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and integrated electronics, there is a need to prepare

cl ean surfaces of sem conductind-substrates such as

silicon and silicon-germanium prior to the preparation

of an overlying |ayer by epitaxy. In the cleaning

procedure prior to epitaxy, the use of hydrofluoric
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The present invention 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 (resulting 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 turning about an axis of rotation

at or near to the geometric centre of the wafer, leading to streaking

patterns.
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| eading to streaking patterns.l n addition, there is a
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are effective in a "single wafer” process, as it is

observed that "single wafer" précesses give rise to
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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 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.
25 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
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hydrogen or heliumin order to inplant these ions in
sufficient amounts in the substBate, the inplant
zonegenerating a zone of weakness through formation of
m crocavities or platelets, b) bonding of this face of
donor substrate with a receiver substrate, and c)
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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,
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.



The assenbly of layers conprising the three nmentioned
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sui tabl e acceptor substrate, and the original silicon

and Si Ge | ayers of the donor sufbstrate are renoved in

the preparation of the final wafer, conprising
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15 It may also be noted that the sSOI 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”, So/id State Phenomena, Vols. 103-104
(2005) pp. 83-86.
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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

20  solution containing hydrofluoric acid (HF) and hydrochloric acid (HCl),
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

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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contai ning hydrofluoric acid (HF) and hydrochloric

acid (HCl), followed by a finatb6application of an

oxi di zing solution (containing both H2O2 and HCl). The
treatment with HF and HCI thus produces an

i nt ermedi ate hydrophobic surface, prior to formation

of the Usnﬁbsmmwﬂﬁtlbs&%@@ehﬁ‘a@cw&wﬁ@ﬁ@fec]ﬁ&épamde
932 022 teaches that HClI enables renoval of net

f r 6oRtBAENatinT &f esarnicondictohsuffacesitsuch as siicbnbivafers during

h f d th
e e e T
sol uti of (NithBer Fné‘n'zob Scl%éﬁfr‘@' Ehfc%sé Ukor %fé%ning
022.US 5 051 134 discloses the use of Cyciodéextrins to

r esitroiEopduttoc| sudacesaramatthos khowa)i bendhet bove- mentnoned
surfaces sucngas silicon wafers during treat ment

hyERferanges eihat Aa-nasAddressdeaspasicsisses of M@E@rmaxks are not

"ol BARS O GABNER PEE S50 Qo2 Barictr
abfwa‘urmet iepitadial gFGWET) cSregjuireefurther ﬂﬁén@éi@?ﬁ%nfpaﬁents in

speC|f|c i ssue of vvaterrmrks are not relate

dearingymnposdions t,achievs astechnical effecdid degasomnia waves

3'5%#56%@4&%'%%%# I bt #e FocHE Hipapridny i Some cleaning

COopiResdesOBEt het #F "r‘élSMSn Sot\ﬁé’c@PrhSﬁ%s ﬁt%r{]@‘:fhe fYERRWIK Of HF-

waves have been disclosed in sone of _
abkasedrieeatiment dtagessginingoiiseatt hgdrophobis sesfacksjtaseppdsed to
rel ation to wat ermar ks nor in the franmework of HFbased

t rRddizing; treat Htfé‘g S@Qﬁsr@"'ln9§§ett@ MPB@H@@U@E‘%Q& f aces,

as opposed to oxidizing treatnent stages giving rise

to hydrophilic surfaces. SUMVARY OF THE | NVENTI ON

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
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the framework of treatnment with aqueous hydrofluoric
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epi taxial growth, wherein said process of cleaning and

p r E%'ﬁ?'ffﬂ'@gaoﬁ yior SisBig, dtheusaid caibsats is subjesteds te gegasonic
cl eaning the said substrate with an aqueous

soYVutl on containing hydrofluoric acid (HF); and then
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a swpdsidglysbe ceducadi d, wat ermark formation may

surprisj nL?S' mbg sre%ggg eadspect 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-



