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PREPARI NG A SURFACE OF A SEM CONDUCTOR WAFER FOR
BONDI NG W TH ANOTHER WAFER The present invention

WO 00aes64 o bondi ng two waf ers conpri sing sen PONTRRO0001064
materials, for the production of structures for
m croel ectronics, optics, or optoelectronics. Mre
precisely, the invention relates to preparing bondi ng
surfaces of at |east one of{two wafers to be bonded
together. In order to ensure good contacting quality
bef ore bonding two wafers together, at |east one of

PhIBARRGS WS 9REACH RS, RHRL Ml Gl BB OB MonpinG

waf er surfaces canZgFHRARODIHHER @VAfEPRg00d bondi ng when
they are located at the interface of two wafers. This

is particularly the case when, prior to bonding, one

of thet sé}ﬂ”‘iﬁﬂer}\fﬁﬁefré|at%s an)%"ngﬁ'@g tgfgggﬂéége?soeé‘drﬁﬁrising

i nplantation near to the surface to _ _
sehitommtoromatkrtads; Hoe e aroduddionoofesiructiresi fiopraistastectronics,
' cour.se of a nmethod known as Smart-Cut(tm.

uring th
Op%ﬁﬁ's %P&?‘tg'ie‘&'ir%?s'v\hi ch are then enclosed in the

bonguinvg precrReaéts irv@ntibeadates BUpephiing donblingsdefages of at
being fornmed in the structure obtained after

legrttanernfdwe wafarsde Reborsleskiongiiehy not been transferred
gﬁg"lﬁe&dhp %o ZREr hobhl! Shia&tgs a§5|it$%éf@weebbmh§nmdwafers

he 'surface of “sard structure. Those blisters
together, @t yeast dherof thetwalsurfagestedre hanskedrraust bef geaned.

I heat t { i i
bonainscPiEsenes BEEPREA pARcldsidr Bilafieh o haflr fftaces can
bd prdjudidiah toRDBE bedingWhamthesuarte foeatedcbetheirderface of two

contam nants from bondi ng surfaces. A conventi onal
wafegsani ng t echni que which is known in the art conprises

por ST PETRAEHL It el poig ohe o o t
bandeplvafess Wwas andefgane atomic species implantation near to the surface
to be bonded, followed by detachment at the zone to be implanted during the
course of a method known as Smart-Cut™. Those particles, which are then
enclosed in the bonding interface, can lead to superficial blisters being formed in
the structure obtained after detachment and/or to zones having not been
transferred between the zone at which the species were implanted and the
surface of said structure. Those blisters muitiply and/or grow during heat
treatment, for example heat treatment carried out during or after bonding to
strengthen the bond.

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

A conventional cleaning technique which is known in the art comprises

steps of chemically treating 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
WO 200s9sp Wi th a solution of SCL (Standard C BEIIERP0S/001064
conpri si ng ammoni um hydr oxi de (NH4AOH), hydrogen
per oxi de (H2Q2) and dei oni zed water, generally used at
a tenperature in the range 300C to 800C, a second dip
with a solution of SC2 (Stapdard Cl ean 2); containing
hydrochloric acid (HCl), hydrogen peroxide (H20 ) and
gai)oni zed water, used at a tenperature in the range
to, 900C. The first _dip is primarily intended t
r end\Pe Cl&8H) éf‘eﬂx'ggf’fii %‘f@egﬂ# ﬂ}@'%‘i" e#Pr )S/Wi% adﬁ/&afgr of a
schAESHdRIES PiatdrRf ipeRKkndWn kB &nsHIbY L featdihtiimoreyeiie RCA
themfromredepositing. Further, that first SCl1 dip

clegim Whigh esmptises:hydr ophi licity of the surface of the

f t Oy , . AN i -
sur Facé I TG BT o PBHON GrOBLY.|nREARECIerP 1) fimpriing
good b@hdhfjgiubethyiﬁmgdae(mmow}af éydrogene peBxide! (HiGeh and
is primaril nt ended t t ani I b o
ot 1 s CRAnApd ot ReT OB B BIMRRELLs T hedogpe AREC to
waf er, ggycform ng chlorides. The metal renoval

efficiency is typically between 95% and 99% between
anbisenta seconer dipuwith ansplatimTof Sk (Ripnaarsk Claaan?k gontaining

angst r PIEE ABCIHGD. HYBERN BelhRR 3B, 2nd gelonized
and 90@ateRlustlizt artemperaturtehia tiiCParigee B 1Rt 90°C. usual | y

WG 1St e 1S BT TR baGEeR 1R dSHPYE o ABF SRRIRT P Diyarer
sUrPRE & géftﬁ:‘?és"ﬁ&‘r‘iéd A& & e surfdd@h andhtocregart, them from re-

Sone cas be nore significant than prior to
deposiingent . This profile existing on the surface of the

o e G it SOOI, PO NS FRehAREADSt g gurtece o
theRegfer to be bonded, the hydrophilic property of the surface here constituting
an essential condition for good bonding between the two wafers.

The SC2 solution‘is primarily intended to remove contamination by metals
which have been deposited on the surface of the wafer, by forming chlorides.

The metal removal efficiency is typically between 95% and 99% between
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 90°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 to treatment.
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Mean Square). The presence of isolated particles or
contam nants on the surface of the wafers can al so be
w@e@sehized al to a good bondi ng of the wafers wWhenB20ey001064

are found at its interface. After bonding, these
particles, then enclosed at the bonding interface, nmay
lead to the formation of surface blisters in the
structure obtained after the Smart-Cut(tm detachnent,
and/ or areas not transferred between the area at the

| evel of which the species were inplanted and the

f f.th i - i
1 2 are St HF R PELR WSS TIS AP RS pore the
g@{)ﬂﬁmthén@aghﬁé@wme id RighP Wi UAhg O aBybBEGE ERVST (Root

onding in order to solidify it. EP 0 971 396
MQ%JF Sasaredr iy di scl oses a techni que consisting of

gg pﬁ{e'hﬁl%s@né C%h léd"%b? Iééjbrf 86ftafinardt® |o‘ﬁmﬁ€tédﬂﬁcé of the

anot her SC1 treat nment
wafers can alsesbe qma]pdlcsaidotawge@d boogiag &fi the wafess ahen they are
duration.of SCl1 treatnent of about 8 mnutes (2 x 4
foH'M [&) t%\'if ®0oC, and a SC2 treatnent of about 4

m NUATess mq&ﬁ@ﬁthﬁ‘é‘étﬁ‘artldﬂes atﬁéhgén&twed dnghth@ btdmehng interface,
I mprovenent _in e t
maxfeadsto fhe fosmakigh of s ﬁaﬁ%bﬁé@@? @1 {'@g%t&?%m%e talfigdgfer the
StaRAC BN GepftaRiEH, &ﬁd/epbféyszr%tlttaﬁws%r?@mbe@v@mdtﬂ@ombrw the

preparation action. The iInvention attenpts to inprove
levéieofs whicht then spgcips otpe_rg. lﬁgplar‘ﬁ@doaqq the 1sgrfacq>|qfsth|s structure.

