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1 A METHOD OF REVEALI NG CRYSTALLI NE DEFECTS I N A BULK
SUBSTRATE The present invention relates to a nethod of
reveal ing crystalline defects present within a bulk 5
silicon substrate. Mre particularly, said nethod is
applicable to revealing defects that exist in a |atent
state in a substrate but that appear only when the

SU&%%’I’"#I@D' Sr ﬁﬁ@%ﬁ#fﬁ@ éQ}(é“fﬁL e nbE?ﬁC%S?Nr &l abeg
to substrates Wt ect enS|t|es
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onsgpléggu§u5§§£a§gale inthe formof an ingot.
Various. ingot pulling nmethods are known to the skilled

per son. MEkanprBsiarbarhe, C2atdrmaeskedphif| pRPLiFRPABILO
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(known as Those vari ous net hods can

pr%@@%@r@%@u%g% %habeépgearuﬁgby whennkbei AelSHuRER AP,
|nr@@yélgglar ingots in the shape of a cylinder having
t wo ends that are substantially conical. 25 As an
exanpl efh@ smvee%honngbﬁonﬁ91@éeab69tsubﬁﬁrﬁﬁeﬁeW}tbolew
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ends, _and then their_central é indrical portion is
t
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t hen undergoes finishing steps such as r|nd|n and

po?PREPrhecten i fat fiesdtMRY oBposrPeifated fHPE P|§Partln9

aﬂda@@ﬁﬂépathﬁtCbé”@bﬁé@ﬂéd 60 ghi Mhaateri§® séQhe in the
ur|n the preceding material -renoval steps, 35
3Bﬁ%“W? haﬂu ?98hd residual particles.

Various ingot pulling methods are known to the
skilled person. Examples are the Czochralski pulling
method (known as CZ pulling) and the zone melting method
(known as FZ pulling).

Those various methods can produce various shapes of
ingot of unrefined material, in particular ingots in the
shape of a cylinder having two ends that are
substantially conical.

As an example, a silicon ingot may be about 1 m
[meter] to 2 m long.

Said ingots are cut to eliminate their pointed ends,
and then their central cylindrical portion is segmented
into a plurality of segments. Each segment is then cut
into a plurality of wafers.

Each wafer then undergoes finishing steps such as
grinding and polishing, so that its two opposite faces
are flat, and chemical etching steps, to eliminate the
zone damaged during the preceding material-removal steps,
along with dust and residual particles.

Throughout the description below and in the claims,

prepared wafers are termed “bulk virgin substrates”.
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Thr oughout the description below and in the cl ains,
prepared wafers are termed "bulk virgin substrates". 2
As an exanple, a 300 mm[mllineter] ingot is generally
cut into 20 cm[centinmeter] to230 cm segnents and
about 200 virgin substrates are obtained fromeach
segnent. 5 An ingot with a dianeter of at Ieast 200 mm

is cut ad "4 éﬁ&h 08s gboys 30 €M 10iA0E gsegag

and nore V|r in substrates are o tal from
emﬂ%?éfglémCUt Ear@ho b%@ kewi [Fenphisebsr} ate ABychheagments

useth i dbo i@ye5lféﬁﬂség%sgf99§§55§e 58Ea§ﬁé5pk§oEoeach

obtai n substrates known he acronym (silicon
orS€9MeRtf ator). It will be recalled that a SO type

substraie ﬂﬁ%o@ew199t§'@fgmgﬂefagfngtalégéﬁ sthfAfeis cut
| ayer off a |1 con substrate terned the

" doHe? "SeANPRH Moot ahd f @Rr FRgh @ ha® Laykengbha and more

SubsdH & @0 L8] PR L BEb st FEESE VEFe  oBE & Bhe8NEBEROSERE @
| ayer of silicon oxide. After lifting a |ayer for the

fi¥89Me3%e, the donor substrate may be recycled, i.e.

re- useda;séhlbﬁkt@ﬂfééﬁ%ug&ﬁaw% rtﬁ@h”béaMgédaBH
transfer it to a second receiver substrate. Such

subRYeatlerans foF nrBeERese s echeT eeamp ke ’é‘ab@bFa@@ in
t %Hﬁ@éﬂ@@fk%wﬁhﬁyd@ﬁéfé?ﬁ%ﬁ%‘rﬁaﬂﬁow' @sm:lcé%g@ﬂor
e

supstrate nmay thus be recyc ree or four
t iRl to%hen ten or twelve times. However, such a

bul k substypt e payrdaye1edyshat | 4 ngor d@ftﬁét§ubgﬁﬁg’@ée#ﬁay be

of such defects are dislocations and. vol y
bePREARRE P BrERIGHAT cf uSRER sSUB q%e}%yﬁﬁyogfgﬁ EETE

39?@1101{@5@@@?@@5@ nt@jfaﬁédtittlaé Sfony et au@e;t:n@hnt
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AP B e Y5l FRYEE | H2I Rt RS BREC T 6PETEN BhSses

( stede e r'COM B RAMht PFE66 Phd dd €)ay®F of silicon oxide.

After lifting a layer for the first time, the donor
substrate may be recycled, i.e. re-used to lift therefrom
a further thin layer and transfer it to a second receiver
substrate. Such a substrate is termed the “recycled bulk
substrate” in the remainder of the description and
claims.

A donor substrate may thus be recycled three or four
times, or even ten or twelve times.

However, such a bulk substrate may have crystalline
defects.

Examples of such defects are dislocations and voids
which may be isolated or form clusters.

There may also be agglomerations of interstitial or
void type point defects or stacking defects, oxygen
precipitates, amorphous or crystalline inclusions of
foreign phases (silicide, contaminant precipitate), or
metallic precipitates.

Depending on their number and location on the
substrate, crystalline defects may render it unsuitable

for subsequent fabrication of electronic components.
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metallic precipitates. 35 Depending on their nunber and
| ocation on the substrate, crystalline defects may
render it unsuitable for subsequent fabrication of

el ectroni c conponents. 3 The quality of bulk
substrates is essential as it directly influences the
quality of the transferred Iayers and thus that of the

i nal . . ;
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t id CPCs ther t

o R T REER. D ver . cven when Using L he
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Anpld chi‘aélﬂé’é& d1n219né hrf’iar?&féﬂéh dféf&fé StMé&hods

exli st and are pres tent state
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case, such ects pre-exist but are sma
afeganskahan e thade nent BUDEDG ath kRat Rt s@@%@g%m«e
regy gl ing dgcggpses their dinmensions. Such defects are
general | y oxygen recipitates. The econoni c advant age
of bei Aot Pk ebngtmeHeody ave yabso heegn improved to
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is clear, serving to reveal, in pre- enptive manner,
def ect HAMAIF appeen Wiy WSing ?%yﬁempmved ingots to

fabricate virgin substrates, the Applicant has noticed
that certain defects still exist and are present in a
latent state, i.e. they appear only subsequently, after
the substrate has been recycled, frequently after
recycling it three times. In which case, such defects
pre-exist but are small and repeated heat treatments
linked to successive recycling increases their
dimensions. Such defects are generally oxygen
precipitates.

