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1 - HEAT TREATMENT PRI OR TO BONDI NG TWO WAFERS The
present invention relates to transferring a | ayer of
sem conductor material froma first wafer to a second
wafer to produce a final strutture for

m croel ectronics, optics or optoel ectronics, such as a

e om0 AL GBI s
form ngh& zOne ﬁrflvé’l‘ﬁitﬁﬁr}%%‘ieé b irléﬁsfe'tnﬁrz% a}"%&@l{ Rf‘tgﬁt"f‘\iconductor

depth that 1s close or greater ness

omatdral fmye @ first hafenr ons fsecoed walsr ionplaahuiceray final structure for

atom c _species or. by formng.a porous,layer, or.b
ETRAEIERGORIERe OPHES I SPIRFIRGIRNIGSA rSUGL 28 ¢ REmiGiduRigron-
mpshRMr&duchpeds in the first wafer; bringing the
surfaces of the two wafers into contact so that the

| ayer Typically, sucing flayeréunistericompoiseathe fallowingetepscond
{ T anetTorPIR s oS of wepRtess nii dretapalenal S petginatis close to
VEBKRAEST thaR tl‘!‘@%i&kﬁéﬁéﬁ ofn@R! lajéert H@"ﬁl‘ansﬁi_nz:,gj, gﬂgﬁﬁ{bcl)eﬂﬁing an

a "stabilizing anneal™, can Tthen be carri
| atpmisy §peoiag ATy Earming) at pryose dayes, anbyrusing anyeother method

f | . dji ff.i cul iLt,h b i nd of
GBLFAT IRy wBSRen o Fethanipddiontindh s faf weferg, ©
| nor GaRingirkPINeASRRE ofAhe BRS WRREISShfo EBMabeSP R the layer to
trapped at the 20 interface of the two warers during

decirengferad isrcantaeiivath thesiegond wafer;t he ef fi ci ency
and qual i of thei ondi n d thus the ality of ,
The d3Dphind enardy ko ARy B hiet 1 Madtefed for the first

Rfel StiherzoMaesT.wédknaddi tion to the bonding, one or
nore particular treatnments is/are carried out close

t o - t hd\dgidinniah heabtteaatmest,i alsorkiown as a dsiabdizing aheeal”, can

ical. physical. or chem cal. propgrties of the
b i Edtrioa o Binrp B8 s Bonien e bcariLubiE and the
GRifRférfdd@yaf.on ¢ species inplantation carried out
prior to bonding close to a surface to be bonded to

f or m Snedifiigndty oFithwdek iseisof(layer transierlieeninviedgct that organic
o el ot oA B pde ey bEGHRE 8558 at the

interface of the two wafers during step a) and can deleteriously affect the

efficiency and quality of their bonding and thus the quality of the desired final
structure.

This applies in particular when, in addition to the bonding, one or more
particular freatments is/are carried out close to the bonding interface in order
to modify the mechanical, physical, or chemical properties of the two wafers.

‘This applies in particular with treatments comprising atomic species

- implantation carried out prior to bonding close to a surface to be bonded to

form said zone of weakness (the method known as “Smart-Cut®’). On
bonding in those circumsténces, such contaminants or gas pockets may
cause superficia! blisters on the implanted wafer and/or may lead fo zones
which are not transferred during detachment, between the zone at which the

species were implanted and the interface between the wafers. .
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30 cause superficial blisters on the inplanted wafer
and/or may |lead to zones which are not transferred
during detachnment, between the zone at which the
species were inplanted and thé interface between the
wafers. 2 Such defects, which are at or close to the

2ot at SuAr defEeiinbBion e a3t Rlosk: kbfhe Sorfacshdaf water, are
hastallyt reata@ Nitle R & TN IHINSBH duirRlgtthe IEBIlAHE (ahlh'éal heat

process, those defects can 5 perturb’the structura
ptrepnentes of the |ayer which has been detached, or at

ocour e, GB3ia” Ryt ' THiY o FiRGCURE RHRASE s Caetects can
| pottaidt e stARtural Prspertigtabf i layen whid b€ beef'detadiesd, or at

thereby causi ng structural defects in the renoved )
| figedefact lpcationoihey Haay wasise sdelachmest de epcar dlt et banding

£ ' “ "
S B R TP bl LB 57 rRfroroc zones,
stheremncdusindstrivetakal tiefegis Inlthe removke dayeng t he wafers

again,_ and finally b rbn%i&ng. an example, it is
possi bt & kppw &t "ﬂgﬁyrb%wﬁbge ts %@Aa@teate\ﬂaa copftaginepme of
) KSR a HRRek: ﬁﬂgy,\ﬁ% thal a0 ot o
Z%Jaggars }é‘,‘gk %éne ?gr%t | ve,{:l P%gltj tec ﬁéﬁg tﬁﬁeggaz%r:stg eaé)plymg
usiindind i togthwalbacks famed thembyheleacial the walens agbimarnidofinally by
on th&. surfaces, entailing the conventional risks
i'%P8NdIBG- i n manipul ation. In a first aspect, the

preserts izpveri Qb | HO
provi disng‘;’:l a@ﬁ%ﬂpﬁl&%ﬁﬁ ? Pgﬁg'fegﬁ ;&‘r%ﬁat}?a%é?&?b%’mng% a wafer
feleaneniseknown @assesapubbaeraf er, 20 the first wafer

wth a,syrface

of T nd e, (BRfden, "E20BRER o e Qe LaAl Bique

SRIDB SiRtES tuMboRBING! Walets Bl & Indchdridt 'oreshznibalt adtfon on the
close to or greater than the thickness of the layer to

wurfaceagyitailing dhe coaventiosal sks involvedin manipigtians es

e b NS ABlsd 8RS8 5 BPete Shgeton o
tproiliimgses nidiiadd bbtrahsieringoa Rives frodd 8firéthadTet tbea second wafer,
the first wafer comprising a zone of weakness defining, with a surface of the
first wafer, a layer of material selected from semiconductor materials having a
thickness that is close to or greater than the thickness of the layer to be
transferred, characterized in that it comprises the following steps:

a) bringing the surfaces of the two wafers info contact so that the
layer having a thickness that is close to or greater than the
thickness of the layer to be transferred is in contact with the second
wafer;

b) supplying heat energy at a first temperature that is substantially
higher than ambient temperature in the range 200°C to 400°C for a
first time period greater of about 30 minutes;
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t hi ckness of the layer to be transferred is in contact
with the second wafer; b) supplying heat energy at a
first tenperature that is substantially higher than
anbi ent tenperature in the rafge 200C to 400C for a
30 first time period greater of about 30 m nutes; 3

