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1 METHOD OF BONDI NG TWO SUBSTRATES CONTEXT 5 The
present invention relates to the production- of
conposite structures for el et ronics, optics or

m croel ectronics. Mre precisely, the invention
relates to a nethod of bonding two substrates

t oget her. The iMEFHODQRBONDMNGITRVO SUBSTRADESOf
formng a structure conprising a 10 |ayer of

sem conductor material taken froma donor substrate,
sai d GENEEXTsubstrate itsel f having been formed by
bondi ng two substrates. In order to bond two

Lo el G AR Beid B Gtagtres

eRicadhRsDOPHENEr MicroslcgEHicgr adhesi on of the
substrates to each other. 15 One application of such

bondMujei prediselywihe hinvention r relatesuto i a methast ogfe bohding two
o ctures of the "sem conductor on '
Sﬁ%%ﬂ#g%gggéb%e (Sed), and in particular structures
of t Mhe'igvdritiopnalon rélatd! @t Pmethydof (crding aldtruchire comprising a
application context, at |east one of the substrates to

layer wfn gemispidugtors matadal Eakede Taayed ; dornr eubsimte, said donor
WA ' ' i adi ' ypically
S cagrt%t‘gﬁsgﬁ? g}/ﬁ%ﬁ%&g&%é&@%%@%% l?t&sct%%?ée Bondi ng
by nirl ecddrato ddinelstven substrateac ogaibier, fo firskubgtrateois typically
sub Lr.a es gqa%i nﬁ perfectly plane surfaces ("mrror
bISHENE Bl 0Bt WItE o7 0FREAKb SHERSIR SR0AE a5peatEngoRring by
m@%ﬁrvaﬁﬁe%woﬂﬁe%uagﬁggsitﬁ@d&ﬁ,otﬁéﬁ- ). The surfaces

in question are genera ose of substrates nmade of
25 eDeetanpbastign ohsudhabdndingris thait athidH isrcagneapliein the scope of
artz, glass) o f ,sem.conductor .material (for .
o Eiste & dis3 & BRI L aR Ry tyke 56 and in
parikdilaptedctoyed @ﬁﬁb "3iiEbh SAlihQNaR" ?pé'(BQﬂT}_ pressure

onto one or both substrates brought into contact. A
boribithig arplieatiore optiesh afeast oveal thésubsirates te bedmindad has a

S r L - a.few. seconds,..so as tQ join,the, .
siGeS et BBl (3 atulbien RTINS & §10ARD: Bonding s
typieanl barrieaesdlin ekiatito ésnabn SO theAper ature is
~generally quite low conpared to that observed between

t wYHling dycowralasdadhrsionit Bytechpigueafor ynaking two substrates

héﬁg{a&%ﬁéﬁ A I?g%ggﬂ‘%gﬂégirﬁrrgf’hébg’hegﬂtéaﬁ&%ttgro\ﬁebé)nno . grg without
applying an adhesive (such as a bonder, glue, etc.).

The surfaces in question are generally those of substrates made of
electrically insulating material (for example quartz, glass) or of semiconductor
material (for example Si, GaAs, SiC, Ge). |

The bonding is typically initiated by local application of a slight pressure
onto one or both substrates brought into contact.

- A bonding wave then propagates over the entire extent of the substrates in
a few seconds, so as o join the two substrates together on the atomic scale.

The bonding energy obtained at room temperature is generaily quite low

compared to that observed between two solids connected covalently, ionically or

metallically.
fn order to obtain -satisfacfory bonding of two substrates to each other, one



10

15

20

- 25

30

2 and/or the other of the surfaces to be bonded is
typically prepared before bonding. The purpose of
this is to increase the mechasical strength and/ or

i mprove the quality of the bonding interface. Such
preparation typically involves a chem cal treatnent -

dreff@r [ dtker®f theCb@fiididto ¥ Hom@legULst agRsalgf pFé}:%red before
substrates to be bonded. The cl eaning is i ntended

beadinceul ke RUWPPSH ATt thishds dp insreaser then enediandsl rﬁjrength and/or

e bonded: - absence of

Irﬂgﬂﬁ%{:ﬁtheeqﬁ"am&%sence o?ﬁﬁ%oér?) Clazer‘bons 10 - absence of

et Suchopteperativnt WplcallyQMQluéfsanQ:heml@thMmetrﬂ P eAéhr¥d to as
| ess than 5 A rnms; - ydrophobicity, that is to
clegning hppinedurEces thutfh%ﬁllﬂa%@te gs besdedH  bonds)

ter "T‘h@aéléat? %@Wﬁ&ﬁé&? %ﬁcﬁ%{ I?gr}qggrt o-ﬁleeorfr%teogf {1 following

ned as exa

pmpames;to thhﬁsur‘faz:lesa‘olbregamfdadhe RCA type nanel y t he

conbi nation %’n SC1 bath ("standard clean 1")

cot’rprqss‘l a’zﬁ’é %%hydrom de (NH4OH), hydrogen
peroxaggeen@g@%dﬁgﬁrw (H2O), designed to renove

y

part| cles ‘and “hydrocarbons, and an SC2 bath
("st mde@fam’talzcontammntm ng hydrochloric acid

Ejglsc: )dﬂ\g(fﬁﬁ@og Ig{r‘é‘)ﬁgt gfp'é;j%?%)%ﬁ%% %\%f (HZCOI) eani ng

Wit h singaa ré@!ﬁbtﬁélty-'tthétrls &@%ﬁy adfgh 9@ﬁ§1t}} Sf $iRMBY Bonds (Sf Ol—t

o ani ¢ contam nants; - cleaning Wth a ‘solution
)atﬁﬁnwgtlagme(suﬁecaﬁtombgnd .acid and oxygenated

2 o B B S5 4o S b ppor sonang

partld:eammg tdfetHee REA alypee nathely hthddabhbindikedfidn SC1 bath
ossi ble to prevent the appearance of certain defects

(“ﬁt@ndtaﬁb 8adi Ay iCATTBHIG INMANUBo Avepxidte L(&H»ﬁh'-l) hydrogen

d def
PR AT S, Fefr IO aRIE ot hefble cpPigtes and
hystrotambonsy pedoéin deC2 diatheystandaay e;red@ezt))be@mpﬁstng nhydrechloric

o HbHe/ieBeD ReTRRHE (B-Qaand Weler (ReOhsiR @Ted rfemove metal

,}aquTMtype bei ng an advant ageous exanpl e of such

trans
- cleaning with an ozonized solution (O;), designed to remove organic

C

contaminants;
- cteaning with a solution containing a mixture of suifuric acid and
oxygenated water ("sulfuric peroxide mixture" (SPM)).

_ ~ Controlling the various cleaning parameters (in particular the temperature
of the baths) makes it possible to prevent the appearance of certain defects on
the bonding interface of the bonded structure.

These induced defects are, for example, blisters on the bonding mterface
between the two substrates _
Another type of defect may moreot/er be observed in the event that a thin

'Iayer of donor substrate is being transferred to a handle substrate, methods of

the Smart CutTM type being an advantageous exampie of such transfer
(regarding methods of the Smart Cut™ type, the person skilled in the art may for -
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(regarding nethods of the Smart Cut TM type, the person
skilled in the art may for 3 _exanple refer to :
"Silicon Wafer bondi ng techno3ogy for VLSI and MEMS
applications”, S.S. Iyer and A J. Auberton-Herve, |EE,
'2002). In such a case holes, located in the

epanmipiersiér tegtificwf Watkrndsabimbgs tedinotdd: PRWLS! and MEMS
actually be observed in the transferred thin |ayer.

apRECHIQNST.r ansf WEF adz Ané sAuPemoRr Hngheltdr, 20Q72). HBtsusdna case
| . _ |
TERETANE, ¥R pLORLEY SLIINR By B OB Beualy oo

obeeded. in fvg traasferedheimiayen| Thesehmimnafarreaihvomesseith izodiameter
void.  The |l ayers transferred

f an SO__with an_edge
o PﬁSN%%OEHM@dQ% i J0GAtRG PEtHERm 0 @RErP AR ERfEtBe edge of
' ' t ' rand 2 mm situated 1-5
tﬁ%ﬁg?%%%{ﬁgdéﬂ%g@@ft&‘%ﬁe eéggwsakﬁbture. The edge voi ds
ar eFigwis 1rstreostioplly sdewe @t dewss sectivre df an 3Olpeith an edge void.

THV B e Bl BB Bt Bl i o clametr
twyﬁ?ilnbrbétﬁ?eﬁkﬁﬁﬂﬁ‘?aﬁﬁ Pl é]tda"t’eycf"l -5 &M flin 3Re Flge of the

active layer for the formation of electronic
stuetgtthent s at the position of an edge void, no 15

of T8 88bs SOl Fre PG sBRL G pduc Rl B0tk whh Bodbonding
of RS ratesutihe %idpﬁ. They a5 EcHoes @ﬁiggeﬁé’ﬂaﬂ%\&itibal defects. This

. hecessari | be defective. Defects of the "blister"
ist beeayssy Hbgfpﬁ;@@seacqa fad thins lpyedisegvingt ake@n egpdéve layer for the

o5 e ipone B B BRI 88 o, no

canponerucarivVbeefdbaidateidhet s diositionl. (anviGv dlatidl eize of the edge
sybstrate to, an oxidized and, i npl anted donor substrate

Vaigs degEctranicironRNan) oniHishid aljepsknesedee vald will necessarily

béHéfé‘cﬁU%.e obtained after transfer. These blisters
result fromlocal disbonding between the handle
subs¢fieatse ofitiuk t"biisterti ypeotonrdepdndates fomal elisbidmding between the
| ayer . schematized in Figure 2. 25 This | ocal
*ffa?%%r&%ﬁaﬁﬁgereﬁe%ﬁ%d‘@@d%gawr &r £PE F&MPIR dRdBarGsse of an
SOf 86&MeY by fIShAGe Otﬁf"eﬁ'léa't!%d,tth§?3o(1ﬂﬁ1@a$ﬁ B %ggpﬁ substrate

m cro-roughness) on the surface of one™ an
tosam sxidizess apdoimyiiantedt donomsaosirate rmapn dead datthehalbsarhation of

oigfels e ECHts BoBafediaen fransBr' Rste Ml rdput Hom tocal
disissiiing lbetbser ehehandld SuBsirat@Qnd R bRldEesf ﬂLé;trbHsFePr%d thin

rest of this text), the blisters created on t
laysinas sghematizgédirerigetav@en t he donor substrate and the

hanqli R UPEsbahGINGRY eRBALLed Wy A bASicies, hydrocarben traces or

surface irregularities (focally higher micro-roughness) on the surface of one

and/or both substrates brought into contact.

