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WAFERS AND DISCS        Technical Field                  The present
invention relates, generally, to an apparatus for cleaning workpieces, and,
5 more particularly, to an apparatus for cleaning workpieces such as
magnetic recording discs,      optical recording discs, and semiconductor
wafers.        Background Art and Technical Problems                  The
production of discs. used in the magnetic disc drive industry begins with
the      creation of a substrate with a hard smooth surface that magnetic
material can be deposited onto. 10  A hard smooth surface may be formed by
coating a relatively soft material such as an aluminum      disc with a
hard material such as nickel. The hard material is polished to a smooth
finish, and      magnetic material is then deposited onto the hard material
surface of the disc. Several methods      for depositing magnetic material
onto the disc surface can be used; for example, electrodeposition      and
sputtering are two well known methods. 15              After polishing, the
workpieces are then typically cleaned prior to the surface      deposition
of magnetic material. If the surface of the workpiece is contaminated with
debris from      the polishing process or elsewhere, the adherence of the
magnetic material to the surface of the      workpiece will be imperfect,
and "blisters" of missing magnetic material will form on the surface
of the workpiece. These "blisters" create areas on the workpiece that are
incapable of storing 20  information. Similarly, in optical disc
manufacturing, debris on the surface of the workpiece may      cause voids
in information storage. In semiconductor wafer manufacturing, debris may
attach to      the surface of the workpiece, causing defects on the surface
of the workpiece. These defects can      cause electrical shorts or other
problems within the microelectronic structures on the workpiece.
Accordingly, it is often important to clean the workpieces to remove debris
from the corresponding 25  surfaces.                  Contact scrubbing
with sponge-like material is one method used to remove debris from      the
surface of the workpiece. A typical prior art cleaning device used for
contact scrubbing of      workpieces is described in United States Patent
Number 5,311,634, issued May 17, 1994 to      Andros. the entire content.
of which is hereby incorporated by reference. A typical prior art 30
cleaning device is also schematically shown in Figure 1. Referring to
Figure 1, cleaning device      10 includes sponge-like material 12 and a
core 14. Cleaning device 10 has two substantially co-      planar surfaces
16 and 18. Sponge-like material 12 is "grown" over core 14 and seals with
itself        
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12 may be made of a variety of resilient      materials, including poly
vinyl alcohol and urethanes. Core 14 has an aperture 22 at its center to
allow a rotatable shaft 24 to be inserted therein. Core 14 may also have
two keyways 26(a) and      26(b) formed within aperture 22 and configured
to receive a key 30 on rotatable shaft 24. Key 30  5 and keyways 26(a) and
26(b) enable rotatable shaft 24 and cleaning devices 10 to rotate as a
single      unit.                  Core 14 is often made of a substantially
rigid material. Thus, as a force is applied by      key 30 to keyway 26(a)
or 26(b), core 14 may become deformed, allowing cleaning device 10 to
slip on rotatable shaft 24. In addition, because core 14 is somewhat
flexible, as more cleaning 10  devices 10 are attached to rotatable shaft
24, the pressure exerted on the workpiece from surfaces      16 and 18
changes from the center to the edge of rotatable shaft 24. For example, for
a rotatable      shaft 24 containing fifty-two cleaning devices 10, the
cumulative displacement of cleaning devices      10 in the direction
substantially parallel to the axis of rotatable shaft 24 may be 0.5". The
changing      pressure exerted by cleaning device 10 on the workpieces may
yield unpredictable cleaning of the 1 5  workpieces.                  When
multiple cleaning devices 10 are placed on rotatable shaft 24, a number of
spacers 32 are often interposed between adjacent cleaning devices 10 to
ensure substantially      identical spacing between all cleaning devices
10. Unfortunately, attaching spacers 32 to rotatable      shaft 24 is time
consuming and labor intensive. Spacers 32 also tend to wear and become 20
contaminated, causing nonuniform spacing between cleaning devices 10. Such
nonuniform      spacing between cleaning elements 10 may cause
unpredictable workpiece cleaning.                  In addition to the above
shortcomings of the prior art, cleaning devices 10 are difficult      to
correctly align on rotatable shaft 24. As shown in Figure 1, keyways 26(a)
and 26(b) enable      cleaning device 10 to be mounted onto rotatable shaft
24 in four different ways. In particular, 25  cleaning device 10 could be
mounted with its front surface 16 forward with keyway 26(a) in      contact
with key 30; with front surface 16 forward with keyway 26(b) in contact
with key 30; with      rear surface 18 forward with keyway 26(a) in contact
with key 30; or with rear surface 18 forward      with keyway 26(b) in
contact with key 30. The multiple keyway system is typically employed in
an attempt to obtain consistent spacing between cleaning devices 10 and
consistent pressure 30  exerted between cleaning devices 10 and the
associated workpieces. For consistent spacing,      cleaning devices 10 are
often mounted onto rotatable shaft 24 such that front surface 16 of one
cleaning device 10 faces the rear surface 18 of another cleaning device 10.