Thus, in a second aspect, the present invention is
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such a way as to suppress the appearance of

wat er mar ks, wherein the sai d seficonductor substrate

is suitable for use as a base substrate for epitaxial

growt h, wherein said process of cleaning and preparing

a hydrophobi c surface conprises the steps of: (a)
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surfaces. The present invention further relates
prpiesent nyentionyi and an epitaxi al |ayer to the surface

of a subpstrate conprising. a) step(s) of, cleaning and
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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



b) carrying out epitaxial growth on the thus cleaned
and prepared surface. Finally, the present invention

WO eoovigi9sy el ates to a cl eaned and prepared SubBCT/EPMO&E65771

10

15

20

25

obt ai ned according to the above-described first and/or
second aspect(s) of the present9rnvention. The present
invention also relates to a substrate having a surface
| ayer obtained by epitaxial growth on such a cl eaned

and prepared substrate. The sol utions proposed by the
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DETAILED DESCRIPTION OF THE INVENTION

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
aspect of the present invention, 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 %. It is to be noted that the concentration here refers to the absolute
concentration of HF in water (H,0) on a HF:H,O weight:weight basis. 49%
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



agents such as hydrogen peroxide, ozone etc. so as to

produce a hydrophilic surface. The sol utions proposed
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i nvention also do not require the mandatory addition
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sol ution, such as the organic ring nol ecul es and nore

specifically cyclodextrins that are taught by US 5 051
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hydr of | uor | Eés?é@ﬁ;fd(ﬁ% ﬁtsgggﬁeﬁc he&%ﬂgggr&tgmggptd?ri\,orﬁ lagp gto
5 st the (sinuitaneouprusee dfi mddaoniengeaves Qldiy Ywith [ Hﬁémgywith
weight < 49 % preferably 0.5 %< [HF] by weight <1
9% deionizedt waker vt frastewark ebrieestmenti withhaneaqueous HF

| ut ' HF | ter. .
5 3ich i oBRP S RGANL S ShobEeddy "G kg
wogpslichtivh of @hé SFPSIILGH, éﬁlfﬂﬁ@rptd e (‘b‘)’in\#&ﬁhg%ﬁﬂ'\g whilst
of the standard 49% agueous HF nmarketed for usé In
m subjecting rtbai substrate doc eragasonionwates). thevshig sabsinate may

10 2! ooy S hCEE 4P B35S BAS B Bl Sy
m{@ép%?a?ﬁgggm‘%éﬁ?ﬁk%ave\yt h respect to the first

aspect i'nvention, relating to the

si mul t almedhe fisst @Spergasothe pragest aheattion,t it ¢ nsreRgred,
W th deionized water in the framework of treatnent
W $ sggug%@btj@ fipsing step (b), to dry the said substrate in a step (c).

Drying can be carried out by gas flow, for example using an inert gas, or
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



solution to produce a hydrophobic surface, after step
(a), involving application of the HF solution, and

W®Lri09/08¢983 st ep (b) involving rinsing whilst sub{BEP100$/065771

the substrate to negasoni c waves, the said substrate

may optionally be rinsed, in a Keparate step (bq),

W th dei oni sed water w thout the application of

megasonic waves. | n the first aspect of the present
invention, it is preferred, subsequent to the rinsing

st produee: a hQdfiphobltes e, 3535 bFctess iof ceatirfP a(@hiconductor
Dr;p/i ng can ge (?zgrri ed out by ggs 1 ow, Cfeor rgiarr%}ne
usbulsteatei with targ asjueous kspl@ianptentﬁmmmihygiro@mr}m blt:]idb&lF) in
detail.ed further below, | n the first aspect of the
pr@g@hpn' it THMNI A n\d'tBh@ RBpI PEEsHnthen segwbsergie the
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Watts, preferably in the range of at |east 80
and at ﬂb@t prefeuedaembodimentpeletie segondiaseect of theepresent

e PR Y Grorid S e Rttt s Rl bF BER ) of the
I agtgyeolestiibeadsrbedddlofkite at@nataspret ofltH@‘BresEHFinantion, in

