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PEDESTAL POLISHING APPARATUS

CLAIM OF PRIORITY
{6001} This application clatms the benefit of priority to Indian Patent
Application Serial No. 201931051873, filed December 13, 2019, which is

ncorporated herein by reference in its entirety.

TECHNICAL FIELD

[6002] The present disclosure generally relates to cleaning technology
for substrate processing. Some embodiments relate to cleaning technology fora
vacuum pedestal chuck. Some specific embodiments relate to a cleaning

apparatus for 3 pedestal chuck used during semiconductor wafer processing.

BACKGROUND

{06003] The background description provided here 1s for the purpose of
generally presenting the context of the disclosure. Work of the presently named
inverdors, to the extent it is described in this background section. as well as
aspects of the description that may not otherwise qualify as prior art at the tuae
of filing, arc neither expressly nor impliedly adnutted as prior art against the
present disclosure.

Senuconductor device fabrication is a continually increasingly complicated and
mvolved set of processes, involving a large number of deposition, ciching and
removal steps. In addition to processes that focus on device fabrication on
semiconductor wafers, the use of various gasses and other chemicals over time
may result in vanous cleaning processes being undertaken to clean the

processing chambers and cquipment therein.

SUMMARY

[0004] In some embodiments, a cleaning apparatus comprises a baseplate
having a baseplate hole extending therethrongh. A collar is attached to the
baseplate. The collar extends perpendicularly from the baseplate and through
the baseplate hole. The collar has a collar hole extending perpendicularly
through a center of the collar from a top of the collar to a bottom of the collar. A

cap has a cap hole extending therethrough. The cap is disposed on the collar
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such that a center of the cap hole and a center of the collar hole are colhinear. A
shaft extends from the top of the collar through the cap hole, the collar hole and
the baseplate hole. A rotatable handle or crank is attached to an upper portion of
the shatt that extends from the cap hole. Motion of the rotatable handle tna
direction of extension of the collar hole 1s impeded by the cap. A disk is
attached to a lower portion of the shaft and separated from a bottom of the
baseplate. At least one abrasive pad is attached to the disk to remove buildup on
a surface of an underlving pedestal.

HEEERY In some embodiments, the collar hole comprises a first and a
second collar hole portion. The first collar hole portion is proximate to the cap
and has a first collar diameter. The second collar hole portion is distal from the
cap and has a second collar diameter smaller than the first collar diameter. The
shaft comprises a first and second shaft portion in addition to the lower portion.
The first shaft portion extends from a top of the shaft through the cap hole into
the first collar hole portion and has a first shaft diameter. The second shaft
portion extends from the first collar hole portion through the baseplate hole and
has a second shaft diameter larger than the first shaft diameter. The lower
portion of the shaft has a third shaft diameter larger than the second shaft
diameter.

[0006] in some cmbodiments, a weight is attached to the disk to provide
an mcreased nommal load on the abrasive pads, so that the polishing action is
accelerated. A vertical float 1s present between a top of the second shaft portion
and a top of the second collar hole portion to provide the separation between the
disk and the bottom of the baseplate.

{8007} In some embodiments, the weight is a weighted nng surrounding
the lower portion of the shaft.

{0003] In some embodiments, the rotatable handle has a manipulating
bandle and a coupling mechanism. The coupling mechanism has a square hole
through which the first shaft portion passes. The first shaft portion has a square
CEOSS-SeCHon.

{0009] In some embodiments, the second shaft portion has a cireular

Crogs-section,

[S9)
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[0010] In some embodiments, the first shaft portion has a first shaft
portion hole therein. A ball-lock pin is disposed in the first shaft portion hole to
retain the coupling mechanism and the rotatable handle.

{0011} In some embodiments, the at least one abrasive pad comprises a
plurality of individual absasive pads having a pad diameter smaller than a disk
diameter of the disk, disposed to entirely cover an arca of the disk over a single
revolution.

[0012] In some embodiments, exhaust ports are disposed on a top of the
baseplate and connected to exhaust holes extending through the baseplate. The
disk comprises a plurality of spaced disk holes extending therethwough. The
number of disk holes is larger thao the number of exhaust ports.

{8013} In some embodiments, the individual abrasive pads are disposed
between the disk holes and arranged such that an arc formed by an outer edge of
one of the mdividual abrasive pads is tangential to an arc formed by an foer
edge of another of the individual abrasive pads.

[6014] I some embodiments, the individual abrasive pads are disposed
between the disk holes and arranged such that a first set of the individual
abrasive pads are disposed linearly in a first dircction and a second set of the
individual abrasive pads are disposed lincarly in a second direction
perpendicular to the first direction, the first set of the individual abrasive pads in
contact and the second set of the individual abrasive pads separated.

91 5] In some embodiments, the baseplate is substantially circular and
has a plarality of extensions extending outward from a circumference of the
circle. Feet extend from the extensions in a direction of the disk. The feet are
configured to couple with engaging members of the wnderlving pedestal.

{8016} In some embodiments, the baseplate and disk are sobstantially
circufar. A diameter of the baseplate is larger than a diameter of the disk. The
baseplate has a groove formed in a bottom of the baseplate. The groove has a
farger diameter than the diameter of the disk. A skirt is retained in the groove
and extends from the baseplate beyond the disk.

o017} In some embodiments, a gasket is disposed on an end of the skt
to seal a pedestal on which the cleaning apparatus is disposed.

[0018] In some embodiments, a cleaning apparatus comprises a baseplate

having a baseplate hole extending therethrough and a cap attached to the
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baseplate. The cap has a cap hole extending therethrough. A bushing is
disposed between the cap and the baseplate. The bushing is disposed in the
bascplate hole and has a bushing hole extending therethrough. A spindle has an
upper poriion extending through the bushing hole into the cap hole. A crank
plate has a central portion attached to a lower portion of the spindle and
extending in a direction paralle] with the baseplate to a distal portion. A disk
collar is attached to the distal portion of the crank plate. A disk is attached to the
disk collar. The disk has a diameter that 1s at least about one half a diameter of
the baseplate. An abrasive pad is attached to the disk.

[3019] In some embodiments, the baseplate and disk are substantially
circular. A diameter of the baseplate is larger than a diameter of the disk. The
baseplate has a groove formed in a bottom of the baseplate. The groove hasa
larger diameter than the diameter of the disk. A skirt s retained in the groove
and extends from the baseplate beyond the disk.

[0028] In some embodiments, a gasket is disposed on an end of the skint
to seal a pedestal on which the cleaning apparatus is disposed.

{6021} In some embodiments, the baseplate is substantially circular and
has a plurality of extensions extending mward from a circumference of the
circle. Feet extend from the extensions in a direction of the disk, the feet
configured to couple with engaging members of a pedestal on which the cleaning

apparatus is disposed.

[0022] In some embodiments, exhaust holes extend through the
baseplate.
{B023] In some embodiments, the disk coliar comprises a swivel joint

that keeps the disk level with a pedestal on which the cleaning apparatus is
disposed.

{6024] In some embodiments, a manual crank has a handlc and is
attached to an upper portion of the spindie.

[0025] In some embodiments, a motor spindle is attached to an upper
portion of the spindle, and a motor 18 configured to drive the motor spindle.
[0026] In some embodiments, a cleaning apparatus comprises a baseplate
having a baseplate hole extending therethrough and a bushing attached to the
baseplate. The bushing extends perpendicularly from the baseplate and throogh

the baseplate hole. The bushing has a bushing hole extending perpendicularly
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through a center of the bushing from a top of the bushing to a bottom of the
bushing. A spindle extends from the bottom of the bushing through the
bascplate and bushing holes, projecting from the top of the bushing. A rotatable
handle 1s attached to an upper portion of the spindle that extends from the
bushing. A disk s attached to a lower portion of the spindle and separated from
a bottom of the baseplate. A bearing ring is disposed between the baseplate and
disk to case rotation of the disk. Abrasive pads are attached to the disk to
remove build-up on a surface of an underlving pedestal.

0027 In some embodiments, the spindle comprises a first, second and
third spindle portion. The first spindle portion has a first spindle diameter. The
second spindle portion extends from the bushing hole through the baseplate hole
and from the top of the bushing. The sccond spindle portion has a second
spindlec diameter larger than the first spindle diameter. The third spindle portion
is attached to the disk and has a third spindle diameter larger than the second
spindle diameter.

{6028] In some embodiments, the rotatable handle comprises a
manipulating handle and a coupling mechanism. The coupling mechanism has a
square hole through which the first spindle portion passes. The first spindle
portion has a square cross-section.

{0029] in some cmbodiments, the second spindle portion has a circular
crass-section.

[(3038] In some embodiments, the abrasive pads have a pad diameter
smaller than a disk diameter of the disk, disposed to entirely cover an arca of the
disk over a single revoluation.

{8031} In some embodiments, an exhaust port is disposed on a top of the
baseplate and connected to an exhaust hole extending through the baseplate.
The disk comprises a plurality of evenly {or unevenly} spaced disk holes
cxtending therethrough. The abrasive pads are disposed between the disk holes
and arranged such that an arc formed by an outer edge of one of the abrasive
pads 1s tangential to an are formed by an inner edge of another of the abrasive
pads.

{6032} In some embodiments, the abrasive pads are disposed between the
disk holes and arranged such that a first set of the abrasive pads are disposed

lincarly in a first direction and a second set of the abrasive pads are disposed
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timearly in a second direction perpendicular to the first divection, the first set of
the abrasive pads in contact and the second set of the abrasive pads separated.
6333] In some embodiments, the baseplate is substantially circular and
has a plurality of extensions extending outward from a circumference of the
circle. Feet extend from the extensions in a direction of the disk. The feet are
configured to couple with engaging members of the underlying pedestal.
[0834] In some cmbodiments, the baseplate and disk are substantially
circalar. A diameter of the baseplate is larger than a diameter of the disk. The
baseplate has a groove formed in a bottom of the baseplate. The groove has a
larger diameter than the diameter of the disk. A skirt is retained in the groove
and extends from the baseplate beyond the disk.

{8035} In some embodiments, a gasket is disposed on an end of the skirt

to seal a pedestal on which the cleaning apparatus is disposed.

DESCRIPTION OF THE DRAWINGS

{(3036] Some embodiments are ifhustrated by way of example and not
limitation 1n the views of the accompanying drawings. Corresponding reference
characters mndicate corresponding parts throughout the several views. Elements
in the drawings are not necessarily drawn to scale. The configurations shown in
the drawings are merely exaraples, and should not be construed as limiting the
scope of the disclosed subject matter in any manuner.

[B3037] FIG. 1A is a perspective view of a top of a pedestal cleaning
apparatus, according to an example embodiment.

{3038] FIG. 1B is a perspective view of a bottom of the pedestal
cleaning apparatus of FIG. 1A,

{8039} FIG. 1C is a schematic cross-sectional view of the pedestal
cleaning apparatus of FIG. 1A,

{G040] FIG. 1D 15 a cross-sectional view of a portion of the pedestal
cleaming apparatus of FIG. 1A,

[0041] FIG. 2A 13 atop view of a chamber in which the pedestal
cleaning apparatus is used, according to an example embodiment.

{6042} FIG. 2B is a perspective cross-sectional view of the chamber of

FIG. 2A.
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[0043] FIG. 2€ 15 a schematic cross-sectional view of the chamber of
FIG. 2A.
[6044] FIG. 3A is a perspective view of a top of a pedestal cleaning

apparatus, according to another example embodiment.

{8045} FIG. 3B is a perspective view of a bottom of the pedestal
cleaning apparatus of FIG. 3A.