Further, cleaning      devices 10 are typically mounted such that adjacent
cleaning devices 10 have alternate keyways           WO 98/43753
PCT/US98/05576      26(a) and 26(b) in contact with key 30. If one cleaning
device 10 is placed on rotatable shaft 24     incorrectly, several cleaning
devices 10 might have to be removed from rotatable shaft 24 to     correct
the alignment of cleaning device 10.                  Existing cleaning
devices 10 used for cleaning workpieces are often made by growing  5
sponge-like material 12 on core 14. Core 14 is typically made of poly vinyl
chloride. Core 14 is 



stamp cut, cleaned, and aligned within the mold. Typically, core 14 is
suspended in a mold by      alignment spacers while sponge resin is poured
into the mold to surround core 14. The mold      containing the sponge
resin is then shaken to reduce the amount of gas entrapped in the sponge
resin. The sponge resin is then baked until it solidifies into a
sponge-like material, ideally forming 10 a single sponge surrounding the
core. The sponge-like material is then trimmed.                  Using this
process, core 14 may be inadvertently displaced when the mold is shaken;
inadvertent displacement of core 14 within the mold may result in uneven
and unpredictable      growth of sponge-like material 12 on core 14. If
more sponge-like material is on one planar side      of core 14. unequal
pressure will be applied between the workpiece and cleaning device 10, 15
resulting in unpredictable cleaning of the workpiece. Other manufacturing
defects encountered      with this process include: sponge-like material 12
not sealing over outer edge 20 of core 14, too      many air bubbles in
sponge-like material 12, and not enough sponge-like material 12 at the
inner      portion of core 14. Moreover, the stamping, shaking, and
trimming steps are time consuming and      labor intensive; these steps may
unnecessarily increase the manufacturing cost of cleaning devices 20 10.
Summary of the Invention                  Accordingly, it is an advantage
of the present invention that an improved cleaning      element is provided
that overcomes the limitations of the prior art.                  It is
another advantage of the present invention that the cleaning element is
less 25 susceptible to deformation during use.                  A further
advantage is that the present invention provides a cleaning element that is
easy to mount onto a rotatable shaft.                  Another advantage is
that the cleaning element is less susceptible to misalignment      during
installation on the rotatable shaft. 30               Another advantage of
the present invention is that the cleaning element is not      susceptible
to core misalignment during manufacturing.                  The above and
other advantages of the present invention are carried out in one form
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PCT/US98/05576       by a cleaning element for cleaning workpieces that
includes sponge-like material interposed      between two rigid plates.
Such a cleaning element is more rigid than some prior-art cleaning
elements that utilize a sponge-like material surrounding an inner core of
rigid material. Thus, a      cleaning element in accordance with the
present invention is less susceptible to deformation where  5 the key of
the shaft contacts the cleaning element, and it is less susceptible to
flexure caused by      the force applied by the workpiece.
