
WO 2007/101764 PCT/EP2007/051152  I Description DEVICE FOR
FLUID TREATING PLATE-LIKE ARTICLES [0001] The invention relates
to a device for fluid treating a plate-like article. More  particularly the
invention refers to a device for fluid treating a plate-like  article which
comprises a rotary head for holding and rotating a plate-like  article
around a rotation axis and drive means to suspend and drive the  rotary
head without contact. Such drive means are arranged radially  around the
rotary head. [0002] Such plate-like articles can be disc-like articles such
as semiconductor  wafers, or compact discs as well as polygonal articles
such as flat panel  displays. The term fluid covers liquid (e.g. for etching,
cleaning or rinsing)  as well as gas but also other fluids such as
supercritical fluids (e.g.  supercritical CO2), or two or poly phase systems
(e.g. aerosols). [0003] Such drive assemblies and their use in
semiconductor industries are known  in the art from e.g. US6485531. The
drive assembly comprises a rotary  head and drive means to suspend and
drive the rotary head without  contact. Axial as well as radial bearing and
the spin speed of the rotary  head are controlled by a plurality of
circumferentially arranged magnetic  coils. Axial bearing may also be
carried out by permanent magnets. Such a  rotary head, which is driven
by drive means to suspend and drive the rotary  head without contact,
may be called levitating spin chuck. [0004] It is an object of the invention
to provide an improved system for treating a  plate-like article when being
rotated. [0005] The invention meets the object by providing a device for
fluid treatment of a  plate-like article comprising a rotary head for holding
and rotating a  plate-like article around a rotation axis, drive means to
suspend and drive  the rotary head without contact, the drive means being
arranged radially  around the rotary head, a substantially cylindrical wall,
which is  substantially concentric to the rotation axis, wherein the
cylindrical wall is  



arranged between the rotary head and the drive means and is introduced
in  the gap between the rotary head and the drive means, and axial
moving  means for axially moving the rotary head and the wall along the
rotation  axis relative to each other. WO 2007/101764
PCT/EP2007/051152  2 [0006] Such a rotary head is also called spin
chuck. The rotary head may hold the  plate-like article with a ring, which
contacts the plate-like article on its edge.  For accelerating and
decelerating the plate-like article is merely held by  friction. This holding of
the plate-like article can be supported by pins or  claws, which contact the
plate-like article at the edge of the plate-like  article. The pins may be
movable in order to grip the plate-like article. Such  pins may be
eccentrically moved through a tooth gear e.g. as described in
US4903717. However such a tooth gear may be switched in contact-less
way through the cylindrical wall by a magnetic switch. In US5989342
eccentric pins are directly switched by magnetic force. Alternative pin
movement mechanisms are disclosed e.g. in US5788453 or US5845662.
Another way for opening or closing pins is disclosed in EP1067590A2,
wherein pins are closed by centrifugal force and opened by gravity. In
US5375291 gripping claws are closed when chuck is accelerated or
decelerated, wherein said movement is driven by a rotatable mounted
inert  mass. [0007] An advantage to axially move the levitating spin chuck
is to alter the  distance of the plate-like article to a member (e.g. plate).
Such member  may be a plate e.g. for sonic treatment or heating. Another
advantage is to  lift the spin chuck in an elevated position so that a
plate-like article can be  easily placed to or picked up from the spin chuck.
This makes it possible to  treat a plate-like article in a closed chamber with
liquid, gas or any other  fluid and close the chamber simply with a top
cover. [0008] Axial moving means may be selected from the group of
hydraulic cylinder,  pneumatic cylinder, ball spindle, linear motor, belt
drive. Such axial moving  



