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| MPROVEMENT OF DEFECTIVITY OF POST THI N LAYER

SEPARATI ON BY MODI FI CATI ON OF | TS SEPARATI ON ANNEALI NG
WOCORVBRT79The present invention relates to nakiR¢J/1B2008/000747

conposite structures for electronics, optics or

m croel ectronics. More precisely, the invention
rel at es 1MPRO¥ENRENBORBPEFECHYITWOR PQST THIN LAYER

enbrittl ement zone sit mﬂg ven depth of one of
the two substrates, the Jﬁ‘prl sing a separation

anneal i ng st ep BYMODHICATION OF MS'SEPARATION
anneal ing conprising - a first ghase duri ng which the

t enperat ure changes al ong AN all owi ng a high
tenperature to be reached and stabilizing the
annealing at this high tenperature, - a second phase
during which the tenperat urCONTEXES al ong a
downgrade, at the end of which the furnace is opened
and then the substrates are unloaded fromthe furnace.

(TheThBV?ﬂéééH% arhtioh! atblfed Ot r§'akin§° %é}éﬁ%mﬁ}'ﬁures for

type structure obtained by suc
elespphigsngpticscor misroeldstronicsar ry out det achrrent bet ween

tvvo ubstrat et ween whi ch nbrlttl
VAR R, S ARvehieny, FOrlEh JBoR. MeifoT ar SRRy two
sul§§tﬁa’t€§|at SRP&MBFittRMERNRNE Sitlidisd B lésgl%ﬁ d@*ptﬁ R omeedSthe two
in the Smart Cut(tn) method used to produce SO ty

subwiraiesi the reethogh earerrising g sepasaling aﬂnwlrmm@anm@engem@d ina
e layer and superfici al
furr?%? ﬁé ?gﬁ%é &Lqéoerﬁi;’ﬁﬁhgerreé froma gclca)norI slubstrat e
(

pr evizofish yhaxe divzigg vanidh ithe ltempedtuted chafi@eehlo®y an upgrade
substrate gvvhl ch was bonded to the dongr substrate).

allowing 2 highy tesmperaiugeioaparpashathABd  stalilizing dhggisealing at this
h'@ﬁ%@‘tﬂeg%g%s det ached fromthe recei ver substrate.

type structure is obtained, that my
al se kmsm:sngnahasb aduring which the temperature changes along a

downgrade, at the end of which the furnace is opened and then the substrates
are unloaded from the furnace.

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 implantation, is known.

For example, thermal separation annealing is thus one of the steps 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) to a receiver substrate (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 SOl 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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"positive substrate" and a "residual substrate;" the

resjdual substrate may be designated as a "negative
Wogq%/ W4t e, " and may be recycled.It is specif %ﬁ@ﬂ%’oomw
the separation annealing is inplenented in a furnace.
After separation annealing, a defect known as a,
" cl kisvagecifiechthat the separatior anobaling sdmplémentief iaca furagce.

be aracteri,zed as fpollows:, - the defect appears near , .

© AR AEPe At e ig v e dofrts KpatinsSp 8’ dpaiadepe’ s
sorfEfmes idhsaH@y. t he entire thickness of this negative

substrate; - the defect propagates by noving al ong the

cr ybhialdefegtapay be ¢haeanterizad as fallewser yst al

or opads Bolt PSR HRA Yife FERR DEME neadil® SfsTRle "
t he negatdefectsnizgt trise tiougirahedentfracthickriessf 6f ehisnhegative

si ze" corresponds to the case where the defect
propa§dbalialen the entire dianeter of the substrate and

the s N . : :
cnce G defidl prifdbaiBE B ARTR aling MheMtTs@ioaRphtEdirections
of thelrsystal eorsditutimat thehregatibe substeater eaks duri ng possi bl e
stress. The ear ance..of 'clea

hani cal _ _ c
ot oo e defent g RrovRaRHEn 2 Sigeal sse G tata hisakage of
theﬁ-\gb%gigéts@bgga%qsrrggmqe_d, whi ch corresponds to a | oss.
InTa e

I'tion, because the negative substrate is in
conBach ai tsuffidientpesizef | cerrespmmdsatie ther iaages eyhwrat then, defect

t he 'cl eavgge |i.ne" .defect d h Lt
propagielseaot. i1 e igbefie of Whe coMETate cind ABei hlifitrate then
“speRtHRBUsiyt Rcalef 6£to B taR WABRAS theedefeRs sUficReMBYweaiashs the

to the positive substrate being danpged. This is

sulysdrate gp that thesubgbajsolieaks dusing posaible machapicel stiess-he
h o _ . . _
br 605 AhefltenE i el Bl IRET ALltd p the B3P sBREH® does

not(a]kgw tHe\lﬁJt?ﬂl?é tcabe)re@gmdjwlﬂm bohes:;{mdse@m ]!oss
substrate had presented a "cl eavage |ine" defect .
Th elgleaqlﬁag@n,a%cacsﬁ?athﬁerafqgt'vasﬁ@@trgtepfse'@eCQﬂ agy With dhe positive

subdtiatd ¥RFing separation, the “cleavage line” defect may damage the positive

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 harmful, since the positive substrate will provide the final SOI
structure after annealing.

