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WD 2008/ 1200791PCT/ 1B2008/ 000747 | MPROVEMENT OF
DEFECTI VITY OF POST THI N LAYER SEPARATI ON BY
MODI FI CATI ON OF | TS SEPARATI ON ANNEALI NG 5 CONTEXT
wylﬁosﬁ?uﬁ%em invention relates to naking cormgskiotsenrar
strubtures for electronics, optics or
m croel ectronics. 10More precisely, the invention
relates mp@awsmmtr@@mlvw OF FOS$ T'i-ﬂmm@a an
enbrittlement zone situated at a given depth of one
of the two substrates, SERARAHIGMN conpri si ng a
separation ann rnace,
sai d anneal i ng%npn@?ﬁw ?rst Si-ﬁzlse ur*lng whi ch
t he tenperature changes aANN&}Pd.rlNGpgrade 15 al | owi ng
a high tenperature to be reached and stabilizing the
annealing at this high tenperature, a second phase
during which the tenperat LBNTEXTges al ong a
downgrade, at the end of which the furnace is opened
and then the substrates are unl oaded fromthe
f ur rinee pradehine iriveviod | ehied slo mehikdtg scémpaesilsi Istractarédn for
Insul at om’%sa% ﬁ%structure obt ai ned by such a
BEANiSE: oplins oFirRlgT "9MFhods to carry out detachnent
bet WRSE preRiseiPSiHeaiRentidirdarRe Wi méhod of detachlng two
enbrittl ement surface was defined by inplantation

supbselas atan ambrigement ﬁmtuaé@ba? AGveR dente &F PRg O of e two
stﬁ)%‘%ﬁeg NRe Hhe 5158 c%ﬁ‘rap%tng retidnAehlity lebMhpRRIARE in a

to pro uce SO type conposite structures. During

fumapa,rasid am@aﬁngammrglsmghe SO surface (buried oxide

| ayer- L
ey S BHBES BUEbl ERmbBN, chaplsgBehgh horace
allowing a high temperature to be reached and stabilizing the annealing at this

high temperature,
- a second phase during which the temperature changes along a

downgrade at the end of which the furnace is opened and then the substrates

-are unloaded from the fumace.

The invention also relates to a Silicon On Insulator (SOI) type structure

obtained by such a method.
Applying such methods to carry out detachment between two substrates,

. between which an embrittlement surface was defined by impiantation, is known.

For example, thermal separation annealing is thus one of the sieps in the
Smart Cut™ method used to produce SOI type composite structures.
During separation annealing, the SOl surface (buried oxide layer and

superficial silicon layer) is transferred from a donor substrate (previously oxidized

' and implanted) fo a receiver subsirate (which was bonded to the donor substrate).

At the end of the separation annealing, the donor substrate is detached -

from the receiver substrate.
Thus, an SOI type structure is obtained, that may also be designated as a

“positive substrate” and a “residual substrate;” the residual substrate may be

~ designated as a "negative substrate,” and may be recycled.
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and inplanted) to a receiver substrate (which was
bonded to the donor substrate). At the end of the
separation annealing, the donor substrate is detached

30 fromthe receiver subgtrate. Thu
Wtofﬁ@%utﬁpucture i s obtained, that may al sosrb%%m%%%m

designated as a "positive substrate" and a "resi dual
substrate;" the residual substrate my be. desi gnated

as altisengaified &3 hesseparation anngalingys pevlemeyierddn a fumece.
2008&&%095;?;%5’@ %%%Q?lﬁ{ﬁﬁ)oéﬁd’e}‘ect kldwrl SisSReGiddvage! " is
I on anneal | I

the separa g Is inplenented in a fufnace.
sometimes epzgre@d.on anneal i ng, a defect known as a

"cl j el i i ved. This defect
myeﬁéggﬁf&?ﬁa@&tﬁ%?E%%ggetn?%??%@:aﬁ%t he defect appears
near- t e dsfent@ppedrs niser thegentey of Bialnsoativessubsivaisdef ect
may crgQss 1 i ok Sir: .
oyt T8 GbBECHEY Lr08s Wbl thy AP Hiplest Bitus, negative
movi ngsutdsinate; t he crystal |l ographic directions of the
crystal, constituting the ti X - the.
def sct MrgPran seArttes, AY oL a e LR B Suapde drgions
obtheakats cohstititingrikg abgativesubstrataf e i s reached.

Such a, "sufficient size' correspends to the case

where. RRTRARSY Broppagis B G Pierd 4, & GuiRaTerkage of
tiieegatiRstiRiateAs deddhedsubst rat e t hen "spont aneousl y”

breaks or to. he case where the defect sufficientl
weabSIRE i SUASIETS 6 FOTSRERalD (6. ERs PhaT e defect

pRIpagkies B 1the PERS idRiretse Wiahe CalbsBiteessd thd haubstrate then
appearance of a 'cleavage |ine'

d t fh
PN IBaab- o dBb SERR WA B daIRA sUlicienty wegketsthe
sﬂtgsgr)éfé EFihal e GRbEPAtE BFEARMrhG pdsdiBIe fnechanical streskn

addition, because the negatiye substrate is in.
cont®Ehetanmearpnca &f osieayage lghdetest & tigmeggtive substrate does

nSBivhd Qg%stﬁa'?%td"tfé RAVAEE, WhiBk cofipBhlls toy Iodamage the
substr at e. |

positive ] n.fact, as the two »
subdn reddidion dpecause dhe segalbie sbstratere injepriast wWih {heepositive

8831 YSEHOREIAGR, TRY-deRAgl nd RrRATHA) ddmayb Bid Pidtive
substrate. .

in fact, as the two substrates are in close contact, the defect on the
negative substrate';may lead to the positive substrate being damaged.

This is hammful, since the posi{ive substrate will - provide the final S01
structure after annealing. '

Figures 1a and 1b present maps of deféctsrpresent on two SOI structur‘es
(positivé substrate) against which the negative substrate had presented a
“cleavage line” defect.

