wo 2012/164454 A1 |[IN I N0F 00 0O OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

6 December 2012 (06.12.2012)

(10) International Publication Number

WO 2012/164454 A1l

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

1

(72)

(73)

74

International Patent Classification:
HO1L 21/00 (2006.01)

International Application Number:
PCT/IB2012/052607

International Filing Date:
24 May 2012 (24.05.2012)

Filing Language: English
Publication Language: English
Priority Data:

13/118,080 27 May 2011 (27.05.2011) US

Applicant (for all designated States except US): LAM
RESEARCH AG [AT/AT]; SEZ-Strasse 1, A-9500 Vil-
lach (AT).

Applicant (for BZ only): LAM RESEARCH CORPOR-
ATION [US/US]; 4650 Cushing Parkway, Fremont, Cali-
fornia CA-94538 (US).

Inventor; and
Inventor/Applicant (for US only): PUGGL, Michael
[AT/AT]; Eitweg 95, A-9421 Eitweg (AT).

Agent: KONTRUS, Gerhard; c/o Lam Research AG,
SEZ-Strasse 1, A-9500 Villach (AT).

(81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR LIQUID TREATMENT OF WAFER SHAPED ARTICLES

(57) Abstract: An apparatus for treating a
water-shaped article, comprises a spin chuck
for holding a wafer-shaped article in a predeter-
mined orientation, at least one upper nozzle for
dispensing a treatment fluid onto an upwardly
facing surface of a wafer-shaped article when
positioned on the spin chuck, and at least one
lower nozzle arm comprising a series of lower
nozzles extending from a central region of the
spin chuck to a peripheral region of the spin
chuck. The series of nozzles comprises a smal-
ler nozzle in a central region of the spin chuck
and a larger nozzle in a peripheral region of the
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METHOD AND APPARATUS FOR LIQUID TREATMENT
OF WAFER SHAPED ARTICLES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method and apparatus for
liquid treatment of wafer-shaped articles.

2. Description of Related Art

Liquid treatment includes both wet etching and wet
cleaning, wherein the surface area of a wafer to be treated
is wetted with a treatment liquid and a layer of the wafer
is thereby removed or impurities are thereby carried off. A
device for liquid treatment is described in United States
patent No. 4,903,717. 1In this device the distribution of
the liquid may be assisted by the rotational motion imparted
to the wafer.

Techniques for drying a surface of a disc-shaped
article are typically used in the semiconductor industry
after cleaning a silicon wafer during production processes
(e.g. pre-photo clean, post CMP-cleaning, and post plasma
cleaning) . However, such drying methods may be applied for
other plate-like articles such as compact discs, photo
masks, reticles, magnetic discs or flat panel displays. When
used in semiconductor industry it may also be applied for
glass substrates (e.g. in silicon-on-insulator processes),

IITI-V substrates (e.g. GaAs) or any other substrate or
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carrier used for producing integrated circuits.

Various drying methods are known in the semiconductor
industry, some of which utilize isopropyl alcohol to reduce
surface tension of rinse water on a semiconductor wafer
surface. See, e.g., U.S. Patent No. 5,882,433.

Improvements upon such methods, involving the use of heated
isopropyl alcohol, are described in commonly-owned patent
applications WO 2011/007287 and U.S. ser. No. 12/914,802
(filed October 28, 2010).

There remains a need, however, to develop improved
methods for preventing pattern collapse in the
submicroscopic structures formed on such semiconductor
wafers, not only during such drying process but also during
other liquid treatments. Pattern collapse can occur when
the surface tension of a liquid moving radially outwardly
across the surface of a rotating wafer applies a damaging or
destructive force to the submicroscopic structures formed on
the wafer surface.

The problem of pattern collapse becomes more serious as
the diameter of semiconductor wafers increases. For
example, the current generation of single wafer wet
processing technology is designed for 300mm diameter wafers,
but the previous generation technology was designed for
200mm wafers and a next generation may be designed for

wafers of 450mm or larger diameter.
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The problem of pattern collapse also becomes more
serious as the aspect ratio of the submicroscopic structures
continues to increase. This is also an ongoing trend in the
manufacture of semiconductor devices, as the pressure to
reduce device dimensions in general applies more to the

horizontal layout and less to the thickness direction.

