FINISHING METHOD FOR A SUBSTRATE OF " SILICON-ON-INSULATOR " 501 TYPE The
invention lies in the area of the fabrication of silicon-oninsulator substrates known to the man skilled in
the art under the abbreviation SOI. A SOI substrate comprises an oxide layer buried between a
support subst&té%t#/dffédh and a thin layer of silicon called the " active layemEeBineeitis on 5 or in
this layer that components are to be fabricated notably for electronics, optics and/(_)r opto_—electronlcs.
A SOT substrate is generally obtained by a layer transfer process using the following main steps: -
forming an oxide layer on a donor substrate and/or receiver Ter 10 substrate, these two substrates
being in silicon; - forming an area of embrittlement in the donor substrate, the area of

embrittlement delimiting said aboveNTsHticRedHTIve Ryer odmrarsienast ~ - bonding
together the donor and receiver SUb%%@ﬁ?)(ﬁ@_@l@kﬁt?@l%l&dﬁdﬁ)ﬁ%6?511;‘%@8'r bonding interface; 15-

splitting the donor substrate along the area of embrittlement and transferring the active silicon layer
onto the receiver substrate. One example of said transfer process is the SMARTCUT®6 process
of which a description can be found in: "Silicon-On-Insulator Technology: Materials to \/LSI, 2nd
Edition"”, by Jean-Pierre Colinge, "Kluwer Academic 20 Publishers", pages 50-51_. In thl_s case, the
forming of the area of embrittlement is made by implanting atom and/or ion species. This w_ea_kened
region may also consist of a po us_re%ion. témsC also possible to use a method consisting of

.o .
bonding a donor substrate onto the FRREIURP stibsstratd e tfidr Bhdtst fhkRertiomspiatibicBripl coated

with insulator substrates known to the man skilled in the art under the abbreviation SOL

A SOI substrate comprises an oxide layer buried between a support

substrate in silicon and a thin layer of silicon called the « active layer » since it is on
5 orin this layer that components are to be fabricated notably for clectronics, optics
and/or opto-electronics.

A SOI substrate is generally obtained by a layer transfer process
using the following main steps:

-forming an oxide layer on a donor substrate andfor receiver

10 substrate, these two substrates being in silicon;

- forming an area of embrittlement in the donor substrate, the area of
embrittlement delimiting said above-mentioned active fayer to be transferred;

- bonding together the donor and receiver substrates, so that the oxide
layer lies at their bonding interface;

i5 - splitting the donor substrate along the arca of embrittlement and
transferring the active silicon layer onto the receiver substrate.

One example of said transfer process is the SMARTCUT® process
of which a description can be found in: "Silicon-On-Insulator Technology:
Materials to VLSIL, 2nd Edition", by Jean-Pierre Colinge, "Kluwer Academic

20 Publishers", pages 50-51. In this case, the forming of the area of embrittlement is
made by implanting atom and/or ion species.

This weakened region may also consist of a porous regior.

It is also possible to use a method consisting of bonding a donor
substrate onto the receiver substrate, either one of these substrates being coated with

25 an oxide layer, then of reducing the thickness of the donor substrate via its back
face so as only to maintain on the receiver substrate a thin semiconductor layer
corresponding to said above-mentioned active layer.. i

Irrespective of the method in which the SOI substrate is obtained, the

structure that is obtained after these transfer and bonding steps is subjected to



25 an oxide layer, then of reducing the thickness of the donor substrate via its back face so as only to
maintain on the receiver substrate a thin semiconductor layer corresponding to said above-mentioned
active layer.. Irrespective of the method in which the SOI substrate is obtained, the structure
that is obtain®® &Y #ésk transfer and bonding steps is subjected to 2 fRfidHAHAEIHENts which
may for example comprise: polishing, planarization, cleaning, smoothing and thinning steps.

The purpose of these different finishing steps is notablﬁ to improve the roughness of the active silicon
layer, to bring it to its desired final thickness and 5 to stabilize the bonding interface. Amongst these
finishing steps for a substrate of 501 type, frequent use is made of a smoothing step conducted by
rapid thermal anne@dinging dPafénts which Rz ifocanduetedeaiigh temperatyreifasaahart time, in a

neutral or reducing. aiRASPRAESHA %’ﬁé%ﬁﬂ‘ﬁiﬁﬂf@@?” and/or argon. As an example, for a SOT 10
substrate it may be conducted aftla emperatytrgpé%éﬂg order_of 1200 C, for a time of less than three
C

minutes. This annealing of RTAH/p& ISEFY iHYS08 S hiy AR PERIGhness of
the active silicon Ideroreansss i dlFmed Fravboan Breaisbamny sfidcdoinikibgltiskoees substrate,
thereby protecting tietdiitiied Hboxifiey intdhissespect, reference may be made to applicant's patent FR
2 852 143. RTA is often coupled with, ane Q¢ @?ﬁ’i@%@b%@é}%%%'%ﬂﬁ&@%@%OI type, fregagHficial
oxidation step consists of an ogldatlor%hste _g‘ollow$ Fél % de-q %atlonéstep Tj the previously formed
oxide. Th&'6xidation Step'is geferafiy persr 2 yu?%lg e ar tRsAtveAt 20 8y wet or dry
process. The result is the formatibf B EKIGE sapsdatRataE Kirfedwdlithe Zavewineon layer of
the SOT substratereducing afhlwerderoxiciaticimste hydrgenesallyn pedosmediby:wmnpersingatieoxidized

SO1 substrate gntoar.agidibath, 10 semauedhe Aeyieusitdormed siufasegside and.thereby to bring

“ the active silicon Ia%er ho thg desired Final thickness, by 25 reducing its thickness.
S8 fhan three minutes.,

This annealing of RTA type carried out to improve the high
frequency roughness of the active silicon layer, is also known fo have an
encapsulating effect of the edge of the substrate, thereby protecting the buried

15 oxide. In this respect, reference may be made to applicant’s patent FR 2 852 143.

