1 A METHOD OF REVEALI NG CRYSTALLI NE DEFECTS I N A BULK SUBSTRATE The
present invention relates to a nethod of revealing crystalline defects
present within a bulk 5 silicon substrate. More particularly, said nmethod
is applicable to revealing defects thatjexist in a latent state in a
substrate but that appear only when the substrate is recycled. 10 The
invention also relates to substrates with ow defect densities, which
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Substrates used in the electronics, optics, and

optoelectronics field may be fabricated from a starting
15 material that i1s obtained on an industrial scale in the
form of an ingot.

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

20 (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.

25 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

30 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,

35 along with dust and residual particles.
Throughout the description below and in the claims,

prepared wafers are termed “bulk virgin substrates”.




prepared wafers are ternmed "bulk virgin substrates”. 2 As an exanple, a 300
mm[mllineter] ingot is generally cut into 20 cm|[centineter] to 30 cm
segnents and about 200 virgin substrates are obtained fromeach segnent. 5
An ingot with a dianmeter of at |east 200pnmis cut into sections about 30
cmto 40 cmin length, and nore than 200 virgin substrates are obtai ned
fromeach segnent. Each bulk silicon substrate may then be used in 10

layer transfer prggessesxahfieeXampbe hi %&ﬂﬂméeeﬁr?hggtkggm by the
acronym"SQ " (silicon on Tnsulator). It wll be recall that a SO type
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preci pitates, anDr%hous or crystalline inclusions of. forelgn phases
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on their nunbesubsdotrpcation on the

It will be recalled that a SOI type substrate may be
obtained by taking a thin surface layer off a bulk

15 silicon substrate termed the “donor”, and then
transferring that layer to a substrate termed the
“‘receiver”, after interposing a layer of silicon oxide.

After lifting a layer for the first time, the donor
substrate may be recycled, i.e. re-used to lift therefrom

20 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

25 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.

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

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

for subsequent fabrication of electronic components.



substrate, crystalline defects may render it unsuitable for subsequent
fabrication of electronic conponents. 3 The quality of bulk substrates is
essential as it directly influences the quality of the transferred | ayers
and thus that of the final hybrid substrgtes obtained fromwhich electronic
conponents are to be fabricated. 5 The Applicant has shown that defects
which mght be present in a bulk virgin substrate can be reveal ed before

it is used for t i i T, e r , she:of the type
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regard should be made to European patent document
15 EP-A-1 158 581.
CZ ingot pulling methods have also been improved to
avoid CPOs or other types of crystalline defects.
However, even when using the improved ingots to
fabricate virgin substrates, the Applicant has noticed
20 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
25 linked to successive recycling increases their
dimensions. Such defects are generally oxygen
precipitates,
The economic advantage of being able to predict the
gquality of bulk substrates before using them in the
30 production line ig 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 technigue termed the “copper deposition
35 method” for characterizing and selecting wafers suitable

for the fabrication of a SOI type substrate.



35 net hod" for characterizing and selecting wafers suitable for the
fabrication of a SO type substrate. 4 That revealing nethod consists in
forming a filmof oxide at a predeterm ned depth fromthe surface of a

waf er then renmoving a portion before depgsiting a solution of copper

el ectrolytes onto the wafer. Next, on 5 applying an electric current, Cu
ions precipitate in the formof copper in regions where the oxide |ayer is

degraded, said regions, SOLLLERONAL NG %&%f& Zﬂ@eﬁommglhg ppgerlying
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and used in % BHOHUCTTEHE 1 i ne. The method of the invention can remove bul k
The aim of the invention is to overcome the above

15 problems and provide a method of analyzing bulk silicon
substrates which can, in a pre-emptive manner, reveal
very small defects which normally appear only after
recycling that substrate several times.

This means that sorting can be carried out and, on

20 the basis of results obtained on a sample substrate from
a given segment, conclusions can be drawn by
extrapolation therefrom regarding the gquality of other
gsubstrates from the same segment.

Advantageously, after cutting a segment, a wafer (or

25 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

30 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 line.

The method of the invention can remove bulk

35 gubstrates that have underlying crystalline defects that

might subsequently cause electronic compounds fabricated

therefrom toc be defective.



35 substrates that have underlying crystalline defects that m ght
subsequent|ly cause el ectroni c conpounds fabricated therefromto be
defective. 5 Further, the quality of a bulk virgin substrate is strongly
i nked to the type of pulling nethod used to fabricate it and to the
condi ti ons under which that nethod has been carried out industrially. 5 By
anal yzing a sanple bulk virgin substrate, the invention also ains to

devel op the pul lig-itifiodino alf@yo@f%%@u@s\u%ﬁ% bayipgatbe; gequi red

properties as a functj on of e envi saged final application. _The Invention
is of parti &ﬁ]&?n%ldbl}tjc@ﬁ%nt‘? ot et RE p‘?% R} kg dﬁe‘blﬂo@lﬁl@?% Bal k silicon
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parti cul ar qie S|n transfer. techni gijec? kt Mder the trade nane
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subsequent | ythcﬁsésalsilrsgubsfareéﬁew&mm@ﬁewsa@bwm wnddr netidograde | i fting and
transferri n e%/oéﬁ dca_‘ ez recycled at least three tines. In accordance
vviththein ai & fret hod conprises a step consisting in subjecting
said bul k Further, in a production line, the invention can

i5 also test a bulk silicon substrate that has already been
recycled several times and that is intended to be
recycled again. Hence, the quality of a bulk substrate,
which might sometimes be recycled up to ten times, can be
inspected at regular intervals, for example, every three

