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3] present znventlon proposes an improved process of cleaning

using hydrofluoric acid, in such a way that the surface quality prior to
epitaxy may be improved, and in particular the occurrence of defects
known as “watermarks” may be minimized. The latter are constituted by a

20 series of surface defects (resuiting from solution-surface dissolution
and/or (re)precipitation) which are arranged in a straight line having as its
origin (even if not directly visible) the centre of the semiconductor wafer
surface being cleaned (or a point near to this geometric centre). This type
of pattern arises on account of the wafer rotation procedures employed

25  during rinsing and drying steps, involving turming about an axis of rotation
at or near to the geometric centre of the wafer, leading to streaking
patterns.
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BACKGROUND OF THE INVENTION
Although not limited to a specific area of semiconductor technology,
the present invention is of particular relevance in the manufacture of
structures of the sSOI type (strained silicon on insulator) using the
20  Smart Cut® technology to obtain the desired hetero structure. Examples of
the implementation of Smart Cut® technology are described in, for
example, US 5 374 564 or AJ. Auberton-Hervé et al. intitulé "Why can
Smart-Cut Change the Future of Microelectronics ?", Int. Journal of High
Speed Electronics and Systems, Vol.10, No.1, 2000, p.131-146.
25 This technology involves the foliowing steps:
a) bombardment of one face of a donor substrate (for example,
silicon) with light ions such as those of hydrogen or helium in order to
implant these ions in sufficient amounts in the substrate, the implant zone



25 This technol ogy involves the foll ow ng steps: a)
bonmbar dnent of one face of a donor substrate (for
exanple, silicon) with light ions such as those of
hydrogen or heliumin order to inplant these ions in
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WO 2009/ 086983 PCT/ EP2008/ 065771 -3 generating a zone
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therefore increased transistor operation speed
has a very low level of germanium at the interface with the support
15 substrate and, at the other interface, a level of germanium close or
equivalent to that of the germanium in the relaxed layer.

Upon the relaxed SiGe layer, epitaxy can be used to form a layer of
strained silicon. Strained silicon, where silicon is grown on a Si-Ge surface,
and is obliged to have more broadly spaced atoms than in pure silicon,

20 shows higher charge carrier mobility and therefore increased transistor
operation speed.

The assembly of layers comprising the three mentioned
(sS1/SiGe/Si) is used as a donor substrate in the Smart Cut® technology.
This is then bonded to a suitable acceptor substrate, and the original

25 silicon and SiGe layers of the donor substrate are removed in the
preparation of the final wafer, comprising strained silicon on a receiver
substrate.



The assenbly of layers conprising the three nentioned
(sSI/SiGe/Si) is used as a donor substrate in the

Smart Cut(r) technology. This is then bonded to a

sui tabl e acceptor substrate, and the original 25
HOAIBBBAd Si Ge | ayers of the donor substraPET/EP8/065771
removed in the preparation of the final wafer,
conprising strained silicon on recei ver substrate.
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15 It may also be noted that the sSO! surface here may be the subject
of further epitaxy (“re-epitaxy”) after transfer onto the receiver substrate,
but this may not suffice to annul the consequences of the original surface
defects.
It is in this context that the HF-last treatment of the SiGe layer
20  before epitaxy is important. It is known that this procedure may give rise
to surface defects known as “watermarks”. Various causes are believed to
be behind the appearance of watermarks, such as the presence of oxygen
dissolved in the deionised water used for rinsing, or hydrofluoric acid
vapour present in the vicinity of the wafer during drying thereof. These
25 factors are discussed in the article by Namba et al.,, “Insights Into
Watermark Formation And Control”, Solid State Phenomena, Vols. 103-104
(2005) pp. 83-86.
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US 5 932 022 relates to a multi-step process for producing a silicon

wafer with a hydrophilic oxide surface layer. The multi-step process, apart
from rinsing and drying layers, involves a first application of an oxidizing
solution (NH40 : H;02: H;0), followed by the application of an aqueous

20 solution containing hydrofluoric acid (HF) and hydrochloric acid (HC),
foliowed by a final application of an oxidizing solution (containing both
H,O; and HCI). The treatment with HF and HCl thus produces an
intermediate hydrophobic surface, prior to formation of the final
hydrophilic oxide-bearing surface. US 5 932 022 teaches that HCl enables

25 removal of metals from the surface through the formation of soluble metal
complexes. The use of megasonic waves during the treatment of the
surface with the first oxidizing solution (NH4O : H.0;: H,0) is exemplified
in US 5 932 022.
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The present inventor has studied the formation of watermarks in
processes of cleaning and preparing a hydrophobic surface of a
semiconductor substrate in the framework of treatment with aqueous
hydrofluoric acid solutions so as to prepare a semiconductor substrate

20  suitable for use as a base substrate for epitaxial growth.

