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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
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
excellent quality. |

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,
where the quality of that bonding is principally measured
by the bonding energy binding the two wafers.



by the bonding energy binding the two wafers. 2 As is
eiplained bel ow, it has now been established that the
exi stence of certain contam nants on the wafer

surfaces has the effect of redu€ing the bonding

energy. The inplantation step generally brings
hydrocarbon 5 type contam nants to the wafer surface.
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Further, it has been shown that 50T 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 contamirants at the
bonding interface can result in detachment of the layer
at that interface rather than at the zone of weakness,

thereby creating defects (honftransferred zones) on the
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weakness, thereby creating defects (non-transferred

zones) on the 3 receiver wafer, which correspond to

resi dues on the donor wafer. Fhe |ower the bondi ng
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b) a2 second step of cleaning, which second step is
carried out immediately prior to bonding and is
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 particﬁlar of the
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
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
activation method, termed “RCA”, which consists in

treating the surfaces to be bonded in succession with:




The prior art contains such a cleaning and 35
activation nethod, terned "RCA", which consists in

~treating the surfaces to be bonded in succession wth:
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Furthermore, it should be noted that while the
above-mentioned Smart-Cut™ method comprises multiple
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 is aimed at withdrawing particles that
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.

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




tends to be reduced substantially as the tinme interval
bet ween the cl eaning 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
5 deionized water; see, for exanple, French patent
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As a result, the present invention aims 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) is retained, the
invention also aims to allow the storage time for wafers
between that cleaning 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 of the invention must
also be smoothly integrated into the existing industrial
method of fabricating SOI substrates.




bef ore-bond step of the invention to be increased,

whil e keeping the bondi ng energy high follow ng

bonding of the two wafers. 35 Finally, the activation
step of the invention nust als® be smoothly

integrated into the existing industrial nmethod of
fabricating SO substrates. 6 To this end, the
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20 solution of ammonia (NH4OH) in water, preferably
deionized, in a concentration by weight in the
range from about 0.05% to 2%;
* the treatment solution is constituted by about
97% of a solution of ammonia (NH4OH) in water,
25 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 ammonia {(NH,OH) has a

30 concentration by weight in water in the range
from about 0.5% to 1.6%, preferably still close
to 0.8%;

* the cleaning and activation step is carried out
by applying said surface treatment solution at
35 a temperature of 70°C or less;




30 concentration by weight in water in the range from
about 0.5%to 1.6% preferably still close to 0.8%
the cleaning and activation steg is carried out by
applying said surface treatnment 'solution at 35 a
tenperature of 70C or less; 7 the surface treatnent
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above- ment i oneangeéhodd. - bondi ng said activated

surfaceTﬁg fﬁbeﬁ¥{%£ also relates to a method of
fabricating a structure intended to be used in the
optics, electronics, or opto-electronics field.
20 In accordance with the invention, said method
comprises the following steps:
- implanting atomic species into a wafer termed
the “donor” wafer having an oxide layer on its
surface, to form therein a zone of weakness
25 defining a thin layer;
- cleaning and activating the oxidized surface of
sald donor wafer immediately prior to bonding, in
accordance with the above-mentioned method;
—~ bonding said activated surface of the donor
30 wéfer onto the surface of another wafer termed the
“receiver” wafer, opticnally oxidized, said
surface optionally having been cleaned and
activated in accordance with above-mentioned
“method; and
35 - 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.
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30 wafer onto the surface of another wafer terned the
“receiver” wafer, optionally oxidized, said surface
optionally having been cleaned and activated in
accordance with above-nenti oned® nethpd; and 35 -
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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;

* Figure 2 is a diagram showing a technique for
measuring the bonding energy between two
wafers;

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

¢ Figure 4 is 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-




of wafers that have respectively undergone either a
“control" cleaning and activation 30 nethod or the

cl ean- and-acti vat e- bef ore-bond nethod of the
‘invention; Figure 4 is a graph®showing the results of
nmeasuri ng the nunber of transfer defects in a
transferred | ayer, fromseries of wafers that 35 have
respectivel y difiergohea tes thafore-heomet msthod |afartibey
and acti vati omhwediosh oratde clean 9 _
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Figure 5 shows"THe® ¢ § Fhan&oeE dg &ter Bpnading energy
bet ween two wabetsiefeor that ahagsref roef BaschBat orSwha%es that

under gone a fjr.st aning treatnment, then a _second
>¢l eani ng and Héag‘fel v“g{c?eorrgcfr%eﬁ ?Fgﬁg% idr?ﬁ@&ﬁlé“tgeltfeﬁttwt' then
to bondi ng, Butsemandtchidemmirgnmnd iave ivs ttike firesttment

clean, said seeong »dd@AtIENYL Qe %%n%ii%*&fjr e G LY the
clean or a 10 treatment” i'n accordance wth the "
invention. A¥N rddifpalamithcoifitké glesent siaddeseicond

is to reduceddmnunieleiofy dakeels ;and e SW acen or a

roughness of __at | east ,one of the two wafers i ntended
10t 5 be bonded FHFE T HE Grordanse) Witbadde fevention.
bondi ngAepetrgyipetiwvedm toife tht5pwatens. iMe@tion is to