20 or four 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

25 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
gubstrate, said defects being such that they would appear
gubsequently if said substrate were to be used in a

30 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
gsubstrate to a heat treatment termed a “revealing heat

35 treatment” that is carried out in a non-reducing
atmosphere at a temperature in the range from about 500°C
to 1300°C,



substrate to a heat treatnent ternmed a "revealing heat 35 treatnent” that is
carried out in a non-reducing atnosphere at a tenperature in the range from
about 500C to 1300C. 6 Such a nethod allows virgin substrates, or
substrates that have already been recyclgd, to be analyzed and all ows
quality control to be carried out. It should be noted that the sanple
substrate to 5 which the nethod of the invention is applied cannot

subsequently be uggd, i I@eémﬁraffﬁ%fﬁrﬁ % s adyant ageous

non-limting characteristics of i nventi on, en_al one or in

conbi nat i on,SURsEEELe] dHldwaiave alierdy aell itrRrFRdt reathent is carried

out in a vessdlyAoNtaidi AT v agudl XTI @Ronr & Nek atatLasd J& ppm [parts

per mllion] of a donth oIe vol une of the as m xture present
in the vessel, Id%gﬁ?ﬁ‘ bl‘:fﬁ?‘? d?j?e'?? & FERFE (HPT ALY treat ment

bei ng 15 carwﬁ:ecdq ate frrtleopest aih@flrateﬂtﬁajﬁ i¥ rappimcmwtmr}ot t he

reveal i ng heat { I eat ment i S car |ed 0 in vVes ni ng argon or

ni t rogen, Sa b M Xt u;% ofb‘? heo® g]rayée]i)gﬁw ?r ats tﬂ—é%%t 3 mn, and is

pr eceded by a drOthed dﬂvantag@piand:ﬂdlﬂrmmg)yclwmcetpenistdmmfzi ng 20

said bul k suybst J]ad.‘pe tﬂlcﬁ?”péaﬁ{eeﬂ Yalidn natg t I eml o&§l y;f£Qroed oxide
alin

| ayer; the reve at’ treatnent Is carried out at a terrperature cl ose
to 950C for feﬂkﬂdtﬁw%- h [hours]; the revealing heat treatment conpri ses a dry
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at mosphere optional Iy containing argon, nitrogen, or a mxture of the t wo
in addition ‘f?ﬁ%@ydﬁ?ﬁtajs%&r&ﬁ i et |WW%§9‘?§P“‘TW RE al *RHxi dation step

to conpletely gin nigmattes ther pieM sl Yo Qﬂye;troma:@ed acwerthéavhdm
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| ayer nitrogen, or a mixture of the two, =said treatment belng
15 carried out for a period of at least 3 min [minutes];
the revealing heat treatment is carried out in a
vessel containing argon or nitrogern, 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
20 said bulk substrate to completely eliminate the
previously-formed oxide layer;
the revealing heat treatment is carried ocut at a
temperature close to 950°C for about 6 h [hours] ;
the revealing heat treatment comprises a dry
25 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;
30 - 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 (8510;) with a thickness in the range
500 nm [nanometers] to 900 nm;
35 - 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




of silicon oxide (Si2) wth a thickness in the range 500 nm [nanoneters] to
900 nm 35 dry oxidation of the bulk substrate is carried out at a
tenperature in the range from about 500C to 1100C for a period of about 2
mnto 15 mn to forma layer of 7 siligon oxide (SiQ2) with a thickness of
a few tens of nanoneters; dry oxidation is carried out at a tenperature
close to 950C for about 5 min; 5 deoxidation is carried out by neans of a

hydr of | uor i ¢ a6l chr HRli dd eﬁéi@)t w1t§’&f ek nReal Jif eatdmnt &y, rgveal
crystalline defects and t optional deoxidation step, an additional step
is carried JRNVICEETST ging the defects revealed by 10 said revealing heat
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t hermal process (RTP) 49 eat_ . tregtnent at tenperatures froma few
hundred degr< Osgé ?Sgl%i C?oth%o‘_iﬁo tsgrtb(‘f”frbr a period in the range froma 15

few seccﬁnds to a fei/eoﬁjrdmﬂ's:)n ima:anarpmecﬂh:&ai By estarentof saof the rapid
t her mal qggi ﬁlﬁl £ r e presence of argon and/or
hydr ogen; rapi recgt S o%&#g rapid thermal 20 oxidation
(RTO) type carried aﬁner ¢h¢1é’l€;ﬂf1'e§ferﬁﬁéifnﬁnt d}@g@erveatlheczsst%@abhreml argi ng
crystal line fef oGl ofOMHHd %ﬁt@oﬁ@tdéaﬁaéa&rﬁn tseae;@d & "Rad o daunace

