WO 2009/ 034113PCT/ EP2008/ 062018 METHOD OF PRODUCI NG A STRUCTURE BY LAYER
TRANSFER FI ELD OF THE I NVEN TI ON 5This invention relates to a nmethod of
producing a structure by layer transfer. This method is especially used in
t he manuf eetaewoseft3 SO (silicon-oninsul ator) struct ur e’CUBR2gE/@2&art Cut TM
techni que. BACKGROUND TO THE | NVENTI ON 10Smart Cut TM enabl es a fine |ayer
of a donor substrate tol\:ﬁfl‘ﬂéﬁrﬁf?ﬁ‘{@@ ENG A 85R yRgbstrate and
initiates the foll ow ng stages Pan tation of atom c species within

t he donor substrate, in order tB)Y&Mﬁ%TRAWﬁﬁRttIerrent zone of the sane
depth as the thickness of the fine |layer to be transferred. 15b) Bringing
into contact of the substrates and direct wafer bonding. The entire surface
of the substrau:an)sjﬂ)wﬂtEe]wvma'@N for the periphery, as the waf er s
exhibit edge rqll-off g and are no thefrefore in cont ro nd their

peripherdy, as dHIS Besteh relies dard nethod o @fownﬁcﬁnﬁwc&ﬁe Shor
substrate 'i: sis %Métﬁ@dr%nésp@é%%/%@dtlﬁ @ﬁbgﬁ@'nu?él@fretd?%(ﬁl' (@@icbﬁ%ﬁf to the

receiver strate he substra enerally occur in the form of
circul ar maﬂwigtor)rsimcw(aﬁps@g BV BokNEIe. currently in use. The
peri pheral area in which transfer of the fine |ayer has not taken place is
called the crown. In relation to Figure 2, which shows a top view of four
25 peri pheral ﬁmGEDWDWT%MENﬁ@N)I’OVW CP is |located between the

perlrret 100 cei ver su strate eq f. the, c nd the
beri met 200 SMAhEY FaRopERs S pEr ¢l SHREOEBTRST TheSiar R B H gur e
2, the CrOwre%;\ﬂeﬁsﬁwﬁmtelaﬁdmﬁzh&éswﬂﬁoﬁ\lh@ stéyeqrerimeter is even.

Prior to direct wafer_ bonding is possible to bring about plrg?rna

acti vati on Boofmplaatatign Qf:@tfb’f”caﬁpqcé%%tw'%‘ﬁb e daner sypstatg; &g 0
activation enabl&getheeRPRHIchttS o8B BNt Babfe HBPINONE theStidknbls ¥ty -

fine layer to be transferred.

15 b) Bringing into contact of the substrates and direct wafer bonding.
The entire surface of the substrates is bonded, except for the periphery, as
the wafers exhibit edge roll-off (ERO) and are not therefore in contact
around their periphery, as can be seen in Figure 1.
¢) Detachment of the donor substrate in the embrittlement zone and transfer
20 of the fine layer to the receiver substrate.
The substrates generally occur in the form of circular wafers; for example,
300 mm wafers are currently in use.
The peripheral area in which transfer of the fine layer has not taken place
is called the crown. In relation to Figure 2, which shows a top view of four
25 peripheral areas of an SOl wafer, the crown CP is located between the
perimeter 100 of the receiver substrate (outer edge of the. crown) and the
perimeter 200 of the transferred layer (inner edge). On the wafer in Figure 2,
the crown CP is even, in other words the SOI perimeter is even.
Prior to direct wafer bonding, it is possible to bring about plasma activation
30 of the surface of at least one of the substrates. This activation enables the
bonding strength to be improved significantly.
The bonding strength can alsc be improved by adapted cleaning prior fo
bonding, for example a type 0O3/SC1/SC2 sequence in which the SC1 is carried
out at a temperature of under 50 °C.



The bondi ng strength can al so be inproved by adapted cleaning prior to
bondi ng, for exanple a type 0313Cl15C2 sequence in which the SCL is carried
out at a tenperature of under 50 C. 2 However, it has been found
that inproving the bonding strength can produce an uneven crown w dth
(referred to in the jargon as a "jagged edge") in the final product, in

ot her words, the SO obtained foll owng detachnent. Wat happens here is
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3, WwhemrgphBas Ihetdiehad FRRwWisH desritinterithhel cronsf s66 escilayssmalldsdisieddar ker
| ayer is the crown Docunment W)2007/ 06145 di scl oses a nethod for

preventzpﬁgsih?éhﬁb?ﬁ’é@ihﬂﬁmdfaf&ﬁj?dvoi ds in an SO, which are non-transferred
zones | ocat el%eo{}\fﬁ;tﬁr&“nﬂw'eablld(rvrﬁﬁs ttﬁl&eﬂﬁ‘é'rﬁﬁ@éyuﬁve%hs ﬁtﬁ%-rgpdom,%@aio‘c the

ainms of the invention Is therefore to Inprove the ne “producing a
st r uct wntargemeay eof thartcdraferred zona evgunasaverale huhdredshof ettifovietrese

