WO 2006/111533 PCT1EP2006/061647 1 A METHOD OF BONDING
TWO WAFERS MADE OUT OF MATERIALS SELECTED FROM
SEMICONDUCTOR MATERIALS The present invention relates to a
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semiconductor materials, said method ﬂwaking use of plasma activation of
the surface of at least one of the two layers that are to be bonded

toﬂegﬁiﬁc&ﬁﬁgﬁﬂgﬁ'ﬁgﬂ*%ﬂ%&@“m Methogs l.this tpe.are

alrea nown. 10 T onding” is used herein to mean bonding by

m&EEé%?%anﬁﬁﬁé%NEﬁW% %%%@%ﬁe surfaces are bonded
together Withopt applying anynadkesive L apethisbeinggidssibleatbonding
ambient;demperatie. 15T herquality of the:bead iz ebaragtestzed in

patigular by its.bonding eperqy, whigh sepresents the, connection force, ...

between tge twocggnded-together wafers. In_order to consalidate bonding

byAfibietiarBoritfing 'Setiveartito Warérs, P Bond8E-t5gethef waters
are 20=subjédtet totfedtdrémnierindSdcelt heatfreatment enables the
bonding energy of theswexwafersiodre raised fovawatuaiof at least about

500 millijgules per _%péjagﬁir’ge%&(@\]érpg),a\ygg_[_ledgpi%ncg)vg;gsponds to the

values that are typically desired, 25 In convytlonal manner, su%rghgat

treatment 1§ genevally CaTietfout st A ferTparatareor 4t [B5&FabSit o8 c>Y

(whicheinuthe xoprextiofdhe présentSpedificatione defifes e Prighe
terpperaiyes’ domaynWéen: boadingr betweena wafer yade ofi $i and a

wafgr, made of Si.or0f.30 Si021; the bandingenergy is giaximized when

heat treatment is carried out at temperatures of the order of 1100C to
1268EC RS activation” of a surface for bonding is defined as
exposing@d Suphee o plasmma aitichTapharacterized in

particular by its bonding energy, which represents the
connection force betwesen the two bonded-together wafers.

In order to conselidate bonding by mclecular bonding
between twe 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 & value of at least zbout
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 51 and z wafer made of 51 or of
3i10,, 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 bending is
defined as exposgsing 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

banding together intc contact.



10

15

20

25

30

35

35 be carried out in particular under a vacuum or at atmospheric pressure)
prior to putting the surfaces for bonding together into contact. WO
2006/111533 PCT/EP2006/061647 2 More precisely, in prior art
wactivatiorsigdchniques, the surface of a wafer for activation iBEXpRR© 6 (ei& 7
plasma during an exposure step in which the exposure parameters are
controlled so that each is set at a given 5 respective value, which values
remain ul%r%%ng)ed durigg pIaEma activation. Firs{o‘rrdgzri'g%(pgsurﬁe

s izlent nprior. art . ac a chnigues
parameters” ar as%oﬁow ! power density; ﬁ;IIS IS the ensﬂyoeft ep wer’

feddifig tHé Piasma i whicifrepreSeritsar powar defsity peFrROififh aeadin
watfssperesguarerceimetep(Wicm 2} tamd i sehiatimés alsoredened to

in therpresent speedicatian rby theiterm pwerston simplicity; presseven
(F’Eeﬁ {%&%&@e %%‘?L'S%‘freg%%tﬁ“ﬂ}!%%%eﬁ R!%%’Qg)é %%dclllgn henagire and
the flow rate o?the as fed into said enclosure. Such activation serves i
pa?ﬂ&ﬁ&@toaﬁéﬁgﬁf%lﬁ’%ding by molecular bonding, obtaining high
bonding Bhesgieswithodtaepoiingrame recoirse 10 heattreatnient 2e that
would necegsaly neadstorhe caried out athigh-temperatyuress Plasmar
achyatign (hus makes Jrpossihle o ohiain. high bopding,energiss.petyesn,
two wafers, at least one of which'is acfivated prior to'bonding, and a e|P

appiyifig 25%edttré@tirieht tver TaIARvEly SHor Girations [ g™ hbodtd 1°
hotpgeiirasd al esmpeiaurssithar ata refativeheow (e.grabodtieeed on
origss)nSueh activatior 18 thussadvaniageeus for stabilizing a structure

comprising bya bepded ogether.waters. uBeR 4 B s fesUBd 1o YL cne

subjecting the structure to temperatures that are too high (as applies in
pé? Qﬁ); and

the nature and the flow rate of the gas fed into
said enclosure.

Such activation serves in particular to perform
bonding by molecular bonding, obtaining high bonding
enercgies without requiring any recourse to heat treatment
that would necessarily need to be carried out at high
temperatures.

Plasma activation thus makes it possible tc cobtailn
high bonding energies between two wafers, at least one of
whick is activated prior to bonding, and after applying
heat treatment over relatively short durations {e.g.
about Z 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-togesther wafers, when
it is desired tc avoid subjecting the structure to
temperatures that are tooc high {(as applies in particular
to heterostructures, defined as being structures
comprising lavers made of materials having coefficients
of thermal expansion that are significantly gdifferent).

Such activation can also be advantageous for

obtaining high bonding forces at a gilven temperature.



to heterostructures, defined as being structures comprising layers made
of materials having coefficients of thermal expansion that are significantly
different). 35 Such activation can also be advantageous for obtaining high
bonding forces at a given temperature. 58 Such activation is thus
advantageous for making multilayer structures involving the bonding
together of two wafers, for example. Transfer methods (in particular

methodssatthexsmark G M ypenas descebed -ganeral ferms: imthe
work ¢ Sflicon;o e@% Blardechnoiogy: meterialsiond gl 2ag.edilon, ¢

(Jean -Pierre Colinge)) constitute one example of an appllcat%n that can

b&NETitfonT plasma ActivEtiBhn 4G - enhance bonding. OBJECTS AND
SUMMARY GE FHEWNYVENTION Embodiméeats oftheomvenfionseekrtart

inpreve prige arkbarding:teehnighesdhatimplement plasma activation. In
paricy agosmgodimsn&%e @%'@aﬁﬂsﬁeégekﬁgt@ﬁ%%%e the hoading , |

energy obtained after plasma_acfivation.”Embodiments of the |nvent|()n

alSt'seek to MERE Tt possiblé to- OB a HighTevel O bondiG&rBryy: ©F
evén awhen ol one oide two Surfaestof bondintptogethkertias esn to
plasmanaectivatediprer.to bonding. In accordance with a first aspect, the

invention prow%a&ngthg%of%&g t%%el;h gtvm\yvq\fe Kpade of

materials selected from semiconductor materla s, said method

implementing praSH altivation of ffid Sitice 6f ‘at 16asrBie 6F th tie
wafdrsierbi bendedtogethes ang tcomprisinglduring prasrmatactivation,.
controlling the ractivation parameters to: moglifythe kinetic.ensrgysetthe o

sedles coptaned Iuihe plasiia i grdpl g ieate A distyhadgegion of

controlled thickness in the thickness of a surface region of the wafer

whose $arfab&s being activated.

