METHOD FOR POLISHING HETEROSTRUCTURES Background and

prior art 5The present invention relates to the field of heterogeneous

structures associating a buffer layer enabling a given strained material to

be achieved on another different material. An example of such a

haterostsucture is the Si(i_x)Ge(X) structure (x being able to veayr frmms/eee1ss

20% to 100% according to the required gegree of strain) comprising a

relaxed 10 Si(1Ge(x) buffer layer produced by epitaxy on a silicon

substrate. When the Si(i_x)Ge(x) layer is produced by epitaxy, the

crystalline Iattrce mismatch between the silicon substrate and the

subsequent Sigze-laysIs Eeht e

"cross-hatch” at the surface of the SiGe buffer Iayer This cross-hatch

mcreases the surface roughness of the 15 relaxed SiGe buffer layer. The
S IO R R BT SIGE D uffer layer is then polished to eliminate the

Cross- hatch and to reduce the surface roughness. For this purpose, the
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20  containing both an agent (e.g. NH4OH) able to chemically etch the surface

of the layer and abrasive particles (e.g. silica particles) able to
mechamcaliy etch said surface. '

Solutions for eliminating cross-hatch and reducmg the surface

roughness on heterogeneous SiGe structures by CMP have been proposed.

25 . The documents "Planarization of SiGe virtual substrate by CMP and

its application to strained Si modulation-doped structures”, by K. Sawano

et al, Journal of Crystal Growth, V251, p. 693-696 (2003) and "Surface

smoothing of SiGe strain-relaxed buffer layers by chemical mechanical

polishing™ by K. Sawano et al, Material science and engineering B89 p.

30 - 406-409 (2002), describe a solution in which the SiGe structure is polished

between two epitaxy steps so as to reduce the surface roughness to

values of less than 1 nm RMS (about 0.4 nm for 10%10 ym? scan areas).

However, the polishing rates obtained with this solution are relatively




The documents US 6 988 936 and JP 11 197583 describe methods for
finishing or recycling by chemical mechanical polishing of a silicon layer 5
of a SOI (silicon on insulator) structure obtained by means of the
SmartCur technology. However, these methods are not suitable for
wetesageneosus SiGe structures. The polishing rate obtained wAth/thege/to0156
methods on silicon in fact decreases byza factor 5 when SiGe is involved
(Vsi/VsiGe=5). 10The documents WO 2005/120775 and WO 2006/032298
divulge CMP methods of SiGe layers enabling not only a high removal
rate to be achieved in a single polishing step by means of a "hard" or
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15  atomic force microscope (AFM).

Although the polishing methods described in these two documents
achieve a heterogeneous SiGe structure presenting a relatively low surface
microroughness observed by AFM, they do not however guarantee a
sufficient surface macroroughness level to meet the new quality demands

20 required by ever-increasing miniaturization of the components to be
produced for example on s50I structures fabricated from a
heterostructure {(donor substrate) formed on a silicon support substrate on |
which a relaxed SiGe layer is produced by means of a SiGe buffer layer, a
strained silicon layer being formed on the relaxed SiGe fayer.

25 The applicant has in fact observed that the surface macroroughness
level determined by measuring the surface haze (low spatial frequency
signal originating from the light diffused by the surface defects when the -
wafer or heterostructure is iliuminated for example in SP1 measuring
equipment) is a parameter that is just as important as the surface

30  macroroughness level to qualify the surface state of a structure. As the
surface roughness requirements on SiGe heterostructures after chemical
mechanical polishing are increasingly stringent, characterization of the
surface of these structures also has to take account of macroroughness
measurement. Characterizations of SiGe heterostructures performed at



30 macroroughness level to qualify the surface state of a structure. As the
surface roughness requirements on SiGe heterostructures after chemical
mechanical polishing are increasingly stringent, characterization of the
surface of these structures also has to take account of macroroughness
measurement. Characterizations of SiGe heterostructures performed at 3
low spatial frequency, i.e. by measufing the surface haze which is
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200y 0GR Ece with a first aspect of the present invention, there is provided a
method for polishing heterostructure comprising at least one relaxed
superfici IheIeroeltaX|aI layer on a substrate of a different material from

Surgiuany Qb He INELORL ial layer, the method comprising a first chemical
mechanlcal polishing step of the surface of the heteroepitaxial layer
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shoMBAiRQYshiremo iR LAY NshAdiRESEICRanarization solution whereby the
roughness level present at the surface of heteroepitaxial layers and in particular
the macroroughness (haze) ievel can be reduced even further.