SUMMARY OF THE INVENTION

The present invention was based in part on the
recognition that techniques as described in WO 2011/007287
and U.S. ser. No. 12/914,802 might not be fully effective in
preventing pattern collapse to the extent that heated liquid
dispensed in a central region of the upper side of a wafer-
shaped article is cooled substantially as it travels
radially outwardly toward the periphery of the wafer-shaped
article, owing to the higher linear velocity of the rotating
wafer surface at the periphery relative to the center.

Thus, during a drying process utilizing heated media
dispensed onto the topside of the rotating substrate, the
medium utilized does not cool down uniformly. From the
center to the edge the cooling down process will increase
significantly because of the increasing circumferential
speed. This can lead to structure pattern collapse because
of the higher surface tension of the cooler medium.

That recognition has led to the present invention,
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which, in one aspect, relates to an apparatus for treating a
wafer-shaped article, comprising a spin chuck for holding a
wafer-shaped article in a predetermined orientation wherein
a lower surface of the wafer-shaped article is spaced a
predetermined distance from an upper surface of the spin
chuck. The apparatus moreover comprises at least one upper
nozzle for dispensing a treatment fluid onto an upwardly
facing surface of a wafer-shaped article when positioned on
the spin chuck, and at least one lower nozzle arm comprising
a series of lower nozzles extending from a central region of
the spin chuck to a peripheral region of the spin chuck, the
series of nozzles being directed upwardly toward the lower
surface of a wafer-shaped article when positioned on the
spin chuck. The series of nozzles comprises a smaller
nozzle in a central region of the spin chuck and a larger
nozzle in a peripheral region of the spin chuck, and the at
least one lower nozzle arm is mounted to the spin chuck so
as to remain stationary during rotation of the spin chuck
and so as to be non-displaceable axially of the spin chuck.

In preferred embodiments of the apparatus according to
the invention, the spin chuck further comprises a peripheral
series of upwardly projecting gripping elements positioned
so as to be engageable with a peripheral edge of a wafer-

shaped article to be held by the spin chuck, each of the
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upwardly projecting gripping elements being pivotable about
an axis parallel to an axis of rotation of the spin chuck.

In preferred embodiments of the apparatus according to
the invention, each of the upwardly projecting gripping
elements comprises an eccentric pin that is moveable upon
pivoting of the gripping element from a radially inward
position engaging a wafer-shaped article to a radially
outward position releasing a wafer-shaped article.

In preferred embodiments of the apparatus according to
the invention, the apparatus is a process module for single
wafer wet processing of semiconductor wafers.

In preferred embodiments of the apparatus according to
the invention, the at least one lower nozzle arm is a single
nozzle arm.

In preferred embodiments of the apparatus according to
the invention, the at least one lower nozzle arm comprises a
radially innermost lower nozzle that is positioned radially
outward of a rotation axis of the spin chuck by a distance
of 5 to 25 mm, preferably 7 to 15 mm, and more preferably
about 10 mm.

In preferred embodiments of the apparatus according to
the invention, the at least one lower nozzle arm extends
over an upper rotating surface of said spin chuck and is
spaced from said upper rotating surface by a fixed distance

of 0.5 to 3 mm, preferably 0.7 to 2 mm, and more preferably
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about 2 mm.

In preferred embodiments of the apparatus according to
the invention, the series of nozzles comprises at least
four, preferably at least six, more preferably at least
eight and most preferably nine nozzles.

In preferred embodiments of the apparatus according to
the invention, the spin chuck is adapted to hold a wafer-
shaped article such that a downwardly-facing major surface
of the wafer-shaped article is spaced from the at least one
lower nozzle arm by a distance of 2 to 10 mm, preferably 3
to 7 mm, and more preferably about 5 mm.