It has surprisingly been found that watermark formation may be
reduced by the application of megasonic waves during the rinsing with
deionized water following treatment with an aqueous hydrofluoric acid
solution.

25 Thus, in a first aspect, the present invention is directed to a process
of cleaning and preparing a hydrophobic surface of a semiconductor
substrate in such a way as to suppress the appearance of watermarks,
wherein the said semiconductor substrate is suitable for use as a base
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process of cleaning and preparing a hydrophobic surface of a
15 semiconductor substrate in such a way as to suppress the appearance of
watermarks, wherein the said semiconductor substrate is suitable for use
as a base substrate for epitaxial growth, wherein said process of cleaning
and preparing a hydrophobic surface comprises the steps of:
(a) cleaning the said substrate with an aqueous solution
20 containing hydrofluoric acid (HF) in addition to a strong acid with a pKa of
less than 3, wherein the concentration of the said strong acid by weight
used in the said aqueous solution is less than the concentration of
hydrofiuoric acid (HF) by weight;
(b) rinsing the said substrate with deionised water; and
25 () drying the said substrate.
It may be noted that it is possible to combine both aspects of the
present invention, combining both the use of megasonic waves and the
use of a second strong acid, to reduce watermarks in the context of HF-
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and/or second aspect(s) of the present invention. The present invention

15  also relates to a substrate having a surface layer obtained by epitaxial
growth on such a cleaned and prepared substrate.

The solutions proposed by the first and second aspects of the
present invention enable oxide to be removed whilst maintaining a
hydrophobic surface for epitaxial growth.

20 This approach is distinct from the bake in a hydrogen atmosphere
currently known to the skilled person for improving HF-last procedure, as
well as modifications to rinsing and drying procedures, for example by

- replacing oxygen by nitrogen, or varying drying times.
It may also be noted that the solutions proposed by the first and

25 second aspects of the present invention relate to the preparation of a final
hydrophobic surface, rather than the preparation of hydrophilic oxide
surfaces, wherein the HF-treated hydrophobic surface is a mere transient
intermediate. Such a process is disclosed in US 2007/0256705 or US
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In preferred embodiments according to the first or second aspect of

the present invention, the substrate to be cleaned contains a surface layer

of silicon, strained silicon or silicon-germanium.
Also, in preferred embodiments according to the first or second
20 aspect of the present invention, the concentration of hydrofluoric acid
(HF) used in the agueous solution of step (a) is comprised in the range of
0.05 % < [HF] by weight < 49 %, preferably 0.5 % < [HF] by weight <
10 %. It is to be noted that the concentration here refers to the absolute
concentration of HF in water (H;0) on a HF:H,0 weight:weight basis. 49%
25 HF by weight would thus correspond to the application, undiluted, of the
standard 49% aqueous HF marketed for use in microelectronics. A
concentration of 4.9 % by weight of HF is obtained by mixing one part by
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15 by simple spinning, as will be detailed further below.

In the first aspect of the present invention, during the application of
megasonic waves during step (b) of the cleaning process, it is preferred
that the megasonic wave power applied lies in the range of at least 100
Watts and at most 1200 Watts, preferably in the range of at least 800
20 Watts and at most 1000 Watts. The preferred values for the megasonic
wave frequency applied lie in the range of at least 1 kHz and at most 10
MHz, preferably in the range of at least 700 kHz and at most 1 MHz. The
preferred values for the duration of application of megasonic waves lies in
the range of at least 1 second and at most 5 minutes, and preferably at

25  least 10 seconds and at most 60 seconds.

