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WO 2005/013338 PCT/FR2004/002040 Production of a Structure
Comprising a Protective Layer against Chemical Treatments Technical
Field 5 The zresent invention relates to the production of a structure

inteh B 18P&fdcf onics, optics or optoelectronics comprisifg &/EBAARH/002040

layer, the production of the structure comprising a chemical 10 treatment
employing chemical species liable to etch the buried layer. In this

do&GMERE tHetermibitiedayer Wil e applidd o anyrlaysrssithined ibaver
stractaterand Chaviag ntatesakabove and below it in this structure, with
material properties substantially different from those of the adjoining

material. Prior Art. 20 The contemporary structures intended for
elmtoelectronics are principally intended to be
semiconducting, often comprising such layers, for instance SOI (silicon

on inSl}'ator) @@@t%@t@@ﬂf‘ V!@%Fﬁ%@ﬂ“%'f‘é(@é? %elgﬁtéicﬁlkyoduct ion
et S S R e WOl uShE Bt 16k SnE BT ol GHRGSE o

these structtires or wafers :fr%%ue
tecHRiGURRSS e bt Bonding-betiieehrwafers; removalef 30 thinvlayers. the
Thpﬁed@;amwfs for proau@ingsﬂi&té%a@ﬁ@fﬁ}@re ﬁ&ﬁ@ly dmplemented i cat
posteri t jme as, and/or after chemical treatments

em%%i%jfeeﬁi4 Fo?rl%/aﬁo&gs%ﬁe,ggdgns%ﬁ% %@s%esgn‘“:ir?g}" fiie vHvéfae%r> or cﬁgm&iectacﬂlg} che
35531EHiRY ordYSiimore layers). In certain cases, however, these chemical
treatments may impair the quality of the structure which is produced, in

particular by maneging ta st 2005013333 RGLER004002040 17 1
applied tec any layer contained in a structure and
having material above and below it in this structure,
with material properties substantially different from

those of the adjoining material.
Prior Art

The contemporary structures intended for
electronics, optics or optoelectronics are principally
intended to be semiconducting, often comprising such
lavers, for dinstance S80I (gilicon on insulator)
structures in which the buried layer is an electrically
ingulating layer, for example a layer of $10, or Si;N,.

The production of thege structures or wafers
frequently uses at least one of the following
techniques: epitaxy, bonding between wafers, removal of
thin lavers.

These techniques for producing structures are
usually implemented posteriorly, at the same time as
and/or after chemical treatments employed for wvarious
reasons (such as cleaning the wafer or chemically
etching one or more lavers).

In certain cases, however, these chemical
treatments may impalr the guality of the structure

which 1is produced, in particular by managing to etch
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one or more layers which are buried in it. Even if, by definition, a buried

layer does not seem to have any contact with the exterior of the structure

in which it is buried (and therefore does not 5 have access paths for the
chebcHISHE3RY this is not always in fact true, particularly §f¢ERa04/002040
where: - it has a contact with the exteriof ai the level where it is flush with

the edge of the structure; 10 - it underlies a thin layer whose surface is in
coftaBt With The @xtelBE dhdWwhich esmprises achumbértof defects that

may constitute-as:many acgess pathistfosihie ghemicatetching:speties:tonot
the-puied layen, Iy dnese gefecta being for @amplerensiiaing defegss, .
contaminants, precipitates, etc. These intrinsic etching problems of thie
layerE BaRed i tfuctirksard entdumerdd Partitbfrly s "akessviisigs not
thesevstructures have @ parficulady.¢hinh2t layet atthecsurfgcesanicson thenot
buded; layer itypically of the.ordex of a few.tens of nanameters, in which

case the presence of defects in these thin layers may have dramatic
consequences of the tiilitf of the fikal stfuctire Oitairfedt Whentsait ©he
chemical etchind species’ 25 gre idmployed. Tais probtent iscencdunteréd the
particularly in the rghemigaktreatment, based on hydrofluoric acid HE, of

Soi (silicon on insulator) structures customarily comaprising a particularl ,
thin(useful layer of sfﬁ%ér‘? gléensa ?ay%e%l%)? ’6y§,e§:n %%ﬁ%qst?glégace S
conventionally of BHicoR: sucH Hietchintbeingruisedliparticutadfor which
deoxidation afteramoxidizing heat treatment, ferr examplec: #fdhe siigen may

layer has defects sugch as those 35 mentione Qve the bgﬂed sz ‘h
layer risks being etched by the HaF smtl%%r?A (?é%eg'tgof about 100 ~© ©

nanometers or MO Edcta St 18R ThEY forinstifice givé écesyer

to these defects being for example penetrating

defects, contaminants, precipitates, etc.

These intrinsic etching problems of the lavers
buried in structures are encountered particularly in
cases where these structures have a particularly thin
layer at the surface and on the buried layer, typically
of the order of a few tens of nanometers, in which case
the presence of defects in these thin layers may have
dramatic consequences on the quality of the final
structure obtained, when said chemical etching species
are employed.

This problem is encountered particularly in the
chemical treatment, based on hydroflucric acid HF, of
5071 (silicon on insulator) structures customarily
comprising a particularly thin useful layer of silicon
on a layer of 85i0,;, and a substrate conventionally of
silicon, such HF etching being used in particular for
deoxidation after an oxidizing heat tréatment, for
example.

If the silicon layer has defects such as those
mentioned above, the buried 810, layer risks being
etched by the HF zolution.

A defect of about 100 nanometers or more in

guch a silicon layer may for instance give access to
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WO 2005/013338 PCT/FR2004/002040 - 3 the buried layer, which,

under the effect of the chemical species, may lead to the formation of

holes in the oxide layer measuring several microns or even tens of
mictoRSRiddidter, these holes also being referred 5 to a8 CdéEBREHAE2040
(see for example Figure 2). The defects n useful layer, also referred to as
HF defects, can therefore have a dramatic effect on the quality of the

bufiéd layeraie®dn theveitire sthdctlive, whicteis whyithe pdrSentskilked inche
tha:wﬁnﬂz;cbdafimﬂaeé@ H%%@fegfa{@ b%"kﬂheg' @gg@tggg presenceQf | .
HF_defects jn;proximity to a buried Si02 layer can cause damage to an

v e B R A T agg o ven tens
prévfuciPg-détaenabte StBERARE byt s eenielling tid Bending ehergf arred
described pasicutartyiiorpatentsR 2f823 bA9ntbepreduction principle

being based %§d3g|ggépg banding.forces QEtV\éere’n aaausbgtr%%ef%nq: a: o
wafer (or_a thin layer) which are bonded toget gr with respect to optima
bofding 206y Grdafing GANeakEMER 7R therein, the' sapstiats- wafer (br on
layeheassemBly forming thehdetdchabled substrate. |athe case of-an Hmtire

tregtment:of a-detaehable subsirate.and when.sucha wepkaned zane. .+
lies,in-a 25 b%gee%éhi%necfg fSiOZ,tseverall roblems of etching the
buficd Si02 may arise . pafticurarty if: = th& bonding &rerg§ Ha& Hot been

controlled opfikfallpEaeagsForekarniple defirrtod weak, deadingityedge a
delaminationsoblenas;dhatds to sayv3Q digbendiag problemsofsilicgpearer
arains iich e @t the. periphen.pfthe jayer {see for example Figure 5)

or if - HF defects are present in the l%lyer underlying the buried thickness

of Si02, decol&tibhs 85 therrlselng Eréated i tHesaibiried Sayasis ey by
theeffectcaf theddF speicies. Beeausienef the baading are described

particularly in patent FR 2 823 5%%, the production
principle being based on reducing the bonding forces
between a substrate and a wafer {(or a thin layer) which
are bonded together, with respect to optimal bonding,
by creating a weakened zone therein, the substrate-
wafer (or layer) assembly forming the detachable
substrate.