Another aspect of the present invention is a process
for treating a wafer-shaped article, comprising positioning
a wafer-shaped article on a spin chuck in a predetermined
orientation wherein a lower surface of the wafer-shaped
article is spaced a predetermined distance from an upper
surface of the spin chuck. A treatment fluid is dispensed
onto an upwardly facing surface of a wafer-shaped article
from at least one upper nozzle while rotating the wafer-
shaped article in the spin chuck, and a heated liquid is
simultaneously dispensed onto a lower surface of the
rotating wafer-shaped article. The heated liquid is
dispensed through a series of lower nozzles extending from a
central region of the spin chuck to a peripheral region of

the spin chuck, the series of nozzles comprising a smaller

PCT/IB2012/052607
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nozzle in a central region of the spin chuck and a larger
nozzle in a peripheral region of the spin chuck. The series
of nozzles are sized and positioned such that a heated
liquid dispensed through the series of nozzles supplies more
heat per unit area in peripheral regions of the wafer-shaped
article than in central regions of the wafer-shaped article.

In preferred embodiments of the process according to
the invention, the series of nozzles are openings formed in
a lower nozzle arm that is mounted to the spin chuck so as
to remain stationary during rotation of the spin chuck and
so as to be non-displaceable axially of the spin chuck.

In preferred embodiments of the process according to
the invention, a wafer-shaped article is positioned on the
spin chuck by engaging a peripheral edge of the wafer shaped
article with each of a series of gripping pins, wherein the
gripping pins comprise a body that is pivotable about an
axis parallel to an axis of rotation of the spin chuck.

In preferred embodiments of the process according to
the invention, the treatment fluid dispensed onto the
upwardly facing surface of the wafer-shaped article is a
liquid comprising isopropyl alcohol, and the heated liquid
dispensed onto the lower surface of the wafer-shaped article
is water.

In preferred embodiments of the process according to

the invention, the liquid comprising isopropyl alcohol is
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heated to a temperature in excess of 30°C, and preferably in
excess of 60°C.

In preferred embodiments of the process according to
the invention, flow rates of the isopropyl alcohol-
containing liquid and the water are controlled such that the
wafer-shaped article is maintained at substantially the same

temperature at a peripheral region as at a central region.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the invention
will become more apparent after reading the following
detailed description of preferred embodiments of the
invention, given with reference to the accompanying
drawings, in which:

Fig. 1 is a schematic perspective view from above of a
chuck according to an embodiment of the invention, with a
wafer in position as indicated in broken line;

Fig. 2 is an enlarged perspective view of the topside
components of the lower nozzle assembly of the embodiment of
Fig. 1;

Fig. 3 is a partial axial section through the chuck
depicted in Fig. 1, taken along the line III-III of Fig. 1;
and

Fig. 4 is an enlarged view of the detail IV designated

in Fig. 3.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings, Fig. 1 depicts a spin
chuck 1 that holds a wafer W thereon in a predetermined
orientation, which is preferably such that the major
surfaces of disposed horizontally or within + 20° of
horizontal. Spin chuck 1 may for example be a chuck that
operates according to the Bernoulli principle, as described
for example in U.S. Patent No. 4,903,717.

Chuck 1 includes a series of gripping pins, which in
this embodiment are six in number, designated 10-1 through
10-6. Gripping pins 10-1 to 10-6 prevent the wafer from
sliding laterally off the chuck. Alternatively, gripping
pins 10-1 to 10-6 may also provide subjacent support for
wafer W, in which case the chuck need not operate according
to the Bernoulli principle and need not be adapted to supply
a gas cushion beneath wafer W.

Although not shown in the figures, the spin chuck may
be surrounded by a process chamber, which may be a multi-
level process chamber as described in commonly-owned U.S.
Patent No. 7,837,803 (corresponding to WO 2004/084278). The
spin chuck can be positioned at the selected level by moving
the chuck axially relative to the stationary surrounding
chamber, or by moving the surrounding chamber axially

relative to the axially-stationary chuck, as described in
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connection with Fig. 4 of U.S. Patent No. 6,536,454.

