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BRUSH CORE FCR DISK SCRUBBING APPARATUS
AND METHOD rOR USE THEREOF

This application claims priority from United States
provisional appiication Serial No. 60/136,912, filed June 1,
1998,

FIELD OF THE INVENTION

The present invention relates generally to apparatuses

for cleaning thin discs, such as semiconductor wafers, compact

‘disks, and the like., More particularly, the invention relates to

brusn apparatuses for cleaning thin discs.

BACKGROUND OF THE INVENTION
For fabrication of semiconductor devices, thin slices

or wafers of semiconductor material .require polishing by a
process that applies an abrasive slurry to the wafer's surfaces.
After pclilishing, slurry residue is generaily cleaned or scrubbed
from the wafer surfaces via mechanical scrubbing devices, such as
polyvinyl acetate (PVA) brushes, brushes made £rom otnex porous
or sponge-like material, or brushes made with nylon bristles.

A brush apparatus for cleaning discs is covered by the
cc-pending U. S. patent applicazion Serial No. 09/113,447, having
& filing date of Juiy 10, 1998 and assigned to the present
assignee, entitled "Wafer Edge Scrubbex”, the teachings of which
are incorporated by reference herein. The inventiorn described in
the applicationr provides an improved scrubbing apparatus having a
profiled surface to more effectively mechanically remove residue
from the wafer's profiled surface (i.e., the flat surface and the
beveled edge).

Figure 1 1s a side bverspective view of .a scrubbing
device 10 for wafer c¢leaning including & Dplatform 13 Zor

supporting a wefer w to be cleaned. First and second brush
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rollers, 13a and 13b, are coupled to the platform 1S5 so as to
contact both sides of a wafer positioned thereon. A conventionai
nechanism 17, such as a motor, is operatively coupled to the
first and second brush rollers, 13a and 13k, so as to selectively
rotate the first and second brush rollers, 1l3a and 13b. Further,
a rotating mechanism 17 is operatively coupled to the platform 15
so as to rotate the wafer w positioned thexreon. Preferably, as
shown in FIG. 1, the platform 15 comprises a plurality of
rotating wheels 19a-c for both supporting and rotating the wafer
w. Specifically, each rotating wheel 1%9a-c has a central notch
or groove 16 having a sidewall angle (e.g. of 43E) such that only
the very edge of the wafer w contacts the rotating wheels 1%a-c.
The notches 16 thus prevent damage to the front or back wafer
surfaces. ,

in operation, the first and second orush rcllers, 13a
and 13b, are iritially in an oper positicn, a suilicient distance

from each other

n

0o as to allow a wafer to be inserted
therebetween. Thereafter, <the wafer w .to be cleaned 1is
positioned between the first and second brush rollers, 13a and
13n, and the brush rollers assume a closed position, sufficiently
close ©o each other so as %to both hold the wafer w in place
therebetween and toc exert a force on the wafer surfaces adecuate
to achieve effective cieaning.

once the brush rollers are in the closed position, the
spinning mechanism 17 is engaged and the first and second brush
rollers, 13a and 13b, kegin to spin. Preferably the Dbrxush
rollers spin in opposite directions, as irndicated by arrows Sl
and S$2 in FIG. 1, eppiying forces to the wafer in a first
direction {e.g., downward) whi_e the wafer rotates, so as to
drive the wafer into the rotating wheels 1%a-c so that the wafer

remains engagecd thereby.
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The top and boztom surfaces of wafer w are cleaned of
slurry residue when contacted by the nocules, indicated by 12 and
i4, of the brush rollers. More 'specifically, a first set of
rodules 12 contacts tke flat surfaces of the wafer and thes secord
set of nodules 14 contact the edge surfaces of *he wafer. In
addition, water is supplied to the wafer surface through
perforations in thke brush surface to assist in the removal of
contaminants.