) o ure I BB RS SRS e ek i above

‘layer to fpe ﬂr§taﬂé‘ﬁf®rrél€|?e td aBtdchaheflhyst toVsd ﬁ'éné\‘bnbm'rom the

zone of weakness. her preferred aspects of
bondi ng rfﬁshwafeaaétimzdnﬂmmakr@ss fol | owi ng step c),

h h
of sup g mitkbe ashar g 16 aBadbd e bfise S TPl ar
i's subplidringaldtep heghie trh@&dd”ﬁ‘uﬁhéﬁtcdrﬁﬁﬁ’@ésatéﬂ(ﬁher step

for a second tine period, to- reinforce the bonding
| sonEiRing 198t aupplying e heab emfrgy sat atmmwmjperature that is

LSRRG il PR 12 Bt setpart RS hpheirde period, to

nmmerceuﬁtamauﬁghmké?é%ew&m@q% waepgr atures; -
t he heat ene@n&/tsupp ied is such that the tenperature

i ncr eadhe second tampsrrstuye is/aboutisad° Wl.th a ranp-up that
er, t han abou

51 or abe e el 8 sienot) Bsgibplied(ifa sbganfallbrogressive
RAAhASH BStweBh thé hﬁya aﬁ@%éboﬁ’rﬁférnbérauﬂﬁa particularly

| ess than about 120 min; - prior to step a), an
addi t+ dhal h@temergycwpplsed isusucindhabrilsé stempefature increases

8k b0 sD4Elmg vl 3P P bl iR g6 it
neChing! is an electri cal i nsul ator; - the bondi ng
rraterlal is S102; at |east one of the two surfaces to

be bond!b%ifll’&héernpﬂahgen@ahoutc?hﬁﬁ} ng step prior to step
) the first time period is less than about 360 min, and particularly less
than about 120 min;

— prior to step a), an additional step is carried out and consists of
forming a layer of bonding material on one of the two wafer surfaces to be
bonded; |

~ the bonding material is an electrical insulator;

— the bonding material is SiOy;

— at least one of the two surfaces to be bonded has undergone a
cleaning step prior fo step a);

— the cleaning step employs at least one of the following cleaning

techniques: chemical treatment, rinsing, scrubbing;

— prior to step a), the method further comprises a step for forming the

zone of weakness in the first wafer; and

— the zone of weakness is formed by atomic species implantation.
In a second aspect, the invention provides an application of said take-
off method of the invention to producing a SOI structure.
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'25 - the cleaning step enploys at | east one of the

follow ng cleaning techniques: chem cal treatnent,
rinsing, scrubbing; - prior tg step a), the nethod
further conprises a step for ffor m ng the zone of
weakness in the first wafer; and - the zone of

weakne i.s_.forped.. ton ¢ species.iplantation. 30 .
e e GUAE o, AL AREER YRR e hcrbes
apglowciatthigdogdunsatit ntiatre illuetratateinitad felfowim@ figuneant i on

to producing a SO structure. 4 OQher aspects, ains, :
and adﬁlsﬁf%a@qws aHechrique folomegsuriog dhe bpadinpegnsxoy of two
t Qi ocunent and are illustrated in the follow ng
frgures: Figure 1 shows a technique for neasuring the
bondi ngigareryys & graphicaled@nparisor-iofthe mebf Bonding energies
gr aphi cal _conpari son of the nean bondi ng energies

nBESsHEd fobtwpwalges thad havarundsrgonmadisteaimspt with no pre-
t ok -AMbaf Prior treatnent
wé@ﬁéﬁ%gpe%ﬂ%eﬁ%%?"éﬁggﬂ&m ag; tenperature-tine

pr of i | lEgdrer Brehdwepb derpesadtumatioe profileedimidy implementation of a
accardance with the ipvention, 10 Figures 4a to 4c
SHEatia F5epraansgwith BSSnVer®Met hod of taking of I a
usef ulg; rq4 hi ' [BRng Bi ;

5 o e 14 RS e plihbinal HRps e idtia r @akif off
t usefgllayerdafascordance vdthuthefioventiaper t aken from two

bonded..waf et s, t hat, have undergone. a .pre- gnneal_fo

Do haIo0 oo 3nOYLS 1 ARl s ing R Sy g8 trgodter defects
tiRi & Useful faysrtHkén Pof 6 Bdhded WifeRCiHzR ha9Bl @ider§bne a pre-
the present” invention is to reduce the significance

Anngal der tvehwuss andcwa bogtied safers that tiave| aydargonata thirty

| ited (or detached) froma first wafer
%ME%’%Q&@MN wafer”) at an existing zone of
weakngs prifitipanebjeteasther prebesttihdentitnis! taeduts @ie signfficance
donor wafer to a second 20 wafer (terned the

"Gfedeforts rangapeifage roaheess of @ hin {ayer foalchas baea dismited (or
i l.e 1,C...SDEC]:
detpctied] 1R85, s Elvarer el cBbor B yratiBF EldRing gne o
tweakness during transfer of said thin layer from said donor wafer to a second
wafer (termed the “receptor wafer”).

