1 AMETHOD OF TREATING A WAFER SURFACE The present
invention relates to bonding two wafers comprising semiconductor
materials to produce structures for use in the fields of microelectronics,
optics, or 5 optoelectronics. More precisely, the invention relates to
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Colinge, published by Kluwer Academic Publishers, pages
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A structure known by the acronym SOI (silicon-on-
20 insulator) can then be produced by implantation through
the oxidized surface of a silicon donor wafer and by
transferring, by bonding onto a silicon wafer termed the
“receiver” wafer, a thin film including the superficial

oxide layer and the upper thin layer of silicon derived

25 from said donor wafer.

The intensifying miniaturization of electronic
components formed on such transferred thin films forces
substrate fabricators to produce SOI type substrates with
ever thinner upper layers of silicon, while retaining
30 excellent guality.

As a result, improving the quality of transferred
layers and thus improving techniques for taking off and
transferring such layers is vital.

Bonding quality is essential to good layer transfer,
35 where the quality of that bonding is principally measured
by the bonding energy binding the two wafers.



Bonding quality is essential to good layer transfer_, 35 where t_he _quality of
that bonding is principally measured by the bonding energy _blndlng the
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soéggwnsu ator films by co-implantation of He® with H7,

Applied Physics Letters, vol 72 (1998), pp 1086-1088
shows that while methods employing co-implantation of
hydrogen and helium allows a much lower total
implantation dose than that for simple implantation to be
used, blister type defects are more numerous at the
bonding interface.

Further, it has been shown that SOT type substrates
with a buried oxide layer that is very thin, i.e. less
than 50 nm (50 nanometers) thick, are more difficult to
produce, since they are much more sensitive to the
appearance of blister type defects.

Thus, it is also important to reinforce the bonding
energy in order to broaden the working conditions and the
application possibilities of said “Smart-Cut™” method.

Finally, the bonding energy must also be reinforced
to encourage proper detachment and layer transfer.

In fact, the existence of contaminants at the
bonding interface can result in detachment of the layer
at that interface rather than at the zone of weakness,
thereby creating defects (non-transferred zones) on the



Finally, the bonding energy must also be reinforced to encourage proper
detachment and layer transfer. In fact, the_existence of contaminants at

the bonding interface can result in detach%nent of the layer _35 at that

interface rather than at the zone of weakness, theret_)y creating defects
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Such treatments generally comprise two successive
15 steps, namely:

a) a first step of cleaning and chemical
activation; and
b) a second step of cleaning, which second step is
carried out immediately prior to bonding and is
20 termed “clean-before-bond” below.

The purpose of cleaning the surfaces to be bonded in
step a) is to:
®* render said surfaces hydrophilic;
® withdraw contaminants, in particular of the
25 hydrocarbon type, that have appeared on the
surfaces of the wafers following implantation;
® remove isolated particles;
¢ limit the roughness (on an atomic scale) to
ensure that wafers are brought into intimate
30 contact.

The hydrophilic nature of the surface encourages
bonding and can increase the bonding energy, limiting the
appearance of defects at the wafer edge.

The prior art contains such a cleaning and

35 activation method, termed “RCA”, which consists in

treating the surfaces to be bonded in succession with:



(r) limit the roughness (on an atomic scale) to ensure that wafers are
brought into intimate 30 contact. The hydrophlllc_ nature of th_e sgrface
encourages bonding and can increase thé bond!ng energy, !lmltlng the
appearance of defects at the wafer edge. The prior art contains such a
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which considerably alters their bonding energy.

Further, the patent application W0-2005/096369
discloses a method of cleaning the oxidized surface of a
wafer for bonding it to another wafer. Said method

20 employs a mixture of ammonia solution (NH,OH) and hydrogen
peroxide (H;0;) and can remove isolated particles while
avoiding creating surface roughness.

Furthermore, it should be noted that while the
above-mentioned Smart-Cut™ method comprises multiple

25 cleaning steps, the clean-before~bond step b) is highly
specific as it predetermines the guality of the
substrates obtained after the step for transferring the
layer(s).

That step is aimed at withdrawing particles that

30 have been deposited during the interval between the
cleaning step a) and bonding. It is also aimed at
reinforcing the hydrophilic nature of the wafers, as that
tends to be reduced substantially as the time interval
between the cleaning step a) and bonding is increased.

35 The cleaning step b) is generally carried out by
brushing the surfaces to be bonded with a solution of



25 cleaning steps, the clean-before-bond step b) is highly specific as it

predetermines the quality of the substrates obtained after the step for

transferring the layer(s). That step istaimed at withdrawing particles that

30 have been deposited during the interval between the cleaning step a)

and bonding. It is also aimed at reinforcing the hydrophilic nature of the
dewafarseds thaiatends to begeduced substantiallyasthe timediterval patent

ap eitwggtg E%%C|%§ﬁ‘iﬂgéte§ @l aq@ onding is increased. 35 The cleaning

tep b) is generally carried out by brushing the surfaces to be bonded ,
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inprofesility ofthes appearzmeenof blistertypeadeféctsyinthethe appearance
o fabovespentioned RCGA typetreatment, a greater hydrophilic nature is

obtained by using the SC™ _solutian at_.a nigh temperature (>70C).

oot h oA HANE TE TGt e WS eich et Wi vt 9zeater
hyihersaselitsC rowghhiess landthiat increasevin seifage Eogghviess fifckeases at
a Withdmcreasingdemperature(oftheSCl bathwEinalty, aniadditienralrast, the
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time interval between the two steps a) and b) must be minimized in order
TolIpraseRe tABTydrobhilit HAEGRGT tHe tré e tafafers a6 Praximizecases
withe hondirg ehargy: hen sanyingaut the fabricatirhmethod on an
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batches of wafers to , , ,
using the above-mentioned method, as the time 1interval
between the two steps a) and b) must be minimized in order
to preserve the hydrophilic nature of the treated wafers and
to maximize the bonding energy. When carrying out the
fabrication method on an industrial scale, that results in
additional constraints when managing batches of wafers to
be treated.

