- 1 - Reduction of watermarks in HF treatments of semiconducting

substrates In the fields of microelectronics, micromechanics,
WOoRYYBseBdptics 5 and integrated electronics, there is a neePOTFBYRFL65771

clean surfaces of semiconducting substrat%s such as silicon and

silicon-germanium prior to the preparation of an overlying layer by epitaxy.

In the cleaning procedure prior to epitaxy, the use of hydrofluoric acid is

known in the treatment process called "HF-last". Hydrofluoric acid 10
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corsutbgteadps in some cleaning processes of silicon and
silicon-germanium layers involve the application of oxidizing agents such
as hydrogen peroxide or ozone and increase the amount of surface oxide,
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proposes an improved process of cleaning using hydrofluoric acid, in such
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minimized. The latter are constituted by a 20 series of sur ects
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ition, .there is a need in the art to provide cleaning chemistries that are
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handling of semiconductor wafers, a distinction is made
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15 SE’@%%{JHHFE thersteZ company), a single substrate, presented
horizontal%, Is etched at one time, by application of a chemical solution

onto the ihdviBiREesibNERIIGY poapestsianvispraved' peotass (bRecleaning
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20 arsdties, asf comfared defares bgeshitiryigEdm 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 turning about an axis of rotation
at or near to the geometric centre of the wafer, leading to streaking
patterns.



15 BACKGROUND OF THE INVENTION Although not limited to a
specific area of semiconductor technology, the present invention is of

W 208%088P%Elevance in the manufacture of structures of the sSOTERV08/065771

(strained silicon on insulator) using the 20 Smart Cut(r) technology to
obtain the desired hetero structure. Examgtes of the implementation of
Smart Cut(r) technology are described in, for example, US 5 374 564 or Al
Auberton-Herve et al. intituld "Why can Smart-Cut Change the Future of
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IMRIaRias ZqnReenabing4hrisansiptodRe reepiRimybstatg AithatPAttrate,

of the substrate situated between the surface subjected to ion implantation

an@ieeptee bevzantabys igeichad @hoacdimaen by@pplicatien of a chemical
' ' icon-on-insul StruC thus btaingd, .
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of silico icha buffer layer of SiGe (silicop-germanium),js, .
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subs T,te and, at the other interface, a level of germanium close or

eql ket InehaRRIAaIN AR WafrEiBid mprpved uniformity on the

wafer surface can be obtained, and better homogeneity from one wafer to
another, as compared to “wet bench” devices.

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
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 A.J. 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.

This technology involves the following 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



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

WQ2RAEB623d is obliged to have more broadly spaced atoms tR&EA/RPRYE065771
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silicon, 20 shows higher charge carrier mopility and therefore increased
transistor operation speed. The assembly of layers comprising the
three mentioned (sSI/SiGe/Si) is used as a donor substrate in the Smart
Cut(r) technology. This is then bonded to a suitable acceptor substrate,

an riginal 25 silicon and_SiGe layers of the donor substrate are . .
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germanium ip the relaxed layer may vary according to the degree of strain
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siligpi layer by epitaxy, cleaning 5 of the SiGe surface by the HF-last
procedure is commonly used. The HFlast procedure removes oxide and
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silicon layer is in general rather thin, having a thic
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rinsing, or hydrofluoric acid vapour present in the vicin
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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,
shows higher charge carrier mobility and therefore increased transistor
operation speed.

The assembly of layers comprising the three mentioned
(sSI/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
silicon and SiGe layers of the donor substrate are removed in the
preparation of the final wafer, comprising strained silicon on a receiver
substrate.