After forming the zone of weakness in the donor wafer, for example by

~ atomic species implantation as described below, steps for bonding the two

wafers and detaching a thin layer are than carried out successively,
simultaneously or in overlapping manner, by means of heat treatments.
— Prior to bonding and prior to detachment, techniques for cleaning the

surfaces of the wafers to be bonded are advantageously carried out, such as

'scrubbing, chemical treatments such as RCA treatments, ozonated water or

CARO, or successive rinses.
These surface finishing operations have the dual aims of:
e withdrawing particles from the surface;

+ energetic activation of the surface.
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waf ers and detaching a thin |layer are than carried out
successively, sinultaneously or in overl apping
manner, by neans of heat treatnments. 25 - Prior to
bondi ng and prior to detachneht, techniques for
cleaning the surfaces of the wafers to be bonded are
advantageousl y carr h as sch¥bbin

chon cOfb faran eRATBRIS Gefivationkeh & Sudedo i & Wl A uged here
V‘ﬁlbﬁhs Qﬁe aLtiEtlon06f ﬁé’l@ﬁﬁ‘eﬁsérf?glg’s Rttthe diRe %@%&fers (said
finishing operations have the“dual ains of.
V\pmtbut!denegglparpnrtd:;alyfbe:bmg tive nanifeatadipn @nlmr@mg bonds from

i vation of surface. 5 The t ner get i .
iR peSioe) Mt hesticoime sndiies 55 BopBitey Wb othar pactcles
tRBicA Gl ¥afeUlosY toPPkaRifagk. energi es on the surface of
the wafers (said potential energies principally being

t he nakeneswhen dWOowafeaﬁgMﬂg respedtive reondingh susfaceadhat have

AT reell gAY T CElnBh P dap SR, B8 B ers 1

demamemhen two wafers with respective bondi ng surfaces
t hat have been treated in this way are contacted,

adhesiZd Adhesion i roestlyr of jtee mgiesulaédnt%ac@ramub&meen
1@4@@4 é{toﬂfs .'é%eHPér?H& rféc'é%.%rf fbrﬂ(?%gtiﬁrﬁgga.n

rogen resen aces
waf er Mdﬁlecwar bomiiﬁg is felﬂﬂltaedllm”cabsm df tre hydrbphilit nature &f the

because oE E)ﬁ’ édrophi lic nature of the surfaces to
‘%Gﬁﬁ ependedor dance with the invention, heat

t t

b[etea/egﬁ%ﬁoraéﬁ?é 0 tﬁﬁ lﬁ\}efmggg,ﬁelaé: g@gt@aﬁﬁyésﬁe%éﬁ%gmed out.

cheni &dl theonnrtexface)rimetwbenhm&s wefarse taeopm[:rbrﬁéserand physaco-
erature and tine conditio

endln on the t
eI SonApEins, B0, Sufes SlomsiHiter depending Con the
ttSH%%I‘é}hn‘érﬁnd n@bedon'aﬁio%g%%.&f e\?éfe?é atdsut aét@a.f ace
t he wafe

bet ween rs are free to difruse andt ey wll
bond Witt ambiemii tegnjsratdse, waben nidecules quresent iat olhe interface

B o S e B g B Ao noing boncs
FRInS thd stirface silicon atoms in the form of OH radicals.

The set of hydrogen bonds between the OH radicals will then constitute
said molecular bonding between the wafers at their interface.

An increase in bond strength has also been observed for temperatures
higher than 1000°C, espedially in the studies carried out by W.P. Maszara in
the document entitled “Silicon-on-Insulator by Wafer Bonding” (J Electrochem
Soc, vol 138, p 341 (1991)). This was principally derived from the formation

- of 8i-O-Si bonds replacing hydrogen-bond molecular bonding at the wafer

interface.

Between these two limiting temperature values (ambient temperature
and 1000°C), and for a temperature of more than about 200°C, the Applicant
has observed that water is no longer really free to diffuse between the wafers,
and water molecules are principally formed followmg modifications to the

atomic bonds as follows:
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sai d nol ecul ar bondi ng between the wafers at their
interface. An increase in bond strength has al so been
observed for tenperatures higher than 1000C, :
especially in the studies car bied out by WP. Maszara
in the docunent entitled "Silicon-on-Insulator by
Waf er Bondin ‘éé El ectrochem 25 Soc, vol 138, p 341
(1991) Pi-Orht i :pﬁlw%szﬁleP derived from t he

 format rapa Pe Sy Ghrie RARSARBIACE Ik BERRAANS, Si.0-5i

nol ecu ondi'ng ace

thm e dreamet:llwlglch ebine thé twe wafeﬁsiogetﬁ‘er ewdre strongly, thus
and . 1000C), and for a tenperature of nore

t
L ST GABRING ABCodReRVersRNReIAnS. 39 eaBiohBG % SmpaERIre, the
V\Q{? %ér§ H%%ﬂoﬁ%cbrhefsree to diffuse between the

wat er nol ecules are principally forned
foll oerayerrdelécLﬂeﬂ famed o the absveneactomdsliect into localized
foll ows i -O.Si + H20 I nsjead of .
LA ggaﬁsanfwﬁwnear?ﬁﬁw fattemn tﬁm%@v@'mg 005!%?01'0"

bonds ﬁéeaﬁréﬁérﬁﬁlewﬂ’oﬁha bigl érﬁﬁjré ﬁs thegﬂblaﬁéant has

nmore strongly, strengt enlng
cestineated dhat thenwater gidecule éibemtmrmﬂmbls typaeall;sof the order of

r this enonenon becones. Water nol ecul es
?%q ﬁ%@ﬁ?ﬁ O{I‘?Qeg'l%'(re reaction collect into | ocalized
aggr ega gAcreddeWn! terfbGraRPEE0AA  BVacuate WatbN molecules more
tenperature/time conbination. As an exanple, for a

trapisty. aand aveid probtems mdigkp pray batcawsed dut theapwseneeiof said
le liberation period is typically of

t%@" g%rrggg&:ﬁég 30 minutes or one hour. An increase

in t erfekevar aviea itisls efeafpepht@ry\ahereals etHd Apphigdrt has also

rapi dly, and avoi d probl ens which may be caused by the

mhsesvrd &ty Ingrease dfubestdelaghmeat daughragsy ¥alueshie. at the

PR, A9y B, Ao

\tbé wenke (Of V\&aakabss when died terhpEratursus frm@sedpr i nci pal l'y
due tz;therrml henonena occurring within the_ zone of
weakné34th@he FPUGRBEPR ARRIBEgRNETYSthanc pecied. A higher degree of

roughness is routinely present at the zone at which wafer detachment is
initiated (which is usually the hottest zone), this zone then being termed the
“dense zone”.