The economic advantage of being able to predict the
quality of bulk substrates before using them in the
production line is clear, serving to reveal, in a pre-
emptive manner, defects which appear only after recycling
several times. '

United States document 2005/0064632 describes a
defect revealing technique termed the “copper deposition
method” for characterizing and selecting wafers suitable

for the fabrication of a SOI type substrate.
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several tinmes. United States docunent 2005/ 0064632
describes a defect revealing technique terned the
"copper deposition 35 nethod" for characterizing and
sel ecting wafers suitable for ghe fabrication of a SO
type substrate. 4 That revealing nethod consists in
formng a filmof oxide at a predeterm ned depth from

the surfiage of,&a1 Wad She {154 é&‘i@i’%@& £ PES 1 P DEf P%gm of

depositing a solution of copper electrolytes onto t
wederde Neixta predegpnined depeh ebremctieersenfaceuof oas
pr.ecd pi t i ko LA T &gl re the
T e e P e T e 2 Lo
def@ott Xonest | goppee elrietT9lnesadrero Sue fU@kennal jyexs, on
c f a 0; L. ON. ;
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aimof the invention Is to overcone the above 15
prigie emdeindy browaeer. net hod of anal yzing bul k silicon

substr af,gsr i A £APs 1 & Nedn Wﬁ?ﬁ%fﬁ’%ﬁ@@é‘%aféfgeéé a
very snmall defects which nornmally appear only after

r R IR 1Pt tRuRTe W RCS everalpsenersof e Seeeans t hat

sortingiGalyde, candt et Ol i Q. c o Qd e basipsilline
results obtained on a sanple substrate from a given

sépfant s vanety sTan sSeRsepeert bnapReatxd &bl BEFY¥RLing

t herpfrpomy ggad ding the quality of other substrates
fromthe sane segnent. Advantageously, after cutting a

segmentThe 4k 21 (e DBVeRpien at®) e OprEI@Rabtye above
!Iﬁﬂ&ﬂéﬁ@rﬁﬁcﬁk@&iaésaamé&@@doftmar@ ; Wh1kh&ilicon
n

invention is then carried out thereon, e |light of
t FREHARRS d et oriR IR RYR ¥Rl 1 IRt ks, reveal

| RFQFMBn 01N CRE fex sl apured ﬁ&gﬁéﬂi}ngad;ﬁpﬁ@ar Okl ¥t ¥F0ér
the segnent and a deci sion may be made as to 30 whet her
CLHetC?Xf%L% tﬁ'é?otr | LA oA R %?‘%/%]F’ﬁl stHe% S at es

This means that sorting can be carried out and, on
the basis of results obtained on a sample substrate from
a given segment, conclusions can be drawn by
extrapolation therefrom regarding the quality of other
substrates from the same segment.

Advantageously, after cutting a segment, a wafer (or
substrate) is preferably lifted from each of its ends and
the method of the invention is then carried out thereon.

In the light of the results obtained for the two end
substrates, information can be deduced regarding the
quality of the segment and a decision may be made as to
whether cutting and fabrication of virgin substrates
should be carried out from that segment, or if such
substrates have already been fabricated, whether they
should be retained and used in a production 1line.

The method of the invention can remove bulk
substrates that have underlying crystalline defects that
might subsequently cause electronic compounds fabricated

therefrom to be defective.
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shoul d be carried out fromthat segnent, or if such
substrates have al ready been fabricated, whether they
shoul d be retained and used in a production line. The
met hod of the invention can regove bul k 35 substrates
that have underlying crystalline defects that m ght
subsequent |y cause el ectronic conpounds fabricated

ther ef rigm.di0. pe def eGld Ve y St rkBLFﬁ%’vf 11§lu ﬂ)éﬁlrgée is

bul k virgin substrat I'S strong e type o
ptﬂuﬁmlrmtlhndcme@pt@ef@mh@f@mllm m@tltmh@ used to
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pul i ngy ﬁ%?&@s L 5mOPL b S UPSLL B e§u19§ﬁ’f£‘9e €he

reqU|re as a uncti on of~ the enV|sage
f i imerdpitn cak @R 1Mmhet ¢ rievelem tke ddubbing cugllrod so as

apd% |Gt 9D 4 Bdheadds pﬁa?vﬁ?é e@ﬂé oﬁe@ﬁli’écﬁ BPoPstEies as a

|1 con substrates used In_ a of fabricating a

sdurtq/tp@rs s trhe eenvisazed | Em%ﬂr apmhb%@tm ng

t ransf eghnd k rgI%%j t
Cut(r)eﬁﬁirthefﬂgﬁﬁléngrggﬂggf%%g@ﬁﬁé el€%€§%?r§% the

carersele tartoh BiAKinipyonsklicenr ssebshrateasused in a

algeaaty Q?@nfakhefé’&tl,%se?V%?' t%%)—le desyped-4 hat iﬁ partlcular
i nt ended to be &;gcled agai n nce, the quality of

buthosBst g e ra R HeQl Genrt irin bténqi%*éy'éh%dta@de

t de doddm|s. @, be inspected at regul ar |ntervals
for exanple, every three_20 or four recycles. i's

found tHHECRSHe qifald tREQAUCEIRR Lt raie +%V¢Ia¢+%gcan
off1,sd hessald w1kt hei Bibsh ralss: rHes | ek flﬁé’én 4Dee 8@ Ebeen

segnent. can be renoved fron1the productlon I ne.

FiTRdvGLed revenhtt BResi ard dihal obs diMeeRAeRt FRodee 25

Whiddyd 1Se i JHH £n andiémex pensd Vigud @dyaréf/ AUbulld Osuﬂiléﬁrate,
end . the invention provides a netho

re- enptivel
1 gty HeT § e HgPeciacy T en il kS Feropimes, Can b
SUﬁi‘ﬁép’éﬂtEbd sl Or&tpl 2ot Siited gh BsIC M dhadxdtieYe WoeHrlry three

aeﬁs%%ur recycles. If it is found that the quality of
that substrate is falling off, then all of the substrates
derived from the same segment can be removed from the
production line.

Finally, the invention aims at providing a method
which is simple and inexpensive to carry out.

To this end, the invention provides a method of pre-
emptively revealing crystalline defects in a bulk silicon
substrate, said defects being such that they would appear
subsequently if said substrate were to be used in a
method of lifting and transferring layers and be recycled
at least three times.