RTA 1s often coupled with one or more sacrificial oxidation steps.

A sacrificial oxidation step consists of an oxidation step followed by
a de-oxidation step of the previously formed oxide.

The oxidation step is generally performed using thermal treatment,

20 by wet or dry process. The result is the formation of an oxide layer on the free
surface of the active silicon layer of the SOI substrate..

The de-oxidation step is gencrally performed by immersing the
oxidized SOI substrate into an acid bath, to remove the previously formed surface
oxide and thereby to bring the active silicon layer to the desired final thickness, by

25  reducing its thickness.

From document WO 2006/070220 a treatment method is known for
a substrate e.g. of SOI type whose finishing steps comprise at least one cycle of a
rapid thermal annealing RTA/sacrificial oxidation sequence.

However, the chief objective of the method used in this document is

30 fo reduce the density of the holes opening into the surface of the active layer of said
substrate, since these holes amount fo major defects. The solution put forward in
this document consists solely of increasing the thickness of the transferred layer
before subjecting it to finishing steps. This document does not approach the

problem of particle contamination of the substrate surface,



From document WO 2006/070220 a treatment method is known for a substrate e.g. of SOI type whose
finishing steps comprise at least one cycle of a rapid thermal annealing RTA/sacrificial oxidation
sequence. However, the chief objective of the method used in this document is 30 to reduce the
density of the holes opening into the surface of the active layer of said substrate, since these holes
amount to major defectcTAk EBRIfGHpURGaH IR thidiavcdriarivmssisislabiiroparisisasing the
thicknesscohthe trathsferiadi dyeneioretsabjedtingittie fimshi] stepsatthistdordment does not

approach the problem gfRARIcE €ON'AMINAHAGOLNEISSHAL SHHIBARRGh known WSdiproutd also
be deswe%%% to Ilm&defeetlyﬁne_ss_yelated to particle contamination which deteriorates the quality of

the final St SAB8HA O BRiREd S This particle contamination is related to a phenomenon
known to those skilled ithih@efecasytfladivgesults fronThidadefetioypiCily edsekts frenswtélesmination of

the edge of e Safasenefine RARSURANALE dwing clraning angyy shamical eiching Riacesses. It
generatesl,l;lgkes M{\éith a size irg[the(ggd()etré)%af g}/}t%ent s of a micrometer which, on.lgr? re-deposited on

v % IO IShgeF ISE BRI AT once reffRopdR

the surface of the SOIPSibera e, can practically nc ed
contamin&tidheisuaians aidhe SEH sHivEraiRasuRMACCeBdYckerizin becdithimatedven, and in some cases it

may reach a redhibitoryigy gkkétborespecition avedafest reguitamenisdera auRsirata ks Rl type
intended to ntly,used for the faprication @f co nents, notably in the electronics sector.
With & col B e A R el ARG PIR TR oo o
embodimEHRCbIHETRVEATI R sRY BB oIE A iR reths bR P b stvsititeusedifbivon-insulator
type SOI fahithtiaiablyeampnises, thetiiplemeintindeof-bnz suecessiVeityclessitapidithermal annealing

RTNsacrgg,%m&ggmwyg@qgﬁ@yl %[mvgllg@ogg%g_-cited advantageous properties of these steps

to be maintained in terms of sm othing and thinning, whilst considerably reducing the flake

contamination of said stbd&riteHt embodRpentl B RPN 87¢he Pravaitsntehtishtgere is
provided méitishifiey methiodrite akuliswatensinsilieor-dypinSHtovitigher®@boomprisingsarhexide Iayer

buried befiygrmanReiver sheondaxREand asupportigueninsiligonnigimethoroomprising the
3d substrate, b) a

application of the following_finishing steps: a) rapid thermal annealing RTA of
sacrificialo(%()l((l{&tgﬁgna% evﬁ%%lﬁén qeive’ ‘gilfggﬁ% yg}céﬁgrag?eaﬁt%egbmr%%g efﬁéeisrr?atslt RifedfiRY'RTA of said

substratetsprfininrenswep by are chorien) idnpaids epesitcadivesiicog kylabkthe

substratedyhigh idpdeswe BhiatebSrate. wherein the sacrificial oxidation step b) is conducted so as

to remove a first oxide ;@ggkrhess, wherein the s r'ﬁcial oxid{ation st[e(p dghis canducte%s(? as to remove
111 (< INVETILL =

. : t : 1 :
a second oxide thickness, (t)ﬁln r than tﬁ?ﬁ?st?an wherein the rapldu thefﬁallgr%'gghng BTA of step

a) and c) foishirg casthed aem sebstine of sBifeAroboEl sy YBoE PR Briftnsf 18se¥Kan three
minutes, layamom+odidizingeatmosgherailicon layeAcedrdingpitoathercadiantageotiss mesHumiting,

embodimggts,athe iy enianakerRIoRA R I CaTNNRLIQRSs:

a) rapid thermal annealing RTA of said substrate,

b) a sacrificial oxidation step of its active silicon layer after step (a)

¢) rapid thermal annealing RTA of said substrate obtained after step b),

d) a sacrificial oxidation step of said active silicon layer of the substrate

which underwent step ¢).

wherein the sacrificial oxidation step b) is conducted so as to remove a
first oxide thickness, wherein the sacrificial oxidation step d) is conducted so as to
remove a second oxide thickness, thinner than the first, and wherein the rapid thermal
annealing RTA of step a) and c¢) is conducted at a temperature of between 900°C and
1300°C, for a time of less than three minutes, in a non-oxidizing atmosphere.