- particul.a , i_nhventj .S applicable to wafer
Cosrelts theaTbse ot cirtae S AR bhcaeUseRng terenarss of
"natti veasti cae odsdihe iy o merfeosi dateadedf tbhee waheed one
intbh%h@p%Eh@Eﬁyﬂy'fﬂ@?é%%%n?heaﬂ nﬁgﬁﬂlghggg&rgg%%gen the
heat treating said wafer or from deposrtion a layer

15of Wadgirde, for exanple. The invention is of particul ar

appl i canbes pheRicLabiilgat ke aRvelkib¥PesSUPstiakBie to
The various t%ps N ﬁ this fabrication nethod are 25
reg§¥%8 Bgﬁgﬁ W Pef8¥&hcett 8% Efgur 82fid, cgifpr being

steptbenstsasive”, 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 SiO; 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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in oxidizing a wafer formed from sem conduct or

material 13 to forma donor wafer 10 with a layer of
oxide 11 on the surface. 30 |In general, said
oxidation results fromheat tPeatment or deposition
of a layer of oxide, for exanple a |ayer of SiO2 when
the wafer 13 is formed fromsilicon. Referring now to
Fi gur eTPB, ePR&I¥ordE WarseF for amder gopdanthroaghavae

ofseilkbsted @ozed W frRg8Sa 38nkMBlapkakihensof satenic
hel i um far exanple.

ci.es such as h en and/ or
TBEC RS EEPs) SREtobeReR0n ShraShRSPRRL afi Sheanbnor
swkdéetred 0s omas et @rfe@limeayzmﬁeldfe w?kﬂa$§fr1?ﬁat A thln

1 ned t neat urface o e

arare 100 mer soo8 2odBPET HeFulefhanahRer s19% AV hih sone
IQﬁeweiﬁnﬁ§8tﬁ@saﬁdrnedthdebthed ehdenbysiHe byytheof
zghRedeOfi1weakness 15 and on the other side by the
| ayer of oxide 11. The oxidized surface of the donor
waf er TRewAREALIREY SuRBeFgont thel danari vafenrif eshich has

reﬁdéegﬁﬁenMﬂpﬂahtégloﬁocgﬁk§e§Ufé@é@eﬁgeaﬂgﬁQEaihfZ
face 2 recejver t he

Ml 5o B2 PR anzharar afobhe TREERRENES B anWrEer 20, the
dPseuesedrVn tbeeai hinbelow. a Ref €an+bgroov-bon&i gHE £ hént

b ht i t act
e eadtps asPRl B LoRt R A this stage. an
annealR%@egt‘E@gl Bowptd ohbdhye bca,r rileel sutfices eihfarce?
tQEeb@@@h”@rbﬁ&ﬁff§ﬁ€olg%9§% dtﬁgn$8@06 wﬁgf%c%fgr

nd the recei ver wafer inally, errih g how
JRHE9d, energy of 20 thermal, mechanical, and/or

cheni cad mi@lé}taée,SU&k)'érﬁ%ale;;ﬁéétfﬁ‘oﬁ:gﬁy%éf&m%% Ly

el Leent,d o delpeprent ol ongLie Zone, O WeSKiets, e
ofhe hbomtonovafef et 0 g ﬂmnmu%@rw@ﬂei sl at or

Phi O e PROML Ll e S P G Bl ol P PRI o
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 optionally carried out to
eliminate any defects or roughness appéaring during
detachment of the thin layer 16.

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

optoelectronics.