As a result, embodiments of the present invention aim
to overcome the above-mentioned disadvantages and to
introduce chemical activation of the surfaces during the
clean-before-bond step, preferably carried out at ambient
temperature, to simplify the prior cleaning step a) or even
to dispense with it.

If the prior cleaning step a) 1s retained, embodiments
of the invention also aim to allow the storage time for
wafers between that c¢leaning step a) and the clean-and-
activate-before-bond step of the invention to be increased,
while keeping the bonding energy high following bonding of
the two wafers.

Finally, the activation step according to embodiments
of the invention preferably must also be smoothly
integrated into the existing industrial method of
fabricating SOI substrates.



be treated. z?s a result, embodiments of the present invention aim to
overcome the above-mentioned disadvantages and to introduce chemical
activation of the surfaces during the clean-before-bond step, preferably
carried out at ambient temperature, t simplify the prior cleaning step a)
or even to dispense with it. If the prior cleaning step a is retained,
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2 iMethod being.charactgrized in that t compriges g clegningand e ot ics,
electronics, or opto-electronics fields, the method
being characterized in that i1t comprises a cleaning and
activation step <carried out immediately prior to
bonding said donor and receiver wafers, by applying to
sald bonding surface or surfaces a solution termed the
“surface treatment” comprising at least .about 97% of a
solution of ammonia (NH,OH) in water, preferably
deionized, 1in a concentration by weight in the range
from about 0.05% to 2%.

Other advantageous, non-limiting embodiments of the
invention, taken alone or in combination, are as follows:

* the treatment solution may be constituted by
a solution of ammonia (NH,OH) in water,
preferably deionized, 1n a concentration by
weight in the range from about 0.05% to 2%;

e the <treatment solution may be constituted by
about 97% of a solution of ammonia (NH,OH) in
water, preferably deionized, in a concentration
by weight in the range from about 0.05% to 2%,
and about 3% of chelating agents and/or
surfactants; ,

e the solution of ammonia (NH/ OH) may have a

concentration by weight in water in the range



activation step carried out immediately prior to bonding said donor and
receiver wafers, by applying to said l%%nding surface or surfaces a

solution termed the "surface _reatment" comprising at least about 97 of a
sc-utic,. ammonia (NHH) -n water, preferably deionized, in a

concentration By @@ightithetahge thom. &Fout DIG5I¢5 206, \Othei L1 close
advantageous;mone_, gmiting embodiments of the invention, taken alone

or in combinanjgn, a1¢ s flows: the treatment solution may be, constzyt ., o
d by a solution of ammonia (NH 0 ) In water, .preferettbﬁ]g/) eiohized, in a
concentration IR weighin théFarge fiem alseut®.05%46 295 the treatment
treatment solutiarl. umayhe onstituteddyralout 87 oaf a/spiutiop0f 1ess;
ammonia (NH40H) in water, preferably deionized, in a concentration by
weight in the range from about 0.05% to 2%, and about 3: of chelating

agents and/or surfactants; the solution of ammon:i_a (NHGOH) may

have a concentration by weight in water in the range 6a from about 0.5%

to 1.6%, preferably still close to 0.8%; the cleaning and activation step

may be carried out by applying said surface -treatment solution at a
temperature of 70C or less; the surface treatment solution may be applied
when the donor and .receiver wafers are on the bonding machine; the

surface treatment solution may be applied directly on the bonding

machine, preferable for a period in - the range 10 seconds to 2 minutes;



said cleaning and activation step may be carried out. by simultaneously
applying said surface treatment solution and brushing the bonding

surface to be treated; at least one of the two bonding surfaces may be
covered with a layer of oxide; the donor wafer may have undergone

atomic species implantation prior to bonding to form- a zone of weakness
defining a thin laver te beftraasferred.ciraccorddnceiwit’-. mssecard applied

aspect of the prgsent inyention, {here is,provided.a mefhod.of fabricating, pc

a structure intended to be used in the optics, electronics, or

op'o-electronicS e ‘chardtterised i that it comprises the following
steps: - imptantirigeatemicfspeziesintmtawater termedi the ‘denotevafgrplied

having an oxidejlaveren {issurface, i folrnihereinRizone of weaknessy for
defining a thin laver; - cleanin %%d activatingltge oxidiz%d S rfage of sajcd .
donor wafer imr%e@%?él? rior to Snéf?@,gﬁr accordance with the method™ >’
of the first aspe&t 1 bondingsaidiact-'avated 8GFage ol e doHotPwafépy be

onto the surface.gf-anether yafer tefmeslithe treseiver wafesppntionadly said
oxidized, said surfa&wcaec%oti%gl-é( haéh- i-nrs%%ecqglgan gcgn%la&g% the
e methoés. onI{he ? § %t N

. SUr
in accordance W&Jh rst aspect; and detaching sai

layer and said GXdElHyEr SASEHE20RE 0PHEaKRESSH order to take them
off and transferzthemeanto said receiveravafer 8oQthenembaodifeerts ahay be

the invention, taksg along qf {n.,combination. are-as jollgws:
¢ the donor wafer may have undergone atomic
species implantation prior to bonding to form a
zone of weakness defining a thin layer to be
transferred.