In accordance with a first aspect of the present invention, there is
provided a method for polishing heterostructure comprising at least one relaxed
superficial heteroepitaxial layer on a substrate of a different material from that of
said heteroepitaxial layer, the methed comprising a first chemical mechanical
polishing step of the surface of the heteroepitaxial layer performed with a
polishing cloth having a first compressibility ratio and with a polishing solution
having a first silica




4 particle concentration, characterized in that the first chemical
mechanical polishing step is followed by a second chemical mechanical
polishing step of the surface of the heteroepitaxial layer, said second step
being performed with a polishing cloth having a second compressibility
ratio, higher than the first compressibility ratio, and with a polishing
solution having a second silica particle concentration lower than the first
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compressibility ratio comprised between 5% and 9%. According to yet
another embodiment of the invention, in the first polishing step, the
polishing solution has a first silica particle concentration comprised
between 28% and 30% whereas, in the second polishing step, the
polishing solution has a second silica particle concentration comprised
between 8% and 11%. The above-mentioned parameters
(compressibilities, concentrations and diameters of the silica particles)
apply particularly when the heteroepitaxial layer is a silicon-germanium
layer. However, the polishing method according to embodiments of the
invention can be applied to other materials, for example to gallium
arsenide GaAs or gallium nitride GaN. Cross-hatch is thus eliminated
In the first polishing step according to embodiments of the invention with a
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In this way, whatever the material, the method according to embodiments

of the invention may enable the three above-mentioned forms of

roughness to be reduced, i.e. cross-hatch, random microroughness and
haze. 6 According to one embodiment of the invention, the
heteroepitaxial layer is a silicon-germanium layer. After the second
chemical mechanical polishing step, the silicon-germanium heteroepitaxial
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is provided a heterostructure comprising at least one relaxed
silicon-germanium superficial layer on a silicon substrate, characterized in
that the silicon-germanium superficial heteroepitaxial layer is polished
according to the polishing method according to the first aspect, and that
the heteroepitaxial layer presents a surface microroughness of less than
0.1 nm RMS for a roughness measurement made with an atomic force
microscope on 2*2 pm2 and 10* 10 pm2 scan areas.



The heteroepitaxial layer further presents a surface microroughness
corresponding to a surface haze level of less than 0.5 ppm. In
accordance with a fourth aspect of the present invention, there is provided
a donor substrate designed to be used as crystalline growth seed for
formation by epitaxy of at least one strained silicon layer comprising a
heterostructure according to the thirdgaspect. Brief description of the
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sindlB&Bplighing dnshiing pdersiihed inae stapsatbeurtiggausifiebe used for
fabifoagitionof a sSOI structure according to the well known Smart Cut™
technology. In accordance with a second aspect of the present invention, there is
provided a fabrication method of a sSOI structure comprising formation of a
strained silicon layer on a silicon-germanium heteroepitaxial layer belonging to a
donor substrate, implantation of at least one atomic species in the donor
substrate designed to form a weakened layer, bonding the surface of the
strained silicon layer with a surface of a receiver substrate, and detaching the
layer in contact with the receiver substrate by cleavage at the level of the
weakened layer formed in the donor substrate, characterized in that, before the
strained silicon layer is formed, the silicon-germanium heteroepitaxial layer is
polished according to the polishing method according to the first aspect. This
may enable sS0I wafers of very good quality to be obtained thereby enabling the
number of downgraded wafers to be reduced.

According to one embodiment of the invention, the receiver substrate
comprises a thermal oxide layer at the level of its surface designed to be bonded
with the strained silicon layer. The oxide layer is usually achieved on the donor
substrate, before bonding, by means of an oxidation step of TEOS type which is
complex to perform. Simple thermal oxidation does in fact present the drawback
of reducing the thickness of the strained silicon layer too much, which layer
thickness is already limited by the critical



15Detailed description of embodiments of the invention The polishing
method of the present invention comprises two chemical mechanical
polishing steps, called CMP, that are performed consecutively but under
different operating conditions. In particular, the 20 first polishing step is
performed with a relatively "hard" polishing cloth, i.e. having a low
compressibility ratio, and with a polishing solution having a "high"
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a ggmeamcromughness of less” than 0.1 nm RMS for a Troughness

measurement made with an atomic force microscope on 2*2 ym?2 and 10*10

Um? scan areas.

The heteroepitaxial layer further presents a suirface microroughness
corresponding to a surface haze level of less than 0.5 ppm.