Figures 1a and 1b present maps of defects present on two SOI structures
(positive 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 to be
measured.

In the case of Figure 1a, the negative substrate presents a complete
“cleavage line” defect that led to breakage of the negative substrate. The

negative substrate defect is definitely propagated on the SOI structure.
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I nspection equi pnent allowi ng the final defectivity of

the SO structure to be neasured. In the case of
woe@anz0la, the negative substrate presents a PONH20082000747

"cl eavage line" defect that |l ed to breakage of the

negative substrate. The negative substrate defect is

def Imtheaba}sepobﬁmme db, thre hbgatB@ seistrate presdrits ttlh@'begﬁmmg of

g a e;,Lbr g E@gtlvei strate reser{h

?8."?1 F igeoprepentin . o They SRS, Wy ast @C@éﬁtl'&strafed in

Fidute t1€ tHaaBfe 0B MSo b?@pé"g%%@d bhthe BAted ctteri gure 1a,

the defect is also propagated on the SO structure.

SUMVARY OF THE | NVENTI ON The present invention

proposes mtigati n%gmmml enms and

particul arly enabl i separation

annealing allowing the "cl eavage line" type defect on

t he BOSItlve substrate to be reduced. For this

pur pBS Presert inMRkian efpp@ssgda@gaangréhw@ouewmnaead goblems

ord SRS 8B e LA B4 80 b e

clemmge Iiefdyze defest ahitiom paamealsubgtratteetp bemeldeedt ed in
%&ﬁ sai d antBea mg conprising a first phase
ur 6 MR ehidre BRnkvatis HARRES oIroposoh sistaehing two
su@étr‘éié‘é R tife Ehﬂi?ltﬂéﬂ@ﬁ{]%ﬁg §|tl§é)fe99atrae RBRUEH @qf one of the two

anneal i ng hi's tenperature t be st'a
subsitsbes) tbaanetf@drcqngpmmmg:a separatiorpanagaling sibpn@piemented ina

o SRR Bl S Sl P B orraare

chéng"ersa@ﬂ)n ar apyrideZ eflowvimgt Bahlg‘hh@erﬁﬁél%@reo'i@% ir§ached and
ul ated so as to minimze tenperature

ann bevidhis hipbdemperaiuresior bestabiizedh@ sraoadhese during which

B2 i M R P BB e
opendd)¢hee th@dulbdtratbe ase valvdhdebiarsmitie defacedciaradterized in that

duration setti ng during the second phase t he
theGe98AR isregiatad s a8 do minjraiga tamperaibreinhoogeneities at

theGARAR dfane deRidiRl SRS Whén iefurhdcd R Jh to

have not een reache the en e second phase,
- dereferged,thdamtit tignitind) @speutpem‘ah ismaeitibdtdre thei sltowdhg s
is legs than, 2 S stre ed on. the

subst M4t BE" '%%Qgﬁlﬁ #‘gcopg &%sp)@&le B?%%ytan Wraign setinde
N .r Og8AngthéVsdRBnd igHaskatife tempaialrel 8 e RIrfd&E i ulated

the furnace is

so as to change to a target temperature that is low enough to have not been
reached at the end of the second phase,

- during unloading, the temperature of the substrates is less than 200°C,

- agas stream is injected on the substrates according to a fixed rate, this
gas may be Nitrogen or Argon, the rate is equal to 12 slm before the furnace is
opened and 20 sIm at the end of the second phase and during the third phase,

- the target temperature is on the order of 50°C,

- the high temperature is on the order of 500°C,

- during the second phase, the temperature decreases at a rate of 10°C
per minute,

- the embrittlement zone was made during a Smart Cut™ type method.
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opened and 20 sImat the end of the second phase and
during the third phase, - the target tenperature is on

wo b@soeey of 500C, - the high tenperature is PCI/IB2608/000747
order of 5000C, - during the second phase, the
tenperature decreases at a rate of 10C per mnute, -
t helremidition| dherihvertion velatesatte titkurappicatid®mef ta Gudthbt) of the

n additi e in entlonrelatestoth
mvséﬁw ?5{ Bsﬁa ngaan%t%gr@ %fqum@ Jia0Ister isnonde! f@e%srﬁa#ar than
308 nsbstrat e whose dianeter is equal to or greater than

300 mm PRESENTATI ON OF FI GURES O her characteristics

and advantages of the invention will further energe
fromthe foll ow ng A r el y
illustrative and nor iz Fead with

regard to the attached flgures in mhlch out si de of
Figures la and 1lb, have al ready been di scussed -

Fi g@tberzcharag@trnsae%gnd aeheniageashel ther nyestion yh figrdher emerge

fro&?éﬁ{ceg?c?@g\ﬂhgnspec %E‘E EER{IP%%?HL%‘E@@/B i 8% liffifing and

musgwen%fadvmtht i‘egjérd tbetbatatta@hedtftyur@ i whitse iugsida of Figures 1a
avage line' defect, - Figure 3 illustrates the

a”;ﬁ\ﬂ@r QQ&G?E%@Y Q?SF‘@"?%{S?‘éd lines) neasured in a
ur_naq;q Qe ?r]luggﬁte%téll‘ﬁéﬁbﬁ asr@%]eg%h:ggnﬁkég'&gfessed in Haze

separ at?on anne I'ng, as vve di ent
measupsd by unearfs of aobléceneﬁ}(,LAr Téncor P2 inhspex:tlg»naemwpment on an

