WD 2010/ 105955PCT/ EP2010/ 053050 1 FI NI SHI NG METHOD FOR MANUFACTURI NG
SUBSTRATES I N THE FI ELD OF ELECTRONICS Field of the invention 5The

i nvention a nmethod for finishing the surface i ucting
substrate§§§%@%§%%%9for applications in m'croelectronic1:::&::’:{]r%lzlzﬁgq/(%c’)&(3

optoel ectronics. The invention notably relates to the maki ng of substrates
of the Sem conductor on Insulator (SeOl) type. 10 Presentation of the prior
art SeOl substrates are currently used in the electronics industry.
They include for exanple Silicon on Insulator (SO) or Germani um on

I nsul ator (GeOl). 15 The manufacturing of SeOl substrates may resort to
various nethods, notably nethods 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 assenbling the donor substrate with 20 a
receiving substrate. This SeOl type thus conprises at |east two | ayers, one
fromthe donor substrate, the other one fromthe receiving substrate. The
Smart Cut Tm nethod is a known exanpl e of such a method. In particular,
details may be found on this 25 type of nmethod in a great nunber of
docunent s al ready

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 (Se0QI) type.

10
Presentation of the prior art
Se0lI 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 SeOI 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 SeOI 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



WO 2010/ 105955PCT/ EP2010/ 053050 2 published, such as for exanple the
excerpt from pages 50 and 51 of the textbook "Silicon-on-Insul ator

t echnol og tools VLSI, second edition" of Jeapn-Pi i nge at
" Kl uwer A&gagﬁﬁﬁ&%gillshers". S The pethods for nanufg%?ﬂkﬁﬁgﬁ§§%h not abl y
all ow a useful l|ayer (such as for exanple silicon) to be obtained on one of
the faces of a substrate, said useful |ayer having a free surface. By "free
surface" is neant the surface of a |layer of the substrate which 10 is

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

a
el ement) . PUb Bl & t ARCRi APsHiCRg CPEPSE thE f56e¢ Sl f ¥ of2¥Re usefu
| ayer is not genewmably jierfett| yhsnoethtandk15 “sas isoneonenghaessor Thi s

roughness of EQS%JS&%%Vfm%%%rflﬁlnoééﬁé’ %%Ito §8§5%”e§1&%&%n@f %ﬁe step

manuf act uri ng ne acturing step exa
of fracture ofethef doner SubgtIatad ‘ﬂ%wwema@caﬂ§@lserhél@h@mﬁﬁ of a buffer

layer on a face ofrthen2tdoceaiot ngrsubstratey sabd hutteryl ayesybging for
exanpl e a S|I|con ernanlun1§S|Ge) layer. It is then necessargpto snoot h

the free surf4ge of tHeYSubs' aGhi EAT i SHERIDI ISSHEGPA sBPd PF ni shi ng
st eps. Roughnessaisegener abhy exipr edsedfdyean odves age2s rquadr atkacdval ue, a

so-cal | ed RMVB,( \Bg&i &/ﬁgQrSﬂg@&ﬁé taliRe OulBa Sggga*\lsfgep £ Bower

Spectral Densi is current 't i nd roughness
specificatlonssmﬁﬁéhtshbﬁléUﬁB@C%x@ée@ $a$ﬁgspfoh§e|ﬁUFmE¢@§$u@hl%@The

roughness) greasyr eRBHLSq My iﬁ%(ﬁﬂﬂéfﬂé %%ha@bn%%@@s 1! p@é@ﬂ1@onﬁce
m croscope (AFN% th thi pe of aﬁgaratus the ro ness i s_measured on
surfaces scannBd®by?theStf ® Y%ﬁjAF nir o8cbopet ¥ ug hEFFORT A% pm to

10x10 um andofpaeosied dom ye 355050 gpn2 hereeert8Ox 100 pnR. General |y, the WO
2010/105955PCT/EP%9;R$9§39§8 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 Dbuffer layer being for
example a silicon-germanium (SiGe) layer. It 1s then
necessary to smooth the free surface of the substrate,
which is accomplished in said finishing steps.
Roughness 1is 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 1is measured on

surfaces scanned by the tip of the AFM microscope,
ranging from 1x1 um? to 10x10 pm? and more seldomly

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



3 roughness is said to be "high frequency" or "low frequency" roughness.
So-cal l ed high frequency roughness corresponds to scanned surfaces of smal

di mensi On?’éé? 10}1&355“ der of Ix1 pn2). So-called |ow 5 fé@ﬁ#ﬁqu%é&ughness

correspon 0 'scanned surfaces of |agger dinensions (o rof 10x10
pn2 or nore). The finishing step for manufacturing Seals, consisting

of snmoothing the free surface of the SeOl substrates in order to erase the

roughnesses defined 10 earlier, may notably resort to nethods such as

chem cal nechani cal pollshlng (CNP) or the snoothing process by rapid

t her mal annealing é CVWP and RTA may al so be conbined. CMP |s a
pol i shi ng net hgdIe ?nlﬁb FecHani 8alb35 FRiEti i eE CHeni @Al attton. In
parti cul ar, thEe@memcyple obu@Mr$s. t 0 $ovansfbedn byhagichent eatiuacty on t he

surface which ' de 0 l'i shed, o] no
t ransf ornmed su??%%£.%€ ﬁg%lﬁﬁggh ab?a3|ongﬂgﬁi &%Q? aé% ¥%Ch£ﬁ§%lthat t he
cheni cal acti8nn¢rsdprecticy eXert edden thke fréermar f ace—dadilell magv have

detrimental etfegtsnon sahghisee surfagsnsdchy a§c$me@><§@pt£céé1eo§r eation
of holes in a germani um surface, Another drawbac CVMP is that it may

cause 25 thick E%%rl%ﬁﬁﬁ%§§ﬁﬁ?tvx%ﬁﬂFh€rﬁ§§f8F FQ?%P Bf" t it EubStrate.
From document KR 20108 0@66?851n®0rSEK@ﬁpHﬂnandmaﬁuﬂmhﬁMHhuiedSe@IEjgS 6- 8,