10

15

20

25

30

35

t he donor wafer 10 fornms the sem conductor portion and
the subj acent oxide layer 11 forns the electrically

i nsulating portion. This structure has reference
nuneral 30. 30 A finishing stép using

chem cal - nechani cal polishing, for exanple, is then
optlonaII% carried out to elimnate any defects or

r oughné3§ngpeariong sagrnngn dbeadhgenesoef thherehenver
| apeerl6o Hagild @ytf%h%qqyubg %%v@Q@al%gqh'§ nggspds@

for .35 applicati,on s of mcroelectronics
A §5F8éF€§@FoﬁPE§V91?XlﬂPthough not shown in
the fi g‘heea,lmt e Itheeh.vleéntwaﬁeﬁ_szeo(lgﬂbdlaéthoxﬂéﬂ:lluyd of

d I f
DS IERNIES ' BB 3 SRk Sk Ereeln BPL e pRts ger hor
nﬁphb@ndﬁHQS dél-eaniingtardabovevathngohbd suahptes the
b%uQ?ﬁ@%@ ﬁ@'gﬁd/BQ E?nd'@ﬁis'mgt LA hgi onl eliminates
e, the 2 4nd/ 6r Qﬁ

above- nenti oned exa sur aces

TRPEtABLREA tHOP LoABY éF?ﬁiEaréscleénténtnahﬁs @ﬂtlvates
| sRbabadRacki ebese Buhaghso activates the surfaces
to be nde 10 When_the two wafers are then brought

i nto c@ﬁ?ac?he gH@lWagﬁﬁés?Bﬁ FRepePRPBFREAI R NCeREACT,

rebpéct bdaebabdi ig rsinfaeesd(wheat th@aﬁésp@@tﬂﬂ?et]@mln

h t Sai d h cilitated b
CRLEEIEE Ror 82 EParE BhE BRotEnfT abduerBene Bottieated.
aﬁél@oﬁdbgpgﬂdslﬁD§HCDilthEed5bylnhethydrnphﬁbﬂtamature of
'BB§V§GEEQEeQe£$E§Q LBﬁdQ%dégaegorééggg?Qéeﬁ@@% SF %@S
surface of the wafers onded. ef er encé can be
netfee ForaeRasprBlaroinheragtienebebyemn Srenyydergen

: "ét@@ﬁeﬁré§énth8nsthéCQurE@égroﬁoﬁﬁénﬁaﬁ@fgggoébe bonded.

Japanese_.Jour nal of | i ed Physics, vol
10IO Ocfobete1989cap P A@?@%d@lrmfiolf OPERRL e sk? | Hhe dhrtmle

slmyflaceS’aemglzaét om phEm&ff@d@l apelr htlldé ophi 1 &6n bengh ng.
RIS R B O 0 O AR S0l o

28, n® October 1989 pp 1735-1741 for the descripticn

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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the two wafers to be bonded, or of at | east one of
said 25 surfaces using a specific solution, can

i ncrease the bonding energy between said two wafers.
Bel ow and in the clains, thi d%solution is known as a
"surface treatnent" solutlon. Sai d surface treatnent
sol ution .compr.i ses at | east 30 about 97% of a

sol uti GRIGF SdicR efHeomPenia gt é purgr ébépabby, i.e. a
daqﬁuaﬁﬂxWHéﬁhmwnﬁﬁ?kk?béﬂtﬂ%%ﬁﬁiQﬁtmfﬁaﬁ@?cr;?nge
fr 5%t0 n.,accordance wi a

Cq{ﬁe %I% nloco%y&e 15 Wtﬁ\?é:rﬁl GPPPSte ddPPacehromium,
tﬁ@éﬁﬁﬁnmhlSUEﬂRQLIBHMEdan.aan&ﬂo&OESkamn@fcaﬁﬁﬁﬁhﬁants

i prgf I i_oni.ze

concent a1 5o By e are At Re PARLTrr Gt aBgge Bodn

t GEIRLd 2 CS@ﬁ@n§§ﬁ@ﬂp@n06f1@n@@mldpﬁsta paretrillion) for
s@a@b @emen®.. @ solution wherein the concentration of

metal lLc contam nant ;type pollutants (copper, iron,
chron1&ﬁ]aCFPFaﬁPGﬁ]WﬁngéI565PG§1ﬁmﬁiemﬁﬂtétlankaflhbe

camwamtnantsa5sﬁkfhbbuﬂkeéﬁﬁbﬁﬁls?@h%h@?ligoﬁééé'ug}ts

t excee goncentra on o
bR A by K B8 B78 B he b ke T e dahbRog, BATkEion
seéonnmpnphemndt byi ehoof Bheofi phehhidng agsntéaged/or

t lution is used 10 constituted by about 97%
o%g?%gggéggg nmenti oned sol ution of ammonia and by

