WO 2008/090019PCT/EP2008/050180 1 Description METHOD FOR
CLEANING A SURFACE [0001] The invention relates to a method for
cleaning a surface of a plate-like article. [0002] Such plate-like articles can

W iscatisgoarticles such as semiconductor wafers, or coppaet Aists@s
well as polygonal articles such as flat panel displays. Such cleaning

methods are typically used for removing particles from structured surfaces
of semiconductor wafers. [0003] A so far unsolved dilemma of removing
[MEQYrom a surface is the following. Particles typically adhere to the
surface and can oM hegenFORC bR ANEEBaniSaRI#aTgy. The higher the
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removal ef Iclency e negative e ISt her the T anical
energyanidiich is used in a partlcle removing process, the more stress is
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Therefore it was thought that particle removing efficiency cannot be
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damaging the surface of a plate-like article (especially of a structured
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wherein the surface is treated with a spray cleaning step before the free
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cleanln step followed by a spray cleaning step is carried out at least
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surface of a plate-like article (especially of a structured semiconductor
wafer.)

[0006] The invention meets the objects by providing a method for cleaning a
surface of a plate-like article comprising the steps of treating the surface
with free flow cleaning, wherein liquid is dispensed through a dispense
nozzle onto the surface in a continuous liquid flow; treating the surface
with spray cleaning, wherein liquid is directed through a spray nozzle
towards the surface in form of droplets; wherein the surface is treated with
a spray cleaning step before the free flow cleaning step and a spray
cleaning step after the free flow cleaning step.

[0007] The droplets of the spray have a mean diameter (D) of between 0.001



[0010] In another embodiment at least one of the free flow cleaning steps
utilizes an alkaline cleaning liquid and/or spray cleaning step B comprises
an oxidizing agent selected from the group of ozone, hydrogen peroxide

v ahasmsiyre of ozone, and hydrogen peroxide. [0011] Rrefasablyt5as0
cleaning liquid comprises ammonia. Useful cleaning liquids are e.g.
~ aqueous solutions including hydrogen peroxide and ammonia with a water
content of 80 9.8 wt.%. ]0012] In another embodiment at least one of
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ase nozzle with inner mixing or two phase nozzle with oufer mixing.
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cleaning step of 5 s to 45s each; pre s to 30s. In yet
anothe? &aipoeRiiant ¢ftde L8 Wi the free flow cleaning steps are run for
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across the plate-like article so that each point of the plate-like article's
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plate-likeatiglasataies: sl umne saeRE £leaning and the spray nozzle moves
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nozzle and/or free flow nozzle) may scan across the wafer whilst the
plate-like article keeps unmoved.

[0015] Advantageously the spray cleaning step utilizes a spray nozzle selected
from the group airless spray nozzle, two phase nozzle with inner mixing or
two phase nozzle with outer mixing.

[0016] Preferably the spray cleaning step utilizes a two phase nozzle with outer
mixing.

[0017] In one embodiment the spray nozzle's orifice is located at a distance d to
the plate-like article’s surface of d being in a range of 0.1 cm to 10 cm.
preferably 0.3 cm to 5 cm.

[0018] In another embodiment at least two of the spray cleaning steps are run for




[0024] A structured 300 mm semiconductor wafer is placed onto a spin
chuck of a spin processor. Alternatively, before the cleaning process a
layer on the wafer can be etched or stripped (e.g. with a mixture of
wonesnuated sulfuric acid and hydrogen peroxide) [0025pd-ststeqs/os0180
(pre-rinsing step R): rinsing liquid e-ionized water) at a flow rat of 5 I/min
is supplied onto the center of the wafer while it is spun at a spin speed of