According to other advantageous, non-limiting, embodiments of the

invention, taken alone or in combination:



4 - the sacrificial oxidation step d) of said active silicon layer is the last sacrificial oxidation step
among the finishing steps to which the SOI substrate is subjected,; - said first removed oxide
thickness is more than 150 nm and said second removed oxide thickness is less than 150 nm; - said
first removed oxide thickness is more than 200 nm; said first removed oxide thickness is more than
300 nm; said second reéffovatiiiak ickiesssisneds tHavriseckive Shrerdeneidirethovest oxide
thicknesssis:dlbsel todidathm; step amersaichsadrifidial Oxidption stepsicamprisel tRerstalexigation
conducted @ e%tgquperature of between 700C and 1100C ; said sacrificial oxidation steps comprise
de-oxidation with acid. Other characteristics and .advant%.g;s of the invention will become

apparent from the followitig SEEIFROFYVEHRFaRSTels 5t A 58 e et S §eStch give a
non-limitimgpithustr atiole diickecpossisietbmbddiment thereof In these drawings: - figures IA to

1G are schematic viewsgiliustrating.the differant sieps ofthe pathed «epforming to the invention;
figures 2 and 4 show the rgs,ﬁji:ljg of flak%de.fggihrln asurement, gbtained using surface defect inspection

equipment marketed undfet the name"~SHHEE 555 1RGTA Fh oY, Tetection threshold 0.09.gm),
these results being thostisciseridatatbuee p2Bistipekimposddswiifers 3 8@ substrates having

undergone finishing stepsi@t&bAdsastiiciabaiddatipmRILisackficial exigation, in accordance with
parameters respectively correspending tq a comparative example and to the invention, -
figures 3A to 3C are rﬁg?%%esﬁfﬁ%%g (5%( [1:) ag‘ %nssg %sb%%r}l\?ﬁfgn@? Hﬁgl S atﬂon g %lnggnaF’rﬁcroscope,

erscanning &
of a cros$EEHRIBAYST thasyge ot Ko ansubliPafe treated according to the method allowing the result in

figure 2 to be obtained; talesmat ficextiffedentstagascohipitmatheidation with figures 5A to 5C are

representations of photgs, of RSENANABS KNCS! SADMING RIEGION.MICoFeORS, of the edge of 2 SOI
substrate treated (i%ording to the method allowing t%?e resu% in E’i%ur]g% té%?%%?aﬁr%ggég he different
stages offfﬂfg the WHIg description given with reference to the appended drawings which give

a non-hmiting illustration of one possible embodiment thereof.
~ In these drawings:

- figures 1A to 1G are schematic views illustrating the different steps of
the method conforming to the invention;

- figures 2 and 4 show the results of flake defect micasurement, obtained
using surface defect inspection equipment marketed under the name « Surfscan SP2 » by
KLA Tencor, (detection threshold 0.09 pm), these results being those accumulated over
25 superimposed wafers of SOl substrates having undergone finishing steps of
RTA/sacrificial oxidation/RTA/sacrificial oxidation, in accordance with parameters
respectively corresponding to a comparative example and to the invention;

- figures 3A to 3C are representations of photos of observations, under
‘scanning electron microscope, of a cross-section of the edge of a SOI substrate treated
according to the method allowing the result in figure 2 to be obtained, taken at the
different stages of this method;

- figures 5A to 5C are representations of photos of observations, under
scanning electron microscope, of the edge of a SOI substrate treated according to the
method allowing the result in figure 4 to be obtained, at the different stages of this
method;



- figure 6 is a graph indicating the results of measurements of flake defects, obtained using surface
inspection equipment set at a defect detection threshold of 0.094 um, for SOI substrates obtained with
different raw materials and previously subjected to the finishing steps: RTA /sacrificial 5 o
xidation/RTAYS@EHHIAt Bkidation, according to parameters respectively c@EgFordingg4ea
comparative example and to the invention; - figures 7 and 8 show the results of flake defect
measurement conducted using surface defect inspectién equipment marketed under the name "
Surfscan SP2 " by KLA Tencor, (detection threshold 0.087 um), on thin SOT 10 substrates previously
subjected to the finishing steps: RTA/sacrificial oxidation/RTA/sacrific al oxidation according to

parameters corresponding respefitivelyst wveargdmphtative exampless eadasdigHad shopmisa similar
result to the one infigureschands e f%ﬁgwniég&tw%t&agﬂhg%% UnAIeLaene; (e finishing
A

steps : RTA/sacrifigial xidation/RTAJsacrificjal oxidation according to parameters corresponding to
the invention. ﬁmsﬁ%@ﬁﬁﬁ% et 05(? éiég,l]&tﬁ%e%& AIRY&HHD ?‘?ﬁ?’g BB SRastET 5L type, will