Embodiments of the invention alsc sesek to make it
possible To obtain a high level of bonding energy, even
when only one ¢f the two surfaces for bonding together has
been plasma-activated pricr to bonding.

in accordance with a first aspect, the invention
provides 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
according to embodiments of the invenition are as follows:

* sald control of the activation parameters also
serves to control the maximum depth of said disturbed
reglon in said wafer whose surface is being activated;

* sald control of the activation parameters

comprises controlled variation of said parameters;



Preferred but non-limiting features of the method according to
embodiments of the invention are as follows: said control of the
activation parameters also serves to control the maximum depth of said

wdisthetsssegion in said wafer whose surface is being activB{SHEP2iel061647
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control of the activation parameters coflnprises controlled variation of said
parameters; WO 2006/111533 PCT/EP2006/061647 4 said disturbed

region extends in the thickness of _said wafer whose syrface is; being f
activated bgt?/\?"ecgn% sdézﬁ:tﬁeo 1r0egng§tromseA and a depth of 250 AS;S °

safd- sPedsHre the TonSof thEBladma BRI Eoritl6I <See kX6 B &It
kinktitcénergylfor ssaid speties dontainédandke prasria 2% @ lével lying in
the range 19@@%@@(\1@@@ (gyétctgéd_lgcgigcmn yglgs E{kgyr}gas,aid control
of the a.Ct-'Va%‘%_'&p%E%{@d% ?’&%&’J“EHS%%ES@ olling kinefic.gnergy by,
controlling t?le_ power density fed to an electrode connected to thé wafer

WSS s (F56 fStoBR BR e d L BaithFowe A8hsif s ortrotied il steh ™
a amnet rgstol dckides tontrolied variativh irthe density ef ghe- 1% volts
powergenerating the plasma,; said power density is caused to vary by

initially applying "E:@E‘E_ngv%rfa@ﬂé%’é@%&@%ﬁ%&’%é%’éspower’

that is lower than the high power; variation between high power and low
POVIEHIE DV Ferfoiimed gﬁﬁ&ﬁe?‘%fé%%?%n%nﬁowgr KEpCUtepohtitt 5+
higlvpowetcarnd arothet powarste peorresponding erlions powericheaier
step.eewespending tohigh pewes and.thesstep corresponding to low
power are %aﬁ%c%%'ﬁgﬂﬁé%%@? qurationlying;in the range 5 seconds. -

(s) to 60 s; the step corresponding to high power and the ste

P.
coffespBndmy BIoW HEWwER ats 8adR tafried Butfor g density of the

power generating the plasma;

said power density is caused to vary by initially
applying "high"™ power, and subseguently applying "low"
power, that is lower than the high power:;

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

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

+ variation between high power and low power 1s
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/om? of the arsa to bs activated, and the
low power has a value lying in the range 0.15 W/cm? to

1.5 W/cm?2 of the area to be activated;



duration lying in the range 10 s to 30 s; variation between high power and
low power is 30 performed by causing the power to decrease in
continuous manner from the high power down to the low power; the high
wponesrihasa value lying in the range 1.5 W/cmz to 15 W/cnmiXof PR ee 647
to be activated, and the low power has’a value lying in the range 0.15
W/cmz to 35 1.5 W/cm?2 of the area to be activated; WO 2006/111533

PCT/ EPZOOE‘?{QG%Q%K gad&ﬁel? %@O‘Q%gﬂﬁ@ value of 3\W/cpy atthe ‘Brea

area to be activate ower has a value of 0.8 W/cm2 of ,
aréR 18 beStivateE i Surtiée %??he“%?é% 3% &ciiHtBg iS5 disk &/ cm
having-a<liametertof 260 amlifreadisi(mm), the high power has a value of

1000 watts W9, aad thedow povrer hasra rvalue o 2500Wy sthesurface afisk

th%é{‘(ﬁf%r 0 b%fé?ﬁl%a@g g A 9'@5 Q%\('D%g@%et%&f 300,mm, {he %&gﬁ

power as & valu 0'W, and the low power has$ a value ¢
Wit fladfia é’éfne]rgpéjd Hﬁ ‘eqﬁpgﬁéht 6PfhetPactie BR'EENING® *
(RIE)typedttaving afsingle radiofrequency (RF) generator feeding the
electrode supposting the-waferdpdavactivated via: capacitive =15 coupling;sk
Saijda\/f%@'% i5:RgriQumed pvepa tme interval ;of dyagion lying in the; .
e 10’s to 2 minutes (min); said electrode connected to the wafer

tiose?Sadls it BEVAIS IR (RBd SeRelf 13 dotraifing W30 e
kinetic ernergiycofihé Prasra s‘ﬁfé@%@at@ﬁd@’e@tm@@@ﬁﬁeaéd%%e
wafeewhose suiface imtmbe artivateghisaisesktioth far eantroking the
k”}eé&%n&@é%@ﬁ@? plasma spgcies, and4oL excifing theplasma, 25

said control of the actlvattlon parameters_comprises controlllng the kinetic

endF§y By chitrotiing 2

coupling;

ar ¢ be actlivated via capacitlve

said variation is performed over & time interval
of duration lying in the range 10 s fo -2 minutes (min};

said electrode connected to the wafer whoss
surface is to be activated is used sclely for controlling
the kinetic energy of the plasma species;

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;

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

said contrcl of gas compositicon is performed to
obtazin controlled variatlion in the nature of the gas used
for generating the plasma;

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

- said first gas is made up of one or more species

that ls/are lighter in weilght than said second gas;



the composition of the gas in which the plasma is created; said control of
gas composition is performed to 30 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; 35
said first gas is made up of one or more species that js/are Iighter in .
weight tharP3ar ecotid GaS 6- St firsi a8 hefiath 573 <Al S&cond
gasdgaeygen arargyon, or saidifirst §as s GRygerT apduEad SEDnFEdas is
Srgtgg'c,ﬁgegggt g@d/ﬁfg_@g@ﬂd gas is/are a gas mixture, e.g. a mixture
etween a species that is tq be ionj Ar.or 02 f
species t'ha%% tog%g%giné%%/:?rél r%ﬁ%loc_gniz&egc%), %ﬁ%\ﬁ(?&r@ig? gil}ictlélmr
arfc HeterinehecqReite oF tie RRTEPSpEdES (the sh-I8nHRE2°2
spexiesmay, befonstitzed 1y) helivin zfor reairmplefh shid-€orftPolGTiReé D
;q;%(gggg pa{gg}%@eﬁlﬁg@g&grb%@rﬁmﬁlﬂﬁggﬂeﬁe energy bytontetling
ressure in the plasma;.said ¢o fpr. re,is. .mgﬂtl%d -
ot%\ine_a Eohtolle ?/a%%g%%irtl rg)s%sugg? sga?glgggt%oe?egé \%%gtiq:h in o
pregsdEeforfagEtine cBfFofing The presiting %o %%clﬂSy ow fevel
ingalydiwing activation, and then subsequently a "high” level that is
greater thag said dowdevel; saidcontod of the-activationsparameters is

implemented in order to-create,a single. disturbed region, in the thigkness:
ofcgs)%ri“g lscﬁfn’f%tcszecrgnibrnoof%{1e%wafer whose surf(gge iS being aﬁtctivatecﬁltisg1 said

carrdt B fife &Lt ¥ pafdifiéters is implemented in order to create a
plurality of distérbeehtrol of pressure is implemented to obtain

controlled variation in pressure;
said controlled variation in pressure consists in
controlling the pressure ToO oCcCupy & "low" level
initially during activation, and then subseguently 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 regiocn
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 & 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 accordance with a second aspect, the invention
provides a method of transferring & thin layer of
semiconductor material from a top wafer forming a donor
cubstrate to a base wafer forming a recelver substrate,
the method implementing bonding according the first

aspect
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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 gof the two wafers that are to be
bonded together is subjected to plasm—é activation. in accordance with a
second aspect, the invention provides a method of transferring a thin

layer o samicondugtoranaieriakffrem a top wafer forming a donor
substrate to a base wafer forming a receiver substrate, the method

infdleferttirt BBAdFG 3 ccording the HirSaspE& PinHrder o660 8~
surfied o said donor substrate to a surface of said receiver substrate.