anneal " in a neutral and/or hydrogen atnosphere at 25 tenperatures of the
order of 11CUCR d-s1svE¥est i Qﬁ]rﬂ}fgé'énﬁ dhe Ak erehg srev%ﬁl%‘i ke step

of enl ar@i ngsdhe ﬁ‘g&ua,_ﬂé ne:atdaf e tSeerd: | ayer of silicon a few mcroneters
thick is deposited.on S&Id(ﬂﬁ”( subst r at. b i al g%ez\/?thto 30 further
encourage reveal i ngt THR Yot IRk § p‘iE W3 a nethod of

nmeasuring comprises a rapid thermal process (RTP) type heat
treatment at temperatures from a few hundred degrees
Celsius to about 1300°C for a period in the range from a
15 few seconds to a few minutes;
the rapid heat treatment is of the rapid thermal
anneal (RTA} type carried out in the presence of argon
and/or hydrogen;
the rapid heat treatment is of the rapid thermal
20 oxidation (RTO) type carried out in the presence of
oxXygen;
the step of enlarging crystalline defects
comprises a heat treatment termed a “batch furnace
anneal” in a neutral and/or hydrogen atmosphere at
25 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 gilicon a few micrometers thick is
deposited on said bulk substrate by epitaxial growth to
30 further encourage revealing of said defects.

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

35 subsequently in a method of lifting and transferring

layers and be recycled at least three times.




the crystalline defect density in a bulk silicon substrate, said defects
bei ng such that they would appear subsequently if said substrate were to be
used 35 subsequently in a method of lifting and transferring |ayers and be
recycled at least three tines. 8 In accgrdance with the invention, said

nmet hod conprises the follow ng steps, consisting in: revealing said
crystalline defects in the bulk substrate in accordance wth said nethod; 5

counting the rev i t a counter
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crystalline defects using the 25 nmethod cited above. As al ned above, the
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substrate for subsequent use in a method of lifting and

15 transferring layers and of recycling at least three
times, said substrate being remarkable in that it has a
crystalline defect density revealed by said method, of
less than 0.1 defects per cm’ [square centimeter].

Such a substrate is of particular application in the

20 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

25 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

30 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

35 indicate a possible non-limiting implementation.

In the drawings:




O her characteristics and advantages of the invention become apparent from
the followi ng description mde with reference to the acconpanyi ng draw ngs

which 35 indicate a possible non-limting inplenentation. In the draw ngs:

9 Figures 1A, 2 and 3A are diagrans of views obtained using a |aser surface
anal ysis device sold under the trade nanme Surfscan SP1, which represent the
surface of various bulk silicon substrates after a first 5 crystalline
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Y res

i nvention cOhpfisERYS sLki TR SPLtEpesmitHe o pohd to three

i ncreasi Bgl yeirndeabeiheved Seof adadybing of réatdke ; Shhdcon substrate terned
the "sanple substrate", 't 15 it f_which is representatjve of that of
ot her substratesﬁ%g%ﬁé?hggs%ﬁ%q$%9%¥gd$l?$ﬁﬁ%%ﬁ%l%eﬁ ﬁ??e9€%%l?%% first

| evel of anab§svsew eviedsned nusbey of lasief estsface cahatmsisndeéniceof in this

substrate, WLed uber,aouldabe, dhsasious.d odpt he, £k sagedegppt i cat i on,

20 this substrate ose Ich 1t represents are I sca en this
first |evel e aprilgsigbseyaiaes a9 drosewn deiawres iheasanpheaftdstzate and

the reff@encgemr@pysémfﬁae&éf@@tSf@@éapir&%h@régﬁ@@&I.evel of analysis
or 25 even of the third level if necessary. xt, the revealed crystalline

defects are count®Bef FRFHEE LRl iR Hheh BRINRseF | Ha® PaYew:iqhese three

level s of anabiyistSsee | ouror@l | esroad osnBtdes wef et Sotpebsotiet est ed and
reveal ed. 30 Nbredﬁge0|sel t he defecgg be Ome, Vi Si | e. on ¥ mhgnlkthey are
above the det¥CRT oM THrESHETY f URC RS deFeets of analysis of a bu

gilicon substrate termed the “sample substrate”, the

15 quality of which is representative of that of other
substrates from the same ingcoct or the same =segment.

When the first level of analysis reveals a number of
defects or a location thereof in this substrate, which
number would be disastrous for the envisaged application,

20 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

25 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.