[0846] FIG. 3C 15 a schomatic cross-sectional view of the pedestal
cleaming apparatus of FIG. 3A.

j0047] FIG. 3D is a perspective cross-sectional view of the pedestal
cleaning apparatus of FIG. 3A.

[0048] FIG. 4A 15 a schomatic cross~sectional view of a portion of a top
of a pedestal cleaning apparatus, according to another example embodiment.
{0049} FIG. 4B 15 a perspective cross-sectional view of the pedestal
cleaning apparatus of FIG. 4A.

{050] FIG. 8A 15 a schematic cross-sectional view of a portion of atop
of a pedestal cleaning apparatus, according to another example embodiment.
[0051] FIG. 5B is a perspective cross-sectional view of the pedestal
cleaning apparatus of FIG. SA.

{8052} FIG. 6A is a perspective view of a top of a pedestal cleaning
apparatus, according to another example embodiment.

{0053] FIG. 6B is a perspective view of a bottom of the pedestal
cleaming apparatus of FIG. 6A.

[0054] FIG. 6C is a cross-sectional view of a portion of the pedestal
cleaning apparatus of FIG, 6A.

{0055] FIG. 6D is a schematic cross-sectional view of the pedestal
cleaning apparatus of FIG. 6A.

{0056] FIG. 6K is another perspective view of a top of the padestal
cleaning apparatus of FIG. 6A.

[B057] FIG. 7 15 a flow chart showing operations in a method, according
to an example embodiment.

{0058] FIG. 8 1s a machine, according to an example embodiment.
{6059] FIG. BA 1s a perspective view of a top of a pedestal cleaning

apparatus, according to an example embodiment.
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[0060] FIG. 9B is a schematic cross-sectional view of the pedestal

cleamng apparatus of FIG. 8A.

DESCRIPTION

{8061} The description that follows inchudes systems, methods,
techniques, instruction sequences, and computing machine program products
that embody ilustrative embodiments of the present disclosure. In the following
description, for purposes of explanation, numerous specific details are set forth
i order to provide a thorough understanding of example embodiments. It will be
evident, however, to one skilled in the art that the present mventive subject
matter may be practiced without these specific detals.

{8062} As above, semiconductor device uses a vanety of gasses and
other chemicals, which may result in additional operations being undertaken to
clean the processing chambers and equipment therein. For example, in many
steps of the device fabnication process, aluminum pedestals are used to retain the
semiconductor wafers using a vacoum. As a result, 1t is desirable to keep the
surface of the pedestal as uniform as possible.

[6063] Druring device fabrication however, tungsten is depostied on the
pedestals. A plasma cleaning eycle is used in which fluorine radicals are
released to clean the tungsten deposited on the pedestal, and within the
fabrication chamber. Unfortunately, fluorine also reacts with the aluminum 1o
form aluminum fluoride (AIF), which has the effect of roughening the surface of
the pedestal. The roughening of the surface degrades the vacuum sealing of the
wafer to the pedestal, allowing gases used during fabrication to leak under the
ends of the wafer. The gas leakage causes further buildup at the pedestal
surface, thus causing the vacuum clamping of the wafer to become increasingly
meffective over time. This degradation in vacuum clamping results in the wafer
floating on the pedestal, causing non-uniform material deposition and reducing
device vield. This also affects back-side gas flow for edge-exclusion, increasing
the amount of area at the edge of the wafer that is rendered unusable.

[0064] In some cases, the pedestal may be polished by hand to elinunate
the AlF. In particular, a sanding pad affixed 1o a hand-held (typically hockev-
puck sized) fixture is then manually scrubbed over the pedestal in specified

directions and for a specified number of times. A test wafer is clamped after
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every cleaning. I the clamping pressure is satisfactory, the polishing is stopped.
If not, the process is continued, and another round of manual sanding is
provided. The rate of material removal 15 dependent on how much force is being
applicd on the sanding pad, as well as on the skill of the technician, leading to
variations in the amount of material removed. Moreover, pedestals are typically
polished several times a year, depending on the number of wafers processed.
Each time the pedestal is polished, several days of downtime resulis due to the
fabrication chamber being open during cleaning and removing the
contaminations introduced therein to again allow the chamber to reach the
appropriate Interational Organization for Standardization (1S0O) class, leading
to an extended amount of downtime in addition to inconsistent cleaning
performance and time-to-clean.

{0065] In various embodiments, a pedestal cleaning apparatus and
method of cleaning a pedestal are described. As discussed herein, hand
polishing may be used o remove AlF from the surface of a vacuum pedestal
used to retain a semiconductor wafer for device processing. In some cases, an
abrasive pad, such as a 3.5" diameter diamond-grit sanding pad, is scrabbed over
the pedestal to remove the deposit. In some cases, the sanding pad diameter
{3.5"} is smaller than the diameter of the pedestal, which is typically 147,
causing the process to be repeated several times across the surface of the
pedestal. To avoid this issue and minimuze the amount of time taken to polish
the pedestal, 1t may be desirable to avoid the polishing altogether. This may be
done by using, for example, a thin ceramic plate bonded to the surface of the
pedestal with which the Tungsten does not interact. However, bonding materials
have not vet been found that work at up to the lighest temperature used during
the fabrication process {about 500°C}) while accommodating the varying
coefficients of thermal expansion (CTEs) of ceramics and alumimum,

{3066} Thus, mstead of eliminating polishing aliogether, polishing may
be performed using a polishing mechanism that reduces load variation compared
with hand polishing. Reference 1s now made to FIGS. 1A-1D. FIG. 1A isa
perspective view of a top of a pedestal cleaning apparatus, according to an
example embodiment. FIG, 1B 1s a perspective view of a bottom of the pedestal
cleaning apparatus of Fl{z. 1A, FIG, 1C is a schematic cross-sectional view of

the pedestal cleaning apparatus of FIG, 1A, FIG. 1D is a cross-sectional view
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of a portion of the pedestal cleaning apparatus of FIG. 1A, Note that although
some clements are shown in the figures of the various embodiments described
herein, other clements may be present but are not shown for convenience. These
figures thus include various views of an example cleaning apparatus 100, As
used herein, the terms “wpper”, “lower”, “top” and “boitom™ refer to directions
relative to the underlying pedestal surface on which the cleaning apparatus 100
is o operate. Thus, an upper scction or top surface is oore distal from the
pedestal than a lower section or bottom surface.

0867 As shown, the cleaning apparatus 100 includes a baseplate 110
The baseplate 110 as described herein is a structure that supports other elements
used to remove the residue on the underlying pedestal. The baseplate 110 may
be circudar and have a diameter larger than that of the pedestal on which the
cleaning apparatus 100 is disposed. The baseplate 110 may have a baseplate
bole. The bascplate hole as described herein 15 a hole that oxtends through the
baseplate 110 and through which one or more elements described 1in more detail
below extend. The baseplate 110 has extensions 112 that extend from the
circumference of the circle. The extensions 112 are disposed to match engaging
members on the underlying pedestal through fect 160 to which the extensions
112 are attached. The underside of the fect 160, as best shown in FIG. 1B, have
arecess 162 into which the engaging members of the pedestal are inserted. As
shown, the extensions |12 and feet 160 are disposed at about 120° mncrements.
The feet 160 may be formed from a plastic, such as high-density polyethviene
resin (HDPE). In some embodiments, the fastening mechanisms used herein,
such ag to secure the extensions 112 and feet 160 together, are screws.

{0068] The baseplate {10 has stationary handles 114 attached thereto to
enable a user to 1ift and carry the cleaming apparates 100 from one pedestal to
another or to a storage arca. As shown, the stationary handles 114 are disposed
at about 120° mcrements, although other embodiments may be used in which
only two handles or at least four handles may be used. The stationary handles
114 are formed from ahuminum or one or more other materials of sufficient
strength to support the cleaning apparatus 100 when the cleaning apparatus 100
is moved between pedestals.

{8069} A sealing mechanism 170 extends from a bottom of the baseplate

110 to seal the baseplate 110 to the pedestal during the cleaning process and

10
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contain the dust generated thereby within the cleaning apparatus 100. The
sealing mechanism 170, as best shown in FIG. 1T, contains a skirt 172 formed
from HDPE or suniar material and a gasket 174 attached to an end of the skirt
172, The skirt 172 15 retained within a groove in the bottom surface of the
baseplate 110. The diameter of the groove is larger than the diameter of the
underlying pedestal, and thus of the disk 180 retaining the abrasive. The skirt
172 and the gasket 174 may be formed from a ficxible material, such as
polycarbonate or rubber. The skirt 172 and the gasket 174 may be formed from
the same material or different materials.

[6079] The baseplate 110 has, in addition, at least one exhaust port 130
through which the dust and debris from cleaning of the pedestals is removed
using exhaust holes in the baseplate 110, The exhaost ports 150 may be formed
from polyvinyl chloride (PVC) or another durable plastic or metal material.
When i operation, suction is applied to the exhaust ports 150 to remove the dust
resulting from the cleaning operation. Note that the direction of extension, as
well as the shape, of the exhaust ports 150 may be different. The height of the
exhaust ports 130 is somewhat lower than a rotatable handle 140 so that the dust
removal provided by the exhaust ports 150 does not interfere with the rotation of
the rotatable handle 140, The rotatable handle 140 is an clement that, as
described herein, is a manually-actuated device to impart rotational force.

{0071] The disk 180, as shown in FIGS. 1B and 1C, may be formed from
aluminum and contains multiple disk holes 182 that extend therethrough. The
disk 180 1s an element that, as described herein, is coupled to other elements and
is rotationally movable. As the disk 180 rotates, at least one of the disk holes
182 evertually partially or completely aligns with the exhaust holes 1 the
baseplate 110, as well as holes in one or more weights 184 disposed between the
baseplate 110 and the disk 18C. The disk holes 182 have a regular grid pattem,
with adjacent disk holes separated by a uniform center-to~-cenier distance. fn
other emboduments, other patterns may be used, as long as the Al dust is able to
be extracted through the exhaunst ports 150 daring cleaning.

{06072] The one or more weights 184 may be stainless steel rings attached
to the disk 180. The holes in the weights 184 arc aligned with the disk holes
182. Although the one or more weights 184 may be nngs (weighted rings)

whose weight is distributed uniformly over essentially the entire surface of the

11



WO 2021/119485 PCT/US2020/064596

disk 180, in other embodiments, the one or more weights [84 may be one or
more isolated weights that are attached to, and distributed evenly around, the
disk 180, The weights 184 provide increased normal load on the abrasive pads
190, so that the polishing action is accelerated. The abrasive pads 190 are
clements that, as described herein, are formed from a material capable of
removing unwanted processing residue on the underlying pedestal and thereby
flatten the pedestal. The pedestal is an clement that, as described herein, 1s an
clement configured to retain one or more semiconductor waters for processing.
In some embodiments, the weights may be eliminated, instead the weight of the
entire cleaning apparatus 100 may be used to press down on the abrasive pads
190, In this case, the feet 160 may not seat on the pedestal s cars, which are
instead only used to prevent rotation of the cleaning apparates 100 when the
handie 140 1s turned. The entire cleaning apparatus 100 here may sit directly on
the pedestal surface.

{6073] The separation of the disk 180 from the baseplate 110 is provided
by the float it the central shaft caused by the sizing of the various elements and
associated tolerances. That is. even after assembling the weights 184, thereisa
gap between the baseplate 110 and the rings 184, so that the floating action of
the handie 140 is retained. In some embodiments, each ring 184 is parrow
cnough that it does not ooclude the vacoum suction holes 182 on the disk 180,
Alternatively, cach ring 184 may be large for betier and increased weight
distribution, but also have a plurality of holes such that the vacoum function is
not impeded.