As mentioned above, the second aspect of the present invention
relates, in the framework of treatment with an aqueous HF solution to



application of the HF solution, and prior to step (b)
involving rinsing whilst subjecting the substrate to
megasoni ¢ waves, the said substrate nmay 10 optionally
be rinsed, in a separate step (b0), wi th deionized
Warew/ 94%hout the application of megasoni c Hel/BRA008(065771
the first aspect of the present invention, it is
preferred, subsequent to the- dilnsing step (b), to dry
the said substrate in a step (c). Drying can be
carried out by gas flow, for exanple using an inert

gas, or b nple spinning, as wll be detailed
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wei gleight < 38 %, bearing |n mind that the concentration of HCI by weight

will be less than that of HF by weight. It is to be noted that the

concentration of HCl here is the absolute concentration of HCl in H;Q in a

HCl:H>0 weight:weight basis, which may not in any event exceed the 38%
20 by weight concentration of standard commercial HCl. The use of 1 part by
weight of 38% by weight commercial HCI, in combination with 2 parts by
weight of 45% by weight commercial HF, and 37 parts by weight of
deionized water, as an example, would give a final solution having 0.95 %
by weight of HCl, and 2.45 % by weight of HF.
25
In the present invention according to the first or second aspect, the
use of further additives in the HF-containing cleaning solutions applied in
step (a) is possible but not essential. In a currently preferred embodiment,



In a preferred enbodi nent of the second aspect of the
present invention, the strong acid used in the

aqueous solution of step (a) of the above-described
process of the second aspect of the present invention,
WO 208988983at i on wi t h hydrofluoric acid (HF), PEHEPH§6ETT]
of less than 0. This 10 strong acid is nost preferably
sel ected fromthe group consi s‘tHTg of :  hydrochloric
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combined with drying by inert gas flow, can be employed. A spin-dry
process is a currently preferred embodiment of the invention. The
duration of a spin-dry step (c) is typically comprised within the range of 30
seconds to 5 minutes.

20 As regards the duration of the cleaning process, it is envisaged that
treatment times of between 1 second and 5 minutes could be used in
cleaning step (a) of the process according to either the first or second
aspect of the present invention. Currently preferred cleaning times are
comprised between 5 seconds and 40 seconds.

25 Concerning rinsing step (b), it is envisaged that rinsing times of
between 1 second and 5 minutes could be used in processes according to
either the first or second aspects of the present invention, and currently
preferred rinsing times are comprised between 5 seconds and 40 seconds.



In the present invention according to the first or
second aspect, the tenperature of the cleaning
processes is not currently believed in any way 5 to

be critical. It is envisaged that tenperatures of 10C
WO 20808¢%8%1 d be used for the cleaning procesBCT/ERA0EB/065771
preferably 15C to 60C, and nost preferably around 20C
or standard anbi ent tenperaturdd-ln seniconductor

manuf acturing practice. As regards the drying
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2009/ 0868B3 REHYHG2OMBESIEXAT Lrowth on the cleaned and preprared
surface.
Epitaxy is a well-known process for the skilled person in the field of
manufacture of silicon-based semiconductor wafer products. Vapour phase
20 epitaxy (a form of chemical vapour deposition) can be used to produce
crystalline growth on seed surfaces. In common vapour-phase processes,
use is made of a high temperature (over 1000°C) equilibrium between a
gas phase halide or hydride of, for example, silicon, and the solid material
to be laid down in an epitaxial layer (for example, elemental silicon).
25 Hydride vapour phase epitaxy (HVPE) can be used for epitaxial growth
processes to be applied to cleaned substrates according to the present
invention.



-13 In the first aspect of the present invention, as
descri bed above, the duration of application of
nmegasoni ¢ waves preferably lies in the range of at

| east 1 second and at nbst 5 mnutes, and preferably

MO 30860869830 seconds and at nost 60 seconds, PCT/ERMDGEST71
under st ood that negasonic 5 waves are only applied
during rinsing. In either the 7145t or second aspects

of the present invention, in a preferred enbodi nent,

a single wafer cleaning device is used. As nentioned
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1.5 0 10 10 Yes

1.5 1 10 25 No
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0.5 1 35 25 Yes




WO 2009/ 086983 PCT/ EP2008/ 065771 -14- EXAMPLES In a
non-limting illustration of enbodi nents according to
the second aspect of the present invention, a bulk
silicon substrate was cleaned with a variety of HC
WP 20908ePBEs as set out in the foll ow ng 5 TaPCEHER2008[U4&771
drying conditions used involved drying by rotation
(SpinDry) a 2200 RPM during *1%i-n. The surfaces
obt ai ned were anal ysed by SP1 (by light scattering).
So-cal |l ed "watermarks" consist in a series of surface
flaws showi ng up as a succession of points on the
photos starting fromthe center to the edge 10 of the
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t r e459RN) tSUBtratenyvRs Weaped fwith- anrid isclution 53t[ aHepnoentraon of