transferr | ayer .j ven, wih I I B CRI PTI ON
o o PR Epabe AR eRbES Ehodte: 3R e RPN e TR e ¢
i's provodedsavigiblchpdthaf photeduini Riguee Seviteoadiret lightst ared vemebyntsriaast erri ng
a layer of a gélyor S lgstraﬁ(e to a receiver substrate, including the

fol | owifiRgstEr™s _ergaﬁ e dakELiRYSS 11 SAYPi tt 1 enent zone in the donor
substrate, hcadn® vIEROOROETUS akabsseatrhamed fhay@venty) therfemhamntofof t he
surface of the donor_ _and/or receiver substrate, so as tq increase the

bondi ngAger&is i HeSitlewhidheareprstinryfered Zonee Jocgied prefaientialyodinieng of

the do nPERSLf Rk dp the receiver substrate, (d) detachment of the donor
substrg)gégipi nR]tgél %r?ttlem&nt zone, so as to form said sem conduct or

struct ure, Gre whitbld aihes slithaceveftiards rtherefarer s improva 8)e exetbpt ¢for a

FAEETI e e R R
the i nar@agerrédidyencti ogers withgt brpédost enldremaanor substrate and the

receiver substrate is lower in a peripheral area of these substrates than
the increase in bonding strength in the central 3 area of said substrates

and in that sapRiPPDESCREFTIGONDF TRME MVENTION | east equal to the that of
the crown gggorli%vg\etro ghf?rgt ]égprergt] 015 (t:['?eorindvieg%oa,o theerir"goigi gr‘can?/;[dsedoz]; r%gﬁoidngfe ntion:
producing a semiconductor structure by transferring a layer of a donor substrate to
a receiver substrate, including the following stages:
(a) creation of an embrittlement zone in the donor substrate, so as to define
the aforementioned layer,
(b) treatment of the surface of the donor and/or receiver substrate, so as
to increase the bonding strength between the two substrates,
(c} direct wafer bonding of the donor substrate to the receiver substrate,
(d) detachment of the donor substrate in the embrittlement zone, so as fo form
said semiconductor structure, in which the surface of the receiver
substrate, except for a peripheral crown, is covered with the fransferred
layer,
characterised in that at stage (b) treatment of the substrate surface is controlled, so
that the increase in bonding strength between the donor substrate and the receiver
substrate is lower in a peripheral area of these substrates than the increase in
bonding strength in the central



t he bonding strength between the substrates is not increased in the

peri pheral area; the bonding strength in the peripheral area is at |east
15% | ower than the bonding strength in the central area of the substrates;
sai d peripheral area has a width of between 0.2 and 10 nm the nethod
includes, prior to stage (b), the experinental determ nation of the width
of the crown; experinental determ nation of the width of the crown

i nvol ves producjn em conduct.or .reference structure, ansferrjing a
| ver " GeRinon Shlelh e M i Xaid BROGRET altd NS5 B it ok SR B8 'St g
St ages:ioc e HR ¥ L cRlvradnE® iWdrithhemenhmzone in a donor substrate, so as to

define said |ayer, b) treatnent of the surface of the donor and/or receiver
substrate, dcesding (o gatbedientsfibadivegtioni engt h bet ween the two

substra ol i : te. ecei ver
ubst 1 af S o et Seet e st A n o Gen Sy L 8 crPRalel P .
so as t-dhebasding dtfeegth ittthe gferipheral aoss isaat lsadistTtaiewver iban the beadidg

ref erenge s%hructhure. Iaccorc%i Eg tg @n epbodi ment of the invention, the
treat NG Ky Sece(]ff? ?rr?\?o?\} Sb' & Sactivation wherein the peri pher al
area i s gy pedess dréphade widitaTbatweaso®P dindgi tdrgnot her enbodi ment of the
i nvention, stage. (b) includes pla activation or cleanjng fﬁgref,grabl y an
SCL ol ednp ARptBad inckipes, riai O-tegmidr M PPeSMaRks clotemanatan etibe aritih o
substra&fqhégp({)v@ge foll owed by deactivation of the peripheral area, said
deactivation bei'ng carried out by chem cal etching of the peripheral area;
f or thi-experipest! determirationgf $w widitoof the cdbwp évebesipyoduding aont o t he

peri pheral. a, of the i e te is ed. BRI EF

DESCR AR fgetel ach U By BhiBrnda BYBPH &lbs o dfiehfages of the

i nvent irebeikt sulssieitgecdmonisihd ehaliliohiregsidgeer i ption that follows in

relation to the attached fi %,u es in which: WO 2009/ %4113PCT If:.P20081062018

4 Figure 1 3)sCTgajipnebanempriieperirant B@feidcuhstie SQFﬂ?vH’rﬁ%’ 'P'fe edge

roll-off of t@%id"%&@ﬁs at the start of the 501 crown Figure 2 is a top view
al

of the edge of an waf er show ng an even crown
b) treatment of the surface of the donor and/or receiver substrate, so as to

increase the bonding strength between the two substrates
¢} direct wafer bonding of the donor substrate on the receiver substrate
d) detachment of the donor substrate in the embrittiement zone, so as to
measure the width of the receiver substrate crown on said reference
structure.
- according fo an embodiment of the invention, the treatment at stage (b) involves
plasma activation wherein the peripheral area is not exposed to the plasma;
- according to another embodiment of the invention, stage (b) includes plasma
activation or cleaning (preferably an SC1 cleaning carried out at a temperature of
below 50°C) of the entire substrate surface followed by deactivation of the peripheral
area, said deactivation being carried out by chemical etching of the peripheral area;
for this purpose, an etching solution is dispensed by a jet onto the peripheral area
of the substrate while the substrate is rotated.