30 - 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 wvarious levels of analysis are thus
aimed at enlarging the defects present until they reach

35 this minimum dimension.




counter apparatus, which threshold is currently 0.13 m [mcroneters]. The
various | evels of analysis are thus ainmed at enlarging the defects present
until they reach 35 this mninmmdinension. 10 First |evel of analysis The
bul k substrate undergoes a heat treatnmemigternmed "revealing heat treatnent”
carried out in a non-reducing atnosphere at a tenperature in the range from
about 500C 5 to about 1300C, preferably in the range 900C to 1300C. A bulk

substrate, Mﬁff@@rlgﬁéglQfOéngi%QQQy recycl ed, contains oxygen. If the heat
treatment is 500C and 900C, the oxygen present

bout

aggl onerates in tHeSfBrkkoFURBEraFe YRASKICSD & naeahsETFACTERbeFFTrE is
con|t| nued t@‘i@ﬁ@@lﬂﬁg@ﬂ&éat ntré@feméﬁﬂgecgﬁﬁflea%dsoﬂﬁ athbﬁ aéaﬁ&s@nghe
nuclei to grow a ecore_transfor into_J ar re can
Chen be. oot WIRE RS otnt BatoTRCSePRr e L pphSrERpat | ohoBr SPRRCi AUENEr on.
this 155treamn@h@utle@m?Cedpneferabhyvsﬁsehecnmmgen9&g°a gasli3nbkCure
O 19 2 228 pd P PR OL QU OCh, DERES OR-LI ouhol gexglume of the
gaseous m xture present Tn ni trogen, a mxture of two
gases, for wmecyebsd, 3C©mhaL@SaOXE%ﬁmenslﬁfth©uh$atptééetmbhy 4g 20 about
950C for 6 hcaJPfe@eéﬁttEé@&@@HtaBSut090§h@uéﬁdb§0@dtusﬁﬁ9 8y @e?f$”0t'°“ of

the applied tenperature nd also as a function of the nature o
substrat e, h%ﬁ%$?n¥|@@9%0%?33F%%ykmeﬁheZEOHMeOﬁe%¥C¥?éatnﬁﬁttb@rlod shoul d

be | ongep fOin@reﬂé@aiﬁrtéﬁﬁ@ﬁét@fer@§Y§é1@§1@ﬁe&h@oS@@r§ﬁ)éﬂé€uré§ aA
exanpl e, ﬁgstrate representative of subpstr ch are intended to be

recycl ed elg errarde w PP " betReht 4°Cf oF PLS| PolUthah FP BRPY three
recycl es wer&ndObeths agesns Toemsgt et of atdhe pﬁa@ﬂpioﬂteanwnﬂaha@éﬁe t hat

t he substratﬁs an esé§$g§lggdaéoueasé three times one after

In a first implementation of the invention, this

15 treatment is carried out in a vessgsel containing a gas
mixture comprising at least 10 ppm of oxygen based on the
whole volume of the gaseous mixture present in the
vessel, argon, nitrogen, or a mixture of two gases, for
at least 3 min to a few tens of hours, preferably at

20 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.

25 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

30 envisaged.

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

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

oxidation) to generate a fine layer of silicon oxide



the other, or at nost twelve tines, or preferably six tinmes, wthout
defects appearing in the l[ifted |layers. 35 optionally, before any heat
treatment, the bulk silicon substrates may undergo |ight oxidation (dry
oxidation) to generate a fine layer of sgijlicon oxide 11 (SiQ2) of the order
of ten nanoneters thick, to provide a surface quality which is as perfect
as possible. In this case, the presence of at |east 10 ppm of oxygen during

o ey . eSel T SR £
arr ed out | SiG7 B Ehe Brath: Be BEhREBSAL s THLSER Y BSOS & et 0
of about 2 sHufaw Biadity prlefdr e asatrer faestparsatmess dblel ose to  9500C,

for about 5 mn. D dfi & dawer e Quddehas Jorded afder: § Kohest

treatment, then conpl ete deoxidatiaon of the substrate is carried out, for
exanpl e wi t IPPRFEROAWONME W8 FEDL Inhdisiad w&Eintifidethe def ect s.

Advant ageousingi speraselals 8% sol ution of 15 hydrofluoric acid is used for
about 15 mn. Thig .step allows the oxide |ayer to be selectivel etched to
provi de access to tie Y ioéb]\#&asttﬁqrhc]eg e Sty 7. 2 ﬁ%“%%ﬁ%‘%lqlf%ns f or
deoxi dat i on i(rcarteemtanatd ahoutt rEtIento Pardicd) fiwr e hfewicodl @f ealadapt ed as a
function 20 .pf_. t hi eSS to . be elilp e cond

i npl enment at i%ﬁnlo E‘tt g%mﬁﬂ ip(c%ejé aé;l%%/g/teaal it_‘negrl eefaa{PL{%a rreén)?osﬁesstceﬁy and/ or
wet t her mal 258X @atfiaan adfouthes substrate, carried out in an atnosphere

Opt i onald y cont ai g BAAAN o Nidy AIETha DTt Al e &:0fc125 e tvo, in

addition to oxygen. Wt “oxidation allows a thi (of the order of a few
tens of nandist b aydienpicHiiateh dpardaatsian)ot S suhgiosateds The
t enper at ur e @and-1@d datd OrEFHUTAEdrHl e RAMTBL RIS ARAIK G ha-adapied to obtain
the desired fi Oazlrle C%%nttkyncgknt ses.deléﬁeca}:£arti cul ar application of the
I nventi on,
Advantagecusly, an agqueous 8% solution of
15 hydrofluoric acid is used for about 15 min.