In accordance with a further aspect of the present invention, the spacers
separating      adjacent cleaning elements are integral to the cleaning
elements. Thus, the time required to load      the cleaning elements and
spacers onto the rotatable shaft is reduced. 10               In accordance
with a further aspect of the present invention, only one keyway is 



employed by the cleaning element. Thus, the cleaning element is less
susceptible to misalignment      during installation.                  In
accordance with still a further aspect of the present invention, the
cleaning elements      are less prone to manufacturing defects because the
manufacturing process does not rely on 15  centering a core within a mold;
a center core need not be present during the fabrication of the
cleaning elements. Thus, the cleaning element in accordance with the
present invention has      increased uniformity in the distribution of
sponge-like material across a surface of the cleaning      element, and the
sponge-like material need not seal at the edges of the core.   20 Brief
Description of the Drawing Figures                  The present invention
will hereinafter be described in conjunction with the appended      drawing
figures, wherein like numerals denote like elements, and:
Figure 1 is an exploded perspective view of a prior-art cleaning device;
Figure 2 is a cut-away side view of a cleaning apparatus used to clean
workpieces; 25               Figure 3 is a perspective view showing a
cleaning assembly and workpieces;                  Figure 4 is an exploded
perspective view of a cleaning element in accordance with      the present
invention;                  Figure 5 is a side view of a rotatable shaft
with cleaning elements attached; and                  Figure 6 is a plan
view of a cleaning element according to an alternate 30 embodiment of the
present invention.        Detailed Description of Preferred Exemplary
Embodiments                  The present invention relates to improved
techniques for making and using
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a cleaning element in accordance with     the present invention may be used
to clean a large variety of surfaces, the preferred exemplary
embodiments discussed herein relate to the cleaning of semiconductor
wafers, magnetic discs,     and optical discs. It will be understood,
however, that the invention is not limited to cleaning  5  any particular
workpieces; rather, the subject invention can be advantageously used in
connection with a variety of possible workpiece configurations.
With reference to Figure 2, one method of cleaning workpieces includes
using a      cleaning apparatus 200 that suitably includes a cleaning
assembly 210. Cleaning assembly 210      is typically configured to clean a
plurality of workpieces 240, e.g., semiconductor wafers, 10  magnetic
recording discs, or optical recording discs. Cleaning assembly 210 suitably
includes      a rotatable shaft 220 with several cleaning elements 230
attached to rotatable shaft 220.      Cleaning assembly 210 may include any
number of cleaning elements 230 configured to clean      surfaces of
workpieces 240. Cleaning elements 230 are caused to rotate by rotatable
shaft 220. 



Rotatable shaft 220 is typically driven by a belt 260 which in turn is
driven by a motor 280. 15               With reference to Figures 2 and 3,
cleaning assembly 210, suitably including a      plurality of substantially
parallel cleaning elements 230, cleans workpieces 240 as respective
cleaning elements 230 contact and move relative to the surfaces of
workpieces 240. In the      exemplary embodiment illustrated in Figure 3,
cleaning assembly 210 rotates in the direction      shown by arrow B.
Workpieces 240 are placed on a number of rollers 250 such that they are 20
free to rotate in the direction shown by arrow C. Typically, workpieces 240
are interposed      between two cleaning elements 230, allowing both sides
of workpieces 240 to be cleaned      simultaneously. As cleaning assembly
210 rotates in one direction, workpieces 240 tend to be      driven in the
opposite direction by cleaning elements 230. For example, if cleaning
assembly      210 rotates in a clock-wise direction, then workpieces 240
rotate in a counter-clock-wise 25  direction. One aspect of the cleaning
occurs as cleaning element 230 moves relative to      workpiece 240 and
debris on the surface of workpieces 240 becomes trapped in a portion of
cleaning element 230 and is removed from the surface of workpiece 240.
To minimize scratching of the surfaces of workpieces 240, the cleaning
often takes      place in the presence of a liquid such as deionized water.