While the pair of brush rollers spin, the rotating
wheels 19a-c which engage the wafer's edge rotate caising the
wafer to rotate. Rotation of *he wafer w ensures that the pair
of brush rollers, 13a and 13b, contact each pcint along the
surface of the wafer w. Preferably, the profile of the scrubbing
surface of a brush roller is designed to foliow the wafer's
profiie, such that a urniform contact force is applied to both the
flat surfaces and the profiled surfaces of the wafer.

The brush rollers are, as illustrated in FIG. 2,
typicaily comprised of a sof:t cylindrical outer brush, 21, of
Polyvinyl Acetate (PvA) havirg a hollow center, mcunted on a
rigid core, 22, made of polypropylene or polyvin ylidenefluoride,
which is inserted into the hollcw cernter of the bdrush to provide
structura> rigidity. It is the core of the brush roller assembly
that is operatively coup.ed to the rotating mechanism, 17, Jor
rotating the brush roller assembly. The core is sized such that
its outer diameter (OD) fits snugly against the Inner diameter
(ID) of the brush. When the brush rollexr assembly is caused to
rotate by the rotating mechanism, a snug fit is required between
the core and the brush sc that “he brush and core rotate together
with no rela*ive rotation caused by slipping therebetween. The

rigid core preferadly has a conduit disposed along its center

3 \
- This-Sheet Has B

I



axis for providing £luvida (i.e., water) <o the wafer surface
during cleaning.

The nodules or bristles. on the brushes become worn,
due to repeated usage, and must be replaced periodically. During
replacemer.it, the core 22 is removed from the worn brush ang
inserted into the hollow core of a new brush. Necessarily, there
are costs associated with the replacement Dprocess, including
operator time and macainre downtime. In addition to the time
recguired for detaching the old brush roller assembly from the
rotating mechanism and reattaching the new asserbly, the step of
physically loading the new brush onto the core is time consuming
due to the tight =tolerances reguired £or the snug fit. In
addition, the relatively soft brushes are often torn in the
loading prccess, resulting in furtner downtine and increased
costs. Moreover, the insertion of the core into the new brush
requires considerzble handling of the brush, which can trarsfer
oils and other contaminants tc¢ the brush, therepby conpromising
the integrity of the brush assembly for Zuture wafer cleaning.

Accordingly, an improved method Zor mounting brush and
core assemblies for wafer cleaning, and an improved apparatus for
facilitating the mounting of brushes on cores for wafer cleaning

is needed.

SUMMARY OF THE INVENTION
One aspect of the invention comprises a compressible

brush core havin a mechanism for allowing compression of the
outer diameter of the brush core and a mechanism for selectively
prohibiting compression of the ouzer diameter of the core. The
inventive multiple-part brush ccre may comprise an outer sleeve
core component, having a hollow center ard having at least one

notch for allowing compression of the core during inser+ion into
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the hollow center oZ a brush, anrnd anrn inner mandarin core
comporent for insertion irto the center of the outer core
component to provide rigidity during use. The at least one notch
ir. the outer core may coOrnprise one or more slits extending along
all or a portion of the length of the outer core. In addition,
the £first, notcred, end of the outer core componen: may be
tapered to facilitate insertion into the hollow center of the
brush, anrd ray include a plurality of rows of threads for
securing with an oppositely-threaded securing device (e.g. a rut,
optionally having mounting hardware disposed thereon) upon final
assembly. The second end of the outer core ccrponent may include
a section of expanded diameter, providing a stooping point Zfor
the brush disposed thereon. The second end may additionally
comprise a plurality of rows of threads disposed along its inside
diameter for fixedly attaching tc the inner core component.
Alternatively, the second end oI the outer core nay include a
slit for engaging a compressible opin, located on the inner core
comporient, for securing the two components of the core.

