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HEAT TREATMENT PRI OR TO BONDI NG TWO WAFERS The present

_invention relates to transferding a | ayer of

sem conductor nmmterial froma fi rst vvafer to a second

~wafer to Eroduce a final structure

AInTREATMINT ERIGR bt %E’I@N‘% AVEQ WaTER S s

m cr oel &
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such a layer transfer conprises t owi'ng ste
f matarmj; fepra enfirsh fwakerton assecond tweafef ito grodadea firial a;tructure for

ththt s close to reaterthntheth ckness
GltroelopRoaics, SRS o5 eotesISURoIES, SHAR ¢ gaiconductor-on-

ﬁ'hgﬂ?ibfbrss‘?ﬁﬁttﬁ% or by formng a porous |ayer, or by
using any other method 10 that can locally weaken the

mec hant ypataltyo sush ardayerdransfert comprises thbrfoll@mng stees:

surfacsof thet wafers |nto t so tha
e PRI ConR AT Yerness I e Rt waterat donih baLis ose to

Vt'?ff@r"eaterStHBH't}‘tlertﬁlcﬁﬁSé‘,s%f ftfe %bﬁ%‘ el @ahs¥fed! B¥%plantlng an

transferred fromthe first fer at the zone o
vadarie species gxdbly feromiag ahpatousr lexernsrt by alsing Rnywihersmethod

g Eloail s RaR Tk miechABical BEUF PRl rifafi, ©
tr anSfigii gﬁi{% HY SlirfaddtCoithbitveUrkterdirith dohtdct @oﬂﬁapfhe layer to

| ayer tr [tes in the fact that organic
|hedr@aﬂferredommmntantwutlmthegwqmcmtex rray becorre

t d th 20 terf f th t
St op 3 PRhiNG el & setedt o mvedde BRarEsteded g the fist

It HAdHd Yo oft RWELKEnd2Ndi ng and t hus the qual ity of

the desired final structure. This applies in
par t i Additione egati tneattint, elsot knaowie dmadi'stgbilizing amneal’, can

[ e articul treatnments |.s/are carrjed out close
qﬁere R Bhiteh g 1 iFpiae bandii Hetwaah the asiong WRET and the
Iii%t?@,pé}ré‘{ma ephysi cal, or chemical properties of the
two wafers.” This appl ies in particular with treatnents

conpr (e giféeudiy wnﬂs preatikind of ammsferdie@dnrtheda@dhat organic

Bl osdeie Bnadihitaial &l MiokaET oty diemiiactasiea at the

intaEate @ftthe) two v@Terstﬂﬁ'h@%té[S‘ é)f‘@ﬁd? cBin” GIERIURRE affect the
such contaminants or gas pockets may

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 treatments 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 comp?rising 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 superficial blisters on the implénted wafer and/or may lead to zones
which are not transferred during detachment, between the zone at which the

species were implanted and the interface between the wafers.



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 the interface between the

wafers. . 2 Such defects, which are at or close to
the surface of the wafer, are usually reduced little
or not at all in nunber during the stabilizing anneal

heat treatnent. Wen carrying out said "SmartCut(r)"
process, those defects can perturb the structural
properties of the layer which hag been detached, or at
the defect |I|ocation, they may cause detachnment to
occur at the bonding interface and not at the

i mpl anbech defeeis, twhish areeat d)mgoéedmther aunsdary ofettie wafeesare

t her au3| r u def ect noved

| SR 368 et et 2t 3l AO1nRE BB b SiDTRig Bppeey heat
afregtin@sint act, sone of said defl ects can be rem)ved

by unbendi ng the two wafers b %E yi ng suction
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f fredth)ctin P%?ﬁé%f th@3afr WHRRMS lréén 4étal é&' cEJ 4t th@ defect

cl ean by sc usi ng” a wafer eaner a
alocatigr.rthpp eray wm@etachmahbtmhccur aplp@aoedrng lb@rface and not

v e mban & Pbok R PG RERRRPLaR Elpr AORR fieby causing
sstrdctoes defets i iHengrrtdxeddawenti onal risks involved
in manl p

atio aflr ect f the presen
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aséiékb%’ﬂef:fs"dﬁnabé kélﬁbvé@f)? runb%nél @ﬁ@o"\@éf@Fs b§' Bﬁplylng suction
first wafer conprising a zone weakness deft ni

ng,
vic theagkfaee.dhen bwnéeanmgtthavmaéears again,z3ngt finglly by rebonding.

e R BERE § SRS R % PP Bleh S Wer
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In a first aspect of the present invention, there is provided a method of
transferring a layer from a first wafer to a 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 into contact so that the
layer having a thickness that is close {o 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;



second wafer; b) supplying heat energy at a first

tenperature that is substantially higher than anbient
tenperature in the range 200C to 400C for a first

time period greater of about 30 minutes; 3 <¢)

suppl ying additional heat energy to increase the

tenperature above the first genperature to detach the

| ayer to be transferred fromthe first wafer at the

zone of weakness. Other preferred enbodi nents of the

bondli sypplyingoadditienal shreld Iehevg;aj to- intrddsevihadempemtude above the first

t he t hod further ther s onsi,st i

of s SIPSTIeHE e BRE G Ter 30 die BrnSibRy AR 1Pk Pflapater at the
i s subshaif ivebkiedd. gher than the first tenperature

for a second tine period, to reinforce the bondin

| | Qiheg pecTaedierbadiments@f thﬁb@ndmg-m@m@d S52 96 cﬁollov?s
ter?Bﬁ[)\ﬂﬁwgpﬁﬁe %)G\He%e{%@) - furth aI nﬁ?@&s%ﬁ%ﬂ% é?ép %Bﬂgtstlng of