5- It is known at present to carry out, after the HF-last treatment, a
thermal treatment at high temperature (about 800C) using an H2 bake to
W38 aBhaining oxygen. This treatment, requiring a certainP&HEBAA§065771
energy consumption, does not however completely solve the problem of 5
watermarks. US 2007/0256705 discloses wet cleaning of a
semiconductor surface involving successive treatments with HF solutions
and then solutions containing strong oxidizing agents. The use of
hydrochlayic.aci Wn ég Ed t.to re
rougheni(r)% (t@%]dg sur aéetr,#il Opéﬁﬁ%@e%rﬁ £8§%?§%£nﬁmﬁgg,%§§er%axm layer
oxichayovary acdardingutéatied ddgreu exfestrainfraqhiesa dtathicbsteammdifiesilicon
relative concentrations are 0.2% HF and 1.0% HCI. The use of megasonic
wal é’grduring the phases of substrate treatment involving oxidizing

treatmentBdfotis s eidwtl) SI2EKY KirainéaSsiRbaxXRIpEie Y Usitaxy, cleaning
treatment with an ozone-containin?éwsolution. US 5 932 022 relates
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layers, involves a first application of an oxidizing solution (NH4
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contamination of semiconductor surfaces such as silicon wafers during

eyt EPeseddnibenali Sk AFAYEqueous solutions. A number of
15 prior art %ﬁ@?%&@%@ﬁ@&@&ﬁéﬁﬂ@%ﬁﬁe&%%%% ﬁ%{ﬁsgjcﬁéesubject

thus known, bu_t the above-r_nentloned references either do not address
thekpathrrieniiasy Wis-enimey wefiast iraaster o ihdngesivessulisirate,
Suﬁﬁcﬂ?éﬁ{é{f%{ % %WH&P?\%@%’S@ %@ﬁE&E’S?'tHEOW@%l surface
require tfurther mandatory components in thé cleaning compositiohs to
actiéfeets, technical effect. Megasonic waves 10 have been disclosed in

some of the above-mentigned in some ing processes, not |
relation t?)%vxl/ té&nﬁél’iscﬁg%%ql#g‘q amév(ffﬁz%?%%ﬁacgé‘ﬁﬁfeaﬂgﬁt éﬂé&eéayer
20 givefprsepitaygisphaitetantialtess, ksovapenat thi9peicedureatag Hive rise
stages 'vingdri?e to hydrophilic surfaces. 15 SUMMARY OF THE =~
|N§8E§H‘%lﬁ5ﬁ efects 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”, So/id State Phenomena, Vols. 103-104

(2005) pp. 83-86.



The present inventor has studied the formation of watermarks in
processes of cleaning and preparing a hydrophobic surface of a

W aMiedtctor substrate in the framework of treatment with RftEEHZ008/065771
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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

i i hydrofluoric acid. solytion. 25Thus, in
o et ool REOWHC PSRN CHrCOUR aieh e pab tnent, 2
andherepalirgatrypdtogthbigh senfipesatlires@ibnan80GH) uagais i1, Hske to

a waéas to %JFP ress the appearance of watermarks, wherein the said

se MR CEP g Sevdel)ichBle FEpalsaent, Seduking;a seraiatamaunt of
epmdal\g ML MBEsaIn deed W&CW%BW?@@IWW%B@ problem of

hydrophobic surface comprises the steps of: (a)cleaning the said
suwfﬁfmﬁf'an aqueous solution containing hydrofluoric acid (HF); and

then S(O)(FSING Y G246 205 SEHRIEIYELE dRIePiISGEaNE" WhIISL dHRRGonductor

performing of the rinsing, the said substrate is subjected to megasonic
watididanends\vabanaqsangesaivie thestnenteswdtbh Bforsalistiors! and  then

e A A AR e IR s
(HCI) in the presence of HF is taught to reduce roughening of the surface,
or the tendency to form pitting, due to oxidation of a silicon surface in the
presence of noble metals. Exemplified relative concentrations are 0.2% HF
and 1.0% HCl. The use of megasonic waves during the phases of
substrate treatment involving oxidizing treatments is disclosed by US
2007/0256705, for example during treatment with an ozone-containing
solution.