preferred values for the duration of application o
me¢RBbinationawitlk hydsefluaria beidr @ifge hat atpKacafiess thanobdThis

okl i 8, PR b B0 o e o s of
th { Qv ' rel at [

ey FEROC RRRTHHCT, R R AT, SOiEh e g g (FRs0sf and
t operobiocie acidhyHCIQ)oThe presénthe mdst grefaresEstond acid in this
cl eani ng iwsem conductor substrate wi th an aqueous

sAAQUPoIf ﬁf%ﬁmﬁrffg Aidr(biuoln dhacprefermey embadimentonsing

| RAEHIBAP 2 e I a3 Mg Bl usea

usiadthenaglidosAtidanmigessiGtion 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%
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.

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,



solution is less than the concentration of

hydrofluoric acid (HF) by weight. | n a preferred
werwodsdent of the second aspect of the presenkCT/EP2008/065771

i nvention, the strong acid used in the aqueous

solution of step (a) of the abol&k-described process of

the second aspect of the present invention, in

conmbi nation with hydrofluoric acid (HF), has a pKa of

| ess than 0. This strong acid is nost preferably

I Rty Y
o B e B P oPe T, TSI plsEacided to
an@h@&mmainmg@eaniommmsx he presently nost

et 8 5 SR el B 5 e e
ST Coneh ) SRS, ey g v

5 sotwbearritical.ilb is kavisager: tidt @ntberdtutes OEIID°OtovEIThEodd be

38 % ing, in mnd that the concentrati on of HCl by
w38 Tk Ehe Biearings Pragider miere arefarsily 1Com G0PE, Bed most

bl RN o dhdha - R o PP A, ot fperatiies in

wes@hicondettohmdrmfacturingipescticey not in any event
exceed the BSqu% wei ght concentrati on of standard
B

conmer charegieds thaednyig cﬁnditri%m in the pmstgﬂt iszenﬁta%(lgyep (c)
' ' . I, t W ar
10 it PR, Seraibogn Berae srdioriiecohaasetinnie Ripsent
P 9N 700 : e
rAmSh) B St g e BB Sudi uphof gas

2. Ao ydrbpartisutgnt usig BFlow roftinertgasssuth aswitrdgednor argon, or

according to the first or second aspect, the use of )
f ut' iR Satﬁ'a‘mg &énqiwet f\ngratiet K aPme easesnfaergexample with

S8t HRrADRAE Sl BN ed 2218 AR BRbnon basec

15 ordpyinigc techgiques,ecuding sidacer @nsRRACi dra@Rhty,  advantageously

cyclodtextrins are added to the HF-containing cleani ng

sdlambipad 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
WEe@oes®es is not currently believed in any waRCT/BP1988/065771

critical. It is envisaged that tenperatures of 100C to
900C coul d be used for the cled3ing process, nore
preferably 15C to 600C, and nost preferably around

2Q0C or standard anbi ent tenperatures in sem conductor
manuf acturing practice. As regards the drying

copdlithbofssti & il ﬁﬁ?rﬁreééﬁteg\'v%ﬁﬂo&,ﬁagpdé&)ribgﬂ 5B6ve, the

process according to either th Irst’ or second aspect

of dutatiopr &fsapplicatior of innegasodid Wevqpra‘gsb@nﬁesﬁiytflim range of
envj saged, such ,as drying by gas flow, in particul ar

P JRARTL  SoaRd s o st Hiaytes tinghSreieratly qnleast 10
or S e iJan; ' ' .
oSSR CaE A Pl 60, RECHHE, 1Y FRBIS RBrtbi SHEE megasonic