This step allows the oxide layer to be selectively
etched to provide access to the silicon surface to be
analyzed. The conditiong for deoxidation (concentration,
treatment period) with HF acid are adapted as a function

20 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

25 the two, in addition to oxygen.

Wet oxidation allows a thick {(of the order of a few
tens of nanometers) layer of silicon oxide ($i0;) to be
deposited. The temperature and oxidation duration
parameters should be adapted to obtain the desired final

30 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

35 the same conditions as those described above. It may be

carried out before and/or after wet oxidation.




paranmeters are adjusted to obtain a layer 500 nmto 900 nmthick. Wen dry
oxidation is carried out, it occurs under 35 the sane conditions as those
descri bed above. It may be carried out before and/or after wet oxidation.
12 Said thermal oxidation step serves t;@ reveal zones of the bulk substrate
that risk subsequently resulting in snmall-sized or nediumsized defects at
the interface between the bulk silicon and the |layer of silicon oxide 5 in

a SO substrate. Sald 9xd.datd QLM 26, GardH %Ms'ﬂb%%&é@i%&ﬁ@@ and

al so in several successive oxidation steps, to obtain sane result in

the end. By Yay-hs BidtelSHR4uRRS dihafe BT SeRIqni 1o oYL t 188 b carri ed
out in a si %ﬁﬁlﬁﬁ&é@tdﬁﬁﬁéMﬂ%&mCﬁé)%@ thhd o PF B30 nm t hi ck

| ayer of silicon oxi oxi dation n steps_at 9500 each tine
oy or e i i BT o) A (46 ki LT (I dRoxi dat i on
step is 3 henrcar rdaad soidstyder, 15 the sanme conditions as above. At the end
of this first IevI f fygaggn mé 33 reve%_e q;ects have_@% nean di anet er
of at |east 'ﬂ1 P B8 St BHd Codhted! e of |ess
than 0. 13 maarcb avksto \mrslsbzh&erszlo srorcdddisreg easm‘a,tm;bsstr@as twhiabtdrave no
def ects éﬂg& $pf a second level, or even a third

| evel, to cﬁg%% ey réﬁ%fgﬁhave no defects or whether the defects
are still too sm@y wa(y t§ef rréve%lnédﬂl%lgé'clom graratl eof Qaredafsien RIS

consi st i N Nl@nghng the def %Pts%.r{!{l et weddh tdrf @boyes reysRdd ng heat
treatnment. Two nodes for enl ar%tor hese defects may be used; . 30 they are

descri bed bl¥w.® Rafidl Gt ral éH‘ErFéﬁtC Jt?d’@srso silicon oxide, or

oxidation in seven steps at 950°C, each time forming, in
1 h, a layer of silicon oxide 140 nm thick.
A final deoxidation step is then carried out under

15 the same conditions as above.

At the end of thisg first level of analysis, the
revealed defects have a mean diameter of at least
0.13 um. They may then be observed and counted.

Defects of less than 0.13 um are not viegible.

20 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.

25

Second level of analysis

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

30 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.
35 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



Thi s met hod, known as RTP, consists in placing the substrate to be anal yzed
in a rapid anneal furnace. 35 That type of furnace is sold, for exanple, by
Applied Materials under the trade name Centura. Tenperature ranp-up and
ranp-down steps at rates of nmore 13 thap several tens of degrees Cel sius
per second allow the substrate to be heated to tenperatures froma few
hundred degrees Celsius, preferably about 300C to about 1300C, with

treat ment peri.od a.f ut es Pty eat nent s
i ncl ude the%thr glat%’r?fé%t 1n§\ﬁﬁl\g %%C%%%%ee% ’}; Saar?r?ena mggq"? é{e’[ he
treat nent ksostrase' RTObY m@dmmmp@nadtame@q)fromr/a |f§vcémnda@adout in
the pr esencae%fre%@g%laqq{sor prb P00 RT Qolow Cardd bt o

presence of oX Bat ch 'héat treatment This batch furnace heat tr'eat ment,
known as a "“B& ﬁrealr‘iﬁ@&lt" perd oder firew Gutfevh s@roadfodsheéy £F a neutral gas
15 (argon omimhdce@gen) and/ or hydrogen, at terrperatures of the order of
1100C to 1250C, for. a fewmnutes to .a fe rs. At the end of this second
| evel of analysi & 5o tﬁ@%ﬁga@%ané&%é%f resR [HeRe (41O"BY 3fore t han
20 0. 13 m Tran meyaphien tbtérﬁbﬂ.era\tﬁiéa&ddlgjomﬂlﬁeathd reRtinast krdefect s of

| ess than O. 13 W r,,e %%) V|t bI e Subst atc%é havi ng no visible defects then
undergo a tahll’ eveI fldl' g e ‘Third |l evel of analysis This
is epi taxi al gr owTA, lISntC@lIdE@d @Lrtauste thel pyesengle sifl iaggont argl/ow on t he
bul k syl enl def { (o] The t ess of the
sili con 30 ?‘g%er oong)g&st %g‘%%‘% rs&%tc?f qnhé:th%r Zf;é%lg =Y r& cBért'ﬁc%?lcimat ers.