In accordance with a fourth aspect of the present invention, there is
provided a donor substrate designed to be used as crystalline growth seed for
formation by epitaxy of at least one strained silicon layer comprising a
heterostructure according to the third aspect.

Brief description of the figures

figure 1 is a schematic representation of a polishing tool that can
be used for implementing the polishing method according to an embodiment of
the invention,

figure 2 is a schematic cross-sectional view of a heterostructure
comprising a silicon-germanium layer formed by heteroepitaxy on a silicon
substrate;

figure 3 is a box-plot diagram showing haze levels obtained after
polishing performed in a single step and polishing performed in two steps
according to the invention,



with polishing solutions suitable for polishing a predetermined material. In

all events, the values of the first range are essentially high compared with
the values of the second range, which are thus referred to as "low",

although partial overlapping of the ranges is not excluded. The particles of
W@ agpamtiewdar solution are in fact never all of the same diam&&r/Eidae/ 8o is6
inevitable for the diameter distributions 6f different solutions to overlap.
Thus, for a silicon-germanium heteroepitaxial layer for example, a range

of values between 60 and 80 nm is considered as being a range of low
values, whereas a range of values between 70 and 100 nm is considered
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polishing solution. Heterostructure 12 is formed by at least one
heteroepitaxial layer 121 formed on a substrate 120 made from a different
- _material, the heteroepit >?I layer being .i" adtiBresenting a strain
e AL R R AR G Ry Bl S INEEE™As illustrated in
figure 2, WO 2008/099245PC T/1B2008/000156 10 heterogeneous .
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20 first polishing step is performed with a relatively "hard" polishing cloth, i.e.
having a low compressibility ratio, and with a polishing solution having a
"high" concentration of silica” particles having a diameter comprised in a
range of "high" values.

What is meant by a low compressibility ratio is a low ratio

25  compared with cloths that are suitable for polishing a predetermined
material. In all events, the first compressibility ratio is low compared with
the second compressibility ratio, which is referred to as “intermediate”.
For a silicon-germanium heferoepitaxial layer for example, a clgth with a
compressibility comprised between 2% and 4% is considered to be hard,

30 whereas a compressibility of about 6% is defined as intermediater.

What is meant by a high concentration of silica particles is a high
‘concentration compared with polishing solutions suitable for polishing a
predetermined material. In ail events, the first concentration is high
compared with the second concentration, which is thus referred to as




5 silicon substrate 120. The crystalline lattice mismatch between the

silicon substrate and the SiGe layers formed thereon results, when the
strains are relaxed, in formation of a cross-hatch relaxation roughness 124
at the surface of SiGe layer 123 corresponding to surface 121a of
weteresteazttire 12. After removal of the cross-hatch accordinBGH 08/ 060156
polishing method of 10 the invention de8cribed further on, heterostructure
12 can be used to form a strained silicon layer sSi which can then be
transferred onto a receiver substrate such as a silicon substrate, using for
example the well known SmartCutnl technology. After the sSi layer has
beemdransiented; tgitwiegositaciune dwidroapitzsadl fdefermétiorexdapiew

Ei‘iﬁéﬁsﬂ%%ﬁﬁbi%ﬂﬁﬂ‘s“”f"”fei@féﬁf@?@da‘% o s °
ordi e method of the
inverftisim™ ﬁi. Sﬁ&‘%ﬁg’f‘un B?t g§§ glifrade %%ﬁeterostructure 12
undergoemﬁ:m@@&%MﬁBaﬁs@fri@qéw@%écﬁmﬁaéuséﬁ%er&&wh
shat(calietriardiei macciothopresmatinga chenpeessibitity litlh 20ompared
g’;}@fﬂﬁ%ﬁf?ﬁ% e%%if%é%@%ﬂt‘?&b@%?@&lﬁd@?( a predER@-fifislehertieadl. In
S rfor
isc WF ig%ré Siv u@eogst (ﬁ(ﬁl?rgglrggﬁ.l |gﬂ¥v o%%%%r@jmgrﬁ%&éw%
solufish E%H%nﬂfg@?l%@?@%%hdﬁ%@?ﬂ@@ s delenrsstde as Mow’,
conmyitiarabaiwtien GAeHapplap ofrthanahpesfégaisly @8hetr@chRevrtnigs of
1@?;% E’égﬁ*‘ﬂ%i&ag&iﬁﬁm aﬁe ithesremeval @}%@fﬂ"&? fupidelishisestentist is
nm/sec a I u