Preferregiifirerdimiting festvresofthisomethod: Sare-as followsicsaidd
transfer methpd.isimplemented using the Smart Cu-.TM method
implementing, wea ening implantatiogn prior to_bonding in order to create a

zone of \'Ne%?@ﬁs)&ﬁﬁnﬁl ShicRAESSDf tHe HBRGATGRSTT e BNt By 10
démehiménttat Sadt2ode HhRkRARSS Afte¥ Balaintn antnrafrtation
implaptation asd P1ieg ta hobdingr the axidized surfaegofsaidideraess in

sylystrate.is Spiblected to plagmaactivalion, BRIEFDESGRIETION OF
THE DRAWINGS 15 Other features, ob%ects, and advantages ofthe

invBREGHEPPedt mSft ey onteall B0IBwIy deeRplsn niade
with reference4s thamkesrpanyh@afaminigsr ifwhicmdigae tisea
disgtamzefa digtfiaudorn af 2Aidisishancesidisorders that eafbected to

o%t%ig@&&gg{% of the invention in the thickness of a plasma-

acCtivated wafer;
BRIEF DESCRIPTION OF THE DRAWINGS

Other features, objects, and advantages of the
invention appear more clearly on reading the following
description made with reference to the accompanying
drawings, in which:

« 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 & plasma-
activated wafer;

+ Pigure 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 g¢ase surface~oxidized Si) over the thickness o

th  h

the disturbed zone that i1s obtained under the surface o
said wafer as a result of the activation;

- Figure 2 1s a graph showing variocus possible
changes in the level of power applisd t¢ generate the
prlasma used for activating the surface of & semiconductor
material wafer, plotted as a function of time. In this
graph, the twc 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



Figure 2 is a graph illustrating the influence of the power applied for
generating the plasma used to 25 activate the surface of a wafer of
semiconductor material (in this case surface-oxidized Si) over the

withiokeressBf the disturbed zone that is obtained under the STz EH/ ¢l
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wafer as a result of the activation; Figu?e 3 is a graph showing various
possible 30 changes in the level of power applied to generate the plasma

used for acivaling.the surgosof g seroanduycior malayia wafe plotted

as a function gﬁlme. I this ph, the two curves plotted in dashed lines

coPRPBHARF e floP&it {FEMer at & siffie tnchafgig™Valg 55
throughbek thes activedtion)-aad the threeccurvds plotted i sali¢tings ior to

COHESROAM o threervariant: mplesantatons ot theninventioniand WO
2006/111533 PCT/EP2006/061647 8 Figure 4 is a graph illustrating the
bonding energy obtained between an _Si wafer and a surface- oxidized Si

wafer that has been plagﬁﬁga%é&%?io?% Wdﬂ&}qfor four different
activatiorfeogribns 5 MOREPETHICED DESCRIPTION Context of the

inventiontHhe investionappliesitodhondingtogether tworaaiers oo wafers

sepu %%%%%85@?&%@%‘-@@%@&@@ matesials may:he 10 5L arsome ¢ e

other semiconductor material. The surfaces for bonding together of the

tw vafefs THAY afd68 oXifizE8 Priortd aclivitio 2and more precisely
one or th&othepofteesurface o bordirig I6§Eter piay-be oxidiz¥d L6 s
boity of thewd rbay beilb exidized s explaivethkelow, activatibmear be
g?gk?g@%%tsﬁyo%zpeotgxoféﬁg syrfaces for hendiag fogether.«r,0n,0nly;one

hem. An advantage of the invention i%,taqge aple to activate only one

of HRERVG Shrfiees for BEidng =S ©F or them may be

oxidized.

As explained below, activation can be implemented on
both of the surfaces for bonding together, or on only one
of them. An advantage of the invention is to be able to
activate only one of the two surfaces for bonding
together, while nevertheless obtaining Sufficiéntly 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 & top wafer feorming a donor substrate onto a
base wafer forming a receiver substrate. The term "thin
layer” is used to mean a layer that 1s 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.



20 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

wWof2tpansfeiding a thin layer of semiconductor material 25 coRSfiviER @t
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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

toa fewyndieds,of angsigms thick, In this applieatian.taigosfet. +

methods, bonding is 30 Implemented after activation between a surface

of SARF o RUBER A &hd WS Pae S8 s A8 rdCEVEPElbSaly: Saif
tragrstetimethothedis be inplemettskh e pastitiadrasiagahéSmait GasTM
metbed inwhieh weeakening implantation is performed prior to bonding so
as to 35 create a zone of weakness in the thickness of the donor
substrate, with detachment ,bein_g%%arformed in said zone of weakness

after bontifig® VCAZ66H1A 118 33FC PrEP206/ 08 86847 %6 By way of
example Tk s $petfidd sratdrfdrassbérdmgkprismarattvatfon sawhech
imptemeated-on the wxidizedsurfaceof saithdenersybsitateraftestit has the

begn.implanted. g Maincharacteristics of the, invention The invengon.,
differs from known, methods in which_ activation is performed gﬁa S|r%%}le

step durif§ which the “atttationbarafietersaie ditthangfig ARGdo Mot
vapRIb igthesingeric, fadesst oré ddesiiiacfor bohdihg is
subjected 1a plasma activatiorswhile eentsaling the activation patareters £
forthe:purpase of ;medifying the kinetic grergy.ofihe species,contained in,

the Iasnla SO as 10 create a dljstu%t%e ar%%ign ng}e dcornérqflgd %%pth in the

thickifeSs sta%u?f%c%sreij%ncofe%he WAFErRhE5E S0rfazd s Ikl)elng

acfivategelied depth in the thickness of a surface region of
the wafer whose surface is being activated.