means axially move the drive means and therewith indirectly the rotary
head. In another embodiment axial moving means are part of the drive
means, wherein axial bearing of the rotary head is provided as a sort of
linear motor. Thereby a rotary head can be axially moved relative to the
cylindrical wall without moving the drive means. [0009] Preferably the gap
between rotary head and drive means is in the range of  2 - 10 mm. A
greater gap leads to a poor magnetic interaction between  rotor and stator
of the magnetic drive assembly. WO 2007/101764 PCT/EP2007/051152
3 [0010] In one embodiment the cylindrical wall is part of a closable
chamber, so  that the plate-like article can be treated at a selectable
pressure different to  ambient pressure. Such pressure different to
ambient pressure may be  high pressure up to several bar (e.g. 2 - 10 or
even up to 1000 bar if  supercritical fluids are to be used) or vacuum (e.g.
down to some mPa or  less). Preferably the closable chamber comprises
an openable cover  sealed against the cylindrical wall. Such openable
cover gives easy access  to the chamber for picking and placing the
plate-like article onto the rotary  head. [0011] To simplify the construction
the means for opening the openable cover may  simultaneously serve as
axial moving means, In such a case the rotary  head and the cover are
axially moved together. [0012] In another embodiment means for opening
the openable cover and axial  moving means are separated from each
other. Such separation allows the  alteration of the distance from the
rotary head to the cover, which might be  useful especially if there are
functional elements (e.g. ultrasonic transducers, or heating elements, or a
plurality of liquid dispensers, or light  emitting elements (e.g. UV light))
mounted to the cover in order to treat the  plate-like article. This is useful
because distance from plate-like article to  the cover during fluid treatment
might possibly selected smaller than when  picking or placing the
plate-like article to the rotary head. 



[0013] In an advantageous embodiment the openable cover is mounted
flippable  so that each side of the cover can be selected to face the
plate-like article  when treated. If such a flippable cover is used each side
of the cover can  be equipped with different functional elements (e.g.
ultrasonic transducers  or heating elements or a plurality of liquid
dispensers or light emitting  elements (e.g. UV light)). For instance one
side may be equipped with  liquid dispensing nozzles and vibrating
elements (ultrasonic transducers)  whereas the opposite side is equipped
with heating elements and a gas  source. For instance liquid ultrasonic
treatment can be carried out under  elevated pressure (e.g. 2 bar)
followed by a vacuum gas treatment at  elevated temperature (e.g. up to
200 - 500C). WO 2007/101764 PCT/EP2007/051152  4 [0014] When the
side of the plate-like article, which faces the openable cover,  shall be
treated with a fluid it is preferred that the openable cover is  connected to
a first media source. The fluid is then dispensed either  through a single
nozzle or a plurality of nozzles in the openable cover. [0015] In another
embodiment a second media supply means is provided to  supply media
to a second side of the plate-like article. This is  advantageous if both
sides of the plate-like article are to be treated, [0016] In yet another
embodiment axial moving means, wall, rotary head and drive  means are
arranged to each other so that the rotary head can be moved  along the
rotation axis so that the plate-like article is moved to a position  not within
the room surrounded by the cylindrical sidewall. This is helpful for  easy
access for loading and unloading the plate-like article with transport
means (e.g. a robot end effector). This might also be helpful if liquid shall
be spun off the plate-like article into an area not within the cylindrical wall.
It  might be also helpful for a subsequent drying processes (e.g. a
combination of Marangoni-drying with spin drying subsequent to a closed
chamber processing). [0017] Advantageously the device comprises a first
plate substantially parallel to  