300 rpm. [00 step (free flow step A): a diluted SC1 (0.7 vol.-% 32%
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is dispeiseél it 40C at a flow rate of 10 I/min onto the wafer while it is
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Dl-water spray with nitrogen as the carrier gas (continuous phase (cp) =
nitrogSHHRbA /B PG RS oD TSRAEl RESIAGEPBRPARE hafrie 25C
at a spacspeesabBO@0srpaoNitrogen flow rate 90 sl/min (sl= standard

i 3hPa, 25C); Dl-water flow rate, 70 ml/min. During spraying the
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flow rate of 5 limin is supplied onto the center of the wafer while it is spun
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while wate(\sgi fgrut{%%"s%d onto Ihée va{';l\;'% so that a liquid-gas boundary layer
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[t liddiceréageolaly [00BGLFlike pridesstetas Herswnpayizedrasgliaed the

sequegee,phie BIoEGES SISRRYIEdRS AL ReReBrERHPRRL R, WhiREpin
the step A'takes 60 s and step B takes 45 s. [0031] According to the

currentAn VB RRSR (KX &MpYeS154® 2nd and 3rd process steps are repeated
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and st%gs%r}atkeso 23.5% prg %]m%%mr%irqgly the particle removing
efficiency € uld be Sighinican Iy increased (by more than 20%) without
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previous step, which helps to keep the surface wet during cleaning until it
is final AR R AR AFTIRE $H4S- BeVHAr AR Ere 0H SPRORNELST 00341
Alternatinfetyc(exidrapdenydibye 2 pelanige'-d process steps are repeated
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removigg.gffisieemnppithough not in this significance.

[0026] 2" step (free flow step A): a diluted SC1 (0.7 vol.-% 32% hydrogen
peroxide; 28.4 vol.-% 35% ammoniac water; 70.9 vol.-% water) is
dispensed at 40°C at a flow rate of 10 I/min onto the wafer while it is spun
at a spin speed of 600 rpm.

[0027] 3" step (spray step B): a Di-water spray with nitrogen as the carrier gas
(continuous phase (cp) = nitrogen ; disperse phase (dp) = Dl-water) is
sprayed onto the wafer at 25°C at a spin speed of 1000 rpm. Nitrogen flow
rate 90 sl/min (sl = standard liter 1013 hPa, 25°C); Dl-water flow rate 70
ml/min. During spraying the spray nozzle slowly scans across the wafer

from the center to the edge at a speed of 10mm/s (0.01 m/s).



[0035] Table 1 shows the two examples of the invented method (1 and 2)
as well as the one comparative example (0 = prior art) Table 1 Example
first fluid (A) (continuous liquid flow A) second fluid (B) (spray step B)
wontisubg phase (cp) disperse phase (dp)) sequence O fofinirasty Heiko-
60s cp: nitrogen; dp: DI-water -45 ¢ R-A-B-R-D WO
2008/090019PCT/EP2008/050180 SC1 - 30 s cp: nitrogen; dp: DI-water -

[%g]sﬁ‘_éé%_ﬁh%llﬁﬁsing step R): rinsing liquid (de-ionized water) at a flow rate

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

of 5 I/min is supplied onto the center of the wafer while it is spun at a spin
speed of 300 rpm.
5" step (drying step D): rinsing liquid (de-ionized water) is removed with
nitrogen-gas with 2 vol.-% 2-propanol while water is supplied onto the
wafer so that a liquid-gas boundary layer is scanned from the center to
edge so that the wafer remains perfectly dry after liquid removing.
This process can be summarized as the sequence of the process steps in
this order R-A-B-R-D (prior art), wherein the step A takes 60 s and step B
takes 45 s.
According to the current invention (example 1) the 2" and 3™ process
steps are repeated once leading to the order R-A-B-A-B-R-D, wherein
each step A takes 30 s and step B takes 22.5 s.
Surprisingly the particle removing efficiency could be significantly
increased (by more than 20%) without changing the process parameters of
each step and without increasing the overall process time.
Each process step may overlap with the previous step, which helps to
keep the surface wet during cleaning until it is finally dried. Such
overlapping may be in arange of 0.5 sto 5 s.
Alternatively (example 2) the 2" and 3 process steps are repeated twice
leading to the order R-A-B-A-B-A-B-R-D, wherein each step A takes 20 s
and step B takes 15 s. Again the overall process time has not increased.
This process order leads to a further increase of particle removing
efficiency, although not in this significance.
Table 1 shows the two examples of the invented method (1 and 2) as well
as the one comparative example (0 = prior art)

Table 1

Example | first fluid (A) | second fluid (B) sequence

(continuous | (spray step B)
liguid flow A) | continuous phase (cp)

disperse phase (dp))

art)