Thlsrlle?“/ég %eemlca e g%ﬁ%gf %‘ &%HS 65&?#%2& a%%ﬂéé@;ﬁ%ﬁ}%riap

and?aaac@'tﬁesﬁma&emmd?ﬁ%&% Bl @8R RRRENRI g0 range
rougifnesisam et wesas Gk dny Bfbmic fBroensiltset aselEr/g famgsanl low

areqg Rk 0iWiNPiM2 Hawsvest airkthisfiRaiapolishing step. nm is considered
g‘nete?% éuctng_a]r%Qrgfsﬁ@tﬁ %Eﬁgéurface 121a a macroroughness level of

Figure 1 illustrates a polishing tool 10 which can be used to

implement the polishing method according to an embodiment of the
invention. Tool 10 comprises on the one hand a polishing head 11 in

, which a heterostructure 12 presenting a surface roughness to be polished
20 s inserted, and on the other hand a plate 13 covered by a polishing cloth
14. Polishing head i1 and plate 13 are respectively driven in rotation to
polish surface 121a of heterostructure 12 in contact with polishing cloth

14. A polishing pressure Fe and a translation movement representéd by an
arrow 16 are in addition applied to head 11 when polishing is performed.

25  When polishing is performed, an abrasive polishing solution formed by at
least one colloidal solution such as a NH4OH solution containing silica
particles is in addition injected into polishing head 11 via a tube 15 and
dispensed by the latter on ;jalishing cloth 14, Polishing of surface 121a of
heterostructure 12 is. consequently performed with polishing cloth 14

30  impregnated with polishing solution.

~ Heterostructure 12 is formed by at least one heteroepitaxnal layer

121 formed on a substrate 120° made from a different material, the
heteroepitaxial layer being relaxed and presenting a strain lattice or cross-
hatch requiring polishing at its surface. As illustrated in figure 2,



corresponding to the measured surface haze level (low spatial frequency
WO 2008/099245PCT/1B2008/000156 11 signal from the light diffused by
the surface defects when the wafer or heterostructure is illuminated for
example in a SP1 measuring apparatus). According to the invention, a
vsecotierrsmical mechanical polishing step is performed to rédtE@ 00156
macroroughness level present at the 58urface of the heterostructure.

This second polishing step of surface 121a of heterostructure 12 is
performed with a polishing cloth called "intermediate”, i.e. a cloth

presenting a compressibility ratio comprised between 5% and 9%,

gg?f%éﬁ@bg@sﬂ(tmkﬁst@@@gw%%tem the poliskindylatheestetablffeo layer of
O (R o e S a0
ol SHBPUotFaB e Spth 3100 Hou iy Renimre e o Upform
secBidyShrmicaema2Ratfioakpanapingste g iSparrna e sy on a
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preferdbi ibthiceraes dad mpy@spﬁadﬁ@a]méuré@eo%%ﬁé geaigrostricture
. polishingretepaispraferatiye 20082 mmisecamditigetduraionishing sexted of
SRS akWHS SIRUISSed further on, heterostructure 12 can be used to form
a strained silicon layer sSi which can then be transferred onto a receiver
- substrate such as a silicon substrate, using for example the well known
SmartCut™ technology. After the sSi layer has been transferred, the
heterostructure can be reused for formation of a new sSi layer after the
15 fractured surface of the SiGe layer of the heterostructure has been
polished, again according to the method of the invention. '
In the first polishing step, the surface of heterostructure 12
undergoes chemical mechanical polishing performed with a polishing cloth
that is called "hard", i.e. a cloth presenting a compressibility ratio
20 comprised between 2% and 4%, preferably 2%. ‘
The first chemical mechanical polishing step is alsc performed
with a polishing solution that is called "aggressive"”, i.e. a colioidal solution,
for example a NH4OH solution containing at least 20% of silica particles -
with a diameter comprised between 70 and 100 nm, and preferably
25 between 28% and 30% of silica particles. )
The removal rate of the first polishing step is preferably 3 nm/sec
and the duration of the first step is about 2 minutes.
This first chemical mechanical polishing step eliminates the cross-
hatch and reduces the surface microroughness to about 0.2 nm RMS, a
30 roughness value measured by atomic force microscope (AFM) for scan
areas of 10*10 pm2.
However, after this first polishing step, heterostructure 12 presents
at its surface 121a a macroroughness level of about 20 ppm
corresponding to the measured surface haze fevel (low spatial frequency



