'H%S ggcdeg’édéﬁr di ngSﬁ ;?_%r gﬁepﬂéﬁS %‘ t4©HIHOé
about%’zﬁ\&h@:t@rnsératudm of thiemei is abosit 88°GENg s AgaRing .’nmqfahe
is i enent e previously to the first ste 15. A
ﬁrs’fsﬁ@étiﬁggoﬁfmi” BYWRE ng a thi nyl ayer froma fi rslto waf er

f A %%Dﬁ for;ﬁ’regérﬁdg%r%m@éé@ @va{f@yamacecarmnmgm drieeof the

'- claims heo B wserewafrerdcatngaaaﬂelﬁtt%gﬂwgg ﬁﬁﬁgfk&%}zm eﬁ‘aﬁ@?if 6@9

fomparatrot i airis soulBobar BB tnd LIBRARAIM O IendKidp is

accor ance w t

Vaboutnfae Hﬁﬁ L. according to one of the preceding cl a| rrB s C)

g the first wafer to a secaqnd fer
smmaeetpomﬁmwpamng enapidiged gyrt %‘%?p\éviaﬁ‘ Wﬁj%ﬂ%“r"é?)“Q o

the pifeﬁg he m}b@g@ﬂ@iee geéicg'ﬂd%gﬁe %p% r?ge?sgérfﬁgc?@;faﬁf s0 it

boutaé%bfa rt@' bog, dfahé h%mrsc@ﬂamgwaﬁ:ﬂtapmsem tienwafer w‘%fe%e
hermal oxi dation of the surface to be prepared in
remom‘dep b) is carried out prior to step b).

11. A method for preparing an oxidised surface of a wafer according to
any preceding claims, wherein the selected temperature at which the mixture of
the second step‘is employed is about room temperature.

'12. A method for preparing an oxidized surface of a wafer according to
the preceding claim, wherein the selected tem;ﬁerature employed during the
secdhd step is greater than about 0°C.

13. A method for preparing an oxidized surface of a wafer according to

| the preceding claim, wherein the second step is implemented at a selected

temperature below around 50°C for a duration less than about 10 minutes
14. Method for preparing an oxidized surface of a wafer according o one
of the previous claims, wherein a step of plasma activation is imple_mented

previously to the first step.
15. A method of removing a thin layer from a first wafer. having a

superficial oxide layer, comprising the following steps:
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17. A method of renoving according to either one of
the two preceding clainms, wherein it further
conprises preparing the bonding surface of the second
-~ -waf-er--in accordance with a nmethod according to one of
clainms 1 to 14. is 18. A nethod of renoving accordi ng
to the preceding claim wherein a step of thernal
oxidation of the surface of the second wafer is
carried out prior to preparing said surface. 19. A
nmet hod of renoving according to any one of the four
preceding claims, wherein the zone of meakness

L Sben it oS L bald B BB ot B R e
Of V‘ﬁﬁékﬂ@%of%thﬁ@ye@fo bRrimethod of renoving

according to one of clains 15 to 19 for producing a
sbiri pepatiog dhe omdenstufasmf the fiieitater in accordance with a

method accordtng to one of the preceding claims;

¢) bonding the first wafer to a second wafer at the surface prepared in

step b} |

d} supplymg energy fo detach the thin layer bonded to the second wafer,

at the zone of weakness. )

16. A method of removing according to the preceding claim, wherein a
step of thermal oxidation of the surface to be prepared in step b) is carried out
prior to step b).

- 17. A method of removing according to either one of the two preceding
claims, wherein it further comprises preparing the bonding surface of the second
wafer in accordance with a method according to one of claims 1 to 14.

18. A method of removing according to the preceding claim, wherein a
step of thermal oxidation of the surface of the second wafer is carried out prior to
preparing said surface.

19. A method of removing according fo any one of the four preceding
claims, wherein the zone of weakness formed during step a) is obtained by
implanting atomic species to a depth close to that of the zone of weakness.

20. Use of the method of removing according fo one of claims 15 to 19,

for producing a semiconductor-on-insulator structure.



