wO 2013/162864 A1 |11 I N0FV0 0000000 0 00 00O

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2013/162864 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31 October 2013 (31.10.2013) WIPOIPCT
International Patent Classification: (81)
HO1L 21/302 (2006.01)
International Application Number:

PCT/US2013/035682

International Filing Date:
8 April 2013 (08.04.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/456,796 26 April 2012 (26.04.2012) US

Applicant: APPLIED MATERIALS, INC. [US/US];
3050 Bowers Avenue, Santa Clara, California 95054 (US).

Inventors: CHEN, Hui; 900 El Camino Real, Burlingame,
California 94010 (US). CHEN, Hung; 430 Waddington
Avenue, Sunnyvale, California 94085 (US). ATKINSON,
Jim; 16821 Frank Avenue, Los Gatos, California 95032
(US). HUO, David D.; 519 De Carli Court, Campbell,
California 95008 (US).

Agents: DUGAN, Brian M. et al.; Dugan & Dugan, PC,
245 Saw Mill River Road, Suite 309, Hawthorne, New
York 10532 (US).

(84)

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

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

Published:

with international search report (Art. 21(3))

(54) Title: HIGH STIFFNESS, ANTI-SLIP SCRUBBER BRUSH ASSEMBLY, HIGH-STIFFNESS MANDREL, SUBASSEM -
BLIES, AND ASSEMBLY METHODS

FIG. 5C

(57) Abstract: In one aspect, a scrubber brush assembly is provided. The scrubber brush assembly includes a scrubber brush having
a body of open-cell foam including an interior surface, a sleeve received in contact with the scrubber brush, the sleeve including
peripherally-spaced, longitudinal walls and reinforcing segments interconnecting adjacent ones of the longitudinal walls and forming
elongated pockets along the length, the sleeve having raised ribs extending along the length, and a mandrel having recesses formed
on an outer surface, the mandrel being coupled to the sleeve by receiving the raised ribs within the recesses. Scrubber brush sub -
assemblies, high stitfness mandrels, and methods of assembly are provided, as are numerous other aspects.



WO 2013/162864 PCT/US2013/035682

HIGH STIFFNESS, ANTI-SLIP SCRUBBER BRUSH ASSEMBLY, HIGH-
STIFFNESS MANDREL, SUBASSEMBLIES, AND ASSEMBLY METHODS

RELATED APPLICATIONS

[0001] The present application claims priority from U.S.
Patent Application Serial No. 13/456,796, filed April 26,
2012, entitled “HIGH STIFFNESS, ANTI-SLIP SCRUBBER BRUSH
ASSEMBLY, HIGH-STIFFNESS MANDREL, SUBASSEMBLIES, AND ASSEMBLY
METHODS” (Attorney Docket No. 16709) which is hereby
incorporated herein by reference in its entirety for all

purposes.

FIELD

[0002] The present invention relates generally to
semiconductor device manufacturing, and more particularly to a
scrubber brush and scrubber brush assembly adapted to clean a

substrate.

BACKGROUND

[0003] A scrubber brush assembly, which includes a scrubber
brush subassembly mounted on a mandrel, may be used for
cleaning a substrate. For example, the scrubber brush assembly
may be employed in a substrate processing system, such as in a
substrate chemical and mechanical cleaning system, to clean
and/or scrub a major surface of a substrate during substrate
processing. Furthermore, the scrubber brush assembly may be

used in other substrate processing systems.
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[0004] To assemble a conventional scrubber brush assembly
for use in a substrate processing system, the scrubber brush
subassembly including a scrubber brush and sleeve is installed
(e.g., slid) onto the mandrel. The scrubber brush subassembly
may include a sleeve having raised ribs that are received in
grooves formed on the mandrel. This raised rib/grove
arrangement of the scrubber brush assembly is provided in an
attempt to minimize slippage between the scrubber brush and
the mandrel. Although such scrubber brush assemblies may be
effective in some cleaning and/or scrubbing circumstances,
they have been found to suffer from functional deficiencies
under other circumstances. Thus, improved scrubber brush

subassemblies and scrubber brush assemblies are desired.
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SUMMARY

[0005] In a first aspect of the invention, a method of
assembling a scrubber brush assembly is provided. The method
includes providing a scrubber brush subassembly having a
scrubber brush body of molded foam having an interior surface,
and a sleeve having an exterior surface received in contact
with the interior surface, the sleeve including a plurality of
peripherally-spaced, longitudinal walls extending along a
length of the sleeve, and reinforcing segments interconnecting
adjacent ones of the peripherally-spaced, longitudinal walls
provided along the length, the sleeve having a mounting
passage with raised ribs, providing a mandrel having a mandrel
body with recesses formed on an outer surface, and inserting
the mandrel into the mounting passage and receiving the raised

ribs within the recesses to form the scrubber brush assembly.

