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APPARATUS FOR ISOLATED BEVEL EDGE CLEAN AND METHOD
FOR USING THE SAME FIELD OF THE INVENTION 5[0001] The
present invention relates generally to semiconductor substrate processing,
and more particularly, to a method and apparatus for cleaning substrate
edges before, during and after fabrication operations. DESCRIPTION OF
THE RELATED ART 10[00021 Semiconductor chip fabrication is a
complicated process that involves a coordinated series of fabrication
operations. These operations can be broadly characterized to include
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[0003] Some examples of operations that may result in unwanted substrate contamination
include plasma etching and CMP. During plasma etching, the substrate is placed in a
reaction chamber and exposed to charged plasma which physically or chemically removes
layers of material off the substrate surface. After the etching process is complete, a post-
etch cleaning step follows whereby contaminant residue deposited on the substrate during
the etching process is removed. Typically, this involves the application of chemistry to the
front and back surfaces of the substrate followed by rinsing and drying. When using the
optimal chemistry and tool settings, this post-etch cleaning step significantly removes or

reduces the amount of post-etch contaminant residue on the substrate.

[0004] However, one type of post-etch residue that does not readily lend itself to
removal by conventional post-etch chemical-based cleaning methods is organic

‘bevel” polymer residue found on the substrate bevel edge, notch, and the portion
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2 of the backside of the substrate. Bevel polymers have unique properties,
in that they are relatively inert and adhere to each other and to the
substrate surface with a strong bond that is relatively hard to break. As
semiconductor fabricators look towatds shrinking the edge exclusion zone
of the semiconductor substrate to increase the 5substrate's chip yield, it is
becoming increasingly important to remove this type of residue. [0005]
Mechanical cleaning tools such as brush scrubbers and edge scrubbers
have been used with various degrees of success. Brush scrubbing and

of theduipks deudabiing taodsrd!e. uBe wxifp ohpterialbaswomagip pisopayiisscoh tiat they
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ese tools are effective at removing some of the contaminants and
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residwedge cleaning. 3 SUMMARY [0007] The present invention fills the need
by providing an improved apparatus for cleaning bevel polymer deposited
on a substrate edge. It should be appreciated that the present invention
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but are not capable of breaking the strong bond of the bevel polymers deposited on

the substrate edges and notch.

[0006] In view of the foregoing, there is a need for an apparatus and method for

enhancing substrate edge cleaning.
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aligned such that the outwardly extending vanes contact the edge of the
substrate when rotating, for efficient cleaning. 15[0009] In another
embodiment, a system for cleaning an edge of a substrate is disclosed.
The system includes a substrate supporting device to support the
substrate. The system also includes a bristle brush applicator. The bristle
brush applicator includes a housing configured to receive the edge of the
substrate and a bristle brush unit to aid in the substrate edge cleaning.
The bristle brush unit has a plurality of 20 outwardly extending vanes and
SumMMaRIunted on a rotating shaft. The bristle brush unit is aligned inside the
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inventinit assibtscinbelé delog’the edge of the substrate. 30 [0011] Other
advantages of the present invention will become apparent from the
following detailed description, taken in conjunction with the accompanying
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lagram Illustrating an gdge of a Substrate before a cl&aning process is

when zgfftngidaneffigiat gleamingecordance with an 10 embodiment of the

invention. [0014] Figure 2 is a simplified schematic diagram illustrating a
substrate with a bristle brush unit received within a notch of the substrate,

[0005), T3 205 theh S RAN R i BB IFIRgARiTTge of a substrate is

disclosed. The system includes a substrate supporting device to support the substrate.
The system also includes a bristle brush applicator. The bristle brush applicator
includes a housing configured to receive the edge of the substrate and a bristle brush
unit to aid in the substrate edge cleaning. The bristle brush unit has a plurality of
outwardly extending vanes and is mounted on a rotating shaft. The bristle brush unit
is aligned inside the housing such that the outwardly extending vanes make contact

with the edge of the substrate when rotating.

{0010] In yet another embodiment, a method is disclosed for cleaning an edge of a
substrate. The method includes receiving the edge of the substrate within a housing. A
bristle brush unit within the housing is rotated in a direction opposite to an angle of
curvature of the outwardly extending vanes. The rotating bristle brush unit assists in

cleaning the edge of the substrate.

[0011] Other advantages of the present invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating the principles of the present invention.
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15 [0015] Figure 3 illustrates a cross-sectional view of a cavity in a
housing containing the bristle brush unit, in accordance with an
embodiment of the invention. [0016] Figures 4A is a cross-sectional view
illustrating a housing with a bristle baush 20 unit contained therein and an
upper and a lower drainage channel positioned over and under the bristle
brush unit, in accordance with an embodiment of the invention. [0017]
Figure 4B is an, alternative embodiment to Figure 4A illustrating two upper
drainage channels over and a lower drainage channel under the bristle

brush unit, in 25gecardance With-an Brart R{dae invention. [0018]
Figure 5 iIIustrat_‘—l__t'ﬁ?%s a system with pro mtroduce a liquid
meniscus on a top surface of the substrate in accordance with an
odiment.of the invention. 30 S DETAILED DESCRIPTION .[00201
[oo1 eVeTa %?HB‘S&M&X?&"’F& (g %%rrsg\olg & %5?3"&*8?{?\‘7@@%‘5{ e edge
descripégni ke pa AtupIsyEie miﬂnmmtmdpaiﬂym&wdagsri tjﬁfd:sﬁ _dv'dlvbegs
shoulgmﬂ?ué’tgﬁ Sl %@iﬁbﬂlﬁ%ﬁ‘tﬂﬁé‘&é@%ﬁ%&B%%ﬁmelﬂééeﬂﬂ?grm

e practiced without 5some or all of these specific details. In other
explapptignaas]l widerstansingeabss operations have not been described in
detail in order not to unnecessarily obscure the present invention. 100211
Substrate edge cleanipg.apparatys, systems and methods are very
100137 EiS45 10138 SHER KIFHACSRSTRHRS SRR P LUNSHS BB 5 substrate
beforprodisaising proouss dchipsida i éhpradantaiey émntiotoidmmbe vatipatymers
emb oc%plgg{tg? o} trqbg_e%g%]%rate edges are treated with mechanical and

emical scrubbing that cuts, tears and removes the bevel polymers from
the substrate edge. 15[0022] In this document, a substrate is used to refer

[0014p Bighire i 0fimpRMNCRMIHGAE diagram illustrating a substrate with a bristle

brush unit received within a notch of the substrate, in accordance with an embodiment

of the invention.

[0015) Figure 3 illustrates a cross-sectional view of a cavity in a hodsing containing

the bristle brush unit, in accordance with an embodiment of the invention.

[0016] Figures 4A is a cross-sectional view illustrating a housing with a bristle brush
unit contained therein and an upper and a lower drainage channel positioned over and

under the bristle brush unit, in accordance with an embodiment of the invention.

[0017] Figure 4B is an alternative embodiment to Figure 4A illustrating two upper
drainage channels over and a lower drainage channel under the bristle brush unit, in

accordance with an embodiment of the invention.

[0018] Figure S illustrates a system with proximity head to introduce a liquid
meniscus on a top surface of the substrate in accordance with an embodiment of the

invention.

