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BACKGROUND

[0002] In the fabrication of semiconductor devices, there is a need to perform
chemical mechanical polishing (CMP) operations and wafer cleaning. Typically, integrated

circuit devices are in the form of multi-level structures. At the wafer level, transistor devices



device. As is well known, patterned conductive |ayers
are insulated fromother conductive |ayers by
dielectric materials, such as silicon dioxide. As nore
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fabrication, represents a significant investment in terms of raw materials, equipment

fabrication time, and associated research and development.

[0004] Chemical-mechanical polishing ("CMP") is a commonly used technique for
planarizing a film on the wafer prior to subsequent processing of the wafer. CMP usually
involves the introduction of a polishing slurry having 50-100 nanometer sized abrasive
particles onto the surface of a polishing pad. The wafer with the layer of material, dielectric

or metal, to be removed is placed against the surface of a polishing pad with a slurry.



based and can include fine abrasive particles such as
silica, alumna, and other netal oxide abrasive

materials. After polishing is conplete, the processed
waf ers nmust be cleaned to conpletely renove residua
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with the substrate. Asymmetric alignnent
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is a problemw th sleeve replacenent. Newy installed
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support which is used to deliver fluids to the brush and to rotate the brush. After extended
use, the brush is replaced with a new brush sleeve and requires the polishing tool be stopped
adding to lost productivity and downtime. Alignment of the brush protrusions along the
brush core is important for consistent contact of the brush with the substrate. Asymmetric
alignment and distortion of the spacing of the nodes on the sleeve is a problem with sleeve
replacement. Newly installed brushes must be broken in, flushed, and gapped prior to
cleaning product substrates. Often time dummy wafers are used to ensure the cleanliness,

and operational stability including dimensional, rotational and contact of the brush with the



[0007] To performthe cleaning operations in an

aut omat ed manner, fabrication |abs enploy cleaning
systens. The cl eaning systens typically include one or
nore brush boxes in which mafers are scrubbed Each
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ot her part of the wafer, the surface of the
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continue increase, cleaning engineers are also challenged to improve their associated
processes. To meet these demands, the same cleaning equipment is now being used to
perform operations other than basic de-ionized (DI) water cleaning. Such operations include
the application of sophisticated chemicals to remove particulates and/or to etch precise films
of materials from the surfaces of a wafer. Many cleaning systems are now required to also
apply reactive chemicals, such as hydrofluoric acid, uneven application will have a severe

impact on the wafer being processed. For instance, if more HF is applied to one part of the



[ 0009] Enbodi nents of the present invention include
nmet hods and materials for neking a porous brush or
pad that is cast or nolded directly onto a rotatable
base used to support the pad. The brush or pad can be
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particles, or chemcals froma substrate. The brush
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interlocks with a porous pad material. The base
i ncludes an inner surface and an outer surface and can
have a plurality of channels in the base for
i nterlocking the porousSpaivilR¥rial with the base.
The porous pad material covers at |east a portion of
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interl ocks with the channel s of the base and nore
fill onp pemEFRef the chanpplgjinfhe basetheedy interecking ibe parrys dad ajaterial with
surfaces of said base. The rotatabl e base can have one
the basg. Frefeeably thetchagelnfilleldwith tHe potousipatd mattrénl Clorte conrebiethe inner
rotatable base wwth a source of fluid and a spindle 5

surfac@'ﬁmmttﬁ@butétﬁﬁ&@of@t@ﬂa@d ating the base. The fittings,
may include fluid fittings and machine drive
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includes an inner surface and an outer surface and has channels for distributing a fluid to the
porous pad material from the inner surface of said base to the outer surface of the base. The
porous pad material covers at least a portion of the outer surface of the base and with the fluid
is used for removing materials like particle and thin films from substrates. Preferably the
porous pad material interlocks with the channels of the base and more preferably it fluidly
connects the inner and outer surfaces of said base. The rotatable base can have one or more

fittings mated with it that interconnect the rotatable base with a source of fluid and a spindle



[0011] Anot her enbodi nent the present invention is a
device for renoving material froma substrate that

i ncludes a rotatable base supporting a porous pad

mat eri al having protrusions or nodes on its surface.
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the outer surface of the base, and with the fluid,
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process a material 6 renoval or cleaning fluid is
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the porous pad with
base may be a brush for scrubbing semiconductor wafers.

[0012] Embodiments of the present invention are directed to methods of cleaning
substrates by cohtacting them with a rotating porous pad material cast or molded onto a
rotatable base core. The pad covering the rotatable base includes an inner surface and an
outer surface and a plurality of channels in the base for interlocking the porous pad material
with the base. The porous pad material covering at léast a portion of the outer surface of the

base can be used for removing material from a variety of substrates. In the process a material



the base and fluidly interconnect the inner surface
with the outer surface of the base to distribute the
fluid to the pad surface. The nethod nmay further

i ncluding the act of flushing a quid t hrough the
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contacting each with a rotating porous pad nol ded
substrase swfage bytratatibg thelpaswsplad maptevial hgzingtithe sibstr@ie1 Bieferably the
Preferably the porous pad naterial nolded onto the
channd)@fifthe Badeude illpd @ith isd Sui6us paddeRatbrialad iesrlevk the gemuopad with
it may have surface recesses |ike grooves. Preferably
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substrate hraslydiale massial feynoved fronnihednl hyi abntdeting ghcht wigh p ootatirgg porous
pad filled channels and out to the substrate surface.
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[0014] Materials removed from the substrate by embodiment of the present invention
may include thin film metal oxide films, silica films, semiconductor oxide films, particles of
various composition, or chemical residues. Preferably the substrate is a wafer which includes
copper or copper interconnects. Brushes of the present invention may be used to clean
memory media and wafers regardless of texture or type sputtered metal on the wafer.

[0015] In another embodiment, the brush or pad includes a rotatable base for

supporting a porous pad material cast or molded onto the base. The base includes an inner



distribute fluid fromthe inner surface of the base to
the outer surface of the base through the porous pad
material. Preferably the porous pad materi al

interlocking with the channels and covering t he outer
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i ncl udes a rotatable base for supporti ng por ous pad
pad mptgrialwigh thedgse. oFhaireResiPadrnscif €oping at ‘hr?ét pgrglon of the outer
i ncludes an inner surface and an outer surface and a
surfacp bfithalbase/anslf has lverface] sotirusidriser berssseb.olThé porens pakinagrinhieaving
porous pad material with the base. Preferably the
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to the outer surface of the base through the porous

surfac@afd BRb@E! @lrfacBbfd € pRRAIMY bhen4AAEIS WS theAsk fRiRE/Gkidgthe porous
t he t hrough channel s and covering the outer surface of

pad mé%@albﬁﬁﬁt eq{a ?E ef@zﬁﬁg belinGndld 191td &b Q e 11n %]s%rface with the

odi nmen ent inven IS an ar

o AT B RS NS RO B e o

all of the rotatable base surface |ncIud|ng t hr ough
to the peyous pachcavgEing fcoutorsarfagrefith basgothernehshaniehy Bpy hr positioned
covering the rotatable base may include a first porous
throughaut thrabesei fadm ecerter pginatf thebase taaponter edge ofdimobase that may be
preferably all of the rotatable base surface that
intercaheeee oy s@rfhddechhficd. ahepRasadttatpedl Tol&rs 8t lehdtiadhottdivef the
t hrough the base and porous pad. The adherent porous

outer ffl\"i’ﬂ OBf @b ivale 81 thd g&%ﬁ? ad r1 B GheSFTRAE OPFH&QBI%H%h
ayer 0

por ous pa ra ed or cast onto th
ere I t re thro
channgls i or HEE ERnos g ik AR Bt g K38 the
pad material. The adher ent porous pad rrater ab
base t@ g@é}uitqqﬁurggcq of{ke base [SlEfPt‘glb'ilile HpPrqus pad materia Prefera ly the porous

pad material in the through channels and covering the outer surface of the base form a
monolithic structure.

[0017] One embodiment of the present invention is an article having a rotatable base
with an adherent porous pad material covering at least a portion, and preferably all of the
rotatable base surface including through holes in the base. The adherent porous pad material
covering the rotatable base may include a first porous pad material covering at least a portion,

and preferably all of the rotatable base surface that adheres to the rotatable base and permits



outer base surface maintains its porosity after
bonding to the base surface and permts fluid flow
fromthe core of the rotatable base through hol es or
channels in the base to the outer porous pad surface

.. Jayer which may he used for applying fluid.to a
fuid it Broahai pERao mgr R Thé Bfbelend firops pitt ibifhal on the base
cl eaning a substrate, [0018] In another enbodi nent of
may heyea gicené adherens évier shporppepddondedal parldedhpiesastentp ghe first
deposited by casting or nolding into recessed channel s
adherant layhr. oQptioratly @se onmohethiaxgh holkkén thethmsmmlayg aknde filed with a the
through holes in the housing base interlock with the

poroup pidmatefald Trethe@ht purdus pRidenaatal lai dovermgy &ifledsbe ppaioaws the
pad material fromthe base surface during use. The

outer GRRBRATASR mmidaﬁeé?o%tg%gia%mr@% RhEhise @%&é%nﬁipg«ﬁﬁgts fluid

ayer onto whic sec porous | ayer 1s cast.
i nterl ocki f. 1 or pu [.al;.w. t.h b
flow it e RO e R b AR 81 sB FRTGh et e (B8 R Gurer
of the protrusjopns or. nod of the parous pad material
POfO“%nP%ﬂqﬂlﬂiaﬁ%P%’a’é@i‘@H PRaycke usﬁﬁ? ?‘?ftagplé(%’rgs&&ﬂ&) B PRAIGEs reRvang films
uni form contact of the nodes with the substrate
from asubbtsate, or Theaningit wbpteaiki ng of the porous pad nateri al
and the housi ng base also elimnates or substantially
r a8k drtochetr whrbbidimgeno bf the psdsemtahventions tha porompadinaterial is
occurs with brushes sl eeves which are slipped onto a

“deposl@sBy bRHRE BImMOIdiNdintd redbRedtiRmBEls @fltﬁrmgbm&ﬂés ilaBEbase. The
housi ngs. The twi sting of sleeve type brushes and

channbR 'ah§ ﬁﬁ{)%drlgsggéﬁ@?%@gﬁagé QEARR Vit the LAY ?)%&;bﬁteﬁal and

substra contact, uneven mate
r val . or cl eani s. wel | as, accel.erated brus ar .

prever RN v e bioye Pof effisd Fomd s afe R E imesty Mot Rignets
with the rotatable base naintains_ _node alignnent .

may have gn epitonakadhgrenhprgupfirst bysicago Mhigh smipcend poygug layer is cast.
during nmounting, and permts nuch higher tol erance on

The imerttekaigad tirapbrohsapasl mateiialgvitiothe base s aids brmaintaining the height
the substrate 9 to be treated. Preferably the channels

and thkipoki€ien Wf the pirdtensisis @ $o@Rbf it irb@ paldl rateitiyl al@pthe base surface
the inner and outer surfaces of the base. [0019]

or its SRR pBVdRs Rlord ﬁ}ﬁfd%ﬁf&%{hkt Jﬂlﬁ@ﬁﬁ&é&%ﬁl{‘% YOG TR HedlSe. The
and ma ma

erials for Ing a brush or. pad that 1s cast

interlog:g@%%lf egpogélgse}gatrdl %?.tgg%loaélg Eﬁeblgo%[sjlglgg)% ega}lgc? %I?rr%{ét%%gstor ts&bestantially

reducesnat%lee tr\«\lugtllr?g otpbarlrlél{ r%lllgrss’thgtrcofnrr]neorrrlil}s: géc%rsfvzi?}g%?usﬁgsbsﬁervgg which are
slipped onto a base housing or which are placed on two part base housings. The twisting of
sleeve type brushes and rollers may lead to non-uniform and irreproducible substrate surface
fluid contact, uneven material removal or cleaning as well as accelerated brush wear.
Monolithically formed porous pad material interlocked with the rotatable base maintains

node alignment straight, eliminates or reduces ripping of nodes during mounting, and permits

much higher tolerance on node size and shape giving more uniform contact with the substrate



The brush or pad includes a rotatable base or core for
supporting a porous pad material. The base include an
i nner surface and an outer surface and a plurality of
channels in the base for interlocking the porous pad

material. wth the base.. The porous pad. material..cov
to b eigglef, bisteribl Yo SRS nied T iRE PoDRF PALERIsRA fludfRghes: the
) and is used for renoving material fromvarious
inner agdpyter serdages ghiic §a¥ous pad material has a nmonolithic
structure and fills one or nore of the channels in
t 1001 9aEmbedivhentstof thequksent eepmanelugamethwdes pndimatgrials for
the base. Preferably the channels fluidly connect the
makin% B Mewsh i Eﬁ@ﬂﬁt Wicalt drmeolaed directy ohrcke ofretused taaspport the pad.
0020] The channels in the base to which the porous
The pdAaf DiEh&Gh 86 ubc foP teehdvad GidteBdls, S26¢164)@r SherRhMIfRSh a substrate.
mai ntali ns the alignment of the porous pad naterial on
the rotatin I - ' .

The bl of 0 Ok d a1 CPiE o b eThER Ko g PP g Material. The
.and. spatial distribution qr nodqules of th orou d
base inghderanAnnes SUERRS ang AR O i M ainalty orghriis i B for
i nterconnect the inner and outer surfaces also aid in
interlopkiag thesporousnadanaterial pith e bagsm hsePorpinpad Baferialgovers at least a
the base to the outer surface of the base having the
portiofpof the suteasurfiee ef it base andBnsedfor erdvinhmatariad froax wrious
Preferably the porous pad naterial in the channels,

substrdtB€ THYIRrouRdRE maetidl d6ea ninelithiedrearesdigllé bee etthere of the
surface of the base are nonolithic in structure. The

channély! gftthl:: Bh& L3RR A MNSPRBLS ?ﬁcﬁnﬁt@ﬂﬁ]] WRY 38Rk, L Breferably the
un ng t

ergo a ScCr ubpoi O conptete a cleaning operation

r.a substrate that i | a i zed by.an hin
channlf ARy ehehie it s PP AREr i ToBY p R Bl (e
substrate can be a sem conductor wafer, a djsk,.
ok020LThe ehanaals ingthe base toarfush thgipepugpad pragmia] Kypierloplked by
substrate will benefit froma brush or pad that can
castinglet inokling mailnitizsrthe aligymentiof thernozois nad materidl od thensiaiing base,
of fluid to the substrate. Even nore preferably 10 the
more fiefRsiblpie cudtidg drensifiing of tierpasiundianinsnid @rdgeity, ratighmant, and
or cleaning with a brush or pad that can deliver

spatiaBHAFbAMH (E)l] doduldB of ngarﬁo%lg RQMA!dl 86 1R PHRng bake. _f(fiil‘xﬂnﬂels

to the substrate an mai Nt ai n consi stent and uni form

. .cont act t.he protrusi Q) . itk .
whichg iRt Bphecttne i Hhe bHAAEhBFRa el A5 R 0 gttt A from the
. provid or king the, bru r pad, swych that the . .
inner oot f s iedb s Gergtiars pighe Reseiavieiapeies bl Berial in

foammaterial filling the _

contact with the substrate. Preferably the porous pad material in the channels, the inner base
surface, and that covering the outer surface of the base are monolithic in structure. The
substrate can be any substrate that may need to undergo a scrubbing to complete a cleaning
operation or a substrate that is planarized by an etching operation, or other preparation. For
instance, the substrate can be a semiconductor wafer, a disk, optical lenses, a flat panel

display. Preferably the substrate will benefit from a brush or pad that can deliver

substantially uniform and controlled amounts of fluid to the substrate. Even more preferably
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t hrough channel s of the base are nonolithic.
Preferably the nethod includes formng a nonolithic
porous pad naterial on the outside of the base which
also interlocks with channels on the base. The nethod

the sulgBg AEHBEH ﬁa%rﬂgnﬁc%é”ﬁ%r@%&k%g?{@” %wsﬁg”%{po%@%sh or pad that
i ncluding the base, filli one or hann

can defifer sub%@%nallém@lfpﬁé ang G‘Pfit’ffé ﬁaloeamn%l&tq torhe %Hﬁ%apﬂ e
article. The article is released fromthe nold. In

maintzimootsistens mhad dnifiermt congaciref the Protsuspoms windesipddowithrthiei sugstrate.
the brush or pad such that the porous pad nateri al
c[o21] hoarlokter babvediatedt, heethad Bysofidahionaiakingahe bidshiongad
the through channels of the base are nonolithic,

such tit ShEHROh dpefdhﬁat@f%l Q@%ﬁ hedes dn@fthe pdtods f&ﬂﬂhh&ﬁhlcﬁlhng the

porous pad materi al the outside of the base wh
oo S AR 35 ﬂ&%mﬂf@wem%

fous bas no and C st 0, a.nol
monol R THR peE L B0 U DL St PHre WEICh Sl 4fTRPeks;ith channels
t he base, and then curing the conbination to formthe
on theasq. cThe mathed iciydes poyrng By epkiBeiay f HnNRA HeeSROF RS bpse
the nold is treated with a release agent to aid in the
monomet @aisecatdlydt reto mmmald indhiding thedwase, fidlihg erterarahere ehannels in the
[0022] Enbodi ments of the present invention nmay be

base, ah¥QHert Surgilthy cefBihhi@stotferm Mesticlat The QitichSis beleisbe Srom the
for renoving particles, thin film or chem cal

mold. rlﬁsa'ngﬂ‘lgls 1{15(91??11 W %tho\ﬁ% PI? Wdefforh ?ﬁnﬁ%@lﬁ@lﬁm%&h%a@ssuch that

not |n1te to semco ctor wa

s, h and tical eV|c
the pofth Bl Fen S ivegioe TSR0 B ol 15 ?mf%ai%a? i the trough
invention permt_great fle |b|||t &'H’@
channglg qf the gk 178 Rl s%rﬁfﬂr Ty thegpgdhos eliies formipga monolithic
because a singl e base mnth a porous pad can be used on
porouspadimatorial @¥ the ovlsisle of thet age piheabeatto interopkeeviith epannels of the
brushes may be nounted on a variety of cleaning tools

base. [¥e sietiddinclnasgponging Aeombimation ofrom-polyinickized porobabasameonomer
to be connected to the rotatable base so that the

and a Eaﬁﬁl%t%’ﬂoea B8R6nA0Eng BRCHASE rfllﬁ % 8¢ b & ﬁl&%‘ chahnékCin tREbAE, and
cleaning or renoving nmaterial fromthe one or nore

then c&ﬁ%%%n%%%n{% nahfn? {%f{)%ttﬁggff e, [ﬂ%ﬁa?t}lclégvr@ﬁg%gqﬁd;% bydtl%. Preferably

resen I nventi on may

the mold is treated with a release agent to aid in the release of the monolithic porous pad
structure.

[0022] Embodiments of the present invention may be used to apply coatings to
substrates or as brushes for removing particles, thin film, or chemical residues from a wide
variety of substrates such as but not limited to semiconductor wafers, flat panel displays, hard
disks, and optical devices such as lenses. Advantageously embodiments of the present
invention permit great flexibility in the manufacturing and assembly of such brushes. This is

because a single base with a porous pad can be used on an number of tools. In the present
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provide a fluid to the surface of a substrate for a
cleaning or material renoval operation such as a
chem cal nechani cal planarization or post CWP
scrubbing processes By interlocking t he porous pad

h
mendfBLSLAR A S50 508 BPCOUS PRI SR ol g o

and twi sting in enbodi nents of the present |nvent|on
or mors §ifingsthatarq &p bercogugetad t@rtheerqtanbisbe%@ sprthaifthe potatatilg bagsqnd
tw sting conpared to slip on sleeve style brushes. An
pad camgeifoino their fanktamtod gleanifig oh esnprvésgmiaterial/ fom; thp onesort heare
it my be used to distribute fluid to both roller and
surfacdead theyfidstease fi xtures. The porous pad material in the
channel s may also be used to control the liquid flow

[gm]t Jni ?uﬁ? WhibS dtnQentd & R Eé@r@veniibil $nag bk Q& to

e nu perforati ons or roug channels in the

prov1dg ﬁlﬁ’lécgg) tﬁe é%facre co?gi gglgs g | Eegir? Fen?c[val operation such
35 G RIS Ea%ﬁa?ib'geﬁg&i rrai@ﬁé %boic?ies%r Py difelegking

t hrough channels in the housing reduces |ocalized
the poregs mr? metenial Wik thalpsefthe prropopastinaiseal inhgld inglace pglative to the
restricting the flow of |iquid, the porous pad causes
base. Hodginfisatighpestssdrtwisking irdembodinsfeote obfhetpinesedi inyentiomtsobstantially
This in turn can be used to formthrough hol es that

reduce§ BF bl @i daRtbridt WalRM gsan@ftwisﬁﬁ% Qérﬁ?:ﬁedi eegipich Si&ve s§@dTBrushes.

anount of liquid and are uni y flushed whi ch

An addlﬂgﬁa? Vi§varf? tdf G nlgrisfen[ SRR ik et r@&ﬁ%égﬁ%a Ko ﬁﬁg'tbc%e ﬂl]Iid to

es or Iini tes uneven wear rush.

o B T I 58 BB B AR
B AL T -

a core. The brush cast onto the core elimnates the
of perfoeidn$ or threyshahahnelsinrihé hgpssrgaore torhe decragsedsanddheir sige or
with mounting friction brush sleeves onto cores. 12

surfac ST R drdas EdNwhoTtHEnDIRAWI NGB rd 0 Ghe bverpldainoumttdidicuid used.
aspects, features, benefits and advantages of the

This is\%ﬁ?ﬁ&hﬁg"ﬁ aﬁtfageodg %m@é ﬁﬁg&tpeﬁﬂi/a%Bhé 8 th¥ddgh cﬁ@mﬁﬂlﬂﬁ rtﬁsnltlousmg

tothe fol ovm ng descri ption, appended

reducep :loc&gs ano&xugg&gn?g@s;ﬁ{ olﬂgﬁgd\hﬁﬁrﬁ?er [bgp%gsr]m]pf @he Jfﬁw of

hol | ow cy I ndri cal
liquid, the porous pa causes a un1% orm pressure buildup inside of the distributor. This in

turn can be used to form through holes that ensure that both ends of the brush receive the
same amount of liquid and are uniformly flushed which improves particulate removal from
the brush and reduces or eliminates uneven wear of the brush.