In the case of an HF treatment of a detachable
substrate, and when such a weakened zone lies in a
buried thickness of $i0,, several problems of etching
the buried S5i0; may arise, particularly if:

- the bonding energy has not been controlled
optimally enough, for example being too weak, leading
to  edge delamination problems, that - is to say
disbonding problems of silicon grains which lie at the
periphery of the layer (see for example Figure 3); or
if '

- HF defects are present in the laver
underlying the buried thickness of 8i0.,, decorations
then being created in these buried lavers under the
effect of the HF species. Because of the bonding
imperfections that exist in the weakened zone, these

decorations tend to be greater than in the case of



imperfections that exist in the weakened zone, these decorations tend to
be greater than in the case of - 4 optimal bonding. These decorations
may, for instance, be from 10 to 160 times more than in the case of a
non- detachable substrate; the thin layer which lies above the decorations
then risks losing some of its rcilgeidity and tearing, whicP may, lead to the
P UsPBRENn e anrgﬁdesToﬁ e Warsrand therefbre’to cRtaminktion <+ ©°
froprobléms:duringdhet subsequentpratessesiim SOl structares,«detaghatobe: -
gec3HhsliatEs o other structures, (see for eﬁg@? GIGULE T i@bgr_ 0c tne
attempt to overcome these problems of chemical attack of buried layers,
de chrf iproveméEREn thel gality 8ftheduséfefaye?é hastiSeer 58ughtby and
redeghging,hecdefect deasity thereinethysgivingdessrpesshieaccessto the
the buried oxide. Other techniques in development tend, during the

"2 ffemicHl tr&SMEHS Implefentsd - eftibidy Enehifichr spitieS Wwhith aké®

sutlesgaggressive vissavisthe Buried Byer. Summary of ¢ke Invemtioachable

Embodiments of the present inventio k to offer lution to the
o o By Ehe ] ALK Of 155 b IR Ao B 0

first aspett obtiitepresents aniion tthere s jrowted emettiodforems  of
chd¥0dueing,a alructure \A@hﬁe@raﬁtyﬁﬂayer%&mtemﬁlﬁgé%@é%@rom@s, the
optics or optoelectronics comprising a buried layer, the method |
U omising THE folfSwing stepsE BifatiGit of RyarSbf the struttarée the
de fomprising the formationof thedwried-tayer; bechemicat treatment-efibe to
thestgu&:}'gtired em g) ing chemical species liable to etch substantially the
material constitu ing the buried layer; characterized in that step a
comprises-fherforptation andkie burietblayepphaiprotéstive laybrr itself the
cnelse buried.ofa Jnaterial selacted toywithstand sufficiently.the shegical; o o

attack of chemical speciesof -5 .
which are less aggressive vis-a-vis the burled laver.

Summary of the Inventicn

fmbodiments of the present invention seek to offer
a scluticon to the problem posed by chemical attack of the
buried layers. According to a first aspect of the present
invention, there 1is provided a method for producing a
structure with a plurality of layers intended for
electronics, optics or optoelectronics comprising a buried
layer, the method comprising the following steps:

a. formation of layers of the tructure,

comprising the formation cof the buried laver;

b. chemical treatment of the structure,

employing chemical species liable to etch

gubstantially the material constituting the buried

layer;
characterized in that step a comprises the formation on the
buried laver of a preotective layer, itself also buried, of a
material selected to withstand sufficiently the chemical

attack of chemical species of



the treatment employed during step b), thus blocking possible accesses
to the buried layer through which these species could infiltrate. Other
characteristics according to example embodiments of the invention are: -

thStep-akMNay-cempese bonding of twonwafess:srstep o) MaYLERMPHSSc king
bejgr__e bonding, the fgrmation of ghe Iz%e%to bg bgggd and of the . h
POTtotttive fayer atthe Surface of it 1645t oRe Bondiht Sifact b Bhe =53¢

spanafer -cstepd) Indy comyprise, before bonding, the formation of the layer
to be bugied on the hond %Li@%%ecff 0%%8&%%?; wafers and ihe .

formation of the protective layer on the bonding surface of the other
enypsferardtép @) may coniinisel @fte? HOhding, a reduction of one of the

two wafersdpemeansyefione afthesfollowing techiiqugs: Smart-Cut(r),
detachment level with a porous layer buried in the wafer to be reduced,

lateral sélectvé thefricalMttack of BALYEF fappifig, Polishity ENtB:  he
foxtheniieal etchingheabrasion; sathatonyaitn layer aliovenhthepprotegctiveve

laylé%yrera{%m‘gllu%; 9f he.reduged wafer; - the é%{gc%lé%é%e%eds%%%%@'”%o one
tep a) may be a semiconductor-on-insulator structure, the buried layer
wafeirg at least a part of the insulating thickness of this structure; - the

protective layegmay alsg be cantainedsin the inguiating thicknessof thecn o

structure; - the structure formed according to step a) may have a
Foifedienied Yonk e theAligakéried Zorie Tha§be dh inférfacerbetieen thio? o=
of layersoat least one ofifTe two dayersaving-adough surface; -isfepagtive
layel SRt “Iéef]ebQ%@Oir%ggos”%%%’égeoﬁfor@}laé'oé‘t‘%fe?iwﬁaal‘g??d Z0Ne On one

g surfaces of the waféers by chemical roughéening. According

to a secondsaspect of tizey prazant linventioh; thereds proided aneduction
ofaBB@I@?nEﬁéa@dgemggey%ﬂ%@ means of one of the follecwing
techniques: Smart-Cut®, detachment level with a porous laver
buried in the wafer to be reduced, lateral selective
chemical attack of a layer, lapping, polishing, CMP,
chemical etching, abrasion; so that only a thin layver above
the protective layer remains of the reduced wafer;

- the structure formed according to step a) may be
a semiconductor-on-insulator structure, the buried laver
being at least a part of the insulating thickness of this
structure;

- the protective laver may also be contained in the
insuiating thickness of the structure;

- the structure formed according to step a) may
have a weakened zone;

- the weakened zone may be an interface between two
lavers, at least one cof the two layers having a rough
surface;

- step a) may comprise, before bonding, the
formation cof a weakened zone on one of the bonding surfaces
of the wafers by chemical roughening.

According to a second aspect of the present
invention, there is provided an application of said method

to the



- 6 production of a detachable structure. According to a third aspect of the
present invention, there is provided an application of said method to the
production of a semiconductor-on-insulator structure. Presentation of the

produbiGHIeS Flgure d.tepresents a selof o wafers bonded together,

showing a step of a method for forming an SOI structure. Figure 2 |

represéifts SO strbcture accdtdiflg tétIRE Prior aft. Figlife 3 PESIERRAts
inven@d QI structyre accereing dedhe invepion.Jzigurs4 EPresents dethod

detachable substrate. Figure 5 re(gresents a detachible substrate

£O “hEcEoTdity o the riorart Fibhre 6 Teprésetits a'sibstraté ackomtiig ts the

invention. Figure 7 represents a detachable SOI structure according to

Pres e@ga@i%rnqr&fig%e 8 irSB_rEeessents a detachable SOI structure acco_rding to
—thie mvention. Figure 9 Tepresents a set of two bonded wafers during a

step of BFdEcing alSpeciiesttdctite, dhe oPthe T® waldstseingraded
roget@@iachable suhstrate. DetailedDescriptionof thelpvention: it és asprinsdal

object of the present invention to reduce the number and size of etching
STIUCkEfeRts of a layer buried in a given structure, when the latter undergoes

chemicabtreatnients:tiakiedoteichsthe Inatedatkoftherburied layet \When a
fhe Dbu%%d g?gr is etched, the etching takes place locally and extends over

Fdelimited zones associated with features of surrounding structures, which

may Edrstitte dccasPpatefor chemicaldtchiigh WO 2095/@13338ling

ro +HRCTAERZ2004/002040 7 species to the buried layer.

Figure 4 represents a detachable substrate.

Figure 5 represents a detzachable substrate
according to the prior art.

Figure € represents a subsirate according to the
invention;

figure 7 represents a detachable 8501 structure
according to the prior art.

Figure 8 represents a detachable S0I structure
according to the invention,.

Figure 9 represents a set of two bonded wafers
during a step of producing a specific structure, one ¢f the

two wafers being a detachable substrate.

Detalled Description of the Invention

It is a principal object of the present invention
to reduce the number and size of etching defects of a layer
buried in a given structure, when the latter undergoes
chemical treatments liable to etch the material of the
buried layer.

When a buried layer is etched, the etching tzakes
place locally and extends over delimited zones assoclated
with features of surrounding structures, which may

constitute access paths for chemical etching
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Etching of the buried layer is principally due to: i) the presence of defects
in proximity, 5 particularly when the buried layer underlies a thin layer; ii)
strong action of the etching solution on the structure by: - long exposure;
YOO 86( H88ing of the chemical species liable to etch R fRBESAA06£040
the buried layer. As regards the first Catise (i) for etching of the buried
layer, it is principally encountered in the 15 case where a particularly thin
fyer has one ofite suwfaces in egatact with the buried layer and the other

of its surfages.in;eentact withdhe gxterigr. Thisis becayse eyen,a Mipory, ¢
gfpct in such a thin layer, which may amount to a few tens of 20
nanometers, can represent an access path for the etching species to the
buried laye¥! The-hature3'sftRese defeéts VAR Sthey may; forexaripie Ly,
be defects penetiaiingi thiough $he thimlayer, thuseprovidingdicect ageess:
to 25 the buried !ﬁ%’&é‘r-m%% %e %Eatingadeefgqts may have various
causes, in particular associated wit the p%ceés of producing the thin
layer and thé ‘quality 6Fffs Tohstittent niaterial- 901619 kadwntfgn on
example, that anEpitaxialty.cgrowsn layer contains few defects of this type,
and therefore presep&%k@%%ror@&gf;damaging the buried layer
underlying it during the chemical etching treatment. 35 However, .
techniques for produding Ghert&ersZin Sther CaBes TBGHIIHE Prod &N
moving layers from &aiddniot substratettota tardet substratei his isfin the
particular, the case with-the;WQ-2005/013338 PCT/FR2004/002040

As regards the first cause (1) for etching of
the buried layer, i1t is principally encountered in the
case where a particularly thin layver has one of its
surfaces in contact with the buried layer and the other
of its surfaces in contact with the exterior.