now be described PECKBIEly, bethertpcestsarily tapplieEnshingubstréaesof SAIpe@0tkndwn as a
"post splitting "subsidaten® BS/aftefianhealing:tbsplibtoeraitstraie. ghisnuRenN splifiiagvgybstrate is
notably characteri%@gég}sdaa{ﬁg%aglyoﬁgagm@mﬂﬁﬁeoafﬂ&%&%tJﬁ%ﬁ% ) Infigure 1A, a SOI

oted 3, buri

substrate 1 can be seen, compriséng a SgICO &X', e layer Sift enﬁ% ed between a support
substrate 2 in silicon and a 25 thif&siffate® Q/ r %Ws’ﬁ?c?oﬁ?ﬁ"f PeftfaftticcARES BERHEIEGRE . The free
surface of the actif8NEyRrE e therfofo defericinspestine scasfioreitentilisbier u@ler the nafikis substrate

| is placed in an ovénifséasidewhish Kis'sUbjecteddadapia thesnalanoealing) R:Awisesdigure 1B).

This RTA IS bipjcalibgandyCIgeabid00 Gumoi oqperally wihing, 0 lohal IRERRIRLEE fange of 900
C to 1300 C, for 30 s %)Ory}? mrerg{acnﬁrall .Ig{.an overall time of less than 3 mlnutesj andina
1%‘er_e, VpICaly A ArgSh SR dr 8HER Mo &b h R Bie OISR WGt the front

non-oxidizing atmcc)”s(p '
face 40, i.e. to redieBRE 1IN HEe soOmpspidwsiRgpEsL@ndhe SO1 substrate 1 is then subjected to an
35 oxidation step, during which- ditaye® aheilicaniaxiser&ist formed i suEface @ardout for

a thin SOI substrate which has undergone the finishing steps : RTA/sacrificial
15 oxidation/RTA/sacrificial oxidation according to parameters corresponding to the
invention,
The finishing method according to the invention, for a substrate of
SOI type, will now be described.
It typically, but not necessarily, applies to a substrate of SOI type
20 known as a « post splitting » substrate 1.e. as after annealing to split the substrate.
This «post splitting » substrate is notably characterized by particularly high
roughness of its front face.
In figure 1A, a SOT substrate 1 can be seen, comprising a silicon
oxide layer-8i0, denoted 3, buried between a support substrate 2 in silicon and a
25 thin surface layer 4 in silicon, hereinafter called « active layer », The free surface of
the active layer called the « front face » carries reference number 40,
This substrate 1 is placed in an oven F inside which it is subjected to
rapid thermal annealing RTA, (see figure 1B).
This RTA is typically conducted at 1200° C, more generally within a
30 global temperature range of 900° C to 1300° C, for 30 seconds (more generally for
an overall time of less than 3 minutes) and in a non-oxidizing atmosphere, typically
an argon or hydrogen atmosphere.
Its effect is to smooth the front face 40, i.e. to reduce its roughness.
As shown figure 1C, the SOI substrate 1 is then subjected to an
35 oxidation step, during which a layer of silicon oxide 3 is formed on the surface and
in the upper part of the active layer 4.



in the upper pan of the active layer 4. 6 This oxide layer 5 consists of oxygen brought by tr_us
step and by consumption of the silicon in that part of the activg layer 4 close to the §urface. There is a
physical ratio of 0.444 between the thickness of the created Si02 layer 5 and the thlckn.ess'of the
silicon consuMiBdH &4, 5This oxidation step is preferably conducted by thronalexisation, at a
temperature of between 700 C and 1100 C, preferably at a temperature of 950 C. T_hls oxidation step
can be conducted by wet or dry process. By dry process, the oxidation step is cond_uc_:ted for
example by heating the SOT substrate in a gaseous oxygen atmosphere. By wet process, it is 10
conducted for example by heating the SOT substrate in a water vapour atmosphere. ‘ '
Irrespective of the process chosaris(etion i) 5%%&@&39%@@8@%@@;%}“tﬁl§%t$%@§?drbpy_droc_:hlo_nc
acid. As shown figuig B ifie:PsevipusirefaligAmridadaren? s dien deordised: Lathis %}g’x'f‘l’a“‘?” s
performed for exanlllgleeq m elrs%wg tlhe ?Il_sugg)t age in an acid bath, suc ?s difu ! rofluoric
acid HF, for example hydr8ushic adil te* dititediB eeniiseh dnaticr s BgtodRine fvwater, even
diluted to 7 % by v%‘l‘éﬁgé tHiglagss. of ihs gieos s @OMetdibistamte 4vhose active layer referenced 4' has a
20 thickness that is less than thenikiskidessnofthesariginab subsisate. S QTmIhefiani fase of she

Substiate thus obiaimglicaies EleRon At HesyiaceplihaAeve (NeL d,s g pharacterize
by substantially reduced high fr%glléenc@/ﬁrou hness comp red with the xep S asﬁﬁ?t?n su&face of layer

4, due to the effect of the RTA step SSETHRISER Gl ransiciedhunayaidzusRsessd to rapid thermal

By dry process, the oxidation step is conducted for example by
heating the SOI substrate in a gaseous oxygen atmosphere. By wet process, it is

10 conducted for example by heating the SOI substrate in a water vapour atmosphere.

Irrespective of the process chosen (wet or dry) the oxidation
atmosphere can also contain hydrochloric acid.