2, Lnishing mechod.{ s, kngwn Lo Smpet hing Lhe.{Leecouct ace gl agappstrate 1

30 conprising a use on 1 aye salrd nprising a step of
creating an ofidetrayes 32 GGVEﬂiNQQtﬁéa§ﬂlﬁﬁﬂ1¥Q®@#nQ§SQ§Sﬂ@ﬁl@¢dCWP

pol i shi ng sai dapxide, |ﬁ&ﬁrnéﬁéﬁﬂyjﬁ%§8¥%3&@ slepoek extdakkopnshithe

substrate 1, the oal of m@ Eo ensure 35 snoot hi ng of the surface 34
of the SIIICOﬁeF g%+c% Po 1sh1ng CMP) or the smooth 1n§ process by

rapid thermal annealing (RTA). CMP and RTA may also be
combined.
CMP 1is a polishing method combining mechanical

15 friction and chemical action. In particular, the
principle of CMP 1is 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 is that the chemical action is
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 is 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 useful 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 1s to ensure

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



WO 2010/ 105955PCT/ EP2010/ 053050 4 The surface 34 of the silicon |ayer
4 to be snoothed conprises peaks (height naxi ma) and val |l eys (hei ght

m ni ma) . this method, the oxide layer 32 is i 5 a
hi gh thi clm%%qsl?/l%ég%pri sed between 1 pmand 5 pm coveri%%ﬁﬁwzggotﬂ(}s%ésﬁl | ayer

4. G ven that the thickness inhonogeneity induced by CWP polishing
increases with the thickness of the layer to be polished, it energes that
upon conpletion of CWP 10 polishing of the oxide | ayer having a high

t hi ckness conprised between 1 pmand 5 pm the surface 33 of the polished
oxi de layer 32, schematized in Fig. 7, has an_inportant inhonpgeneity, i.e.
a | ow frequency thtekned¥ipgs atifondt 15145 tﬁiléligrgflhojd?yeflﬁe %onghké% oxi de

| ayer 32 obt asnedtgpon coopplietksomaafk st hehpodhishinagistep,arics therefore
characteri zed(Q%iﬁ{%%ymi)nhormgeneous t hi ckness caused by the action of
CWVP pol i shing. refore, certain peaks of the surface 34 of the 20 silicon
| ayer 4 are cl oserl®o-hire mirffabe 38 okitdke loxkde SRayér c82atpdnvdbiher ones.

Thi's inplies that; furicngckheskol | awida stepret wsegond (axi dati op @f, the
substrate 1, the peaks which are the closest to the surface 21 are nore
oxi di zed 25 t R3St hed ot Hert$Pedk's, ' %Y Y-ustrated in Fig. 8. Finally,

t he snoot hi ng of theveurtfiagce B8de ofhibenasef uhhbaygsndiis thenefdriey

i fect. W this. N f : Lb in |
Foughness” over!E e Ghor B ottt A ha T orr l aper Taous apef | ov
Moreover, RTAteoRsi BPsishednneal Prigrandethat redoei agiat dospher e, Clififor

exanpl e cont appi ngh hydr egennd hex 2001 1 spbst natenhn Oorgein t ensapetfsthe free

surface. comprised between 1 um and 5 um, 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 implies 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 is therefore imperfect. With this
method, 1t 1s 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.



A drawback of RTA is that it essentially acts on the surface roughnesses
with high spatial frequency, in particular less than or equal to 10x10 pn2.

Anot her f ack is that RTA is conducted 5 at ture,
i.e. at a%‘é%ﬁ@#%ure general ly above.1, 000C. Therefor eﬁ%&%iﬂ(ﬁ %Sﬁ be used

for useful layers including germanium (Ge) because this el enent |iquefies
at 930C. 10 Presentation of the invention The i nvention proposes an
alternative to the aforenenti oned snoot hi ng nmethods, in order to overcone
at |east one of the aforenentioned drawbacks. For this purpose, a nethod
for finishing the 15 surface of a_sem conducting substrate is t|or05§sed

according to the i VEhETBRCE s8F dRE et &t 6 corfpr§ STHY £sl8t ¥F 1
conprising a usefshrsem cm@&te&rsel:awertmrml@m lspastiaonéroefiuthey f aces of

sai d substrat e r co gh.tree surface, said 20
met hod bei ng fﬁ%ﬂg o};égssrm eh ch %aﬁr 3% gg%ﬂggc N Sai d nethod being
characteri zed | n tdagthar c@mh%@sdltwaﬁltde%sﬁh@t stBpsis conductedeating a

protectives | ayer raoyerd digpdha sw faces of athe usefpdriayer wehbraithi ckness
1to 3 tinmes 25 Iargeg 6pan t he peak-to-valley distance of said surface of

the useful |a§Brve Cat™ OTSne IS ICSHINAG- 6%i HaEFon Eeltithte, said
sequence conpiagéng tihelsdtogssiveasteps:(Ge), becynld sthig &hemswit face of
the protecti V?l!ﬁé{ﬂessgt s@i b pol i shing being adjusted so as not to attack
t he useful |aye perform ng a thernmal oxidation wth supply of
oxygen gas of the substrate |n order to transforma portion of the useful

| ayer i nt anpexider dayesr ,of it N0 :2040/105955PCT/ EP2010/ 053050

The 1invention 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 1s 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 rough 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
of 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



6 order to reduce the roughness of the surface of the useful |ayer.
The invention is advantageously conpleted by the followi ng features, taken

al one or

protectiv
the protective |ayer is selective polishing,

of an oxi de or

oo 2y

(9;955t heir 5 technically possible conbi ”aﬁéﬁﬁﬁéﬂhﬂtﬁg‘ﬁ}’f ace of

'S an oxide or nitride layer; polishing
capabl e of 10sel ectively

polishing the protective |ayer without attacking the useful |ayer; creation
nitride |layer covering the surface of the useful |ayer
i ncl udes deposition of nitride or oxide; 15depositionofnitrideoroxideis

acconpl i shed bg?PECVD or LPCVD; creation of an oxide or nitride |ayer

covering the §
oxi dation w ths20supphyef oxygen gas or thernal

FhcéCof THEUsER Tl TPAYEFEFAcIUdes r YUsF 2kt Ther Ml

nitridation with supply of

nitrogen gas; thergml oxidatign 9f the substrate,i sy or Wt oxidation

5

10

15

20

25

30

following features, taken alone or in any of their

technically possible combinations:

the protective layer 1is an oxide or nitride
layer;

polishing of the surface of the protective
layer 1s selective polishing, capable of
selectively polishing the protective layer
without attacking the useful layer;