Cleaning element 230 may be kept 30 moist by spraying the liquid over
cleaning elements 230 and workpieces 240 or by keeping      cleaning
elements 230 immersed in the liquid. The liquid provides lubrication during
the      cleaning process and aids in the cleaning of cleaning element 230
and workpiece 240.                  The present invention is described
herein in the context of an exemplary cleaning
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PCT/US98/05576      element 230, and Figures 2-6 are for illustrative
purposes only. It should be appreciated that     Figures 2-6 are not meant
to limit the various sponge-like material and plate shapes available
for cleaning element 230.                  Cleaning element 230 is
preferably attached to rotatable shaft 220 such that 5  respective planar
surfaces 400 and 410 of the cleaning elements, shown in Figure 4, are
substantially perpendicular to the longitudinal axis of rotatable shaft
220. Cleaning element      230 has a center aperture 420 to allow rotatable
shaft 220 to pass through the center of cleaning      element 230. Aperture
420 may include a keyway 430 formed therein and configured to      receive
a key 440 formed on rotatable shaft 220; consequently, cleaning element 230
rotates 10 with rotatable shaft 220.                  With reference to
Figures 4 and 5, exemplary cleaning elements 230 suitably      include two
plates 450 and 460 and a sponge-like material 470. Plates 450 and 460 may
be      made of any rigid or semi-rigid material. In a preferred embodiment
of the invention, plates      450 and 460 are formed from injection-molded
plastic, and may be substantially identical to 15  each other to for ease
of manufacturing. In the context of this description, "sponge-like" refers
to a substantially resilient material having physical properties
appropriate for the particular      application. For example, material 470
may be poly vinyl alcohol. Alternatively, material 470 



may include any suitable composition known to those skilled in the art.
In a preferred embodiment of the present invention, plates 450 and 460 are
20  mechanically coupled together with sponge-like material 470 located
between plates 450 and      460. Sponge-like material 470 may be shaped or
sized in any suitable manner. In a preferred      embodiment of the
invention, portions of sponge-like material 470, e.g., protrusions 480,
protrude through a number of apertures 490 within respective plates 450 and
460. Protrusions      480 aid in the mechanical cleaning of workpiece 240
by trapping debris and wiping the debris 25  away from the surface of
workpiece 240.                  Protrusions 480 are preferably molded as an
integral part of sponge-like material      470. In a preferred embodiment
of the invention, protrusions 480 on surface 400 are offset      from
protrusions 480 on surface 410 such that the cleaning elements may be
attached to the      rotatable shaft in the same direction using a single
keyway 430. For the purpose of the present 30  invention, "offset" means
that protrusions 480 on surface 400 are substantially between
protrusions 480 of surface 410. Offsetting the protrusions on surfaces 400
and 410 ensures       substantially consistent pressure between workpieces
240 and cleaning elements 230. If       protrusions 480 were not offset on
surfaces 400 and 410, a dual keyway would be required to
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workpieces 240 and cleaning elements 230.       Use of offset protrusions
480 enables use of a single keyway 430; because there is only a single
keyway 430, there is less chance for misalignment of cleaning elements 230
when assembling       the cleaning assembly 210.  5               Referring
to Figure 4, plates 450 and 460 of cleaning element 230 may be
mechanically connected in a variety of ways. In a preferred embodiment of
the invention,      plates 450 and 460 suitably include a number of
respective energy directors 500. Energy      directors 500 allow plates 450
and 460 to be mechanically fastened to each other by ultrasonic
welding. In a preferred embodiment of the invention, energy directors 500
are molded into 10  plates 450 and 460. In an alternative embodiment of the
invention, a number of locking ear      tabs (not shown) can be used to
join plates 450 and 460 of cleaning element 230. In this      alternative
embodiment, the locking ear tabs may be incorporated into plates 450 and
460,      allowing plates 450 and 460 to snap together.