S%a@bsl‘terg dﬁ@%%%%llrﬁ] %fzvc\a/l %r’taﬂlegunr hgbtsﬁﬁaetﬁig(r{t %@ heat

tréathfent @ntiantalgn retie cuﬂngseaof ot sulasequept fonthet bmdmg ln order to
atom c species, the method including a first step of
sl i ng the oxidised surface by enpl oying NH OH and

H2Oep @‘@7 A366 paRfufdr |9<flo§ése@'t‘édlfﬂnc?.\é EOMIistifigNéF preparing a

hydrochl oric species (HCl), wherein first step is

suahgmpianted sugface bytimp m,¢ntmgoar6§>dodiem@ €2, @WM'YPZ‘cher
S61 tAMMMAE TR piddEsS B6MPHsES Bfled Steps, with a total duration of SC1

treatment of about 8 minutes (2 x 4 minutes) at 80°C, and a SC2 treatment of
about 4 minutes at 80°C.

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

The invention attempts to improve the situation by proposing, according
to a first aspect, 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 NH4OH 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.
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i npl enented at a sel ected tenperature bel ow around
500C. Characteristics of the nethod for preparing a
waeansaesedf an oxi dised wafer are (all refer enP@€pIR2005/001064

unit mass of NHAOH correspond to NHAOH diluted at a
ratio of about 30%in water): - the etching of the

first step is inplemented so as to etch between about

10 angstronms and about 60 apgstrons; - the treatnment
paraneters of the first step are chosen so as to

renmove fromthe surface isolated particles with an

aver t er. of han about o
he PRI AL En e b Hreeerp i fule SLABRAERY viafer
aré Qaﬂ heferdii@ s BuUeh afdssabit RH,OHeedr@spondstol MbigOt-hdifuted at a
bout 5 ARMS, or nore particularly |less than about 4
rat&RN@bOUtt?’lQ% HoNates): per unit mass of NHAOH H2Q2 is in

;th ev\;]?t@%e?tﬁﬁgug} ﬁ?ibg}%t flgyt Stdd |salﬂﬂ Itemdénged sBEad fHNGE I?tblé'i\ﬁeen

ep i's esse IS between from
ab20ey0 aﬁ@lﬁ‘omsaabtalﬂou%O@ngstr@aspent age dosing per unit
mass of NHAOH H2Q2 is about 1/2, the tenﬁerature
This nihe Teatment pamoniorpiine et St gaAI & G HOTaHES RS i gemove

frgrh rtﬁ'é saif&de fsﬁla@c?@ﬁéﬂ@%?l_\gigﬁﬁ aVEréd%edlﬂﬁfe@@f%ﬁ%réj%h%out

unit mass _ I's about 2/4, the
Oﬂ@npmn&ttwse of this mx is about 7OOC and t he cl eani ng

time of the first t t
dosi-ngthgereaimen S{ en erﬁ,.ﬂ%ﬂp m?tgga%%ufh%?e} spifat the
rohgﬁfﬁ’é‘srsaéﬁgrecré’d‘tmteht ﬁs 1Bs¥ than about 5 AGME, anchdréarticularly less

eaning time of the first step is about 3 mnutes; -
thahaboetcd ARMSEep of cl eani ng |s carried out so that

0o g e T e B AP0, AT e abou
1/ eFRObat AMet tewhperhturd at whichuthis fivét stbe isproedsed sphdtween
from about 30°C to about 90°C;

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

- the percentage dosing per unit mass of NH4OH/H2O; is about 2/4, the
temperature of this mix is about 70°C and the cleaning time of the first step is
about 3 minutes;

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

- the second step of cleaning is 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 is

employed is about room temperature;
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enpl oyed i s about roomtenperature;- the selected
tenperature enployed during the second step is greater

wao b@s/ogdseut OOC, the cleaning tine of the secoPdI/BB20¢5/001064

is less than about 10 m nutes, and nore specifically
about 3 mnutes; - a step of plasma activation is

i npl emented previously to the first step. According to
a second aspect, the inventison proposes a nethod of
renoving a thin |ayer, conprising the follow ng steps:
a) forning a zone of weakness in the first wafer at a
depth o

Fof Mooy sHaR ARG Sopgyed dliaudng ol plepds breater

th¥RE8bul QjPOiCCOI‘ dance with the said nmethod for preparing

an oxi di zed surface, c) bonding the first wafer to a
second thetleaning time aa‘uthe second eplapds lgss thasmbigpt 18)minutes,

ori Bt R Boba NI weaknbss.

Char.achexdpséf slashb dchifatitrl iBaRpRIiméRe® previously toi thelfingtastep.
accordl%% to the invention are: - a step of thernal
n

oxi degosdin@ftor Resecarh@ePree, Hae pinpalaY Prepesespapnstiod of

regrgfnv%r{rqeg tiﬁHﬁay}érr' c%mﬂl%lrmﬂ% ngwmgtgi@? act hod further

Ses prepari e of the second
wal €ormingaz mndamfcweakmésst imethmflvst weafanat faodeptheglasé rig the
rf.ac a, ste of t hermal oxi dati on of

d
theqﬁl?gbé‘%eo ettl'p{g?@éegaﬂgevfg dis carried out prior

t 9) Rirepaiind theséxide surhes of the fn|'$© wagreinccoriingesgith the said
formed during step a) is _obtained by inplanting atomc

spedﬁ@ﬁ‘oﬂcfo%tp"&@ﬁ['ﬁg anexidized $WiACE "t he zone of
¢) 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 the

invention are:

a step of thermal oxidation of the surface to be prepared in step b)

is carried out prior to step b);

- the method further comprises 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 is
carried out prior to preparing said surface;

- 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.
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weakness. According to a third aspect, the invention

proposes an application of the thin [ayer renoval
woretolsogh3s® t he producing of a PCT/IB2005/001064

sem conduct or-on-insul ator structure. O her aspects,

purposes and advantages of the invention are described

in the remainder of this docunent in illustration of

the following figures. Figuge 1 shows the different

steps (figures la - 1d) of a "Smart-Cut(tm"

technol ogy. Figure 2 is a graph show ng neasurenents

of the rou nes fers after different [

opePoPi Ep i 2spea ey blgrRp S i affigelith of the
thifERGEF PEMBLAI ARtidPse tﬁ@%dhdﬂng' &fupesemichadectusentinisulator

predict the roughness obtained during nore substanti al

strutiis@i ng operations. Figure 4 is a graph show ng

rgﬁoﬁl{gﬁpg%ec‘ctgfpﬁ p&ﬁ Eﬁ&tdfd 59@@%3 U tﬁé‘ﬁrﬁ)\%?lﬁoﬁaa"ré'o‘ésérlbed

roma wa as a functron of

in triwmmbibdert dfethis! m:lmegt |rﬁilg$1railoﬂ'51 dfg¢he fajloming gla@sng
rene