[0024] An advantage of a brush cast onto a disposable core is that the core and brush
are joined together eliminating the slippage, expansion, and loss of concentricity observed
with brushes friction fit onto a core. The brush cast onto the core eliminates the need for

special mounting stand and time associated with mounting friction brush sleeves onto cores.
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wi th through channels useful for a rotatable base in
an enbodi nent of the present invention; FIG 1B is an
illustration of the hollow cylindrical tube with one
or nore through channels filled with a porous pad
material; FIG ICillustrates a rotatable base with
filled through channels including fluid fittings and
tool mounting fitting; [0027] FIG 2 is a schematic
illustrati on SESCRE N &4t THE BRAWINGS | ength of a
hol | ow cylindrical housing base in_an enbodi nent of
t 025} et othey aspestBicoiiien. heneidisgRd adyantress of heembediments of
outer surface of the base including a porous pad

the prevetiteénvealtionivtiii be pppayerd! withoregéndus itherfellowingdesgription, appended
surface; [0028] FIG 3A is a schematic illustration of

claimsPan@l206SmpeRSingoiavingeevete | ength of a hol | ow
cylindrical housing base in an enbodi ment of the

gg@g&rﬁd NAeHTuk @Hted™ Edsd J&eg&gmmg hltéggﬁégﬁ of b A8116WRSfindrical tube

ace, and the outer surtface o ase i ncluding a

s RN or, cowverdn f or.o ri | S
with tbyg I B0e HEPHGT o0 e RARRGR B SRABSIRGH o Mol bithondion
to a ¢l eaning ool: FIG 3B js.a schematic
FIG. 15 Ga il o f g nelow ey bukicnbiibos papme e mas grpgiychgamels
hol l ow cylindrical housing base in an enbodi nent of
filled witk aporae pad inmiesialii BHG.WiQG #lustrates aytotatpllp heseswith fiHed through
i nner surface, and the outer surface of the base
channélp elclidiimgrlaidffittihgsmdaoolanmenting fittig;a por ous  pad
material with fluid fitting and a fitting for w
CRNRELEI®R i9f stRGndiRIAudtAtion 6f £8fdsf1gctiBRhlonk Ql%?l%]l%tﬁ loBa
4" is a schematic diagramof a hollow cylindrical tube
l. j . S i . af ..
notlont & Al hoSing AR Dine B font 8t EERACH TR icR bl rough
hannel s filled ith a porous pad material;. 13.[0030
channly 318 e ouler soetraihabe nRaRtRs BPoir bidirdisrial i EDfal
the formof a disk shape housing in an enbodi nent of
protrugies ¢t Beaad spAgE®at i on with an adherent porous pad
| ayer covering the rotatable base and a second
aflie28ERIG.[30Y Busschamatiail lestiadon b hdexts sectivasiongthelengtheof a
first adherent porous pad layer; FIG 5B is a
hollovd 6¥181it Aithdubind Hhéedihi a@RnHodBnenk 65 the peesehOifved tAgwitl theough
di aneter of a di sk shaped housing base in an

chann€191R¢ hﬁi%f' Surfloe ! 440 (RE ERENurfaBY 6hi %Qsé%&lﬁdin%@rﬁlﬂﬂg or covering of
channel's, "the inner surface and the outer surface of

a porotug sac{ r%ta etri%f)&ﬁhglﬁ%i& H&{nlé%r ra]l%tt"ilng for connection of the base to a cleaning

tool; FIG. 3B is a schematic illustration of a cross section along the length of a hollow

cylindrical housing base in an embodiment of the present invention with through channels,

the inner surface, and the outer surface of the base including a filling or covering of a porous

pad material with fluid fitting and a fitting for connection of the base to a cleaning tool;
[0029] FIG. 4 is a schematic diagram of a hollow cylindrical tube useful in as a base

or core for embodiments of the present invention illustrating different through channels filled

with a porous pad material;
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filling or covering of a porous pad material; [0031]

FIG 6 is a schematic diagram of a cross sectlon al ong
the diameter of a rotatable holl ow tube housi ng base
in an enbodi mrent of the present invention wth hoIIow

t hr nnels filled with_a mat e .
oSG PACR 8 sPharmasteatiathn 0g 3 BRLGIRHER %8? sk shape
materi al having protrusions. [0032] FIG i's
housingd errampedigieatpiahe presentdnvssyon sdth a@rﬁdh«r:rsabpqrﬁ@ pad layer
di ameter of a rotatable holl ow tube housing base in
coveriag therrbiathblegruse afid 4 bezopd edlem¢nt ipnxoeis pid matirtah mvddddawcast onto
t hrough channels filled with a porous material, the

the f1rétf&ﬂﬁére1&l{fofcﬁﬁQ)aaﬂa}fehEFIGaSB iCoVeheativiltutratiorPef @msmdnon along
material and the outer surface of the base covered

the m%eg% ?f? Efi?drg)sﬂ pdAby ge?fabéln anleRfHodfhdH oP fit aﬂréb%h?ﬁ%entlon with

A'1s a Schematic di agram of rotatab

h
oo oA HRTuRPSH BRs ETO6 B5Rb L fgoame

coveri ng the base and a_ second porous pad materi al
filling 98 pYering of & PPFS PRf 812¥Bkous pad | ayer that has been

nol ded or cast onto the adherent first porous |ayer;

FI0B31KEG. § isascliearnticidiagiin gF aaTass sestion glpngdae diapster of a

al ong the dianeter of a holl ow tube housing base in an
rotatatderholtbwrenbe hofisihfbageria asembodivent dibthe prdstiit iaventipatvatil lellow
hol I ow cyl i nder with through channels filled with a

throu%ich%neﬁ%lfédﬁvﬂ?g BRIuE marial addGutSHuefacSof tﬁl@‘bﬁs&fov%féﬁ with a
ase covered Wltﬁ a first porous pad nmaterial and

C I erial including protrusions
meué@&@ﬁgﬂgﬁgﬁyﬁg g%#ous pad material; 14 [0034] FIG

emat i c d|a am of .an_enbo
oH3FERE SR e B R gt SR oS b e oo
substrat e; [0038\}3 FIG 10A illustrates a cross, section
rotatalyle helley gk hengingase ipap embefligieat ofthepesel inyentiga i hgllow
a cross section along the dianeter of a hollow tube
throughahsirrels filesiewitin a poroaswdiriabribe inpfr sunkacpobtherbase covered with a
invention with hollow through channels filled with a

porouPPidSeARtAE itkd odBbuifabe oot BisedlédE i a pérBudp&ematerial
covered with a first porous pad material. FIG IOC

: s a brush fornmed by conbining the
mdud@%@%ﬁ@ in FIG 10 A and FIG | OB;

[0033] FIG. 8A is a schematic diagram of a rotatable hollow tube housing base in an
embodiment of the present invention with an adherent porous pad layer covering the base and
a second porous pad material adhering to the first porous pad layer that has been molded or
cast onto the adherent first porous layer; FIG. 8B is a schematic diagram of a cross section
along the diameter of a hollow tube housing base in an embodiment of the present invention
with a rotatable hollow cylinder with through channels filled with a first porous pad material,
the outer surface of the base covered with a first porous pad material and a second porous pad

material including protrusions covering the first porous pad material;
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[0036] FIG 11A illustrates a cross section of a brush
pad with protrusions; FIG11 B illustrates a cross
section along the dianeter of a hollow tube housing
base in an enbodi rent of the present invention with

rough channels fil us rraterla
AP Ehiec Ry £ 8o HRBE skt oh wihidiy R Prevaty FieBtion
conmponents in FIG 11 A and FIG 11B; [0037] FIG 12
cleaning ¢nesarpngre surfaces ek suhstateon of a housi ng base tube
havi ng channel grooves in a rotatable base surface
f [OO3FINFIET. ILOA KIlmeyrateis talcrodssegmmonfs: Hyashepadawidh protrusioas; FIG 10 B
retaining the alignment and position of nodes on the

illustrftél @68 Rbtich NeMOMs dpaskierdfertiollow taby Béusiy Bdse ih@sa&nbodiment
surface; [0038] FIG 13 shows a photograph of cross

of the I%Qe%ﬂt eRfiofwith 48]l 2 ofﬁgh OnRelR filled Wath cﬁoﬁ)saﬁﬁteﬁﬁl' th]g the

S and nater | a he pr esent 1 nvention;

outer sH.BfG e ((])J\IAtB? bas§ a cﬁ%?a atfna t‘,J\porPlé)st %%%B?tég%i ?ZG@@%lh&rates a brush

resent. i nvention; [004 FI G 15 non limting
formed by gempigtngdhe B?mB?PGQF?HB%Jr[ﬁeLR %% Picent

i nvention having a porous pad nateri aI cast onto an
@036l FG 1 § Iisillupigatets crpas eactian obn beush pad withipretrusions; FIG 11 B
substrate having through holes; FIG 15B is a

illustratese ¢rosy dectivgh albhgithe rdidmaer affa Iaﬂlowetllb@]:id)um’rg bagé it ireembodiment
present invention of a porous pad material cast onto

of the BRRséfl iefe8fién @vith%bllo@%%ﬂ?h BRdnREls #Hlle@With 4 firdbSRbeRrial; FIG 11C
nonpor ous substrat e; 0041] FIG 16 is an

illustritéé éjﬁ{l.lﬁlﬂ’drﬁ))?d 85/ c8 1‘{% fh@lco ?HHQ{'@Q 1n%§ gi AR ef s

porou

b d h t bl e
LB @tﬁ%%ra ﬁto?%a sPET g S R STERE b
FIG 17 is an illustration of a rotatable base core of

groovestia apgp@tbletbasmiustace &oF Infealorlpg Mithdhe perryebase anaterl gnd
and nounting fitting on the core; [0043] FIG 18 is an

retaining khestligatentmandfposition @f sodascini tbe swface ofraperdualpad sraterial
pad of the present invention including a porous pad

Coveﬁﬁgt}@qﬁsémcg;hannel s of a rotatable core; [0044] FIG

19A is an illustration of an unassenbl ed rotatable
bRISSTRIE 14'shbws a photograph of cross section of a brush molded onto a
rotatable base using methods and materials of the present invention;
[0039] FIG. 14 is a diagram of a mold that can be used to make a brush molded onto a
rotatable base of the present invention;
[0040] FIG.15A is a non limiting illustration of an embodiment of the present
invention having a porous pad material cast onto an adherent first porous material on a
rotatable substrate having through holes; FIG. 15B is a non-limiting illustration of an

embodiment of the present invention of a porous pad material cast onto an adherent first

porous material on a rotatable nonporous substrate;
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i nterchangeable fluid and tool nounting fitting; FIG
19Bis an illustration of the fluid fitting and tool
nmounting fitting inserted into the base core; FIG 19C
is a detail (ﬁo of the joint formed between the base

(IOPFUERE: 185 o Mot Aitoytr] "oy Gpa B e By jmvention
detail; [0046] FIG 21A s anlllustratlon of the
includingraspagieusdradanelgedsintor grpnels pf @ Friataple cotppnd mV@gzntsrqllén%Fable

view of a cross section of the core (1920) of FIG 19A;
fluid ah@ @bt HrifF¢ @oufidng Bitiagondlsscaect i on of core in FIG 19A

along a rotational axis of the <core illustrating
Pl0BSENEIT. 10fis shidlnsedtfonasTd rbfatablgiash @beSof ithe prosent invention
rotatable core; [0048] FIG 23 is an illustration of a

havin%iﬂ%!rcﬁl’lﬁg@ﬂ%réqﬂnﬁ lhhd hfbgnéﬂggﬁg Qh the rt9A;  [0049] FIG

ustration o anot er enbodi nent of an

n@ﬂ%ﬂeﬁg_{ 91 Cgr{ 1 g"‘ﬂrzttwég]” ! erséh a%%%a?a m%tglti'al rFI?iggal&)gg of the

|IIustrat|o thef|UIdettI ; [ 0051] FI G
presenbigngtior WELAINE AIVRRARLITHCDRE shanpelof il t@Plﬁg]Ofe;

fitti nlg of FIG 24. DETAILED DESCRI PTI ON [ 0052]

HO044EFIChd Sprie ge Hiustratigyoef ani unasseabiedristatadde bage gore with

described, it is to be wunderstood that this invention
intercHatigeuble fliittizné tbol enduntngfittinige HIGur19Roik @a dllwssration of the fluid fitting
conpositions 16 net hodol ogi es or protocols

and toSBREEARRT: 1tt1ﬁ%mts&@§ieinfm}ie BadeYoord; FIGS 19 &0 dePaib@\) of the joint
understood that the term nology used in the

formecﬁjsg‘tWeEﬁ)FHe%sé Sork Qhd fh@?lﬁ&‘%@ﬁ%e of describing the

ar vers ons or ifments only, and is not

. op t he n
W?ﬁldﬁfq RIES R e B R s R 13.#%91
[OOSﬁL It must al so be noted that as used herei
i O4OLFIH 7d Adie an dljusiraiion efithe outsislg of acoredd f20)of! the FI&I‘]I%
and "the" include plural reference unless the cont ext
FIG 21 &aa Vigwdif atcatse sectionlvd tivi eome (TIP3 of Flér 1%%anpl e,
reference to a "channel” is a reference to one or nore

ClO®aTEFRG. @12ds & dtdisy sdcaibh of Edie i€ BIG k9Awibriet dokktivgal axis of the
skilled in the art, and so forth. Unless defined

core nﬁist}%ﬁrgg @gcen?énh of LRI Fhd ARG HU B HErot @RS ctsed
erel ave the sane neani ngs as
[0048] FIG. 23 is an illustration of a tool mounting fitting (1930) of FIG 19A;
[0049] FIG. 24 is aillustration of another embodiment of an unassembled core with
interchangeable fluid and tool mounting fittings;

[0050] FIG. 25 is a detailed illustration the fluid fitting of FIG. 24;

[0051] FIG. 26 is a detail illustration of the tool mounting fitting of FIG. 24.

DETAILED DESCRIPTION

[0052] Before the present compositions and methods are described, it is to be

understood that this invention is not limited to the particular molecules, compositions,
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commonl y understood by one of ordinary skill in the
art. Al though any nethods and naterials simlar or
equi val ent to those described herein can be used in
the practice or testing of enbodinents of the pr esent
venti on, referred netho
methoylo gt oy Boigial RaRuS hBemmm Y-l fial Giiderstood that the
nmenti oned herein are incorporated by reference,
terminggegpiiusesl inbe eeseripdon is ferthe prepopuiekricasribing themagiquis versions or
that the invention is not entitled to antedate such
emboditingnts 0slyy endoig net intendedfo mitahe scope nf theprespaiugntion which will
Al t hough the present invention is described in
be limt@Dprlp Olyithapdehdled diginscr ubbi ng  of a sem conduct or
substrate or wafer, it wll be appreciated that other

Mg§3 T ALt J8Y bd ﬁote@ FRE S8R hefeirf At BhO¥ppch8ed @bl the

apparatuses o the present 1 nvention.” Further, it
stngulasr L#Blér{l ea%? r gndf € ﬁgyﬁﬁ%el{uﬁ% ger e‘ége él‘ﬁgr& e %rﬁ&&%%h? ldictates
semcond ctor s bstrate E W t hout do&t ge
otherdein 1B BRI BHFERGE iRt arest 8 RTINS og more
sem conductor substrate incorporating one or mor e
channeje gndequi valents thgreoh kyows taaieseotkilindon dbsathgnd so ferth- JYelgss
i ncl udi ng copper or copper alloy interconnects, other
definetl ppieswiné, allstadinticad bed sdientidicpanst usad hawm lmve oy same meanings as
sem conductor |ayers such as substrates having

commaﬁ uRA8dHeeH BY oBB of Bty Siill (PtHe)ard ENItiERSh aBY methods and
strates for processing other apparatuses and

matengﬁ\é{rﬁl{f%i ot léﬁl%‘igﬁ'llﬁmf HOQE(%SQ %@%b?%ggg?y ﬁsdt U}ﬁ%@i gtet}‘né gagtrlce or testing

0 nary skill.in. the art th
of em%q%aﬁgntt ft @ﬁ@r b GG Sy PR RabiP RS SR Gy gt fgterils re
ccur in_another order and/or w th various solutions
now d@ﬁ@ﬁbﬁa. £Y Pyplcations meptiereddetein predpgrapergied hydplerense N@thmg
cl eaned. For exanple, different cleaning solutions,
hereinssithbeamnstauestas ancalenissimidthitgbpmypytionais coheititledite mitedate such
aci d, ammoni um hydroxi de, ammoniumcitrate, and
msdohygbyﬁhu@kﬁ rie€indes@nyt i on (or m xtures of sol utions)
may be used in one of the brush stations. Al so, other

tswgﬁ?{rﬁltﬁﬁl}%f tﬁ@ ? HAE  ¢MRNREN B’ ed R coMunctiofGyid tHERERibbing

atlons Moreover, other systens may

of a se?xﬁ%c{l)rniglgt%ég%sﬂg% glwa érhﬁ wiff %g\é E:t?{ed%]?ﬁ/ o?ﬁe? ﬁ&bs%%s % be

rbceSS|ng
proces?%gérlar%ggpgbé( tgg ]@@E)gln %gf, %Sp[rsq:ag{}ﬂ%g L}Eﬁ%: p?q:etegtem(lgnrtlon fFurther it will

be appreciated that reference to a semiconductor substrate or wafer may include a bare or

pure semiconductor substrate, with or without doping, a semiconductor substrate with
epitaxial layers, a semiconductor substrate incorporating one or more device layers at any
stage of processing, substrates including copper or copper alloy interconnects, other types of
substrates incorporating one or more semiconductor layers such as substrates having
semiconductor on insulator (SIO) devices, or substrates for processing other apparatuses and

devices such as flat panel displays, MEMS devices, multichip modules, etc.
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wal ki ng and twi sting on their brush cores and have
shorter brush Iife. Rotation rates for Dbrushes
generally range from about 800 to 1500 rpmwith from
about 0.8 to 2 pounds of drag. Higher rotation rates

RS RS Pk R S Ha ST o) L4 A S5t 6 i Yopfin e
degr adat i on of nodes on the br ush or pad. Cast on the
cleanipg,f¥ste dessabed pseiamMayeRFcHnEaREET prsier andder Witle vius sakutions

i nvention can be rotated at greater radial velocities ’
dependiieg apsetheselstoenomiubstediklayer heingtleahed. tFor exanaple aiffenant
of the base core with the porous pad naterial.

cleaniM@bdlutiehs| €icB as water S itesad iBsht6ed albodolatitadadll, dn@onium
brush to a different |ocation on the core. Twi sting

hydroﬁﬁé %ﬁn&rﬁuﬁtc‘it?z?t@ dnﬁ%‘&ﬁ?oqluBﬁ& Qﬁatsbl%ﬂoﬁtoﬁﬁ&%r@ssopé&utlons) may

heir original alignnent. 57] deaning and materi al

be usesfn'l‘?ﬁe""éf EbHkb SRtk KBy r@%%r%&aré%%%a“yﬁﬁaﬁe nd B Egion. o
to de‘10m ZO&HP ter an mxture of chemcals in

two orRprgihaneky statens. MAIRQ ek AhgrysEPme MAYPTRF pis proaore of the
conpound such as HF or NH4AF;, NH4OH, an organic acid,

above statignytsiensimdgaayt inghude addtiepah procassing statianshaich as afMP station.
anionic surfactant; a basic, a neutral, or an acidic
pHe086) S pangneat brubioss e Keerfpine ohyeqbtaceztﬂlm sleeveadintk probi€is with
may be added to the solution to adjust pH and help

walkirfh ﬁﬂ%\’s@m? WhtBGLbRGREGRYEnd hkB sh&@RMREshIe dRotAH08 rates for
exarrp e of the many different ways in fornulating the

s SR Ry B RTEODHR Bt g RO s o s

., water. The | evel of th | uti on
Higheb R3S ey OraE SEnlkn BRETEA SEPEh o1 HPEA 2B, hovever
~ water or porr05|qn i nhibitors such as benzotriazol e
this mpplpad fesEpisedagaacatipn of nedes o el phyosRAdy Gashan thetcore brushes
shoul d be noted however, that the present invention is
describest inleimbiotliagenits/of the pragerttinemson fart brerotdtechati greptemiadial velgcities
and that each conponent in the solution nmay be

becaudeaftpelobyalttidr iwise dte ©Ig@il6eling bbthe base ®irdrivitlrthe porous pad
properties. [0058] A method of cleaning a surface of a

materiaf nW% gé(?:%vtp 8¢ irdhE &I mB ra?cf?tﬁ{?f ¢ bruEf?Mﬂ%?Ent location on

pol 1 shi operatlonlncu s the steps of
the CO{eﬁ plLle tru?gd eger%E %qf]eéggle erHart t?oglr ofr ol Figfrég glrllféttﬁglrr é)?g na{)ﬁ )gnment
PR P Qiehyiniigad %wirm tleq‘x’c?réf’vv}%ﬂ%’%é%‘é&@ wifh fhg method

t hrough
of the present?nvention include but are not limited to deionized water and mixture of

chemicals in deionized water. The chemicals may include fluoride compound such as HF or
NH,F; NH4,OH, an organic acid, an ammonium salt of an organic acid, alcohols, an anionic
surfactant; a basic, a neutral, or an acidic pH environment. For example hydrochloric acid
(HCI) may be added to the solution to adjust pH and help dissolve surface coatings like
copper oxide. One example of the many different ways in formulating the cleaning solution

is combining 0.5% HF, 0.1% Citric Acid, and 0.4% NH,OH by weight mixed in deionized

18



hol es of the rotatable base and forns an interl ocking
monolithic structure with porous pad material on the
surface of the base. Even nore preferably the porous
pad material fills one or nore through holes of the

rqt atabl e base and for an interlockin n
water. g @l i sotinn Bulh cambibes PO BIARAE ST FRIA fgtic acid,
the outer surface of the base. Brushes with
deionizask @) Water procorfesiopshipeersren yehsazaiiazale may2lsg e used in such
wi t hout through channels in the base may have cleaning .
cleanimgngblutitmer Itahould o wateddtosmiverallst thopirésent invertion is netflinited by
of the substrate by a spray nozzle. Preferably the
formuRafigsd ofiisclaarieF Sl6tida dndrefaeedchlcofrpongmdn thersohmion todyche
interlocking structure wth the base. The

f per interconnects
replac%ﬁ@; dipfe tEE}%ﬁm@ﬁ R4t HABYin{1RY r(ﬁ)@fi

| eaning chem transform ng the copper

V@pgé] § gilett S 5t Hdas nsg Ogur%a £ f ggrﬁlggt%ﬁ%%% .rwa\P@Ifa}?{er b Gnial

e coppere oxi Pay&r

surface, of sem condu r waf er havi,n
mechag|ea RISl DG E IR DGR el 15 et o6 AL *?lgwaﬁea&lwrda@teﬂal
pad material cast onto a base and forms a nonolithic
removpltheriest ko the serfaagetl theeseptieondyclon welerayd peferally thiguglpabrush
is not limted to, renoval of from between about 100
that is aag Shtosaterea PoeferabbOthapgmus padmeferinhigllcopparmaxitdeugh
| ayer fromthe surface of the sem conductor wafer. The
holes dfftR@tcratamebie AadohdsintEMbcRifg nidholithed stiucaat edthMorous pad
rinsing the sem conductor wafer and the br ush W th

matengleénotﬂ %l‘f‘l‘fjac Be lgag E@é?%(l@ﬁﬁ@fe%ﬁffhe Qhﬂﬁ é}ﬁﬂ f1 s one or

rom e SUI' ace O e sem~TCo UCtO er

oo S P S SR S %lﬁon?lnﬁw et vt

scrubbin and the rinsing steps can be perfornmed in
porousbpaslslnat%ﬁ ontheinnepgddhie SUEE syrkace ohihe basq, ghishescwithy g}teﬂochng

oxi de | ayer having a thickness between about 5
porouspagsanddrase s tusigoutt vdhoutithgatghehannsts in ke base fnaydage cleaning

t he sem conductor wafer. [0059] A nethod of cleaning a

and m&tefihlae@o0dl cRemRisePpPHETiocthe vatRe oftHegubaradibyrh eplay nozzle.
mechani cal polishing (CWP) operation may further

Prefer%llﬁg kG GO ﬁiolrédégpahl?ﬁaté’ﬁﬁ? YmiRE a hiRoliBAPRETIRK Y ]tructure

remai ni on the surface o the sem conduct or

with t}\éva%agﬁl ﬁ% %e%g%;élgdgF 0{%’ oL agrrﬂ)a%?t 0 E'%%on rc:tsS herem the cleaning

onto the core. [0060] A brush cas onto ore ba
chemigg} (RPSTRERINE (e GRAPEILISY AP hiparican g Fmigpndfor Wafer into a

water soluble copper oxide layer. Scrubbing the surface of the semiconductor wafer having
the cleaning chemical fluid with a brush that has a porous pad material cast onto a base and
forms a monolithic interlocking structure with a base may be used to, but is not limited to,
removal of from between about 100 angstroms and about 150 angstroms of the copper oxide
layer from the surface of the semiconductor wafer. The treated wafer and brush may be
further treated by rinsing the semiconductor wafer and the brush with deionized water to

remove the water soluble copper oxide from the surface of the semiconductor wafer and the
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brush is interlocked with channels in the base may be
used to renove an ultra-thin chem cal oxide |ayer
such as Si2, froma substrate as part of a post CMP
cleaning process. In this process, an acid such as

drof|uoric acid is deljvered to the.co
brush BSTeR pleping n Rotinsserend segtiEondifist S iﬁﬁﬁuﬁ@)&}g fon, the
material in the through channels of the base core
scrubbinige and thefrinsingieps Fen by pfermsrde p heashPeky The ireafes auwgﬁte will
be applied to the surface of the wafer using a
have aspppgrexide[l0@6 hhvihe s shitkizass B@waem sboub rengstraucindaboded)
may be etched using very dilute HF and brushes

angstrdhi$ 6f tHeGKedcabfithe seniiobiduatirevdi@se. Hydrof luoric acid
mnth a concentration of about 0.005% BE can be used