SOjc%"mrgﬁrﬁggg%n%hwﬂ u{\%g]a |vfeorwtg§rplaiéaptgl o%rﬁggneaclea\gage line”

defdctustrate maps of tearing-off type defects observed
at the surface of an SO after detachnent by using _
converftiguieald ilkustratas the avedage termperajurecEotigddipesh magasured in

a e pace SPRSTUHiR BurbasereiiuseBldih gfusains. s el
as ARS GFaLRENt of tAR tSMpetatdfe (BuNEUINGSENt between
popul ati ons of SO structures obtained wth

converftigwiead imargraphgmiaatoaihas &f iFigHract Mraseraration panealing

efect at 0.15 nm type defects are
ac%c%@@ﬂtoggei n |t{g§)ﬁre 6a. AC

- Figures 5a and 5b illustrate maps of tearing-off type defects observed
at the surface of an SOI after detachment by using conventional annealing and
annealing according to the invention respectively,

- Figures 6a, 6b and 6¢ 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 pm) type defects are presented in Figure 6a. AC
(defect at 0.5 ym) type defects are presented in Figure 6b. Tearing-off type

defects in the center of the structure are presented in Figure 6c.

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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(defect at 0.5 mm) type defects are presented in
Figure 6b. Tearing-off type defects in the center of

W b@sgrwect ure are presented in Figure 6¢c. DESERI/BRD@EW00747
OF THE | NVENTI ON As al ready mentioned, the invention
relates to a nethod of detaching two substrates at an

suB8tPafeb! irRPethatPEsmpBidiHg e septrafioy avAsakivpstepdmpanented in a
twosubstrates, the nethod conprising a separation

furaﬁﬁ@,a?raid@ngﬁabvg GONeRABiIAged i n a furnace, said
annea ri Sl - f j '
2 Rkt B! dlrlhg_ whith ’Eh%st%n‘y%g%tglr% ?ﬁf\éﬁgﬁ%‘@!ﬂ&ﬁ %ﬁ%pgrade

t enperat Ur € changes ~al ong an up

allbwingea dligh eetnpelsturee e bedreanhed tamli $tabilizipgt the annealing at this
.annealing at this high tenperature, - a second phase
high temRerfHreh t he tenperature changes al ong a

downgr adg. ¥y hesENduffhg "WWhich tHEe thHpERSRiIré ScioRfRR] along a

t
and t hen tQhe substrates £%\re unl oade% fromthe furnace.
dolumgeaqi rati thel emd pf which they futhacs imiopsned gndethent thehsubstrates

appearance of "cl eavage |line" type defects. Figure 2

arg BBE’?@PQ%@“@%&H“BWT he surface roughness expressed
in hge ResUad bindmaisnttn aibkets SevEhA theneppe&iddce of
i nspecti on equi pnent on an SO structure agai nst which

“cleavagrelipe’i type sigfgnts.at e presented a "cl eavage |ine"

type. def ect.. | i.s fi ' | :

| PEREEES duc b, g RS sl elpRbgea in Haze
méasséd dyembans 19 d pieco @F IKLA TehubsSPatiashedtatn aglibment on an

Cgrow de the SO structure) before separation of “tﬁ%l .
SQlustsusttre againshuhish thenaeagiive substragPresseiesed ‘clegvage line

LSe ¢l eavage |ine" has not altered the propagation

ty‘%%]a%fgtcgichnent waves. The Applicant has degucgdgt hat

t he Il étiadigoesta lineis folad ¢hatoeselts fromaihehsupporesictipet ‘demaged”

neBatY s GEREHE niECohdhe cPexlficseate dirdlohgugVi: the SO
S el e S e Mrombeing

per Howeddr, The Axpiicactahas helsarved th@fdﬂﬂéd‘ctet%dﬁgehléﬂe" has not
altlle(rzc—gcia he %(For.l)aj\gna i"ont & Set%% r%cetnt waves. The Applicant has deduced that
the detachment took place correctly with the exception of the appearance of this
“cleavage line.”

This tends to indicate that the “cleavage line” defect does not prevent
transfer from the SOI surface of a donor substrate to a receiver substrate 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 constraints undergone at the end of annealing.

In fact, in Figures 1a and 1b, the lines observed on the 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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probably appears at the end of the separation
annealing and is connected to the thermal constraints

WO Aef¥8e at the end of annealing. In fact, PRTABYHUPEWT47

la and 1b, the lines observed on the positive
substrate have not traversed the transferred | ayer.