8 TRl ATl B T R P pfert i v

vvel g\tas) 10esagbhds, mand whe sk bﬁtrﬁfrs;r(gS)mm Heibnilz@dlﬂaw wnth
10 10 Yes 1.5 1 10 25 No . 10 25 Yes

1 350'1@‘"' eXPgS\dresty megasanic 0“’33’e§ ‘8@5 25 secondp In the test
20036R56178 Fo thd It 28406 Aé Jpresent invention, the results obtained

for which are shown in attached Figure 2, megasonic waves were applied
10  with a power of 1000 W, a frequency of 1 MHz and a time of application

of 42 seconds. As shown in attached Figure 2, through SP1 gbservation

only 220 defects at 0.40 pm were observed, and no watermarks. By

contrast, the same sSOI substrate, treated by the same HF solution but

not subsequently subjected to megasonic waves, showed 2500 defects at
15  0.40 pm and watermarks were visible, as shown in attached Figure 1,



-15 Simlarly, in anon-limting illustration of

enbodi nents according to the first aspect of the
present invention, a strained-silicon-on-insulator
(sSA) substrate was cleaned with an HF solution at a
PO9MB6%8i on of 5 1.5 % by wei ght, w t hout BETERWEREESTTI
HCl. The tine of treatnent wwth HF was 10 seconds,
and the time of rinsing with del®nized water with
concurrent exposure to negasoni c waves was 25 seconds.
In the test according to the first aspect of the
present invention, the results obtained for which are
shown in attached Figure 2, ChAIMSoONni ¢ waves were

appl [ ed 10 with a power of 1000 W a frequency of 1
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-16 CLAI 1, Process of_ . preparing a .
hydr ophobf% sﬂ??%l@é ﬁ}e asaié aq,sbﬁ%u @rr‘ Qﬁbég}‘%‘g’é jSQlution
sucltontaiilig AgdioBusti® ati@ {EF); mdanesar ance of 5

wat er mar ks, wherein the sald sem conductor substrate

105 suitabbk finsingthe said substsate withsdsionized wates pvhila idaring
o o ORTES B e Ahend; SRES g AR bR to megasonic

of : wWaescl eaning the said substrate with an aqueous
solution containing hydrofluoric acid (HF); and then
10 (b) rinsing the said substrate with dei oni sed wat er

Whi 1251, Prfce8d acddRdihg tai ddinPl, Wﬁ@ré‘ i, N§rtet%Gtep 18) 8AH Grior to
substrate I's subjected to msgason
15 step (b), the said substrate is rinsed, in a separate step (b0), with

deionised water without the application of megasonic waves.

3. Process according to claim 1 or 2, wherein, subsequent to the
rinsing step (b), the said substrate is dried in a step (c).

20
4. Process according to any of claims 1 to 3, wherein the megasonic
wave power applied lies in the range of at least 100 Watts and at most
1200 Watts, preferably in the range of at least 800 Watts and at most
1000 Watts.

25

5. Process according to any of claims 1 to 4, wherein the megasonic
wave frequency applied lies in the range of at least 1 kHz and at most 10
MHz, preferably in the range of at least 700 kHz and at most 1 MHz.



waves. 2. Process according to claim1l, wherein, after
step (a) and prior to 15 step (b), the said substrate
is rinsed, in a separate step (b0O), with deionised
wat er without the application of negasonic waves. 3.
woaeegsesgcording to claiml or 2, wherein, BODERX)0BAI§5771
to the rinsing step (b), the said substrate is dried
in a step (c). 20 4. Process acdording to any of
claims 1 to 3, wherein the negasonic wave power
applied lies in the range of at |east 100 Watts and at
nost 1200 Watts, preferably in the range of at | east
800 Watts and at nost 1000 Watts. 25 5. Process

di .cl.ai 4, [ h .
oodiont ErodisdBolint oR Ao dflmis 1 LS, Rl ey dyeation of
at |appiicatibnkdfiznedibopic waness 1168 in M rareedraitabisy 1 §cbR8 and

of at | east 700 kHz and at nmost 1 MHz. WO

range .
2009 JBeS6% MipwEsPA0GeTeREAY at-leasteld peaspdsend at most 60
cCQpphfyg. to any of claims 1 to 5 wherein the

uration of application of negasonic waves lies in

the range of at least 1 second and at nobst 5 m nutes,
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secondg. 7. Process
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epitaxial growth, wherein said process of cleaning
and 3pf PpeRaring ahydraphnhiesirfaceremirises thepstepssef: t he
steps of g.z(a) [ t [ bst.at L th _an .
Sdbous @) tczllé(;‘drr]ﬁﬁl_:l1 e B RUpdrFOHit S dlbad? solution
containing hydrofluoric acid (HF) in addition to a strong acid with a pKa of
less than 3, wherein the concentration of the said strong acid by weight
15 used in the said aqueous solution is less than the concentration of
hydrofluoric acid (HF) by weight; '
(b)  rinsing the said substrate with deionised water; and

(¢}  drying the said substrate.