{06074] Abrasive pads 190 are pasted or otherwise attached to the disk
180. Asthe diameter of the pedestal is targer than that of each abrasive pad 190,
mudtiple abrastve pads 190 are attached to the disk 180 at predefined marked
locations. The abrasive pads 190 may be, for example, formed from sandpaper.
In particular, the abrasive pads 190 are attached to the disk 180 at locations that
do not overlap any of the disk holes 182, As shown 1n FIG. 1B, five abrasive
pads 190 are aligned m perpendicular directions. Specifically, one of the
abrastve pads 190 is disposed in the center of the disk 180 such that the center of
the abrasive pad 190 1s aligned with the center of the disk 180. Two ofthe
remaining abrasive pads 190 are tangential to the conter abrasive pad 150

{scparated by a fraction of an inch} in a first direction such that the centers of the
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tangential abrasive pads 190 are aligned m the first direction. The other two of
the remaining abrasive pads 190 are separated from the center abrasive pad 190
in a second direction, perpendicular to the first direction, such that the centers of
the separated abrasive pads 190 are aligned in the second direction. The
separation between the scparated abrasive pads 190 is less than the diameter of
the abrastve pads 190, The abrasive pads 190 are thus disposed such that the
enttrety of the pedestal surface is covered at least once n a single rotation of the
disk 180. Note that although five abrasive pads 190 are shown in FIG. 1B, in
other embodiments, a different number of abrasive pads of the same size may be
used {e.g., three or seven} if disposed such that the entire surface of the pedestal
is cleaned. The abrastve pads 190 may be formed from silicone to allow for
even sanding of the sndertying pedestal surface.

{0875] The disk 180, and thus abrasive pads 190, is rotated using a
manipulating handle of a rotatable handle 140 that is coupled with the disk 180
through a coupling mechanism attached to a shaft 130 disposed within a collar
120 that 1s coupled to the baseplate 110, The collar 120 as described herein is an
clement coupled to the baseplate 110 and configured to receive manipulating
clements therein, as described in more detaid below. In particular, the collar 120
has a collar hole that extends therethrough and, ag described, is configured to
receive the mamipulating clements therein, as described in more detatl below.
The manipulating bandle is the portion of the rotatable handle 140 that s
manipulated by the operator. Relative rotational movement of the rotatable
handie 140 thus rotates the abrasive pads 190, grinding down the deposits on the
pedestal. The collar 120 is terminated by a cap 128, That is, the cap 128 as
described herein is an element configured to terminate the collar 120, The cap
128 15 configured to impede the vertical (downward) movement of the rotatable
handle 140, The cap 128 thus impedes force provided by the rotatable handie
149 in the vertical direction. The cap 128 has a cap hole that, as described
herein, 1s an clement that extends through the cap 128 and is configured receive
other elements disposed therein.

[076] The shaft 130, as described herein, is an element that extends
through multiple holes and is configured to impart rotational motion. The shatt
130 18 disposed through the baseplate hole in the baseplate 110, the collar hole in

the collar 120 and the cap hole in the cap 128. In some embodiments, to reduce
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the length of the shaft 130, a center of the baseplate hole, a center of the cap hole
and a center of the collar hole are collinear. In other embodiments, the shaft 130
may be other than a straight bar, and thus one or more of the centers may not be
collinear with one or more of the other centers. The collar 120 has a center
collar portion 122, a lower collar portion 124 attached to the baseplate 110, and
an upper collar portion 126 to which the cap 128 is attached, through all of
which the shaft 130 extends. fo addition to being attached to the baseplate 110,
the lower collar portion 124 also extends through the baseplate hole. The cap
128 and the collar 120 may be formed from a polymer material, such as Delrin.
0077] The shaft 130 may be formed from stainless steel, for exarnple,
and has a center shaft portion 132, a lower shaft portion 134 attached to the disk
180, and an apper shaft portion 136 to which the rotatable handie 140 1s
attached. The center shaft portion 132 and lower shaft portion 134 are circular,
with a diameter of the center shaft portion 132 bemng smaller than that of the
tower shaft portion 134, The lower shaft portion 134 15 attached to the top of the
disk 180. The upper shaft portion 136 extends through the cap hole in the cap
12% to couple with the rotatable handle 140. In some embodiments, the upper
shaft portion 136 bas a square shape, with the rotatable handle 140 having a
matching handle hole into which the upper shaft portion 136 extends. The
diameter of the square upper shaft portion 136 1s smaller than that of the circular
center shaft portion 132,

[3078] Rather than a square shape, other multi-sided shapes {such as
rectangular or triangular) may, of course, be used for the upper shaft portion 136
and handle hole. The use of a non-circular shape for the upper shaft portion 136
permits the rotatable handle 140 to be used without fastening the handie to the
upper shaft portion 136, allowing the handle 140 to be freely removed from the
upper shaft portion 136, To retain the rotatable handle 140 in place during
storage or transpott, as shown in FIG. 1D, a retaining mechanism, such as a ball-
fock pin 146 may be mserted into a top hole n atop shaft portion 138 of'the
upper shaft portion 136, Note that in some embodiments, the retaining
mechanism may be a serew. In this embodiment, the shaft has a shaft portion
with a shaft portion hole therein, which 1s threaded. A screw is disposed m the

shaft portion hole to retain the coupling mechanism and a rotatable handie 140
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[879] A collar hole through the collar 120 has an essentially uniform
diameter {within mechanical tolerance) within the center collar portion 122 and
the lower collar portion 124, expanding to a larger diameter in the upper collar
portion 126, The center shaft portion 132 passes entirely through the bole in the
center collar portion 122 and into the hole in the upper collar portion 126. A
circular imiter 142 is disposed arcund the center shaft portion 132 at an upper
end of the center shaft portion 132, The cireular luniter 142 may be, for
example, disposed within a groove formed in the upper end of the center shaft
portion 132 and act as a stop for downward motion of the shaft 130, The use of
the different diameters provided by the center collar portion 122 and the lower
collar portion 124, along with the circular luntter 142 and the weights 184, may
provide a vertical float to the disk 180 to ensure that the abrasive pads 190
always contact the pedestal surface.

[B088] Naote that although shown as separate entities, one or more of the
cap 128, collar 120 and baseplate 110 may be integral in other embodiments.
Such an integral component may have collar, cap and baseplate sections of
similar dimensions and functions of their separate counterparts. Other
embodiments may contain similarly integrated components (such as one or more
of the cap, bushing, and baseplate shown in FIGS. 3A-3C being integrated).
{0081} FIGS. 2A-2C are views of a chamber in which a pedestal
cleaming apparatus is used, according to an example embodiment. o particular,
FIG. 2A 18 atop view of the chamber, FIG. 2B 15 a perspective cross-sectional
view of the chamber of FIG. 24, and FIG. 2C is a schematic cross-sectional
view of the chamber of FIG. 24,

{0082} The chamber 200 may be any chamber m which semiconductor
processing occurs and may be ISO 1-8. The chamber 200 may have one or more
fixed vacuum pedestals 210 disposed uniformly therein, on each of which a
different cleaning apparatus 220 may be disposed. As shown, cach pedestal 210
has an engagement mechanism 212 with which the feet of the cleaning apparatus
220 engages securely. The engagement mechanism 212 contains individual
engagement members set at about 120° around the pedestal 210 and on which
cach foot 226 of the cleaning apparatus 220 is disposed. The cleaning apparatus
220, among other elements, contains a baseplate 222, a rotating disk 224, feet

226 and sealing mechanism 228, similar to those described above. The
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implementation shown in FIGS. 2B and 2C are described 1 more detail in
relation to FIGS. 6A-6D and thus will not be described in detail here.

[0083] The pedestal 210 contains a pedestal top 214 in which the
engagement mechanism 212 is retained. The pedestal top 214 is disposed on a
pedestal base 216 that contains one or more grooves 218, The grooves 218 are
connected to a pedestal stand 230 through which a vacwum is supplied to the
grooves 218 to retain serviconductor wafors on the pedestal 210,

[(3084] A method of cleaning the chamber 200 is shown in FIG. 7.
When the cleaning cvele beging, the chamber 200 is openced at operation 702.
This occurs, of course, after all of the semiconductor wafers are safely stored.
Adtter the chamber 200 is opened, the cleaning apparatus 220 may be manually
carrted from a storage area using the stationary handles on the cleaning
apparatus 220 and placed on one of the pedestals 210 to be cleaned, at operation
704. The rotatable handle of the cleaning apparatus 220, if present, is
mamtained n place using the ball-lock pin.

{085] In particudar, the cleaning apparatas 220 1s aligned on the
pedestal 210 such that the foet 226 of the cleaning apparatus 220 are aligned
with the engagement mechanisms 212 of the pedestal 210, After cleaning the
pedestal 210 with isopropyl alcohol, the cleaning apparatus 220 is then fowered
onto the pedestal 210 and a seal 1s secured by the sealing mechanism 228 as the
cleaming apparatus 220 is seated on the pedestal 210.

{086} After moving the cleaning apparatus 220 to the pedestal 210,
tebing is connected to the exhaust ports at operation 706. The tubing is used to
provide suction to the cleaning area of the cleaning apparatus 220. The tubing ig
connected and run such that the dust removal (exhaust port and tubing) does not
inhibit rotation of the rotatable handle.

{0087} Once the cleaning apparatus 220 is securely disposed on the
pedestal 210 and the tubing connected, the abrasive pads of the cleaning
apparatus 220 are rotated n a particular direction {e.g., clockwise) a
predetermined number of times or for a predetermined amount of time at
operation 708, In the embodiment above, the abrasive pads are rotated by
manually rotating the rotatable handle of the cleaning apparatus 220, Because
the vertical force is almost entirely supplied by the cleaning apparatas 220,

whether additional weighting is supplied by weights between the baseplate 222
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and the disk 224, the variation in the vertical force {and thus the amount of
removal per rotation) s minimized as well as minimizing tilting of the cleaning
apparatus 220 when force s applied to the rotatable handle, if present. This
perntits a good approxumation to the amount of time to remove a predetermined
amount of AlF deposit from the surface of the pedestal 210, In other
cmbodiments, as described in more detail below, a single abrasive pad may be
used and/or the rotation way be provided by a motor, rather than a manually
actuated rotatable handle.

{6088] After determining at operation 710 that the predetermined amount
of time/number of revolutions has not yet been reached, the cleaning apparatus
220 is continues to clean the pedestal 210, returning to operation 708, Aficr
determining at operation 710 that the predetermined amount of time/namber of
revolutions is reached, the cleaning apparatus 220 is removed from the pedestal
210 at operation 712, This includes detaching the tubing and manually
removing any remaining debris from the surface of the pedestal 210, such as
using 8 handheld vacuum. The cleaning apparates 220 may be moved to another
pedestal or work area, or stored at this point.

[6689] The pedestal 216 is then vacuum tested to ensure that the
clamping pressure provided by the cleaned pedestal 210 1s adequate for the
desired performance. In some embodiments, this may include placing a dummy
water of the same size as a semiconductor wafer on the pedestal 210 at operation
714 and testing the pressure on the dummy wafer that 1s supplied by the vacoum
to make sure that a pressare sufficient to retam the wafer in place during acteal
processing {¢.g., < 3 torr or < 10 torr pressure} is maintained at operation 716,
{00949 I adequate pressure is determined at operation 718 not to be
maintained, the cleaning apparatus 220 s returned to the same pedestal 210 at
operation 720 for another round of cleaning at operation 708, When the cleaning
is repeated, the same number of rotations/tine may be used or the sumber may
be reduced (e.g., halved) due to the amount of material already removed from
the pedestal 210,

[0091] I adequate pressure is determined at operation 718 to be
maintamed, if 1s determined at operation 722 whether additional pedestals are to
be cleaned by the cleaning apparatus 220. If additional pedestals are to be

cleancd by the cleaning apparatus 220, the cleaning apparatus 220 is then moved
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at operation 704 to a new pedestal. I no further pedestals are to be cleaned by
the cleaning apparatus 220, the cleaning apparatus 220 is then stored at operation
724. After storing the cleaning apparatus 220, the chamber 200 may be prepared
for semiconductor processing at operation 726, Alternatively, additional
cleaning of the pedestals or other processing stations may be andertaken while
the chamber 200 1s in the maintenance {cleaning) cyele.