In accordance with the invention, said method
comprises a step consisting in subjecting said bulk
substrate to a heat treatment termed a “revealing heat
treatment” that is carried out in a non-reducing
atmosphere at a temperature in the range from about 500°C
to 1300°C.
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subsequently if said substrate were to be used in a 30
nmet hod of lifting and transferring | ayers and be
recycled at least three tines. In accordance with the
i nvention, said nethod conpriges a step consisting in
subjecting said bulk substrate to a heat treatnent
ternmed a "revealing heat 35 treatnment” that is carried

Che rarudlf i RebEbRoa) Bomeoiiiafnbulst ETREE 11 UER,
al$ vt na re ntmnbslna*ae ezl r@ad:s ubsen atesythad, hagebe

I
B e e
that thet ssinpied sopseeed tiab wheé champbe neuhstratet he

| NUENUH AMhd S@PRL4 €9t é‘lgoinvélgé’%ﬂufé‘té pre&SSthBta

| ayer transfer nethod. her advant ageo non-limting
crrikreqiently sbefusedein ngehayon, trarehenl oathed. i n

combi Nadd 2 fadagloht M- 1ni {16y" EHEALLPA-DERL cs of

treatnent is carried out_in a vessel~containing a gas

m SheurEremprori ngaken | @bene 1 0ippeeflpanatipey are as
m¢diQnls of oxygen based on the whole volume of the

gas mxture present in the vessel, argon or nitrogen,

or a mxtmea xgveabingoheshi breabnentent s beargieg out in a

cardd&dh aubn nfn@eé ' % neomﬁﬁufgaéémgrfréﬂn@%e%sélst

t he revealng eat™tr Is carried In a
vek® @t ohrar e igeargbhl benhi of ogeyigenrbasesd xenr hef whole

trV%ldﬂg)of‘%hé%ﬁﬁ%'@gx@ur@t pr&8sht 1H1@heaogsé§l argon or
preceded oxi dation step and foll owed

by
stwmgqreoﬁ@ azurhgxt%e saf dtipil kwaubsa i@t *ér%tment being

CQﬂ%%ﬁ%é&)b@%'ﬂ%ﬁaéepéﬁfb@réf'&@Siaaé@rﬂEH1§XWﬂ§nh@¥§!r
the revealing heat_treatnent is carried out at a

t enper at Urke F&Rat NYRat oF redonens hS [ pdLFsed eHE in a

r eMed NG-dvead i 1 eqt n COFPAL 88Sgén dr ¥r 25 DAL QFeW8E the
t her mal _ oxi dati on of e substrate, carried out in._an

atipHe& e %mw@ﬂwf ¥t H#F s diffdn,and is preceded by a

dry oxidation step and followed by a step of deoxidizing
said bulk substrate to completely eliminate the
previously-formed oxide layer;

the revealing heat treatment is carried out at a
temperature close to 950°C for about 6 h [hours] ;

the revealing heat treatment comprises a dry
and/or wet thermal oxidation of the substrate, carried
out in an atmosphere optionally containing argon,
nitrogen, or a mixture of the two in addition to oxygen,
said oxidation being followed by a deoxidation step to
completely eliminate the previously-formed oxide layer;

- wet oxidation of the bulk substrate is carried out

at a temperature in the range 500°C to 1300°C for a
period of 3 min to a few tens of hours, to form a layer
of silicon oxide (Si0,;) with a thickness in the range
500 nm [nanometers] to 900 nm;

dry oxidation of the bulk substrate is carried out
at a temperature in the range from about 500°C to 1100°C
for a period of about 2 min to 15 min to form a layer of
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nitrogen, or a mxture of the two in addition to
oxygen, said oxidation being foll owed by a deoxidation
step to conpletely elinmnate the previously-fornmed

oxi de layer; 30 wet oxidation7of the bulk substrate is
carried out at a tenperature in the range 500C to
1300C for a period of 3 minto a fewtens of hours, to

BcdRYEX1q0f ¢ §1J>,'[C%tqz<'aﬂet 1%]%s§“5@£fé%%}?§sof

|n the range 5 nm [ nanonmeters] to 900 nm 35 dry
oXIRANVFE 1S / the bul k substrate is carried out at a

t enper af LH]feya o%@&{@ﬁgfsfém@@@uauéogg gotgﬁggu@at?%

a period 0 fo 15 mn forma er o
sidieem toxi We0 {6100y @P@%ta5tm1@kness of a few tens of

nanorreteréeoxft?atpéhdﬁé'@grﬁe& teS)éorHéaﬁé 8f a

tenperature ose to 950C for abou
desdenilueric 2aidi édFbukregtmeahs of a hydrofl uoric

aci d ("F)aft{@ﬁt@i%‘thea@ft%?éa&ﬂ@n@e@& £é€-‘é&ﬂee£y59a11me
reveal crystalline defects and the optional

dedsdertis andtiere apt hodat i Wld%'tb@nl gtemrrpedagditgpnal

end@ad i N9 dder ded egls SeVeR| £y by de S@lfefe¥ealiBdled by
heat treatnment; the step of enlarglng the crystalline

desraekdsrewnge%e@trta@@@tm%*@nm process (RTP) type

heat LI el dest e Bl o f ESREL StﬁéoéiﬁsEEMQDHQdﬁéﬁects
degr ees. CeIS|us t o about for a period in the

r FYRFFRS £ 152P b Seewhs E’?@O%e%‘*%vv( Rut e¥pe haat

rapbeh dieatc t4ead ragupést f‘:@orﬁ api fle hﬁuﬁafedaaegaées
(RTA type carried out in the presence of argon and/o

tQ P B3P FPEa? RPX1Pd HR ERE FapePe £zom a

th@mec&;a@xwaaupém(ﬂ@téype carried out in the
presence of oxygen; the s of enlarging crystall]ine
defect s’ %@%pﬁ?%%i %?%%a?r??%%?%%n%st%?n%@earaBé@cﬁhermal

fumace atmepl Cypd dareidd abu@niih of hdYEFr886Ace of argon
atHQ£Pherﬁ§§}ogen,

- the rapid heat treatment is of the rapid thermal
oxidation (RTO) type carried out in the presence of
oxygen; |

- the step of enlarging crystalline defects
comprises a heat treatment termed a “batch furnace
anneal” in a neutral and/or hydrogen atmosphere at
temperatures of the order of 1100°C to 1250°C for a few
minutes to a few hours;

- after the step of enlarging the crystalline
defects, a layer of silicon a few micrometers thick is
deposited on said bulk substrate by epitaxial growth to
further encourage revealing of said defects.