the plate-like article and facing said plate-like article when treated. Said
plate may be part of the cover or may be opposite the cover and thus
facing  the side of the plate-like article, which is not facing the cover. With
axial  moving means the plate-like article can be brought close to the plate
and  the distance dl between plate-like article and plate can be selected
from  some centimeters (e.g. 5 cm) to 0.1 mm or even 0 mm to contact the
plate-like article, A specific distance d1 can be selected e.g. to have an
optimum ultrasonic performance in the case when the first plate is
equipped with ultrasonic transducers. [0018] If the first plate is part of a
bottom member it thereby forms a cup together  with the cylindrical wall.
When cup is filled with liquid the rotary head and  the plate-like article may
be fully immersed. This leads to a possible  combination of single wafer
technology with immersion technology. Such a  cup can be used with or
without an openable cover. WO 2007/101764 PCT/EP2007/051152  5
[0019] Advantageously the first plate is acoustically coupled to a vibrating
element  wherein the first plate may be part of the cover or may be
opposite the  cover and thus facing the side of the plate-like article, which
is not facing  the cover. [0020] In addition to the first plate a second plate
can be provided, wherein the  second plate is substantially parallel to the
plate-like article however  opposite the first plate with respect to a
plate-like article when treated. Thus  two plates can be arranged adjacent
to the plate-like article for treating  simultaneously or alternatively both
sides of the plate-like article. [0021] Each thinkable combination of the
above-mentioned embodiments of the  device as well as of the method is
considered to be covered by the scope  of the invention. [0022] Further
details and advantages of the invention can be realized from the  detailed
description of a preferred embodiment. [0023] Fig. 1 shows a schematic
cross sectional view of a first embodiment of the  



invention in an open state. [0024] Fig. 2 shows a schematic cross section
of a first embodiment of the  invention in an open state for loading a
plate-like article. [0025] Fig. 3 shows a schematic cross sectional view of a
first embodiment of the  invention in an open state. [0026] Fig. 4 shows a
schematic cross sectional view of a second embodiment of  the invention
in an open state. [0027] Fig. 1 shows a schematic cross sectional view of
a first embodiment of the  device I for fluid treatment of a plate-like article
W according to the  invention in an open state. A lower frame plate 4 is
connected to the upper  frame plate 2 by ball spindles 3. The ball spindles
3 are frame parts on the  one hand and are part of the axial moving
means on the other hand.  Additional frame parts (not shown) may be
provided in order to enhance  stability. [0028] On the upper part of the
lower frame plate 4 the bottom plate 7 of the  chamber is attached parallel
to the lower frame plate 4. A cylindrical side  wall 5 is attached to the
bottom plate 7 with its rotational axis A  substantially parallel to the ball
spindles 3. The cylindrical side wall 5 is WO 2007/101764
PCT/EP2007/051152  6 pressure-tight connected to the bottom plate,
which can be achieved e.g.  by welding the parts together or by screwing
or clamping the side wall 5 to  the bottom plate 7 and sealing with an
O-ring. Alternatively the cylindrical  side wall 5 and the bottom plate 7 can
be made from one piece. [0029] A chuck unit 10 is axially moveably
attached to the ball spindles 3. The  chuck unit 10 comprises a stator 11,
which has merely the form of a ring  surrounding the cylindrical sidewall 5,
and a levitating rotary head 14. The  stator 11 comprises a plurality of
electromagnetic coils 12 for driving and  for axial and radial bearing of the
spin chuck. Alternatively permanent  magnets can be used for axial
bearing. The rotary head 14 is ring shaped  with a plurality of permanent
magnets 15 circumferentially arranged at the  



rotary head's outer periphery. Inner diameter of the stator 11 and outer
diameter of the rotary head 14 are selected so that the gap g1 between
rotor and stator is in the range of 2 - 5 mm. As there shall be air gaps
between the sidewall and the rotor and between the sidewall and the
stator.  The thickness of the sidewall is somewhat smaller then the gap g1
(e.g. 1.5  - 4.5 mm). Such a drive assembly comprising a levitation rotor is
called  bearing-free disc motor or motor with magnetic bearing, details of
which  can be learned from US6355998 , US6249067 or US6222290.
[0030] The stator 11 is axially driven along the ball spindles 3 with ball
spindle  drives 13. When lifting the stator 11 the rotary head 14 and
therewith the  plate-like article W is lifted against the cylindrical sidewall 5,
whereby  neither the rotary head 14 nor the stator 11 touches the
cylindrical sidewall  5. [0031] The rotary head 14 comprises gripping pins
18 for holding the plate-like  article (wafer W). Such gripping pins may be
fixed, tiltable or eccentrically  movable as described above. [0032] The
cover unit 20 is located between the upper edge of the cylindrical side
wall 5 and the upper frame plate 2 substantially perpendicular to the
rotation axis A of the cylindrical sidewall 5. The cover unit 20 comprises a
frame for the cover 21 and a cover plate 22. The cover unit 20 is axially
movable connected to the ball spindles 3 through the ball spindle drives
23.  The ball spindle drive 23 thus may vertically move the cover unit 20
along WO 2007/101764 PCT/EP2007/051152  7 the ball spindles 3. When
the cover unit 20 is moved downward it is sealed  against the upper edge
of the cylindrical side wall 5 by the O-ring seal 19,  which is located in an
annular groove in the cover plate. [0033] A plurality of ultrasonic
transducers 25 are arranged in the upper cover  plate 22. However, such
ultrasonic transducers may also be attached on  the outside of the cover
plate acoustically connected thereto. The plurality  of ultrasonic
transducers 25 merely covers a radius of the plate-like article  