T Bargel shads e URRREeRe GabRs”IE s roic: siyrcut™

t in which prior to bonding, a SC2 treat msnt has
been carri ed out at a tenperature of 0C or
t r edligHBL2 ifad Treeih shawindetegarements PZ F%HQE}"@SBP" wafers

aft%pgﬁferéﬁttcﬁéa[rﬂnévgvé?ltd’us nent according to the

nvent 1 on ‘eani ng steps according to the
i nvdTigurerB g goaph stdwidgdhe same measuegpesnts @égghase shown in

s _accor,din he

i 2o ders firgf b itebn b {&Pgﬂ%%g%%%ieﬁﬂg&t@ G (hie substantia
clédtisg bpu@mohgm)val process may consist in oxidising a

waf er of sem -conductor materi al S C{

dondTigwigr ér isL@ KERRM$h gwgwpéygqls&rgmea% S; hgygfec?lileness of

t
s Ryggt%eﬁﬁgé ({aﬁgygﬁfﬁ%@ﬁaﬁf@/ﬁér\é\% Sfurthien ofidpthd6@dédtch caused by
the cleaning.
Figure 5 is a graph showing measurements of the number of blisters

t™ method, in

observed on wafers obtained after removal using a Smart-Cu
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 to the so-called 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 SiOx.
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oxi dation), or by deposit of aggregates of Siq 2. Wth

reference to figure 1b, the donor wafer 10, so
wo@008i096369 i s subjected, through one of these PXI/tB28€&d01064

surfaces, to an inplantation of atom c species, such

as an inplantation of hydrogen and/or helium These

atom c species, used during the inplantation, are

dosed and are sent with a pge-set energy, to a pre-set

dept h under the surface of the donor wafer 10, an

enbrittl enent area 15 that has a particular

brittl eness relatjve

h
10, WHLESTeRoBItat 5P R0 Heltr A 8g SRIERL - Sublected,
thﬁ%ﬁ?ﬁ'dr’ié 6%%3@6%&5335 éiﬁfécb@etooéh dm%%htéﬁtfrf af atdrhidtspecies,

been subject to i nplantation 12. Wth
suncbfe@raéhlauolaraiatm@of bycir@gelaan@/@éh@wmmfer 20 i s brought

t t
;gbﬁggge QS%%{)QGFQ‘EL%%&: %ﬁ%t@ﬁﬂﬁ%&%ﬂ;?& H‘?s%dogﬁ@ are
Seﬁhw'hoaqu‘a@epmlaﬁg}t yofd pes-bgt demt urslen thelssefacearof the donor

wilgt TBnan sraiiEmeat resd 1P aRgh s eapprihiah H s raiafile to
thé h@sb@ﬂdh@%ddoﬁkﬁ@@s foetTREN a filen t18D isvidrates, detllmlted by the

carried out at
eraiflemEn, appadB, ahdihe AXIRH POREGH TAldtas REThOMHIER 1 the

i e(rlt is optimal and to avoid the creation of
ﬁ gtiura defects on the wafer surface. As an

ex arwitb referemesy i Eigpres $¢,b4 eecaiverswatert 2hjse beaught ide contact

abgut 00C for about 30 C I, t
i B RO, 4 gl b, SRp LR B2 e
ddroPR@fféd.on of the Si OH bonds to t he advant age of t he
stronger covalent Si-OSi ds. Then, sufficien

energig bendingaronery ity %ﬁe ﬁdﬂP'@SP'aér?@lh@'on t%etween the
Smgfg&%mdm{)%;ﬁ tddie weak bonds of the enbrittlenent

hus to cause the detachnent of the thin
fi | A ®ptionah héat deatoenhds dhent carriegusuf i enhgnaenéhe bonding

li %gmag gnﬁuct Plre i Iﬂé#ér?;ﬁi%gélrﬂléatd{ﬁ%t 8He o?l?&yi@ ﬂeretermlned
temperatures and for a predetermined duration so that the bonding efficiency is
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 advantage of the stronger covalent Si-O-Si
bonds.

Then, sufficient energy, such as heat and/or mechanical energy, is
supplied to break the weak bonds of the embrittlement 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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removed fromthe donor wafer 10 then forming the
sem conduct or part, and the underlying oxide |ayer 17
W b@s/odassm ng the el ectrically insulating partPOf/1B20&5/001064
structure 30. The detached and bonded surface is
advant ageously finished, for exanple by chem ca
etching, sacrificial oxidation, polishing, chem ca
nmechani cal polishing or CMPg atom c species
borbar dnent or any other snoothing techni que. The
final structure is then intended for applications in

ot r dBeurEaech el Rooffe chyrBitents Siieiadsusl Jiieried. for
exBhipl® By ehePiILSlS, eteifihy C Ssadrificial r oxidation,! tpalishing, oichemical

exanpl e be possible to formco nents in the. d h
meefiasiical | polishingh s EHYZI Biamie oS 0 ombardment grt %%yegther

sn@ﬁ?gﬁéﬁﬁﬁheoF\'HenﬁHélagtﬂEctliﬁ‘rer KCndnehitentidy # aQ'EE)llcatlons in

I'con Ger mani um on sulator), SOQ (Silicon on
m@Medqu@emtlcﬁera'ahmelm:tromICSnsul ator) structures, an

211 9S03 ! S CRBRCIRN e TP ML HabRakR - Yoioro-

on I g an 1 nsu I ng
elé@tFﬂHd:SSlobﬂcé bﬁop’dr@ﬁiﬁ@d oxi de according to the

n t t db he det
| e TBMHTEr GERTBPIe b PoRsTHA Jo TR GRMBBTaS 18 Etadicpver
bondj fégthhg‘?ogéﬁﬁfe’ toNRERE se9\|éd?1dhﬁﬁ>rfo‘hciﬁbt\!|9for\%fu@fur8§) such as

constitutes an essential stage in the Smart - Cut
SPL,03664 . (Shican] Gernanipwisen dnsulater)pSEA@riSilioonen .@mﬂ@ GeOl

( %er ef or e ol g m %tgéaP r[]&tﬁ %?Iné“ B@o&ebiﬁﬁﬁﬂu{eh b&weomponents

béfl@hélﬁ?\ﬂht@g trcéa{c [:55M4 Ior}aSnsulath famﬂvveaclsolhatnegi garinsuating layer
romthe surface of, at t.h

cosBRiRES s Bleanss petisaecorG, i ety MisEbSed Rafieen the
d&%éﬁid era,t,@ﬂ{eegm@ev\;am size and the nunber of the

rou s on the wafer surface so as to increase th
cont/a@wedma/@ssfmwrt akovathe stegetad beadingrthe flonghwafer u150 to the

rec2ivelMRafYSd Bshandl 3H RUEAEY stage in the Smart-Cut™ process.