A%&Pl(?dy&f%géaﬁl ae&rfae@emelﬁlfcoﬁcﬁﬁ&mm after a chemical

appr oxi mat e gst rolrrs of the oxide. This oxide
{
R B S L
th de | ho f
coppet o BB Al i 4° BRMHETKRET HarGhycparolling an

surface of the workpiece so that the surface remains
amourth pf Hohin the cleming chemicalthatdtawsothrangh theapsh cast gato the core.

greater than approximately 30 angstrons, a controlled

t [0060JoXi baeshetasthontmy cdre baseshch Hort thehmseus ;mﬂphzitem’ﬂlifomsing the

renoval of netallic particle contam nation (which may

brush R8nfeN6BW B @Enhdls M thBBascANhFiBe Adedd kdioveMR WQA-ktEA chémical
process) is inportant. The netallic particle

ot S50, AR OR A TRl o A PG s

procesieiniii 101 6h B EHOYES HeTFR] LB DS /Fgﬁzm Bt
endi ng upon the depth of penetratl on of th

where éﬁﬁ%"éﬁﬁhﬁa‘lg h e poIPRs maﬁién@tﬁn@lén thegthequgh Fb@nr@l@a?%h%baswore to the

the netallic contamnation is nore than 20 angstrons
surfachef tevbrish. Adwerfatively the adid ey beappket todhé snfagk oFfhermafer using a

be needed. The anobunt of oxide renpved is detern ned
Spﬂu@by t he concentration of HF delivered to the brush, the

di spense flow rate, and tine. For renoving |ess t han

1008 105Ld: AR 2f %s@&}hé Mﬁsnﬁﬁ'&ﬁlek fGbe e?cth ggﬁé"ve% dilute HF

concentration o ave w etch rat

and brﬁ%h%?] i tt?r ci'(eg Wlltﬁ,ﬁl JP%&%’? Cl\?&?sgs I—ﬁlglroﬁgloﬁg éﬁ@tvgiﬁl £ concegtrgtic;nng)f
about 8(())8 ‘%nl-tﬂ5 actah %2 ?1sed-l;gepe19fgprg grg:torrlt?ct)llle%nreggvaﬁlif ‘fess than approximately 15
angstroms of the oxide. This oxide removes contaminants, including particles and plated
residues, on the surface of the oxide layer or within the oxide layer, without making the
surface hydrophobic. A thin layer of oxide remains on the surface of the workpiece so that
the surface remains hydrophilic. To clean thicker oxide layers, e.g., greater than
approximately 30 angstroms, a controlled thin oxide etch may be used. For these

applications, removal of metallic particle contamination (which may be incorporated into the

oxide from the CMP polishing process) is important. The metallic particle contamination
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adjusted to provide an oxide | ayer renoval rate which
is consistent with a desired workpi ece throughput or
production rate. For back-end CWP processes, renoval
of up to 100 angstrons of oxide may be required to

adequately renpve the netalljc copt.am nation .
may ST et orar PRt febiyes o T R AR Gk pom g fal. Very
. renmove this anount of oxide in |ess than approxi mat Jé
dilute emmceptratipns et BRdsuchian 8. QA HR Pay e Auidicionitq 1§moye mciallig
to 0.5-1.0% [0062] FIG 1A illustrates a cross )
contansieatianp depending uphe theedeptthofgfenetritivin o iheganitaminaden intaithe oxide
base 100 with various exenplary through channels 130,
layer. FoDexdaamsle liBthefmdiallie comnthiningoh idindre thhroR0 begswesis belosy the
i nner surface 190 of the tube with outside surface

surface a4 %ﬁ@i’ Cohddh@uath oﬂ@.@ﬂﬁ?lb% nBBYedo ertdiahiRh eA oxidle RnERed S
i'TTustrated by 130 and 150. The through hol es may
Lncl.ude a roughene I f =g e
detern%?e(fabyntng gﬂnciaﬁ%atf%lr%};%' 9%1 Sel?eﬁfg)tro é@%g@?% ghggltrsbé}ge ?l)ém{e, and
) pnterl ockin f e a poroys foam or pad terjpal used..
time. ey meoletgHE*%ttﬁ%igﬂ‘géﬁgWﬁ@ i} OXSfue 4 DO copEeitation of
optionally used to close one end of the cylinder _
HF mayihavag sty efch gptardth efch Hmes of 3@ seqoags heig esasgtablge The film
finished housing tube to a tool. The endcap 110 wi ||
etch timausenportanowhereusifig fiighet dohcgndra(innt. EBieavenyerntatibh ofdIEF can be
t hrough the channel s 130, 150, and 180. Optiona

adjustd ®Prbvidd Bn BRive R etieptbvhlraed Whieh id dimsisitat Wah dideBeddeworkpiece
of the tube for subsequent insertion of a fluid

ot . ; . . .

vough oo RGP SRS N pt e M AP Lo gt
.shown, may. be machi ned into the e 100 for. matin

of oxidy Ry b TRHITER(P TRAHSId TP s e Prep el g it Mo gt
_insert 170 may be bonded, nol ded, or. machiped . into the

thereis the pobishing ar9spsst diodBMPve HHnImOyntof gxide ghiess than apriqyimately
endcap 110 and i nner surface 190 define a volume for

40 or Fodedomdy, thefconeenirafi@O6BHIF i i@creps®ditp OusiPdt-es t he hol | ow
cylindrical tube 100 with one or nore non- limting

epoe6R] BEG.AfA illkwiteda elosyweetion d13Ag thk96ngtd 80Da holldve dyliidrival tube
a porous pad material 152. The porous material 152 is

base 160 Vatidhs é)&ég{r%ﬂg thiB8gtt EHAHAE 180 250ehRd F80 fob PérmiftiIfluid

surface 190 outer surface 120 remain
o SRR AP BB RE Shg 22md l
channeﬁs(,) giiatyib%rzi?f?erierrl]tsiin %ﬁetag ﬁlu%targtgd b; ll% (ajlncfl I1’5(5I e %%éug%r}l%les may
include a roughened surface or a non-limiting example of a notch 140 for increasing adhesion
or interlocking of the a porous foam or pad material used to fill the through channels. An
endcap 110 may be optionally used to close one end of the cylinder during molding and is
also useful for mounting the finished housing tube to a tool. The endcap 110 will cause a
source of feed fluid (not shown) to flow through the channels 130, 150, and 180. Optional

insert 170 may be used to offset the inside diameter of the tube for subsequent insertion of a

fluid fitting or a step or series of steps with diameter greater than the inner diameter of the
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machi ne tool nounting plate 112 are shown prior to
bei ng nounted to the base. [0064] FIG 1C illustrates
the base 100 with through channels 130, 150, and 180
filled with a porous material 152. The porous

material 152 is. s [ t.he t u
base, iop AT S e e 5 baes 00 e {0 B hpmacpine arive
120 remain substantlall free of i‘{]?ﬁ por Qus materlg
fittings Sindcap 19 prd Hsert 479 W@Y ¢ hongded, melderner madhinggyintadthe base 100
nmounting plate 112 are shown nounted to the base 100.
and préflersbty formta fhgd tight seat. FHeewdedp ¥l0uand inneysueaceolA0atelipaatvolume
shown) into the core of the base; machi ne nounting
for holdirigtd M@d. permt the rotatable base 100 to be
connected to a rotating spindle or fixture for

[@083] . tlﬁ%ta&?ﬁeg e ﬁomv@ aﬁhﬁﬁlcsﬂrmﬁ@lm {with onb %P”ﬁl‘b?é non-
process I'nlet for fluid 106 is provided for by fluid

hmltmg gf}}tgrrnggs bt A}ﬁog& cih%HPecféji gBO RO el h S'Or égﬁgfffﬁa@:ﬁﬁl 152.

eeve Secon porous pa
(not shaq St se 100 bru

The pays BROME L 1 vt Giing] hefagpugh c chfutel Pufeuthis Seﬁfe 190
cleaning tool. In use as a cylindrical brush, a sou

and ouggtr sprfaees| A0 reEiTs sulstaniimly fepetsts tecoparesy materiabl 121 Jnd1G. 18, the
inlet fitting 114. Fluid would flow into the device

insert 170 andggndiay €10 46 Bhoyempesittidrred ugide tha bete. IBGidLitting hi4and
the core volume defined by endcap 110 and the inner

machiSeHobP&Bust 9&% Phtebasare +dWn gricdicsibeipg hidubledwo aietbaed. t he
exenpl ary flow channels 130, 150, and 180 filled with

t@%ﬁf’ﬁl;cgg@ mgtrﬂ@értﬁé 'bQée Je'é?mﬂ{‘éﬂr chQnﬂéi‘semﬁ@?@%d 180 filled

ayer |ne tool “plate 1172 22" woul

it BT e bR R P ALt Do

[0065] FIG 2 is_a schematic |IIustrat|on of 61
channelg 89 (ighinaribwgiach &9 arbpersurfgee hef) regiginsibstagtia badree of the
housi ng base 200 that has a porous pad materijal cast
porousomateriahks 2h e fhod EittingEdd rapt amaghini teel ghti ve agvméing pRepl 12 are
250, and 280 are filled with a porous nmaterial 252 in

shownamouéditonrhe bhseall 090 Fhad fitirgs lpaneit f1396ofdfuid Fremposcms (pakhown)
material on the outer base surface 220. The porous

into th@ %gr ﬁibé&le l%g&llﬁ@ﬁiloall‘i_’[ﬁlgi fikiggd itthé Pot&tlﬂﬁleblﬁ%l 00 to be

hrough hol es and optional sUrface channels (not

conne%?cg t/vp% gott%ungasfg%ﬁl Or ﬁ)?[ﬁ epfgrs %)Eét&:%ftﬁggasé @%8 'cféq{u?l tenal

remov, &ogeggni]nﬁclatsfolr Hu dal%% 1gM prtor\]ilcfeg ?oﬁboyr t(fula fip t?rtljg IM] e1“he en?brg%?rtnent

shown in FIG. 1C may be covered with a sleeve of a second porous pad material (not shown)
cast on the base 100, to form a brush roller. Such a brush roller may be installed in a CMP
cleaning tool. In use as a cylindrical brush, a source of pressurized fluid would be connected
to fluid inlet fitting 114. Fluid would flow into the device through inlet 160, pass through
inlet 160 and into the core volume defined by endcap 110 and the inner surface 190 of base
100. Fluid would flow out of the exemplary flow channels 130, 150, and 180 filled with the

porous pad material 152 and out to the second porous pad layer. The machine tool plate 112
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the pad by wal king or twsting is reduced or

el imnated. The porous pad 252 interlock with the
channel s of the base by filling one or nore of the
channel s and preferably forma nonolithic structure

would 280 85 FLEL S8R e AT B P 5 e

physi cal ly prevent the porous pad cast or nolded into
substra®e channel s from being renoved by pulling or

tw sting of the porous pad during rotation. Optiona

Pl0O65IUEICO Ads 2 S¢heamatic shasiwatioroofr ¢msp sehdompaloog thel laygth of a

256. Besides protrusions, the porous |ayer may have

hollowbéilintdficdl leuém%bﬁs%dlot)ahe[telﬁﬁs pedugpabmaterial cadt ditathe base core.
surface. In the FIG 2 the porous pad materials 252,

Exem}%lérﬁf thﬁ’)ﬂgh efinels©30! Be 5@(?@80 ab 1k %vlﬁad"i?orﬁﬁst Rhfefhl ’ﬁﬁqn a

cont i nuous’ monoli1thic structure froma nold |ng

mold \ﬁlgulﬁ tafﬂao ;alt 139%'12;6 lgge f;}' 6&s pgég r{lﬁaét%r%aef&q thg&%tgf lga%e tsﬁsﬂce 220.
200. Base 200 surfa 2 9 tanti al.l

The PP LRGSR GRS 26 FEPHGE wilty g CasCbropeBor P cayional
brush, a source of pressurlzed fluid woul d be

surface olranaels €eptishown) iodnaiptait the pesifiemantspacing of thapsairgsionsgiy4 on
into the device through inlet 260, as illustrate by

the pa@ @facpaBy ihterlocighg thel chbniizfindask with thet preowsopael, theahowement of
defined by endcap 210 and the inner surface 290 of

the paél B? Svabl@Rp oftvHbttho e Whcéd QvkiMhate@f Th@?o&h@péd?mlﬁ&hﬁ)ck with

| ed vvlth t he porous pad materi al or exanpl e

the ch%nlrle}é el il BY ﬁ@%&gg or 1518 of AREnGHfcld %éitlggf 1%91658»%&?(1
o0 VN REETELE bR BT SRS BB e

300 with through exenplary channel s 330, 350, and 380
shape gasmeqhiapicaly andhhysiadly PsaveRthe parops Beicashpemoldgd fnje ghe channels
320 of the base filled or covered with the porous pad
from beatgeemaled Ghpaligh oc tveistieg of the perets pacediring @80ion 3 Pfional
and 380 are filled with a porous material 352 in a
protruﬁ@hﬁZSBﬂ‘kiré Bhé¥1$ BoviepingBhd FirelsIay? @56NBedidss mbtrhikieny diequsous
mat eri al on base surfaces 320 and i nner surface

layer n?i%Qhav-ghﬁt q{o%i féa% E&E4 oo'vé‘aI &'d ﬂ’é%léﬁrfﬁ\éet Mn thd"BIG. 2 the

rough c anne of t e base . Optional protrusions

o5 PR, 60 Bl S0 ﬁfeée?f aﬁﬁ%@%ﬁ% Py A

limted . to recessed %rooves or af at s

continpps maplithig sipa¢tars f5prg a3B0lding process ¢ Sipra! Be e D1d i

machine tool mounting plate 212 are shown connected to the base 200. Base 200 inner

surface 290 remains substantially free of the porous material. In use as a cylindrical brush, a
source of pressurized fluid would be connected to fluid inlet fitting 214. Fluid would flow
into the device through inlet 260, as illustrate by 202, pass through inlet 260 and into the core
volume defined by endcap 210 and the inner surface 290 of base 200. Fluid would flow out
of the flow channels filled with the porous pad material, for example illustrated by channel

280, and out to the porous pad layer 256 to be deposited on the substrate.
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preferably all the sane and form a continuous
monolithic structure in a nolding or casting process.
The porous base material 352 and 356 that fills at

| east a portion of the exenplary channels 350 and 330

ent Lifti.ng of the porous d teri
Tiodiaats FYiF s aetemisig Sk e i PH g Mopg enetit Sra
ai ds i n_maintaj ni ng t he hei ght and the positjon_of é?
hollowgydindiieal Hausing bass JBQ withshequgh gxemplaryhanagls 9%%55% Al §0 as
axi s and provides nore uniformcontact wth the
well asthbsineaswefaa BP0 erd o@pt swiwat 320 of debasetfillagl @icovened with the
machi ne tool nounting plate 312 are shown connected
porous phdti@era s Fhafdigh icharfrels il13atdd K 33350, land 38a taeesfiked with a
enbodi nent of FIG 3B without fluid fitting and

poroum%ﬁéele% gﬁ Y &nd1d WhidkGalso 1%%& LeR33 6Tl @5% %lk“) tHeaﬁb%usﬁg

I nsi base has a thicknéss neasure et ween pa

e 3 SRR AP0 DR s v

366 and 364, Protrysiaons, 354 have ei ght neasur.ed
the thriegh,BANSIBA! Bh oSSR, TR RRTEN 1o e oo o the
| ayers 354, 356, and 358 may be varied by changi ng
poroug lapersyap Besides potresions the perousHayarghay. haye bikis ngtliggited to
cylindrical brush, a source of pressurized fluid would
recessfibgrooveses hdtht swfdceuldtherfilt 3Bithd magrigls 852, 34y B66,vand[3d8 are
flowinto the device through inlet 360 and into the
preferfy 81 @RS sae And Yoras 6aRindd s menslithRetruANey inSrhbRGR; G} sting
of " base 300. Fluid would flow out of the flow channels
U £ . _ .
proces Tl PiropSass B 300 R BOGREAALR B! 5bRlondy Sethplry
r usj ons 4. Fl G. . 3A s_not have fl.ui rtql
channdlf 850 SR ae? Brrevens i (6 pOh R bt Y from the
plate 310. [0067] FIG 4 .is a schematic di agram
base spface<iuFiag Pefy 1halso ridsiie Meiptaipng Sihhei gl fnd e positiqnof the
with a porous pad material useful in the practice of
protrusibmes ommodet 3 BnaloBathe basaugirfage d0its #xds and pryvidasimorewnifprm contact
inlet 460 and outlet 482, optionally outlet 482 is

with tiE08BERAe Wirfdde A0paOA dRid Aiting 39Wand nachine téol mesunsiug Hiace312
490 and outer surface 420 are fluidly connected by

are shdwh o EH3cted BB Dase ARLndIE, 82 FRO B L HIRALRS aft 8Rbodidfent of FIG.
and 484. In FIG 4 the different sized illustrative

. . .and 484 il i
38 vaff il 0 e G, et Pkl BREPSSs Al e
base hg;g% t q‘glglgééﬁﬁ{sg;qa O\é\g%rr]l&):qd&hl@lr gl‘ljrf:iacg%& re]uru? %gsrg: iﬁrrl]ear re]lge!, surface

390. Porous pad layer 356 has thickness measured between 366 and 364. Protrusions 354
have a height measured between 368 and 366. The thickness of the porous pad layers 354,
356, and 358 may be varied by changing the shape and dimensions of the mold. In use as a
cylindrical brush, a source of pressurized fluid would be connected to fluid inlet fitting 314.
Fluid would flow into the device through inlet 360 and into the core defined by endcap 310
and the inner surface 390 of base 300. Fluid would flow out of the flow channels such as 330

filled with the porous material and then distributed out to the porous pad layer 356 and
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porous pad material. Preferably the pores and through
channels in the base 400 are filled wth the porous
pad material. Al so shown is a distribution of through
channel s and pores along the base 400 to aid in the

refere a istribution of fluidfr t L nsid f
protrusfors Ee P03 s v Siiresces dringsoabd 1 BRRRG %y e
orous pad material covering the base which is not
mme3&h@%hmmF@d@8] The present invention may al so be used
as a pad for material renoval or cleaning of a
JORETIrEGe 4 i @hematic dlagstm dtwstratngnoskmiagt thoughchangels filled
t he dlaneter of a disk shaped housi ng base 508a
with aga ad hd&siabetul & thetpRictfed 8 tHedn beitioh A Bved housingz0H8.is a
hol fow rod 516a connected to top 500a through an

cyl1ndé)rmllltl9ﬁf'1’ét 48BGhY Bl?tléiI r482' g)pl(ﬁ nglll}“blglermg@ Isl dYerlel Hih anV@?ﬂdeﬁb (not

I's not A shown. S usgd to deliver f|UId to
55
showrf B Bl Ve e A
504 )
cramndlF S R %@p%aé%@f e IR Y-

base 508a with inner surface 590a and an outer
pores 480r dndcd84mpnshownHd leid) withithe| peves stped masaripd vihile @aeght86 is not filled.
channel s 550a, adhering porous pad |ayer 562a, and
ThrougeciandelpiBRasishovachdt &yled abd faoughndhahiel 450 isshewn filled with the
protrusi ons 554a. The first porous pad material 562a

porouﬁfﬂaexﬁﬁénﬁlo PrdTerabBSRe povel a&@thrSRAThanttISRARE Bade AV Wse filled
| ayer 556a and bonds t he porous pad material 556a

with thvé‘é"??‘%s*h%ﬁr HEn ‘515’83’5%889? e e
slong B pareet 0 Paid SABADRIRENER R FEoT ot ?Pﬁ?r@mlgﬁ RS base to

por ous pad rraterl al bonded to the base 508a. Porous
the oursaamfaay@f thedmse asliatosa PaIgrEpPakmrEHakeosonnag te basgwhishdsnot
and may have surface recess features 522a. The porous
shownmat eri al s 558a, 562a are preferably all the sane
mat eri al conposition and forma continuous nonolithic

S[0068] Thepresedfnieiidninigalgs be asdd RG RddcLeHaterihDRARVal or
The present invention may al so be used as a pad for

cleamrlfﬁiea{ didktr S8 MRHR! 5 O 1usFAERNLRYs Yctibn ﬁk‘)ﬁ% tHeAdiEmefel ng é@k

ustrates a cross sectlon a ong t he di ameter of

shapecf%%lsgﬁéagg%) g&agﬁ?l'%%é\g %8? ‘3%26 ig %Ydﬁlr%ﬁlf 5 de? %01%91%%02&% hollow

rod 516a connected to top 500a through an optional machine drive or fluid mounting plate
which is not shown. Rod 516a is usec{ to deliver fluid to the pad 556a and to rotate the
device. Fluid from a pressurized source illustrated by 502a enters the device cavity 504a
through the rod 516a and flows through inner porous pad layer 562a adhering to the base
508a with inner surface 590a and an outer surface 520a. The fluid flows from 504a through
channels 550a, adhering porous pad layer 562a, and second porous pad layer 556a, and to
porous protrusions 554a. The first porous pad material 562a adheres to the base surface

520a and second porous pad layer 556a and bonds the porous pad material 556a with the base
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rod 516b connected to top 500b through an optiona
machi ne drive or fluid nounting plate which is not
shown. Rod 516b is used to deliver fluid to the pad
556b and to rotate the device. Fluid froma
essurlze sourc illustrate 0 ters th .
5085 b6 pos 264 {ayeprgisr ahlm‘ifaﬁif T30k Bl ey g fill one or
t hrough i nner porous pad | ayer 558 i nto exenpl ar
more af rﬁla%ﬁbmughmémr%pg Optenallydke perpuy p@k@bten%ﬁf%@nééﬁém@m a
protrusi ons 554b. The porous pad material filling the
single tdiiveperd [potrols pad Hlkeriahbarded ¢k thettase Pl MAaraisipall layier H5Gaheovers
base 508b. Porous pad |ayer has top surface 562b and

outer sEEMES S20aTDhscS308hage nhYMaveturtlie rérsefcafdn. 522ar THE pods
| ayer 556b covers outer surface 520b of base 508b and

f
4003 VRSB R g o, g oo

d f
monol Bt RS o o SRR Rbsben and form s

praocess. [0070] Various nodifications of the present
| 108N, Thipreaspt entioremay alip he BS%@ s @it BaFgLEmoval or
Skl||ed in the art. For exanple, FIG 6 illustrates a

cleaning ofssubsteate.oHl Gl Bhilustnases aiirepesestionploag the digmeter@en disk
housi ng base 600 with inner surface 690 and outer
shapedshuusAgehas2608b hhving sidecsttbraaksol 500tatofosh awolund 3Gid. A hollow
with and interl ocking a porous pad material which

rod 518b 86ndeRfelfo RY 5005 tRRAHgh &Y SptickraPmukiine BA S b1HiiQ ﬂiﬁ)uﬁﬁﬁ% plate
covering base outer surface 620. The porous materia

which ég%c;t\llgﬁ?\&ﬂ?ﬁgﬁ 51658 éiag& Forc%g&%jﬁﬁlﬁ PR B8 a {oelro'ta@% the

base or ou naten

. thraygh channel s nd CO) ase f .
devicer i Hont & DSty aruce s b&?oﬁwﬂsgﬁ‘ﬂ”@%@ qvity 504b
substantially absent fromthe inner surface 690 in_ the
through ghaurog 5 6 and FeWa EyPEgh IFHEPGoREPAS 10y a5 5B @@kFmBlafAjhrough
be connected a rod fromthe cleaning or materia
channele AB0g Ipad teykr §36baewkiotpofdusi plotiwsdonst 39dbt dbe pareds pad material
distribute it to the porous pad |l ayer 656 on the

filling $t thAsEhthdleO3FDD iflABEIR the FROmatthial Witls ehe@de HB8b. Mrous pad
connected via a machine drive fitting, not shown, to

layer Haf Edg} Sirfab€ 5@?81@&)%1& PR SuPRd J5Bb OF Hidl hasd ?(2)83)3 th'i‘ous pad layer