0 (prior SC1-60s cp: nitrogen; dp: Dl-water - 45 s R-A-B-R-D




D SC1 - 20 s cp: nitrogen; dp: DI-water - 15s R-A-B-A-B-A-B --R-D 0036]
Table 2 shows the cleaning efficiency of the two examples of the invented
method (1 and 2) as well as of the cited comparative example. Table 2
wgampleoepeating A-B total cleaning time particle removiag,eicienay 0
(prior art) Ix (not repeated) 105s 64.2 1 2x

8C1-30s cp: nitrogen; dp: Dl-water - 22.5 s | R-A-B-A-B-R-
D

SC1-20s | cp: nitrogen; dp: DI-water-15s | R-A-B-A-B-A-B
-R-D

[0036]

Table 2 shows the cleaning efficiency of the two examples of the invented
method (1 and 2) as well as of the cited comparative example.
Table 2

Example repeating A-B total cleaning time | particle removing

efficiency

O (prior art) | 1x (not repeated) | 105 s 64.2

1

2X 105s 77.7

2

3X 1056s 78
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[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

Further embodiments of the invention are summarized below. Herein the
abbreviations are used as follows:

A: free flow cleaning step wherein the liquid is poured onto the surface in a
continuous free flow

B: spray cleaning step, wherein liquid is dispensed onto the surface with a
spray nozzle

R: a rinsing step, wherein DI (de-ionized water) is supplied in a free flow.
(in the Dl-water gases such as CO, may be dissolved)

D: a drying step, which removes liquid from the surface.

R-B-A-B-R-D: This is a basic process according to the current invention
wherein the core sequence B-A-B is preceded with a pre-rinse and
succeeded by a rinse and dry sequence.

R-B-A1-A2-B-R-D: This example shall indicate that between the at least
two spray cleaning steps two or more free flow cleaning steps may be
conducted; e.g. with two different cleaning liquids.

R-B-A-B-A-R-D: The sequences may start with a spray cleaning step after
the pre-rinse step.

B-A-B-A-R-D: The sequences may start with a spray cleaning step without
a pre-rinse.

B-A-B-R-D: The sequences may start with a spray cleaning step without a

pre-rinse and no final free flow cleaning step.




105s 77.7 2 3x 105s 78 [0037] Further embodiments of the invention are
summarized below. Herein the abbreviations are used as follows: [0038]
A: free flow cleaning step wherein the liquid is poured onto the surface in
F6MRuRYs free flow [0039] B: spray cleaning step, wheggin ligkid isso
dispensed onto the surface with a gpray nozzle [0040] R: a rinsing step,
wherein DI (de-ionized water) is supplied in a free flow, (in the DI-water
ases such as CO2 may be dissolved) [0041] D: a drying step, which
BBt HEH {he SGRRIEE SRR B AP OTRISRA SIS
procesgateesaingiig esetrseririenionsvne einsthe Sepe BaRAuUeRce
B-A-B isrgfrece(f d with acpre-rin e and succeeded by a rmse and dg/
sequerft&. 100 gﬁfz- RIS MR- BT RERRIR TR WA RARE Bh
betweegrsldeest least two spray cleaning steps two or more free flow
ganing staps Mayhe conducted; e.g. with two different cleaning liquids.
0044] R-B-A-B-A-R-D: The sequences may start with a spray cleaning
hfé}fﬁt@%ﬁ%@%@%q@emg?lstisan@fﬁyﬁrmeﬁﬁeeg@%mgmwxa)
start with 3&IayepIRANEN HeR e Woriie disRIIROP LB Briteafhe

sequences may start with a spray cleaning step without a pre-rinse and no
final freaen?fb%ﬁ;ich%ﬁi)ﬁgug?éjp.
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WO 2008/090019PCT/EP2008/050180 6 [0047] B-A-B-D: With this
cleaning sequence the last (second) spray step B (between A and D)
serves simultaneously as rinsing step. Thus it is preferred that a liquid is
used, which evaporates without leaving-any residues. [0048] JCSLLP
A-B-A-B-A-R-D [0049] For step A SC1 (an aqueous solution of hydrogen
oxide and ammonia) is used. Alternatively an aqueous solution of
E‘%!m% (or other quaternary amines) may be used. 7PM; 51.1.P Claims 1.
Methdéetfoddeackanangurfaotact apiapiatikdiiar ticteleoroprisisp the sspps
treaﬂngemg%@%% 4 (e HW finRBiBS WO SkAS-laKig u'%d%e%g%%@ed
thro a dispense nozzle onto the surfa in a continuous liquid fl
reat TP URE & FREB R SEEG LG AR A T BB BBl
a spré&eﬁbﬁﬂléﬁfbwaﬁéﬁtwtbmwa@}é Gretaringofbioplotiqvitiéselinebted through a
surfagedg H@ﬁ%ﬂtwmrassW@w@aeingf&ﬁrpda%@éﬁe free flow cleaning