These maps are obtained by using a piece of KLA Tencor SP2 type
inspection equipment allowing the final defectivity of the SOI structure fo be
measured. "

In the case of Figure 1a, the negati\ré substrate presenis a complete
“cleavage line” defect that led to breakagé of the negative substrate. The

negative substrate defect is definitely propagated on the SOl siructure.
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This is harnful, since the positive substrate wl|
provide the final SO structure after annealing.
25Figures la and | b present maps of defects present
on two SO structures (posifive substrate) against
vvh| ch the negative substrate had presented a

" waﬂ%'d}mﬁgﬁ@fﬂﬁtme ne?atlve sUbSRfe r?r%%er%ethe beginning of -a

obt ai ned by using i ece of KLA Tencor il/
‘cleavage diagt Peseabin tbﬁ@ﬂn &l Irothiengproe avay asalhedwisedtivsiiated in Figure 1a,
the de?éct‘i§1§|5§g' d%g’a%b‘ﬁ §OP§tr§(9queasur ed. In the

case of e negative substrate presents a

conpl ete "cleavage line" defect that led to breakage

of the negative ubstrate
defect is defini Mﬁé'?oﬁ'?ﬁ 6 structure.
3

In the case of Figure 1b, the negative

L O TN R —

probleiris| arst pantledlarljn ehRablingetheampldraentafiet bf sSpahch annealing allowing the

ropa e he, SO structu UMVARY OF THE
cleavg%%%w d&fet o 'tfﬁ?rﬁ‘@siﬁ'ﬁec HEJ%’PQ&%{ i nventi on
pmcumrﬁgntd lag m‘rstngs;ﬁétﬁ 6D e TRREARIME RhBFORS Sfovidd a method of
ena

| h |
dotact}s g B ieS A  Bam “ere Sto ikt quaiven gepth of one of the

two sdbélﬂatééeftﬁétm@mddhéomQﬁélthﬁ SHRPAMIORL §nﬁéhlih§ ét@ﬂuiﬁﬁﬂlemented in a
10Accord| ngjto a first aspect of the inventio
furnace.ssaid Anngaling, cREYHiSHgIA fa@tmah@g phese dusng avkieh the temperature

changé@%l&@bh%é%ﬁ H’fﬁﬂﬁ @t@nﬂ@érﬁﬁjdrg'&’)% q@Q&ﬂéaognd stabilizing

one of the t stra conpri si
the aw&ﬁm@tatoﬂm%ﬂwwhﬂ@mge@te@ i anslesond tarhaating phaseadanng which the

St SR TR0 3 S ST 8 ADRRS fgperc.rn

the sub$n°aiajs regeaumiogtied émrtbe fuenace, mheraincthedsemodd annealing phase is

regulat?& %%' elslé {6 '?ﬂlnmzé qgmﬁgf:ﬁﬁj e@ﬁoﬁﬁ&g%ﬂe&lﬁ%s &g Irth% auqﬂﬁ:ec Hf the detached

rature, a Seco

substratm\f\Memhmmrua@s ishopeged. al ong a downgrade, at the end
t.hen t

ek briRR: RepoPRERs o i Fatied we acofume
anﬂmbenmg:l gfiths getond pmiéealts@éf Bed 69 aldursiicH $athey.

TRGAHHE SIS TRk B irobis ot L 75520 & vt 50 o to

changeZt@JFéi tdrger ethpdiatura tiatlié W EAGugIPTPRAISTRSE IS reblBh&d at the end of
d are the following - the period of the second

the Sec&ﬁ'&’éﬁ'qs? defined by a duration setting.
dudinfiy dfieadifg ARE [eRpsRtuhs tﬁ@%@wﬁ ik tﬁé‘ﬁzoo c,

furnace is requlated so as to change to a targ

1 APBE SieeR ishaiectes @rbweeﬁ@taﬁjwatQSoam@ngé@ atfe@d rate, this gas may
be Nltrdg%?ﬁ&eﬁlrg'i‘in ttl‘i@ rﬁ@qls ehusing f??l?ﬁ‘ gefbl?é‘ﬁ%t f&éacedgrép{é‘?led and 20 sim

unl ocad I ng rrperature o) rates I's

at the eﬂﬂ&ﬁtfm@@ond phase ans! duringsthedhind pkasenj ect ed on t he
S%Héttérgb?ﬁe SRR Aor etbrbbigrbg-al e, thi s gas may be

n or "Argon, e 1S equal to 12 sl mbefore
ﬂtbeﬂwfn‘@mpm@tmp@thQrmwsﬁﬂw the end of the

S Qﬁmﬁg th8 @380@5‘%9&& ltﬁkgtemk?ergwré’ 38888 at a rate of 10°C per minute,

- tbe embrittiement zone was made during a Smart Cut™ type method.
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the target tenperature is on the order of 50C, 30-

the high tenperature is on the order of 500C, during

t he second phase, the tenperature decreases at a rate

of 10C per m nute, the enbpittlenment zone was nade

during a Smart Cut(tn) type nethod. 4
AQ@&erin@Qotaosébo?ﬂC@éﬁéc@Wﬁ% :n%nﬁ:ﬂ'? thé‘r&e@tdreﬁdeg e %ppllcatfon of

provided the application of

a meta%eéther st erpeeldphtentstecikinest @fﬁguhﬁfﬁewﬁw@ dlameter is equal to

qual to or greater than 300 mm
orgregigag?éﬁﬁr QI'ﬁ'&l OF FI GURES O her characteristics and
advant ages of the invention will further errerge from

the foll owi ng des
illustrative andlghEi'z'| F' eread w th

regard to the attached flgures |n V\,hl ch, outside of

é?‘g% &ha q%lteﬁ[%ﬂg% %Pgha eﬁ%@r@g?o §egﬂnﬁ gléjfa‘rsﬁ?%g’gerge from the

followiegpfeassiption nwhiahds miynlﬂfhtiﬁiw@@ﬂﬁn@iﬁ -lignitm A d Thudtlhe read with