[0006] In another aspect of the invention, a scrubber brush
assembly is provided. The scrubber brush assembly includes a
scrubber brush having a scrubber brush body of open-cell foam
including an interior surface, a sleeve having an exterior
surface received in contact with the interior surface, the
sleeve including peripherally-spaced, longitudinal walls
extending along a length of the sleeve, and reinforcing
segments provided along the length of the sleeve
interconnecting adjacent ones of the peripherally-spaced,
longitudinal walls and forming elongated pockets, the sleeve
having raised ribs extending along the length, and a mandrel

having recesses formed on an outer surface of the mandrel, the
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mandrel being coupled to the raised ribs by receiving the

raised ribs within the recesses.

[0007] In another aspect, a scrubber brush subassembly is
provided. The scrubber brush subassembly includes a scrubber
brush body of molded open-cell foam having an interior
surface, and a sleeve having an exterior surface received in
contact with the interior surface, the sleeve including a
plurality of peripherally-spaced, longitudinal walls extending
along a length of the sleeve, and reinforcing segments
provided along the length and interconnecting adjacent ones of
the peripherally-spaced, longitudinal walls to form elongated
pockets, the sleeve including a mounting passage having raised

ribs extending along the length.

[0008] In another aspect, a scrubber brush mandrel is
provided. The scrubber brush mandrel includes a mandrel body
having a central axis and recesses formed on an outer surface
of the mandrel, the recesses extending longitudinally and
configured and adapted to receive raised ribs of a scrubber
brush subassembly, and at least one stiffening member received

in the mandrel body and offset from the central axis.

[0009] Other features and aspects of the present invention
will become more fully apparent from the following detailed
description of example embodiments, the appended claims, and

the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A illustrates an isometric view of a scrubber

brush assembly according to embodiments.

[0011] FIG. 1B illustrates an end plan view of a scrubber

brush subassembly according to embodiments.

[0012] FIG. 2A illustrates an isometric view of a stiffened

scrubber brush sleeve according to embodiments.

[0013] FIG. 2B illustrates an isometric end view of a
scrubber brush sleeve showing the raised ribs extending along

a length of the sleeve according to embodiments.

[0014] FIG. 2C illustrates an end view of a scrubber brush

sleeve showing the raised ribs according to embodiments.

[0015] FIG. 2D illustrates a partial enlarged side view of
a scrubber brush sleeve showing the elongated pockets and

friction-enhancing apertures according to embodiments.

[0016] FIG. 3A illustrates an isometric view of a mandrel

according to embodiments.

[0017] FIG. 3B illustrates an enlarged cross-sectioned view
of a mandrel taken along section lines 3B-3B of FIG. 3A

according to embodiments.

[0018] FIG. 3C illustrates a cross-sectioned side view of a
mandrel taken along section lines 3C-3C of FIG. 3B according

to embodiments.

[0019] FIG. 3D illustrates a cross-sectioned side view of a
mandrel taken along section lines 3D-3D of FIG. 3B according

to embodiments.
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[0020] FIG. 4 illustrates an isometric view of an assembly
of a mandrel having the sleeve received thereon according to

embodiments.

[0021] FIG. 5A illustrates an end plan view of a scrubber

brush assembly according to embodiments.

[0022] FIG. 5B illustrates a cross-sectioned side view of a
scrubber brush assembly taken along section line 5B-5B of FIG.

5A according to embodiments.

[0023] FIG. 5C illustrates a cross-sectioned end view of a
scrubber brush assembly taken along section line 5C-5C of FIG.

5B according to embodiments.

[0024] FIG. 5D illustrates a cross-sectioned side view of a
scrubber brush assembly along section line 5D-5D of FIG. 5C

according to embodiments.

[0025] FIG. 6A illustrates a partial cross-sectioned side
view of an end of a scrubber brush assembly coupled to a drive

coupling according to embodiments.

[0026] FIG. 6B illustrates a partial cross-sectioned side
view of an end of a scrubber brush assembly coupled to a

spacer according to embodiments.