Beyond a few Angstroms (A) rms (root mean square) of roughness, the
degree of roughness can be deemed to be too high for a thin taken-off layer a
few 100 A thick. However, this estimation of the “maximum tolerated
roughness” principally depends on the desired final technical specifications.

In all cases, the Applicant has observed that an increase in

. temperature increases the roughness.

The above gives rise to the idea of a threshold temperature beyond
which the water aggregates will disappear from the interface of the two wafers
and a maximum temperature beyond which the degree of roughness at the

detachment surface of the removed layer could potentially become too high.
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Furt her, roughness inhonogeneity then occurs. A higher
degree of roughness is routinely present at the zone
at which wafer detachnment is 20 initiated (which is
usually the hottest zone), thils zone then being terned
the "dense zone". Beyond a few Angstroms (A) rns
(root nean square) of roughness, the degree o

r oughnideat aptraentgaleAelemperature decated batween thﬁsﬁa two limiting

?{Jree. @%GIEihtﬂus lrﬁﬁfo]v(e%élf dﬁ‘if; %u"%@ﬂ‘;?fh WY Wafers before

Ion O era rou ness

pme"t@etaahﬂnwnﬂhe@trweatmerﬁ imasdaken pthck| wdich ﬁeémteralwzll then be
ecifications. In all cases, the Applicant has

o ded swt ahahigher itemperatdre. n tenperature increases
the r oglﬁlng‘?@%ntlg hf é’&.‘& (?argfe"\%ﬁh the %Jeiﬁtlbﬁe?ﬂ%eﬂrir‘?éiné‘ the two

t hr esho ature e ond Ich't

-aygferg aints cmritactdwﬁhpp’eﬂecmarommhmgl, nd esdcane sfept lensists of

L P RIGS bt PRy 0 408 WD WHIS BTG JpOSter de dnredse the
{BRIRTRARE i 8129V bEbEGAIS/bY ApbiatHCHERr rAAGBLEY frn the

Heat tTeatnent at a terrperat ure [ ocateéd tween t hese

- tinterfacei thenepyt bripgingithe wafers wlaser tagethenatdhe bonding interface.

bond | f bef h
ot o n s R sh¥p o hsL b3S ik BRhEd Aorbrainert
treat rtﬁrﬂqewatbévé-hernnbﬁed icuhRtaritids whed thcdBRiEon wafers are

tenperature. 5 Subsequently, in accordance with the

ibrobght to cantast, arleagh ﬁgetqtethe\wafembem voitased dntaalayer of

iy Yo BraRinegh BbHaniter s Fhartidebu 8RR, e e 200°C 1o

t4aeChand inforeRira sy ikeabdueraorg, force and quality,
especial Iy by liberating water nmol ecules fromthe

i nt er fCeDrerarRNGA MG PRGEH Mahke ipthe sangelem abeid: Himin to

gk 5] 1 25 k] e 3R about 120

ahipve- nenti oned ci rcunstances when two silicon wafers
are brought into contact, at |east one of the wa

be| ng RESe@INEANeW 10 Figuses ot angl 2; &he AﬁFﬂz'CﬁFfehﬁﬁrf@éFeg out a

3l Sub] ARt LB RRRE of fpifers ono o
widelahad alrebdyrindergone hngdrodpen atortibespesiegamiplantatidrota form a
12(():onrra]ri (;t \trvgakness), when no pre-anneal had been carried out and when a
pre-anneal had been carried out at 350°C for 30 min.

Referring to Figure 1, the Applicant used an accurate technique for
measuring bonding energy proposed by Maszara in the document entitied
“Silicon-on-Insulator by Wafer Bonding” {J Electrochem Soc, vol 138, p 341
(1991)).

In accordance with that technique, the Applicant inserted a blade with a
thickness of 50 into one or more edges of the assembly of wafers 10 and 20
in contact with each other at the bonding interface 15.

Applying a mechanical force to the blade 50 in a direction substantially
paraliel to the plane of the interface 15 causes local unbonding of the two

wafers 10 and 20 and propagation of the unbonded zone over a certain




10

15

20

25

30

about 360 mn, and nore particularly between about 30
mn and about 120 mn. Referring now to Figures 1 and
2, the Applicant has carried out a conparative study
of the bonding energy at the 8nterface of two wafers
(one of 20 which had al ready undergone hydrogen

atom c s?eC|es i mpl antation to forma zone of

weisianegsine Ighgth b sopemedbinthe bonding waye deatweear the zong pcally
W PO 1Bl 180 SRR M S04 06 e

amoﬁmmmtientreghtrdlrtgme‘ mndlmeaargyr@(isktmgcbetyeenethgywo wafers 10
protﬁ)géed by Maszara in the docunent entitl ed 25
'Y feon-on- 1 nsul ator by Wafer Bondi ng" (J El ectrochem

"G
Soc, &ﬁﬁ?]nd)zggﬂ?mﬁtl@@rﬁé nkig é@%ﬁngﬁa@ Bet%ééh tHeAbonding

technl que cant 1 nserte ade wt
t energpand thé e!ﬁstlcldeﬂormaéloorchamcéemsnmmmg asserrbl y

pond b e opiieg Snetdl ROiaRSHaib rond SBletoaEh et 8 he
tenbitfoftha dabsRddd zendlL iheltheRuRHbs bABigyal | v - paral lel

he plane of the interface 15 causes | ocal

unbondRefgrasicet ¢an, tfab exarle, shel nadedto theafalloping defanula faken
nd over a certain 8 distance; the

q%ﬂbqﬁa E%§é$§8ngv?the bondi ng wave between the zone

| ocal | y sjupbemnded by the bl ade and the point where

unbondi s hus provides information regarding

t he bondi n§2eker gy existing between the two wafers 10

and 2Q, v?hlgﬁeEUQbﬂiédYgJHgﬁ sPRIGAuIEObE ?ﬁé"’rﬂﬁﬁerfgl? esent at the

bal ance between t energy and t stic
defemﬁauaﬂuebmeenh&edmuawammgmmmﬂml ng. A nmean bondi ng

engt 1 BithE REFHEARRP bR Blashnd t he surf ace. eneray. -
Referqr;gﬁ-,ecﬁbknggg eEacvaferbe made to the foll ow ng
fornul a taken Prom Maszara's docunent: 3.E. t3.y2
32 . |IFigure 2 shows four comparative studies carried out by the Applicant,
each of these comparative studies comprising two bonding energy
measurements, said tWo measurements being carried out on substantially
identical wafers 10 and 20 which had undergone substantially identical prior
surface treatments, and which had been brought into contact under similar
conditions.