The invention also provides a method of measuring
the crystalline defect density in a bulk silicon
substrate, said defects being such that they would appear
subsequently if said substrate were to be used
subsequently in a method of lifting and transferring

layers and be recycled at least three times.
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25 tenperatures of the order of 1100C to 1250C for a
few mnutes to a few hours; after the step of
enlarging the crystalline defects, a l|layer of silicon
a fewmcronmeters thick is deposited on said bulk
substrate by epitaxial growth to 30 further encourage
reveal ing of said defects. The invention also provides

al def e nt i on i
T i R R S

t ramRIeSe swithel bpbkawing ubsermentdysist seg diBubstrate
were to, ngee\}@@ir:fé éé*Péeélg}E%‘E%miﬁ‘e ad{?éé‘@g ]‘Pxfé thEtHA0Kk
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tigHRstmte nincrerEdrRC Wt heaidvesthed; said net hod

conpri se | oW i St i B .
reveal i nzccss%i?%IrgJT’ y%%\%eggée ect nétliazi%ﬁge bﬂ?ﬁeCts per unit

SRS ateing aceoielee el i dl st tPrethodet erminenthag

t he-yaveal fth Hysd e | ddes fief ool SsPRi M ik s@LaHELNg a
counter_ installation to determne the crystalline

def ect ABmnt3geoushy d bg keQubee¥ atestabybhtageonBt yses

the cuderohdshall i iOhe COMRr SESutel ASH aPRCUSs or an

m croscope and a counter apparatus or an 0O atom c.
f GHe@if ke Pl BFoCIRB T stur ey Fiarfiare agelyeesSor

a dd-ite SEAL4 F i o t@&@@i@p{w? (d—&@gld%ﬁkirlfe(ﬂﬁT? device or a

scanning infrared m croscope (SIR her, the
i RGP alforpred i Beeres gk §$18%bn substrate for

subsequaiic s, I¢he IBFdedi & 4144 1 PoRdes 12 bulk silicon

transferring layers and of recycling at |east three
t iSHESt i@l Kb sTiRIApR hgus il kaidnethed tpht L ft hag and

Crevsdrad id e ritef Bofe feNshd Yo f eveayeri iy S@i Tea®t hodreof
|l ess than 0.1 defects per cnR [square centineter], Such

a Wit r %G SWHISiEate REHRI dpplaTsabbh 1 Ert Db has a

f et 0o fdSct YRenSUbptFf &5l edi @l d¥id th€thod, of
invention provides a method of, fabricating a bul

ok hatbst rlatdekeont #ET fgbt [sebedien & meter) .
Czochr adwsdti 4 YReodihddddis | G| pihtie @l $t eppPfication in the

fabrication of SOI type substrates.

Finally, the invention provides a method of
fabricating a bulk silicon substrate from an ingot
obtained by Czochralski type pulling, including a step of
pre-emptively revealing crystalline defects using the
method cited above.

As explained above, the fact that this method
integrates a step of revealing defects in accordance with
the invention makes it possible, after a first inspection
of the ingot segments, i.e. at the start of the bulk
substrate fabrication cycle, to determine very quickly
whether that cycle should be continued.

Other characteristics and advantages of the
invention become apparent from the following description
made with reference to the accompanying drawings which
indicate a possible non-limiting implementation.

In the drawings:
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pre-enptively revealing crystalline defects using the
25 nethod cited above. As expl ai ned above, the fact
that this nmethod integrates a step of revealing
defects in accordance with the invention nakes it
possi ble, after a first inspection of the ingot
segnments, i.e. at the start of the bulk 30 substrate

fabricati e,nto,d r e I er
that cy clﬁggﬁy&+dl%eo%oﬁéﬁn%%dgr%i%%?g%%aga%fe??g%gcs
arwbmd agebnafat heser nyenfaon m@bmlap@@vem £ beh under

thend ol L.ond ng, Jﬁ%\iﬁ}f?&%ﬁﬁciﬁgg%ﬂ‘i FELPLEDGE %ﬁetESrface

acconpanyi ng I ndicate a possi
ncmf | V3% 19wy Pudk e%ht%@m osubstrtee afberngsfipst

1[1 ine @@é?éé PhGe 1 a@Fe&’Emélﬁ@V"Saz‘i’@t ai ned
us g a

aser surface ana devi ce sol d under the
trade ravELSeS f 5B aandMIB a\mc@l@@mr@r@@mcth@pgweaéétlons

of o raf gyso@@éfnéalmggggsgbﬂé@%eéuf\fs@é §n£1F§§555dev1ce

crysta ne def ect l1ng treatnment; and ures

artP13B undexni e arnede cnapgr egehsean oFR1, owhwlev\represent
ohtyad %é’%d&@ré@é@%é%ﬁ@&@ ﬂ@aﬂ‘v%z?eé‘ei’AC&ndS@Adafter a

under the trade nane Surfscan SP1 represent the

safRcHbsIrysteal hkne dakesh m\g%ﬁje%napta%trsﬁmtafter a

10 secofyk CAyST @] & Nendef&fLat E¥GAhEFod T SALERET intBRtion
anal ysis and revealing nethod of the invention

cd%ﬁjm@e%e%esz%v%lra%e%%se%fo%t%fp%p%w}ahclao@%g%ﬂan@oto

t Wigeed NOH @AS H0hY1 Y ni&@é&sé evelsl §foanahysysi 8f o BUbK1k
silicon substrate terned the "sanple substrate”, the 15

b
qUEHITPRISHRRERRTS Teredehtat 5enREe ( FiapSbFabe her the

URsd T e Sof e dhei § afBpi &9kt HF i vd€o 5 aBa S8 eft her
éh%he first level of analysis reveals a nunber of

trafes Fodniiin $HBE eBRIPh $hi NS UPRTS aS@IMGRAF ch

nunber wrdH e B sastTous] TOf dhel paivé spgedals a number of
20 this substrate_and thpse wglch it

ap cati on,
é%f Ohre Lordieredievgrh i hFF riPsEtRte of Which
analntsd s wavedlse @isdst €W s for the envisaged application,

this substrate and those which it represents are
discarded.

When this first level of analysis reveals no or few
defects, the sample substrate and the reference undergo
the revealing steps of the second level of analysis or
even of the third level if necessary.

Next, the revealed crystalline defects are counted
using techniques which are described below.

These three levels of analysis allow smaller and
smaller defects to be detected and revealed.