ZUb rate. f OWS a Cross section a
t b 700
5560 QFPRUE pd Pl o ARLR3: Pt D% e
are shown filled wth a porous ﬁﬂtt mat eri al that

porous Iﬁaf@rlalé SR8k rﬁéZBa%Sébﬂml wobrrg pretesaRly gl s jamesmaisgalang

758. The porous pad _
composition and form a continuous monolithic structure from a molding process.

[0070] Various modifications of the present invention may be made as would be
know to those skilled in the art. For example, FIG. 6 illustrates a cross section along the
diameter of a hollow tube housing base 600 with inner surface 690 and outer surface 620.
Through channels 650 are shown filled with and interlocking a porous pad material which
also forms porous pad layer 656 with protrusions 654 covering base outer surface 620. The

porous material in the channel 650 interlock the porous pad material 656 with the base 600.
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material fornms a porous |ayer 758 covering inner
surface 790 of the base and an outer porous pad |ayer
756 with protrusions 754 covering base outer surface
720 The porous materials in the through channels
I nsi de e core 772 nd cover|
The pejputaptinrly T brecn e othtine Brind SEYFinertlh b 1R & gopolips
of the device accepts f|UId through a fluid fitting. .
structuge, eERtsad mepterad 66&58@@@@1%@%@3%9111 ihe SRACE FTACEJPO in the
and distributes it to the surface porous pad |ayer
core 6756f thadevigh Thacareb32 pbhe dEhige bryde200ngntad dxed from the cleaning
connected via a nachine drive fitting, not shown, to
or mateBilat@oldeodlas acapeiflpidfams theadolmat elistabutagad st paous pad layer
substrate to be treated. [0071] FIG 8A is a schematic

656 orﬁﬂh@ 9625 QhrowBh @H&%@ls'@'t TRE bﬁé&%O@rrﬁa?}ﬁl% cdnﬂt‘&@& VA% machine
aving a first adherent porous pad raterial 856a

drive \égrnldo?_l%lét\{n t& f&t%%?lgéulgase; g%é%?ﬁ?ng@Eﬁvd%&shg %bes‘trate FIG.7
I
eSSBSl 08 BB 4% B9 oS R 388 F  Fre

the first layer of orous pad material 856a. Base
surfac%%amb@utwﬂu@ﬁagm7%qaa ergh duoacladd0 aigrshews dilled sdthgppryous pad
covered with an adherent first porous pad materi al
materi@biat infEhleclpthediase PRlowith therpad mB&tas 7@ et 758y The foneus pad
outer surface 820a may be chemically or mechanically

matenbpﬂ%ﬁﬁgabgro‘u@ EayePY 58 édVlefing SinBBEUrRICcE 760 BRI Dake Sid dndsifer porous
Oa by nol ding a preforned pad of porous pad materi al

e 05 e A i
the thi el GihandlF o0 aiae fre Tore/ gl P xR 3 R W@Eﬂtb%b%’ﬂ“&fs

pad material can serve as an adheS|on Iayer to .hald or
mOﬂOlitthéFqu@fé‘Re t He coue daof the Aeice ysapts Apad Greughn fud giting
by chem cal bonds, or nechanical interlocking bonds,
connedted g the badsi 708t hatrshofvnt fners heieplvehdisthibutes itso thermirface porous
second pad materials.. The adherent porous pad

pad lap@t 786 italou Sb Blean@ el §50 N Q“hé basel786 enBMdeconpesédvial iachine drive
covers the through holes 850a while maintains its

fitting PRI QROWY, 18Tdi8fe tﬁ@ﬁ%‘e r&ﬁd *)Qrohp BadRRRrialidA%ea §19l?s@rate-|fb b8 treated.

porosity permtss ow "fromthe TCore
LR 30 41@%%1?0&&%;&@% o 1 3P
havinggy i aofkgsn it AT bipedvRRe LR gutao g Bipa having

adherent and interl ocking nonolithic porous
core 872a. The first porous pad material 856a may have a second layer of a porous pad

material 859a cast or molded on to at least a portion and preferably all of the first layer of
porous pad material 856a. Base 800a has through channels 850a and outer surface 820a
covered with an adherent first porous pad material 856a. The porous pad material 856a
adhering to the outer surface 820a may be chemically or mechanically bonded to the rotatable
substrate 800a with surface 820a by molding a preformed pad of porous pad material to the

base 800a. The first porous pad material 856a covering the base 800a may be bonded by
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pad material 856a covering the base surface 802a. The
porous pad material |ayer 856a covering the outer
surface 820a is preferably thinner than the second
porous pad |ayer 859a and may or may not have

protrusions. The quter surface of, | ayer 856a e
castingy sQlucri o o Mgt PoIpey bk SHEen AR RP B cubstrate.
859a, shown with protrusions, by a second nol di n
This figst pereys past mbipriel Gaiseryeas ge edingignrlayes torbeld w#@e@ocg%fae second
material or cleaning brush over the layer 856a. The
porousyed dayerxmeh as 8 iRecbynettearicad bondsy obmechanapl aterbiskimgHopdy er 2
or may have a fluid conductance different from porous
combiffiofof 8lesé Bt GeeBBRFirktndebdcdik pdd Shatéridld. e The wdlskréra parous pad
substrate to be treated by fluid 802a. [0072] In FIG

maten'glggg? 28{§ﬁgtthé3bgb R0H4 E;réﬂ:ﬁaﬁﬁf &WB@%%%ug‘tﬂ‘ HoﬁbséB 58K while

rous |ayé I'ng the base 1t hrough

R SR Vi el
o B 5P e L5 RSB AT s

surface 820b is thin and does not have pr ot r usi ons.
In optivha colpodimenisy tha perays phdgnaterighmipy fidlya prstien OeRaLiAReR o the
second | ayer of porous pad material 859b, shown wth
throughchirmeBi 3308, ndd yhawis &6 Goreh amddieregt ard inteskockigg maoétsc porous
by sliding a second preforned porous pad naterial or

pad m&kﬁﬁ@S@Q c@sfe!rhﬁg tl‘EB’l%se ktadeROSE. @ﬁ@porofmﬁad ﬁl@ﬁéﬁﬁﬂla rg368
mat er i al be a repl aceabl e sl eeve or ve a

B P e e
to be treated b f|UI¥ 802b. The secon or ous p

and i BB S PRSI o B I HE 1 S R B Do Covered with 2
conposition that first porous pad naterial 856b

second lpper3yl pormms ped Mmaessia 8599 shqyre weh Protipems; Bha sregnd aolding
used to renove nmaterial fromone or nore surfaces of

procesa os hipslidiag e s&bAd psefoirhadsgaratsgrhdinmatétiabor eleaning sk over the layer
non-limting diagram the devices are shown in cross

856a. %Gtsé&ﬁid ros Pad thtdri bk b3 AQeslu@dableiteelopr fiah Sibved Auid
surface 912 and brush roller 930 bel ow the bottom

condu Hl?c}fc{lﬁ%&{l % ﬁl%%ﬁ)}l% %rr%?/&{rig C}Qf 85dh 3 %Qttersdlgfhbﬁt% fhfd Edgzgézubstrate

el ve pressurized fluid

ated rod 992 or fluid fitting attached
to'be tf%?e?”wg L0 |

|ch is connected to a fluid conduit from

he cleanln% tool (not shown).
[0072] In FIG. 8B a schematlc diagram of an embodiment with a an adherent porous

layer filling the base through channels is shown. Base 800b has through channels 850b filled
and outer surface 820b covered with an interlocking monolithic porous pad material 856b.
The porous pad material layer 856b covering the outer surface 820b is thin and does not have
protrusions. The outer surface of layer 856b may be covered with a second layer of porous
pad material 859b, shown with protrusions, by a second molding or casting process or by
sliding a second preformed porous pad material or cleaning brush over the layer 856b. The

second porous pad material may be a replaceable sleeve or may have a fluid conductance
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Fluid 902 flows through the porous pad material |ayer
958 surrounding the perforated rod 992 and through
channels 950 filled with the porous pad naterial. The
fluidis illustratively delivered to the substrate

: t hyough the protrusi ' he ..por 0 | a

differegh TG Tar e DR IE: B30k 1oheLe SRR LRA oy * FSlr g be weated
substrate as it is rotated. Perforated rod 994 or._a

by fluig|892 The secard peroas PrshmasriphR> 9B 8%y have ithecsagne 9r different
to the brush 930 which is simlar to that depicted in

compoBitiGn that fiEgtpiocbud P3d frlataxsil 8MPLuUgh t he porous pad
material | ayer 958 surrounding the perforated rod 993
Q0073 ceh anmelpsesehlinédtioadnay behuseh €0 frpovesngadhl from one
material. The fluid is illustratively delivered to

or mo%ggrfﬁég@ oF b trhArANGR e ROGh FUS! NG thid ntoHQirﬂigihg r‘éﬁ;agram, the

ayer 956 which also renpves particles and

device?%%e: '(g%ln i]jé %%%ﬁelgﬁ?%% ag%sﬁﬁ?ﬂel? 8o %Qg‘rttfu?{o s%ﬁst% e%: %Llﬁ'garc]:e 912 and

ustrates a Cross s

of a_second porous brush pad 1059 wth rQtrusions
brush Gg” RECRIG™ 4hF Potiver Sherg s san - HiePraisaDi ST G e
a cross section along the dianmeter of a hollow tube
detaileddn FlG g7, eayaecadvopresiurined Brid 908 from A dererafeshyod 993 gy Huid fitting
channels 1050 filled with a porous material 1058 in a
attachéxbioahé bdse evhsdhr is conmeetedHio asTuid)cdraime firas thermemingsoo¥ @oeshown).
1090 and outer surface 1020. The inner surface 1090
Fluid 90M1&s thEstgh Ae Hrvss %hd Iﬁé(t@fiaIQfl)éer@QS Sutgoich gtk Pefatated rod 992
The outer surface 1020 of the base nay be covered with

fi , . ' A
o oy BT B R ALt
i85 B A BB EPCh Bl B RS
chem cal bonds, nechani cal bonds or interlocking, or a

removeppastiplas anshmaieripleaa tionistrate i is fpkated. sRrfoteied 1gd4er 2
second porous brush pad 1059 in FIG 10A nay be cast,
fluid fitohglathchedoto the babealebvers flaidi3eto thalprusic 8301 @BRha$ sifiiilag to that

porous pad |ayer 1058 to form a conposite brush

depicté®ii FIG. J0GRii@ 903 ows througH Ge bofous Bae hekahl JaythesSaeondding
porous brush pad 1059 is cast onto the first porous

the peﬁé%&%%%& 093 Ot hl chaftgE0 S0diliaa AR %?or&ﬁ%ﬁ%ﬁéliz{ly The

or a conBination of these bonded to the first

i SR 5% O B A BB B e
956 wﬁi@g\gﬂ)o 'rel;ll-(r)]veesfpiagtﬁ: espa(r)lzl%lfl ?naFtJeandal %}net ie%lottom of the substrate as it is
rotated.

[0074] FIG. 10A illustrates a cross section of a second porous brush pad 1059 with
protrusions and having an inner surface 1080. FIG 10 B illustrates a cross section along the
diameter of a hollow tube housing base 1000, with core 1072 and hollow through channels
1050 filled with a porous material 1058 in a monolithic structure. Housing base has inner

surface 1090 and outer surface 1020. The inner surface 1090 may or may not have a layer of

porous pad material. The outer surface 1020 of the base may be covered with a first porous

29



and the second porous pad material may be a single

| ayer, preferably they are fornmed from the sane
material. [0075] FIG 11A illustrates a cross section
of a second porous brush pad 1159 with protrusions

pad 3R 18e 85 VG0t SAE thES D Tk Fis b i Bl By Be

housi ng base 1100 i ncl uding one or nore holl ow through

bonded k¥ GAHING, solyqnt Bendipg. 19T oldins gk thsperepsdayer 4058 tthe bﬁaeéurface
11C illustrates a brush fornmed by the conponents in

1020 byl aBemidal pordsdme¢t@nichll Bonddew irgerlackiiz, has cpobipatompeidthese bonds.
material 1158 filling and interlocking with channels

The inhdiSirface 1@80naf sowondl jorduisbrash piet 10658 inFIG Ioas@ay bd Bast, molded,
Second porous brush pad 1159 covers the base 1100 and

or slideRet @@to‘éte? banne!1962 bf Hifd R&‘ﬂoﬁ@ PE ty@Pf(B‘S% R&h a composite brush

material. [0076] One met al ni ng t he porous

dev1cepﬁl)%2 %tsl%\{/f? efﬂéferﬁﬁg tt seg&q@c& S | sk npef}ﬁf‘OSb 1s East onto

rm recesse an

surf ace th urfac of t i n ece sed
the firg gopds Dol Luser f%i% LR I@Cﬂryefm'ﬁﬁ@l q%a@legiv drora
opening at their bottomthan at their _top. In FIG.12
combmﬁ@nuégléessz bondadds thedishperpys lagere LAipnalhahsaosousad layee 1058
1234. The upper surface portions 1236 and 1238 are

does nptaimterlock twhidh thasegh obanaels060 &ow showw). iFhiedlrst ganeus pad material
recessed channel 1234 was cut. Porous base nmateria

and thd 2&Bne psioud phdmiakkeiabRse bd 3Qfeld lay&, plefe?sbll rStaré@formed from
portion of the surface recess down to the surface 1220

thesarﬁ%n{% pase to interlock the porous pad material wth
ase 1200. This prevents I|ft|ng of the porous pad

0. om t he bas
SO0251 RiGarRR meahE § ooy SRGaE SEA SPAE Ris0F pIER rlf Trsewitn
protrusi ons or nodes 1254 _al ong. t he base 1200 surface
protrugpng Fdfavmgdnneg gpdaceid&Opn 4 1133)@1%%8 KF198s fsetion along the
connected to a machine drive fitting, not shown. In
diametigs ef @abolipvptubs housingbasetid ) imshuding ond=ora@norehotay thepugh channels
chemi cals or other fluids dispensed on the substrate

filled With h@otoue pheé chateyial XI2eIHIG 1 IKPilRiyRAtSs ABrudld frehell ®ykiROW
to those skilled in the art. Channels simlar to 1234

compo%@ﬁits il BRZ 1TBY 2REFIEITRI HViRABRE HA8Ybidds bid Rehiah P RFilling
and porous pad material fluidly connecting the inner

and 1néﬁg018Hé %thsbﬂﬁﬁrﬁfseﬁﬁ to tfgf?n Q fdfiolithic structure with base 1110. Second

porous brush pad 1159 covers the base 1100 and contacts channels filled‘with the porous pad
material.

[0076] One method of retaining the porous pad material on the surface of the housing
base is to form recessed channels, posts, or hollows in the surface of the surface of the
housing. The recessed holes, posts, or channels preferably have a larger opening at their
bottom than at their top. In FIG.12 the base 1200 has exemplary recessed channels 1232 and
1234. The upper surface portions 1236 and 1238 are part of the base outer surface into which

the recessed channel 1234 was cut. Porous base material 1256 cast onto the base 1200 fills at
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[0077] FIG 13 is a photograph of a cross section of a
brush nol ded onto a rotatable base of the present
invention. FIG 13 shows a cross section along the
| ength of a hollow cylindrical housing base 1300 with

exenpl throu h channe] s, 13 t he

least a0 8 BTAZH SRS GIVEL 5 he o g2 Pt A @én@r Pricpe
or covered with the porous pad material. Thr

porougpashimalesial; witly glerbé‘ﬁeebé) Thogpresenss ot th H’%qudﬁn%reﬂal 1256
porous material 1352 in a nold which also forns

from thapasesutfadodwing us658d aifls imaiptaining thedwighdtaed thel position of the
base surfaces 1320 and 1390. The porous pad materi al

protrubibh&éd ks 1964 floadghebaseOLRP0 satfasy @l dtalidBal aafs. tThe bakBEX0 may
1300. Node protrusions 1354 are shown covering the
also b®O4 dyﬂllééteh%@ Enal‘ﬁ%@ dﬁ%‘ ittt l%t' sﬁb\%n 138 asknflsh, #R38nbodiment if
1358 are a e sa forma contli nuous
nol i t hi ct.ur

o R R bl ey ol .
1358
externgpraigEoH ruld a5 etk fo oSt Pesinhe ngagé gty GRUAT 0 1234 and

during use espeC|aIIy at hi gh rotation rates.
1232 may be fasakil iigbases baving Sureyghrtmlestaad morqystoad madgriph fluidhy
the position of the protrusions or nodes 1354 al ong
connettirey thadnes and auter srfacdssofabé sasand provi des nore
uni form contact of the nodes 1354 with a substrate

S of7ar B1G.HI3uk d phbtolstap of 3 LfosaBéttioh @R Aibhgsh HHEEd Bftota@Blatable
endcap 1312 are shomn connected to the base 1300

base o?ﬁ{ %&eﬁ%v&%o@f' XI?JWS algf§§s ée@ﬁérgﬁoﬁgﬂleqér%}é giaac.‘ h(éj‘llow

ness msasure V\EGH I nner surtace

oS A RS PRl bl

changi ng t he sh e and dinensions of the nold. In

surfacg 469%ncg016911 suslaes é%é% ofithe ase dilled o peverest Wih daespatpysRpd
fluid would be connected to fluid inlet fitting 1314.

materigl. UTldrongluttthnhible wlustmted by 1880l exei shewnHillsd gtith mp@oud ®6@rial 1352
of a fluid fitting and into the core 1372 defined by

in a mbliewhidRlso oM RG&Es 138 Darell 13389 tHedptdoudhadi ilatemall o Hak©Wirfaces
t hrough porous pad Iayer 1358, out of the flow

1320 %gfzﬁ@ah §h§;¢ ug?)a&ﬁé rlal ks {Vﬂhttlli@th rgg%ﬁaﬁﬁ'ise{ﬂ%lof the

Stributed out to the us pad ayer

base l\g\%ﬁ‘? 6%16 121%13)&%3??4 ar%,g&o?& Fle%%gﬁ ]fl}ﬁ)ﬁ)oag 8%? 1%%6 THD matenals

at abl e base present i nvention. The rml d

1352, ﬂﬁéé} JdeQ andd 3§§are&_l hg Agme apd FormL q,qq%tguous monolithic structure. The

porous base material filling the exemplary channels 1352 interlocks 1365 and 1358 and acts
to prevent lifting of the porous pad material 1356 and 1354 from the base surface during use
especially at high rotation rates. Interlocking also aids in maintaining the height and the
position of the protrusions or nodes 1354 along the base surface or its axis and provides more
uniform contact of the nodes 1354 with a substrate surface. Fluid fitting 1314 and cleaning
machine tool endcap 1312 are shown connected to the base 1300. Porous pad material layer

1358 inside the base has a thickness measured between pad inner surface 1362 and base inner
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1406 sealing the endcap 1401 to the nold sl eeve 1402.
Mol d sl eeve 1402 is used to create protrusions or
recesses in the porous pad and nay be surrounded by a
shrink wap film 1403 to retain un-polynerized porous

d nd cat st filli e 402

base sEitipe TR0 e B3Rt &S pptot i Bt S Ru B PG 1 be
channels. Atop filler cap 1407 is used to seal El{‘l

variedibyehenging thersbape ancdigiensiais oldhameldrindise af a Cylmgisical brush, a
within the center of the core. Barbed fluid fittings

sourcelefBesanezqufbyiil ceild e ednaecteptof fluid enleicfiiping 48 4. Fhmimpuld flow
FIG 15A illustrates an enbodi nent of the present

into thertié@itt tlaougthiele 1360 afh floid fitting aetlinpothe udrePE3Y 2! defiaed by the inner
1520 having optional protrusions 1524 is interl ocked

surfacE 9390 BP%E abh® Fllﬁﬁf@oﬁ-lé%v&t fRESiH q)o?()lﬁ‘ifae ll'e%te?@ﬁ‘% lofflof the flow

ayer 514 The rot at ab e base may have a plurality of
ha t I
channglﬁ IS]é(i 3%5 éﬁ?lefl%nh tﬂg pp oﬁ{’g%%n%})&% eag'xd]tggn ﬁ@%glg:geo% go the
1506. Th fluid 15 y flow through porous adhesion
poroug H‘S‘fjellayqé agﬂao%eﬁ ]éé t he porous pad 1520 havi ng
OE%bonal protru5|ons FIG 15B illustrates an
8] FEat14gtlustrases mekiewhich magheiused WHanke abrgls polded onto a
nol ded porous pad 1558 havi ng optional protrusion 1560
rotatabls basendfehd preked imientiom Tleempolddngudestsidreat ea 3401 with o-rings
t hrough a porous adhesion | ayer 1554. The non porous

1406 $edi?sd thelefdepy140¢ t6 eHénheld sle@véll 402t NTbIIG186%6 U402 KMiseK to create
froma cleaning or polishing tool. 32 [0080] FIG 16

protru's,l%néagr febdsistihdhd g&ol n%%iudgllﬁhﬁ@a@épsg?%ggéfégia d)"%sm fic Jvﬁﬁ film 1403

sent I nventi o

rotrusions 1612 nol d d Th 16
toretai o SRR ParoBn arhePCoT: S r b LaRRedts aPRy s la and
havi ng |nterchangeable fluid inlet fitting 1620 _and
in the coygi s}y LaRdishavigWith throvgh charrla £ demEHCT GPtIHET égsed to seal
for connection to a rotatable shaft or fixture on a
the top obthe frrld slot et andgretafremebldore 14450081 the Gnter df ithe eome. Barbed
illustration of the core 1710 of dianeter 1730 havi ng

fluid fitthgy C40Rnge pivaletltoiie thp tillengpl480. attached to the
core and tool drive mounting fitting 1700 attached to

t hﬁ)79PFKi Fo/A SnRaREs 28R mbBdifhenPbftha Blrf%eﬁtrlﬁ{'énu%h where a cast or

fIxture on a tool for rotatlng the “device. The core

‘ moldef_lpfgo dW Cy‘ﬁr lgﬂfﬂav?ng oﬁltloggl QtrrL?slf@st ltSEQ i§ 1(?1rte“:flo%f<e<i3 @>Frotatable

anne

base 1505 through a porous adhesion layer 1514. The rotatable base may have a plurality of
channels 1510 for the flow of a fluid 1504 from fluid inlet and rotating shaft 1502 coupled to
the base 1506. The fluid 1504 may flow through porous adhesion layer 1514, and through
the porous pad 1520 having optional protrusions. FIG. 15B illustrates an embodiment of the
present invention where a cast or molded porous pad 1558 having optional protrusion 1560 is
interlocked with a nonporous substrate 1550 through a porous adhesion layer 1554. The non
porous substrate may be coupled to a rotating vacuum chuck from a cleaning or polishing

tool.
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woul d be filled wth the porous pad material from
casting to interlock the pad material with the base
1710. The length of the channels 1740, their spacing
fromeach other 1724 and their height 1750 may be

var | ndi ng upon the desired flow rate and . .
ofUbE e R o et ot btigrilaropt Pate! e gpLinyation
_ in the channels. [0082] FIG 18 is an illustration of )
includingay Roseusadtliod® vith sariaeg profrasionseijdpoldeds Be pereus pad 1610 is
present invention including a porous pad 1824 nvol ded
molded imto chdmmal eif 9, rotatiblestvoevand lnfvirgg intenthan gdrbée GaoiddnleBBuding 1620
havi ng out side di aneter 1830. The protrusions 1844 on

and toblN@iviean@isginp #dkind 8600 Atached B RS colSAR cangkciioh @ @kdtatdBleGhaft or
froma surface of the pad 1820. The outside dianeter

fixtureoéniﬁglﬁfi‘got& iheSlefgasured fromthe outside of the
protrusions 1844. 0[0083] FIG 19A is an illustration