Chuck 1 furthermore comprises a dispensing assembly
for supplying fluids to the downwardly-facing side of the
wafer W, which is similar in some respects to those
described in U.S. Patent No. 6,536,454 and U.S. Patent
Application Publication No. 2010/0200163 (corresponding to
WO 2009/010394). That dispensing assembly, as shown in
greater detail in Fig. 2, comprises a non-rotating
(stationary) nozzle head 20 that penetrates through a center
hole of the spin chuck leaving a gap between the spin chuck
and the nozzle head of preferably about 0.2 mm. The gap can
be purged by gas (e.g. nitrogen) during processing. Five
nozzles 22, 24, 26, 28, 60 protrude through the nozzle head.
Pipes 22, 24, 26 are each connected to different liquid
sources and project preferably 5 mm over the top surface of
the spin chuck as well as the nozzle head. The openings
(nozzles) of pipes 22, 24, 26 are directed towards the
downwardly facing surface of the wafer. Pipe 28 is
centrally arranged and is connected to a gas source. Gas
such as nitrogen or ultra clean air is lead through pipe 28
towards the downwardly-facing surface of the wafer.

Reference numeral 60 denotes a radial nozzle arm which
is open at its radially inner end, where it receives a
heated liquid, and closed at its radially outer end.

Between those ends are disposed a series of nozzles or

10
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openings 62, which in this embodiment are nine in number.
It will be noted that each nozzle 62 has a larger diameter
than the nozzle that precedes, moving from the central
region to the peripheral region of the spin chuck.

In particular, the size and number of nozzles 62 is
selected so that a larger quantity of heated liquid is
supplied to the underside of wafer W in its peripheral
regions than in its central regions.

In a preferred embodiment the nozzles 62 are sized
relative to one another as a function of the overlying wafer
circumference and hence of the distance of each nozzle from
the center of the spin chuck. Thus, for example, an outer
nozzle 62 whose center is 14 cm from the center of the spin
chuck would have an outlet whose cross-sectional area is
approximately 14 times that of an inner nozzle 62 whose
center is 1 cm from the center of the spin chuck.

Indeed, it will be noted that the radially innermost
nozzle 62 is positioned some distance radially outward of
the center of wafer W, as supplemental heating in the
centremost region of the wafer may be unnecessary.

Radial nozzle arm 60 is rigidly secured to nozzle head 20
e.g. by screws 64. Therefore, if the spin chuck is designed
ot be axially displaceable, then the nozzle assembly
including radial nozzle arm 60 will be axially displaceable

along with the spin chuck; however, the nozzle assembly and

11
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radial nozzle arm 60 are not axially displaceable relative
to the spin chuck.

Nozzles 62 are in this embodiment evenly spaced along
arm 60, spaced from one another by approximately 15 mm.
However, the spacing between nozzles 62 may vary, and may
also be non-uniform. The number and cross-sectional area of
nozzles 62 may also be varied.

Referring now to Fig. 3, it will be seen that radial
nozzle arm 60 is mounted in a cantilever fashion such that
it is spaced from both the overlying wafer W as well as from
the rotating upper surface of chuck 1. Arm 60 is therefore
rigid enough that it does not contact either the rotating
surfaces of the chuck or the wafer.

Spin chuck 1 is mounted to the rotor of a hollow-shaft
motor 40 (schematically shown in Fig. 3), and stationary
nozzle head 20 penetrates through a central opening of the
spin chuck 1. The stator of the hollow-shaft motor 40 is
mounted to the mounting plate 42 (schematically shown in
Fig. 3). ©Nozzle head 20 and mounting plate 42 are mounted
to the same stationary frame 44 (schematically shown in Fig.
3).

