FI NI SHE NG METHOD FOR MANUFACTURI NG SUBSTRATES I N THE FI ELD OF ELECTRONI CS
Field of the invention The invention relates to a nmethod for finishing the
surface oloemvosysducti ng substrates intended for appli eariErPe®0/083050

m croel ectroni cs and/or optoel ectronits. The invention notably relates to
t he maki ng of substrates of the Sem conductor on Insulator (Sed) type.
Presentation of the prior art Sed substrates are currently used in the

el ectronics industry. They include for exanple Silicon on Insulator (SQ)
or Germaniumon Insulator (GeO) . The manufacturing of Sed substrates may
resort to various nethods, notably nmethods involving the creation of a
weakeni ng area in the thickness of an initial substrate, a so-called donor
substrate, and a fracture at this area, after assenbling the donor
substrate with a receiving substrate. This SeO type thus conprises at

| east two | ayers, one fromthe donor substrate, the other one fromthe
recei ving substrate. The Smart Cut(tm nethod is a known exanple of such a
met hod. In particular, details may be found on this type of nmethod in a
great nunber of documents al readypublished, such as for exanple the excerpt
from pages 50 and 51 of the textbook "Silicon-on-Insul ator technol ogy:
material tools VLSI, second edition" of Jean-Pierre Colinge at "Kl uwer
Academi ¢ Publishers". The nethods for manufacturing Sed notably allow a
useful |ayer (such as for exanple silicon) to be obtained on one of the
faces of a substrate, said useful layer having a free surface. By "free
surface" is neant the surface of a |ayer of the substrate which

FINISHING METHOD FOR MANUFACTURING SUBSTRATES IN THE
FIELD OF ELECTRONICS

Field of the invention

5 The invention relates to a method for finishing
the surface of semiconducting substrates intended for
applications in microelectronics and/or optoelectronics. The
invention notably relates to the making of substrates

of the Semiconductor on Insulator (Se0OI) type.

10
Presentation of the prior art
Se0I substrates are currently used in the
electronics industry. They include for example Silicon
on Insulator (SOI) or Germanium on Insulator (GeOI).
15 The manufacturing of Se0OI substrates may resort to

various methods, notably methods involving the creation

of a weakening area in the thickness of an initial

substrate, a so-called donor substrate, and a fracture

at this area, after assembling the donor substrate with

20 a receiving substrate. This Se0OI type thus comprises at

least two layers, one from the donor substrate, the
other one from the receiving substrate.

The Smart Cut™ method is a known example of such

a method. In particular, details may be found on this

25 type of method in a great number of documents already



is exposed to the outside environnment (as opposed to an interface surface
which is in contact wwth the surface of another |ayer or of another

el enent) woBefoowsdsshe fini shing steps, the free surfacerofi/arb@ons®bul | ayer
is not generally perfectly snooth and2has sone roughness. This roughness of
the free surface is notably due to certain steps of the manufacturing

nmet hod. The nmanufacturing steps may for exanple be the step of fracture of
t he donor substrate. This may al so be the growh of a buffer |ayer on a
face of the receiving substrate, said buffer |ayer being for exanple a

SIIIcon-germ@@ﬁ@ﬁéHQdQeknh@yeas Ebrl%x%ﬁ%ﬁﬁﬂaﬁﬁ§$@£¥e£9tSEQthE%Q&xJree
surface of the substrate, which is acconplished in said finishing steps.
Roughness i s Jene?&t | yoéxprdssed by éﬁxgg€P5ge N EvaANR & Y¥o- cal | ed
RVS (Root Mearcbauare) :vahdeerob1byt @ 50- caldied BSbohBowediSpeet r alf
Density) . A an_exanpl e, Ji.t is current to find roughness.spegifications
whi ch shouIdJ% EREES ?Oéﬁa'er %B ﬁﬁuﬁﬁ§‘€§Pﬁ%ﬁufh%UFb&5ﬁ'§§§'

measur eneht s nmay Béecaetihed sodto roynamedns tofr iany atedm o dfterde rldraos cope

(AFM . Wth this -ty f. a tus, t ro IS MEASHY e n rfaces
scanned by tﬁg%Fﬁﬁ o?ggﬁg AE%?%?crggcogg? r%%%ﬁﬁgéfrihyﬁxl nn3§9t5§%0x10 nm
2 and nore s&lIGHNEB0RB0 ¢ 2 0f ofheverA99x TJ0 AmM SUbsienkf al 1IS521d

t heroughness yse rsai d dy-benahi gh br equencyir oice | omy f reguenyr feughness.
So-cal I ed high frequen roughness gorr?sgonds tohscanned surfaces of snal
di mensi ons (of° & € ot IACTMY 2 §. L38SEaPfed " Fow Fediercy T dtighness
corresponds tiG scaned sur fracewafsildar gervidiomersitons  afpddyeortderarof 10x10
mm 2 or nDrehnterface surface which is in contact with the surface
of another layer or of another element).
Before the finishing steps, the free surface of
the useful layer is not generally perfectly smooth and
15 has some roughness. This roughness of the free surface
is notably due to certain steps of the manufacturing
method. The manufacturing steps may for example be the
step of fracture of the donor substrate. This may also
be the growth of a buffer layer on a face of the
20 receiving substrate, said buffer layer Dbeing for
example a silicon-germanium (SiGe) layer. It 1is then
necessary to smooth the free surface of the substrate,
which is accomplished in said finishing steps.
Roughness 1s generally expressed by an average
25 quadratic wvalue, a so-called RMS (Root Mean Square)
value, or by a so-called PSD (Power Spectral Density).
As an example, it 1s current to find roughness

specifications which should not exceed 5 angstroms in

RMS value.
30 The roughness measurements may be carried out by
means of an atomic force microscope (AFM). With this

type of apparatus, the roughness 1s measured on
surfaces scanned by the tip of the AFM microscopse,
ranging from 1x1 pm? to 10x10 pm? and more seldomly

35 50x50 pm?, or even 100x100 pm?2. Generally, the



The finishing step for manufacturing SeO's, consisting of snoothing the
free surface of the Sed substrates in order to erase the roughnesses

defi ned eaol20avios9say notably resort to nethods such as ehempeab/oamshani cal
polishing (CWP) or the snpothing procéss by rapid thermal annealing (RTA)
CVWP and RTA may al so be conmbined. CWP is a polishing nethod conbining
mechani cal friction and chemi cal action. In particular, the principle of
CWP is to transformby a chem cal action the surface which is intended to
be polished, and to then renove this transformed surface by nechani cal

abrasion . A diawback ofi SCMB kg that the ehepi caf_r@@ér%‘yri s & reqgtdy

exerted on the free surface, which may have detrinmental effects on said

(4

free surfacef"STRT4Y for EXHIC T he creatfbhcodf hOLEE i n T GBS HEH um
surface. Anotrheighthicawback reksEhRdiss tbat stdnnay causeaddd cknessmall

i nhonogenei t%'?nf A henusef(u!f It er 05 t he ugstlr atg). F%om d?fu?qerit KR 2000
0060787, for elxgn'bsllé) and ‘8s schenmtizéd n ngs.mB-S, CfThrs ng et hod is
known f or 5 sndotehiusgavher dugerssim f acerefpandubstr atenthedonprifsiceg afusef ul

siticon layen 4 qe SalihoiRlhal GO G R,STAp 106 eall ng an.gyi.de | ayer
32 covering the silicon layer 4 , a step o oli s ing said oxide |ayer
32 and a second stlég of foxiHat1dn 6fSPhe KUbst prapefacturhaggoaleDfs which is

to ensure smRothiiRg iefy the shbbaeends wfe t heesi lsheandayef #AneThesurface
34 of the silicon |ayer 4 to be snoothed conprises peaks ggelogehi maxi me)

and val | eys %ﬁﬂgtﬁsnrwa)order"to erase e roughness ned
10 earlier, may notably resort to methods such as chemical

mechanical polishing (CMP) or the smoothing process by
rapid thermal annealing (RTA). CMP and RTA may also be
combined.