*rogare S 1F R SR ROBES ST AR P s St BN ey boen

discusséﬂeavage i ne" defect, Figure 3

Il ustrates the average tenperature (dotted |ines)
ek flustiptes,  (hei OF HgrSUHiRCS SPUGhAasE SNASHGR I glaze measured

by me@rﬁ!{‘b’fé‘bléé@fﬁf m:@&dr@?ﬂ@‘ﬁ@&tldﬂ%qﬁnéﬁﬂ bn 88 M&tructure against
radient of this tenperature (solid |ines

which e@@@tweﬁgbét@ﬁdﬁﬁs%mﬁﬁ aclesyagadinevdelechure 3 for
t i
2 ERIAL OMARASE i AHOUHAAFo (B Y o p a fumace
on an @éﬁe&iwttdbsi;mgdcmvenh@az(separatmeameadmgsea veetllt @ the gradient of

|ng conventional annealing and
this terﬁﬁérgﬁ'?@ﬁg accordl ng to the invention respectively,
Fi ljtgtme 458 a2 @aphrsimbar tol thaksofr Eigereds dyrsaparation annealing according
to the ﬁgglqﬁéﬁsons bet ween defects observed in an SP2 type

MEEsuTenent bet ween popul ati ons of 501 structures
ebF@une@I 5a it CSdmmesﬂratenmlapamfemhnng—oﬂntypemabﬂsn@:served at the

surfacd ?oarlrg 'S8 aﬂe hdeetac Vr%grtftl 89 usmg éodn%e%? one?l anneaﬁmg and annealing
according to the invention respectively,

- Figures 6a, 6b and 6c¢ illustrate diagrams of comparisons between defects
observed in an SP2 type measurement between populations of SOI structures obtained
with conventional annealing and annealing according to the invention. SOD (defect at 0.15
um) type defects are presented in Figure 6a. AC (defect at 0.5 um) type defects are
presented in Figure 6b. Tearing-off type defects in the center of the structure are

presented in Figure 6¢.

DESCRIPTION OF THE INVENTION

As already mentioned, the invention relates to a method of detaching two substrates

at an embrittlement zone situated at a given depth of one of two
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25 pm type defects are presented in Figure 6a. AC

(defect at 0.5 pnm) type defects are presented in

Figure 6b. Tearing-off type defects in the center of

the structure are presented in Figure 6c.

ho 2 anﬁf OPRVENTI ON 30 3As al ready menti oneg%fﬁélm“

i nvention reI ates to a nethod of detaching two
%ﬁg%%ggég H‘:eglpoq) ﬁ@%ﬁ%s‘:ﬁ%%%at%ﬁ%ﬁn%l nléaet.tgg irﬁ;t::lera})ented ina
f@%éé%ﬁmgaémgaQ%lOOOM? substrates, the

met hod conpri si n a se on anneal i

il e e ATEP P 0o MblEh s [ BIRLLY PG PDa BRParade

Jvingsé hiyReEAm éthFéJtd/\Bé GhadHea ArRNBRbHLAG&hs kmAeEEng at this
al ong an “upgr lowi ng a high tenperature to be
highatempegraiuig, st abl I | zing the annealing at this 5 high

t enper %Hkgq RR&S@nfhératiee Whagfed Nbong a

tenper%ture C%é:hagg g owngrade, at the ege J
dehinghadehat tner end @f M&llabp’élﬁefdﬂm i mﬁn@% andiben the égbstra’tes

' nl f Mo
R FBRIREFRD e RIREE T 0oC%i s o prevent the

appeMowC;mrﬁéuiéﬂy tHee amegtion i sigts ty peredennte thes . appearance of
ure 2 j]lustrates a map of the surface roughness

‘”é? Y@?é'é‘ﬁ Re %Ct?reasur ed by neans of a piece of KLA

TencpiguRP2 illnsrRss aomap i theenifaca rangiB@sssexpuessgdein Haze

agai nst whi ch t he negat bstr nted a

5 g i T pecast KEA Toriph 8B, Bonedion Eandbrogmon an
gtRJéﬂﬁe tAy@inst YhicH thef ﬁé’g’éﬁlé%lﬁw&@rﬁre@éntébea “cleavage line”

amaged” negative substrate facing the positive

'_t)mﬁb@fedte (that will provide the SOL structure)

bef Ofnethﬁs ratd fooﬂgkfﬂahh%‘t' hsduttatrdm tHEQWRBH, of‘tl’ﬂtﬁ“damaged” .
cant as observe at this "cleavage_|ine" '
negam tsebsteate hacingo gy ardsiiveo subritede hitkatt “«wa\Pé%VfderrFBe SOl
he det achnent took
ﬁﬁ%ggeﬁ%g org%{%PQ;%‘{jiHﬁ%? elc;@gxgrg étsl on of the appearance :
of tHbWeveﬂ, dm&gipllbamtehas observeqfrﬁhgt this, dsleavaga ding’ahas not

" cl eavag f
a{t?rgqls 8 Propaga {qqegfgétasur%gtc\gﬁ% sqgl?%oﬂgého%hgé?%“geguced that
tite HERehvent BokJlaat eorfactigpwith the exception of the appearance of this

“cleavage line.”
This tends to indicate that the “cleavage line” defect does not prevent

iransfer from the SO} surface of a donor substrate to a receiver substrafe from
being performed.