This is because even a minor defect in such a
thin layer, which may amount to a few tens of
nanometers, can represent an access path for the
etching species to the buried layer.

The natures of these defects vary:

They may, for example, be defects penetrating
through the thin layer, thus providing direct access to
the buried laver.

These penetrating defects may have wvarious
causes, 1n particular associated with the process of
producing the thin layer and the quality of its
constituent material.

It is known, for example, that an epitaxially
grown layer contains few defects of thisg type, and
therefore presents a lower risk of damaging the buried
layer underlying it during the chemical etching
Treatment.

However, techniques for producing other layers
in other cases require production by moving layers from
a donor substrate to a target substrate,

This is, 1in particular, the case with the
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- 8 methods for fabricating SeOlI (semiconductor-on- insulator) structures,
in which case the thin layer of semiconductor material cannot be
produced on the insulating layer by epitaxy. 5 These techniques of
Yoviagsa&3itsferring thin layers typically generate ten %8 R366d/002040
defects than when epitaxy is employed: The structures then present
buried layer etching problems. 10 Referring to Figure 1, a technique of
transfersng layers froMabdonortsubstrates6®d a reCetver substratecl - on -

capventionally comprises-wo main steps: bending of the twa.substrates
and 6 Ievgl 15 with a bgndigglinterface 5; reduction of the dc%[ﬂor substr%ta%

ST OTAER B fiRAlly provide & Substratd @ompfiing e Fec&iver stibstra
Irgnd & thindayery wWhichy issthetreraining part of the donor substrate 20
6. Thef blonfimf may bereargad oubby zﬂ&ﬂi@%%bﬁ:ﬂdh@%@@aﬁgﬁgiﬁﬂ@r%in

owerful surface preparations to improve the bonding ene etwee
st Lang 206 I B8 ety Gar or exaricle SXbORS ="
WaFracES id-B& Bonded T aPra&Sma (for example oxygen) , cleaning,
brushing. Foraningsmay thus-be provided pript-tosthe: bongding efthe 1aver
bonding layers, 2 and. 3, level with at 30 least one of the two surfaces to
be bonded, followed by sui}able heat treatment, for example applying

thermoset " &dIEsvesor adfiesivEd Which car be sét by &55HEatIBHEof UVE
radiatide onithg sufages to béonded, glcforming okidedayers. 85 Fhe a

“langr substiate, 8 pay be fedusgddy: Pragressivelyeliminating dhe donar,
Ssgggtsra}te by polishing and/or chemical etching vi‘a the rear face :
- bending of the two substrates 1 and 6 level

with a bonding interface 5;

- reduction of the donor substrate & in order
to finally provide a substrate comprising the
receiver substrate 1 and a thin layer, which
is the remaining part of the donor substrate
&.

The bonding may be carried out by molecular

adhesion.

Particularly powerful surface preparations to
improve the bonding energy between the substrates 1 and
& may be emploved, for example exposing the surfaces to
be bonded to a plasma (for example oxygen), cleaning,
brushing.

Forming may thus be provided prior to the
bonding of the bonding layers 2 and 3, level with at
least one of the twc surfaces to be bonded, followed by
asuitable heat treatment, for example applying thermoset
adhesives or adhesives which can be set by application
of UV radiation on the surfaces o be bonded, or
forming oxide layers. _

The doner substrate 6 may Dbe reduced by
progressively eliminating the donor substrate by
polishing and/or chemical etching wvia the rear face

(more familiar to the person skilled in the art under
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(more familiar to the person skilled in the art under WO 2005/013338
PCT/FR2004/002040 -9 the process name "etch-back" technique), or by
separating the thin layer 4 from the donor substrate 6 level with a
Wrg\ﬁ%%’@/l@\?’ﬁkened zone 15 by applying thermal and/&Chddraeap2040
energy; this weak zone 15 is 5 advantageously produced by controlled
implantation of -atomic and/or molecular species level with it (these are
Féferrediras Start:Gutdechiigues) 8RbY: rendefinlral sinface porous by
teveh with it.J hese weafgr-prodyetiondechriguesicausegefects dd-tonre o
ear in the thin layer 4.being produced, for, instance penetratin ‘
e i B e tor BRI
pofidtiag my G exERTpIE EaiRe GAIRAEY in thetRickiseds Parading s
s thin layetds 15 whichds derthetlyyChemicalb-atthing during anetch-hacks

progess may-efeh the surface of the donar wafer 6 yneveply, for ..o

example, so that the layer buried under the thin layer 4 becomes exposed
Af Gertdiff pBEiTiGHs. 26°The8yer Aofhaltn a F6io0E Wekkdayeras oV
mayipresegt poiatdéfects acoemtuatéd bylthe subsequent treatment of

removing thepatoys:layer aftelsdetachment. -Fhe technigues for finishing o
the thin layer 4 25 oE)quaine ﬁ:lftgr r?ducing the donor wafer 6, Whi%} are

%\%va%%@e%ﬁslylgmp of/eed, méLly alsd’ 6@5 rise t& ﬁ]len%pp%]é?gﬁlccee . for
pepefrating Hefets: Ahellewing firishing techniques may be mentioned
by way of example: pelishingeehemical F3Q.gtching, abrasiolce of the

ombardment with %F%j%ipe% S gacrificial oxidation. Other defects

OTCL Wa T may, L L exa auge
such as metal contaminan aggregateg, oXygén prec:|p|tate§3, méta

PrEGFiItate or A CKIAY fatiE HiayevaRhER sE Pentalf in‘théthih 3per 4
dayeriat ie surfaee] and help chemical etching species

Chemical etching during an etch-back process
may etch the surface of the donor wafer 6 unevenly, for
example, so that the layer buried under the thin layer
4 becomes exposed at certain positions.

The layer 4 formed on a porcus weak layer 15
may present point defects accentuated by the gubsequent
treatment cf removing the porous laver after
detachment.

The technigues for finishing the thin laver 4
obtained after reducing the donor wafer &, which are
advantageously employed, may also give rise to the
appearance of penetrating defects.

The following finishing techniques may be
mentioned by way of example: polishing, chemical
etching, abrasion, bombardment with atomic species,
sacrificial oxidation.

Other defects such ag metal contfaminants,
aggregates, oxygen precipitates, metal precipitates or
stacking faults may nevertheless remain in the thin
layer at the surface, and help chemical etching species
to infiltrate the structure as far as the buried laver.

The problems which these defects may posge in

conventional SeQl structures, and the golutions
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to infiltrate the structure as far as the buried layer. The problems which
these defects may pose in conventional SeOl structures, and the solutions
WO 2005/013338 - 10 - PCT/FR2004/002040 provided by the present
M2AHOR d38er to resolve them, will be described wittPfefekE3884/§02040
Figures 2 and 3. Referring to Figure'2 ah SeOl structure 10 5 according
to the prior art is presented, that is to say one consisting of a support
pulsstiated, &puried: insuiatirgtayer2eand anhintayer oksenticondstorve
material g Thiss3e@bstructyreiispreducead: forexample, 20A6e0iiAg 10,3
production method described above with reference to Figure 1, the
onding interface 5 lying inside or at the surface of the buried layer 2. In
this context&evEFa Variafts of behding techAiuesafdy BeE-fouAd Y the 10

hoolcrGemiconduetor 1h-WaferBandiag Seienceant, Teehnolagy” {Q-Yay
g : le, a Wiley In jence puhlicati ohnson Wiley. &
;S%%s,%g%%’?sﬁ[ﬁjctﬁ\r% 1% co%g)i%lg%%fegglﬁ%%% %n Ig}'/et 2, sf%hrés? d
SR GG BccesETor cheichl 20 btthihg spéies 0 thé BoHea ey o
ot theisaketof simplicity in the figures, the defects 16 and 16' have been
representedias-being, pengitating defects, ajthough.it must-gf.course b o

understood in this schematic figure that tqaesg defects 25 may be of any,
B 7 For SarbpiBPITES B SHeAt nerion s RoraREEio it
Figiee 2ntwe presefcoof theldefédts 16and 18y inihé thifdayer 4 wily ing
allew dke shemical-spesiasrtoreash the bured layer 2-leuel with 30 the
interfaces ?fn thq:ll%/ers goanntd ff{,tlocallé géchat{ue vbéyltied I%er artld us ..
form cavities 17, S respec?lvely, also referred 10 a8 decorafions 17 and >
17 PRingipRafly, thidtypgecof thitviyer 4#is the book "Semiconductor

Wafer Bonding Science and Technology" (Q-Y. Tong and U.
Gogele, a Wiley Interscience publication, Johnson Wiley
& Sons, Inc.).

This structure 10 contains defects in the thin
layer 4, such as those giving access for chemical
etching species to the buried layer 2.