It is important at this juncture to mention that each measurement in
‘each comparative study was carried out in a manner substantially identical to
the other measurements, and in particular that applications of the blade to the
interface of wafers 10 and 20 were carried out by exerting substantially
identical forces in a substantially identical direction and with a substantially
identical blade.

Regarding the reliability of these measurements, it was also important

| to ensure that the bonding quality was essentially due to the bonding energy

between the two wafers and was not perturbed by the presence of residual

particles between the wafers.
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pr e-anneal

in which Eis the Young's nodulus of the materi al
present at the interface between the two wafers 10
and 20; y is the half-thickness of the blade; 15 It
is the thickness of each wafeP. Figure 2 shows four
conparative studies carried out by the Applicant,

each of these conparative studjes conprising two

bondi né%ﬂﬁasgyeamsw%&tt%? bawnemsnﬁr@as easdrRngents, the
b e > i . .
TPRRFEA W i amb the, SHPRIQ B YITWRAESs to be
pbomded0 surface treatnents, and whi ch had been

br oug i nto .contact under sj %ar .conditions. It is
mpor ¢ e 9GP T E1GUE & Siians I onding aeigy hikles persquare
NRRSH ¢ Up HRAGPAIRAHRE | oterS lddiymHE S ' thed réstlits of

in a manner substantially identical to the other _
negeavemeents magdel onrwakers il6uand 20 Hatcombantivdtht eaels oifer which

B8 Poh Wb R s a3l el A8 SR s el ot Bnents
feartied out anSWERIAND ahd Y20 e tontlt WhicRChad undBehomet B pre-

a substantially identical blade. Regarding the
r@nedbi ity of these neasurements, it was al so

eavont 5%, RAERHE Wile RRISERH OF B et R of which

tived Debrrcovened with 8{0,, the tSiChddydry tHuserdpresatiting the material
residual particles_ between the wafers. 9 For this

rRIgsent atdhe intetface abthedwei wafeent gpd@dasur enent s, the

SOt act® rstits G toft borfipalaflyE HudiaE ol the Bonding eneray
Fhdhe eage i anpre-arendad mesnigvoeivethgee timegsohigker than indbarcase in
5 J/nR2 dinate; th I h

Hh B betersi o k88 nefael Boate-aAnRaRE: < 10 and 20

In Co“Fr%CAP&ftich?\t ﬁ9§ Iﬁ’hdﬁc Bﬁho%ﬁeﬁ@d tﬁﬁlga Ri-aHASAH B3BBG for 30

e so olums are t asur enent s
aainr badoxidizednsiliedre veafés aubstabtially duneasss e dondbng forces

e e Gl anneal:

After carrying out the pre-anneal, a further heat treatment was carried
out at a temperature substantially higher than the first pre-anneal temperature
with the aim of disuniting {or detaching) a thin layer from the donor wafer at
said zone of weakness existing in the donor wafer, and possibly further
reinforcing the bonding connections, especially by increasing the formation of
Si-O-Si bonds.

In the aforementioned circumstance of bonding two wafers of silicon
Covered with silica, an annealing temperature of up fo about 500°C was
advantageously used.

In accordance with the above explanation, pre-annealing liberated
water molecules while reinforcihg the bonding interface, but without causing
detachment of the thin layer, which allowed the roughness during the
subsequent detachment step to be reduced. The pre-anneal also prevented

the occurrence of many actual and/or potential defects at the interface of the
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10 These neasurenents were carried out on silicon

waf ers, one of which had been covered, with Si O, the
Si 2 Iayer thus representing the mat er i al present at
the interface of the two wafe¥® 10 and 20. The results
of four conparative studies show that the bonding

¢ i Natorg ev Wi maveree <t 6 Hare hushamusHl ecgiapaent heat
10eafflertthdiftbdiptariegdubtifediyneal ed. The Appl i cant has

thus denonstrated that a pre-‘anneal at 350C for 30
m n onTbisi imipredersient o thaviboadings qualityrafi thel twa maferssissmade

t he bondi f '

o EREHy e el in 174 HFEtohiOR ol e uresinBlngih'dbcBbance
CRithi tAE invéhtRin whichahd$ e bith W RaliHg BfRBtthidl layehif@hea donor
than the first pre-anneal tenperature wth the ai m of

dwaisfi 10 ke trepsfendt tecairaggptar wafer PO,yier partiowar by eashng out a

ofeBhod bt prRlifla SRRGWBATRES 16 Rie RH A IR B g

connecRefotting € [Fiqural 43, HYiohdeneder 1Y dohtprises Maiseticarfductor
Si-OSi bonds. 25 I n the aforementi oned circunstance

omaﬁ%iﬁiﬂmﬁsﬂﬂﬂer\r@ﬁ@% of silicon covered with silica,
an anngzlyi pg
oS3, RS RIRERAR Slodth of Sri)Bifer YHifictfdctor alloy or

emplexizht i on, pre- anneal ing liberated water nolecul es

whi | e relnforC|n bonding interface, but with
onusi g 8 ATHGIAE RABTITRoN. et FifAd e Rinded of the donor

- ahMaE i %'&Evé uceg?éér LAt |5£§-asubsequent det achnent

step to e pre-an al so prevented the
occur re&sid ensflatonngn arc pardiculan heddiOCp domned, dor eedraples bathermal

T R e
t&§pddeent had been carried out directly. { This

i mprovenent in the bonding quality of the two wafers
| s nmade dirst stépaof the | prafertas ovethed tofethée ventionos aéne of

B RAL R R RS A L b BAALRr 1
dﬁé’él{enlr‘@ﬁéfreéﬁbﬁdihd E@BFéafking étdi'r‘ﬂc dohES N tRE Z0AE VT wdbkness
in particular by carrying out
connecting the neighboring portion above the zone of weakness to the
neighboring portion below the zone of weakness 11.