US 5932 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 (NH4O : H,0,: H;0), followed by the application of an aqueous
solution containing hydrofluoric acid (HF) and hydrochloric acid (HCI),
followed by a final application of an oxidizing solution (containing both
H0; and HCl). 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
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.



concentration of a second, strong acid, watermark formation may
surprisingly be reduced. Thus, in a second aspect, the present

WORAHMIBEPES directed to a process of cleaning and preparing aP6JdESRMEHIES 771
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surface of a 15 semiconductor substrate in such a way as to suppress the
appearance of watermarks, wherein the 58d 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: ing-the said substrate with an agueous solution 20 .
containingﬁémogr%laa%lé ii%d(‘ﬁ%ﬁ) @%Mﬁ%ﬁdkﬁi{@gﬁggapgmde
lessoifiamnatioeredf M'mmmmbmmfﬂce§@dcﬁr%gﬁi&dmmf {98t during
used in the said equs solution is less than the concentration o
ARG HES QTG G 55 Tl R SRS SRR with
deionisedavaiqiiviied 256¢) A tharsaidrigpRig e prodkdbay Pedrotedeaning
that it is possible to combine both aspects of the present invention,

coRfMHFR HeeEheSisEase R oIt vasRavwiMd tietudber abm@miaentioned
S”%@l@ﬁ@é%fﬁ%&d”ﬁ&%r%@éntﬂ?%wg%]ﬁg %%%C arks, are not

treatment of semiconductor substrates to produce hyd Inal

sufflated to pravisiesehydrophebicisuniacesaassfioah prodestsfoinapditigular
angpikx e r ising.. 5a)step(s) of .
il gl R DR G R el
bythedeasingvoivipgsiticensus ashieligianteohgaingffeatrdflegesardid waves
(HE). L rocess peing one of the prgcesses agcord'n to, the .
abgég%egggﬁbgsﬁg ‘f&%ﬁ%?%&ﬁg f@se% Y%f‘?ﬁé‘@?%?&'nﬂn%ﬁ}%ﬁ!ea”mg
anprbGegses;yibng oot énit@tiriaicotivarethaiRyneemelaRdmework of HF-
based treatment stages giving rise to hydrophobic surfaces, as opposed to
oxidizing treatment stages giving rise to hydrophilic surfaces.

SUMMARY OF THE INVENTION
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
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.

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



prepared surface. Finally, the present invention further relates to a
cleaned and prepared substrate as obtained according to the

WQRHIARE8Eribed first and/or second aspect(s) of the present RVERRYNS/065771
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The present invention 15 also relates to a substrate having a surface layer
obtained by epitaxial growth on such a cledried 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

su epitaxial rowt roach is d tinct from t ake.in a

hyérlé)gg‘ger?3 Ea mc?spl%) re 8@48 s%i d%@@?ﬁ fé} [ ‘Eﬂ\)’ iﬁ% and

HFplesgapiogeal hlse:lraphmiicaamfe@@@aﬁm@ t')ﬂﬁé'@ﬂa@@@ﬁ rying

procedu s, fore Ie by replacing oxygen by nitrogen, or varying

drying t| trh Q EQ b té@'%a?%%@ﬁtlowg%roﬁbs@@%%% figglution

andeHtsiA HdaFenaHY eRdion relate to the preparation
q"g:ophobic surface, rather than the preparation of hydrophilic

f a final
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/1Q2567
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ct, the HF-freate IC surfaces
pré/p&‘v‘éa in the present invention with a view to being able to further grow

the surfa XY th nlng ste
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mwmmanmghwamimatﬂm cleawibgemdisenaiod thatdssatilatmgahe aqueous
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aspects of the

urprisingly be reduced.