[0019] Figure 6 illustrates a substrate edge cleaning system in accordance with an

embodiment of the invention.
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material (usually silicon), from which microchips are made. The substrate
can also be a flat panel substrate, which typically takes on a rectangular
or square shape. 100231 Figure 1 shows a substrate 100 having an edge
101 and a notch 102. As 20 shown, the bevel polymer 103 forms in the
notch 102 and on the outer curvature and back underside curvature of the
edge 101 with more concentration on the back underside curvature of the
edge 101 of the substrate 100. This concentration of the bevel polymer
103 is common due to the nature of the fabrication operations and the
placement of the sul3aE4sLFPONRSCRIBUEOMOIS during different stages of

00201825 laP UG AR RLARERS: mqae[,}o%asag S aES A SRR, edge

Schematic diagram of a substrate 100 with the ed%le 101 and notch 102 of

cleanipg aseaAe DoveHR ARy pRsthedv bRk tRidewnhede Krydh bmrtpoous,
howetRRUdtBH P8k A1EA M MBeSBf A 2 \heRioialed @eaunsyine MialiRed without

30shaft's axis, the vanes of the bristle brush unit 200 contacts the
some g 3} k&IPSt WSEAi TR SudB YO FTRAHRSIER 152 SPMESAERSFte 100.
operafithohgbehigubechilestriibed m glegit ibrmidetivsoumh208saniyntddoonet e
(i,ggt%}ﬁft 202, a plurality of bristle brush units 200 could be mounted
e rotating shaft 202 to cover a wider cleaning 6 area and aid in
efficient cleaning. The bristle brush unit 200 efficiently cleans the edge

(00213 Bupéihe-vdataiadiag Qﬁﬁh?&?&sb@&&éﬁr&%@lﬁéﬁﬁﬁi@ﬁ@%&@ﬁﬁ%ﬁmt to
,.such as the notch 102, where the bevel pf%l%mer 103 is deposited.

100
the KAl B @ S TR0 S B BdRE R RO Bt S & alRifotB RT o I the
presehoinsiagt 25 the itevringpty brest ddprosited oih AOsubsiratnekgdimentredtite
o : : ey ) h i it 200,
it e S Sy P A8 R b b
polympesg diiegnabs subgtisesdae of a chemically resistant material such as
PolyVinylidine DiFluoride (commonly marketed as KYNAR), 10
Palytetrafluoroethylene (commonly marketed as TEFLON), .
WW%@B%%?&H&%@&W%@ TersphtRarie @Eﬂ}%ﬁ'ﬁwﬁxﬁ%fﬁmia@nduﬂor
mater{EMGulyditic 1oly fihrarete ietionec iisk nidelein TAeeidds@tte can also be
Polyphenylene Sulfide (PPS). Other chemically resistant materials may be
o P SR S e RS SR SRR SR s
provided herein. The cavity 210 in the housing 205 is a 15hollow area in

[0023yRiuibq BRSUR BruafkianE 260 ﬂﬁ%@@%&?ﬂe&’i@ﬂ@fisﬂ?dbﬂ%ﬁrﬂbépg@

oriented so that portions of the outwardly extending vanes (vanes) 201
showp, faqravel ROtRENBriLHE FTRR Bk B Tb il APERRALE WHFP TS RhSEr-ARd
back hd:feideftioientaleanithg.cdge 101 with more concentration on the back

underside curvature of the edge 101 of the substrate 100. This concentration of the

prese%%ti .

bevel polymer 103 is common due to the nature of the fabrication operations and the
placement of the substrate 100 in various tools during different stages of the

fabrication process.

[0024] Figure 2 illustrates a simplified schematic diagram of a substrate 100 with the
edge 101 and notch 102 of the substrate 100 being placed in contact with a bristle
brush unit 200 mounted on a rotating shaft 202. When rotated around the rotating
shaft’s axis, the vanes of the bristle brush unit 200 contacts the substrate 100 to clean -
the edge 101 and notch 102 of the substrate 100. Although Figure 2 illustrates a
single bristle brush unit 200 mounted on the rotating shaft 202, a plurality of bristle

brush units 200 could be mounted on the rotating shaft 202 to cover a wider cleaning
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[00261 As illustrated in Figure 3, the bristle brush unit 200 inside the
cavity 210 in the 20 housing 205 is mounted on a rotating shaft 202. The
vanes 201 of the bristle brush unit 200 are placed in contact with the
surface of the substrate 100 and as ¢he bristle brush unit 200 rotates, the
vanes 201 will hit the underside surface edge of the substrate 100 to
forcibly abrade any deposited layer. The bristle brush unit 200 enables the
delivery of fluids, such as a cleaning chemistry that aid in substrate edge

25cleaning. In one embodiment, the bristle brush unit 200, including the
area ahesl 20 tfivivetddaapioga Pbedusstiraterish sou286 riffiviewitin dlgansrtre

edge FMUPETRRIAADH NG Y & RRAULRE QG HHNIAL DG AUSHB R IHRA as
unit 200 is configured within the housm% 205 such that the bristle brush

the nojigh 368, wHheFetherhsvelPahmieniises, Bedtle brush unit 200 is a

consumable item. 30 [0027] In one embodiment, an abrasive material is
istributed within and throughout the hristle brush. unjt. 200, includin
002 e S euer Holan b S AP APl o SRS
contafipiog a)buristlbévgbbmmhémda on ¢hbedifend of the ifvsnbiomat&kOousing
205 ig WiogdheFleaning W&?BJ&%H&%@M% 8 faeapLanledpatrsipbean

e random or can be uniform. The amount and nature of abrasive material

substrpig AR Ler rRarpBuT irhsrsiRe R FoaNiba R dfeol Al Dadathagesistant
mateflgP&aitt an PogyNaiyedah i bR o{yBiemdapoaib AR asckToNA 0],

frictional contact that is needed 5.to scra lymer from the
POl St R T ST AL DO ke YR8 hor o
Polyethybae Jieckpiithnlets GpEblpdyvemibohigride (R0E) pdisiylke, 103 from the
Poly S0R AUARINTARIOPUHIOUSHR'GPPOAIATIBAN AMRSIRSP Bihcr
10 has a 10

the substrate -1n one embaodiment, an abrasivé material that ha; )
chemyigatin aesista rgpialsumay e warbi ke de it el e Faippgiblgvith
any dieHnBfsdhéRistries provided herein. The cavity 210 in the housing 205 is a

hollow area in which the bristle brush unit 200 is located. The bristle brush unit 200
is oriented so that portions of the outwardly extending vanes (vanes) 201 that make up

the bristle brush unit 200 come in contact with the substrate 100 for efficient cleaning.

[0026] As illustrated in Figure 3, the bristle brush unit 200 inside the cavity 210 in the
housing 205 is mounted on a rotating shaft 202. The vanes 201 of the bristle brush
unit 200 are placed in contact with the surface of the substrate 100 and as the bristle
brush unit 200 rotates, the vanes 201 will hit the underside surface edge of the
substrate 100 to forcibly abrade any deposited layer. The bristle brush unit 200
enables the delivery of fluids, such as a cleaning chemistry that aid in substrate edge
cleaning. In one embodiment, the bristle brush unit 200, including the vanes 201, is
made up of a porous material such as nylon with 1 micron alumina impregnated in the
nylon. It should be noted that the bristle brush unit 200 is configured within the
housing 205 such that the bristle brush unit 200 can be removed and replaced, thus

bristle brush unit 200 is a consumable item.