In accordance with a second aspect of the present
invention, there 1is provided a method of fabricating a
structure intended to be used in the optics, electronics, or
opto-electronics field, characterised in that it comprises
the following steps:

- implanting atomic species into a wafer termed
the “donor” wafer having an oxide layer on 1ts
surface, to form therein a =zone of weakness
defining a thin layer;

- cleaning and activating the oxidized surface of
said donor wafer immediately prior to bonding, in
accordance with the method of the first aspect;

- bonding said activated surface of the donor
wafer onto the surface of another wafer termed the
“receiver” wafer, optionally  oxidized, said
surface optionally having been cleaned and
activated in accordance with the method of the
first aspect; and

- detaching said thin layer and said oxide layer
at said zone of weakness in order to take them off

and transfer them onto said receiver wafer.



said method may comprise a consolidating anneal step between the
bonding step and the detachment step; and the donor wafer may be
produced from a semiconductor material, from silicon or from stressed
silicon. In particular, this method maygallow a semiconductor- on-insulator
type structure or a silicon-on-insulator (SOI) type structure to be
fabricated. Other characteristics and advantages of the invention will

becomerrppacafls fromeHiesfollewingdeseription maderwitbreference 9r in

- Qtlfg1 aggqcm%%nyingr(gag@% V\TiCthsr]pW a possible, non-limiting
|mpjremen ation by way of indicatidh; in the drawings: Figures la told

show the principal-Steps ihed method-ofakirFoffan® fransfcdang Tayepsineal
applied to the predgctiopof a3l typensubsatiedifigure 2ds@ diagran  the

showing a tech '%%ecgg{ew]@aggg t %%)onding energy between two
wafers; Figure 3Is a graph showing the bonding energy | between two

wafers as a'furiction of tHe fempisratire ofithé anfieal tréafiertJor derfdg 2
of wafers that haveirespectively undetrgone: leithef actcondrol"ieleaningrand rom
activation method arthe glean-apd-activate-before-bond method of the
invention; Figure 4 is a gr%%h showing the results of measuring a she

number oFganhsfer detectsin'a transierrediayer from sefies B waterSitHat o ~
ocrhavesrespectivelypadergoneeither ar'centeol ' icleaning-andsactivation (SOT)
typethad optheclean o be fabricated.

Other characteristics and advantages of the invention
will Dbecome apparent from the following description made
with reference to the accompanying drawings which show a
possible, non-limiting implementation by way of
indication.

In the drawings:

* Figures la to 1d show the principal steps in a
method of taking off and transferring layers
applied to the production of a SOI type
substrate;

e Figure 2 1s a diagram showing a technigue for
measuring the bonding energy between two
wafers;

¢ Figure 3 is a graph showing the bonding energy
T Dbetween two wafers as a function of the
temperature of the anneal treatment, for series
of wafers that have respectively undergone
either a M“control” cleaning and activation
method or the clean-and-activate-before-bond
method of the invention;

e Figure 4 1s a graph showing the results of
measuring the number of transfer defects in a
transferred layer, from series of wafers that
have respectively undergone either a “control”

cleaning and activation method or the clean-



9 and-activate-before-bond method of the invention; and Figure 5 shows
the change in the bonding energy t betwe%n two wafers for batches of
wafers that 5 have undergone a first cleaning treatment, then a second
cleaning and activation treatment immediately prior to bonding, but not at

the same time asatggjiggtq%g%%%gga%g@gt%egg%%n%g it@%a
"control" clean or a 10 tregtment in accordance with the invention.
principal aim of the'pre8emt ivertdf is to reduce the number of defects

and the surface rduighness bf sitdeast one cfthe dwo ivafetsdntendediiy energy
be bonded one e the ethesrtodnerease dhe bending.anaray betweendhe, ...

5 wafers. More particularly, the invention js applicable to wafers coated

with a layer of oxipﬂg,v said rc})/%%légr?erllﬁg Seifridrhafive® e s litiRg fragm t -  then
oxidation of the VWafEERARE opehadid by adklitional ane tesulting-Fenm2 t
heat treating SaidMea@%ft@ﬂﬂ%ﬂlaﬁiﬂo”tr@f @?ayg_r-hgf} ,ofxiggt f?{ot at the
example. The invention i articular application when fabricating an
sol t;pe substrat%gt!llr%]e L\élﬁ(?usagtetpseln%?ﬁliﬁébr?c%i%ﬁ ’mgt?ﬁ)g a?%c%ld
recalled below. WithG@ferERde REEREIrS I hefrsestepahsigly’ islean or a

1 @xidizing a wafer foraeechfeorn semicendieion materiat h1 3 tosformadenen .

wafer 10 withcalayer ghexide 11gn (he syriace. 30 In general, said to
or

oxidation results from heat treatment or deposition of a layer of oxide,
exarﬁ%%eu%ela FoPSIBE RN thiE Wt 13 okRed $i1oRT afieooughness of
Ref@rtingafsi toRigurd |1; lee denomwéaterstOntended to be bonded one

to the other, to increase the bonding energy between the
15 wafers.

More particularly, the invention is applicable to
wafers coated with a layer of oxide, said oxide being
either “native”, i.e. resulting from oxidation of the
wafer in the open air, or additional and resulting from

20 heat treating said wafer or from deposition of a layer of
oxide, for example.

The invention is of particular application when
fabricating an SOI type substrate.

" The various steps in this fabrication method are
25 recalled below.

With reference to Figure la, a first step consists
in oxidizing a wafer formed from semiconductor material
13 to form a donor wafer 10 with a layer of oxide 11 on
the surface.

30 In general, said oxidation results from heat
treatment or deposition of a layer of oxide, for example
a layer of Si0O; when the wafer 13 is formed from silicon.