DuriTigud, hip s edordéiioBf Qhe t |H€érﬁ|di|\9flﬁﬁﬁlﬁg fee tﬁ?r?ﬁélcééﬁstraints

observed t hat they are essentially conprised
unsiargere eky i theustiutiusen duing Hhearndi af titse sepgeatione annealing is
p'%ﬂ%%& ate. Thus, in the context of the invention,
i'ng the therrml constrai nts undergone by the

st r uRtelingnatily) i0gilt be netst Hiat blhé t@ Gﬂﬂls&ﬁél%n@ﬁafh@é itAE invention
sq%spmposed Prelimnarily, be noted that due

| IR0t lepgthen dhe acluﬁa&on tqfethen#@rmaina@m@gt @nebithus the
ddrﬁﬁ@r‘i 'B?gh%lhﬁe%dztdo?ﬁ}%cﬂrfed %ﬂ@ntlaﬂgle%hé‘%wgamown to the

us th urat i conmpared 't
pereon skillednathaarieal i ng knovvn to the person ski I led in

th t f th t
cus Brang RS RS 41 BARE At s cUBiemag U ¢ ePParaiurE:setting

fof @hé& efMadd 9% R4BAPHE! %&aH’r‘ﬁe andﬁﬁe (Hrdgp%@(%od"@ashﬁbggured by
by tenperature sensors placed t he bottom of

temnm&mm esecnmrﬁomeﬁ at Hbe duﬂtotm v thebstruatuse emunpmd of the
t hi,s erat ur

PR BhATS heBafit Soitaie) ik to bR RS ihbefature i
reé@hé@%f&e%ia%ﬂlngstdﬂh@ & Bt Tole foewfry stapas 9 opening of the
unloadlng the structure. However, when the furnace is

fugjpsedar unlceRngG e HEIGHEs ur ed fur nace tenperature is
200 I-?&ve\%}e V\tllféﬁ’@iéaﬁb'rrr%cgf is! I%r?éllﬁgs%fh%hgﬁ ﬁ%gﬁ%a%ﬁ%d furnace

the furnhace

templeeatularis mmmmhe t%pél‘ﬁu@b@hééﬁmtremﬁ covgainkatinitie furnace
enerally slower than the cool ing of the fu}gnac
m Yr‘?@s'ﬁ)‘ﬁ@%i’('?'ﬁés guertor g malecyiar r%’néﬂﬁcﬁ §f the, substrates cooling

thBAMi4 | g%‘hgr?g e;%SWTeP e{P%%L thd) eé&dhﬂg%ﬁ $hhdes Uéﬁ@oQAHé?e (the

suppo openi n urnace I e
dlffeqamsahgemgfdmsttot hepaﬂicukalnothe thermad idrtia aafuthesstructures plus

oo mevernil). s orisiat HRIEFhEeiSas B BRdig Bufrst thermal
sHORRPSH athir 8trQétutdte WHfdha‘éF'é l?ﬁ' AhibRVWRI dehthetaifs. Iheaddition,
tenperature setti n&@an furnace tenperature

On@gﬂg the bunaesmdeot lgads tﬁhﬁ@i mgasured tenapeyatiugtofithe furnace
oG Syl B0 o BEAPL SE. F hf RR eperaturs
regulation tends to start phasing in furnace heat in order to maintain the
temperature at the temperature setting; this would impose a second thermal
shock on the structures.

These two thermal shocks lead to the formation of inhomogeneity of the
temperature distribution at the surface of the structures (that may be expressed
by “gradient,” the term “gradient” being in the present text understood to refer to a
spatial gradient on the surface of a substrate).

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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shock on the structures. These two thermal shocks | ead

to the formati on of inhonbgeneity of the tenperature
waele@snedore i on at the surface of the structuresPCT/E008/000747

may be expressed by "gradient,” the term"gradient”

being in the present text understood to refer to a

spaﬂ i dhe goatixtof the inventisn frecivehtion sebks tatrejucertie thermal

t ,h d that t h f .
coP BB e Rne R, e SR o U R B8 IaDbas dis8nal separation
anWBQth BRd fp@ﬁmlmﬁeﬁ@ﬁél@ﬁluaw@%bﬂemm ﬁ@rﬂﬁﬁétfﬁﬁma & in view

he appear ance of° the cleavage 1 ne on the separate
ofbmwtmg alesyage lingé deftantext of the invention, the

|nv ion t duceth t her tra
oS5 e SEh soBalR Al diinbn g e AR, PRy, its second

phaber dmiing epsiciat then tearnperitireg dabrbargas! vl s |r‘.égw4%\¢éd tde as to
structure is renpved fromthe furnace in vie

mininize itergpetatute, injemageaeitigsral dhe suNpee Oﬁtf@;m@t;ﬂtes separated
Wh%‘?lptﬂéjhh%&e%‘gﬁéhéé‘g’ and still nore precisely, its
phase

secon ring which the tenperature decreases,

Wi Ihlln ttieis r regpéct Mesmt{@s etco?nilmg @mﬂtﬂr&]’gbadmmt regulate this
n enegities at the surface of the substrat
Seg%’b‘g?@g@@ '%@W%@Otf'ﬂrtﬁ@é’érqﬁgreo ﬁéd%&'su?‘m’ aﬂn% t?'-gérbé’é'fat'on
one ARBYrdifg Cor & %cbﬁdaefﬂb’oﬂﬁméﬁpoghgema rréglh‘lla?éagthles second

this second anneal i ng phase not I'n tenperatu
anpealind phasmm tempenamremtatwm an/m«blmmly\gowdemweaiumj setting —
enbodi ment ul.ate he se