I's su na su progressive
supplyisg westh elmegy at atsm:m@dstecm@‘aﬁmep@ahims@mtantlallymigleﬂtthan the

ener S ied is.such t er at re I ncrease
first teGRRrAIR 1A S Ga Y St to SRS SRS PRAH el GRass Bffween tho
two wdfean about 0.5C/ minute (C/mn);, - the first
en‘gerature is about 350C, - the first time period is
espaNd isaperatoe i ﬁbOlélrﬁﬂq;)Qrtl cularly less than

ab )

oY e POy o 5P BLiscfst R B s ffsiaRtinhy BSrRsRR
mannérdlm\wegn thed finst ahd secaretepfpdrbturésio waf er surfaces to

be ded; - the bonding material is an electrical

i s P ept.enargy fuPpYREi 1B $Ush: Baf the fampetgiure ingrepggs
contmlﬁ’&%l;?f)véﬁﬁ'né Wit S Fndys- % tﬁQt i %r?&@pﬁ%@o%u‘t' BALCAAMULE (C/min);

cleaning step prior t e cleaning step
enpl oys at | east one of the foll ow ng cl eani ng

t e YR PSS & ab R4S, 1T nsing, scrubbing
- 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;
- fhe bonding material is SiOy;
- at least one of the two surfaces to be bonded has undergone a cleaning
step prior to step a); '
- the cleaning step employs at least one of the following ¢leaning
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 of the present invention, there is provided an application of
- the method of the above the production of a SOI structure.
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- prior to step a), the nmethod further conprises a
step for formng the zone of weakness in the first
wafer; and - the zone of weaknegs is formed by atomic
species inplantation. In a second aspect of the
present invention, there is provided an application of

the met Qugbrohspdis 2BRNE 4ME IARALEIESOSF Ble mveRtion are described

structure. 4 O her aspects, ainms, and advantages of
{ heeliadhissipeuresicns sscliusseatedin fhe llowins:tges: and
i1l ' § ! ' o Fi :
Chows. of SRty o e B toradfinecbatifg pngray of o

t wwafemaf ers; 5 Figure 2 is a graphical conparison of
t he neap, bondi ng energies neasured for two wafers )
t hat haVl@Uuimdeiyoharappicabcomnasispanef e imean diending energies

an i ' re- |z El
3" RAURF G W0 Batrt ot Rte UhlipgboRl# pABP GRatmBhEHILR no pre-
i nphesa Enalt a priopfreatmexetwitid aipreaceealjance with the
inventiagn; 1Q Figures 4a to_4c show the prjncj pal .
steps i ﬁlgar%;%t %‘g”%ﬁ tempeigtyertinge hielle Suringy ehpleentation of 3
ACRRAARNFEackiorlaldiewit (B8 rhRRtioh! gur e S shows the

results_of neasuring the nunber of transfer defects
in a uskitiuted dado 4akbowf thenprineipdlcsteps inval erethadaf taking off a

have .undergone a pre- an | . for . two hours and two
porertl R¥p B AGRante W BR IYGAEO%: thirty 15 m nute
pr e- anrEiglire 8 sJ%W%‘éﬂhlé%sG% BF nclsukiRg ths ﬁgf r of transfer defects

invention is to reduce the significahce efects
anig 3 wsehd dayenighkepsionitwe bonded awaderst that hawe wedstgone a pre-

di |t r . detach froma, first r (termed .
© AR it G o ST, el B Pboindiigone a thiry
dumiritde prewagheal.of said thin layer fromsaid donor

wafer to a second 20 wafer- (terned the "receptor

waf er ')A paincipal objeat o the @resend inventionkindegeduce e significance

Bl e SeraE BBl BY oLk LT B o emy o (o
t viletaskédy fiorang fifke Wasrer (lermetithd “HaNer wafed” )t dtadh existing zone of
carri ed out successively,
weakness 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 iwo
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:
+ withdrawing particles from the surface;

* energetic activation of the surface.
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si mul taneously or in overlapping manner, by neans of
heat treatnents. 25 - Prior to bonding and prior to
det achnment, techni ques for clegplng the surfaces of
the wafers to be bonded are advantageously carried

out, such as scrubbing, chem cal treatnents such as

RCA tr S “eﬁ%rgigsglz : np@ﬁ&ﬁ” 8f a sCEﬁfé%e & ﬁwﬁféfsa%i U§ed here

ri nses. ese sur I nNg operations nave

duakans e aictivatith ofipblettialengrgiey bh the surfaes dfhﬁe wafers (said
surface;, energetic activation of the surface.