This second chemical mechanical polishing step enables the surface
microroughness to be reduced to a value of less than 0.1 nm RMS, a
roughness value measured with an atomic force microscope (AFM) for

scan areas of 2*2 pm2. This second step above all enables a surface 25
weagrevougkhess level of about 0.5 ppm corresponding to the Stiff&#Es/100156
haze level measured with a SP1 measiiting apparatus to be obtained at
surface 121a of heterostructure 12. The haze level obtained after the two
polishing steps described above is improved by a factor 40 compared

With that obtained with the first polishing step only. 30Figure 3 represents
the Gargilenetobiaingtaiiefgelishingref suige lagfectormieehotha sitiéen or
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two @@bé%ﬁ%ﬁﬁﬁb?’t éﬁﬂ?e'?‘ﬁﬂm’ rﬁ@?&roughness values
presented Weyggoeads weehidth mdtamﬁ@ﬂi@?m@rﬁmﬁfeqmﬁﬁ with a
scanieas i %M%@Pﬂndﬁ*ﬁ@aﬁﬁt&gbﬁ@dy@@ indigetedrit figare 4.e. 2
155 howﬁ a(tjgﬁlescﬁu{ion, for example a NH4OH solution, containing a percentage
of silica particles of less than about 12%, the silica particles having a
diameter comprised between 60 and 80 nm. The percentage of silica
particles is preferably between 8% and 11%.
The removal rate of the second polishing step is preferably
20 0.2 nm/sec and the duration of the second step is about 3 minutes.

This second chemical mechanical polishing sltep enables the surface
microroughness to be reduced to a value of less than 0.1 nm RMS5, a
roughness value measured with an atomic force microscope {AFM) for
scan areas of 2*2 pm?2. This second step above all enables a surface

25  macroroughness level of about 0.5 ppm corresponding to the surface haze
tevel measured with a SP1 measuring apparatus to be obtained at surface
121a of heterostructure 12. The haze level obtained after the two
polishing steps described above is improved by a factor 40 compared with
that obtained with the first polishing step only. :

30 Figure 3 represents the haze level obtained after polishing of a SiGe
layer formed on a silicon substrate as in previously described
heterostructure 12, chemical mechanical ‘polishing being performed
respectively either in a single step corresponding to the previously
described first polishing step, or in two steps corresponding to the



15 microroughness obtained with CMP performed in two steps according
to the invention is reduced by a factor 2 for 2*2 pm2 scan areas and by a
factor 1.5 for 40*40 pm2 scan areas. The microroughness after CMP in
two steps is therefore less than 0.1 nm RMS for 2*2 pm2 scan areas,
Wihitissnsures a very good -surface state for performing for &atfipfata/000156
20resumption of strained silicon epitaxyZor molecular bonding. Figure
5 indicates, in addition to the surface microroughness values already
presented in figure 4 for 2*2 pm2 and 40*40 pm2 scan areas, the surface
microroughness value Measured with an atomic force microscope (AFM) .
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miRaTResmeriueees ARASHINAA A2 sonr punercrcor it
oS SFGHIER A UL TP IGBrEss (56 icte ool L M
~ poliskirgtaplsapartisi@om Applied Materials with the following rotation
sspeeds of Thes rajiskingeheaddvanthaOgHithe iktey jon- fistipuisking when
Ste%h%kﬁ%ﬁ‘@ﬁ@&%é%%ﬂﬁs&%ﬁ@ﬁg Béf&%éamfﬁmhs&bémwam@ to the

g;gssurea pfd to the O|IShII‘\]}§éf_§\ﬁ %%%b%%ﬁ{r%eg}%ﬁpgglyg m to

rpma ME2008/8D TS @?@ﬁb@@@l@@@l@@‘i@%é&% polishing step: Vit
comprisedrhpiveesiafarticSuniace priferahhy BeasrAMbitraipresiiaiaed on

1@23&&%%&@&8@%&5@ h&ﬁé&‘sc%m@“mbbgéﬁ@eméﬁamd # peiglereferablySin
LTS DA S ARl AR B
presented were meastired wnth an atomic force microscope (AFM) for scan
areas of 2*%2 pm?2 and 40*40 pm?2,
_ The values indicated in figure 4 show that the surface
15  microroughness obtained with CMP performed in two steps according to-
the invention is reduced by a factor 2 for 2%2 pmi scan areas and by a
factor 1.5 for 40*%40 pm?2 scan areas. The microroughness after CMP in
two steps is therefore less than 0.1 nm RMS for 2*¥2 pm? scan areas,
which ensures a very good ‘surface state for performing for example
20 resumption of strained silicon epitaxy or molecular bondingn
Figure 5 indicates, in addition to the surface microroughness values
already presented in figure 4 for 2*2 pm? and 40*40 um? scan areas, the
surface microroughness value measured with'an atomic force microscope
(AFM) on the same SiGe layer for 10*10 pm? scan areas. This figure
25 . shows that the surface microroughness obtained for 2*2 pm?2 scan areas
is similar with a larger scan area of 10%10 pm?2.
The' SiGe layer or layers the results of which are presented in
figures 3 to 5 were polished with a Mirra polishing apparatus from Applied
~ Materials with the following rotation speeds of the polishing head Vt and
30 of the plate Vp:
first polishing step: WVt comprised between 75 and 95 rpm
preferably 87 rpm, with a pressure applied to the polishing head
comprised between 5 and 9 psi, preferably 7 psi; Vp comprised
between 85 and 100 rpm, preferably 93 rpm;