In the event that the bonding is carried out with a view to transfer of the
Smart Cut™ type (for the sake of simplicity, this case will be referred to as "SOI
formation” in the rest of this text), the blisters created on the bonding interface
between the donor substrate and the handle substrate may expand during the
separating anneal involved in such transfer, which may damage'the working layer

of the final structure obtained after the transfer.
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separating anneal involved in such transfer, which may
damage the working |ayer of the final structure

obtained after the transfer. 4 As schematized in

Figure 2, in the scope of SO formation the blisters

may be |ocated at the center and at the periphery of

t he Ast sahehatzed Thariglites2 eihstharseopb s SWI fination the blisters may
macroscopi c defects with a diameter typically 1lying

bsdpcrier a6 the panterand atie netirhery ki the alfeeturg.ansfer. 5

In ' It ks f :
sor TSR B s SRy B iodif QbR R daigs pically
lyinog detwaen @rlemassod Bated aftet thin tdyer bandieng and surface
preparation. Mre greci sely, it has been observed that

cer UBPYCNB 58581 Distersrare calialmplegiafer @ §60di ng 1 ead to

= bendi . halhd . Ut ) _
yph i ouh IndiuciRcts  the bl BRRCER I bR o Flsqojgped wih
thesbonding apdravirfagkgreparaBei. bath with a | ow

congentration, a above [l at | ow t enper at.ure .
(ty °5%|9"?C'8f3fyt Hgﬂgpot.éqerbpgggwﬁgsr?magg@j’t,alqnpcpﬂaltlo.ns of cleaning
beRIPE BHABRG 184d 618 Horliry ipsicAef ect s on the bondi ng
interface after transter is prevented by using in

par t thel appeatas@ Gatfister typhi ghfectsrpmr dhar bondilg interface is

' I f . | 70C). Th :
PSRBT on s Mo b PBrBa St e T o R0l dov, colrSuratiops and above
all bea Idw Kraperitcrectigsicaiidfdhé YRder 6F8 nhdtssTEy ual |y

conflicting. In practice, the step of preparation by

cl-eafithgrpericarerd edaeavoid padleferta onctepbomlisg interface after

PS8 SEAENE PR PR TBE TR R foretre

(tymicalyt afi the ardemofi atdeastt7@°Cace on which.nore or fewer

- blisters and edge voids wil| be observed. 5 SUMVAR

Y
he-eondiiignermentioned gbeyentoriavoiging dafesiopbthesblister and edge

vd?érr ;{‘égﬁ%m]fs ﬁﬁﬁ%lg{&n{ﬁﬁgh' oned above, and in

pa r to obviate eed for a conprom se in
déniprentice, he Stepl ehpreparationdibyi cdeanifpathersforardnyails finding a
t enper.at yre [ n, order to, prevent the appearance of L
coigR ek dPeYisula t reoaiis” e EppRARLEL B fag sleaning s
drid¢ otehe i ' ' i t’&ﬁd& t i
CsubstO rat e@éTbgﬂtd Li l%%ﬁ@aﬁgl)tsrtg@e%ts)gggitnggb t ee dHwhich more
orifawenblisierspany edgs vaidsewili be affsepeatti ng two substrates
toget her during which the surfaces of said substrates.

are brought
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10 into contact with each other, conprising at |east
one step of cleaning the surface of one and/or the
ot her of the substrates to bed bonded bef ore their
surfaces are brought into contact, characterized in
that - the cleaning step is carried out so that each

sur f SUNMMARYOF THEWUNVENRTEONT i cantly roughened, and
in that 15 - the bonding 1s Turthernore preceded by

heati ng at | east one substrate to be bonded, said

heatirpg Delng iﬁ‘ﬁéﬂﬁ% ?rokb%%% Gt pger%BHea(fﬁé Bbieprgs entioned

substrates are 0 contact "and |nue

abeast anghtimn Iparlmayama)/ebb@w tive eueglat fornd @onfoinesd in defining the

referred but nonlimting aspects of this nmethod are
g@nm PR O@o&ﬁr@%%@m%’a’%% imprdeydo|pse it the appearance

fyd (0]
of BlgB |y MaBE deiBeLsLand e MAMIEnce B BIRFTIEEE Jicts on the
bamﬁhgnnterfeceibbawem twmeufssitzﬂes.at es to be bonded
i nvolves. etc i mhlch fo an i ncrease of
0" a0 SBise o Bret s 66 e e o PENGRSS & gdiad St bonding
two %@@stﬁéié@ t@éetﬁéﬁéﬂh WS, R0 Hfaddenradd t?%u@%trét@@ are brought

substrates to be ed 1nvolves etching a't
ind? cortast withrearh chg&tqommsmg ahleast enmistep of e!pamlsug the surface

of Qi< offef the SIS F Be kARt ‘oo BobORE T Bal sayrfaces
bigeansingd céntaat, thaasaeerian NHAgH, 30 H202, H2O0, or a
bath based on NH4OH, H202, H2O foll owed by a bath

basdf€ofieaping, sters qapted guthso bBhgash Butate elpanachis not

t NH4OH, H202, H20O foll owed:
Sléﬁlfh%&)l{a@?rﬁ%éggggé gh(ﬂ%lst,ﬁghzoz H2O, by using a bath of
sul ftheiboraiingl isafuttrexyngen prasbdsdt By héahh%mdba@ chebgiiikirate to

n NHAOH,. H202, 6. H2O, foll owed a bath based
b%ﬁ ﬂlg? 399 healipgbeing iniated bafarg the @yrfa§e%9f thecgulsifates are

oGP rfad ERE SoRunaAE a2 B3 TnepaRRe, B Highnt ino

contadte net hod nay conprise a plasnma activation step,
T A i oy
SUb?cﬁé %%nboeﬁkfs QPW?@’atest gpfhec"eﬁﬁ gggé% t%ﬁ etﬁg bonding

N2; [ asma
wa\mtgem@e@ tbe twne;uaattams the ot her

- the cleaning of the surfaces of one and/or the other of the substrates to be
bonded involves etching which leads to an increase of between 0 and 20% in the

decr

roughness of the etched surface;

- the step of cleaning one and/or the other of the substrates to be bonded
involves etching a thickness of less than 15 angstroms;

- the cleaning step is carried out by means of a bath at a temperature of
less than 65°C,;

- the cleaning step is carried out by means of a bath baséd on NH4OH,
H>0», H20, or a bath based on NH,OH, H>05, Hzo'foflowed by a bath based on
HCI, H202, H20, or by using an ozonized bath followed by a bath based on
NH4OH, H>02, H20 followed by a bath based on HCI, H,O0,, H,O, by using a bath
of sulfuric acid and oxygenated water followed by a bath based on NH,OH, H20s,
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of said substrates to be bonded; 10 - the tenperature
of the bath based on NH4CH, H202, H20 is |less than
65C. - the bath based on NH4CGP, H202, H2O - has a
mass percentage dose of NHAOH H2Q2t ypi cal |y bet ween
1/2 and 6/6 and preferably between 1/2 and 3/4, 15 -

H.©, #licvdEbp ertith based ohqwe%démﬁnd 60C, preferably
bet ween 40C and 55C, - Pgl ied for a few m nutes,

pref satsisaning éEBlesnGﬁ@@d out bieusiag Krpazenedelipged by a bath

oS font 40p P MG RISREE Y LR AR T B fIBE0:

bet ween nibtBod analy 26mprise iz pRisnta hethagiont stbﬁ Oérr@@lcbut- after the

is applied for a few m nutes, preferably t
clopRliibsten asdt SRbreniheosien 1 being Hend e the other of the

Sg‘?ﬁﬁggté%%ﬂem a peripheral zone of at |east one

e two strates to be bonded, or applied
uni f trenplgsonaes biakbed o2 eandor Nof at | east one of the

ubstrates to be honded, .and is carried out at
tenpﬁ}eaP'@P@% s iaeefcasase iy tap coudhysss 4 I%ﬂeo@WJQér‘ihe other

oﬂgg;d%ggs,}ggs thWd hsHdger e, the heating is obtained by
t hermal conduction or by radiation. The invention al so

rel athes taroperaturenol thf  biath ihiasgdaos tlidgDdr é-CamptUsisnigss than
6:?" thin ayer of sem conductor material transferred
Com a donor substrate onto a 30 second substrate,

t he thebhado&eueh NHYOH W80 0H.0M ng steps: -
co-inplanting two atonic species into the donor

subst r at eha® advasy perasatage dom@ﬁ&m@&lbhazﬁmmaﬂyt between 1/2
the thin t he speC|es
ha3| ng a %@%ﬁ&%ﬁ%gﬁe&{ﬁ%@@%@{gﬁp@% I ed "peak”

dept h, -7 iscatetémgetdt@resolt hetdeedf ST enarsi e, gréferablpeietween
of said substrates before the surfaces of the

subst r at €801 0ahé 950ded are br ought into intimte

cont act e gk, 1P miRGeYdralishiARd RiAEoNt act

with the ate so as
subdghe dtadls basgbhHCl, 5.0, tHaDsferring a part of the

oo b FASS brasspdrhen 86 Shde St AL BatEe s & Sorand .
it)ﬁirJ ng n%gjfa}gé idssGbretnthhaosBS YD, Hellbin BRRE ARG A, C

- is at a temperature of 30°C, |
- is applied for a few minutes, preferably three minutes;

- before the bonding step the heating is applied locally in a peripheral zone
of at least one of the two substrates to b.e bonded, or applied uniformly over the
extent of at least one of the two substrates to be bonded, and is carried out at a
temperature of between 35°C and 90°C, typically between 45°C and 70°C;
furthermore, the heating is obtained by thermal conduction or by radiation.

