Process for cleaning a semiconductor wafer using a cleaning solution The invention relates to a
process for. cleaning a semiconductor 5 wafer using a cleaning solution, more precisely a process in
whichthe semiconductor wafer is cleaned in an individual-wafer treatment mode. Individual-wafer _
cleaning processes have some advantages over 10 multiwafer cleaning processes, in which a plurality
of wafers are cleaned simultaneously. These advantages include a low consumption of chemicals, a
higher process flexibility and also the possibility of treating the wafer front side and the wafer rear side
using different cle&APrES6IUfiBRs CASRiRE|F FSREVARERREOT (e fifthyigthkrW dfeFireaftAfesht is that
the risk of cross-contamination, that is to say the tearisfetr ef.contaminants between semiconductor
wafers, is precluded. The essential disadvantage of these processes in comparison with the multiwafer
treatment is the low throughput. Since silicon 20 wafers having a very large diameter (300 mm) are
increasingly bey protedsetih the'erfcdritidttBF %‘iﬁf’s?tryf“fﬁiscé&\‘?éﬁ@%eﬁs TEAAMY ito the
background, howeéywer. Thenindividbakwater eledring canise effectad aeturdingtoawesfuidamentally

different processes: T hus: thegieaningsolution £an be 25 pivdded as-a bathxintowhich.the: »
semiconductor&%%gﬂ%gitpgneo%gqr a certain time. More often, an alternative arrangement is used in
which the semiconductor wafer is anchored on a rotating plate and the cleaning solution is injected or
sprayed onto one or both lateral surfaces of the semiconductor wafer through 30 nozzles. The spent
cleaning solutidgmrfléwstawayWrom the semiconductorwader Bader therinfluenee tefaentrifiggal force.

One example qfsuch.anr individualvaler tieatment, which:is alsossyitable feretching.arsemiconductor
wafer, is descriabgg i&%gm%%%/%%}égge%h%c%?xﬁ*g‘&s'ee' advantages incliude a low
/ consumption of chemicals, a2 higher process flexibility and also

the possibility of treating the wafer front side and the wafer
rear side using different cleaning solutions. A particular

15 advantage of the individual-wafer treatment is that the risk of
cross—contamination, that is to say the transfer of
contaminants between semiconductor wafers, is precluded. The
essential disadvantage of these processes in comparison with
the multiwafer treatment is the low throughput. Since silicon

20 wafers having a very largé diameter (300 mm) are increasingly
being processed in the semicondudtor industry, this advantace
is receding into the background, however. The individual-wafer
cleaning can be effected according to two fundamentally
different processes. Thus, the cleaning solution can be

25  provided as a bath into which the semiconductor wafer is dipped
for a certain time. More coften, an alternalive arrangement is
used in which the semiconductor wafer is anchored on a rotating
plate and the cleaning solution is injected or spraved onto ong
or boeth lateral surfaces of the semiconcductor wafer through

30 nozzles. The spent cleaning sclution flows away from the
semiconductor wafer under the influence ¢f centrifugal force.
One example of such an individual-wafer treatment, which is
also suitable for etching a semiconductor wafer, 1s described
in US 2004/0031503 Al, for example.
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2 In particular semiconductor wafers on which one or a plurality of further layers are intended to be
deposited epitaxially have to have particularly intensively cleaned surfaces prior to deposition.
Contaminants that have to be removed are particle 5 cortaminants, metal ions bound on the surface,
and organic compounds that often cover semiconductor wafers as ,a thin surface film. Basic solutions
of ammonia and hydrogen peroxide in water (ammonium peroxide mixture, APM) are normally used

for removing partiCleRHid GryARicIBIMFERIC IR EHEER 1D (SFerdhidiche I8£HIRF dBpBLRIH-SF Y
high-quality epita@alfayehsis tommietearecvat ofithel atnoiph atsspexde day efpdaatiig the untace of
semiconductor majerialespebas-silican permaniumyang slican/garmanium alloys; The.surface oxide

is dissolved usin%% Lée(%tli%golléions containinsg hédro en fluoride, 15 HF. A semiconductor wafer
treated using an HF Solution hasa' ﬁ%‘r:b%?\%%lc, §hehi8e ‘Surbabe” KQEERIRT SoRtftion fifich is
particularly suitabfMorthiephfposeeda-hekbiit sHmHigh eféiingwatesfor silitoh ditpddé contains a

