A METHOD OF BONDI NG TWO WAFERS MADE OUT OF MATERI ALS
SELECTED FROM SEM CONDUCTOR MATERI ALS The present
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made out of materials sel ected from seni conduct or
materials, said nethod making use of plasma activation
of the surface of at |east one of the two |ayers that
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In order to consolidate bonding by molecular bonding
between two wafers, the bonded-together wafers are
subjected to heat treatment.

Such heat treatment enables the bonding energy of
the two wafers to be raised to a value of at least about
500 millijoules per square meter (mJ/m?), where this
corresponds to the values that are typically desired.

In conventional manner, such heat treatment is
generally carried out at a temperature of at least about
900°C (which in the context of the present specification
defines the "high temperature" domain). When bonding
between a wafer made of Si and a wafer made of Si or of
$i0,, the bonding energy is maximized when heat treatment
is carried out at temperatures of the order of 1100°C to
1200°C.

"Plasma activation" of a surface for bonding is
defined as exposing said surface to a plasma (which can
be carried out in particular under a vacuum or at
atmospheric pressure) prior to putting the surfaces for

bonding together into contact.
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defined as exposing said surface to a plasma (which
can be carried out in particular under a vacuum or at
W@bomsApises i C pressure) prior to putting the sSuPE¢BHER®06/061647
for bonding together into contéact.Mre precisely, in
prior art activation techniques, the surface of a
waf er for activation is exposed to a plasma during an
exposubMerst gpeicri swhliyeh inhe réxposunte apariattiens tacéniques,
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dERSPEF taEr YRLUCar ¥R 1R WALLS SpérMediard cééndefeering
(Wient)y, aatdviatisemeti nes also referred to in the
present,.speci ficati,on by the term "power", for .
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mgyld necessamll% need to be carried out at high
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possi bl-e ptre sghtrai N pltiegl utendinnghenengiles ulret weenatiwdng the
maﬁggﬁmjata]%pst one of which is activated prior to

bé i'ng, "and "after applying heat treatnent over

rel ati velthesmaturguead ¢hse féoy. rateuof2 theuges(fed) into

and;at deqpeiaures that are relatively low (e.qg.
about 600 OC, or less). Such activation is thus

advant 8§6BuS AV LB ISEAVRG 4Ds PAECHGNE agoivpr PEITEgT™

t wenkiande dyt agathen araibens.i ng)edoitl inS ndgesiig®d todding

a%%%%g%%%i%%Eag ttQ%q%E&g%%ug%yt%ecourse to heat treatment
that would necessarily need to be carried out at high
temperatures.

Plasma activation thus makes it possible to obtain
high bonding energies between two wafers, at least one of
which is activated prior to bonding, and after applying
heat treatment over relatively short durations (e.qg.
about 2 hours (h)), and at temperatures that are
relatively low (e.g. about 600°C, or less).

Such activation is thus advantageous for stabilizing
a structure comprising two bonded-together wafers, when
it is desired to avoid subjecting the structure to
temperatures that are too high (as applies in particular
to heterostructures, defined as being structures
comprising layers made of materials having coefficients
of thermal expansion that are significantly different).

Such activation can also be advantageous for

obtaining high bonding forces at a given temperature.
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tenperatures that are too high (as applies in
particular to heterostructures, defined as being

W@ Raaisses conpri sing |ayers made of mat eri al BCT/EP100€061647

coefficients of thermal expansion that are
significantly different) . Such activation can also be
advant ageous for obtai ning high bonding forces at a
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is to i ncrease the bondlng energéFobtained after
c
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In order to achieve these objects, the invention
provides, in a first aspect, a method of bonding together
two wafers made of materials selected from semiconductor
materials, said method implementing plasma activation of
the surface of at least one of the two wafers to be
bonded together, and comprising, during plasma
activation, controlling the activation parameters to
modify the kinetic energy of the species contained in the
plasma in order to create a disturbed region of
controlled thickness in the thickness of a surface region
of the wafer whose surface is being activated.
Preferred but non-limiting features of the method of
the invention are as follows:
said control of the activation parameters also
serves to control the maximum depth of said disturbed
region in said wafer whose surface is being activated;
said control of the activation parameters

comprises controlled variation of said parameters;
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controlled thickness in the thickness of a surface
regi on of the wafer whose surface is being activated.

woe@bairsexl but non-limting features of the nepdiDEPDDG6/061647

the invention are as follows :4said control of the
activation paranmeters al so serves to control the
maxi mum depth of said disturbed region in said wafer
whose suskadedisthebeg aetiivat edtesdisd iconheolthdikcknkees of
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sai araneters; sai stu regi on exten
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MRIBRF @%n%Qt@Cﬁb@VQoCQﬂt%be%@oﬂ@rb@hh@&tb@AEﬁethe wafer
density of power generating the plasm; said power

dé ?Pﬁysu§f€§§sé& 8 P&r {obyVAketial Iy appl yi ng " hi gh"
power, -asdislpseguedichy iagpliyi egntlrowlegoder suchat manner
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power r 67 gne

OWEr st eps,
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t GPPGWIPOWEF1Ghe BR¥RTearCedUBSE ISR td YdaPRLYRIl y 1@&"
| pokvee,r ange 3ssecqrds thsh tB@e6Bigh, power;

- variation between high power and low power is
performed in power steps, one power step corresponding to
high power, and another power step corresponding to low
power;

- the step corresponding to high power and the step
corresponding to low power are each carried out for a
duration lying in the range 5 seconds (s) to 60 s;

- the step corresponding to high power and the step
corresponding to low power are each carried out for a
duration lying in the range 10 s to 30 s;

- variation between high power and low power is
performed by causing the power to decrease in continuous
manner from the high power down to the low power;

- the high power has a value lying in the range
1.5 W/cm? to 15 W/cm? of the area to be activated, and the
low power has a value lying in the range 0.15 W/cm? to

1.5 W/cm? of the area to be activated;
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bet ween hi gh power and | ow power is performed by

causi ng the power to decrease in continuous manner
fromthe high power down to the | ow power; the high

power hasha Whalghe ployiemg hiais Bheadarge 1 35WWearh @ft bhdbarea
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ZOéftbﬁeaéﬁéatPo @eaééﬂwﬁéﬁéd the high power has a

val ue oft%eM@%&E%c%fth%h%r%@qu Q% %%tb%%h%Qt@@dlgh% disk
| ow power has a val ue 8. Wcm2 of the area tq

be
alevvaCed; dﬂﬁ@e§&FfQée%89 Pﬁélﬁﬁﬁéﬁrﬁo(ﬂg‘acFP@aPé&h power
ahdissls WaviuegoZ dioaovetvertef (ROQ ainkd ithet ebsr powier, hhke a

hi s.a value of 1000 watts (W , and the | ow
pB%gP%hgs ggéaWﬁe of 250 W; the surface of the wafer

to be actheatedfiegeaodi ¢ hehaaﬁﬁg &odbanerérn vefte800 smm disk
tﬂ%vﬁh%haDQW% e@@% %fv%b%enﬂI %%QOFWéh @%@e&h%agow galue

ower has a value of 500 W; enerat e
byfea@pen@nta@ﬁ~¢h@ ﬂ@&bppv@ruéﬁSeﬁcwaﬁge(R Ep 00y fe

havi ng at&bn@héshﬁdh%fgéﬁé%@ﬁéﬂ EBqu@Q@%bﬁkobfoﬁélng

t he el ectraqde supﬁprtlg%&the waf e be act.ivated via
c&FACH Ve 10BuFIECAg M Is did N arvREi ﬁVl§9pérF&P & over
a rbidie fireteevaly dRFdugahieantloyi mgeidinpheheardect@oslet o

2. iLd.electr e d the.
SR EPeEa s s ys2hrs o Phe R SRR e ssbatdiran,
f @oupdingel | i ng the kinetic energy of the plasm

SpeC|eS,s%@bdv%EQQEﬁ%gel%OQQQ%E%QQBQOHQ% @akghewﬁg%%rval
surface is to be activated is used both fo

c@ﬁtﬂ&F@Fﬁ@ntHQl%Ehépl@h§néﬁﬁﬁeoﬂotﬁetﬁlgsﬁén§§§§| dgin) ;
and for excid engci-hedpl asiected to the wafer whose

surface is to be activated is used solely for controlling
the kinetic energy of the plasma species;

sald electrode connected to the wafer whose
surface is to be activated is used both for controlling
the kinetic energy of the plasma species, and for
exciting the plasma;

said control of the activation parameters
comprises controlling the kinetic energy by controlling
the composition of the gas in which the plasma is
created;

said control of gas composition is performed to
obtain controlled variation in the nature of the gas used
for generating the plasma;

said variation consists in treating the surface to
be activated with a plasma obtained from a first gas, and
subsequently with a plasma obtained from a second gas;

said first gas is made up of one or more species

that is/are lighter in weight than said second gas;
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said control of the activation paranmeters conprises
controlling the kinetic energy by controlling the

wa@evpasisss on of the gas in which the plasma i SPCT/EP108€061647

said control of gas conpositidn is perforned to obtain
controlled variation in the nature of the gas used for
generating the plasma; said variation consists in
treatingsahd~idmbacgasoibehadﬁMmaaadAwbﬁHAaepba@ngas is