Cleaning element 230 may also suitably employ a spacer 510 connected to at
least 15  one plate 450 and 460. Spacers 510 are important to help ensure
that substantially similar      pressure is applied by each cleaning
element 230 to the surface of each workpiece 240. Similar      pressure, in
turn, helps ensure that each surface of each workpiece 240 will be
similarly      cleaned. In a preferred embodiment of the invention, spacers
510 are integral to plates 450 and      460. For example, spacer 510 and
plates 450 and 460 may be formed during the same injection 20  molding
process. This may advantageously eliminate the need to later manually
attach spacers      510. Spacers 510 may also be formed with an integral
keyway 430. In this embodiment of the      invention, cleaning element 230
is less susceptible to deformation and slippage than cleaning 



elements 230 without integral spacers 510 because more rigid material is
available to receive      the force from key.440 of the rotatable shaft
220. 25               In another embodiment of the present invention,
plates 450 and 460 have a number      of conduits 520 formed therein and
are configured to allow solution to flow from the inner      diameter of
cleaning element 230 to the outer diameter of cleaning element 230. By
allowing      solution to flow from the inner diameter to the outer
diameter, conduits 520 may aid in      preventing build-up of the solution
at the inner diamter of cleaning element 230. Prevention of 30 solution
build up may ensure more uniform cleaning across workpiece 240. Preferably,
conduits 520 are integral to plate 450 and 460 and are adjacent to
sponge-like material 470.                  Plates 450 and 460 provide
exoskeleton support for sponge-like material 470.      Plates 450 and 460
may provide more support than prior-art cleaning devices because they
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230 is more rigid than the prior-art    cleaning devices, cleaning element
230 is less susceptible to deformation and slippage when    force is
applied from key 440 on rotatable shaft 220 to cleaning element 230 and
between    workpiece 240 and cleaning element 230. 5
Sponge-like material 470 is suitably formed by placing sponge resin into a
mold,     shaking or vibrating the mold to release gas bubbles, and baking
the sponge resin to form a     molded piece of sponge-like material 470.
Sponge-like material 470 is then cleaned to remove     contamination.
Sponge-like material 470 may be formed from many materials such as
urethanes and poly vinyl alcohols. In a preferred embodiment of the
invention, sponge-like 10  material 470 is formed from poly vinyl alcohol.
The shape of sponge-like material 470 maybe      of any configuration that
allows a portion of sponge-like material 470 to extend through plates
450 and 460 (Figures 2-6 are illustrative examples only). Because the
sponge is not "grown"      over a core, as in the prior art, the problems
with variations of the amount of material across a      surface of the core
and the variation in thickness of the sponge-like material from core
surface 15  to core surface are eliminated.                  It will be
understood that the foregoing description is of preferred exemplary
embodiments of the invention and that the invention is not limited to the
specific forms shown      or described herein. Various modifications may be
made in the design, arrangement, and type      of elements disclosed
herein, as well as the steps of making and using the invention without 20
departing from the scope of the invention as expressed in the appended
claims.       



8                 CLAIMS:                   1. An apparatus for improved
cleaning of workpieces comprising a rotatable       shaft with at least one
cleaning element mounted thereto, said at least one cleaning element
having a center aperture through which said shaft passes and further
comprising: 5                a first substantially rigid plate having at
least one second aperture formed       therein; and                   a
substantially resilient cleaning material having a first surface and a
second       surface and being adjacent to said plate and having at least
one protrusion protruding       through said at least one second aperture.
10                2. The apparatus of claim 1 further comprising at least
one conduit formed       within said first plate and extending from an
inner diameter portion of said plate to an outer       diameter portion of
said plate, said at least one conduit being configured to allow solution
to flow from said inner diameter portion to said outer diameter portion.
3.        The apparatus of claim 1 whcrcin said substantially resilient
cleaning 15   material comprises poly vinyl alcohol.                   4.