or a sector of the plate-like article. Therefore in a time sequence of one
revolution of the plate-like article the whole surface of the plate-like article
is treated by the ultrasonic transducers. [0034] A first medium supply M1
supplies a first medium to the chamber 6.  Medium supply M1 is
connected with a central medium supply nozzle  (indicated by an arrow) in
the cover plate 22 for supplying fluid onto the  surface of a plate-like
article, which faces the cover plate. Medium supply  M1 is switched by
valve V1. Alternatively a valve cascade may be provided  in order to
quickly switch between several different media without mixing  such media
with each other. Such media may be e.g. liquids, gases or  other fluids.
Thus a liquid supply step may be quickly followed by a drying  step,
wherein gas is supplied and again followed by a liquid supply step. [0035]
A second medium supply M2 is in fluid communication with chamber 6.
Medium supply M2 is connected with a medium supply nozzle (indicated
by  an arrow) in the bottom plate 7 for supplying fluid onto the surface of a
plate-like article, which faces the bottom plate. Consequently both sides of
a plate-like article may be simultaneously or alternatively treated with the
same or with different liquids. If the two sides of the plate-like article are
alternatively treated with different liquids or both sides are simultaneously
treated with the same liquid the liquids can be collected without mixing
and  thus may be reused. When different liquids are simultaneously used
on  each side they are mixed and therefore may not be reused. Medium
supply  M2 is switched by valve V2. [0036] Fluids are discharged through
drain D, which is switched by valve V4.  However, fluids may also be
discharged through media supplies M1 or M2  by applying vacuum to the
respective supply pipe. WO 2007/101764 PCT/EP2007/051152  8 [0037]
With reference to Fig. 1 - 3 the device is described in operation. The cover
unit 20 is lifted to open the chamber. Simultaneously the chuck unit 10 is
lifted as shown in Fig. 2 so that the rotor is easy accessible by a robot  



end-effector (not shown, e.g. a fork, wafer gripper). The plate-like article
W  is placed onto the rotary head 14. Thereafter the rotary head is
lowered to  working position, the cover is closed (Fig. 3) and a treatment
process is  started. [0038] During processing cleaning liquid is dispensed
on both surfaces of the  plate-like article through media supply M1 and M2
liquid is drained through  drain D. For ultrasonic treatment (e.g. 1.5 MHz)
the distance d1 between  the plate-like article and the cover plate, which
includes the ultrasonic  transducers 25, is reduced e.g. to 1 mm. The
distance dl can be  periodically altered (e.g. between 0.5 and 1.5).
Furthermore pressure may  be applied (e.g. 1.5 bar, which is about 0.5
bar above atmospheric  pressure) and eventually pressure is periodically
altered (e.g. with a  frequency of 10 Hz +/-0.2 bar). Alternatively such
periodically altered  pressure can be used below I bar or around 1 bar
(thus periodically  switching from elevated pressure to vacuum). After a
further rinsing step  with DI-water liquid is displaced either directly with
gas (e.g. IPA/N2) or by a  second rinsing liquid (e.g. 2-propanol). Such
second rinsing liquid is  thereafter displaced by gas (e.g. N2). Additionally
drying can be supported  by evacuation of the chamber. After purging the
chamber with an inert gas  the chamber is opened and the plate-like
article picked from the rotary  head. [0039] Fig. 4 shows a second
embodiment of the invention. This second  embodiment comprises two
additional features, which however may be  applied separately. [0040] The
first additional feature is a flippable frame for the cover 21, which can  be
flipped around a horizontal axis H. Beside the first cover plate 22 a
second cover plate 24 is attached to the frame for the cover 21. Heating
elements 26 are elements of the second cover plate and a media source
M3 is in fluid communication with a central nozzle. Alternatively either
cover plate 22 or 24 may be used. Such a flippable frame for the cover
may WO 2007/101764 PCT/EP2007/051152  