CMP 1s a polishing method combining mechanical

15 friction and chemical action. In particular, the
principle of CMP is to transform by a chemical action
the surface which is intended to be polished, and to
then remove this transformed surface by mechanical
abrasion.

20 A drawback of CMP 1is that the chemical action 1is
directly exerted on the free surface, which may have
detrimental effects on said free surface, such as for
example the creation of holes in a germanium surface.

Another drawback of CMP 1s that it may cause

25 thickness inhomogeneity of the wuseful layer of the
substrate.

From document KR 2000 0060787, for example and as
schematized in Figs. 6-8, a finishing method is known
for smoothing the free surface of a substrate 1

30 comprising a wuseful silicon layer 4, said method
comprising a step of creating an oxide layer 32
covering the silicon layer 4, a step of CMP polishing
said oxide layer 32 and a second step of oxidation of
the substrate 1, the goal of which 1is to ensure

35 smoothing of the surface 34 of the silicon layer 4.



In this nethod, the oxide |ayer 32 is created with a high thickness,
conprised between 1 nmand 5 nm, covering the useful layer 4 . Gven that
t he thi ckwessiwmnbssogeneity i nduced by CMP poli shi ng i neceapes oxsioso t he

t hi ckness of the |ayer to be polished4 it enmerges that upon conpletion of
CWP polishing of the oxide | ayer having a high thickness conprised between
1 mMmand 5 mm, the surface 33 of the polished oxide |ayer 32, schematized
in Fig. 7, has an inportant inhonogeneity, i.e. a |ow frequency thickness
variation . In this nethod, the polished oxide |ayer 32 obtai ned upon

conpl etion of theT@%"%Bk@9c§t394 '@fthﬁﬁﬁf%ﬁﬁl%%%raQBFEkze@ by, stgeongl y
i nhonogeneous thi ckness caused by the action of |sh|ng Ther ef or e,

certain peakSTWPHRE strfRELSS3% §€Q$ﬁe §Peiebh Wﬁyﬁﬁwﬁ afBAclGder %D the'
surface 33 of(Hhehaxinde imayer 32 than other ones. This |an|es t hat during

the foll owm ng step of rSecon OXId n substy at e ks which
are the cl osest tgntﬁe EUFF %grgxﬁﬁ%e 5??313%%3f%éﬁx¥h Cﬁfﬁﬁﬁlpeaks
as illustbated hmgﬁlgth8ckn§$malkyﬂﬁhhe%ghD@EhMﬁ@noflthe surd ace 184 of the

useful layer 4.s ;thereforedapernfect. MWth this nmethod, it is therefore
not possible to%ﬁ'tgIe %Iow Foughne over t he whol e surface 34 of the

useful layer 4 . ﬁBN@@véﬁ“ﬂFUQP%oﬁﬁigkge%$ aRheRPpRgeLhder nducedudivhg

at nosphere, foop %'kﬁr@oﬁtr@r@a%shmrt(?g%me tthe Seds sustirat e dyrorder to
RTA is that it e sentlal%y acts on

snmooth the free surface. A drawback o
the surface rdudth ééi%?@ﬁgh HFg%mgﬁ%??th?FeHBBHcﬁomPﬁetlon °

10 pollshlng of the oxide layer having a high thickness
comprised between 1 pm and 5 pm, the surface 33 of the
polished oxide layer 32, schematized in Fig. 7, has an
important inhomogeneity, i.e. a low frequency thickness
variation.

15 In this method, the polished oxide layer 32
obtained wupon completion of the polishing step, 1is
therefore characterized Dby strongly inhomogeneous
thickness caused by the action of CMP polishing.

Therefore, certain peaks of the surface 34 of the

20 silicon layer 4 are closer to the surface 33 of the
oxide layer 32 than other ones.

This 1implies that during the following step of
second oxidation of the substrate 1, the peaks which
are the closest to the surface 21 are more oxidized

25 than the other peaks, as illustrated in Fig. 8.

Finally, the smoothing of the surface 34 of the
useful layer 4 1s therefore imperfect. With this
method, it is therefore not possible to obtain low
roughness over the whole surface 34 of the useful layer

30 4.

Moreover, RTA consists of annealing under a
reducing atmosphere, for example containing hydrogen,

the SeOI substrate in order to smooth the free surface.



particular less than or equal to 10x10 mm 2 . Another further drawback is
that RTA is conducted at high tenperature, i.e. at a tenperature generally
above 1, 080 2000/10598ker ef ore, RTA cannot be used for usef eCTIERg@0ms3one! udi ng
germanium (Ge) , because this elenmentsliquefies at 930 0OC . Presentation of
the invention The invention proposes an alternative to the aforenentioned
snoot hi ng nethods, in order to overcone at | east one of the aforenentioned
drawbacks. For this purpose, a nmethod for finishing the surface of a
sem conducting substrate is proposed according to the invention, said
substrate conprisiangyaaelciof ot agers icomydisi N9 asysefuh) semeerdugt or
| ayer on at | east one of the faces of said substrate, said useful |ayer
conpri sing a FEUGH TGS SAPACESSES I ihét Rod bRy SUi T B STy s idot hi ng
the free surfoace,icsdad metshodnkel ng echazacter iloed o mrichat it conprises the
successi ve steps: .- eati rotective layer. covering the surface of the
useful |ayer wt hAélot%hiecrknf;Lg%%fD 0 %avf}?aré(s tar %?Qt Eglﬁ‘ gﬁe Cpoenzacgl-cit()e-ogal | ey
di stance bof sdi dhsalnf deepefrathecusef id. | agerg tempekedsteorgenerally
pol i Shing- OXI4alJ.On SRALNCE, 2D SCAUANCELOMY IRl RE e SUGeesaive
steps: polishing the surface of the protective layer, said polishing being
adj ust ed so dSVRGTS tHR@tY&EKI t BETUSBLUN | @Fdr, PP PR f SPAPNE emeier mal
oxi dation wi t1h spRley ofc oeygen gas of the substrate in order to transform
a portion of the useful layer into an oxide |layer, inorder to reduce the
roughness of the surface of the

10 Presentation of the invention

The invention proposes an alternative to the
aforementioned smoothing methods, in order to overcome
at least one of the aforementioned drawbacks.