In other words, by controlling the activation
parameters, it is possible to obtain a disturbed region
in the thickness of each activated surface and that
extends into the 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 fiush
with the surface.

in any event, the ilnvention makes 1t possible to
control the thickness and the depth of the disturbed
region that is created (i.e. to contrel 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

cbtain for the species contained in the plasma:
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In other words, by controlling the activation parameters, it is possible to
obtain a disturbed region in the thickness of each activated surface and
that 20 extends into the activated wafer down to a controlled depth as

wdesired: ik3addition, controlling the activation parameters afsorrmedoss/it1647

possible to control the thickness of said Udisturbed region. 25 In practice, it
can be desired to constitute a disturbed region that is "buried" in the
thickness of the. actig%tegnvilﬁﬁerior glse a disturbed regian that is flugh
with the surface: 1A any even “the mvention makes it poss%ﬁa fjb. 30
cORBrok tHEthiERessnd e déptheorthd distafodd Segin-ifiat i redtad
(i.e. to controkitsemapamim” depimand its'vaininpet deptle in thes
thickness ofithe, agtiyatedwater).:Indhisrespecty it isspecifieditbat it is 35

preferablghto £erf rm activation in@uch a mf%nner s to_ obtz?éln for the,

Sta: WO 200671 11533 PCTIEP 20067061647

species conlta_linrg% ﬁ%hé’ plgsma: | .
10"3diy B tRiBaFpedsd bf the activatich &t hiadfiim fve SRRirftR
energy for tHemactivatior; dmd. t sabsequentty, diiringea setdnd: pérod of
th@git%@igak@elgy@&eti@a@gg ferﬁleﬁgxt?ﬁﬂs jowerr brthis @@T}%&Et are
possible, withjn the thickness of the wafer being.subjected to t i
R 10 perarates Bt T e ol e achyatan o wafess
dist@fbances/disorders (that can be written D) that are large and that are

buried arourd aidepthtRl inshewafesr 10t durmgatheisetohdrperiod

of the agtivation. <disiybanees/disaiders-dhateanbe waitternd) thatarere

glns%'l'ﬁz%%q that are/buried at a depth,P2.that is_ sballowet fhan the depth
shallower than the depth PI.

This activation control segquence serves to maximirze
the thickness of the disturbed region, and also to
maximize 1ts maximum depth.

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

It is thought that the disturbances/disorders D are
sultable for being "fed" with gas and other eiements for
trapping by the disturbances/disorders d that are
interposed bsitween 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
corrgsponding to introducing into the disturbed regilon

defects, disturbances, and disorders at atomic scale



15 This activation control sequence serves to maximize the thickness of
the disturbed region, and also to maximize its maximum depth. It appears
that this disturbed region acts as a "reservoir" suitable for receiving the

wgasesantdother 20 elements present on the surface that istohErbaRdeth4”
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By attracting and trapping said gases ahd other elements, the disturbed
region thus appears to enhance bonding. It is thought that the
disturb nces/dlsor ers D are ,suitable for being "fed: with gas and other
elemen% or ES?rgpp?ng Eiy tﬁe dﬁétfjrbglnce%}éll gord%\rlsygdt afa alge9
interpdsed between the disturbances/disorders D and the surface to be
activatedrhwithdhe drstibancesidiserders iDanove faromidgregkindtofeen
trapping. lattice, gxtending in: fhe depth of the-wafer(sse fdgure éﬁ@ﬂ@@
shows aﬁq dlstrlf)gtlon obtained in the thlgkness 8f gglasma— a tl\{}ates
wafer). T & term avstar ednreglon iS5 Used in this spacification to nean a
rediofithaP idmdaRied by Bef expoietdo THe pia Eﬁé‘twftﬁ tl‘?é’ser"feC1 on
medificatierr 85worrespendary to introducing into the disturbed region
defects, @@Mbgne@%mg@ﬁd@r@tﬁomc sealeW 20064 1:1538,

C% /EP2006/0616%N31C& eak 1ng (og atomlc bo ds Ne an&ré%of bond
angles, This alteration serves o improve bonding between wafers > and

in Eﬁﬁlcﬂf&rfﬁ%cﬁs]a%%rb&?dm eherdy. 5 TR’ FterdfoN e Charaiétizéd
byHafletching speed that is higher than the etching speed that is

observectgnwapoaﬁc‘e&y@&@qéV,af%]_Sw@ta cdisturhgds regien isetchegbe
eayickly z&hén a ”Q 5 %‘?9 ‘%afc?ﬁifofg%a@ﬂsg"%& gihing of 10

eed

the su’f'#J ace clean’No. 1 pé using NH40H ¥ H202 + H20). B y way
of EXBFFAE HoF FRRTEATRG frthé*%ﬁ?/béomﬂﬁo%%%@@z Shgsgpesses

caaied ghs&jtﬁthpbefmmlj.tege(a’g cf different materials:
- non-treated silicon oxide layer {(i.e. a substrate

having a surface layer of 5i0,): 6 A;

implanted silicon oxide layer {(using hydrogen for
layer traznsfer by a methed of the 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 (SC1l 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 increszses
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 tc
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constant temperature), the following etching thicknesses 15 are observed
for layers of different materials: non-treated silicon oxide layer (i.e. a
substrate having a surface layer of Si02): 6 A; implanted silicon oxide

wlayess(usizsg hydrogen for layer transfer by a method of the Brnam@ustddv47

type): 20 A; 20 and for a silicon oxide Fa%/er that has been "disturbed" in
the meaning of the present specification, by using plasma exposure: 37
A lt |s eC|f ed that IS galue of 3LA |3°F g sgﬂwe reagardless of Wh%thgr
nt e a yer has Been Im fanttea fise resu ts show?hatat e
d@él%é?ﬁ;%“cr'é%%édiwbﬁl‘ésﬂ@aéﬁ\ﬁaﬂb?ﬁ@dﬁﬁe thara@eRzed pyta
sigriticaniye ancreased etchimg speedzFhembove resolis nerembidinedat

for;an gtehing -3Q solution at:a, [emperatuie.af FAC St eqlution) # ishe

specmed thatt %b cr%ase In %tc(!;ln{gnsm%ed ob%arve,d on acwgﬁertofh
materlal cen “disturbed” in the meaning of the presen

speefitatiBAice&Ses with increasing temperature at which etching is 35
performetcTteretthingtSpeedchmfemsaticm provideéch abeye dni the context in

of a wafer of materiat that hasheen: subiested,ip WQ 2006411533 1 o,
PCT/§P2006/06164 12 | Iagtat&n |Ilus theggg that a,matLerlaI

that. has been “dist eé“ he meanln %Jtﬁe resent specfcgtlon IS
chafdctEAz@bydh ét%ﬂwtgoéﬁéed: tr?étn s%éf it thatobservedt
ontd ardterahefthe»sametype tIhéBhaskmot E)eep "dist@rbéeed Ut that

hag _begn implanied. Concerning the increase in etching speed observed

in a material that as.been altered b asma activation, ref rence can

be made%to?he art?cﬁe ﬁect of szlis a 10 actlvatloéht%n hy Jl % SEcne
bohayﬁf@pgpaRggﬁy§l%yopxtends ln the thlckness of the wafer

whose surface has been activated to a depth lyving in the
range 10 A to 250 A.

The "species™ mentioned above are typically ions of
the plasma.

Contrcl cover the activation parameters 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 is specified that control of the
activation parameters preferably comprises contrclled
variation of at least some of the parameters.

Such control variatlion makes it possible
specifically to obtain a disturbed region that is
continuvous 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 regicn in the thickness of the wafer that is
being activated) .