5 uswaoés hRFollyspiplie@ duridgamdmg.- based drying
techni ques, using surface tension gradients,

advant alje8liber the fivitrrdsedond aspgcksgobihe peesentnverition, in a

or B SRR et o Yo iR SERRing Ge e s 1 o o

a spin-dry step (c) is typically conprised within the
range of 30 seconds to 5 mnutes. As regards the
dur at i ofs oferntioned| pravionglyp the psasent tinventenviustgpedeldtes to a

treatnment_ti of between 1 second and 5 m nutes

10 ¢ oRfiogese fQEe%gecﬁ'ﬂg cPRaBRERYIRl Byer afo Jﬁet Raface,fsg substrate
ac&ﬂﬁﬁﬁgg to either the first or second aspect of the
présent invention. Currently preferred cleaning tines

are congy i sestep@) vefealdanirer @inds peepshritg) a€eafdée layer of the
Concerning rinsing step (b), it is envisaged that
r i HIskigte iageisitially Hreaerinby a prasiess anvplengi cleanieg dbel stirface

belaVéF&l/iti'xrhrpéc?&eeosussessolL?t%n%gri\tra]%irtwgo hydrofluoric acid (HF) according

15 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
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.



either the first or second aspects of the present

invention, and currently preferred rinsing tines are
w@opseexl bet ween 5 seconds and 40 seconds. | nPCTIEP2008/065771

first aspect of the present invention, as described

above, the duration of applicatldn of negasonic waves

preferably lies in the range of at |least 1 second and

at nost 5 mnutes, and preferably at |east 10 seconds

and at nost 60 seconds, it being understood that

me@xaOALESwWaves are only applied during rinsing. In

either the first or second aspects of the present

i nvent i &, ai porli ﬁﬁ’%’ﬁ@rlﬁéﬁtr@mmfrremhodaﬂsnmgIaeccwdfng to the

o SBU HGUE Be e Bt oTERASTS S RN Kb lEe wes
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substrate conprising: a) Step(s) eani
5pr é‘ah\a hgT?ae slyifig conditioss usedt |heo|s'ebsjrylagebyaﬁotatlon (Smery)

|n|t sent b a process involving cleaning th
squ '%%{géﬁ‘ iR aqueous sol ution contai ni ng

hydr of I [

second Jg@%esg' ?9 o%g.‘f pﬁ?@sea%démget% %%%Pflaw B@Kt scattering).
caboydafigd Owaterpidris! edngistamtahsered Bﬁs@&f@@‘ﬁéw§%ﬂowmg up as
preprared surface. Epitaxy is a well-known process f
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surfaces. I n common vapour - p ase processes,

macyrespoadirigytolurmmpafthedfablé aver 10000C) equi | i brium
bet ween a gas phase halide or hydride of, for exanple,
silicon, and the solid material to be Iaid down in an

epTatii1alEfedy 8h WAtRFmEMABYH theatRlePTSNER M UFLOHME and HCI
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




Hydri de vapour phase epitaxy (HVPE) can be used for
epitaxial growth processes to be applied to cl eaned

W@ awsvs@sEs according to the present inventi onPEXRARPLESRS771

I nanon-limting illustration of enbodi ments

according to the second aspect- i&- t he present

invention, a bulk silicon substrate was cleaned with a
variety of HCl / HF m xtures as set out in the

followi ng Table 1. The drying conditions used invol ved
drying by rotation (SpinDry) a 2200 RPM during 1 mn.

The surfaces obtai ned were anal ysed by SPI (by |ight

scat t er bimgarlystn @ahdredmitived dluserakien oferabedimemts according to
series of surface flaws show ng up as a succession of
pothe dirgnaspret pofothes psesenti inyentionn ehstreisadsilicop-aminsulator

of oty S Bagees Bl anBh ol AL fonédtifation of

5 vway & 9ablysweight, NEithatednPydded Y. The e of treaémeggtwith HF
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15

corresponding columm of the Table 1. Table 1:

onWaat &0 nsgdosdsf ande dvergiimewdf Hrinsing uvidls ddioriEednaater with
HCLSi mi | ar | in anon-limting illustration of

e RS SAROSHFSI TGP HaTe Maves Wapedy S$FoRGR In the test
pr il i [ =S d A+ GANs Q0 I :
(B8 Re St 2Bt o tHE rSorievegiiert 1irBHAks obtained
c ofor emiichtare shofvnlinSattadnedviggiy 2, widgasoric avevesdde applied
HCl . The time of treatnment wth HF was 10 seconds, and

t hwithjargower of HH0RgWwia freaeensy okd MHz @ndwa time of application

co r p o} i 6. 5 cqnds._ ..