[0027] In one embodiment, an abrasive material is distributed within and throughout
the bristle brush unit 200, including the vanes 201, to provide greater frictional

contact and apply more abrasive force to the bevel polymer 103 on the surface of the
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the hardness level of the substrate 100, is used. Keeping the hardness
level of the abrasive material greater than the hardness level of the bevel
polymer 103 facilitates in the scrubbing and removal of the bevel polymer
103 from substrate edge 101. The hardness level of abrasive material, in
this embodiment of the invention, is between 15 about 3 Mohs and about
7 Mohs on the Mohs hardness scale. Examples of abrasive material used
in this embodiment include titanium oxide (5.5 - 6.5 Mobs), zirconium
oxide (6.5 Mohs), or amorphous silicon oxide (6.5 - 7 Mohs), and silicon (7
substietehis)0 lduaingt sy drsipdaipertestrAbivdintdterials wftthéabarrivs fagterial
can bJSARI AN IARANIGST eMRl ofibs.Puaiales Yt iBraRRvaResa

shown to aid in removing bevel 20 polymer without scratching or
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and 9 Mohs on the

Mabs hardness le. Ex f abrasiv terial
to st thm RS CHRBOTNERE L B8 PO R IaTSo ferr g
to Figure 3, in an embodiment of the invention, the vanes 201 of the bristle
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the haftineakitgy eorfisint svitistiiate A0 isfusvel sKibsiate tho handdesKitizetigf the
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the curvaturé of the vanes 201 and the direction of rotation is sﬁgecified

in therraibhing enbremoal &f e havsh gy nenh0fiomn RubHENE Bfga08L 28ke
hardrB§ K@t eMBHATHO hatayaDa R palieshbedinieat Tatevslpaine B&seen

deposited on the rside syrface of the substrate 100 gets cleaned. .
sbou B LB NS S TGl AT kTR GRaorisive
matetimlusing 20hintobudasaltmvige itmistry dasitded ¥ane§.3Mohs thigrconium
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ributor channel 301 and introduced into the cavity 210 and

In anefherembndiennb sty apiy s arder by Wiehardranidevs sismer BabdEiment

hardriRkihevaventinsdbadule distrietri e Basel e vida P asinbleh feevel
rotatm%shaft 202 and introduce the cleaping c€ mistry dwe;%mﬁrthe
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Introducing cleaning chemistry to the vanes 201 of the bristle brush unit

used ipthis prehodinecataasiHgecHERIBR N DERRY into the

[0029] Referring to Figure 3, in an embodiment of the invention, the vanes 201 of the
bristle brush unit 200 are configured with an angle of curvature. In one embodiment,
the bristle brush unit 200 is rotated around the axis of rotation defined by the rotating
shaft 202 in such a way that the direction of rotation of the bristle brush unit 200 is in
a direction opposite to the direction of the angle of curvature of the vanes 201. Other
rotational directions may be implemented as long as the bristle brush unit is capable
of making contact with the edge of the substrate 100 and efficiently cleaning the edge
of the substrate 100. It should be appreciated that while the curvature of the vanes

201 and the direction of rotation is specified here, this is not meant to be limiting as
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15vanes 201 acts as a lubricant on the surface of the substrate and also
assists in the breakdown of bevel polymer 103. Continuous exposure to
the cleaning chemistry along with the abrasive forces provided by the
bristle brush unit 200 breaks down tRe bevel polymer 103 deposited on
the surface of the substrate 100. 20[0031] Some examples of cleaning
chemistries that may be applied to the substrate edge cleaning process of
the present embodiment include about 0.049% to about 49% by weight of
Hydrogen fluoride to de-ionized water, about 1% to about 50% by weight
any suifablarsioye of deesridddrdaterationbiiutcivh tmap batapplies syakdightiod

bevel %@%ﬂe@?ﬁ 85?:'6‘5&:&‘819&1@ gerJ ‘%‘éﬁﬁ%’é‘ﬁ?ﬁzel%?‘ﬁ%’k‘&ﬁéﬂﬁ%&%‘é gets

roxyethlmorpholine, Hydroxylamine, Dimethylformamide,
cleanqdimethylacetamide, Methyldiethanolamine, Diglycolamine,
Polyrnethyldiethylenetriamine to de-ionized water. Ammonia solutions

may also contain about 0% to about 50% Ammonium Fluoride or ahout
10030 A S BB dr G R OF R A o IO SRS e
introdines décabingt Efntos tarp oot Yarods 3 Caledhdd  emltioeitiG¥ntooé o inz@sion,

the c1EgEROLRAN %@oﬂéf&é{éé‘i’%%g R8I dHOHOR:Of AP Yo 1opROU!

odiacetic acid. 9 As shown in Figure 3, the cavity 210

introdyegddntrthe garity 204 rothsrepies virssdlnarn theatvaoosidiharhaeriadng.
In andBWEEeABHRGRA HINAE isihid i eaivaRa diAIE BRgheNB02Igmande part

ticles f leaning. The | drai h | 303 is located 5insid
of the g A B RRTBHEE D1 TS0 B R e LHAHE AR SR
brushpayiti 166 salkddisdiniued thtbegteanthg yroee 2§ hrehdicaotatingw&rdiscahd be
' f - dral |30 I :
appregﬁ%gggaq tﬁ@ﬁ%ﬁ%ﬁﬁ%ﬂé&%ﬁ 1%001 gaﬁl%g E%%lﬂ\éﬁgd sh@Where in the

. iment of the invention, the lower drainage channel 303 is positioned
housing Jthsa loag sdbeBrepionf sitmeusingrcdramag shamisHy teoasanes
201 of"BEBVIN L bELkh WG 18 At PREVBRIABREisiarl0iFealdeaiimedisy

that the chemjcals and particles relea ﬁ}f dugg the cle§nin§ rocess are
vanes 31 ae88 - HAHGVELE TS BIEF GG ot ORI 04118 BRUFR LIS
breakdomnmesfd@vel polymer 103. Continuous exposure to the cleaning chemistry
along with the abrasive forces provided by the bristle brush unit 200 breaks down the

bevel polymer 103 deposited on the surface of the substrate 100.

[0031] Some examples of cleaning chemistries that may be applied to the

substrate edge cleaning process of the present embodiment include about

0.049% to about 49% by weight of Hydrogen fluoride to de-ionized water, about 1%
to about 50% by weight of Ammonia to de-ionized water or about 1% to about AIOO%
by weight of one or more amines including Triethlamine, Triethanolamine,
Hydroxyethlmorpholine, Hydroxylamine, Dimethylformamide,

Dimethylacetamide, Methyldiethanolamine, Diglycolamine,
Polymethyldiethylenetriamine to de-ionized water. Ammonia solutions may also
contain about 0% to about 50% Ammonium Fluoride or about 0% to about 50%
Hydrogen Peroxide. The amine solutions may also include about 0% to about 70% of
Catechol, about 0% to about 70% Phenol, about 0% to about 50% Ammonium

Fluoride or about 0% to about 10% of Iminodiacetic acid.
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to a vacuum source to allow efficient removal of the particles and
chemicals. The lower drainage channel 303 can be positioned anywhere
in the housing 205 so long as the function of removing chemicals and
particles released during the cleaningy from 15under the bristle brush unit
200 is met. 100331 Figures 4A and 4B illustrate two variations of a
housing with a bristle brush unit 200 contained therein and channels
positioned over and under the bristle brush unit. As shown in Figure 4A,
the cavity 210 inside the housing 205 holding the bristle 20 brush unit 200
further includes an upper drainage channel 401 to receive and remove the
hemical rticles,yel ing.gleani ' -
T e o L b o ARSI AR s

brushouit JOehfrther dnelvrieala lovrparatiass ehenssd R itryraseivreariigmove
the cHMRGEIS AE phieiRY HMASaah 8P aME G dherkiRee drainagesobannsiated

i RS AL RN 116 PR eAANy SO RS peeE e
particieshstiedsetbdiirag the geandigpanctshamitiaés telcaseddirmgpeisaging the
loweljgr%%]a(%g Qﬁ&'lr\]ﬁg lojdg G Pe%&'&@éi‘ aﬂleaﬁk q n§&$9éntl gﬁﬂgqﬁqfention, the

ment, the upper drainage channel 401 is located inside the cavity

lowerxdrgingge phamediROBAsaesitierobis guphisay By bpdhmersning apperlower

draing%@igl?ﬁ?léghﬁlﬂ ﬁls‘}@éél %@%&ﬁﬁ@%@\%&ﬁé& ik @i’ﬁt atﬂlel%ssé@cﬁqﬂmﬁt}@e
ristle brus nit . € upper grainage channe IS erative
brush A 2R EP AL R SHRTL G AP AT ST Elese SR pdcess
are capoakedh emilﬁakmﬁhé. uph)etdvaﬂmgmmmnmwBﬁaﬁMp(Biﬁe}yegbnnected
to a VARRSHuIBEHS Ji?&?'@&i%ﬁ%%t%%ﬁé\%ﬁéﬁ@% ﬁ&é@&%ﬂ%%@g}%@ Grihe
cﬁemlcas an partlc es release uring the Cle ning process from over