The Applicant has thus deduced that the “cleavage line” type defect
probably appears at the end of the separation annealing and is connected to the

thermal consiraints undergone at the_end of annealing. |
In fact, in Figures 1a and 1b, the lines observed on tht_e.positive substrate

have not traversed the transferred layer. During the observation of these defects,
the Applicant observed that they are essentially comprised of particles issued

from the “break” in the negative substrate.
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bei ng perfornmed. 25The Applicant has thus deduced

that the "cleavage line" type defect probably appears

at the end of the separation annealing and is

connected to the thernal 6constra| nts undergone at the
AL neal i ng. I'n fact, in Figure ‘fTé'Bé‘W&’OOM”

| b, the lines observed on the p03|t|ve substrate have

not traversed the transferred layer. During the

obser Vays,dn & conise déﬁlm:ﬁmlenﬂmthmﬁm@ﬂhecthahnal constraints

par%wﬁeswzé%;%ﬁ#@%:@@aeﬁ L4 LR naing i

puimsedte. WO 2008/ 1200790PCT/ 1B2008/ 000747

Thus, t he. c t nvent [imti

t her n%re'i]r@ml{yr ﬂﬁaé’rtg %9 "'l'ci’r@{]ﬂﬂ tralrgg otf]? iygntion

shskse frd nof iert@heaﬁmm &IUr@thnaBﬂelzé ltllwmh ab dﬂfn@ﬁm‘i‘ge‘#and thus the
ed tha

Prel.i m il it will

Artied of e pbtnadh smrarcs 1 e caniniond arbealing know o the
b@;@gﬁbﬁﬂed imahslarat i on of the thernal annealing (and

thus the duration of the nethod) conpared to the

convdREnBaAINgAre dhe REokabWhist fesisfq'i%a%é? 3@ temperatyrg setfing

fohaha@'firmace to reath @&naﬁémﬂa b AR (dhGerPb Qboﬁftmebéured by
is customary to fix tenperature 'setting for

ﬁmneﬁtt@ret BeNSO5sE rplqcmr abihenpriomncl e sipigee mm;zcw@ of the
Gé{tﬁ ]aﬂdttﬁ%%géﬁ\}éf s‘iub%ﬁ&l%g Eﬁ? & \ﬁ&? QntﬂtthuE tl’&nperatune i
ottom O? e structdre conposed o € posit
aphad beforcapabsingatortbg ateid step b following step sdhwa)pemng of the
r.afl s reached before passing to
ek b TR oot e

next s OWi ng step is the opening of
t he Howeaer Wien i dadace is bpesad, wthough thiovnvemsared furnace

PHPRE® 15 2D G TeBEREHs 6B ke R eR SRR Spe rurmace

mbe bs Ub@‘teraﬂas is doeabribe moiecidm dynanmeofrtag dmbstrates cooling
s due,to nam cs, of the

BeP I denBE b i e oG B e SRR ifernte (he

diftbhiitd beind Bee fiolr MasSticuian ke hmma[ td&ma:lof fiier @flidhares plus
bei ng due arti cul t he inertia.o

SRROY aesehiy L T SPENBECPE TubBen e B JmpBsing sk fremal

dhiask fof BRC erLeafss, tWhichPAe! 810 adhighr @kl &érﬁpéfaturaoin addition,
shock on the structur which are at a hi

arempgthe firrpacy dogrdidue ?%:ﬁls tgﬁ!é@,m@sgrﬁg t@mpﬁ%@gedg dhe furnace
HelHdS IowRAslP td AnHBE tﬁ@m[)@;@tdrsra&w Whe Bk ﬁJH%cEUJe ture

bei'ng lowered to under the tenperature setting

regidatiany tRnsls tcerﬁb@i arhasing diy fUeace nhaa nifs Otd@rstpamamtam the
ahg%%ﬂs el 4t er@ rAeRd sbftin g (1S vb&ldf%%ﬁé ng thermal
IS WoUu

rature at t e tenperatlre settling;
shoglogrethe siichimes.t her mal 25 shock on the structures.

h es\ehés\@t\t\}dqﬂeﬁla %H&?&Sle ad g? e i lcf)rPr E?\th' on gtgﬁ?% ’of the

i nhonbgeneity ure dIS rb
températme dfstmﬂmmstatdbe uaue‘acé ohihe structures dihpt ssydie bypressed

gra:e L erm Laradi e
rRhicme o o B oy R Fithe pREeEP e uiieToBof i e oo
spatreﬂ grealiendt oa tisel batface of a subsirate).
The Applicant has realized that this inhomogeneity of temperature at the

surface of the separated substrates when the furnace was opened probably was
connected to the appearance of the cleavage line on the separated substrates.
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30The Applicant has realized that this inhonbgeneity
of tenperature at the surface of the separated
substrates when the furnace was opened probably was

connected to the appearance of the cl eavage
WORIEPYY at ed subst r at ea-P retfioRfloorsr

2008/ 1200797PCT/ 182008/ 000747 In the context of

the jnvent| i nv n t C e

t her il EuhERs af e iR, O PSRl g 80 i e rgmal
cbhitraantsl uhﬂelrgbﬂet ﬁ)ﬁﬂ%tn&ﬁﬁerc&mng rtheamndadfl r’mgthen'dal separation

arti cul en the str re.is re

aReraig £nd piae BT Peisgotics ear@gﬁagﬁ? Foi g diags in view
obivhitiBg Pal&siagelivne” 86@afsat i on anneal i ng, and stl [l nore

precisely, I'ts second phase durin

ich t
t enpéPigt RfE6isalc sEBR@EON Anealing. PRY 3#%&&9 Reisely.gits second

phadd dlA ﬁ%tmﬁ%we%emgf@%e@ake@sw bbNRgBIERED as to
of the substrates separated when he furnacé is

mépeiredemparatiiesinhempaensitiome the jurfaa-ithe sybsittes separated
wﬁ%ﬁ ﬁ{e 1%[:{.‘[;3(@ g@g&m ed. egul ate this 10 second anneali ng
I'n

ase no nperature, as is usually done, but in
dur dhitbis. respect ongguay,dacegrding o g:eﬁr@h@rrémﬁlmeniemgulate this