For this purpose, a method for finishing the

15 surface of a semiconducting substrate is proposed
according to the invention, said substrate comprising a
set of layers comprising a useful semiconductor layer
on at least one of the faces of said substrate, said
useful layer comprising a zrough free surface, said

20 method being suitable for smoothing the free surface,
said method being characterized in that it comprises
the successive steps:

- creating a protective layer covering the surface
0of the wuseful layer with a thickness 1 to 3 times

25 larger than the peak-to-valley distance of said surface
of the useful layer,

- at least one polishing-oxidation sequence, said
sequence comprising the successive steps:

polishing the surface of the protective layer,

30 said polishing being adjusted so as not to attack the
useful layer, and

performing a thermal oxidation with supply of
oxygen gas of the substrate in order to transform a

portion of the useful layer into an oxide layer, in



useful layer. The invention is advantageously conpleted by the follow ng
features, taken alone or in any of their technically possible conbinations:

t he prot ewDizom/loswser is an oxide or nitride |ayer;
of the protective layer is selective polishing,
polishing the protective |ayer w thout attacking the useful

pol i ehirmp2@b/os3ee0 sur f ace

capabl e of selectively

of an oxide or nitride |layer covering the surface of the useful
i ncl udes deposition of nitride or oxide; - deposition of nitride or oxide

is acconplished by PECVD or LPCVD;, - creation of an oxide or

| ayer; creation

| ayer

nitride |ayer

covering the suiface, ofrcthecusefdl rbayehekncl ddesndr ysorr et herl
nitridation with supply of

nitrogen gas"StHernal*Y&Xi-dati on of the substrate is a dry or wet oxidation

; the polishing strep isnwemoibsel ectameeldesshisly st@ppléac i obectinee | ayer
f ot Iaye.rnvvith a%hit

tinmes larger 't aﬁwﬁhg'pe%ﬁ-?6?§allé§€ﬁ?s€a ¢e of "the's

| ayer; - &redtichmiogf ldly exisde dlayeontovertiiogst:he surface of the useful

layer forms the oxide layer,widya; i ckpess irom 1£0938 LLMES 195 ge

oxidation with supply of oxygen gas or thernal

is created, %p%ﬁyin th? surface of .the uie%ul

layer;

Grfac® of

kgg§s 1.8
Fe usef ul

- polishing of the surface of the protective

layer 1s selective polishing,

10 selectively polishing the

without attacking the useful layer;

- creation of an oxide

of the

covering the surface

capable of
protective layer
or nitride layer

useful layer

includes deposition of nitride or oxide;

15 - deposition of nitride or
accomplished by PECVD or LPCVD;

- creation of an oxide

covering the surface

or nitride
of the

oxide

is

layer

useful layer

includes dry or wet thermal oxidation with

20 supply of oxygen gas or thermal nitridation

with supply of nitrogen gas;

- thermal oxidation of the substrate is a dry

or wet oxidation ;
- the polishing step
25 polishing step;

is a

- a protective layer is created,

non—-selective

covering

the

surface of the useful layer with a thickness

1.8 times larger than

the peak-to-valley

distance of the surface of the useful layer;

30 - creation of an oxide

layer

covering

the

surface of the useful layer forms the oxide

layer with a thickness from 1 to 3 times or

1.8 times larger than

the peak-to-valley

distance of the surface of the useful layer;



1.8 times larger than the peak-to-valley distance of the surface of the
useful |ayer;- the useful layer is germanium and the creation of a

ger mani urwoxpoelob@ger as a protective |ayer covering thecsmrb@aonsmtot he
useful layer, is acconplished by therfal oxidation with supply of oxygen at
a tenperature conprised between 450 and 550 0C , and the polishing is

non- agueous polishing notably of the CMP type, or dry polishing; - the
useful layer includes silicon, and the creation of a silicon oxide |ayer as
a protective layer covering the surface of the useful l|ayer, is

acconpl i shed by ther maleexi datdQm V\/iiz?yéﬁ'pp_héf ObeQ?ﬁMQ%mgt ankenpefature of
| ess than 600 OC An advantage of the invention is to ose a finishing

pro
met hod whi ch avoi ds t h&GSSK O Banedi i THE ¥ie O%pﬁaciaéﬁgrt h&® usef ul
| ayer of the substrateprdneidiarcadvadmageowdrihe tnyeslir@acks offo icopose a
finishing nmethod which isfaqlegd at law te erature. An t her_.further
advant age of the i nventi“on s toYdé<cerite & |QM3ﬁﬁ%1 nmet odgﬂﬁﬁﬁ?yield
reduced roughness at hioghicard drow Wirelquerscicesly Fi oal | yxvarsot heat adwant age

of the invention is to.propose. afinishing pethod i ghymay, e sed even in
t he case of a useful Iayg?Qin é%ﬁ?méﬁﬁ%%l'Presenta?¥%n OP tﬁe figurées O her
characteristics and advyast agés &Kﬂﬁﬁ@%%&eﬁﬁiO%OQT@ﬂU$%@$hé¥ﬂUé§6ﬁ§

apparent fromthe fol | eWng1desar ithid ampwighR i $Puel BJililsustyati ve and
non-liniting and §hOU|QE£P &gg uTAHEﬂkﬁgeggngdég EH%icon, and the
10 creation of a silicon oxide layer as a
protective layer covering the surface of the
useful layer, 1s accomplished by thermal
oxidation with supply of oxygen at a
temperature of less than 600°C
15 An advantage of the invention is to propose a
finishing method which avoids the risk of damaging the
free surface of the useful layer of the substrate.
Another advantage of the invention is to propose a
finishing method which is applied at low temperature.
20 Another further advantage of the invention is to
describe a finishing method which vyield reduced
roughness at high and low frequencies.
Finally, another advantage of the invention is to
propose a finishing method which may be used even in

25 the case of a useful layer in germanium.

Presentation of the figures

Other characteristics and advantages of the

invention will further become apparent from the

30 following description which is purely illustrative and

non-limiting and should be read with reference to the
appended drawings wherein:

- Fig. 1 1is a schematic 1illustration of a

semiconductor substrate to be treated with the

35 finishing product according to the invention;



appended drawi ngs wherein: - Fig. 1 is a schematic illustration of a

sem conduct or substrate to be treated with the finishing product according
to the i rwennioonssssFig. 2 is a schematic illustration offCa/Epesioossvduct or
substrate after creating an oxide or Ritride layer; Fig. 3 is a schematic
illustration of a sem conductor substrate after a selective polishing step;
- Fig. 4 is a schematic illustration of a sem conductor substrate after a
non-sel ective polishing step; - Fig. 5is a schematic illustration of a
sem conductor substrate after an oxidation step; Figs. 6-8 are an
illustration of variougigteps qfs a.finishifng et had agcerdigyg te the prior
art. Detailed description In Fig. 1 , a _sem conductor substrate 1 is

i |l ustrated. SPHECOBNSGe BUOShPRitSes 24t Gsef bFe3bmM Contfuct G4yl 4 on at
| east one of dittsiflacesyethis is for exanple a silicon (Si) or germani um
(CGe) layer. The sem conductar substrate.l conpris a.set .of superposed

| ayers. In the case of %algs:ugst rate®1 oSfChteﬁng%éecn‘i cl(;e%dl&(iftrgrt-l - rﬁjgfﬁl at or
(Sed) type, stehe doayerctd®r0 issbgemeral | yfanrel @ctsdledmsud atrorl dsyierg such
as an oxide layer., and the layer 31 is a sem conductor supporting |ayer

As this is illustrated schematically and with exaggerated anplitude in Fig.
1, the useful |ayer 4Fé@npri sés adr oFghMeéd Csurif tratioq t ke case of a

semiconductor substrate after a non-selective polishing
step;
10 - Fig. 5 1s a schematic 1illustration of a
semiconductor substrate after an oxidation step;
- Figs. 6-8 are an illustration of wvarious

steps of a finishing method according to the prior art.