lowerndeabrrafecbanstel A8 200 kepeditjoned prgthera pithe fausing ¢Af sedansg as

the fillRiBAGTREMOVIBIERAAICAIS ShO YR lesHElER AL 7RI ¢lBRghg from
drainage chan??gls 40]@ and 401B are located inside the cavity 210 of the
under b9 RS tBrusiBEERIEhS M er the bristle brush unit 200 so that the

chemicals and particles released during the cleaning process are directed

ATHE o . .
oos3FIREN 0808 TS mmRe AP so iRt (R
unit 200sesirites-iasteineand wianerlsinesirnod evelomy asdes g bisHobrush

unit. "RSQE0G HEFEBERIFAISROdRAKISIRF FRRR I8 HbAZNO SIEARING the bristle
process from over the bristle brush unit 200 is m t.@ ditional upper
brushniha QR BRERARCMLS 58 HBB&WS%‘PP@S‘&%%%“ } 69 HRECHE ARCIRNE

)
the clpaniicids fndpatieldhrelziste ditiap dlkiirAfg. I5{OARpEAGrilustatéddnnel 401
. Eigure,3 and Fiqute 4A, in,an ep&tq] diment .of the inv% ion %Ieh%%;')

t
e e T D A R NP0 S s

and pagtiglssasirnsidchieinsoie demprapracsssiaecdiifsttatewads Themendect
the uSiASeR AR Juagunef@ntathedon Wi faceaf dhb suRsliate il L teRGY he

any cleaning chemistry that may make their way on to the totp surface of

uppergiainage ﬁ%’&?}rﬂ{& dsdegates gentially over'the surface of the substrate to

direct the particles and chemicals released during cleaning into the opening of the
upper drainage channel 401. In another embodiment, the upper drainage channel 401
is located inside the cavity 210 over the bristle brush unit 200 such that the opening of
the upper drainage channel 401 inside the cavity 210 is over at least a portion of the
bristle brush unit 200. The upper drainage channel 401 is operatively connected to a
vacuum source to allow efficient removal of the particles and chemicals. The upper

drainage channel 401 can be positioned anywhere in the housing 205 so long as the
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20 process. In one embodiment, the fluid acts as a fluid curtain to prevent
any material from migrating to a top surface of the substrate being
cleaned. It should be appreciated that as the substrate is rotating,
centrifugal force will assist in the remwoval of cleaning chemistry from the
top surface of the substrate. In an embodiment of the invention, the nozzle
305 maybe used to spray fluids, such as de-ionized water, or 25gases,
such as gaseous nitrogen, onto the top surface of the substrate. Other
fluids or gases may also be used to clean the surface of the substrate 100
functizs lofirpme vies éhfiwbleicgkses] praideypaditdeediduting the sledaoe girtvess
from SYESHA'S IR 3pgiPesleriyng sgmistry used. The nozzle 305 can be
placed anywhere in the apparatus so long as it is able to efficiently
introduce fluids or gases which assist in the removal of any 30 unwanted

[oosﬁhﬁgno lh@' aﬁ?&%mwa@ﬁag%mm&&zﬁlmwgm hesysosina Ifg”
. . [t shou e appreciate at the |igu or.g S acting as a curtal |
Figurh Ao D QIR ) P AL SR A o LB PP e e e
cavityti Quifstrateasid gl29 Sl4and paritignaldamist the by iptievanth guain 2 00 g oatian

i I t vel e he top surfage, [00 n
the o R S e b iR hedB SRR et Rl

an opsBiiaidecaehefghtherngs shizinagoolianechr 40ibd anshéd Phangseesdygdiel he

uppmga%ldr%@' SeuHeg Hmﬂ?aaiagcha% o géééﬁg%e@%%]WE&mg?& f&gHﬁ?g
ows the presence of a proximjty head, over the top surface edge
205 Sﬁf(fﬁ‘}% #h e fé%?WﬂYé“ﬁ&hSiﬁ‘bﬁEB%aEﬁé‘PﬁeiB??hcaﬁﬁB%iﬁéﬁ’? quiing
the cleguidgpeoissssronentiee therbedikt diogh sunifie2@0cd geenf thddtibsalaippkdO.

T : S : o 0 :
B G T Bl e
from iiexidbp brifdleshyshomi2ffhg as it is able to introduce liquid meniscus

over the immediate top surface edge of the substrate 100. In another

; bodiment of the invention, the proximity head 50Q.can be located to.the
003 3 i LU b e ot TREFYRE heh B g vention, 2
nozzlprd¥idie peoeditinsoinsrbdtice rfhiids, thec il asdudoidte dopaser;facgaesuch as

sir 00.and pre s.any eleaning chemistry, or other impurities in

e e e A T B
introdwygd Tsorthemiopuaesat thesupsaamld e reonore bannedeaning chemistry

that rREARNG ChEFVRILY APD eXPss uieial N rase 1b O atkR SR OEINBiing
substrate 100, th_ereb¥ . . . .
process. In one embodiment, the fluid acts as a fluid curtain to prevent any material

from migrating to a top surface of the substrate being cleaned. It should be
appreciated that as the substrate is rotating, centrifugal force will assist in the removal
of cleaning chemistry from the top surface of the substrate. In an embodiment of the
invention, the nozzle 305 maybe used to spray fluids, such as de-ionized water, or
gases, such as gaseous nitrogen, onto the top surface of the sﬁbstrate. Other fluids or
gases may also be used to clean the surface of the substrate 100 as long as these fluids
or gases are compatible with the top surface of the substrate 100 and the cleaning
chemistry used. The nozzle 305 can be piaced anywhere in the apparatus so long as it
is able to efficiently introduce fluids or gases which assist in the removal of any
unwanted chemicals that may make their way onto the top surface of the substrate
100. It should be appreciated that the liquid or gas acting as a curtain will reduce any

possibility of a chemical reaction between the top surface of the substrate and the
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reducing damage to the top surface of the substrate 100. The proximity
head 500 20includes the capability to continuously introduce liquid, such
as de-ionized water, to form a meniscus. A vacuum source to aid in the
formation of the meniscus and an optimal drying agent such as
isopropylalcohol are also included. The proximity head 500 has been
described in detail in other co-pending application of the assignee,
referenced below. 25 [0037] For additional information with respect to the
proximity head, reference can be made to an exemplary proximity head,
cleanzzgddsonistn!ihytipecvestiRParant igratBH6oT TawWsstestchanSepte nber the

bevelgg%g anehensited AMETHODS FOR WAFER PROXIMITY CLEANING
AND DRYING." 30 12 10/330,843, filed on December 24, 2002 and

entitled "MogiscUS, VACUUM, IPA VAPOR, DRYING MANIFOLD." [0039]
[003@%@%&%&%%&1@%Hﬂ@ﬂg&ﬂ@ﬁi&%@‘@ﬁl@&ﬁ@g d}ﬁﬁ’lﬂaéig nkhStép
Patent Np, 6,998,327, [ssued on January .24, 2005 .and entitle .
surfacgeane A0ine Supstiate G Bt S e R B 1ot
during by pemiaein@eass, MENISCYS] inkigurs: Paligtiéd $)098 BREpissemt

ofa &9::]&9&%&%56@95&%% ed £REQBIC B \GRIE RIMEMS Héin the
SEPARATION AND CONTAINMENT." 10 100401 For additional

housipg4Av-thah 2idd i REQFeRE S Nap BrRusCam QG emediats op s tare

edge b€ tﬂ@gﬂ)o 05&@(@ e%emvlwmw&m bﬂg‘g%gﬂﬁdgﬁ@ﬂlehjd&éﬁa&%&%@nstrained
6,488,040, issued.an December. 3, and enti "CAPILLARY

to the A TUHERE FISHacTEE DR CEEA IR E AR BRNG.