Thi s epitaxi aI growth may, for exarrpl e, be carried

Batch heat treatment

This batch furnace heat treatment, known as a “batch
anneal”, is carried out in an atmosphere of a neutral gas
15 (argon or nitrogen) and/or hydrogen, at temperatures of
the order of 1100°C to 1250°C, for a few minutes to a few
hours.
At the end of this second level of analysis, the
defects revealed have a mean diameter of more than
20 0.13 pm.. 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.
25

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

30 layer deposgited 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-

35 revealed defects, in particular by reproducing the
lattice arrangementsg of the underlying substrate to be

analyzed.



out with a dichlorosilane type precursor. The epitaxial |ayer reproduces the
previously- 35 reveal ed defects, in particular by reproducing the lattice
arrangenents of the underlying substrate to be analyzed. 14 After the
various revealing levels, the density of;ihe reveal ed crystalline defects
per unit area is neasured using a counter installation. The counter
installation nmay take the formof any 5 equipnent which can detect defects

on a bul kS| COMcpubSLAB! Sarl Budi LLELENI YA LOLE QNS RLNASAAYLELs

installation conprises _a mcroscope an ounter device or an-atom c
force nicrostbperenEM edrcayshadt isardafechnalPysi ynib deepcés to detect

particles angestifageudeh§chscolht&¥eisto1 anaiyge the roughness. These
various installations are describegbgriefl bel ow. The counter installation

may conprise an optfcEPURESHi tR8ER t%ﬂ%t%éﬁntﬂ%?eEFecf9§Waniﬁ@ydefects

whi ch hage bgefpneneakkilchapdncagptet aeaasts!onidsbslrRpkestcenbodi nent,
said counter _neans _nmay be an operator who, from observing a zone or a

mul titude of"2onedBF the sanpl e and the nunber of defects which 20 are to
be detected, dedufesdihfeeénonvéheaciyssal thaecodetert idehaliyti&ai d counter

means nay al : o] LRI Ng ].C e,..f e wth
an autonaticégg g%%%%f%?*%@%@%??ﬁgn?ﬁg ?e%%% %%}c§§gﬁggl?ﬁegée$é§ﬁ¥% 25 for
exanpl e by ihaygee prbeessiepe . ohFY, sgstend foer surbaaci agalneidi spl acenent of

the sanphe, h8yvPELErtdOdetElt NEafP-PRSCENEdsSHELBECac FBEL 8% 28! 8veh the
| aser surface analysis device “which may be used 1s equi pnent known under

the trade naf@ 3B YZRrflearoughdesexanpl e nodel 6200, or SP1), sold by KLA
Tencor. That typeTeés€vhpIBAE AL NI DYt dEnHOhrONi¥stPEbed briefly

below.

The c¢ounter installation may comprise an optical

15 microscope that can detect crystalline 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

20 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,

25 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 isg equipment known under the trade name

30 “Surfscan” (for example model 6200, or SPl), sold by KLA-
Tencor. That type of egquipment 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

35 which can not only count surface defects, but can analyze
over depth, i.e. obtain information concerning their

volume.



nunber of reveal ed defects, but also their geographical distribution over
each wafer, by producing defect maps. The counter installation may al so
conprise apparatus 35 which can not only count surface defects, but can
anal yze over depth, i.e. obtain informig on concerning their volune. 15

It isinthis case a light scattering tonography apparatus known as "LST" or
a scanning infrared mcroscope or "SIRM. The figures show di agrans of

views of the surfgce s 5 Ayalid e 300 4 ﬁﬁr?ttt%r obt ai ned

by said Surfscan sPi gew cel after a then a sedco 8 éé\@%ﬁ{ -reveal i ng
treat ment. MPRELHteE delgpn @ LMKt an @atsr@ﬂmé&\s‘-l%ﬁ@ﬁﬁﬁa heat treatment
of the orderml@‘ro%‘i%g Hr 6@1141\41: the 10 presence of oxygen and hydrogen, and

t he second treat consists in using i taxial grovvth to osit a2 m
thick layer of sii ec&‘?%’\?@s HQW%%F‘” ’éfoﬁ?al ified as
bei ng ofs goaefhsdri tyo@f mumalmnt ﬁmaémmtﬂlmmfwdﬂamwﬁwlﬁd ggf ects

present on r waf er ubstr a al so and especially as
a function (?fajt%g%ggét %ppﬁ] chiepdsqetl ﬁlé)&t r{g}?l‘éaﬁ ds%qrbcf. Thus, for
exanpl e, th@a@‘o&r—rca‘vdalgurge ti&eatsneofc good qual ity. It can be seen in
Figure 1B that eyen di pi . ; er of
defects is small and un| r%’l%'d ci:tﬂset rBbrlf'tete Eaefh] er |n1%%u%qgr% does not
pass the selhestt drreatTeaty |Q‘fg tdﬂfe defdsat 91 §5@ﬁ;§hrf@‘n faflt ém tihe first | evel

of analysi $,Ysdie IV AL Am gaaﬂ a%r{de%{éjsséélﬁad"’aéx%a&{er@ gures

3A and 3B, ‘this wafer w I'lI” not be for inclusion in a
fabrication G&*’@é@stsg 1A¥ (sl ngpierabtiagiiagr &Mth frx ennsitsder? tiﬁ‘ht t he nunber

of defects prazent]a 8@;;51&! lg1 1BWon tdiatr Wor tunatedry Wwadrm are concentrat ed

In aring-shaped he w(¥érs are qualified as being of good or poor
quality as a function of the number of defects present on

15 the surface of a wafer (substrate) and also and
especially as a function of the cartographic position of
defects on said wafer.