O M2 Ecbods 088 hfwh oA Pl & difigh SRE heAvation
Presign220 rieratts ot OL4® [rAsWkis dbabAldde thrid hovNat&madrks. By
shown in attached Figure 2, negasonic waves were

apgInteast wthen sampos&D! sdibsteate, Weated by dhersameHRA sdldkion but
and a tinme of agglj catjion of 42 seconds.

o Bt SR BBbreCiid B meappornib diaiia; shawed 2500 defects at

0.40 um and watermarks were visible, as shown in attached Figure 1.



only 220 defects at 0.40 nm were observed, and no
wat er mar ks. By contrast, the sanme sSO substrate,

w0 e@angdsbhy t he sane HF sol uti on but not subsePCERP1098/065771
subj ected to negasoni ¢ waves, showed 2500 defects at
0.40 nm and wat er marks were vi-siéd e, as shown in
attached Figure 1. CLAIMS 1. Process of cleaning and
prepari ng a hydrophobi c surface of a sem conductor
substrate in such a way as to suppress ghe appear ance
of watermarks, wherein the em conduct or
substrate is suitable for u§§&§§§a base substrate for
epi taxial growh, wherein said process of cleaning and
Df épar i Ripcas$yolr efEaoige andr peepariyTer ihydropHubIS IstPface of a

(a) cleaning the said substrate with an aqueous

soﬁ%miC@ﬁdé@m a‘ﬁpgﬁfﬁgtqu$wh AV a9 EP SUPPIBSS l’ﬁﬁdaﬂﬂ@@nance of

5 Db, Nt LA SRUL B SRR A or e

substrisdse substriabe €6 esitd9al BALR) nWﬁeV@H %%rd BrocBEQ &fefeaning

according to claim 1, wherein, after step

prand prepasingoa bwrom'i@bl@s;.lrﬁacgmmmpm the stepm‘d in a
r without the

th d t .
nglar ?; )oneﬁ?éwﬂéagt‘é“g, &al ﬁ*@’lsgfgte \g?flige@ aRQusiagsn golution

to nt to the rinsing
C&t?g{ﬂ&hﬂ%rogng@ @‘sﬁ éhlagﬁ‘%ﬁl ed in a step (c).
10 4 Proc@ns adnsinglithe said Simﬁtmte Qlithi deioAise@ whtelMagiilet, Muring
asoni ¢ wave power applied lies in the range of
at P¢ ingoef the rigsinge the %tsumgtmtev\ﬁ siebjegledr tr amegasonic
range of at |least 800 Watts and at nobst 1000
V\a’\{v% 5. Process according to any of clains 1 to 4,
wherei n the megasonic

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



wave frequency applied lies in the range of at least 1
kHz and at nost 10 MHz, preferably in the range of at

WO e®wsn86p8D kHz and at nost 1 MHz. 6. Process acRCr/EPI998/065771

to any of clainms 1 to 5 wherein the duration of
application of megasonic waves 147es in the range of at

| east 1 second and at nost 5 m nutes, and preferably

at | east 10 seconds and at nobst 60 seconds. 7. Process

of cleaning and preparing a hydrophobic surface of a

sem conductor substrate in such a way as to suppress

t he appearance of waternmarks, wherein the said

sefri conBrosess ascdrdingate any of udlaiatsl & to 5, wiseresrs thee dasation of
subst}raﬁe f(%r egitaxi al growmh, wherein said process

of JBPESHPAPTIRRIFTA A MANES deh it remge of gf feask 1 second and
COBPME:ESS trﬁiﬁﬁﬁése%oo refefibl {jﬂ?ﬁ@é&glé éﬁc‘%% and at most 60

substrate wt ah agueous soO on contal

5 hyseaoinldsoric acid (HF) in addition to a strong acid
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with a pKa of |less than 3, wherein the concentration
of the said strong acid by weight used in the said