anywhfeo4ithiRithe d@riingiRe salvegge tl&ab@e@t&rﬂﬂn@dﬁ@%@mumt

over ﬂ{éri]ﬁmé/cﬁmmpgﬁ?ﬁ&@‘sﬁ %?ﬁ%esﬁmlglwtmrﬁﬁﬂm‘@%@qﬂﬂem of

Figure 6, includes a substrate supporting device and a bristle brus
the 1W§Bﬁ%dhemw&5hﬁ@é q80;eande located to the side of the surface edge of

the substrate 100. The liquid meniscus provides a continuous barrier over the
immediate top surface of the substrate 100 and prevents any cleaning chemistry or
other impurities in the form of particles from reaching the top surface edge of the
substrate 100. The meniscus barrier, thus, prevents interaction between the cleaning
chemistry and exposed metal lines present on the top of the substrate 100, thereby
reducing damage to the top surface of the substrate 100. The proximity head 500
includes the capability to continuously introduce liquid , such as de-ionized water, to
form a meniscus. A vacuum source to aid in the formation of the meniscus and an
optimal drying agent such as isopropylalcohol are also included. The proximity head
500 has been described in detail in other co-pending application of the assignee,

referenced below.

[0037] For additional information with respect to the proximity head, reference can be
made to an exemplary proximity head, as described in the U.S. Patent No. 6,616,772,
issued on September 9, 2003 and entitled "METHODS FOR WAFER PROXIMITY
CLEANING AND DRYING."

[0038] For additional information about top and bottom menisci, reference can be

made to the exemplary meniscus, as disclosed in U.S. Patent Application No.
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provided to receive and support the substrate on a selected plane. The
substrate supporting device includes a pair of drive rollers 602 distributed
along the 20 circumference of the substrate 100 to receive the edge 101
of the substrate 100, in one embodiment of the invention. These drive
rollers 602 fit the profile of the substrate edge 101 and assist in spinning
the substrate 100 around to expose different areas of the substrate edge
101 to the bristle brush unit 200. Different configurations and positions for
the drive rollers 602 are possible. The drive rollers 602 and the substrate
10/33R5343) HdedbhOratatdetaban g thzinad estityedsdViinasnoso MaoushkowihAor

varoly BlENERENRNISALMeans. 100421 The substrate supporting device also
includes one or more stabilizer wheels 604 distributed along the

circumference of the substrate 100, to stabilize the substrate 30100 along

[0039‘11Fg%&%ﬂﬁﬁﬁ&iﬁ@%ﬁ%bdﬁf%&ﬁ?&&%ﬁﬂ@i@ﬁg@ r@gesé-gﬁagifso U.s.
e (0]0] nt,a pair of stapilizer whee as en Useaq. erent
Patent iAot A TR Gt o A L S ST RS R
SYSTENS1E OR RROUESSRNGes SLIBEPRAERILIS Y Gtabll YN M I TRIbTDe

te inLthe selegte rotation, during the cleani .
M R A R e R M 28 300 g enited
"PHQREG ARREROYIETIRCBS HEBAR KM A HINE AD O ALNMIBNE 205

and a bristle brush unit 200 inside a cavity 210 in the housing 205. As

mentioned earlier, the bristle brush unit 200 ijs made up of a plurality of

[0040] Femrds Eamah diRTaHon 2B e RERIHIBINORAR Y EARR Y LA 63 55E™
referdhat the vanesd20 of theinpbite byaim dis2ABedrnithe ARB.CP vt tNe.

6,4855085 1 g&e%fénen%%%%% es}%Qggéxg.%Lqiﬁs&%mg%tﬁg;g@)&aﬁg Wit ans

anit 200 Is 10 configured Wi ousing 205 su rush
FOR SIRRLRY eERRelrietmBvedBRd®PRIEed with a newer and fresher bristle
brush unit 200.

[0041] Figure 6 illustrates an edge cleaning system in one embodiment of the
invention. The substrate edge .cleam'ng system, as illustrated in Figure 6, includes a
substrate supporting device and a bristle brush applicator. The supporting device is
provided to receive and support the substrate on a selected plane. The substrate
supporting device includes a pair of drive rollers 602 distributed along the
circumference of the substrate 100 to receive the edge 101 of the substrate 100, in one
embodiment of the invention. These drive rollers 602 fit the profile of the substrate
edge 101 and assist in spinning the substrate 100 around to expose different areas of
the substrate edge 101 to the bristle brush unit 200. Different configurations and
positions for the drive rollers 602 are possible. The drive rollers 602 and the substrate
100 could be rotated along their axes by use of a motor (not shown) or by other

mechanical means.

10042} The substrate supporting device also includes one or more stabilizer wheels
604 distributed along the circumference of the substrate 100, to stabilize the substrate
100 along the selected plane of rotation during the cleaning process. In this
embodiment, a pair of stabilizer wheels 604 has been used. Different confi gurations

and positions for the stabilizer wheels 604 are possible as long as the stabilizer wheels
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[0044] A fluid distributor channel 301 introduces cleaning chemistry into
the vanes 201 of the bristle brush unit 200. In one embodiment, a nozzle
305, to spray or 15introduce fluids, such as de-ionized water, or gases,
such as gaseous Nitrogen, onto thettop surface of the substrate 100, is
provided within the housing 205. The nozzle 305 is capable of varying the
pressure of gases or fluids introduced over the top surface of the
substrate 100. Alternatively, in another embodiment of the invention, a
proximity head 500 to introduce liquid meniscus layer over the immediate
604 anppble tiastaPidiztigedonmetainsbe subitodesl Pbdbe spleatipperaraiiage
rotatidt AMRRIARE BRSI Qugkthe bristle brush unit 200 and a lower
drainag€ channel 303 positioned under the bristle brush unit 200 and each
connected to a vacuum source assist in removing the cleaning chemistry

[0043pmdmmﬁi@reﬁl§aleppndacbrringﬁbeimiﬂgeﬁf@@as&lﬁf@ﬂmetxmfhtmm
istl bru |t 20 u rside roll ush
The b% % g’ Q% n ACEWiR %e unéineé)sglg SRRt sL R ngide

L P S P00
a cavity gid nerﬂwhboﬁﬂgéﬁmgxthammltyxam dqnlacmcths bostieHsushdergidets

made m? ﬁ?f[x‘?& 1t]5/09f Jmm S %&%@R’pﬁg§ B&PGHg mgﬁl@t&{ 8PP 3ting

material such as PVA. The underside roller brush 606 is rotated 30 around
shaft 2Q2-594habhy tanehdel b ibebristinbusharite Adaradmeratassithie
edge Hlnpmmhersﬁbﬁ&&t@tmeomghaﬁidajmmtmalssisﬁhmm&meﬁwalzob is

confi Che(rin ﬁa(/: 5 a d art|C|eSZt§ elgtlt%aq 1sq ace ?8?5' és ¥é51r£eoged
he [

1ota |onaﬁssp% e under5| erone rus & be varne
and rqlaizpn@i/wehcnr efficieand|Egpivey rfistle bmhndetﬁ@l’é of the substrate 100.
Cleaning chemistry maybe introduced into the underside roller brush 606

usi fluid distributor channel through the underside roller brush 606.
l00441rﬁe35|@é st EmeeRiiaNprOY R I FRARASH CASRM A BSBERI iR dhe vanes

201 ofhabisshBNeisHIMIN 0P Akt eles dRdogakieng the-urMRS|de sftieor

ra 0,5][0 4&0]‘? ethod to ¢lean an edge 101 of bstrate 100
introd R ARt LU AR ST PSS o
the top\sstefacdlloSthateubistigtg 1@06is| pritwsded within the housing 205. The nozzie

305 is capable of varying the pressure of gases or fluids introduced over the top

surface of the substrate 100. Alternatively, in another embodiment of the invention, a
proximity head 500 to introduce liquid meniscus layer over the immediate top surface
edge of the substrate 100 is provided. An upper drainage channel 401 positioned over
the bristle brush unit 200 and a lower drainage channel 303 positioned under the
bristle brush unit 200 and each connected to a vacuum source assist in removing the
cleaning chemistry and particles released during the cleaning process from over and
under the bristle brush unit 200.