Thus, for example, the wafer of Figure 1A is of good
gquality. It can be seen in Figure 1B that even after

20 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.

25 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

30 zone.,



16 CLAIMS 1. A nethod of pre-enptively revealing crystalline defects in a
bulk silicon substrate, said defects being such that they would appear
subsequently if said 5 substrate were to be used in a nethod of lifting and
transferring |layers and be recycled at ligast three tinmes, said nmethod being
characterized in that it conprises a step consisting in: subjecting said
bul k substrate to a heat treatnment 10 termed a "revealing heat treatnent”,
that is carrdigdput in a non-reducing atnosphere at a tenperature in the
range from about 500C to 1300C. 2. A method according to claiml,

characteri zég inmetded o e aRiavely reaealiag mantstasl i ied out in a
vessel contgfidid argas HIPK Wi i Idulidtd-atle | @asitq H:mpaHfbeGrygen based
on the whole volu of the ga i Xture resent irlthe vessel , argon or

ni trogen, orf% i &hsY ‘“?%@C{nmpe% WseR R it g ried out for a
period f Z2uadtdagastwedante bk Uadgtetiind agatiodl REE 110 fd iaidnand
characterized in that. the reveal.i heat tr.e nt, is.carried out in a
vessel cont?cﬁarﬂsfgergrléj@n G % %ﬁg%e‘ (ﬁecélcr%i% g—"r%e l(ﬁa%th:tq%e, 5% a
peri od of atsdishstethon el dlmEracederdyim tdat ioxicdaipmisest ep and

fol |l oned by ; jdi.zing said bulk substrate to conpletely
elimnate thsgcefﬁ ?\%in%fd'sﬁ%??ﬁ gerFrfed oxide layer. 30 4. A nethod according to

claim2 or clai m3sukiitstdaicesadel Hull satbatiratcerenla Mpdediraatamntent is
carried Out alrad ATPEIAIE i 38Rt 2505 aheue & hardbien et hod

according tog claim1l1, characteéerized in that the revealing heat treatnent
conprises driy? &ndiody HRSHC ite AFAICSBRSTS iBdn oft MRS LA e Wi ried out in

an 17 at nosphefee fain eitjdyy svevaivy ngoaregon, nitrogen, or a mixture of
the two in addition to oxygen, said oxidation

2, A method according to claim 1, characterized in that
15 the revealing heat treatment is carried out in a vessel
containing a gas mixture comprising at least 10 ppm of
oxygen based on the whole volume of the gas mixture
present in the wvessel, argon or nitrogen, or a mixture of
the two, said treatment being carried out for a period of

20 at least 3 min.

3. A method according to claim 1, characterized in that
the revealing heat treatment is carried out in a vessel
containing argon or nitrogen, or a mixture of the two,

25 for a period of at least 3 min, and is préceded by a dry
oxidation step and followed by a step of deoxidizing said
bulk substrate to completely eliminate the previously-

formed oxide layer.

30 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.

35 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




being foll owed by a deoxidation step to conpletely elimnate the
previously-fornmed oxide layer. 5 6. A nethod according to claimb5,
characterized in that wet oxidation of the bulk substrate is carried out at
a tenperature in the range 500C to 130GQ6C for a period of 3 mn to a few
tens of hours, to forma layer of silicon 10 oxide (SiQ2) with a thickness
in the range 500 nmto 900 nm 7. A nethod according to claim3 or claimb5,

char act ef | 2efhidbgiiiale Uit QAL Qo titehublobstial,odS dis £arri ed out
at a tenperature’in the range from about 5000Cto 1100C for a perjod of
about 2 ni n™EHF S He 6t rhth a3 BT S 1R TOX SR d sr@;awwh a

tEi ckness ofped nd %m@a\aﬁedﬁbyn@;@@iﬁr@ti%ﬁl Gred MR hdngicasdy ng to cl ?i m?7,
characterized .in that ry oxidation is carried out at a tenperature o
close to 950G Sh&HE é’%vﬁoﬁlyﬁﬁw&%aﬁﬁeﬁo claim3 or claimb5,
25 charaterized in that deoxidation is carried out by neans of a
hydr of | uori ¢. agj F). treat t 0. _-A.net.hod.according to .any .precedi ng
claim cha(r%a'ct%e?r}egtelﬂé;c} r?cﬁ?loaétg?igﬁetao tchlealhmeaEJ’tﬁ! tcrheae]ftar%:n rjtgzoeér')elvneeﬁkpatiso