[0027] FIG. 7 illustrates a flowchart of a method of

assembling a scrubber brush assembly according to embodiments.
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DETAILED DESCRIPTION

[0028] A scrubber brush assembly is provided that includes
an inner surface receiving a sleeve having raised ribs adapted
to couple (e.g., lock) into recesses (e.g., groves) of a
mandrel. The mandrel is received into the sleeve and
interfaces with the raised ribs so as to form a scrubber brush
assembly that may be used for cleaning a substrate and
minimize relative rotation (e.g., rotational slippage) there
between. For example, the scrubber brush assembly may be
employed in a substrate processing system, such as a substrate
cleaning system, to scrub and/or clean a major surface of a
substrate during substrate processing. Further, the scrubber
brush assembly may be used in other substrate processing

systems.

[0029] Certain prior art scrubber brushes have included a
smooth cylindrical inner surface having a sleeve received
therein. Generally, because no adhesive may be allowed to be
used because such chemicals in the adhesive might contaminate
the liquid used in the scrubbing/cleaning operation,
mechanical locking between the scrubber brush and the sleeve
have been utilized to restrain relative rotation there
between. However, it was discovered by the inventors that when
convention systems are used in cleaning operations on
relatively large substrates, this smooth surface may have a
propensity to rotate on the mandrel due to increased friction
forces between the brush and the relatively larger substrate
surface being scrubbed by the scrubber brush. This is
especially true when substrates larger than 300 mm are being

processed, such as those of 450 mm or above. Moreover, the
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length of the mandrel being increased to accommodate longer
scrubber brushes also causes bending problems which

exacerbates sleeve slippage against the scrubber brush.

[0030] In order to overcome one or more problems of the
prior art assemblies, apparatus and assembly embodiments of
the invention provide increased mechanical engagement between
the mandrel and the scrubber brush. In particular, in one
aspect, a scrubber brush subassembly includes improved sleeve
bending stiffness and mechanical engagement between the sleeve
and scrubber brush by providing the sleeve having an exterior
surface received in contact with the interior surface of the
scrubber brush, wherein the sleeve includes a plurality of
peripherally-spaced, longitudinal walls extending along a
length of the sleeve, and reinforcing segments provided along
the length and interconnecting adjacent ones of the
longitudinal walls to form elongated pockets. The reinforcing
segments may be in the form of hoops arranged along the length
of the sleeve, and may increase the bending stiffness of the
sleeve by about a factor of about 30% or more. Frictional
engagement between the interior foam surface of the scrubber
brush and the sleeve is improved by the provision of the
elongated pockets, as well as by the addition of friction-
enhancing apertures formed along the length of the plurality
of peripherally-spaced, longitudinal walls.

[0031] In another aspect, a stiffness of the scrubber brush
mandrel adapted to be received in the scrubber brush
subassembly is dramatically stiffened. Accordingly, mandrel
bending is use may be minimized, especially when large
substrates of 450 mm or greater are being scrubbed and/or

cleaned. The mandrel stiffness is increased by providing a
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mandrel body having at least one stiffening member offset from
a central axis received in the mandrel body. In one or more
embodiments, the mandrel comprises a plurality of stiffening
members offset from and arranged around the central axis, such
as circular rods received in pockets formed in the mandrel
body. To further improve bending stiffness, the mandrel body

may comprise a polyetheretherketone (PEEK) material.

[0032] Accordingly, the scrubber brush may be mechanically
locked in place relative to the sleeve (e.g., so as to prevent
the scrubber brush from rotating relative to the sleeve) even
when large substrates are scrubbed and/or cleaned. Further,
bending of the mandrel, the scrubber brush subassembly, and
the scrubber brush assembly may be minimized. Accordingly,
longer scrubber brushes may be used to process the larger
substrates. These and other aspects of embodiments of the
invention are described below with reference to FIGs. 1-7

herein.