t el?%enfé?{e%%rgl BRRAGINRIY eﬂmgotheam@mfwaaomofahwr@ baads from
usipd Nff-Re"BBMR ttﬁ‘&h %@(Sr’ngrén@rg@@%?hbﬁﬁmﬁ%ﬂf]bﬁ%r £art|cles
pot en

on the surface ers (sal energi e
prwhlchwall k:;)mnaec!ogeitmme‘rwnfa‘cﬁt ati on of hangi ng bonds

from e surface ato can beco ener s for
bondi ng b HYBER G, SeTs! WEh BeRRptfe RonAg, SuTapgs dhat have

t hdeie tedtéRcin- tﬁrgeﬂa V‘é}%”cbl;}%eY@é eé&hé‘%{&ﬁ bﬁstﬁchoV‘?Nafers is

bondi ng surfaces that™ have n treate
arebtaiwetact ed, adhesion of the two wafers |s

b h
bt or i ngé%%gﬁﬁ?@ﬁﬁ 7 B Ritradentia rSienehwe, petween
t hg/asoddraa®me prddeat VATRE SutfacdeobP®iedfsfers M)bs ‘b!éhaéd

bonding is facilitated because of the tédrop il
nat ur e Nelegylar bondingcis Jacilitates bealise of eatmbmtahmaature of the

agggtéﬁéq;grdq%:af aheat treatnments are then carried

ce between the wafers, the

pr oper tih corthneBAits e ihGetineat treannentsiNBINeR chitRed out.
surface atons differ depending on the tenperature and

t i me cdidthe dateriesenhpbyearhdhaawvafersarthe spigpestiesd ang: physico-

t [ ul re
" effleall YRHEEHORS abHE! Tteghe fonk’ KB (Mpeidpgy on the
t Hepperaturdand timd boditign o Whittthe Waferd &e subj Aé@t@@
silicon atons in the formof OH radicals. 20 The set

of hydrSgambiRitdiermeeimbee. twateoHmolaaules Prapent ehdfe interface
CeAlbEN e wafers are free to diffuse and they will bond with hanging bonds

from the surface 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, especially 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 prihcipally derived from the formation
of Si-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 following 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 carri%d out by WP. Maszara
in the docunent entitled "Silicon-on-Insul ator by

Vaf er Ben mgSl@H%ﬁ%@-ﬁPﬁﬁ% 5 Soc, vol 138, p 341

(1991))7 This WwasS erived fromthe

for mat i p8teztf oBOHPHEhdHWMIh ESRILRE 8O fdtHIaes mbRibles, Si-O-Si
nol ecul ar bonding at the wafer interface. Between

t heands @ee Gratednyhichnbied ather o, ayajiers tegeiemmore strongly, thus

t d : . t f

t ey R afEctie qofREetdhsd HETTEHR, 8. Riiatire, the
wasteonges this plergpenericrebbéoonigése to diffuse between the

waf ers,,.and water nolecules are principally forned

fol | owi Y@@ malecules daamed pibe abeva ceawions caliect into localized
f ! P oSt Ons KD TS STOR | o
b5 ) e e el B8 offbnaion

Si-O ﬁi As ban dexamele::rimt eﬂt@mpezlmnhxiew Gbr]:t BBOTOVW rt]rmf Applicant has
t oget her re.stro ,, thus strengthening the

adriraied Banthe el Miteetle hesation, @eﬂeaﬁ%?séﬁf@ﬁll-y, ofithe order of
5 3 FANE8S dritine iignonenon becones. Water nol ecul es

fornmed in t he above reaction collect into |ocalized

aggr egdirednareasai In tenpergiersr catilde evacoatet aiaber molecules more
t eraturel/ti C i nat,i.on. an exapmple, for a ]
+ THBERG AN 2ol IR iR mat e Rt el by e dalesfage of said
t hyuemueragipegatese | i beration period is typically of

the order of “10 30 minutes or one hour. An increase

in temitowevere when dhisv teruperatunet increases; uhes AppliGant has also

e A e o B b foueas: VAlRE (18 at the

t detadlfnBAl sLiface), PFNEMBRY duth® MRPhaf ?anB ndl §@urd®y within

observed an increase in post-detachnment roughness
véhaasneiof avealnesa avhenethademperatse isdoejeaspdi nci pal |y

due to ﬁd?ﬁfe??lroﬁéh%%geiﬂﬁopn%%lé%ity Indh tiddrs. A higher degree of

roughness is routinely present at the zone at which wafer detachment is
initiated (which is usually the hoftest 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 fo be too high for a thin taken-off fayer 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
'{emperature 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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the zone of weakness when the tenperature is

i ncreased. Further, roughness inhonobgeneity 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), this

th ' d th " .. B f e
Anget r st i3t ARG WiBmerediis fuptEf botiahale tig imiting
detgrapgeratures walREFusGAprove GREPBAAING RRIlYOS thietiof WafeRs before
thin taken-off layer a few 100 A thick. "However, this

esthendetashment heat treaimeninhas takea placeswhishdreatment will then be
prbé‘ﬁi'}geﬁ% t%tgqﬁ&ﬁ%ﬁgmbérgﬁgg_ey red final technical

specitircations. cas t he Applicant has

obser veSub$eduemtly] it heesrdahte Wit IRy iivehBon Ng&ae®fging the two
the roughness. The above gives rise to the idea of a

t VBRI tiQ crRIHAck Wb yaglssularwhendingnea egcend step consists of

agg 44! ] r e
SSRGS e ol 0PRSS ALRES 68 s
t Rbomtﬁgg efeaoelf anad lqylaah’eyls especiaie byletita@’gt’rﬁgtwaster ﬁ"@ﬂecuﬂés 7from the
the, r enov r. could potentia econme .t oo high. .