9 not only be used for the top cover but also for a bottom cover or for both
the  top and the bottom cover. [0041] The second additional feature
shown in Fig. 4 is a central bottom plate 27,  which is selected in shape
and size so as to be brought in close proximity  to the plate-like article.
The distance d2 may be 0.5 - 2 mm. The bottom  plate 27 is equipped with
ultrasonic transducers 28. Additionally or  alternatively heating elements
may be provided. MCSLLP  10 Claims  1. Device for fluid treatment of a
plate-like article comprising - a rotary head for holding and rotating a
plate-like article around a rotation  5 axis, - drive means to suspend and
drive the rotary head without contact, the  drive means being arranged
radially around the rotary head, - a first media supply means to supply
media to a first side of the plate-like  article, 10 - a substantially cylindrical
wall, which is substantially concentric to the  rotation axis, wherein the
cylindrical wall is arranged between the rotary  head and the drive means
and is introduced in the gap between the rotary  head and the drive
means, wherein the cylindrical wall is part of a closable  chamber, so that
the plate-like article can be treated at a selectable 15 pressure different to
ambient pressure, and - axial moving means for axially moving the rotary
head and the wall along  the rotation axis relative to each other wherein
the closable chamber comprises an openable cover sealed against  the
cylindrical wall, wherein the openable cover is movable relative to the  20
cylindrical wall along the rotation axis for picking and placing the plate-like
article onto the rotary head, wherein axial moving means, cylindrical wall,
rotary head and drive means are arranged to each other so that the rotary



head can be moved along the rotation axis so that the plate-like article is
moved to a position not within the space surrounded by the cylindrical
wall. 25 2. Device according to claim 1 wherein the axial moving means
are selected  from the group of hydraulic cylinder, pneumatic cylinder, ball
spindle, linear  motor, belt drive. 3. Device according to claim 1 wherein
the gap between rotary head and drive  means is in the range of 2 - 10
mm. MCSLLP  11 4. Device according to claim 1 wherein the axial moving
means, for axially  moving the rotary head and the wall along the rotation
axis relative to each  other, also constitutes means for opening the
openable cover. 5. Device according to claim 1 further comprises means
for opening the s openable cover, wherein the means for opening the
openable cover and the  axial moving means, for axially moving the rotary
head and the wall along  the rotation axis relative to each other, are
separated from each other. 6. Device according to claim 1 wherein the
openable cover is flippable  mounted so that each side of the cover can be
selected to face the plate-like  10 article when treated. 7. Device
according to claim 1 wherein the openable cover is connected to a  first
media source. 8. Device according to claim 1 with second media supply
means to supply  media to a second side of the plate-like article. 1s 9.
Device according to claim 1 with a first plate substantially parallel to the
plate-like article and facing said plate-like article when treated. 10. Device
according to claim 9 wherein the first plate is part of a bottom  member
thereby forming a cup together with the wall. 11. Device according to
claim 9 wherein the first plate is acoustically coupled to  20 vibrating
element. 12. Device according to claim 9 with a second plate substantially
parallel to the  plate-like article. 