crystal | i ne wiaf estisladnicn e dptd dndlk deddtdatteon sstagxrimd addi tdtormal step i s
carried out fyenl-angiang 4 hedefeets sgpveale bt ey ealings heat

treat nent. 11.mp%ryrret od accordi nag o claim fof:ljﬁ?r?a&ri:c%erieazgzéflln t% 35 the

step of enl & Ay tchet Gopsttang e deigds teomtis és JayRTRR yijd kegst d heat

treat meny aloierRio)) eqithom anfiewnd8s hundnedrdegeees oCahsicys to about
1300C for a period in the range froma few seconds to a few mnutes. 12. A

nmet hod acco cﬁ}iondm’t'o claim1l, characterized in that 5 the rapid heat
treatment is of the rapid thermal anneal (RTA) type carried out in the

presence of argon and/or, . hydrogen, 1. PHIed age0rding to claim 11,
characterized in that dry oxidation of the bulk substrate
15 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 silicon oxide (Si0;) with a thickness of a

few tens of nanometers.

20 8. A method according to c¢laim 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,
25 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
30 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
35 the step of enlarging the crystalline defects comprises a

RTP type rapid heat treatment at temperatures from a few




10 the rapid heat treatnent is of the rapid thermal oxidation (RTP) type
carried out in the presence of oxygen. 14. A nmethod according to claim 10,
characterized in that 15 the step of enlarging the crystalline defects
conprises a heat treatnent terned a "batgch furnace anneal” in a neutral
and/ or hydrogen atnosphere at tenperatures of the order of 1100C to 1250C
for a fewmnutes to a few hours. 20 15. A nethod accordi ng to any one of

clai e 10 t gyl phaaal ot e 1k thatatler ddie. Step, of el prging the

crystalline ects a er icon a few mcrone
deposi ted ort R TR kfléQJbsE! r@‘fe Wraple HG A DB ghiowteg o furt her encour age
reveal ing of said defects. 16. A nethod of nmeasuring the crystalline defect

density in a bulk silicon substrate, said defects being such that they
woul d appear %ub%é?:ﬁfé’fﬂq VPGFoREing &bk Wer Charasepezed et subdfequent | y

in a nethod e ldddidheng ﬁf@mﬁ@{ﬁ: I g dBWHS adsh Decieeys] eshdal east
three tines T(;Ah)aracterl zed, |% it co(r;gt)rl ses the_foll ow nlgdége

consi sting i M R i TRF S5 %Lﬁls]trélq}ﬁ RIS 9h 3B A substrate
i n accor danderdsddert he nmet hod according to any one of clainms 1 to 15; 19
counting the reveal ed crystalline defects per unit area using a counter
installation to determne the crystalline defect density in said bulk
substrate. 5.31.7.A mgtdtdbdarpestding e ool ia i L6, cluhaciterioddin thafat  t he

count ery ¢ nstg|d atd ony G '%ﬁnéﬂ&r:@%@ec}?é‘q:ﬂu&o&% appparatus. 18. A

met hod according to cl a| m 16, characterized in t e counter

i nst al | at i orPsHITiSes(RFPattome Jarcked muk oSt o H@ES@G%t%d accor di ng
to claim16,c:6hpacterized in that the counter installation conprises a

| aser surface

14, A method according to claim 10, characterized in that
15 the step of enlarging the 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.
20
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

25 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
30 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
35 substrate in accordance with the method according to any

one of claimg 1 to 15;




15 anal ysis device. 20. A nethod according to claim 16, characterized in
that the counter installation conprises a light scattering tonography
apparatus (LST). 20 21. A nethod according to claim 16, characterized in
that the counter installation conprises @ scanning infrared m croscope
(SIRM. 25 22. A bulk silicon substrate for subsequent use in a nethod of
lifting and transferring layers and of recycling at |east three tinmnes,

characterized in thabudd indasha FEVSLRLL] 6y el eOindeASELyral SUPALRELDY the

met hod according to one lainms 16 to ess t ects per
crR. 23. A RYPRIDINTG ZbrFeERE ey N Btdklat}or ok stpstFRIRSFEB® an i ngot

obtai ned by &zpetu®l shd dypecPulléniisy Lhagard eshmedsiBsthatelt includes a
step of pre-enptively 35 revealing crystalllne def ects using the nethod

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

the counter installation comprises a microscope and a

countexr apparatus.

18. A method according to claim 16, characterized in that
10 the counter installation comprises an atomic force

microscope.

19. A method according to claim 16, characterized in that
the counter installation comprises a laser surface

15 analysis device.

20. A method according to claim 16, characterized in that
the counter installation comprises a light scattering
tomography apparatus (LST).

20
21. A method according to claim 16, characterized in that
the counter installation comprises a scanning infrared

microscope (SIRM).

25 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 dengity, revealed by the method
according to one of claims 16 to 21, of less than 0.1

30 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
35 revealing crystalline defects using the method according

to any one of claims 1 to 15.