creation of an oxide or nitride layer
covering the surface of the wuseful layer
includes deposition of nitride or oxide;
deposition of nitride or oxide is
accomplished by PECVD or LPCVD;

creation of an oxide or nitride layer
covering the surface of the wuseful layer
includes dry or wet thermal oxidation with
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 is a non-selective
polishing step;

a protective layer 1is created, 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;
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;



the polishing step is a non-sel ective 25polishing step; a protective |ayer
is created, covering the surface of the useful layer with a thickness 1.8

times |ar g,%%(ilgg&s)ggw peak-to-val |l ey distance of the Sf#‘é@%ﬁg?ﬂf/‘{#‘gﬁ usef ul

| ayer; 30 - ron of an oxide |ayer covering the su e useful

| ayer forns the oxide layer with a thickness from1 to 3 tinmes or 1.8 tines
| arger than the peak-to-valley distance of the surface of the useful |ayer;
WO 2010/ 105955PCT/ EP2010/ 053050 7 the useful layer is germanium and the
creation of a germanium oxide |ayer as a protective |ayer covering the

surface of the useful layer, is_acconplished by thernal 5oxidation with
supply of oxygen at a t er At utr'et copYised! Het M A5G and?550C "and t he
pol i shing is non-aqueousrgdlichi ng net ajdrymaofi drheoMPet yipeseror adr ya
pol i shing; the useful | i,hcl u il . e eati of a
silicon oxide layer as Egyog%eo H;ngtel \?@%%yeér&g%vlenﬁ]gcgﬁ%]hse&%%ar %CCZE o&]? he
useful layer, is acconphistied byavdier mals oxicdamionsietlh SuppFyewhabxygen at

a tenperatdyre of |ess thanm£006 154ncadvantaae ofot heokpyentior isyto
propose a finishing method which avoids the risk of damagi ng th§ofree
surface of the useful |BY&SGI ife SUBSt % . PEtWeen Anbt hdt T advantage of
the invention is to propose taefipwshimighgretthodhaiactudsisappbieghatgl ow
tenperature. notably of the CMP type, or dry polishing;
- the wuseful layer includes silicon, and the
10 creation of a silicon oxide layer as a
protective layer covering the surface of the
useful layer, 1is accomplished Dby 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 0of 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 is a schematic illustration of a

semiconductor substrate to be treated with the

35 finishing product according to the invention;



20 Another further advantage of the invention is to describe a finishing
nmet hod whi ch yield reduced roughness at high and | ow frequenci es.

Finally, vant age of the invention is to propo fini.shing

nmet hod mh?@@gﬁgémggsused even in 25 tphe case of a usefuﬁgvgvghﬂk%gb
germani um Presentation of the figures O her characteristics and
advant ages of the invention will further becone apparent fromthe 30
foll owi ng description which is purely illustrative and non-limting and
shoul d be read with reference to the appended draw ngs wherein:

Fig. 1 is a schematic illustration of a_sem conduyctor substrate_to be
treated with the 35 firii$hi fy proddct S&CE8PEAg toltRETRhventiBh: %0
2010/ 105955PCFEEP2OIDIOEIO5G st rate afterFi@gred isy a ascheratiec or
illustration Qgtgiggnigﬂgpuctor substrate after creating an oxi de or
nitride |ayer; " Fig. 3is a schematic illustration of a 5
sem conduct or substrat € igft er dsselfectsiopempsicshitagusteption of a Fi g.
4 is a schematigi bbhastt &t i ok acsenyepaduct orssubstikat epaft 6Fidg
non-sel ective polishing step; 10Fig. 5 is a schematic illustration of a
sem conduct or °stiBstrate after an oxi dation step; Figs. 6-8 are
an illustration of-varirius. st eps ofa a sfahrinshiing fefhedracconding t® the

prior art. 158£§£gé$§g3g§90546§95g£e after a non-selective polishing
step;
10 - Fig. 5 1is a schematic illustration 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 1llustrated 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 is in
majority caused by the fracture step preceding the
obtaining of the substrate 1. As an indication, the
roughness o0f 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



In Fig. 1,a sem conductor substratelis illustrated. The substrate 1
conprises a useful sem conductor |layer 4 on at |east one of its faces. This

is for ex icon (Si) or gernanlun1(Gb) 201 ayer
sem condu%%ﬁog 5%%% ate 1 conprises a,set of super posedp(fTa{EPZrOlO/(;an t he case

of a substrate 1 of the Sen1conductor-Ch-Insulator (SeOl) type, the |layer
30 is generally an electric insulator |ayer, such as an oxide 25 | ayer, and
the layer 31 is a sem conductor supporting |ayer. As this is
illustrated schenatically and wi th exaggerated anplitude in Fig. 1, the
useful |ayer 4 conprises rough free surface 7. In the case of _a 30

substrate obt affed b?t??%ﬁ%fé? t#ﬁ?rcﬁﬁ?ﬂ%@&?l?§ i nSAEPBFETt ySealded by the
fracture steplpxecadnhg t hec obbabhhagsob fthe Substruate ik ‘Asryanhidgudi cati on,

the rough”essgfr?]&Rk/g valg%?f%r h%gﬁ é%?%&%[llp%%t S LyRical | YA?NZ 50- 100

angstrons as uée at requenci es (scanned surface, Ix1 unR),
and within th@lCVQFQ@@ﬁl105955PCT/EP2010/053050 9 sane Interval at | ow

frequenci es (scann@%%m&@ AP PR )0 The reyghness abterifrachure is
very high and is SI% ficantly difficult to peasure wnth an ATM mi cr oscope.

5The nethod a@toPUPrg™todt hBSi hYBRAti bhSRofabf 7% hs 4t ©snBothithg the rough
free surface 7isireughmasm zimgotrdsr roughness, ansobsterateo dbvaim a

substrate 1 w u ay uakity. i chel i nt and
conpati bl e mr@%gfﬁ% 3%%8£ hth?éeugu%gft agér%%l?% ?% guf¥?%§%$%n§ﬁ§n m cro-
and/ or opto-efegProhpes. with the wuse of this wuseful layer

10 applications in micro- and/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 is
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 of 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.