(strained silicon on insulator) wafers made from heterostructures whose
SiGe layer, which acted as growth layer for the strained silicon layer,
underwent CMP, performed either in a single step corresponding to the

first polishing step described above or in two steps corresponding to the
wofirstsareksecond polishing steps described above. The VaRIBE108/060156
indicated in figure 6 were measured witl3 a SP1 measuring apparatus from
KLA-Tencor with the detection threshold adjusted to 0.4-0.5 microns, i.e.

the minimum size of detectable particles. Figure 6 enables the total
defectiveness (represented by the 15 number of defects indicated on the
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100% pf gornorasiesratersompasrasimanlishinguretey steps. tidmipared
depending on whether CMP was performed in a single step or in two
20 steps. It can be observed that polishing performed in two steps under the
conditions described above enables the defectiveness on the final $SOI
product to beé improved by a factor 20 compared with polishing performed
in a single step (comparison of "Median All [DCO]").

, Figure 7 represents the status atiributed to sSOI wafers dependmg
o5 on whether the SiGe layer of the heterostructures from which the latter
"~ were produced underwent CMP either in a single step corresponding to
the first polishing step described above or in two steps corresponding to
the first and second polishing steps described above. In figure 7, the
“Prime" status corresponds to the best grade for the wafers, according to

30  customer specifications, the "Monitor" status corresponds to a less good |
quality grade (the wafers are potentially deliverable with less constraining
final specifications than for the "Prime" grade), and the “Downgraded"”
status corresponds to scrapping of a wafer which is too defective. '



5- 18% "Prime", - 52% "Monitor", and - 30% "Downgraded", i.e. 3 times

less than for polishing in a single step. The polishing method described
above for polishing a SiGe 10 heteroepitaxial layer can also be
implemented for polishing heteroepitaxial layers of gallium arsenide GaAs
wodgaligahitride GaN. The parameters (cloth compressibilifiy irtHF80§4f0156
and 2nd steps, silica particle concentratibn/ particle diameter in the 1st

and 26d steps, etc.) indicated in relation with polishing a SiGe layer are

also applicable for polishing a GaAs or GaN 15heteroepitaxial layer.
Consequently, by implementing two polishing steps under the previously
defined conglitigns: the pelishing-methve ckitunpreséstimyettioroentitesnal
Cros@a@@‘ﬁe@ ﬁr&égh{?%@ £@éﬁe\?\‘?‘i§§‘%ﬁ§ﬁ%ﬁfﬁ@ §H§i@°§cep, the final
mlcror%J t? ggg%?nsur d,with angaéw % orce Mmicrosco eigq s(,ﬁ‘ )]tgm
be cORSIGRRBRFF PR IFETE NENT Sn THE SHTace STt

wafétsif, fakticular ensures good molecular bonding and/or stramed

silicon epitagsnrestmgtion. It further enables a better quality of wafers to

be obtaine?za} the £hd f%method for fabricating sSoi wafers since the

|
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15 CLAIMS€P. 1. A method for pollshlng a heterostructure comprising -
at least oreHerelooithisigperficiabli e esaiitkiatbayer dora pobisitiage madése
1810 Bteroepitaxial layer can also be implemented for polishing heteroepitaxial
layers of galhum arsenide GaAs and gallium nitride GaN. The parameters
(cloth compressibility in the 1% and 2™ steps, silica particle concentration/
particle diameter in the 1% and 2" steps, eic.) indicated in relation with
“polishing a SiGe layer are also applicable for polishing a GaAs or GaN
15 _ heteroepitaxial layer.