The zone of weakness 11 is advantageously formed by atomic species
implantation at a predetermined energy and at a predetermined dose, so that
it extends substantially parallel to the plane of the surface of the donor wafer
10.

Said atomic species are preferably hydrogen and/or helium.

Referring now to Figure 4b, a receptor 20 is brought into contact with
the donor wafer 10 at the interface 15.

Prior cleaning and/or finishing treatment for the surfaces fo be bonded
is advantageously carried out to clean and smooth the surfaces. This
cleaning treatment can comprise moistening the surfaces in contact to create

a molecular OH-HO bond between the wafers 10 and 20.
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nmet hod of bonding said two wafers 10 and 20 as

descri bed above. Referring to Figure 4a, a donor wafer
10 conprises a sem conductor material in its upper
portion. 10 Said material cofdpgrises silicon or any

ot her sem conductor alloy or material. In a
particular_configuratlon the surface to be baonded of

t he -ddReferingafiar Fioyre s3cdber assambly ah wafst 20 @pd 20 then
I j t

| Y80S e SR 5 AR PRSI bRl T and for
pafitst @udedﬂtemlnaed pbﬁiodlmﬁume/vbbtweémtrme pand désedh).i con

at its_initi sur first ste%é?f t he,

prefer r%c%ﬁﬁ(‘i‘é‘e@f hfeh ”QTV‘@% 7 dR is foyged Tigm oxidigad.sk said
gﬁfe'a?lrf E’alﬁ Bet&‘?n G'Bl.ﬁ%dé”férﬁﬁer'éﬁ} T 8 Fal?ﬁ]e 200°C to

onor ma enlng corresponding to breaKing
AGTCS amlndmrmtparﬂwleeref tife ot ds35°C, donaeeariodgwhieg can

ne| or|n rt|on bove tEE zone of weakness to the
P?'P‘étﬁs REEWIRhB®YSne of weakness 11. The

Z one Cﬂef@ﬁﬁ}gﬁﬁﬁﬁ td Fidute 20V athRd %Eéﬂﬁédmsf AE "f?gu;bpdylﬁg%’ﬁé?gy to
atﬁem es inplantation at a predeterm ned energy and

prastendynaidwodberded ovafaes fo idetaght thedgortion 12, whlch is in

AP R Stz o Bl eP Pl bone of

M@él@fe@b'ﬁl hydrogen and/ or helium Referring nowto
Figure 4b, a rece&tor 20 is broug_@@t into contact with

the déiakl Paeioar12 thearcarresponde te testhislayer ta!ﬂencfr@arth%gonor
SRAIRELHO ) Ry R TRk BE Er 28 ARG S Pk sipproric

sztmqsdnetnlnewﬂwd»@n@geoﬁblysbe plogabedg treat ment can
conpri se nol st eni ng the surfaces in contact to creat

2 ol SAH 2SURDIY 175 BORELAP WHGHCRnthadisEnd lyeRni seomprises
]iﬂccregglﬁgrthé WehRal sty g S%PBH i &%ezfﬁgﬁgfg@fgs%ﬂ)%emthe first

uhder goes
dbmperatureal { ands & sbenp@tahpemtlﬁe Bnd for a first

ItO r2)e fjetl_?_'r m {I]I%Igea%ee“ :%d fm;taclarg?ur be:tsmggvatr{tggeeously SUE)S{T%’[IaHy
confinuous, and can be more than about 0.5°C/min, typically between about
5°C/min and about 20°C/min for wafers 10 and 20 of silicon, with at least one
of them being covered with SiOx.

Detachment (or disuniting) of useful layer 12 will then occur during this
progressive temperature increase between a temperature which lies, for
example, in the range from about 350°C to about 500°C.

A fourth step consisting of annealing heat treatment is then optionally
carried out to reinforce the bonding interface 15. ‘

Referring to Figure 3, said anneal 3 can then consist in applying a
temperature T, that is higher than the temperature at which detachment has
occurred, and maintaining said temperature practically constant for a
predetermined period (in the range from a time {; o a time t4).

As an example, it is possible o carry out an anneal 3 at a temperature

of about 500°C for about 30 min.




Particularly when the donor wafer 10 is fornmed from
oxidized Si, said 5 pre-anneal 1 can be carried out

at a tenperature Ti in the range 200C to 400C, and

nore particularly of the ordéZ of 350C, for a period

whi ch can span fromseveral mnutes to several hours.
Referring now to Figure 4c, a third step consists in

supp! y¥3i§ aweahy then aliews theseiestion of maxe Jikrdké honds Estepnger
t ; on 12, which is in 10 contact with
tﬁ?ﬂgé?g;ﬁ?rﬁ%g%&ré)zo, fromthe donor wafer 10 at the
zone dh ameihlenesicubristariia, daparrieah 3L3s tigncamiedesporatsl the

to the thin | ayer taken fromthe donor wafer 10 for
tiegRsraiure gag %@ C{'"@E%?ff 3 eqtirafier sigta fth whi ch
el ect rQH BaNn ik geeu e

> produce rci%rﬁ%g{ﬁg g‘{l?pg?waﬁ"%?%‘?géﬁt g@dét ﬁgﬁ 9%%(“ wafer, an
uassenibly @fecodditutimg the elesired stretiragst thent dlstamel, preferably

U 2 s oo 5 A 05 Hive e
| SUDSRERE rblghBeArR 1" @ nHSr ROHEKNRES PhsTeYuniform.

subst angl alTy continuous, and can be nore than about
0. 5C/ rhhig ﬂn;ﬁ%mgabaly heccauied aibdat polighingy GMP, ssmoetbingt heat