R 13 0 ORI P MR GRATI LSRRt P Ry 1

. and ol drive nting fitting 1930. The channel s
interchpggegbls féma AR gﬁf&ﬂtffapmdéa t ¢ope @%@Pbﬁgvep@aumged!ﬁlag 1700
tointerlock it with the base 1920. FIG 19B is an
attach¢d foibe eqre fenrropneation to huptetabletshifh gr Hxigre oo tapd fentotagng the
fitting inserted into the inside of the core and
deviceh&hieregresis Shoved withohainledad] 160nirohgiothe @4&Oor bs¢ hD1QyHThe channels
shown with the fittings 1910 and 1930 being inserted

wouldibRttleti RAth ths beRduS bad hRtesiar ﬁom&ﬂ'aﬁiﬂfgﬂb ihteFlbd @S phad nidfirfl with
nbodi ment or ot her enbodi nents of the present
AP

e
. i : : el . .
the bale WA, TAEAGRM & R BAARRATA0CIP ARED ek Bt i R ind theie
.. F 19C i s .a tail Ain FlIG. 1 and sh Lt he .
height/1 S0ty e 1A SrRRBEIE Ran Ll ST dowARE FRE ARFiffon of fuid
fitting 1910. The fluid and machine drive fittings
throughdhe prrong padaRatgrialiatleichagrels.i xed to the core by
nmet hods including but not limted to a sol vent bond,
al0082} Figs dBiis amidludiratieadofadrodssattiampf aonatbsialremlovalgdd of the
threads on outside surface 1950 of the fittings and

present ifvehtid @eludinpfAsodsisHd 1804 ditdeddn® chiaBfkdd InoFtHowm Of & S
an illustration of a fluid fitting 1910 of FIG 19A in

rotataSl€ e 3‘8?% Bvin % bItu{s]icEQha?nQéthr 1838, ahe gft?{ﬂsfong 944 % ig{%zborous pad

exten roug e plece for flui ow I nto ore

1920 of G 19 fr terj [ yal .mJhe . .
nave & RRe 8 At bl Thll BB e ST B AR 5ol o
diame%? Bg %Iﬁtpa{irlg%:}ggag}?rgh'froyﬁlefc;u%sgclleno t (9 %r%trr&?i%ng] 4. an

+[0083] FIG. 19A is an illustration of an unassembled bare base core 1920 including

channels 1924 with interchangeable fluid fitting 1910 and tool drive mounting fitting 1930.
The channels 1924 are preferably filled with a porous pad material to interlock it with the
base 1920. FIG. 19B is an illustration of the fluid fitting and tool mounting fitting inserted
into the inside of the core and having a final assembled length of 1940. Although shown with
the fittings 1910 and 1930 being inserted into the inside of the core, similar fittings in this

embodiment or other embodiments of the present invention could be adapted by those skilled
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fitting, not shown, for retaining the fluid conduit
wth the fitting 2010. The size and configuration of
t he openi ngs 2060, 2080, and 2040 may be varied and is
not limted by the present description as would be

to those skilled in t art 1N i.d, .
in the $ 9 Rging Rt B uist SyEse! o Z@éﬂ?%rﬁ%ﬁ f%ﬂA-I%FIG 198
that the porous pad cast onto the core may b
anl shaivs RIGH oWt Bmpe B apghe $are P AREncobs iy P9 10ncThe Jhid and
to a variety of fluid sources, conduits, and or
machinetaverfitiggsmai ba agamhed.svaed qrtfixadyo @mlcbmrbm,ethods including but
scrubbi ng, or cleaning nachine. [0085] FIG 21Ais a

not lingi@deto lagdlvichd Bemtl &t ilaasdfic bk, fidizmt Beatiok, 6t machinddBftads on
of the FIG 19A In FIG 21A the core or base housing

3
ousE PRI RAMIGD oS ol FURRE

m@;&?ﬁfﬁ%@ ARt St e J AR B PR IR Ak Rt The
2116 of th I
fitting JORAPat § endsn ghA0 L e V‘%dmcaeffpiﬁwétﬂ% inte-fhg core

21B is a view of a cross section of the core 2120
1920 ofHdSe 19 frames matepiabuwmenpl toel. viheiinaer degragien 21§ Oupanbe wred for
application and requirenents of the tool. The view
acceptipoyBuidasadidZ6mithaeol.sThd fitiag 2059 neydhavoat e+ringuorfcampression
2150, the porous pad material may contact both the

f1tt1ng0ﬁ’6t%ho@ﬂ Chot fé@ﬁﬁmg Wi AGATondul\Rith @Rditing 28£0.0fhd 6% and
ts may also bé varied to permt greater fluid flow

confi B%SH%? tﬁetb%enﬁ@%@ §9§(§é .262(5 g'gtyfbh Iafggx% %Hcf 1'30?’( ﬁﬁi 8% ﬁy the
s S ko PVl 0553 %m e T

device to interlock the porous pad to the base 2120.

One adypatagg f éhe psesenbivaerifontipdha e orouspag sa5hQat the gorgrmay be fit
nol ded to include one or nore steps or stop for the

with afwide ctadetsl of fitsings 2010 foraglapt thi eoterio e vadéty wf fleidssovfces ywonduits,
step 2120 and 2128 are shown for illustrative purposes

and oﬂ@iaﬁling heciigpniysused 44thamng pdlidiin®fsciubbing! @Seamity Ahdne.
shown for illustrative purposes only. FOOSG] FIG 22

FOO%S]: RS, %1}% il 11ﬁ£§[r§t16r{‘oﬂ:th90&§iﬁfe'o'f 'tﬁé?ofr@i@ﬂﬂof the FIG

cement o channel s 2202 and 2204 I nt erl ocki ng

o I R SR A
g5 e B TEE IO, 5 T ELSE i

to the strength of the
2120. The slits would be filled with the porous pad material. The width 2116 of the slits

may as well as their separation 2108 may be varied without limitation. FIG 21B is a view of
a cross section of the core 2120 whose diameter 2104 may be varied depending upon the
application and requirements of the tool. The view shows base 2120 inner surface 2154 and
outer surface 2150, the porous pad material may contact both the outer and inner surfaces.
The length 2136 of the slits may also be varied to permit greater fluid flow through the

channels after being filled with a porous pad material. One of the slits at the bottom of the
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core material, the desired volunme of fluid held by the
core, and the fluid pressure drop across the slit.
Steps 2120 and 2130 on the inside of the core may al so
be varied in their dianmeter by choice of wal

I ckness 2110 o fore. i S s
core i ﬁ%PEY&lP S8y FPCEPn 21%?}} 1§ PFe %‘gﬁ]éif qng&‘ iy P?‘i"H& Pi‘g%tegﬁl mna
FIG 19A. The tool nmounting fitting 2316 has a keye
finishegirdaviaggo ragdoakithperopepaskte tlz%'z@eamgo oph¢ insisdle Su@"ﬂ@é?ﬁéh? core
taper 2330 defined by and angle which mates to a
may be otaghinad) oeineided to oicluale tooe br mbhesteps| arstaptfor thetfld endhiool
connects to the fitting 2316 which has been bonded or
fitting$ €THE Bélet @ainbRrs cfaWwe sepR120tbad 2528 fie showe fanHudRrioe purposes
pad. The size and configuration of the keyed opening

only. 7RS Qe ?.pﬁl MAr186 onh@ s'teE)rs] BRL a14d éHoRﬁldfopﬂlsllEff‘? W Oﬁﬁ‘ﬁ&ES only.

escr tiron as would own to those

ot R LS TR

a wde varjety of fittings 2316 to he core
Channqvi% 2%9%/ands%?&étf%%er G508 Y thrARgTPREPad %tf:aa @%Fﬂ%ﬁtﬁ%@ relative
or spindle or to ang Eollshlng, scrubbi ng
16

to one@nethar bygamagle Ae00swhish mayrhg varigd.uilbe well sﬂpphmssﬂl JQoefahg core
Both the fluid fittings and the tool nounting fittings

may beWatidiedgperdiag ipomsmnidemitionssuchlze baomdtilmniteeicto ftlo steengihrad the
clearance fitting by mating opposing surfaces with a

core niAFHHELth®fesir@d Vbithe 31l @RAE by fhdzoré %nﬁih@ﬂﬂlld?féé@ﬁre drop across
anot her exanple of an unasserrbl ed core 2400

the slit Uf%)cgﬁﬁr 2@%{1@ 2@% gﬁ' fheﬁ an he l%gl%g'ﬁ%rjﬂgc?he b?ﬁ'le{;ﬁqb %&r &i@meter by

e 1S, B00 hseéwﬁé the pad mat or al T ﬁa?he

base 2400. The core has an end 2420 into whic
r B98ELEIG £d ipan dlusatiqnref 4 tﬁﬁledrewan@@’éwlgélmngjwo of FIG 19A.

receiving fitting 2414 is inserted and end 2440 into
The tophinohntidgfitting @8 tebasenlccy2d 8permng 291 with iavecenn23t0 ang optional
fitting 2434 is inserted. The fluid fitting 2414 and

sidewdIP@PEA B30 deRifed by dddvh (%Pe‘l@ﬂlcﬁﬂi/at&&o&trbﬁﬁhgélen{mt 6fth toll. The
fixed to the core 2400 by methods including but not

eleme tI HE) _sﬁgwho §<9£ M)et'HF1 it SI@QN i h&SRRh ‘Bo%\&ééd%r S &ﬁié@ﬂ)t the

|ng, y macni ne thre S on outsi SUF ace

core anctI rotates {he ¢ fc’e A %o}othes p'ag.S ‘Fgee sz 51]; ((::oenfggﬁlra{tmn of ‘ﬂleekeyed opening

2336 may be varied and is not limited by the present description as would be known to those
skilled in the art of making. One advantage of the present invention is that the porous pad
cast onto the core may be fit with a wide variety of fittings 2316 to adapt the core to any
substrate coating machine’s rotating fixture or spindle or to any polishing, scrubbing, or
cleaning machine’s rotating fixture or spindle.

[0088] Both the fluid fittings and the tool mounting fittings of the present invention
may be configured for a zero clearance fitting by mating opposing surfaces with a gasket or

o-ring.
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[0090] FIG 25 is a detailed illustration the fluid
fitting 2414 of FIG 24. Fluid fitting 2510 has a

conduit 2500 which extend through the piece 2510 for
fluid flowinto the core 2400 of FIG 24 froma

S fluid fr mat er.i renpva ol .
TIHBSER At Vi ﬂﬁg‘? « SRl P d e 2407 g
condui t fromtheto . The fitting 2510 may al so hav

SUPpPORtgE SPREMSIPE dppat shg)\yn ﬁhq;ﬁlq mglded to imigrlockiihe B?d with channels 2424
conpression fitting, not shown, for retaining the

throughlithg ebre.ohbleichamnels mayte fflledtwmga p&0s pahmatsiiakfonmmderlocking the
configuration of the openings 2500 and 2520 may be

pad maatialeditiathe base 24000. [Theicbethab yin €hé 2#2EEen vhitske fedhitedend 2410
as woul d be known to those skilled in the art of

of the TRt gbinit Hufd &Eéﬂt'/lﬂg fltﬂg%cﬁq\@ms@ﬂ&i £ dnld©4R0 $56 Which the

i nvention is that rous pad cast onto the core

reduceﬁi%gg 28§0 gét%_)b&él\{ Lcljlﬁﬁﬁlgffithgg%iﬂ f 11\%69(%31 ?‘f)é ﬁ{n\é tﬂtmg 2414 and

ings to a

.condui t . taj ning nmechani_sm. us
machific e inigl 2ad gk B el amas e LN %éﬁ.orerﬁé&? —

fitting has a tapered end 2414 whose dianeter 2524
includigig| bapgot limitesd t9ea sohvsar bendl, amultissorie weld radient berding4udy

The size 2534 for the top of the fitting 2510 and the
machitegbreads emdutside sud&s®f rtheeyfidtiagy ard thd insidehsutrface bEthgtore.

and height requirement of any tool to which the

BOSOFES 2dQy h detailed destAadnhd Ahid AtBRP 2 14bIFIG84] Flud fitting
detall illustration of the tool nounting fitting 2434

2510 lﬁ% Ebfuidds00 \;llﬁ@h Eﬁgllld ﬁl&(l)%% gpgﬂ%é @%16 fok h'uﬂgﬂ(?v@gxg Iﬂﬁscore

or nore keyed openin a recess

2400 qﬁ?{}n%f? 3%5‘%‘03?03%’9%%”%#8@&? tghi] F%%?qiv%g%aﬁt ﬁh%%ﬁ?r iheter

keyed openi ngs nag pl aced at an_angl e
2520 Iﬁ%lmﬁefi Aer HPPRIEERIH coaduattfrwe thesige!- ahee 18ipg 8#19 P@ialso have

center 2604. The rotating elenment of the tool, not
for exashlovhyit naf dimmitecitte an o-rirgeorfomipirgsgioR d3GN gmot shotvars fayaetaining the
bonded or secured to the core and rotates the core

fluid candhipwith ts fxdidg 231® Thd ditewhd26af giratibnsLiht @PeningH2300 and
the inside of the core at its end with dianeter 2638

2520 ﬁ&ﬁ? be §aéRshd 1@&0?&%&&‘%th‘é hr&Aesk &M onlls vl be kI(l)OWl’l to those

seal i ng techni que, e inside of the base 2

skille Tg (n?%é; %{j g%%gkﬂ%,ﬁfég&e ﬁtruag? r&)hé) Qd\%gﬁég %@he&a?e&‘eh@hb&%ho‘ﬁ" d§ Elat the

Mensi ons

upaon the oyerall_siz n e
POTOUS Y Caf AR EC\OF 2@9 ‘?I’fi(e’gﬂ BAYOR ‘61‘” ! H’e“@@ é’la“?té(dﬁ Ellﬁérbgs 2410

The size and configuration of the keyed
to adapt the core to a fluid source, conduit, and or retaining mechanism used with any
polishing, scrubbing, or cleaning machine. The fluid fitting has a tapered end 2414 whose
diameter 2524 allows it to be inserted and bonded to the core 2400. The size 2534 for the top
of the fitting 2510 and the tapered end size 2550 may be varied with the length and height
requirement of any tool to which the assembled device is designed for.

[0091] FIG. 26 is a detail illustration of the tool mounting fitting 2434 of FIG. 24.

The tool drive mounting fitting 2600 has one or more keyed openings 2620 with a recess
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openi ngs 2620 and 2610 may be varied and is not

limted by the present description as would be known
to those skilled in the art of making. One advant age
of the present invention is that the porous pad cast

e cor e fit w de vari et
denth PR s e ol taeess Aebeh 6 Rultr SRariy o St clement or
pol i shin scrubbing, or cleaning machine's rotatin
fixturg @fxét tgpk. ﬂ}ed@ggql OPGHAES IBhresplagedtah an grgls 224 ipuad fhedglve mount
may be used as a brush in an automated wafer cleaning
fitting2680 and offset cloeacentex 2604 s Ths tatatingslerhent o6 the teal) adi sewins
brushes froma single sized rotatable base can be for

connett§ @Sithie Fit@n 26UDEWhieh had bdea bendedeviisedmbe tb thakere dmldeaties the core
stations to clean wafer substrates by interchange of

and erbﬁ§ 449 sThQ'?ltgﬁEZGﬁUj@ it Bt PRRe inklie of‘ﬂllee@d}é g ts end with

st at on may D€ contr led in an aut ormat ed

diamegea ?8%%0?191 ﬁ%%]%eéd ¥ %on\xig glgga%fefi gff‘al Sg chl%%' irplggeec ni qu hto ¥ inside

i cal vi ces, and hard, di cou be clean
of the Be&q 248 T ﬁg Foriced ﬁﬁamaFerétoaw qfﬁhqngmnﬁ.veﬁi eaafg 20f0. These
substrate handling equi pnment and chem cals as woul d
dimenpignk maye tveﬁw]@esn@ngxmg lupewitherpverad sigetrequitamenits fog theeol and the
experinmentation. The wafer cleaning station may
pad asi wiell atbe atraeytid of the sedl irequired. Thesine agd catfeppeatioa of the keyed
spin-rinse and dry (SRD) station, and a receiver

openifids@620And D61 (PmaY BERhMG RAQS RS imitEs 4o @%@ﬁﬁesdﬁft@h% would
may initially be placed into the sender station. The

be kncﬁrgrpgﬁﬁosselt sﬁhleﬂ% ttlﬁ:eﬁt 0 l‘}lﬁe ' n@a&@afnﬁf Q)? E}Fe n;g' se@t ﬁl'vgﬁ on is that

eani ng stage. eanlng
di vi d nto 37 a fi n S a s
the pofl ﬁgs'tgpg?gtge e FVF NS mr%%bw PSS adept the
stage Wl also work, After passing through the

core tQ a@awaﬁgg Sokighing ¢ ssaibiTge PT FlgarpRE mAch g s 6@@%11&&“@;& t
spray in order to renove the cleaning fluids and any
c 9092 hEndotisnenthel tBRpres¢miniventio gy bt leed ased Bustaimchn automated
then it may be delivered to the receiver station for

wafer CREPIQE 8fa¥ios tOEIBGEW afed QP31 ratls. Dinlkdiheabyidiments BEIsRES from a single
includes a rigid brush core or mandrel on which a

sized ‘kbb&éi%le bse MK BE ¢6: ust i TRAHRE! of 'dﬁféré‘ﬁtnautb%? 2 TRWHeELIeanin

t ween rush nount 1 ng assenbl i es h nountin

seiof g R SR SRR R TR i b e e

other rotating fixture. The brush nounti ng assenply
cleanipg siafien Mgy be carfreltsdan g pYoBRied Wi R a clerins pomjralicy tation.
via a nounting nenber such as nountin
Other substrates such as but not limited to wafers, flat panel displays, optical devices, and

hard disks could be cleaned or polished using similar station with modifications in substrate
handling equipment and chemicals as would be known to those skilled in the art without
undue experimentation. The wafer cleaning station may include a sender station, a cleaning
stage, a spin-rinse and dry (SRD) station, and a receiver station. In a cleaning process,
semiconductor wafers may initially be placed into the sender station. The sender station then

delivers a wafer (one-at-a-time) to the cleaning stage. The cleaning stage may be divided into
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pl ate. A bearing may be secured to the nounting plate
and the spindle is rotatably nounted on the bearing.
The portion of the other nounting assenbly which can
be connected to the rigid core has rotary notion

. transmited to it the rigid core and to suppl .
o fist o BBRE RigeF o spop b St olath. gl ARYine b e ifping siage
. assenbly that is not notor driven. g0094] Both the .

will alge w@gk- fgft%ﬁl?aéﬁn&ﬂﬁo‘#%hﬁ eleanipg siggetthe Wafer iy passed through an exit
preferably adapted to receive a cassette containing a

spray muorderrto aémeef the sleaffing fluidssindany comemitgnist ddeiSRP statigedries the
preferably include a set of PVA brushes of the present

wafer b/ tigh litanayt badelberedue the 26diveratdiondor ehporal i edeage.
brushes are nounted brushes to the tool and are
| @B Ed tied RS s?{rstEﬁHH&lﬁﬁ@s a 248 bRGh-cold 6 RAMRAG which a
i ncl ude a base or "brush core covered with a nonolithic

or ial that int f .

orush Rh8HTed e fFPERLI Clrd 1ol P beffER hOF sRRLSHR pBfhepiss One
first ends of shafts for rotatin he hrushes. Rotar

brush RqUBfiRe SHSemA dRAGRE 4 EPSERUAALCRRIGT-GRven FUSLTPBRIHE 43P mbly

_shafts. The rotating shafts have central cavities

having @ eydiricilespaidte ointher ratafipg/lixfureyuilee prysh mewnrsHassepbly can be
rotary unions through the shafts and into the inside

mountefl t¢ hevabirofia lwafaserubbilfzalesivaiviza havetiggemtmbert such 8s mounting
the regi ons where the brushes are nounted which all ows

plate. | A BekirfhgtrBayiee fcred it tHe@BodntiaBpidiehrdtht @pinBR ib Fsteably mounted
surface of the brush base or core, through the 38

o <SR B! B ik LN B g o

i SRR I TR LTRE BB 02 SO ofning i o
Al ternatively, a pair of brushes may be used for

the braghythoyeh ghemowiing gssemtdy thehis net Bfarsliivetyr f ace,
respectively, of a wafer or other substrate.
THA994 hBbih, the bendeastation and tharseidingstativnare pieferably adapted to
particular direction while the brushes rotate around

receiva casskte &dntdifingtal miinbenbf Wefekd) ETiRlikEa™ seord@edniniSdigges
are in contact with the surfaces of the wafer as

prefer%‘t#lk 'gtﬁztlﬁcﬁtaeéét SIPVE!dfushds of he prisERiRverion didR YR /ey 96¥t and

h cores or a base naterial. The brush cores”are
porou ORISR RSy B B oy rom e
anoth%-gﬁ“ te msﬂgsd\rll\ﬁglhlge t@,gg%%rpsrg:gg%yco%q]hcg)vgﬁe%i \{/i%?a Enl.olfllio 1t?1ict %o;orl]lg pad
material that interlocks the porous pad material with the core. The brushes may be mounted
to first ends of shafts for rotating the brushes. Rotary unions are mounted to second ends of
these rotating shafts. The rotating shafts have central cavities formed therein which allow
liquid to flow from the rotary unions through the shafts and into the inside of the brush base.

The shafts have perforations in the regions where the brushes are mounted which allows

liquid to be distributed from shafts to the inner surface of the brush base or core, through the
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brush core with its plurality of holes or channels
filled with porous pad nmaterial allows the fluids
provided into the core to uniformy exit the brush
core through the porous pad or brush naterial

therefore_even|y supplying. the desired fluid to.th
porousipg SRGIal GEITESE Fapieh ShBrs e gpterni oot 1) e htrdeg S he
channels filled with the porous pad nateri al
brush. i nt er| ocks the porous pad material to the base and
prevents or reduces wal king or twisting of the brush
M00%E . A fifgletirushahey be wey foemsteriabiomevalmraldapinigd aisaigle
or a vertical orientation. The brushes are configured

substraksurRkat Altbiadvélg s padtofbrigiet hel bewedd fdaatrubbihp asoplaaface
of the wafer are evenly scrubbed, using an equal and

and a b%&?&%u"rﬁcé? E@s@é&fv@}ﬁ Bf £3&Fer D Sthe? Eubtsﬂﬁtem@fy?fcallﬁ‘%ﬁe WRafed is
i n vert

ntormati on I cal wafer scrubbing, "freference may

e de to U Pat .. No...5, 87 7, ntitl " .
caused 5 IRy« Rl eccu iyl B BigPdisy R pfbFotaon
while i HRER G ISCROTHES arec PG Y DISGLLTores A A eALe: affgtrated n

alternately may be a disk or shortened cylinder. The
FIG. 9hdbs brightsease mpuated oadiryshiepsesany adyepsmatsrial oFhe brggiugores are
symmetry. FIG 4 and FIG 5A illustrate non-limting
configilet & Ravei av eneeeraly diflmbdhindet wifictacanmeets ebtubingas €ludd conduit from the
fixture useful in the present invention. Any base

tool. THeaRGn Al A @u]?@y 1R 8 IWIdE Fo theRBFOMShiR Ak Brakiebdsal The
Interlock with the porous pad nmaterial, and nmake

brush %%? ?@ﬁ é%%rl}g?/lﬂ:gg)?bgie@g B{P %l?t}n]ilglkg gitlfeﬂt\xgthtﬂbr r#a:dgﬁ;.ﬁ@%asl%ﬂows the

resent 1nve
in EIG 1

. hoy he b .h ' f 90 d
s 90Be o Bt BB AR R B RS 1 s

cleaned to renove surface contam nati on such as oil
materiglherpine eveabniuaplvingthe degiraddiuid & thebaishgr Rad sudage; fge base
the base. [0098] A nold may be used to cast a snpoth
with itppliraity badenoels fllpdeithithé porounpadsinetarial interlpels, the perous pad
one with protrusions, the protrusions having a variety

materififto RANRE aﬁ@?ﬂeﬂéﬂt@@r fedticad@talkihg 6 tvistitgooflthé Bidsk 0desd
nodules as illustrated in FIG 6. The nold may have a

g[g?%]nﬁ’aﬂ:ﬁ 16191? bé Eﬁg‘%é@h%‘j{lo?ﬁ)ﬁﬂ & a wiGdhl Blentation. The brushes

ytetratl Uor oet ene applied to its surface to a

in rel ease .of the pad fromt ld,. th ld-itse
e confiy L S R raser sl GlostpE i TalRAS gkt O s WAy
may be made in one Qr nore segnents. A rel %aseF a%lent
scrubbgd,Usingsansapalrand pPRAsite piespie on eac side of the watfer. Formore

information on vertical wafer scrubbing, reference may be made to U.S. Pat. No. 5,875,507,
entitled "Wafer Cleaning Apparatus,” which is hereby incorporated reference.