[ .
for RCePIF P iAOEY Y EDRAT (i e Reers g ature i too low

tob@q@gé@wrneprg@{,éé ng - for exanple on the order of 500C
- in such a way that this tenperature is too |ow to be

r eadh 8uis isecpndembasiment, tthe sepakadion anneadingwyill betinterrupted at

g SRFEH SRRl b 6EFHBFE 8 941 pdeRlre s

detRRIsetiaonies edriperaiae skt V\%aaleé to the tenperature
setting value. In fact, en the furnace is opened

unl dadRethwheprthetfupace: iseoranedciourioad dbe mtwic reowe Structure
pr%{ém@aatl&ﬂlete C|:5 ﬁj %Wtﬁ%@%%ﬁerﬁﬂﬂg'@ eﬂW'vﬂﬂcﬁ‘%s the

consequence imting the dppearan
cohseqearageofllimitig ted appsarahoe oh tcleavagexlinedfdeféets.
i nv ntion thus, sees tq it,that

the i .
Ui rthectontas, phafeHEYPaldth e aBNRDROD U Eedhdo it that the
suBSf Sk SeNing B FuRiHCR! §o oP Thdergo the effects of power bursts from

the furnace, when the furnace seeks to regulate its temperature.

Figures 3 and 4 illustrate the average temperature (dotted lines) measured
on the structure in the furnace and the temperature gradient (solid lines) for
conventional annealing and annealing of the invention, respectively.

Thermal separation annealing is comprised of three periods, the first
period corresponds to preconditioning of the bonding interface (period not
discussed).

Period Il presents two phases

- a first phase during which the temperature increases allowing a high
temperature to be reached and stabilizing the annealing at this high temperature

and,
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the furnace, when the furnace seeks to regulate its
tenperature. Figures 3 and 4 illustrate the average

wao eqopre@rure (dotted |ines) neasured on the stPCDIBOER/000747
in the furnace and the tenperature gradient (solid
lines) for conventional annealing and annealing of the

I nventa ogecones paté velding TWRichathes épmpatratone acirgjesnalong a
is conprised of three periods, the flrst peri od

dowbgrads,end afteb whichcheduinasei wilj bsroraRedoondi ng
'”t ?i%??r?e éé’c%doo&&%t tl‘?éfléﬁb‘sst 43 ard’g Wmo%ﬂep'hepfese”ts

ases’ - ase r|ng
L errrlxasedﬁcmeldnmwasﬂm pl‘dsewt text a‘highy terh penaduraf’ is enderstood to
e reache nd stabilizing the annealing at this high
bet‘?ﬂ%@r%(fjﬁfe?ﬁa@é a second phase during which the

te”‘i’%rrf'éﬁuﬂrelscaatii’cﬂﬁﬁgr%er@ %@Wﬁ%rﬁ&ﬂ@ Mmedstfidtafe Y igdving the

he furnace wll be opene After the second phase,
fumbee sabdt ihet etuatuge uedrdindied. ta tcoo @ﬂéldef thel funace farea not
dlthe gresent text, "high tenperature" is understood to
§5&'S8 )the or der of 500C. Period Ill is a downgrade

Si Ng§ FgureBi 3 ahtie thB&insé this furhace s lopareddot baloading, carried
furnace and the structure continues to cool outside

out Eétﬁaﬂmdaoéﬂ(&afﬁ%@ndcnh%ieswﬁﬁ&ﬁen ehbE‘Gures 3 and 4
the fi.me
out ThePBRAr et e 3o BRAA el cndl 1P ARC Mbac B iffn type

therhal $éparatienranrfoating Fltrgalrtenﬁe(aml‘e @rdadmaﬁ)whbatthenfurnace is
the case of knovvn type .t hermal se é}? ~anneal i.n

openpedt wRaTaPne ebyr B eHEuctyliee s ¢ FNY pgpwé&ely 70°C
reéhr]ﬂr‘? #?%5 yé %B%Hﬁéclh%@ skrﬁgﬁﬁ@%&%ﬁﬁ@'fﬁmaca is opened.

appr lei resultlng romstrong variations in
t he A auermndemﬁmnettbmpfemtuae:égnaﬁlem’éhiednd%t(wd to refer to the

rem nder, her era e "gradient" is understood to
spaipkgradisnt o8 tEB é’&ﬁ?ﬁ W?St@g ®¥he surface of the

subgf, §9d 8se 'o'F‘ Fﬁ e%a% firbtd deRing. is L0e° € Writbwhen the furnace

setting is 2000 when the furnace i s opened,

th
is bpepedather tenwerahﬁfes.‘zfrtb@tahrrt@tuf@ ininighar thﬁg@%@o@pprommately
25(0@85)YOXI mat el y 2500).

In this case, the temperature of the structure is too high and, in addition,
the structure undergoes thermal bursts, which leads to a “cleavage line” defect,
as illustrated in Figures 1a, 1b and 2.

In the case of separation annealing of the invention, the period of the
secoﬁd phase and the temperature setting of the furnace during the second
separation annealing phase is defined to 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 furnace is opened, not when the
furnace has reached a previously set temperature, but after a duration.