._one .na
e eare iR SRR ALIER AP 408, bitin duration
set tAdgegrding ao axaepd:mi mbdthnentjemne)fmaﬁ)creguiale sthe hsecond
that this te e re Ls tog.lowt rea
09 phasq i ferinmetice Buf i AbGrREIY R Brigiala phfine -
foﬂ@ﬁﬁﬂb!ertﬂw el drd@eof 5U°€r £ upsiesth Rivay fteatding tafnparwjreémtoo low
duration and, in any case, well before the real

tothengarhed iNPrAgticecr eased to t he tenperature setting

val Yg this second embddndérit; theh@Ratdlien faahsang Wil benakedpted at -
to unl oagt estructure t he structure resents a tow

the@mpe:f@tgjvew dinetion andwintastsasas: Wekbepeding el tgpperpture has
ti ng t he appearance of
dé@%eéae@g e 1ne &%@Qgsﬁ% Vel In the context of the
i nv dntfaminwheh dhé fivieace imopengs ewdjoad the sirypture; fhe structure

rat ' heof ur ‘
prRtRRA 16D SRR Ml B BAC RrfiSithe LdaEAC iien has the
cdnseqmmekstmgathes@nwmaetcﬁ "mleavmedme’r' defep’thur es 3
and 4 illustrate e f
i neg)thﬁe%%?)g f%l%e 6'ﬂye?'?1§'q ruc b@#rﬁﬁ'{'i(&%g etg 't that the
swﬁﬁafeheleé\ﬁﬁ? em@tfmnlecg mdmrundesgﬁ the &ffends of power bursts from
conventi ona eal i n nd ann in
the lyBAES: Mewf&egg a%ﬁﬁs b feg“%?%? %5‘%%! éﬁ‘fﬁ ‘ation
annﬁ‘ddr@ﬁS'ﬁdwmétrétédh@favé%eﬁemﬁerme (dbihed friesy tneasured
eriod corresponds to prec

ofj meeeh'g@tgrq Hbﬁh%cfuﬁ@lceo@% e Sgrlggg,grgrgalepi P Ollg I!n%s) for
coRUESEIMaP ah&aIiRB3siRPannealing of the mvénﬂon, respectively. '
 Thermal separetion annealing is comprised of three periods, the first
period comesponds to preconditioning of the bonding interface (pei'iod_not
discussed). '
Period Il presents two phases
- a first phase during which the temperature increases a!lowzng a high

temperature to be reached and stabilizing the annealing at this high temperature

and,
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- a first phase during which the tenperature

increases allowing a high tenperature to be reached

and stabilizing the annealing at this high

tenperature and, WO 200§/ 120079PCTI 132008/ 000747

WO 2008/888Md phase during ®hich the tenper at uf&TERAARWET47
al ong a downgrade and after whi ch t he furnace vvi II be
opened. After the second phase, e sub trat?l l

Nl oadéd second phass Gying $4GHo e | BEPERAMS, RGeS along a

d@éﬁé% drl Xéﬂg c?ﬂgé?umﬁﬁéé‘kﬁlﬂﬁa%p@edndefﬁ ood to 5

n the eriod Il is a
domgﬂadb6$3m1§! phasehthe substratesara ppigadietle i s | eaving

out o d SRR fhak A Eire Srsentipal HGN RARSERreORlunderstood to
bbmn%glmrmdssamﬁ 4, the tinme the furnace is opened
2220 %ﬂﬁgﬁa @%{criggsg% ésﬁ}c%gétb@ﬁsgrng tﬁ@dstﬂfctl{rtg‘%s leaving the

f@ﬁﬁ@@raﬁwdf temsugiure cdntinnds do| comdsQutsitiat thenfurhace dga not
4 kno type thermal separation annealing, the
disg ture gradient, when the furnace is opened,

undefrgpigarday3 bhe 4S&Iﬁél ity tel farreends dpeadd éor unloading, carried
a proxi mately 70C resul ti n%%rom s% n@,,varl ations in

the epd ofi the sa%ORd PHase s FeRreseie b% 15As a
rem ﬁ}?‘%i aREFont @Biﬁéaﬁ Usslid Uhas)i Bt 'in ithe wader of m@b\m type

tore othe spatial gradient on the surfac

thdmmab lsbpanaapleganneailng, thentemreratiies oFf iepntglwl'@rgﬁwe( fgnace is
furn I Stha0 éffﬂﬁ’e e agSprogimately 70°C
08?)%% d%’ﬁ%@)bg bl rtzgt% u%guo t\#g 2’? ?&Iug?r%lﬁ%nl s hi lmearey
réduitihg2eiia strapp mxatmsem wagum)turezmqm the ﬁ‘lém@ﬁ%@ Opengd.

tenmp %%}quer{, ﬁggf tLhe t{%&ég e aFa?iiérﬂ’olsh' IQZFEI’%GCI tb rI'efer to the

addi oes ther bur st s,
pét’ﬁeﬂ@récﬂaﬁis:ntmeaurfad:@amgesubsmatesdef ect, as

Il lustrated i uge I ° I

casel rﬁﬁ‘eé@ﬁ%uog{: é’{ ﬁl?alumgoﬁ%@tﬁﬁés ZR0Gend V{;hé'ﬂﬁe furnace
iPEhrRe, He dfpTaaea df pRaseuctort shegharithan 2007@ (approximately

settlng of the furnace.during the second 25

2868Par ati on anneal i ng phase is defined to see that

when;f i eddel Qﬁ@&@npérauana'dﬁ@i structoret tsetobmlg!a(aed, inhadldition,

tenperature of the structure i
the gﬂrﬁu@me undergoes thermal bursts, wfﬁcfﬂeadm%o a cleavaae iRg defect,

as illustrated in Figures 1a, 1b and 2.