BRIEF DESCRIPTION OF THE FIGURES
Other features and advantages of the invention will emerge from the

detailed description that follows in relation to the attached figures in which:



5Figure 3 is a photograph of the crown of a wafer displaying the jagged
edge phenonenon Figure 4 is a sectional view of a structure after a donor
substrate has been bonded onto a receiver substrate in the production of an
Sal ; wo 200s/08igure 5 is a sectional view of the abpyBEBISASEUEE

foll owi ng the 10detachment and transfier of a fine layer; Fi gure
6 illustrates a f f ; rates a
second enbodi nént#gﬂetﬁ ﬁjvhregr?f?lk%% SEEE& m}%s I{)]usatf?ljaét%sg“gnqﬁlﬂ éb%éxecut i on
of the invention; rdldﬁ@‘uin@w&ferb IaUﬂterﬁhrés:fmefSOH:rbwrrbodl ment of t he

I nvention. 15 DETAI LED.DES IPTICNch}E Ia Né(}]\l%lo 5 on waf ers:
Figure 4 illustrat84& AdS & PRNGY L IBE HATEL AT 2CTHAEhS 0‘%‘93%’} ¥ 30 has
been bonded to a #e@ai ver substrate 10. 20V\hen the Smart Cut TM techni que
I's used, the donor substrate 30 may, for exanple, be covered with a | ayer
20 of oide. In a tﬁﬁm{éﬂs amprqgé@ph of meCfa\é'ﬂsq;@ water displaving Hie igeged ¢ he

oxi de can be depogj ee orfdref formed by thernmal oxidation of the donor
substrate. The don substrate 30 then undergoes an inplantation of atomc
speci es, 25 suchFigsrehyds egmctiana/\oew 018 siryctirer afterangbegr suistaisbaaind
strength of which_are | st I Ll ' eak at a
dept h mat chi ng th%%rh?%ﬂ;ﬁgs%n%%ﬁ §§ %%@?';S%g(rg%% ’géﬁ%P}c{s&i’@Bgﬁ%%&E (())? be
transferred. ZoneFigilire M ¢ whisebtidrtat \aewmnfc tepatioes sinectinepfaloivedy itse cal | ed
the enbrittl enent surface of the donor substrate 30

and/ or the recei v@?taghdhﬁ?ﬂtraoﬁdetr@%?fqé’s NF8%Fgone pl asma activation, where
appropriate, the sighrd 6 afueFa@ES first embodiment of the invention;

- Figure 7 illustrates a second embodiment of the invention;
- Figure 8 illustrates a third execution of the invention;

- Figure 9 illustrates a fourth embodiment of the invention.

15
DETAILED DESCRIPTION OF THE INVENTION
Notes on SOl wafers:
Figure 4 illustrates the structure obtained after a donor substrate 30 has
been bonded to a receiver substrate 10.
20 When the Smart Cut ™ technique is used, the donor substrate 30 may, for

example, be covered with a layer 20 of oxide. In a manner familiar fo the
person skilled in the art, the oxide can be deposited or eise formed by thermal
oxidation of the donor substrate. '
The donor substrate 30 then undergoes an implantation of atomic species,
25  such as hydrogen and/or helium, for example, the dose and strength of which
are adjusted so as to obtain an implantation peak at a depth matching the
thickness of the layer of donor substrate {0 be transferred. Zone 31 into which
the atomic species are implanted is calied the embrittlement zone.
Once the surface of the donor substrate 30 and/or the receiver substrate
30 10 has undergone plasma activation, where appropriate, the substrates are
brought into contact and direct wafer bonded.
The effect of the plasma activation is to increase the bonding strength

between the two substrates.



brought into contact and direct wafer bonded. The effect of the plasm
activation is to increase the bonding strength between the two substrates.
WO 2009/ 034113PCUEP2008/ 062018 5 This increase in bonding strength can
al so be ol@iawedsby neans of 03/ RCA cl eaning prior to bondpmgsoszeiswhi ch the
SCl is carried out at a terrperature Bel ow 50 C. This cleaning is well known

Lo Le person Sid hedkddd 8ot ML | it dBEelALR ey SacEibe [n

detail here. |nvo VES a’ sequence of
baths refer D@’R(Iﬁo chesanBigl ;:msnd tSCﬁoncﬁﬁIj, iirs vehiofh xther 8CAf isH2@rridd2 02t anda NHACH.