- mixture of ammeninpviiuadden hNHAR 0@ E&Bmk)d@maﬁ&WBﬁ&@rkd@fg;@ 203 tetramathylammonium
floride N(CH3)4E aad bveliogenduoride Q. 98(36726 A shaws hald! i advaliagsous,oj he
cleaning solution not to be prepared until directly prior to use, from ammonmm ?ﬁ%/drr%o ide or

tetraalkylammonitim Ry &roxiGE & ParBG &R TR dBL S5 Emb Attt 8f IRF Prdsenhtinsentioh seek

to present a cleagingving particles and organic compounds. A central

10 prerequisite for the deposition of high-quality epitaxial
layers is complete removal of the amorphous oxide layer coating
the surface of semiconductor materials such as silicon,
germanium and silicon/germanium alloys. The surface oxide is
dissolved using agueous solutions containing hyvdrogen fluoride,

15 HF. A semiconductor wafef treated using an HF solution has a
hydrophobic, oxygen~free surface. A cleaning solution which is
etching rate for silicon dioxide contains a mixture of ammonium
fluoride, NH¢F, or a tetraalkylammonium fluoride, e.qg.

20 tetﬁémethylammbnium fluoride N(CH3)sF, and hydrogen fluoride.
WO 98/56726 Al shows that it is adﬁantageous for the cleaning
solution not to beé prepared until directly prior to use, from
ammonium hydroxide or tetraalkylammonium hydroxide and hydrogen

fluoride.

25
Embodiments of the present invention seek to present a cleaning
process which has aﬁ improVed'cleaning effect over and above
the advantages of the individual-wafer treatment and the
preparation of the:cleaning sclution at the site of its usse.

30

An aspect of the invention relates to a process for cleaning a
semiconductor wafer using a cleaning solution containing an
ammonium-alkaline component in an initial composition, wherein
the semconductor wafer is brought into contact with the

35 cleaning solution in an individual-wafer treatment, and in the

course of cleaning



process which has an improved cleaning effect over and above the advantages of the individual-wafer
treatment and the preparation of the cleaning solution at the site of its use. 30 An-aspect of the
invention relates to a process for cleaning a semiconductor wafer using a cleaning solution containing
an ammonium-alkaline component in an initial composition, wherein the semconductor wafer is
brought into contact with the 35 cleaning solution in an individual-wafer treatment, and in the course of
cleaning . hydrogen fluoride is added as further component to the cleaning solution, and the cleaning
solution has at thederd ®f cléanintde compaesiignaratl differs frormtheniaitial conipesitiénasinise
process is distingilished:by theifacidhatthe.eampasition efithe gleaning salutionis ehangeddn the

course of cleaning, in order 19, copirgl the cleaning mechanism in 2 targeled manner. At the start of
cleaning, the cleaning solution contains the ammonium-alkaline éomioonerliotobut no HF. In the 10

course of cleaning, hydrogen fluoride is added as further component to the cleaning solution. What is
thereby achievét:s thiat fgstly tonditrons:gre. ereatedwhich grecoptimmat forhdissolving patrtioles from the
semiconductor wafenhandpermanently transferringthem infosthe:¢leaping-selution, apghlater, conditions

are establlshed‘.whlcgzga%rle gtlrggl or ertrggngggx remowré%ﬂg%tflés from the serrélgggductor wafer and

completely strip"hplllng away the oxide film on the surface. The overall ré‘?ul?is‘“gﬁqmproved cleaning

effect compare83Wifitthe tisedea fikadly preset tdpssitibhdf theTeaRingEdhfioR, 20 even if the
cleaning solutiom:asziivthetprocesscacoordimngkto thesinventions 100 pistnetcprepared utiii at the site of
use. The ghange,in.the concantration of the cleaning selution is coptrgligd such, that the ratio of the
molar concentrgtl%n% oé%{S Q%d%qé?gnci%%%(:{e ansd rgg]%glum-glléall,ne ggm]% neng,C f:_ﬂl}lRf??, is less
than 1-at the staft of cleaning and is gréatet taf 1 &t the end 6t clédning” R represents the tédicals H
or a C1-4 alkyl §rélip fwhete YetrarietiianimaniurmfifdreRide IIC B4 0HE FVAHY %5 preferred over
ammonium hydiaxisle: (NIH4OQlH)y-and the langer-chainseniconductor wafer and
permanently transferring them into the cleaning solutiorn, and
15 later conditions are established which are optimal for
permanently removing metals from the semiconductor wafer and
completely stripping away the oxide film on the surface. The
overall result is an improved cleaning effect compared with the
use of a fixedly preset composition of the cleaning sclution,
200 even if the cleaning solution, as in the process according to

the invention, too, is not prepared until at the site of use.