In general, this control variation of the activation
parameters ls preferably implemented so as to cbtain high
kinetlc energy for the icong at the beginning of
activation and lower kinetic energy towards the end of

activation.
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Electrochem. Soc., Vol. 149, No. 6, p. 348 (2062) by T. Suni et al. The
disturbed region obtained in the context of the invention typically extends
in the thickness of the wafer 15 whose surface has been activated to a

wdeptia/yrsgpin the range 10 A to 250 A. The "species” mentisiigdraiosio47

are typically ions of the plasma. ContréPover the activation parameters
typically 20 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 is
specified that control of the activation parameters preferably comprises

controlle§°85 1RERER W aPledst o SPHeasRaRtdtiRg SRthtedadiion
variation Thakes:itgpossible ispegificadiyao oblaibra distumetabyionitiat is
CO@QﬂiéQE%lﬁ%j_léni%ll’gdb]fﬂage@éll@%@% powernwhethetesiepydse 0e and
continuqusly, with.the different v 0 servir stitute
the{? ﬁfeﬁgﬁgaaﬁ#lsogf the gefgtur%%]rg rsé%%r?r ?n ':%géthg: Irlﬁ%%é%%%?e wafer

thatis begEctRAted). i §endral RS EoftrolSfationSfthe Hctivdtion
parametéiises preferablyrimplementeidisd asao obtaibrhigh 3B Kireetication
engrgy-far therong gt thekpginaingyotactivaliva and lowerdRetic eaetgyng
tougyds he end of callon, WO 006141530 PCTIER2006/051647 13
Contiguration of the pfasma-geRerating installation The invenition is
impfEtAEntetih aPstdfion comprising a plasma enclosure in which

the pressuresnd-5¢he compositioroehheadtmospiete aee coatrofled.
These exist seveealdypes of such installatior dbednyentien can e
implemented in an, insialiatien.- of the. RIE fyne, ¢amprisinga single Rz ng
generator feeding , _ ,
constituting one of the activation parameters 1s more
precisely the power of sald generator connected to the
electrode in contact with the wafer to be actiwvated.

The plasma enclosure has a second electrode that is
not coanected to the wafer fo be activated. This seccnd
aelectrode is not connected t¢ 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 toc 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 1s also possible to
implsment 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 1s thus controlled to
control the density of the plasma.

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

with the wafer to be activated) serves solely tc control
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an electrode supporting the wafer for activation via 10 capacitive coupling.
It is the single RF generator that serves to generate the plasma (i.e. to
excite the species). The "power" referred to in this specification and

weonstituting one of the activation parameters is more 15 prexeisalyze/o1647

power of said generator connected to thé electrode in contact with the
wafer to be activated. The plasma enclosure has a second electrode that

is not connected to the wafer to.be activated. This second _electrode is
ot BBniebiettto sy & Herator 30 IS VARt Scoaatsg T power of

thé Bl Heheradr RIS dhnkkfed'foifie dlectsdé v eBATRE -with

the wafer to be activated) serves both to excite the plasma and to control

the kinetipgergy of the plaama depgs that bombard the surface of the
wafer to 91% de%(;tii\/gtee% I(jt:1 gjso%ecifigd Ehsat itG iss@LI%(i %og,%iblc% tqcz 1
implement the inventon in-an instalfation sﬁufar {0 that descr?bec? above,
buR Fir i fe RERERIEGFSUL Y EORREEEHBA S8CortPRE GEnératdr e
30dgmeer sech ciwcumstaneesy itds theseeoricdRF- generatos {eanndcied

to the-elecirode with yhich-the yvafer to be activated is not in contact) that
excites t lasma. The.second genera ol is thus contralled to_ control
the dens%ﬁ‘%?ep g a%?nnéz. i t%su gériént?%oﬁﬁgﬁﬁxll}[ﬁe %%%\‘/aetreo% the ="

. . ! g
first2§ehSratSi fisich 3¢ cORREEREBINE Bedtfodd Rrashtact With the
wafestolbe activated) seedessaglélyto control WO 2006/111533 PC
/bEPZt?Ozi@@%%Zs k4 theskipgtie @nergy ofthedonsin the plasmadhafower

ombards the surface of the wafer. to be.activated. _Contraolling.power
e P oo 1ong
paE%ﬁeﬁQ%%ﬁ%ﬁﬁﬂhﬂﬁWﬁﬂ%?deﬁ%ﬁyE%$héthkness of the disturbed

region created by the activatlion is plotted up the
ordinate in A. '

Each point in the graph of this figure corresponds
to & different power level.

It is specified that the spots of this curve were
acquired for wafers having a dlameter of 300 mm (black
diamonds) or a diameter of 200 mm (two black crosses, the
cross on the left corresponding to a power cof 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 inventicn is the power
of the electrode connected to the wafer to be activated,
for the purpose of contrelling the kinetic energy of the
ionized species of tThe plasma.

When controlling power, the power density 1s varied
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
parformed In power steps, with one power of step
corresponding te high power and another power step

corresponding to low power.
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power fed to an electrode connected to the wafer whose surface to be
activated. The Applicant has found that applying greater power 10 has
the effect of increasing the thickness of the resulting disturbed region.

wohisés: llastrated in Figure 2 in which the power density usedfme2006/061647

activating the plasma is plotted along the abscissa in W/cm2, and the
thickness of the disturbed 15 region created by the activation is plotted up

the ordln%he. in A. Eaglﬂ-[u 1E)i_g,)?l:rét aqg %gg raph of t@s é@ur%ﬁgggsg%@% S’to a

different pO\:/LvserJreSve]I. IS Speci atthe sopots of this carve were 20

acauredI6r Waler3 IRAng A dimeté6r30@ nim bRk diamonds) or a
diameteriof 200imnt {tywo-blackicrosses;dhe deress airthédeft=d lines

copgspanding o power of 250 Wiand thecross ondhe ight ower 15
coggsgondmgtto %pgﬁver of 100g \é\@.tZS It.is also specified that the
n v r.

pow@ ' that is” Contro 58?1%?%1 context Of the invention is the power of

the electrotRe eGiifctEd 6 HE WIS B abtFieBOsE R Fulpesels et
controltimgrtbedineticenérgy okthericnized:spécies of the plasnia. 3G

When congllingippwer, the powsr density is yaded Hy initalpy-applying v
hi rhp%/er, and suli%e%ugrglyB@p lying low power, i.e. power at a level

that Is Tower than the high power. Variation between high power and low

power cahthé S35 paHoHREE IR pBwWe? stépS witPBRE poweiedhistépom high

coprespondimgitovhighvypowerandanotherpowerstep corresporidig tae

low ver - WQ 2006111533 R GT/ER 2006406 1647, 150Thissis listrated

oy o e o N7, PRUES WSnbgrinvals IS S L.
presents a slope that 1s continucus between an initial
high power and a final low power.

This continuous wvariation is typically performed
over a time interval of duration lying in the range 10 s
to 2 min.

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

The high power level typically has a value iying 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/ em? over the surface to
be activated.

More precisely, it 1s 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 toe be
activated having & 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 & disk having a diameter ¢f 300 mm, the high
power has a value of 2000 W and the low powsr has a value
of 300 W.



corresponding to prior art conditions, where power is 5 kept constant
throughout activation. The level corresponding to high power and the level
corresponding to low power are each maintained for a duration lying in

wihessangesS s to 60 s, and preferably in the range 10 s to 3@GT/EDANIB061647
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also possible to cause power to vary frdfh high power to low power in
continuous manner by causing the power to decrease from high power
down to low power. This is illustrated by the curve in Figure 3 that

presents a slope that is continuous between an initial 15 high power and
a final oW R FHgc 6t RSP PETtbs typically performed over a
time interval ot defationplyglinlibetrangerlidrs ltos2 minaThehigh anddow: s

power devels are definedas:8mg@ function eftherareanf the suriacedn bene
actliated. The high;owder level typically has a value lying in the range 1.5

WIERZ 16 15 Wicm? oy

over the surface to be activated, and the low power

typically F&s & Valge Iying SirthETange ™. b5 WRMERE 1 5 /cth2 over the

Surfane 10225 be actihiatechrMore precisglyyitis possiblestorseiectes highbed
poyyes-having-a valye of 3Am2.over the suHace o heractivyied; and a
low powet haying, a.value ot 08 Wiemg, ove ihe surface g be aciivated,
30 Under such circums ances?and?or walter to be actl\?ateg‘%avmg a

suffata i e RoThr bt § didle with & YlarRtdr 5t 365 1h, (e Figh Fiver sed
has arvalaeaf 000 e dotheslow. power has a value of 250 W. For a
\évafer to b%%tivatgﬁaw@@r%e ﬁ@ﬁ@&@&% the, 35-formy aba disk bavirga: <o
el o A0 08 N RO U B 000
subsequently with a piasma obtained from a second gas.