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:

— to 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;

-~ to make and to keep the surfaces hydrophilic to maximize bonding
energy;

—~ to 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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- to make and to keep the surfaces hydrophilic to
maxi m ze bondi ng energy; - to renove contam nants on

wao b@spusbace of at | east one of the wafers to Per/mBmead1064
to reduce the appearance of post-bonding
def ects. Anot her purpose is the possibility of neeting
t hese purposes by neans of a sinple, fast and
cost-effective techni que. Amother purpose is to
produce a sem conductor-on-insulator structure froma
Smart-Cut (tm process incorporating steps according to

or epapEraifrse e Bostb i gadiringee Blftassp by means of
a é.ﬂwe iﬁ@eﬁ dnaajssefibati/e teh@gué.npl antation 12. | ndeed,

i cant has noticed that suyc f
5 AROTarPDaEATR LDy BICos L e saeTatrorbireplder” SRtGture

rﬁ g@q?l@@utm% %é@lrfc%f' ertlrﬁqsﬂeB'Q'a@Bér@trigot@ thd Mihtion.

s t her ore |1 eralveto set preparatlon
par aomttmrspwnpaseasetoa@aptreldttm@rwramratfea therkending of an

ol bl 31 Boh PR ATl . e, e

A%r!lﬂlﬂﬁfglelﬁas hbﬁcddaftr&(ttsgﬁihealairfa\o}el ik dveue 5bbmeeghore:senls|tlm to
icon, which is t

suRh@ ma@ranﬁa than bbbt Shes P ERREr TRAS end.

it X | CI X g}&%ﬂbéwo(w 6rasaraﬁeﬁ%r9ﬁ1et@tslth§t are @ghptid and

art| s is for exanple the case with a
callblatedively/ doouratelyoxi de). Optionally, a prelimnary

L PR R, YO el s SRR By e o
sdpmg@mjiﬁﬁortrhamnal met hod f or prepar| ng this surface of

;? ellémg;;\/r%; rec\f.g ﬁfl er\fl\%\ltélgl %@ §t“§?) I{:%gttoeqﬁgqlogggvrﬁ dn'd the
IR A eRs pacs e Bnbe

in aThmwgaferrmasuhxldlsed naturally (we tr?grg: Is%%al?roe% rsfgtl OXI%Ie) or
artificially (this is for example the case with a thermally formed oxide).

Optionally, a preliminary step of plasma activation of at least one oxide
surface to bond may be implemented.

The invention proposes then a method for preparing this surface of the
wafer for bonding with another wafer, implementing at least one chemical
treatment step that employs ammoniated chemical species mixed with
molecules of H20,.

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 implemented by means of this SC1 solution is
particularly the result of the following effects (obtained by the chemical action of

this solution):
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The chem cal species are for exanple diluted in
dei oni sed water. An ammoni ated solution of this kind
Wo sooahssezal | ed a SC1 solution. This first cl eBei/mpo05/001064

step i npl enented by nmeans of this SCL solution is
particularly the result of the follow ng effects

(obtai ned by the chem cal 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 leffect), - the creation of an

Bl . !
Che T eloting. ot the idtec: be g Siaet B FriEES A bus by
sol ugigpingthnt thth&avisekRekesa 'Uit-oft@ffethd particles,

| W
- the prevention of the mgration of particles from
t he tihacreation o @npdmosite @iepgr.ip potential keiyesn the surface and the

el ectr. Nty do. Thi ' i .
ChePatsie AealulsBbr 168 hiofo b S e Saufidy qqusing the
amftaﬂmdﬁirﬁ@lfiﬁdlaied p'art'mlesdifng as aresult a

significant concentrat ) ™ j, [ | yti ,

Thedee iRseeNtal; Ginier HUOraleR ot paefciendrain e B dhdne plate,
a Al il '

Om&sm o ogpﬁﬁﬁé evidificd) Petep@Brgahtdaonds gener at ed

the Aice and saturate themin SiOH term nation.
Thi STHisyaleardng 95 Chereforaedinkad t partisulaflycle Wig |highepH of the

creat ai.d.. b ' 2 Qe
ol Sy BD e, oA 3ok L LBl oBihion of o
ionh@ﬁilséolbmﬂed to the surface (in other words the

- cockaRergno T s PROTEPLIG Guse G 1S AMpoga, plreact
willp ‘tﬁtﬁh g@ﬁd?r%sl%rmsi §En&rhtatRbR thEWUPREk & doSatuhte StHEmaRESIOH

or t warer, thuS causing its h%;%rophl lisation.

temmfﬁpn.i thatay@h.thf‘biol-t femechpnothe swéagsomdl ﬁ@ef\\/\/ic;frg@lfg said
an e r. '
refPG IR ot Ak iHifoL bRgl Foth M girfiel S parfctes

thapas letist hondedrtdithg sudhed {iooéirerpeorde the solated particles) and to

t hi cknesses of terials etched (also called depths of
prevenhthgp mff%?%ﬁwgsa solutions, with the

These surface SiOH bonds will also be the point of adsorption of water
molecules on the surface of the wafer, thus causing its hydrophilisation. This
hydrophilisation will then improve the bonding with another wafer.

With reference to figure 2, the results are shown of a study undertaken by
the Applicant that consists in finding relationships 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 treatment. Measurements,

typically taken with a laser adjusted to a pre-set light spectrum, were taken to
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roughness being neasured that are present on the wafer
surface. The depths of etch are here neasured by

wo edoseedsenet ry, and the roughness is neasured RPGI/IRROGYN01064
AFM (Atom ¢ Force M croscope), on wafers of silicon
that have been oxidised and have been subjected to ion
i npl antations. The | evel of particle renoval is
deternmined by reflectronetrny neasurenents prior to and
foll owi ng each SC1 treatnent. Measurenments, typically
taken with a laser adjusted to a pre-set |ight

spect t.ak t pab
a0 B RueitRhs g el BB Hhntithel bt Sprack Bt e
sriAESH 5arféled febsdiathib @yWﬂécﬁéﬂne onet ry The

x-coordi nates of the graph in tjgure 2 sho the

of dhehxeoplings @ hedgrarty dhdoges % shaw tQF etch
obBEREA Sy l‘ﬂfdlff @htbﬁﬂgoﬁﬁeﬁfs’cﬁsge ldepfadsH ét‘éﬁ‘?oelﬂ'd‘@xpressed in

-coor I nates of e grap figure 2 show the val ues
angfstrbmlsghness nmeasured on the wafer for the different

s carried. out fe: t
vai (B8 Vet ot i wdBufingUia 2 LRIE eI E roughness
méSHIENDRSthEavardr fodrehe differsrinételes samicdunuttorotheofvafens, these
et chi ngs i npl enented on the \{\{a&ﬁr surface are shown on
i

rouﬁm%%%h%ﬁé@ww%@%%' S anasteMs: of t he

eﬁ%’u hrieds! fdthd! MRréRESEIRed 048 NN §85ctionC bEaRE Setchings
W|th pth of etch. A'second result is that a

mplﬁraemtedsm t;:;emfenbstafa@ecare IshowWnPIy begiipph by idagk dots.
bet Cftggf LS Lﬁg B)If Othgeﬁm%% raghddicis’ thﬂfesé%/e%é{%teg roughness

ref taklng accoun
m?rﬁb%@ﬁﬁtﬂ&hékdebtma‘aﬂch el at i onshl p between the etch and
e roughness note exten £, t.h
in fA §eFangd resulbss gﬁtéjr%la qshilyds o k ‘ﬂéh%t 'Sv@jgh/&nﬁhear
thngﬁ%édeHﬁdf%t&%ﬁd tHRaghR¥éensi on of the Curve 1,
now ng a nmaxi num pre Set roughness val ue Ig/l ar
ine

whi dWith hefehsemﬂ teyfigurer 3 yansetekingsacqesit of éhléﬁubsiiaﬂﬂ@
reiﬁloQ?ijSD tﬁg?n 40 dRAYER ABToRGHESS ndtdE eI ERHRRINof the

curve 1 in figure 2 is eﬁected so as the form the curve 2 in figure 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 angstréms, the bonding energy may

reduce drastically.
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associated with it, beyond which this bondi ng energy

becones insufficient. Here, in said study carried out
whooshes3éppl i cant, it was considered that the PERIBROON001064

roughness val ue was set at about 5 RVM5 angstrons, in

conpliance for exanple with the results of

measurenents disclosed in "Detail ed characterisation

of waf er bondi ng mechani sng%, C. Malleville et al.