[0092] FIGS. 3A-3D dlustrate another pedestal cleaning apparatus
embodiment. In particular, FIG. 3A is a perspective view of another example
embodiment of a top of a pedestal cleaning apparatus; FIG. 3B is a perspective
view of a bottom of the pedestal cleaning apparatus of FIG, 3A; FIG, 3C isa
schematic cross-sectional view of the pedestal cleaning apparatus of FIG, 3A.
FIG. 3B 1s a perspective cross-sectional view of the pedestal cleaning apparatus
of FIG. 3A.

[6093] The embodiment shown in FIGS. 3A-3D contains many of the
clements shown m the embodiment previously desenibed. The cleaning
apparatus 300 includes a baseplate 310, The baseplate 310 may be circular and
have a diameter larger than that of the pedestal on which the cleaning apparatus
300 1s disposed. The baseplate 3190 has at ieast one exhaust hole 350 through
which the dust from cleaning of the pedestals is removed using an exhaust port.
{0094] The baseplate 310 has a pair of stationary handles 314 attached
thereto for porting the cleaning apparatus 300 between pedestals or a storage
arca. The baseplate 310 has feet 360 attached to the underside of the baseplate
310, The feet 360, as shown in FIG. 3B, each have a recess 362 mnto which an
engaging member of the pedestal is mserted. A sealing mechanism 370 (FIG.
3A} extends from a groove in the bottom of the baseplate 310 to seal the
baseplate 310 to the pedestal during the cleaning process and contain the dust
generated thereby within the cleaning apparatus 300, The sealing mechanism
370 may include the same elements as before (skirt/gasket) formed of the same
matenals. Unlike the embodiment of FIGS. 1A-1D, the scaling mechanism 370
does not extend around the entire circumference of the baseplate 310. Insicad,
as shown, the sealing mechanism 370 is formed in sections and the sections are
attached to the feet 360, The feet 360 may be formed from Delnn or a similar

polvimer.
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[0095] Also, unlike the embodiment of FIGS. 1A-1D, the cleaning
apparatus 300 does not contain a disk. Instead, a revolving handle 340 is
connected o the abrasive pad 390 through an alumimum {or other sirailar
material) crank plate 380, as shown m FIGS. 3B-3D. In more detail, the
revolving handle 340 is connected to the abrasive pad 390 through an aluminem

P
ol

{or other stmilar material) spindle 330, which connects the revalving handle 340
to the crank plate 380, and a disk collar 392, which connects the crank plate 380
and the abrasive pad 390. The disk collar 392 may be formed from Delrmora
similar polymer. The crank plate 380 may be formed from aluminum and has a
substantially ovular shape (somewhat egg-shaped}. Specifically, the narrower
portion of the oval of the crank plate 380 is proximate to the disk collar 392 with
the wider portion proximate to the spindle 330, The abrasive pad 390 is attached
to the disk collar 392 using fasteners. The disk collar 392 is retained in the
crank plate 380 by a circular retainer 394 that circumscribes, and is partially
disposed in a groove formed in, the disk collar 392, thereby stopping the crank
plate 380 from separating from the disk collar 392,

[0096] The spindle 330 is attached to the crank plate 380 using fasteners.
The spindle 330 s contained i 3 bushing 322 retained in a circular baseplate
hole in the baseplate 310, The bushing 322 may be formed from Delrin, ora
similar polymer. The lower portion of the bushing 322 is separated from the
crank plate 380, In some embodiments, a washer may be disposed on the crank
plate 380 arcund the spindle 330, between the lower portion of the bushing 322
and the crank plate 380,

{6097] The revolving handie 340 is attached to the spindle 330 using a
fastener 344 that couples the lower portion of the revolving handle 340 to the
upper portion of the spindle 330, As shown i FIGS. 3C and 3D, a cap 320
covers the baseplate hole and the bushing 322, The spindle 330 extends upward
from the crank plate 380 through the bushing 322 o a circufar cavity formed
bv the cap 320. The lever arm 346 of the revolving handle 340 contains a
circular projection 348 that extends through a circuldar cap hole 1 the cap 320 to
abut the spindle 330, The cap 320 is formed from a material sufficiently strong
to resist vertical force applied to the handle 304, such as aluminum. Vertical
force suppled to the revolving handle 340 is thus transferred to the baseplate 310

via the cap 320,
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[0098] In addition, unlike the embodiment shown in FIGS. 1A-1D, in the
embodiment shown in FIGS. 3A-3D, a single abrasive pad 390 s used to clean
the pedestal. Thus, when the revolving handle 340 is turned, the spindle 330
turns, turning the crank plate 380, which moves the abrasive pad 390. The
abrasive pads 190 in the embodiment shown in FIGS. 1A-1D have a standard
diameter (for commercial abrasive pads) that is significantly smaller than that of
the baseplate 110 {about one quarter of that of the baseplate}, while the abrasive
pad 390 shown mn FIG. 3B 15 at least about one half that of the baseplate 310 (at
feast about one half of the diameter of the voderlying pedestal). This allows the
abrasive pad 390 to clean the entire surface of the underlying pedestal in a single
revolution. However, while fewer abrasive pads may be used in this
embodiment, such a specialized diameter commercial abrasive pad may result in
ncreased cost and difficulty of procurement.

[0099] FIG. 4A 5 a schematic cross-sectional view of a portion of a top
of a pedestal cleaning apparatus, according to another example embodiment.
FIG. 4B 1s a perspective cross-sectional view of the pedestal cleaning apparatus
of FIG, 4A. The camibodiment shown in FIGS. 4A and 4B is sinular to that
shown in FIGS. 3A-3D. Accordingly. although the top and bottom views of the
embodiment in FIGS. 4A and 4B are not shown, the same clements are present
as shown in FIGS, 3A and 3B,

{00106} The cleaning apparatus 400 includes a baseplate 410 with a
diameter larger than that of the pedestal on which the cleaning apparatus 400 18
disposed. The baseplate 410 has at least one exhaust hole 450, as shown in FIG.
4B, through which the dust from cleaning of the pedestals is removed using an
exhaust port; as well as a pair of stationary handles attached thereto for porting
the cleaning apparatus 400 between pedestals or a storage area.

{80101} The baseplate 410 has feet 460 attached to the underside of the
baseplate 410, The feet 460, as shown in FIG. 4A, each have a recess 462 into
which an engaging member of the pedestal is inserted. A sealing mechanism
470 extends from a groove in the bottom of the baseplate 410 to seal the
baseplate 410 to the pedestal during the cleaning process and contain the dust
generated thereby within the cleaning apparatus 400, The sealing mechanism
470 may include the same clements as before (skirt/gasket) formed of the same

materials. As in the embodiment of FIGS. 3A-3D, the sealing mechanism 470
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does not extend around the entire circumference of the baseplate 410, Instead,
as shown, the sealing mechanism 470 is formed in sections and the sections are
attached to the foet 460, The fect 460 may be formed from Delrin, or a similar
polymer.

{60102} Also tike the embodiment of FIGS. 3A-3D, the revolving handle
440 1s connected to the abrasive pad 490 through an aluminum {or other similar
matertal} crank plate 480, In more detail, the revolving handle 440 ts connected
to the abrasive pad 490 through an alominum (or other similar material) spindie
430, which connects the revolving handie 440 to the crank plate 480, and a disk
collar 492, which connects the crank plate 480 and the abrasive pad 490. The
disk collar 492 may be formed from Delun or a similar polymer. The crank
plate 480 may be formed from aluminom and has a substantially ovular shape
{somewhat egg-shaped). Specifically, the narrower portion of the oval of the
crank plate 480 15 proximate to the disk collar 492 with the wider portion
proximate to the spindle 436, The abrasive pad 490 1s attached to the disk collar
492 using fasteners. The disk collar 492 is retained in the crank plate 48¢ by a
swivel joint 494 that circumscribes the disk collar 492 within a disk hole formed
i the crank plate 480, The swivel joint 494 may be formed from a polymer,
such as avlon, and perouts the abrasive pad 490 to adjust to the surface of the
underlying pedestal if the underlying surface is slightly non-paraliel with the
baseplate 410.

{30193} The spindle 430 15 attached to the crank plate 480 using fasteners,
The spindle 430 is contained in a bushing 422 retained in a circular baseplate
hole in the baseplate 410, The bushing 422 may be formed from Delrinora
similar polymer. The lower portion of the bushing 422 1s separated from the
crank plate 480, In some embodiments, a washer may be disposed on the crank
plate 480 around the spindie 430, between the lower portion of the bushing 422
and the crank plate 480,

{60104} The revolving handle 440 is attached to the spindle 430 using a
fastener 444 that couples the lower portion of the revolving handle 440 to the
upper portion of the spindle 430. A cap 420 covers the baseplate hole and the
bushing 422. The spindle 430 extends upward from the crank plate 430 through
the bushing 422 into a circular cavity formed by the cap 420. The lever anm 446

of the revolving handle 440 contains a circufar projection 448 that extends
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through a circular cap hole in the cap 420 to abut the spindle 430, The cap 420
1s formed from a material sufficiently strong to resist vertical force applied to the
handic 440, such as aluminum. Vertical force suppled to the revolving handle
440 1s thus transferred to the baseplate 410 via the cap 420,

{00105} In addition, like the embodiment shown in FIGS. 3A-3D, in the
cmbodiment shown in FIGS. 4A and 4B, a single abrasive pad 490 is used to
clean the pedestal. Thus, when the revolving handle 440 1s turned, the spindle
430 turns, turning the crank plate 480, which moves the abrasive pad 490, The
abrasive pad 490 is at least about one half that of the baseplate 410 and/or of the
underiying pedestal.

{00196} FIG. 8A is a schomatic cross~sectional view of a portion of a top
of a pedestal cleaning apparatus, according to another example embodiment.
FIG. 8B is a perspective cross-sectional view of the pedestal cleaning apparatus
of FIG. SA. The embodiment shown in FIGS. SA and 5B is similar to that
shown in FIGS. 3A-3D. Accordingly, although the top and bottom views of the
embodiment 1n FIGS. SA and 5B are not shown, similar elements are present as
that shown tn FIGS. 3A and 3B, other than those discussed below.

160107} The cleaming apparatus 500 includes a baseplate 510 with a
diameter larger than that of the pedestal on which the cleaning apparatus 500 is
disposed. The baseplate 510 has at least one exhaust hole through which the
dust from cleaning of the pedestals is removed using an exhaust port. The
baseplate 510 has a pair of stationary handles 514 attached thereto for porting
the cleaning apparatus 500 between pedestals or a storage area.

{30198} The baseplate 510 has feet 560 attached to the underside of the
baseplate S10. The feet 560, as shown in FIG. SA, each have a recess 362 into
which an engaging member of the pedestal is inserted. A scaling mechanism
570 extends from a groove in the bottom of the baseplate 510 to seal the
baseplate 510 to the pedestal during the cleaning process and contain the dust
generated thereby within the cleaning apparatus 500, The sealing mechanism
570 may include the same elements as before (skirt/gasket) formed of the same
materials. As in the embodiment of FIGS. 3A-3D, the scaling mechanism 570
does not extend around the entire circumference of the baseplate 510, Instead,

as shown, the sealing mechanism 570 is formed in sections and the sections are
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attached to the feet 560, The fect 560 may be formed from Delrin, or a similar
polymer.