OQ&?#% obta ngg ;Lgﬁigggécgﬁgg gg Sggg%%&&gw %gdafald

nﬁ§§0@§ OBSoRAE @rIMdre species that is/are Ilghter in

wei ght .t hae $3idseeane gascealdghist 3k /gas S ghel iMture,
and sai d second gas i S OXy Qr "argon, .or said first

g&s 9i-s oY FEH SN e§§?&“séc%ﬁ&¢d§§ it a&rd&ntotﬁé FPP&Fed
an@kObrsegpndogasxaﬁﬁaép angas spxtice, tRafg. 18 Hoxteme&in
bet ween .a ,speci.es. th@é %g 0, e i oni.zed

{

Ar or. , _far
eXSHpITE) dRd 2 Spacr i toSFéngunQﬁeﬁﬁ%EE% and
(d@memmnm@edhe qbamtuhatO§e¢h931poidquB@ean@s (the non-

detahglne b%%l%%a%%§;£e°EoBE%1%%%béegysE%ﬁ&%ﬁA(%%

noni oni zed speci es be constituted by helium for
eR&APPAR) 7 said control of the activation paraneters

fgnpr|3e%a§@nbbﬁkEbﬂgok|ﬁﬁb'@CﬁgeﬁﬁﬂﬁayfﬁgﬁthbEbng
e essure 1 n a sal contr re ure
R R ol P B o eq OYa BYatPER ri 110G the

ppaesamee ialdheopﬂaehbed variation in pressure

consi st.s o C%%%g% ! 2 %?%SQQ%%S% h%g%%%%%%dato'%Wtaln

| evel |n|t|a (Y i ng activation
s@bodqedAtidy varihitghh Lavpiresisatrei’s greater than said

|0W{|8Ve%a1%ab@n%gghﬁ%b Qgrﬁg%léﬁthﬁabE%QSQQQa@%E%ﬁ%ts in
i mpl enented in order to create a si ngile di_st ur bed

r@@PGﬁoﬁﬂlPﬂetPﬁl@%ﬁ§§§r8ft§ap&c§ﬁﬁf§c PG d6VEHL t he
wahétially during activation, and then subsequently a

"high" level that is greater than said low level;

said control of the activation parameters is
implemented in order to create a single disturbed region
in the thickness of said surface region of the wafer
whose surface is being activated;

said control of the activation parameters is
implemented in order to create a plurality of disturbed
regions in the thickness of said surface region of the
wafer whose surface is being activated, each of said
disturbed regions extending over a respective depth in
the thickness of said wafer; and

in order to perform said bonding, the surface of
only one of the two wafers that are to be bonded together
is subjected to plasma activation.

In a second aspect, the invention also provides a
method of transferring a thin layer of semiconductor
material from a top wafer forming a donor substrate to a
base wafer forming a receiver substrate, the method

implementing bonding according to any of the above-
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whose surface is being activated; said control of the
activation paraneters is inplenmented in order to

wa@ematielsas pl urality of disturbed regions in theECT/EP2006/061647

t hi ckness of said surface region of the wafer whose
surface is being activated, each of said disturbed

regi ons extendi ng over a respective depth in the
tmb@kﬁ@asdohssabdsmahdrfeam@rbﬁ anderdea m@rbommuaaS@rface

b%‘%dlsgg_d td'%%o% g%égfteo@oy ao%%r% teh%ft ‘ggl\ga fale 1ver

that care to be bon together is subject snma
aGtipgairiedR.- I n a second aspect, the invention also

provi des e rRthloduel nbhansh@khingd raalhire sl a¥erndk method
sem condyctor material froma top wafer formng a

dBrk6r 2SubSt Qe to a base wafer forming a receiver
subst r at eaidhe ragisifed m&mh&meﬂblﬂ@pb@ﬁéhﬁ@d&@@dh@lﬁ@e

n f , the oV nentlone as ect and feat
b et Buson i e T SRR Sk A Bt Bon
sprfiace tof beaidd ngedei wedegultst cakete Breb@er@d betkness in

NQR! i i %sfse%tfu ftgn% Abnbh %u@;%ttﬁg@eé}f %oaﬁofw%'d' :95
sal trans 1S | I’Tp ement e usil ng
c@@tﬁ@ﬂlﬁl@@tu #ﬁl éﬁéﬁt ZRG WAk ¥RRHKG SiSp PANEAL »b@ﬁtdalngor and

to bondi agtick Qh@gﬁnkgtﬁbﬁab%dap%ﬁ6% QE W%@Gﬂ%§§ ithe
t he .t hi ckness of donaor substrat e,

dErachreRt SEC fééﬁed oFé16F ARBLKNES S&Ftaére B&n&u ﬁée%ﬁ&i to
aptlasmanplant/ation.and prior to bondi ng, the oxidized

surface of sai pl asma
2eti vati on. RS DRESYET O BT BERRTRC D her
f eat ur @shegbifeetyiregnd oddeanisagesdofdvhatiagesntifofhe

aﬁﬁ%éﬁtqgﬁeaﬁb%%rlﬁogg EQQQEQQ Egerggbhg@ RBe following
description made wth referenCe to the acconpanyi ng

dldmcﬁ@é@tlpﬁ WRdeh Witihggederensea tai &framcermranying
digsakidibigtsi, 0AnOfvhich:

Figure 1 is a diagram of a distribution of
disturbances/disorders that can be obtained in the
context of the invention in the thickness of a plasma-
activated wafer;

Figure 2 is a graph illustrating the influence of
the power applied for generating the plasma used to
activate the surface of a wafer of semiconductor material
(in this case surface-oxidized Si) over the thickness of
the disturbed zone that is obtained under the surface of
said wafer as a result of the activation;

Figure 3 is a graph showing various possible
changes in the level of power applied to generate the
plasma used for activating the surface of a semiconductor
material wafer, plotted as a function of time. In this
graph, the two curves plotted in dashed lines correspond
to the prior art (power at a single unchanging value
throughout the activation), and the three curves plotted
in solid lines correspond to three variant

implementations of the invention; and
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di st ur bances/ di sorders that can be obtained in the
context of the invention in the thickness of a

w@b@smeEsl | vat ed wafer; Figure 2 is a graph  PCT/EP2006/061647

illustrating the influence of &he power applied for
generating the plasma used to activate the surface of
a waf er of sem conductor material (in this case
sur f ace- dXigtireed SS)aogeaphh&lﬂh&¢ka¢$agothehbonding

dbﬁg%ﬁgfgb%%ﬁ%ehh%%th%e%b%%'@%dw%%g§ra5%e S%&

er a resul f the activation gure § IS
acygidaresh&ii g fear tbas passibsra @ﬂaﬁ@ésapﬁlWﬁéeﬂe@éuor to

obopeMel, apehl edulo jgereiahe Lhe iRhaseR veediftQbns.
actlvatlng the surface of a sem conductor materia

wafer, plotted as a function of tinme. In this graph,

the two curves m(MdEEiDETAEEHHHDESGE&PTIUNeSpond to

the prigr .art wer, at 2 si.n | e unchangi ng val ue

t hr oug 3nfe?ﬁé actlvaﬁfg' %,O%hd the three curves

pl ot t e@hien iggkindg ionneprdderse spobdndd nghitegetaeiratiwvo wafers

i%El%Eﬁ?%%hbﬁ%%onm%@%rlﬁﬁenttg%h %%d%h%uﬁgt%élﬁl@ maX be

graph ilTlustrating t ondi ng ener obt ai ned bet wee
afisi Okafercanihg s seracossdvgi ?édmﬁleﬁéﬁér t hat has

been pbﬁ%”@u@@hb%%tQ@rpbbﬁﬁlh% Q@@@hﬂ@r E@rth@umwo wafers
differ ctivati.on conditions. Al LED

DESERF ?P eCBﬁEQ%FeSfPFHQruﬁ@eﬁFF&Na?ﬁ8“|nvéﬁﬁ1ﬁﬁre
applicéselly baediorg thegether oo thaf ensfates for bonding

semeendyctat Bt grial ach of Lhe mterials my be
Si-,”“0r sone ot sen ¢onductor mat er 6YsUrf aces
f orilddagidng t oget her of the two wafers may al so be

oxi di zgd %&b@%l&%da%%ﬂ%%t'%%thQQQOﬁDE%np%%Ch %hﬁm%ﬂ%ed on
or the other of the surfaces for bonding toget

b&o&Xi Gifzéde éPrﬁépﬁSoﬁoﬁhéﬁpﬁ&?gbéoaﬁﬁ Fred OTACE only one
ebﬁlah@@d babowuva@tbg@tb@ntﬁénlh@em&pbana@tﬁé e betbk to

%1va %rE% %Soggro%onﬂln%w%o% %%eso%o%nb%%h %ne
together, while nevertheless obtaining sufficiently high
bonding energy after they have been bonded together.