In the case of separation annealing of the invention, the period of the
second phase and the temperature setting of the furnace during the second
separation annealing phase is defined fo see that when the structure is unloaded
from the furnace, the temperature of the structure is minimal, with a low gradient.

The invention thus specifies that the furmace is opened, not when the
furnace has réached a previously set temperature, but after a duration.

In the case where the furnace must operate with a temperature setting, in
order fio avéid the disadvantages of known separation annealings, this
temperature is set at a temperature lower than that used in known separation
annealings. Iﬁ this case, in practice the temperature setting is set at a very low
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' separa

The invention thus specifies that the furnace is
opened, not when the furnace has reached a previously
set tenperature, but after a duration. In the case

where the furnace nust gperate with a tenpeg [
VRO n 30 order to *avoid the di sadvant sgt/ﬁ“g‘?&"’“‘””

known separation annealings, this tenperature is set
tenperature | ower than th used i.n_kngwn
V%[E%aWBtcﬁoh""brﬂ%aP?n&aCh‘FE ?'W%%%s@nnqakn%r @It P8, inigupted
hhorat ure setting is set at a very low WO
2008/ 1200799PCT/ 182008/ 000747 yal ue whj ch ._hot. be.
r eachiss, 9 the cape ohieEel sepaiAloN BENG ’H‘Qr‘i’f%?ela"e”t'on' In a
n&? :R)ftﬁ':?q'ﬂgnner the teFEPé??tuz‘e”sétﬁfﬁ; SRHe lef’nab@% 8% enough to not
a 0 :

Separ ati on anh I Anvention, in
hanenbeéemireacigdnaintrer end htheesarondt Rese ftthe ﬁber@rpal t§eparation
furnace is low enough to not 5 have been reached at

a?'??@‘@ﬁd of the second phase of the thermal separation
anneRdriexgmpi@rthe temperoture befling nfat@edumnaee swthengptet S0°C.

tSB:CIF F{‘%‘agt%ﬁ ;}/qcﬁ'%gs‘rﬁ%fvﬁkséﬁ%g Srraéur\%l vfl ]I 8P FJ& Jedihed by the

ﬂmvaafelwwbrbmetfhma‘curmap@wemmma bmd bmhaaeeomctpmﬂ@‘daewpd I,
t he end of the sec od. ||

f :
t en»p'la}edltegmge@fturphg E’p%ﬁ@o l]s?efufr{]?%eag ned is, for

e%%]gdbg@thgnozoceganpl e, less than 200C. The
duration of the second phase durl‘@% W{H ch t ¢ d
t enpEreduration et thesasandpase GHIY WIHR eo‘if%ﬂwreffc Upgdecreases

wﬁ't&%ﬁ & Hd 1drgap ééé%&%&%ai ) itfedh RE dubhtionSefRis RRARSpHa8ETeuUNd in

known an ea I ngs”(see Figure 3). 15Consequently,
kncw\rra@pmllsgﬂmeﬁﬂutel@ case of thermal separation

anneéclj u% r#1 éﬂBé‘?@ttHa?fh thterl?asg%ftth&%dl @Egaratlon annealing

|ng during which cool i ng
ofsthe umtemtlent thlegarp bithe swafamnr%mlealmg during whigh cooling of the

ofistueitBRes BRI BhokS, Trcr oace the duration of the

met hﬁda)ddmnl B @ﬁemn ma@tmalcbngtauf anrezling dutationdso as to not
e g ok Sk abbbe e hEFRERE A B e i, o
isSetiod W tr@(@wqis?atut:@s@mng isdowerder of 10C per ninute.

The speed of the {emperature reduction may, for example, be on the order
of 10°C per minute. '

Thus, thermal annealings according fo the invention (see Figure 4) may be
conducied without lasting longer than thermal separation ahnealings from the
prior art in conformance with the industrial constraints. '

In addition, during the thermal annealing, gas is snjected in the fumace
and more precisely on the substrates. This gas is typically Nitrogen or Argon.

In period II of the thermal separation annealing, the gaé stream is 12 slm
(standard liter per minute). By way- of indication, it should be _noted that 1 sim =
1.666 10° m3.s™.

This gas stream passes from 12 sim to 20 sim when the furnace is opened.

This increase in the gas stream promotes cooling of the structure.
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Thus, thermal annealings according to the invention

(see Figure 4) nay be conducted w thout |asting

| onger than thernal separation annealings fromthe

25prior art in conformance with the industyi
W@Gﬁ@ﬂ?ﬁﬁhts In additior0 during the therri#fHBmm&mmﬁn

annealing, gas is injected in the furnace and nore

precisely on the substrates. This gas is typically

Ni t rigRReffg A58RNo Figure 4 (5BeRONd Mtks) kit ppehethhgertatrmal
separati on anneallng t he gas StévaPB s 12 si'm

cqr@ﬁrarmmdwgpee tmerthmtrueteye eggjin Masa; Wake Bfuceq in
(.S:[‘rﬁrls)éﬂsgn QiR Egtabl?ﬁ{mélnt?l‘ ano@r@ iyp@@@ affedlin sée iilgure 3).

as stream passes from 12 simto 20 sfmwhen the

fur dao‘ac’q gt BisefurtacerRiis whag rtaeeguctﬁrq IfeC¥tiRg e BACe, it

<GB0 SRl 588 B gipeidure Yhiont s then cny 267,

beggaba of thisinall eariatiose in teobeturedesdit. i t appears t hat
the et PRbeR ThaahO LS EURIIORRE barkits: hiddhihy!Ecording

exi e Wereé re N compari son Wt
tdthe 1mhtkbi wolitdeaduos "cbakaga/\ﬁnet vpfectstbyamiastariohtyvq see