SC2 is a mxture of H20, 0 d Ri .nsi stages . in H20 are inserted
between t nelegBEaEe RS 1. 35 Eiteningg waPkibitRiue abfeor AkBet 180 bat h
in which thgearpaRy %ﬁndt&h&bﬁﬁ@'b‘é%scﬁﬁe@m&ﬁsi RERN [k & Sy soidtedtdie waf ers
of the two substrates do not have 10 an edge that is perpendicular to the

sur f ace,s buthaf REAeBUOVAS Y SHBBNES Oﬁﬁa’é‘ﬁg“éfqﬂéﬁdl toAs SCilficcatdd Hy! e arrows
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edge, but up to the ed ero he donor subs
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wave. The 501 gfsreset be sebinér Elpyiredy éhen@dfers of ¢y eeestiesdrdtes Boguwt @abe Due to
t he exi stence of the ed e rol.l-o ft];:;ot% waf er edgg t he art transferred

from t h&) doRdrIgaHERY I8t ﬁa Biosteng bRy S0 £86° of ¢ he

recei ver SURSLSRLSdiddted tth@rﬁrtbvassntaate@@ t 18e RdBsrAbs 4 026hdP 80 pB&oal crown
CP. For a 300 mm wa t he peripheral crowm CP is typically 1 nmw de

relative totherforsdiencsd rtgﬁéum 3}9 edge, but urfetheRfigedod®fe phenonenon
| ed h
revealed in t eYHe’HJn%g'é%étffﬂe éig ngﬁ%rg&%ne&%’ aFolﬂg t@é%ﬁ%ﬁ@erﬁénttioﬂe%ﬁer red

zones (in other words, oxl aye
peri pheral Tomumie®R. this, thel detattenghtasam bec siaviati mnnmaif@emééorcemmarw used,

t he pIa actlvate the rat f.ul face. (refer to as
the ' gga CHRG© t’ﬂ t‘::qﬁur d dgﬁpﬁﬁb Sg't?@%ga A mec%ﬁtilré sﬁg@céj osed to
t][te EI asnm, tH@eweoﬂ ta uétaehmbnmgvm aTh@L@@t ravaeturd Ofbetetiy e;@taire@d:nt; ption
of the invention: eno n to be due
to excessi vEIRJeSARY E‘SHEﬁ ﬁga@? g" ehet g?g'fef eqmé)e f‘ﬂ'égf\ﬁét I'n
fact, in thgyeuenfe tpaattremméwfréak% Mrafesubelrhevsmdoss RBMRKRAI @ on or
adapt ed cl eani ng of the donor and/or receiver substrate before bond| ng, the
t wo the entire surface of the receiver substrate 10, but only as far as the edge of a
20  peripheral crown CP.
For a 300 mm wafer, the peripheral crown CP is typically 1 mm wide
relative o the edge of the wafer.
The jagged edge phenomenon revealed in the introduction is explained by
the presence of iransferred zones (in other words, oxide 20 and a fine layer 32)
25  within the peripheral crown CP.
In the plasma activation processes commonly used, the plasma activates
the substrate’'s entire useful surface (referred to as the “front”) and the wafer
edges, but not the back, which is not exposed to the plasma, because it is
sitting on an electrode.

30 Detailed description of the invention:

The jegged edge phenomenon would appear {o be due to excessively
strong bonding at the edge roll-off of the wafers.

In fact, in the event that bonding takes place following plasma activation or
adapted cleaning of the donor and/or receiver substraie before bonding, the two



WO 2009/ 034113PCT/ EP2008/ 062018 6 wafers adhere to one another nore
strongly, which reduces the width of the crown follow ng transfer.

This is explained by the fact that the edge roll-offs are not prom nent
angl es, bwto madiserizgr adual curves of the wafer edge. 5béTEPmots@nded waf er
edges display local irregularities, téhe transfer follow ng plasm
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that has been treated, so as to contro e bondi ng streng et weeh t he
two subst r albesjagged esgenvi saged, in fact, that if a weak bonding strength

can be maintain . i aroynd eriph , the

ri sk of transf é{reﬁ‘eegé 2%5.’2’58%%}@%% R&Fﬁggc#dﬁnﬁé&y?é}%%%qﬁiJ{f#?éeyﬂ%gﬁ

;’8 t hi shendsledgksf '(mtgabugmlmd eannst bxcli@eihé heosstildy g strfazegiregliavitiesn t he
peri pheral .area not carrying out activation in this area. An
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activation or cleaning prior to bonding is controlled, so that at the end

the i ncreas®al arepwidar Agd ARYAGIhMOE: Reh it RESS Wsds: atweut jg9ged fda&er in the
peripheral ar eqntiiaR-dineke, G5 Rnidh eRaRls NBS&IER! baligsne Tayea | v,

the bonding strength 1n the peripheral area w e at [east ower than
t he bondi ngedde pngrtdmeénont hecerdralimg tharastivaifort dreclearing vhthessurface of thed i r st

The ot nEr - stuevele bR ERSRarifei R & 14 ShRL T Baflfibl SPEhaR B BE 00 O
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To this end, a first solution is to keep the bonding strength low in the
20 peripheral area by not carrying out activation in this area.

An alternative would be fo reduce locally the higher bonding strength
obtained by activation or by cleaning prior to bonding.

In both cases, the activation or cleaning prior to bonding is controlled, so
that at the end the increase in bonding strength between the substrates is

25  weaker in the peripheral area than in the central area of these substrates.
Typically, the bonding strength in the peripheral area will be at least 15% lower
than the bonding strength in the central area of the substrates.