- about 89%48f ckhbphinggaggehs saahdtorbisdrtactanisanSai such

CB§|ﬂbtﬁgsaGEnl§n§ClntQophﬂgoﬁon&ﬁﬂbﬂa@5§tgﬂfﬁan@§ gxe

Is or ions in solution, wh cont am nan
o?%gﬁinﬁgﬁﬁ?t|ﬁnlh@ﬁ%?FFbFlaﬁﬂ%ﬁﬂhaaﬁ@dmmh%%hWm®¢hd risk

r rekainengi nragpéd appethonbéhgip nﬁhﬂ@rf@é@rfﬁﬁﬁﬁeb¥

R O S SR M S RU

i fepebsete hebteihedi entlye osﬁur:éaimtlaiﬂlt oéaxpammeéaaése V\thhé?h

aé?fiék@ﬁ&’ t Q¢ ZPerhﬁf‘Ql tQe! §r€:9<5 ,%ﬁ S“g?\;‘l{ i Ci
[isters. - Prefera Y, conce

t d to the formation of superf1c1al bllsters

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 sclution 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,
preferably 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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anmoni a solution is in the range 0.5%to 1.6% nore
preferably close to 0.8% Advantageously, because it

is sinpler to carry out 25 industrially, the

above- nent i oned sol ution of anfnia is used at

anbi ent tenperature. However, it may be applied at

hi gher nper at ur es, preferably not exceeding 70C. At
hi gher # Tper et (R ekon 2@tyiaken ream e gt Stcihedses either

su@srmtlxal dbytol e}a@lnﬁl@f%ﬂ? alﬂ% @Tﬁhf%ﬁggdrrﬂe}ln%% brd.lshlng,
ILster t e e ClS e
Qrggﬁ%gé%ﬁi é |va}F PIESRER iEird [T AGhisRtcan, or onto

n‘#%%h‘f&ﬂ@lys,prb@fom) stmmbqlmnt pﬁﬁfﬁlﬁhj y gl r eﬁt : yCon
ate the rQ i
(he bondisg o, Gl M ey e

nature of the ers 1 n con
beee"fﬁ“gﬂteffrre”i rﬂ@wm@ftm ARAFour 935f4ol4l9<3w| ng the

tai;l e
Z'c? ?35@%“??’?3‘%?@“&“‘%a& & bl tabs b, for
tsz?o&élqsréé%@dmmrtqw porshiprg ferably 30

dlsr@micgs ant d }nh&thjrmgms aus;?igf QF ;%%tgl \6§td'_e|g‘i”~of°r1 Qo .
uen ru
bruéhlngfiégﬁ&' o RS géh165§bF%8e@0nﬂéPg sdsApent, for
m@nm@omewiﬁmnébzt&&4aéﬁs The solutlon of
f
s o S ety S Vgl o GEARE 2L

seconds. to 2 m nor e
wpﬁ§gglbgpeg Epr @pepﬁélgr@éeaoﬁng Bqtiipinant) for example

t ct,l At €e qui_pnment
ot oranLe ﬁlflgbggdf"éif?Fbu?XFg R IPhOR: TASLDIRS e =
t%gtgo V|5nb8pcgnnﬁﬁpﬁ EgHiBBENB} stributed from
speC|fThecAppmnngneqhaénEQErlé@roﬁ%agpﬁ&maQ%%§g€§%éPQdy of
" n usj
(F§SPE% %ﬁ&e%§8é g EQﬁéE?§n£%ﬁga%®ppg €N hgwo wafers,
cafitngdsenica @ﬁnpafarsvuhstudya@é réfecbonee Ny @H&éﬁgone

t et fers usi ng series of
aé%gﬁgrkﬁlgﬁéﬁgggpregfgg?%v | 5 Gndet hERE© %rT% ©g or the

"BONEPS| oF cF%%n%%@e%hﬁogctlvatlon nmethod or the 20

met hodriod AMe1 1 eveti & 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)).

In accordance with that technigue, 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.

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
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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The Applicant used an accurate techni que for
measuring the bondi ng energy proposed by Maszara in
the docunent entitled "Silicon on insulator by wafer
bondi ng” (J El ectrochem Soc, ¥blume 138, page 341
(1991).). 25 In accordance with that technique, shown
schematically in Figure 2, the Applicant inserted a

bl BP9 1 Mt *bnkhorumerrdedgeened givesiswenbidiadition of

watiee sbdidimndeRdrg c0NEELIg W, &ach 1t hefo A ed e 10 ang
bopgling interface 17. 30 Application of a nechanical

force via the blade 40 in a direction parall el to the
pl ate dfenhimatiiter fat eirlibndiaus esb i rasordd Aicdgh 105 brium

t agat.i on ,of the ,
e oAl AV Rl R T kY defaemation
bet Gel Pt rurddyeliofg t he wafers 35 10, 20 and |
th [ k ' Repdi ich rrespo