Thus, in a second 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 substrate for epitaxial growth, wherein said process of cleaning
and preparing a hydrophobic surface comprises the steps of:

(@) cleaning the said substrate with an aqueous 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
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

(c)  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-



10 present invention also do not require the mandatory addition of a
further organic additive to the cleaning solution, such as the organic ring

WO Ase8and more specifically cyclodextrins that are taughtRTH8280849¢5771
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134. 15 DETAILED DESCRIPTION OF THE INVENTION In preferred
embodiments according to the first or secohd 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

' fi 0,aspect of the present inventign, the, .
o R R RS AR R el Bic
steguffgdessomprised in the range of 0.05 % < [HF] by weight < 49 %,

ferably 0.5 % < [HF] b ight < 10 %. It is to be noted that the .
Concentralls, REFST VRS HRATENRE ERAEER (A AnaPF Ra@dding an
(Hap)taxial kaydn26 weighizreeis bF hasinshOfe 2o prizyeight would thus

correspond to the ar{‘glication, undiluted, of the standard 49% aqueous HF

marketed%dr us€RP i}_:r_eglé@ﬂfﬁﬂﬁ. @Ué‘orﬂf@ﬁﬁﬁﬂ@n%fﬁ!gc%%ﬂah@rgmf the
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waentginingelydmituarie Ad{sHacttbitnsquess heingeatierofréhaipgacesses
according to the above-described first and/or second aspect(s) of the
present invention; and

B) carrying out epitaxial growth on the thus cleaned and
prepared surface.

Finally, the present invention further relates to a cleaned and
prepared substrate as obtained according to the above-described first
and/or second aspect(s) of the present invention. The present invention
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.

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
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



5 the simultaneous use of megasonic waves along with rinsing with
deionized water in the framework of treatment with an aqueous HF

W@t broduce a hydrophobic surface, after step (a), invdGiFgP2008/065771
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application of the HF solution, and prior tp\?s'gep (b) involving rinsing whilst
subjecting the substrate to megasonic waves, the said substrate may 10

optionally be rinsed, in a separate step (b0), with deionised water without
the application of megasonic waves. In the first aspect of the present

: prtat | A dr the said
O B T PR AR S TR bR in
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preferably at 25 least 10 seconds and at most 60 seconds. produce a
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use @81 thggpqueous solution of step (a) of the above-described process of

the second aspect of the present invention, in combination with
hydrofluoric acid (HF), has a pKa of less than 0. This 10 strong acid is

mestpiafersinE SeleEeIo P HERHE PNRERTRHNg of: hydrochloric acid
(HCI), nitric acid (HNO3), sulphuric acid (HZS0O42) and perchloric acid
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pg@%grgut@}oesascﬂg%sl nl-?Fcunrwraerrl'(@Eé)c{ e(%?regs%m%Odﬁ[xrilgr%télectronics. A

concentration of 4.9 % by weight of HF is obtained by mixing one part by




- 12 - no organic ring molecules and more specifically cyclodextrins are
added to the HF-containing cleaning solutions. In the present invention

W 2eeva#adso the first or second aspect, the temperature of th& CEBRIARE/065771
processes is not currently believed in any way 5 to be critical. It is
envisaged that temperatures of 10C to go¥ could be used for the cleaning
process, more preferably 15C to 60C, and most preferably around 20C or
standard ambient temperatures in semiconductor manufacturing practice.

A dryi itions in th ti ti tep (). 10
e M A RETHaL A0 e cEUEaso o SVBEcRerts bY
invaeiight of iffeiemizessiertsr may be envisaged, such as drying by gas

flow, in particular using a flow of inert gas such as nitrogen or argon, or
simple spinning to induce evaporation. In some cases, for example with

more hydigRAckissaasahelTRtSR pEHR DHiIBRP ¥bﬂi°%?ftt?€ﬁ§fjei‘éing to

drying techniques, using surface tension gradients, advantageousl!

