WO 2007/054377 PCT/EP2006/061522 METHOD FOR DRYING A
SURFACE [001] The invention relates to a method for drying a surface.

More specifically the invention relates to a method for drying a surface of

a diso-shhapedarticle comprising covering said surface with a rigging2006/061522
liquid and displacing said rinsing liquid. [002] Methods for drying a surface

of a disc-shaped article are typically used in semi- conductor industry for
cleaning silicon wafer during production processes (e.g. pre photo clean,
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[005] This drying method is however very difficult to control. E.g. the dzstance of the
liquid to the gas dispenser, temperature, gas flow, liquid flow are critical parameters.
Thus the process window is very narrow especially for disc-shaped articles of Jarger
diameter such as 300mm semiconductor wafers and flat panel displays as well as for
semiconductor wafers, which have higher integration e.g. 90nm 65nm device sizes,

f006] Another disadvantage of the currently used method is that an organic and therefore
flammable solvent vapour has to be mixed with a highly purified carrier gas. This leads
on the one hand to fire hazardous situations and on the other hand to a drying gas with
a much lower purity than could be achieved.

{007} Furthermore the solvent vapour my condense in the gas piping, which may lead to
‘droplets on the surface of the substrate to be dried, which further leads to bad process
results specifically if the substrate is a highly integrated structured semiconductor
wafer,
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which may lead to droplets on the surface of the substrate to be dried,

which further leads to bad process results specifically if the substrate is a
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015} This drying method is capable not only to dry hydrophilic surfaces of semi-
conductor wafers but also hydrophobic surfaces and also structured surfaces having
hydrophilic as well as hydrophobic areas.

[016] Withont being bound to any theory it is believed that the rinsing liquid forms a
liquid film (liquid meniscus) on the surface, which can not be easily removed. The
blowing of a gas onto said liquid film partly opens the liquid layer. Then because of
the specific surface energy of the mixture comprising water and the substance the
rinsing liguid antomatically flows off the surface with only little additional support
(e.p. gravity, centrifugal force, air flow, capillary force). However, it might be helpfut
to further blow gas onto the surface in order to keep the surface free from liguid.

[017] In a preferred embodiment of the invention the substance is a dipolar organic
solvent (e.g. selected from a group comprising, alcohols (e.g. ethanol, 2-propanod),
ketones (e.g. acetone), and mixtures thereof).

[018] Advantageously the dipolar organic solvent, which has a vapour pressure at 20°C of



[016] Without being bound to any theory it is believed that the rinsing

liquid forms a liquid film (liquid meniscus) on the surface, which can not
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(such as 2-propanal). [021] Said closed liquid layer being formed on the
surface mlé% covered by a plate whereby a @%d’llf) is formed by said
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[(}EgPStanCFhe gas velocity shall be more than 3 m/s preferably 10 m/s because a minitaam
mechanical agitation is helpful in order to open the liquid layer covering the surface,

[026] In an embodiment said gas is biown onto the surface with a nozzle, which is
directed to an area of impact on the surface, the cenire of which is not more than 30mm
off-set the centre of the disc-shaped article.

[027] The efficiency of the drying method can be further enhanced if said disc-shaped
article is rotated about an axis substantially perpendicular to said surface of the disc-
shaped article during at least part of the time of displacing of the rinsing liquid.

[028] Further details of the invention will become apparent by the following detailed
examples.

1029] A structered semiconductor wafer (300mm diameter) is placed on a spin chuck and -

securely held by eccentrically movable pins. Several different aqueous cleaning liguids
(e.g. SC1, SC2}) are subsequently dispensed onto the wafer surface not facing the



[023] In yet another embodiment said rinsing liquid contains at least

IOwt.% of the substance (preferably at least 15wt.% of the substance.)

[024] Advantageously the gas is blown to the surface in form of a merely
punctifpmoesapply of the gas, which means that the cross sectiariakerwa/061522
of the nozzle s mouth which supplies tHe gas shall not be more than 1
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liquid epérsEhddatbyrfesimoticliptsitnettlly flows off the wafer, softly
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Wafer.ne small centric area A. Liguid dispensing has stopped in the meantime and liquid

dispenser 1 has been put into standby position.
[037} In Fig. 3 sitnation after about a time of 10 s is shown. The dried area has auto-
matically become bigger. Gas is still dispensed (however not necessary).
[038] "Tn Fig. 4 the wafer surface is now totally dried.
- [039] In an alternative example the wafer is held up-side-down on a spin chuck, which
means that liquids and gas are supplied to the wafer from below. Alternatively both
sides of the wafer can be dried simultaneously by using the same method e.g. with a
spin chuck as disclosed in 1786,536,454B2.
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[032] In order to get rid of any rinsing liquid residues, which might have
remained on the spin chuck or the bevel of the wafer the spin speed is
accelerated again to 1300 rpm and all residues (droplets on the spin

chuck and/or the bevel of the wafer) are spun off. [033] In an other

example the nozzle, which blows the nifrogen, has an orifice diametepﬂ(‘;\‘SLLFD
1.5 mm (1.8 mmz cross sectional area) and a flow of 5 I/min (gas velocity

47 m/s) is used. [034] Fig. 1 to Fig.@lginys the above-described example.
[035] In Fig. 1 the rinsing liquid is dispensed onto a rotating wafer W

through liquid dispenser 1. Gas dispenser 2 is in waiting position. Rinsing
liquid hiltyhooviensdityén gyvaferfarddhe tbly foeped tHradiguithiayieink. JO36]Hp said
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surface active substances.

6. Method according to claim 1 wherein said closed liquid layer being formed on
the surface is exposed to gas.

7. Method according to claim 1 wherein said surface has been rinsed with a first
rinsing liquid before the second rinsing liquid, which is the rinsing liquid
referred to in claim 1, is applied fo the surface, wherein said first rinsing liquid is

substantially free from any surface active substances.

8. Method according to claim 1 wherein said rinsing liquid contains at least
10wt.% of said substance.
9. Method according to claim 7 wherein said second rinsing liquid contains at least

15wt.% of said substance.
10.  Method according to claim 1 wherein the gas is blown to the surface through a

nozzle, with a cross sectional area of the nozzle's mouth shall be not more than 1

cm®.



pressure at 20C of above IshPa. 15 4. Method according to claim 1

wherein the gas comprises an inert gas selected from the group of noble

gases, carbon dioxide, and nitrogen. 5. Method according to claim 1

wherein the gas substantially is free from any surface active substances\iC$| | g
6. Method according to claim 1 whereinfsaid closed liquid layer being

formed on 20 the surface is exposed to gas. 7. Method according to claim
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is applied to the surface, wherein said first rinsing liquid is substantially

free froph @ihjhsuirabe abthedismhskaneds!tide. Method according to claim
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9. Method according to claim 7 wherein said second rinsing liquid contains

at leasturfargtbmdibsarpeBemAda/s10. Method according to claim 1
whereidhe, gasdsiawn 9dhe SuiReSHRNONA R BPZARI MU RAARSBout an

sectional area of the nozzle's mouth shall be not more than 1 cm2.

MCSLEPS 8ubtapiitHs dapesiiintércaifsoitre aliths sisgalaps bryfiple during
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the surface not more than 30mm  set off the centre of the disc-shaped

article. 12. Method according to claim 1 wherein the gas velocity of said

gas blown to the 5 surface shall be more than 3 m/s. 13. Method

according to claim 1 wherein said disc-shaped article is rotated about an

axis substantially perpendicular to said surface of the disc-shaped article
during at least part of the time of displacing of the rinsing liquid.