Referring now to Figure 1b, the donor wafer 10
undergoes, through one of its oxidized surfaces,

35 implantation of atomic species such as hydrogen and/or
helium, for example.
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undergoes, through one of its oxidized surfaces, 35 implantation of atomic
species such as hydrogen and/or helium, for example. 10 The energy
and doses for said implantation are selezzped so as to form a zone of
weakness 15 at a predetermined depth beneath the surface of thﬁ donor
wafer 10 r isely insi wafer 13. A thin 5 layer 16 is thus
formed, (ﬂ%e%gogﬁ%nﬁi éilgg glsot egszo%noer of ‘\Eflvlé(gkr%éngfshagg SRa S th& Gther
sideBy PRy aPof dxidR £ 7 fheé ofitiRdosurtaea ok 85 ddBorwafer 10

whigleHas cumdergonelimplantativeacarrien eferancedwraerat 2. &8s
suifage 12:andigbthe pirlace A of ayafer2Qqdhe 1eceivers, thep
undergo a éean-b%@re-kl):gnd treatment which is discussed in detall N
be%%’%liefgrrir%gs now1d Figaraste, tRE EhNaEe 12 GRE 291 dfe Merfhe zone
bredgtaatecstitadtiarhisorded:by nedlbeulas 18 dnding At thisstage,

ancainrealing step is optionally carried out to reinforce the bonding
[ eiver wafer 20.
interface b%t\>/{vle§tl12t8h€ %%n% Wafeg%o nd the rec

Finally, referring now to Figure 18- endrgy ot 20tREMal” fethanfkalhich has
ad&“féil%ﬂ%?ﬁ%aﬁa}ﬁ&iﬁﬁ@é@éﬂi@d@&ﬁﬁ%ﬁ%n@éﬁi@@mﬁmiemzwema1 12.
detachmentralang the ZQM/@MQ&J@@&rlt%r:@&@@C%@eath%@é@r 46, the
fro sremaind 0 or wafer, The _
serﬁ%%%éfgg-bn%i%a&}?gﬁ%oé%rg S g\?v%r}nebﬁf Eﬁ%r(? 289 ffra tment
oBTRIhER: te MirPRYEF £6 takerfsf athe dshbr Wafer 10 forms the
semicondedter poriipnrend the Bibjacent exide tayesdtfausthe ang 22

elesteicali ingiating portion, Thisstiucture hasssference pumeral 30,
3%’3}{5‘;{%%”9 step using chemical-mechanica

At this stage, an annealing step is optionally
carried out to reinforce the bonding interface 17 between
the donor wafer 10 and the receiver wafer 20.

Finally, referring now to Figure 1d, enerqgy of
thermal, mechanical, and/or chemical origin is supplied,
which energy is sufficient for detachment along the zone
of weakness 15 to detach the thin layer 16 from the
remainder 18 of the donor wafer.

The semiconductor-on-insulator structure shown in
Figure 1d is thus obtained; the thin layer 16 taken off
the donor wafer 10 forms the semiconductor portion and
the subjacent oxide layer 11 forms the electrically
insulating portion. This structure has reference numeral
30.

A finishing step using chemical-mechanical
polishing, for example, is then cptionally carried out to
eliminate any defects or roughness appearing during
detachment of the thin layer 16.

The final structure 30 obtained is intended for
applications in the fields of microelectronics, optics or

optoelectronics.
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polishing, for example, is then optionally carried out to eliminate any
defects or roughness appearing during detachment of the thin layer 16.
The final structure 30 obtained is intend&d for 35 applications in the fields
of microelectronics, optics or optoelectronics. 11 Although not shown in

the figurgs, the,(eaeivet walfr, 20 cold gaignaly he covered with a layer
of oxide, in particular native oxide. The aim of the invéntion is to provide a

m&FbAOrE cRAniry ARt Lefvdihng B SRFEREST Bé Hondeddir ©f
bowdirsts; i.eiin therdbbveimentiensd examptis the surfaces 12 and/or 22.

This methad ngt anly eliplpates, eantaginants of isplated particles, Bty o ¢
alsa activates th% surfgces to be bonded. 10 When the two wafers are

th&n Brought iR coRtact,” theiP dhBSioR i féfSroetfwhen firgided prior
reSpe&tivediarting stirfates (beattleaseomeofthemd hasedigele, the
acgiua&adce%aidﬁdﬁﬁgimxés i@C.ilitat@% Byﬁ{%%th)%itiﬁﬁ%iﬂéc ?@Eli{eéﬂ if€nates
surf e honded and corresponds, most o imetoa .

mé@@ﬁ aﬁrﬁgpgcc?ioﬁ between Jéﬁae h%r%%%aﬁigt%ms% fes ?F 6n 35 sUALES

of thé wWaEE6 D Béhderl. brefsEnce can be made, for example, to the
article byiR:Stengl etad, ‘Wameodel fordhe siisom waeyhonding methed st ,
Japanese Jouial of ARplied Bysies, ¥0),20.28. N0 Qetodet 1989, bpy;
1735-1741 for the description of surface activation pheno?nena and
hyHEPRIfE BonGihgain d&tdateewhh thé FRenheraheosppliRakt Fased .
obiserded that shetreatneitaf the boadingysurfases pfl itbpiwdwafess tore of

be-hended, r of &t leashang of saifl 25 suHBaess.L5ing asnecific salution,
C n.mcr&ase the ﬁgdln%iner y between said two wafers. Below and in

the BRiMS. hidSohGoh- P48 GULhRabEfrusmerfthre hydrogen

atoms present on the surface of the wafers to be bonded.

Reference can be made, for example, to the article
by R. Stengl et al, “A model for the silicon wafer
bonding method”, Japanese Journal of Applied Physics, vol
28, n° 10, October 1989, pp 1735-1741 for the description
of surface activation phenomena and hydrophilic bonding.

In accordance with the invention, the Applicant has
observed that the treatment of the bonding surfaces of
the two wafers to be bonded, or of at least one of said
surfaces using a specific solution, can increase the
bonding energy between said two wafers. Below and in the
claims, this solution is known as a “surface treatment”
solution.