[0033] FIGs. 1A and 1B illustrate an isometric view of a
scrubber brush assembly 100 (FIG. 1A) and end view of a
scrubber brush subassembly 1005A (FIG. 1B). The scrubber brush
assembly 100 comprises the scrubber brush subassembly 100SA
mounted to a mandrel 324 (FIG. 3A). The scrubber brush
subassembly 100SA includes a scrubber brush 101 and a sleeve
102 (FIG. 1B). The sleeve 102 is received in the scrubber
brush 101 and the mandrel 324 (FIG. 3A-3B) is received in the
sleeve 102 in accordance with one or more embodiments of the
present invention. The scrubber brush 101 may be generally
cylindrical in shape and have a scrubber brush body 103 with
an exterior surface 104 that may be profiled. The profiled

exterior surface 102 may include numerous molded exterior
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surface features 105, such as cylindrical nodules that project
radially from a cylindrical surface 106 of the scrubber brush
body 103. The molded exterior surface features 105 may be
provided substantially along an entire length L of the
scrubber brush 101 from a first end 107A to a second end 107B
thereof. The molded exterior surface features 105 may be
provided in any suitable pattern, such as in staggered rows,
wherein the nodules of adjacent rows may be offset lengthwise
from one another in adjacent rows. Other exterior surface
shapes, nodule shapes, and/or nodule patterns may be used.
Alternatively, in other embodiments, the exterior surface 104
of the scrubber brush 101 may include a smooth geometry and

may be devoid of such nodules.

[0034] The entire scrubber brush body 103 of the scrubber
brush 101 may, for example, be made of a resilient and porous
foam material that may have sponge-like properties. For
example, the foam material may comprise an open-cell foam,
such as an open-cell polyurethane foam material. Other and/or
different open-cell foam materials may be used, such as

polyvinyl acetate (PVA), or polypropylene.

[0035] The scrubber brush 101 may include an interior
surface 108, such as a cylindrical interior surface, into
which the sleeve 102 is received. In one or more embodiments
of the invention, the sleeve 102 may comprise one or more
raised ribs 112 that are configured and adapted to directly
couple into and be received within recesses 326 formed in an
outer surface of a mandrel 324 (FIGs. 3A-3B). In the depicted
embodiment, a plurality of raised ribs 112 are shown. However,

two or more, three or more, four or more, or even five or more
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raised ribs 112 may be used. Other numbers of raised ribs may

be used.

[0036] As shown in FIG. 1B, the raised ribs 112 may have a
height H, as measured from the outer surface of the sleeve 102
to the innermost surface of the raised rib 112, of greater
than about 1 mm, and between about 1 mm and about 2 mm in some
embodiments. A width W of the raised ribs 112 may be greater
than about 4 mm, and may be between about 4 mm and about 5.5
mm in some embodiments. Other height H and width W dimensions
may be used. The raised ribs 112 may include three sides such
as shown in FIG. 1B. At least some portion of the three sides
may be received within the recesses 326 of the mandrel 324
(FIG. 3A-3B). Other suitable shapes for the raised ribs 112

may be used. For example, the sides may be tapered or sloped.

[0037] The sleeve 102 and the raised ribs 112 may be
manufactured from a suitably rigid material. For example, the
sleeve 102 and the raised ribs 112 thereof may comprise a
polyetheretherketone (PEEK) material. Other suitably rigid
materials may be used. The sleeve 102 forms a mounting passage

110 into which the mandrel 324 (FIGs. 3A-3B) may be received.

[0038] In particular, the scrubber brush 101 including the
interior surface 108 may receive the sleeve 102 therein by
sliding and/or use of a funnel tool. Optionally, the sleeve
102 may be provided in a mold, and the scrubber brush 101 may
be formed (pre-molded) onto the sleeve 102. Upon being
received therein, the scrubber brush body 103 of the molded
foam becomes mechanically locked to the exterior surface 214
(FIG. 2A-2D) of the sleeve 102, such that rotation is avoided

or minimized as will be apparent from the following. In both
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instances, the mandrel 324 is coupled to the scrubber brush
subassembly 100SA by directly coupling (e.g., receiving) the
raised ribs 112 within the recesses 322 formed in the mandrel

324.

[0039] In accordance with an aspect of embodiments of the
invention, the configuration of the sleeve 102 has been
improved to provide a relatively high stiffness in bending. In
particular, the sleeve 102, as shown in FIGs. 2A-2D, includes
an exterior surface 214 that may be cylindrical and is
received in contact with the interior surface 108 of the
scrubber brush 101 comprising foam (e.g., open-cell foam). The
sleeve 102 includes peripherally-spaced, longitudinal walls
216 arranged about a longitudinal axis 215 that extends along
a physical center of the sleeve 102. The peripherally-spaced,
longitudinal walls 216 extend along the longitudinal axis 215
and may comprise three or more, four or more, or five or more

in number. Other numbers of walls 216 may be used.