Consequently, by lmpiementmg two polishing steps under the
previously defined conditions, the polishing method of the present
invention enables cross-hatch, macroroughness (haze measurement) and
surface microroughness {measured with an atomic force microscope

20 (AFM)) to be considerably reduced. This improvement on the surface state
of the wafers in particular ensures ‘good” molecular bonding and/or
strained silicon epita'xy resurmnption. It further enables a better quality of
wafers to be obtained at the end of the method for fabricating sSoi wafers
since the number.of downgraded wafers at the outcome is reduced by a -

25 . factor 3, which consxderabiy increases the number of - very good quality
wafers. ‘
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different material from that of said heteroepitaxial layer, said method
comprising a first chemical mechanical polishing step of the surface of the
heteroepitaxial layer performed with a polishing cloth having a first
compressibility ratio and with a polishingssolution having a 10first silica
particle concentration, characterized in that the first chemical
mechanical polishing step is followed by a second chemical mechanical
polishing step of the surface of the heteroepltaX|aI layer, said second step
being performed with a polishing clgth having a second compressibility
ratio, higher than said first 15compresstbility ratio, and with a polishing
solution having a second silica particle concentration lower than said first
concentration. 2. The method according to claim 1, characterized in

that, in t i artl les fthe olishin tlon
have az2 %edb‘ ameﬁl‘ ré ?o?(hgglé éﬁhﬁ%m a gtn%%g iﬁ@?r}ﬁ%&t@; §Rst one
thERssh SHBRSFRY s{‘é%en%@ﬂﬁsaaéaﬁ%s antHe @@mhmgesmm fiewe @
a diffiereelr W&é@mthhaﬁd&c@dmaegﬁepfm&iaﬁﬁﬁﬁast partly lower

than the fixst rapgRpf \f%'r%%?srs?rsj’g ﬂ?sfn@ﬁ'é?wqa gﬂﬂ%ﬁ%g‘ﬁih%h%ﬁ step

cterized in t in the fi |sh|ng step, the po
i B B, Vit et R B g ngrrme@/emt% a polishiag cloth
mbthbacascirgineptoziepshibiyf cbionarkitovdhchapaiishingds3Ritidhabaving a

tha;seennd ngg@@g:@m&%lshmg cloth has a second compressibility

ratio CO”&%@‘F‘S&Q&%’ it taﬂ'xe first chemical mechanical polishing step is
foliowed by a second chemical mechanical polishing step of the surface of
the heteroepitaxial layer, said second step being performed with a
polishing cloth having a second compressibility ratio, higher than said first
compressibility ratio, and with a polishing solution having a second silica
particle concentration lower than said first concentration.

2. The method according to claim 1, characterized in that, in the
first polishing step, the silica particles of the polishing solution have a
diameter comprised within a first range of values and that, in the second
polishing step, the silica particies of the polishing solution have a diameter
comprised within a second range of values at least partly lower than the
first range of values.

3. The method according to claim 1 or 2, characterized in that, in
the first polishing step, the polishing cloth has a first compressibility ratio
comprised between 2% and 4%.

4. The method according to any one of claims 1 to 3, characterized
in that, in the second polishing step, the polishing cloth has a second
compressibility ratio comprised between 5% and 9%.
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16 5. The method according to any one of claims 1 to 4, characterized
in that, in the first polishing step, the polishing solution has a first silica
particle concentration comprised between 28% and 30%. 56. The method
according to any one of claims 1 to 5, glgaracterized in that, in the second
polishing step, the polishing solution has a second silica particle
concentration comprised between 8% and 11%. 7. The method
according to any one of claims 2 to 6, characterized 10in that, in the first

polishing.step, t ili i 0 olishi lution have a diameter
Comprised BRI TR ATy one oP R I Bl e
arly dhetofiaiagslorelighipacripBednn tpisHIESSEdMIY Passhifigst silica
steprithiz siticadgartitios obthprivelishingvibrsolgtiomhaviaesdiameter
comprised between 60 nm and 80 nm. 9. The method according to

any one of claims 1 to 8, characterized in that the heteroepitaxial layer is a

silicon-gBrmalfiTRERGEr 25696 7 d SN RINScebidfg folctainm, gsharacterized
charéezdrizedhin thetpatiepalishseg aidp hdwicallisiichanidatipolishing second
stepcigatisRcaRERARIBheiprRRtaRliRYRnPIesena & fyfface

microroughness of less than 0.1 nm RMS for a roughness measurement
made with an atomic force microscope on 2*2 pm2 and 10* 10 pm2 scan

areas. 29 Thelmefhegrihoiug seoaity orstadindeoms (), tharactenaetenzed
that, gter the sesomaichrimicahieshanicst pﬁlitébi%%@ﬁééh@f the polishing
SI =qer | I : esen r
R R R RS E LA o o 5

ppm.
8. The method according to any one of claims 2 to 7, characterized

in that, in the second polishing step, the silica particles of the polishing
solution have a diameter comprised between 60 nm and 80 nm.