© b o melln, WErRh gy A0 o LORS Lhhl B0, pEREh 3B R CR o

Al

to_t.he .sumof the | ength e zone
oy ST TR DA P SE S S N At 14 anpcopiegations T
ofartche henlsandedt ez @srggi ves an indication of the

bondi n@e%ré§%%)éeexi Sti

ng betvve%n the two wafers 10 and
20. Terninati on 8@%#&0%%9 Ofr 8XpBR&E t 60 the following

edprMugei Gmked Hetone ¢fa stae abendiorgmenergy and t he

el astic deformation characterizing unbondi ng. A nean
bondi ng energy i can then be calg:ulzat ed froma

rel ationship between the |eRafhtofy’t he unbonded zone L
and the surface energy. 10 Reggrgnce can be nade, for
e to the followwng fornula taken from
I\/Eggglrlgpg docunment: 3.E. t3.y2 32.f in which 15 Eis
t he Young' sEmb@ufths ¥punpésmavdulak ofreBenhadbrihe

interface bgiwegp:the 0._and_20; is the
haIf-thickn?SSagé th@ Epgd£ﬁ£8£§acé b&PGeén t¥e Ewo wafers

r

Y is the half-thickness of the blade;
t is the thickness of each wafer.

Said comparative study was carried out using several
batches of structures comprising two wafers of elght 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.

The results obtained are shown in the graph in
Figure 3.

The bonding energy 7 between the two wafers was
measured using the method described above.

Figure 3 shows the bonding energy 1 as a function of
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

treatment for 2 hours, at various temperatures.
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t is the thickness of each wafer. 20 Said conparative
study was carried out using several batches of
structures conprising two wafers of eight inch (200

m) silicon one of which had bken oxidized and had
undergone a hydrogen ion inplantation step, said two

waf ers Pein assenbl ed by mol ecul ar bondi ng. 25 The
results %%tgFﬁga dFeVBndfnd | ot hed gk biph $howsi e er@sults

Thebbandédgwenrr gatthebeme@m&ﬁetﬁéé\ﬂba@éﬂ% %Yaz?fea%es of

h t hod descri bed above. Fi g :
gﬁ%&é“ﬁ%ﬁg%ﬂg?ﬁgggﬂg%?ﬁ?iaa’ér%a?f&%? i oh BENSTE the water
t edperaf up dnahtanéoopt aomavlra*aime_ab% tw.ﬁfék]glmg, (1%]1% rm?]_deatment
" i j t t rrired o or . nours.
cooceny Sk on, e, IBRL e S0 Shndulurytnas
comseATRRRY ohS t FeEme®m (resttel” ot ed meth twhes dvhe

t enper athe ec@se CHLSH 10 @@olﬂpdiiq{éq%’hsoﬁén%%emrnetsults
saj,d. 35 %#eat 2 hours, at various

t i
t Epetat SL N Shatyghe g uiy et s kergbinge it frses of
shoves wahiereshdd suedd B diesl i diehatehesmd nahivh the

baondl faces of .the wafers had undergone a
treafﬁ%ﬁ%“%fﬂ}i%%ﬁ?ﬁf%QF?Mﬂ¥§% Hitd 1A -aneous
act i vatihart By dertumstnitng carhe od eaitmERinDiBeieNg @atildred o

U Ll oL SR Wl R S

terned a 1
a é%FPH)IFﬁed§ﬁ@ﬂé2?ﬁewﬁé§nlis aobbatestratibnbaychesght of

| 0wt clat bahondi nenpinaces obaithectaters bad,,
u%per Qne .a cleanln%‘and activation 10 treatment *n
acd F%&%E&eﬁ O Hoh ETURESt WhED Prrashingatirentafeasri ed
out i nffbdisat erle;eunltisolstQ th@!ﬁdﬁﬁgﬁﬁﬁ%@béh?%?ggi@‘;ﬁP§e .

' Lyt i nmoni a ) ,
Rl e B0 B SAE ke e gHE e Cops5dsdag Lon
aﬁﬁﬁéﬁﬂeﬂéné@raﬁumeﬁdsaud,smhetbondbﬁbnsnéggy T value
dostaiRubedORL arBrUShER, AEN DRI DGRINEABLEES cne

These results show that i ndépenden _ _
t ehBErLhLoPe afadfi éncrrassubsequeateconsehi tdhei on

t eatoBDHat Sofiat kb8EnHE, i 5NEvRPNdhpYI-energy ti val ue

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
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
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
the cleaning and activation step was carried out in
accordance with the invention, as described in
association with Figure 3.
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obtained is higher with the activation nethod of the