An apparatus for improved cleaning of workpieces comprising:
a first substantially rigid plate having at least one aperture formed
therein; and                   a substantially resilient cleaning material
having a first surface and a second       surface and being adjacent to
said plate, wherein a plurality of protrusions are formed on 20   said
first and second surfaces, and said protrusions formed on said first
surface are offset       from said protrusions formed on said second
surface, and at least one of said protrusions 



protrudes through said at least one aperture.                   5. An
apparatus for improved cleaning of workpieces comprising:
a first substantially rigid plate having at least one aperture formed
therein; 25                a substantially resilient cleaning material
having a first surface and a second        surface and being adjacent to
said plate and having at least one protrusion protruding        through
said at least one aperture; and                    a second substantially
rigid plate adjacent to said cleaning material and having        at least
one aperture, said cleaning material having at least one protrusion
protruding 30   through said at least one aperture formed in said second
plate.                    6.        The apparatus of claim 5 wherein said
first substantially rigid plate and        said second substantially rigid
plate comprise injection-molded plastic.                             7.
The apparatus of claim 5 wherein at least one of said first and second
substantially rigid plates comprise mechanical connectors adapted to
mechanically fasten said       first and second substantially rigid plates
together.                   8.        The apparatus of claim 7 wherein said
mechanical connectors comprise  5   ultrasonic energy directors.
9.        The apparatus of claim 7 wherein said mechanical connectors are
molded as an integral part of at least one of said first and second
substantially rigid plates.                   10.       The apparatus of
claim 5 further comprising a spacer attached to a least       one of said
first and second substantially rigid plates. 10                11.      The
apparatus of claim 10 wherein said spacer comprises a keyway
configured to receive a key associated with a rotatable shaft.
12.       A method for making an apparatus to clean workpieces, said method
comprising the steps of:                                     providing a
rotatable shaft; 15                                  providing a
substantially resilient cleaning material having a       first surface, a
second surface, a center aperture traversing said first and second
surfaces, and       at least one protrusion formed on at least one of said
first and second surfaces;                                     positioning
said substantially resilient cleaning material such       that said
rotatable shaft passes through said center aperture; 20
providing a first substantially rigid plate having at least one
second aperture formed therein; and
positioning said plate adjacent to said substantially resilient
cleaning material such that said at least one protrusion protrudes through
said at least one       second aperture. 25                13.      The
method of claim 12 further comprising the step of forming said        first
plate from injection-molded plastic.                    14.       The
method of claim 12 further comprising the step of forming said 



substantially resilient cleaning material from poly vinyl alcohol.
15.       The method of claim 12 further comprising the steps of: 30
providing a second plate formed of substantially rigid material;
positioning said second plate adjacent said substantially         resilient
cleaning material opposite said first plate; and
mechanically joining said first and second plates.                    16.
The method of claim 15 further comprising the step of joining said first
and second plates by ultrasonic welding.                   17.       The
method of claim 15 further comprising the step of forming a  5    spacer on
at least one of said first and second plates.                    18.
The method of claim 15 further comprising the step of forming a
mechanical fastener on at least one of said first and second plates.
19.       The method of claim 17 further comprising the step of forming a
keyway in said spacer, said keyway being configured to receive a key from a
rotatable shaft.  10                20.        The method of claim 15
further comprising the step of forming at least       one third aperture
within said second plate and positioning said second plate such that at
least       one protrusion of said substantially resilient cleaning
material protrudes through said at least       one third aperture.
21.       The method or claim 15 further comprising the step of forming
said 15    first and second plates from injection-molded plastic.
22.       The method of claim 15 further comprising the step of forming
said        substantially resilient cleaning material from poly vinyl
alcohol.                   23.        A cleaning element for cleaning at
least one of a magnetic recording       disc, or optical recording disc and
a semiconductor wafer, said cleaning element comprising 20    cleaning
material supported by a substantially rigid cxoskeleton having a plurality
of       apertures formed therein, said cleaning material having a
plurality of raised protrusions       received within said apertures.    