CFi gur c?rgf’ e%eq% gfﬂwaﬁ s Fﬁrée t a%rm%%s%&§IJ%?%é Dfine type of

str nace, 1ts aver a

sthRRe! thieHientet cfI0tE impected &wttlaeﬁdeatagedmg? ddfeehwould pass
t hen onI 28C 19 cause of this small variations in

fr?'@ﬂﬁe’?@tﬂf?@'cﬁg% It was remarked that the

est a:bidsS*am&geflmée Bafeatsi wereasprenicliagy aedubedihygestablishing
the invention"woul d reduce "cl eavage |line" defects by

thermal @npealt as@esoriBe® precisely, it was observed that

in tlﬁ%lr]rg itiGH, tMé %&h&@bf ﬁeenmsnbnaﬁe@f'cléﬁfagémue’twems on
the nu by the '

[ots i n‘% act ed F? g t th 300
ststures fmﬁddfrfpras%ulﬁtf@ S1%i63 ﬁ@"ﬂﬁ%’ét‘?"é’é %ea < than
g;sbe f Séxy 34 g%éftl f ol Rsd feRefch pﬁsbtem abpéary especially

uce est ing thernal annealin

wﬁesthe' saéatratea hawellarge d!amqt@s e P o IERET ﬁﬁ?e’#@. BH)-
enat];lueﬁl BN A fBfs er:%ftﬁé trSs18 obfikdd ih@r&&abhshment

PO sUbSt T at es di amet er s -equa or
ofgheawrambahngaa@ dmcmh,eddéai theueasis 'nPH"?fbé’V SUFFI gnethods are
" cl eavage i ne" defect problem appears especially
e\%/H &t he substrates have Iarge di aneters (equal to or
gr edh efact; hmce3 e r'fnl)aavage line"Fdefepte was rieduged, ahg gnumber of

reé@ﬁ&m%&ﬂ@g]{é&%éﬁi ?e(ggtn:ersggbgst ggscr i bed t hat
t he i6 aadditionpdorthedchse suete riine hegigualr substrate would break, a
manual intervention was necessary {o extract residual debris from the furnace.

N in the context of the invention, given that the number of negative
substrates that “break” is reduced, one may do without this intervention, which
contributes to better yield of the method.

Beyond the “cleavage line” defect, it was observed that promoting cooling
of the structure and thus reducing the structure unioading temperature allows the
final defectivity, typically measured with a piece of KLA Tencor SP2 type
equ;pment on the SOI to be reduced.

“Tearing-off’ fype defects measured on SOl were considerably reduced.



20 reduced. In fact, since the "cleavage |ine"
def ect was reduced, the nunber of residual substrates
recycl ed increased. In addition, in the case

er resi dual subsiyate woul d break
W“@%Vé%’?l on was necessﬁy to extract re3|%@9®g’1800747

fromthe furnace. 25 In the context of the invention,
gi ven that the nunber of negative substrates that
“bre h CGBRE Frot 4R g8l died nid¥sSred op SOI wi
i nt e?%earqylﬁlgn V\ﬂ?gﬁ con‘t'o’frg?%ﬂt g@ to better Syﬁee %P =re
nEblucercbt hod. Beyond the "cl eavage |ine" def ect
PS8 \ (?19 51:!1%5 thméng‘%f GoRks eégntlhﬁefeargn _off type
struct re and thus reducin e stru ture u
dedegie byt mspecawelymmmeom@antmndl anhefling and tapnealing from the
5 WéHtSﬁl ly measured with a piece of KLA Tencor 5P2
ype equi prment, on the SO to be reduced.

" Tealtialegprigfapbedry [feat dedringtaft typadeafects -gartBGlariyendhe edges of

' d d.
¢ %8@#&%%8%?%%%M6Wﬁd' I n addition,

" zongn redditonanifre tierdial tspperatishe ahsealipg Sofr (ﬁda omveBBbn, an

were r ur.es 5 trat

el B fual detastyibiMAs S Saryad, SO Mstbd miSouB i
10 by raspigaid 56l yollhe R SO wafarsi bﬂmafhr@rfrcﬁﬂlthmgoambd thermal

anneal i n from the 5i nvent i on.

sgRP@liPe appegling &f the, fvapton; w@w@cw fef%fsf'?? 25%}*%??» ynder

e shiR Sstammnaf of MRe ShfdChHES of difiiptnddeeid in the same time

consi.der abl y reduced. I'n additi on, with thernal

ingaryah Byt with ﬁﬂfﬂ@‘@iﬂ t¥Rg o seraration 3avralith, an i nprovenent
int iﬂ@ufésr@ aﬁiﬁé@ Féépébﬁ\%ly\’@ﬁnﬁé?@%é/ﬁﬂ’nc@ér derdativhieabed. 15

in FIgure 6. Fi gure vol une of SO wafers

15 ppeaed 03¢ gmf rﬁéﬁﬁd@‘ﬁ éN"fS'r ) yﬂ!%‘@d"ft 'ﬁ'é?‘ &P 352 BPe Gquipment on

tl?éﬁ%%h'sﬁgsgf voiestion is conpared to a reference
VO er the sane conditions, on the sane tv\frﬂ i
o e

of eboi Hreriwo aivaes roft psticliak defasivitieg ayiliapnnasiipg
trﬁrehﬁ&’(‘”’ch )ﬂ%%reg:faggf Batkh e %ﬂﬂﬁﬁ]rﬁ Q8lue and the maximum value

urés ba an ectively conpare the particul ar

ofl e oumber |0éde&ctwtrl§§> Pas reeaid (FONEENhE ek, AL 6 or
20 p .gahﬁgﬁe% . :]i%*?@gnﬁfr% Bamgﬁ%ke,m%@éa 8Ad bhe&epdm;ar

racture vol ume two types of
dpectivitied alr0.8@f@t i vities with annealing from t he

and Prpafieuphind AFEEBT el SRIRER, RARATPHTHE, tflpbiment

plesentsastugwtiages nueder bbnamcwasdﬁ‘scm#@sm 0f1@rpm and 0.50 pm
on the order of 7 and 3, respectively. _
25 Thus, it clearly appears that by using thermal seéparation annealing from

the invention, the number of particular defectivities has been substantially

reduced. .
Figure 6c illustrates the occurrence of “cluster’ fype defects, that is,

tearing-off defects at the center of the struc;'_ture calculated from SP2

30 measurements via a dedicated algorithm.
The example described focuses on SOl structures; of course the person

skilled in the art may easily franspose the present invention to other types of

structures that may be obtained via Smart Cut™ type methods.
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20 particular defectivities at 0.15 prri and between
box plots 63 and 64 for particular defectivities at