Gripping elements 10-1 to 10-6 are provided with
eccentrically mounted gripping pins. The gripping elements
are conjointly rotated about their cylindrical axes by a

tooth gear 16 that is in meshing engaging with all of the

12
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gripping elements. The eccentric pins are thus moved in
concert between a radially inner closed position in which a
wafer W is secured, to a radially outer open position in
which the wafer W is released. Gripping elements 10-1 to
10-6 can be made as described in commonly-owned U.S.
application ser. No. 12/668,940 (corresponding to WO
2009/010394, or as described in commonly-owned U.S.
application ser. No. 12/642,117, filed December 18, 2009).
Gripping elements 10-1 to 10-6 thus comprise an eccentric
uppermost portion that contacts wafer W, projecting from a
base that is mounted for pivotal movement about its central
axis. In particular, a ring gear 16 is centered on the
underside of the chuck upper body, and simultaneously
engages via its peripheral gear teeth with gear teeth formed
on the base of each of the pins 10-1 to 10-6. Pins 10-1 to
10-6 are evenly distributed about the periphery of spin
chuck 1, with at least three and preferably six such pins 10
being provided.

An upper liquid dispenser 50 supplies treatment liquid
from above, and can incorporate a plurality of different
liquid dispensing nozzles for dispensing a variety of
different treatment liquids, as described for example in
commonly-owned U.S. Patent No. 7,891,314 (corresponding to
WO 2006/008236). Upper liquid dispenser 50 is preferably

displaceable radially of the wafer W, to aid in spreading

13
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treatment liquid over the entire upwardly facing surface of
wafer W as it is rotated on the spin chuck.

In the detail of Fig. 4, it can be seen that the wafer
W is positioned above the upper surface of the radial nozzle
arm 60 by a distance “a” that is 2 to 10 mm, preferably 3 to
7 mm, and more preferably about 5 mm. On the other hand,
the lower nozzle arm is spaced from the upper rotating
surface of the spin chuck by a fixed distance of 0.5 to 3
mm, preferably 0.7 to 2 mm, and more preferably about 1 mm.
As the radial nozzle arm 60 in this embodiment has a
thickness of about 7 mm, the distance from the upper
rotating surface of the chuck 1 to the underside of wafer W
is only about 13 mm.

In the following a process for treating the wafer W
shall be described. A wafer W, for example a 300 mm silicon
wafer, is placed on the spin chuck 1, and securely held by
gripping pins 10-1 to 10-6. The spin chuck is rotated at a
spin speed of, for example, 500 rpm. A drying liquid
comprising heated isopropyl alcohol is supplied to the
center of the wafer upper surface at volume flow of 1500
ml/min through nozzle 50. Simultaneously a second flow of
heated deionized water is supplied through the nozzles 62.
Thereafter nitrogen is supplied through nozzle 28 at a
volume flow of 10 1/min for removing the rinsing liquid

while the spin speed is at 1500 rpm. During the whole

14
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process nitrogen may be supplied at a volume flow of 0.1
1/min.

Nozzles 62 are sized and positioned such that a heated
liguid dispensed through the series of nozzles supplies more
heat per unit area in peripheral regions of the wafer W than
in central regions of the wafer W.

While the present invention has been described in
connection with various preferred embodiments thereof, it is
to be understood that those embodiments are provided merely
to illustrate the invention, and should not be used as a
pretext to limit the scope of protection conferred by the

true scope and spirit of the appended claims.
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WHAT IS CLAIMED IS:

1. Apparatus for treating a wafer-shaped article,
comprising:

a spin chuck for holding a wafer-shaped article in a
predetermined orientation wherein a lower surface of the
wafer-shaped article is spaced a predetermined distance from
an upper surface of the spin chuck;

at least one upper nozzle for dispensing a treatment
fluid onto an upwardly facing surface of a wafer-shaped
article when positioned on the spin chuck; and

at least one lower nozzle arm comprising a series of
lower nozzles extending from a central region of the spin
chuck to a peripheral region of the spin chuck, the series
of nozzles being directed upwardly toward the lower surface
of a wafer-shaped article when positioned on the spin chuck,
and the series of nozzles comprising a smaller nozzle in a
central region of the spin chuck and a larger nozzle in a
peripheral region of the spin chuck; wherein the at least
one lower nozzle arm is mounted to the spin chuck so as to
remain stationary during rotation of said spin chuck and so

as to be non-displaceable axially of the spin chuck.