More precisely, the defects become visible only when
they are above the detection threshold for the defect
counter apparatus, which threshold is currently 0.13 um
[micrometers]. The various levels of analysis are thus
aimed at enlarging the defects present until they reach

this minimum dimension.
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defects, the sanple substrate and the reference undergo
the revealing steps of the second | evel of analysis or
25 even of the third level if necessary. Next, the
reveal ed crystalline defects ar@ counted using

techni ques whi ch are descri bed bel ow. These three

| evel s of analysis allow smaller and snaller defects

t%%@ﬁ&éf%én&éf%g%ed' 30 More precisely, the

d i ly when they are above the

det ect i Bre e s hollbst oat e hendergees zouerlertuppamnantstermed
Whi G, d Iy ﬁ%‘%é’a# Stf%’é%rﬁ%fi% Y Oarsi 8 o b £4 O0BLEL Steducing

The various | evels 0 sis are thus ained at
erdERQEORE XN calted cbempPpraiene imtihe t hayoe ebrdm dbowhi §00°C
m | ESH OF. ' I f g@ﬁ%y h&odhe,b °
su'{)tgst@[riggtl'g1£ unde?gg'es&geﬁée:%%ﬁ% egli{ﬁ{e?]? l.t‘er d§b§rgvggl ?%go <
heat triedtwintsuksraed, ovietrern nwordirderi abready

at e in f ;
S00C B To abeu L I00C Ly e er a@“@ﬁ Whe: ERoafitte i3
1300C e Yt KostieeR adleounhz he¢ and g? (0 ¥E ., atreasdyygen

r e6yed &t SGhdSa OXY LR thd DGRt nbEERL MBNE £ i Bhe

carried out” between about 500C and 900C, the oxygen _
prexEitaIYgOnETBRIVEAT WS hes f PRy bruedict @i temperaguyes 1n

| RULASH I d GIRETES UL £0d S COR ] Huer L9 LERPERGLLE £StbNgrow
t he range 900C to 1300C, this allows the nuclei to grow
arRih REFRNG rErRRSFREEY nt B P ok eI rRES iR HEREERVRECh can

Cathen thebhee Phs@r¥8d @dsheagnted. In a first

i npl ementation of the invention, this 15 treatnment js
carri edd®d@ §hrat visRkrmeRiREl o Rt atasinveRELpR, this

ComYdtehditk als | @astidd HPM Di DXyaese PaseEk KIntihe a gas
whol e vol une of  the gaseous m xture present in the
vaSSHIUT & GRIPT HF 1D, 1eRsta 1 ®RIF LhroxY@geykasedrgn the

atwHERS vl uhd ¢ Bhd eyadenss ahi OFS, pPESéef abhyré 20
about 950C for 6 h, The heat treatnent period should b

adfGRICD ATV f UREETIICRS he? dPpri et t RhpeY At 978 S antoT
also Jaasx 3 min to a few tens of hours, preferably at

about 950°C for 6 h.

The heat treatment period should be adjusted as a
function of the applied temperature, and also as a
function of the nature of the substrate, namely virgin or
recycled.

The heat treatment period should be longer for a
greater number of recycles of the substrate. As an
example, a substrate representative of substrates which
are intended to be recycled eight times will be heated
for a longer period than if only three recycles were
envisaged.

The method of the invention can guarantee that the
substrates can be recycled at least three times one after
the other, or at most twelve times, or preferably six
times, without defects appearing in the lifted layers.

Optionally, before any heat treatment, the bulk
silicon substrates may undergo light oxidation (dry

oxidation) to.generate a fine layer of silicon oxide
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function of the nature of the substrate, nanmely virgin
or recycled. 25 The heat treatnent period should be
| onger for a greater nunber of recycles of the

substrate. As an exanple, a supstrate representative
of substrates which are intended to be recycled eight
times will be heated for a longer period than if only

th ne I 0 V] ad, of -
SR eP L R PD AN W IR O1cd Mirovide o
r esycf &tk aqui basy vhiek isnas peefafteas phesobher, or

at nost Y} L OES, | yesi L Qes L ho

def oot sapaine; S8 %Fh tHE PERRERCP. et LRI OTLRVYE
bedxygermmjuhitad theareeas] inget bedkment|isonosubstrates

{ ght oxidation (dry oxidation) to
ggﬁgga éégg #%%'Iayer of silicon oxide 11 (Si Q) of

the ordBrisfdregnonsdenborr ssthhrkied oopt ogtde bemperature
SU{HaFﬁéC&Eﬁ$§yéM@ﬁEhsb§°§St8e{{885cagoP°§S%§£§od'8f about
thi's case, the presence of at least 10 ppm oxygen

duid imgn tthe ¥evenni ngrefenthbEntat sa nbemperadispenfablese to
Thd | dat | i rried out at a tenperature in
tE?ﬁfggééﬂ§%o§%6§€0%5?531100c for a period of about 2

mn to 15 aihayer epbrovigednas ferpedatfiferothe| beatto

SH%%%agﬁgn@POU%eé 8$ﬂplé9elée@xi@&@%oﬁfon£ & g@ﬁstrate is

fornmed after the heat™ treatnent, then conplete
detadi et d opiilor fore exwEplateitk hydeefivenieuacidofHF),

exaiRb S W dbn hyQl of halogbge@csd (HF), before counting
t he defects. Advantageously, an aqueous_ 8% sol ution of

15 hydrRdVapkageesHy i saysaduedrs abdusotst #pPR. ofhi s

stigRibf DYSribeaoxh des | gyea £orberset ectiyehy etched
to ‘provide access to the silicon surface to be _
anal yzethigheteRndl 1 Ponstherowedsi Hayebnto be selectively

( CONORd rad | PPovids et sBeE PeTHRE) s {botFs@stdcareo be

adapted as a function, 20 of the thickness of the |ayer .

t Al ¥3ed natlg conditions for deoxidation (concentration,
treatment period) with HF acid are adapted as a function
of the thickness of the layer to be eliminated.

In a second implementation of the invention, the
revealing heat treatment is dry and/or wet thermal
oxidation of the substrate, carried out in an atmosphere
optionally containing argon, nitrogen, or a mixture of
the two, in addition to oxygen.

Wet oxidation allows a thick (of the order of a few
tens of nanometers) layer of silicon oxide (SiO;) to be
deposited. The temperature and oxidation duration
parameters should be adapted to obtain the desired final
thickness.

In a particular application of the invention, the
parameters are adjusted to obtain a layer 500 nm to
900 nm thick.

When dry oxidation is carried out, it occurs under
the same conditions as those described above. It may be

carried out before and/or after wet oxidation.
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In a second inplenentation of the invention, the

reveal ing heat treatnent is dry and/or wet thernal

oxi dation of the substrate, carried out in an

at nosphere optionally contaimag argon, nitrogen, or a
m xture of 25 the two, in addition to oxygen. Wt
oxidation allows a thick (of the order of a few tens

of nan%@{@riﬁehﬁa{frm@{dé&i&ﬁogt@ﬁiQ@r&éé% Fov881 zones

deposi ted. The tenperature and oxi dation duration . .
parfarEterkubh ositles bea belaplhatl ¥bslhbsabeednentby regulting in