publ i shed by "El ectronechani cal Soci ety Proceedings

volune 97-36", page 50 3. Indeed it is shown that for

h 5
2 SHaeR RS SR AT e R Bipmum
de?th ofletoRIs «aana%%mmmﬁ dtingraxi num depth of etch is
ound around 120 angstrorrs Waf er bondi n
appWafar tending, pym(gpﬁbeq)fto ghg@rogyplugtgfr @V\g§? structure by
Sn?ﬁﬁucgh‘etamresr SqH h& Sstfk § ngﬁmckhﬂtfof SaVOldIn any

or avol |ng an urin he nex
unbehdinl mmgsmemexTMeiaqhmem Istme'rdn%jqoeehl &xwlmﬂnta"y in

espect of h
redHR o dayehE e dp s re HETCAIS RS v Hhls Pfucitegain
Mﬂ‘@ﬂéﬁigﬁiﬁ?%? filge ﬁfbﬁdrﬁurﬁcbltdn gBiumlrm) tolM@argstréms.
e
t he THesd MeRsUEeMENE: dons bﬁ%%a%mﬁ&&‘ég? hpee FWBF@&@H i*he geed to
re%ﬁﬁ{] a@g e{rh \éﬁg ib1& Whk ag&ionWof rlatéhlﬁ@xﬂh@lV(/‘alfézrmsturf@cfe with a

at must not be exceeded. Wth
mamﬁmnehud olf depimgolraich thadnoishapt e gugesdssl. under t aken by

th |
on- SRRk EoeP QLT A ArbihgHtuEwak dhiosfaRen B 1HE RBplicant
in \Mcig@’; %)l ﬁﬂtik?i gﬁlgﬁommw befw?mhn effididérecynalf surfame pafitier emoval
fromp e wafar, and e ! Sopthich el atig Be ?ufgfyg'@ﬁﬂﬁ”é%h%mm”s

waf eI'FoS BN dRROS] He%gu@ni&rﬁs Sete Mppleanoffirsts of adlp deliberately
particles, which will represent the particles

pd"etamk/tm wafess énfyfdenoatttm apre-get pemperof bﬁolqtﬁeéié\mc?es which
wiGoirESeSroE T e A feIeE " R Slrfacestor o

di f FeHecsfficionts o$ tetdrherahbethespqidriitlesi wias fausd il particular by
tamé' LPD (Light 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 particles on the wafer surface, light scattering measurements

provide information on the number of these residual particles.
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A LPD is a defect, which is also called a highlight,

detectable by laser |light scattering optical
woreasoy@naents. A LPD neasur enent consi sts in PCT/IB2005/001064

illumnating the wafer surface by an incident optical

wave emtted by the | aser source, and in detecting, by

means of an optical detector, the |light scattered by

the LPD defects present on qthe surface. Since the

light scattering on the wafer surface is correl ated

with the number of residual particles on the wafer

Ism Egﬁﬁﬁﬂ ht SC ttm%\%sﬁ%gggp%%y oV'S'Iemented taken
al@?é b nﬁ'c%?nlﬂ]ﬂﬁfn \R/ﬁﬁlfrm QPl&néMemaﬁlmasur ement s may

| emented, taken alone or in conbination with
LPDAﬁeﬁMherﬁé&nﬂs of afch.of iy hpierliytREBSUTEE Py, f¢f{eqt%metfy, in a
slpSfidhy Jsea Nt ot GGecfel Bkl of ughness (uith
refmemermﬁgurezw roughness (W|th reference to figure

2). r di nat th f f

ohat A X500 Qe 1 e same Hay a1 Tl DAYy Ehgtown
diffBRAB dhthd iof letdresffectéd by Phedrisorsdiffenspt SE€slesblutions, expressed

angstroms. As y-coordinates are shown isol ated

in@AgsiréMes renoval efficiencies, expressed as a

per cant ags, r’&[ﬂa@é# e%et %hg\t\}ﬁ fs%ieﬁéd nH&'@i‘éfes(’frer'né%lateﬁinenmes

particles es e present on the wafer
emnesfsmde as Rapercdrdage mekative 6 fthei total ynuraleru ok isaiated aparticies

n of the depths of et are shown on the graph
esgg;n F%g ba&r%SGWPﬁB @fai 5%%?0 figure 4, it cag bg
seerpgriigle remuval offi cibmyhn@ésuﬁémlem&ibsle fuhctidroof tHedepths of
angstronms, particles renoval efficiency is close to

eteh@vg shpiwn eadhe erant by plecksotfe of about 10 angstrons,
party Mith GRidEATY 3 f|:g C'it ¢S Bel dBRhemat e %Iéhdlcaedebthh@lsetch

an | ciency o 50%to 60% For ches of
valharofaditomit ’ﬂ(Damlgtrbmerr@artm& remnevalr effigieary jig close to 100%,

hgreeras balow this value of about 10 angstréms, particles removal is much less
impressive since it has an efficiency of around 50% to 60%.

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

If the etched thickness is too 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, to
apply megasounds that can help to 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 treatment 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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insufficient to allow a bonding in good conditions. If

the etched thickness is too snall, the particles are
wmooosomgey separated fromthe surface, and theP@T/1B2005/001064

renoval efficiency falls very quickly. Optionally, it

i s possible, simultaneously to the use of the SCl

bath, to apply negasounds that can help to separate

the particles fromthe surfage. W may recall here,

additionally, the particular sensitivity afforded by

an oxi di sed surface that has been subject to an

inplantation in the face of hem ¢ ts eat nent.. of
t b s Tt AipesPrangenS Fahercb e Rpmiant, it rifpfiiotas fiefkes 2 and
4 9h8%4 @haddRpdskle @ variaeiRe eptRof oieh thetvit g desiedble to
ubject to an inplantation, To this end, th

S e
O‘Ptﬁ‘iﬁ{ whenthe iwaer Rl berdeanad isy Brought #to the nEpRsRceaef the SC1
1] | 1
sAILfH rfﬁ@tde?w%)g E@Hpﬁf}ﬁé f??"’ﬁg gff g8 RELRlYhdrBan a range tt)%tween

nmeasur enent s icant with reference )
abhowgurGeangstaint and ahoet h2@ engstriros sorbeiween abauti 40 @ngstsdms

d h h.th it _is.desi I ' h
a5 Bbflp ShSebie A ebBidioh pPlEyB AP PLELHRGR bV Smar
cifee SCl solution, the depth of etch being bound to be

| ocated here in a range between about_ 10 ang&;rorrs and

abouWVithiro thisgsutherised ofanget wéedertbeuel Bictuniin rinmlicant has
oo SUGSTD AGyBs PELLGHL SURITE, 158 o
colefitidrs ofingt 88,1 sblatidpp| withna View tofdthereidceeasing the post-

Iconsi %g)r %bl e nunber of experinents attenpting to
CIGBPHNG LB BYrdi t i ons using SCL solutions, with a

Vi enFpothbyé bl rebied, @RSy Ravd ipidang ealpieyidag bondi ng
energy. For these etch results, they have typical|

enpl 396.«'@@5 perderyt mgss 9é NHaQH/HaRs i afrange toeym-gleput 1i/¥t<aab0ut
rangg fr 0 | 250t (afr t