It is also specified that the invention makes it
possible to obtain bonding in the context of a method of
transferring a thin layer of semiconductor material
constituting a top wafer forming a donor substrate onto a
base wafer forming a receiver substrate. The term "thin
layer"™ is used to mean a layer that is a few tens to a
few hundreds of angstroms thick.

In this application to transfer methods, bonding is
implemented after activation between a surface of said
donor substrate and a surface of said receiver substrate.

Said transfer method can be implemented in
particular using the Smart cut™ method in which weakening
implantation is performed prior to bonding so as to
create a zone of weakness in the thickness of the donor
substrate, with detachment being performed in said zone

of weakness after bonding.
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hi gh bondi ng energy after they have been bonded
together. It is also specified that the invention
makes it possible to obtain bonding in the context of
a neth@@ ebyt odnskempileg att Hisn spaydifiedd s$hmitc pmdoct ao

MRLSH; 3 gﬁ%%h%“%b@gv% ﬁ%ﬁ ﬁ%%ekefﬁhgh%%e%t%%ngk the

substra nto a base wafer formng a“receiver
sgpdiged smrEacer i spila Kaper substsadet g fivgan 14 has
| apen thatantea.few tens to a few hundreds of
angstrons thick. In this application to transfer

nmet hods, bonding is inplenented after activation

bet meewaamuﬂfa&aetetrlmdzsd@@rtmtmvreaitﬁomd a
surfac% of sald recelv sub%trat%nOSald fer

met hod L& eP%ﬁ f§r|n P Ptlcuwgrmﬁs| tﬁn which
SﬁﬁﬁﬂvamﬂOﬂeﬂho@emﬁowmedh1Weak@nmgge|ﬁpb@nﬁamﬂog which the

EQ%%%QoBr he #%t@%%de% ?gfﬁénégﬁéﬁ Bbd% %%%ev%

mea ness 1 n i ckness o strate,
det ach#@ntthgeilAgepéirsr med ilhashi @ngomae fer ﬁ@éiﬁ@§sfor

ahbﬁﬁlhgnﬁbn%uﬁﬁe@@deEoeﬁéﬁﬁhﬁ,abE1M§t§@%CMEhQ@ t hat
prior t ma .activation can | enent ed

Dol oy s A B 4P 0 Rha O oo SB%: Fabe PUFPGRS of
I mokdds yheen thapkdneedc Kaemrgghatfather ispeicdesocohltained in

'%%%”bﬁ%%mlh%o'%%e%t'%@F%%%fgf%;s%%$b%%39%§g%%h§%s.i”
activation In a Sing uri ng
wigioaly rod eglc depahi an pacambtiekacsise Olin@hérqlglfﬁg:eaﬁf@gd@n of

NeheVah¥er! RMbRE isventions akikhgasktanacwaf er surface
for bonding is subjected to plasma activation while

cont r offfi @ h@ﬁeW&éﬁﬁva@ﬁoﬁoﬁﬁﬁﬁééﬂéﬂst@@raFﬁéVﬁGﬂﬁase

obaradichyirag hﬁel%l@@%b@b@@ek@yo@ﬁaﬁﬂeasﬂﬁ%tQQbed region
cant

i hooF AGKPar] B3 B860nCh RS hrtieee ot trat
sexfranelsr égiton tbe activated wafer down to a controlled
depth as desired.

In addition, controlling the activation parameters
also makes it possible to control the thickness of said
disturbed region.

In practice, it can be desired to constitute a
disturbed region that is "buried" in the thickness of the
activated wafer, or else a disturbed region that is flush
with the surface.

In any event, the invention makes it possible to
control the thickness and the depth of the disturbed
region that is created (i.e. to control its "maximum"
depth and its "minimum" depth in the thickness of the
activated wafer).

In this respect, it is specified that it is
preferable to perform activation in such a manner as to

obtain for the species contained in the plasma:



the waf er whose surface is being activated. In other
words, by controlling the activation paraneters, it is
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of each activated surface andlfhat extends into the
activated wafer down to a controlled depth as desired.
In addition, controlling the activation paraneters

al so nakd&rﬁmgpassﬁbﬁeiad eemtiodl offhéhehiecknessioh, a

S%b%l%h%?ﬁ Q%q gngQetlg 85@% C%br‘%ﬁ%agcgﬁvggabkedand

to constltute a st urbe t hat bur
t he th|c@ﬁ@§§QQﬁnﬁﬂ§ra§P¢v@Geé wetend perdgeoi the

db%%qwa%qohegbonebaqtoESkﬁh%%HCth%r@Qetﬁﬁ&fa%eloh%r
any event, t he invention mak RosSi bl e to contro

t he th|@&ﬁe?ékﬁﬁlehBO&éﬁpﬂeofWﬂﬁgl&l§P&r6@&C¥€&P§n°f the
tﬂaEeESbéﬁ&@te@bﬁbceedIQoCthrthuw&t x| omgctepkiie :
and its "m ninu ede%th in t he .t %n%%s of .the

act i vat e Wafér )" Pd PELAEE: | Fs 25hadriies
tHaBthbBQCQSéﬁeﬁabUerBo(p@aﬁopﬁmabelwaumaﬁnl@)s&@htaare

”&%@%& %udF%h%Qt%&% o 1%%9a§% ehes 8%@%%'@§dlh”tthwafer,

pl as ring an initial period of the activation,
maxiFmum | evel of kinetic energy for the activation;

and SUbS@@%&ﬂb'Xhed%%b6%dap%%§@@do&e&h@da@ElbﬁQlon,
act.i vat | evel of kineti c ene gy t hat

is lo
ThiLs tibalces /g EereRa s Wit CERe PENMERIGEE 89 that are
waheﬂlbelngn@ummemtadetbukhedaetimaﬁepmh PG gaaer dtse:

S%E%ﬂgo&g? El%h pg&%g?h%f the activation,

sturbances/ i'sor'ders at ‘can be witten D) that
are | af§é sandtiivat igne chotired sequedca depiisPltoi makhaize

weher rhakdndui Bg the %E%%%@b%%rk%gl%E t%%dagﬁl%a%bon
di sturbances/ di sorders (that can bé witten d) that

aféXdRarrer t SaAd*A&M &F8thuried at a depth P2 that is

It appears that this disturbed region acts as a
"reservoir" suitable for receiving the gases and other
elements present on the surface that is to be bonded. By
attracting and trapping said gases and other elements,
the disturbed region thus appears to enhance bonding.

It is thought that the disturbances/disorders D are
suitable for being "fed" with gas and other elements for
trapping by the disturbances/disorders d that are
interposed between the disturbances/disorders D and the
surface to be activated - with the disturbances/disorders
D and d forming a kind of trapping lattice extending in
the depth of the wafer (see Figure 1 which shows a
distribution obtained in the thickness of a plasma-
activated wafer).

The term "disturbed region" is used in this
specification to mean a region that is modified by being
exposed to the plasma, with the modification
corresponding to introducing into the disturbed region

defects, disturbances, and disorders at atomic scale
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shal l ower than the depth Pl . This activation contro
sequence serves to maxim ze the thickness of the

wale@bartsexl regi on, and also to naxim ze its NMAERCTEP2006/061647

depth. It appears that this dil$turbed region acts as a
"reservoir" suitable for receiving the gases and ot her
el ements present on the surface that is to be bonded.
Byaebkaotingg odind tbmappibegdsai dhgagesgand obhdr angles,
elengnts, the di sturbed region thus appears to enhance

bonding. It is thought that the disturbances/disorders
D are dhisablécrgitipa ggrveedtoniliprgys peadangepetween

ehamentss -f ahdt haPRaRg ibvi1khe tdi shurbareepodiasagdens rdy .
that are . interposed between the disturbances/disorders

D and tHeSs@r§ce e e SaltPFacEG 2Ry Ryt RE etching speed
dicdtatir banteghdirsahdar $he amrdhd nbospierd &hkitnd sobbserved on
t%a%%in Iattkéﬁfextending in the depth of the wafer

[

(SedCB §ieY ¥RISAows a distribution obtained in

t he t hiStkhess "dfi saugbadifaaeyiivat é¢ wafcbed moTee quércily
" dishunbed 8gi QR ¢! e Gief Lot keantiQg of
nga% aaregfo%%?haﬁtﬁ§‘ﬁ%ggfiggbby%géﬁggeey%gsgg%to ghg
pltasmeuniece cheampdiori éat(i5§|3r)céﬁpésbléﬁ@igngmu%ﬂ + Hy0, +

i mopducing into the disturbed region defects,

di sturbances, and di sqrders at atom .scag%(mgak%%Hn%

of at ofivc "B&n@s, SERIRGSng T6F B6id egﬁ&l@g, hit§e ype
al(Nenali enHS®Br wesl,0p taprbyd bondfog beteeenimatess(at

a [ rticul ar inc S I . Is

o aetelE e ek eea T FER R ARG, BN INg, [Rikipesses
i arlgi gheervidn fiolre levelfisng fspéddetrpatt imetelydedved on a

non- act.i wathed \uakel s$4skoa Bgﬁﬁkuﬂg%@} 890N al $ubstrate
etched nore quickly than a ngn-activated wafer (for
eXapng Retustférendagrrt Ré Sdfpheelctean No. 1 (SA)

type usi AgphNeh@dd+ skia@2oh HZDdk 1aByrWayisahgexgdRbgen for
f%%yg%tt%%%g%g% %@ %h%e§ggdt%%ethe Smart Cut™ type): 20 A;
and
for a silicon oxide layer that has been
"disturbed" in the meaning of the present specification,
by using plasma exposure: 37 A. It is specified that
this value of 37 A is the same regardless of whether or
not the layer has been implanted.