5 coﬁﬁlﬁné@%‘ﬂ@@ﬁﬁ% Bipehedf gSRIIROEN b@@ﬁp_l@&félﬂ_ Mﬁh-ﬂf}ﬁmg with
PIORGERIRE WRHYP'EHE RARBINORMANtALANmER AN I QIR 1
of a spin-dry step (c) Is typically comprised within the range of 30 seconds

to Saktiared2(xedugards thyddophbicostrfadearaftepretass(d)js involving

' . i f d i Id, .
oSG h B BSOS AR LR B e it
sesabjkespgctiud tsahstratat iovarsyasobiorerdlesyefhe eshilesnlngriteesnay

10 & QR B iEE500 8 PP LPorinaEh 92Rnie diare without

mittdespplidlitiba beedgastmessgseaccording to either the first or second
aspects of the present invention, and currently preferred rinsing times are

compriseHodfifedirs s8BREs Afd e sdr8Reat inwEntiphe Krsﬁaﬁ@éﬁrfedl
of {\IUGERAE ¥ BRMIRH %iﬁt@, WBAS: the QawgaﬁﬁF&%R'watgvgﬁf(c).

megasonic waves preferably lies in the range of at least 1 second an
mdédyingisrfebe AriMrdrordbhy asfewp Kecexarmpledusingoan doert gas, or

15 33%?1%%%5@%%%% BRdSeaRaP RN BYfAR"e Only applied
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



In either the first or second aspects of the present invention, in a preferred
embodiment, a single wafer cleaning device is used. As mentioned

W REWA36RP3the present invention further relates to a 10proce RCHTEBYWERPS771
an epitaxial layer to the surface of a substrate comprising: a)step(s) of
cleaning and preparing a surface layer of e substrate as initially
present by a process involving cleaning the surface layer with an aqueous
solution containing hydrofluoric acid (HF) according 15 to the first or

h i jon_: and 13 i t epitaxial
o O o SRR s Bt o ALEBES% O ARG b RakRactor
praxgsstristetheitkibed agueondnsbietiet esmeanifackyerefichisenabrREEAF) in

semiconductor wafer products. Vapour phase 20 epitaxy (a form of

ch@ﬁﬁ&%%aﬁ%uladég GorihnEN a3 refiutes ey Efdllir% gYgvrein the
SeegrRiiRARToNGTOMESSI YRR HERE IR ARBRIASULES iR ’ﬂ?éjga(?tf:{, queous

high temperature (over 1000C) equilibrium between a gas phase halide or

> hy8AkEien iessipnthaicencendatiensefidveasticrie seida(titbiy weight.
an epitaxigl lgy flico ide v,
phase epiﬂx%/ Jé@é@ﬁ%ﬁ@&%g@ﬁéa g?ﬁﬂ%%%@ss&&%ébgresent
apiiventiopletie: gtsobgtadics usacb idithe@duepusseoiulive rafostep 14)-of the

L ERcdd AR USSP S SRR, 1
clezomebimatioa veiththpdtdfuokit- aulgt(tee)phast D yska e kedowiag 0. This
1o LA Ao AR S IR S B roon (RIS o
SRilytudigbiiecatier MECIFowieledac i eHNGLS " SapRiSHD a%8"@%9D,) and
surface flaws showing up as a succession of points on the photos starting
froPS I RFih ¢ e The presently most preferred strong acid in"this
group is hydrochloric acid (HCl). In the preferred embodiment using
hydrochloric acid (HCI), the concentration of hydrochloric acid (HCI) used
15 in the aqueous cleaning solution is in the range of 0.01 % < [HCI] by
weight < 38 %, bearing in mind that the concentration of HCl by weight
will be less than that of HF by weight. It is to be noted that the
concentration of HCI here is the absolute concentration of HCl in H,O in a
HCI:H,0 weight:weight basis, which may not in any event exceed the 38%
20 by weight concentration of standard commercial HCI. The use of 1 part by
weight of 38% by weight commercial HCl, in combination with 2 parts by
weight of 49% 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 HCI, 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,