The inner core compeonent may comprise a rigid
corponert having a first end for insertion into the second end of
the outer core and a second end, may include a plurality of rows
of threads for fixedly connecting to the threads located on the
inside of the second erd of the outer core, or a retractable pin
for engaging 2 slit in the surface of the outer core component.
The second end of the inner core may additionally include
mounting bhardware, including a spring-loaded spindle, for
attachirg to the scrubbing device and rotating mechanism thereof.
The inrer core component may include a conduit disposed zlong its
axis for supplying deionized water, or otrer fluid as

appropriate, to the wafer surface.
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Spring~-loaded mounting hardware, dispcsed on tﬁe
secor.d end of the inrer core or on the securing device attached
at the Zirst end of the outer core cempcnent, may be provided for
coupling to a scrubber device. Alternatively, the scrubbin
device may include a pair of opposed spindles adapted to support
the brush and core assemdbly, with one of the spindles being
rnounted on a compressive spring. For installing a brush and core
assembly into a scrubber device, the spring-loaded coupling
disposed either or either the brush core assembly or or the
scrubber device is compressed, aligned with an opposite coupling,
and released, thereby achieving coupling whereby the force of the
spring will hold the brush core assembly ir place.

Other features and advartages of the present invention
will become more fully apparent from the following detailed
description of the preferred embodiments, the appended claims,

ard the zccompenying drawings.

BRIEF DESCRIZ?TION OF THZ DRAWINGS
FIG. 1 is a side perspective view of & scrubbing

device for wafer clearning as previously described;

FIG. 2 is a side perspective view of a brush rolier
assembly in accordance witk the prior art as previously
described;

FIG. 3 is a side perspective view of an outer portion
of the inventive two part brush core;

FIG. 4 is a side perspective view oI the inner portion

of the inventive two part bdbrush core;
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TIG. 5 is a side perspective view of an inventivé two
part core comprising tke inner and outer portions of FIGS. 3 and
4; , '

FIG. 6 is a side perspective view of a brush core
assembly being inserted into a scrubber device having arn
inventive spring-loaded ccup.ing; and

FIG. 7 is a side perspective view of a brush core
assembly having spring-loaded mounting hardware incorporated into

one of the core components.

STAILED DESCRIPTZON OF THE PREFERRED EMBODIMENT
The brush core of the present invention ianciudes first

and second components irncluding a hollow outer core component, to
pe inserted into the hollcw center of a2 brush, and an inner core
component for insertion into the hol_ow center of the outer ccre
component, wherein the outer diameter of the outer core, in an
uancompressed steate, is sized to Zit snugly witain the hollow
center of the brush, ard the outer diameter of the inrer core is
substantially the same as the inner diameter oI the outer core
in an uncompressed state. The hollow ouier core component is
adapted to be selectively compressed (e.g., mantally)  to
facilitate insertion into the hollow center of the brush. The
inner core component is rigid and, whern inserted into the hollow
outer core component, provides structural integrity to the
assembly.

The outer ccre o2 the present invention is illustrated
in FIG. 3. As depicted in FIG. 3, the outer core, 30, is a
hollow cylinder of substantially fixed outer diameter (OD) having
a first and a second ernd and including at least one notch, 31,
disposed at the first end. PolyvinylideneZluoxride (PVDF) 1is the

matexial of choice for £fabricating the outer core component,
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althougnh other materials, such as polypropylere or Teflon™ may be
used. The ouvter diameter of the outer core 30 In its
uncompressed state is substantially the same as the inner
dieameter of the brushes with which the core assembly will be
used. The outer core 30 has a wall thickness and inner diameter
which are chosen to be optimal for both compressibility and
structural integrity for the selected materials. Unduly =czhick
walls may compromnise the compressibility of the structure, while
unduly thin walls may wear too quickly, particularly at the base
of a slit or notch where the forces from compression will be
concentrated.