He'fte _&P&ﬁ?%ﬁsy Bringngdhsaralets %lors%%fgeeaﬁ%@cto\l@% hopdisgdnterface.
two |i nTihik MigstlRIpPRS GLAERSrPY %H]E??Hnﬁ@d Q‘f_ﬁelanﬁleal.

bondi ng quality of the two ers before the

det achnisnthehahove-mentiomed biasumsieaces|when twoi skicon wafers are

t t t wll t ' t at hi gh )
_t(ﬁ%’é'ﬁﬁ? Wt\é\fcogtﬁigggg‘?%ﬁf&% bfﬂ’legg@&?@aﬁ%lgbgﬁ(ﬁ?r?%én a layer of
| naile, 118, praldrited? tbAPlengtuld $s LARantdREBLSlY ! heCRIMGRC200°C to

e
wi th nol ecul ar bonding, a secon stfgg consi sts of
s UFI° (4, agdrere paréicyiarlyds abeut 380%af er s adheri ng

o0t et By B b 5B LSRR bt 10 mn o

| NARIt B8O nfifeasdyndre pakiRdldr Sk aSE chi
L (BRI T00 nliRCARY o PHHRAILNCOIRNBTABOR"SY iR Bbout 120

hefﬁin-energ_y is thus termed a pre-anneal. In the
re’ ST Ref 18 HBLER" T all . I abicanhiarerded out a
bejomparaties ethdybfahe BRI endigyit dhe IfterfREE of e Vafers (one of
tenperature i s advantageously inh the range 200C to
which had already undergone hydrogen atomic species implantation to form a
zone of weakness), 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 entitled
“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
parailel 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
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400C, and nore particularly is about 350C. 15 The
pre-anneal tine period may be in the range from about
10 mn to about 360 mn, and nore particularly

bet ween about 30 min and about 820 min. Referring now
to Figures 1 and 2, the Applicant has carried out a

TR B, R B S35, e o g ooty

undﬁb@&i@i by dhedsad@ e thespeit Qﬂwérémrﬁiﬁnétﬂgoﬁtob@. thesprovides
z ne of weakness), when no pre-anneal had been

orEpation regrading dhe Ronging anergx exisiingdeiweearthe éwo wafers 10
ou 350C for 30 mn. Referring to Figure 1, the
App?l cant used an accurate technique for measuring

bondi ngTbempnueremtbmrmbﬁdQ td @& baienck beRRsENn the bonding
entitled ﬁ%@ Sili con on- | nsul at or by Wafer Bondi ng"

( JERPIGY Rlagfic defgrmatien Gba@&ienzqqsggnwndm@

da t
25501 SRt Lo 6071041 4 BB BT e o
of length aktherdrnibonded weherlsadd tlamduﬂ’@ce 'enemynt act with

h h b d 1
rochani BEIer A 650 R rerinalfe tsoagestatiec BB Tormuia taken
SURSInANEsArad% didingdnte! to the plane of the interface

15 causes | ocal unbonding of the two wafers 10 and 20
and propaganiqﬁ ot the unbonded zone over a certain 8
di st anc®T gth L covered by the bonding wave

bet ween t he zo&é | ocally unbonded by the bl ade and

t he poiint wiodr € umlmn@dmm%s opedulugs oPrig i figterial present at the
i nforpation regardl ng the bondi n& ener gy existing

bef ot hriwerp thefwe wafers Hhand@0;5 The unbond st op
poi nt q% et ween t he bondi ng
ener gy Lstrjﬁt%he e aék?e@sgﬂ ?‘On characterizing
unbondlhgthé\thﬂelmeéscn‘f@a@bwwgy T is calculat ed from

a rel atlj__OHShI p between the I|ength of the unbond
zone L HAHG Beshowys C@ﬁé%f?twe rRéydiee gariaghaut bmthe Applicant,

EXSHHH Cof PTG onthdrfivd O'shibd9 bl LA "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 fo 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 identicél 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. | '



10

15

20

25

30

10 from Maszara's docunent: 3.E. t3 y2 32. L4 in which
E is the Young's nodul us of the material present at
the interface between the two wafers 10 and 20; vy is
the hal f-thickness of the blade¥ 15t is the

t hi ckness of each wafer. Figure 2 shows four

' ! ydi Iy t by th | i cant
cach of Phtl d6aSincBriok 6. S JSondiig o8y Flkpsuroments, the
boAgpieare nedraigd diﬂaéﬂibﬁimrﬂléaniﬁ?icﬁ theOs PR’ 6B Svafers to be

begnlg%é:(grri ed out on substantially identical wafers
10°@l 0 whi ch had undergone substantially identical

prior 2 tef: ' n.