These results show that the disturbance created by
plasma activation can be characterized by a significantly
increased etching speed.

The above results were obtained for an etching
solution at a temperature of 70°C (SCl solution).

It is specified that the increase in etching speed
observed on a wafer of material that has been "disturbed"
in the meaning of the present specification increases
with increasing temperature at which etching is
performed.

The etching speed information provided above in the

context of a wafer of material that has been subjected to
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(NHAOH + H2O2 + H20 ) carried out for three m nutes
(at constant tenperature) , the follow ng etching

wo bioelinEsses are observed for |ayers of differeeit/EP2006/061647

materials: non-treated silicohZoxide layer (i.e. a
substrate having a surface layer of SIQ2): 6 A ;

i npl anted silicon oxide |ayer (using hydrogen for
Iam@ﬂammaMSbaribyuatmatbsdtob tfhe tSirhett Gumattyperl: tRat

asa%gegomdﬁs%hlb%%n 9&'Q%elﬁ%ﬁ%l&?a%fh%%eb%?gsent

turbed” I n the neanin
sﬁ@@pﬂﬁééﬁﬁé@n By @@ﬁﬁ90§pa§ﬁﬁde%ﬁo§@r@tcglng speed; $hat

speckliied rhRat rt Rhanvahue @fbs%?fvédl %nt Eem%%@?flal of the
re ardl ess of whether or_not the | has

Pentage ?ﬁé§ehﬁé3ﬁPFsb?ﬁ&mf@ﬁéFuFPdevsPEFb&H@é has

cbe@hedmbyaph@ﬂna activation can be characterlzed by a

signifl%antk%llncr%as%d %%ch%n % Th% ab V%b erved in
results Weré SB aithed 1'SF ©8K et thi g soﬁUtPgﬁ 8

t enpertatrard ahatcm@@ @sem gditetriednpy. plliesimga @p@@mﬁt@@n,
t?%%ek%%cb”%fﬁa%% %%'%gls%%%qc %39&%%%c%”o% pﬁ aSha

mat eri al een sturbed” in th nmean
oRCth&asiesemn élpféléppﬂlé&tlpoﬁomﬁlépéagés Sii BRG §aPeler g of

t gneefabehemat swhi.ghvetichiing, Imope%foEnE@48Tth©Qqhb@g
ee g i nformati on provi ded above in t context of a
UBi fit 8liral that has been subj ected
toinpl&hbaﬁuemumbbdske@hea bheafiaed tihathe waheeixal of the

tq%beg%ﬁo%e%&Pg%lﬁﬁ§r%§% @ Egetﬂ%aggq%k%es%h%f th& wafer

resent spec racterlz
swé@@etﬁaﬁfageeh@ﬁ b@§meﬁcﬁhaﬁteﬁa¢00@sdﬁ@@@ dyiag in the

mabegkah 00f theosama type that has not been
“di sturpbed”, but that has been inplanted. Caoncerning

the i ndPeadEPerigsd ‘hiegtdpeed absdrvede hyriratdy dPns of

t kak Passheen altered by plasma activation, reference

can bng% ¢ Hoo%g% tl%% 15%%2%%tpgga%e%%g% typically
seeks to obtain kinetic energy for said species contained
in the plasma at levels lying in the range 10 eV to
2 keV.

Finally, it i1s specified that control of the
activation parameters preferably comprises controlled
variation of at least some of the parameters.

Such control variation makes it possible
specifically to obtain a disturbed region that is
continuous and uniform (e.g. by varying power, whether
stepwise or continuously, with the different values of
power serving to constitute the different depths of the
disturbed region in the thickness of the wafer that is
being activated).

In general, this control variation of the activation
parameters i1s preferably implemented so as to obtain high
kinetic energy for the ions at the beginning of
activation and lower kinetic energy towards the end of

activation.
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activation on hydrophilic bonding of Si and SiQ2" , J
of El ectrochem Soc, Vol. 149, No. 6 , p . 348

\Véﬂ@ﬂﬂ)why T . Suni et al . The disturbed regi BCT/EP2006/061647

obt ai ned in the context of thé3invention typically
extends in the thickness of the wafer whose surface
has been activated to a depth lying in the range 10 A
to 250 A . The "species" mentioned above are typically

i ons O%oyﬁ(gypri%?gl%ﬁy%%g lpg\é at-!g;‘aen% 1243l QBstallation

paraneters _ see obtairn Kinetic energy
for sailélespareasieonts aAeglenentedpiasaa ansitéddipsion

| Yohg iR ith3e ar 319@mb0 ce¥1b@ueckey. whikal khe birelsSure and
specified that control of the activation paraneters

p-8fe FRBPY SEbHPR Sds tEEnPIBPERESF&r PEEI 6RNGE Ot SPeast
sone offhkhe panafeikersraduelhpesnirolsuear iialkitan 1a@kes .

it possible _speci.fically.to.obtain i sturbed regiqn, .
that ;SR Y R0 ana ket o a2 tehl, Thardh A5 FandAc ion
wodt lrbe SIEpwype compghiisiimgoasisynodiet RFt hendirbfrerefieeding

val.u I r 0 itu t LEferent, s
T RSt e G DB sad e TR e A inesa ey “iRe
WEPERCERANV S §obgilAgTJactivated) . In general, this
controlrtvasi ahieor igyleheragkbheaticer pananMekerss $o
preferablyt%ﬁplﬁnenteq.so as to ohtain_high kinetic
eHEPGY 267 Hhe PlafEat it fe HOYEKAIHG & acPRFaffdn and

| ower Kiheet'powerdr gy feawardsot Ha ehd sokpecification and
acti d.on..Conf i qur.at i f. .t | asnma- rati
CSEPURL AR LRL L AR 908 AR GRREEAL 19 more
i prealiisatlivortheompriesi of @apdagencgatioss goanegtali ¢l the

[ B8 RS § LR NERG LCHTRASIhiOR a2kt he BLMRSRACLE AT.e
controlled. _There exi st several types of such

y .
i nst al F&Ei B 25TRe SPFHEFHILEN NE8n AbESCRPe RERCEFOLS &Rt 18
I astaldbahiceted to the wafer to be activated. This second

electrode is not connected to any generator.

In this variant, controlling the power of the sole
generator (which is connected to the electrode in contact
with the wafer to be activated) serves both to excite the
plasma and to control the kinetic energy of the plasma
ions that bombard the surface of the wafer to be
activated.

It is specified that it is also possible to
implement the invention in an installation similar to
that described above, but in which the same electrode is
connected to a second RF generator.

Under such circumstances, it is the second RF
generator {(connected to the electrode with which the
wafer to be activated is not in contact) that excites the
plasma. The second generator is thus controlled to
control the density of the plasma.

In this variant, controlling the power of the first
generator (which is connected to the electrode in contact

with the wafer to be activated) serves solely to control
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of the RIE type conprising a single RF generator
feeding an el ectrode supporting the wafer for

W@edobaatsBON vi a capacitive coupling. It is thePGi/ABi086/061647

RF generator that serves to géAerate the plasma (i.e
to excite the species) . The "power" referred to in

this specification and constituting one of the

athiev &tinen ipacareger ©fi $heoriengr éci séky pflhempowai tof

S%ioﬂwbg%ﬁ%r LQAr (GorIect 6¢ 9.t gr%fg e%r ade jip ;¢antact
wth the wafer to be activate | asma encl osure
has a second el ectrode that is not connected to the

vaf er @8 caatiing e r lehsiegond el ectrode is not

connected to any generator. In“this variant

cont r oP*Si A EHEDE PO¥E t A §§|8°§éﬁ€#§t6P CRRTER Y s

CQ@ﬁ&@b&dohOphhem%héﬁbrb@ecbﬂtﬁaﬂﬂaﬁb‘thhdbh31W@f©E the

to be a t|v tedb 29k %pth to ex0|t pl a ma a
etlc

 BCGH 16 2 G5 B RER Brhdhe hBREE Ripee
b@mmia@eth@ ber pateévefcedhe wafer to be activated. |t