[0040] In one or more embodiments, the longitudinal walls
216 may be evenly spaced about a radial periphery of the
sleeve 102. Interconnecting adjacent ones of the peripherally-
spaced, longitudinal walls 216 are end segments 217 located at
or near the ends of the sleeve 102. Also interconnecting
adjacent ones of the peripherally-spaced, longitudinal walls
216 are one or more reinforcing segments 218 located between
the end segments 217. In the depicted embodiment, a plurality
of reinforcing segments 218 are provided along the
longitudinal length of the sleeve 102 and are provided in a
manner so as to form hoops (i.e., arranged at the same
longitudinal location along the sleeve 102). For example, one

Oor more, two or more, three or more, four or more, or five or

_12_
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more reinforcing segments 218 may be provided. In the depicted
embodiment, six reinforcing segments 218 are provided
interconnecting adjacent ones of the peripherally-spaced,
longitudinal walls 216 and forming six reinforcing hoops along
the length of the sleeve 102. Other numbers and arrangements
of reinforcing segments 218 may be used. The reinforcing
segments 218 substantially increase a bending stiffness of the
sleeve 102. Accordingly, a relatively longer scrubber brush
101 may be accommodated without appreciable deflection at the
center thereof, such as when scrubbing large substrates (e.g.,

with diameters of 450 mm or more).

[0041] The reinforcing segments 218 interconnect adjacent
ones of the peripherally-spaced, longitudinal walls 216 and
also form elongated pockets 220 in the sleeve 102. Elongated
pockets 220 may be generally rectangular in shape. In one or
more embodiments, the elongated pockets 220 may have a length
along the central axis 215 that is greater than a width
thereof. The elongated pockets 220 function to engage the
interior surface 108 of the scrubber brush 101. As such, the
elongated pockets 220 function to restrain relative rotation
as well as relative axial motion between the scrubber brush
101 and sleeve 102. As discussed above, the sleeve 102 also
includes a mounting passage 110 with raised ribs 112 extending

along the longitudinal length.

[0042] In the depicted embodiment of FIGs. 2A-2D, the
raised ribs 112 extend longitudinally along substantially an
entire length of the sleeve 102. In the depicted embodiment,
the raised ribs 112 are oriented so they extend along an
inside of the peripherally-spaced, longitudinal walls 216, and

may be approximately centered thereon. However, other

_13_
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locations of the raised ribs 112 on the sleeve 102 may be
used. The sleeve 102 may be approximately a same length as the
scrubber brush 101. In order to further retain relative
rotation between the sleeve 102 and scrubber brush 101,
further friction enhancing features may be provided on an
exterior surface 214 of the sleeve 102. For example, friction-
enhancing apertures 221 may be formed in the peripherally-
spaced, longitudinal walls 216. The friction-enhancing
apertures 221 may be arranged in a row and generally evenly
spaced along the length of the sleeve 102. The elongated
pockets 220 and friction-enhancing apertures 221 operate to
engage with the interior surface 108 of the scrubber brush

101.

[0043] Now referring to FIG. 3A-3D, a mandrel 324 of the
scrubber brush assembly 100 (FIGs. 1, and 5A-5D) is described.
The mandrel 324 as described herein exhibits increased bending
stiffness, and thus may accommodate relatively longer scrubber
brushes 101. The mandrel 324 may be inserted directly into the
mounting passage 110 of the sleeve 102 and the raised ribs 112
of the sleeve 102 may be received within and directly couple
to the plurality of recesses 326 that are formed in the
mandrel 324 so as to form a scrubber brush assembly 100 having

utility for use during substrate processing.

[0044] In more detail, the mandrel 324 includes a mandrel
body 425 that may have a generally cylindrical shape. A
central axis 325A extends along a center of the mandrel 324.
The plurality of recesses 326 may comprise square bottom
grooves and are formed on an outer surface 328 of the mandrel
324. The recesses 326 extend longitudinally, preferably along

an entire length of the mandrel 324. The number of recesses

_14_
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326 may equal the number of raised ribs 112 on the sleeve 102.
The recesses 426 may have a shape that closely matches the
shape of the raised ribs 112 on the sleeve 102, but may be
slightly larger than the raised ribs 112 to allow ease of
assembly of the scrubber brush subassembly 100SA onto the
mandrel 324.