10 of the wafer to form a linear line. Where lines of surface flaws were
observed, the presence of watermarks is indicated by a "Yes" in the

W@ aadsetding column of the Table 1. Table 1: Effect on wateRFTHEESB8/065771
treatment with mixtures of HF and HCI 15 [HF1% (by weight) [HCI] % (by
weight) Time of treatment with HF-RdI mixttire (s) Rinsing time with
deionised water (s) Presence of watermarks (Yes/No) 1.5 1 10 10 No 1.5

no organic ring molecules and more specifically cyclodextrins are added to
the HF-containing cleaning solutions.
In the present invention according to the first or second aspect, the
temperature of the cleaning processes is not currently believed in any way
5 to be critical. It is envisaged that temperatures of 10°C to 90°C could be
used for the cleaning process, more preferably 15°C to 60°C, and most
preferably around 20°C or standard ambient temperatures in
semiconductor manufacturing practice.
As regards the drying conditions in the present invention (step (c)

10  in the process according to either the first or second aspect of the present
invention), different systems may be envisaged, such as drying by gas
flow, in particular using a flow of inert gas such as nitrogen or argon, or
simple spinning to induce evaporation. In some cases, for example with
more hydrophobic surfaces, the use of IPA (isopropyl alcohol)-based

15 drying techniques, using surface tension gradients, advantageously
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.
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In the first aspect of the present invention, as described above, the
duration of application of megasonic waves preferably lies in the range of
at least 1 second and at most 5 minutes, and preferably at least 10
seconds and at most 60 seconds, it being understood that megasonic
waves are only applied during rinsing.

In either the first or second aspects of the present invention, in a
preferred embodiment, a single wafer cleaning device is used.

As mentioned previously, the present invention further relates to a
process for adding an epitaxial layer to the surface of a substrate
comprising:

o)  step(s) of cleaning and preparing a surface layer of the
substrate as initially present by a process involving cleaning the surface
layer with an aqueous solution containing hydrofluoric acid (HF) according
to the first or second aspect of the present invention ; and

B) carrying out epitaxial growth 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
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).
Hydride vapour phase epitaxy (HVPE) can be used for epitaxial growth
processes to be applied to cleaned substrates according to the present

invention.



3510N00.503525Yes 0513525 Yes -15- Similarly, in a
non-limiting illustration of embodiments according to the first aspect of the
WQRea¥P6P8%ention, a strained-silicon-on-insulator (5501) substR£ &/ HR2H08/065771

cleaned with an HF solution at a concent_rfilgqn of

EXAMPLES
In a non-limiting illustration of embodiments according to the
second aspect of the present invention, a bulk silicon substrate was
cleaned with a variety of HCl / HF mixtures as set out in the following
5 Table 1. The drying conditions used involved drying by rotation (SpinDry)
a 2200 RPM during 1 min.
The surfaces obtained were analysed by SP1 (by light scattering).
So-called “watermarks” consist in a series of surface flaws showing up as
a succession of points on the photos starting from the center to the edge
10  of the wafer to form a linear line. Where lines of surface flaws were
observed, the presence of watermarks is indicated by a “Yes” in the

corresponding column of the Table 1.

Table 1: Effect on watermarks of treatment with mixtures of HF and HCl

15

[HF] % [HCI] % | Time of treatment | Rinsing time Presence of

(by (by with HF-HCI with deionised | watermarks (Yes/No)

weight) weight) | mixture (s) water (s)
1.5 1 10 10 No
1.5 0 10 10 Yes
1.5 1 10 25 No
1.5 0 10 25 Yes
1.5 1 35 10 No
0.5 0 35 25 Yes
0.5 1 35 25 Yes
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according to the first aspect of the present invention, the results obtained
for which are shown in attached Figure Z,Irﬁegasonic 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
observation only 220 defects at 0.40 pm were observed, and no
watermarks. By contrast, the same sSOI substrate, treated by the same