A first embodiment of the invention consists of the plasma activation of one
and/or the other substrate being bonded over its (their) entire surface except for

30 the peripheral area.

A variant of the invention consists of plasma activation or cleaning before
bonding of the entire surface of one andfor the other of the substrates to be
bonded, followed by localised deactivation (prior to bonding} only in the
peripheral area.



WO 2009/ 634113PCT/ EP2008/ 062018 7 The peripheral area in which the
deactivation or non-activation takes place will typically be between 0.2
and 10 mm wi de, nore particularly between 0.5 and 2.5 nm and preferably 2
mm Thi s wodiohwasgpiscal |y corresponds to a w dth great erCt/hemosas2@agual to
that of 5the crown which, at the start of the detachnent, generally

di spl ays a w dt 0. 0d.. Lt cul arn en 0.8
and 1.2 mm ﬁeﬁ%}er%ﬁ%ﬁ%@eﬁ m’ﬁ“é’?@s??r?ﬁ ?&n"g‘gg%@éﬁﬂan? g%@é‘é@ t‘lf‘%esgﬁé uce a
reference swilugbicaky beftmtebam®. Liandd imen sdde, miooe pddiceiasly Jatweemd.5

structure it |s.hoped to obtain, in other words: 10i)creation of an
enbrittl emaeﬁﬂCJ é'érfa'%i W&aprﬁgﬁﬁﬁayg%@trat e so as to define a layer,
H) treat ment of THewhii bas&li9fcotrBSpdtaRoe ARGHBgréSep N orSetist t@tiRi 080 as to

i ncrease the bonding _strentgI h between the two substrates H ) direct wafer
bondi ng “of RrEWRNISHLEL hatsdard of th delBsEMmast, genssalivadier'ans @ Wiith 8Ehnent

of the donQfeguBSi ALy binhNEdGHBE | b&WREN 0.8 and IMEmp dth of the

i'&!!ﬁl}}
crown on the recei ver' substrat_e IS t%se'n asurea on tpll S rererence
structure, aftén piactdaltiesmei dt mayf behaedpentbpbevslto apwduce alewégranerd, so

that it is gr r to th ] r on the
reference s F%ﬁrgrbee&&%?ﬁé iugﬂgﬁb%\ﬁggng %@?%?@I%eg{ {)O%Bﬁ%g’ggguf%ﬁg%gﬂsgd
repetition,toiobtahhierotha@rwsdsby setting an arbitrary width for the

eri pheral area, 2 mmfor exanple, then.initiatin h rocedure descri bed
ot he Thveht + Shediiah Heds GRIEAGETIRTt a0aPHN Gt CPRr PEisiibfs B 26r GETTEGE 1 he
fol |l ow ng St rughysres, the wdth of the peripheral area is adjusted, so that

it is greater than or equal to the width of this crown. 25 First
ermbodi ment : )Noritegémentadl e BrfachJBe igqemer andiargaceiver substrate, so as to

increase the bonding strength between the two substrates
i}y direct wafer bonding of the donor substrate on the receiver substrate

15 iv) detachment of the donor subsirate in the embritlement zone.

The width of the crown on the receiver substrate is then measured on this
reference structure, after which the width of the peripheral area is determined,
so that it is greater than or equal to the width of the crown measured on the
reference structure.

20 It is likewise possible fo proceed through repetition, in other words, by
setting an arbitrary width for the peripheral area, 2 mm for example, then
initiating the procedure described in the invention and measuring the width of
the resulting crown. For the following structures, the width of the peripheral
area is adjusted, so that it is greater than or equal to the width of this crown.

25
First embodiment: Non-activation of the peripheral area
A first possible embodiment of the invention involves conducting plasma
activation before bonding, this being controlled so that the edges of one or both
substrates subjected to the plasma are not activated by it.
30 Hence, the bonding strength between the substrates in this peripheral area

increases io a lesser exient than in the central area, if it increases at all.
The initiation of this sort of plasma activation depends on the type of
equipment used for the plasma treaiment.



A first possible enbodi nent of the invention involves conducting plasna
activation before bonding, this being controlled so that the edges of one
or both substrates subjected to the plasna are not activated by it.
30Hence, wheolmmrzdiing strength between the substrates ipCtiRsogiseiipher al
area increases to a lesser extent th&n in the central area, if it increases

at all. TEndBIdddhd Ao@lerdiBh By SPEburBE R3S RaAE! 1UAhOBuSRRERS on
the type of equil phent use or e M asma treatnent.
2009/ 034113BChEER2ORE) 062648n@ the whdleersairolcas nautinglygenablas ethebyenéiresour ce

that is smalle han,t he substrate he. treated,  sweeping the whole
surface rou?LibﬁL(? g}?&ﬁ:{;ré%%% H%”W’ﬁ@tbgdﬁgfﬂ@ﬁgfe&ﬁ%%l uding its periphery, to
be uniformy tmeatiggbntibhanéreiestin@ivdshacehong thaswtasisg Boub 50 bt the

