Process for cleaning a sem conductor wafer using a cleaning solution The
invention relates to a process for cleaning a sem conductor 5 wafer using a
cl eaning solution, nore precisely a process in which the sem conductor
wafer is cleaned in an individual-wafer treatnent node. Individual-wafer

cl eani ng processes have sone advantages over 10 nultiwafer cleaning
processes, in which a plurality of wafers are cleaned sinultaneously. These
advant ages include a | ow consunption of chem cals, a higher process
flexibility and also the possibility of treating the wafer front side and
the waf er Precessifier cleaning fareeniconduder seafer onsing pacleaning 15
advant age of the individual-wafer trg % Ay i s that the risk of

cross-contam nation, that is to say °Che transfer of contaninants between
sem conduct or mafers is precluded. The essential disadvantage of these

process arls wi.t h the mul t ] freat ment is the
Phrougnine aHRAG BeT 'S Dot Ton s A St o Ty

are Bncmea:’f&;mgis;&ncjoel mngm'ﬂﬁﬁm“rldrhemm (;mmhicstedry |m¢1131dgss tih s

advant a IS recedln i nfo the b r.oun er . ua
ol eani ngfd Sestar G A G HEL R AP A

Thus, ttﬁzéaﬁﬁgﬁﬁumdaa_utlon can be 25 provided as a bath |nto whi ch the
sem conductor wafer is dipped for a certain tine. Mre often, an
alternative arrangenent is wused in which the sem conductor wafer is
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sprayed onto one or both |ateral surfaces of the sem conductor wafer
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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 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 large diameter (300 mm) are increasingly
being processed in the semiconductor industry, this advantage
is receding into the background, however. The individual-wafer
cleaning can be effected according to two fundamentally
different processes. Thus, the cleaning soluticn can be

25 provided as a bath into which the semiconductor wafer is dipped
for 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 solution flows away from the
semiconductor wafer under the influence of centrifugal force.
One example of such an individual-wafer treatment, which is
also suitable for etching a semiconductor wafer, is described
in US 2004/0031503 Aal, for example.
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sem conduct or wafer under the influence of centrifugal force. One exanple
of such an individual -wafer treatnent, which is also suitable for etching a
sem conductor wafer, is described in US 2004/0031503 A, for exanple. 35 2
In particular sem conductor wafers on which one or a plurality of further

| ayers are intended to be deposited epﬂ%axially have to have particularly

i ntensively cleaned surfaces prior to deposition. Contam nants that have to
be renoved are particle 5 contam nants, netal ions bound on the surface, and
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high etching rate for silicon dioxide contains a m xture of anmmonium
fluoriden 24 o&aanrét%aq%ﬂ@rﬁﬁ)m%qn%oﬁ% argy nognally used for
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Al shows t hat I' S advant ageous or th | eaning solution not to be

pr epdr edmﬁnaqulcﬂlrt&tﬂq,r g rdere siga.orf rgmhigh- quallty 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 aqueous solutions containing hydrogen fluoride,

15 HF. A semiconductor wafer treated using an HF solution has a
hydrophobic, oxygen-free surface. A cleaning solution which is
particularly suitable for this purpose on account of its high
etching rate for silicon dioxide contains a mixture of ammonium
fluoride, NHy4F, or a tetraalkylammonium fluoride, e.q.

20 tetramethylammonium fluoride N(CHj3),F, and hydrogen fluoride.
WO 98/56726 Al shows that it is advantageous for the cleaning
solution not to be prepared until directly prior to use, from

ammonium hydroxide or tetraalkylammonium hydroxide and hydrogen

fluoride.
25
It is an object of the present invention to present a 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

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 semiconductor
wafer is brought into contact with the cleaning solution in an

35 individual-wafer treatment, and in the course of cleaning



ammoni um hydr oxi de or tetraal kyl ammoni um hydr oxi de and hydrogen fl uoride.
25 It is an object of the present invention to present a cleaning process
whi ch has an inproved cl eaning effect over and above the advantages of the
i ndi vi dual -wafer treatnent and the preparation of the cleaning solution at
the site of its use. 30 The invention*elates to a process for cleaning a
sem conduct or wafer using a cleaning solution containing an
anmoni um al kal i ne conponent in an initial conposition, wherein the
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fromthe initial conposition. 5 The process is distinguished by the fact
that the conposition of the cleaning solution is changed in the course of
cl eani Nghe igrayalsy it didtiruildedBating fRehatsmiie adgs@et etbn manner .
At the start of cleaning, ape cl eaning solution_ contains the
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10 course of cleaning, hydrogen fluoride is added as further
component to the cleaning solution. What is thereby achieved is
that firstly conditions are created which are optimal for
dissolving particles from the semiconductor wafer and
permanently transferring them into the cleaning solution, 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 solution,

200 even if the cleaning solution, as in the process according to

the inventiocon, 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:NR4OH, 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;-4 alkyl
group, where tetramethylammonium hydroxide (N (CHs)40OH, TMAH) is
preferred over ammonium hydroxide (NH40H) 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 to 10% by weight at the end of cleaning. The
concentration of HF in the cleaning solution is preferably (.01

35 to 25% by weight at the end of cleaning. The molar quantitative



permanently renoving netals fromthe sem conductor wafer and conpletely
stripping away the oxide filmon the surface. The overall result is an

i mproved cl eaning effect conpared with the use of a fixedly preset
conposition of the cleaning solution, 20 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 nolar concentrations of 25
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semiconductor wafer and thus prevent recontamination of the

semiconductor wafer in the further 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 centrifuge. It is not