For the sake of simplicity in the figures, the
defects 16 and 16’ have Dbeen represented as being
penetrating defects, although 1t must of course be
understood in this schematic figure that these defects
may be of any other type, for example impurities as
already mentioned. ,

Referring to Figure 2, the presence of the
defects 16 and 16’ in the thin laver 4 will allow the
chemical species to reach the buried layer 2 level with
the interfaces of the layers 2 and 4, locally etch the
buried laver and thus form cavities 17, 17,
respectively, also rveferred to as decorations 17 and
177,

Principally, this type of thin layer 4 ig
intendead to receive components and the buried
ingulating layer 2 1s intended to impart certain
properties to these future components, in which case

the presence of these decorations 17 and 17’ may be
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35 intended to receive components and the buried insulating layer 2 is
intended to impart certain properties to these future components, in which
case the presence of these decorations 17 and 17' may be WO
FHOEABE8I8CT/FR2004/002040 - 11 detrimental to t(AETYHRREHED02040
these future components. Such probléms may arise, for example, in an
SeOl structure for which the buried insulating layer 2 is of Si02 and the
drdmicakreatnént viich dumidergoests Enspley < a tthemicalngotution: s .
comprisingshyetrofiyeris, 1agics HR, Fhese HEcherpical uegiments ey, o

ommonly_employed.in the field of semiconductors, especially in the
R T bl (65 o A1t o ion 18 SOKES 2
oFtheistiicture? 10 SBtainedefor exhniple safierthe wieé ©f okidizinghieaes
treglmagnds. Bxpeswre of dhis stwctre O presepting the; defgets dbiand-; -
16'.tg9 hydrofluoric acid etching then 15 causes the decorations 17 and 17'
In the buried Si02 2. Owing to the ability which HF has to propagate along
a non-stabhiz&8 fnterface, SHETAS the infeFRREBatWeen HKE layEPPERRIL Y
theplayeed level witle thed défectH16, thendecarations A7, angsLE canreachn
sizes 20,muchaiger han the size ol he.dafgcts 16 and 4G WhEh  =1n2)
respectjvely initiated their formation, For defects 16 and 16 of the order of
ﬁ%?%{ﬁ. = éfrrlnicr% in 5U&rag8 WAMERT, HE themital réathéitican 10

thusacreate defeats efsoyeral mictons; orlevem: 25 abbutiendnicions heat
averagediameter, in the buried layer Si02 2. This is why these so-called
"HF" defec&sxare &?gsecgfin rti}(leifgmilg/t%fu 'cillelg" defeocts by the person h
skilled in the gr?,sbecause they'can irreversi 1Ily 30 &estrgy ggs?g fifidht B0
PafT ah Sed| sirdcturt 10 L Referfifg fo- Figute 3,28 WAy a6coriig t6 e
investien of pratectingthecdhuyrierzlayes2 from an the buried Sic, 2.

Owing to the abkility which HF has to propagate

along a non-stabilized interface, such as the interface
between the layer 2 and the laver 4 level with the
defect 16, the decorationg 17 and 17’ can reach sizeg
much larger than the size of the defects 16 and 16’
which respectively initiated their formation.

For defects 16 and 16’ of the oxder of from 0.1
to 1 micron in average diameter, HF chemical treatment
can thus create defects of several microns,e or even
about ten microns in average diameter, in the buried
layer 810, 2.

This 1is why thege so-called "HF" defects are
classed in the family of "killer" defects by the person
skilled in the art, because they can irreversibly
destroy a significant part of an Se0I structure 10,

Referring to Figure 3, a way according to the
invention of protecting the buried layer 2 from a
chemical etching treatment is proposed.

To this end, a layer or a coating i1sg placed
between the buried layer 2 and the thin laysr 4,

This protective layer 3 i1s made of a material
which 1s etched less or not at all by the chemical

species employed during & chemical treatment which the
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chemical etching treatment is proposed. To this end, a layer or a coating
is placed 35 between the buried layer 2 and the thin layer 4. This
protective layer 3 is made of a material which is etched less or not at all

BAHEEHRHAES species employed during a chemical treB&H&RIMCHNAGS0
WO 2005/013338 - 12 - PCT/F122004/002040 structure 10 undergoes,
and in particular by the chemical species liable to etch the buried layer 2.
FThissrotactive ldyer Bndaydegproduced] accordingptortsaittl ar by the
aferementiongd-techpiquesfor S preducing thin Jayers, or agcarding to
other techg@ygs. Folgoeg(gir:ntpj%, it may beproduced by epitaxy if it
consists of a crystafing material. or by deposition df a¥omit Spedies’oHaed
30 8¢S 10T he Primasfufction b tigproteetiiallay et Scistopretect ther
butied tayer 2 against chemaigal-aftack.dis congtituent meateriakand its 10
@%I?Q?is&@é% ‘therefore selected above all so that it presents a 15
significant resistance to_etching by the chemical species. The protective
layer 3 shoUfF fufthéfRofe theref8fvhabe altkieRHESS gradtepPlaRRtE 1L
minimwms ithickness belowywhighltican present Hiks ef:being 20etehed on

100 mugh in its thickness. The structure 10 is advantageously produced

according to one of the techniques described above with reference to

Figure 1, by HiedHs 8Fdre oHHe oIy tdchniqURsARich Wete lisiger 3
iiferet 25 Theclagert2 tolbe bbmed and/ol dlye protectivg dayert3 artthencal
Jermeadhefore bonding. In a first configuration, they are already contained

in the wafers to be bonded, for example . dyring prior epitaxial growths. 30
Ina secor%%c%nflcgour}gg&r%,utﬁréé a%ar% %ﬁ%gé‘g&%slylf% med on'the®= 2re
%%ﬁﬁﬁ@Qﬁﬁﬁﬂﬁ%%ﬁQﬁ@d above all so that it presents a

significant resistance to etching by the chenical
species,

The protective layer 3 should furthermore
therefore have a thickness greater than the minimum
thickness below which it can present risks of being
etched toc much in its thickness.

The structure 10 is advantageously precduced
according to one of the technigques described above with
reference to Figure 1, by means of one of the bonding
téchniques which were listed there.

The layer 2 to be buried and/or the protective
layer 3 are then formed before bonding.

In a first configuration, they are already
contained in the wafers to be bonded, for example
during prior epitaxial growths.

In a gsecond configuraticn, they are
advantagecusly formed on the bonding surfaces of the
wafers to be beonded. |

Preferably, the buried laver 2 ig formed at the
surface of the first wafer to be bonded and the
protective layer 3 is formed at the surface of the
second wafer to be bonded.

These two layers 2 and 3 may thus be used as

ponding lavers, in addition to their first functions.
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wafers to be bonded. Preferably, the buried layer 2 is formed at the
surface of the first wafer to be bonded and the 35 protective layer 3 is
formed at the surface of the second wafer to be bonded. These two

M8 84338 nay thus be used as bonding layers, in JRfdRiGR 160482040
first functions. WO 2005/013338 -13'?PCT/FR2004/002040 Referring to
Figure 3, the thin layer 4 is identical to that of Figure 2 and it presents the
same defdets” €6 anddl 6'tBut fii conteastito theldiscudsion aboyewitd 5is

referencedo Figure 2. singg the grotective Jayer 3ds attacked dittleQr noty .
at J?Ielzgxéhei h%rgi al gpecies that can etch the buried layer 2 and the

infiltration of the chemical species takes place through the thin layer level
with the defétts I6lan@C1e: rihetatte? dé 11 nét frsashtherburédlayerd.th

Theqretectiverlayerigthus very substantially redueces of peevesis-eonfacts
ied with. the infiltrated. chemical species. This result is. .
%Egﬁﬁgﬁthﬁﬁeﬁ%mﬁ ng1 %og] 1% m f?rlg/e %ﬁre i]tfl a% itycgjﬁﬁé %ﬁi% Ié?e?% s
tAith R3S a& Thany déte 846 Ehd F6'F in contiast thitRe fethhigieation
employed intthe priot artoHES ¢echnigueds alSe obtaintedowitiouthe thin

modifyingdhe chemical cerapasitian of thestreatments 20whichthe. - 4,
structure 1§nur|¥dl§]r%oes, in cgntrast to the prior art. In a preferred
%%fijfuergﬁ 5f'the Sthuctire oy i€ an SeOl structure for which the

buried laye¥h:2, aprdcdptionaly thepretectivetlayer 3care nmdesof25:aally
electiically insulatingdnateriaband therefere: ganstitute-an iNsylating i th
E@!gknﬁ?&c{f EQ% gg Icgeraqugﬁ Tshe %rjg)dgction of such an SeOl structure
is advantageously carried out acco?gin‘geto one of the 30 techniques

described abéve WitFietereAce toiiigdrect without attempting to

improve the guality of the thin layver 4 (which has as
many defects 16 and 16'), in contrast to the technigues
employed in the prior art.

This technique is also obtained  without
modifying the chemical composition of the treatments
which the structure 10 undergoes, in contrast to the
prior art.

In a preferred configuration of the structurs
1¢, it is an SeOI structure for which the buried layer
2, and optionally the protedtive layer 3, are made of
an electrically insulating material and therefore
constitute an  insulating thickness of the Se0Il
structure.