The first step of the nethod includes the creation of a protective |ayer 20
covering the rough free surface 7 of the useful layer 4, as this may be

seen in Fi &Qg{ein the protective | ayer 20 covers ﬁgﬁ?%@&%ﬁ?&ﬁ' | ayer

4 and i ncl é@”g surface 21, which is free. As the | ayer
20 covers the useful layer 4 of the substrate 1, said protective |ayer 20
not ably provides protection of said useful layer 4, and this 20 during a
subsequent polishing step of the method according to the invention, which
wi |l be described subsequently. In particular, during said polishing

step, with the protective layer 20, it is possible to grevent the 25
mechani cal pol i shiAgEFMEer/act? ohMWAi EH ey %exi 1" bRt WA T He Yol F3hi ng
ti ssue and t heruseful v ayeye#4,2d,r amadanaginng sakcd wpsefiahebayenldils

Al'so, in the case . polLi shi ti e conpri a chenj bst ance
(al so designaggd %é@gglégghrr§u§g%%%%ai%?ﬁbp.hggicgfépca%gbr%ﬁ%%migerting
chenical actionidatitie escfhid Juladrade tlhe vprieSenceaoftehefptbbectdve | ayer

20 covering thﬁeU%%flﬁlshli?%erst‘é rement it hexeherieal scbibomdamaging said
useful layer 4. WD 2010/ 105955PCT/ EP2010/ 053050 10 Mor eover, as this
will be seen 5UbBseflBnPrytethe’prot¥ctive Fayers 260C ontel it hagehebn

polished, ful#ils anladditiconatedaincti amedusumithae st epfoftHdhensatudxi dati on

of the substrale 1 ,ohi.ch Ls,aslen (0Ll oukng, B Lie poli shing step. In this

P
oxi dation step, ac protec ayer ‘covers the useful
layer 4 will @aProwcrhélardas o thee sarface crrafespiradasef dio | ageshd

correspondi Ngmt Qi Mg ghta B} dme ("peeks)s tebesepkhe exkdizgdokhan-¢he areas
correspondi ng_ to_hei ght _10 ﬁlﬂlﬁE ("vallegs") and this becagse o% their
proximty to tRet8GrPREE2DOF PhetlGbStrate?hs el The"RurFAEERA of the
protective | ayér 2@ whicteadile filagblky 24l | oot simoetihiingf iofalslai dasusd ace 7.

Advantageousl¥mogpﬁiggog§cgéfgeggggﬁbezq is an 15 oxide 16 or nitride 17
| ayer. )
Y 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, it is possible to deposit
films at relatively low temperature: 250-350°C for an
oxide deposit, such as for example SiO,, and 380-400°C

30 for a nitride deposit such as for example SisNg.

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



The techniques for creating an oxide 16 or nitride 17 |layer as a protective
| ayer 20 covering the rough free surface 7 of the useful |ayer 4 notably

i ncl ude dgﬁ(?%(hvl&gss?_f oxide or of nitride, and thernal %g@“g@&ﬁg‘%{} or

nitridati he oxide or nitrigde deposition tech SISt s of
depositing an oxide or nitride filmover the rough free surface 7 of the
useful |ayer 4. The PECVD (Pl asma Enhanced Chem cal Vapor Deposition) or
LPCVD (Low 25 Pressure Chem cal Vapor Deposition) nethods are notably used
but not as a limtation. Wth the PECVD nethod, it is possible to
deposit filnms at relatively | ow tenperature: 250-350C f%g an oxi de deposit,

such as for ek@WpPPESiH2, CAndBEG-400€ 130 675 hitri ddVdeposit Seh as for
exanpl e Si 3N, case whedhe advantiageapdr| ow tenpefat utrlec deposidse on o8 to

preserve the he a i.£.. mnjmze t er re.an i on of
the treatnment Qagtﬁle?g% ?%ﬁteﬁe 4rnat]tr{erclrllqla S of(g%]ﬁf‘ea elg})%lergéegf Jt%e&g%%% (?’ate 1. By
| ow 35 tenperaturie deposindoe i someaseta deposi tlproducedvar d WOy

2010/ 105955PCHL EF20104 053050 1 1L, t egperat Yeen@h iSHbst antdealdiy ikesst ¢ han
500C. In the case when a nitride |layer 17 covering the surface 7 of a
useful layer A PRcHUERP T gErdomi um (Ge) is created, it is preferable to
create said nitrideflayerhdat bya mradepasi ttihrg maicerideés siEfntkegeay@ns um i s
sensitive to hig e ) | f e t | ance h terials
of the Iayersggfh¥ﬁ%n§§é§%?é?§ f‘dgggsno?&gaggggo %% sto?g%%}§€%r served,
it is possiblerescuseddepsdsi tfoPIppiftie 100 LPEYD dephddtidhi 3t eemi que

consi sts of pr.edusi RGthow, pressut 8cehegh&atoRbhases deposibh@Rind hisw
deposition is normally carried out in_an oven wt

a hot wall. at
t enper at ur es BF SRR Or dBFT 62 5007 89D SRS bt H'ed £%%Ti§??o?+Eﬁ%9ebfion of

an oxide 16 onormally carried out in 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 1is for example conducted by heating the
substrate 1 in 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



15 nitride 17 layer covering the rough free surface 7 of the useful |ayer 4
may al so be carried out by thermal oxidation or nitridation. Ther ma

oxi dati on itridation consists of placing the substr i
atnnspherga%gpg@%% 0 including oxygey or nitrogen gas,ﬁ%ﬁﬁ%%hmﬁggging it
to a tenperature notably selected according to the material of the useful

| ayer 4. Thermal oxidation of the substrate 1 may be a dry or wet
thermal oxidation. Dry oxidation is for exanple 25 conducted by heating the

substrate 1 under oxygen gas. Wt oxidation is for exanple conducted by

heating the substrate 1 in an atnvaghere of m xed oxygen and g%gragen gas,
oxygen being PRI8XCELR: whi'Gh &FIBfs Phe ZfHospher €46 We a th
steam 30l n drymosraetroxd tatdon,traccaodicng t o standard net hods known to

the person skilled;in the aggSethgfoxgdaﬁgggugtn?ggggre may glggiﬁg | oaded
with hydrochloric acid. =~ In"the case o use?ul [ayer
i ncl udi ng sil gevRaNBH t 1T s ladvahneagesesuso bor doeekad thl et thqeraml WO