[0097] The base housing of the present invention may be a cylinder, tube, or mandrel,
and alternately may be a disk or shortened cylinder. The housing base preferably has an axis
of rotational symmetry. FIG. 4 and FIG. 5A illustrate non-limiting alternative embodiments
of a rotatable base or fixture useful in the present invention. Any base shape that can be

covered with a porous pad material, interlock with the porous pad material, and make proper
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may be applied to portions of the surface of the base

or the base material may be chemcally treated prior

to nol ding. The porous pad material fornmed in the nold
on the base is renoved fromthe nold. [00991 The

i nner and outer surfaces .0 he base y, be snmpoth, ..
contack HFAHDBHE togisted i Dol iy pied Bpe Bresghrbiptpn. As
or intersecting shallow surface channels to enhance
showngp F¥ds], thabasedieedn apenarkase $0 anpdan eutersugiars heP-whase surfaces
the base, and to pronote fluid distribution. The
are preferablyadeanbd tneh®versyfave venamisationsychs mapissandgoih cerfaminants
but not limted to notched square or halve round to
prior tb Mcddihgakd &Mnﬁ@lﬁeﬂb@e.pad, and may or may not
i nterconnect the inner and outer base surfaces. FIG

1@0’9&1 {4%561%%3 e U308 ed ¢l 4 LGotR PRk Eackior 8Wafi 86ace as shown in
C ef ul d

annel s us for interlocking a porous pa

terial .to a substpat [ h n .
FIG. 10RE ob it BTt R FotkfRnS e SARE F fifbed fletuding bt not
. . rotatabl e pbase, The.surface a Is retain the nol.ded
limitedhsy Rytpéles peenangies s Husialy gfe The mplmuds TG SRR Of
or stretched out of the channel and away from the
perflugrinated Baictialswich aspolytetrafieorecthilgne apitligd 4o Beysurdace toaid in release
limted to |linear channels of various geonetries
of the phdfrgmi the nivkd, sShefnohl itselfemayshm made frbmmoéitstrafioraritiiydereaor the
surface channels at different radii across a platen

mold 18y Be malle H16HH & rhGre YOHRERS. ORGelbiRtagh S uals hdperafFinaps ArTHF

geonetry of the 40 surface channels can be varied and

o i G L ROS Ly e L SMERSRE ity

rov a variety
ores, through, channels. or sljts fluidl onnectin
weated st th migtoBEr g Bops prvbptetil (b B PR B abf removed
of the base as illustrated in FIG 4. The base may be
from thgygnodheni cal |y i nert polyneric material, including

copolynmers, materials useful in CWP cleaning
pi0998E Thsinner and\Rterastidadealof thenmseamaybo seweths kntiflesl, baeaghen
preferably includes chlorinated or hal ogenat ed

with aﬂﬁtc}‘lfﬁiftémsdfc?ﬁraﬂa &SuhtefRbting dhatled sufaéPMannel PME&nhEMdporous
PFA, and ECTFE. The base material has a thickness to

pad mAR{{&l ddhedib@hil ﬁ@locﬁiﬁg %iﬁttﬂe bh, 2PRSrIMbleTHiifl @isfitu®dn. The
an su Ad

pressi ng agal nst strate. itionally the

thi ckness shaul d .proyi de suppar, i nse
surfacy PR e R BRSPS rstec speg o
halve ?qggaééﬂft%?%kg d@frg&fq]gqrgl? g&%@%? gvg %y{nﬁgﬁﬁgo%%tectth 15nner and outer

base surfaces. FIG. 12 illustrates a non-limiting example of surface channels useful for
interlocking a porous pad material to a substrate where the channels do not interconnect the
inner and outer surfaces of the rotatable base. The surface channels retain the molded porous
pad material and prevent it from being pulled or stretched out of the channel and away from
the base. Such surface channels may include but are not limited to linear channels of various
geometries along the axis of a tube, spiral channels, or circular surface channels at different

radii across a platen base. It should be understood that the actual shape or geometry of the
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t hough others may al so be useful. In one enbodi nent,
the holes or through channels are forned closer

t oget her near the ends of the brush than in the center
of the brush. As a result, a greater anmount of liquid

rOV|de to.t nds, of.. t he ha he

et Sy SR Rl AT A b surtce
cl eani ng operations where a greater effective fe

channglg P ASOOVIHEA Wi h O BBl plos oo thyRugh dhangigs or slits fluidly
cl eaned. [00100] The porous pad covering the outer

connegiing the énnet surfase lof g tasd with deowser stfpee oighe base asilystiated in
channel s, pores, holes, through channels, and or slits

FIG. 4arithel haatcemlaga bkany blaaemioalQuﬁert @alifmmicenataxﬁaly\inblmdtﬂge:oba@mﬂs,
housi ng. The porous pad is cast onto the base. This

materiaRiREfPEKEREP cléﬁ%‘uig ProBssdsher @MPOIRARAAL BinovASrocesses. The base
protrusions on the porous pad surface and provides

prefer%lﬂg ?ﬁcﬁ%c%ﬁ tglloﬁggtreg%} hilth \A#‘{}’ﬁ?&iﬁ’%w 1§ §uchE§§ &)lup flﬁtr e f&PvC,

S in or ous

a wal ki ng or tw reduced
pve, BVEE Bhing defée’f?ﬁedfas?éaﬁfsm@tsagl a tﬁﬂﬁ?w Bkl €A
channel s of the base by filling one or nore of th
maintgip 4p fledps dupps frefptéen gnd Hessingragaiet & substratgr M@él%#ﬂlf fhe thickness
base have a shape to nechanically and physically
shouldprevien supmrroieosnsepiad fittasgs. dhe mmlldbidknass matythe grérentbasabout
frombeing renoved by pulling or tw sting of the

0.05 iRAEO b prefsatly Findds fréfaibb@0.05 irkheioQsatdtahal &oat 075 enches,

brush or pad will absorb and evenl y Istribute 41 the
thouglt Bt‘lﬁlafijnéahélg’dl QT B o UsiBodifneR® d??ﬁl‘at{%%&{dﬁﬁ@ls are
sorb and distribute S to substrates

formeﬁ%‘l?gﬂf el e <Ry SR biuh B 3h °”ﬁ$§ ;S B Rony 06 a resutt,

| eft unfilled by thecf)orous pad material during the
a greafgp PRIOHY iguikis pﬁgﬂl@@ tpithfgends @R RrasheRan isige Geter. Thisis a

~solid or packing themwith a plastic plug and then
particylamaslyvianigge iew pletiglearfing operatianis iygherd @eate} effective wafer surface area
preferred enbodi nent, the core for a cylindrical base

near thés@ds bNthe briighl thedt bekldanedsh nmay have a out si de
di anmet ers rangi ng between about 0.50 inch and about 5

' [Iﬁ)'igﬂ For gk ﬁ&oﬁﬁ‘ﬁ&ﬁ&v@ﬁﬁgﬁletdﬁ%r%ﬁﬂ&t&fthé@a\ée pfﬁ]@ %ﬁe or more

or nore ITnches. By covering a portion of

of the F!E@aece r[e‘?sc f@s tﬂblc% hff]ﬁ&?gh %ﬁnlpe%sd agg OP §IH§ Qn&%&e?ﬁc‘%:ﬁé the porous

pad m@tﬁé i Of th%%ra(s)eu ﬁourglar}ger he po%c?u\é eprélld ng catsth gntlo nhneebralse Ji“ltus 1nter?ock1ng

maintains the alignment of the protrusions on the porous pad surface and provides consistent
contact with substrates. By interlocking the channels in base with the porous pad, the
movement of the pad by walking or twisting is reduced or eliminated. The porous pad may
interlock with the channels of the base by filling one or more of the channels. Preferably the
channels or surface of the base have a shape to mechanically and physically prevent porous
pad cast or molded into the channels from being removed by pulling or twisting of the porous

pad during rotation. The porous nature of the brush or pad will absorb and evenly distribute
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may be | ess than about 15mm [00102] Endcaps such as
but not limted to 214 illustrated in FIG 2 and 212
also illustrated in FIG 2 nay be connected to the

base to provide for connection of the rotatable base

ni,n 0 essurized, source of, fl -

the o bt sl pras, S BRttls B sbiae g P 2bsiys %{ldd distribute
combi nation_of these. As with the base itself, th

fluids g epbaiEricTRY FOW, YHOKNE OF erD1ask a¢Honsiaye %;Fh%'émﬁlﬁehli’%‘i‘e df
into a stock piece of base material, or nade

desirable parouglethanaeld maydiedeld untlledfey thaperou¥iped eatasial Himig tha g
exanples illustrate the variety of way the base

molditoprdtdrg by fillitethpmesiintn insvlkble sold GRpadkénCibemegitied prstic plug
mated to an existing tool for receiving fluid and

and thEPFedldviteh the pREY 4Rk MAdigRt eri al removal function. A
vari ety of Plttl ngs for connection to a wide variety

F10800,® oy el bl i O o s SRRl .

fittin ncl ude hut. not limte tofl

roller QpSILgY h%ﬁm&ﬂa ¢ HiadRer ey sepaRgac & S inclinge about 5

) 2434 shown by the non-limting exanples in FIG _19A

inchesg Aigr ﬂqs@shqmd%@g@éh@ db@gqegpr My daRgede gggr e iehesa gy covering a
separately and bonded to the base using chenical,

portion afithaminer surfadetwitts theipordye pdd ngbiuslc hraiegiab she ddted evolume of the
non-limting exanples illustrate the variety of way

core mMayDelRediReMOTRE RYeOdf poiCusIhAEEA ol it tht AiheRBUTARE of the base
connected or 42 mated to an existing tool for

maybEfe%?ih‘éhréBoﬁt Yhghand rotating the base coated with a
ous materlal |nterlocked with the base to

p r|aI e ncti.o ri et
f“r"ﬁﬁﬂgs ¢ oEEanBanh TR ot a8 F1 NG Ry 2 g 212
be coupled to the base qg00103 Because {he vol une
also illysirafpehin IS Bapay besconngetad {p the Ppsedo Provd %ﬁﬂr@owqcrl%ef the
pressurized rapidly and the fluid wll be ready t
rotatalgeibaseltg aglerhingwoelha pregsurizhe sireg of fluig, ofixtutenion ag:hting the base
channels or holes filled with the porous pad nateri al

from aa0dl, orld corabinhorsoff thawe A witihehe basy ied, phrdndedps &y be molded to
covering the core. The plurality of holes or through

the hoﬁﬁﬁ‘% RedySod RYCHIRME N a &bé%ﬁ&@cr of tARIMARRE LMBREAe tely and
i'nch to about 0.50 inch. A porous sintered tubé

bondea bS ﬁl% baé)e "ﬁl%%@ff&% ll%tl@%%%ﬁﬁ)gésqllﬁs?%l?‘ th¥ %11682 ow’ap the base

ron Size e used as a

rousCOILI O O di{Terent o amet ety oigh ol e gmy be.

fluid and rotating to perform a material removal function. A variety of fittings for connection
to a wide variety of tools may be coupled to the base. Endcaps or other fitting may be
attached or mated to the core. Such fittings include but not limited to fluid fittings 1910 and
2414 and machine drive fittings 1930 and 2434 shown by the non-limiting examples in FIG.
19A and FIG. 24 respectively. The endcaps may be made separately and bonded to the base
using chemical, radiant, or ultrasonic bonding techniques. These non-limiting examples

illustrate the variety of way the base housing of the present invention may be connected or
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mandrel or base. Larger dianmeter holes or surface area
t hrough channels can distribute fluid fromthe core
to the porous pad surface over a wider area and result
in a nore even distribution of fluid throughout the

ntire lLength of the r.qus .pad.coyeri ng th
mated §5 0 PR G0 g chor O TR 20 BT the Opas GonEOgib Ragpus pad
al so be used to increase the surface area for fluid
materigl igigriopkeduyith thedapaioereriogn ponaterit gemayal funstionnd viriethef
base and the porous pad in a device of the present
fitting$ forentnestion tma yelermmdiefyi afdodle mayde conpled &t thadpase.
substrate with a fluid or for material renoval from

afep103nber Bécaasdrt valuend wilkia, thd Bdre @x@apill efilled, the bore will be
sem conductor wafers, hard drive discs, flat pane

pressuﬁkétpta K %Me R t/ilf eAHif aay Bﬁtﬂomr@{%ﬂstﬂe pitAity of

or ase can |n its eng

ter scrubb n erial, re

thmugﬁﬁ%’r“ﬁane %Of&ﬁies%ﬂ?ﬁ B P61 pd Bl B 8 LH% té?%e i the

200, mm waf ers fers, |ar waf ers,
POTO“%%ﬁdom%FP’\gAa§°V%fﬂg thegpres e mratiny fEales oF thr%lt%ledhatf'ét gay have a
. the length of the rotatable base_ may be greater than
diametgh gagingsegwgen| abosHb P ingh svatwat 5D éerh: Haporay simtarebiube stock

of fluids can be delivered through the brush or pad,
of cerdnaic oepalypleeic cOlistatien withmiorinsizediaimayngdscbensedalk addse. A

m xtures, HF containing chem cal m xtures, surfactant

combif&H¥nddf 'ﬂhﬂf&eﬁhﬁiﬁt&éﬂ thFdugh HoRS mABE usBR BYd @ffsﬂﬂﬁlted across the
vari ations. [00105] The plurality of surface channels

mandr@ fortIJAE g&*l%ﬂﬂakﬁh E€ord gfi??éjalje'ythtr&% h RSl ga{hgqlstpﬁgte fluid

anne p05| |one roma ce poi n
o an outer ed the. base in a nnetr ic or
from tﬁ%wﬁi% (F Qo Pas FOT e SPLE FdSEARAGNT FaPE T B e CUth er
_.surface of the ?or ous pad material. The channel s maK
distribyidon pfefTuid througheut te eatirs lspgthof heavmousdad severing thabels
Preferably the channels may be positioned across the
Varyingabe numbetaifihotas oa skifis émtherbasomayrelsobe fuked to in¢reaseltlee surface area
outer edge of the base than to the center of the base.

for flufth@ow khtbektwhe bage. t he pores of the pad material may be
froma source of pressurized fluid that is in fluid

@Wi@k{]' cat i Pk it (fﬁ-{(}ckﬁtg% H{érlﬁﬁé t?ﬁx@?b@us Qd%rh@dew?e of the

annel s of sal ase roug ner ace o

presen? ﬁlv?ntpo% 9% ﬁ%d E)}' uﬁ dlatdceolg 3 Xubs%irat% Y hu c{' or('%or Material

removal from any number of substrate types, for example, semiconductor wafers, hard drive
discs, flat panel displays, and the like. Additionally, the brush core or brush base can be
modified in its length or diameter for substrate scrubbing and material removal applications
of any size, for example, 100 mm wafers, 200 mm wafers, 300 mm wafers, larger wafers,
small hard disks, etc. For 300 mm diameter or large wafers the length of the rotatable base
may be greater than about 25 cm. It should also be noted that any number of fluids can be

delivered through the brush or pad, for example, DI water, ammonia containing chemical
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that have a plurality of holes that allow fluids to be
fed into the brush or pad core at a particul ar
pressure to be released into an outer brush or pad
surface. During use, liquid flows frominside of the

... base t hrou e.or _nore pe i ons_or

mixtof HF P E oGl oRffeel Sitoflofhc an D b o blistures, and
material . After flow ng through the porous base

many RH\eE VAHALONR t he perforations, the fluid is
di stri buted throughout the porous pad materia
ctfdOFhg t h&heplusality of suréach shannalsenr¢hrotigh ehanseld awd fiohmed in the
the substrate to be treated. Besides fluid inlet

base. [Ihe shairels dah®e pblitivneaf frorm guientef poifit e baseao as wufepedge of the
of the base to the housing can be controlled by

base 1§H@5/1%B{e'tﬁé & aby ﬁ%leﬁ?é% A@rd 1R ek BADLIR3A B the Bter surface of the
| ongi tudi nal Slits ol es or pores in the base

porou.I: E&@fﬁ%@m‘ﬁp ’lflﬂ: cthgﬁnélsl ﬁlﬁg g? He sam s% or%%?&glﬂ s1z¥:d a{nﬁ)ss the base.

reasi 0SS-S area I NCreases

f uid throu t articul ar lltor

Pfefef?%ﬁ‘é!% ctranels tay 3 mos Bnee i the 4% Rt o Boptktyplngpe of fluid
or pad housing is readily controlled by selecting the

to the @m% sdgecritthebase thandg thyt cenfes of therhesgyhIoiled vthin ﬁr@ pores of the
distributor. Variation in the surface area of the

pad mpteribbmay be fremor sduncecafgpinessattizedrfllid thanistih élubdhemnmmayichdon with
made al ong the length or diameter of the base. This is

the pordusuitéd] 66l thesh BB dftsald basé thrbligh the fnéh Sireack F @M Base.
channel s 130 and 180 are different size, and this is

R, 1 BB U g e
o VIR 5380 e

fromthe inner surface to the outer surface with a

particylgy pIeEIGRNe 1hlepsFiRioRg quiss drushiospad pafacs. Driggdse liquid flows
base. Lastly, the porosity and surface energy of the

from ipeide o thsdsse theaughioab or mont petiotagonsoorn thewugh nbaruekris éhedfase
fluid. A higher porosity and a surface energy like'the

filled Withitee parves sehekail eAtier flowingab®ulh thethorbidWwasd thaterial in the
mai ntain surface wetting. [00107] As shown in FIG 12,

perforhfiShsd@¥iifd fsQfistfiBErRY HRGudMhLEhE %l)ﬁ)us @Q& Ma@érﬁ?co@rﬁng the outside
contam nants from substrates i ncludes a rotatabl e base

the bageo&lrng‘ﬂg@tp 9 qlEédWltl?tlf%%ﬁ?ﬂ&t@%% r@eta‘t:"ed %emde §1d 1§f’e§g15:ssure the

e an In ace an an outer sur

L.ur of. channe he bas erloc
flow qRligbgroridicntermattars of e bitk o s cah be Foeolsddy
material covers at |east a portion of the outer
appropyipi¢ly celeefing the disegnsioas 6f the lorgiwdingt slite helasey pares ém thebase
from substrates.
through which the liquid must flow. Generally, increasing the cross-sectional area increases
the flow of liquid through the particular slit or hole. Thus, the flow of liquid from the shaft to
the brush or pad housing is readily controlled by selecting the cross-sectional area of the
through holes of the distributor. Variation in the surface area of the perforations or through

channels in the base may be made along the length or diameter of the base. This is illustrated

schematically in FIG. 1A where through channels 130 and 180 are different size, and this is
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The porous pad material fills one or nore of the
channels in the base and interl ocks the porous pad
material with the base. As illustrated in FIG 2 the
channel s quidIy connect the inner surface mﬁth t he

also 11?1#&%%&2% J acug:taﬁ l{*ﬁ% ?la eae &P‘g‘}%ﬁ’ph Q{%ﬁﬁl %% ffé?rg ]sle and
e base to the o surface of the base thr

also dﬁjﬁfff puaushthanncls i 5t gol mwwﬁh@ heeaeﬁeg%’ dt&gféeme the
naterlal with the base. The through channels may be

flow ofdiquibltomdhowmetisusiace tLihhenter suréicd With & dickenbasg permitting less
adhering and interlocking the porous naterial.

flow tRured erielter pageo oy, pheiporatigr aml susfhsoereoyesfsthapotoaadiseanaterial
portion of the outer surface of the base for renoving

contriBBe @6 HR! cohtlRMRURE tlLAL €8 hi %Eeﬁp&@sﬁt}cﬁlcu dsurtale eﬁe@%§ ke the fluid
renDV|ng naterlals partlc es or ‘contam nants rom

are préfépa%'icr ﬁtlﬁﬁebﬁ“ﬂlﬂ&i ﬁ?waaPE %%ﬁtgﬁl s%rﬂa?és%etftl?lr supporting a

porous pad naterrl a ase |1 nc i nner surface

“Hhi o PURIOER by P Be i e paing G, Pifekes, or

t he base. orous(fad material covers at |east a _
contamiianisdFrrs ﬁultsm.iteé dncdipdes grotatabledtase fs sppRAstiBg @ ppEpus padimaterial.
for renoving material from substrates. The porous pad
The bawtie¢lidd af innksswfaee and amowenfurfabeamhapluedlsy of chanhels in the base
base and interlocks the porous pad material with the

for infeA8€king\thel goroiitfad ingleriad withGhe Bdd8. 4Dpdrbes patpmaetisl cdveR at least
fluidly connect the inner surface wth the outer

a portRH Jrieofts %J%Cé’?fﬁl gﬂéeandtl? Q448 &Hﬁ‘ﬂg‘%lﬁat%ﬂglafré sib\Erates.

base distribute fron1t e |nner S ace of
ter surfac bas hrough_t
The P%??% Rl OH Bl SR L uBiarnienr il okl
be no groo ed or raqugh d in retaining
poroug pac, ttelﬁlée P08 Lstraie aF FIC. ri’r@fv‘@ii Hydly gennect the
_ pad naperlal al so covers at |east a portion of the
inner gufase wiilrthe outepsurfase op thedasd. cFher thramgh shanmelsed506h thie base

substrates. [00108] The porous pad material may cover

distritmtdfisid from theanshrapeaaf ofahe bdsk &6 thewdmesraudhcd afahé base through the
portion of the outer surface of a sidewall of a

porou§ phd P@RKiaf ARE alb@m’tb‘i%@k He p?ﬁ'&f%Qfatse nfafk%ap@[tﬁlt'l%a BPAE The through
rraterlal is covered. Alternatively, the porous pa

channBR4WESY B ndiB¥ b o@g&%laosreraﬁ%e&ttg Elgs H?&% ?r[ alaﬁgnﬁ) an% g%érlockmg

as shown 1n e por o
at | east, a port outer

the Pog%risfré%tgrllﬂf E‘er RS e g Lﬂ@?coz?.%a o ﬁast@dioa%%?fethe outer
surface of the base for removing material from substrates. The device in FIG. 16 for
removing materials, particles, or contaminants from substrates includes a rotatable base for
supporting a porous pad material. The base include an inner surface and an outer surface and
a plurality of channels in the base for interlocking the porous pad material with the base. A
porous pad material covers at least a portion of the outer surface of the base and is used for
removing material from substrates. The porous pad material fills one or more of the channels

in the base and interlocks the porous pad material with the base. As illustrated in FIG. 21B
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is mounted to a single fitting which is used for both
machine drive and fluid flowto the center of the
base. [00109] The porous pad nmaterial covers at | east
a portion of the outer surface of the base. The
terial Lo one o
the cHBRRY A1 YR By vl Sord SR IR PR st g pase. The
r by chem cal, mechanical, or a conbination of

througiy SRRl ALAD in s bise KGRI ok fra i ianer Tosipes obing haselg the
rot at abl e base housi ng surface, the porous pad

outer snfase o thephasmihreughi thé porbiippad haterigHnohshopm).olise fraohigh channels
mat eri al . Subsequent |ayers of porous pad materi al

may beaiptdhed,rmdeied oprouphsh twait dn tdenihi o hdip@ingibe padus material.
mat eri al bonded to the base. The additional porous

Prefelﬁagv PoRNRpalBYat&Pal GREXLEES hyleadtB ‘f)Bﬁ{HnC&f' the/ outBF sufface of the base
util'izing a conbination of both, bonded to the first

forrexg8{}1§$?ﬁwlt§%’a%ro\q@édb§tr ént ai ni ng por osity to fluid flow

recel ve ron1f|om10hanne|s in the base.