9. The method according to any one of claims 1 to 8, characterized
in that the heteroepitaxial layer is a silicon-germanium layer.

10. The method according to claim 9, characterized in that, after
the second chemical mechanical polishing step, the silicon-germanium
heteroepitaxial layer presents a surface microroughness of less than
0.1 nm RMS for a roughness measurement made with an atomic force
microscope on 2*2 um? and 10*10 um? scan areas.

11, The method according to claim 9 or 10, characterized in that,
after the second chemical mechanical polishing step, the silicon-
germanium heteroepitaxial layer presents a surface macroroughness
corresponding to a surface haze level of less than 0.5 ppm.

12. The method according to any one of claims 1 to 11,
characterized in that the first and second chemical mechanical polishing
steps are performed in a polishing tool comprising a polishing head in
which the heterostructure is arranged and a plate
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30 12. The method according to any one of claims 1 to 11,
characterized in that the first and second chemical mechanical polishing
steps are performed in a polishing tool comprising a polishing head in
which the heterostructure is arranged apg a plate 17 covered by a
polishing cloth in contact with the surface of the heteroepitax?al !ayer to be
polished, the polishing solution being dispensed from the polishing head.
513. A fabrication method of a sSOI structure comprising formation of a

stral ilicon layer gn a silicop-germanium heteroepitaxial layer
be‘%&%%? tgg it dgndor@[‘];gé%%tecfp_ Ia’ﬁ‘taﬁSHt@FE\t. 1< oﬁ@at@ﬂﬁﬁ@@pe@festhe
in fréciBRBIBWBS IRt desiyh pate fimbaweriishing sajetioboneing obfesed
suffane Wictheitnnes shstrate with a surface of a receiver substrate, and

10detachment of the layer in contact with the receiver substrate by
cleavage at the level of the weakened layer formed in the donor substrate,

charactenzed in@REEASIoR e BB AhedsSidoR gk fempdsisgidormation

siligorgtraiaailirsiieter teptadial ysiidspalisheshaceonsirerieiitaxal layer

POlisliRgIMEEHod AaRar %MW&@YE%?%S@QW%#&P I%gs‘clgjue atsthit Shecies
method of a sSOI structure according to claim 13,

o BB SURST ot ACEREFLBoST BOMRAESEY BT uitng of the
layerfanatebominorsurustetswitthetarosine i e conyivsing abteast, and

ongatelanedrlsiote layer in contact with the receiver substrate by cleavage
at the level of the weakened layer formed in the donor substrate,
characterized in that, before the strained silicon layer is formed,
said silicon-germanium heteroepitaxial layer is polished according fo the
polishing method according to any one of claims 1 to 12.

14. The fabrication method of a sSOI structure according to claim
13, characterized in that the receiver substrate comprises a thermal oxide
layer on its bonding surface.

15. A heterostructure comprising at least one relaxed silicon-
germanium superficial heteroepitaxial layer on a silicon substrate,

characterized in  that the silicon-germanium  superficial
heteroepitaxial layer is polished according to the polishing method
according to any one of claims 1 to 9, and

that the heteroepitaxial layer presents a surface microroughness of
less than 0.1 nm RMS for a roughness measurement made with an atomic
force microscope on 2*2 pm2 and 10%¥10 pm?2 scan areas.

16. The heterostructure according to claim 15, characterized in that
the heteroepitaxial layer presents a  surface macroroughness
corresponding to a surface haze level of less than 0.5 ppm.



germanium superficial heteroepitaxial layer on a silicon substrate,
characterized in that the silicon-germanium superficial heteroepitaxial
layer is polished according to the polishing method according to any one
of claims 1 to 9, and 25that the heterogpitaxial layer presents a surface
microroughness of less than 0.1 nm RMS for a roughness measurement
made with an atomic force microscope on 2*2 prn2 and 10*10 pm2 scan
areas. 16. The heterostructure according to claim 15, characterized

h
Corcins ERSEHEIR R ETBAT AR o
dSREFd@hSRETRERBIGVRPiENY OE&Y @%@tﬁﬁﬁ@@%ﬂq GeBdage"

formationtoy spitaixgdfiat east dneostiaiined silicendaysiructure according to
gﬁéGﬁ‘ﬁt?L@Z@PiB,that it comprises a heterostructure according to claim 15