[0045] Optionally, an underside roller brush 606 is placed in contact with the
underside of the substrate 100 to assist in the removal of cleaning chemistry and
particles from the underside of the substrate 100. The underside roller brush 606 is
made of a porous material such as PVA. The underside roller brush 606 is rotated
around its axis along the under surface of the substrate 100 using a motor (not shown)
or some other mechanical means, to assist in the removal of chemicals and particles
that settle on the under surface of the substrate 100. The rotational speed of the

underside roller brush 606 can be varied to provide for efficient cleaning of the
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embodiment, the substrate is received and supported on a supporting
device and a bristle brush applicator is applied to the edge 101 of the
substrate 100. The bristle 10 brush applicator includes a housing 205, to
receive the edge 101 of the substrate@ 100 in a particular plane. The
housing also includes a cavity 210 within which a bristle brush unit 200
with outwardly extending vanes (vanes) 201 is received. The bristle brush
unit 200 is mounted on a rotating shaft 202 such that the vanes 201 are in
contact with the edge 101 of the substrate 100 when the bristle brush
undersydelicttios miSegpliiDioCGhardgeidisityhestiesinated1iood o HeT he

under§ %ﬁi@%ﬂ%ﬂ%@ﬁ%ggiﬁ i@%ﬁﬁ%‘?@?&h‘@(ﬁ&%ﬁr@%&%@{ﬂﬁﬁ%ﬁg

ubstrate 100 along a selected plane. A pair of drive rollers 602 receives

roller hraighig61 CihsraleaninBsthemisioy pieyidaathe ariabonaadiooisHythee
chemRAESISLRIBNS: 4f PAZIiScd 0 Feta SRS uHIERTHEDfid anaasentoothe

top surface of the substrate 100 or a proximity head to introduce a liquid
meniscus to the inunediate top surface of the substrate is provided.
[0046T |Aaniihochtencisty s adghcld oothe suhntrst? 0 0®islesiAbttel hnusigainietail in
one eﬁ]%%&ﬂ%#@ Jl‘i’é’f&'éﬁ@@%?(h%@%@&% ﬁ%é?e‘%i%ﬁ‘%i ClEaping;s
chemistry fo the vanes 201 includes introducing the cfeaning chemlst(riy
a

emboghraerihtheeSpbsiiricos fepeRmd it HIIuted 98 3Rmeg RS LEiTHG
bristl& BRSISEpLRERLI OB IRE 1NRSeA0d TU the hidstia-biush 100! 200 ¥iiktle

brust ARl PO A TSR HHE VRS ok e s 309
in a partictheripistie BrhsthousioBlshiraciydand theitylBtObuithinitthichug boistle

‘ ) ) s ubricat e of
s 084 FIAFIE ORGSR oAl M A, A
brushgepbfBdsonanetedga ardietivgiinid0e ch thgohevaemd tharelshning

contaBf S haNABXII0E BEUAD HNiEZAR OIAIEH RO BH difeBHSAlANRIQENY Y]
with the vanes 201 makingﬁcont ct with the edge of the substrate 100

appligg{athe ¢ ti‘r%laﬂfat%fb‘ {rafs %)ng the substrate's selected plane of

rotation. In this embodiment of the invention, the bristle brush unit's axis of

04 s B AR 0Tt s S Mmoo

substytnkOBralongia s eefetiniansliedsre0p AsITaa HETPEOR Foptives thsadge 101

of thel Qb {adRiatsoalpagdhecsslrciadsainaa.obhadiatiendbetdasiiaie. 180nozzle
bristle brush unit 200, drive rollers 602 can be achfig;/ed b)élé?e of one or

305 to PR AN PR ABE S Ah 0825, PRI tBEH 9P R IASH I Sipdrate 100 or a

proximity head to introduce a liquid meniscus to the immediate top surface of the
substrate is provided. Cleaning chemistry is applied to the vanes 201 of the bristle
brush unit 200 through a fluid distributor channel 301. Applying the cleaning
chemistry to the vanes 201 includes introducing the cleaning chemistry through the
fluid distributor channel 301 and spraying the cleaning chemistry directly onto the
vanes 201 of the bristle brush unit 200. An alternate way of applying cleaning
chemistry to the vanes 201 is by conducting the cleaning chemistry through the fluid
distributor channel 301 into the bristle brush unit 200 directly and then distributing it
throughout the vanes 201. The cleaning chemistry assists in lubricating the surface of
the substrate 100 and in breaking-down the bevel polymer 103 deposited on the edge
of the substrate 100.
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10 [0049] The cleaning chemistry hi the vanes 201 of the bristle brush unit
200 interfaces with the edge 101 of the substrate 100 providing the
lubrication to the surface of substrate 100. Simultaneously, the cleaning
chemistry interacts with the bevel paymer 103 on the edge of substrate
100 to cut the bond binding the bevel 15polymer 103 to the edge 101 of
substrate 100. An abrasive material distributed in the vanes 201 of the
bristle brush unit 200 exposed to the edge 101 of the substrate 100
contact the edge of the substrate 100 during rotation and simultaneously

[0048}vDrisintg thet dnahisgrrietsy dipbijstiebted froin2fie sdgtatBliabing its axis

at a vERBRAYAIP AR EOOINOLG ISR IR R ANAAROBHNS Y WeakBIsINe1 00
bond binding the bevel polymer 103 to 20the ;gEe 101 of substrate 100

whichsisgerting af AurslecAcndrtlras et Uistiap sedrrtehatarm Pl xpidian 1o
this ethiisoafaent 0F dkths satish ate PR brdasdhr’bavel pphviaeiohds from the

101 bstrate 100 resulting i tantiall |

perpe O RIRBIALS P CE SR S ORI ROl Cr b SRS e ChAses e

substraithl 80\seiadinslgnehthm istigctetdeplend dfrotetite aidalrivg priess6provide
%&%@g@a&@% (?0’51[8 RBELANEQWRE drpinRde,cRRNPAIR A0dsuictigned

the fogé:ree%fg {
out of the housing 205. [0050] Referring to Figure 6, a nozzle 305 is

substrgie\iBR domstherbasbe il df0s dety arcisrioniZeeri hfctcbicyaddy, usratane

or mAPESENEBSTHIRGBBWHSI 08 R HAD ST HRsHIRaRTHA theatep surface of the
substrate 100. The fluids or gases introduced using variable pressure 30

further assist in creating a barrier for the cleaning chemistry and other
[0049)cFticlcleiing thenalsyrpinvibistirgdh @ Glech i tofisslnibtnslamdipaiities

inter QAR IDE 167 SPHRCGBLNRS GaRg shenicalisARing

with the metal lines on the top surface of the substrate 100. Alternatively,
surface iR ebRiEiR LR iSTMHSHRcSY P dhE F1533iBE FIETIEE M IR Tl Be
bevel pyNeAGAIEIPprEtHEaaR O bihaubstasi ate0lidat entibgral sjnitimpthe bebise
ros TSRO S el LB I e i
vaness2ktriitbeldfstle brush unit 200 exposed to the edge 101 of the substrate 100
contact the edge of the substrate 100 during rotation and simultaneously works to cut
and tear the bevel polymer 103 from the edge 101 of substrate 100. Continuous
exposure to cleaning chemistry weakens the bond binding the bevel polymer 103 to
the edge 101 of substrate 100 and the continuous frictional contact of the abrasive
material exposed to the edge 101 of the substrate 100 abrades the bevel polymer 103
from the edge 101 of substrate 100 resulting in a substantially or completely bevel-
polymer-free substrate edge 101. The torn bevel polymer 103 along with any
cleaning chemistry released during the cleaning process are directed towards the

upper and lower drainage channels and suctioned out of the housing 205.