B ougnt 176 o HAGRETE SouwsHE NG 4B optes er sauare
i npeterat/rat) wip the uoingte; temepehoolUtahs estidw the results of
measurenent jn each conparative study was carried out

i nMEARHPRBPNISUBSUE RN WaTyrs e andca) in sontaeé witmeach other which
”Eﬁéd”rgrggﬂioé%r?ﬁ@é’ %Br&%hh?&f‘"tﬁé stoﬂatccﬂ%b Care! Sn%fagsgrements

t he Dbl I nterfate of wafers and” 20 we
catarried out obyweakast 10gareli26t Entbalacy whidketad aindergone a pre-
in a substantially identical direction and wth

f Oélgzes |
a _Lﬂ)%e_l'anti ally ‘identical blade. Regarding the
rel i abithése ﬁfeés'&?éﬁeﬁ%aﬁéfee@ﬁka’oﬁtto%ﬁf:@ﬁ %ferss, one of which

important to ensure that the bonding quality wa
eskathbegn] goviredtwith &0 th SiOe tayegythudOrepeeserdingt the material

r eiRf R0 et Rle BenEuh WSS Y apd 208" For i s
reason, THY ir@SulfsCof feftir RN AHELIED §fLFﬂeéT§ﬁ§W tfuﬁ? mé bohlifig energy

Applicant carried out efficient cleaning o
suhfthe easefoft a @revaneesl westwo thdhaedtinieschighepthainnin the case in

B o SRS SR T nET S piabRuEg, Do e

t he reshid Applicant has thus demonstrated that a pre-anneal at 350°C for 30

“min on oxidized silicon wafers substantially increases the bonding forces
between the wafers.

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 reinforcing 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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measurenents made on wafers 10 and 20 in contact with

each other which had not undergone a pre-anneal; the

solid colums are the neasure ts carried out on

wafers 10 and 20 in contact which had undergone a pre-
anneal . 10 These neasurenents were carried out on

Si f , j i

2 b VB ya08 S BLED o el RT3 el fonment et
pr ksatmerdthadieemtamricdcsutafirectlig two wafers 10 and 20.

The reSJ'H.t s. of four cqn‘pgr ative studies show that the
bondi ng! MacMprovement dn dhe bojiding gualivhabine \iwe wakersds made

th ' ' L [ 18+ i j t;
U 4 BT oo coranc
Apyith dhetinverdionhwhidhe has ghe atimdoft takingaofira thinnleger fibm a donor

SCBEin B froneiRs b LS BsachBras heten g0 caciouser Rkgamying out a
{IRIPOFLoriAG St Phi Wafbre 0 JHE2P5E (B3BfBkd sbove.

further_heat treatment was carri
t enper dvefesring e Figuteattay anderioerwafear Ot bemprises a semiconductor

pr.e- . Iy with the aimof disuniting (or
de@gﬁﬁ@'téasgﬁéwﬁg'gygr fromthe donor wafer at said
zone ofsaigakagstal Ofplsss isllicbASordaRPothef 8emiédKuctor alloy or.
possi bly further reinforcing the bonding connections,

espatar@.l y by increasing the formation of Si-O Si

bonds. 25, .1, 4 f ian cl reunst ance of

pond; ne i ailirdet oBPgRRiteRh e SHTRHEhr PR ftdag, of dhe donor
annafer 10ds tovgredavih andhsuatinglaagput 500C was

advantg{geousl y used. In accordance with the above

expl ana?dig Nsiiater gandalpaniculanke §iQaformede forrtasapleeby thermal

i 5105512 BRSPS ol BB B9 Eprill B o e

alduwfeee. t he roughness during the subsequent detachnent
step tjﬁbe educed. The pre-anneal also prevented the

occur r dAc@ BBt staR ofctheapreladedrmethoshof dhedieveptien.ag zone of

't rWeéI{l’ﬁfr%f‘PF% RmedCinlfte é%@ﬁéﬁé@ﬁ H@eﬁgﬁﬂl\ggﬂh‘% 46N& wafer 10,

been nore nunerous I f
weakening corresponding to breaking atomic bonds at the zone of weakness

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 paralle! to the plane of the surface of the donor wafer
10.

Said atomic species are preferably hydrogen and/or hefium.

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 to 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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treatnment had been carried out directly. This

i nprovenent in the bonding quality of the two wafers
is made particularly clear below in the description
of a preferred method in accorbhnce 5 with the

i nvention which has the aimof taking off a thin | ayer

froma d fer..10 tqQ transfer it tq a recept.or

waf er égg%ﬁr’]n aft iFdigr %by h@a%?ﬂ@%uﬂ% &’?f‘i’f@t ﬁbdaafd 20 then
bamttergosabprevinnedl ¢as déscAbed 2B098 ASSHsl RAThRRRYE T, and for
Referring to Figure 4a, a donor wafer 10 conprises a

s ediited RErAatermingdinariod ofitime (Betwesartinp ttanshtimedy)Sai d

t [ : ' il i t. i duct . .
Tl Gy avarfiedlfiter? e, GBROCIAARN 1§18 e BT PRl si. said
t hpresarrfeat el tan e bamidedowt! at Betetippaturdafah the dahige 200°C to
cover d with an insul ati %I ayer. Said insulator can
|

Qe a0 Borg patfieylany ofdhie arder ok A09r€, farya mesiodawvhich can
155@ ﬁ&h'é@ﬂerélrfniﬂﬁtéé tSLQe%rer%(ﬂ?ﬁrﬂ&.he donor wafer 10
co ri ItTs In I a

ses silicon a surface. In a first
st ep ofRefering rbwrtoddguret dnd tiird stepiconeits Phsupplying@nergy to

DB TR YTeted ROPAH WRlerd To JeiaRETNAGROoN 12, which is in
C Qloh®sd Apith %W@céﬁtiﬁﬁgéa?ﬁreég,gf%ﬁhm%nﬁ waté 7678 B zone of

weakness 20 connect oring portion above
t weeakmessdfl. weakness to the neighboring portion bel ow