In the case where the furnace must operate with a temperature setting, in
order to avoid the disadvantages of known separation annealings, this
temperature is set at a temperature lower than that used in known separation

annealings. In this case, in practice the temperature setting is set at a very low
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In this case, the tenperature of the structure is too

hi gh and, in addition, the structure undergoes thernal
wheostiso7awhi ch | eads to a "cl eavage |ine" def eRCT/IB2808/000747

illustrated in Figures la, 1b and 2. In the case of

separation annealing of the invention, the period of

vailube v ndillp s ebendeddiedt &ifuer ahar enaedlinghowilif behdénterrupted
furnace during the second separation annealing phase
befosel@id.ned to see that when the structure is unl oaded

f.ro!ﬂw[xg,ei %@5&? quﬁeFrfggﬁp%ﬁT# iGh %fnnégﬁn%to‘f‘{ﬁé YhGedton, in a
m ni mal’, "W a Iow gradi ent. e invention thus
nosfiedtifg esarireat thehteniperatre settingpehtie, funmacemselowt drough to not

furnace has reached a, previously set te rature, but .
el (e TaraRTgE S ihe A 1 s ocaE Bhaseo0 Hie di gl Geparation
anfBsiRie Wwth a tenperature setting, in order to avoid

t he di sadvant ages of known separati on annealings, this

t enper examplé, she éemperajuressgiitngoliing fuovaae maxbet seitat S0°C.

or oo B SRR oP IR FrPRRtule iy ERGacre by the
furhavey dlHed theifamadklis oE@he@ at frRAGHEBf fiesescdnkeprfveest gatiad 1.
will be interrupted beforehand. Thus, in the case of

t helhal teyepeiiedireonf dhaediruatereoivhene thenfemacenis iopeged is, for
ex?@ﬂlé ||£gst{h|glgl JERpeer the tenperature setting of the

nace 1s 10w enough to not have been reached at the
endTot duhetieeodbthd sdvane piaskhhuringewhish the pemnpéradure decreases

~anneal i ng. For exapple, the tenperature. settin f the .

wif AR Ee b SlnaBE (<65 F RS E0Ba| ho SHEAIEN Siih S saE tgse Tound in
' q re wwll not be reached by th

kn?‘&ﬁ%&@%ﬂﬂ%ﬁ%ﬁﬁpgﬁgge i s opened at the end 01)‘/ thg

sec Qonsphasethnfit aepeard that inTthe dasepafrtheumal sgparation annealing
tructu en t ur nace for exa

of s el 260Re Fh e e Pl SPneAL s QugRE WS 2Bofig of the

Strg%y@%wgi@gdé hefal8pgeer at ure decreases will tend to be
Ionggr (see Figure 4) than the duration of this sane

pha$eaddition, innodebimMmaintaial a AgRstaskanmeafingedyption (so as to not
ncBR8EBH =t s pFEBER P B it 8 S vt
is, peratal)] er anirabiung setlingng lowdretl. cool i ng of the

St l'f'%teusrpeeetdag‘eﬂsweF%ler%%gralltﬁref %‘éﬁ%ﬁgh may, for example, be on the order
of 10°C per minute. ‘

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

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

In period Il of the thermal separation annealing, the gas stream is 12 slm
(standard liter per minute). By way of indication, it should be noted that 1 sim =
1.666 10° m®.s™.

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

This increase in the gas stream promotes cooling of the structure.
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In addition, in order to nmaintain a constant anneal i ng
duration (so as to not increase the duration of th

WOF@?H%%‘Y whil e pronmoting cooling of the str uc]c)(ElT/eBZ()?q/]@W”

is, period Il), the tenperature setting is |owered.
The speed of the tenperature reduction may, for

ther 5 errﬁﬁ Qalms Fqég'%r‘*%eél ﬁi{ mﬁés)mt %m)garsT lé? fhe thermal

I ngs accor di
conktrginte m)delggné)do}ccbneitsttmbrw ekiting tlmtfmnmgceowgmf _rédaa:ed in

e R T A o B o o
adqh e atdiel Puﬂnécf@ e&ﬁ!%ﬁ%{ 1R RERCHIYE |$9é5<f’rtlrﬂgS the fumace, s

injected in the furnace nore precisely on
avesagmtempeaturmss@h@ asdttyputemneyamre igoadianbis megwonnly 28°C,
od Il .of the th { gﬁaratl n annealing, the

becé‘%g?tfmﬁﬁmaél VEsialipps ( Fit&¥per minute). By

vayt flasi refidIREH Bt the e%lféblisﬁn’ﬁ#\tf@ﬁts@éam% dnr#‘éaﬂ’hg according
1.666 1(T5 nB.s 1 . This gas stream passes from 12 sl m

to thelm@ngpmwmédl reqieces 'iﬂeea{aeem@eog@fe@@s byrgifacionof &¥e in

m;, h
¢ orafRy R PRATHAEB AR . Rl G iSHLE] i s type of
struiepreatise hbﬁtbefrhﬁ Ibtbahmct@bﬁtthel“ﬁlesva@eiangbdefdmy wdudd pass
structure exiti n% the furnace were reduced in
h

frOfBéﬂr/af“P pEAPliAIN /Yhe establ i shnent of a known type of
"ﬁﬁ.{éhngleg% h@¢hEfedls wele f %Etﬁc@ﬁaryfeofdéfea e?t’ébhshlng