agqpeouspreksd igfnclesni h can '
hydr of  uor i ¢ o leaning ggﬂmgf%ﬂtﬁi‘i?\g( 2 ﬁ??f@i”nogb&tnﬁgkgg? o @
s usgnicaneuaipr Bubstrate inesiichea evay asitio (Supprbisgithg appearance of
sai d substrate. 8. Process according to claim?7,
anAASTINETkR, Veersiny the. PEICL SeriCPROVGHEP SHOSIERIE 8 lfeblsnfor use
of . . . Br .
D e L R P G G on el 5 REGRR of cleaning
s edret peaparingra hydrophobie suefase somgised théytkpsadtt or i ¢

acid ( ), nitric acid (HNG3), sul phuric acid (HZSO4? _
and per(@l orGlarieg gtheicsaid) substrate owish s anc astugiong wselution

TR BRI EhoPC 8eL G0 24 ECRLRH g o o
cdasthdraB) Whepéin 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
(¢)  drying the said substrate.

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.

9. Process according to claim 8, wherein said strong acid is selected
from the group consisting of: hydrochloric acid (HCI), nitric acid (HNO3),
sulphuric acid (H,SO4) and perchloric acid (HCIO,).

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



hydrochloric acid (HCl) used in the aqueous sol ution
of step (a) is conprised in the range of 0.01 %<

wWQ RiOb8dog3 wei ght < 38 % preferably 0.01 % < [PMO/EP1998/065771

weight <5 % 12. Process according to any of clains 1

to 11, wherein the substrate colftains a surface | ayer

of silicon, strained silicon or silicon-germanium 13.

Process according to claim 12, wherein the substrate

contains a surface layer of silicon-germanium 14.

Process according to any of clainms 1 to 13, wherein

the concentration of hydrofluoric acid (HF) used in

t hd laqu@uacess obcadrdimgoftosciaim( 4P, | wheraipr tteedcontehtration of
ht < 49 % preferabl

0,05 %< by wei
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t he appearance of watermarks, is carried out in a
singl e wafer cl eaning device. 16. Process for adding

01821 ikabs LRSS Uy T ABRR, Bty SHBRER e substrat
suedritams| Ay@Facd laVéﬁoﬁSihédﬁ,%‘tr%irl?&! ém&dlﬂ t@t &i}{g@{—gg@ﬂ%w){%.

a process according to any of clains
carrying out epitaxial growmh on the cleaned and

prepared surface.1l7. Process accoydin o cl aim 16, )

WhEve CPOLESs Gerordlion tPyCgbdentWheTeTh 466 | SipeHaty contains a

su j B dd. A nium (Si G) |ayer or a

st%ﬁ%‘gg?f?@ﬁédﬁsg%ﬁggﬁ 18. Process according to

claim17, where the initially present surface |ayer

sil i con-ger mani umé_Si Ge) |l ayer shows a germani um

cohtent PrRCESH agcording to any of claims 17 to 13, 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 %.

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

(o)  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 15; and

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



the exposed surface to be cleaned in step (a) of at
| east 20% expressed as a percentage of Ge atons with

WO e®pestsi o Si atons. 19. Process accordi ng t oPGEHEPINS/065771
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clainms 16 to 18, wherein the epitaxial growh in step
(b) is the gromh of a strainedl%ilicon (sSi) |ayer or
a silicon-germanium (Si Ge) layer. 20. O eaned and
prepared substrate as obtai ned according to the _
process of any of clains 1 to 15. 21. Substrate having

a sur f apyceay edccokding nes diinmeRiel ayhate 3OV Oxﬂstg lx present
cl eaned and prepared substrate as obtai ned accor
t osttfiecelaysssef tie supstvétecisainsiliddh-germsnium (SiGe) layer ora

strained silicon (sSi) layer.

18.  Process according to claim 17, 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.

19.  Process according to any of claims 16 to 18, wherein the epitaxial
growth in step (B) is the growth of a strained silicon (sSi) layer or a

silicon-germanium (SiGe) layer.

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