HF Soluti@ﬁﬁﬂﬁrﬂﬁt iPLASSSHeRtAYDIREAG R MEOBAMIRINRIRS AWM to

2500 defects at 15 0.40 pm and watermarks were visible, as shown in

attHedclrsigasaect -k tag MIAsEntpiaweRYe, cR AR adds icgmngasulator
VLSRRGSR 68 ERAIRAN WEP LA RRTBIRH Hh 3 “eBhaH{Ration of

suppress the appearance of 5 watermarks, wherein the sai

5 sehizdfdbytaveightiraithieuiuitapleddedsdGs BHeationsubtiaatfoent with HF

10

15

epjtaxial, growt erei id process of cleaning and prepating, a .
hygﬁg)%hl%) icgléé}r3 ace c%ﬁdpsﬁtl%g ﬁn@%teogs ypsing g(ﬁ&lei%’ﬁ@%ﬁ% s‘ﬁﬁ}er with
substrateranth expaguesUus snlatasorotaiaing hydeo M recsnid{HE) ithe test

dditi t id with f less than 3, 10. wherein th .
coREEHRG T L cPSPEED P (ESRTh NS e s sbtained
sofigitontifcteasdhuviine peaeeitatoRglirey drotieersaetd Wabedweridiplied

and then (b) rinsing the said substrate with deionised water whilst,

duVii GeRBMEGTol 800 WsingraausRry RibduMtdz @adimietites @f application
MRFSNUEHANRS AS shBIRTTRSRESHEN HELFRD InigieiarttehsiRtion

(a) and prior to step (b), the said substrate IS rinsed, in a separate step

(bONIitA28eidafestsnaited Ahpm tieep Mibstiveds aedaroniaterrearks. By
contrast, the same sSOI substrate, treated by the same HF solution but

not subsequently subjected to megasonic waves, showed 2500 defects at
0.40 um and watermarks were visible, as shown in attached Figure 1.
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the range of at least 100 Watts and at most 1200 Watts, 25 preferably in
the range of at least 800 Watts and at most 1000 Watts. S.Process
according to any of claims 1 to 4, m@q(%the megasonic wave frequency
applied lies in the range of at least Z and at most 10 MHz, preferably
in the range of at least 700 kHz and at most 1 MHz. -17- 6.Process

decordgerRsanlof EKRAMEYL t8"s! WHERAH e AuryiRRITARplicHfighcof of 2
SRS AN VE IR mesr@@geaoflﬁgleé’sﬁt% Sgapdsanghat H@%&j’ame of

minutes, and preferably at least 10 seconds and at most 60 sec
SrarrouEs, asbereinghe anaig clesiidomnsiuctoreswbitresn itheustablegfacidse as a

sed in the aquegus sojution of step (a),has. a pKa of less than 0, _8.
SRS A YRl SR TR BB R ey ano
theepricing &ondisiphgif: Juythccbiomnrisesdiielajeputoic acid (HNO3),
sulphurig acid 10 (rl_g!a 04) andls rchloric acti}d (Haw. 9. Process -
accord(ﬁcb to BEARTY, Wiseraid tRbistaly WD i@hyHa s ROLEIRN - Faytaining
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 hydrofluoric acid (HF) by
weight; and then

(b) rinsing the said substrate with deionised water whilst, during

performing of the rinsing, the said substrate is subjected to megasonic waves.

2. Process according to claim 1, wherein, after step (a) and prior to 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).

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.