15 Detailed description

In Fig. 1, a semiconductor substrate 1 is
illustrated. The substrate 1 comprises a useful
semiconductor layer 4 on at least one of its faces.
This 1is for example a silicon (Si) or germanium (Ge)

20 layer.

The semiconductor substrate 1 comprises a set of
superposed layers. In the case of a substrate 1 of the
Semiconductor-On-Insulator (Se0OI) type, the layer 30 is
generally an electric insulator layer, such as an oxide

25 layer, and the layer 31 is a semiconductor supporting
layer.

As this 1is illustrated schematically and with
exaggerated amplitude in Fig. 1, the useful layer 4
comprises a rough free surface 7. In the case of a

30 substrate obtained by transfer, the roughness 1is in
majority caused by the fracture step preceding the
obtaining of the substrate 1. As an i1indication, the
roughness of the free surface 7 after fracture, 1is
typically of 50-100 angstroms as an RMS value at high

35 frequencies (scanned surface, 1x1 pm?), and within the



substrate obtained by transfer, the roughness is in majority caused by the
fracture step preceding the obtaining of the substrate 1 . As an

i ndi cati onQ 2btverosaghness of the free surface 7 after fpPatiEPR@)/053350
typically of 50-100 angstronms as an RM5 val ue at high frequencies (scanned
surface, 1x1 mm 2 ), and within thesane interval at |ow frequencies
(scanned surface 10x10 mm 2). The roughness after fracture is very high and
is significantly difficult to measure with an ATM m croscope . The net hod
according to the invention notably ainms at snoothing the rough free surface

7, i.e. mnighd Ng Hdes-aughnRess o N Qlfle A Lbt aidt A rsubstatg kb With a

useful layer 4 , the quality of which is sufficient and, conpatible wth the
use of this dS&FW Hayer § nTapplieati 6nsSn Miagdirandf orery high

opt o- el ectronines is TheghiFrstastep af rEheumet hod neawdwceswi be eneation of a

protective Ie%Tyierr ZSC% ceoveri ng the rough free surface 7 of the useful |ayer

4 , as this maf e SEer in Fig. 2 , wherein the protective layer 2 0 covers
t he usefub | ayer Lhandeathcldudes cadsurdf doce t2E, whisgit licg) frageb 1 yAsa itntre

protective | adxersngjocohﬁqlvger d h@oggﬁf E'J:eé%’é%féc@f -t he °%Ub%ir‘?fj‘ﬁz|]i”g sai d

protective |ayer notabl'y provides protectron of said use ayer 4 ,

and this durilfg &SBEERfentih?TSHE nge sbepadr £héUuRethedcaccariditng to the
invention, whischu lilaRe- descindegusubseqyenthych kR Rarddiculear, e ing
said polishing step, with.the protective _|ayer 20, i |sg055|ble,to
prevent the CRERTOAHE pBIlFEhitghgei MS&r alti o whi &7 exP¥FTbet weeh t he

pol i shi ngOti sswe iand itthes usefullcdoayemd or opto-electronics.

The first step of the method includes the creation
of a protective layer 20 covering the rough free
surface 7 of the useful layer 4, as this may be seen in
Fig. 2, wherein the protective layer 20 covers the

15 useful layer 4 and includes a surface 21, which 1is
free.

As the protective layer 20 covers the useful layer
4 of the substrate 1, said protective layer 20 notably
provides protection of said useful layer 4, and this

20 during a subsequent polishing step of the method
according to the invention, which will be described
subsequently.

In particular, during said polishing step, with
the protective layer 20, it is possible to prevent the

25 mechanical polishing interaction which may exist
between the polishing tissue and the useful layer 4,
from damaging said useful layer 4.
Also, 1in the <case when the polishing tissue
comprises a chemical substance (also designated by
30 “slurry”) containing chemicals capable o0of exerting
chemical action on the useful layer 4, the presence of
the protective layer 20 covering the useful layer 4
prevents the chemicals from damaging said useful

layer 4.



from damagi ng said useful layer 4 . Also, in the case when the polishing

ti ssue conprises a chem cal substance (al so designated by "slurry")

cont ai ni lyocheniosess capabl e of exerting chem cal acti oRCOmEPRHI®/065066 U

| ayer 4 , the presence of the protectiove | ayer 2 0 covering the useful

| ayer 4 prevents the chemi cals from damagi ng said useful |ayer 4 . Mreover,
as this will be seen subsequently, the protective |ayer 20, once it has
been polished, fulfils an additional function during a step of thernmal

oxi dation of the substrate 1 , which is a step follow ng the polishing

step. In this OX'@@k@%@e&teﬁastbﬁléa%Elﬁh@kat@@e@r%h%%bgﬁénkiﬁert%m@ covers
the useful layer 4 wll al'l ow the areas of the surface of the useful

| ayer 4 corr &&P5FEMHY St d WEGHL meiGra 1T peak P91 Ve Sisie ildiiZed t han

t he areas coraresponrtlitig i hef@rrﬁtmrm n@uf"w@l I ays Skep a@df t hirsshecause of
their prOX|n1t i the rface bstrat i q§ %prfﬁge 2 1 of
t he protect|§b |£§ |cﬁ\Mﬁ9raf|na’ly éfiom/sﬁ%5i€¥%g(% CHI'Y surface
7 . AdvanbagéﬁmBIngI$MﬂmgosEGplvdkiaybnszo@lﬁ@ta@m»@tEPJthe|ﬁaqude 17

layer. The teghn C}Hf‘es Cgfrocfteccrte@& No, AL O%Q deo 36,07 + ALt ru's@?uy 1lqper

protective |ayer 2 overing t e rough free surface 7 t he usefu Iayer
4 notably inciude @bb@élﬁh§n‘%wa%&lﬁé éhcof surfacee,! ahbl £her oKl dati on

or nitridatiaRyethe %p&@omm% deo deposht i pRxt REhnirgUe keonNSitst $HOf
depositing an oxi de or % F e filmover the rough free surfa 7 _of the

useful |ayer "™ THe PE Pas e EnRaféed e S " Vdpor tPepssiditon) or
LPCVD (Lo minima (“valleys”), and this because of their proximity

to the surface of the substrate 1, i.e. the surface 21
of the protective layer 20 which will finally allow
smoothing of said surface 7.

Advantageously, the protective layer 20 1is an

15 oxide 16 or nitride 17 layer.

The techniques for creating an oxide 16 or nitride
17 layer as a protective layer 20 covering the rough
free surface 7 of the useful layer 4 notably include
deposition of oxide or of nitride, and thermal

20 oxidation or nitridation.