0.50 pm. In particqh the surface of the
structure issued froth the 'det achment presents on
average a nunber of particular defectivities at 0.15
pm and 0.50 pmon the or 8&AIMS 7 and 3, respectively.
25Thus, it clearly appears that by using thermal
separ ation annealing fromthe invention, the nunber

apﬁ%éfh‘é'd%f H2h&GRE tWbistbsiraesiutem ambsttiemend|Zope situated
uced Figure 6¢c illustrates the

at aaogmm ecmréhoof agteustethe ftypesuRsiedes, gdpethod comprising a
sepelg?'g[“ |r,1g 8%%%@ %ehﬁfd heffha&d, staﬂ?aﬁﬁééimg%cﬁnpnsmg

measurenents via a dedi Cat ed

al gorg ﬁ@f“anneahng phaseyanng avhitsthe tbe:pefra@xm ebange$aiong an
structures; of course the person skill

upgraxte slisiing & highdgTureles 5 edRAChY R D NG ¢l prnealing

of st ures that may be obtained via Smart
t“t%ﬁ‘ﬂ?] ffods. 19 LA VB 1. A nethod

of _dej %"emoﬁa bﬁﬁeéur@stmﬁeesdanngammbrimt femperatuien ehanges
situated at a given depth of one

alorgulpsdowngeade; 198 thet @A Qfo‘HBHchsﬁhﬁgfoué“%%eeb%PBtepﬁﬂ and then the
subgﬁa%glairﬁ ni%aﬁq%d ABLaRBHGhcen @ furnace, said

r'i st ng a first annealing phase
dukgtigeinh it sIel@entieapaeaﬁng ephaban@esegulatﬁg an apdoagunimize

allowing a high te ertureto a
tempesiilg B ﬁ@qg%@eam?é%ﬁ Fruta rﬁqzhﬁ%&f?f‘gﬁpa%&’ét’“&t%s when the
fum%%qggggggg_neal i ng phase during which the tenperature
nge

al ong a downgrade, at the end of which the
furnace is opened and then the substrates are

22 '@2 gfjh%nd g\f o tggggrfd:f@ ?F? ﬁjee grevioys. @I?Eﬁ ,fnwﬁeFet?l‘? 7€ PRABd of the
' f th
TR SRS o ko o 1

he furnace is opened. 15
2. The nethod according to the previous claim

def:{ ﬁllé'@ {lﬁ;(qu d&g Igo uﬁ?e?’ Sf%dpr‘%oféﬁgldiélﬁjhspQﬂ*ﬁ?ﬁelhiﬂunng the
sec%%oén‘i#'lé&mbopm Cthettﬁmnﬁrawremf the dumsacenseraguiated so as to
during the 20 second anneall the te [ at WL ed at
chariget foea tanigeséempsratethatds | drstioh toGeRPeen fedc
tar | ow enough to haenot
the ﬁgﬁgfttgégﬁggﬁgtaﬁbﬁe 'E@Ehbéet h\c/av secggd annea?ll ng

phase. 4. The method according to claim

| tl he4V\2 (frr.s.gt nmgcgécli ch$cgg&zaj Iﬁggb@%% Zévﬁeere A Qi?]?i%e uﬂfoading, the

temperature of the substrates is less than 200°C.

5 The method according to one of the previous claims, wherein a gas

stream is injected on the substrates according to a fixed rate.

6. The method according to the previous claim, wherein the gas [

Nitrogen or Argon.
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5. The nmethod according to one of the previous
clains, wherein a gas streamis injected on the
substrates according to a fi3xed rate. 13 7.
The nmet hod according to the1 previ ous claim wherein

before the furnace is opened, the gas streamis_equ

{071 Theimethod acoording 1o e MEVIRYS SRED G REBHG T Turmace
. ¢l ai rej end of the 5 second
1S O%?ﬂ?ed;ﬁrﬂégggﬁg@gﬂgﬁd&é%ﬂﬁaﬁ%@hi rd anneal i ng phase,

the gas streamis equal to 20 slm 9. The '
met hod according tg claim3 erej aj :
{ epdhai PR g (6 0 ot gl ta 5 wheteh $Fhne epd of the
i ' Ghdnalthirdh&riialing ghddegkhe gas stream is
Sec%&n%g'ﬁg?ﬁﬁbﬂgggr%@heuordc}Er of 500C. bk 9 11.
equahie 2®tled according to claim 1, wherein during the
second 15 anneal i ng phase, the tenperature decreases
at a speed of 10C per m nute. 12. The net hod

ac @oRkNPetR R REinh 8 dMifY 8 OWRerdinisaiR, tardettempetdtare is on
enbrittl ement zone was made during a Smart Cut(tm

‘the oyges ofi0RGd. 2013. The application of a nethod

according to one of clainms 1 to 12 for the detachnent
of a substrate whose dianeter is equal to or greater

t hap. 3@ Methatbaccording to claim 1, wherein the high temperature is on
the order of 500°C.

11. The method according to claim 1, wherem during the second

annealing phase, the temperature decreases at a speed of 10°C per minute.

12. The method according to one of the previous claims, wherein the

embritttement zone was made during a Smart Cut™ type method.

13. The application of a method according to one of claims 1 to 12 for the

detachment of a substrate whose diameter is equal to or greater than 300 mm.