Said first gas 1s preferably made up of one or more
species that is/are lighter in weight than said second
gas.

Specifically this makes 1t 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
panetrate intc 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 ancother example,
the first gas may be oxygen and the second gas argon.

The first and/or second gas may also be censtituted
by a mixture of gases - e.g. a mixture between a species
that is to be icnized (e.g. Ar or {,}), and a species that
is to remaln neutral {(non-ionized), but that serves Lo
dilute and determine the guantity of the species that is
ionized {(which non-ionized species may be constituted by

helium, for example).
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Controlling gas composition It is also possible to control activation
parameters by controlling the composition of the gas from which the 5
plasma is created. This type of control can be implemented in

weamisimatien with controlling power in a manner described a&b@is20tdi61647

may constitute the only control applied.léaid control of gas composition is
implemented to 10 obtain controlled variation in the nature of the gas used
for gener?gngéhcile-asmarghisu\éagiation consists in treating the surface to
be activated With a pf)a%rﬁa obtained from a first gas and subsequently
with a pldsma bidifedSroh i s€cdrd §a8 LTS Safd firstak'ia praferably
made apadfone dymove tspadiésthattis/ape dighterdn weightthahssaid .
second gas.-Speglficallythis makes.itpossible;at the-beginaing.af 1 ¢s
activation, to.cause the 2 species %flth%flpsé gas to pene rzgfgem%rtg

decé%?)/ iNto the water to be aé)[iv%%ét ; and fowards The end actlva%\c’)rﬁ:"to

finfsPE6H InaRing e R turbBa¥agionIRFeasihd ¥etond species to
penetrate® irte the svafentdbe aetivated)] ¢de secend 25 speclesvbeingt: the

heguier angd thesefose pepgtratingda @ shalawer depthuin theavates tg e

activ%ted. JC:or example, the first gas may be helium and the second gas
dCTivartlion

may be oxygen or arion. In another example, the first gas may be

oxygen afd the d dds afydte BoFFhe FirstHidors8&ond 52 PRay©
also be eonstituted by amixturetofigasdsace.gn anuixtirezbativesniagn and
spgeiesy thatds tq bejenizedy e A0y gpd-auspecigsdhat st 1ower
remain neutrallglag)@-iogized)hbu%that $erves o dj{l%e and determine the

g ﬁeﬁtsysgﬁ%e spec“?es that is 35 |8r1§ize%"r((\;7\v ic non-lgﬁégd%%%]é%fs'ma

be constifiBdH HRAGAT H6FeXampfe). W 20befie15889e > millitorr
PCHER2006/06164Fcry, and preferably in the range 20 mTorr

to 100 mTorr.

Increase in bonding energy

Under all circumstances, the activation parameier
are controlled for the purpcse of creating a disturbed
region in the thickness of said surface region of the
wafer whose surface has bsen activated.

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

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

The invention makes it possible significantiy to
increase the bonding energy cbtained after bonding
together surfaces, at least cne of which has been

activated in accordance with the invention.



17 Controlling pressure It is also possible to control the activation
parameters by controlling the pressure in the plasma. Here again, this
control may be performed on its 5 own, or in combination with at least one

wofalveabtdse- described controls (power, composition). Pre SS§tHERIAMGHe1647
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controlled so as to be lower at the be ﬁnlng of activation and higher
towards the end of activation. 10 In general, it is desired to obtain

ectivation gt higber Ketig encigy at e beginoing sLoiuion e o,

activation at ower kinetic ener subse%uent y. A lower pressure leads to

a HigheF ) oﬂﬁﬁé‘ﬁd‘@ﬁe@r Typical eI E VRl RS Y - tHEangd's
mitlikorro 185 Forranlt0 Tofr, afdpreferabRainghe tange 20omded to
100-mdiore Ancreasedn borging enregys\Undeeall sifcamstancest#ie that

aC%%‘“%glP@é%@eB%!%d?cQ?:& Sontrolled f%@‘%@x‘ﬂ@&&ﬁéﬁg %atir&?é%anted

disturbed region in the thickness of said surface region of th
wHd¥e Shifafd hBs T)Gée?] actiAtEd TS Wsttrdet Feghen 78 prafefaly &0
regionttat fnanifofmtandiet inuous with increasing depth in the 25
wafer. Nevertheless, angd-akieenativehyiit isgossibie by rmeansiofdhger)

invention to %&?@m@waﬂy of disturbed, regians,in the thickness.qf the

surface reglon of the wafer whose surface has been actl\ﬁated \g/lth eac

of 30 theSB disthifed FediGRY &xt&Hding Bver 5 Fedpactive 3e6tﬁ fitthe’
thiekress ol saiiwafes br@tiagny A fespeelivé thitkhe¥s L TRe imsiition™n
makes bpossible significantlyto increase thechHonding eneigy obtainedtion

&;}5?&9&&&%55%91&%&1% rfages catleast,one of whichhas beed: s ons) .

ated in accordanc Wlt the in en ion.
he dashed lne in t ottom portion of the graph

in this figure represents the level of bonding energy
that would be cbtained withcut activation.

Each respective activation 1s represented by the
mean of & plurality of measurement points.

From left to right in the figure the four
activaticons 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 1> s;

- varving 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.

Tt also shows that this increase is cbtained by
implementing high power initially followed by low power

subseguently.



WO 2006/111533 PCT/EP2006/061647 18 In this respect, Figure 4
shows the bonding energy (in mJ/m2) obtained for four different
activations, all performed on only one of the surfaces to be bonded

wpgwtiansispecifically the surface of an Si wafer that 5 was BUI&EE@006/061647
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oxidized and that was subsequently inﬁp?anted for the purpose of
transferring a thin layer by a method of the Smart Cut7™ type. The other

surface (which w sthat EhzlisnFSC; %z) ., Was ot %céygg%%l%tpet%amples

shown in't |sF ure I8 ws more particularly the effect of

aﬁb%éﬁﬁéﬁ%ﬁﬁsé%‘éﬁﬁ& vaﬁaﬁoﬁ%n %Eﬁ\%&‘ﬁ’orFBSw@P 8h fHeBondiRgto=e
energy ¢éhatrig obtainetd {ihecwthrer metivation qiaramieterse@imaining the
same for@},mlacgm@ti@r&sc)ﬁaeldﬂs@mm@eiﬂdh@ hejtom pestien of then

aragh 1310 (i igure spreseps e Ievelathanding enecqy. gt would

beo taIHEdSWItﬁout activation resp ective actlvatlon IS represente

by“the2 hfedh o4 PRITERE &ﬁﬁéagueé?ngﬁﬁﬁ&%o‘ﬁom%ﬂ% right A
figeme thié fo2G activetfonsrshovad torespond iethe folibling setréng

powercanditionss a.constantvalue of power{2sa W for 30 s); a constant
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contamination in metals and particles that i1s the result
of exposure to the plasma to a single surface only, and
thus to:

- reduce the overall level of such contamination;
and

« limit the cleaning cperations 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 activaticn, while nevertheless
obtaining good bonding energy. For example, it is
possible to bond a substrate covered in & fragile
material with a wafer {(e.g. having a surface of Si or of

$i0,), by activating said wafer only.