Compression in the outer core 30 1s realized by
exerting pressure onto the notch 31 at the first end of the outer
core, which effectively reduces the outer diameter (OD) oI the
outer core znd allows the brash (FIG. 1) to easily slide ornto the
outer core. The notch 31 additionally provides a path Zor
release of fluid (e.g., deionized water) to the brush durirg
scrubbing. "he width of eack rotch 31 is selected to allcw
compression to achieve recduced diameter while optimizing £iuid
flow to the brush surface. The length of the notch 31, or slit,
may be arbitrarily selected, with arn optiral length Dbeing
substantially the length of the outer core 30, to effectively
reduce the diameter of the entire outer core 30 during brush
nounting and to optimize fluid flcw. In addition, there may be
any nurber of slits 31 cut irto *he Zixst end of the outer core
30. An optimal arrangement is to provide fcur (¢) slits disposed
at 90° angles with respec:t to each cther. Such an array of slits
allows uniform compression ¢f at least the first end of the outer
core 30 without disproportiorately stressing the remainder of the

outer core materigl
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The Zirst, notched, end of =he cuter core 30 is
ovreferably tapered for ease of insertionn into the hollow center
of the brush (FIG. 1). Cnce the tapered end heas been_inserted,
compression can be realized by exerting pressure at the second
end of the outer core 3C to further insert the outer core 30
into the brush center. In this way, it becomes unnecessary for a
handler o actually *ouch the first outer core end ir order to
effect compression, thereby minimizing potential contamination of
the assembly. The :tapered ernd may additiocnally be provided wixzh
a plurality of rows of threads 32, for securing with an
opprositely-threaded securing device (e.g. a nut - not shown) upon
final assembly, as further detailed below with reference to FIG.
5.

The second end of the outer core component 30
preferably includes a section of expanded diameter 33, for
orovidirng & stopping point for the brush (FIG. 1) disposed
thereon. Tﬁe second end of the outer core 30 preferably
additionally comprises a mechanism fer fixedly engaging the
inrer core 40 to prevent rotatiorzl movement between the inner
and outer core ccmponents 30, 40. The engaging mecharnism may
comprise a plurality of rows of threads (not shecwn) disposed
along the outer core 30's insicde diameter for fixedly attaching
to the innex core (FIG. V. Alternatively, the engaging
mechanism may corprise a slot (not shown) disposed in the surface
of the outer core componert 3C for engaging a retractable locking
pin (rot shown) disposed on the surface of the inner core
component (FIG. 4).

The inner core ccmponent, illustrated at 40 in FIG. 4,
comprises a rigid component of fixed diameter havirg 'a first end,
41, for insertion into the secornd end of the outer core and a

seconc end 42, prelerebly including a mecranism for fixedly
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connecting o the outer core component 30. The mechanism for
fixedly connecting to the outer core componient 30 may comprises z
plurality of rows of threads 43, for fixedly connecting to thre
threads located on the insicde of the second end of the outer core
30, or a retractable locking pin !not shown) Zor engaging a slot
{not shown) in the sarface of the outer core component. The
second end 42 of the inrer core 40 -preferably additionally
includes mountinrg hardware 44, for attaching to the scrubbing
device and rotating mechanism (FIG. 1). The inner core 40 is
preferably made of polyvinylidenefluoride, although it too may be
fabricated of alternative materials such as polypropylene or
Teflon. The outer diameter, OL, of the inner core 40 is constant
along its length and is substantially the same as the inner
diameter of the outer core 30 when the outer core 30 is In an
uncompressed state. The inner core 40 may be solid, but 1is
preferably fabricated with a conduit (rot shown) disposed along
its center axis for supplyirg water, or other fluid as
appropriate, to the brush surface. The condueit (not showrn)
preferably extends substantially the length of the innex core 40.
The condiit may be formed ky drilling the poiyvinylidenefluoride,
oxr other iInner core materiali, the diameter of the conduit being
limited so that the wall thickness of the inner core 40 rerains
sufficient to maintain the necessary rigidity to -orevert thre
outer core 30 from being compressed during the wafer cleaning
process.