The invention also relates to a method of forming a structure comprising.a
thin !ayer of semiconductor material transferred from a donor substrate onto a
second substrate, the method comprisihg'thé following steps: |

- co-impianting two atomic species into the donor substra'te 50 as to create

a weakened zone delimiting the thin layer to be transferred, each of the species
having a maximum concentration at a s0- ~called “peak" depth,
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that their peaks have an offset of |less than 200 A in
the thickness of the donor substrate, and in that the
bonding is carried out according to the bondi ng nethod
10 descri bed above. The peaks of the two atomic

speci es, which are advantageously hydrogen and

hel i usTbaming the SliEBADLY oABRI/bIMEbAEr beaig 230BsEaREbefore the
of the donor substrate. According to a particular

sefBerRs aklie substratasgpdint bendsad éliﬁebr@yﬂgbf inky uﬂtlmyéﬁ cpnptagt,

ey oroing B S s B bolfdel B Fiediyl S iBirate so oo
td bph@skiatsupstraeaiobetiferat a depth of 2450 A in the

donor substrate, and the inplantation energy of helium
lies trRASIRERg 47par of thpdreer syfsirade s e agcdng\substrate so as to

- fand 2 Van%g t}j’-l% %Cﬂ-{ﬁ%%bs?rgt Ot her characteristics

nvention’'may furthernore be

shidundthion bdirg fcbhfﬂﬂmrﬂ@ddmsmat tHe v atolmic @pe&estmehmplanted SO
il ustratl(§$|aand nogl imti n and __should be read wt

thed theie peaks HavREp Sotdideas AR gov; 'W%H"Clﬁ'@ﬁo@sthe donor

s:.’ﬁbéﬁ’ﬁt@saﬂd ﬁf‘ﬁat?tﬁ@b&lihh & catrletasit é%%‘é@ H%?&H%Sﬁgndlﬁé method
- Figur l'ustrates he occurrence o I'T st

deéswibed abdves) and edge voids (dashed lines) as a

4a aHe® B68Ks L SRLSEAYC sPsRsahsh e AdEntaaRsial Fydrogen

arww@nurﬁcgl@ SHefdtab é/l’@%tllgﬂédtdﬂ%é)%ﬁb%ﬁtﬁoffHetdlcﬂ{cﬁ%ubstrate
fromthe center o tructure ure 4a) or from

t he Acwdiog tthe astpariculae (embgdmem)t et hmpﬁmﬁamramergy of

R0 s M ol RASE, BhFpBHOTTL SRR o tyer

sdlbttedtdt e \asodintahe Hyérdgi‘dmﬂf 4 Méﬁorﬁ)geék $ibs b€ A”epth of 2450
substrate with a dianeter equal to 300 mm after

Atin the danee sbsitater and e lfﬁ@@{nﬁfﬁ@m energE Alifsdiumplias between 47
S event that the edge voids are
aidjxgggggdbf(ﬁéﬁ?iws&]ggrgt@ owng to bonding initiated in
the lower part of this substrate; 8 Figure 6

i1 SESERIPTIGN I OFTHEFRRGORESt and aligned with the
hydrogen peak; - Figure 7 represents the distribution

of the "dense zone" type defects according to three
comﬁﬂm chstamwiatipeiamdsad\faniag‘esguﬁ#@ iBventmre@ay furthermore be
ilLus nse z

ra t he prese e by a e
folpfy 7 e Teolytie, Re SR, Siich Soaorent isizavstand nonlimiting and
shoXiRi &R kdad it Pefekdm@s 8@ the appended drawings in which, besides
Figures 1 and 2 which have already been discussed:

- Figure 3 iliustrates the occurrence of blisters (solid lines) and edge voids

(dashed lines} as a function of the temperature of the SC1 bath;

- Figures 4a and 4b illustrate the propagation of the bonding wave
according to whether the bonding is initiated from the center of the structure
(Figure 4a) or from the edge of the structure (Figure 4b), the peripheral region in
which the possible edge voids are expected being represented by dots;

- Figure 5 illustrates a map of the temperature on a silicon substrate with a

diameter equal to 300 mm after fifteen seconds of local heating in the upper part

~ of the substrate, in the event that the edge voids are expected in this part owing

- to bonding initiated in the lower part of this substrate;
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waf ers under various conditions of inplantation and

cl eaning. DESCRI PTION OF THE | NVENTI ON 10 As al ready
mentioned, the invention relates to a nethod of

bondi ng two substrates together. The invention is

intended in particular to obviate the conprom se
assodigureds viliidtrdtbe fadineanaake oifsebldnst elignaandvitdg® hydrogen
voj ds, as nentioned above. 15 The Applicant is aware

PER%t the occurrence of blister type defects can be
redugadiRy7 TR Y hBCIRAAABH 5 1Rl hBE PR USEd defocts
for cI ani ng the surfaces ed vvever
aatordagytorthrad mmparddhae&lc&i&vptmscondl tions which favor

duct listers tend to i ncrease the
occur'h:e%reg Bk écSS@&cuﬁbé%% Tﬁ‘ﬁe %ﬁ%@% oh6 eaer apne by a
B@rg%gﬁtbﬁnéf ¥nd OB MRSt WbsbRRIEIREE tg&%ﬁ{]}g'%?/ sul};)erlmposed

I'nvol ves naking a conprom se In defln

waiterdiundensarous pendiiiend aff iinpdantatiéuaod |od:earnxﬁg t he

tenperature and the acceptable nunber of blisters and

) H [ly illustrates the

pri ne=P=E H - ConpremisEY and 25 the occurrence

of bllsters (SO|Id Ilnes) and edge voi ds (dashed

| i ned} abgiady meefiersaskrinedneentiont witesda afmethed of bonding two

the SCI bath. Thus: cleaning by neans
%ﬁﬁ%ﬁé@éﬁeﬁﬁ?’h at a high tenperature, leading to
et chThg pventvlghienimenaédt re sarit@ae ©f dovats VB rédriSromise

belc&g cl eaned, makes it 30 ssible to avoi d edge
et withdhe appageanceref m@%éaﬁaﬁ@éig@fvme‘r asangntioned above.

cl S?Eg(?% oJFRA8S mﬁreggalsﬂ:, eagrlﬁd;r&&tcea?ﬂ @Yiﬁté%@rcﬂé@&@ can be

realnded' eyymaedifyging thes phiamgetereobihel bdths sisthdor cléénlng the surfaces
ngstr , typically 5-10 A) of the surfaces of the
togl?oé C%ncts bei ng cl eaned makes it possible to avoid
bI [ |
HORRucl o BeRtY BaETkieR, FRPEBEARBRAIEREMWAER fvor of the
reguofénmohgllsttém tabd do ércreise dhye occirdsncer ef ddgowdidg imbnes case of
and more stringent. The applicant proposes to seI ect
Ui ti ons aiming to prevent the appearance

bl i sty et 9 kﬁ&\ﬁn ChRaticE gtlﬂé‘refoti‘@ gé'ﬁér%ﬂg Sln%lvb@emaklng a

substrat es, | e overcom ng concer ns socl at ed
cqmnrhmissﬁairp@@fmlm &apbearrm]wcﬂﬁored@e padiaidaryasianfy nctios of the

temperature and the acceptable number of blisters and edge voids.

Figure 3 schematically illustrates the principle of such a compromise, and

the occurrence of blisters (solid lines) and edge voids (dashed lines) being

- represented as a function of the temperature of the SC1 bath.

Thus: ,

.- cleaning by means of an SC1 bath at a high temperature, leading to
etching or roughening of the surface of the substrates being cleaned, makes it
possible to avoid edge voids but encourages the appearance of blisters,

- cleaning by means of an SC1 bath at a low temperature, typically less

than 65°C, leading to little roughening and very slight etching (removal less than

15 ahgstroms,‘ typically 5-10 A) of the surfaces of the substrates being cleaned,
makes it possible to avoid blisters but encourages the appearance of edge voids.
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cl eani ng. Such cl eaning conditions shoul d thus produce

cl eaned surfaces which have a_ roughness and a

t hi ckness which are "essentia?ly" unchanged by the

cleaning owing to the low level of etching. 10 It

will be recalled that a | ow | evel of degradation of

ong snslfl@rbe hetadt liest Bl bpecificatppb’ §éwrIning R BEBSGSE of edge
is typically obtained by neans of an SCI bath at a | ow
vpllgre egpaling yre Andympesssiripgant. 65C. More general |y,

an - ' ! I '

ol DL BB Er A Ao fRlectaRROBY Bin G 18Rt grgearance
ohalistelsadyrirf ther clehringlofaing sgrfacschl théSubseratesy whilefaeecoming
has a roughpness unchanged by cleaning or in the worst ,
CRRGSNE R RLERd pyith 3b6 r RAsSIBlG canrearaics, & rdgsevBids dweng this

c@a‘ﬁ jng step. To this end, the roughness is neasured
y arf AFM (atom ¢ force m croscope) over surfaces of

1 8xdlobie2ninfheondilimisestiouid thus prodncd eleavat saradebwhich have a
conparin he. roughness , after and. hefore the _
HRRRR LA BIRKOREF TEh ArRaePORIAN HGoBgneb AN g cleaning

oWinPRSABIIGH S8V eMok Bt@fisdli Ng which it  causes. It is

therefore suitable to enploy any type of cleaning
whit @il be secalled thata low fevel 06degresiationef beempdétrehedther of the

sUlfAER.L0 B e ia rEehEShitad BY s 8 B 8CE beth ot 2 ow

- tepepdrannediybrallg Iddsthbnigsecappear ance of blisters. 25

The appearance of edge voids is then prevented by _
cMerpeneigllyhany v Af Clegping malyl hergmieyest spdorg issnit allows

vRpaE i, 405 BRSBTS P LA, B BBARS. cach

cleanéd sdefdce Hes Anplighaeds hashaleyeel bpeteaningtonad therworst case
he occurrence of edge voids, based on

mrefﬁﬂ%%'e ﬂr%ﬁ %%%t Featpeolpabaialys eiewythss clepaingoiapnfo dhiseend, the

rotﬁgh_gég%goﬁgtéégﬁ é%li; ?V%ngw 'igtl?)pﬂf: ch%i#ﬁ%o%téﬁ?v‘é?tsﬁﬁaces of

Iy, appears
1(pri@pagailherrougheningymay thére bbavadiumeddyeccnparidd thet mdighness
n th ne hand by. the hydrophilic nature and on the -
a rt?é"rdet?éﬂ@ (gﬁ%ﬁ/mgow roughness of the surfaces of -
t Iy fhiapRbFARE rbeghsnifgrtﬂﬁéleﬁmlg i5tadsORIBEPWithSE8 g which it
that the appearante of “the blisters and the appeararice
cavises hié iethgeefoos duitatade tbemploy eoy haek ohclepringevhitly lealiseto less

g Bt Fraho GReh SRR AP o be. bonded S0

t e, effbétehf o (dPadingline B8fEERARE bt BhatiStH other of the
substrates to be bonded is to limit the appearance of blisters.