{39l SRR 7ol 180 A (o' rel Ryl s of
cor r NgipOhdcoroedddh@HodNHy® Elddihtted at at iatioaff atlooitit3030% water),
vvaterl)‘ and - tenperatures running from about 3Q0C to
abouf"$00C,

— temperatures running from about 30°C 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 particularly impressive:
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- etch tines froma few seconds to several hours. In
the following table are given the conditions of
webk®@andaige by SC1 whi ch have proved to be partiCi/mB2045/001064
i npressi ve: The Applicant has deduced in particul ar
that with: - a % per unit mass NHAOHZH O =
approximately V- - a tenperature of about 700C, - a
cleaning tinme of about 3 mnutes, an etch of about 20
angstrons was obtai ned, |eading to roughness of about
3 RMS angstrons, and a |evel of particle renoval of
nore than about 90% thus attaining an optinmum bondi ng
energy. Optionally one or nore cleaning stages precede

or 3@4 | OWthewgswumHﬁwa‘ébeaN ng strgs. Tn {higleamihg tine
second step of SC2 treatnent is advantageously

i npl enent ed sukﬁ‘é’é@'é/hizotzo the previous SCl|treatnent,

thit-s—SC2—treatnent %lg onthe bgbb of —a[ SOt UtighR
conprisingla m X of‘] and jof H2QZ. The pnior use of

a chemcal |treatnepi4 at a basic pH70such as a 3mn
treatnent i i } i i

the SCl-type treatant, for |exanpl 89 has gfeat |y 3MN

rproved the hydrophiticity of the wafer surface. Ihe
hi gh concentration of hydroxide ions in solution will
i ndd A;b[bl'rmnt hwdeMediiomrﬁ@Iardhatwm:t h pendent

bonds gener face of .th fer and to
sat f é’t%ert”HB E‘%B%Lﬁ;é? maﬂaquaﬁé{%‘@%ch superfici al
SLOR Rofshtatird lof 5151&;} 79egstitute the adsorption
position of nolecules of water on the wafer surface,

t husa clealslnggmhwdfaipﬂut I3| miitem t hereof . Sai d

hydr I|z 0 enl [0 dj_ng. W

Aot Htb TP Do 29 1neslEls VB Qe leAtLS rovgpgss of

abolt FRRMSM drigserbRt andna G@\Msdfrmartlelauﬂeﬁioml mmrei thlan about
whi ch can unbond thel east bonded )Joarti cles (i.

9Q%othais édtajiiing pe opEMUM BANQiRG €86FYace and pr event them
LTSRSy LGRS} oarily Sy pcsgalisolon e provous
cleaning stage.

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 a mix of HCl and of H20..

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 superficial SiOH
bonds will then constitute the adsorption position of molecules of water on the
wafer surface, thus causing hydrophilization thereof. Said hydrophilization will
then improve bonding with another wafer. Further, said SiOH layer formed on

the surface will create an opposing repulsive potential which can unbond the




10

15

20

25

undesirabl e particles (by preventing themfrom
re-depositing) and increase the adhesive potential of
wao beswedder w th anot her wafer. The hydrophili cP@I/IB2005/001064
hydr ophi |l i zed surface then undergoes a chem ca
treatment using hydrochloric chem cal species (HC).
In a first enbodi nent of this second step of the
nmet hod of the invention, sahd chem cal species are
supplied by a wet procedure. In a second enbodi nent of
the nethod of he invention, said chem cal species are
rVeh t
IZHE Rt BYuBIeE e DROBERFelsl) TR B s osE 2 mgp et them
frbov bet@rgldepositeeh a hydrochlorlc solutlon is then

termgd a S sol ut | Tests have hee
the R BaReSCoSHlBRpPTPISYER: Pl T (HEACP Rl it Temove
uh§E8rbid Héﬁldé?s @VSntﬁld‘ﬁ?é'ﬂW?él@bHSmﬁﬁ@er ilcfease the

particul ar, | i cant” has undertaken to observe
adln@slverpa@tntlalfofttbﬁm@f%n\w:sa@@ithehyaf@rdr ochloric

tre n t [t :

rof T e epEpis troAuRBEhRYed VoueBk, font BRlErgol} o chemica
troatnipert Lrsfngalhyckbetnlem( eherawal specieid4@)) whi ch appear ed

Srar . sy odmeRt PL IS sersh e g aRafpf i e imention

s§1tl|dh%9rﬂczﬂ<§{)@bi%§ a\ﬁetshﬁﬁlléd%y 8t prsdeduire. about 1500 A
thi ck, whereby the chem cal treatnent prior

bondimg, Swﬁﬁmh@d'mﬁ @éﬁh®rm@th§9e<zf| e In\mﬁloaeéwd chemical
s,?]@grr%é ark ?ﬁtﬁﬁ' t@ré 8RPSHALAE, of 5C0C or 800C. The

S I's's ovvn up the ordinate. The
t enpler ﬂtmrlaiterscaﬁeomndzlodmmm;ﬁesm s8a. ba iilutede imaldeionized

sults of th t nt d t
weli TSPt S o Ry BEnRHE SPTEhT if e €fndd s s Bnyption.
whi cmeétadqamd@éape@m@mdcquv el Applicat 1@ attemipt O QPtimize the
C@@oduced a nean nunber of blisters of about 7. The

8ingl tempesaiufe tapachigve Wemrﬁi'r&m@u out on a
sanp Vl\ﬁ p%ﬁ %M&u%é‘rﬁ;g)li%gﬁta'hﬁgdurﬁd%rték\@hnﬂ) oBBENe el §fact of

and und
temperature during hydrochloric treatment on bonding energy by dint of tests.

With reference to Figure 5, the Applicant recorded the number of blisters
(already discussed) which appeared on substantially identical SOl 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
to 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

tTM

SOl structures obtained after Smart-Cut'™ which had undergone hydrochloric

treatment at 80°C produced a mean number of blisters of about 7.
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hydrochloric treatnent at 50C gave a nean nunber of

blisters of about 0.5. Thus, the Applicant has clearly
w0 d@sndd3sed t hat, under the experinmental condi PCDIBR005/001064

t he use of hydrochloric species during cleaning prior

to bonding increases the bondi ng energy when carried

out at 500C rather than at 800C. The expl anati on which

can be provided for the infi{uence of tenperature on

the reduction in the nunber of surface blisters (and

thus the increase in bonding energy) lies in the

del erious. .effect of,the chem cal, acti.o

sur 136 ORI e e saegamars caieh i S Smele of
stietutes Bbtditdd afenowing) Sradrtiduts” cangdr Wbt ehed gindergone  a

concentration of HaO+ ions in solution, Those

hwﬁcphl@rﬂmgemeéﬁ 2t POV RV ATBSaDRUMRET GLPISRTS 05 EDPHIO-5.