“th of weak 11, Th f weak 11 i
acvant SO U7 e Byraskmae ©be:thE taysi kAR ko he donor

atwaFepr FANESH yé&‘ﬂ) t 1; ;
SO tﬁatmﬁ?ﬁéf?t ends%s]ﬁtggt ranti gﬁ 3‘/’\%6% %@)l?efﬁqndﬁteﬂtg%s%iectromc
plcg@mpaienthwilsadvantagegushhbe gooducadaf er 25 10. Sai d

atom c cies  are.preferaply, hydrogen and/ oy hel jum .
Referr i%gnﬁwqig Bf gqﬂﬂégﬁg{% gqt%%bp‘%@r @ggqls{aggbut’#tcompnses

i Meregsinhakk thekhal éh@r/g%ﬁﬁplﬂé@f @keld iﬁ?—'i%d‘;ré 3)%&We%§ethe first

20

25

30

15. Prior cleaning and/or finishing treattrent for t
s igmaeeiute T hand erekeend3demperaitvamc.ageousl y carri ed

out to T%leeafhc?ggses T t I1ertnrr])(?era ldlir'efa. agss 'adTv%in?ageously substantially
continuous, 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 SiO..
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 t; to a time t;).

As an example, it is possible to carry out an anneal 3 at a temperature
of about 500°C for about 30 min.
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cl eaning treatnent can conprise noi stening the

surfaces in contact to create a nolecular OH HO bond

bet ween the wafers 10 and 20. 11 Referring to Figure

3, the assenbly of wafers 10 ahd 20 t hen undergoes a
pre-anneal 1 as described above at a first tenperature

T1 and far, a fi redeterm ned, perjod of tine

(et vediareab SThaR eizis g oralian GUMare SAvarbends (stronger
dahan SietrHJS) bendey med from oxidized Si, said 5
pre-anneal 1 can be carried out at a tenperature T1 in

t he rarlgeanothert eircurostancandnneneealaBt iscmoardarried duie and the

f i od.. whi.ch f
2 AERbef e R b roBpBd iBEy A aGBRamERED now o
Fi gur e Aftar feinbiving $ﬁ@ﬁe‘ﬁ€ﬁi§ihgt Bottibrs uRP! o M8 e&ﬁ{h&ywafer, an

to the assenbly of two bonded wafers to detach the
pdsSEBWIY B0 ganstitufiag ithe desiregnstideture tis: there abdaispd.opreferably

. 2 . . f 0,at th
Wi, 26 rep] FAATHRERIRC R SURGEE X3 LB IV 75 toipomove the
t tsubsisting roughresd anditd Rdde 9 thickés mble LRfoinh ansf er
and in which electronic

to the ec?ﬁ; r_wafer 20, ¢ h ¢ )

conpond ¥ Tshing gaahe.gariest gubby malishings CIB, smapthing, heat

s ; t e

- SegltioRt, RRRIGH SEnflG, Abrasiol o PSltle bBHBiardent forspamete.

2 in FVdoer i3 ubefuMayer i fonhiedstom tsilitoer, ahdvheh tharfteiface 15

sec&rﬁj e erat,uﬁr}ﬁ T2. The . increase in tenperature is

2 R BUsED o) 193iatric maiens), Thegh i SBUSUra 49 TeRrsats an SO

mefrcfup@n about 0.5C/ mn, typically between about 20

5C m n and about 20C/ mn for wafers 10 and 20 of

si | i coin thist pariiculae aircumstancef théeemiating domoenvesfeniiOhcan be
of useful layer 12

\?v:r%’s?ﬁi'%‘l %gg'gtﬁg Bfﬁ%ﬁg Ifslh%;'é %?r)sgv‘élw #€Pt enper at ur e

ey PO SR80R LSRN0y el g o ransior

29efects occurringein thenssedulilagerof2 ah tembtragtune 80 as measured after

:Wﬁﬁfq@ ?ﬁ{e]rg{)]@eg @%ﬁbltxe ir%ﬁélr\bgf%rg l‘|t0 etmod 58 Ia?ng(r)gé for two
hours, and as measured identically with initial wafers 10 and 20 which have
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
consisted of continuously increasing the tempéréture 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 into two sections:

* a first section, closer to the origin of the graph, comprising a set

of measurements corresponding to two hour pre-anneals;
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Referring to Figure 3, said anneal 3 can then consi st

in applying a tenperature T2 that is higher than the
tenperature at which detachnment has occurred, and

mai ntai ning said tenperature pAdctically constant for

a 30 predeterm ned period (in the range froma tine
t3toatine W As an ex le, jt i ossible to carry

out an anrfeaP §e&pn§ t& vatfHFtber ofﬁo'gbcﬂ]? 9090 1f the graph,
about 30 M Neofrisipdl 4 s%?%gﬁjggg’s(dr’@%n?é 'cBWéﬁ%ﬁr‘?ding to 30 minute

creation of nore Si-O Si stronger t

Si OH HOST) bpretahneals. anot her circunst ance, an anneal

3 i i ed the t t b
dr oppea i ooy naber Shdrardin HEFBES At ar 2 By prranneal was
t habo@TE) Whilg ithedd oPtheldldepbr § 66 6102180 MALRS predBinneal.

asserrbleé 30 constituting the desired structure is then
obt ai ned, ussfek yapmhichhihals undergpne @ pré-ansaahtprtime hours thus