The oxide or nitride deposition technique consists
of depositing an oxide or nitride film over the rough
free surface 7 of the useful layer 4. The PECVD (Plasma
Enhanced Chemical Vapor Deposition) or LPCVD (Low

25 Pressure Chemical Vapor Deposition) methods are notably
used but not as a limitation.

With the PECVD method, 1t is possible to deposit
films at relatively low temperature: 250-350°C for an
oxide deposit, such as for example S$Si0O,, and 380-400°C

30 for a nitride deposit such as for example SisNy.

The advantage of low temperature deposition is to
preserve the heat balance, i.e. minimize the
temperature and duration of the treatment applied to
the materials of the layers of the substrate 1. By low

35 temperature deposition is meant a deposit produced at a
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created, it €55 & 110 tdeat @i 4/ nFPYFdérPa E? PPTB§ CGe O§iftl ng
nitride, since @esffEN UAYES gensidliveg rio @e]gﬁart;em)er(eeur es. drfeatt@j heat
bal ance of the matterlaéséra lthe Ia ers.of the subgtrgI 1 does have to

be absol utely pre%elpvg P&t osause dépdsrti on ayb%/ th

nmet hod. Thi s degctwiitque comslrstie,ofsm@e:lu@errglalrowrrpressw@n@memeealtmhase
deposi tion. Thig depesitionds normally carried out in an oven with a hot
wal | at tenperatures of the order of 500-600 OC . As stated earlier, the
creation of an oxilde the &reati tadldeCEr Qfayére e@ﬁ@rﬁw@l% =8 rtélﬁgﬁafyﬁé%s sur f ace

7 of the usefyf tayersdodyadsa beoeerrm@@ QigvebYtbhekBéTmak@@ldﬁééle' or
nitridati on. Thermal oxidation or E}I‘I dati on consi sts of R % the
Al t%%ij

substrate 1 &% dShospher el%oﬂ-oé?ﬁlsﬂL el bdi it oxy§en Sor
of heatin@ i tLPtOwDa Meaitpert .at Tt £s not abh ygsel echedsascordipigdua ithke low

pressure chemical phase deposition. This deposition is
normally carried out 1in an oven with a hot wall at
temperatures of the order of 500-600°C.

As stated earlier, the creation of an oxide 16 or

15 nitride 17 layer covering the rough free surface 7 of
the useful layer 4 may also be carried out by thermal
oxidation or nitridation.

Thermal oxidation or nitridation consists of
placing the substrate 1 1in an atmosphere notably

20 including oxygen or nitrogen gas, and of heating it to
a temperature notably selected according to the
material of the useful layer 4.

Thermal oxidation of the substrate 1 may be a dry
or wet thermal oxidation. Dry oxidation is for example

25 conducted by heating the substrate 1 under oxygen gas.
Wet oxidation is for example conducted by heating the
substrate 1 1in an atmosphere of mixed oxygen and
hydrogen gas, oxygen being in excess, which allows the
atmosphere to be loaded with steam.

30 In dry or wet oxidation, according to standard
methods known to the person skilled in the art, the
oxidation atmosphere may also be loaded with
hydrochloric acid.

In the case of a useful layer 4 including silicon,

35 it 1s advantageous to proceed with wet thermal
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known to the person skilled in the art, the oxidation atnosphere may al so
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silicon, it ixiadvaniageous t ooREgseednW thywetnd hergrboxi dati gp. The
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case of a usefUPIARETe Gindisddi g egere@nicum it is advant ageous to proceed

with thermal oxidat onHan adeoxygen atnospbene, theecexyden iceriaentdati on of

which is fron1d%!ute%1to. ure. %xi%%tion of1§he usef ul Ia¥%rﬁ%_inchding
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oxi dation5. Bgigadiilout edioxygen atoryspirer eabgopphnatean atimdsphlervaen

cont ai ni ng oxygen 9as, dijut ek wifih; anot her gas,, 1n:the case of dry thermal
or

oxi dation, the oxygen may for exanple be diluted in argon (Ar) In
di ni trogen (KX2datiepn ke dase vwse fgdr raisdm? tIHe 13 1deet i 9 eyl e Eohduct ed
at a tenperatJy ecieormii sedihetwegn 480 @nd-550,8Cci dVRreoyey, oich e case
when the useful |ayer 4

oxidatlon.

10 By a diluted oxygen atmosphere 1is meant an
atmosphere containing oxygen gas diluted with another
gas. In the case of dry thermal oxidation, the oxygen
may for example be diluted in argon (Ar) or in
dinitrogen (N3).

15 In the case of germanium, the oxidation may be
conducted at a temperature comprised between 450 and
550°C.

Moreover, 1in the case when the useful layer 4
comprises SiGe, thermal oxidation of the substrate 1 is

20 accompanied, as this is known to the person skilled in
the art, Dby a phenomenon of condensation of the
germanium in depth, i.e. a transformation of the useful
layer 4 into a layer of guasi-pure germanium, and by
creation of a layer 16 of silicon oxide (Si0O;) covering

25 said useful germanium layer 4.

Nitridation may be carried out by heating the
substrate in a nitrogen gas atmosphere at temperatures
comprised between 600°C and 900°C for example.

Thus, the method according to the invention

30 applies oxidation or nitridation at temperatures of
less than 900°C, i.e. at a low temperature relatively
to the methods of the prior art. This is particularly
advantageous, notably in the case when it 1s proceeded
with oxidation of a useful layer 4 comprising

35 germanium, because germanium liquefies at about 930°C.
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2 1 of the protective |ayer 5 has a roughness su stant1 al enti cal
with the initida ﬁbugﬁWé%%nQﬁSthéU@ﬁF@%Eéa?lbf tRenaserdl M&?@r 4£he The

continuati on iofi ttihe Mebhe@naeeor dicngrhe therkavention consist sifrul
perform ng at | east a polishi ngoxidati on sequence, i.e. conprising a

pol i shi ng stéﬁyﬁ6llomed by an oxidation step. This sequence may be repeated
iteratively, as thhe wbht beuexpbai ned iie t hethobl oddg:ding to the

invention consists of performing at least a polishing-

oxidation sequence, 1i.e. comprising a polishing step

followed by an oxidation step. This sequence may be

repeated iteratively, as this will be explained in the
15 following.

The polishing of the protective layer 20 should be
adjusted so as not to attack the useful layer 4, in
order not to damage said useful layer 4.

By attack of a material layer by a polishing

20 method, is meant removal of material from said layer by
at least 50 angstroms. Below this threshold, it will be
considered that the relevant layer is not attacked.

Advantageously, selective polishing capable of
selectively polishing the protection layer 20 without

25 attacking the useful layer 4 is used. With selective
polishing it is possible to polish the protective layer
20 preferentially at the useful layer 4. In this type
of polishing, 1t is the protection layer 20 which is
polished, the useful layer 4, as for it, is preserved.
30 The advantage of such polishing is that the interaction
which may exist between the polishing tissue and the
useful layer 4 is negligible and does not lead to the
attack of said useful layer 4. For example, 1in some
selective polishing methods, material removal from the

35 useful layer 4 is less than 20 angstroms.