The change in the concentration of the cleaning solution is
controlled such that the ratio of the molar concentrations of
25  hydrogen fluoride and ammonium-alkaline component, HF:NR,OH, is
less than 1 at the start of cleaning and is greater than 1 at
the end of cleaning. R represents the radicals H or a Ci.q alkyl
group, where tetramethylammonium hydroxide (N{CHj)OH, TMAH) is
preferred over ammonium hydroxide (NH OH} and the longer—-chain
30 tetraalkylammonium hydroxides. The concentration of the
ammonium-alkaline component in the cleaning solution is
preferably 0.001 to 25% by weight at the start of cleaning, and
preferably 0.001 te 10% by weight at the end of cleaning. The
concentration of HF in the cleaning solution is preferably 0.01

33 to Z&% by weight at the end of cleaning. The molar guantitative



30 tetraalkylammonium hydroxides. The concentration of the ammonium-alkaline component in the
cleaning solution is preferably 0.001 to 25% by weight at the start of cleaning, and preferably 0.001 to
10% by weight at the end of cleaning. The concentration of HF in the cleaning solution is preferably
0.01 35 to 25% by weight at the end of cleaning. The molar quantitative 4 ratio HF:NR4OH is
preferably between 1.1 and 100 at the end of cleaning. As the proportion of hydrogen fluoride in the
cleaning solution increases, the pH of said cleaning solution decreases and changes from a pH in a
strongly basic rarage. to &n: SiacCitdic pHeinetheregnge frotvpkhl 10 5. &Fhe tlamng ohpasticlesis
predominant in the.hasicrange and thegleaning, of metals-isredeminantin the agidic range. As a

result of the exccefga%fih drsogflptguorigecoveerggg arggwoniHm-glkgjipg %cirgg\toggnt gg&kb%eglg of the
cleaning processa gofution ariges W which dissolves the surfacé oxidé on the semiconductor wafer.

Ammonium ion$'a8s6a5 parfciésdiripped awal frorithérsemicoheiuetor wardrcardhiifs prevént
recontaminatior: ef.thie: semicanduetorasater indhe durther conrsevé cleaning nt5 & the preferred

configuration of the process; the, semigondyetor wafer is fitstly bropaht.intp ¢atact with; 3 clganing
solution containing TMAH but ng HF. This takes place in a device suitable for an individual-wafer
treatment, for eREMPe irt & BAR WA GUBHIOW 5Ffh & Eettitgd IEis ASt 20 TREFIR the furtiter course
of cleaning that4@regen fluortw traddéedasite caaning soletsaninwhichkeade®F is added in

component at the end of the cleaning process a sclution arises
10 which dissolves the surface ozide on the semiconductor wafer.
. Ammonium ions adsorb particlaes stripped away from the
(w gemiconductor wafer and thus prevent recontamination of the

semlconductor wafer in the Ffurther course of cleaning.

15 In the preferred configuration of the process, the
semiconductor wafer is firstly brought into contact with a
cleaning solution containing TMAH but no HF. This takes place
in a device suitable for an individual-wafer treatment, for
example in a bath with overflow or in a centrifuges. It is not

20 until in the further course of cleaning that hydrogen flueorids
is added to the cleaning solution, in which case HF is added in
one or a plurality of steps cor continuously. In the case of

<; cleaning in a bath, an agueous scolution containing TMAH is
’ initially provided and the semiconductor wafer is dipped

25 therein. Later a cleaning solution having a changed composition
is prepared in the bath by further TMAH sclution and an agueous
HE soluticn being introduced simultaneocusly into the bath in
the presence of the semiconductor wafer. The concentrations and
inflow rates of TMAH and HF are set independently cf ons

30  another and changed, if appropriate, in the further course of
cleaning. Thus, the concentration of HF in the cleaning
solution can be increased further for example solely by way of
the inflow rates, by incresasing the inflow rate of HF solution
in compariscn with the inflow rate of TMAR sclution or