sweepi ng action so that the 5 wafer ?d es arq% noﬁ? treated vvlthtf)la ma, such
as by sweeplVal§r €A8eS @R trhirealasy wilk & @%&‘1’ WRHGG2S R¥ ARFPINGS ENenFYLSaER r es

from the edgge bRxet Bflg WRIER ladimilifRdestiRfn MdbdyDfin bir ke, &t (dRWn, Wi th

a "punctiforn plasma source. A punctiformsource refers here to a source
with a surftheevidiheof thedglure agpve, Vel ampuncifQioy ®lasma pawce atfeBUREif@™ase:

the dotted éciﬂ@%.r&'%% Hord NS éré{n%‘ét%ﬁ( %f’fsuf’fa&é’%‘#@&tdwéé&%ﬁ'é‘%%ﬁ rce P
sweeping theentire 3UFFace HPOTRE Subst Pat e except for the peripheral
ar ea. Figutehd daswatls phiascesegeher dotketl Byea teépisarthe duajedotyonfer t han

the greptest supstrate dinmension (i.e. .the dianeter in th ase of circular
wnfersy 1) ot egRg srrec: Pureindie Friretrine ) Mt beal eferf ear t ne
whol e surf agethESdridheealswdst rates uniformy in one or several sweeps.

The invention therefore involves splitting up this linear source into a

succession of dfdf FARGCOT AT AACERCANY SWiBPIngOYTRe SUPtaden 'be
treated byowt?gbgg tPhle [d1BeRgBh i & OHE REmENR Yin WREBasdI8Y cREGam@hiebaiCi Ng the

peri phery strates. 20Wth reference to Figure 7, the |inear
pl asma sour wevérsensid@ngplitsiction siakee dtgpuiinaly pessible tpdieet freovhele surfaess P. The

Lnear EOU ARk SuBNAL, LAy B SEL) et lbbparrove. CTLY Lhe P sources
pal e col oured SteaireeptioThewturecesoloppogilitieng e thigdintarsoesentréal oy bl ack
3%? ?regf )edfjosunc%tes I{r)!’? (tj) Stha %n&lif%rsn%bu%%%%ntdhsav;[ieépri]r?g e sutrheeXo be tlre%ftéd

by switching on the small sources only when they are not facing the periphery of

the substrates.

20 With reference to Figure 7, the linear plasma source is made up of a
succession of small punctiform sources P. The linear source is moved in the
direction of the arrows. Only the P sources facing a zone to be activated are
switched on (they are represented by the pale coloured squares). The sources
opposite the edge (represented by black squares) do not produce any plasma,

25  so that the periphery is left untreated.

In the commonest case in which plasma is generated by a fixed source
with a size comparable to the substrates, the invention involves eliminating or
confining the plasma, so that it does not activate the periphery of the wafer 4.

To this end, the invention envisages, for example, confining the plasma by

30  preventing it from treating the edge of the wafer.

With regard to Figure 8, this confinement may be achieved, for example,
by means of an annular screen 2 attached to the electrode 3 on which the
substrate being freated 1 is placed and covering the edge of this substrate

without touching it. This screen, the internal diameter of which is equal to the



In the commpnest case in which plasma is generated by a fixed source with a
size conparable to the substrates, the invention involves elimnating or
confining the plasma, so that it does not activate the periphery of the
waf er 4. W tshi/g4end, the invention envisages, for exanpi/Epzocowitini ng the
pl asma by 30preventing it fromtreati®ng the edge of the wafer. Wth

regard to Fi.gur L L Y J .-by nmeans
of an annul (%{grlﬁsegerrgyef%ﬁ%béﬁf@%%ééﬂ&%%ﬁ{%%&es? g%ts %@qué%g‘ﬁe \f;\%; (S:f}‘f;ﬁ"tg @k@jggt rate
bei ng treatadthk elecipbde sdprorting thvesuirglratde Tdagsparke hdtivees ubs twadéreand t hout
touching it, This screen, the.internal,.di ter. of which is ua o the
10 50007 0318 FHET EBYBEBNSRo g S maiar & WEIER, heea 8 pe BBt Lt it ec

i s desi gnedodriphbay erdde valRireréfatené frak fram plBemalrect rode supporting the

substrate. The_space between the wafer and the screen over han,gli,\gg it - the
wi dth of5 whi ch The§ BE[EEN 8Y.t 06 SXPERIF. dte MadepkpMpiier sAmarragerahpy the
therefore bggsige bER feé@t%ﬁ,ﬂaPc%r%m-aiaoﬁCzrh%@wwaké Q" pSHIR! 18, relpiciRde
fromthe sane material” as the substrate being treated, a configuration that
wi || make iconjarsiniabioe of Gierlaeni ct contami nation of the latter. Thi s
screen, divided.,in i i,cal k. 9%@% ctd HRY be set
in place bef orjhésn%&reéxn\%é/!g#gggﬁétért&/tghdefgnaggg’%gftg P%a nér'ﬁ?bﬁlt% hgécj'!rC g@is

10f aci | i t atbengetraini piakat beforeofanthecrsonast rEee $hé oplbemiengeaimdriie tegrabypment .