20 until in the further course of cleaning that hydrogen fluoride
is added to the cleaning solution, in which case HF is added 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 agueous
HF solution being introduced simultanecusly 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 cleaning
solution can be increased further for example solely by way of
the inflow rates, by increasing the inflow rate of HF solution
in comparison with the inflow rate of TMAH solution or

35 conversely by decreasing the inflow rate of TMAH solution in



conponent at the end of the cleaning process a solution arises 10 which

di ssol ves the surface oxide on the sem conductor wafer. Ammoniumions
adsorb particles stripped away fromthe sem conductor wafer and thus
prevent recontam nation of the sem conductor wafer in the further course of
cleaning. 15 In the preferred configurastion of the process, the

sem conductor wafer is firstly brought into contact wwth a cleaning
solution containing TMAH but no HF. This takes place in a device suitable
for an icwdipArdusn wehftdy theedtnfdmw fadre ok difpl &hien @ hatdpandinoversd ow or
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solution and HF solution are set independently of one another

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

15 The preferred duration of the cleaning phase with a cleaning
solution which as yet 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 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, anionic or
nonionic detergents, e.qg. 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 duration of the
30 phase of cleaning the semiconductor wafer using a cleaning

solution which contains HF is 1 to 300 s, particularly

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.



occurs during cleaning of the sem conductor wafer on the plate of a
centrifuge. Firstly, an aqueous solution which contains TMAH and is
supplied via one or a plurality of nozzles is 5 squirted or sprayed onto one
or both lateral surfaces of the sem conductor wafer rotating on the plate.
Later, a cleaning solution having a cH%nged conposition is prepared on the
sem conduct or waf er by aqueous HF solution additionally being supplied to

t he sem conduct or wafer through one or a plurality 10 of further nozzles. In
this preferred enbodi nent of the invention, too, the concentrations and
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concentration of aqueous HF supplied later is preferably 0.01 to 50% by
wei gt iimnitaitady . copro rteifaty ed duration of the 30 phase of cleaning the
sem conductor wafer using a cleaning solution which contains HF is 1 to 300

s, particularly
Semiconductor wafers for which the cleaning process presented

is particularly suitable are, in particular, semiconductor
wafers having a surface composed of silicon or an alloy of
15 silicon and germanium which is to be cleaned in order to be

coated later.



preferably 5 to 30 s. The tenperature of the cleaning solution is 15 to 95C
35 preferably 15 to 45C, in both phases. 6 At the end of the process
according to the invention, the surface of the sem conductor wafer is

hydr ophobi ¢ and free of surface oxide. For further treatnment, the

seni conductor wafer 5 can be rinsed with another cleaning solution, for
exanple with deionized water, and subsequently dried. However, it is also
possible to return to the starting point of the process and to repeat the
process BatemtorClaime of t en, by the sem conductor wafer being cleaned again
using the cleaning solution in the 10 initial conposition. Sem conductor
wafers for which the cleaning process presented 1is particularly suitable
are, in lpartipmderss seg cdredrcitrey a vesnercorntdtng: avasfief acei roprgposed of

silicon ar an allo %;tIS sil.icon and germani.umwhich is to be cleaned in
order t& “%tsé{\;“i At CORTBAIA A AL T kc?g'e“éée FEPRIEHR ng! a
sem gondictior tiaflercargidid ta orgl eanimng rsalnd imicHAIdidY wifer is
anmoni um al kal i ne conponent in .5 an initial conposition, wherein the
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is added as further conponent to the cleaning solution, and the cleaning
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initial COMOYL, Whd 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 molar

concentration ratioc of hydrogen fluoride tc 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 represents the

radicals H or methyl, ethyl, propyl or butyl.

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

200 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 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 intc which the

35 semiconductor wafer is dipped.



2. The process as clainmed in claim1, wherein a nolar concentration ratio
of hydrogen fluoride to ammoni um al kaline conponent, HF: NRACH, of < 1 at
the start of cleaning is changed 15 up to > 1 at the end of cleaning,
wherein R represents the radicals H or nmet hyl, ethyl, propyl or butyl. 3.
The process as clained in claim1l or clfaim 2, mhereln hydrogen fluoride is
added to the cleaning solution and the 20 concentration of the
anmoni um al kal i ne conmponent is reduced. 4. The process as clained in any of
claims 1 to 3, wherein the cleaning sol ution contains surfactants or
Sho”'”tf‘ ’th%' hocles s %f] *&t%hd b %”e%tfs %1 1T, Pf 0GESS A%, ¢yl med in
any of cl'ai'ns x erein cl%e4) ning %A on Cont’ai iE ho bzone or
hydr ogemmmxtgje.s GepHe quf etedeaas: clraiemdy ithearsendfcaricuatmon wal ey,

wherein.the 30 cleapi sol ut.i on |s | jected or rayed onto the rotatlng
ser condfact i drir e FYerhts o R O i

cl ai 88 kdnpdsitiker.ei n the cleanlng solution i s conducted into a bath |nto

whi ch the 35 senmi conductor wafer is dipped. 8 8. The process as clainmed in

any of clains 1 to 7, wherein the cleaning is repeated at |east once by the
sem conduct or wafer being cleaned again using the cleaning solution in the

initial 5 conposition.