20 invention. Said increase is greater when the
consolidation treatnment is over 300C. A second
conparative study was carri ed 6ft to _measure the
nunber of transfer defects appearing in the thin film
16 and He oxide |ayer 11, after detachment 25 al ong

t he zonﬁe" Bf "ieakHEYse 50 Bhrehatenf dektets Biml e thirst

thoseedeasritbed, f ehilbeitahavecigst Werg ssed, FLQULE .4
4 shows the results of this study. The ordinate axis

shows the nunber of transfer 30 defects N neasured
per waf®rthimelapsci ssanshonsed hent @ sl tscObiA Nerer,

i i atches, Te.in which the
LAY b Aphe R el BRt Py L I SD e

abbeS fent 3 Ghednde camme otte nethivh t bnd sesondt Wbt the
bateh&st {on Nt Ms Cha 354 hey &1 gani ng, Hﬂﬁ%%vat|on

d out in accordance W times fewer
step was carrjied out i
RHTTR det

Ve et i & nthis shaven igrtasindd Bgure 3.

i NV _ :
16" cahierairan: meuesniof transfer defects Nin the first

: while it was close to 0.83 in the
second TRy Hi2F 1 R g o ot T e e i

wefagisieds aft dro tmahonditi swhaces ahd homony &ndgy +

' \, n .gane 1t he activation
et S M MR A Sl S G eie and
n&&AS Sy & afistes Fewerf unatdnsf exf dékedtimet Hameavizhi n

| dpetreeht @ 1A s @nvern®AR0! <183 %Ee§1%4?‘é"y’
a third series of conparative tests Vids  carried
t5u§g§§&PetPh§ev5F@€€€fapﬁeb@@ﬁdmﬁgpé@@ﬁgy saibletagens

aadepohawdher unaxirdicaed aaRe rirgRlkant-edcnand %ndr 8CRLVEL i on
V‘@ft% - %.f nction,of gchebtl ge i nterval etween a
flrs? éon&e%ﬁigéglpfﬂgﬁnlﬁg SPEpTPor the 15 surfaces
to be BbAdéwoamdfeosdivagepropaed Sabfl Walersn ah80measured
havgRe YREREZONR A:gMEfage (bpgatapnt and activation

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 energy
T is 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
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step imredi ately prior to bonding. The two wafers were

formed fromsilicon and neasured eight inches in

di aneter (200 nm. 20 The first_cleaning treatnment was

of the above- nentioned RCA ty &. The cl eani ng and

activation treatnent of the invention was carried out
ute, ammonia solution, at a

by, hing, in a di )
coﬁgé#‘rf%?i Sﬁtfff?eﬁeitbﬁt LFshef b 5and 594 nal depudized and

watBet ih Fhguret&bilhessukvendeang. as a solid line

h ined. with waf whi ch had
inger gor EREC“*Lonf Pl SPEh Fatte ¥Se i omes Gestrd b

i ntFeSperREcCHf of Figpiesest amg Yhe 301 Jdei w4 %ed SHOMYASion
a weothed bfFnenshy esul bt ai ned with wafers
whi ch have under g%ﬁ%ﬂgf%lﬁe%ﬁi%én%tﬁaoga% i‘/sgfjrrb‘?l Off and

t r BT T GcR of UéPee a0d meire praeiteln. iThesericating

r esul $GT shgve t habspdtONl y the bonding energy t is
i ncrea when using the treatnent of the invention,

35 but also tnatd tfe H¥hdiHEE Eieryycans irssiasee dritey bonding
v;aﬁrr}]fyrs;}:r,gmfh@cﬁ Mg Es t’dlrrm:him%@rdiaﬂtefﬁiao ﬁ&d%ﬂ%ﬁr@ 30 5
of£; int tween..the first, clean and fin
bofnldisntg,ﬂaeﬁ&[dy at%%lgfléll}f C?hteﬁa ST 88549 hqhare hending
g&ifeY A ks Apptiingeamt has demest reated Hheompletely

| rEedeanGR) 6fi dyrpl ementing the cleaning and activation
5 rreth§ .of the invention in a nethod of taking off

and transfe@gdnldyfer anshéomogengrecitdel purface
f plrepeatitign atepd dayRe esUBSLr ateo gggdﬁ%kq%%ig%n%hgrior

i@geggk n_can _increase the bondi ng neragy,

nmeans at % K&EEFtreria for carrying out a 10 first

cl ean Eartched,otheaacetvationenkeHoReber nRORALRYL$8A can
fenace el PRy, 8 L aBRYeF ! Fpc2Rutnohogen sdoehet the
SUﬁfggetopﬁgﬁgrghaonOQEepercplatedoﬁUhvéBaQePrQﬂﬂéhion
|bﬂﬁs@ﬂé@ébl§5ehﬁaﬁe@giEﬂep&ggfity 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.