160109} Unlike the previous embodiments, however, the embodiment
shown n FIGS. 5A and 5B contains neither a revolving handle nor cap. fustead,
a motor 502 sits on a motor holder 520, both of which are covered by a motor
cover 506, The motor 502 is connected to the abrasive pad 590 through an
aluminum (or other similar material) crank plate 580, In more detail, the drive
shaft 504 of the motor 502 1s connected to the abrasive pad 590 through an
aluminum (or other similar material) spindle S30, which connects the motor 502
to the crank plate 580, and a disk collar 592, which connects the crank plate 380
and the abrasive pad 590. The disk collar 592 may be formed from Delrinora
similar polymer. The crank plate 580 may be formed from aluminom and has a
substantially ovular shape. The parrower portion of the oval of the crank plate
580 is proximate to the disk collar 392 with the wider portion proximate to the
spindle 530, The abrasive pad 596 is attached to the disk collar 392 using
fasteners. The disk collar S92 s retained in the crank plate S80 by a circular
retainer 594 that circumscribes, and is partially disposed in a groove formed in,
the disk collar 592 — although in other embodiments, a swivel joint may be used,
similar to the above.

{00119} The spindle 530 is attached to the crank plate 380 using fasteners.
The spindle 530 may be retained on the baseplate 510 by a circular retainer 512
surrounding, and disposed within a groove formed in, the spindle 530.

{6111} In addition, like the embodiment shown in FIGS. 3A-3D, inthe
embodiment shown in FIGS. 5A and 5B, a single abrasive pad 590 is used to
clean the pedestal. Thus, when the motor 502 tums, the spindle 530 turns,
turning the crank plate 580, which moves the abrasive pad 590, The abrasive
pad 590 is at least about one half that of the baseplate 510 and/or of the
undertving pedestal.

[B0113] To control the motor 302, in some embodiments, a number of
rotations that the abrasive pads 590 would traverse the underlying pedestal may
be determined to ensure that over-polishing of the pedestal does not oceur. In
some embodiments, the number of rotations of the motor 502 may be counted by
an encoder attached to the motor 302, Since the motor 502 has a gearbox

reduction, the number of turns to achieve polishing would be a large number.
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For example, assuming that 10 rotations of the motor shaft equals one tumn of the
disk {e.g., disk 180}, to count off 5 tums of the disk, the controller counts 50
turns of the motor encoder. The motor power supply then shuts off after 5 turns
of the disk. To this case, the operator may press an ‘on’ button of a wired or
wirgless controller again to start another round of 3 turns. The motor controller
and power supply may have a setting between 1 and 7 turns to perout adjustment
of the number of turss per power-up of the motor 502,

[B0113] Alternatively, the motor 302 may be calibrated to determine how
fong power is to be sapplied in order to achieve a predetermined nomber of
turns. That is, rather than a number of turns, a time may be provided per
activation. In vet another embodiment, a visual observation of a color spot on
the disk passing a hole on the top of the fixtare may be used. Such an
embodiment may involve a camera or a sensor coupled 10 a processor to
determine the nuraber of revolutions.

{00114} FIGS. 6A-6E show various views of a pedestal cleaning
apparatus according to another example embodiment, in which FIG. 6A s a
perspective view of a top of a pedestal cleaning apparatus, FIG. 6B isa
perspective view of a bottorm of the pedestal cleaning apparatus of FIG. 64,
FIG. 6 is a cross-sectional view of a portion of the pedestal cleaning apparatus
of F1G. 6A, FIG. 6D 1s a schematic cross-sectional view of the pedestal
cleaming apparatus of FIG. 6A, and FIG. 6K is another perspective view of atop
of the pedestal cleaning apparatus of FIG, 6A. In particular, the view shown in
FIG. 6F is that of the top of the pedestal cleaning apparatus with the baseplate
remaoved.

{00115} As shown, the cleaning apparatus 600 ncludes a circnlar
baseplate 610 with a diameter larger than that of the pedestal on which the
cleaning apparatus 600 is disposed. The baseplate 610 has extensions 612 that
extend from the circumterence of the circle and match engaging members on the
undertying pedestal through HDPE feet 660 to which the extensions 612 are
attached. The underside of the feet 660, as shown in FIG. 6B, have a recess 662
into which the engaging members of the pedestal are inserted. The baseplate
610 also has aluminum stationary handles 614 attached thereto 1o enable a user

to hift and carry the cleaning apparatus 600 from one pedestal to anotherorto a
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storage arca. Similar to the embodument shown in FIG. 1A, the extensions 612,
feet 660 and stationary handles 614 are disposed at about 120° increments.
60116} A sealing mechanism 670 extends from a bottom of the baseplate
610 to seal the baseplate 610 to the pedestal during the cleaning process and
contain the dust gencrated thereby within the cleaning apparatus 600. The
sealing mechanism 670, as best shown in FIG. 6C, contains a polycarbonate skist
672 and a rubber gasket 674 attached to an end of the skirt 672, The skitt 672 15
retained within a groove m the bottom surface of the baseplate 610, The
diameter of the groove is larger than the diameter of the underlying pedestal, and
thus of the disk 680 retaining the abrasive.

00117} The baseplate 610 has at least one PV exhaust port 650 through
which the dust and debris from cleaning of the pedestals is removed using
cxhaust holes in the baseplate 610. When in operation, suction is applicd to the
cxhaust port{s) 650 to remove the dust resulting from the cleaning operation.
The height of the exhaust port 650 is lower than the rotatable handle 640, and the
exhaust port 650 1s disposed so that the dust removal provided by the exhaust
port(s) 6530 does not interfere with the rotation of the rotatable handle 640,
{00118} The alumium disk 680, as shown m FIGS, 6B and 6C, contains
udtiple disk holes 682 that extend therethrough. As the disk 680 rotates, at
least one of the disk holes 682 eventually partially or completely aligns with the
exhaust hole(s} in the baseplate 610, as well as holes 1 a bearing 528 disposed
between the baseplate 610 and the disk 680. The disk holes 682 have a regular
grid pattern, with adjacent disk holes separated by a uniform center-to-center
distance.

{80119} Abrasive pads 690 are pasted or otherwise attached to the disk
680. As the diameter of the pedestal is larger than that of each abrasive pad 690,
mudtiple abrasive pads 690 are attached to the disk 680 at predefined marked
locations. o particular, the abrasive pads 690 are attached to the disk 680 at
focations that do not overlap any of the disk holes 682, As shown in FIG. 6B,
five abrasive pads 690 are aligned in perpendicular directions. Specifically, one
of the abrasive pads 690 is disposed in the center of the disk 680 such that the
center of the abrasive pad 690 is aligned with the center of the disk 680. Two of
the remaining abrasive pads 690 are tangential to the center abrasive pad 690

{scparated by a fraction of an inch} in a first direction such that the centers of the
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tangential abrasive pads 690 are aligned m the first direction. The other two of
the remaining abrasive pads 690 are separated from the center abrasive pad 690
in a second direction, perpendicular to the first direction, such that the centers of
the separated abrasive pads 690 are aligned in the second direction. The
separation between the separated abrasive pads 690 is less than the diameter of
the abrastve pads 690, The abrasive pads 690 are thus disposed such that the
enttrety of the pedestal surface is covered at least once n a single rotation of the
disk 680. Note that although five abrasive pads 690 are shown in FIG. 6B, in
other embodiments, a different number of abrasive pads of the same size may be
used {e.g., three} if disposed such that the entire surface of the pedestal is
cleaned. The abrasive pads 690 may be formed from silicone 1o allow for even
sanding of the underlving pedestal surface.

{00120} The disk 680, and thus abrasive pads 690, is rotated using a
rotatable handle 640, The rotatable handle 640 is coupled. as shown in FIGS.
6C~GE, with the disk 680 through a stainless-stee] spindle 630 disposed within a
Diclrin bushing 620 that is coupled to the baseplate 610, Relative rotational
movement of the rotatable handle 640 thus rotates the abrasive pads 690,
grinding down the deposits on the pedestal. The bearing 628 may be formed in a
ring that is attached to the disk 680 in multiple locations around the ring. The
bearing 62 may be formed from a non-stick material {¢.g., polymer), such as
Polvietratiuoroethyiene (PTFE) or Teflon. The bearing 628 may be used to
enhance rotation of the disk 680 when the handle 640 is rotated.

{60121} The spindie 630 is disposed through a baseplaie hole in the
baseplate 610, through the bushing 620 and projects from the bushing 620, In
some embodiments, a cap similar to that shown in FIG. 1C may be present to
cover the top of the bushing 620 and through the top of the spindle 630 to couple
with the handle 640. The bushing 620 has a lower bushing portion attached to
the baseplate 610 and an upper bushing portion through which the spindle 630
projects. In addition to being attached to the baseplate 610, the lower collar
portion also extends through the baseplate hole formed to receive the bushing
620 and spindle 630.

{66122} The spindle 630 has a center spindle portion, a lower spindle
portion attached to the disk 688, and an upper spindle portion to which the

rotatable handle 640 is attached. The center spindie portion and lower spindle
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portion are circular, with a diameter of the center spindle portion being smaller
than that of the lower spindle portion. The lower spindle portion is attached to
the top of the disk 680, In some embodiments, as shown, a recess may be
formed 1o the disk 680 to accommeodate the lower spindle portion, the spindle
630 attached to the disk 680 within the recess. In some embodiments, the upper
spindic portion has a square shape, with the rotatable handle 640 having a
matching handle hole into which the upper spindle portion extends. The
diameter of the square upper spindle portion is smaller than that of the circular
center spimdie portion.

{60123} A circular limiter 6472 is disposed around the center spindie
portion at an upper end of the ceonter spindle portion. The circular bmiter 642
may be, for example, disposed within a groove formed in an upper end of the
center spindle portion and act as a stop for downward motion of the spindle 630
{00124} In the embodiment shown in FIG. 6, the full weight of the
cleamng apparatus, ¢.g., about 12 pounds, may contact the underlyving pedestal.
Instead of the collar shown in FIGS. 1A-1D isolating the hand-force, the entire
weight of the cleaning apparatus 600 rests on the pedestal surface for increased
polishing rate. However, this may also result in variability from one user to
another when the cleaning apparatus is used. In addition, as the cleaning
apparatus is heavy, the difficulty in turning the rotatable handle is increased as
the full weight of the cleaning apparatus presses down upon the sandpaper while
on the pedestal.

{83125} Note that in the embodiments above, the abrasive pads are shown
as being circular. In other erabodiments, the abrasive pads may be other shapes.
For example, the abrasive pads may have a sector shape, similar to a slice of
pizza. In this case, the pointed end of the slice would be towards the central
shaft, and the pizza crust would be towards the outer periphery of the disk to
which it is pasted. Since the outer periphery travels a longer hinear distance, it
sees greater sanding action, and hence a broader sanding pad at the periphery s
used; and narrowing down towards the center, would provide aniform sanding
rates/actions. Multiple sector pads arcund the disk would then perform polishing
actions, as described above.