Su . f 1l yer. 12 to_renove, the

SRR miSTaNRE denet P Rror G Y FREE bt readioblgver that has
unizhdergonéhd S0frnitiutdiprgrapgal avisioh IshetsOthe Migjor influence of pre-
pol i shi ng, CWVP, snpot hi n.gh heat 10 treatnment, )
chnReal dwralinn R the rqualibn of Jronsting.; a1 lengensiwatinm@appearing to
f Yoy - useful layer is formed from

sﬁﬁ@én, aériguam%@PhE&ln terface 15 is included in an

i nsul atMoge ngerarally, , tHehpplicaat Hasushowd Bere eheefnpbrance of
an SO, structure. In this particular circunmstance

t HRATPURG OHtng RISrINGalriBr sueh & dnethed ok takdngseffi a vsgful layer,

SRRt ACESS £ e Ry RBHSH AR M S rfuci

t rtartheegualiiebthtesusafallayenm whidhhieitureedlabtrdmiz eordgoradnts wili be

the structure 30 as neasured after taking off and

afROAUGRL: annealing the initial wafers 10 and 20 at

350C f pdant.i.c it :
O hd VRppIRAHE %ad@@gtaiqlgﬁ&%gﬁéggtrégﬂu% e‘r?ﬂgég%aé% iR bonding

prenergperith atprasdeabrbi@thas alsoVeticwrs that said p26-amreal improves

DG AP ef o ol e o vhen

taking off following a pre-anneal.

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 materiais or type V-1V, ili-VI
or |I-V1 alioys, which may be binary, ternary or of higher degree.



The ordi nates of the graph of Figure 5 represent the
nunber of transfer defects neasured per wafer in the
two circunmstances in which the anneal 25 consisted of
continuously increasing the terdferature by about 350C
over 2 hours and by about 350C over 30 m nutes, the

bl ack spots representing them&ﬁets of the
measurenents. The results of asurenents can be

d| Vi ded Al miethddvof &@ﬁhfe@ﬂﬁg a Riykt fioin sefirkt %ferctb% &ecbAd wafer,
ﬁ'ﬁ;]ﬁ in of the graph, conprising a set 30 o
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ects far hour pre-anneal was about 20 whi

i t raRsfeged; ﬁ@a'acweafm flagt it epmpriges th%i@!i@wmgestanﬁeal

A usefu | ay

- hou%s thﬁlgndlﬁg‘me%ﬁf B@Q%fg(ﬂ evver rans gaéo&iéj t §q that the
on aver age tllaaer davigf al thleiymssthmt ivadloseintdesrggreatar than the
30 mnute pr eaI tﬁh 2 t he ?aj ({) i nfl uence

of pre- anne P%tqf eo YEehdo \éﬁ%ltwﬂs%fe $nd ggntact with the
| onger duratg%rﬂnp%p ng to 10 inprove the quality

of bondi ng. Mre general |y, the Applicant has shown

" here tHe i npaudyiog hefat epargyahg fmsﬁtwnnraﬂmrﬂﬁl isisubstantially
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such a neth aki ng,of f. a usef
especi al | y ﬂHgﬁ?B&I‘a é%mct@“i‘??éaﬁ{ﬁﬁ‘dgrtﬁ%fraf‘g%@oep to 400°C
def ects t hatfoa@errﬂrtﬁheg,bﬁbalgre{;@rbh@beuﬁéo hingbst e

usef ul Iayer ture electronic conponents
will beC) 15 Hpdiing caddiienalpheatcenerdyato inreasd the temperature

or o anncal . v 88 HREERRATe RS U ek o Be transforred

| nproves  t Heorangliing wafal bf thel Fbrid'ef weMgReshat it
el i m nates defects that occur when taking off

following a pre-anneal. 20 The present I nvention is

not bi MAtGaidcy BRAGHAIY 180" bleedlind ing ¢ "%y A%her Comprising the
following step, after step c): _

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 linkages between the two
wafers.

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 ¢} is supplied in a substantially progressive manner
between the first and second temperatures.
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bonding two silicon wafers at | east one of which is
covered with silicon; it is applicable to any type of
mat erial such as type IV materials or type |IV-1V,
[11-VI  or Il-VI alloys, whichli¥ay be binary, ternary
or of higher degree. 14 CLAIMS 1. A nethod of

transfenring a,layer.froma first wafer to a second

waf e?‘{‘ A sthod &Xﬂﬁf'@ ?%6'?&3@"‘%‘?%“% Ci’t‘iﬁb ‘%'?erﬁéhﬁ}?eﬁgat energy
despiiea; isvédoh Bab i @ifodrbiirinaldabss dfifliously bd¥Plime with a
of material selected fromsem conductor materials

haflAmgrup that is mrrethanatautis54l/odeuteo or greater than

the thickness of the layer to be transferred,

characterized in that it conprises the foll ow ng

steps. A) rhethodl rHbcoRfingUtd afiRS BleckBmd VaifRf Sitferbitt Ghe first
contact so that the_ |ayer having a thickness that is

cl eepergtiye igebabbd5@%an the thickness of the |ayer

to be transferred is in contact wwth the 10 second

waf er; b) supplying heat energy at a first tenperature

t hat 7. sAsmigghedtacgblding toghry preasdiagbtiith, WHEpEhathy irst time
in the r nge 200C to 400C for a first time period
gr%%ﬂ%jr'sgﬁ S Hsn aket 380UMEs: ¢) suppl ying additi onal