St u FUre is exiting urn |ts ver ag
thetreatparedaling asdeksfibéd and the tenperature gradient is

t enBaattare reaipod of thiolvpENiR FBAblRaP ey e’ defects on
strtﬁ:ﬁir@@'fbﬁﬂ@&rﬁorﬁfs%%@@é WRA &Bﬁ%%éﬂsnéq@élct@f & anegc@r tf 300

I nvention woul d reduce "cl eavage |ine" defects
mif &che wedﬂcetdzvtbn fagiy thepiclaavage linel’ defeat poolsler appearatesipecially

t f h £ t

eyt s st Berlarhe S (el ko OF GHEEHH o b pm)
o Ut e fforé! 0 BlsbAfYllbRs one the pddutts Distaihbd sy thel &cwlﬂ@hment
line" defects were spectacul arly reduced

b
of therraal armealing: ae dearrikathiatithe %t%w@rreée%w spgh methods are
redﬁ%? tion, the nmethod of the invention enables
‘favage |ine" defects on structures fornmed from
sulat fzat esinget thedi‘asrvages lipgladefect amsgrexhioad, tthann@dder of

residual substrates recycled increased.

In addition, in the case where the residual substrate would break, a
manual intervention was necessary to extract residual debris from the furnace.

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 unloading temperature allows the
final defectivity, typically measured with a piece of KLA Tencor SP2 type
equipment, on the SOI to be reduced.

“Tearing-off” type defects measured on SOl were considerably reduced.
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mmto be reduced. In fact, the "cleavage |ine" defect
r appears especially when the substrat

WO&D\?/S%)S Il aneters (equal to or greater than 3 ?{0%/000747
Furthernore, it also follows fromthe results obtained
by the establishnent of thermal annealing as descri bed

th the..cos incu U are re
3 2 tnen 6t iEHshed hd Belerts Pefaueaiag! were
redubgdnurrber of residual substrates recycl ed i ncreased.
In addition, in the case where the residual ‘substrate
wourigutssedn, and Rhnilustratat mpps rmfi defeqissPiesentinatgating-off type

defB¥lsr regﬁéetﬁ}éw nvgﬁi cﬁnvérﬂmntaﬁ‘eatryé'éﬁ eand rén"\gglu?g from the

cont e I'on
invesetiat.i ve substrates t hat break IS reduced one may
do thout this rventl h contrlbutes
bet!t Eleagly @rgesgrs *??e’tf}%% ‘?fc E%epa'@%'éf,‘é@é‘ tﬂ?r?éiges of

the@@fuRtlre - 'Hav\éﬁ%t huécﬁis‘gg%rgf)ﬁ%d segoting cooling of the

structure a the structure unl oadi ng
t enlperdditioa, anth\metrmlfsemaraﬂem eahnedling, afypiedhvgntion, an

f KLA. T
mggiaRahn the fingh B &afvifowas opaahiEdy S rsl AR, nFiBurs Be
defiagtigureegsanefiri® oPAOMBaRS BRAERRIFRLIN (RINGPBsbA thermal
addi tion, "zone not transferred" tfﬁﬁ)e def ect s neasur ed

sepaiatsm ameeehngequwnven@@n Escoapa sbaurlefareneewelumsunder

LB SR 3TN B A EBTA B same ume

intexpaie Bl Wﬂhfarmmwm?pemfeyepammanrcéaenagl y appears that
tearlng of f t fects - particul arl

of TiEuras 6mantiGh lospachvals CAMRSR .ﬂaepaalcwarecgﬁe@af%qwt 0.15
umags ol HnWrééerQ& R af;;ﬁé?l@t% %"f'}ﬁ')? %H‘é&l ?@Cﬁavte%’tgj P/vaent on

i nventio r oveme i nal
theebswo\ﬂaidl stax:tuﬂelwhnmesed in Figure 6. In Figure 6 ,

TS B VRS PR BASEH BTG B om e
i
of gmmaumhee OfM@Eowltle$mﬁSMadHC§d k(b@gwegw@@xwlots 61 and 62 for
paﬂc* cOar %ectlv%relg%?d 8 um and between box plots 63 and 64 for particular
defectivities at 0.50 pm).

In particular, the surface of the structure issued from the detachment
presents on average a number of particular defectivities at 0.15 pm and 0.50 pm
on the order of 7 and 3, respectively.

Thus, it clearly appears that by using thermal separation annealing from
the invention, the number of particular defectivities has been substantially
reduced.

Figure B¢ illustrates the occurrence of “cluster” type defects, that is,
tearing-off defects at the center of the structure calculated from SP2
measurements via a dedicated algorithm.

The example described focuses on SOl structures; of course the person
skilled in the art may easily transpose the present invention to other types of

structures that may be obtained via Smart Cut™ type methods.