20 8. Process according to claim 7, wherein the strong acid used in the
aqueous solution of step (a) has a pKa of less than 0.

Q. Process according to claim 8, wherein said strong acid is selected
from the group consisting of: hydrochloric acid (HCI), nitric acid (HNOs3),
25 sulphuric acid (H,504) and perchloric acid (HCIO.).

10.  Process according to claim 9, wherein the strong acid is
hydrochloric acid (HC)).



contai ning hydrofluoric acid (HF) in addition to a
strong acid with a pKa of Iless than 3, wherein the
concentration of the said strong acid by weight 15
used in the said aqueous solution is less than the
VO®Be%83 i on of hydrofluoric acid (HF) by REFEMR008/065771
(b) rinsing the said substrate with dei oni sed water;
and (c) drying the said substt¥te. 20 8. Process
according to claim?7, wherein the strong acid used in
the aqueous solution of step (a) has a pKa of |ess
than 0. 9. Process according to claim@8, wherein said
strong acid is selected fromthe group consisting of:
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B0, owbergi<HAOEDLE deiditd gbpon of  hydrochl or| c acid
(HCl) used 1 n the aqueous solution of step (a) is

conprised in the range of 0.01 %< [HCI] by weight <
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12. 'Process accordin

wh e raeitairishae ssnfdrst layperef sﬁmm,astfamw silitohasresilicon-germénium.
silicon, strained silicon or silicon-germanium 10 13.
Process according to claim 12, wherein the substrate

1gonti&, ns P%ce@%ﬁéﬁ&mb%e&ia% ﬂ 'W%%mgﬁ'fé’rgu%s’,ﬁ‘é‘te Jci’ﬁntatns a

Process according to any of cl ai ms

t he sutfeerlabier oft silkigencdgermpniuot.l uoric aci d (HF) used |n

t he aqueous solution of 15 step (a) is conprised in
the range of 0.05 %< [HF] by weight < 49 %

pr eflet abProcBss Bécerdid™] tdbyarweicghiclafind 01 %0 13, wherein the

concentration of hydrofluoric acid (HF) used in the aqueous solution of
15 step (a) is comprised in the range of 0.05 % < [HF] by weight < 49 %,
preferably 0.5 % < [HF] by weight < 10 %.

15.  Process according to any of claims 1 to 14, wherein the process of
cleaning and preparing a hydrophobic surface of a semiconductor

20  substrate in such a way as to suppress the appearance of watermarks, is
carried out in a single wafer cleaning device.

16.  Process for adding an epitaxial layer to the surface of a substrate
comprising:

25 (o) step(s) of deaning and preparing a surface layer of the substrate as
initially present by a process according to any of claims 1 to 15; and
(B)  carrying out epitaxial growth on the cleaned and prepared surface.



15. Process according to any of clainms 1 to 14,

wherein the process of cleaning and preparing a

hydr ophobi ¢ surface of a sem conductor 20 substrate

in such a way as to suppress the appearance of
WeRewmseoks, is carried out in a single waf ePCHEREIB06T 71
device. 16. Process for adding an epitaxial |ayer to
the surface of a substrate cdﬁﬁrising: 25 ((x)

step(s) of cleaning and preparing a surface |ayer of
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i ni strainegd spllceséwl) lagem.f ace | ayer of the substrate is a
silicon-germanium (Si Ge) layer or a strained silicon
(sSi) layer. 5 18. Process according to claim 17,
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strained silicon (sSi) layer or a silicon-germni um
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obt al ned accordin I OCEsS
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20. Cleaned and prepared substrate as obtained according to the
15 process of any of ¢laims 1 to 15.

21.  Substrate having a surface layer obtained by epitaxial growth on a
cleaned and prepared substrate as obtained according to the process of
any of claims 16 to 19,
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