The appearance of edge voids is then prevented by controlling the bonding
(controlling the propagation speed of the bonding wave) of the substrates by
means of heating one and/or the other of the substrates to be bonded.

The Applicant has developed a method for reducing the occurrence of edge
voids, based on controlling the propégation speed of the bonding wave by
heating one and/or the other of the substrates to be bonded.

Specifically, it appears that the propagation velocity of the bonding wave is
affected on the one hand by the hydrophilic nature and on the other hand by the

low roughness of the surfaces of the substrates to be bonded.
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5 the substrates to be bonded are not significantly
roughened (a condition conducive to preventing the
appearance of blisters). It i1 to be poi nt ed out that

the term"not significantly roughened” expresses a

limted increase in the roughness. Mre precisely,

t hitghénepbreaddams eidtehp eppeatarcanf theBliekse oot thetapgpelrance of
0 and 20% in the roughness of the cleaned surface. 10
theedgeupids Sapharents @Qr'ﬂ@%@%ﬂf‘ém i s not

Si £ , \/

ot e iy eRfRbi o BEHRRES o 8 e /B ohl Rl he other of

thed ealstrges 4o hiecdomddd saythay, aﬁecﬂi&)tieaenrﬁg nhelrctdarteyi Qfrfaces of
cases envisaged, each cl eaned surface

thsl’ﬁt F&%H@Eﬁsglg@nbengfm@@%n?ﬁel @Qﬁtfﬁ'gnkﬂéﬁgﬂlﬁérﬁag engd gl@ condition
c&ﬁ‘@u&\@g{‘?%@enﬁﬁ ﬁ?égﬁgg?éraﬁcé@f‘gég{@{s)] eal S noreover

propose 0 carr out eani n st one

sulbsst teabe ponted dub it dhe $émm f‘mmtgs:@mﬂoamatlﬁ freighenédtespresses a
of the substrates are brou i nt Qnt act and

IQaE MiraRHeP b Mheguhtsss MeBayeRaoD: 10 banea/lmesresponds to an

InRFEBLGIST borhben CPIMd00% hith& ROUKhRS diah£iehRl suffice.

heati ng ends at the | atest he end
prloparger tcnnbf@in amlrfaoaowmql veanet @gm\ﬂeemfﬂy rmlglhmed the cleaning

gtrate 0_be 0|n ed at _that the

mRYIREe BEnild o ickas oSS Sl Tttt o e

s Wﬁ@é%aﬂfngoﬁﬁrrléﬁcﬁtﬁfméfﬂ @it 8&hp ﬁée tah@lusaliwabf @f@& IRl cases
limted to a seC|f|cre ono

be
e'h‘é%%g%b REN slﬁ@@eddwfﬁ@gwdbbaye @tu @g@tﬂca@tlya roughened"
11{% aﬁﬂﬁeéace of the substrate, and in particular to
e perip region |iable to 25 acquire defects of
t iBefertgthevbondihypit is Mureci@amoposed torargrslitaledrieg of at least
ot her of the substrates to be bonded may be carri ed

ong, supstraisnter be Rendeg staafing ybeéqrebta@hgurfaq?é phathessuRsitptes are
b:‘éH h{td gSn gﬁg%'&gnﬁﬁtt‘ﬁﬁ% a??é%s{tw%gggtrfgfr\}ﬁzﬁ%s%c&%l Iy been brought

vveen %1n roug
intmmnstad‘/ or the other of the 30 substrates to be

pdf souiel Be ots haf 1G5 Reding: Sits A ties LIRS t e end of
prébagiish émemﬁgwgbsﬁet\ﬁ@ewmo Slgibe such

res 11 Pr e eani ng enpl oyed
c dinisriosles pamt@d:bubainat ’mat thesheating ésl noh nebekisaily BRpPed to the

er}ﬂgﬁﬁgﬁggg o 06'19 %ﬁ%nﬂﬁa g%egart é: lélugstrr:ates BSP maaty l?e limited to a

specific region of them. The heating may thus advantageously be restricted fo a

' limited surface of the substrate, and in particular to the peripheral region liable to

_ acquire defects of the edge void type.

The cleaning of one and/or the other of the substrates to be bonded may be

- carried out by combining a plurality of baths.

The baths used during the cleaning step lead to an increase of between 0

and 20% in the roughness of the surfaces of one and/or the other of the

substrates to be bonded, and to a thickness of less than 15 angstroms being

etched. .
Cleaning carried out at a temperature of less than 65°C is cleaning which

leads to Such results.
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60C (typically 40C-55C) for a few mnutes (typically
three mnutes), wth fairly 5 | ow concentrations. The
concentration of NH4OH / H20d (expressed as mass
percentage) in the SCl1 bath is typically between 1/2
and 6/ 6. These mass percentage doses are preferably

eqHaéfetablﬂ,/tﬂe@lea'H g efipldyed] @anphghs &% lgwlgétgslﬁixﬂ@@é based on
el ng

Nﬁ/pl cal |(¥ | eads to about 5-15 angstrons

e d 1400 ZchernaI oxi de weakened by the ion

SCLBa ! bath Age e Pkl e o BRIt Hrbelifen 6°C and
66t HiypioallIgRN® C(M")G)ucbeaHawednm:’ued;ﬂ&ﬁ]@éH?@?rbeomnutes), with fairly
cl eangﬂ&??ased on dry ozone (UV/ 03 atnosphere)

gy, FoR P%in order to renove the organic

c

bo T orPaoRRRon o WPROPLY 0% 1ot Ras kRREMIGd in the
SCiypathalsl gypmaﬁy beetratean t 12 andoG/6c dheset mass @ercentage doses are

X sse sg,percentage), typically 0.3 - 2%
'Péeg?'%@ %%ém glﬁbfor H2O2 (the remai nder being

W3$|§éﬁ cféélrnlrfg tdsﬂﬂg gﬁL@C‘It&tﬁb%?cdllbrlégdﬂ@léb%ﬁt 5U8 BBgstroms
such an SC2 makes it possible’fo rénove a very |l arge

beingpBeedfroot atthermaloxide aveakenedryathienioni iowlantatiounecessary
rophilicity of the substrates to be
foggcﬁrgggb%&ﬁfn%ﬁn #@Pf avorable to the propagation of the
bort 8C MBx® m?radvbntzg@oub@ema bridddetiasy afrwzbherya ean SPM

one and/ or the other he substrates to be bonded,

(EIAQbagRbrom| BaHiodHoR- irs CREpINGyasedeembalny Gzorie (UVIO;
PR Ao da Py P TR o o8 g G Eintons o

ndﬁrmjsmdbathh'aapIammmag/aiu%nbstf@mvmbﬁlams@e bath used at
with a snoothin

a U0 dETPerES G PIoBUp A GIEo iR RN CPBRAMIEA Grprgssed as
mats erbéﬁta@?? h@%lx dl?Ban Wf&vﬂ@n%ndrbghebﬁ?r?&cﬁlzoz (the

con tion or the other of the su rate
retraaimderduainig svat&0 fol a timehenyal &s shoatcthramtrimmiebei ng

CEBH Re apiaCe Tk lposdbig 1§ sRbue AT IETGR agboTion of the
méﬁiﬂ W(ﬁirﬂﬁmﬁrﬂatloﬁhﬁimdﬁf @I@:gfélﬂn?/me h)?drbgﬁm‘éitféf‘ﬂ‘fégsuﬁsﬁ%%s to be

must sati sf ughness
bomh@@lt Mdmcrh > fa‘VOta-me dortheapespagation dlothéctbnding wave when it has
bshould be noted that this plasma activation treatnent
eg§| gt ably carried out between the cleaning and the

bgnehh@gnaﬁé &R afbldraHehother BAMhal st skatesaid b8dbonded, having

been cleaned in this way, may also be subjected fo a plasma activation

treatment, preferably with an O, and/or Ny piasma.

It should be noted that the plasma activation step may also be regarded as a
dry cleaning step with a smoothing effect, thus corresponding to an additional
cleaning step. [ts use leads to an improvement in the surface condition of one
and/or the other of the substrates to be bonded.