WA it b ‘ T ! | g

e AT AR, 46 o T8 a0 s asgerngna
candiionserits use oEdydechlosicnspranies duringreeanngiprios gngonding

. th | i f th ' .
intapases i pendha PSR GartfB Sy aE B CRIRG haf at sprc.
hyﬂmﬁﬂékﬁgahgtj@mﬁ/htdhecau bé gresded fbneth]?imdadnceaeﬁ terspémture
a hi gher bondi ng ene t t ' .
ormi S Gt B AR o7 e SBferac R Syl gorease in
anF]FH rr?%}%gg&é)gllﬂés (it e Yelddbrbl effbdtsdrahs)chiziglcsll sint dfeHCI on

i
C ts around them Then, on detachnment, there
sukfagedchyldeophilieity. pr essuri zed cavities that could deform

the surf . f j r ' . .

- eauatirafiBnt Bciati ot pObERTH [PELELE D) At Frystbomprises a igh
ccm]:d‘eathrtatigﬁ ohylgobtdnis?n isolution dThgseoions kil thydrioteradtivgintwater on

of the bondin urface nd thus not red th ,
BcaHTHeS SniBegoRy AOvEh B3 SHHAEs Saat! BrHrEtoppereducing the
nfRBLY SPRE 14%@sy. been able to denonstrate that a

tenperature of 500C during hydrochloric treatnent

i ncrBastedustion dntiiosg bends rbgendsé@femthpmmt@w\g@gnding
siter%e%mﬁweﬂm bPR! dufrdcBRY S8 UeitfladiNg 1€ Ry @obhilic character of
the surface.

However, better hydrophilicity of the surfaces to be bonded results in a
higher bonding energy between the wafers, which would seal the particles
imprisoned at the surface more strongly (the origin of blisters) 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 hydrophiticity 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 hydrochloric treatment

(which is typically done at 80°C or more), for a constant treatment duration.
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(which is typically done at 8C0C or nore), for a

constant treatnent duration. The Applicant also clearly
w0 d@sndd3sed t hat reduci ng the tenperature duriPQI/IB2605/001064

hydrochl oric treatnent, bel ow 500C, increases the

bondi ng energy, for a treatnent duration |ess than

about 10 m nutes, preferably about 3 m nutes. However,

it has been previously expl aghed that a najor purpose

of carrying out a hydrochloric treatnent such as a SC2

treatnment is to decontam nate the surface to be

b t ffici. f j .
Cori T (et B OBalh bt ABE Yo yaiPObBIhE thab A Ghying
tl':céehwld)bh@riortrefd‘lmeherbélbw 5@°rmgihateages ict:aeitrortdmg_ realé@/, for a
rom anpi ent tenperatur o about especti v ,
RO AN 1§D ADoK f PTNUERS BEXPRDD, ARad 3RS
di f f Hsivaded, SO HAE 8Eek Nhraviotslyl @RSlaindldo tidiea Omiafe ﬁﬂrtpose of
the treatnment tenperature, can vary fromabout 1 Ato

camdng oot A2 bBydieehioterbireatmenimsecht @ape aarC2bBaatnyycis to
dééodtgmﬁrf]atg Fhe! gél#f&ceedtot t?éaboh{i'ﬁd da%ﬂhta@ﬂ\é] @Fﬁ'c%ﬁﬁg%? cBﬂta%nant
parti 'y e I'n € case of a plas

cular i Cl €n
remedval dprimarilytraptals) ehdogesd fromr ated 968 {wabqutd8% depynding on

BRI B AR i 20 B ST Soout sorc
rdsPeBfiRIE AR abtHel deptie BF ablicH, @RBELly filed todhe Aifasbrf feAfth of
previous SC1 treat msnt%]?of the surtace to be bonded

chlgring dee iém dhe gXigeaati the treatment figraperatiire. gan iviagy free about
i d At .-
17086, 2B8UP 07 HefdtE Aniagit dcfdira fE U BPab Al 0 8% 1 55 o be

noticgukthat tireedestonidminadion rasaadss pddiculagytditidient in the case of a
drochloric treatnent. Thus, a,conprom s an_he
PR irSBLRRE A9 Aol Brcsssdi TREBEviousty 685rtea). indeed,
théasiagarddigaticttends té botaniiidte ke stfigcd.enperature can
be adapted to maxim ze the bonding energy. After

cl ealhicag s be spematone of the said two oxidised

varch 18 FSHAECS, ML AFARIILS, DRURIAE o "RG0 so
treatment) of the surface to be bonded for good bonding quality, the temperature
during the hydrochloric treatment should be reduced, and that:

- to decontaminate the bonding surface sufficient, the temperature should
be increased during that hydrochloric treatment.

Thus, a compromise can be found between hydrophilicity and metal
decontamination.

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

After cleaning of at least one of the said two oxidised bonding surfaces of
two wafers to 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 possible to restrict a sizeable

number of large-size particles and thus to avoid having defects that downgrade
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each other at the level of this (or these) cleaned

surface(s). Oxidised wafer cleaning thus nmakes it
w@omsiided to restrict a sizeable nunber of | arPEFEB26€5/001064

particles and thus to avoid having defects that

downgr adet he wafers, wafers bei ng downgraded when the

bondi ng energy is not sufficient to obtain

non-defective final structunes. Wth reference to the

figure 1c and 1d, said detachnment of a thin film 16 at

the level of an enbrittlenment area 15 in order to form

o LGBk U A i PG AR et st
toldteain nbefeefestive fnal etiucketiests far as possible by the
or + oNiidesiice > e fo R i T S48 letachaEsIRied A s im 16

ab@enesdrdfi fleMbkitic &R 4 118NH 06r 10 foRnCH HaB%Fe }HR% Barried

treatment paraneters adjusted so as to reduce to
outaltanbending. mavthe casfied oyl iRrerfesdy with non-lansfawed areas.

bondj j ' r.educi ' i al :

onqiss, et jLa, (R B8 (LB R0, f gomnipg, sops
atdoedipgrto ithes Invenem snplemeanyed priext toHhonglingf, tiae chemibss @datment

rface that has been .subjegt to ap.inplantation, The
SEH i eBh eVl 1 foinchions cad i ABedTdane o Featment
p@aniasisnadjustedrsd aé ftb GeaiEd Yo HeMYAEmaR tHhBumber of isolated
p%%drophl |y obtained with SC1 treatnent stays high for

piestat thg, Banding .inteHace whits redusingnintesfaciadireghnass as far as
| f W) f f ;
oPIEL LR F5 SULAE 8o e St o BB o
oxidised shdace that has heenisabjesbtalan imphantationl bel ongi ng to

atom.,c_ faml sych as.silicon qr a Silicon- .

Ger ;ilﬁ‘?rhm ?/ﬁy\é btlﬁ‘f"’!‘}@&nénd?'a}?g 5‘?@8@8%& h?‘é‘l‘cq’t yhd  gpetallic
cartaminapits tane dfficibMly rbmdved dmdvithd awydtaphilyt otstamieddwite SC1
tréj%emfl ed that_these alloys may be binary, ternary,

BN SRS Nieh tor ahediee PopEigee. CLAIMS 1. " Met hod f or
Prepfid peesant Weﬂtiéﬁqﬁléférsf ocE g?%)é}aﬁ@f BF tHeP5ulPR b Exidised
wi th anot her wafer, the oxidi sed surface having been

waighs om any kindi ofphateriat redatingf to the field of semiconductors, in other
words a material belonging to atomic family IV such as silicon or a Silicon-
Germanium alloy, but extending also to other types of alloy of the V-V, 1lI-V or
[I-V] family.