{80126} In some embodiments, the cleaning process may be automated,

such that machines move the cleaning apparatus to and from the pedestal, as well
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as operate the cleamng by various circuitry and logic. FIG. 8 is a machine,
according to an example embodiment. Examples, as described herein, may
include, or may operate by, logic, a munber of componeats, or mechanisms.
Circuitry is a collection of circuits implemented in tangible entities that melude
hardware (¢.g., simple circuits, gates, logic, ¢tc.}. Circuitry membership may be
flexible over time and underying hardware variability. Circuitry includes
members that may, alone or m combination, perform specified operations when
operating. In an example, hardware of the circuitry may be immutably designed
to carry out a specific operation (e.g., hardwired). In an example, the hardware
of the circuitry may include variably connected physical components {e.g.,
gxcoution units, transistors, sunple cireuits, etc.) including a computer-readable
medium physically modified (e.g., magnetically, electrically, by moveable
placement of invartant massed particles, etc.) to encode instructions of the
specific operation. In connecting the physical components, the underlying
clectrical propertics of a hardware constituent are changed (for example, from an
nsulator to a conductor or vice versa). The mstructions enable embedded
hardware (c.g., the execution units or a loading mechanism) to create members
of the circurtry in hardware via the variable connections to carry out poriions of
the specific operation when 1n operation. Accordingly, the computer-readable
medium i3 communicatively coupled to the other components of the circuitry
when the device is operating. In an example, any of the physical components
may be used in more than one member of more than one circuitry. For example,
under operation, execution units may be used in a first ciraut of a first circuitry
at one point in time and reused by a second circuit in the first circuitry, orby a
third circuit in g second circuitry, at a different time.

{80127} The machine {e.g., computer system) 300 may mehude a hardware
processor 02 (e.g., a central processing unit {CPU)}, a hardware processor core,
or any combination thereof), a graphics processing unit (GPU) (which may be
part of the CPU or separate}, a main memory 804, and a static memory 806,
some or all of which may communicate with cach other via an interlink {e.g.,
bus) 808. The machine 800 may further mnchade a display device 810, an
alphanumeric mput device 812 {e.g., a kevboard), and a user miterface (UD)
navigation device 814 {e. g, a mouse). In an example, the display device 810,

afphanumeric input device 812, and Ul navigation device 814 may be atouch
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screen display. The machine 800 may additionally include a mass storage
device {e.g., drive unit) 816, a signal gencration device 818 (e.g., a speaker), a
network interface device 820, and one or more sensors 821, such as a Global
Positioning Systera (GPS) sensor, compass, accelerometer, or another sensor.
The machine 800 may inclade transmission medivm 828, such as a serial (e.g.,
universal sertal bus (USB}), parallel, or other wired or wireless {¢.g., infrared
(IR}, near ficld comynunication (NFC}, etc.} connection to communicate with or
control one or more penipheral devices {e.g., a printer, card reader, etc.}).

160128] The storage device 816 may include a maching-readable medium
822 on which is stored one or more sets of data structures or instructions 824
{referred to as software) cubodying or utilized by any one or more of the
techmiques or fanctions deseribed herein. The instructions 824 may also reside,
completely or at least partially, within the main memory 804, within the static
memory 806, within the hardware processor 802, or within the GPU, during
exccution thereof by the machine 00, Tn an example, one or any combination of
the hardware processor 802, the GPU, the main memory 804, the static memory
806, or the mass storage device 816 may constitute machine-readable media.
{60123} While the machine-readable medium 822 15 illustrated as a single
medium, the term “machine-readable mediom” may nclude a single mediom or
multiple media {e.g., a centralized or distributed database, and/or associated
caches and servers) configured to store the one or more mstructions 824,

{301 36] The term “machine-readable medium” may melude any medium
that can store, encode, or carry the instractions 824 for execution by the machine
800 and that cause the maching 800 to perform any one or more of the
techmgues of the present disclosure, or that can store, encode, or carry data
structures used by or associated with such instructions 824. Non-limiting
machine-readable mediim examples may include solid-state memortes, and
optical and magnetic media. In an example, a massed machine~-readable medium
comprises a machime-readable medum 822 with a plurality of particles having
wvariant {¢.g., rest} mass. Accordingly, massed maching-readable media are not
transitory propagating signals. Specific examples of massed machine-readable
media may melude non-volatile memory, such as semiconductor memory
devices {(e.g., Electrically Programmable Read-Only Memory {EPROM},
Electrically Erasable Programmable Read-Only Memory (EEPROM)} and flash
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memory devices; magnetic disks, such as internal hard disks and removable
disks: magneto-optical disks; and CD-ROM and DVD-ROM disks. The
instouctions 824 may further be transmitted or received over a conumumications
network using a transmission medium 826 via the network interface device 820
{86131} The processor 802, in comjunction with the memories 304, 806,
may thus be used to operate the cleaning apparatus described. The display
device 810, alphanumeric ioput device 812, Ul navigation device 814, and signal
generation device 818 may be used to noufy the operator as to process of the
cleaning, including completion or errors, as well as approximate amount of
removal for each cleaning apparatus, perhaps using the sensors 821, The
information may be provided to an operator (¢.g., mobile device of the operator)
via the network interface device 820, All of the mechanisms may be controlled
when the instructions are 824 are executed by the processor 802,

{00132} In another embodiment, FIG. 8A is a perspective view of a top of
a pedestal cleaning apparatus, according to an example embodiment; and FIG.
9B 1s a schematic cross-sectional view of the pedestal cleaning apparatus of
Fi1G. %A FIGS. 94 and 9B are similar to the arrangements in the figures above
and are thus labeled in a similar manner. That is, the cleaning apparatus 900
inchides a circular baseplate 910 with extensions 912 that extend from the
circumference of the circle. The extensions 912 are disposed to match engaging
members on the underlying pedestal through fect 960 to which the extensions
912 ar¢ attached. The underside of the feet 960 have a recess into which the
engaging members of the pedestal are nserted. The extensions 912 and feet 960
are uniformly disposed at the circumference of the circle — as shown at about
1207 increments, although n other embodiments other numbers of extensions
912 and/or feet 960 or arrangements around the ciraumference may be used.
The extensions 912 and fect 960 are secured together via fastening mechanisms
such as screws.

[B0133] The baseplate 910 has stationary handles 914 attached thereto to
enable a user to ift and carry the cleaning apparatus 960 from one pedestal to
another or to a storage arca. As shown, the stationary handles 914 are disposed
are uniformly disposed at the circumference of the circle — as shown at about
1207 increments, although in other embodiments other numbers of stationary

handles 914 or arrangements around the circumference may be used.
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{60134} A sealing mechanism 970 extends from a bottom of the baseplate
510 to seal the baseplate 910 to the pedestal during the cleaning process and
contain the dust generated thereby within the cleaning apparatus 900, The
sealing mechanism 970, as bost shown 1n FIG. 98, contains a skirt 972 and a
gasket 974 attached to an end of the skirt 972, The skirt 972 is retained within a
groove in the bottom surface of the baseplate 910

[00135] The baseplate 910 has, in addition, at least one exhaust port 950
through which the dust and debris from cleaning of the pedestals 1s removed
using exhaost holes in the baseplate 910, When in operation, suction is applied
to the exhaust ports 950 to remove the dust reselting from the cleaning
operation. Note that the direction of extension, as well as the shape, of the
exhaust ports 950 may be different. The height of the exhaust ports 950 is
somewhat fower than the rotatable handle 940 so that the dust removal provided
by the exbaust ports 950 does not interfere with the rotation of the rotatable
handie 940.

{80136} The disk 980 may be formed from ahuminum and contains
multiple disk holes that extend therethrough. As the disk 980 rotates, at least
one of the disk holes eventually partially or completely aligns with the exhaust
holes in the baseplate 910, as well as holes in one or more weights disposed
between the baseplate 910 and the disk 930,

{00137} The separation of the disk 980 from the baseplate 910 15 provided
by the float in the central shaft caused by the sizing of the various elements and
assooiated tolerances. That is, even after assembling the weights, there is a gap
between the baseplate 910 and the rings, so that the floating action of the handle
940 1s retained. In some embodiments, each ring is narrow enough that it does
not occlude the vacuusm suction holes on the disk 980,

{00138} Abrasive pads are pasted or otherwise attached to the disk 940 as
mdicated v the above embodiments. The disk 980, and thus abrasive pads, s
rotated using one or both manipulating handles 942 of a rotatable handle 940
that 1s coupled with the disk 980 through a coupling mechanism attached to a
shaft 930 disposed within a collar 920 that is coupled to the baseplate 910,
Relative rotational movement of the rotatable handle 940 thus rotates the
abrasive pads 990, gnnding down the deposits on the pedestal. The

manipulating handles 942 are formed on opposite ends of a lever ot the rotatable
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handle 940. Using a pair of mampulating handles 942 permits the rotatable
handle 940 to be manually manipulated from one end of the cleaning apparatus
500 with enhanced uniformity. That is, a user operating the cleaning apparatus
500 from the side of the cleaning apparatus 900 may be able to grasp first one,
and then the other, of the manipulating handles 942 with a shorter range of
motion (compared to a single- manipulating handle embodiment in which a
user’s anm 1oay reach full or vear full extension at the fartbest reach and theo
bend). It may also aid in a more uniform application of pressure, and thus
grinding down of deposits on the underlving pedestal.

30139} The collar 920 is terminated by a cap 928 that impedes the
vertical {downward) movement of the rotatable bandie 940 and thus force
provided by the rotatable handle 940 in the vertical direction. The shaft 930 1
disposad through a baseplate hole in the baseplate 910, a collar hole in the collar
5290 and a cap hole in the cap 928, The collar 920 has a center collar portion
622, alower collar portion 924 attached to the baseplate 910, and an upper collar
portion 926 to which the cap 928 15 attached, through all of which the shaft 930
extends. In addition to being attached to the baseplate 910, the lower collar
portion 924 also extends through the baseplate hole.

{00146} The shaft 930 has 3 center shaft portion 932, a fower shaft portion
934 attached to the disk 980, and an upper shaft portion 936 to which the
rotatable handle 940 15 attached. The center shaft portion 932 and lower shaft
portion Y34 are circular, with a diameter of the center shaft portion 932 being
smaller than that of the lower shaft portion 934, The lower shaft portion 934 g
attached 1o the top of the disk 980, The upper shaft portion 936 extends through
the cap hole in the cap 928 to couple with the rotatable handle 940, In some
embodiments, the upper shaft portion 936 has a square shape, with the rotatable
handle 940 having a matching handle hole into which the upper shaft portion
936 cxtonds. The diameter of the square upper shaft portion 936 is smaller than
that of the circular center shaft portion 932,

{00141} To retain the rotatable handle 540 1 place during storage or
transport, a refaining mochanism such as a ball-lock pin may be inserted into a
top hole in a top shaft portion 938 of the upper shaft portion 936, A screw 18
disposed i the shaft portion hole to retain the coupling mechanism and the

rotatable handle 940,
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{00142} A collar hole through the collar 920 has an essentially uniform
diameter {within mechanical tolerance) within the center collar portion 922 and
the lower collar portion 924, expanding to a larger diameter o the upper collar
portion 926, The center shaft portion 9372 passes entircly through the bole in the
center collar portion 922 and into the hole n the upper collar portion 926. A
circular imiter 942 is disposed arcund the center shaft portion 932 at an upper
end of the center shaft portion 932, The cireular luntter 942 may be, for
example, disposed within a groove formed in the upper end of the center shaft
portion 932 and act as a stop for downward motion of the shaft 930, The vse of
the different diameters provided by the center collar portion 922 and the lower
collar portion 924, along with the circular luntter 942 and the weights 984, may
provide a vertical float to the disk 980 to ensure that the abrasive pads always
contact the pedestal surface.