This screen n not necessarj b de.fromsoljd nmaterial; it may al so
bo. o orl | ACHIATEA ae g R obin® ALERTERS IPEMeE he FBieiefhe pebye. | ength,
so that it is spgs skiednhedd RtMRcassatilpoé hthdekerhisalid ndtérideit Madysaléde
circulation of neutral species (the use of a grid makes it possible to

achi eve fewes 21BiGiNWiiEh iR §Ec3ipStARSyBIZE it §W)af|e“l'*}ﬁ‘@”ctﬁﬂ&ﬁ9yg\}%”9\tﬁ_tﬁi al
fromwhich §Re;skebet 4y Bk dIim8 st k8lidREtefAR Nl SEnRe tggvcgiemgpmsgog ?i

coating to prevent any’contam nation of the substrate -

for Si substeultabsspdais ditenmise. obez ogitt endiesi riemossibDEadoi ashicvh fefvet he
peri pheral ar ' vVal | ; ' ' ; in
Bondt ng. ot r SagRreTeES 36 Mo Dol b EBheint dlorafHh Mo 18 AERG

cl eani ng ofof kree eniti Ise nsadef gae thied bé averathwwitr at beatiicheéo ebstir abes to be

bonded prior to bondin foll d by J.ocalised,. deactjvatio i t
bondr g} onpa AR SEne Rt 8 S BERIG {Ehit & SibsiPhieS Yot Blardiie o
gl G?Ei n?- I n f adcondleniRirmeht: Vabbpatibhwoing meiphiers agga nodi fication to a
ep of sone

I m

According fo a variant of the invention, the growth in bonding strength is
20 achieved through plasma activation or adapted cleaning of the entire surface
and of one and/or the other substrates to be bonded prior to bonding, followed
by localised deactivation (prior to bonding) only in the peripheral area, for
example with aid of chemical cleaning.
In fact, plasma activation involving surface modification to a depth of some
25 tens of angstroms can be partly or completely destroyed by chemical etching of
all or part of the plasma-modified thickness at the edges of the substrates, so as
to achieve an even crown width.
Likewise, in the context of adapted cleaning prior to bonding, deactivation
can be achieved by a slight increase in the micro-roughness of the surface in
30 the peripheral area (average roughness typically increased in the order of 0.3
angstrom in the peripheral area).
From a practical point of view, in relation to Figure 9, with the aid of wet
cleaning using a jet while the substrate 1 is rotating, the jet of chemical products



25 tens of angstrons can be partly or conpletely destroyed by chem cal
etching of all or part of the plasma-nodified thickness at the edges of the
substrates, so as to achieve an even crown w dth. Li kewi se, in the
cont ext ofwmzhaptzmdscl eani ng prior to bondi ng, deacti varconrmesisb@sachi eved
by a slight increase in the mcro-rotghness of the surface in 30the

peri pher al ea. ( r I Lpcr j h of 0.3
ngstrom | oo R e fPUARd oy R RorbrbRr P ErBeral Inirgielel,
rel ati on topdriphera afea Isitd hetdeactivatedf wet cleaning using a jet while the

substrate 1 is_rotating, the jet of chem cal praqdugct W .

2000/ 034113PCT/ER2608TEEL T8HES ¢ Si5RES ﬁ?a&é‘&ﬁgﬁfetE?\édWUJnPVhat*h‘? he
peri phery Oﬁna{%ﬂﬂégw héscht ohene duriceesttvaesRlbyapraniss droclbgnidgacForat ed.
The chem cal products dispensed are such that the etch the

wi | |
mat er i alY s) @FTERen BA Rreeensgr 918024 MixtHic BaRA B%M%r“é@%ﬁ%@@” For 5
exanple, in.th rese } BhEUrS base can be
use(rjm(e. g. %‘%cfgﬁ‘?ﬁ%?’ég’(@t gg%tégggtc?oglr) Ee(ﬁ a ve? \%EY %?Hg@%%&ég&ged
sol ution (esguticdF(@Dg5%Ft 0.58t ¢ etaindron Ifeimedchy ttKQ dspgrsing Af 0gPnisedni sed

water, in order . 0.1 f prior to
bondi ng) . ngf%&tthfwcg]egﬁég%sﬁ?%egﬁe%%)%ﬁgialégé% ﬁ’sa‘ééé%?’ﬁwﬁ@é‘gg'?@%@@a| ar ea,

t hanks to the NQeastthing sgatiof oeroeingeveliateth thy dganipherd sreatiearsksriotiiad i on.