With the plasma activation being regarded as a cleaning step, it may

consequently be seen that "the cleaning” is a succession of steps. According to

the invention, it is the cleaning steps as a whole which must satisfy the

roughness constraints of the surfaces to be bonded.
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out before the SC1 bath for renoving the organic
contam nati on. Wien heating one and/or the other of
the substrates to be bonded, '¢he 5 t enperature range
allowi ng the edge voids to be elimnated extends from
35Cto 90C, typically 45C70C. It should be noted

 t higtshoblds bt evoped diatrtaisr plagma scifliatibattehtiment kepfadstably carried

that the tenperature should not be rajsed too nmuch at

opheeiwesn the Gleaniey AGdthe bEBAIIRET senaftgguah @ may also be carried
i d ' ﬁr}bg'ﬂ e &E\FP&% too high
ngtsgﬂr?%%rﬁge{%?g,ﬂdt‘t%zmgon ir%mvﬁ ?ﬁ’lggﬁ%t e eﬁag%tni ve. In
c evtheeinn healiress ,ongoaddfog threy othwee nofpthey substngites stobbe . bonded, the
This is because the bondjng i.s carried out in practice
Qe eStHTedRRIS AHQVEY BErkage Wride fer efjmiated exdadsgom 35°C to
| -pp0 each of the surfaces brought 15
9@,3&;8%%@%?%?&7@% nonol ayers of water) which serves
aslt ashbolddeza naied thak &ys tethpetatoresanigade dictatedolmy tha fact that the
adhere by neans Van der Waal s forces. Thus, if the .
teESeRug L Palhedaed oo el Ptane dissertasiueing B bonding
efitygly. of the adsorbed water (or even all of it) wll

be "evapor at ed, whi ch nakes bondi ng i npossi bl e: the '
bovReGiicaliy & the shbsatratesapeehibended prloimeghigm@ temperature, the

oG o8 e sl o BT esBOE Bclla S P prove

imggistfieor e suitable to use the |owest of the
tenperatures all ow n(? the edge voids to be .
el iTH$ riathasause the bending ipeeartedteid IHoREACHEE aMiEiqy applying a
' tai; r
bR b el Ry the SRBEAFBES o BTy Rfitfces brough
intagentpct &b fed\raonalgpenssofywater) ihictosemepert @ ridonider et makes

" the entjre surface, of one and/or e other of the two
the &%@@@5% aghaghele &tnﬁeénﬁé’éylgﬂlcértvgaﬂéé?r%ﬁl y

ong Rl if the 8bstrates R Hiated td tdég@h%’t&ﬁ?&‘émr@, idd @g%ﬁ of the
only the zone ere the edge vol m g appear.

adsorbeck avatee,(of fevehealbaf ci.t)ng/ilr_bfoet beaparatesi)bshicht makes bonding

stpl She SOnREREhNS R R e kA 3B ek er o

surfdice o Qin%tandfcgikﬁhéfdthéﬁéﬂ tﬂé%l%sfrgfestte%e%’@%o@nce of

edge voids will thus be heated wthout affecting the
r &or the heatingdhis thgreforai suitalle de aserfetibeept ofthgademperatures

allg{fvir%q]h@eé%’%%%J ?@gégglb\éa%ﬁnig\é%jeégeasr r?g’tttoor]:adagg tﬁe’eugcgr?&%g energy

which would entail the appearance of other defects (for example blisters after

~ transfer of the thin layer).

Advantageously, it is not expedient to heat the entire surface of one and/or

~ the ather of the two substrates to be bonded. It is possible to heat only one of

them.

Furthermore, it is also possible to heat only the zone where the edge voids
might appear. |

For example, if the bbnding of the two substrates (circular in shape) is
initiated from the edge, it is feasible to heat only the edge diametrically opposite
this point. The critical zone for the appearance of edge voids will thus be heated
without affecting the rest of the bonding, thus encouraging the propagation of the
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Figures 4a and 4b illustrate the propagation of the

bondi ng wave according to m@ether t he bondi ng of the

two substrates is initiated flPomthe center (cf.

Figure b5a) or fromthe edge (cf. figure 5b). 5 The

| ocal heating, or heating over all of one or both
bendisigved\esovardye best afahe sedacaibf fhersubstradsetoltye bbedahl
conduction (for exanple by contact with a support .
whir B85 4 3R A illestrate dbg Peppagption @f #i¢ BANEINGWagAgfqrding to

i 4] i i l m .

WG RAE LonBiFg of i S ibeSs s, FUROF IO e Benfer cf. Figure
5aher romdhefeeige (thégadgdb)oi ds nmi ght appear shoul d

' 1Q. the desired i1 th |
Ll PR ANGed BRARGHOVS B G Bmar hoD RUBHraigs may be
chrriéh gt?p%?%(aﬁﬁléw Yhetthd '?:%n@ﬁ&ﬂti]&r? (f‘é?eé%aﬁg)ié gdgf@oﬁﬂé%f‘ with a

contr the tenperature of the heated zo
sep@EiTh dnichMransonits nts Aeht)l argey radiationl forvexdmpleaa gwhegen lamp

IO am T L SHiratt AT SRS i bEREe s

depestticfbf, AREI26nerwhER HeSERE QoetRMR sph8ar should remain at
substrates and the |l a Af t'er heatln%for atinme of
op

theslesyred terperaurenaiihe surfacembavabesnbondedimiis zone.

catis ethd iR ete RSl ot HETRViES Biseh df AR Eh contral
thaliepiperiGre bothethodt®d gonaf ter heating for a tine of 50
seconds under the sane 20 conditions, the maxi num

t SiRfEamile W Usieg ahalsaen &apsieliveringamowesof 598 watts, the
. | ' :
B hEAEUERER Rl 1S5eabnel 300 Sty L g oftmes
deperiisastrotighnen tre gigitdcetmet®e6n e abibsiratds asddba dempf.

| ocal .heating, in the se in ich the ed voi ds )

aﬁ%ﬂ?@?‘f’@&gf ] ¥me Cefpﬁ@.seﬁqum,gpf EREAMEFhdY &g? &a58Ki qubondlng .
g . it . ool O hi
RPN K40 ] S S U e, sty
hgitsst Withe teonpmratiue eof Bboueb0Gual ity bonding in the

text of f i 1 S In th f the S t
OB P Xartble ol 4ty e aling ot 1A AR G i, Sechtds JyRlarpfhe same
con@iti@i thd RRPAGH ehstsafife hbSs bl Yreble and/or the other of the

simul taneously (often critical 30 macroscopic
subsiratssypachesdivalie of ¢lase icf@4se in the yield and the

gual i ty-of the_ struc es, obtai ped. This.substantial .

of TaHR AR vy 2 Rl dhgtemiietlie Qg SBPHos st vith
didretedd@quaPtd 300 him fer BN don@s Bf Rt heathddnithe case in which

appearance of blisters, that is to say 14

-the edge voids are expected in the upper part of the substrate owing to bonding

initiated in the lower part of this substrate. _
The method of the invention makes it possible to produce better-quality

“bonding in the context of forming an SOI.

In the case of the Smart Cut™ technology, this method thus makes it
possible to avoid the edge voids and the blisters simultaneously {(often critical
macroscopic defects), leading to an increase in the yield and the quality of the

structures obtained. |
This substantial elimination of the blisters and the edge voids relates in

particular to the conditions encouraging the appearance of blisters, that is to say



10

15

20

25

30

" the donor substrate wll be carrie

when a high dose of hydrogen is inplanted (H al one) or
in the case of co- inplanti ng hel i um and hydrogen, for
exanpl e. Specifically, accor I4ng to the Smart Cut TM -
nmet hod, a weakened zone will have been fornmed before
bondi ng by inplanting atomc or ionic species into the

whehhachiglssosef of hydesyen is ihplanedde, éHaal@nS?I@aLiﬁt ihencede of co-
out 1 n the

lmlawamae%ﬂ@n&ff@)&foe%d‘ph@xeap@s to transfer the thin

n nal
 ASETCING SRR MR CERTNEIL T il Yo i
have baeh dbimed befke lfndinebe |mmmr‘$|pgcatemlc dhionid species into the

GRS 1! ] Gy St St lich SeP R PRSI dhe ol ubshite will be
cé‘#i@ﬂo&ﬁﬂntstﬁetﬁé’ékeﬁeﬁ P@rﬂi‘a\‘té@%oaﬂlﬁptﬁ‘ﬁb &}h'tf/ arffiel (M@ thin layer

dept h of e separation plane lumis
ontepd aetad subditedt. its peak lies a little deeper in the

AT RS R B oL UL i e

.mmaﬁtfatfbﬁeeeagwmés’é WS@éc;éQermm Beééteesupﬁes %ehssh%wn that
maxi num The termoffset. is intended to nean

b@ﬁterfres@ltﬁ; & ﬁeﬁnae:yjtuhswrs are obteinetbhy impenking the eydrogen so that

CHRR 48 b0 A G o 18 PR RO, 8 R s

inPlantedr sathagitdepédk licbea ditilgidecher ng the fH?@(ne%t-jf&Bﬁﬂ% donor
of the substrate on the inplanted side. The off

suRstigén inRegpedkiis éeﬂfb“w é’?@ht‘féﬂ trﬁ/demedjeamenerthwepth at
wmﬁh%@ Qn{:@rﬂat of f?r{he wﬁ@ﬂﬁw’:éoog L é’Fne{?Jfﬁﬁ ers at
t he when eI i um and

ace i bser ve
hyideotgem effmlsansermedl topireaneal différbnpe dh epith evittth dte donor

Co | he hel :
AR CRTPOT G RIS By Tt a4 BriRBBRORUIEEHO the Seefaes of the
do?w‘b*?sédb%ttr%té sh %bvﬁiré&lém%{ hﬁ%ggﬁﬁ g?ﬁ@?r{gt@éﬂg@@{\gﬁéhg at the

It 1s observed or mat
sugfaoedd dhe Fhibstrpteobh dhe iimplanttdisided The diScPdtetmeen 2% peaks is

Application 2006/ 006094 The term final roughness in
re %1% E@?yﬂﬁegﬁ’ﬂ%ﬁ@é@“{ “mean the presence of a
" fenaq, é@;’hﬁlcaﬁf‘ férﬂ?et%g of'Bfitérs?ht fle BERARG!hfhrac it Noserved

weakened “zone. dense zone conpri ses
Whm et kel end dwdmgem@’@mabate ecv-enelx:nmblwdh pegks @éfigged at the
|re sur

sl 18R Fonfe Rnt Mbiohed bl rifiSrRteh deabee Pligeigh the depth

of age @%Mob@uﬁﬁ%te'r@la‘ﬁ'v@%etﬁe%dhﬂge?ﬁnh;ﬂaﬁﬂ!é’tléh Pk, itd8BiRerved
zone ZD is indicated by an arrow. The dense zone

thatrthedesmation eivblistetruisneyoidedubitiagueblesy isapxaiained in US Patent

u M (atom c force mcroscopy) over
A#’ﬂé{ﬂ@ %@?Q{OQ@%&? € of 30x30pn2, or
The term final roughness in this text is intended fo mean the presence of a

"dense zone" on the SOI wafer after separation in the weakened zone. The

dense zone comprises shallow defects which do not open but are extended. It
does not appear over the entire surface of the wafer, but is localized in the
separation initiation region, as may be seen in Figures 8A to 8C in which the
dense zone ZD is indicated by an arrow.