{00143} Example 1 is a cleaning apparatus comprising: a baseplate having
a baseplate hole extending therethrough; a collar attached to the baseplate, the
collar extending perpendicularly from the baseplate and through the baseplate
hole, the collar having a collar hole extending perpendicularly through a center
of the collar from a top of the collar to a bottom of the collar; a cap having a cap
hole extending therethrough, the cap disposed on the collar such that a center of
the cap hole and a center of the collar hole are collinear; a shaft that extends
from the top of the collar through the cap hole, the collar hole and the baseplate
hole: a rotatable handle attached o an upper portion of the shaft that extends
from the cap hole, motion of the rotatable handle in a direction of extension of
the collar hole impeded by the cap; a disk attached to a lower portion of the shaft
and separated from a bottom of the baseplate; and at least one abrasive pad
attached to the disk to remove baildup on a surface of an underlying pedestal.
{00144} In Example 2, the subject matter of Example 1 includes, whersin:
the collar hole comprises a first collar hole portion proximate to the cap and
having a first collar diameter and a second collar hole portion distal from the cap
and having a second collar diameter, the first collar diameter larger than the
second collar diameter, and the shaft comprises: a first shaft portion that extends
from a top of the shaft through the cap hole into the first collar hole portion, the
first shaft portion having a first shaft diameter, and a second shaft portion that

cxtends from the first collar hole portion through the baseplate hole, the second
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shaft portion having a second shaft diameter larger than the first shaft diameter,
the lower portion of the shaft having a third shaft diameter larger than the second
shaft diameter.

{60148} In Example 3, the subject matter of Example 2 tncludes, a weight
attached to the disk.

{00146} In Example 4, the subject matter of Example 3 includes, wherein:
the weight is a weighted ring surrounding the lower portion of the shaft.

{0147} In Example S, the subject matter of Examples 2—4 includes,
wheretn: the rotatable handle comprises a manipulating handle and a couphing
mechanism, the coupling mechanism has a square hole through which the first
shaft portion passes, and the first shaft portion has a square cross-section.,
{00148} In Example 6, the subject matter of Example 5 includes, wherein:
the second shaft portion has a circular cross-section.

{00149 In Exampie 7, the subject matter of Examples 5-6 includes,
wherein: the first shaft portion has a first shaft portion hole therein, and a
retaiming mechanism is disposed in the first shaft portion hole to retain the
manipulating handle.

60150} In Example 8, the subject matter of Examples 1-7 includes,
wherein: the at least onc abrasive pad comprises a plurality of individual
abrasive pads having a pad diameter smaller than a disk diameter of the disk,
disposed to entirely cover an arca of the disk over a single revolution.

{03151} In Exampie 9, the subject matter of Example 8 includes, wherem:
exhaust ports are disposed on a top of the baseplate and connected to exhaust
holes extending through the baseplate, the disk comprises a plurality of evenly
spaced disk holes extending therethrough, and the number of disk holes is larger
than the mumber of exhaust poris.

{00152} In Example 10, the subject matter of Example 9 mchudes,
wherein: the individual abrasive pads are disposed between the disk holes and
arranged such that an arc formed by an outer edge of one of the individual
abrasive pads is tangential to an arc formed by an inmer edge of another of the
individual abrasive pads.

{00153} In Example 11, the subject matter of Examples 9-16 includes,
wherein: the individual abrasive pads are disposed between the disk holes and

arranged such that a first set of the individual abrasive pads are disposed linearly
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i a first direction and a second set of the individual abrasive pads are disposed
linearly in a second direction perpendicular to the first direction, the first set of
the individual abrasive pads in contact and the sccond set of the individual
abrasive pads separated.

{80154} In Example 12, the subject matter of Examples 1-11 mncludes,
wherein: the baseplate is substantially circular and has a plurality of extensions
extending outward from a circumference of the circle, and fect extend from the
extensions in a divection of the disk, the feet configured to couple with engaging
members of the underlying pedestal.

160155} In Example 13, the subject matter of Examples 1-12 inclades,
wheretu: the bascplate and disk are substantially circular, a diameter of the
baseplate larger than a diameter of the disk, the baseplate has a groove formed i
the bottom of the baseplate, the groove has a larger diameter than the diameter of
the disk, and a skirt is retained m the groove and extends from the baseplate
beyond the disk.

{30156} In Example 14, the subject matter of Example 13 includes, a
gasket disposed on an end of the skirt to seal a pedestal on which the cleaning
apparatus is disposed.

{80157} Example 15 is a cleaning apparatas comprising: a baseplate
having a baseplate hole extending therethrough; a cap attached to the baseplate
and having a cap hole extending therethrough; a bushing disposed between the
cap and the baseplate, and disposed in the baseplate hole, the bushing having a
bushing hole extending thercthrough; a spindle having an upper portion
extending through the bushing hole into the cap hole; a crank plate having a
central portion attached to a lower portion of the spindle and extending in a
direction parallel with the baseplate to a distal portion; a disk coliar attached to
the distal portion of the crank plate; a disk attached to the disk collar, the disk
baving a diameter that is at fcast about one half a diameter of the baseplate; and
an abrasive pad attached to the disk.

{30158} In Example 16, the subject matter of Example 15 inclodes,
wherein: the baseplate and disk are substantially circular, a diameter of the
baseplate larger than a diameter of the disk, the baseplate has a groove formed in

a bottom of the baseplate, the groove having a larger diameter than the diameter
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of the disk, and a skirt is retamed in the groove and extends from the baseplate
beyond the disk.

160159} In Example 17, the subject matter of Example 16 includes, a
gasket disposed on an end of the skitt to seal a pedestal on which the cleaning
apparatus s disposed.

[00168] In Example 18, the subject matter of Examples 16-17 includes,
wherein: the baseplate is substantially circular and has a pluraluy of extensions
extending mward from a circumference of the aircle, and feet extend from the
extensions i a direction of the disk, the feet configured to couple with engaging
members of a pedestal on which the cleaning apparatus is disposed.

{00161} In Example 19, the subject matter of Examples 15-18 includes,
wherein: exhaust holes extend through the baseplate.

{00162} In Example 20, the subject matter of Examples 1519 includes,
wherein: the disk collar comprises a swivel joint that keeps the disk level with a
pedestal on which the cleaming apparatus is disposed.

[B0163}) In Example 21, the subject matter of Examples 15-20 includes, a
manual crank having a handle and attached to an upper portion of the spindle.
60164} In Example 22, the subject matter of Examples 15-21 includes, a
motor spindie attached to an upper portion of the spindie, and 3 motor
configured to drive the motor spindle.

{00165} Example 23 15 a cleaning apparatus comprising: a baseplate
having a baseplate hole extending therethrough; a bushing attached to the
baseplate, the bushing extending perpendicolarty from the baseplate and through
the baseplate hole, the bushing having a bushing hole extending perpendicularly
through a center of the bushing from a top of the bushing to a bottom of the
bushing; a spindle that extends from the bottom of the bashing through the
baseplate and bushing holes, projecting from the top of the bushing; a rotatable
bandle attached to an upper portion of the spindle that extends from the bushing;
a disk attached to a lower portion of the spindle and separated from a bottom of
the baseplate; a bearimg ring disposed between the baseplate and disk to case
rotation of the disk; and abrasive pads attached to the disk to remove buildup on
a surface of an underlving pedestal.

{80166} In Example 24, the subject matter of Example 23 includes,

wherein the spindie comprises: a first spindle portion having a first spindle
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diameter, a second spindle portion that extends from the bushing hole through
the baseplate hole and from the top of the bushing, the second spindle portion
having a second spindle diamcter larger than the first spindle diameter, and a
third spindle portion attached to the disk and baving a third spindie diameter
larger than the second spindle diameter.

{00167} In Example 25, the subject matter of Example 24 includes,
wheretn: the rotatable handle comprises a manipulating bandle and a couphing
mechanism, the coupling mechanism has a square hole through which the first
spindle portion passes, and the first spindle portion has a square cross-section.
[30168] In Example 26, the subject matter of Exarmaple 25 includes,
wheretn: the second spindle portion has a circular cross-section.

{80169} In Example 27, the subject matter of Examples 2326 includes,
wherein: the abrasive pads have a pad diameter smaller than a disk diameter of
the disk, disposed to entirely cover an arca of the disk over a single revolution.
[O0170] In Example 28, the subject matier of Example 27 wcludes,
wherein: an exhaust port is disposed on a top of the baseplate and connected to
an exhaust hole extending through the baseplate, the disk comprises a pharality
of evenly spaced disk holes extending therethrough, and the abrasive pads are
disposed between the disk holes and arranged such that an arc formed by an
outer edge of one of the abrasive pads is tangential to an arc formed by an inner
cdge of another of the abrasive pads.

{60171} In Example 29, the subject matier of Example 28 includes,
wherein: the abrasive pads are disposed between the disk holes and arranged
such that a first set of the abrasive pads are disposed linearly in a first direction
and a second set of the abrasive pads are disposed linearly in a second direction
perpendicular to the first direction, the first set of the abrasive pads in contact
and the second set of the abrasive pads separated.

{01724 In Examaple 30, the subject matter of Examples 23-29 includes,
wherein: the baseplate is substantially circular and has a plurality of extensions
extending outward from a circumference of the circle, and feet extend from the
extensions in a direction of the disk, the feet configured to couple with engaging
members of the underdying pedestal.

{00173} In Example 31, the subject matter of Examples 2338 includes,

wherein: the baseplate and disk are substantially circular, a diameter of the
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baseplate larger than a diameter of the disk, the baseplate has a groove formed in
the bottom of the baseplate, the groove has a larger diameter than the diameter of
the disk, and a skirt is retained in the groove and extends from the baseplate
bevond the disk.

{80174} In Example 32, the subject matter of Example 31 includes, a
gasket is disposed on an end of the skirt to seal a pedestal on which the cleaning
appartatus is disposed.

[ 7S] Example 33 1s at least one machine-readable medium including
nstructions that, when executed by processing circuitry, cause the processing
circuitry to perform operations to implement of any of Examples 1-32.

{00176} Example 34 is an apparatus conprising means o implement of

any of Examples 1-32.

{80177} Example 35 is a system to implement of any of Examples 1-32.
{B0178] Example 36 13 a method to tuplement of any of Examples 1-32.
[B0179] Example 37 is a method of cleaning a semiconductor polishing

pedestal, the method comprising: lowering a cleaning apparatas onto a surface of
the semiconductor polishing pedestal such that an abrasive pad of the cleaning
apparatus contacts the semiconducior polishing pedestal, the cleaning apparatus
comprising: a baseplate having a baseplate hole extending therethrough: a cap
attached to the baseplate and having a cap hole extending therethrough; a
bushing disposed between the cap and the baseplate, and disposed in the
baseplate hole, the bushing having a bushing hole extending therethrough; a
spindle having an upper portion extending through the bushing hole into the cap
hole; a crank plate having a central portion attached to a lower portion of the
spindle and extending in a direction paralle! with the baseplate to a distal
portion; a disk collar attached to the distal portion of the crank plate; a disk
attached to the disk collar, the disk having a diameter that is at least about one
balf a diameter of the baseplate; and the abrasive pad attached to the disk; and
driving the spindle to clean the surface of the semiconductor pohishing pedestal
using the abrasive pad.

{0180} In Example 38, the subject matter of Examaple 37 includes, at
least one of mamtaimng the disk level with the semiconductor polishing

pedestal using a swivel joint of the disk collar, or dnving the spindie using a
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motor configured to drive a motor spindle attached o an upper portion of the
spindle.

160181} Example 39 is a system comprising: a cleaning apparatus
comprising: a baseplate having a bascplate hole extending therethrough; a
bushing attached to the baseplate, the bushing extending perpendicularly from
the baseplate and through the bascplate hole, the bushing having a bushing hole
extending perpendicularly through a center of the bushing from a top of the
bushing to a bottom of the bushing: a spindle that extends from the bottom of the
bushing through the baseplate and bushing holes, projecting from the top of the
bushing; a rotatable handle attached to an upper portion of the spindle that
extends from the bushing; a disk attached to a lower portion of the spindle and
separated from a bottom of the baseplate; a bearing ring disposed between the
baseplate and disk to ease rotation of the disk; and abrasive pads attached to the
disk to remove buildup on a surface of an underlying pedestal; the underlying
pedestal.