2010/ 105955 PCTL ER2010/4 053050 12 oxd.dafdron. aThesextdat i onnamy beysonduct ed

at a tenperature of |ess than_600C, . In the case of a useful l|ayer 4
i ncl udi ng ger MBRAFEAT T39S advantatedusito pFoReed! Wit t he? maPU5° oxi dati on
i n an oxygen aknosphet e;f ttiee axyagerl danyeentdr dhicdndahgwbeehansuhroay di | ut ed

to pure. Oxidati h . I ayer. i i ng. i_um ey t her mal
oxi Gt [on, whi6h GBABE CIUREr APy o it O dati eACTTOBy Y 1T {ea oxygen
at nospher e i sCKedati@an- at nosphere contai ni ng oxygen gas diluted with

another gas. In they,case @f1dryqt hexigln OXhgabiORerd hei OXygemmayah or

exanpl e be diluted |0 araon (A) 9" oL DL MO8 (M) - i ch anotner
gas. In the case of dry thermal oxidation, the oxygen
may for example Dbe diluted in argon (Ar) or 1in
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 qguasi-pure germanium, and by
creation of a layer 16 of silicon oxide (Si0;) 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 1is particularly
advantageous, notably in the case when it 1is proceeded
with oxidation of a useful layer 4 comprising

35 germanium, because germanium liquefies at about 930°C.
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| ayer 4 cg@@&%gﬁéﬁéjce, t hermal oxidation of the substrﬁéﬁE%@pﬁﬁégoa

acconpani i's is known to the person skilled in

phenonenon of condensation of the germaniumin depth, i.e. a transformation
of the useful layer 4 into a | ayer of quasi-pure germanium and by creation
of a layer 16 of silicon oxide (SiQ2) covering 25 said useful germanium

| ayer 4. Nitrldatlon may be carried out by heating the substrate in a

nitrogen gas atnDsPhere at tenEeratures conpr.i sed between 600C ang 900C for
exanpl e. Thus, thelmetRo8C°88¢8r8i 1§ tTFENE iTiem s B0 Hppt § 6 ok dat i on
or nitridationaatl terperaturaehcfokess tthar900C ride. 1at lalecow tenperat ure

relatively to hods t he. prj Thi s i r{icu
advantageous,e%%fgg?é ?% %ﬁ%tcggég g%t$%ﬁ%%ep%%%%§d%§ g%%htgé%%%?Yon of a
useful layer andomprpsnags35ogermant umltbeddds el Herirani teRdiqief ied at

about 930G VO,29104d05955RGH ER2O40] 093980 18 wnicn!titi S pRSSIbleyto
create the protective layer 20 (and therefore the oxide 16 or nltégde 17

| ayer for exahpl®) C&5°t hat Ssaitf (Gt ect i 9& FayerP 29 Sras Fopdt gy ahd
roughness conpkgant wrbhghhessni suaktbhopohdhy ahdeidt touighmesish of tiidie usef ul

| ayer 4 which.] er this S th ce 2 f e tive
| ayer 20 has 5h%%§§¥néégxiu€§¥%n€%gl 9eid§%?#%%$ 3%t#f?hngnig%g%Sfoughness
of the surfacéayedf4the useful |ayer 4. 10The continuation of the nethod

according do the ifnventibaniconsishs «af PesrfeErhpg akcbeashg@to the
pol i shi ng- oxi dati on, sequence, i.e, conprisjing a pﬁllshlng step fol |l owed by
an oxi dation SEEPTCIHR sCeRGtente® ey he TRt 2d ‘?%?%t?vBP;} BE"Yhis will

be expl ai ned britikieion sequence, i.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 1layer 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 1s used. With selective
polishing it is possible to polish the protective layer
20 preferentially at the useful layer 4. In this type
of polishing, it 1s the protection layer 20 which 1is
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.



15f ol | owi ng. The polishing of the protective |ayer 20 shoul d be
adj usted so as not to attack the useful layer 4, in order not to danage

sai d usef By attack of a material |ayer by i shi 0
Yo bAtRisd 20N Phef

met hod, i removal of material fromsaid |ayer by

angstrons. Below this threshold, It mnll be considered that the rel evant

| ayer is not attacked. Advantageously, sel ective polishing capabl e of
sel ectively polishing the protection layer 20 wi thout 25 attacking the
useful layer 4 is used. Wth selective polishing It is possible to polish

the protective layer 20 preferentially at the useful % . In this type
of polishing, It |§h?h%e£ T ot e T ISV 36 WRiLGHE| éSpB F%h%ﬂow?h%ouseful
| ayer 4, as theItpeHSnpreReﬂwed 30 The advantagﬂaohe&&chlpmkyshmﬂg is

t hat the inte Egégpn¥m . angﬁ%gékggt gg%lgql Shl g t5§sug gnd t he

usef ul Iayer I's negfi S no to th ack of sald usefu
| ayer 4. For Eﬁhhﬁhenglﬁaéﬁﬁeo§eﬁé@I|W@ %@Y@@%ﬁn@lﬁﬁ¢h%@@ ngeerd b$ renova

fromthe 35 usghul |ayesndids le ﬂlfsaﬁn%o aRgsti@MBns . WO selective
2010/ 105955PCT/ EP2010/ 053050 14 sel ective ollshln technique is

vel | known top?hés%b?%oﬁssﬁﬁ@F@&t?ﬁlFﬁg 5?% 2 Thedel EvaFﬁy‘%ﬁ poti shi ng
i s defined byrtheoratiep¢sgifdr)onfthdecpol tshbhgrhat esrofttaw of skewveral

difterent migrbals,d under identheal chghli shing,sepdisl ons-o gel eotive

polishing is aracteri ze ow ratio, depending on
the choi ce of N@lﬁeS@ll@@@W%nP@il@lhenqque@| EREFACtBFlexdnple acomtrﬂacse%l bet ween

10 and 200 “@mo§§|@@thﬁﬁepﬂ£L§@|Bg ins Gﬁﬁﬁﬁgﬁﬁy' Aﬁﬂx@ylatbawlo fhéﬂ cl ose
to the val ue of i cal l om 1 to t he ollshln rate

e|n
oy o v o Beu o R Rk eY PRIy rper kit oL R PR P Y i ve
pol i shi ng maydbefpotnsshirrgeofint hewamechaniscalsedre areckanos chenirgal méype, such

as CWp. 15Theb5iﬁgiﬂﬁﬂgﬁﬂ?gkﬂg Eﬁg uﬁ@%ﬁ%nié@%” d% iﬁe%ﬁggo—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 1is ©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 Dbecome exposed. By
peaks, are meant areas of the surface 7 corresponding
to height maxima.