As shown figure 1D, the previously formed oxide layer 5 is then
deoxidized.

I5 This de-oxidation is performed for example by immersing the SOI
substrate 1 in an acid bath, such as diluted hydrofluoric acid HF, for example
hydrofluoric acid HF diluted to between 10 and 20 % by volume in water, even
diluted to 7 % by volume in water.

This gives a SOI substrate 1" whose active layer referenced 4 has a

20 thickness that is less than the thickness of the original substrate SOI The front face
of the substrate thus obtained carries reference 40”7, The surface of the active layer
4" is also characterized by substantially reduced high frequency roughness
compared with the « post splitting » surface of layer 4, due to the effect of the RTA
step,

25 The SOI substrate 1" is then again subjected to rapid thermal
anncaling RTA following identical or similar conditions to those described with
reference to figure 1B. This step is illustrated in figure 1E,

The effect of this treatment is again to smooth the front face 40,
The substrate 17 is then subjected to a sacrificial oxidation step as

30 described previously. This effect of this step, illustrated figure IF, is to lead to the
formation of a silicon oxide layer 6. As previously, the silicon oxide layer 6 is
formed by consuming part of the active layer 4" and through the supply of oxygen,
and the thickness ratio between the created oxide and the consumed silicon is 0.444.

Finally, a de-oxidation step is carried out according to any of the

35 above-described methods, to obtain a SOI substrate 1" whose active layer



annealing RTA following identical or similar conditions to those desc_ribed with reference to figure .lB'
This step is illustrated in figure IF. The effect of this treatment is again to smoot.h the fron_t face 40'. The
substrate | is then subjected to a sacrificial oxidation step as 30 descrlbed previously. Th|§ effect of
this step, illusaEd%igail 1F is to lead to the formation of a silicon oxide rayeeBsAmsrrviously, the
silicon oxide layer 6 is formed by consuming part of the active layer 4" and throu_gh thg supply of_
oxygen, and the thickness ratio between the created oxide and the consgmed silicon is 0.444. _Flnally,
a de-oxidation step is carried out according to any of the 35 above-descnbeo[ methods, to obtain a
SOL1 substrate 1" whose active layer 7 referenced 4" is thinned compared with that of the SO!

substrate 1'. The frefitrtacedof thisisubstraiejsreferenead é}h@%he SOl suﬂés%ﬂ%d@‘?lnﬁ}écﬁ%gt%é@;e
applicant led to finding;that thethicknessesofihe formed then removed oxide layers during
successive steps of sa%:rificial 5 xidatiog ctgilgyhgve an effect on the quality of the final substrate

obtained, notably with respect t0F15K& the applicanitded W&%@%@@I@@ﬁﬂéw éiefects on a
SCH substrate whith Fa@nghdbegoseenedsaspdeoatives metingdtie sorbssiabewpswithstefdtence to

figures 1A to 1G, thexfitaticoxidaliDistem bﬁ’@h’ﬂgfbﬂ@rq@@ﬂg%?ﬂé% gﬁlwmb%%%%m&%ﬁéﬁ%‘;rltgiﬁg
nm, and the secongligddalieon:sten saas.[o form an oxide o nm. _ Ascanbe as :
the number of contalminant flakﬁs IS r%cular{%/ high, ThIfS opse(vatlon IS cqnflrmed by the
electron microscope views showlr%"ffﬁpufrlé SR eg@%ﬁig’gfg%?geﬁ ﬁﬂ%ﬁ%té§@lc‘¥8§§1§éc¢i’@ﬁfbf the SOT
substrate successisIyslibeBtdast R Aftreamtng tsemibeirsboxidetion:farthecardiroél 20 nit (layer

5). to 1G, the first oxidation step having been conducted to form an oxide thickness of

10 120 nm, and the second oxidation step so as to form an oxide of 200 nm.

As can be ascertained, the number of contaminant flakes is
particularly high.

This observation is confirmed by the electron MICrOSCOPE views
shown figures 3A to 3C.

15 Figure 3A iflustrates a cross-section of the SO substrate successively
subjected to RTA treatment, then a first oxidation in the order of 120 nm (layer 5).

Figure 3B shows a cross-section obtained on a SOI substrate which
has successively undergone RTA treatment, sacrificial oxidation of 120 nm, RTA
treatment, then a second oxidation of 200 nm (layer 6).

20 In each case, it can be seen that silicon encapsulation of the buried
oxide layer 3 is fully consumed at its thinnest point. This encapsulation is due to the
RTA treatment conducted before sacrificial oxidation, as described in document
WO 2004/079801.

As can be seen on figure 3C, the result is that, during etching of the

25 sacrificial oxide 6 with hydrofluoric acid HF (deoxidation), this acid is able to enter
mto the buricd oxide layer 3 creating a cavity 30 thercin. The cavity 30 will
generate the formation of a tongue of silicon 41 whose breaking can be the cause of
contaminating flakes and of the major defectiveness seen in figure 2.

The applicant has found that, by acting on the choice of removed

30 oxide thicknesses during the different sacrificial oxidations, it is possible to reduce
flake contamination.

More precisely, the different tests showed that this is possible,
provided that among the different finishing steps which may be applied to a SOI
substrate, the cycle: RTA/sacrificial de-oxidation is repeated whilst taking care,

35 during the second sacrificial oxidation, to remove an oxide thickness that is less
than the one of the oxide removed during the preceding sacrificial oxidation.