The polishing of the protective layer 2 0 should be adjusted so as not to
attack the useful layer 4 , in order not to damage said useful layer 4 . By
attack ofwewmwwsésal | ayer by a polishing nmethod, is neaot/EPeomwsiosof
material fromsaid |ayer by at | east BO angstrons. Below this threshold, it
will be considered that the relevant layer is not attacked. Advantageously,
sel ective polishing capable of selectively polishing the protection |ayer 2
0 without attacking the useful layer 4 is used. Wth selective polishing it
is possible to polish the protective layer 2 0 preferentially at the useful

layer 4 . In this Itkﬁép%eqfe&qlxﬂes@dlg:sﬂltng‘ Stetcﬁﬁlﬂ%fu%t et N 1l ayRfwr2 & which
i's polished, the useful reserved. The advantage of

: i's
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the attack of 3 alsq,l1 usefY}JaIlt Sye% exanp Efsorre selaecctl
pol i shi ng nettiodS et erd a 5a| f n??%% %segu 165 than 2
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skilied In U aipine; sebagtLULLY 1 0baPaly oDl HOghs delined By the.fatlc

(s) (R of the polishing rates of two or severa ifferent materials under
i dentical poligdHiong FEHIAITGhLN SelecEhoeCpoPfshifig digeeharactdr iZed by a

high ratio Rq(d?)rtlle@l\@')ratf@r @%@%@dlengc&ﬁpﬁf@e@h@b@%egh the dhrectgoon of the
quotient), for exanple conprised between 10 and 2Q dVN%y sel ecti ve
u

polishing is Né)ﬁ]arsgé‘[e«?rtl]i’«?d By 5 ET ot R Glhé‘§é‘cft8rtll7r§ e2of 2112 Rypically
from1l to06 cltdhe pobi shengalatesobeilng wapproxingt ekymequival ént tfrer t he

di fferent re%%ﬁ%%%i%%terLéés "be eA§CS#¥roQ°%5§Qi e%%Xvalent for the
different relevant materials. Selective polishing may
be polishing of the mechanical or mechano-chemical
type, such as CMP.

15 The risk of damaging the useful layer 4 is zero,
given that selective polishing will only attack the
protection layer 20. Unlike non-selective polishings,
it 1s possible to polish the surface 21 of the
protection layer 20 until the peaks 29 of the surface

20 of the wuseful layer 4 begin to become exposed. By
peaks, are meant areas of the surface 7 corresponding
to height maxima.

At this stage, 1t 1s advantageously possible to
carry on with applying selective polishing, since

25 selective polishing does not attack the material of the
useful layer 4. Further, this polishing does not attack
either the material of the protective layer 20 present
in the valleys 28 of the surface 7 of the useful layer
4, such as for example oxide or nitride, since the

30 polishing tissue cannot reach them because o0f the
persisting peaks 29. By valleys 28 are meant areas of
the surface 7 corresponding to height minima. A diagram
of the substrate 1 after applying selective polishing
is 1llustrated in Fig. 3.
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therefore to leave a fine layer of oxide or nitride
above the useful layer 4.

A diagram of the substrate 1 after applying a non-
selective polishing is illustrated in Fig. 4.

15 The use o0of selective polishing has certain
advantages. It 1s known that any polishing has a
certain resolution, i.e. that any polishing reduces the
height of a layer of a given material by a minimum
height. The resolution of the polishing, defined

20 relatively to a given material, will therefore be the
minimum height of material which the polishing removes
from a layer of a given material.

If non-selective polishing is used in the
polishing-oxidation sequence, it 1is preferable to have

25 a protective layer 20 with a height at least greater
than or equal to the resolution of the non-selective
polishing. In the opposite case, the non-selective
polishing will necessarily attack the useful layer 4,
which is not desirable.

30 The advantage of selective polishing is that it
allows an interruption at the peaks 29 of the surface 7
of the useful layer 4 without being limited by the
resolution of the polishing method used. Indeed,

selective polishing does not attack a useful layer 4.
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10 forms the protective layer 20 with a thickness 1-3
times larger than the peak-to-valley distance from
peaks 29 to valleys 28 of the rough free surface 7 of
the useful layer 4, or with a thickness 1.8 times
larger than the peak-to-valley distance from peaks 29

15 to valleys 28 of the rough free surface 7 of the useful
layer 4. It 1is ©recalled that the peak-to-valley
distance from peaks 29 to valleys 28 is defined as the
maximum of all the heights separating the peaks 29 from
the valleys 28.

20 The thickness at least once (or 1.8 times) equal
to the peak-to-valley distance of the rough free
surface 7 of the wuseful layer 4 corresponds to the
resolution of a CMP polishing, at the filing date of
the invention. It 1s possible that these values may

25 change with the development of the resolution of CMP
type polishing techniques.

By means of this small thickness of the protective
layer 20, polishing applied in the following step, for
example of the CMP type, 1is prevented from causing

30 inhomogeneity in the thickness of the polished
protective layer 20.

If the useful layer 4 is germanium, and if at the
previous step of the method a protective layer 20 1is
created, being a layer 16 of germanium oxide covering

35 the useful layer 4, either non-aqueous polishing has to
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di stance from peaks 29 to valleys 2 8 is defined as the maxi numof all the
hei ghts separating the peaks 29 fromthe valleys 28. The thickness at | east

once (or 1.8yd neq,equalcit anddies peak-tQ=vakleyndisgtanee aof, the rough free
surface 7 of the useful | ayer 4 corresponds_to the resqglution of a

pol i shi ng, ﬁxﬁﬁ§hﬁq%rﬁsﬂﬁﬁe@% VHETHvefPLER™ It G5 PO¥siFA e IHAT t hese

val ues my Ch@l’i;gedl\llkieh dsleei dave .opnemowf die gaasaint,i emdft HOWR Aomee
pol i shi ng technlﬁg1 neans of this s/ ckn s of the rotectlve

| ayer 20, polls &a&& |e&ﬁ%9tr%pfoWF8mfﬂéC§? hlngrrple of°'t'he CWP
type, is breﬁ@@@aﬁf@@mm%mwmn@xudﬂnmmemémbﬂaruih@tdqmﬁnﬂsgmﬁlmme
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t he previous step of the met a protective yer is create being a
| ayer 16 of dgerpahiluhPBXICOBPEGPENOngd R usEhEE F&?eWhM ncsjtafsreous

non- aqueous RIS iR hetﬁfto@ﬁyuslsgllmiﬁ@ means e itkhe nper s rskid ed in
t he art pollshlngfy5|ng %i organi ¢ solvent, or dry polishing has to be

used, C ﬁlﬁhéW%F6P€@€§sentlally based on
nechanica@ pol i shitmg a@blonasbndeed n@ger aane ok oxpalei $1si1s@) uhl & i n an

agueous nEdi%thshing' using an organic solvent, mechano-chemical

polishing such as CMP may advantageously be applied,

which wuses, 1in addition to the organic solvent, a

chemical substance (also designated as “slurry”)

15 containing chemicals capable of exerting chemical

action for transforming the layer to be polished, said

chemicals being well-known to the person skilled in the

art.