The production of such an Se0l structure is
advantageously carried out -according to one of the
technigques described above with reference to Figure 1.

The bonding 5 has preferably been carried out
between the donor substrate 6 and the receiver
substrate 1, resgpectively covered with the protective
layer 3 and the buried layer 2.

In the case where the latter bonding technigue
is employed, further to consgisting of a material which
is etched little or not at all by the chemical species

that can etch the buried layer 2, the protective layer
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The bonding 5 has preferably been carried out between the donor
substrate 6 and the receiver substrate 1, respectively covered with the
protective layer 3 and the buried layer 2. 35 In the case where the latter

BordigEEafque is employed, further to consisting of & GTAFRRBIM/AGR40
is etched little or not at all by the chehflical species that can etch the

buried layer 2, the protective layer WO 2005/013338 PCT/FR2004/002040
314 Fshould hdvevsondingrperformaneestsubstantially iderticabtothesey

ofthe-huried layer 2-sasthat they hean-adhere togesher, for stance: they
bgndin?(]gd%réerrgies Oflogﬁgé(%pertigs gnd}/%r t@ermal eigpargision coefficients
BWhich a6 substantially Siilar. Ty comparison with e exmple fakan®=
WP refefeRee to FigureoPan $E0FTe WhesemBsalating dayet X isiamt s
Si02-layer,defwrem e thin 1ayes Adand the insulating layer 2 an SeOl
structure 191—?(:0853%%%‘%9 §8z§he WVggtiorHjuertheén}ga%% Eompris&&sg1 with
protective layer 3 which may be of a semiconductor material o ah )
BRGEREy Snstifatifig fsterial. AdbvaBgettiely, the nidiess oififeilating
protective fayerd isSavelecijeally insttatinghmatesiatand, 1%dth the and

buged SI02 gagysﬁgcomég?&esgh_ea&@s@@&s_ag thickness, of the,SeQL104;
This protective layer 3 of insulating material may preferably be SI3N4,
*’s‘?om%?diajrﬁ%fr?d){&&c@&?dirﬁ%t e FERtioR 238 ThiSsrotéctivF RyEF 8 18 e
b BiIBN4 acdording teva preferfedicondiguratiofofthe invention athisor an
aterialkaving-bending Hropertigs appreximately equivalent to the
bonding pr. cQ{;rtin s_of SOiOZ i’n Eerr{'ﬁ of [%g ggndifg %Qerg% and transfer
quallty, parucular yaégoelnut%eycase 0? using a §r%art- ut me o}a],f?éfgﬁﬁfgve
16 ekamiple’td theoQUiehteritittedy" FronPSOt td- SO INraTeshimlogynd .
application forspeeiic semicandustor progesses:ty:0. Rayssagat al (ifg
SQEgchnology a0d oo 10,

This protective layer 3 of insgulating material
may preferably be S8i;Ns, SiON or diamond according to
the invention.

This protective layer 3 is of 8i:N; according to
a preferred configuration of the invention, this
material having bonding properties approximately
equivalent to the bonding properties of Si0; in terms of
the bonding energy and transfer guality, particularly
in the case of using a Smart-Cut method, referring for
example to the document entitled "From S80I to S0OIM
Technology: application £for sgpecific semiconductor
processes”" by C. Rayssac et al. {in S80I Technology and
Devices X, PV 01-03 ecs Proceedings, Pedington, and J
(2001}) .

The other main benefit of using a nitride for
the protective layer 3, however, resides in its strong
resistance to chemical treatments such as hydroflucric
acid treatments.

This silicon nitride may be obtained, for
example, by nitriding or by depositing a nitride laver
by CVD on the surface of the donor substrate 4.

The layer 2 to be buried will then
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Devices X, PV 01-03 ecs Proceedings, Pedington, and J 30 (2001)). The
other main benefit. of using a nitride for the protective layer 3, however,
resides in its strong resistance to chemical treatments such as
RYdrdtrdtic348id treatments. 35 This silicon nitride may B BHR984 03040
example, by nitriding or by deposiﬁn&% nitride layer by CVD on the
surface of the donor substrate 6. The layer 2 to be buried will then WO
2005/013338 PETFR20047062040 - 1% advahtagesushyiive ebtafirecebyo
exidizirg:thevsurfacef- the-eeceiver substrate 1. As regards said cause ii)
(mentioned,ghoveJg, this doeyment.fgeetghing of theiedfayer 2,2 3,
structure 10 for which long explosion to chemical etcﬁing Species, andior
Stiorfy dEEm6Fthese" ERenfitaéfehing Spddiss, lBals %6 eteRingof the 2
buried tayet 2 istdestribedubelow. Thisstructuneltd:iscadetashablezmical

strusture.as, 10 defined.parfigulagly in docunent ER . .
detachable s%]rét}éture conpsf’ia‘islr)t?s8 gf t%{o%gge,rgggol#d%d%zﬁ%%%n kilsemCal

Ferider8d deRhabi by ToRfrofiing How tHethdding 6 these fio wWifers 2
t&n dake placel andlinparticular the bonding energy. 15 These

detaChab'ﬁr%i%é,fﬂé{f@%@é%@fi@Cif@l@-"yJL ysed @%9%@4@%@? fg@gﬁlﬁ@@aﬁ@ as
e.growlin ana/ar rication o ers or co onents before these ayers
gﬁé%ﬁ%%n?paorn“éﬁ?suaéraertignslfrelrr(é?g%lﬁt?g ?é:cei@\}/[\?er%s&bgs}[ra‘r’tga‘zo Finally, it
is thus posBibéstbastoaiide a Stietlirefavifgracreseivercsubstrate which;s

witheut! using this Hetachableistrugtire teehnigue.couldophendtne by
dificulty.or.not atll haye beenisgd,as 3 substiale fof prodyciag these
transferred layers or 25 components.”Detachable structure app ications
%ﬁ§ﬁnﬁ%ﬁce' and in particular the bonding energy.

These detachable structures are principally
used as provisicnal substrates for the growth and/or
fabrication of layers or components before these layers
and/or components are transferred onto receliver
substrates.

Finally, it is thus possible to produce a
structure having a receiver gubstrate which, without
using this detachable structure technique, could only
with difficulty or not at all have been used as a
substrate for producing these transferred layers or
components.

Detachable structure applicaticons are found,
for example, in the field of light-emitting diodes in
which, for example, a detachable sapphire substrate for
producing epitaxial stacks is removed by detachment,
the stacke then being transferred to another substrate
which i1s less electrically insulating.

Likewise in telecommunications and microwave
frequencies it 1is preferable for the components to ke
finally integrated on a support presenting a higher
resigtivity.

In some cases, the substrate necegsary for
producing certain structures or componentsg costs an

excesslve amount. This is the case, for example, with
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for example, in the field of light-emitting diodes in which, for example, a
detachable sapphire substrate for producing epitaxial stacks is removed
“y detachment, 30 the stacks then being transferred to another substrate

b
WS SSHectrically insulating. Likewise in telecommiintéBREAL 4198040

microwave frequencies it is prefefa&é for the components to be finally
integrated on a support presenting a higher 35 resistivity. In some cases,
e Sulsstrate wekdsSsary ¥orl produding Befain Strictures ardomiptherityan
£03stsath excessverarnouy. Fhisis the-¢ases fop exampla,amtheWO, i gher

@QQ{%@%&@%@S&W [ REI0UAIGON0. .28, /000 CRDIGE ANICRISIIICN . g
more expensive than silicon but exhibits Stabilit partlculafpat hlgﬁer .

‘f@rﬁbé‘%r@é’,%@grﬁﬁt%%ﬂ@qﬁﬁé\/edaﬁﬁ%ve%%n&%éxh‘ﬁﬁm"(ﬁér“k?hglS
frequericies; ancbthescasi oftwhich isiSveary high compared teesiican:dt be

weauld-thereforeche. benefigial for a fine layer of silicop carbide, grown,. .,
6ggl,tamally on a sapphire substrate, to be transferred onto an inexpensive

bsEAtEBuch aSsiliorr BPPitafors GFthe HetachableGructitd May 1o
@isochermentioneg irs theepewersfield ot isthehfield of ichipeards. Referring

to Figure 43 g.detachable substrate 10 consistsiofia sUpport-substrate 1.+
gonnected in a. controlled way to a transfer structure 6wa means, of % 15 .
Weacﬁened Z6he 20 This Weakéened zone icolr%ay becrédted in péLr i (Lﬂila?
BYy-rBughieiiifg the surface of the detachable substrate 1, and optionally
the transfeg strgettired, by chremicaktreaiment befose the suppaitostrate

bsir . n e fra ctu re_honded, as describ ,
%blartiél%%k%r? goc%ﬁer%t F%SI%%%%%SQé%‘Igﬁz’ ?v%%ﬁerﬁng%g\l}e %\%ﬁ?t e zone

Serdepenttprivionahy of the RRéffical Bodgetidsntifyiry thecthéefold 2
Wactaeokchemical spgecies

This weakened zone 20 may be created in
particular by roughening the surface of the detachable
substrate 1, and opticnally the transfer structure 6,
by chemical treatment before the gupport substrate 1
and the transfer structure 6 are bonded, as described
particularly in document FR 2 823 599,

The weakening level with the zone 20 depends
principally on the chemical budget (identifyving the
threefold factor of chemical species
doping/times/temperature) used, which determines the
weakening finally obtained or, which equates to the
same thing, the loss of bonding energy level with the
weakened zone 20,

The loss o©f kEkonding energy -level with the
weakened zone 20 1s agsgociated with the surface
roughness, which reduces the contact bonds between the
detachable substrate 1 and the transfer substrate 6.