35  conversely by decreasing the inflow rate of TMAH sclution in



one or a plurality of steps or continuously. In the case of cleaning in a bath, an aqueous solution
containing TMAH is initially provided and the semiconductor wafer is dipped 25 therein. Later a
cleaning solution having a changed composition is prepared in the bath by further TMAH solution and
an agqueous HF solution being introduced simultaneously into the bath in the presence of the
semiconductor wafer. The concentrations and inflow rates of TMAH and HF are set independently of
one 30 another and changed, if appropriate, in the further course of cleaning. Thus, the concentration
of HF in the cleapitgsékaionddn behipciadden funaiier fof dkamplessolelrbynvayidfithechrdflow rates, by
increasing the ipfewreate:of ik selution iy comparisanewitbdhedplow tate of TdAAN-soltlien:or 35

conversely by decreasing e-flow ate. o TMAH soliion.n S comparison wiihihe Jnfaw rate of HF.
The corresponding case occurs during cleaning of theé semiconductor wafer on the plate of a
centrifuge. Firsti{"&n Hfliectis"SitioRwiiich Biftafitis TV - s/ sGppliet Gia®Sné dr a plurality of
nozzles is 5 squitedoegprayetbonteEonerdrchothelaterab stiifates afahe seniiconductoravafer rotating

on the plate. Lafer,s&6leaning solutian: having a.changed eomposition, is- prepared an:the ¢
semiconductor Walfe{ b(y aqueaus HF sglution additionall beinq su Plied toéhe semiconductor wafer
S0lution Bl s) s1tion 15 g SIAre T

through one or a plurality “of Turther nozZ1es. Iﬁ%ﬂ%opre &ired embodiment of the ﬁ\g\a/ention, too, the

concentrations ZHY-FOW FAES JFAEMAR SoRiPEAd HIF 2ohitiorParé et inddpehtients dCone
another and chamgetlj #cappropriate cinithentiintiter cowse of cleaniny. 45<The prefeirecduration of the

cleaning phase,with, a-cleaning solution which as yetcontains ng bk is:1,10 300 $iye
7 invention, too, the concentrations and inflow rates of TMAH
<:‘ sclution and HF solution are set independently of one another

and changed, 1if appropriate, in the further course of cleaning.

15 The preferred duration of the cleaning phase with a cleaning
solution which as vet contains no HF is 1 to 300 s,
particularly preferably 5 to 30 s. The concentration of TMAH in
the cleaning solution is preferably 0.001 to 25% by welght in
water. In order to further improve the performance with respect

20 to removing particles, the cleaning sclution can contain
surfactants or short-chain alechels in this phase, in
particular. Suitable surfactants are, in particular, aniocnlic or

(; nonionic detergents, e.g. fatty alcohol ethoxylates or
long-chain alkylsulfonates. Suitable alcchols are e.g. butanol,

25  ethylene glycol or glycerol. The cleaning solution should not

contain ozone, hydrogen peroxide or any other oxidizing agent.

The concentration of agueous HY supplied later is preferably

0.01 to 50% by weight in water. The preferred duration of the
30 phase of cleaning the semiconductor wafer using a cleaning

scolution which contains BF is 1 to 300 s, particulazrly

preferably 5 to 30 s.

The temperature of the cleaning solution is 15 to 95°C,

35 preferably 15 to 45°C, in both phases,



particularly preferably 5 to 30 s. The concentration of TMAH in the cleaning solution is preferably 0.001
to 25% by weight in water. In order to further improve the performance with respect 20 to removing
particles, the cleaning solution can contain surfactants or short-chain alcohols in this phase, in
particular. Suitable surfactants are, in particular, anioni¢ or nonionic detergents, e.g. fatty alcohol
ethoxylates or long-chain alkylsulfonates. Suitable alcohols are e.g. butanol, 25 ethylene glycol or
glycerol. The cleaning solution should not contain ozone, hydrogen peroxide or any other oxidizing
agent. The concentration of aqueous HF supplied later is preferably 0.01 to 50% by weight in water.
The preferred distatiorz ot thie 30 phase obcleaning ¢dbesamicoadustoriwateriising a-eleaning solution

which contains ki is.1 10 300 s patticularly.preferably 510 30 s, o, INE Jsmperatire. of the.cleaning
solution is 15 to 95C, 35 preferably 15 to 45C, in both Ehases. A)t, the'end of the process according to

the invention, tHa'50/58e BFIRE semicondlitisrwatsris HyarophbBiccsid Hed of Strfatd xide. For
further treafmef2thé Seriicsrduetol wafer 5rcan beadnsed withtandther cleaningzsaliiton; for example
with deionized wates, apdsubseguenthrdded.sHeowaver, itds-also, passible-to return fo the starting point
Of the process gne g faReakine RIAGeseONse. oL e AlleR Ok [he sepigopdusio yaleg degng
cleaned again using the cleaning solution in the 10 initial composition, emﬁ:qnauctor wafers for which
the cleaning pré&&&E brdsbntBITE pRFiICNERY SUITABIS a?é HRfpartitufdle seRTic6RAGES Wafers having
a surface composedrofosilican of aaralfoyrgkin using the cleaning solution in the

10 initisl composition.