2. The apparatus according to claim 1, wherein said

spin chuck further comprises a peripheral series of upwardly

projecting gripping elements positioned so as to be

16
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engageable with a peripheral edge of a wafer-shaped article
to be held by the spin chuck, each of the upwardly
projecting gripping elements being pivotable about an axis

parallel to an axis of rotation of the spin chuck.

3. The apparatus according to claim 2, wherein each of
said upwardly projecting gripping elements comprises an
eccentric pin that is moveable upon pivoting of the gripping
element from a radially inward position engaging a wafer-
shaped article to a radially outward position releasing a

wafer-shaped article.

4. The apparatus according to claim 1, wherein said
apparatus is a process module for single wafer wet

processing of semiconductor wafers.

5. The apparatus according to claim 1, wherein said at

least one lower nozzle arm is a single nozzle arm.

6. The apparatus according to claim 1, wherein said at
least one lower nozzle arm comprises a radially innermost
lower nozzle that is positioned radially outward of a
rotation axis of said spin chuck by a distance of 5 to 25

mm, preferably 7 to 15 mm, and more preferably about 10 mm.

17
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7. The apparatus according to claim 1, wherein said at
least one lower nozzle arm extends over an upper rotating
surface of said spin chuck and is spaced from said upper
rotating surface by a fixed distance of 0.5 to 3 mm,

preferably 0.7 to 2 mm, and more preferably about 1 mm.

8. The apparatus according to claim 1, wherein the
series of nozzles comprises at least four, preferably at
least six, more preferably at least eight and most

preferably nine nozzles.

9. The apparatus according to claim 1, wherein said
spin chuck is adapted to hold a wafer-shaped article such
that a downwardly-facing major surface of the wafer-shaped
article is spaced from said at least one lower nozzle arm by
a distance of 2 to 10 mm, preferably 3 to 7 mm, and more

preferably about 5 mm.

10. A process for treating a wafer-shaped article,
comprising:

positioning a wafer-shaped article on a spin chuck in a
predetermined orientation wherein a lower surface of the
wafer-shaped article is spaced a predetermined distance from

an upper surface of the spin chuck;

18
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dispensing a treatment fluid onto an upwardly facing
surface of a wafer-shaped article from at least one upper
nozzle while rotating the wafer-shaped article in the spin
chuck; and

simultaneously dispensing a heated liquid onto a lower
surface of the rotating wafer-shaped article, the heated
liguid being dispensed through a series of lower nozzles
extending from a central region of the spin chuck to a
peripheral region of the spin chuck, the series of nozzles
comprising a smaller nozzle in a central region of the spin
chuck and a larger nozzle in a peripheral region of the spin
chuck;

wherein the series of nozzles are sized and positioned
such that a heated liquid dispensed through the series of
nozzles supplies more heat per unit area in peripheral
regions of the wafer-shaped article than in central regions

of the wafer-shaped article.

11. The process according to claim 10, wherein the
series of nozzles are openings formed in a lower nozzle arm
that is mounted to the spin chuck so as to remain stationary
during rotation of said spin chuck and so as to be non-

displaceable axially of the spin chuck.

12. The process according to claim 10, wherein said

19
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positioning of a wafer-shaped article on the spin chuck
comprises engaging a peripheral edge of the wafer shaped
article with each of a series of gripping pins, wherein the
gripping pins comprise a body that is pivotable about an

axis parallel to an axis of rotation of the spin chuck.

13. The process according to claim 10, wherein the
treatment fluid dispensed onto the upwardly facing surface
of the wafer-shaped article is a liquid comprising isopropyl
alcohol, and wherein the heated liquid dispensed onto the

lower surface of the wafer-shaped article is water.

14. The process according to claim 13, wherein the
liquid comprising isopropyl alcohol is heated to a
temperature in excess of 30°C, and preferably in excess of

60°C.

15. The process according to claim 14, wherein flow
rates of the isopropyl alcohol-containing liquid and the
water are controlled such that the wafer-shaped article is
maintained at substantially the same temperature at a

peripheral region as at a central region.
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