11 CLAINS 1. th‘f?: d of produci onduct O]Ei structure by transferring a

e ;
| ayer of¥a efSHY géﬁe%wrﬁ%gg’y%@%g%%@%ﬁﬁgt? Ate, conprising the

foll ow ng stages:



(a) creation of an enbrittlenent zone in the donor substrate so as to
define the aforenentioned | ayer, (b) treatnent of the surface of the donor
substrate and/ or the receiver substrate, so as to increase the bonding
strength between the two substrates, (c) direct wafer bonding of the donor
substrate to the receiver substrate, ¢4) detachnent of the donor substrate
in the enbrittlenent zone, so as to formsaid sem conductor structure, in
whi ch the surface of the receiver stpbajmgte, except for a peripheral crown,
is covered with the transferred |ayer, characterised in that at stage (b)

treatnent of the substrate is controlled, so that the increase in bonding
strengt h bdt weldptheshel pledisindsuspiceideciansfruchie Py dansferring atayer at 2 dpRor ower i n

a peripheral agga,of Q%@e'\%sflggﬁét?ét&%o‘vgbﬂﬁinpﬁﬁe% {?Wiﬁ%‘?tggéé? bondi ng strength

in the central area o% salé strates at s peri pheral area has
a width at | easl emaibn biart drebritifementzondie the dunor avitbiremeer ag thaisfid@them

. Met hod accordi ngra;o cl af'.ém é’t characterised in that the bonding strength
bet ween the subst Pat €51 & 6t %hcr eased in the peri pheral area. 3. Method

according to omg Ofeafthéitn® theOBurfaceCBRNAL OhbIS edbdimatd Rat/dr e bebeliary
strength in the perigher al area is at |east 15% | ower than the bonding
strength in the cSHPHEIapeLDMO tRTELMHING f0BEIN4strangih O§MEEROINEI MG to one

of the claims 1 tqugstrgedaracterised in that said peripheral area has a
wi dth of between 0.2 and 10 nm WO 2009( 034113PCT/ EP2008/ 062018 12
5. Met hod accor{@ ngiree wafer handingci hreadensy selsiratatatharedeiver aehsligs, prior to

stage b), the ?‘ﬁg{e%%ﬁfc?{eﬂ% ofj@teeé -o?ash%)%tgfin e ewgﬁlg{‘rﬁtwt L% oo,

6. Met hod accor alm 5, characterised in e experinmental 5
det erm nation of tiren esidtdenidontieore stowature, nmolvivigs thor edifecenayf e srengieernduct or
reference structure q transfe{ri n ayer of .danor

&l il

recei ver substrat & %r?’?f’ﬂtg of r"f‘eg':"i'"fl?lhlfs 'Cﬁod“’rkt'%ag\égreiyﬁﬁltjéeg#g% &ro an

enbrittlenent zoneasjen a donor substrate, so as to define said |ayer,
characterised in that at stage (b) treatment of the subsirate is controlled, so
that the increase in bonding strength between the donor substrate and the
receiver substrate is lower in a peripheral area of these substrates than the
increase in bonding strength in the central area of said substrates and in that
said peripheral area has a width at least equal to the that of the crown and

fower than 10 mm.

2. Method according to claim 1, characterised in that the bonding strength

between the substrates is not increased in the peripheral area.

3. Method according to one of clairﬁs 1 or 2, characterised in that the bonding
strength in the peripheral area is at least 15% lower than the bonding strength

in the central area of the substrates.

4.  Method according to one of the claims 1 to 3, characterised in that said

peripheral area has a width of between 0.2 and 10 mm.



10b) treatnent of the surface of the donor and/or receiver substrate, so as
to increase the bonding strength between the two substrates c) direct
waf er bondi ng of the donor substrate on the receiver substrate d)

det achnmenwioodmaidonor substrate in the enbrittl enment PDERICEB2ES t O
measure the wi dth of the receiver substrate crown on said reference

15struct ureg I\h@tbgggcgtﬁg@rg%%%irﬁg,%ﬂﬁra%@erfs'e?!iﬁg}a]c tttaﬁf\;,ﬁeré'&% tﬁé ised in

that the treat nmen pl asma acti ri pheral
area i s not expsted dxpetimenial dsteemin2008 oMieheidttagicbe draven.t o one of clains 1
to 6, characterised in that the treatnent at stage (b) conprises wet

cl eaning conprising SCL at a tenperature below 50 C or plasma activation of

the entire gurfaseocsf aéd@@dzﬁ%b@t b@fxrﬁ 5f ehbeweshdey & degcthies axpenmeytathem cal
etching of the peripheral ar ea. Met hod accor di ng to claim8,

charact eri sed iGei¢RHRatR RfcHhfg "%‘Simt?%nthﬁs HPWPer8WRIVey RGWENGNtD t he
peripheral aregeaficdifichiDRdEREe WaIrh&ubd S0y UPsstatifg | § 1Rt 60 doRlr

substrate to a receiver substrate, comprising the following stages:

a) creation of an embrittlement zone in a donor substrate, so as to define

said layer,
10 b} treatment of the surface of the donor and/or receiver substrate, so as to

increase the bonding strength between the two substrates

c) direct wafer bonding of the donor substrate on the receiver substrate

d) detachment of the donor substrate in the embritlement zone, so as to
measure the width of the receiver substrate crown on said reference

15 structure.

7. Method according to one of claims 1 to 6, characterised in that the
treatment at stage (b) is plasma activation wherein the peripheral area is

not exposed to the plasma.

20
8. Method according to one of claims 1 to 6, characterised in that the
treaiment at stage (b} comprises wet cleaning comprising SC1 at a
temperature below 50 °C or plasma activation of the entire surface of the
substrate, followed by a deactivation by chemical etching of the peripheral
25 area.

9. Method according to claim 8, characterised in that an etching solution is
dispensed by a jet onto the peripheral area of the substrate while the
substrate is rotated.

30