By altering the roughness, it i1s thus possible
to control the bonding energy o¢f the detachable
gubstrate 1.

For 8i0;/8i0. bonding in which the two layers
have each been roughened by 8000 A wvia HF etching,

leading to a roughness of the order of 0.625 nanometer
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25 doping/times/temperature) used, which determines the weakening
finally obtained or, which equates to the same thing, the loss of bonding

ener%Ievel with the weakened zone 20. The loss of bondin energjy
BRI HHE>80 weakened zone 20 is associated with tRE S (s 4/002040
roughness, which reduces the contact’bonds between the detachable

substrate 1 and the transfer substrate 6. By altering the roughness, it is
U3 pbS3ible 16 Contior tieBondingtenbfgybitie detackableiss of the
suhistrate d£Forsi02/Si02ZBonding trewhichdhie twoslayers bavergach ac
henegd;hy 8 ' tching, ing to a roughness of the
ey ol D165 matometr Mo 2065013538 PeTIER04ORED - 17 2
RS for¥ach BATAEE e BOMARG RhBFyy i§ B the t6iet bf 500 RA/MiZEken
instead ohabowt 2 J/miZas econvehticnallyrencotmfereddor SIO2/SH@2 2nd

bapding wvhich -has not eadergpns reughening, this rgsylt being taken 5 ..
1Q‘ﬁ)m the.article entitled "Proceedings of the 2nd International Conference

On MALEHaRTor Microeledtronics* (I conimtRicRsT pade 183 °£898)bY
by 0livier Rayssasetdl. After roughening the surface of the support 10

substrate 1 the iransfelpteuciurg 6 isleonded-enta: the suppad substrate
h-pneLihe fechiiguqs fescibed ahove n ordep o.obtain the . cne
detachable structure 10. Treatments mayutﬁen optionarfyS be Carried ot -
459n e REASTer sHUBEIFE 85 for ekandiile iPBRIerdd prodace sorfedeats
ot therdaragonenisvin a pext stepethis transtepsiueture Bds driachetihle
from. the supppst structure 1 level with the weakened zone 20, in

particular by applying stresses of 20 mechanical type, such as inserting a
blade level'ith & Zofe 586%r G&ﬁ&aﬂ%&ﬂéﬁﬂ#ﬁ%in@@r grEgaser ouc

ﬂqdeQMHQQWﬁfer structure 6, for example in order Lo
produce some or all of the components.

In a next step, this transfer structure 6 isg
detached from the support structure 1 level with the
weakened zone 20, in particular by applying stresses of
mechanical type, such as inserting a blade level with
the zone 20 or using a detachment pincer or a gas or
Liquid flow jet.

Nevertheless, 1t may happen that damage occurs
level with the zone 20 or certain other fragile
positions of the detachable structure 10 during the
detachment, particularly if wmechanical forces are
exerted in order to assist detachment.

In order to aveid this, a structure and a
detachment method are proposed with reference to Figure
5.

This detachable structure 10 is composed of a
support substrate 1 comprising a layer 2 at the
surface, and a transfer structure & comprising a laver
2’ at the surface, the weakened zone 20 being the
interface of the layers 2 and 2, produced according to
one or other of the two techniques described above with
reference to Figure 4.

The layers 2 and 2’ consist of the same
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Nevertheless, it may happen that damage occurs level with the zone 20
or certain other fragile 25 positions of the detachable structure 10 during
the detachment, particularly if mechanical forces are exerted in order to

2QiPEEM RN ent. In order to avoid Stkgs a structure and'd- HEAHKHERE040

method are proposed with reference 1o Figure 30 5. This detachable
structure 10 is composed of a support substrate 1 comprising a layer 2 at
tHe-Stiffade, and a transfer structure 6 comprising a layer 2' at the
surface, theweakgned zane 20.beingdhe 85 interface-afiibe layers 2antk s
! d rding to fth ot jques cribed
S lo it refesence 1o Fioue & Tho layers 2 anctd onast oL o catad®
W& P008I13338 PCTIET2206A/GO620° - 18 matérial: Bting loF 2t e nt
endiof ivel prodabtion pedcesse(farexamplelof companents) he entices 2
detachable structure 10 then undergoes a chemical treatment S
comprising]é hemi%al sgeci s liable to etcr%the layers 2 and 2'. The
chemical acion SFtHESE 8pechsslis thads - partitiiiarly SHoRg By usihg BEde
TeHst bAE bf the folfdwingawoarethossnd0 -d6ng éxpesurewfthe of the
dletachable-strugture=1G: 4@ dhe chemical species, - particularly strong

then (0 15 localy Holo 1 TayerSiz a2 el Wi vre ey e
flush with the édtye-bfthelddtaciiabléFsifiictdre 10. The hollows 18 and 18'
thus formed willaacdentuatelthe weakness @b theweakeneghzone 28nhuti 1
20 will above @b%%tia@sqn initiator for the detachment

The effect of the chemical treatment is then to
locally hollow the layers 2 and 27, level with where
they are flush with the edge o¢f the detachable
structure 10.

The hollows 18 and 18* thus formed will
accentuate the weakness of the weakened zone 20, but
will above all act as an initiator for the detachment
level with the zone 20 when the mechanical forces are
applied.

This chemical preparation for the detachment is
particularly expediént to overcome said waler
detachment problems.

Edge delamination problemg, however, that is to
say problems of detachment of materials belonging to
the transfer structure 6 and/or the support substrate
1, may then prejudice the electronic or optoelectronic
components which are finally intended to be obtained.

Referring fo Figure 5, such delamination zones
can be seen at 19, 197, 19’7 and 19/''.

The example o©f a detachable gzubstrate 1 whose
oxidized surface 2 i1s subseguently roughened and
finally bonded to a transfer substrate 6, itself zlso
previcusly oxidized at the surface 2'’, may for example
be mentioned.

The layers 2 and 2’ are then Si0; lavers, for
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level with the zone 20 when the mechanical forces are applied. This
chemical preparation for the detachment is particularly expedient to
overcome said wafer 25 detachment problems. Edge delamination

YOt gk ver, that is to say prohlems of detachmeht R ARSALR2040

belonging to the transfer structure 6 and/or the support substrate 1, may
then prejudice the electronic or optoelectronic 30 components which are
RirfalifPihtetided s el dhtaineds Réfefring @PFigure 5, such delamination
zones canibe seen atat9, <9’ Losand:-19:". JheLexamyple ofadetaghable ¢
supstiaie  whose, dized suiface g issubseauaniv oughensd a0d 95,
finally bonded to a trahsfer substrate 6, itself also previously oxidized at
He T T ma§ tofexdnsiddelfertionetd Thd fayerd Parld 2 wréore
trern: SO lmyeérs, foravOi2005/083338 RCIHER2004/06204Q &= 19f which

oxidations takingplage @ silicon, dn thedattercase,the detaghaple 1o
stru%tu([ie 10 may then be subjected to an HF treatment in which the
}ﬁ‘f/ﬁro?luoric acid dosing is around 50%, and therefore S particularly high

in concentriiien, the wifeeabiwhichoras latérallylétch the Si02dayers 2 '

and 2' te henbonded: the delaminationzonesz19, 1, 19 nand 19 ake
g{l ns%igtiﬂcotned%Iamilaplatioojfst f the transfetr 10 sulgstr%te 6, and of the

support Substraté 1. Re errlneg t%%i&ﬁr% 6,Sél§c§luﬁgn to Eh’e problem

mentioned3bo¥E T4 Fsund®y viFtbE'oFa stfucture arftPa WiethBd ageordirite
to-thel iaventiosn Therdeiachahle structare fQ-isconstiuctegtiine b ther &

samevay ge Mnmdglaghahie stictye 1o, deseried. i delayl abgye with
reference to Figure 5, with the exception that the layer 2" is replaced by a

protective 1ayer 3OF AThattfl Sistatial§ diffredtth&ri-ructed in

the same way as the detachable structure 10 described
in detail above with reference to Figure 5, wiﬁh the
exception that the layer 2’ is replaced by a protective
layer 3 of a material substantially different than the
material of the layer 2.

The material of the protective layer 3 1is
selected so that the chemical species which are added
during the chemical treatment, and which are liable to
etch the buried layer 2, cannot etch it.

When the detachable structure 10 is subﬁected
to a chemical treatment, only the laver 2 is therefore
laterally etched.

This greatly limits the amplitude of the
lateral attack, because only one of the twoc buried
layers 1s etched substantially, while maintaining a
property of initiating the detachment of the sgupport
substrate 1 from the transfer substrate 6.