Further, the activation nethod of the invention can
reduce the nunber of transfer defects at the edge of
the wafer to |l ess than one per_plate on average,

whi ch consi derably enhances t hed quality of the thin

' Iayer in 20 which future electronic conponents w ||
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ﬁ%gced Finally, the present invention is not
I|mte to an activation nethod of bonding two silicon
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the "H-"g‘(‘:el ver' vvafer |nten
one agal r?sﬁlngl e izad tipe tiah dft feomrindsesng a

Stqlmoqlmmg Lese adtlﬁ&iﬁﬁ-(ﬁp:sih C%Jtrﬁcqtgcp'?ﬂucts'lnﬁ{edlately

0 I - e od bein

c%tar?act g:%lt z C'{ héiathS ESpr! r@és g Irééﬁ’llﬂ@rar{éo

g@@a@éﬁuoﬁ%ﬁﬁﬁmphﬁmﬂg érab @audlmmm@anEEﬁrfh@epbkoﬁuEQaces
ndi,nggal 1 ei.ve o

Q 23aly éﬁyﬁ% o’ Qgrﬁ%@ %% g%FFagégat@fgt 22)

\F/D n% to said bond| ng sur ace oF
CQB‘ GEPA St é‘ltné@atsﬁeab§uﬂ:f 8d& vifeat soAUtiononyPr BRindgia

atNHaaBI ﬂ@owétQZ/ﬁpfe§e§§$P§'@@1851@&?DQM§ %g%ﬁ}%E¥atlon

vv%tegr P efﬁ abl ﬁ dei gni Zed concentT a
y Yl gﬁln i At afgecf iEBﬁWaBéGPtOOOQ@(%tbOZ% 2. A

met hod accor di ng to claim1, charact er| zed in that
the irg Lion Ls constituted a solution of
arrrm;r)'il aé% Cﬁ?g MR ei; ?@i”&rgabl (}haéﬁﬁﬁ?%é@edlhnathat

-2bh%oh@@ﬁtmaﬂtoﬁobytmenghs C@nkhftﬁﬁé@eb§r@”b@b@ﬂlon of

Oaihdnt 9 t.had. CG c alm.,1
c?ﬁar aﬁct er f%ggOH)A ﬂ]ﬁat ]ﬁ’ ea% S sed-s in a
COMRETREFRELBY %boﬂ?l@l?%blﬁ 1ahe 25als@da ufrcnm afodmoni 5 to

(MHM0H) in water, preferably deionized, in a
concentration by weight in the range from

3. A method according to claim 1, characterized in that
the treatment solution is 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 by about 3% of chelating agents
and/or surfactants.

4. A method according to any preceding claim,
characterized in that the solution of ammonia (NH4;OH) 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 (NH4OH) has a concentratlon by
weight in water that is close to 0.8%.




- about 0.05%to 2% and by about 3% of chel ati ng agents

10

15

20

25

30

35

and/ or surfactants. 30 4. A nethod according to any
preceding claim characterized in that the solution
of ammoni a (NH4OH) has a concentration by weight in
water in the range from about 0.5%to 1.6% 35 5. A
nmet hod according to claim4, characterized in that

the solution of anmonia (NHAOH) has a concentration by
web ght metied eactdiading tod mt&&&%nc}%l&@lmA net hod

a Y pr di characteriZed in
tﬁ‘%?*%%‘%%ﬁz%@nb*atﬁﬁﬁ AT REFIS AGaraidermten is
byCHPpHSF iR s vyl an¥wioe taiad nentfand Wi et $lution

t eped adatige At AC O 1 P£ES o/ - 1 Jet hod according to
any preceding clam characterlzed in that the

surface treatnment solution is applied when the donor

el e12 (OGN ORI lafAflec dehq (f%)la%e on the
I n

_ ch|n 8 od accor
precé%ghg €1afﬁ1 5#5Fa iSpEd aa ﬁﬁ@@tﬂﬁ@ts@pﬂ@¢eon is

t E@®@tlime Whﬁﬂﬂhhﬁdeﬁoram@EEQd(ﬁ@ﬂ ankerned deRetiRe - wafer

r an 0 tes 9. An activation
wgtggd%g§igﬁﬁﬁﬁg %onéﬁégpr &Pﬁg claim

characterized in that said cleaning and activation

SBEpA S teder Ia@@oeatlnaytél H}{kt gggg% éﬁ?ﬁg %{I ng said

sukface 20, treatnEnt Solutio Re bondi ng
sGPFARETEF3Ze03 FBaBeth?eéﬂééaC@OtrAahmehbdsolutlon is