An implementation example

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

followlng seguence:
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desirable to prepare the portion of the disturbed region that is buried the
most deeply before preparing the shallower portion of said region.

wGamisallirsgsactivation parameters continuously (in 5 this cage Tantnolieg 647

power continuously), serves to create 2%isturbed region in continuous
manner of depth and thickness that are well controlled, while ensuring

that the d_isturrbe(glr:% ion,is ungoromSIQLEEJQgt’Seaﬁgrinb%onr#gj% ePEIY. 1oy
makes it po%sﬁﬁ’e In 10 par‘eficuwir to activate only one 0 the suFfaces that

ard @b boRneadogétheRawhich cdiititites aPadRENntage “ThéPat ')

activating enly.oneol flersudaces far; bonding corresponds to a saving in
time. This alsq. BakesdtRessiblertodesticd the 15 aantaminationsin-metals

andparicles that is lne qesityof exposiye to the plasma o gsindle,
surface on %t anid thas fo: redute the overaIFIeve of such contamination;
t

and Y kfitithe HEQRing Operatons HRETHiGHE BE AEEESEHY betRdda™a

actiwatidmanddording ted singlewsddace "Rurthgrndord] ins pessible to

enyvisagadonding stogetherdwer-suriaces; aneaf:whichds ingapable 8prds-e

ithstanding:plasa ectivation. whle neverineless,gbiaining, good

bonding energy. For exXample, it is possible to bond a subsirate covered

in SFHgif® Mt riBFwitt 2 Wafer (5 Havifd 8 Strkidest Sifor'sf $id2)t o~

byldctivating saicwaierCoily £30 Arhinpgleimlertation éxample By way of

non-limitinggxarspleiand saddifon to cthe \alues sebouhakeMe ikisy

poﬁ%@%%“%%“@SHH%Hg (rinsing in deionized water, RCA type or
NH,OH type cleaning, scrubbing with water, ...;

- putting the surfaces for bonding together into
contact and initiating bonding: and

- reinforcing the bonding by heat treatment (at low
temperature, e.g. 200°C}.

As stated, the inventicon can be implemented in the
context of a transfer method - e.g. a method of the Smart
cut™ tvpe, for making multilaver wafers (in particular of
the silicon-on-insulator (S0I) type).



activation and bonding of an Si wafer with another Si 35 wafer that is
surface oxidized by performing the following sequence: WO 2006/111533
PCT/EP2006/061647 20 preparing the two surfaces for bonding together

wgvabeleaning of the RCA (Radio Corporation of America) tyjas,/Eteope/o061647
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polishing, ...); plasma activation of one o both of the surfaces 5 for
bonding together by "double power" treatment: a "Toyko Electron Limited"

(reggﬁﬁr tr%%g%@ RIgysma machine can be used for wafers having a
diameter of 200 mm, using a pressure of 50 mTorr under an atmosphere

of 62, Withed02 flow PRBDFTS $taRaaRPEUREA 0 EdftiRe&teHer minute
(seomk anella powier ©f dQ00\Mfos 215 scandlthienr2 5 W forathe folewihg
(15r§e§&P&@g%ﬁ'ﬁéﬂf&%@%&f%%@yﬁeggﬂﬁ B@OE;E%P%%@EQ%% of
rinsing in deionize ter type or type cleanipg, scrubbin
e R G e L e R B o
an8qAmETiRd HondiYgdt RERRTENG the Fontity by Feaf frebiment it
love cteimperaturep e grr2000)s Ascstatedt] fiye riventionegaicbe imptemeritethe
in @iﬁ‘egﬂe@?@%%@f&%é@@fﬁlrﬂﬁ@t@%sﬁ?ﬂ- ﬁi{n@m%kof?mﬁ;%g@gb a
CutTM., t r making multilayer wafers, (i rticular of t s
SISO O A BE (80N Py W 2UBR 1T ss BeT EpaobE 0B gs e
21°WIRATUSTEERIMED S LA M&hBE 0F boRarRFtotié fvo- Raf&sna

made.ofranatdrials selected from semiconductor materials, said method
implementing plasma activation of the surface of 5 at least one of the two

WaEQrSI&Om%eﬁESHd%% é%%t{‘r?% and cpmpriging wﬂ}érﬁé%.'assﬂ% 388}‘}%%%'} of
controlling the "activation parameters to modify the kinetic energi/o the
the activation parameters also serves to control the
maximum depth of said disturbed region in said wafer

whose surface is beling activated.

3. A method according to claim 1, wherein said control of
the activation parameters comprises controlled variation

0of sald paramsters.

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 tc obtain kinetic energy for said species contained
in the plasma at a level lying in the range 10 &V 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 disturbed region of
controlled thickness in the thickness 10 of a surface region of the wafer
whose surface is being activated. 2. A method according to claim 1,

wwheseinsasd control of the activation parameters also servESTERH 061647
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the 15 maximum depth of said disturbe%jgregion in said wafer whose
surface is being activated. 3. A method according to claim 1, wherein said

conyrol ot de agtation parameters comprisss.aontralledvariation 20 of.
said parameters. XK ethod according to claim 2, wherein said disturbed
re§ion’&@&R/ds in the thickness of said wafer whose surface is being

activated between a depth of 10 A and a 25 depth of 250 A. 5. A method
acgording4e glaimaLanherein said species 7are.thedens of theipiasma 30

6. A method %CC%%%%%%@JM% wherein, R}Ign Ofﬂ}roiss%%ksa@ﬂ%t_@@,
kinetic eneyrgy?or said species contained In the plasma at a level lying in
th&EPATGE 1%V 163 &M T #7A ThEthSaREcco¥dinG toGam? TS Wherein
sakoentedliofgthdractvatmmparameters comprises controlling kinetic

energy by controlling the power density fed to an WO 2006/191533
PCT/EP2006/061647. 2o elactrode sannecied 1o the water whose, sutface

is fo be activated. 8. A method according to claim 7, wherein said power

5 Tty 5¥ cOtroRBAH shith @ranner 386 Hehiel & Bohtibiléd varition
in thevdensigndf thebpewee yererating e plaShw 0. #ovirsthb8 aiecording
to claia, 8, Mvbhereim saigh pawgbwkd-density is caused to vary by initially
applying "high" power, and subsequently applying "low" power that is

lower than the hi%h power. ) , o
1C. A method accerding to ¢laim 8, wherein varilation

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.