[ orous terial one or
IUBBE | 1 TR PP P e Rk ofver imseadhe ipe B apotir
The porous pad materi al covers at | east a portion of
wherey 3 deagfi i ROTtigR pf Hie@utst sutfacs dbasidential] of W& yiades tleat presed to support
material fills one or nore of the through channels in
the pordus pad seaterdd iRreemdaAlieraiselyothe peor@agpadmiaeriadimay be a base in
filling the through channel s and covering the base

the shapl dfacsad RIdeskCRRhowH MBIQ. SA04IEG. 3BOyRerB B drblll fad material
structure that interlocks the porous pad materi al

cover ttl SE QE ﬁl%‘f tAD5 I%Eﬁ{g S&gfrlé/ %ILJEQ% BPA gyﬁ;na%?gnmte%ﬂaﬁlble base

rough c ase cover
the [ su ce a urfa

is mogiitdto/d\ing %@ﬁ?ﬁ%‘ﬁ@ﬁ@ﬂ%ﬂ%? waShs 7 A a8 lohetogpe

ége por ous base material . The por ous base rraterl al

center ¥t 936 the outer surface of the base or housing may
have a thickness greater than about 1 nmand is
p EQQfIQPth y fheporue pad mateciabdsyets 22 easta pdriiod of the Duter surface of
devi ces of the present invention can also include a

the bakd. UT'lek potrolisgad rasetalsnpast tonded tcadnevdtingde RBfadee of the rotatable
pressurized. Fluids nmay include water and aqueous

base t& h@rﬁl &t 4dn8fen Hi%‘r Wcﬂéﬁhcﬂ %ec!h'aﬁic&le 4 %ﬁﬂ?ﬁ%ﬂ@*&? these bonds.

y roxi de or y rof luoric acid. he source

After R)r&?ffé&(ﬂ aztﬁl F}ngr \kfﬂ% khre 1f aya'bfjel §3 ngHESIII(l:gaEHYPaCC,%S porous pad

erlia

material permits fluid flow through the porous pad material. Subsequent layers of porous pad
material may be molded or cast onto the first porous pad material bonded to the base. The
additional porous pad layer may be chemically, mechanically, or a utilizing a combination of
both, bonded to the first porous layer while maintaining porosity to fluid flow from fluid
received from flow channels in the base. Optionally the porous pad material may fill one or
more of the fluid flow channels in the base.

[00110] The porous pad material covers at least a portion of the outer surface of

the base and the porous pad material fills one or more of the through channels in the base.
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devi ce base through the inner surface and core of the
base. [00112] The porous pad material covering the
base preferably includes surface protrusions or
recesses for renoving particles or materials froma

trate or for, distribuyti fluid across a.

Pfefefé@%ilﬁer Rraus Pﬁﬁ‘én?)%’??}f@{ ﬁi r’r@%&gi} ghanpels ﬁng FRYiRg;thbase surface
fills one or_ nore of the <channels in the base and

are coptiuouply dRanediatqrmenelithieciineiies thal inforiopks the Ppepyie padpaterial
channels in the base nmaintain the alignnment, height,

with tizmlbhser Mifire preifdratply dlire pdrops madmatenal Sillsrihe timouglnrdhanmelmr the base
the porous pad material. Preferably the channels

and cdvetsi bakly the @ntee girfideand nikeihn&iuffaceofhé Badelif a cobfifiously formed
surface of the base. The through channels in the base

monoH’thﬁt éh‘u@ﬂﬁhﬁoif thé bgroflﬁ Bﬁgetrﬁzﬁeﬂleﬂ Nehe poidub BEE Mhtelil&oBDE the outer

he outer surface of the base through the porous

surfac? ?f’ith%tager érarlo‘um[ngg%a]yo avd ?hlgl?n es§ ér gt%gth%ﬁ abgl?c | Ces

esent 1 nv n m he ac
clude ourin nblnatlon of tin- polynerlzed

mfﬁﬂégﬁﬁﬁgl Lﬂ?%ﬁﬁﬁgﬁnnﬁatalyst for polynerizing the

mononer into a nold. The nold includes a housing or

bEa11li t h Phedeicns of dreappsensinypritongag ajsolinduden flhidtih ghe

porous pad material to interlock the porous pad
poroustpddematatialwhibh hiag bleuesisidzed T Héuidomby etuderwaér and aqueous

un- pol yneri zed sponge nononer and a 47 catalyst in

chemibthigs §0hGs Bliendt Wind ebdad AminktRiliR U§ioLideid Ry@Rrlassc Rad. The source
material filling the channels in the housing rel eased

of pregsﬁﬁ%cf G htuid Q&n{‘#uﬂ?clatl&{ %j[ % @ﬁ 1@51{&&21 ﬂrtﬁléoa‘ga]nnels of

I'sS cast onto base

t f t ext
s 54585y s kSRl P osmasﬁg Che ot oo T

outer mold i s used to control the shape, height, and

t M0diPless ofhe prroBtpast mptsH el covprare habasq ppferspincludes surface

protrusions may be but are not I|imted to square
protrusihaperdecassasdor renmying pastcereet matktiias éom a Fivstrpe of fersiigrbuting

or node height may be |less than about 5 cm and their

fluid adicasre beistrb@s THeparoud pad malerMivithRbd Uikt il B Wt J€ ehore of the
protrusions may also be fornmed with lengths simlar to

channd18 & 16 Badk A 1%ﬂ08&qh%%ﬁ§%ﬁ SRANT with tHeBaSE, ’gl?es&rannels in

More preferably the no I'n es an |nner

the bageorﬁgmpanl {hg %ll%g{;'l%eﬁt el%% cgr d(1ﬁ1é1£'$th% (}}e p&?ﬁr? er Ogll;th? Fllgface of
the po?q%:_él zlpqli] g@é@?}m&@#rség il%&gg%%eﬁéﬁwgrggo%ﬁgct t}?ed 1nr1§21} s%rrflagé with the .
outer surface of the base. The through channels in the base distribute fluid from the inner
surface of the base to the outer surface of the base through the poroﬁs pad material.

[00113] The roller and pad devices of the present invention may be made by
the acts which include pouring a combination of un-polymerized sponge monomer and a
catalyst f;)r polymerizing the monomer into a mold. The mold includes a housing or base

with preformed channels that are filled with the porous pad material to interlock the porous

pad material with the housing. The combination of un-polymerized sponge monomer and a
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pol yvi nyl al cohol and the housing includes
pol yvi nyl chl ori de. Preferably the porous pad nmateri al
of the present invention includes |ess than part per
mllion levels of harnful inpurities such as netallic
i.ons, |i cal ciumand.irqn and chloride ions.. The .

catal G ShrsnOflaf sHErd EREHE e M possged M i 1 ece channels in
from | oose portions (e.g., un-cross-Ilinked) of the

the hoggipg tadeased {ramrthe meddihElre fnad araduct isarbradoutpad that éy east eiHo the
size, or greater than about 0.5 mcron in size, or

base. Fredatably thdanolddisuincliides an cutenmbhil fei FemifgDdiirfice Ascture of the
shown in FIG 3B and FIG 513, the devices can range

porous Padsing@risindvesiaghe hodgne NThd gutedascldlib eselnplcof@éli théishape,
According to an enbodi nent, the device can be shaped

s ohtd ' ' t | | i
heights %c?%i&ﬂesrs% kRS Ghiter olhlﬁfeé ﬁé@}‘[ﬁa&%}{eﬁ THe bﬂﬁ%sﬁﬁs Is%? PE but are not

surface, or brush ave ~snpot aces.

. e rush rollers have shapges,an i zes t.0 neet . the

i RE R Pl sk P KR D PR TR BB PERrgiant mey
from devices such.as sem conductor wafers, hard di sks,

be less{han epas /0TS B e Bameteh (estiban abis Ar¢al Sonwons surfige
formdisks , puck brushes, and plugs. [00116] The cast

protrugignhmay hkse be formed wittelsagths simikintd ba bntmiz as @adranie widthsef about 2
a suitable material that is firm porous, elastic,

cm or &a3sl Nhse pefdrabln tielmalsliincludasind iner emstd $or dontrolbisg thedfBickness of
enbodi nents, the main raw starting material for the

the inif@ YdyeLof the POty Pgd/ hafaPfking M inf@kultce GHthEhSusif}S

merely an exanp pol yvi nyl "al cohol is used to form a

P OXYJI]nyl aﬁx%l“e%blg ?l%ﬂéﬁ‘ouse a%ﬁé%tlgr(i:ﬂglgtgfg;bﬂ%eg é’aig‘gt(l)lg PhURcludes

terial varies i acteri

cl eanl i ness type .of, pore form , t .or._process,
polyviy oL e o B St R T HE e S rnb e Tprous pad

pol yvinyl alcohol to a polyvinyl acetal, and other
mateﬂﬁla@f%/tm Bresqnt grvspien ipcludes foeithap parg per milien Jexpls o pagmeful

prepared fromacid catal yst and an al dehyde m xed with
impurigiesvacabras sudtaltic ooms dike cplojuyy amd/iroradisiodhddriderioniu CEtk farous

pol yvi nyl acetate honopol yner or polyvinyl acetate

polyméfebad ficfbeCio pabsy:ARiaHY RS SrohlRBse2Reibns (8., it crBés-linked) of the
all oyed with water soluble polynmers to no greater

porousé1 él?ﬁn@@g/ %E%g\ré\g%@%r @n %?J)dt q%nicgrﬂﬁgsizfe?rgli %%?tgfl'mgll‘f glg)out 0.5

ect t erties of the porou
. include the relatjv oportions of reactants,
microf [5i¢6: Sreedisb@raebdll LM %0d the genera
Cﬁ)@igll on and starti ng;r materials in the manufacturing
p s dAsh9weiadISr 3Bqed FIG. 5B, the devices can range in size and

shape, depending upon the application. According to an embodiment, the device can be
shaped as brush rollers, which have protrusions on their surface, or brush rollers that have
smooth surfaces. These brush rollers have shapes and sizes to meet the particular cleaning
application or material removal from devices such as semiconductor wafers, hard disks, and
other substrates. The device can also be in the form disks , puck brushes, and plugs.
[00116] The cast on brushes of the present invention may be made using a

suitable material that is firm, porous, elastic, and has certain abrasion resistiveness. In most
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manuf acturing process is also inportant in the

manuf acture of these devices. [00117] The outer brush
or pad surface is nade out of a very porous and soft
material so that direct contact with the delicate

urfac strate do t .cause scratches. 0
embodiichR e SR O AT TG OGP BTG 0 ARabe) Pt can be
made out of a material that includes polyvinyl
othersq | AsgRefely amerpmplea RoLy iy halgehe! ineged o Fﬁﬂrbraamlwnﬁk asetahperous
such as but not limted to nylon, polyurethane, or a
elasticonatbiialatThepoufus prdtgrial eatiesie charctehigicodepotdieg upon cleanliness,
copolymers that interlock with channels in the base
type ofipcretfbmhing agér@ior pRIcadsEtyps WbsldeRidR conldRelesr MBEoRVERYbA Bf a
suitable material renoval for the process nmay be used

polyv1h9pilé&io‘l‘g) :.Up(ﬁyw'ﬁ?i acePip an& BB fR0Gs. ﬁ&lﬁérgﬂg%e PVA sponge

ol yet hyl ehe” gl ycol - 'pol yacryl am de

matenglyxglgté lr)rg fir grﬁ%%i aé\lh %}8 y%:segld(a%%lée%&ég \Xlt}é g gv@ter solution of

core cas

.Rosenhl at Surfactant air foa U S . Pat
polyvigyl 5@%3%&%@ PR BALYVER] PG ﬂ@moz)@amepogmlmwlawtate
foam systens); and U. S. Pat. . 3,663,470 N shinura

contaiging &ppqlmrswe@ttmrb% bhyerighon gkl@)ed wiewaigpsalebie pobymers to no
whi ch are incorporated herein by reference in their

greateethan 18%yby weigh0iFsaBds. NDiher fagtoas tvhichuffeck the psipenies pathe porous
onto a core elimnates the need for renoving newy

materi@Pdiio RELIB @ £1207 BrofBAIYNE b fe@@lﬂaﬁﬂsnﬁaécﬁﬁﬁ&elhg&%ﬁ&e #id time, and
brushes damaged during this process. O eaning of

the gel?é}gl nditioR ah@ Et%ﬁ OndtkGall M Han ‘gi‘a%ﬁﬁ‘ﬁlg\ﬁa@%‘se{]t é e%@l%ess of the

trve part S IS I nprove urin

manuf%%sgﬁiﬁr@%gﬁse@?' bﬁ%oifgag HCCTa i ci ency

I;T brushes and pads of the present invention may
0941 ependTlﬁFp‘?}He@rb%‘r Fdadypurace is srade ppef ayery perous and soft
porous pad material. Porous pad material should
matenplw@\/th ifertegankict with thaﬂalhetepadamfarsuh$trm tloesmot cdme scratches
too nuch porosity that the pad material |ooses its

or othextdagiagé.hPrefdsblpahe suteybivsh si€ace iDMAdE BRI ARRAEri A4t iddludes
devi ces where porosity is |less than 85% for pol yvinyl

polyv1ﬁﬁ9dl<§ihop@"\%bsfoaﬁl QﬁEHoﬁ%ﬂ%tﬁér'Iﬁ‘élﬁablé ngté?ﬁ% SUEY a Q‘thlot limited to

poor fl exibi’l |ty orosity nay ss than about

I d
o S P, SO STk bt R0 B GLAPP8t v
n|ng The pore size opening in

e Sj ze or
1nterlo§l§ g:ﬁﬁtgﬁ: SR AReDasg P@gﬁ‘nat do not scratchpsubstrate surfaces and provide

suitable material removal for the process may be used including U.S. Pat. No. 4,083,906
Schindler (polyethylene glycol- polyacrylamide); U.S. Pat. No. 5,311,634 Andros, Nicholas
(surfactant air foam systems and core cast); U.S. Pat. No. 5,554,659 Rosenblatt, Solomon
(Surfactant air foam); U.S. Pat. No. 2,609,347 Wilson, Christopher (Early surfactant foam
systems); and U.S. Pat. No. 3,663,470 Nishimura et al (Early starch based sponges), the

contents of which are incorporated herein by reference in their entirety.
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fromabout 10 micron to about 200 m crons. In devices
where the average pore opening is less than 10

m cron, the porous elastic material my have poor
elasticity and/or flow properties, thus making the

nce cl.eaning, rol |l -unsati sfactor
AATREE T v eMpahg RS GRT LB oBad BB oolF iRals tepgge for

200 m crons can pe unsuitable for a cleani n roll
removiRgcRRYYY catt bribehiPBadRndseleducing ouin lassee Af Drphesslampeged

the sel ected pore size and porosity depend upon the
duringxihisl Areesss.obleanig g wh sRanigad en eryesitormd thenmoftdreess ocagasts pad fugitive

material. [00120] The pol yvinyl acetal porous elastic
particlemisanipadvedsiating whsh cydies terasenhey dgituRniitogrea@Naggession.

produced in a known manner, for exanple, by dissolving

atoo egpst Onéleaﬁﬂlg)é‘fﬂe&)/\l'en@és%ﬁ%at&%l &l eﬁ}é%lfég%f the brushes
degree of pol ynerization of 300 MWto 3, 000

and pgfig%; R e @B@gu%%q@qﬁfébog{peﬂg%ﬁ Bt Rp e r'gglﬁg'ggﬁ{e
poroud G 80l 0 B A S5 b i

f ormal dehyde or acetal dehyde until the nmateria

not hage tagrauchRaresity thafdbe pasl materipl lopses iisatrengthe Thopytosity ¢an be
50 to 70 nmole % of acetal units. In sone 50

more thatbalhiut8hs Indheices whae potogiteis lhsssthire83%tftiapol pdnyioicetalporous
of acetal units, the retained polyvinyl alcohol may

elasticana@eridlsitthd p&d’ﬂnh? Ba f0dd ElbxibARY, THE paidsity e Idsk ﬂﬁh}ﬁbout 95% ,
contam nate the article to be cl eaned. Were t

since @éellg%(tgféﬁoﬂﬁﬁr ﬁggf\ilimﬁff‘ gﬂ)v?(fé aﬂ&% gtlr%/ angﬁ‘ﬁ- eha %{ﬂ%ﬁsﬁcs fifude a

Irent s. Al tho h .t he above deV|ce
desirallh 39GaETRAF S[E 0L Bus it i et g Pl o BB SritplngE ranees
Iternatlve configurations_can also be used. As rrerely
from ahgutcL0mycron tog 8‘1&)%1%4@?917@ I, ARt Wheap theyerage pore opening is
gear-llke configuration, which has nunerous parall el
less thee 6@ yeron.dherpeross elastic maighiel may have poot Elastiigianiton foby ,
protrusions or projections on the surface of the foam
properfieq thustmalamg the pletfdemance af itetcyeadingsbHp@Satistactbry. Alternatively,
circular, ellipsoidal, rectangular, dianond,

the avérligd puste bﬁ&hn@?zﬂf ﬁ‘iH}eCtﬁﬁn 20 FilGond de- be%@ﬁl%ﬁbﬂd atcpsﬁ?mlg roll

protrusion has a square or rectangular shape pro

becaus:]a_l?ﬁ3 1r§bgﬁ§iétﬁﬁ’t ﬁ?%w&ﬁ{@?aq 0?1? collfs@Lth § cqgc} gc?% élzferag%porosny

prefera

depenc? upon thc::L gir)?)l}c%tlgr? grllﬁ matengfnused tj;)rm the porous pad material.

[00120] The polyvinyl acetal porous elastic material usable for the present
invention can be produced in a known manner, for example, by dissolving at least one
polyvinyl alcohol having an average degree of polymerization of 300 MW to 3,000 MW and
a degree of saponification of not less than 80% in water to form a 5% to 30% aqueous
solution, adding a pore forming agent to the solution, and subjecting the solution to reaction
with an aldehyde such as formaldehyde or acetaldehyde until the material becomes water-

insoluble. In this case the polymer is 50 to 70 mole % of acetal units. In some
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[00122] Ot her techniques can also be used to
manuf act ure porous polyneric devices used for surface
treatment applications. These techni ques i ncl ude,
anong others, an air injected foam or sponge product

s well . as th rs. {0012 Typi cal th Lishin
ombofferi a4 8 R G MhanePip R 4 RE S iy B eRfined
ect of the CVMP process. Brushes can be in {he form
polyvigy! & ohed msey qoRe PHTeTB the Bpducs upei P and-HRdesiblyesongagpinate the
also be used to clean the wafer, and commonly i ncl udes
articlezto ok gteahéd. yWaiere the pelymes hasomorsrtbanr U nokes%af @oetel urtite, the device
outer cylindrical surface of the roller. Roller
may haveipdueldsnyity faviexilsitityein @thea empbdinienss. ons set at a
fixed pitch across the entire body of the roller. An

Lﬁm of QM@ ogsCihe aBbYeRlevREY 8RR dellef@llPASscFiBEd irPdkldcted shapes
own In FIG 127 In applications where a square or

CLRNGY | .
and s1£§5 %lam it gt% oHﬁgﬁrﬁH&{sQﬁP %ﬁb bg %‘éé’c} d‘& XQ‘L)G%I]%EI? E)?aﬁﬁ, the polymeric
produgtg{ag[haﬁeg g?agfh(k}qugﬁ %%H@]SI g'uchslg]ﬁ Iél%.l?ﬂg%cglg al %1 gr%gge% formed at
protrusions are preferably rounded or spherical in
an angi@ b5 the goll. sAddiionaily, prpdfupiens onRlpicstionsen the vartwgd shafoam
the present invention may be understood by reference
produttaat veclidel d vanietygoinshiapdsi, ergt, cingnlenx altips@dal, fExrahPulEr, [diamond,
[00125] A quantity of Airvol V-107 was purchased from

cylindficél gyr@fidal & the Gike. TPRferfisly Yhe prwiradi PR a d@aredir$6cthnb@thr shape
Y as fﬂ(?FI ows: 180 g pol yvi ngl alpgohol V- 107%12nd 600 gl?rggrrs P

f
p1r0f11<§l b’l(;lb% s%%%%@%gﬂ%eteya& rff:pﬁcfetﬁls f‘eﬂ i htgﬁiaﬁlﬁﬂt  %m and
sol ved. ram n1xture smal | test
preferflyf 3el Him aboifdim S B} 8 UG, o
pol yvi nyl al cohol so] ution 30% rans formal dehyde
3MZ%I7 gr aFXhes (gannigues ¢am lso @ew pan a%tug%rmuwﬂnem

starch. These ingredients were mxed in the order
devicestugedt for spiig®@reatrhent applinatigeie Thesede¢hmiques krelBi39aRIMg others, an
solution. This new m xture was free of entrained air.

airinja'd“ledBﬂhwﬂs‘pﬁngmprodlﬁctlaQWeHiaSOﬂﬁ'riy, opaque, and at room
t enper at ure. of this material was poured into a

pRi(M!B]W' C h'].“9 1'091?y s It%lﬁﬂﬂg%a'ilﬁ%de@ bARdhEs thef pdrf¥iB8he

hour s. Inspec I on of
mechanical aspect of the CMP process. Brushes can be in the form of a pad or in the form of

aroller. The roller can also be used to clean the wafer, and commonly includes a plurality of
bristles, or protrusions around the outer cylindrical surface of the roller. Roller brushes may
have rectangular protrusions set at a fixed pitch across the entire body of the roller. An
example of one such roller brush in cross section is shown in FIG. 12. In applications where
a square or rectangular protrusion collects or proliferates contamination (e.g., slurry build-up)
around the outer edge of the protrusion, which can also cause scratches to the underlying

substrate, the protrusions are preferably rounded or spherical in profile.
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sponge forned in the nold reveal ed excess bonding to
the PVC nold surface. Sone sponge nmaterial was
treated with H202/ NaHCO3 and i nvestigated. [00127] The
sponge was wel | developed white, soft, and conforned

oth nol d w d w cki actlon

S0adic hayedBisiettc: Rud et dfe Bkt iveation mpu e

as 10% solution of paraffin wax in THF. EXAMPLE 2
undergienyoygpiensnse ke hegalewe nonilimiting EkAMBIES-i s a met hod f or

preparing a PVC brush nold so that the inventive

cl eaning brush can be renoved efficiently the nold

wi thout tearing the bristles fromthe exterior

surface of the brush. IEXANPIIEen found that prior to

injecting a PVC brush nold with PVA, that applying a

ploeiz3]r ed A Xubiitey Of ARl Thnodrvedsiuddhabddrdmasie Pr&ficts Inc. The
paraffin to the PVC nold creates a coating on which

o AOTBER EAORSE AN, I by BSOS 4180 g
w54 S5 B0 G0, LI PEED ST e

. eory, the paraffin and THE m xture, when applied in

dm“ﬂﬁgoper proportions is believed to act upon the PVC
material by forming an alloy |ayer conprised of sone
d00826] of tFremethismeirturePu@]l tFubatcherdwprgmaddei as folldws 175
alloy layer is in the formof a visible sheen which

grams vty vikeylglbotsil calutipn S0%at8 aeahsofbfmaitlctylde 3mod; @7whirs sulfuie acid
pure PVC | ocated below the alloy |ayer, is exposed.

36%; z{ﬁﬁeﬁﬁﬂ %Iﬁﬁﬁs kaestart®. THER 1 Sedbils GRR: nﬂ;@éﬁ% meoafdéﬁk%areﬁplf%m,
hrough a plurality of manufacturing cycles. V%en

formalgeﬂﬂix aln"i'M?srt ahebﬁtﬁ%ﬁ PRAA SR dTlIlg 2L, Eﬁgﬁg V\xcz:as ref—f, %f er{trgmeﬁ air.

e-coa Wi t'he arafln and
enera the non- stlck alities of the . .
The sof T30 SR QY SREPRORAILE aafoogg*%tﬁgmeraﬁurgnmﬂrﬁghmeﬁnal was
has been found to achieve the proper non- stick
poured:igier g pR}Y dRgEbloride mpld ard heptadgo aa dcafbbthllfeellmugﬁ’ almspastion of the
paraffin to 1 liter of THE (10g/1). This preferred
spongafioxmed & the swild eevealed oxatss bandihgtoahaBVErmslidisagfadedr Some sponge
flowwng easily into the nold and readily achi eves the
materigiveRiteardoFith HROANWEY J; ane invelidaRyger , an
[00127] The sponge was well developed, white, soft, and conformed well to the
mold with good wicking action. PVC surfaces may be pre-treated with a mold release agent

as 10% solution of paraffin wax in THF.