Figure 3B shows a cross-section obtained on a SOI substrate which has successively undergone RTA
treatment, sacrificial oxidation of 120 nm, RTA treatment, then a second oxidation of 200 nm (layer 6).
20In each case, it can be seen that silicon encapsulation of the buried oxide layer 3 is fully consumed
at its thinnestPotit*i i encapsulation is due to the RTA treatment condbEtEEBERIE tcrificial
oxidation, as described in document WO 2004/079801. As can be seen on figure 3C, the result is that,
during etching of the 25 sacrificial oxide 6 with hydrofl&oric acid HF (deoxidation), this acid is able to
enter into the buried oxide layer 3 creating a cavity 30 therein. The cavity 30 will generate the
formation of a tongue of silicon 41 whose breaking can be the cause of contaminating flakes and of the
major defectiveness seen in figlke 2o the physidak syiplicantigstiowaehtitht, dyckotisg @httire choice of

removed 30 oxide ¢hisknesessAuringithe difterent srcrficiaoxidationsditis messiplaity reduce flake
contamination. ab MR? .the different tests ShO\#ég hat.this | ssible IrR(r)ovi ed that
e:

re precise|
among the different ﬁ‘ﬁ?é |%%£s?§%sc W Félﬁnn%sé)? ,“é"%lﬁé‘ _ié%l 5a esgu1 ,Hé(t)r]'?'attejC neeséyr((ii A/sacrificial
de-oxidation is rep@ateY WRifseearitecEide 3 AL thécse dymdtaacHiraa Bigkmats AcRPrefhove an
oxide thickness thatisjets thegedie smmibftheodideremoved during the preceding sacrificial
oxidation. 8 Due to the phiygical rafigsexisiingdefwarp the thicknassaf theereated,Si02 layer
and the thickness of the: ilicon consymed by the: oxidationyhe abovermentiongd condiion is
equivalent to say that the S%ICOFI thickness removed dqurlng the Second sacricial oxidation is less than

the silicon thickned8 YeATBIREE%S AGrigRHE T5raddin - odunmbsriikiduriag the secondigasraliainlustrates the
results of flake defecithotrainedByyvcondbstimgtizofirst s derifivtainokigationtbn thiSOEssulostiate allowing

200 nm of oxigde toheirrmayadaand Dyvenbitemenang 120 TIM of oxide during the second sacrificial
oxidation step. Between this m%h%&gﬁ tpgdo&go in f"xguﬁ% kze the t[hlckngg%gsiso_f JQS%r%stag“f'C'm

. . Ontaninag:
oxidations have been reversed. marked reduction in flake Contamination 1 obéer&}/’ed, by

comparing these rEXUREREADGELES B Tiyifetaose of figureyantitatively, the flake defects measured at a
threshold of 0,09 um is reduce@bynéitfdictdy.ithth8abrdésfofts wrathedvafertsohaidfigilid% peompared

with 15 the wafer shewicbigureaZactor in tiiGHES: YR SRS 3 SraspsecinneflA SR T.aubsttate which
has successively LEHQ%Q@&%%E@EE%@@‘EM followed by oxidation of 200 nm (oxide layer 5).
Figure 5A shows a cross-section of a SOI substrate which has
successively undergone RTA treatment followed by oxidation of 200 nm (oxide
laver 5).
Figure 5B shows a cross-section obtained on a SOI substrate which

20 has successively undergone RTA treatment, followed by a first sacrificial oxidation
during which 200 nm of oxide were removed, an RTA step, then a second oxidation
during which an oxide layer 6 of 120 nm was formed.

In figure 5A, it can be seen that the encapsulation of the buried oxide
layer 3 which had been obtained during the first RTA step, is largely consumed by

25 the formation of the oxide layer 5. This makes it possibly to climinate fully the
tongues (remmnants) of residual silicon such as the tongue 41 which can be seen
figure 3C, and hence to avoid the onset of flakes. In the particular case shown on
figure 5A it can be seen that a residue of silicon 42 derived from this tongue is
present in the oxide layer 5.

30 After deoxidizing the oxide layer 5, the effect of the second RTA
treatment is to again encapsulate the buried oxide layer 3 so that when the second,
fess extensive oxidation is carried out (see figure 5B) an intact encapsulation layer
referenced 43 is maintained, to protect the buried oxide layer 3. This encapsulation
is therefore maintained after de-oxidization, as can be seen figure 5C.

35 Further additional tests made it possible to determine that the
thickness of the oxide that is formed then removed during the first sacrificial



Figure 5B shows a cross-section obtained on a SO1 substrate which 20 has successively undergone
RTA treatment, followed by a first sacrificial oxidation during which 200 nm of oxide were removed, an
RTA step, then a second oxidation during which an oxide layer 6 of 120 rmi was formed. In
figure 5A, it ¢4 HB%W&H that the encapsulation of the buried oxide layer B&THIRROKYF 36N obtained
during the first RTA step, is largely consumed by 25 the formation of the oxide layer 5. This makes it
possibly to eliminate fully the tongues (remnants) of redidual silicon such as the tongue 41 which can
be seen figure 3C, and hence to avoid the onset of flakes. In the particular case shown on figure 5A it
can be seen that a residue of silicon 42 derived from this tongue is present in the oxide layer 5. 30After
deoxidizing the oxisedayer 5, tréefiGctrof thbasetdhdnk TAdtreatrheritickdosaglithencdpsufate the