(:- Semiconductor wafers for which the cleaning process presented
is particularly suitable are, in particular, semiconductor
wafers naving a surface composed of silicon or an alloy of

15 silicon and germanium which is toc be cleaned in order to be

coated later.



IS silicon and germanium which is to be cleaned in order to be coated later. 7 Patent Claims 1. A
process for cleaning a semiconductor wafer using a cleaning solution containing an
ammonium-alkaline component in 5 an initial composition, wherein the semiconductor wafer is brought
into contact with the cleaning solution in an individual-wafer treatment, and in the course of cleaning
hydrogen fluoride is added as further component to the cleaning solution, and the cleaning solution
has at the end of cleaning 10 a composition that differs from the initial composition. 2. The process as
claimed in clairﬁi?%ﬁ?ef%%ﬁﬁé“ﬁolar concentration ratio of hydrogen fluoride to ammonium-alkaline
component, HF:NR4OH, of < 1 at the start of cleaning is changed 15 up to > 1 at the end of cleaning,

wherein R representsthe-eadicals:H ordngthy, sthydpropybarbutylya 3 The prgcess as claimed in
claim 1 or claim 2, wherein h}/dgo en fluogde is added to the cleanirl solution and the 20 .
aid .1%(1’1 LCOonNTaln m“a_ﬁ%{iilne COngSOgleaIi'l

. lennin 3 LI Sl & OTL L T 4n.
concentration O? tﬁe amﬁwonlum-a aline compon%nt IS rgg‘uce& 4. € process medrln any of

claims 1 to°3, wiHereirt tHé t16aMAg Sbhitith cORtaiRssurfaRtER sreRet ail alEhdls as further
components. 25rought inte contact with the cleaning sclution in an
individual-wafer treatment, and in the course of cleaning
hydrogen fluoride is added as further component to the cleaning
sclution, and the cleaning solution has at the end of cleaning

10 a composition that differs from the initial composition.

(:: 2. The process as claimed in claim 1, wherein a molaxr
concentration ratic of hydrogen fluoride to ammonium~alkaline
component, HE:NR,OH, of < L at the start of cleaning is changed

15 up to > 1 at the end of cleaning, wherein R represents the

radicals H or methyl, ethvl, propyl or butvl.

3. The process as claimed in claim 1 or claim 2, wherein
hydrogen fluoride is added to the clieaning soclution and the

20 concentration of the ammonium~alkaline component is reduced.

4. The process as claimed in any of claims 1 to 3, wherein the
cleaning solution contains surfactants or short-chain alcohols
as further components.

25
5. The process as claimed in any of claims 1 to 4, wherein the

cleaning solution contains no czone or hydrogen peroxide.

6. The process as claimed in any of claims 1 to 5, wherein the
3¢ cleaning sclution is injected or spravsed onto the rotating

semiconductor wafer through nozzles.

7. The process as claimed in any of claims 1 to 5, wherein the
cleaning solution 1z conducted into a bath into which the

33 semiconductor wafer is dipped.



5. The process as claimed in any of claims 1 to 4, wherein the cleaning solution contains no ozone or
hydrogen peroxide. 6. The process as claimed in any of claims 1 to 5, wherein the 30 cleaning
solution is injected or sprayed onto the rotating semiconductor wafer through nozzles. 7. The
process as claimed in any of claims 1 to 5, wherein the cleaning solution is conducted into a bath into
which the 35 semiconductor wafer is dipped. 8 8. §he process as claimed in any of claims 1 to 7,
wherein the cleaning is repeated at least once by the semiconductor wafer being cleaned again using
the cleaning solution in the initial 5 composition.

8. The process as claimed in any of claims 1 to 7, wherein the
cleaning is repeated at least once by the semiconductor wafer

being cleaned again using the cleaning solution in the initial

5 composition.