10

15

20

25

30

Fi gures 6a and 6b respectively conpare the particul ar

piece of KLA Tencor SP2 type equi prment on thes

S(] structure volunes. For the two types of particular
defectivities with annealing fromthe invention, the
di screpancy between the m ni sfll ue and the maxi num
val ue of the nunber of defe es has reduced
(between box plots 6 1 and 62 for particular

dEf [qt 0.15 mrri and between box plots 63
and gaﬂf etaghing Hue sebsiates & agrert @f(tjemﬂnt zpRe situated

at raargwewl rﬁ)ht&eoﬁer bRtReOfwd NSustasS, Ufl%g'rﬁét'ﬁ?d EBR\'E‘nsmg a
the detachment presents on average a number 0

separatiot ahaealited siepi |mpdereen13d i0 a]fﬁrmanealsdlobarﬁﬁeamgmmmmésing
order o it cle

ive
ppearolishafdts dnf ekt ivepthilis thedisicaioiagn upgrade
alldwing d ARyH mmpérisBite fohBe REAGIRY Qﬁd RAEBIliSHY &he annealing at this
defectivities has been substanti aI |y reduced. Figure
highdempetaitiraat es t he occurrence of "ciuster” type

rescer aebtRl bined ARG Rl SB5° moRiarhl R0bES Hono o

dowirgiaclel ed tiat @mdi dhwhichhiheeiupiadecisdeseriaddadd fthenins sebstrates
SO structures; of course the person skilled in the

arejyplogdgd Fam ’[hﬁ UFRAtehose the present invention to

oth fi s ; ' ' P
STt SV S AR 1 TR SE i To minimie
tenmmamne mghdmogendities at e surface efthiel dathelnehsulzsirates when the
si t uat ed at a given depth of one of the two
furgassisioRe8ed- t he net hod conprising a separation
anneal ing step inplenented in a furnace, said
anneal ing conprising - a first phase during which the
t enpef e unethod sanpesdiag dngtharprapiguadéaim | cheiracfesized g that the

per%e(ﬂgﬁh%tsger(%ptd %geﬁ?eg'ﬁP (ilrg Eon s€ r']%ef:g(n}d phase

during which the tenperature changes along a
downgrade, at the end of which the furnace is ogened ) )
andBt Flee negtdod asnordingdo-ene ol gevipus Flaime, charstarized in

that during the second phase, the temperature of the furnace ‘is regulated so as

Wogg&%%,wtl es at 0.1 5 mm and 0.50 mm recor %%/IW?&O@/O@WM

to change to a target temperature that is low enough to have not been reached at

the end of the second phase.

4. The method according to claim 1, characterized in that during unloading,

the temperature of the substrates is less than 200°C.

5. The method according to one of the previous claims, characterized in

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

6. The method according to the previous claim, characterized in that the

gas is Nitrogen or Argon.
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characterized in that the second phase is regul ated so
1 nimze tenperature i nhonogeneities
Wo@ﬁ?’ﬁ’g’?@ of the detached substrates when theal;fcl}tlrﬂlri:;g%og/olms747
opened. 2. The nethod according to the previous claim
characterized in that the period of the second phase
IS ﬂeflhé‘%?ﬁ%daa%@%ﬁr#é%sﬁg gﬂﬂrim% clHif, "EP8erized in that
according tTo one of t previ bus clainms, characterrze
before thbdtirndieeiingpehed stheqad giiease js eduerlttert@estat ur e of
the furnace is regulated so as to change to a target
tenperature that is | ow enough to have not been

reacheg ﬁietﬁéwla%egrd?{g whsné%anﬁhﬁ%@ 5, ﬁ:ha?%lﬁer_‘%ohﬁﬁthat at

according to claim1,” characterized in that during
the endidhegecohd phasparat duringothet thisd phisser theegas stresnsis equal
tothsgn 200C. 5. The nethod according to one of the
reVY ous clai ms, characterized in that a gas streamis
injected on the substrates according to a fixed rate.
6. The nethod according to the previous claim

ch& athermeed aceerding e im i3 quaragigeredrin Ahgbpaid target
0 c [ the previous claim
tem@%ﬁartac grcﬂqz@% (IS’r:q@ ﬁg‘fr’bg%fore the furnace i s opened,
the gas streamis equal to 12 sim 8. The nethod
according to one of cJ ains to 5, characterized i .
t haQ- athe Heethiod grceiing de oéa"‘bhﬁs Sﬁ%rr?&%ﬂ?ﬁdn@" ﬂh%{q the high
[ feamis equal to 20 sim 9. The
tem&g&kﬁ%a&%ﬁ%ﬁh |§'gjetgg§ngi(?h 3, characterized in that
said target tenperature is on the order of 500C. 10.

Cha o biE edefareraaid B St s, SERRERR0E et Wit the
secgﬁél RedsaChR Bhiprairé datrBales G arspeedr oz C pertmute.

uring the second phase, the tenperature decreases at
a speed of 10Q0C per minute. 12. The net hod according

el metioR REEO i RLENTRE LG RIRAYS, bERfls, Cndrpfleized in
that theerhBitiement 2ond asamabe mﬁhﬁra Siaat 0etMagpaesthdiing
to one of clains 1 to 12 for the detachnent of a

substrate whose dianeter is equal to or greater than
300lfa".quhe 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.