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.
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0.01 ")/0 < [Ha] by weight < 5 %. 11. Process according to any of
claims 1 to 10, wherein the substrate contains a 20surface layer of silicon,

%ra'neﬂrédﬁna%@ﬂﬁ@ ﬁﬁrah@n'éﬂ“cl%s P1oggss agawiding l‘l@edé!ﬁaﬂén of
wherein the substrate contains a surface layer of silicon- germanlum

?ﬁpﬁcﬁyéaégs%@?ﬁgwwﬁﬁ&'%‘? wdedangs £F aliraatiA #esond and at most
%’Hﬁﬁuﬂ’éé‘“&’ﬁh%@ﬁ@i’% oy 'I‘éé’é%'?d'é@oHﬁ?%ﬁH theRRLBELEYdion of

step (a) is comprised in the range of 0.05 ")/0 < [HF] by weight < 49 /0,
preferably 0.5 ")/0 < [HF] by weight < 10%. -18- as to suppress the

JopeanxeesefA@RIMALESaty GREIGFheUL t0 8 Sifttreinales SIRRIYNEId used in
device. 15.Process for addln%an epitaxial Iayer to the surface of a

d0BSeHROUT SPHIINIRS SIBRStBh (S 6t BXSaPlimRP 2 P& paring a surface
layer of the substrate as initially present by a process according to any of

claims 1 to 14; and (13)carrying out epitaxial growth on the cleaned and
Frepar@thbsessaresording to claim 7, wherein said strong acid is selected from the

group consisting of: hydrochloric acid (HCI), nitric acid (HNOs), sulphuric acid
(H2SO4) and perchloric acid (HCIO,).

9. Process according to claim 8, wherein the strong acid is hydrochloric acid
(HCI).
10. Process according to claim 9, wherein the concentration of hydrochloric

acid (HCI) used in the aqueous solution of step (a) is comprised in the range of

0.01 % < [HCI] by weight < 38 %, preferably 0.01 % < [HCI] by weight <5 %.

11. Process according to any of claims 1 to 10, wherein the substrate contains a

surface layer of silicon, strained silicon or silicon-germanium.

12. Process according to claim 11, wherein the substrate contains a surface

layer of silicon-germanium.

13. Process according to any of claims 1 to 12, wherein the concentration of
hydrofluoric acid (HF) used in the aqueous solution of step (a) is comprised in the
range of 0.05 % < [HF] by weight < 49 %, preferably 0.5 % < [HF] by weight <
10 %.

14. Process according to any of claims 1 to 13, wherein the process of cleaning

and preparing a hydrophobic surface of a semiconductor substrate in such a way
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initially present surface layer 15 silicon-germanium (SiGe) layer shows a
germanium concentration at the exposed surface to be cleaned in step (a)

Qisafdeapiptfdd. tREPABpEad IR SoPIaRITAER ST IS e AMSOMthraseiagldonarer

atoms. 18. Process according to any of claims 15 to 17, wherein the
S P¥RRN 20in step (13) is the growth of a strained silicon (sSi) layer
or a silicon-germanium (SiGe) layer. 19. aeaned and prepared substrate

as obtained according to the process of any of claims 1 to 14. 25 20.
Sabstrafyoresimdai saaehing layecepitstdrlethysr efsitdkal yrdaat oh & substrate
‘%&%@f@. d prepared substrate as obtained according to the process of
any of clarms 15 to 18.

()  step(s) of cleaning and preparing a surface layer of the substrate as initially

present by a process according to any of claims 1 to 14; and

(B)  carrying out epitaxial growth on the cleaned and prepared surface.

16. Process according to claim 15, where the said initially present surface
layer of the substrate is a silicon-germanium (SiGe) layer or a strained silicon (sSi)

layer.

17. Process according to claim 16, where the initially present surface layer
silicon-germanium (SiGe) layer shows a germanium concentration at the exposed
surface to be cleaned in step (o) of at least 20%, expressed as a percentage of

Ge atoms with respect to Si atoms.

18. Process according to any of claims 15 to 17, wherein the epitaxial growth
in step (B) is the growth of a strained silicon (sSi) layer or a silicon-germanium
(SiGe) layer.

19. Cleaned and prepared substrate as obtained according to the process of any

of claims 1 to 14.

20. 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 15

to 18.
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