The delamination level with the support
substrate 1 is then minor.

There 1s no edge delamination level with the
interface between the transfer structure 6 and the
protective layer 3.

In comparison with the detachable structure 10

already discussed above with reference to Figure 5,
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material of the layer 2. 20 The material of the protective layer 3 is
selected so that the chemical species which are added during the
chemical treatment, and which are liable to etch the buried layer 2,

BRR0PEF 8 When the detachable sfructure 10 is subjé&tdd BE{y/402040

chemical treatment, only the layer 2 fstherefore laterally etched. This

greatly limits the amplitude of the lateral attack, because only one of the
fv8BLrHEd Nayery s etthEéd Sabstantillyrwhife maittafinga 36 properfie
ekinitisting thel detachment afthersuppest substsaterd rem the transfer of

§L_ﬂ£)§£ra£%9,{t£g% dgprgilqgtiggllz%\{[e_l with the §98%)-ort substrate 1 is then

minor. There is no edge delamination level with the 35 interface between

the transfef StrictGfe G- aRathE proReivé iyers. In BompaAstPRRA #5e Y
detachabte structirertl radre&dy: diseussed aboveswitir referehee ta Eigure,

%rmc%)@@ 133383 205 PCH/ER2Q04/902040 comprising two.interface |

ayers 2 and 2' of Si02, the example illustrated_ in Figure 6 comprises a

Tt SENE Mmod O YA > ST ERD. Tis RO IE SbETARF T
301 atvaftageoustE 'S obived byvsarkting etleenrtheSsupportiepos it
sabstrate dmorevieysly exigizesevelwith its silicon surface in ordento.ox

ive.the oxide layer 2, and the transfer structure 6, previously covered
S\C/lvlilt]ﬁféancgiBNh Sggc?sﬂ % or%jxgt@np%l %yrﬁ’]EtC?\}éeor CVDJ level with its

silicon 10 Stirfacetintrtie Pt gRe He nRAGE layels. Wea firstesemplary 20
tasectheavweakened zoneRihds: ohtained:by renghening:theoxide layer2-

@gﬁqygngqnqggg,}@ ggﬁgg@g. In a second exemplary case, the

weakenéd zone is 20 is obtained by roughening the nitride layer 3 before

bonding, fdrexamFRIS EtchinGWaPEEPGAEE140E Dy " SidHifg wiRe
e ail oflpadlisticdndiorchegiiealing the nitride layer 3 before

bonding, for example by etching with HiPO, at 140°C, by
dry etching with the aid of bhallistic and/cor chemical
means such as RIE  (abbreviation for "Reactive Ion
Etching?) .

In a third exemplary case, the weakened zone 20
is obtained by rcughening the layer 2 of S$i0; and the
laver 3 of SisN,.

Referring to Figureg 7, 8 and 9, the case is
discussed of a chemical treatment on detachable SeOT
structures 10, comprising a support substrate 1
adjacent to an insulating thickness in which the
weakened zone 20 has been created, thus separating the
insulating layer consisting of the two layers 2 and 27,
and -finally the thin layer 4 of the Se0I structure has
been created.

Similarly as discussed above with reference to
Figure 2, a particularly thin layer presenting defects
can let chemical species of a chemical treatment
penetrate through its defects, and allow them to etch
the buried insulating thickness 2 and 27.

Similarly as Figure &5, a particularly active
chemical treatment due to:

¢ either long exposure of the detachable
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means such as RIE (abbreviation for "Reactive lon Etching"). 20 In a third
exemplary case, the weakened zone 20 is obtained by roughening the
layer 2 of Si02 and the layer 3 of Si3N4. Referring to Figures 7, 8 and 9,
e 34829433 8cussed of a chemical treatment on detacH¥BIEFBa6MH/062040
structures 10, comprising a support Sdbstrate 1 adjacent to an insulating
thickness in which the weakened zone 20 has been created, thus
separating thes msuddatimgelayér congistingoofithe two |aysrs Zeand 2', and
finally the thindayes4-efihe SeQksfrusturehas-130.peen created. Similarly
vﬁﬂscu&s}%% abO\llle \évgh L[ﬁfe{,erg:cae_\ftot Figiurge tthg pacrticularl){fthig Iay1er 1
presen(t:lng defects' can'e ghemicaﬁsﬁ’emes of & chemicar treatment =V ©
PehbtrarathfoiRfh & defedts; and allow them to etch 35 the buried
insulating théckaess 2and @', Similardy as, Figie 5pa partictiariyactivenad
' reatment due to; either long.exposure of the detachable WO
SRRl 958 - 21 PO BRI O s LIS the Shacical 22
SPBEiEE - bY BtrongFddsing JFHRE chetfical SPeciei Ywill 8R8te BRrdifhulap
davityrinttherstructure i Orlevehwithhwedkehedizone-20 25 Refering toedge

&igurs i, the problems mentioned; separately in-the-preceding exemplary, .
ases are cumulative here, that is to say appearance of ‘decorations
%ﬁ‘lﬂ?kﬁ%l %%rr?fzeaﬁd edge delamination at 19 and 19" of the

thin layer £and:the t@ detachable dabstatet. d¢n fve>daseof@ver, the
detachable-8e0ls Pewevergthe decorationsarg larger in size thanin the 5
case ol p.nonidetechable SeQl hecanse fhe weakenad2one 20 85 1as
ollow parts ue?o m?er acla rouglhnesses ob‘flalnegri% durlng?he
Rcakering By strfdct fougRenint) 34 hich: therchemiearsrehingspediesd
avittbedntroducedsasiening by surface roughening) in which
the chemical etching species will be introduced and
attack the walls of these hollow parts.

In the case of a detachable 80l according to
the prior art, the etching by the chemical species can
thus lead tce typical decorations 10 to 100 times larger
than in the case of a non-detachable Se0I.

Referring to Figure 8, a solution which the
invention propeses 1is for a coating or a protective
layver 3, the constituent material of which is etched
little or not at all by the chemical gpecies liable to
etch the buried layer 2, to be inserted into the
structure 10.

This protective layer 3, likewise as with
reference to Figure 3, isclates the buried laver from
the defect 16 and therefore substantially prevents
etching of the buried layer "from the inside".

Cwing to the reduction of the intermediate
thickness between the thin layer 4 and the detachable
substrate 1, the annular hollow_l8’ ig smaller in size
than  that referred to 1in Figure 7, the edge
delamination of the detachable substrate then being
small or nonexistent, that of the thin layer 4 being

gubstantially zero, and with the annular Thollow
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attack the walls of these hollow parts. In the case of a detachable SeOl
according to the prior art, the etching by the chemical species can 20
thus lead to typical decorations 10 to 100 times larger than in the case of

WH A PRble SeOl. Referring to Figure 8, a solutionREHiGHRHW4/002040

invention proposes is for a coating o a protective layer 3, the constituent
material of which is etched 25 little or not at all by the chemical species
Tiabetbeteh 9Fe bufied fdyet X% belifisemedins the strticture 10t Thisia
Protectiveslayer 3, dikewisewascwith deterencestodrigdre 3:dselateg the when
Rulied.axer fom 0 e dglest-io.a0d Mherelos subsiantialy prevents
etching of the buriedclayeer "fron?the ?’nsi e". w$ng t%?etre uction 8?%&3

intermediatE*thickidssetiven thé thin Tayfér 4 ahd thé tRtdcHable S0
substraterk the anmdashellow 18' is smallénini size 354han thatteterredor

g inEigure 7 theedge,delamination of the defaghable substrate then

being small or nonexistent, that of the thin layer 4 being substantiall%/
zero, and With fhe artidi@oliow WG 2005/513338 PET/IFR36041662646 Y
Leoze hevértheléss mhmtaining thePreparmeskinitiatipgrdetachmentievelre
withtheaveakened zone-.26.when: mechanical-detachmentdarcesate can
sugﬁe%uenély applied. One application of such a detachable SeOl 5

W alicl s . . . . . .
Structuré Consists in producing electronic or optoelectronic components in
the thin lay&® 42 This $truefuré 19%ay be paftculadlyeberfefieil intthen be

mewftﬁﬁedﬂ%setmmntégwsweepr@dgged at high temperatures
which few substrales.can 40 vithstagd.Referring io Figwe 9, the fayer 4,

can then be moved onto a transfer structure 6 by: Ing this transfer
structure 6 to thdY Ryef 4; therrpyY
- detaching the assembly level with the

weakened zone 20; and finally by

- removing the protective layer 3.

A final structure containing a thin layer 4
present on a transfer structure 6 is thus obtained.

The substrates 1 and 6 discussed 1in  this
document, and particularly with reference to Figures 1
to 9, may be of silicon, germanium, S$SiGe, IV-IV alloy,
II1-Vv alloy, IL-VI alloy, sapphire, 8iC or any other
material which can be employed by the present
invention.

The thin lavers 4 discussed in this document,
and particularly with reference to Figures 1 to 3 and 7
to 9, may be of S1i, Ge, SiGe, III-V alloy, II-VI alloy,
S1iC cor other materials.