The dense zone induces a "low frequency" roughness revealed in particular,
by AFM (atomic force microscopy) over fields with a size of 30x30um2?, or
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15 40x40pnR2. This defect density may al so be neasured

via a "haze" neasurenent carried out by neans of an

i nstrument of the Surfscan tﬁ@e. A typical value for

the inspection threshold of a Surfscan SP2 apparat us

for evaluating the dense zone is 90 nm 5 The
40e4QfmmesEhiefdefdie ddesite mgnglse rbet Hh@a@tﬁk%dhﬂ@@ "hiabet feaB8rement

i nspectjon threshold of the waf on the other
CREHAE 04y gningans af aegw@me%otﬁhq ﬁérfsgan tyree Ayfitigal yralue for

’[H%} |ds°pe¥:ﬂ8ﬁ ‘?Ifgr%rgﬁpﬁijeéf 53§h ctaﬂ &pyi %JQJF%US%%R/ %gﬁ{] the dense

type o |s cont
zbae:s:ﬁ@nned out rreasurerrents on the dense zone after

t f t hod accordin he i nvention
é' gf?w'a Pes% Oﬁﬂﬁe T ZANG FR é%%g&nesﬁmagfi'r'ﬁ@s ﬁf'a@, inspection

- tfﬁé@ﬁtﬁlﬂ%\"% éﬁé??é‘”gnhﬂ’lgr &P P! g&i Sa él%(‘cé){lr:]lgﬁon of the

el 1 um pea set |nt t hickh
sgfiacs qaaiﬁyriéisaﬁ’nemoteadeﬁmblmyﬁhmgélne fmahetlohtof\ﬂaus type of defect.

oS abit fie” ARe R Y, aaTied plomessHa S or the dense

zéxﬁé BBkl @Bpﬁ’cﬁat@n‘ éﬁt‘ﬁ'ésmeﬂiﬂd %boréﬂba%oﬂh@bih@elﬂf&rﬁﬁ a¥fructure in
he size of dense zone. 15 Conversely,

Whmbll theaanok §§ batﬁaf@r heajexmtenpaé hedumaand hydn'oglenu co-ign@antation

o R B4 e VBB 995 b e to e

hydrogble pehkckressobdertbe tﬁ&@éaﬁﬁ@%frﬁégnﬁbﬂaﬁﬁm bath at a low
cl eani ng at a low tenperature according to
iempesalurenhaana fawrakles €figsheon stheafapnatiasy ley blisters, but an

f ed d
FERRERIP 2% ot Bt of HeRe RS "cur 1 ng bondi ng.

TI@on\mrmlyu!uw aﬂqcbplmlahy Hadenbserakd dipit thiesfarmiagiodedd blisters is
nt.i cal th of thetvvoIBeaks Qr a depth

regHipas Dt S1GADG, Hah PUFOReNh Ak e Ilie FYIRUGEA apeaks at a

_smkérﬁmngeﬁéﬁn h}é%el QH'@b“'tm&ﬁéé% Bt tHQ”ESﬁorOfsuB&?ate and by

dr oge e I'um peaks |'ow tenperatur
cleaamaglah@ lomk Esnperapos sidebedim@ to dime wvmtlpneamme l:iense zZone is

el IR b Eerlicest 307 it oo Yue orBTRACH: P iarlger Yaids IsSpited by virtue
of A& tHe%ﬁhérdLh‘m@dH&mlﬁ@eﬁﬁ’é'té’rm %USstEMﬂ'élﬁg%%ntlﬁQ d%gis Fi‘?ée gﬁended

ener gy W sel ected as a functio

tomm:‘aﬁnademimaﬂ@lppth of thedtwsopeakpienaldeptineffsetofclese ditan 200 A
be transferred. It is within the

be@‘&%‘%@ﬁi?ﬂg&obﬁ %@@%Wm B?S‘ﬁ ed in the art to

dehasMeobiding t8e elligimentior thal &ﬁ?%ﬁa [l ®eaks with th
substrate togso begl npl ant ed. r?@e |um|rr’rt)j a(r?teg |Sc\)'¥1i ©

lowremppratiire clegsingoeakesithpassibleatottanly e areventibe ifommation of
bllg%?sge@{ %ISB ﬁg §‘§6Lﬁ%aﬁtﬁ‘g%8§; (§en%|’cy36ﬁ‘| #9G8nsé £or|?ea \61'1 e fiflal sOI.

Particufarly advantageously, the hydrogen implantation energy will be 7
selected as a function of the desired implantation depth - and consequently the
thickness of the thin layer o be transferred. It is within the capacity of the person
skilled in the art to determine this energy, which also depends on the substrate to
be implanted.

~The hehur_n implantation energy will then be defined so as to obtain a-helium
peak aligned with that of the hydrogen, or having an offset of less than 200 A

relative to the hydrogen peak.
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relative to the hydrogen peak. 16 It wll be pointed
out in passing, with reference to Figure 6, that the
hydr ogen and hel i um peaks hav® different shapes: the
hydrogen peak (H) is relatively narrow while that of
helium (He) is broader. For exanple, referring to

Fi guvit be, pdigiddagenn padsing| vithmrafeeesce tarplgant édthf tlh@ihtydrogen
a silicon donor substrate covered with a 1450 A o

angy belium Reakpdhawditerrat gfiapesnies bydoged aealos ks relatively
ni&oW‘\%g]é et o@ﬂh?\{}hzhle?%em%h lies at a depth of 2450

order to o peasasmthe prior art, a
heFouexampleyniefdrring toelfiguoy 6ofhydhegarr ded lodliub? d{e\ca-lsnplanted

ds t f ,
o e AbR" HESBRESVETRS Wit 814 optge dfvarntne hydrogen
eﬁ@@ﬁbélﬁﬁ%e'!éctéd’ Bt 82! dew/ g?rtﬁatlt@let Hﬂfar%gﬁorgg%gﬁthés A Y depth of

ice With a dianeter ese defects being
248Q A bdowderHot dfésedthanpaakses o dh¢ qarive #Bt,i an heligor enplantation

7 d h |
© %‘&yaﬁr’}ttﬁ%’logaet Oe@g&g}r)éé ?glﬁﬁ%‘éﬁ W%G%P%%h 38lag}r%fﬁﬁt\ﬁéélﬁe order of
56@ ﬁaaetwe%(h tlhé\bedkéeffﬁé %I*é'febt%%n%ﬁg)/of med&efeezénéi er@prc»uy more

of the dense zone is hen of order of over
then 2@0 gefecta Q:weareeslme mth:ﬂ)@:ametegtqﬂ 30mmutr@@evﬁiefﬁcts being

eBRuEh Wil 96 PR B Ash GG Ry 101 s oo e

p@dks; ke meduﬁhmqiléﬁtetloh@neegsmst hameakt@ a dﬁllﬂltel @f&betﬁ@en 47 and
that of the c the defect density of the de

5Q kg, ,pgefgfahlh é‘golli%\é~r-”&‘1E dgfed ctaxsity of 65% &lense Zong; '§ JF‘@” of the
or% E?@@?ﬁ/egﬁsésﬁkg\?\/vém dmERRs BF 46d frhlﬁ,] PSS uR% hﬁg@?‘e 90 nm

ure presence o e dense zonhe
thoesrzmd SChsendf é@r Fv@.ireh?) IF&S @orppama:rmealttrccbhe mpicardraethod i.e.

ISR B brAThah & Seg‘b%e@@ EPaRanaoRIcEh it Mgt BEHe Sase B,
th@oa'@?eﬁﬂdeﬁs;% of 8fd RALS zi‘%-u | gLengFc?ersﬁ Bblde?éétét(%ége Cin

dense zone ZD on a wafer has experienced
FlgoFe fipl ant ati on of hydrogen and heliumw th offset

t he, hel t 52 k
D3 aaRis Mt ebIBHEH hFioien BB tarh Car sac
TiFigurdeg)R 8héRe Qhe PréJIt B e RIdrRRARhd PBb Bn 198 wafer which

previous case. Figure 8C illustrates the dense zone

hawmerm@edmemmamieﬂomof hm@nmaandahenmﬂ witjdaligned peaks (the
o aks el | tio

et JbBitalish S5y RS 4448V et B Bnd Bibischpaig in an
SCNbath &Bsimth at 65C. These figures show t hat

al igning the h¥drogen and helium i npl antation ﬁeaks

Figure illustrates the dense zone ZD on a wafer which has expenenced

co-implantation of hydrogen and helium with offset peaks (the helium
implantation energy being 52 keV), and cleaning before bonding in an SC1 bath
at 55°C. This dense zone is much more extended than in the previous case.