At this stage, it 1is 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 wvalleys 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 of 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 illustrated in Fig. 3.



given that selective polishing will only attack the protection |ayer 20.
Unl i ke non-sel ective polishings, it is possible to polish the surface 21 of

t he proteg%éz&?é@%gg 20 until the peaks 29 of the surfaﬁgggg?ﬁ%ﬁégﬁ usef ul

| ayer 4 be econe exposed. By pgaks, are neant are surface 7
correspondi ng to hei ght maxi ma. At this stage, it is advantageously
possible to carry on with applying selective polishing, since 25 selective
pol i shing does not attack the material of the useful |ayer 4. Further, this
pol i shing does not attack either the material of the protective |ayer 20

present in the valleys 28 of the surface 7 of the useful |ayer 4, such as
for exanpl e oxide bf APPTPEESCEIHEe PPHe S86 BoliShifig it i SEG8 G&hnb?* r each
t hem because oekampee persi-skilegtpeaksci29. pBy ival hegyss28nanesakant ias eas of

the surface 7 r ing hej 1 nj,ma, i . t he trate 1
after app|yind9§eF§§??525§b|%§ i%gggéc?}P&Q?paﬁg%i?§£§$%85§}§V&€¥Q§
2010/ 105955PCAP EP2810/088050° 15shed so| psporisdlcectiraspothishipgtvs used,

such as foy exapplesnonysedeedid vigolCMP, pakiksbkNg QG NeRssal ecdjae dry
polishing, the surface 21 of the ro%ectlve | ayer 20 has taq be ogéshed SO
as not to expOSerther uséfGl B Lot oflofer PRGESEL 4t AW Sai d° usef ul

| ayer 4. Ther efloaetidheosirf aces 2o dafe tdhe iphetiecbi we kLayera?8 advamt ageously
has to be poli | ea fi I r. .of [
P %égggoz%? %%téglg% %ﬁul%hlea grrot}}é%lv% TRLST 1 A &ﬁel{ Eghe

protective | aye over the use I'n the case when
protective | ayepfud 20ves 4n dxi déelecasie gl deha7rrayeet ithel guestion is

therefore go beave anfbReaktayeroof noxidgeor7nitybde ehoveutbei wsefyul |ayer
4, A dlaﬁran1of the substrate 1 after app ¥|n%,gﬁnonselect|¥e
polishing is FHIFUStPETedCi NG 2. T15The U&E of f s@FeCEi v pbiFshing has

certai n advanthges.th¢ useknovireytehatd.any polishing has a certain

resolution, i.e. that. ol i shi th L.g .a layer of a
given material by glﬁ%n ﬁ%ﬁ1:%ﬁgk?%##ﬁg%%ggoEUEEEEEQ?EFE%lﬁ%I?sﬁé%g,
defined 20 rePatedlelye tee bl giveh Imatidrdivgitrafwed 1phEiefofe be the mi ni num

hei ght ofigmat eri al timbi cisthe opol ighig iremoves) foma layer efraaghven
mat eri al . | f non-selective golishi is used in.

t he
pol i shi ng- oxi B B %equente, it FECBFef efabl 1o ) ésalng 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 1s 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 wuseful layer 4 without being limited by the
resolution of the polishing method used. 1Indeed,

selective polishing does not attack a useful layer 4.



25 a protective layer 20 with a height at |east greater than or equal to
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i s not des The advant age of sel ective polishing’l al | ows
an interruption at the peaks 29 of the surface 7 of the useful |ayer 4

w thout being limted by the resolution of the polishing nethod used.

| ndeed, sel ective polishing does not attack a useful layer 4. WO

2010/ 105955PCT/ EP2010/ 053050 16 Al'so, it is obvious that there exists

a desirabl e maxi mm height for the protective |ayer 20 created in the prior
step for creating & i‘)?'otjeEtiL?/eO]PYiVélﬁs 2823t nBBHES  F¥LFSS uhnERBSEF St o
create a too hhktkub peogeet ifve ltagerr2dcgitice tﬂwelratzcercmiﬂecbenpol i shed

in the poli Sh'cHQAgatr% Q%gfoﬂo ré??lEC%e%f fé?@i%é‘g 1Lhe progective

| ayer 20. anta eo or c rotective |layer 20
covering the sodfade 7l©f the W@Qﬂsﬂafm/er e 1@rﬁéfiﬁs @hetpﬁot’e]ew}Ve | ayer

20 with a4 higkpesstilod thyes bargencthamet m%&%ek dorvabd eyodi stance from
peaks 29 to valle S 28 of the rough free surface 7 of the useful | ayer 4,

or with a thicRneSs® 1P UHHNELT afGEP t WAhCE hef pedkit o4l | &) sf%lﬁce from
peaks 29 15 torwvatileysti28 wfottdre inauglaviere@Osurface 7 of the useful |ayer

3 1L i recall ed Ahat,tha.Roals! avalley dicst ance, Lrom.peaks 29,40 vall eys

28 is defined as the maxi hts se ar e peaks
fromthe vall é?36282OZGTPﬁértLﬁiJcI’éhés§uéitfalcéa§t caﬁwc@e( d#sqflsltlmg /équal to

the peak-tp-vablgy dirst apeecotrihe neygh free sunf age thi®fkrihe usetul |ayer
4 corresponds to the resol ution of a ol i shi at_.the fll:/\f]? dat e of

the inventiont €S| st YoEST bt hat "Ehe¥e? vdi e 261 ¢hanGe At he
devel opment opethe pesobutiadnegt CHBP dfypenepotdigdi ngprdeechmiues.7 of

means of this, goall 1 d];:k@gggrof thg pr‘ﬁ{ tive | ayer 20, ipal |§gﬂn€g appl i ed

in the followng step, xanp type, is prevente rom
causi ng 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 1s 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 useful layer 4 corresponds to the
resolution of a CMP polishing, at the filing date of
the invention. It 1is 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 is
created, being a layer 16 of germanium oxide covering