mop e R EIRANY ALehAtaAedins, NG RIRAU Ry ictee flow

spray cleaning steps are ru

Met a&&%%%dcﬁaﬁﬂriva@@wetﬁt@@@d@éﬁ% bea frw slsaningstiary and
stepdblasetvoycd therap rele alsagirsgesidpcardedrolor & et Sveieach.

Metrmgtﬁs&q&eedmgck@malnwh%m@ﬁ BRYNRAENG E%H%&'&@amgg step
step nd/o he s anln s utilizes an alkaline cleaning liquid.
% K c% ‘%ﬂ%@f @gﬁ:ﬂ%aé?ncﬁfk%%u&@faﬁiﬂﬁ ARt comprises

én 1@@@@@@%@%@@&% fravheatfingeblaesif o nbiheytiesgiiow cleaning

peroxiges and/ar the spray cleaning steps utilizes an alkaline cleaning liquid.

4. Method according to claim 3 wherein alkaline cleaning liquid comprises an
oxidizing agent selected from the group of ozone, hydrogen peroxide, and a
mixture of ozone and hydrogen peroxide.

5. Method according to claim 4 wherein the cleaning liquid comprises ammoniac.

6. Method according to claim 1 wherein at least one of the spray cleaning steps
utilizes a cleaning liquid selected from the group comprising water, organic
solvent alkaline composition, and acidic composition.

7. Method according to claim 1 wherein the free low cleaning step and the spray
cleaning step timely overlap not more than 5 s.

8. Method according to claim 1 wherein the plate-like article is rotated during at
least one cleaning step.

9. Method according to claim 1 wherein the spray cleaning step utilizes a spray
nozzle selected from the group airless spray nozzle, two phase nozzle with
inner mixing or two phase nozzle with outer mixing.

10. Method according to claim 9 wherein the spray cleaning step utilizes a two
phase nozzle with outer mixing.

11. Method according to claim 9 wherein the spray nozzle's orifice is located at a
distance d to the plate-like article’s surface of d being in a range of 0.1 cm to
10 cm preferably 0.3 cm to 5 cm.

12. Method according to claim 1 wherein at least two of the spray cleaning steps
are run for 8 s to 30 s.



mixture of ozone and hydrogen peroxide. 5. Method according to claim 4
wherein the cleaning liquid comprises ammoniac. 6. Method according toMCSL1P
claim 1 wherein at least one of the spray cleaning steps utilizes a cleaning
wWaushselgsted from the group comprising water, organic 2esavam sssizo
alkaline composition, and acidic camposition. 7. Method according to
claim 1 wherein the free low cleaning step and the spray cleaning step
timely overlap not more than 5 s. 8. Method according to ¢laim 1 wherein
R R R SR EH Y B FERS 8 SNt Stopeabge
Mettepd accondiiog e ttediih sleatierpiafthebgpBas/told@ising step utilizes a
ﬁﬁwtﬂ%ﬁ&é%g?&é@m é%@{}%ﬂr?é%%? 6%%&93&4?1:&%939%‘33%55
nozzle with inner mixing or two phase nozzle with outer mixing. 10.
MétHorlaedisririticte: claim 9 wherein the spray cleaning step utilizes a two
phase nozzle with outer mixing. 3011. Method according to claim 9
wherein the spray nozzle's orifice is located at a distance d to the
plate-like article's surface of d being in a range of 0.1 cm to 10 cm
preferably 0.3 cm to 5 cm. 12. Method according to claim 1 wherein at
least two of the spray cleaning steps are run for 8 sto 30 s. WO
2008/090019PCT/EP2008/050180 8 13. Method according to claim 2
wherein at least two of the free flow cleaning steps are run for 5 sto 45 s
each; preferably 8 s to 30s. 14, Method according to claim 9 wherein the
spray nozzle scans laterally acro the plate-like article.