Fidiad11 301 24 ChkPeRSd1hf- 81 PAE LAEHLAE s apPl L KaL L RPePEaLBE
invention, the faraneters are adjusted to obtain a _
| BRYVWSDD Hie tonlloosl hiveni ard Waenlaysr oxf datibponsoxide

caf i £@ptguhdr PLEAIrs under 35 the sane conditions as
t hose described_above. It may be carried out before

and/ or S#I®ropdaieRanarnbg 2caxpied t ek nbt dxPHRgienstep,

Stap SEIYESih Osd PVl F0PESs9ivd hex P kishbstepbe £Babbtain
ri sk subsequently resulting_in small-sized or

mediunsane geetetecins wretedinterface between the bul k

si | compyangh her | aYeE19f i B1hs €0 P¥é d&xBmple @ SAdation may
substrat'e, Said oxidation may be carried out in a .
sitRy @i owhdinldosirokeverer Refrean §@0 ki dagi sR00°C

stieps, 6 1 @btebin 4 hessank fiesektldpet Nef ead] i Bynvexi8é, or
purehéaéjlustratlve exanpl e, oxidation may .10 be . ,
oF: (i WA 1H 25 RgPECRT Pt betheen BV BHES 16068E79, 1n
for 16, ha toafeF R JB0i dom t bk tde | B¥@MMftisidkcon oxi de,

or oxida Jonhléksey n steps at 950C, each tlng

formnd® §aL FEORLGRHEPN oFELR | 18 o1k TR AUS npmt under

t K. sand | dtahd e §lad s cabstep is then carried out
under 15 the sa ondj ti ons as. above. At the end of
this iASETOVIIY o7 arat st SEST hEEVE byh | ¥R 187 bat sthe

hamerea e i «lf edes etiavé atméfasdiafetdsr of Tagyleaygtt hen
g?oe.oﬁgtemqlvjegi ”Jgtpegy Crr?éjyttegén Eﬁg s tsseg'\];eé Cand t Qggngé&:?’ m

Defects of less than 0.13 um are not visible.

For this reason, substrates which have no defects
undergo the revealing steps of a second level, or even a
third level, to check whether they really have no defects
or whether the defects are still too small to be

revealed.

Second level of analysis

This consists in enlarging the defects not revealed
by the above revealing heat treatment.
Two modes for enlarging these defects may be used;

they are described below.

Rapid thermal treatment process

This method, known as RTP, consists in placing the
substrate to be analyzed in a rapid anneal furnace.

That type of furnace is sold, for example, by
Applied Materials under the trade name Centura.

Temperature ramp-up and ramp-down steps at rates of more
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20 For this reason, substrates which have no defects
undergo the revealing steps of a second |evel, or even

a third level, to check whether they really have no
defects or whether the defectgyzare still too small to

be reveal ed. 25 Second | evel of analysis This

consists in enlarging the defects not revealed by the

ahgve rev. ' t tr c ~ D, f ar gi
CRA (R R of SRR oq LS (RS BB OLN che
bed e t 1RetpE e @ hiee nieda t €@ att orerempe vxtesse Thf somes hbey hundred
k Si ' Ci h subsira °
SRS TRl PhSrebe Pl "o hart e o PSoocc,
f witdtecTeatymdnl;, periedanpten dyfevpptienddbteraafew
umﬁg%ﬁgg trade nane Centura. Tenperature ranp-up and
ranp-down steps at rates of nore 13 than several tens

of degrRER Gapsitrsepenesies ohnc hhdow hdet reatmentt known as

CorE Crdy d MR B B0 Sl MRE EBgr R PRnown
t remt TRIQ” peraptd fhenmal fexnidatorms.to a few 5

i nut TP, t ingl t
o ST 0 LEEIENL 2 1R B8, Lhe (SEUIEEh andor
t risedragen kiRl 1ascarT@d (eapi o t e npresxndat Pdnpxygen.

RTA is carried out in the presence of argon and/or 10
hydrogen; RTO is carried out in the presence of oxygen.

. Egﬂéglﬂgﬁﬂ trextmemt This batch furnace heat

{reat mefts o KDOWEh 8 Aha B bk e 0RERnent S K£A6HA °8s OFt vbatch
in an atnosphere of a neutral gas 15 ?argon or

niafsfe), arRl/GArhiel ogeh, intan exnpeesphieee of @ hecwkdel gas
of (ALAAC 4,0 J250ged Prafa l i Ssn | 0@ { EfbePOSes of
ﬁu(the end of thISeSEd%ndiﬁﬁgg% o#ﬁghblasis,. fe ©s °
defictarda el bl e &o ned0 oF ank®®ra ofeworenghep to a few

hours.

At the end of this second level of analysis, the
defects revealed have a mean diameter of more than
0.13 um. They may then be observed and counted.

In contrast, defects of less than 0.13 um are not
visible.

Substrates having no visible defects then undergo a

third level of revealing steps.

Third level of analysis

This is epitaxial growth, intended to cause a layer
of silicon to grow on the bulk substrate to enlarge
defects that are too small. The thickness of the silicon
layer deposited thereby is of the order of a few
micrometers.

This epitaxial growth may, for example, be carried
out with a dichlorosilane type precursor.

The epitaxial layer reproduces the previously-
revealed defects, in particular by reproducing the
lattice arrangements of the underlying substrate to be

analyzed.
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20 0.13 pm They may then be observed and counted. In
contrast, defects of less than 0.13 pm are not

vi si bl e. Substrates having no visible defects then
undergo a third level of reveding steps. . 25 Third

| evel of analysis This is epitaxial growh, intended to
cause a layer of silicon to grow on the bulk substrate

to enl algc., doleche tial Aleelom ngéereubéhetﬁ L8ehesey of

of the si ayer osr te

ortdee wFvealedy cm@r@h?exm sdeﬁ¢r¢tss epY alxmat groat hsmay,
foy car ug & gighl orosil ane type
precursor e%‘?wpﬁ%p?t%é&% ?ay%%w%leproduces t he

preV| ou'-%hl%/ c@mneychneth Hbdleten, man palrei e afopy of any
rgfch 1]5'&&&5{ a@&@g@@é Smgf atbhgknder i ¥5R9
su t rate t 0 ana

yzed. 14 After the various
resakstirate evel s, the density of the reveal ed

crystaljing %f@ﬂ§ @gf g@iéngfe@héscou PrFHsH§1f9t§on

counter i1 nstallation. e couni er I nsta ation may t ake
t FeOMRY Fe s c‘arW'lClSOfé‘aQE’%n@‘rlﬁ Y Relellatnony @%Yb%@ QEf @t gtomic

O QUi Shdd &, SAS! rot €a 1884 TE@F £8Le VARA BYE 0BS,

the counter installation conprises a mcroscope and a
colfifiere deve cdetrclarpariohs kes fand s Er @R céplecihEM opreven

a daseta s d a0s apghyshss40 device, to detect particles
and surface defects,” or even to analyze the roughness

These VERF%us'3HERWS | H2Fbhb 3 ORRSFE oS BF g ybriefly
beleowsy The counter installation may conprise an optica
15 m croscope that can detect crystalline defects which

have beth $ReRed Nl £t e #RTPT hS¢ t 30 sPRpl eat
erhodidBipe Sahdk COMNt @&t dBANSrPBYalline defects which have

been revealed, and counter means.