I's Spe%h%' %pﬁﬁ%ﬁn&thb§ %b%%dpgﬁﬁkbhﬁ ﬁ%lhg? %%%%r gwer

invention in an installation simlar escrib
abave thpuefifrorhicdh inkEcsgtB delteet tdeknesorheéted to

areeeardn nggﬁgggggrrega@gr such circunstances, it is
t he secSA er at or égonnected t t.he Ie tr%
with wiidi ﬂﬁe &t rehe l&c?ﬁ@&ﬁ&d i sTndtHt ¢ power

cdehadty Dh&UAéb&ib@$iﬁh€lhb&$ﬁ&.pIthSGdBﬂ@l@&ﬁéﬂabﬂbng

I% hg%s%gg%rohke% c%?cogﬁéo%héh?hggﬁﬁﬁgg 8% EHS disturbed
' ~thi s variant, “control ''ng e power of the

fmeguoge@@eaﬁed bwhitdle iestdvaitéoned st plolrsed apt itdge

I B GQRLaet ;W kh the wafer to be activated) serves

solely to controlthe kinetic energy of the ions in the

pl asnma EeREt PRéRbards tke 9TaPfaé %%lﬁhélﬂﬁﬁércpérﬁéponds

agbi wabed.reGentr golvicrg 1pewer. density A s nentioned
above’IEtigS %%%%%QE%A%%a o%%%ogpots of this curve were
acquired for wafers having a diameter of 300 mm (black
diamonds) or a diameter of 200 mm (two black crosses, the
cross on the left corresponding to a power of 250 W and
the cross on the right corresponding to a power of
1000 wW).

It is also specified that the "power" that is
controlled in the context of the invention is the power
of the electrode connected to the wafer to be activated,
for the purpose of controlling the kinetic energy of the
ionized species of the plasma.

When controlling power, the power density is wvaried
by initially applying high power, and subsequently
applying low power, i.e. power at a level that is lower
than the high power.

Variation between high power and low power can be
performed in power steps, with one power of step
corresponding to high power and another power step

corresponding to low power.
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the power fed to an el ectrode connected to the wafer

wobwsa11585 f ace t o be activated. The Applicant PEEEPDO6ICL1647

10

15

20

25

30

35

that applying greater power ha8 the effect of

i ncreasing the thickness of the resulting disturbed
region. This is illustrated in Figure 2 in which the
power déansitiy ddédstaetadt byattweg ottheéhpl ddmeei surves

phﬁ%&%@d@b%?%gﬁg%gﬁgﬁﬁb%%a11%e@’9%‘%ug%%% %hethe

I ckness 0 isturbed region cre
act i vatlinoffhils ghetred @betﬁ@rﬁﬁélﬁéﬁ@nlﬁnAdaSEﬁéhllnes

p@b&trels@ohlaﬁn@r %rah prlotrh % tf c9UHe tGONESRARES BwRr is
ferent power |eve is specified that the spot s

o#epﬁl§°@§F@8tmépé°§8&8PFe&CF& a%éP@rs havi ng a

di anet eheofle3@0 @6E¢bb@©hddm@ﬂm@d&ﬁgﬂrp@wékaﬁﬁﬁeth@flevel
ZO%rggl% bIa rosses, t he crass an %@elk%%tf .
cSrréspondn 9to a TSOWEFTSF 56 WRsRd "EHE LE0SS §RTt Re
rﬁgmata@mrégpogdnngth@ aapgweﬁ of td0B0 W) and prieferably

aﬁﬁotﬁge%bEb%dlbh%ttbh% Rower” that is controlled in
t he context “of the |nvent|on is the power of the

el ect r 88e 10AAECt B SEALLRe tRarEMSEo PR¥ A ttiov Pgd, frrepm high

t@%w@%rﬁgsﬁoﬁfp@Q%ErQh|b@%tﬁﬂ@o&bn%bh%e%ngpgba@%1h@ethe
i zed speci es of en controlling p

t REVESWEP GERSTEY i §r95rké8%ayowﬁltdﬁwpy Qpﬁpvl RG"irgh

power, Tand dubdaquentryecadpplyyithg lcowveowar Figuee powdat

V%r%se%%%lgega%gksth%%e t%%%t&%%oﬂsg%eQ%ggg an 1n1t1al

riation
p@ﬂ@brp@wewnapdmérfgmeéslaw Pleweme power of step

Orresﬁ%ﬁ@'%@n%@nﬂb%@ QQWEEtQBg QQOE&?lcﬁq p%&%%rmed
corresponding to low power. This is_illustra t wo

oPVERe 3t kilBE é@F@égaﬁl8€tQ&ré§ﬂﬁ@ édﬁpﬁn&8u§hﬁlﬁé§gﬁnlo S
Fitgure m3 n..

The high and low power levels are defined as a
function of the area of the surface to be activated.

The high power level typically has a value lying in
the range 1.5 W/cm? to 15 W/cm? over the surface to be
activated, and the low power typically has a value lying
in the range 0.15 W/cm? to 1.5 W/cm? over the surface to
be activated.

More precisely, it is possible to select a high
power having a value of 3 W/cm? over the surface to be
activated, and a low power having a value of 0.8 W/cm?
over the surface to be activated.

Under such circumstances, and for a wafer to be
activated having a surface in the form of a disk with a
diameter of 200 mm, the high power has a value of 1000 W
and the low power has a value of 250 W.

For a wafer to be activated whose surface in the
form of a disk having a diameter of 300 mm, the high
power has a value of 2000 W and the low power has a value
of 500 W.
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In this figure, the curves drawn in dashed |ines
corresponding to prior art conditions, where power is

whepb/1ceBst ant t hroughout activation. The | evePCT/EP2006/061647

correspondi ng to high power ahfl the |evel
corresponding to | ow power are each maintained for a
duration lying in the range 5 s to 60 s , and
preferably in the range 10 s to 30 s . It is also

possi bl& 19534 gg\ge 9:1?: o' of om hi gh power to |ow
u

power in continu causi ng the power to
decr eadé fisomliicg @q%%@ﬂed@m coatirow pehdvatinmns ppgameters

I phusthated 1B%gt REeCUEWS oA thicaube 3nkhakspresant®idh the
sl ope that is continuous between an initial high power

aﬁ&aémﬁlﬁélcFﬁﬁtﬁgmer. This continuous variation is
typ|camhyspewﬁ@rﬁﬁdc@meﬁoa cafe bienti @pl @lnedfteduriat i on
I AN the range S h9 4 .2 mn. The hlgh and

10.s
p AP INardlh WP asPIEa1ddng PONEE O 6F NERACAr diogr 1bed
t hbover f ace itomby sonisvitede The bindly gomerollewegplied.

tpraISaxdh%%n@r\sa' de. LULngoipotie scangs 1nd 1 UheRRato o

cm? over the surface to be activated
p@@é@lpyﬁpééﬁp}lﬁésVQKQQWGQDI9Pn§hﬁnnﬁﬁérﬁa@§et®elsas used
Wreh? gbdcka® iWGCHROYREshide surface to be activated.

More preci sel possi bl e .to selegt a g
e ng TE Ll g L6F 18PWFBAB 150r 1fné Tegtise Hig BETTace to

attkl watedatadd wad thow pdwemahabithd nedvdkrve af fGr8t\WyesP and

0] rLfa o_b [RY der__such
O EBbsEUfichIL 2GS LhO a0 B13%hay BbEd i HehUG sccpnd. gas.
a surf &edd mitse Pesmisef paediegskblivt magediupnmetfeongf cZ0@ore

”@bekﬁ%sh%%Etpquﬁrgai1gh%%&U§n0%e%%%Q %ﬁ%ﬂds%H%A%%Wond
power has a val ue of . For a wafer to be

affifvat ed whose surface in the formof a disk having a
di anet gpbeefi F30Q 1M thhe hagls it possible:

at the beginning of activation, to cause the
species of the first gas to penetrate more deeply into
the wafer to be activated; and

towards the end of activation, to finish off
making the disturbed region by causing second species to
penetrate into the wafer to be activated, the second
species being heavier and therefore penetrating to a
shallower depth in the wafer to be activated.

For example, the first gas may be helium and the
second gas may be oxygen or argon. In another example,
the first gas may be oxygen and the second gas argon.