[0050] Referring to Figure 6, a nozzle 305 is provided to introduce fluids, such as de-
ionized water, or gases, such as gaseous nitrogen, using variable pressure onto the top
surface of the substrate 100. The fluids or gases introduced using variable pressure
further assist in creating a barrier for the cleaning chemistry and other particle debris
thereby preventing the cleaning chemistry and particles from reaching the top surface
of the substrate and chemically reacting with the metal lines on the top surface of the

substrate 100. Alternatively, a liquid meniscus is introduced through a proximity
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5[0051] The material used to make the bristle brush unit 200, including the
vanes 201, maybe porous and formed from materials such as nylon. The
abrasive material used in this embodiment are selected from a group
consisting of titanium oxide, zirconium oxide, amorphous silicon oxide,
silicon and alumina. The cleaning chemistry that may be applied to the
substrate include about 0.049% to about 49% by weight of 10 Hydrogen
fluoride to de-ionized water, about 1% to about 50% by weight of
Ammonia to de-ionized water or about 1% to about 100% by weight of one
head @itreiamindmioctpdinefaodaihitheinbsitaiethOckaating,a liquid barrier. The

Hyd hl line, H lami ' / i .
(YS! m%rrRQ gﬁn%é?h%?é%);%a rrlrpéﬁgﬁl ?é@gg%é%'@%wgﬁeleased during

liquid
rau |r?1ltlaltsﬁya etami de,)&/l iglycolamine,

the cleapijia arageistoyierditherinr sy Beqoiidsikagrtaiifhonia 15 solutions
may also contain about 0% to about 50% Ammonium Fluoride or about

0% to about 50% Hydrogen Peroxide, The amine sojutions may also
1005 1, Ty Enaisoial G55 BBk Hoe PEF LS ERRb OO0 o kg i bghes 201,

mayb&peruls ahabidedd@ing wide¥ald surio asungbiu Ofide dirafioa vi@tetc hiveut
. . 10% of.Imj iaceti idh. The i hemi
in thig S A ARG P o AR SO R PR O AR
oxide napREnbausSKIgRINRY dPotifisaainersbinien clkorieABHIG ARSRETEY thet
T e P Dty e
chloride (F , Acrylic, Polyetheretherketon . Delrin, Acetal, or
Hydragg BRI S BB OSID SRR E SRR T RN e
Ammunih\tbrﬂerierémkicdﬂme ot ol &6 tim biguir& (9% bgtvve@h'a&@ﬂ@@f)more
aminégit?gﬁ%r%eﬂ{lyﬁl% fIRTMHR AR R08; Qg&iﬁﬂﬁ&(’g@&ﬂ%&f the
S ubstrate 1

ubstrate V2 along the plane of rotation of the s 0 is bétween
Hydremdaming R iestbyiarmpmtidp PimethalaneigidsaMethyidisthangiameasn
Dig1y?alﬁnejﬁ@élég9%&%&1%@%&&@&%&%%@%&%&ﬁﬁ%@ﬁﬂaute
(s1m). n alternate embo ent, the su te IS o
solu g RA RS SRR ARPLL TR TR ACEPS SR AT AEpRoY o
to abaysers ifgdtogdh iEanﬁddimwamithﬁonh@ystm iiﬂqlstdateuc_imt 0% to
about ISP EbSIFRA! BRI PHRASE LI foBBaHaN, 2

trimmed underside roller brush 606 Is used to remove bevel polymer 103
Ammgpinmdelvepdl peaRmfdisrhout d05 welaipetisrs it ARl fadhedRsing
205 nAPIRSHaIbin YREmibAydsiside redRkar4ebASHs Ko tidina velocity
DiFrI /B L0 e velaclty AL unIcD 406 PSS 2RSS AN ommonty
marketed as TEFLON), Polypropolene, Polyethylene Terephthalate (PET), polyvinyl
chloride (PVC), Acrylic, Polyetheretherketone (PEEK), Delrin, Acetal, or

Polyphenylene Sulfide (PPS).

[0052] The velocity of the bristle brush unit vlin one embodiment illustrated in
Figure 6 is between about 5000 rotations per minute (rpm) to about 20,000 rpm and
the velocity of the substrate v2 along the plane of rotation of the substrate 100 is
between about 1 rpm to 20 rpm. The flow rate resulting from the vacuum source in

one embodiment of the invention is about 90 standard liters per minute (slm).

[0053] In an alternate embodiment, the substrate 100 is subjected to a cleaning cycle
that includes a series of cleaning steps. The system used in this embodiment is similar

to the system illustrated in Figure 6. In the first step of the cleaning process in this
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5applied along the underside surface of the substrate 100. The underside
roller brush 606 helps in removing the bevel polymer 103, chemicals and
particles that may have settled on the underside of the substrate 100
during fabrication and cleaning procss. The underside roller brush 606 is
made of a porous material similar to the bristle brush unit 200 explained
earlier. 10 [0054] In the second step, the substrate is exposed to the
bristle brush unit 200 rotating at about 10,000 rotations per minute. As
explained earlier, the bristle brush unit 200 in this embodiment, including
embodimentned2dindd maltesofqaibersbmabedidt ic eseabte distabetienadipolymer
103 1E{PARNESRSUSIOAHOHARA A PiiRl's Bt il 20 R REat el A0iRGk.

chemistry in the bristle brush unit 200 provides the lubrication to the

In thiggfispyrthe Mmglﬂ?é%ﬂsamﬁbpﬁeééﬁmﬁ%dmﬁ@%?ﬁ@f Eﬁ%ﬁtmms on
velociiyeabenataeharabdioddrposited m&gtnemtbamwac&ssmfed%@ﬁ el

strate 100, cuts and Iea the b 103 from,the edge
soplic] o h PO ITATENE 30 o B PR PR SR affecush
606 hch?émnstcmndlgﬂi@rmanﬁlqteé'awrwaovmm@m ppp@ilaﬁrainag‘ey have
settle&%ﬁ“cﬁ@'u%ém% IOPBE URNAIE FHRRNGE LS BHEeY LW The: S YRRt

in the next step, the substrate 1001s then subjected to cleaning

The updg Ao oMK DR AR L RATEE RIS SN o B Be s

brushamRIVExplalyedvaitiiele 25 SUBA pads from Rodel, Inc. The porosity of
the polishing pad enables distribution of cleaning chemistry such as
Ammonium Hydroxide throughout the polishing pad. The cleaning

[0054¢ Hertlistse rod istep, tte kithstatiors txtHossUrdabe bfittke dubshratat @Ming

rotauﬁ%ea%ﬁ?&i{‘ gd%%%%a%%ﬂsf ‘;Bglh GHAGIDS AL Q&%’i‘%iﬂ@ddé&\i‘i%ﬁ‘ﬂuk?%\f@ﬂe brush
polymer 103 d 05|ted alg}%ﬁ1 he edge of the substrate. 30 [0056

unit 299&%%15 mrth HRsAbideC %aé%mﬁa\?&héeﬁ@ﬁ.eé%ﬁwaﬁm to
enablmistdmatt&yef me&wﬁlme@uunmmmbmmm TiTge
icals and particle gmov om th e of the substrate
deanm& ?H’elsé@'nﬁlnteﬂmlgn §!|‘.?8 gf'ep n%gnog) VI Fr%ten brl eml;({:aéjand
substqaawtchteslgrtbe:olwhnmgtprmesandéxsimsan@,redgemt ﬂ@é) m:m thadevel

polyrﬁ@ﬂ%‘éeﬁei%sﬁ%&ﬁm@ﬁ&@ﬁ%‘é‘%ﬁéﬁgdésglgé‘aﬂﬂgéﬁgéﬁﬁléﬁi%&h&RE‘ﬁhd

1 and Iower drainage channel 303 each connected to an external

releas\?aéba weyshindymse \Rtom S rdgsrdaniduefiieriybittaadMcalhe
releas%a%aaalgegn&m étv&ﬁﬁ@bmémeﬁy iha kIR piaselef dhesulsicaieyshe

upper §£ gﬁlﬁ aestrﬁﬂ’g# Z‘%%?réﬁgg::{c faos S%ggust:‘glc? s reﬂeasléan

systemuring the cleaning process.