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

or of higher degree.



10

15

20

25

atom c species, the nethod including a first step of

cl eaning the oxidised surface by enpl oying NH OH and
woR0B/09am a second step of cleaning by enpl oyPCIB2005/001064

hydrochl oric species (HCl), wherein the first step is

i mpl emented so as to etch fromabout 10 A to about 120

A, and wherein the second step is inplenented at a

sel ected tenperature bel ow apound 500C for a duration

| ess than about 10 m nutes. 2. Method for preparing an

oxi di sed wafer surface according to the previous

claim wherein the etchin f..Lhe first step is

i npl enented so as to etch en about 10 angstrons

and about 60 angstronms. 3. Method for preparing an

oxi di sed wafer surface according to the previ

cl ai tn Mgthadefon Rreeanng:ap r@@ﬂ's%ﬁ‘é’ﬁ%?eelag ad”f’af@ﬁgor? bending with
aﬁ&tﬁ@r WeferC '?Wé%&lo%bo%urtfé’cé ﬁg‘mﬁ§ Héeﬁ%dﬂ?@ct%rér?%plantatlon of

I sol at ed particles wth an ave di anet er
atoizin sabclas the method dmatuding a first swep I@bdlefanmg;:the xidisryl surface

o 810 e Al B S e SonbrRiRP B enlfie by gpploving

hydvechloris tspstiep (HGI), aliesrein the firbbstephe nmpmimsd s@f &eto etch
treat nent és | ess t ha ab(gWE@S ARMS, 5. Method, f

frapegRautAg AP B8RP [ fessseang SIPAGS ppiemented at
agsr%ér%!ﬁg&%emb@wrewesw Brdur@ w@meé%uaéﬂ&f lésaemtaﬁ%out 10

first step 1s |ess than about Met h
mfinutepr epari ng an oxi di sed waf er surface accordl ng to

one gf r |

ani ¢ 2l Fal Ry BEPRBNG L oS Whtorg SuitRls ibcBing g the
ptavialsotlsing/whertineht etgldngqofithe st stbp dihimplemehteds o at ép etch

IS proces i s pbetween fro bout 3Q0C t o about 90Q0C.

M%&%‘?%a@nﬁﬁgﬁﬂﬁw %\t?f’ugbacﬂ@éff OM&f er surface

accosdiMéhb® fBPSrepatimy 4 dKIdME Wa@éﬂ%urfaé@rewcerdm@ to the

percentage dosing per unit mass HAOH H2Q2 i sabout

previous: glaim,evirseiat thedrastment earmn@te@ Qitib@flrsi@@p aredchasen so
a8 6 A 18R R Slifade fsBlatéd PBrtlcFePRRtH ar a%%%eﬁlameter of

more than about 0.1 micrometers.

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 NH4sOH/H20 is
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8. Method for preparing an oxi di sed wafer surface

according to one of the clains 1 to 6, wherein the
wpersensege dosi ng per unit nmass of NHAOH H2OZPCHIB2DEI01064

2/ 4, the tenperature of this mx is about 700C and the

cleaning tine of the first step is about 3 mnutes. 9.

Met hod for preparing an oxidi sed wafer surface

according to one of the clabps 1 to 6, wherein the

dosi ng per unit nmass of NHAOH H2Q2 is about 3/4, the

tenperature of this mx is about 8Q0C, and the

cl eapin of the fjrst, ste ut

bt Hnihen Rt s dhieiols ahaubeDed aod e Hearig time of
tﬁw,gfstgg(;@ggbmqg Fn@m;tg§ preceding claim wherein the
second step of cleaning is carried out so that about

95% Bd\ﬂgmfmo‘pr prepafisg N ¢>@d|§@d1mﬁ¢rrﬁama§em0§9echmg tmone ef the
§4. tga“é @ﬁgr ﬁ the Sg@\éﬁ%\%aeléosn{;% s Qﬁﬂgrﬁ%%s g{] )@P&‘b‘l—ﬁﬁ@z is

n oxi di Se urt ace fer

abbl@tCZMJ ihe tehplerature\biethizi mix is@absat PEICend ¢nep eleahingetingé of the
whi ch the m xture of the second step is enployed is

figgh stap '?@@ﬁm%ﬁﬁ@\‘t&@ure 12. A nethod for preparing an
oxi dbZRe iy HPEGis88 Wkl diftdce éd&%rcﬁﬁ%&?ghé@f the

claim er EI n t rmg | ect edl tenperature n’p
cims rdotth wheeeio rtble siosipgiper gméamaﬂs erwrl4(aldﬂ-daOzoaebout33/4 the

oS s BB A oS S oo bt BBl een o

2bbEIB hfinute®! enented at a sel ected tenperature bel ow
around 500C for a duration |ess than about 10 m nutes

14. Rt Aduethed for dpenaring am oxidisad, sdfage phaavafer according to
t%@étﬁe@g@@?%l%’rﬁ‘%ﬁé’reﬁﬁﬁ\eoﬁeéolﬂﬁ sﬁéﬁ\élf %lé%nmeggisnéam&@%ru?%a that

asma activation I's [ ement previously
aboult 3% fto 986 of thp. me’@lllcmammmmantsf preeamiwmtjpeamﬂer gurface are
ely froma first wafer having a superficial oxide
é , conprising the followi ng steps:a) formng a

tzgnte r1] 2f AvRattidRsRr iplepdtnd i Diidieddesurbdcerofiapidfet la@serding 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 temperature employed during the
secohd 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 to one
of the previous claims, wherein a step of plasma activation is implemented
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:



10

15

20

t hi ckness of the thin [ayer to be fornmed; b) preparing

the oxide surface of the first wafer in accordance
wowak/oge3net hod according to one of the precedi POI/IB2005/001064

clainms; 5 c) bonding the first wafer to a second wafer

at the surface prepared in step b); d) supplying

energy to detach the thin | ayer bonded to the second

waf er, at the zone of weakngss. 16. A nethod of

renovi ng according to the preceding claim wherein a o

step of thermal oxidation of the surface to be

prepared i.n step b).is I ' .

17758l erviBa S one hovea et Briaf ths Rl ah 8 dosi cise to the
t he twahigkeestbiitle Ghiilager tivberfeinted;t further conprises
preparing the bondi ng surface of Ps? second wafer in

accd?)dAHeRanig e osensiiTasecel Hendrst ValRk I ACEPrapREe with
to 14. .rﬁeﬂ'n%fi a%cHF&lﬁ@ﬂ) Se 6%@35@83@19%9%\%99 to the
C rein a step of t

precedi ng alm Wwh ermal oxi dation

of tdje mundiragtheofirst hafereloomdeorricewafer aldhei ssfagatprepared in
prior t eé)‘[?gpari ng said surface. 19. A nethod of

renovi r‘Fg ording to any one of the four preceding

cl ai ds, suppBfirey Bnéray t6 eeachfthuvtisil tayres bondeddo the sewnd wafer,
step a) is obtained b%/ o inplanting atom c species to
a dept rAtdhe 2ene 6f WRAKNGFS-t he zone of weakness. 20. Use

2, |16, AP0l RIS SoBsan e raBare) o Mhron
steprafdhemeal 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 to 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 to one of claims 15 to 19,

for producing a semiconductor-on-insulator structure.