The first and/or second gas may also be constituted
by a mixture of gases - e.g. a mixture between a species
that is to be ionized (e.g. Ar or O,), and a species that
is to remain neutral (non-ionized), but that serves to
dilute and determine the quantity of the species that is
ionized (which non-ionized species may be constituted by

helium, for example).



power has a value of 2000 Wand the | ow power has a
val ue of 500 W.Controlling gas conposition It is also
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controlling the conposition oft7the gas from which the
plasma is created. This type of control can be

i npl emented in conmbination with controlling power in a
manner Ghedgollidaigalpressure it may constitute the only

controltagglbggo éggl%ﬁgtE%'c%th%i %%%p%%%ﬁb%%lo%

i mpl enment to obtain control variation in
nRegqpacsereh®ygeentised 1oy §hgePaLisigrehdnp rté@rmlamas

vari at ig@ReCQRSH st S thA st cealkirkd WRe W bacectRcleon its
activated with a plasm ohtained froma first gas and

s@¥8eqQentPy c\ﬁnpﬁnétﬁlo&s e oo e&i 168 St ORa OdetbRd 2GRy S
dSalcdlibleﬁSbo@a;:‘follg memablcpmm@&ﬁupngf one 8r mor eOI

species _that is/are. |li t than sai.d secan

gas . g@ﬁ#lcapﬁy Pﬁls MekEs |$e5%55|bF8 bgtlowgr at the

b@g@ﬁnmn@gobfa@pmvaamonn vodcAdgbetrhé ogpadiseshef enke of
-t 925 L0 penetrate nore deeply into the wafer to

be activated; and towards the end of activation, to

fini sh1of BeRgkPdg e 16i SEsiBed togPbhaBy estdivagion at

S@Gond rSReGkes ct @n@%ggrt Bat thnb@gtlmm@f ef teth€ation and
activated, the secon geC|es bei n gyler an
rs

t REFe 8Bt LoWERg K8k 16nSPFS SEAYER A lower
W@&esSMereeadhlt@tedhlﬁmere&awpﬂepftk&nbtﬁ&te@@&gway

be hel irﬁ;g}i%%‘i &?E%s%%%%”@fa%%s”%ebﬁno’é\é%e%%geea 5ofl1litors

I n ano

t HaTosecondogdd dogen. aTkle piriefstraldd/ an sdeomdngas 2fapTorr
aks01b® Gapstituted by a mxture of gases - e.g. a

m xture between a species that is to be ionized (e.g.

Ar or 2) , and a species that is to remain neutra

(non- i amwiczedse iBUbondHngs @neagyt O

Under all circumstances, the activation parameters
are controlled for the purpose of creating a disturbed
region in the thickness of said surface region of the
wafer whose surface has been activated.

This disturbed region is preferably a region that is
uniform and continuous with increasing depth in the
wafer.

Nevertheless, and alternatively, it is possible by
means of the invention to create a plurality of disturbed
regions in the thickness of the surface region of the
wafer whose surface has been activated, with each of
these disturbed regions extending over a respective depth
in the thickness of said wafer and having a respective
thickness.

The invention makes it possible significantly to
increase the bonding energy obtained after bonding
together surfaces, at least one of which has been

activated in accordance with the invention.
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dilute and determ ne the quantity of the species that
is ionized (which non-ionized species may be

wa@onstitssd ed by helium for exanple) . Control | PEOIEP2006/061647

pressure It is also possible 48 control the activation
paranmeters by controlling the pressure in the plasna.
Here again, this control may be perfornmed on its own,

or i n dontthiat respeictth atigueastt shewsf thkebonding energy

aQ%%e%%§ﬁﬁib8§tg9Hé&°k§ (98&§rdi§9§P§§£téQElvatio s, all
Pressure can be contro Fed so as to be | ower aft tﬂe
b@girdrirAgdoPnaeniliyaringn candhii ghefacewaitds behdoadgdof

agbigbahie@n - kpegaraah1y thieS s9eFaked olro 20bkai Rafer that

activation at higher kinetic energy at the beglnnln

o 3Zc SINFARCEN OXAd1&CE A Shadt YESweRPRERZENE Tgnd gy anted
sifesequenhypolel oWl raheseuré ngeadshtia daljeghely kewelthod
of ki neti.c_energym Typi cal pressure values lie in the
rggggﬁg Tt O % (&ﬁ%??) to 10 Torr, and preferably

in theThengéh2@ sTorfaceo (V00 cTors. thatr edseni 81 wafer)
bgadi AGLCRREGYRLCE alh CILEHITLANCED ! BE 26k akkon..
paraneters are controlleg for the purpose of creating

a di st dB&d fieyiren ShRWENBOLRi PRAEISVSRTINI dheuetiest of

r@@p@6pQﬁaEBQgW@%chWﬁﬁ§ev&%ﬁ%@@%nhéﬁ heenvagtibwaieter on
T%;}gstmbe region.is mef?aMy arglonﬁhm IS )
u o PPEnd e GREFHY0 G ™ £ PREPEESENnd LaEpOhTeR fRréivation
wabermeNever trkeldad ngantealsberendoirveally, fioluri acpdsaitboas) .
by meaps _of,_t [ ti.on reat Lurality.of
disturgég Pgéggﬁsﬂﬁﬁgtﬁg Fh%c%ﬁggg%ogogﬁgoguP%agge graph

r égi ohisf fiberwafrepralsess ssirhbadevisds ofernddnioy anedgy

Withi regeh 18l tenese adingliuiRed o@gienrs vextendi ng over a
respective depth in the thickness of said wafer and
havi ngE&che&FEPECTe VEhPEkAFES§1on 1s represented by the

mean of a plurality of measurement points.

From left to right in the figure the four
activations shown correspond to the following sets of
power conditions:

- a constant value of power (250 W for 30 s);

- a constant value of power (1000 W for 30 s);

- varying power comprising 250 W for 15 s followed
by 1000 W for 15 s;

- varying power comprising 1000 W for 15 s followed
by 250 W for 15 s.

A significant increase in bonding energy is observed
in the fourth set of conditions.

This figure thus shows that controlling the power
can lead to a very significant increase in the bonding
energy.

It also shows that this increase is obtained by
implementing high power initially followed by low power

subsequently.



The invention nmakes it possible significantly to
i ncrease the bondi ng energy obtained after bondi ng
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activated in accordance with &He invention.In this
respect, Figure 4 shows the bonding energy (in mJ/ m 2)
obtai ned for four different activations, all perforned
on onl ytone dfstimebder frac s epa riee thenged ttiogetlieithe

S Leal Surface 0 f th

O EE Kbt cat 1 bl (A2 Hoelr, Bty pagore
f@#epﬁél@gr§@§e8@ﬁlﬂpyﬁ§f@pﬂﬁﬁ@naOﬁhﬁﬁlﬂay@Ql@@ -a

net hod cehtt-de 198l b ceutalt¥ B phitenaliles %%ft%%ﬁ@@ﬁycmn

was .that of an Si"_wafer) was not activated in
e%&ﬁﬁl€§3§h8WHtrﬁlﬁﬁP§'PP&&FeCO?ﬁF§UPP§&Wé'sﬁﬁﬁgeﬁoFé
pa&be&ularbysthebeﬁfe@glah appbaptuamab¢ saheetd BF depth

varla hon,in ac t|on wer an th ndi ener
! BRE bR ke LOR RRMST OB LB RN A 1 BN S ing
réhaﬁnﬁh@ ﬁh@tgabedfmegabh ﬁ@umnaépmmatlons) . The

dashed rhise 110,08 DALl BAAaLLT BACOL ! he1@canh EBtite in

figure represents the |evel energy
m@@ﬁ@lﬁélé§tépnéGtWW?ﬁﬁuPnédtP@&tpént BaSHItasgectigs are

a%b'%@tb@ﬁdba &%@%@%@&te%hhkhtG@n@%@ﬁu@%saaﬁ|ﬁﬂﬁbhkﬁge
of neas romleft to ri

p
D g o ee Toa B BT dvmbriads R COR: BensHA £5ATRges for
f blohaiingg ceetre sponpewel a@ordivtingndn: tdmeonst ant val ue

f . 0 ; t I,
O D0 RS M5 e 18 bosSpamnatant ushig gh pover
f @ontemg nagliloowed mytﬁaaoamﬁf@ﬁr$BC§es vaeyi ng pbeeresult

C%ﬁp%&%b@%r%OQQ Yhkob1h3md %%'%O@%%g§£ 290 FWE06n1T, S and

. ficant increase in bonding energy is observed
ﬁhpﬁe Pourth set of conditions . This figure thus
shoms t-hatdeeat okl kg rkhe pewen of such contamination;

and

- limit the cleaning operations that might be
necessary between activation and bonding to a single
surface.

Furthermore, it is possible to envisage bonding
together two surfaces, one of which is incapable of
withstanding plasma activation, while nevertheless
obtaining good bonding energy. For example, it is
possible to bond a substrate covered in a fragile
material with a wafer (e.g. having a surface of Si or of

Si0,), by activating said wafer only.