EXAMPLE 2

[00128] Another part of this invention is a method for preparing a PVC brush
mold so that the inventive cleaning brush can be removed efficiently the mold without tearing
the bristles from the exterior surface of the brush. It has been found that prior to injecting a

PVC brush mold with PVA, that applying a preferred mixture of tetrahydrofuran (THF) and
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effective range of paraffin to THE has been found to
be approximately 5g/1 to 20 g/|. Bel ow approximtely
59/1, the THE volatilizes too quickly for it to act
effectively upon the PVC and create the allow | ayer,

peraf il U 1A C SR ORGRE kTRl 2081’0#5‘\’3%9 ah%ft fall’l?gfﬁ%ﬁ%lﬂ g Upon
useful for coat.ing [00131]

Compl?tﬂns‘ff %%@&CFW%H%F&&WH wglq Wéparﬁ%h fhe\metbpcé Q%Cﬁ@ed the brush
brush, a PVC nold is provided. The nold is conprised

can be@ﬁSIB'IPm@Vﬁﬁi frem the mplébphandend caps for fitting on the
PVC pi pe. The PVC pi pe can be a standard cylindri cal
HOG12]pe wi Witheutphishiakitd Ye bdundiryothestyyths ipaedfih eh®THF mixture,
for formng bristles, drilled through the pipe walls.

when abpEied a1isiopat Iﬁé%drfi@ns 1@ 'bbﬁé\leﬁ t@ Rt @PoR iR PO IRHS |f%mﬁ9g an

per square inc to match t ebrlstle density of

alloy lé}ﬁ: eacﬁﬂs&c}lﬁﬁ‘é?ﬁe o;rgﬁ o?ﬁ% ? 10 e ‘9Cpﬁ“ﬁf[5 %chpargfrg :@gslnélﬂ)y

t he y ptovidin
f or eve h out WO PVA.materi a
layer I%W&g e tpls e hicR b mhysiciy Shiafted ol s he gl unti

ing in a centering position within the holl ow
the Pur@;ﬂ‘(% icated belopt e jabpy Bryes, feexppyed. ihsealloy havet isrdurglde and can
creating the hollow inside dianmeter of the finished
remaingm i moliéshroughtrepluflity eomemdbctmgngseycleaacBhentthd dboyriayet
are coated with the paraffin and THE m xture and the

becomed femovedfiem the PYC @okY itdan be kercodbewith ti pargiigend THE
appears on the PV A contacting surfaces, the alloy

mixturk &M%geh&afeocﬁérﬁgn @ﬁ‘éi((i BitiBPbfnb sodigady to be used in
production. A plasti¢ wap is next applied around the

o0 kee PVA. f.raom.fl o of, .t r e
O E° o 7R ol i B pe Bt i e Bnadee L raPgo
e and the rrold is filled wwth the PVA m xture.
schicvg (s B300Y THE VR CHBAL e Gih 248 9Pt 1 marsepaitin o 1
ar a-formal dehyde, acid catalyst, PVA and starch.
liter ofﬂIrB*E 610af1% A hissprefepisd enik wrevssyltsinigohd ﬂnsbaremctdmumfoo flswing
quality of the finished brush. Upon filling the nold
easily inict the tivdd B@Preadliky avhevieh eheseeniod of ek AP laver. Ploaeeér, am
the upper end of the pipe. Next, the mold is
effectieaahbCal payaffin lﬂ@TﬂtF%g beéiPfoufd % Qé(é@r@)&m%tely%‘%/ tﬁ@g&. Below
o

velocity to allow the PVAmxture [ow1n

€ nh c Secf rom t he
aporox oAy B A T lad s B @Bl o AR R P Ve ana
bubbl .e fromthe PVA re c es the | evel
create 3 off 19447 Y5 SPRLF SRR ALY AP bt PR o ool e he

mixture is not fluid enough to be useful for coating a PVC brush mold.

[00131] As a first step in manufacturing the inventive cleaning brush, a PVC
mold is provided. The mold is comprised of a PVC pipe, a core and end caps for fitting on
the PVC pipe. The PVC pipe can be a standard cylindrical PVC pipe with a plurality of
properly sized holes, for forming bristles, drilled through the pipe walls. The density of the
bristle holes are approximately 70 per square inch, to match the bristle density of the finished

brush. The end caps are provided for fitting on each end of the pipe, thereby providing a
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topped-of f with an additional anmount of PVA m xture
sufficient to fill the nold to an appropriate |evel
for fully form ng the inventive brush. The nold can be
spun again to get rid of any further mnor quantity

f alr bubbles. .if ired. Next the nold.is placed i
meansr Blokertiig e Gyably RPYA Rrtertib i epe S5 gish afe 6REs e, A
. about gﬂi Fahrenheit. Wen finally cured, at |east one
core lseﬂlia‘éléifil dithngein dgeateging ppafipy sdthitothg belew cylrdriqahingeriay of the
brush. The brush can then be renoved fromthe pipe. by
PVC pipea 815i vt o creating thethodowyrinsitle dipmieten of thedinishedibngshi tNext, the
free fromthe pipe. 54 EXAMPLE 3 [00133] This
PVA cpniaptieg surfaeaseofithembebaticbasd eliand pgadinaiderihaikfe: shd the
| ayer of copper netal follow ng a chem cal nechanica

alloy 19fe2 iPdliohaldit® For. ORRSS a dﬂ—}hﬁle@@fiﬁfea{@éﬁ fepyv thf)ﬂﬂi:‘%%j%uéfaces,

into a first brush box of the cleaning system
e b S BEUSRARE A G0 DagfRER i RN el S s
next afigieq g frmeRigotheor e NTE ool ing cohetine anddppplpoaNext, an

through the brushes in the first brush box
end cap grilaced aashg lavres gad of the pirsppadrthevanobd is filled withhibe PVA mixture.
substrate surface into a water soluble form The

dOpp¥] nat eFliedV Asniktae sfompeded of formaldeligle or patadfok@aldehyde,
formin order to renove a controll ed anount of copper

acid catdlgsn) PVIA, sid Jtaek. The §thRh\Wah Bbre forthd, WRCRICrGRR tREpSBYEGuality
fromthe first brush box to the second brush box. In

: : [: C L cal .
o e {ASS0R0LE VR RK, RN e PR TUs Pa
ryshes of the. second. b h b in order to.clean the
placed S0 Ghe? nd A8 B2 ettt nEREAY Srutygne Erpue ocis ot a
. .second._cl e Pi ng chem cal may contain _the same cheni cal
sufficifl YEI96itY [T A myaaFe Wlashike thalbriste holes fnd ttforce air
brush box. The purpose of the second cl eani ng chem ca
bubbleg o e PV ofsibr spirning thehepper sapt is rehead. tThe fbrcirshefsicbubbles
copper and other materials that may have been cl eaned

from tHerRWVA thigtureé eisessttie leveBof. PTAG0 d85pandde be@Binild CMB&iofd is next
may be applied through the brushes for between about

topped DFERERRH dANENARRIGund S BE& MY Rire h@g&ﬁlmfmg rn%(gg B alP®

rinsed with deionized (D) water ow hg wa
appropf‘igﬂ'e%'s%tf' férrfﬁll;? folfﬁlﬁnr?gsthgfim/te?lﬁvg’ gr%(s)fngger run%Pd can be spun again to get rid
of any further minor quantity of air bubbles, if desired. Next the mold is placed in an oven to
cure overnight, about 16-24 hours, at about 125 Fahrenheit. When finally cured, at least one

endcap and the core are removed to access the finished brush. The brush can then be

removed from the pipe by grasping an end of the brush by hand and working it free from the

pipe.
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box to renove the second cleaning chem cal fromthe
waf er surface and the brushes. The wafer surface is
rinsed preferably for between about 20 seconds and
about 40 seconds. After the operations in the second

brush box, the wafer ragsferred to a spin,
rinse, and dry (SRD) W&l‘g?ter whi ch the wafer
en b .n an output. station for_subseq u

B@ﬁl@ﬁs. ng. R P[?%é‘%ﬁ’&‘]’esl e} &2 WP@&H%YIP%&I ayer of

exa the brush with cast on a core porous
copperrm@tgf followiing weheaural mpchinienl phmarizaiion psogess. r"&lneewaté';r T de

with an etchant to renove a controlled |layer of an
introdwred digo aufrbtauashdm afeheeleating systennyid thepfiist bmsts biox clegning

[00135] The CWMP process can be perfornmed in a scrubber
chemiddh 84n Beapphisd bothb wz&éﬂiﬁﬁ)ugﬁ the YRsHER w@fi¢h St fdthicd™EQWadt)on core

In the cleaning process hydrofluoric acid (HF)

porou%'d%ét&'i‘al itt@flo F%j/ﬁl the/ Sﬁs%%ofeooftt @bﬁl‘gﬁ eTH% cl@ﬁrﬂﬁ%ﬁﬁkﬁrﬁc%l applied

havi ng a por OUS 'ayer t I nter

oo o 8 S B 0B
liied to the rkpi ece through the channels

Substf%t? Wrga@e WRIP R e SBB’?’%@“B&\E he gapRer materil is rasirmeg into a water
This can be followed by chem cal nechani cal scrubbing

solubleyformta ordgs fkpsimeye agiontoliddeaniouns hf coffper oiuhé eurfavaypf e wafer.
applied concurrently with the brush scrubbing of the

The wafier éqni beceoveddd Ge fitsebragnibexniorthé seabn® brdsh®okiFIn the second
solution can be in the range of approximately

brush Kbx%%ﬂd iy citeneN Shaibepphed REtha gﬁ’ﬂfﬂe o‘?ftheo%hfé{sthtrgugh the

be renoved. The solution preferably includes a

brushe%fﬁf(ﬁ%ﬁgco%fd bmrb%)ﬁ'l%f H’o (ge%oﬂr’lg %?ecf% }faé_é ncl%"a%ltrtﬁ%brushes of

sol ut1 on can

core S A R ek TR exafﬂ;maﬂ%‘am%&lﬁpg i

rophetic exanple, a brush with porous pad materi al
cleaningghgmicsé ki the fstrishihexp mhe Ruengse of the seqosd gleening whemical
cl eaning step in the manufacturing process
applied through the brushes is to clean the brushes of copper and other materials that may

have been cleaned from the wafer surface.. The second cleaning chemical may be applied
through the brushes for between about 3 seconds and about 10 seconds. Nexf the wafer can
be rinsed with deionized (DI) water by flowing water through the brushes of the second brush
box to remove the second cleaning chemical from the wafer surface and the brushes. The
wafer surface is rinsed preferably for between about 20 seconds and about 40 seconds. After
the operations in the second brush box, the wafer may be transferred to a spin, rinse, and dry
(SRD,) station after which the ;zvafer may then be stored in an output station for subsequent

processing.
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an integrated circuit such as a mcroprocessor or a
dynam ¢ random access nenory device . [00138] Mt hods
for making an el ectroni c device such a ni croprocessor
or a dynam c random access nenory device are wel |

known to those skilled These devices
i ncl ude net al interconﬁ%@%&ﬂﬁdfﬂlelectrlc | ayers which
plie act i e devi he wafer surface
OB o di b Bieht G R0 et D0k B AR Paaro VIO pad
circuitry and devices. These dielectric and netal
mateﬂfrla?ﬁé?l@d%%vvftb thedhusissubstrase snesge avith anreseheaptoyremenie e coetrolled
deposj tion, and chemi cal mechanical planarization

layer of elmhmdqa@@acemdeqmamwnaé)lydmphﬂmmuda&e pl anari zati on,
the wafer is cleaned to renove residual slurry and
qberdsgal s tfhe@MPagsdeBPcdntR prafopmed thé wihhmr &laf §ctrﬁ19§1ﬁd%h
devi ces and interconnects with a nol on core

sides oPA Wollpidde s%n@l’iéfﬁ@usl:?aﬁl el eHﬁ

brush base for |nterlo I Ng T gba%nggﬁggﬂﬂﬁkEwkﬂ%ﬁg%duuon

h base and tributin

can be (RIS o P oR R BAuPRRGoRER VA pik P i pfifopls with the

electron| devi . Once the wafer has been cleaned it
brsh i (e Adiverit fedivarahiogieseid B selgon i Gohpisbrers, ths HF

brication including sealing and dicing the wafer to

Solutl% ﬁ%‘k‘%ﬁ‘g@P ieghéo thaavorkpiecs thrawgh dhathadnds filed witieke p@sus pad

EXAMPLE 6 [00139] This prophetic exanple illustrates
materiah ofithe bresht This canrbe fblilawsdd bpyhdagical ThetbaEiosd sBRBERG df the

fluid and machine drive fittings. As a first step in

workpi#Rniftia tHebrighg TheQolutiBN Byl DEGpH i SR He BBt
nold is provided. The nDPd |sﬁéonpr|sg%{§ﬁwﬂhg§@)plpe

bbifle oEHMeBviRpic&Nd caps for fitting on the PVC pipe. The
ser 1F’%/0 piepe C &Ee a standard cylindri caI PVC pipe with

PSP, P bo B PRicsngihe B <ofia ennb n Bemoonsi 1y

of ristle hales are approximately 70 per square
aPPfOXlP}%fHY 8@55 %ai 0% HF rfepprding pponjhs amopniodf axide toibeiremered. The

brush. The end caps are provided for fitting on each
solutionepygfesdbly irtedndes penixtuheofstpproximaicti MO0 Aperean$IH @rwater. The HF
preventing the outflow of PVA material fromeach end,

solutiondurbetappliediodthe afelr fbretoredeteidfifed Smeum\OF 4R, fo?réxa le, 20-40,
fitting in a centering position within the V\P

or 25-35 ¥t Atk BS8dcohdd eri or of the PVC pipe, the core for
creating the hollow inside dianeter

EXAMPLE 5

[00137] In this prophetic example, a brush with porous pad material
interlocking with the brush substrate is used in a cleaning step in the manufacturing process
an integrated circuit such as a microprocessor or a dynamic random access memory device .

[00138] Methods for making an electronic device such a microprocessor or a
dynamic random access memory device are well known to those skilled in the art. These

devices include metal interconnect and dielectric layers which are applied to active devices
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of the finished brush. A plastic wap is next applied
around the nold to keep the PVA from flow ng out of
the bristle holes. Next, an end cap is placed on the

| ower end of the pipe and the nold is filled with the

PVA m xture. .57 [[0014 The PVYA m xt.ure.is. C I .
on thegyalp St B i el Ko v eharyie Sesohis BRI devices.
PVA, and starch. The starch is a pore former, whi %{1 .
These diglggts anghmneib 12Y6E e Harmed usigg staﬁéﬂﬂilﬁh%ﬁg@%ﬂﬁm deposition,
Upon filling the nold with the PVA m xture the second
and chemicad apechsnicyl| pharedzgiont thehnipiper Adteticlfmicdengshpeicalpaarization,
the nold is vertically spun along its long axis at a
the wafuf fsicliaged toremoot tagidual Ahdrpwnd Stentidis by sontacingahd vafer
into the bristle holes and to force air bubbles from

includifiEelEofonidNidBles 3R MIbR8ndR WARPE motd dnedi@PVMestushl Nehis brush
forcing of air bubbles romthe PVA m xture causes

vel PV, i S f . e
has a pRFIATEPURhGIE I b BritRs A il e Bty T R o
I xture suffjcient to fill the npld.tg a appropriate
materjal Y thes il Py 0 o GribHing GloaRes Puidsp dhasurtRreOrGE pater
can be spun again to get rid of any further m nor
with theielgetrenjic deviedsr Qngbheewafer hasdwesh eleancdNe gan widergeofughets
pl aced in an oven to cure overnight, about 16-24
processing s¢psab cainplete itPfabfedtioanhduding Wedingfand diding thameder tapackage
| east one endcap and the core are renoved to access

the indivRiuh] Mksppaed birsiftdevidee brush can then be renoved
fromthe pipe by grasping an end of the brush by hand

and working it free fr ige. Afluid fitting as
shown in FIG 4 and a ong%%llﬁléL r‘?ve fitting as shown

[ 4 ' e
oI35 & T RepR B R R s n eGPy be
i nyentjqn has been described . with reference to .

made 53 Beddo 38 FEP T B G i t (A SoReh bifpotgptpring the

] recogni ze that changes may be made in formand detail

inventjye ¢leaninglagyal.ta MC maddis previded.r The mell is coperistd ofipd’VC pipe, a
i nvention. For exanple, the wafer can be a generally

core and eodicaps fer fittingronwbd BVC mpa sEhenBY €rpipecamdre acstawifhet gylindrical
oxi de wafer, tungsten wafer although other types of

PVC ¥t Qfith aqﬂﬂrallgr oS OperfyWiiddeolesafdr fioragihg vk« Udrilvedl th@%igh the
mat eri al s and di nensi ons have been provided, it is

v HIHETS Q0 1R L AR AL 8l o
the bntsgéa tdel(l)stltr}]/eorf tl\llea%ir%llgl%d bnrgsth? r’f.‘hael e%d%ggs are provided for fitting on each end of
the pipe, thereby providing a means for preventing the outflow of PVA material from each
end, when the mold is filled. A core is provided for fitting in a centering position within the
hollow cylindrical interior of the PVC pipe, the core for creating the hollow inside diameter
of the finished brush. A plastic wrap is next applied around the mold to keep the PVA from

flowing out of the bristle holes. Next, an end cap is placed on the lower end of the pipe and

the mold is filled with the PV A mixture.
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di mensi on can be used. For exanple, instead of slots
havi ng rectangul ar cross-sections, slots having other
cross-sectional shapes such as semicircular slot can
be used Further al t hough wvarious |iquids have been

R P PR AP0 o oo

~_and brush assenbl n accordance with the present
acid cptglysh PVéh angtsiarchy é‘?’f’ﬁl sgarchyig @ peERs ToRmEL AEHEh creeies hePRFRYS quality
amoni a based sol utions, buffer solutions, high pH
of the §inished brsh.abioh dilting-the eiald withshaBW Abixtisre dhe sEaomd erdrap is
invention is limted only by the following clains. 59

placedrathe upp&d eald ot thie gipe.ANe( the Ghetd Covapticgiyngua aloat & adilgeaxis at a
base having a first |ayer of an adherent porous pad

sufficlERE ®b&ly 1o 88bH the PFA hBXEE @floRINBIEObri QRIS A% force air
mat er|aI havi ng sai d porous protru3|ons cast on top

bubbl%féc? a't}ge IEYﬁ‘Z fl(tﬁ?éﬁirnn ng&ﬁg rﬁ@é?r”cag ROk r ed %ngc%r 1n'§%k air bubbles
o RSO S T, BB T gt chape 3 POt

An article conprising: a rotatable base (200) having
toppedo#f vith aredsitionabaghurted dive) suipecuitocndofill thamold o'
permt fluid fl ow between an i nner surface (290) and a
appropuidte tevelfof &idty foRAtg thefnvsatit Hrage ; The poldaas bpapun again to get rid
material (252) that is elastic, said porous pad

of anf'ﬁhﬁéﬂ @Bnof QUATHItNOf aidbubtR&SIf ddsiP. N t1f mbldss @lik€d in an oven to
surface of "'said rotatable base, said porous pad

cure o[\yﬁltn? e az{bolli?ftf %Jé ﬁ?%? de}twg{nn ltZE %aﬂl%ﬁh Wﬁ'éﬁ fltnglﬁf H.ggd, at least one

e1s 0 ase, porous

ial fills at least a.partio d,throu
endeaf i fsftore agremAledst ere gt Eaﬂeh zPﬂbSh 039 then be
surface of said porous pad material. 3 The article of
removerl grom theyis by arasiiag o eadief ha drushbyhiang ang wpekiagjt free from the
through channels. 4. The article of claim2 wherein
pipe. gafldiddotiogiss shetvarin AGcdumt 3 maclpoe tiivnfisingtasshdowner FIG. 4 made

from PVC stock material may be solvent bonded to the PVC core.

[00141] Although the present invention has been described with reference to
various embodiments, persons skilled in the art will recognize that changes may be made in
form and detail without departing from the spirit and scope of the invention. For example,
the wafer can be a generally circular silicon wafer, glass wafer, ceramic wafer, oxide wafer,
tungsten wafer although other types of wafers can be used. Further, although various values,
materials and dimensions have been provided, it is understood that these values, materials
and dimensions are only illustrative and not limiting and that other values, materials and
dimension can be used. For example, instead of slots having rectangular cross-sections, slots
having other cross-sectional shapes such as semicircular slot can be used. Further, although

various liquids have been set forth, it is understood that substantially any liquid or chemical
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surface of said rotatable base. 5. The article of
claim?2 wherein said rotatable base further include a
fitting (212) for nounting said base to a rotating
shaft. 6. The article of claim2 wherein said porous

nat ri.al is.a pad having,one qQr nore odules.. 7. Th
can bRy ot afeRfer R eRah Ao orD T tsgerdhBip i fhe reseht
interlocks with the rot at abl e base through an
inventigmeForfamples tidriqua dlokplsy surotagts, arn@oakathaéfrdé%wu@ﬁabuﬁer
2 wherein said porous pad interlocks with the
solutipug, htghtiesdiatsmnsiopd 16w IpH sodptimne cor bawsed. Buss thiedn vdmtion dghlimited
channels. 9. The article of claim2 wherein the porous
only ypthe folRlwihgclaasd. or nol ded on the outer surface of
said base. 10. The article of claim2 wherein the
rot at abl e base has one or nore surface channels. 11.
A net hod of cleaning a substrate conpri sing:
contacting said substrate with the article of claim2
depositing onto said substrate a fluid for renoving
material fromsaid substrate, said fluid fl ows out of
said one or nore through channels with the porous pad
material; and renoving material from said substrate by
rotating said porous pad material against the
substrate. 12. The nethod of claim 11 further
i ncluding the act of flushing a fluid through the pad
material to renove material adhering to the porous pad
material. 13. The nethod of claim 11l wherein the
material to be renoved fromthe substrate is a thin
film particles, or a chem cal residue. 14. The nethod
of claim 1l wherein said substrate is a sem conduct or
wafer. 15. The nethod of claim 11 wherein the porous
pad material covers the inner surface of

59



said base. 16. The nethod of claim 11 wherein the
substrate includes copper interconnects. 17. The

nmet hod of claim 11 wherein the naterial renbved is an
oxi de of copper or silicon. 61

What is claimed:

1. An article comprising a rotatable base having a first layer of an adherent porous pad
material, said first layer of adherent porous pad material having said porous
protrusions cast on top of said first layer of adherent porous pad material, wherein
the adherent porous pad material filis a portion of the one or more through channels

of the rotatable base having one or more surface channels.
2. An article comprising:

a rotatable base (200) having one or more through channels (230,250,280)
that permit fluid flow between an inner surface (290) and a outer surface (220)
of said base;

a porous pad material (252) that is elastic, said porous pad material covering
at least a portion of the outer surface of said rotatable base, said porous pad
material interlocked with the one or more through channels of the rotatable

base, the porous pad material fills at least a portion of said through channels

_ and has porous protrusions (254) on a surface of said porous pad material.
3. The article of claim 2 wherein the porous pad material fills said through channels.

4, The article of claim 2 wherein said porous material covers a portion of the inner

surface of said rotatable base.

5. The article of claim 2 wherein said rotatable base further include a fitting (212) for

mounting said base to a rotating shaft.

6. The article of claim 2 wherein said porous material is a pad having one or more
nodules.
7. The article of claim 2 wherein the porous material interlocks with the rotatable base

through an adhering porous pad layer.
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10.

11.

12.

13.

14.

15.

16.

17.

The article of claim 2 wherein said porous pad interlocks with the rotatable base by

filling one or more of said through channels.

The article of claim 2 wherein the porous material is cast or molded on the outer

surface of said base.
The article of claim 2 wherein the rotatable base has one or more surface channels.
A method of cleaning a substrate comprising:
contacting said substrate with the article of claim 2;
depositing onto said substrate a fluid for removing material from said
substrate, said fluid flows out of said one or more through channels with the

porous pad material; and

removing material from said substrate by rotating said porous pad material

against the substrate.

The method of claim 11 further including the act of flushing a fluid through the pad

material to remove material adhering to the porous pad material.

The method of claim 11 wherein the material to be removed from the substrate is a

thin film, particles, or a chemical residue.

The method of claim 11 wherein said substrate is a semiconductor wafer.

The method of claim 11 wherein the porous pad material covers the inner surface of

said base.

The method of claim 11 wherein the substrate includes copper interconnects.

"The method of claim 11 wherein the material removed is an oxide of copper or silicon.
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