Said surface treatment solution comprises at least
about 97% of a solution of ammonia (NH4OH) in water,
preferably deionized, in a concentration by weight in the
range from about 0.05% to 2%.

In accordance with a first implementation of the
invention, the surface treatment is constituted by a
solution of ammonia (NH4OH) in water, preferably
deionized, in a concentration by weight in the range from
about 0.05% to 2%.
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solution. Said surface treatment solution comprises at least 30 about 97%
of a solution of ammonia (NH4OH) in water, preferably deionized, in a
concentration by weight in the range from about 0.05% to 2%. In
accordance with a first implementation of the invention, the surface

DrelEraly e 2ot 1 & Goneeanator by blaht e he AR Ao bt *
preferahly deionized, in a concentration by weight'in ,

O.(%S%%I%b(%gz%. Yglega%é%o];u %nccﬁr}ffﬁr?\%ﬁf’atiisoglpt?rg Bilton; 1€, a

softfioh WHERIH: thievésh cepirhtia ot metakivrsontarhiramt typerpaiiutants
(anﬂﬂﬁnﬁﬂﬁudﬂmﬁmén,t&mﬂﬁﬁh@ﬂ*ebﬁ@ﬁ@@gﬂﬂ%ﬁ%ﬂ%ﬁa%ém?%minants
contami 5 (lithi sodium,. calcium, potassium, etc) does no

exétg-:‘lae{:j11 g%%ﬂﬁ'ceégg%g% of %Lip%% pdrts’ gé?at?iﬁ%lﬁﬁnforetgégh g%ﬁeﬁi?ﬁ‘n
acBSdaRtedniftP A SRRbAA frhplententafloBEthéPrwkentiprra surada.on) for
treatrnenedelution is used 10 constituted by about 97% of the

cbove-mextianed souion o ABMONALDY ApOULI% OLChEaIng,

agents and/or surfactants. Said chelating agents act to bind contaminants
suthVEL istiis St iSRS IPSEUfidiE HER bofidhMRaRE dré BSefen
presevittia invdisstrialamivonia &1¢ whithceultlriskeremeainingritappedant i on

the boagingnintertace, teraby seodifying the, electricalc gt IStig% O
thg fingl S bs%ate obtained. The surfactant can increase e efficiency of
remova STE Sgr icles which are likely to 20 lead to the formation of
superfici&ifBibters e Prdférablya aha tonsenitrationdiynweight oéthimant s such

ammaniz adlstion is isrtbe 1ange 0% da 1.6%;: more preferahlytlose to,

Qg%%en present in industrial ammonia and which would risk
remaining trapped on the bonding interface, thereby
modifying the electrical characteristics of the final
substrate obtained. The surfactant can increase the
efficiency of removal of particles which are likely to
lead to the formation of superficial blisters.

Preferably, the concentration by weight of the
ammonia solution is in the range 0.5% to 1.6%, more
preferably close to 0.8%.

Advantageously, because it is simpler to carry out
industrially, the above-mentioned solution of ammonia is
used at ambient temperature.

However, it may be applied at higher temperatures,
preferably not exceeding 70°C. At higher temperatures,
surface roughness increases substantially, leading to an
increase in the number of blister type defects.

The above-mentioned cleaning and activation
treatment is carried out immediately prior to bonding,
preférably directly on the bonding machine, to reactivate
the hydrophilic nature of the wafers in contact even if
there has been a time interval of several hours following

the cleaning step, as will be detailed below.
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above-mentioned solution of ammonia is_used at ambient temperature.
However, it may be applied at higher temjp%ratures, preferably not
exceeding 70C. At higher temperatures, surface roughness increases
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A Ayl
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10 of 1. 5iveats /.I.I@i(ﬁtelr@’mindtéz),edifﬂq&lyﬂﬂf@dhewnﬂm‘iﬁp@&ﬁﬁﬁﬁr@nt, for
ex@&,%g%jng @i@ﬂ?tr@u&rﬁﬂﬂﬂ@o@r?}'&??’ the solution of ammonia
can be distributed from specific cleaning equipment, for example by
spraying ‘%inﬁlg%%&tw@ewﬁﬁ%ﬁ)%wngjé 15BN {Bverteried”
tyﬁ@é&mbﬁﬁﬁﬁﬁTﬁéqmnﬂ@anuﬁa$caﬂﬁmhﬂﬁ¢i@ﬁﬁ@@ﬁéﬁ%ﬁuﬁbﬂﬁexample
thebosging enesay atthegnterfacedetwepn two yafers. U ',”%%eﬂ%%grg{ 48

15 W%S%WQ"CQ hav, Jespect V%?/ undergone either a “control” cleaning a

acfivation met odg of the 20°R&thdd b€ Hvention.

The Applicant has carried out a comparative study of
the bonding energy at the interface between two wafers,
using series of wafers which have respectively undergone
either a “control” cleaning and activation method or the

20  method of the invention.

The Applicant used an accurate technique for
measuring the bonding energy proposed by Maszara in the
document entitled “Silicon on insulator by wafer bonding”
{(J Electrochem Soc, volume 138, page 341 (1991)).

25 In accordance with that technique, shown
schematically in Figure 2, the Applicant inserted a blade
40 into one or more edges of the assembly of wafers 10
and 20 in contact with each other, at the bonding
interface 17.

30 Application of a mechanical force via the blade 40
in a direction parallel to the plate of the interface 17
caused local unbonding of the two wafers 10 and 20 and
propagation of the unbonded zone over a certain distance.