An implementation example

By way of non-limiting example and in addition to
the values set out above, it 1s possible to implement
activation and bonding of an Si wafer with another Si
wafer that is surface oxidized by performing the

following sequence:



can lead to a very significant increase in the bonding

energy. It also shows that this increase is obtained
whoosrplsesrent i ng hi gh power initially foll owedPOYEPNG6/061647

power subsequently.It is desirlble to prepare the

portion of the disturbed region that is buried the

nost deeply before preparing the shall ower portion of

sai d regipaepaCingr ahki ngoastuinfatiesn fpar dowatienyg together

c n t e Lol

R R e T R

cEPEnuels - ma@@éﬂsbﬂngepth -aid t hi ckness that are well

Contr0||%dasWE'b%t%@%%&bﬁgth@hetB% doshubped heegh@Faces
is uniform his increase in bondin ener%ymaesn

pé@%lBpédﬂﬁgpéPﬁﬁééﬁgrbﬁo"&&PP&&tBO Rty &heasfenfe 2
SUEb@&@SEﬂbatr@meLhmlh%dboﬂd%@l%@@&bﬁetraWthhk plasma
cons, |%%tes an adva%f%%e %rga%tvg% actlvatl%%rom

ne “of "th surFa@gs R il g c rregpgn
s@PiOngmi, n usiimg. aTpiresalige wiked mlopessindlee Bo atmosphere
1830 clylbe SANGAM DAY 1N d b eTef ! RErd e es

t hat 1¢ e resu exposure to the plasnma to a
spﬁgwém§ﬁﬁﬁéc@eénm9nu§ﬁd<ﬁﬁ@@~voanﬁeeu@@W@ﬁeoévépﬁplW for

| @vels ahdskelnconban Fati ene QBleMth nﬁesqleanlng
operatlons t hat n1qht he ne es%%r% tween ,activati

and bordPRGPHA Sikgré Sufia Bdi Fﬁ@?n&@@eQHFte
pessioll &ot boanhngage iheidignd nt dgaébher ciwwaterf,aBR€®, type or

h pa t n pl asma
a@?ﬁvat?ggg m%é?%EﬁQVeg%ﬁuﬁééﬁ% g?%ﬁn?égggbod bondi ng
ener gy.. Pottéxgnphe, siutrfiesegosoirbbenddngordggther into

Subsihake 16avened 1h? idgf HRYWiGTREeL al with a wafer
(e.g. having a surface’of Si_or of S Q2

aCtlvatIﬁ§l§§P§O%@ﬂth§nP?ndlng by heat)tr%%tment (at low

temperature, e.g. 200°C).

As stated, the invention can be implemented in the
context of a transfer method - e.g. a method of the Smart
cut™ type, for making multilayer wafers (in particular of

the silicon-on-insulator (SOI) type).
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An i npl enentation exanple By way of non-limting
exanple and in addition to the val ues set out above,

WO 200bA1136%Si bl e to i npl enment activation and bordi/nB2006/061647

an Si wafer with another Si wdfler that is surface
oxi di zed by perform ng the follow ng

sequence: preparing the two surfaces for bonding

t @farngs OMAIMEDedsi:ng o f the RCA (Radi o Corporation
o.f ri N

adti Bl pORondlifs, Bt Buo ke r sl kR or
b@ﬁ@pﬁéaﬂ@géﬁﬂ@pt@dyfr@@u@p@lﬁ@wdpctpﬁe@@ﬁéﬁﬂala, said

}E%Y.'ﬁ%dEllﬁlfvtl%Ql%nlEh ? (nrae Qlcstiohed ohr age %@k)sumfa%@aof
nachlne can e use or wafers having a dianete

f
56 HRoGaPRG 2 LSS Bof o S0 TSR PaAdeER Rogether, and

ab@m@mheﬁago Hu®13g,pr%haaaﬁt@V%tﬁbﬁW b@h&r@lﬂlﬁgSthe
standar%ﬁcublc cent i net

e O G rafR s T3 65 B e BHES R8Ik en8Por the

f@pb@weﬁgCDnﬁagned apt itbealplelseaniing ogdert e swekiees
'@H%@b@%%bYrQ 50 Bfocgﬂ%@bﬂgebfkﬂﬁbQ%es% Q%'%ﬂ'z%ﬂlgkness

wat er, e or ype cl eaning, scrub
wpﬁhawéﬁéﬁace regloﬁupﬁlﬁ@etWéf§ﬁrW5@é§ sor fB6Rdilsg Peing

t agetikaregnt o contact and initiating bonding; and
reinforcing the bonding b y heat treatnent (at |ow
tenperature, e.g. 2 00 0 C. As stated, the
iQvemtmemhodnabceruﬂpbemenbedlmn1Lh®hem@haxbaddfc@ntrol of

:%%QS %%1@%%?%% Pa%a%et%rgegﬁgg % v%get§n% %t%%&ukke
yy

pee, , al et i IIaayyee r
wwazﬂm@@rﬁepmh pérﬁﬁ@@ldﬂs@uﬁbﬁﬁer@@h@@onnoﬁaﬂdswhéear

( Rkt ¥RE)FacWHAT bélg%A%¥%@v%%edl . A nmethod of

bondi ng together two wafers nade of materials sel ected
from sem conduct or naterlals, sai d nethod i npl enenting
pBaSKﬁm@%hbﬂﬂbb@@r@ﬁn@hﬁos@ﬂ%@&e1Qfw&brb@@sbaﬁﬂec@htrol of
thSAtMD waf ers to gnded t oget.her, gﬁp ﬁ e
diPeng Shiys °£cPa\¥§f“le 7 Sc GRPSI PRy CPF? &t e atl Pgre-ten
parfasatidr patrametieirlsy t he ki netic energy of the

4. A method according to claim 2, wherein said disturbed
region extends in the thickness of said wafer whose
surface is being activated between a depth of 10 A and a
depth of 250 A.

5. A method according to claim 1, wherein said species

are the ions of the plasma.

6. A method according to claim 1, wherein said control
seeks to obtain kinetic energy for said species contained
in the plasma at a level lying in the range 10 eV to

2 keV.

7. A method according to claim 1, wherein said control of
the activation parameters comprises controlling kinetic

energy by controlling the power density fed to an



species contained in the plasma in order to create a
di sturbed region of controlled thickness in the
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surface is being activated. 222 A nmethod according to
claiml , wherein said control of the activation
paraneters al so serves to control the maxi num depth of
sailécdirster bedneegiedn tion thai daWefre whnlses eusiiaicacesi o be
mﬁcggvg%glvated 3 . A nethod according to claim1l

erein sai'd control of the activation paraneters
conprises controlled variation of said paraneters. 4 .

A8”E'Ah ad +ace0 b@lcggdtlggc kal MmAim WeLakResal @a%stp@m%d
ion extends in the thickness of said wafer who

§&§Yl%SbSPH§r3&9F9aHQdSH@PméeWaQD&épFﬁ &P thAeXﬁd
acdam&blobd25aréat15n iA mekhadnadegr difnghkeo pokairm 1
wher ei n sald&%%eppes are the ions of the plasma. 6 . A

mEERSE 2448 §°Cfaim 1 , wherein said contro
seeks to obtain kinetic energy for said species

cont & %%@h'o‘@l Ta'&%o&'dﬁ%@‘a t%t aligvel, Lyengsin sta':”l%l Es%%%

10 eV to 2 keV accordlna to claim
whRensiliy Vs disd Célélﬁleldo [toof\’ atrb{e byc i &tlied Yp aPRAYLELs " hi gh"

|r§ €S neo @hb@b@@atmyn abiod yengr ¥ oky eeRkrolhiang is
mﬁ% den%@fﬁ&g%d to anel ectrode connected to the

§U6 e activated. 8 . A method
accordlng toclaim7 , wherein said power density is

t . L
oaB- o SR RUeD BTRINE BR ke oo MY N i
pb§§W§6D9hlgA p@Mﬁ@daaécdpw|p@wp® dlsaipmrg ormghkleria) power

S@t@p@,m’\%&led%@)%'etry shtSpC %&% en¥ahy % hRigh| @lolwlér, and
appl yi ng i gh" power, and sequent |y appl yi ng ow'

p@%@ﬁhﬁﬁapow§rI§%§P FﬁéﬁeFHQDﬁF@ﬁ FOWePW power.

11. A method according to claim 10, wherein the step
corresponding to high power and the step corresponding to
low power are each carried out for a duration lying in

the range 5 s to 60 s.

12. A method according to claim 11, wherein the step
corresponding to high power and the step corresponding to
low power are each carried out for a duration lying in

the range 10 s to 30 s.

13. A method according to claim 9, wherein variation
between high power and low power is performed by causing
the power to decrease in continuous manner from the high

power down to the low power.