aappldedgfbm anyeptegedhngnel aj a z n
tﬁ Ieast one of the two bogg' 20 5ggéﬁ§%aggsb(12

|s Sovered with a | ayer of OXIde 11. A et hod
accordlng to any preceding claim characterized in

t@atAﬁh§c999951$ﬁfﬁé ﬁ&g)?gggrﬁgﬁg{ gng%yﬂéggéédg@g claim,

speci es i nplantation pri
%h%?%@t%éhkﬁ@skn(ﬁEatd@il@l¢¢pamimmraﬁ@y£&tiﬁ£ﬁléﬁ’$E%
tiﬁl’@éﬁf:[@&i od€. b}A é‘ﬁﬁ@@a@éoé@f a%?piy 3,8 ssatu{clfcstl,ll'lJ_[feace

Qg i nt ended, for
atment solution and brushing the bonding surface (12,

22) to be treated.

10. A method according to any preceding claim,
characterized in that at least one of the two bonding
surfaces (12, 22) is covered with a layer of oxide.

11. A method according to any preceding claim,
characterized in that the donor wafer (10) has undergone
atomic species implantation prior to bonding to form a

zone of weakness (15) defining a thin layer (16) to be
transferred.

12. A method of fabricating a structure (30} intended for
use in the optics, electronics, or optoelectronics field,
characterized in that it comprises the following steps:
- implanting atomic species inte a wafer termed
the “donor” wafer (10) having an oxlde layer (18)
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use in the optics, electronics, or optoel ectronics
field, 35 characterized in that it conprises the
followi ng steps: - inplanting atom c species into a
wafer ternmed the "donor" mafe?o(lo) havi ng an oxi de
| ayer (18) 20 on its surface, to formtherein a zone

of weakness 3%5? deflnlnﬂé? thin [ ayer (16); -
cl eani ng &t ISPHGERE t e S £é¢rednf aceonel ) ebakness

sai d donor{ Maf elef(itQhg madial @a&e&“ Qra t.o 5 bondi ng,

LPeiéﬁfrnSan"Zl.e%n%ggsal&t AR Ya Mot el Sibescevetape
of tﬂe dorig2) WéggﬁlﬁlﬂbnmntWaﬁbe SUDﬁa@ﬁméazht@ﬁy prior to
anot her I r "receiver

Wil 1 ng2 Lnegc ég%erp% Ez%?tgaﬁusﬁSPFang to

optionally 10 oXidiz
havi ng beé&h¥Y EF@&ﬁéénﬁn@laamhvated in accordance wth

a met hod —a%aadhags&QdaBEt%%%%Ei' ag eLalm %Q?dpg Lhe donor

det achi ng S%Id th|n Ré and sai d ox
(18) at s¥Pd®Zond0df ofEak §SSPI§¥C?n a2tept asother wafer

t ake t hem(@pp aBdmédaﬂﬁéeF‘rbﬁéﬂ’v@ﬂt’ow§ﬁég r&:ﬁl\gi&%lly

wafer (20)4 é§26@ ng %ordlgg o clal m

charact er i 280" A f hAT FuE AfFi $88) aCRbheRR | Hut haging been

anneal stébebeedeendthetﬂ@abeddnﬁga@&@iuém@bt&&%h a method

det achmenf -8t ep;ind4 t fabr catin -
t ln% toﬁh ng %é%t%r% i%@@ordlng

sen1conductor on-T nsul at U
to clai m129®raehipen amid blhamabamr zebl6)| nartchaéaicheoxme

donor \NafEéyéﬁ-O)lS)S PE oghuced, oo fLPM A seM €0 Ftajlor}morder

mat eri al . thod according to any one o

12 to 14, c%aa QAT AL | 304 Hafan ke r ohem waftey (o)

I S producezsceiramwsifesserhsjlicon. 30 16. A net hod of
fabricating a silicon-on-insulator (SO) type

structure (30) according to claim 14, characterized

i A3t hét meleodoacronding €20F1asmplodueRdrh£08YSELHCOR that

it comprises a consolidating annezl step between the
bonding step and the detachment step.

14. A method of fabricating a semiconductor-on-insulator
structure (30) according to claim 12 or claim 13,
characterized in that the donor wafer (10) is produced
from a semiconductor material.

15. A method according to any one of claims 12 to 14,
characterized in that the donor wafer (10) is produced

from stressed silicon.

16. A method of fabricating a silicon-on-insulator (SOTI)
type structure (30) according to claim 14, characterized
in that the donor wafer (10) 1s produced from silicon.