The length L between the outer edge of the wafers

35 10, 20 and the point at which unbonding stops, which
corresponds to the sum of the length of the zone locally
unbonded by the blade 40 and the length of the
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Reference can be made, for example, to tﬁl’g 0 0W|n_g' formula taken from
Maszara's document: 3.E.ts X 32. L' in which 125 E is the Young's
modulus of the material present af thé iftetfage between the two wafers

32.1
in which
15 E is the Young’s modulus of the material
present at the interface between the two wafers
10 and 20;
Y 1s the half-thickness of the blade;
t is the thickness of each wafer.
20 Said comparative study was carried out using several
batches of structures comprising two wafers of eight inch
(200 mm) silicon one of which had been oxidized and had
undergone a hydrogen ion implantation step, said two
wafers being assembled by molecular bonding.
25 The results obtained are shown in the graph in
Figure 3.
The bonding energy T between the two wafers was
measured using the method described above.
Figure 3 shows the bonding energy t as a function of
30 the temperature and of optional anneal treatment (termed
“consolidation treatment”), carried out for 2 hours.
Some of the structures did not undergo a subsequent
consolidation treatment (results obtained when the
temperature was close to 20°C), and others underwent said

35 treatment for 2 hours, at various temperatures.
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r " i ut for 2 hours. Some of the structures did not

SLﬁigrlﬁ)gggsr%g%(gné %%négﬁl ation treatment fresfts BBRSHEPwher g
ten’?p%%ﬁﬁi?@%slao% t3e0Cy arePothers (inderarmsaid 3mfreatment
for 2 hourghat various tdmperatares: 190 The cLivRdeayw,as afottedding, ¢
shoys is eesulfs ohtaiagepiib baiches Inwhich the bonding surfaces of
the wafers Pad undergone a treatment of rinsing’in water a?ndSBfC '
sim t%n‘g%ugBﬁti\}?ﬁfgnUWSr‘i%%,%h@%r‘é‘éﬂﬁ@m S Beingxatiied dan

10 imrheditalgptiot to bondingatihat treatmentls terveed asgontrol”

treatmentzbﬁl@WtR%@M@@t‘}'ra&‘é’fﬁ%é‘éoﬁgé'”%ﬁﬂgﬁ’féﬁg \A‘f/s"ﬁﬁ?‘ihor to
obained with batches ig \gg’lic the bonding surfaces of the wafers had
undergone A cléaning and adtivatiBR L0 #&attnett i hecotdahca WitAthe

inveltien! Thapreéghsant zeatried wut immetiatelyqriorta tionding weight of
cofsisted aftappiying arsofutignebammonia a(bk!{"*&"l'h@i%‘?i%é?ﬁ&"ater
15 In gconeeniiation by weight.of 0.5%, at ambient temperature, said *
soMUonl%ﬂg%e results show that independently of the
temperature at which the subsequent consolidation
treatment is carried out, the bonding energy 1 value
obtained is higher with the activation method of the
20  invention. Said increase is greater when the
consolidation treatment is over 300°C.

A second comparative study was carried out to
measure the number of transfer defects appearing in the
thin film 16 and the oxide layer 11, after detachment

25 along the zone of weakness 15.

Batches of wafers similar to those described for the
above test were used.

Figure 4 shows the results of this study.

The ordinate axis shows the number of transfer

30 defects N measured per wafer.

The abscissa shows the results obtained, firstly
with the control batches Te in which the surface
treatment step was carried out using the above-mentioned
“control” method, and secondly with batches I, in which

35 the cleaning and activation step was carried out in
accordance with the invention, as described in
association with Figure 3.
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secongyswith batches i ich_35.the cleaning an acfivation step was
caried oi\%v?li ,accordiélscéIt \E{i?r%?thae ?ﬁvgr?ti(?r% %%%e%cﬁﬁé& it aas%_Bgﬁtlon
with Figure 3- 16 THia ST number of transfer defects N in the first case
was 4.09, ViiRelit Wasaclose tol0 881in ¢he sécansiysasarAdbindayers was

transferred Ot @ reeeier wiafey, t%éfte)’ath‘.]gé)oggm@n%ur{)%cneg(%Igt:%r%?ﬁ:gy T
dog%rt%cg ecgiv(%nvc\)/%fers ave undergone the activation treatment o

invention, thus has on averagé nedfy %é‘ﬁ%ﬁ@m@?‘ﬁ}%@ﬁde@@% a
tharP& il Sy ¥ dbtdinead after Feontrdlbtreatmente 10 fFirally, achird 1
sehes wbeompatative tesisrwast ional cleaning step for the

surfaces to be bonded and bonding proper, said wafers
also having undergone a surface treatment and activation
step immediately prior to bonding.

The two wafers were formed from silicon and measured
eight inches in diameter (200 mm) .

The first cleaning treatment was of the above-
mentioned RCA type.

The cleaning and activation treatment of the
invention was carried out by brushing, in a dilute
ammonia solution, at a concentration by weight of below
0.5% in deionized water.

In Figure 5, the curve drawn as a solid line shows
the results obtained with wafers which had undergone the
“control” surface treatment described in respect of
Figures 3 and 4.

The curve shown as a dotted line shows the results
obtained with wafers which have undergone a cleaning and
activation treatment in accordance with the invention.