buried oxide layer B sa:thad-whantha sesRpdnlesssdansiverxigationis carrgd Qul(see.figure 5B) an
intact encapsulatiqtrﬂalgx% a%erenced 43 is maintained, to protect the buried oxide layer 3. This

encapsulation is therefore maintained after de-oxidization, as can be seen figure 5C. 35Further

additional tests made it possiblEYBEEHHHT thatth Ptk HEEKNSFINEBRITE tHERTE f8ienEeFthen
removed during thesfirsicsaerifitiabnioxiciatibmi S (freferabdy moretbhad(058mm, and that the thickness
of the oxide layer formed then removedduning the secpnehsacriicialedidationidoqhmpyst be less
than 150 rim. %ﬁf%%itggﬁ%g{%@'g‘é’tﬁhg |de tQj{%ge%gf&ergﬂq\é?{% éjfféri the first 5 sacrificial
oxidation is more than 20 rim, even more than domm. < ¢ S0, preferak i Hhe oxide thickness

removed during the second sacMfieialSsiakich vdlics wisH 56 i drmerdsfdferabieiddaso 120 rim.
Also preferably it wilisexppited thétafSirindthetdiffiere thdinishiij steps dppiedititioe SOlesubstrate
more than twa RTA/sagrifidiauoxidatienayeles horaracanied entibisthe tash we sastificiad oxidation
steps which must be gondycied sq,hathe oxide fhickness removedduring Jne Jast sacrficial oxidation
step is less than the thickness removed &urmg the Second-to-iast Sacrficial oxidation. sfep.

Other additional teS¥is e EkRset SPYS CHUW AT HrePRIdok P atat A soddaipmesPirrespective of
the method of fabrication of the(Bi® sdbstreabtbeforerd Basplid anntealing. thartexartpisp thecbenefit of

this rule is observegvithsubstratepsioduseddsivadiferantiSQdfabricaton methads.chased on

SmartCute teggnology. g gies 10, gl SUBRMAGHPBIARNNG. RARING 209 SR annealing -
produced using different SOI fabrication methods, based on SmartCut® technology,
which differ in their substrate implanting, bonding and split annealing .

Figure 6 shows the results of defectiveness I, obtained in terms of
the number of defects per wafer, for a defect count threshold of 0.094 um. Parts A

20 and B represent the results obtained with SOI substrates fabricated following the
same method but using two different raw material suppliers.

In this figure, the indication "120 nm/200 nm" means that the first
sacrificial oxidation was conducted so as to remove 120 nm of oxide and the second
200 nm of oxide, and the expression "200 nm/120 nm" means the reverse,

25 The value Me corresponds to the median which is also shown as a
solid horizontal line in the rectangles. Value MO corresponds to the mean which is
also shown in the rectangles in the form of a dotted line. Finally, C represents the
number of wafers under consideration in cach population, and each point represents
the result of a wafer which does not lie within the interval of quartite values shown

30 inthe graph figure 6.

As can be ascertained, the number of contaminant flakes is always
smaller if the last sacrificial oxidation step is conducted by removing a thinner
oxide thickness than the thickness removed during the preceding sacrificial
oxidation step, mrespective of the method used to obtain the post-splitting SOI

35 substrate and mrespective of the raw material supplier.



Figure 6 shows the results of defectiveness D, obtained in terms of the number of defects per wafer,
for a defect count threshold of 0.094 um. Parts A 20 and B represent the results obtained with SOT
substrates fabricated following the same method but using two different raw material suppliers.

In this figure A 1H4IEaHBN "120 run/200 nm" means that the first sacrificf BRRFAIYAHES conducted
so as to remove 120 nm of oxide and the second 200 nm of oxide, and the expression "200 nm/120
nm" means the reverse. 25 The value Me correspond§°[o the median which is also shown as a solid
horizontal line in the rectangles. Value MO corresponds to the mean which is also shown in the
rectangles in the form of a dotted line. Finally, C represents the number of wafers under consideration
in each population, and each péititrepssentsathe cesinttof anihie € @hichsdees, et lgbwithin the
interval of quartile yalugshshoWi30A 1@ SrRR fIgHR Rrive layeAP aRREAREEHRINEMsthg number of
contaminant flake bsn%Ilways smatter if the last sacrificial oxidation step is conducted by removing a
thinner oxide thickness than the thickness removed during the preceding sacrificial oxidation step,
irrespective of the method used t8%ttaintthd BV sHIRtHSEISO 0 88rsaBsratata IR shetle of the raw
material suppliér. s®strates 1 Otheptesig wesetaisoibandiagted brvithin GORnsubsiiHies; ved aubstrates in

which the objective,iside ShtRIMAfinal Activailayet-Arhaving arfhicknessFlosede #9-Pmfrigures 710 9

show the results of m%%%‘é'%mﬁ{]%iﬂ?ﬁd&%’”ﬁg{?n ue%s?ggﬁ 11"Vggrrnn8{isin ana tivleO ngcon layer 4"
with a thickness ofo% nm and a buried oxi eELyayer With aThickness of 145 nm Thése additional tests

were carried out sHCS R BRIAS B4# Jetiv@9a5/eHMakes the SOT even more sensitive to problems
relating to side edge flake generaines. 7 and 8 Fguraeke7mndt8 givéithemesuttsnefithef nilkksurement of

flake 10 defeqtivenges QRe-thesahoye-mentisngdshin SRAIswbichiwerrresreativaly sibjegtad to the
finishing steps of: (I}?‘LA%%% ; acrifﬁi,cial oxidation/RTAJ350 nm sacrificial oxidation (figure 7), and -

nm
RTA/200 nm sacrih(:ltaFOXL alﬁ%ﬁ%%?,& 270 nm sacrificial oxidation 15(figure 8).
-RTA/120 nm sacrificial oxidation/RTA/350 nm sacrificial oxidation

(figure 7), and
- RTA/200 nm sacrificial oxidation/RTA/270 nm sacrificial oxidation
15 (figure 8).