The core assembly, as illustrated in FIG. 5, comprises
the outer core 30 having the inner core 40 disposed <therein.
Securing mechanism 50, shown as & threaded nut, engages the
plurality of rows of threads 32 located at the first end of the
outer core component 39, and effectively locks the outer and

irner cores together. The securing means 50 may additionally
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include hardware 51, for mounting the brush &assembiy into the
scrubbing device (FIG, 1). _

In operation, the entire Dbrush assembly would be
mounted into the.scrubber device, as depicted in FIG 1. When the
brush, becomes worn, the brush assembly is disengaged from the
scrubber device. Securing means 50 is first removed and the
inner core 40 is unscrewed from its secured location withir the
hollow of the outer core 30. Once the inner core 40 has been
removed, *he old brush is readily removed from the outer core 30
which may compress somewhat during removal of the brush. A rew
brush canr then be mcunted on the outer core 30 by inserting the
tavered first outer core end inte the hollow center of the brush
(FIG. 1). As roted above, the tapered first outer core end will
compress on contact, thereby allowing the entire outer core to be
readily inserted into the hollow center of the brush with minimal
operator handling. Alternatively, and in the case where <“he
outer core 30 is not tapered, an operatox can physically compress
the outer core 30 by pressing the walls in toward the notches 31.
The latter method will, however, increase the risk of depositing
0oils or other coriaminants onto the brush assembly.

Once the brush has been mounted onto the outer core
30, with ore end of the brush contacting the portior 33 of the
second end of the outer core at which the diameter increases, the
irner core 4C is inserted into the hollow center of the cuter
core 30. Once the innexr core 40 has been inserted, and secured
to the outer core 30, securing mechanism 3C is threaded onto the
first end of the outer core 3C. The brush assembly may then be
rerounted in the scrudbing device as detailed below.

FIG. 6 illustrates the brush core assembly 60 mounted
onto spindles 61 and 62 of the scrubbing device. In accordance

with cne aspect of the present invention, one of the spindles of
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the scrubbing device is spring loaded, such that the spindie will
retract, when a force compresses the spring, and will engage the
brush core assembly 60 when the compressing force is removed. As
illustrated, spindle 62 is coﬁpled via push plate 63 to spring
64. An O-ring seal 65 may be disposed about spring 64 to prevent
fluid from leaking during use. Engagement of spindle 62 by the
brush core assemb.y 60 is followed by exertion of a force against
push plate 63, causing svring 64 to compress. Once the brush
core assembly 60 is Dbrought into alignment with and engages
spindle 61, the comnpressing foxce on spring 64 is released.
Thereafter, the tension in sopring 64 holds spindle 62 in place to
secure the brush core éssembly 60.

FIG. 7 provides an alternative brush core assembly 70
wherein spring-loaded mounting harcdware is disposed on one cf the
brush core comporents. Spindles 7. and 72 are provided for
insertion into fixed mounting sockets (not shown) in the scrubber
device. As illustrated, spindie 71, located at the second end of
the inner core ccrmponent, is engaged by spring 73. Compression
of spring 73 will result.in the spirdle 71 contraciing while the
brush core asserbly 70 is positioned within the scrubber device.
Once positioned in alignment with the mounting sockets of the
scrubber device, the compressive force on spring 73 is releasecd
as spindle 71 engages its mounting socket. Trereafter, the
tension In spring 73 holds the brush assembly 70 in place.

The foregoing description discloses only the preferred
embodiments of the invention, nodifications of the akove-
disclosed apparatus and methcd which fall within the scope of the
invention will be readily apparent to those having ordinary skill
in the art. For Instance, although the inventive brush cores are
rade of poiyvinylidenefluoride material, ‘hey may comprise other
naterials. In gzdditior, the cylincrical shape of <t{he outer
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diazmetex oi the brush cores may be modified to contour to the
profile ¢f the inner diameters of the brushes, which may include
the tapered profile detailed in the aforementioned co-pending
application. In addition, it is contemplated that the outer core
component may belimplemented as a plurality of cuter core pieces,
which may be disposed within the hollow center of the brush and
fixed into place by insertion of the inner core component.
Firally, it will be understood by those of ordinary skill in the
art, that varicus mechanisms for securing the inner core to the
outer core are nerely exemplary of the presently preferred
embodiment of the inventicn. The inner and outer core components
can be designed with tolerarncing and/or surface roughness
sufficient to prevent relative movement or slipping ketween the
inner and outer core components, and the invention need not
include further securing mechanisms. Further, ZIhe notches and
slits described herein may assume various shapes and need not
externd through the eniire trickness of the outer core material.
Any brush core whose outer diameter can be compressed is
considered to be within the scope of the present invention .
Accordingly, while the present Invention has been
disclosed in connectior with the preferred emkbodiments thereof,
it should be understood that other embodiments may fall within
the spirit and scope of the invention, as defined by the