14. A method according to claim 9, wherein the high power
has a value lying in the range 1.5 W/cm? to 15 W/cm? of

the area to be activated, and the low power has a value



10. A nmethod according to claim9 , wherein variation
bet ween hi gh power and | ow power is perfornmed in power
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anot her power step correspondfAg to |ow power. 11. A

met hod according to claim 10, wherein the step
correspondi ng to high power and the step correspondi ng

t dyliow powehearengach .dar ii/ed?oud 1ob @/ dwot aifi arhd ydrap to
it I 5 s to 60s . 12. A nethod according to
cﬁgi%?ff%g%%gfein the step corresponding to high power

and the step corresponding to | ow power are each

canri edrRihokiohcaodunalyl o lkyana na,t hecrange th@ %ib@
30 s . 13. A nethod ac%ordlng toclaim9 , wherein .
vBPW&FiBﬁSbétﬁééHehpéh p@%@ﬁ‘aﬂﬁ F%ﬁ/%ﬁﬁért?sbe activated
paenhdoried lby @awsirn@athe pawee bd@ Jdedr edse?i 6f the area to
c%%ti%%ou%tn%nner fromthe high power down to the | ow
pome?l 142*K"ret hod according to claim9 , wherein the
hi gh power has a value lying in the range 1.5 Wcn2 to
156W’%E%e%%oﬁh%c@%§@i%%,Q% %ﬁ%&%ah%q’wﬂ%@ﬁ} eth%Wsurface
power has a valuelying’in the range 0.15 WcnR to 1.5
WPEntEhef Waerait@abeo Asé 1yétiedatiéda 83 skahgwiRgda diameter

a@QOQ@bn&mLOt%bahHP$4 owker @ialk bh&ahigh oFowenoha&s and the
val ue of cnR t to be activated and the

3 0 e ar
| oW"pEREF Th §Saavgﬁégeop%oigovf%nﬂ of the area to be

activated. 16. A nethod according to claim15, wherein

tH%"S%rR%E%O%fa%%%rﬁQ% rt%ocq%'ﬁpﬁkva&%%rgﬁnat%%séurface
havi'ng a dianeter o 0 m f'rie hi"gh "power "has "a
valfushef waded Wo, bendcthwalted power digk Aavalnge aofli2B@ter

Wor 560 ﬁmUE%B%dhaeﬁo?@hgg h@ sChaian 18, MWhengionyt hend the
surface of the wafér to be activated is a disk having
al@areter 58360 Vahct Ré RP§h"power has a val ue of

2000 W, and the | ow power has a val ue of 500 W. 18.

Alg?tgp%e%%%%r%£% r%gn%l %WE%%EmWH%Kea e&ggnp% %w%lg%ma is
generated by equipment of the RIE type having a single RF
generator feeding the electrode supporting the wafer to

be activated via capacitive coupling.

19. A method according to claim 17, wherein said
variation is performed over a time interval of duration

lying in the range 10 s to 2 min.

20. A method according to claim 7, wherein said electrode
connected to the wafer whose surface is to be activated
is used solely for controlling the kinetic energy of the

plasma species.

21. A method according to claim 7, wherein said electrode
connected to the wafer whose surface is to be activated
is used both for controlling the kinetic energy of the

plasma species, and for exciting the plasma.



generated by equi pnent of the RIE type having a single
RF generator feeding the el ectrode supporting the
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met hod according to claim 17, 2&herein said variation

Is perforned over a tinme interval of duration lying in

the range 10 s to 2 mn. 20. A nethod according to
ckai.mA7 methioer eiceogsdiidgeltecttilade donwaetrednt gatikde control

W%%eEh@h%%%l%gE %&epa§aE%tQ§sa%%h§?E§gsl%oﬂ%§g1§95%l¥he
for controlTi K ener

spdaesdc. e@frgx ot kod taeddiaong ﬁoc@m@pﬁﬂ?lonwﬁérébﬁ gas

sahdwelieat rode paarpacted kaatthg waf er whose surface is

to be activated is used both for controlling the

ki netic energy of the plasma species, and for exciting

t b8 .plhasaahdd. aAcoeidiad aocendimg2Re Ghairdih sawdewenmrol
sa%d con%r%loof E%% a%tlv%%b%%e arane%%rg conp r|s§§ed
cgntgglllﬁgptﬁ klneﬁlcpgnergy 8|Plﬁg H
cyapdsittioon iof thike ngasirien odhittle gh@ pbaﬁnﬁomsgemeaaedng
Z%heA ?@d according to claim22, wherein said

contr gas conposition is performed to obtain
controlled variation in the nature of the gas used for

gemeratm@ahbaea@b@&mﬁngZ%o Alﬁﬁth@ ageerdiing skaqgcl ai m
wher.ei n sai vari.ati on ¢cqQnsi s |ntreat|ngthe

sUPF&éélPS 68“&&?F§aﬂ€dtﬁﬁéﬁlﬁgpF §n§u6EF§|n§8 PPom a
fab$hvga&d andhsubpaquent by taiithkda fplas am foktsa ged, and

ERBLAGRRG0NT 033 4281 A TPLBRd 8BGO0l cElidMyas.
speC|es that is/are Ilghter i n wei ght than said second

933 . . AZ%etﬁo@E%E%@r@ﬁﬁgr%bn%1%9m0b@'”M%%re er%ﬁ@A%ﬁE@t
first gas is heliumand said second gas i s oxyge

af@sn iSomagsi ¥Pf PhsPNGasTi SO5Ly §ERCARE ShRE i6dane éaghter

| Snakv@adht2thaf Reiodcaoaar dakg to clai m 24, wherein
the first and/or second gas is/are a gas m xture, e.qg.
a mxture

26. A method according to claim 25, wherein said first

gas is helium and said second gas is oxygen or argon, Or

said first gas is oxygen and said second gas is argon.

27. A method according to claim 24, wherein the first
and/or second gas is/are a gas mixture, e.g. a mixture
between a species that is to be ionized (Ar or O,, for
example) and a species that is to remain neutral (non-
ionized), but that serves to dilute and determine the
quantity of the ionized species (the non-ionized species

may be constituted by helium, for example).

28. A method according to claim 1, wherein said control
of the activation parameters comprises controlling

kinetic energy by controlling the pressure in the plasma.
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between a species that is to be ionized (Ar or @, for
exanpl e) and a species that is to remain neutra

w@ emaitorsszed) , but that serves to dilute and BEL/BEPIO6IG61647

the quantity of the ionized sgécies (the non-ionized
species may be constituted by helium for exanple)

28. A nethod according to claiml1 , wherein said

cént.r al mefhitkle agcbirdathigottoparlariet €8s @bepeisesaid control
CQnpt E(}lelslsrﬁq K 'i%eti&n% 1%91%%&% dP¥ L %%Ft%%' g g 1%%16 Yati&tion
in the plasnma. 29. nmet hod according to claim 28,

wh&r e ssairg -control of pressure is inplenented to

obtain controlled variation in pressure. 30. A nethod
a§$ordig% to claim?29, wherein said controlled |

vari-ati 8RR PESSEFE NPokSi §1811h 2ContPEIFiRg SEHE
pb@&i&b&lbdA@Q&dﬁ%i@n"ﬁngrbe%@Feiﬁbhﬁabﬁﬁ Fuer@tﬁolling
activatiaon, and then_subseguent, a _"hi.gh" . el that

T BB G B adar YeYer i tise hath

t ecthiziemidn, waher eéhensaudseguensllyor t'heéghlt ileyeiloghat is
PALRERLEr $hi$ sARLeTRRt d+in order to create a single

di'sturbed region in the thickness of said surface

regi on of the wafer whose surface is being activated.

331 .Aaekhaddageebdidiggt @ oClcakbiml 1, wWhereiin $alid control
control of the activation paraneters.is inplenente% in

of eF%FoaEFéXFElQDpPGFéﬁﬁFﬁréfl&i&@ﬁ#&@&“P&&i&HSOF er to

t kecbhiecknedagik sdisdustetacegtiegi dn ahet hdivwkhess of said
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disturbed regions extending over a respective eppﬁ in
t e ttiviedledless of said wafer. 33. A nethod according to
claiml , wherein, in order to performsaid bonding,
the surface of only one of the two wafers that are to
be?boAdB& thege fREPTIL NGuB e Sl8d™ & pVRsHE 18c St icoptrol
36f_Ah@gbﬁ@dv@&ibhapaﬁa?bkﬁgsai@hﬁmpgém@?téa_in order to
seni conduct or terral. froma top wafer faqrm .
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solfistrate surface region of the wafer whose surface is
being activated, each of said disturbed regions extending

over a respective depth in the thickness of said wafer.

33. A method according to claim 1, wherein, in order to
perform said bonding, the surface of only one of the two
wafers that are to be bonded together is subjected to

plasma activation.

34. A method of transferring a thin layer of
semiconductor material from a top wafer forming a donor
substrate to a base wafer forming a receiver substrate,
the method implementing bonding according to claim 1 in
order to bond a surface of said donor substrate to a

surface of said receiver substrate.

35. A method according to claim 34, wherein said transfer

method is implemented using the Smart cut™ method



the nethod i npl enenting bondi ng according to claim1

in order to bond a surface of said donor substrate to
wa2®animee of said receiver substrate. 35. A nethBP2006/061647

according to claima34, whereiAbsaid transfer nethod is

i npl enented using the Smart Cut et hodi npl enenti ng

weakeni ng i nplantation prior to bonding in order to

cﬁm@ﬂemaDZGMg otakeakngs smpi ahhe ttilnc méss: ¢b bleding in

OO0 S ubSLLALEe COLLANCD by ARhRchTan! (Bl 1RitEene of

weakness after “bon 6 od accord
cltdemd®porwsewsitrateh t &olilgpednat detaghaepiti @fc tsetld zone

berdiRgknthe @ftdirzednsynhiace of said donor substrate
is subjected to plasna activation.

36. A method according to claim 35, wherein, after
implantation and prior to bonding, the oxidized surface

of said donor substrate is subjected to plasma
activation.