[0045] In the depicted embodiment, to provide enhanced
bending stiffness, at least one stiffening member 330 is
provided in the mandrel body 325. The stiffening members 330
may be offset from the central axis 325A and received in
pockets 332 (FIG. 3D) formed in the mandrel body 325. The
number of stiffening members 330 may include two, three, four
or more. Preferably, the stiffening members 330 may be
provided in an equally spaced orientation, and may be provided
radially equidistant from the central axis 325A. Stiffening
members 330 may comprise rods or hollow rods, as shown in FIG.
3D that may extend along a length of the mandrel and may be
approximately parallel with the central axis 325. The
stiffening members 330 may comprise a material having a
relatively higher modulus of elasticity (e.g., stiffness) than
the mandrel body 325. For example, the mandrel body 325 may
comprise a polyetheretherketone (PEEK) material, whereas the
stiffening members 330 may comprise a metal, such as steel or
aluminum. Other rigid materials may be used for the mandrel
body 325 and stiffening members 330. As shown in FIG. 3D, the
stiffening members 330 may extend along substantially an
entire length of the mandrel body 325 and may be of
substantially equal length. The stiffening members 330 may be
retained in the mandrel body 325 by having a slight
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interference fit with the pockets 332 and also be being

captivated by the end spacer 333.

[0046] As shown in FIG. 3B, 3C and 3D, the mandrel 324 may
include a central liquid passage 334 extending along a length
of the mandrel body 325 and terminating in the mandrel body
325 at an end near the end spacer 333. Arranged along the
length of the mandrel 324 are liquid feed ports 336 (only a
few are labeled) which are fluidly interconnected connected to
the central liquid passage 334 and operate as distribution
channels to distribute a liguid used in the cleaning and/or
scrubbing process to enter into the pores of the open-cell
foam body of the scrubber brush 101. The liquid feed ports 336
extend from the central liquid passage 334 internal to the
mandrel 324, between the stiffening members 330 as shown in
FIG. 3B and 3D, and to the outer surface 328 of the mandrel
324. The liguid feed ports 336 (e.g., holes) may be arranged
in a row and may be generally evenly spaced along a length of
the mandrel 324 as shown in FIGs. 3C and 3D and FIG. 4. Two oOr
more, three or more, or even four or more liquid feed ports
336 may exit into each elongated pocket 220 of the sleeve 102.
Other numbers and orientations of liquid feed ports 336 may be
employed. The liquid feed ports 336 allow chemicals to be
jetted directly into the foam structure (e.g., open-cell foam)
of the scrubber brush 101 from the mandrel 324 inserted in the
mounting passage 110 of the sleeve 102. Located at the end
opposite the end spacer 333, is a coupling-receiving feature
338. The coupling-receiving feature 338 is adapted to receive

a coupling 540 (FIG. HA), as will be described below.

[0047] FIG. 4 illustrates an assembly 400 of the mandrel

324 with the sleeve 102, wherein the sleeve 102 is received

_16_
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over the outer surface 328 of the mandrel 324. In the depicted
embodiment, the raised ribs 112 (FIG. 1B) are received in the
recesses 326 (FIG. 3A), which functions to orient the
elongated pockets 220 of the sleeve 102 with the liquid feed
ports 336. Thus, the dispensed ligquid may exit the liquid feed
ports 336 and exit directly into the open-cell foam of the
scrubber brush 101 (FIG. 1B) through the elongated pockets
220. Together, the combination of the sleeve 102 including the
reinforcing segments 218 and the mandrel 324 with the
reinforcing members 330 provides a substantially stiffer
assembly 400, while still allows adequate ligquid flow and
generally uniform liquid distribution into the scrubber brush
101. Furthermore, the elongated pockets 220, and apertures 222
provide an excellent mechanical lock and operates to prevent
or minimize the scrubber brush 101 from twisting and/or

rotating (e.g., slipping) relative to the sleeve 102.

[0048] Referring now to FIGs. H5A-5D, various views of the
scrubber brush assembly 100 and components thereof are shown.
The scrubber brush assembly 100 includes the scrubber brush
101, and the sleeve 102 described above having a mounting
passage 110 (FIG. 1B) that is received over a mandrel 324. In
operation, the mandrel 324 may be driven and rotated, such as
by the motor of a brush box or other tool, to cause the
scrubber brush 101 to rotate relative to a substrate surface
during a scrubbing operation. When the scrubber brush 101
needs to be replaced, the mandrel 324 may be easily removed
from the scrubber brush subassembly 100SM (FIG. 1B) and a new
scrubber brush subassembly 100SA may be inserted thereon to

form a new scrubber brush assembly 100. The new scrubber brush
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assembly 100 then may be used for substrate processing as

previously described.