The buried lavyers Z are advantageously of £i10,,
but may also be of another type of insulator or anocther
type of material which can be etched substantially by
chemical species emploved during the chemical treatment
of the structures 10.

The buried protective layer 3 is advantageously
of SisN; in the particular case where the buried layer 2
ig of 5i0;, ailthough 1t may also e of SiON, diamond or

other types of material liable to be etched little or



15 - detaching the assembly level with the weakened zone 20; and finally
by - removing the protective layer 3. A final structure containing a thin

layer 4 present on a transfer structure 6 is thus obtained. 20 The
SHPstPRE4813338d 6 discussed in this document, and partRUEHERMIH/002040
reference to Figures 1 to 9, may be 6fsilicon, germanium, SiGe, IV-IV
alloy, 111-V alloy, II-VI alloy, sapphire, SiC or any other material which can
beemployed bylthie pfesent:@biineéntiore Thedhindayers 4adiscussed iy ed
this-decuraent, and-particulary withseference to, Eiguges.1to 3 andy7, fo .

,may be of Si, Ge, SiGe,.llI-V allgy, II-VI alloy, SIC or other materials.
g(c)) ﬁ%ckk%rfé%elaygélriélf%elggvea%tggeously of Si02, but may also be of

another typ&éfinsuldideataather aype iof fnateriak whicméan betetchedhe
substantialyby chemieal species empleyedduring.the chemical, orher

eatment. of the structures 10. 35 The buried protective layer 3 is
£agdvantagéttguslyof)%c Si3 4ui%%tﬁgep%rti§tﬁér c%%g Wheré tie burigh faye? 2 °F

PSR BtRSEFit may also be of SION, diamond or other types of
material liable to be etched little or WO 2005/013338
PCT/FR2004/002040 - 23 not at all by the chemical species, which are
employed during the treatment of the structure 10 and are liable to etch
the buried layer 2. This invention applies not only to the 5 production of
an SeOl structure, but to any other production of structures for
electronics, optics or optoelectronics. WO 2005/013338
PCT/FR2004/002040 - 24 CLAIMS 1. A method for producing a
structure with a plurality of layers intended for electronics, optics or
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optoelectronics comprising a buried layer, the method 5 comprising the
following successive steps: a. formation of layers of the structure,
comprising the formation of the buried layer; b. chemical treatment of the
R EHFIOYing chemical species liable to etch substEiAIR20DA/#12040
material constituting the buried layerZ €haracterized in that step a)
comprises the formation on the buried layer of a protective layer, itself
also buried, of a material selected ig:WitAstand sufficiently the chemical
attack of gherical:species.of 19, thedreatment employed during stgpdy),
tk}Lus bI90I<ting Opfos?ble accesses t% t%e gurled layer through which these
Bpedias cotldinfiltrates 2% ThE nTethiod atTaimedqn cim-£ optics or
eharRiazedomithat stepRy Eemprises bondinegrof hwy wafers 20 Netied
methed asclaimed in slaim.2.chatacierzed va thatsiep a) comprises,
beforeabondfnoq_)r;[{g%]ifg{lmau%% of t ala%er to be buried and of the

. s oL . e structure
protective layer at the surface of at edst'one bonding “surface of ohe !

wafer. 25 4 STRgmetricWas brairhedid efedm 2 chabsctetizdddn Heatahat
step aycomyitises chéforerronding thes formationsefithe dayer tehe biyieds

on the bonding.-sifage alang olthe tygiunters and i formalion of the,

protective layer on the bonding surface of the 30 other wafer. 5.

method as &R N of hetRred- predsting 8ldims L Gtaragigtized in
thatsters ay icorsprises, @ftet bariding, alredustionicfone ofithefwonation
wafersbypneansiofione.of the following technigues:.35 Smart-Cit ¢ 5150

detach(gnent Ievfel with a porous layer buried_ in the wafer to be reduced,

Txte T SelectiVe cherfiical Xitack of a layer= APy polisiing, Ciprstand
Thémicsl cstehing: Bbraslornwe 20051613338 CTATR2004/602040: s 251

sedhat paly-athin layerabovetheiproteetivetayer ), thus blocking
possible accesses to the buried layer through which
these species could infiltrate.

2. The method as claimed in claim 1, characterized
in that step a) comprises bonding of two wafers.

3. The methed ag claimed in claim 2, characterized
in that step a) comprises, before bonding, the
formation of the laver tc be buried and of the
protective layer at the surface of at least one bonding
surface of one wafer, ’

4. The method as claimed in claim 2, characterized
in that that step a) comprises, before bonding, the
formation of the layer to be buried on the bonding
surface of one of the twe wafers and the formaticn of
the protective layer on the bonding surface of the
cther wafer.

5. The methed as claimed in one of the three
preceding claims, characterized in that gtep a)
comprises, after bonding, a reduction of cne of the two
wafers by means of one of the following techniques:
Smart-Cut®, detachment level with a porous layer buried
in the wafer to be reduced, lateral selecﬁive chemical
attack of a layer, lapping, polishing, CMP, chemical

etching, abrasion;
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remains of the reduced wafer. 6. The method as claimed in the preceding
claim, characterized in that the structure formed according to 5 step a) is
a semiconductor-on-insulator structure, the buried layer being at least a
Bél BHOFBLiRERating thickness of this structure. 7. The &tRGRABISIAIRRD
in the preceding claim, characterized in that the protective layer is also
10 contained in the insulating thickness of the structure. 8. The method as
ghaimadiin one bf the précedinba glaims; wharactenizedbinthatthevstructure r
farmed, acearding.to.step &) hag a-weakened zone. 9. The method as
claimgd i ﬁlaim 8, %ha}%acterize(g 15 in that the \(r\%eakened zoneis an, |
interface betvelh two layers, &t RaSEone ot the! fvo Plyers Haling 51aim
foUgrR sbFfaéEsrD. The method Bs cllirmed inbhe bbthaims 2aording to
sempingd wét@f the @@%@amgﬁ@l@fiﬁbxd@f@%ﬁ@m%gbgo thatsiepa), %:he
omprises, before bonding, the formation of a weakened zone.on one 0
%ﬁle% gr%diilgaguer?acgg %?qhea\?vafg%aﬁ)% chaenﬁgé%rou%he?ﬁ% . ffis#é ating
PEtRGE-a8 Tlaihetiih DneteftRe pFéceding claims, characterized in that
the buried layemie ofic2b Si©2.dA:The method as<laimed-jare;of claims,
&0 heragerized In thathe yttied avetls of AOZan. was formed.
during step a) by oxidation of a silicon Surface of one of the two wafers to

beontied 36135t Méthdd hs LhimadioRE b e t6 pretading=e -
claims, cldractedzecm that thelechiemidal ispecies employée dyring stépng

b) are.Based-qn Aydreflyoricacid, 14 Fhermethod as claimed jn.one Of e 4
the three 35 ;grecedin %Ilfir%s, charactes(iﬁedi that the protective layer

consistsora nﬁ)ridgete térial. 15, fhé"’renaéf[ §6tF as ¢iEitned in one of claims
2 to #4, chactenizédlinaRatthe pre@ctive |ayeris oFWO 2e0%/01£3338:d
BCTHFR2004/@02040kened zone is an interface between two

layers, at least one of the two layers having a rough
surface.

10.The method as claimed in cne of claimg 2 to 7
combined with the preceding c¢laim, characterized in
that step a) comprises, before bonding, the formation
of a weakened zone on one of the bonding surfaces of
the wafers by chemical roughening.

11.The method as claimed in one of the preceding
claims, characterized in that the buried layer is of
85105, _

12.The method as claimed in one of claims 2 to 10,
characterized in that the buried layer is of 810, and
was formed during step a) by oxidation of a silicon
surface of one of the two wafers to be bonded.

13.The method as claimed in one of the two
preceding claims, characterized 1in that the chemical
species employved during step b) are  based on
hydrofluoric acid.

14.The method as claimed in one of the three
preceding claims, characterized in that the protective
layer consists of a nitride material.

15.The method as claimed in one of claims 2 to 14,

characterized 1in that the protective layer 1is of
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- 26 nitride and was formed during step a) by nitride deposition level with
a bonding surface of one of the two wafers to be bonded. 16.The method
as claimed in one of the two S preceding claims, characterized in that the
BYREORFO 1234 consists of Si3N4. 17.An application of tRE HERIGA442040
claimed in one of claims 8 to 10 to tt?e6pr"bduction of a detachable
structure. 10 I8.An application of the method as claimed in claim 6 or 7 to
thetgrddaction st a semicordtesst-oniunsulator streiture) by nitride

deposition level with a bonding surface of one of the
two wafers to be bonded,

16. The method as c¢laimed in one of the two
preceding claims, characterized in that the protective
layver congists of Si3N4.'

17.An application of the method as claimed in one
of claims 8 to 10 to the production of a detachable
structure.

18.An application of the method as claimed in c¢laim
6 or 7 to the precduction of a semiconductor-on-

insulator structure.,