10 kel BBl idhidg, Ao, ot paticls Bk afblibof ot Sfthle
di suniwh&@thelisefsblaybr isd¥ehied fo silicdt)&hdoOmBaY titdHace 15
this Erogresswe tenperature increase between a

tig ifsdycadineaninsiatingematerial, then i structuret3erapsesants an SOI
fsﬁr‘&ghﬁeom 350C to about 500C. 25 A fourth step
consisting of annealing heat treatnent is then

opt i oivalthiy patticilae direurhstafcs eihel @mainingeddssidivaier 10' can be
- interface 15. Referring to Figure 3, said anneal 3 can
15 teised dmdifyrthenpmases follgwing @ sepictiag §tap-T2 that is
hi gherg;d ans %HSWE?E%ﬁEHtﬁe%gu&bgﬂvé ?{ﬁ'n%hﬁﬁrﬂb?gaéf transfer
occurred, and malntal nfFng sai enmperature practically
defedtaptedmingan tB6 usefd éyer M2nefcthp estiueturei 30 aé enasmngsd after
froma_tine t3 to a ti t4), As an exanple, it is.
Y843 Bff anceaftar rg-asmealing Henivial $alRrS 1 8 2P A F50°C dpr two
#BOKY, ardChs hatPOd iactlicHly with4nitial wafers 10 and 20 which have

20  undergone a pre-anneal at 350°C for 30 min.

Wafers 10 and 20 were formed from silicon, with one of them being
covered with a layer of SiO; at the bonding surface.
The ordinates of the graph of Figure 5 represent the number of transfer
defects measured per wafer in the two circumstances in which the anneal
25 consisted of continuously increasing the temperéture by about 350°C over 2
hours and by about 350°C over 30 minutes, the black spots representing the
results of the measurements,
| The results of the measurements can be divided info two sections:
o a first section, closer to the origin of the graph, comprising a set
30 of measurements corresponding to two hour pre-anneals;
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Sai d anneal 3 then allows the creation of nore Si-OSi
bonds (stronger than SiOH HOSIi) bonds). I n another
circunstance, an anneal 3 is not carried out, and the
tenperature can be dropped dit®ctly after detachnent.

5 After renoving the remaining portion 10' of the

donor wafer, an assenbly 30 constituting the desired
structure® i 8 ﬁﬁ@@ﬂd}bﬁ%ﬁtmd fusther efram ythewiarigim ot dpe  graph,

1; g{m L Ie n|t ﬁgl @gméglgg | ng ouﬁ}?ﬁ%@"ﬁ%ﬁwg”lﬁgﬁg |?1§tt5030 minute

- thi ckness npfeeammaﬂgrm This finishing can be carried

out by ﬁol i shing, CWP, snoothin heat 10 treatnent,
chem 0-5 € dheal r@'m%r @%F"@ﬁs’ceérd Q‘Ptﬁl for @ FoheHr cﬂ’ﬁ%‘l@f‘"eaI was

PP BRI it T o Ho0 B a0 A REahOSAT

i nsul afAiugefulibeer whicht has uhtiesgosferaqire{amn&al farpmes hatis thus
an SO tructure, In t articul ar rcumst

RS Flat Tires ewsr banslar 5@'? op gepade thenaUselbliaver that has
f r \\ ' -
a0 00 ) bt FAIIUAR iRy Bionch o o
t asimsl eduratiert emt ﬂ1eoqua|1'hyi ofg bondinpe aukoriger dwig’mn Eppetring to

the struct ullrll?.e,. ﬁ ({naasured after taking off and
2IMRIP Ve IRE QY. P f%”'ﬂ%lnltlal waf ers 10 and 20 at
350C fibrd Wenehany Stheaﬂgpﬁ’éﬁadfewr%w&@féré Cile! Ym]ﬂbﬁtﬁnce of
initial wafers 1 whi ch have 20 underf%one

peaF ARG et atprezmoenbin 3ichi a. mefiiad of tekingdoi?a wisedul layer,

SR B B8 Bl B R 6 e
OfocthB afjueefity0df ﬁ“nb&]%ﬁﬂmﬁyé?fm itaeh eutbre eRERSRR cdmionents will be
nunber of transfer defects neasured per wafer in the

tR@decedunst ances in which the anneal 25 consisted of

oMo SlEA 55148 EAS, LEMGEARILE o esle J%Fonaing

bereerly Wit & prepneeshbubtas ftﬂso ERoWh tthatofaitl gre- anneal |mproves
measurenents. The results of the neasurenents can

dhei la@wlnmﬂyatlwnsf@@t $€Eﬂ$§ thaj it pliginades defpcts cth@fseecurowhen
ttgﬁlngrdfgl’oﬂ?\ﬁ ”@ §regé conprising a set 30 of

remen espon |ng to two hour pre-anneals;
The present invention is not limited to bonding two silicon wafers, nor to

bonding two silicon wafers at least one of which is covered with silicon; it is
applicable to any type of material such as type IV materials or type V-1V, lli-VI
or [I-VI alloys, which may be binary, ternary or of higher degree.




13 a second section, further fromthe origin of the
graph, conprising a set of neasurenents correspondi ng

to 30 minute pre-anneals. The nean nunber of transfer
defects for a 2 hour pre-annegadl was 5 about 20 while

it was of the order of 160 for a 30 m nute pre-anneal.

A useful |ayer which has under&one a pre-anneal for

two hours thus has ei ght i S ewer transfer defects

on aveRageiolasy ﬁar‘l’sﬁ@rfrf\*h deﬁfi‘%hﬂ%{S wa'Fé]‘dt%r %@Soﬁd wafer,
30 m nute pre-annea t'he maj or |nIuen

othepfirst wafereadimptisirg aczormwoit \healqmg defi mﬁg tvaitida rsglrfaae of the
10 i nprove t he [