[0049] In more detail, the mandrel 24 may be coupled to a
coupling 540 on one end and to a support member 545 on the
other end. As shown in FIG. 5B, the support coupling 545
interfaces with the spacer 333 and supports the right end of
the scrubber brush assembly 100, as shown, while allowing
rotation thereof. On the left end as shown, the coupling 540
engages the coupling-receiving feature 338 and seals against a
sealing surface (e.g., a cylindrical surface) of the coupling-
receiving feature 338 to allow ligquid to pass into the central
liquid passage 334. The coupling 540 may also include a drive
feature such as a squared end that is received in a like-
shaped squared surface feature of the coupling-receiving
feature 338 (FIG. 5A) so that the scrubber brush may be
rotated by a drive member (not shown) attached to the coupling

540.

[0050] To prevent the scrubber brush 100 from sliding along
a length of the mandrel 324 in use, stops may be formed on the
coupling 540 and the spacer 333 (e.g., planar annular lips)
that contact an end of the sleeve 102 when the scrubber brush
assembly 100 is installed between the coupling 540 and the
support member 545. Rotation of the coupling 540 therefore
rotates the scrubber brush assembly 100. BRearings and bearing
supports (not shown) may stabilize the entire assembly of the
coupling 540, support member 545, and the scrubber brush
assembly 100. Ligquid chemicals may be provided through the
coupling 540, into the central liquid passage 324 where it
passes through the numerous liquid feed ports 336 and into the

scrubber brush 101.
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[0051] FIGs. 5C and 5D illustrate various other cross
sections of the scrubber brush assembly 100. Clearly shown are
the one or more stiffening members 330 and the relative
orientation thereof. In particular, as shown, the stiffening
members 330 are substantially radially aligned with the
recesses 326 in the mandrel 324. As shown, the stiffening
members 330 are disposed in a circular pattern equidistant
from a central axis 325 and at approximately 90 degrees from

one another.

[0052] FIGs. 6A and 6B illustrate the connections of the
scrubber brush assembly 100 to the coupling 540 and spacer
333. In particular, the coupling 540 may be a spring loaded
coupling received in the coupling-receiving feature 338. The
coupling 540 may both seal against the feature 338 and lock
into the feature 338 (e.g., lock into the squared surface to
prevent rotation between the coupling 540 and the mandrel 324)
such that a liguid may be transferred and the scrubber brush

assembly 100 may be rotated thereby.

[0053] FIG. 7 illustrates a method for assembling a
scrubber brush assembly (e.g., 100). The method 700 includes,
in 702, providing a scrubber brush subassembly (e.g., 100SA)
having a scrubber brush body (e.g., 103) of molded foam having
an interior surface (e.g.,108), and a sleeve (e.g., 102)
having an exterior surface (e.g., 214) received in contact
with the interior surface (e.g.,108), the sleeve (e.g., 102)
including a plurality of peripherally-spaced, longitudinal
walls (e.g., 216) extending along a length of the sleeve
(e.g.,102), and reinforcing segments (e.g., 218)
interconnecting adjacent ones of the peripherally-spaced,

longitudinal walls (e.g., 216) provided along the length, the

_19_
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sleeve (e.g., 102) having a mounting passage (e.g., 110) with
raised ribs (e.g.,112). The method 700 also includes, in 704,
providing a mandrel (e.g., 324) having a mandrel body (e.g.,
325) with recesses (e.g., 326) formed on an outer surface
(e.g., 328), and, in 706, inserting the mandrel (e.g., 324)
into the mounting passage (e.g., 110) and receiving the raised

ribs (e.g., 112) within the recesses (e.g., 326).