In its simplest embodiment, said counter means may
be an operator who, from observing a zone or a multitude
of zones of the sample and the number of defects which
are to be detected, deduces therefrom the crystalline
defect density.

Said counter means may also be automated by
combining the microscope, for example with an automatic
system for detecting the revealed crystalline defects,
for example by image processing, or a system for
automating the displacement of the sample, in order to
define the observed surface.

One example of the laser surface analysis device
which may be used is equipment known under the trade name
“Surfscan” (for example model 6200, or SPl), sold by KLA-
Tencor. That type of equipment can provide not only the
number of revealed defects, but also their geographical
distribution over each wafer, by producing defect maps.

The counter installation may also comprise apparatus
which can not only count surface defects, but can analyze
over depth, i.e. obtain information concerning their

volume.
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be an operator who, from observing a zone or a

mul titude of zones of the sanple and the nunber of
defects which 20 are to be detected, deduces therefrom
the crystalline defect densit)s Said counter neans nay
al so be automated by conbining the m croscope, for
exanple with an automatic systemfor detecting the

reveal egh crysial {ipg 9§£§C£ Slléh@%éézﬁtsﬁﬁa' EoR¥gLEBHS

processi ng, or a sy stem aut onat |ng
di appacEnent k @@Wltlh@Ss ahpTe, OF na oP@RANE I y@frﬁﬁeflhe

(ﬂ%ﬁ%fggkéﬁgf@fe“sfﬁﬁnexanple of the laser surface
anal ysi s device which may be used is equi prent known

under tHee t Faglere@anghogodiagrane apf Yievwsexbnphe fByépce
Pty F4)3060hd @Yaﬁéfége§991coﬁh@éfé¥§eoﬁéa1ned by

eqU|anﬁ¥ can provide not onl g nber of reveal ed
efakd SSuBtgcan sdP héeYigeogr ApeT c%u £ lﬁ$§t Ehent fofesoBd

e%%%é@ﬁ£¥ev@&lPﬁ@dHEéQQmQEEeCt maps. The counter
installation may al so conprise apparatus 35 which can

not onlNPERuUPESGifehte Hetebisst bu¥rerBRCRRhaFy2E1ShFeln 2

depids trLatROL@i Of | FhOr BREEPNCEOHSES O P@rt BEhlin the
volune. 15 It is in this case a light scatterin

t CRFHPHS AbpFEFeR RABWAY A5CIEST" a%ql BhecaARPRG treatment

i r&d:@éﬁ@ks M €1 @SLAPCei tasel KM gr&h@hft@ua@ﬁo@;h@me 2 pm
gg ns of vie %bi t he surface gual ity of 300 mm

rlaY ey ¢ EFQN oPYEY n%%IC}BySl%Ja‘F‘an Sti*fSEan SP1

deVI ce,Tié tifarsiasé §ULDi A1 SQCHNUbe Ud et - §8¥8abkNPoor
treat More_precj sel

the first tr nt consists
| LTk a8 re b WRTELOF ShetlF dRimatT gBbeaF EFCee pPPRSet on
t hehd Os\pr BSENCEE 08 WX FEEN (&ulbs byt ©peand anlsd hengecond
treatnment. . consists in using_epitaxial growh to ., .
IR T B 1S 1 CROFRYSP OF GPF| COLEQUERbBAENDaR FigR of
\Mﬁéﬁecﬂ&mbmwﬁ&ﬂd witegual i fied as being of good or
poor ality a fun tlo of t€§ nugbgr of diéects £ good
present 1%9¥r%¥%%? %Ce fePt (stPetratie)rand- 9
eﬂquakﬁty It can be seen in Figure 1B that even after
additional epitaxial growth, the number of defects is
small and uniformly distributed.

The wafer in Figure 2 does not pass the selection.
The ring of defects is apparent after the first level of
analysis of the invention.

Finally, as regards the wafer of Figures 3A and 3B,
this wafer will not be selected for inclusion in a SOI
fabrication process. After epitaxial growth, it can be
seen that the number of defects present is small, but
that unfortunately they are concentrated in a ring-shaped

zone.



especially as a function of the cartographic position
of defects on said wafer. Thus, for exanple, the wafer
of Figure 1A is of good quahsty. It can be seen in
Figure 113 that even after 20 additional epitaxial
growt h, the nunber of defects is small and uniformy
cii®dg i buted. The wafer in Figure 2 does not pass the
selection. The ring of defects is apparent after the
1§ id fethedept o@re-mgyg%y ofevierRd InAventsten 1 inesdefaedsl v,

eﬁ%ﬂl%%aﬁgsat P;?cé’i’?cf 8kaft f %J%%§k3§1?{%n3§ubswé'§e Waf84
not be selected for inclusion in a SO

d¢fa€!ﬁﬁsc§leitéﬁ prdeddat pheervapidt arpedr grubreRuentle anlyelf
sézﬁc@%u‘o%?*raw%&é:ﬂ%%f Refugeeé G § REESENL Cf S $BAY sarkyt
t ha yt

t unfortunate ey are concentrated in a
trarragf%rlnapedlami@nel bé redicAeNBat. lgagtetthodeofimes, said

tively. reveal.in yist || ne def.ects ti o
mgﬁugpggfeﬂt M cterlzegbd?kﬁgﬁl Eo%Pm 4ﬁ§??a e?%e i%ﬁ%%lstlng
idef ects belng such that they woul d appear subsequently

I f d bst r at to b
T e pBaret GG P i BenTat ey nart rermed

a |l efsleallihgehéd tTeSeasAbalt 7 Tedrhad i becagr iduabaet e i & atbni-n
that, it conprises a step consistin in: subjectin
redidngupkme T8¢ Eo A RRIATUEPel netft TEBPRelroTy about
sgdeveal nngoheat treatnent™, that is carried out in a
non- reduci ng atnosphere at a tenperature in the range
fromabout 500C to 1300C. 2. A nethod according to

2 Sl AiBchogChat &ed €l %sdcwmt hat chBeact&verl R et the
treatnent I1s carried out in a vessel contalnlng a gas

reNoaling beapridatgeat |easarri@dppwt ofn exygerebaswttagming a

gé@%lﬁ%‘fkecé{ J.“lrgq.n f atchfegﬁcs l@ EEHrc?f é@%ﬁt b%yecﬁ Q’ﬁl the
vesse argo |trogen m xt ur

wisaal ed mdwewﬁttltﬁelgng vaxtued pr@aent o¥n &hgereose bf atgon or

sSmn %ﬁhcrdln tocI|
LA P 280 A APt A e SR hot I e B sk g e
owarfidared patriod @&f wesdedstohtrdinni ng

3. A method according to claim 1, characterized in that the
revealing heat treatment is carried out inva vessel containing
argon or nitrogen, or a mixture of the two, for a period of at
least 3 min, and is preceded by a dry oxidation step and followed
by a step of deoxidizing said bulk substrate to completely

eliminate the previously-formed oxide layer.