~Figure 8C illustrates the dense zone which has experienced co-implantation
of hydrogen and helium with offset peaks (the helium implantation energy being
52 keV), and cleaning before bonding in an SC1 bath at 63°C. |

These figures show that aligning the hydrogen and helium smplantatlon peaks

allows the defect density of the dense zone to be reduced substantially, here

compensating for the degradation observed when reducing the temperature of
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all ows the defect density of the dense zone to be
reduced substantially, here conpensating for the
degr adati on observed when red@cing the tenperature of
17 the SCl in the cleaning before bonding. Returning
now to the bondi ng nethod according to the invention,
thd SCUringh@uleantipbefote Bbadingakes it possible to avoid
sorting the substrates upstreamof the 5 nethod.
Specifically, sorting has conventionally been carried

Ouﬁeﬁﬁ‘ﬁﬁ'n %E@?%g%@%@g%@%ﬁré X .yr&irﬁrgﬁg.tﬁg‘?nvention, it turns out

substraté&s to as alre tioned, at
thehi ib afsms imakes ivperssitiddo enlgdd \soitityy dree subsafphtestpstream of the
appear. ThiLs sortin as led to i gh rejection of
RSt Seeaticallie SoEBLLRas Gy eriRIAlY drean P e aieased on the

i f C ] i
e%b@%,a?&t@%tfbl%i éﬂfﬂ@@ufg@@ﬁgqgat goége& ﬁé‘%‘ﬁ‘e‘édgimentloned, at

_enef_llt, t he etine s been [onger nce
thish presitivheskerecitredéddge nsidshaneeliatde [to tappeaev Bipisrsatrting hak led to

ihe chem cal products constituting the baths. This
h'ﬁFé&@?ﬁQ”Pﬁé”@%‘&%ﬁ%ge of limiting the quantities of

CITEHE 08é a1 ¥sinDeraAdd@dior the® Rt ctéanﬁ{gabéﬂhh&arthaﬁn?re has an

concentrations of the solutions over tine. Above all,
eganageicc beaglitnghe olifatimeons theebathsy beeni loageorsince under these

ARk BB, ) SR Bk Bt e
bathe. Thisairessrtatihe atisattage)of li tHd @lantitiestofichemical products

herefore suffjcient to use one bath and potentially
aéﬁ@d ingypar o stabilige the congrntzatiops abthe peluierhewer timej s

BECAE e Rk Lo SRS OUATLEIRP o MASTE 18 oo
clegmep iyolvardirf thenGnmdre Qut™amaeihios @leanimn difteg dxidatioandifter the

t erature. Furthernore, the nethod of the invention
hefagg%@tm@gi@%t)r ates having | ow roughness before

beRglidiea IIQQ i %‘ha? gnéFéfQFég QLFRMM £9 u88%Fe tBt%ﬁﬁ i potent'&aély one

i nterfac IS easier to stabilize ereafter.
aprasatwstfooall thecsteds of tHeometteod.nvent i on al so nakes it

i bl bvi. he . ed i.d/ bl . ' .
ook & hetebi PaFsPlegta REvisBaRamiRuod e, feadBl At iaking the
| eani I 85ndi w01
e, BB ) B, SO b s
bopging tineianddenyferaiggel ati ng t he parameters of the

are sinplifie ause independent r lation .
CEBEBaR, PO it ot 368, REchTLEIFRET B el Pgving tow
roliymeBsz @efdte BORAAG AGRAGP stRIrget Sndid hrid'@ BeRdindTinterface
conditions for elimnating the edge voi ds. _
which is easier to stabilize thereatfter.

The method according to the invention also makes it possible to obviate the
edge void/blister compromise obtained by varying the temperature of the SC1
bath when cleaning one and/or the other of the substrates to be bonded.

lt may therefore be seen that the possibilities of regulating the parameters of
the method are simplified because independent regulation can be carried out on
the cleaning conditions to minimize the appearance of blisters, and the bonding
conditions for eliminating the edge voids.

Results obtained by using the method of the invention are given below.

In the case of Si/ implanted SiO; bonding to produce an SOl by Smart Cut™,
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Resul ts obtai ned by using the nethod of the invention

are given below. In the case of Si / inplanted Si02

bonding to produce an SO by Srart cut TM 18 the Si

handl e substrate is |less sensitive to the cleaning

(less easily etched and/or roughened). The typi cal
theoGghaedle substaihisdedmgeh sitivvutistheall@aning dsus edsiy etoﬁEM and/or

St P55l AR Vol b e b
AEM 'o%lm sOYLEEL Bf 1@916 ﬁ"]zsféflfe ‘%thK‘%P e'q%} aegh Eo'i_’n rms. The

co-i npl antation o ium an rogen, for ex
dopoff enbsttate paonsistinchofreilieon emzdlie;d Dnugbeswidacartdeatlmmmed by

PAPPESIT oA MR i ANtogine floEriie, 3 Pr4te paft Much more
eﬁQﬁﬂd@ﬁ%néH’%r@%t@hS Rtggethecch@aﬂh@%ec eéél‘tefﬁasa!?@éﬁ weakened by

angstrons rns af cleaningwith an SCl at
thee npteadation. ofts WB@ghheml cigse oto30 . 2 gs tangstyobiesi mrgls before the

tched. 1f th d 10 b bj
ErEM et el B enaaEmE b ALe FCA ool filbe St1 at a
tdrﬁp@*aﬂﬁetbfdﬁi’@@adlﬁgtt!ﬂ%d anggtr@ms Jbe?mgl efcrty st ﬂ'fé”@ame donor

rms and the correspondi ng ching is close to
subrigate densubpstedb b the éﬁﬁ’@ oipapingsatet@” G,scqnv@mseiboutﬁ roughness

I
etehingclsuciesa tbf@lﬂngbirbﬁise%@bc@ﬂmwbﬁﬁhﬁéﬁs @ wedh abbut four

belgq’ In a first exar&o the SO is obtained .
tiges bpsH FiPricbeanieg ehaPt @ﬁmmr@étvwauth%arﬂegﬁﬂmng ar 9 C.

l()?)ﬁe‘rpﬂggtdfﬁgoﬁu%lhgeé réﬂjuc L dgidAn Q rgcbrsé@éa%@%'% given

um a en vv| conce I on
beloder of 1x1016 and 1x1016 at/cnR, respectlvely, 20 -

B Bl eRa TG dRe Py B PRABHECrana nitie ByanaHar method
with sBOr-85r s haktiPC for three minutes foll owed by

rinsing (mass percentage dose of 3% for NHAOH and 4%
f or HEIMalt ddathsh rmthlcmalmmplhataugnwaf griglium atdeamidnggen with

cqbeatans by P aer” bRL PR Al A R e Rt 1 o

HA @@@nﬂ}gS%for H202), - dry| ng - bond| ng with
short-termlocal heating: 30 - brushing + rinsing the
t wo sub@ealamgsthbetﬂ@r submiraies dy means of an ozone bath followed by

rinsing, _
- cleaning by means of an SC1 bath at 40°C for three minutes followed

by rinsing (mass percentage dose of 3% for NHsOH and 4% for H.0., the
remainder being water),

- cleaning by méans of an SC2 bath at 30°C for three minutes followed
by rinsing (mass percentage dose of 0.7% for HCI and 0.5% for H2O.),

- drying

- bonding with short-term local héating:

- brushing + rinsing the two substrates before bond'ing,

- drying by centrifuging,

- placing the substrates to be bonded facing one another on.a bonding

- station,
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- drying by centrifuging, - placing the substrates to

be bonded facing one another on a bonding station, 19
bringi ng the substrates into18ontact then initiating

the |l ocal heating by a halogen |anp with a power equal

to 500 watts for 36 seconds, - initiating the bonding
during thegimcile Senitiaigs indd céﬁté@ﬂﬂ‘ﬁerﬁfn‘it%ﬁm%hﬁe Ié@;eﬂﬁeatmg by
of the Iatter and 5 - separating and finishing the

Sop halgsndemy wih h ereovesradual ir A G dor BA seRpRis econd

ax?%)/: e’rlrr\]slt %ﬁ(;nogs\%t? 'b%nﬂg'ba lﬁl‘gg ?I‘?c? (fH rl’%aﬁ:?lg:]%% Wl after the

1t hetantedf toxiatiirj smg and hydrogen inplantation with a

hi gh dose, of the order of 7x1016 at/cp®, 10
ct eawn?gat'ﬂg and dinishinothers@hacesirding tadhe Supart SutBhoethod.

et eehESERE, R"S0L 1P XHiae Mcoraifia 3B hR R cur

method mthngedlmm-terdripcalgqeatmgct ivating the donor

e dherehpicsir i ydigben THP(pokateg Woh oueh dgge of the order

of TR P Gtldpe? substrates to be bonded before bonding,

O - drying by centrifuging, - placing the 'substrates
t o beldgmiigd f aci ng one another on a bonding stati on,

e o R SRt P Bl Browec
eowa,hng. 500 watts for 50 seconds, 25 - initiating the
bondi ng d’un ng the | ocal heati n% 35 seconds after the
start oflegRing By MmaansafansSparkath mg 38RE for Hireaimigutasefollowed
SGay Iiﬁsfsqr?é,dl ng to the Smart Cut TM net hod. 20 CLAI M5
- drying,
_ activating the donor substrate with a pure O; plasma,
- bonding with medium-term local heating:
- brushing followed by rinsing the substrates to be bonded before
bonding,
- drying by centrifuging,
- placing the substrates to be bonded facing one another on a bonding
station, '
- bringing the substrates into contact then initiating the local heatin.g by
a halogen lamp with a power equal to 500 watts for 50 seconds,
- initiating the bonding during the local heating, 35 seconds after the
start of the latter, and
- separating and finishing the SOl according to the Smart Cut™ method.
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1. A nethod of bonding two substrates together during
whi ch the surfaces of said substrates are brought
into contact with each other 20conprising at |east one
5 step of cleaning the surface of one and/or the other
of the substrates to be bonded before their surfaces

are brought into contact, chafsfgsi zed in that - the
cleaning step is carried out SO that each surface
cleaned is not significantly roughened, and in that -

| s DR oS RS SLBsRREETERNBY ol Wi ing surtaces o

shidi qubstraitdd atecbrdagho o tthata MicaschobiHeRecditpsdinglae feast one
are _brought into contact and continued at | east until

steReT RiRAEINE die 1HUSiagRt Of AP ansbpt e other vhéhesuhelaies to be
oG TBord e Ridee ARIOLAN R4l Shaldb i A W

the w@wdlemuw@\seeﬂnet vestiet heutt 8o thatibsddhatsefacs. cldded is not
nmethod as clainmed in one of the preceding clainms,