[0054] Accordingly, while the present invention has been
disclosed in connection with example embodiments thereof, it
should be understood that other embodiments may fall within
the scope of the invention, as defined by the following

claims.
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THE INVENTION CLAIMED IS:

1. A method of assembling a scrubber brush assembly,
comprising:

providing a scrubber brush subassembly having a scrubber
brush body of molded foam having an interior surface, and
a sleeve having an exterior surface received in contact with
the interior surface, the sleeve including a plurality of
peripherally-spaced, longitudinal walls extending along a
length of the sleeve, and reinforcing segments interconnecting
adjacent ones of the peripherally-spaced, longitudinal walls
provided along the length, the sleeve having a mounting
passage with raised ribs;

providing a mandrel having a mandrel body with recesses
formed on an outer surface; and

inserting the mandrel in the mounting passage and
receiving the raised ribs within the recesses to form the

scrubber brush assembly.

2. The method of claim 1, comprising stiffening the mandrel
by receiving one or more stiffening members in the mandrel

body.

3. The method of claim 2, further comprising stiffening the
mandrel by receiving a plurality of stiffening members in

pockets formed in the mandrel body.

4. The method of claim 1, further comprising providing
friction-enhancing apertures along the plurality of

peripherally-spaced, longitudinal walls of the sleeve.
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5. The method of claim 1, further comprising providing liquid
feed ports in the mandrel that are oriented to exit into
elongated pockets formed by the plurality of peripherally-
spaced, longitudinal walls and the reinforcing segments of the

sleeve.

6. A scrubber brush assembly, comprising:

a scrubber brush having a scrubber brush body of open-
cell foam including an interior surface;

a sleeve having an exterior surface received in contact
with the interior surface, the sleeve including peripherally-
spaced, longitudinal walls extending along a length of the
sleeve, and reinforcing segments provided along the length of
the sleeve interconnecting adjacent ones of the peripherally-
spaced, longitudinal walls and forming elongated pockets, the
sleeve having raised ribs extending along the length;
and

a mandrel having recesses formed on an outer surface of
the mandrel, the mandrel being coupled to the raised ribs by

receiving the raised ribs within the recesses.

7. The scrubber brush assembly of claim 6, wherein the raised
ribs are formed along an inner surface of the peripherally-

spaced, longitudinal walls.

8. The scrubber brush assembly of claim 6, comprising
friction-enhancing apertures arranged along of the

peripherally-spaced, longitudinal walls.
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9. The scrubber brush assembly of claim 6, wherein the

reinforcing segments comprise hoop structures.

10. The scrubber brush assembly of claim 6, comprising at
least three of the elongated pockets formed by the reinforcing
segments along the length between adjacent ones of the

peripherally-spaced, longitudinal walls.

11. The scrubber brush assembly of claim 10, wherein liquid
feed ports on the mandrel are oriented to exit into the

elongated pockets.

12. The scrubber brush assembly of claim 6, wherein the
mandrel comprises at least one stiffening member offset from a

central axis of the mandrel.

13. The scrubber brush assembly of claim 12, wherein the
mandrel comprises a plurality of stiffening members offset

from, and arranged around, a central axis.

14. A scrubber brush subassembly, comprising:

a scrubber brush body of molded open-cell foam having an
interior surface; and

a sleeve having an exterior surface received in contact
with the interior surface, the sleeve including a plurality of
peripherally-spaced, longitudinal walls extending along a
length of the sleeve, and reinforcing segments provided along
the length and interconnecting adjacent ones of the

peripherally-spaced, longitudinal walls to form elongated
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pockets, the sleeve including a mounting passage having raised

ribs extending along the length.

15. A scrubber brush mandrel, comprising:

a mandrel body having a central axis and recesses formed
on an outer surface of the mandrel, the recesses extending
longitudinally and configured and adapted to receive raised
ribs of a scrubber brush subassembly; and

at least one stiffening member received in the mandrel

body and offset from the central axis.
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'/ 700

Providing A Scrubber Brush Subassembly Having A Scrubber

Brush Body Of Molded Foam Having An Interior Surface, And
A Sleeve Having An Exterior Surface Received In Contact
With The Interior Surface, The Sleeve Including A Plurality Of
Peripherally-spaced, Longitudinal Walls Extending Along A \

Length Of The Sleeve, And Reinforcing Segments
Interconnecting Adjacent Ones Of The Peripherally-spaced, 702
Longitudinal Walls Provided Along The Length, The Sleeve

Having A Mounting Passage With Raised Ribs

!

Providing A Mandrel Having A Mandrel Body With Recesses
Formed On An Outer Surface

] ™

704

Inserting The Mandrel Into The Mounting Passage And
Receiving The Raised Ribs Within The Recesses To Form
The Scrubber Brush Assembly \

706

FIG. 7
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