[B0182] In Example 40, the subject matter of Example 39 inclodes,
wherein the spindle comprises: a first spindle portion having a first spindle
diamcter, a sccond spindle portion that extends from the bushing hole through
the baseplate hole and from the top of the bushing, the second spindle portion
having a second spindle diameter larger than the first spindle diameter, and a
third spindle portion attached to the disk and having a third spindle diameter
targer than the second spindle diameter.

{03183} In Exampie 41, the subject matter of Example 40 inclades,
wherein: the rotatable handle comprises a manipulating handle and a coupling
mechanism, the coupling mechamsm has a square hole through which the first
spindle portion passes, the first spindle portion has 8 square cross-section, and
the second spindle portion has a circular cross-section.

{00184} While exemplarv aspects of the subject matter discussed herein
have been shown and described herein, 1t will be obvious to those skilled in the
art that such embodiments are provided by way of example only. Numerous
variations, changes, and substitutions will now occur to those skilfed in the ar,
upon reading and understanding the matenal provided herein, without deparfing
from the scope of the disclosed subject matter. It should be understood that

various alternatives to the embodiments of the disclosed subject matter described
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herein may be employed in practicing the various embodiments of the subject
matier.

160185} Accordingly, the specification and drawings are to be regarded in
an ithustrative rather than a restrictive sense. The accompanying drawings that
form a part hereof show, by way of illustration, and not of limitation, specific
aspects in which the subject matter may be practiced. The aspects tthustrated are
described 1n sufficient detail to cnable those skilled i the art to practice the
teachings disclosed herein. Other aspects may be utilized and derived therefrom,
such that structural and logical substitutions and changes may be made without
departing from the scope of this disclosure. This Detatled Description, therefore,
is not to be taken in a Louting sense, and the scope of various aspects is defined
only by the appended claims, along with the full range of equivalents to which
such claims are entitled. It is intended that the following claims define the scope
of the disclosed subject matter and that methods and structurcs within the scope
of these claims and their equivalents be covered thereby.

{30186} The abstract will allow the reader to quuckly ascertain the nature
of the technical disclosure. The abstract is submitted with the understanding that
it will not be used to interpret or linut the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, i can be scen that vanoas
features are grouped together in a single aspect for the purpose of streamlining
the disclosure. This method of disclosure is not to be interpreted as reflecting an
mtention that the claimed aspects require more features than are expressly
recited 10 each clatm. Rather, as the following claims reflect, inventive subject
matter lies in less than all features of a single disclosed aspect. Thus, the
following clatms are hereby mcorporated into the Detatled Description, with

cach clamm standing on its own as 3 separate aspect.

40



WO 2021/119485 PCT/US2020/064596

CLAIMS

‘What is claimed is:

i A cleaning apparatus comprising:

a baseplate that has a baseplate hole that extends therethrough;

a collar attached to the baseplate, the collar extending from the baseplate
and through the baseplate hole, the collar having a collar hole that extends
through the collar from a first surface of the collar to a second surface of the
collar;

a cap that has a cap hole that extends therethrough, the cap disposed on
the collar,

a shaft that extends from the first surface of the collar through the cap
hole, the collar hole and the baseplate hole;

a rotatable handle attached to a first portion of the shaft that extends from
the cap hole, motion of the rotatable handle impeded by the cap in a direction of
extension of the collar hole;

a disk attached to a sccond portion of the shaft and separated from a
second surface of the baseplate; and

at least one abrasive pad attached to the disk to remove buildup on a

surface of a pedestal.

2. The cleaning apparatus of claim 1, wherein:

the collar hole comprises a first collar hole portion proximate to the cap
and that has a first collar diameter and a second collar hole portion distal from
the cap and that has a second collar diameter, the first collar diameter larger than
the second collar diameter, and

the shaft comprises:

a first shaft portion that extends from a first surface of the shaft
through the cap hole into the first collar hole portion, the first shaft
portion that hags a first shaft diameter, and

a second shaft portion that extends from the fivst collar hole
portion through the baseplate hole, the second shaft portion that has a

second shaft diameter larger than the first shaft diameter,
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the second portion of the shaft that has a third shaft diameter

larger than the second shaft diameter.

3. The cleaning apparatus of claim 2, further comprising a weighted ring

attached to the disk, the weighted ring surrounding the second portion of the

shaft.
4. The cleaning apparatus of claim 2, wherein:

the rotatable handle comprises a manipulating handle and a coupling
mechanism,

the coupling mechanism has a square hole through which the first shaft
portion passes, and
the first shaft portion has a square cross-section, and
at least one of!
the second shaft portion has a circular cross-section, or
the first shaft portion has a first shaft portion hole therein, and a
retaining mechanism is disposed in the first shaft portion hole to retain

the manipulating handle.

5. The cleaning apparatus of claim 1. wherein:

the at least one abrasive pad comprises a plurality of individual abrasive
pads that has a pad diameter smaller than a disk diameter of the disk, disposed to
entirely cover an area of the disk over a single revolution,

exhaust ports are disposed on a first surface of the baseplate and
connected to exhaust holes that extends through the baseplate,

the disk comprises a plurality of evenly spaced disk holes that each
extends therethrough, and

the number of disk holes is larger than the number of exhaust ports.

6. The cleaning apparatus of elaim 5, wherein:

the ndividual abrasive pads are disposed between the disk holes and
arranged such that an arc formed by an outer edge of one of the individual
abrasive pads is tangential to an arc formed by an inner edge of another of the

individual abrasive pads, or
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the individual abrasive pads are disposed between the disk holes and
asranged such that a first set of the individaal abrasive pads are disposed linearly
in a first direction and a second set of the individual abrasive pads are disposed
Imearly in a second direction perpendicular to the first direction, the first sot of
the individual abrasive pads in contact and the second set of the individual

abrasive pads separated.

7. The cleaning apparatus of claim 1, wherein:

the baseplate is substantially circular and has a plurality of extensions
that each extends outward from a circumference of the circle, and

feet extend from the extensions in a direction of the disk, the feet

configured to couple with engaging members of the pedestal.

8. The cleaning apparatus of claim 1, where:

the baseplate and disk are substantially circular,

a diameter of the baseplate is larger than a diameter of the disk,

the baseplate has a groove formed in the second surface of the baseplate,

the groove has a larger diameter than the diameter of the disk,

a skirt is retamned in the groove and extends from the baseplate bevond
the disk, and

a gasket is disposed on an end of the skiri to seal a pedestal on which the

cleaming apparatus is disposed.

9. A cleaning apparatus comprising:

a baseplate that has a baseplate hole that extends therethrough;

a cap attached to the baseplate and that has a cap hole that extends
therethrough;

a bushing disposed between the cap and the bascplate, the bushing
disposed in the baseplate hole and that has a bushing hole that extends
therethrough;

a spindle that has a first portion that extends through the bushing hole

into the cap hole;
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a crank plate that has a central portion attached to a second portion of the
spindle and that extends in a direction parallel with the baseplate to a distal
portion;

a disk collar attached to the distal portion of the crank plate;

a disk attached to the disk collar, the disk having a diameter that is at
least about one half a diameter of the baseplate; and

an abrasive pad attached to the disk.

10, The cleaning apparatus of claim 9, wherein:

the baseplate and disk are substantially circular, a diameter of the
hascplate larger than a diameter of the disk,

the baseplate has a groove formed in a second surface of the baseplate,
the groove that has a larger diameter than the diameter of the disk,

a skirt 1s retamed in the groove and oxtonds from the baseplate beyond
the disk, and

a gasket disposed on an end of the skirt to scal a pedestal on which the

cleaning apparatus is disposed.

11, The cleamng apparates of claim 9, wherein:

the baseplate is substantially circular and has a plurality of extensions
that extends inward from a circumiterence of the circle, and

feet extend from the extensions in a direction of the disk, the feet
configured to couple with engaging members of a pedestal on which the cleaning

apparatus is disposed.

12, The cleamng apparatos of claim 8, wherein at least one of!
exhaust holes extend through the baseplate,
the disk collar coraprises a swivel joint that keeps the disk level with a
pedestal on which the cleaning apparatus is disposed, or
the cleaning apparatus further comprises at least one of!
a manual crank that has a handle and is attached to a first portion
of the spindle, or
a motor spindle attached to a first portion of the spindle, and a

motor configured to drive the motor spindle.
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13, A cleaning apparatus comprising

a baseplate that has a baseplate hole that extends thercthrough,

a bushing attached to the baseplate and that extends from the baseplate
and through the baseplate hole, the bushing having a bushing hole that extends
through the bushing from a first surface of the bushing to a second surface of the
bushing;

a spindle that extends from the sccond surface of the bushing through the
baseplate and bushing holes, the spindle projecting from the first surface of the
bushing;

a rotatable handle attached to a first portion of the spindie that extends
from the bushing;

a disk attached to a second portion of the spindle, the disk separated from
a second surface of the baseplate;

a bearing ring disposed between the baseplate and disk to ease rotation of
the disk; and

abrasive pads attached to the disk.

14, The cleamng apparatus of claim 13, wherein the spindle comprises:

a first spindle portion that has a first spindie diameter,

a second spindle portion that extends from the bushing hole through the
baseplate hole and from the first surface of the bushing,

the second spindle portion that has a second spindle diameter larger than
the first spindle diameter, and

a third spindle portion attached to the disk and that has a third spindle

diameter larger than the second spindie diameter.

15, The cleaning apparatus of claim 14, wherein:

the rotatable handle comprises a manipulating handle and a coupling
mechanism,

the coupling mechanism has a square hole through which the first spindie
portion passes, and

the first spindle portion has a square cross-section.
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16, The cleaning apparatus of claim 13, wherein:
the abrasive pads have a pad diameter smaller than a disk diameter of the

disk, disposed to cntirely cover an arca of the disk over a single revolution.

17 The cleamng apparatus of claim 16, wherein:

an exhaust port is disposed on a first surface of the baseplate,

the exhaust port is connected to an exhaust hole that extends through the
baseplate,

the disk comprises a plarality of evenly spaced disk holes that cach
extends therethrough, and

the abrasive pads are disposed between the disk holes and arranged such
that an arc formed by an outer edge of one of the abrasive pads is tangential to

an are formed by an nner edge of another of the abrasive pads.

1§, The cleaning apparatus of claim 17, wherein:

the abrasive pads are disposed between the disk holes,

the abrasive pads arranged such that a first set of the abrasive pads are
disposed linearly in a first direction and a second set of the abrasive pads are
disposed linearly in a second direction perpendicular to the first direction, and

the first set of the abrasive pads are i contact and the second set of the

abrasive pads are separated.

19, The cleaning apparatus of claim 13, wherein:

the baseplate is substantially circular and has a plurality of extensions
that cach extends outward from a circamference of the circle,

feet extend from the extensions in a direction of the disk, and

the feet are configured to couple with engaging members of a pedestal on

which the cleaning apparatus is disposed.

24, The cleaning apparatus of claim 13, wherein:
the baseplate and disk are substantially circufar,
a diameter of the baseplate is larger than a diameter of the disk,
the baseplate has a groove formed in the second surface of the baseplate,

the groove has a larger diameter than the diameter of the disk,
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a skirt is retained in the groove and extends from the baseplate bevond
the disk, and
a gasket 1s disposed on an end of the skirt to seal a pedestal on which the

cleaning apparatus is disposed.