35 the useful layer 4, either non-aqueous polishing has to



30 i nhonogeneity in the thickness of the polished protective |ayer 20. If
the useful layer 4 is germanium and if at the previous step of the method

a prOteCt§§§Fh§X&ﬁ5 O is created, being a |layer 16 of gﬁ%ﬁ@@“ éaﬁ'dao

covering useful |ayer 4, either, non-aqueous polis

2010/ 105955PCT/ EP2010/ 053050 17 be used, which nmeans for the person skilled
in the art polishing using an organic solvent, or dry polishing has to be
used, i.e. without any solvent, and therefore essentially based on
mechani cal polishing action. 5 Indeed, germanium oxide is soluble in an

aqueous nedi um and risks dissolution if golishing i s used, which uses a
sol ution conpPfstAginatBrCht HFIP sthyt RonPahtedusk bt $Shihgtler aFy
pol i shi ng ar eppbdl sishiqpgueehbods: adapied: t eot hest pxenpldary pobodhhest. 101 n

the case of ”HQéaElﬁek%‘su 04 I shing,, i..&,.8 a%?)(:bg*ﬂv@%tusgﬁa 9He9é9$~9éc
sol vent, nechano-cheni cal ~pol1shi ng such as’ may advant ageousl'y be
appl i ed, whichsasesialhy addds¢dn ¢0 t hecbrgapie sbbvepting chehieal

subst ance { al spqdes] ghat fch Asn "SIl W b8kt ahnkRgaghepisahsacanabl e of
exerting chem cal action, for transfornlng%the Iayer to_be polished, said

cheni cal s bei AGIEF FERNGWASE Ot he” pet sBATSKIH@dTF n"the aft ! Cneses

pol i shi ng- oxi datdocdntsequenoe sitsemof obdtowt NgtB0Os pdlsi shitngnbs-agtden sal

oxi dation ste supstr 1 i L. sSUpp of Th I

oxi dati on cong?gigﬁo gplgﬁjn§£§hepgg%éF%§¥e. ¥?n ggfggﬁgg heﬁ%Eﬁgﬁggly

i ncl udi ng oxygeargad, tand o Heatt gy embedameenper at ure sel ect ed accordi ng

to the material of rthe2b usekul okaygsndaqddiss oxddatdangeyibe.a gdry or
wet thermal oxidation. The operatln%_condltlons of thl% ther I,oxidatlon
are of the salB kint'as UHESe UesOrPhad Ceat? et dur g A8 therhaf

oxi dation of pbeiswubsgranehl #0rClP eabiyngdrmrxicdeusayerbe 6apsl ded,
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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| ayer 4. A goal of thermal oxidation of the substrate 1 is to transforma
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surface 7 of the useful layer 4 will be nore consuned by oxidation than
that of the valleys 28 of the surface 7, since the peaks 29 are nuch cl oser
to the surface of the substrate 1, i.e. to 5 the surface 21 of the

protective Ia% t han the vaIIe s 28, located nuch farther in depth.
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t her mal oxi dati on oxi i'on of 'the Ow Oxi dati on
of the vall eysuog, Cigsﬁﬁrbopﬁbﬁoahééﬁcelﬁﬁeb@e ths%¥@@¥|bn bfea Wtride

layer 17 a theel3.begianing of the metdad-neiabl yydasobhe advantage of
further blocklnghthe i ffusion of ox ygen t owar ds t%e valfgxs 28 during

ther mal oxi dat7ohSY¥ han’ acC6APFFsAEE bfaFﬁ§e6XHdb TRt 16°€ AETERTS stage
of the methodoft heeroaghoessaofon hen20hsustiaseratoflt he attuverdayer 4 of
the substrate,1 #§gre§uced in high and |l ow frequencies relatively to its
initial roughnes . relatively to its roughness before applying the
met hod according tbnthheiﬁ@éﬁtwbﬁﬁ the creation of a nitride layer

10 17 as a protective layer 20 has been applied at the
beginning of the method, the effect o0f the thermal
oxidation, 1i.e. strong oxidation of the peaks 29 and
low oxidation of the wvalleys 28, 1s 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 its 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 is possible to clean
the protective layer 20 with any type of method known
to the person skilled in the art.



In order to be able to further snmooth the surface 25 7 of the active |ayer
4, the polishing-oxidation sequence may be reiterated as many tines as

required. ﬂéﬂlgﬂﬂﬁég%e gradual iterations of the poli shi n&ﬁﬁﬁ?‘}{%&%ﬂ
a 0

sequence, S 29 and the vall ey,g 28 of the surface usef ul
layer 4 will be conpletely 30 snoothed out, by which a useful |ayer 4 may
be obtained with strongly reduced roughness. At the end of the

method, it is possible to clean the protective layer 20 with any type of
met hod known to the person skilled in the art. WO

2010/ 105955PCT/ EP2010/ 053050 19 With the method according to the
invention, It is pOSSHbiee tBeER oACEPEHI G- And T oW T -gtEhey'  oti§hnesses

and to reducepsastbroeughnesses. The netchodhiagcoraidig towt héréguenty on may 5
advant ageousl o] Vi he. _ "cr - " Which is a defect
¥OQ§%%§§§3£ {%£QHPI%%ﬁK%a%a¢%_%%ﬁgE%FQQe

occurring for ex e on the use ayer 4 of re axea'SI Ce, and well known
to the person skilTed i methedar tacCiyicsingef ee? f 6RAB afn e isur f agey of t he

useful |ayer andafosysods Welbhe onhdesedopetuprki 0f 1Qemver-ogL0Q¥EesSHY] Ving to
the surface the, aspect of a checkerboard, called "cross-hatch” in the art.