These results show that not only the bonding enerqgy
T 1s increased when using the treatment of the invention,
but also that the bonding energy is reduced only very
slightly from a time interval of 0 to 14 hours 30 of



carried out to measure the value of the bonding energy t between a donor
wafer, oxidized and implanted, and a rec? er wafer, as a function of the
time interval between a first conventional cleaning step for the 15

surfaces to be bonded and bonding proper, said wafers also having
undengenera suface deatmpat and activation step i iately prior to
bonding. The two.wafers were formed gom%i]ﬁcc%%p g:dyn %n?é%a?slf%)cﬁ %@%’ and
inches in diameter (200 mm). Z6 The i g’t (‘Héﬁ?ﬁng treatment was of the
above- menticRBAREA ty & eT Ropibhnirrtaid actilation treatment ofiibe

invémiznrivas carriedl dutdiyehrishings in adlilvie: ammenia selution; ata;

5 congentration by wygight 5.0.5% in deionized water, In Figure 5,
the,curve dgrawn as a sol?éfeﬁ}]e?g\%v&s% tﬁe?ggﬁg%b?gingﬁwm%%ﬁs and

which HAL (HdetfEné tHé Yesntran durase teasndmealeschibed ibrespettng
of Elyured 3tameks B Fhezueve shown as a dotted line shows the

results ohtawedawithwafsrswhich haye undergone a cleaning an ,
actglgéiggr\;reavtme%inmaccordance with theII %%Sﬁt‘%n.J'Irhcers%arggulﬂ@haﬁndmg
that not 6nly the ondlnegaélﬁserwattistn]?@re%é&ﬁrﬁéﬁ uSHg thetimatrentut a

10 of thetifiVertioPrB5-BuElsd thatithe boring engsgy istedused AAN-WRIN: ng

slighily frem eetinpe dnterva) o6 0 todA heurg 30 of 17 irggrv | between the
first ¢ ang,finalbonding, and that it theﬁtabiliz%s With%?rrﬁ t.fvr?tenly
general, the Applicant has demonstrated the importance of implementing
the cleaningandCA&tivatiBR 16 fivethbd df dme gmentien itha meihddh 66

talig pif eeniditeanstersing alayer.canchmere precisely, i fabrgaling a0 1 o,

15 SQIdypesYRsAE roper .

20

25

Further, the activation method of the invention can
reduce the number of transfer defects at the edge of the
wafer to less than one per plate on average, which
considerably enhances the quality of the thin layer in
which future electronic components will be produced.

Finally, the present invention is not limited to an
activation method of bonding two silicon wafers at least
one of which is covered with a silicon oxide layer, but
can be extended to any type of material such as stressed
silicon or another semiconductor material which can be
used with Smart-Cut™ technology.



The method of the invention can increase the bonding energy, which
means that the criteria for carrying out a 10 first clean carried out a
certain period before bonding can be less stringent, or it may even be
completely dispensed with. This cay simplify and homogenize the surface
preparation steps carried out in a pfoduction line prior 15 to bonding
proper. Further, the activation method of the invention can reduce the
zf'#%ber of transfer defects at the edge of the wafer to less than one per
plate on average, which considerably enhances the quality of the thin
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beﬂ@@er&?5@5&@9599&0r‘iwafféﬁgled g secopd.wafer termed the , recejver’, 4

walter intended to be bonded one against the other with the aim of

ACEINIRCAING aStiRcturé tEed M tHE “optics SSledtrSmics, BF dPFo-etdctronits™ 9
sa fidldgpthermetitod Being ehareeferized iRthatiPéormpeses a Beatingcasting
suBetvationstep carriegd immediately: priorto bosging: saidrdonorand face
<= Lgssler walers, . applying fo salg honding, surtare rpuLRCES s o o2
solution termed the "surface treatment" comprising at least about 97% of
amyAhdtion OF dtfionid (NYAGRS in Wk préebly dionizedsira 0 @
coporcaenteatiombyoweightiiphthe tangéfonrabowt 0.05% teal296t 0.05% to
2%.

2. A method according to claim 1, characterized in that the
treatment solution is constituted by a solution of ammonia
(NH4OH) in water, preferably deionized, in a concentration
by weight in the range from about 0.05% to 2%.

3. A method according to claim 1, characterized in that the
treatment solution 'is constituted by about §7% of a
solution of ammonia (NH,OH) in water, preferably deionized,
in a concentration by weight in the range from about 0.05%
to 2%, and by about 3% of chelating agents and/or
surfactants.

4. A method according to any preceding claim, characterized
in that the solution of ammonia (NHOH) has a concentration

by weight in water in the range from about 0.5% to 1.6%.

5. A method according to claim 4, characterized in that the
solution of ammonia (NH,;OH) has a concentration by weight in
water that is close to 0.8%.



2. A method according to claim 1, characterized in that the treatment
solution is constituted by a solution of ammonia (NH4OH) in water,
preferably deionized, in a concentration by weight in The range from
about 0.05% to 2%. 3. A method according to claim 1, characterized in
that the treatment solution is constitdted by about 97% of a solution of
ammonia (NH40H) in water, preferably deionized, in a concentration by
weight in the range from about. 0.05% to 2%, and by about 3% of
©- ch atiﬁ%egagﬁtis ARG Surtctants. 4. %n%eth%g acg&r%ﬂﬁbs to alny Lo 3
chaprecading etdim i sharhéteriZete incthag tHeSolgtivh of ardmeRioINHLGH) 1s
ca hasagcancensatieipdawweighkiniwatet inrthe-range frope abowD.6% o at
A %ﬁﬁeﬁa@}?ﬁo%@c%d@%@ glaim 4, characterized in that the solution of

onia (NH40H) has a concentration by weight in water that is close to

0.8%. 19 6. A method according to any of claims 1 to 3, characterized in
7. thakthersiéaning andactidation step is gatried®oit by applying said to 3,
chauHaee freatment;solution at & lempgratuee of 70c-anless. 7sArmethod :s
apfgsading g any,of claims L {p 3. charagterized n thatihe sudage .. o

reatment solution is applied When the doncr wafer and the receiver wafer
tharé8RIURPLBARGRRachine. 8. A method according to any of claims 1 to

3, characterized in that the surface treatment solution is applied for a

g . perjod ipthe sange 10 seeands to Zmingtgs. 9 An raethod-accordingfo 3,
any of claims 1 to 3, %lgaract%rized in thgt said 1;_:‘Ieanjcn and acti a%ion .

chag cterize lP at he Fur ﬁce raa nt so¥u 1Pn 1s
stepis carried out by Simultaneously applying said surface treatmen

apBaILESN &Md Brushitig thelboridifg SaFfdee 16 becFeamtl. 10. A MethoEs -

according to any of claims 1 to 3,
9. An method according to any of «claims 1 to 3,
characterized in that said cleaning and activation step is
carried out by simultaneously applying said surface
treatment solution and brushing the bonding surface to be
treated.