following claims.
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THE INVENT:ION CLAIMS IS:
1. A compressib’e brush core, comprising:

an elorngated Krember comprising first means for
aliowirng compression of the outer diameter of the mrember and
means for selectively prohibiting compression of the outer

diameter of the hember.

2, A compressible brush core, comprising:
an outer core component having an outer diameter
adapted to fit snugly within a scrubber brush and having at least
one notck for allowing compression of the outer diameter: and
an inner core comporent for insertion into the

outer core tgo prevent compression of the outer diameter.

3. The brush core of Claim 2 wherein the inner core

conponent is acapted to fit saugly into the outer core component.

4. The brush core of Claim 2 wherein the aZ least

ohe rotch comprises at least one eiongated slit.

5. The brush core of Claim 4 wherein the at least
one elcngated slit comprises four slits disposed at 90° angles

Zrom ezch other.
6. The brush core of Claim 2 further comprising at
least one securing means ZIZor securing the inner core component

and the outer core componernt o each other.

7. The brush core of Claim 6 wherein the outer core

includes & plurality of rows of threads at the periphery of one
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end and wherein the at least one securing means comprises & nut

for engaging the plurality cf rows of threads.

8. The brush core of Claim 6 wherein the outer core
inciudes a plurality of rows of threads dispcsed along the inner
diameter of one end and wherein the inner core includes a

mechanism for engaging the plurality of rows of threads.

S. The brush core of Claim 2 further comprising
hardware for mounting the brush and brush core in a wafer

scrubbing mechaniszm.

~10. The brush core of Claim 9 wherein <the hardware
for mounting the brush and brush core in & wafer scrubbing
mechanism comprises at least one spring-loaded spindle for

insertion into the wafer sc¢rukbing mechanism.

11. A scrubber brush assembly comprising:

an outer core comporent having an outer diameter
adapted to fit snugly within a scrubber brush and having at least
one notch for allowing selective compressior oI the outer
diameter;

an inner core component for insertion in%to the
outer core to prevent compression of the cuter diameter; and-

a scrudber brush mounted on the outer core

component.

12. The assembly of Claim 11 further comprising
hardware for mounting the assembly in a wafer scrubbing

mechanism.
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13. The assembly of Claim 12 wherein the hardware for
mounting the brush and brush core in a wafer scrubbing mechanism
comprises at least one spring-loaded spindle for insertion ZIato

the wafer scrubbing mechaniIsn.

14. A method for loading a koilcow centered brush onto
2 brush core comprising the steps of:
compressing the brush core:; and
sliding the compressed brush core into the hollow
center of the brush.

15. The method of Claim 14 wherein the brush core
comprises a nollow-centered bkrush core ard whereirn the method
further comprises inserting a rigid inner core into the hollcw-

centered brush core.

16. The method of Claim 14 wherein the brush core
inc_izdes a- least one notch and wherein selectively compressing
the brush core comprises compressing the outer diameter of the

brush core along the at least ore notch.:

17. The method of Claim 16 wherein the Dbrush core
comprises a hollow-centered brush core ard whereir. the mnethod
further comprises inserting a rigid inner core into the hollow-

centered brush core.

18. A scrubber brush mounting apparatus comprising:
a pair of ooposed spindles adapted to support a
scrubber brush; and
a compressible mechanism coupled to one of the

spindles so as to zllow the spindie to be compressed.
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9. The apparatus of claim 18 wherein the

compressible mechanism ccmprises a spring.

20. The apparatus of Claim 18 wherein the spindle

includes a press vlate,
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