The polishing-oxidation sequence step following

20 polishing is a thermal oxidation step of the substrate

1, with supply of oxygen. The thermal oxidation

consists of placing the substrate 1 in an atmosphere

notably including oxygen gas, and of heating it to a

temperature selected according to the material of the

25 useful layer 4. This oxidation may be a dry or wet

thermal oxidation. The operating conditions of this

thermal oxidation are of the same kind as those

described earlier during the thermal oxidation of the

substrate 1 for creating an oxide layer 16 as a

30 protective layer 20 covering the rough free surface 7
of the useful layer 4.

A goal of thermal oxidation of the substrate 1 is

to transform a portion of the useful layer 4 into an

oxide layer 16, in order to reduce the roughness of the

35 surface 7 of the useful layer 4. In this oxidation, the
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beginning of the method, the effect of the thermal
oxidation, i.e. strong oxidation of the peaks 29 and
low oxidation of the wvalleys 28, 1is more pronounced.
Indeed, the <creation of a nitride 1layer 17 at the
15 beginning of the method notably has the advantage of
further Dblocking the diffusion of oxygen towards the
valleys 28 during thermal oxidation, than accomplished
by the oxide layer 16.
At this stage of the method, the roughness of the
20 surface 7 of the active layer 4 of the substrate 1 is
reduced in high and low frequencies relatively to its
initial roughness, 1i.e. relatively to 1its roughness
before applying the method according to the invention.
In order to be able to further smooth the surface
25 7 of the active layer 4, the polishing-oxidation
sequence may be reiterated as many times as required.
During the gradual iterations of the ©polishing-
oxidation sequence, the peaks 29 and the valleys 28 of
the surface 7 of the useful layer 4 will be completely
30 smoothed out, by which a useful layer 4 may be obtained
with strongly reduced roughness.
At the end of the method, it 1is possible to clean
the protective layer 20 with any type of method known
to the person skilled in the art.



the valleys 2 8 of the surface 7 , since the peaks 29 are nuch closer to

the surface of the substrate 1 , i.e. to the surface 2 1 of the protective
| ayer 20,wohan/tobessval | eys 28, | ocated nmuch farther in eeptEr2010lo8308d f ect of
thermal oxidation on the substrate 1 19s illustrated in Fig. 5. In the case

when the creation of a nitride layer 17 as a protective layer 2 0 has been
applied at the beginning of the nethod, the effect of the thermal

oxidation, i.e. strong oxidation of the peaks 2 9 and | ow oxi dation of the
val l eys 28, is nore pronounced. Indeed, the creation of a nitride |layer 17

at the beginning ¢fitthe Hethad, net ably-hesythe advantagerobnf urithers

bl ocki ng the diffusion of oxygen towards t%e val |l eys 2 8 during thernal
oxi dation, tRAFSACEEpIiShed@Chy PhRe dXicde H¥fer 38Y AtOFhi SIEBGEDF the
met hod, the roughness<ef adnle tsurdcate e’ sefid ewattiessdsayer 4 of the

substrate 1 is reqﬁged %n high and Igylfreq enc%$§ relatiggl ntonits
initial roughness, i e. ?%?% ivgf§x?blf¥% r ﬁghne§% before-a pIyiﬁ@7the
met hod actor didvgritegehersiliyv ért i oed | hoor demovanbe talpl €' am fanttaterh”snoot h
the surface fgicr! N agthueclayeh ooy ibhe Rl i shingroxidatian sequance may
be reiterated as nmany tines as required.” During the gradual iterations of
t he pol i shi ngé¥icdatd onf segqueree, Sthe peaks gollaninetie val It&ps PRIB BT t he

surface 7 of diheusefiwl drayerrt4 wiils be eenplebely sheothed otice byr which a
useful |ayer 4 nagégg obialned W th strongly r%guce roughness. At the end
S

of the nethod S t FBFE 8%l Ba™t he protlectTver FayeFt¥°6 with any
type of netheoddavemwoves giving to the surface the aspect of a

checkerboard, called “cross-hatch” in the art.

Moreover, the method according to the invention
advantageously applies to the reuse (also designated as
“refresh”) of the plates (also designated as “wafers”)

15 of silicon used in the manufacturing methods of SeOIs,
such as the Smart Cut™ method. Indeed, 1in these
methods, a donor semiconducting substrate and a
receiver semiconducting substrate are adhesively
bonded, said receiver semiconducting substrate

20 comprising an insulator layer. After implanting ions
generating a weakening area and fracture around this
area, an SeOI is obtained on one side and a
semiconductor substrate on the other which may be
reused. In order to be able to reuse the semiconducting

25 substrate stemming from the fracture, it should be
proceeded with finishing operations. The method
according to the invention 1s advantageously applied
and allows the semiconductor substrate to be smoothed
out, which may then be reused in a subsequent method of

30 the Smart Cut™ type.

Finally, the method according to the invention may
advantageously be used 1in the case when the useful
layer 4 of the substrate 1 comprises a semiconductor
material of the ITI-V type, i.e. a composite

35 semiconductor made from one or more elements from



to the person skilled in the art.Wth the nethod according to the
invention, it is possible to act on the high and | ow frequency roughnesses
and to r esocels@sdsr oughnesses. The net hod accordi ng t oPCmEPROIWARISON MAY
advant ageously be used for renoving tie "cross-hatch", which is a defect
occurring for exanple on the useful |ayer 4 of relaxed Si Ge, and well known
to the person skilled in the art. This defect forns at the surface of the
useful layer and forns a well ordered network of m crogrooves giving to the
surface the aspect of a checkerboard, called "cross-hatch” in the art.
Moreover, thedmifodr accgrdicn@ to-thegi Avenbhan Advand ageawshy sappld es to
the reuse (al so designated as "refresh") of the plates (also designated as
"waf ers”) of &M O&F FLedIEF CHETRANGT &t (AN net-hods of SeO's, such as
the Smart Cut(tm) nethod. Indeed, in these nethods, a donor sem conducting
substrate and a receiver sem conducting substrate are adhesively bonded,
sai d recei ver sem conducting substrate conprising an insulator |ayer. After
i npl anting ions generating a weakening area and fracture around this area,
an Sed is obtained on one side and a sem conductor substrate on the other
whi ch may be reused. In order to be able to reuse the sem conducti ng
substrate stemming fromthe fracture, it should be proceeded with finishing
operations. The nethod according to the invention is advantageously applied
and all ows the sem conductor substrate to be snoothed out, which may then
be reused in a subsequent nmethod of the Smart Cut(tnm) type. Finally, the
net hod according to the invention may