10. A method according to any of claims 1 to 3,
characterized in that at least one of the two bonding

surfaces 1s covered with a layer of oxide.

11. A method according to any of claims 1 tec 3,
characterized in that the donor wafer has undergone atomic
species implantation prior to bonding to form a zone of

weakness defining a thin layer to be transferred.

12. A method of fabricating a structure intended for use in
the optics, electronics, or optoelectronics field,
characterized in that it comprises the following steps:

- implanting atomic species into a wafer termed the

“donor” wafer having an oxide layer



characterized in that at least one of the two bonding surfaces is covered
with a layer of oxide. __. A method according to any of claims _ to 3,
characterized in that the donor wafer has undergone atomic species
implantation prior to bonding to forgya zone of weakness defining a thin
layer to be transferred. 12. A method of fabricating a structure intended for
use in the optics, electronics, or optoelectronics field, characterized in
that it comprises the following steps: - implanting atomic species into a
wafer termed the "danor” wafer i%avmg an ox oxide Ia%ler 20 or., |£s surface,
to fornPthetdifi a¥one §tiweakness aqeflnlng & thin ayer - cleanlng yand
activatitfgf tHeloddizetsurfakeYsit said donor wafer immediately prior to
bonding, ip1 ageardancenwithea methodraccanding 4o any psecesing ataimp £

- bondigg; %auddgggygtegas&gtacemg@agee%waiewptott@e éBﬁé‘i%&f in

another wafer termed the_ "receiver” wafer, optionally oxidized, said
surfac@ GRS haling been§earéd ATERE g éld iif aRBSrdRheE S

a methotkaecording to any preceding claim; and - detaching said thin
layer andisaigioxide dJayer al-saighzene ehweaknessin erder donake themer
off and tr@nsfe{ them gnp %gl{g reggverawgfcg{e 13. A method acearding tg,

claim 1%“ c%aracterlzed In that comprises a consolldat%g anneal step
betweert & boREINg"&E5 and e H%f%fc}rﬁﬁerﬁ’é A métdd %‘frface
fabricatipg fosemicpnduetorson-instgator cStectee a@GUidln@Ctblotam@d_z in

or clairg A3, characderized, inthat thesdonrwafer iggpreduced freieeding
semlconfluctor ma&erial.
claim; an
- detaching said thin layer and said oxide layer at
sald zone of weakness in order to take them off and

transfer them onto said receiver wafer.

13. A method according to claim 12, characterized in that
it comprises a consolidating anneal step between the

bonding step and the detachment step.

14. A method of fabricating a semiconductor-on-insulator
structure according to claim 12 or claim 13, characterized
~in that the donor wafer 1is produced from a semiconductor

material.

15. A method according to claim 14, characterized in that

the donor wafer is produced from stressed silicon.

16. A method of fabricating a silicon-on-insulator (SOI)
type structure according to claim 14, characterized in that

the donor wafer is produced from silicon.



10

15

20

25

30

35

15. A method according to claim 14, characterized in that the donor wafer
is produced from stressed silicon. 16. A method of fabricating a
silicon-on-insulator (SOI) type structure according to claim 14,
characterized in that the donor wafer is produced from silicon. 21 AB S
TRACTAMETHOD OF TREATING AWARER SURFACE 5 The
invention concerns a method of treating one or the other or both surfaces

(12 2@3;&5 dotpe Qgﬂgﬂgng\fur{?ces of a first wafer (10) termed the

donor er and a secon &F thereceiver” wafer

intended to be bonded one against the other The method 10 is

remargz(ttﬁhi@ that\;:gerfamlsesragéfa@n? %ﬁ)léitﬁ%/aé@n@}é%%%’i{flfdo IS or

immpgdiately oriog 1o hapgin id donor receiver wafers .
pply mgf%to said bonding SL%’ ac%e or sun(acj:ze’s ) 254 S5 Htermegding

thes LHHACE tredfmentidopriciis &t 1604 abEUNED Meef Ssolativh wh fer
anmmohia (NelOH) matfater, (referablymdaiopizedy inca 6aReantratiopdy
weightdn iherangefeom,abaut 0a%,10,:2%. The invention is applicable ghod

to fabrlca!l‘t%g structures used in the opfics, e ectronlcs or optoelectrom%
fields. 26 andatiof bf tHe ﬁ’(@“&"?&ﬂ’f’esal?stl%%?%%ﬁ@y wefe
whptongitdiyiled oy the B5iApplivant. itmactouns has peestaken Bbnding

any<hangesdiat may haxe beendnads- subgeayently by thng gé lying to

Auégqrgleg acélng ex ofﬁ%lo e.g; under PCT Rules 37. 2 38 Tor

485 g surface ©r surfaces (12, a solutlon
termed the “surface treatment” comprising at least about
97% of a solution of ammonia (NH4OH) in water, preferably
deionized, in a concentration by weight in the range from
about 0.05% to 2%. The invention is applicable to
fabricating structures used in the optics, electronics,

or optoelectronics fields.

Translation of the title and the abstract as they were when originally filed by the
Applicant. No account has been taken of any changes that may have been made
subsequently by the PCT Authorities acting ex officio, e.g. under PCT Rules 37.2,

38.2, and/or 48.3.