In both these cases it 1s found that flake contamination is high.

Figure 9 illustrates the results obtained for a thin SOT substrate which
has undergone the finishing steps of: RTA/ 370 nm sacrificial oxidation/RTA/100
nm sacrificial oxidation. Undeniably, it can be seen that the number of contaminant

20 flakes has been drastically reduced.

Finally, other tests performed on SOI substrates known to persons
skiiled in the art under the name "UTBOX", which are substraies in which the
buried oxide layer is very thin, showed that application of the method according to
the invention also allowed a reduction to be obtained in the generation of

25  contaminant flakes.



In both these cases it is found that flake contamination is high. Figure 9 illustrates the results
obtained for a thin SOI substrate which has undergone the finishing steps of: RTA/ 370 nm sacrificial
oxidation/RTA/100 nm sacrificial oxidation. Undeniably, it can be seen that the number of contaminant
20 flakes has been drastically reduced. Finally, other tests performed on SOI substrates known
to persons skilled in the art under the name "UTBOX", which are substrates in which the buried oxide
layer is very thin, showed that application of the method according to the invention also allowed a
reduction to be obtained in the generation of 25 cbhtaminant flakes. 11 CLAIMS 1. Finishing
method for a substrate of "silicon-on-insulator" SOI type comprising an oxide layer buried between an
active silicon layer and a support layer in silicoaktsi¥ethod comprising the application of finishing
steps whose successive steps are the following: a) rapid thermal annealing RTA of said substrate b) a
sacrificial oxidation step of its active silicon layer, after step (a) c) rapid thermal annealing RTA of said
substrate obtained after step (b), d)-sacrificial oxidation step.of said active sjlicon | éer of the substrate

which underwent step )t WHBIAR $hEehefinitdh rosidatiets 465 BYSSEsndnRteess 38 o ¥8fove a first
oxide thicknesgrisihgrairottidesagrfibiaiokidatomstepdivis vbndudteer sads topemolaya second oxide

thickness, thinpgr thantheotirsbraniswhereinpiirdanid aimahanegalingoRTAeksipRsRpand C) is
conducted at %{e@ﬁg‘g‘%ure of between 900 C and 1300 C, for a time of less than three minutes, in a
a

non-oxidizizrllrg{;3 6r:nosphe'r%'. 2. Method according to_claim 1, wherein the sacrificial oxidation

step d) of said active siltbri38ifERR1HS 18Rt HE R Al ﬁ%fgtﬁb‘ﬁsé@ﬁ among the finishing steps to
which the SOT substraté)is ssiopefitéd oxidation3tdyleficthaccosdingntteptaintiretepldion 2, wherein said

first removed oxide thicknesg,ig meredhan Lol Ny A saidseeqend semavedmxidedhigkness is less
than 150 nm. 4. %ﬂethod C ordiggl.to areé/pof iIhe. grecedins%claims wh r&in seggt ljei&gt removed

oxide thickness is more Hhaft T, 0x1dation sicp ot sa1 active sthicon layer of the su
which underwent step ¢),
wherein the sacrificial oxidation step b) is conducted so as to remove a first oxide
thickness, wherein the sacrificial oxidation step d) is conducted so as to remove a second
oxide thickness, thinner than the first, and wherein the rapid thermal annealing RTA of
steps a) and c) is conducted at a temperature of between 900° C and 1300° C, for a time
of less than three minutes, in a non-oxidizing atmosphere.

2. Method according to claim 1, wherein the sacrificial oxidation step d) of
said active silicon layer is the last sacrificial oxidation step among the finishing steps to
which the SOI substrate is subjected. _

3. Method according to claim 1 or claim 2, wherein said first removed
oxide thickness is more than 150 nm, and said second removed oxide thickness is less
than 150 nm.

4. Method according to any of the preceding claims, wherein said first
removed oxide thickness is more than 200 nm.

5. Method according to claim 4, wherein said first removed oxide
thickness 1s more than 300 nm.

6. Method according to any of the preceding claims, wherein said second
removed oxide thickness is less than 130 nm.

7. Method according to claim 6, wherein said second removed oxide

thickness is close to 120 nm.



5. Method according to claim 4, wherein said first removed oxide thickness is more than 300 nm.

6. Method according to any of the preceding claims, wherein said second removed oxide thickness is
less than 130 nm 7. Method according to claim 6, wherein said second removed oxide
thickness is close to 120 nm 12 8. Method according to any of the preceding claims, wherein
said sacrificial oxidation steps comprise thermal oxidation conducted at a temperature of between 700
C and 1100 C. 9. Method according to any of the preceding claims, wherein said sacrificial
oxidation steps comprise de-oxidation with acid.

8. Method according to any of the preceding claims, wherein said
sacrificial oxidation steps comprise thermal oxidation conducted at a temperature of
between 700° C and 1100° C.

9. Method according to any of the preceding claims, wherein said

sacrificial oxidation steps comprise de-oxidation with acid.