4. A method according to claim 2 or claim 3, characterized in
that the revealing heat treatment is carried out at a temperature

close to 950°C for about 6 h.

5. A method according to claim 1, characterized in that the
revealing heat treatment comprises dry and/or wet thermal

oxidation of the substrate carried out in an
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argon or nitrogen, or a mxture of the two, for a
period of at least 3 mn, and is preceded by a dry

oxi dation step and followed by a step of deoxidizing
said bul k substrate to conpletely elimnate the
previously-forned oxide layer. 4. A nmethod according to
claim2 or cIain13 characterized in that the

I emeRddgiee gﬁf@ﬁéﬂ? tcéﬁt&fﬁfﬁﬁdaﬁ%énatnﬁtroge or a
tenperature ose to 950C for about . t hod

adRGFiHTRy Ao PR FYa, 1R AR BT /60l PRYEPRAr FRed oxidation

“%@%ﬂ%rﬁbiE%We&r t&“ﬁ%oﬁﬁ@%%iéﬁssgéy eHdé ok p¥8tely
t her oxi dati on of the substrate carried out in an

1721 %ﬂ%ﬁﬁﬁﬁnﬁ (ﬁﬁ@Y%@W$%YC€9E@ﬁ®|%ﬁlé?gbﬁYeﬁrtrogen
or a mxture of the two in addition to oxygen, sald
oxi dation _being foll|owed by a deoxidation step

c hpl 2t §hod| 356 PEF NG el pf ki B yc%?%aeawa% in that

| ayear oﬁié&tfbﬁméﬂOQh@C§@1ﬂ|Q@bé@k&&@'ﬂ%5carr1ed out at a
characterized jn that wet oxidation of th

sURSIRea Ye o e FRIRIAS W °¢ el 2P0 e f—ﬂrmep%ha@ of

500G irp tJ&%OCfé@rt@n@ecsf Ogo@fs, & fotR & IE%éiedSﬁ 8ilicon
hour s g forn1a | ayer _of silicon 1 oxi de 02) with

a PHi 48 N3O n Wikd Partdd BEE Sl t crqﬂﬂe 7500A et d

aoy ding to claim3 or claim5, characterized in that
dry oxidation of the bulk substrate 15 is carried out
at a tenperature in the range from about 500C to 1100C
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25? ydrofluorlc acid (HF) treatnment. 10. A

&%ﬂﬁxﬁ iRPYB eSS preceding claim  characteri zed

in that after the heat treatnent to reveal
8. A method according to claim 7, characterized in that
dry oxidation is carried out at a temperature of close to
950°C for about 5 min.

9. A method according to claim 3 or claim 5,
characterized in that deoxidation is carried out by means

of a hydrofluoric acid (HF) treatment.

10. A method according to any preceding claim,
characterized in that after the heat treatment to reveal
crystalline defects and the optional deoxidation step, an
additional step is carried out of enlarging the defects

revealed by said revealing heat treatment.

11. A method according to claim 10, characterized in that
the step of enlarging the crystalline defects comprises a

RTP type rapid heat treatment at temperatures from a few
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30 crystalline defects and the optional deoxidation
step, an additional step is carried out of enlarging
the defects revealed by said revealing heat treatnent.
11. A nethod according to claiyg 10, characterized in
that 35 the step of enlarging the crystalline defects
conprises a RITP type rapid heat treat nent at
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pr f oxygen. 14. A nethod according to claim
16%%% erized in that 15 the step of enlarging the

crystalline defects conprises a heat treatnent terned
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ofl4saifd misfhed saccamling ke ok bt heasthar@ctepized in that
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substrate, said defects being such that they woul
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transferring | ayers and be recycled at | east three
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f oldigvd ng steps consisting in;

15. A method according to any one of claims 10 to 14,
characterized in that after the step of enlarging the
crystalline defects, a layer of silicon a few micrometers
thick is deposited on said bulk substrate by epitaxial

growth to further encourage revealing of said defects.

16. A method of measuring the crystalline defect density
in a bulk silicon substrate, said defects being such that
they would appear subsequently if said substrate were to
be used subsequently in a method of lifting and
transferring layers and be recycled at least three times,
characterized in that it comprises the following steps
consisting in:

revealing said crystalline defects in the bulk
substrate in accordance with the method according to any

one of claims 1 to 15;
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revealing said crystalline defects in the bulk 35
substrate in accordance with the nmethod according to
any one of clains 1 to 15; 19 counting the reveal ed
crystalline defects per unit ar®a using a counter
installation to determne the crystalline defect
density in said bulk substrate. 5 17. A nethod

accor di ng:dlﬁi@irggii; RHS ., r&Ped BEY %f}@aiﬂiﬁ@a&efé@tgs per unit

counter installation conprises a mcroscope and
cARfUSHEAratcRUNGSr et hirt ee ofdi fRtevnenai Frae,
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conprises an atomc force 'microscope. 19. A nethod
according to claim 16, characterized in that the

count & s | Add ORI LDEd SEBa fin | BEETc8aFd @E€rIPed in that
anal ysis device. 20._ A nethod according to claiml1l6,
cHA R QBT insirbiat 10 coWrEies tBIFERFepPe and a

CHARIAISSS d&dyscattering tonography apparatus
(LST). 20 . A nmethod according to claim 16,

characterized in that the counter installation

COMPr i75 Gfe th K HBU LI 1 1Y I 86 €6l o 1 CT OSCoRerd F EM zed@Sin that
22.. A bulk siljcon substrate for subsequent use in a

netfo FBN§F t%%%?%%s‘f@ﬁ#%@ef{s Bferat AREC oforce
I egiwGiddrbpe . | east three tinmes, characterized in that
it has a'crystalline defect density, reveal ed by the
met hod according to one of clainms 16 to 21, of |ess

t han, G nethalefoedSrdilig ot . c EBim A dpthiegh &fterized in that
faq%%catin a bulk sjlicon substrate from an ingot
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t hataliysicdaigiase a step of pre-enptively 35 reveal ing
crystalline defects using the nethod according to any

one of clains 1 to 15.
20. A method according to claim 16, characterized in that

the counter installation comprises a light scattering

tomography apparatus (LST).

21. A method according to claim 16, characterized in that
the counter installation comprises a scanning infrared

microscope (SIRM).

22. A bulk silicon substrate for subsequent use in a
method of lifting and transferring layers and of
recycling at least three times, characterized in that it
has a crystalline defect density, revealed by the method
according to one of claims 16 to 21, of less than 0.1

defects per cm?.

23. A method of fabricating a bulk silicon substrate from
an ingot obtained by Czochralski type pulling,
characterized in that it includes a step of pre-emptively
revealing crystalline defects using the method according

to any one of claims 1 to 15.