Mor eover, the"ftthodSacdFdithy (0 THe Hvemt oidtiRant dyeotsl Y appties to

the reuse (al saydesignat edlasedr efiiGesh"agndofwdlie latrest  atis® dessgmat ed as

"waf ers") 15 .silic ot H%Q tyri t S I such as
the Smart Cut ?r%%(?iogp ﬁ%%{e}%}p |12%1 esteffe%rcatt #85@?’ ggdgﬁ%rsgg%§§%nﬁﬁcti ng
substrat e andtaer geeifver lsgwircoriduct ¢ Ags sabsierlat e e cadhesiwatly of

bonded, saidr egeives 5657 £ONAUGt RISUDSE LAt €520F LONPRLSI Ngs@ftd nsul ag or

| ayer. After ipplanting |ons generatin weakeni ng _area_and fracture
around this aFERCharPGREl | OBtal ded o 1Bhé | 4B SAG. A-Ser conduct or

substrate on the o#hesowdd chthay neehreusedcotdaioy dep tthedeiabéetionreuse
the Senicondug&bggtageously 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. 1Indeed, in 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 is 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 Dbe used in the case when the wuseful
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



25 substrate stenmng fromthe fracture, it should be proceeded with
finishing operations. The nethod according to the invention is

advantage§ﬁ$%%0 &g%éed and all ows the sem conduct or subﬁ%@ﬁ%@u%%mgg ‘he

snoot hed may then be reus in a subsequent

Smart Cut TM type. Finally, the nethod according to the invention may
advant ageously be used in the case when the useful |ayer 4 of the substrate
1 conprises a sem conductor material of the Il1-V type, i.e. a conposite 35
sem conductor nmade fromone or nore elenments from WO

2010/ 105955PCT/ EP2010/ 053050 20 colum I1]l of the periodic table of the

el ements and FPoWOnéldr SGfor'd %l BRehtS of tébf anr fv.theyg lements and

2010/ 105955PCTt &R261€/ ©5 3050 21 GlcAItMSof columh. VA net hod for finishing the
surface of sem conducting substrate (1), said substrate conprising 5 a set
of layers conprising a useful sem conducting |ayer (4) on at |east one of
the faces of said substrate (1), said useful layer (4) conprising a rough
free surface (7), said nethod being suitable for snoothing out the free
surface (7), said method being



10 characterized in that it conprises the successive steps: creating
a protective layer (20) covering the surface (7) of the useful |ayer (4)
with a thi o 3 times larger than the peak to ce of
15sai d su‘ﬁggﬁﬁé%& 5E)f the useful layey (4), Fﬂ/ﬁyzrqum%&%e

pol i shi ng- oxi dati on sequence, said sequence conpr|S|ng t he successive

st eps: polishing the surface (21) of the protective |ayer (20), said
pol i shing being adjusted so as not to 20attack the useful |ayer (4), and
perform ng a thermal oxidation with supply of oxygen gas of the substrate
(1), in order to transforma portion of the useful layer (4) into an oxide
| ayer (16) in order to reduce the 25r%hAwM%ss of the surface (7) of the
useful |ayer (4). 2. The flnlshlng met hod according to claiml,
wherein the protective Jay ) an i (,16) Qr, 30 (17) layer.
3. The finishing n%thodiac§%$%%% F%ranfg%ﬁg%ﬁa% ?mﬁn ,f ere%% t he
pol i shing of @ﬁ@l@@m@%@%&WQHEQﬁSQHﬂ§€pr6Decﬁﬁvé sapetEaoyi soseFesiige 35

pol i shi ng,=capabl &10f osel @5%@9!@! VYddighingg £he;sM1  semiconducting

2010/105955PCT/EP2010/0530
layer (4) at least one of the faces of said

substrate (1), said useful layer (4) comprising a rough
free surface (7), said method being suitable for
smoothing out the free surface (7), said method being
10 characterized in that 1t 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 (l6) 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



22 protective layer (20) wi thout attacking the useful layer (4). 4.The
finishing method according to any of 5 clains 2 and 3, wherein the creation

of an oxi nitride (17) |ayer covering the sur t he
usef ul IaS@?g%ﬁ%mgﬁ%ludes deposition pf nitride or oxid%?ﬁﬁﬁéi%ﬁ%%Pinishing

met hod according to claim4, wherein deposition of nitride or oxide is
acconpl i shed by PECVD or LPCVD. 6. The finishing nmethod according to
any of 15 clains 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 wth s%ppl¥ of oxggen gas or thermal nitridation with
supply of nitPbgeRcyhyss 2gve 07, TheMPYhi it riétthod “accBfat g to any
of clains 1 toagerwherein the thernmal oxidation of the substrate 1 is a dry
or wet oxidation. 258. The finishing nethod according to any of clains 1, 2
and 4 to 7, wherein the polishing step is a non-sel ective polishing step.

9. The finishing nethod advordingshonanynsfh@D ekapngingt o8, awerefn t he

creation of acpsohecti ¥eql ayekne2@)ncover i@ thensy age {Aqof (1 he useful
| ayer (4) forms tF rotective |la 20). with a thickness 1.8 tines |arger

h
t han the peakQFop\]/gFE% dit<t aﬁé‘é(%fercto ETS0PT 408 (SAF TGS he' uset utt ayer

(4). useful layer (4) includes deposition of nitride or

oxide.

10 5. The finishing method according to claim 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



WO 2010/ 105955PCT/ EP2010/ 053050 23 10. The finishing nmethod according
to any of clains 2 to 9, wherein the creation of an oxide |ayer (16)

covering B@i ﬁﬂﬁ&ﬁ%? (7) of the useful layer (4) forns %Qﬁﬁﬁﬁh%%“kﬂyer (16)

with a th AEdd 1to 35 tines or,;1.8 tines |arger

peak-to-vall ey distance of the surface (7) of the useful |ayer (4).

11. The finishing nethod according to any of clains 2 to 10, wherein the
useful layer (4) is 10 germanium and the creation of a germani um oxi de
llayer (16) as a protective |ayer (20) covering the surface (7) of the

useful layer (4) is acconpl i shed % t her mal oxi dati on mnth suggly of oxygen
at a tenperature cohpriSEd BetWeEA 4507 ahaC%50S AU the thol FERI ngtis 15
non- aqueous poiashsng not abl whefretihe tGNP drygpe,i cor ot yarpobx sde nQayer 12.

The finishing ggﬁggggédkgg E%rgQXEOf7?e%fﬂ%ﬁ%té%§§u%“@%%e nxﬁpe usefu

| ayer (4) |ncludes i con ation of a si oxi de | ayer
(16) as a prof@ém$ohhﬁayéﬁd€2®PY@®véﬁﬁhgWﬂﬁ@ surtfrde&EnEe®p off thetuséf ul

layer (4) 4s a¢gosplished 8bYttlhi%|’s”Bia9<§éQatﬂHHh wictie sgppkyr 9fvQXygen at a

tenperature of | ess than 600C.
distance of the surface (7) of the useful layer (4).

11. The finishing method according to any of

claims 2 to 10, wherein the wuseful 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.