heat energy to increase the tenperature 15 above the

first tenperature to detach the layer to be

t r an$f efir methdd auocotding i tostherprecedihg t dfainz,onbendin the first time

weakness., 2. A nethqd according to the preceding

cIBfR 'ﬁd??%ma{%‘ﬁ}?‘i@%r@"}-he foll owing step, after

step ¢): 20 d) supplying heat energy at a second

tenperature that is substantially higher than the

firs®. tAmpethadaceofding 4o smyprdceding c!am,Lwhbrdmprior to step a), it
ween the two

reinforce the bonding |inkages be .
eSSt e ehasiRtns o COFRMAGH 1RyariRl Bnskasimaerial on one of
ClthTwoNsTep rfhbes £P6BEndbgIPeral ure s about 500G

4. A method according to elther one of the two

precedi ng cl ai ns, wherein
10.A method according to any one of claims 1 to 8, wherein prior to step
a), it comprises a step consisting of forming two layers of bonding material on
at least one of the wafer surfaces of the wafers.

11.A method according fo either one of the two preceding claims, wherein
the bonding material is an electrical insulator.

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 o step a).



the heat energy of step c) is supplied in a
substantially progressive manner 30 between the first
and second tenperatures. 15 5. A nethod according to
the preceding claim wherein t&& heat energy supplied
is such that the tenperature increases continuously

over 4, | r - that is. nore than aboyt .

o S/t Rpircd ook d; Wi Besrdinfdidiet. s Ruisupiegning step
cl employshetrieast drieeoff ﬂwéS’bHoWﬁ@Rﬁééﬁig@ CadhhidRay chdrfiéal treatment,
7. A nmethod according to any preceding claim wherein

t hEN$INGFCrubbBg. period is | ess than about 360 min. 10

8. A nethod according to the preceding claim wherein
the first time period is |less than about 120 mn. 9.

5 A nmetliod rethoddicegrding 40 ngrgeesding cidimi farthdieiophrising, prior to

10

prior to ste . 1t 15 conprises a step consisting

of SR ﬂ&‘%{f) ?%Eﬂ"lﬁth?&%%f weldgss(in Hhe trs wefer.t he

two wafer surfaces to be bonded. 10. A nethod accordi ng

to any one of clainms 1 to 8, wherein prior to step

i31), iiﬁ.A?rrfmcg:bsacaoecﬁag tnlomlsé spn'elogdingl tlam; Iv@qém;n tlrx]e zone of
of .bonding. materjal on 20 at |east one of the

nggﬁgﬁsflﬁg%r@%?bYﬁ‘ MSr fhecies Mplanatiod accor di ng to

either one of the two preceding clains, wherein the

bonding material is an electrical insulator. 25 12. A

met hdd. Akplisationoft 8 rethed eacedrding cloaany preeeding cham, for the

b L NGk i~al ,0s,Si02. 13. A nethod according to

a@ggpgpﬁié@ﬁtrﬁﬁdl@mmei n at | east one of the two

surfaces to be bonded has undergone a cl eaning step

prior to step a). 30 16 14. A nmethod according to the

preceding claim wherein the cleaning step enpl oys at

| east one of the follow ng. cleaning techniques:

chem cal treatnent,
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rinsing, scrubbing. 5 15. A nethod according to any
preceding claim further conprising, prior to step
a), a step of form ng the zone gf weakness in the
first wafer. 16. A nethod accor&i ng to the preceding
claim wherein the zone of weakness is forned by
atom c species inplantati arg sIPRA.cAgpl i cation of a
nmet hod according to any preceding claim for the
production of a SO structure. 17 ABSTRACT A nethod

of trangf ' froma first fer to.,a second

Sar or A fetoiaturafiElild Adel HES  Jitichate? 184 S8 wafer,
dethienfinsty wafért toraprsingac eoné doffveaknebs 'delinitil With & surface of the
I aﬁ{rg of material_ selected from sem conductor

e’

wafer adayeretanalarial selestedirom sersicopductor materials having a

gr [ S t | aver .10 be

roRaesD ARt iy Sides KX e adeRlen B RETuteSey theytaver to bo
f dransferrgd stheractesized in tigatrigcdrhprisey thedefowihgidiepd:wo

waf ers into contact so that the |ayer having a

thi ckneé¥s t IINGINg the surfages of dhe fyva wafenintasontast so that the

t hi ckness of ot @ r | $n
W ih the scaolonaegla’ Gickiess WAL B (ke I ot GG han the
first tenperthickness lofittheslagyeb$s ot trahbferredi Bhier cbhiaiet with the
anbi ent tenperature for a first tine period; c)

suppl yi ng a&&f;?f'gr‘f‘fﬂfeheat energy to increase the

the Tagar ¢ o PR HEat Bherl! st a HRTREHBbIird fafl Tt YaBstantialy

the zone of highetitbas ambrient tengreratune fdrsofinst tiniedssriath)

appl i cgyion s%p ‘?Hgd AT heat Ge‘mc—zlrgy to increase the temperature
above the first temperature to detach the layer to be transferred
from the first wafer at the zone of weakness.

-The invention also provides an application of said method.

FIG. 1