11. A method according te 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 & to 60 s.

12. 2 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 = 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 continucus 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/ om® of

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



10. A method according to claim 9, wherein variation 15 between high
power and low power is performed in power steps, one power step
corresponding to high power, and another power step corresponding to

wipw@omeisll. A method according to claim 10, wherein theStpr2@6/661647
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corresponding to high power and the sgép corresponding to low power are
each carried out for a duration lying in the range 5 s to 60 s. 12. A method

according 1o claim ]f]a’nWQeEﬁ"ith%%%@ 2p.coresnending io hé%@ POWEL o
and'the step correspon%mg to Tow power are each carried out for a
dur&tiGF NG frifthe range 10 s to 30 s. 13. A method according to claim

9, wherein variation 30 between high power and low power is performed
byicausing.dhe powerde-dacrease incantinuays masiner fronsthe; high
power down to the | ower,14, e accarding to_claim 9, wherein,
oo Pt poker 38 FaCn Ve Wihg i e ranca S Wiambto 15 W2

ower as a value lying in range cmZ2 to

of he dred toBe RONFteA28nd tHE Ioif poivel Has™y FRiuewohe area to
2006/ Er1533PEST/EP2006/061647 23 lying in the range 0.15 W/cm2 to
1.5 W/cm2 of the area to be activated. 15. A method according to claim

L4, whereiptbe ol opoeras & valueof HVIGmE,olhe aealabe, o
activated and the low power has a valué of 0.8 W/cm2 of the area to be

actiValele 162 ASTefto PEcES NG fS i 15, Widre e SUrfacE- AB°6F ~
the Watéltabe attiatetids apdiskhaviy a diaheterosf 200 iy, thafighe

powss haswa values0:1QQ0 W, asd.2be tow power has a value of 250 W.
17. A method according to claim 16, wherein the surface 15 of the wafer
to be activated is a disk having a diameter of 300 mm, the higih power has

a value of BD6DW, ANGARE " ISty Power P & Gal B BHE0o W, T £ace
methottaccerding toxldim d4titiersid the plasthalis 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.

18. A method according to claim 14, wherein the plasma is
generated by eguipment of the RIE type having a single RF
generator feeding the electrode supporting the wafer to

be activated via capacitive coupling.

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

lying in the range 10 s to Z 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 controliing the kinetic energy of the

plazsma species.

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

plasma species, and for exciting the plasma.



20 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 25 variation is

wpenigrmesdover a time interval of duration lying in the rang& QU eg02/n1nd 7
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20. A method according to claim 7, whéfein said electrode connected to
the wafer whose surface is to be activated 30 is used solely for controlling

the kinetic energy of the _pla pegies, 21. A met CCOEQIN '
7 ot s et IOe Comeed 1 o el st suace S pe.

activatdtP 35S UG BohIBF EBRtrGiing IREKMEt ety ot thé Plastha
speties; andefoe exgiting the plasraiwO 2006tr1E883 tion of the gas
PGH/ER2Q06/061641 224221 A methadaccording to claim 1, wherein said

control of the activation parameters comprises controlling the kinetic
energy by controlling the composition of _thegqas in which the plasma is

crédted® 585 R th&tRGa HLEBrdinG t6- XM 22, wHERT SBidPeantr§ioBF To1
gasfcarapositionds peiforméd toobiainmeohticledbvanatieeitrelngdre
of $ae gasused:for generating-dhe plasma gl 24sAdnethodyasearginightp

cl%gneza \é\{gereln said variation consists in treating the surface to be

activatec Wltﬁaa'plasma obtained from a first gas, and subsequently with
a plasma obtained from a second gas. 1.5 25. A method according to
cldifh. 22, whereid sait-first igas femadeiup éfond o Afore siieefes that
is/ake-ightes-insyeight than: said:secontugas 20:26: 7 eethodmecording
to glaim 23, wherein said Arst gas ishelig apdsaid seeond 9asds ang
oxygen or argon, or _

suobsequently with a plasma obtained from a second gas.

25. A method according to claim 24, wherein said first
gas is made up of one or more species that is/are lighter

in weight than said sscond gas.

26. A method according to claim 25, wherein said first
gas is helium and said second gas 1s oxygen or argon, O

said first gas 1is oxygen and said second gas 1is argon.

27. A method according to clilaim 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 examplej.

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

kinetic energy by controlling the pressure in the plasma.
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said first gas is oxygen and said second gas is argon. 27. A method
according to claim 24, wherein the first 25 and/or second gas is/are a gas
mixture, e.g. a mixture between a species that is to be ionized (Ar or 07,

winpoesarple) and a species that is to remain neutral (non- iegizee)odmits 1647

that serves to dilute and determine the“§uantity of the ionized species
(the non-ionized species 30 may be constituted by helium, for example).

26,  method according (o, claim. 1, whergin said contiol of the activatien )
pararmeters comprises coﬁ‘tré’fﬁng kinetic enerdy B’y coniLroIIngt e
prédsiitesi tHe plasmamBERaT 280601 IBFPE TP 200661 6UFr 25t ion
29 A methadiaecording to claim 28, wherein said control of pressure is
implemented to obtain controlled variation in pressure. 5 30. A method

acgqrding to c{zl?i 29, wherein said controllgd variation jn pressure
coggi'stg i CONtro Iir?éf Ct%Jé%ﬁrIégnge ﬁ)fgé&p%/gé "I‘S@vﬁg\ﬂ initia y during

acﬁ@éﬁéﬁlérﬁjtw&%ééﬁué%ﬁly%@rﬁﬁﬁ'r RvePihat 3¢ sgréétéf’?ﬁéﬁ Shid 1Y
lowievelr@ 31rA methactapgordifg. tortlalrnis Wherein: saithcantrol ngf

the activation, parameters is,inmplemented-in grderto; greate &8N0l at 1
dlstl%rbetdegegé%n in the, %@konweISf of ?ld surface region of the wafer

whose surface %nbesiﬁé’ actvated. 32. A method according to claim 1,

wherein said control of the activation parameters is implemented in order

to Jdreate agtiiadityaokdistiirbed regiohsin the thitkmess:26 aidambntrol

Zgbfécb%}éégi@c&t‘&fxﬁ@@i\%%f%mt%i@ag%i$i1'@%i[@n$§lﬁlﬁ&eqpe§>@aef:i@g
istur regions extending over a respective depth in the thickness .

R

pefloFfPSSid TRmthiy, the SuffatdiSton?one otiRéaws 5 being

activated.

32. A method according to claim 1, wherein 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, sach 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 tc 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 doncr substrate to a

surface of said receiver substrate.

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

method is implemented using the Smart cut™ method



wafers that are to be bonded together is subjected to plasma activation.
34. A method of transferring a thin layer of 30 semiconductor material
from a top wafer forming a donor substrate to a base wafer forming a
wienewerissistrate, the method implementing bonding accor@irigry&idin+7
1in order to bond a surface of said dofr substrate to a surface of said
receiver substrate. 35 35. A method according to claim 34, wherein said
transfer thod is im ed.us rt Gut T, e
200071 ff%‘e@ cgr/E%%!({)oa St Ez%ﬁ%%%?én vé\éléi'g er%%? fafd in
impRARation priof ¥ BoAdiyn BM&%@%{% &%ogﬁeofm%ﬁn?he
thickees® 0b the wosior substrate; folimwed hydtictaciment at Saitedohe ote
weakngssiafterbanding. »884AJnethod according to claim 35, wherein,
after implantation and prior to bonding, the oxidized surface of said donor

substrate is subjected to plasma activation.
. & method according to claim 323, wherein, after

implantation and prior to bonding, the oxidized surface
of said donor substrate is subidected to plasma

activation.