BRI YR Al TRRaALFI5c1SF (O MABBICORILCIE ST RER having a
5 Dy éknbE@ thﬁpg g;b%t :tl?%r g4ty tidh tﬁcﬂﬁé‘ssaﬁﬂﬁ?é ldy&r to be

such a net ing~o a use l"ayer,

etrprsfened ychatractedzed trothae il comprrises thm[mﬂowurfg stepsisf er

defect th ar e {;.l?'mal to the guality of the
v fées

usef ul@ F}Qﬂ1 a5 ¢f thevo Wa érgﬂpc&ﬁg%qtsso that the
will be dﬁiroﬁé'ﬁﬁ& a Thi%kﬁé’ﬁ kieANs 6188e ﬁ@tmo@l'é/ater than the

denonstrated an increase in bondi ng energy. wt
pr e- anneal thiskineseaof e daysolanbe Heansberret! i én emnmt with the

i mproves ng quality in the sense that it
10 el i m nat es S&@?'S‘@F‘%f?'ﬂat occur when taking off

fol | owW)ng auppKirRjReat enstfy B mcmeramr@mﬁatqs substantuauy
not limted to bonding two silicon wafers,

bondi ng twhigheritban ambient temperative Iartbedﬁngﬁu?c%) {Csto 400°C

rat or ol - sdaid Bt i porod dreafitar eBBM o pindigY; ¢

L1T- ]ylclz orh subgtyln@budufanamheah eﬁ’élsgybtb kmorease th@rt@mperature
or of higher degree
15 transferri @§oxe %@@Fs‘tft?'@i‘ﬁﬁ&?‘tm’er@td%ﬁ'éﬁh& [?YQF gtéggr{@nsferred

wafer,  Unohd i nuPhETor SRR Lol PeZiie0l weakness

defi ni ng, wWih & Surtace a |l ayer
of material selected from serri conduct or materi al s

? ﬁ\ébnﬂ}a e I%(%(crc? Bg|t ha@é * ng calm fglttﬁg} %cn'}prﬁsmg the
foilowmg step, after step c): '

20 d) supplying heat energy at a second temperature that is

substantially higher than the first temperature for a second time

period, to reinforce the bonding Iinkages between the two

wafers.

25 3. A method according to the preceding claim, wherein the second

temperature is about 500°C.

4. A method according to either one of the two preceding claims, wherein
the heat energy of step c¢) is supplied in a substantially progressive manner

30 between the first and second temperatures.




transferred, characterized in that it conprises the
follow ng steps: a) bringing the surfaces of the two
wafers into contact so that the |ayer having a

thickness that is close to origreater than the

t hi ckness of the |ayer to be transferred Is in contact
with the 10 second wafer; b) supplying heat enerﬂ

a fi% st methsnst acenrdinghist thespregadingntlaian,| wheisiry e eataﬁnergy

L

srmnbwprtgataedhbreqhah abeat 0Seanute) | ncrease the
tenperature 15 above the first tenperature to detach

the layer to be transferred fromthe first wafer at

5 theg dﬂe s }9’86‘%@ r?jtr}é to tHE! Epéjce r&hpﬁ, tv9hérgﬁ'1 the first
precedi ng clarm rtrrer “conprising e ol l'own
stempperafureis ab@nt:iSﬂ C20 d) supplying heat energy at a
second tenperature that is substantially higher than
the first tenperature for a second time period, to

rei pf oOxcC h :
- zsﬁ\ rglgt@ %een(gt‘tdﬂ% ! 'H@ggferelg%ﬂgr@e% ehpsnérg lnniéhe first time
cperiad isubes than abowut 860onid. t enperature is about 500C.

4. A method according to either one of the two

preceding claims, wherein the heat energy of step c)

i s 8UDRI Methddn aécérlelﬁgf 0 tha! préclain f&@ﬁhVﬁvH@é'iﬂethe fifst time
between the first and second tenperatures. .

neariasds dessothanredpoub 126 enipr ecedi ng cl ai m vvher ei n the

heat energy supplied is such that the tenperature

i ncreases continuously over time with a ranp-up that

i's gDrR mMdtRbd a2esiding RCARY PHcRdiny Saind \ﬁﬁéﬂ‘e‘iﬁipnor to step a), it
according to the preceding cI aim wherein the firs

15  teompisesud stepscemsistinggebiorming a layarmeidbensting matgrtalcon one of

8 RO AL DGt g ided? (e TSt tine period is

10.A method according to any one of claims 1 to 8, wherein prior to step

i0

a), it comprises a step consisting of forming two layers of bonding material on

20 atleast one of the wafer surfaces of the wafers.

11.A method according to either one of the two preceding claims, wherein

the bonding material is an electrical insulator.

'25 12.A method according to the preceding claim, wherein the bonding
-material is SiO».

13. A method according to any preceding claim, wherein at least one of the
two surfaces to be bonded has undergone a cleaning step prior to step a).
30
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10 8. A method according to the preceding claim

wherein the first time period is |less than about 120

mn. 9. A nmethod according to any preceding claim

wherein prior to step a), it 145 conprises a step

consi st ng of formng a |ayer of bonding material on
ed. 10.

one wo wafer suyfaces be . bon .
rret h d@@g}o& %'"QHW @,@r%qecﬁngipmn,lw grein “v\?ﬁeénﬁ"'g step
[
Pebflof R orlorth RN SR huPEEas) i g loment

onesmg, sdrabbager surfaces of the wafers. 11. A net hod
according to either one of the two preceding clains,
wherein the bonding material is an electrical

| NsulsAAGhethdd ab%oﬂu‘?@id“@ﬁy ﬁFédéHﬁ'\d“&ah‘? ﬂ:hﬁeupé&ﬁgﬂs:ﬁg prior to

claim wherein the bonding nateri al

neltepad), astan df fogming thayopeef adiakgess i m the finsiavafen at
| east one of the two surfaces to be bonded has
undergone a cleaning step prior to step .a). 30 16

14. AenRt h@@l@tﬁ%ﬂf e tHee ppeeRiel aifl, avAbreieahei fone of
t he cl eaning stegxg rrp oys at Ieast one of the

f WPRkIRSSJS dorane amﬁmpqg@ impleatatied. t r eat ment

rinsing, scrubbing. 5 15. A nethod according to any

-preceding claim further conprising, prior to step

a), 1. Applizatidnfefr & methidie acoovelirgf toesiynpsscading tfaim, for the
first wafer. 16. A nethod according to the preceding
PeHetiaher @ SVlEHECkBe of weakness is formed by

atom c species inplantation. 10 17. Application of a

nmet hod according to any preceding claim for the
production of a SO structure.