sigRiicaptieFoughenen. apdin thake ¢l eani ng of the surfaces of
one ﬁ‘i &Fdlﬁ@ eﬁnﬁre %&%&P s 2t g%tqgast%}le sut?strate to

bonde nvol chi ng n i ncrease
b&dbnded, S)alelr’rm‘aaza%bamg héhatedmhm‘ﬁmres&uecsfurfdmeseif thedubstrates are

tho as,claimed in one of clains 1 ,
bighE Rarainiapeans cannienat ERE: Uiy Feye bRPRoPrBHgNt into
catgéior the other of the substrates to be bonded

i nvol ves 25 etching a thickness of |ess than 15
angstrons. 5. The nethod as clained in one of the

di . . orized ¢
G e g B ameaf AL BreraBiorkrt p it the RBBIAY ends at

theeppestadutite Gnd @%propagaticibef B8 BondiRg Wal&Askt@Ben the two
claimed in one of the preceding clains, characterized

sybstrafesat the cleaning step is carried out by neans of
a bath based on NHAOH, H202, H2O 21 7. The nethod
as claimed in one of the preceding clains,
cliarblud efétied dsnclaiméd timenel ﬁalhen@'eﬁbémgl daipeg, I dredlactetized in

nmeans of a bath based on NH4ACH, H20 f ol | owed
thﬁf//th& @sawnsa%fefaeowrh@es ofpane, anglor tfeae chermi theswbatrates to be

bol‘h'rq@mﬁ\%w& BRI whith BE8E BILAInGLALESf bERAATH BHeZRSY, in the

roughness of the etched surface.

4. The method as claimed in one of claims 1 and 2, characterized in that the
step of cleaning one and/or the other of the substrates to be bonded involves

etching a thickness of less than 15 angstroms.

5. The method as claimed in one of the preceding claims, characterized in

-that the cleaning step is carried out by means of a bath at a temperature of less

than 65°C.

30

6. The method as claimed in one of the preceding claims, characterized in
that the cleaning step is carried out by means of a bath based on NH;OH, H,0,,
H-O.
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that the cleaning step is carried out by using an

ozoni zed bath followed by a bath based on NH4OH,

H202, H2O foll owed by a bat h 4Jased on HCl, H22, H20

10 9. The nethod as clained in one of clains 1 to 5,
characterized in that the cleaning step is carried

out by using a bath of sulfuric acid and oxygenat ed

water followed by a bath based on NH4AOH, H202, H2O, .
f ol JREdmMehad patdhieseld eme ofidhe prREiIngEiRIMS, tharapterized in

t . .
tt‘\(;% tﬂg%léﬁllﬁig{e:ﬁﬁgtqgg?@{ﬁgpf)g%géﬂgsofla tta%tl'?based PPiNe}a“OH’ H.0o,

aracteri z ['eaning step s ca
HaQt foligwed ibyga bath seaedeorf BICI owed,, BiyOa bat h based on
NHACH, H202, H2O foll owed by a bath based on HC,
H202, H20 11 . The nmethod as clained in one of the

Prgcefiengefldd 98 ol ARRHAR! Gid 6‘?%% recHitd'aisd! Hharacterized in

met hod furthernore conprises a plasha activatiobn step.

. tHER the lckeamirichsigpds Cﬁrr'méchtﬁd byn?$ihg apr azxoaniitenpbatholowed by a bath
. characterized in t e asma, activati step i
based PEATHS oG HAbTQipBe b SEpoasRn SR I oHehe HeO-

step of bonding one and/or the other of the
substrates to be bonded. 25 13. The nethod as cl ai ned
i n9ohbe gheitiodi ass claimedidn e afhclaines drtozedcharactedred iméhat the

cBr RS i BAE gL % g ol ps s Sl andinBBpated water

 follbaed BPat hethmaeieon MUDMOHBOJeREGafsowad: BE a bath based on

roughness of one and/or the other of said substrates
pbhPed. 15. The nethod as clained in one of

clains 6 to 1b, characterized in that the 22

tenperature of the bath based on NH4CH, H202, H2O is

| e$3. Thamdihéd adlaifferl iedmoaf aliras A 1eS, cHaraderigéd in that the
claimse 6 to 10, characterized in that the bath based :
ClganiNputep ispessrieqdpayt by usingsdey pEgre pf‘éufé’\éﬁ’ﬁ &yea il hagsed o
HLHB0 2Lyl I 6 n
NE!?_%PIér g{blzyﬂ%et f\?@éw%??);}%‘ﬁgﬂg%geoa&?g@gt H%néf’i_lr?‘gér ature
of between 5C and 60C, preferably between 40C and
lied for a fewm es, preferably three

ﬁ?ﬁtt@é methbd as clHSTeinNRe aé_rt}gqt Rrgeding: Claies egharacterized in
thél %@&ﬂgg gq%@mé%h%ﬁs%%da bRshfXPhcthBfion Rfd ) based

12. The method as claimed in the preceding claim, characterized in that the
plasma activation step is carried out after the cleaning step and before the step
of bonding one and/or the other of the substrates to be bonded.

- 13. The method as claimed in one of claims 11 and 12, characterized in that

the plasma is based on O, and/or Na.

14. The method as claimed in one of claims 11 to 13, characterized in that
the plasma leads to a decrease in the roughness of one and/or the other of said

substrates to be bonded.

15. The method as claimed in one of claims 6 to 10, characterized in that the
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- has a mass percentage dose of HClI between 0.3% and
2% - has a nass percentage dose of H202 between 0. 3%
and 2% 15 - is at a tenpera&?ure of 30C, - is applied
for a few mnutes, preferably three mnutes. 18. The
method as clainmed in claim1l1, characterized in that
térhpeR@diel ¢tghé Hattnbasddeon MQﬂfbH-!yHﬁ(Dz, %@e@u@ﬁemln FPae

of at least one of the two substrates to be 20
bonded. 19. The nethod as clainmed i.n claim1,

h L | , .
e The 16D 0t ool LB B 0 308 hfcprn ot
battblsasai@lsr\ll-qm H}@wﬁl@@ 25 20. The net hod as cI ai rred

in one of clains 18 and ,_characterized in t
heat DA% airgagmpPeicentasis d%ﬁe af N@n@@#ﬁz%@p@a!lbeew ‘fo@@nd 6/6

b&é’é en 45C and 70C. 30 21. The
aﬁ&?ﬁ@%%byé al rre%ﬂ%%%@f clains 18 to 20,

char ecatea iteeperatutdaf betheeh&aCi agd i69°Obpraforablppetween 40°C
th%r pél conduction. 22. The nethod as clained in one

agd %2/Gins 18 to 21, characterized in, that 23 the

heat jsipiigd @&Iéréw%.hute%aﬁre%ﬂa%;y thﬁée rrﬁmﬁy‘fg%hgg of

formng a structure conprising
sem conductor material transferred froma donor

AR IR T L T R —

bﬁhwﬁs@dsd}ﬁﬁceq-qu ¢j,Dhe donor substrate so as to
create a weakened zone delimti ng@t he thin layer to

be t M@FsF @ﬁﬁ@@er@a&eﬂge;dow@f k64 bicbveeh@d%h gnd 4%axi mum

conc o ni ng
t he @%% ace Pgécﬁitgai%ﬁg%é?ﬂm ?ﬁé‘?" %?Pég/aagﬁg trates
befoﬁseattdﬂetem[i@rmuprefcﬁc-}e)gcof the substrates to be bonded
are brou into intjmate contact, bringing the
secoffd® @éjtfpéﬁéeWHf'@UEQﬁiﬂ)é%fﬁ@WY threpaniadias: substrat e
so as to bond said substrates together, -
transferring a part of the donor substrate to the

seldrithes nisthoditas slainasd tio cidior ) shardctarized| iaythat dre hiating is
15 characterized in that the two

bstrat e,
AR gR GCAoR & baHPbeTA s Shob Atk ane e nRubSaps to be
baideqf fset of less than 200 A in the thickness of the
donor substrate

19. The method as claimed in claim 1, charabterized in that the heating is

-applied uniformly over the extent of at least one of the two substrates to be

bonded.

20. The method as claimed in one of claims 18 and 19, characterized in that
the heating is carried out at a temperature of between 35°C and 90°C, typically
between 45°C and 70°C. '

21. The method as claimed in one of claims 18 to 20, characterized in that

the heating is obtained by thermal conduction.

22. The method as claimed in one of claims 18 to 21, characterized in that
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and in that the bonding is carried out by a nmethod as
clainmed in one of clains 1tolOor15to022. 20 24. The
nmet hod as clainmed in claim2%3 characterized in that
the peaks of the two atom c species are aligned at
the sane depth of the donor substrate. 25. The nethod

ties hehtgme b btainet dymadditioh. 24, characterized in that
the two atom c species are hydrogen and helium 25

26. The nethod as clained in claim?25, characterized .
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having a maximum concentration at a so-calied "peak™ depth,
- cleaning the surface of one and/or the other of said substrates before the

surfaces of the substrates to be bonded are brought into intimate contact,

- bringing the second substrate into contact with the donor substrate so as

to bond said substrates together,
- transferring a part of the donor substrate to the second substrate so as to

form said thin layer on the second substrate,

characterized in that the two atomic species are implanted so that their peaks
have an offset of less than 200 A in the thickness of the donor substrate,

-and in that the bonding is carried out by a method as claimed in one of claims

110 10 or 1510 22.

24. The method as claimed in claim 23, characterized in that the peaks of the

two atomic species are aligned at the same depth of the donor substrate.

25. The method as claimed in claim 23 or 24, characterized in that the two

atomic species are hydrogen and helium.

~ 26. The method as claimed in claim 25, characterized in that the implantation
energy of hydrogen in a silicon donor substrate covered with a 1450 A oxide
layer is selected at 32 keV so that the hydrogen implantation peak lies at a depth
of 2450 A in the donor substrate, and in that the implantation energy of helium

lies between 47 and 50 keV.

- 27. The method as claimed in claim 26, characterized in that the implantation

- energy of helium is 49 keV.