advant ageously be used in the case when the useful layer 4 of the substrate
1 conprises a sem conductor material of the IIl-V type, i.e. a conposite
sem conduwwoanivmsessf r om one or nore el enents froncol umPCitIEPRd100BI®SPer i odi C
table of the elenments and from one or2inore el ements of colum V .CLAIMS 1
A nmethod for finishing the surface of sem conducting substrate (1), said
substrate conprising a set of layers conprising a useful sem conducti ng
| ayer (4) on at |east one of the faces of said substrate (1), said useful
| ayer (4) conprising a rough free surface (7), said nmethod being suitable
for snmoothing out the free surface (7}3ag@gd nmethod being characterized in
that it conprises the successive stepsS : creating a protective |ayer (20)
covering the surface (7) of the useful layer (4) with a thickness 1 to 3
times | arger thanit.he peakndtdratal | eyrdi stianceiely saiite sushacace?) «f the
useful layer (4), at. |east an ol i.shi ng- oxi dati on _sequence, said sequence
conpri si ng thst(a9 3 %lgsuscl%vlélgstsé%ss: rp%lel s(ﬁigrig e § rki‘szccrgd (921C)O,m theéd
protective | ayese(209f slaiverpol icoiong sbeigngaadissted seras arotudtorat t ack
the useful | ayglo,(4)uandoperformbogea bhermat ouidationui tde supply of
oxygen gas of the substrate (1), 1n order to transforma portion of the
useful |ayer SPSHHREE dd Joxisde d aypEf Y162 YaF orderc I Tiedidce & FPUBughness
of thg_ surfaqe_«le(e_7) s(%frftamf&% usefyl hlsamr (n@t_hodzl ehhey ;bﬁii%mm% ”&_tdc'itOd "
rdin im rein r i v r [ n_oxi
gfco 9 toé%&%thind ou@ ghe %rgep§¥;¥§oee(7ﬁyesagd %et%o% B%imf (16)
10 characterized in that it comprises the successive
steps:
- creating a protective layer (20) covering the
surface (7) of the useful layer (4) with a thickness 1
to 3 times larger than the peak-to-valley distance of
15 said surface (7) of the useful layer (4),
- at least one polishing-oxidation sequence, said
sequence comprising the successive steps:
polishing the surface (21) of the protective layer
(20), said polishing being adjusted so as not to
20 attack the useful layer (4), and
performing a thermal oxidation with supply of
oxygen gas of the substrate (1), in order to

transform a portion of the useful layer (4) into

an oxide layer (16) 1in order to reduce the
25 roughness of the surface (7) of the useful layer

(4) .

2. The finishing method according to claim 1,

wherein the protective layer (20) is an oxide (16) or
30 nitride (17) layer.

3. The finishing method according to any of
claims 1 and 2, wherein the polishing of the surface
(21) of the ©protective layer (20) is selective

35 polishing, capable of selectively polishing the



nitride (17) layer. 3 . The finishing nmethod according to any of clains 1
and 2 , wherein the polishing of the surface (21) of the protective | ayer
(20) is swbeotomwsospol i shing, capable of selectively pol ipehiprgomlospsot ecti ve
| ayer (20) without attacking the usefa?l layer (4) . 4 . The finishing

met hod according to any of clains 2 and 3 , wherein the creation of an
oxide (16) or nitride (17) layer covering the surface (7) of the useful

| ayer (4) includes deposition of nitride or oxide . 5 . The finishing

met hod according to claim4 , wherein deposition of nitride or oxide is
accompl i shed doy, REEVIOT 1LBEYD. (o) Thechbit Shinga el figd agconidt o any
of clains 2 and 3 , wherein the creation of oxide (16) or nitride (17)

| ayer coverlﬁﬁyﬁﬁé(édrface (7) of the useful layer (4) includes dry or wet
thermal oxidation with supply of oxygen gas or thermal nitridation with
supply of nltrogeq gas. % e nhshl %k hod accoleng to_any q; cl ai s
1 to 6, wherein the therﬁal 6x% i'on "of - the §ﬁf§trat§'l ’s 4 Q)or wet
oxi dationb 8clalime 4 rdrshi ng wbehedna¢®@rdnnngananyfoﬁncbaume 1(16)2 and 4
to 7 , whereij} t S [ t i $hing s 9

The f|n|sh|ngqhe qﬂ%’5%02%z?n§5?§ra%§%b?93923%§§ é&%&&%% aﬂerglfntt

creation of @Sﬁﬁ@ﬂecﬂﬁVérlayé} (2oL et fer O8f CEhéE 190y f aée ¥W§rh¢ethéfusefu

| ayer (4) forgmdche protective layer (20) with a thickness 1.8 tinmes |arger
t han the peak-to-valley distance of

10 5. The finishing method according to c¢laim 4,

wherein deposition of nitride or oxide 1is accomplished
by PECVD or LPCVD.

6. The finishing method according to any of

15 claims 2 and 3, wherein the creation of oxide (16) or
nitride (17) layer covering the surface (7) of the
useful layer (4) includes dry or wet thermal oxidation
with supply of oxygen gas or thermal nitridation with

supply of nitrogen gas.

20
7. The finishing method according to any of
claims 1 to 6, wherein the thermal oxidation of the
substrate 1 is a dry or wet oxidation.
25 8. The finishing method according to any of

claims 1, 2 and 4 to 7, wherein the polishing step is a

non-selective polishing step.

9. The finishing method according to any of
30 claims 1 to 8, wherein the creation of a protective
layer (20) covering the surface (7) of the useful layer
(4) forms the protective layer (20) with a thickness
1.8 times larger than the peak-to-valley distance of
the surface (7) of the useful layer (4).
35



the surface (7) of the useful |ayer (4) .10. The finishing nethod according
to any of clains 2 to 9 , wherein the creation of an oxide |ayer (16)
coveri ng wbeosurwfase (7) of the useful layer (4) forns trhe/rréidesicayer (16)
with a thickness of 1 to 3 tinmes or 1238 tinmes |arger than the
peak-to-vall ey distance of the surface (7) of the useful layer (4) . 11.
The finishing nethod according to any of clains 2 to 10, wherein the useful
| ayer (4) is germanium and the creation of a germani um oxi de | ayer (16) as
a protective layer (20) covering the surface (7) of the useful layer (4) is

acconpl i shed by thermalnexi datkeni Wyt hnstpBhY 989Xy 984 ato a d.gnpeyature
conpri sed between 450 and 550 0C , and the polishing iS non-aqueous

pol i shi ng notaiySof ttHe OVPYEGPEL ol-dr v At ngt 22, OFAESH ilfiYéHi ng
met hod accor dilimg teowwiof chai par2zate 1¥,) wrerewd tberusefidlekayer) (4)

i ncludes silicon d the. creation si.l.i.can oxide |ayer _(16) as, a
protection |§%&mﬂ ec%%%@?nga¥%5 3&??a@&tﬁ7fwﬁ %ékp?%efaf %a&gr%%4) i's
acconpl i shed thynetshecmal 1ok dainea wéeéhgsupptlyanf hey gereaat-ta-tventperat ur e of

I ess than GOQHQQance of the surface (7) of the useful layer (4).

11. The finishing method according to any of

claims 2 to 10, wherein the useful layer (4) is

10 germanium, and the creation of a germanium oxide layer

(16) as a protective layer (20) covering the surface

(7) of the useful layer (4) is accomplished by thermal

oxidation with supply of oxygen at a temperature

comprised between 450 and 550°C, and the polishing is

15 non—-aqueous polishing notably of the CMP type, or dry
polishing.

12. The finishing method according to any of

claims 2 to 11, wherein the useful layer (4) includes

20 silicon, and the creation of a silicon oxide layer (16)

as a protection layer (20) covering the surface (7) of

the useful layer (4) is accomplished by thermal

oxidation with supply of oxygen at a temperature of
less than 600°C.