[0055] In the next step, the substrate 100 is then subjected to cleaning using a porous
polyurethane impregnated polyester polishing pads such as commercially available
SUBA pads from Rodel, Inc. The porosity of the polishing pad enables distribution of
cleaning chemistry such as Ammonium Hydroxide throughout the polishing pad. The
cleaning chemistry provides the lubrication to the surface of the substrate during the
cleaning process and further helps in breaking down the bevel polymer 103 deposited
along the edge of the substrate.

[0056] The final step in this cleaning cycle is to remove the chemicals and particles,
including bevel polymers 103, released during the cleaning process. The chemicals

and particles are removed from the surface of the substrate using the confinement
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[0057] In an alternative embodiment, a bather such as gaseous nitrogen
or de-ionized 10 water.or a liquid meniscus is introduced to the immediate
top surface of the substrate. This acts as a curtain and prevents the
chemicals and particles released dusng the cleaning process from making
their way to the top surface of the substrate 100. At the end of this
cleaning cycle, the substrate 100 is substantially clean. 15 [0058]
Although the foregoing invention has been described in some detail for

purposes of clarity of understanding, it will be apparent that certain
step. ¢hamgesrdedimetifithtichensmalbenstpatiteldsmithinominecoioetinf tiderside

and e APPEPARAGIRMNR ARAVHHIYa INSPEESRTHEPRLINMEREIAGHS B upper

considered as illustrative and not restrictive, and the invention is not to be

drainggg;ebgnpehtOdeadd Qe Ariress thanreh 308 schireprsotaditaniexternal
vacuu3A P800 ERkIvalants sfihe apprndedaisims: Whahisti@inaddsariifles.

.CLAIMS What js clai is: 5 t | ti f d
In i QAR i aP B LRt EOBIIORE = KPR Sing EORISCRA B
vacuu@um@nm@dﬂméém@dgm;@mmgmmimmicrgsfm\_dnglahe
chemfc%‘fé:&xﬁfﬁ]%?ﬁl‘%t‘i’éﬁ‘e%%&‘&Hﬂhg‘t%&%%fﬁ%e t gggd by the housing, the

cavity in ousing having an"opening su at only the 10portion of the
semiconductor surface received through the housing extends into the

[0057qaYiA alteFhDEGEMBENIHAE |ataietkinvicle 108 LRV HithedPastgidhRed
bristle brush unit having a éural't of outwardly extending vangs, the

water S BRI Qe AT e RIS gagestrate.

This susvaamlyueiermtidgrevents the chemicals and particles released during the

cleaning process from making their way to the top surface of the substrate 100. At the

end of this cleaning cycle, the substrate 100 is substantially clean.

[0058] Although the foregoing invention has been described in some detail for

purposes of clarity of understanding, it will be apparent that certain changes and

. modifications can be practiced within the scope of the appended claims. Accordingly,

the present embodiments are to be considered as illustrative and not restrictive, and
the invention is not to be limited to the details given herein, but may be modified

within the scope and equivalents of the appended claims.

What is claimed is:
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15 vanes contact the portion of the edge of the semiconductor substrate
extending into the cavity when rotating, wherein the outwardly extending
vanes are made from a porous material;, and a fluid distributor channel
within the cavity of the housing, the fluid distributor channel configured to
introduce cleaning chemistry to the pIL]JPaIity 200f outwardly extending
vanes of the bristle brush unit, the cl r;kiﬂgschemistry providing lubrication
during cleaning of the edge of the semiconductor substrate. 2. An
apparatus to clean a portion of an edge of a semiconductor substrate as
2Fegiied imedaing: 1, wherein the cavity in the housing further comprises:
an upper drainage channel positioned over the bristle brush unit. 3. An
apparatus to clean a portion of an edge of a semiconductor substrate as

recited mnCApRrdsuw REERIANtAS HiHi D 46 Biade0f sharpisrlliasisiRfhte,
30materials selected from a group consisting of PolyVinylidine DiFluoride,
et tRioroethylene, Polypropolene, Polyethylene Terephthalate,

polyvinyl chloriggsARtylionRgether etbarkataned deefiheAcaiRlo®Iuctor substrate,
Polyphenylene Sulfide. 20 4. An apparatus to clean a portion of an ed

of a serfiEdiGE MaSAaia Ay ditsy in&‘Fé?rﬁ“fP\Rh‘?éFBﬁm%Vé%&\%?ggﬁd by

extendifg:RCH g/ the@de §TRNMha ROSIAE MataHansHsdh RS BNIGNMIEDN]y the
impregnated micron alumina, 5 5. An apparatus éo clean a paqrtion of an

edge ofPUERiCbHEEBI LR WA e a P LIFAUED e Pat g extends into
abrasivengateiig] is distributed throughout and within the outwardly

extending vanes of the bristle brush unijt, the abrasive materjal chosen to .
prevent scratc?j?f El? %Hf#éﬂm&%‘f?lﬁ; é‘bﬁ’r&%ﬁ?ﬁf&’f& PhUlsspstag. the bristle

brush unit having a plurality of outwardly extending vanes, the bristle brush
unit mounted on a rotating shaft and aligned so that the outwardly extending
vanes contact the portion of the edge of the semiconductor substrate extending
into the cavity when rotating, wherein the outwardly extending vanes are made
from a porous material; and

a fluid distributor channel within the cavity of the housing, the fluid
distributor channel configured to introduce cleaning chemistry to the plurality
of outwardly extending vanes of the bristle brush unit, the cleaning chemistry
providing lubrication during cleaning of the edge of the semiconductor

substrate.

2. An apparatus to clean a portion of an edge of a semiconductor substrate as
recited in claim 1, wherein the cavity in the housing further comprises:

an upper drainage channel positioned over the bristle brush unit.

3. An apparatus to clean a portion of an edge of a semiconductor substrate as
recited in claim 1, wherein the housing is made of chemically resistant
materials selected from a group consisting of PolyVinylidine DiFluoride,
Polytetrafluoroethylene, Polypropolene, Polyethylene Terephthalate, polyvinyl
chloride, Acrylic, Polyetheretherketone, Delrin, Acetal, or Polyphenylene
Sulfide.
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6. An apparatus to clean a portion of an edge of a semiconductor

substrate as recited in claim 5, wherein the abrasive material is selected
from a group consisting of titanium oxide, zirconium oxide, amorphous
silicon oxide, silicon 15and alumina. 7. An apparatus to clean a portion of
an edge of a semiconductor substrate’ds recited in claim 6, wherein the
abrasive material has a hardness level greater than a hardness level of a
bevel pqlymer built- n the edge of the 20semiconductor substrate. 8.

o oA S g e L S T R R e e
as reciteetired aird dimnih evbincihe el oralityrdfyvantesdhay eaansangmafe from a

curvature directedin a0 opRosiie dircelion to. diection.of rolation of the
bristle bYUSH 250N, n appaYraPus 0 JdeaNa portion of'an erage'of a
semiconductor substrate as recited in claim 1, wherein the cavity in the

using,further comprises: a lower drainage channel defined under the

rste DSOS o e e S AT TG B
semiconduicibsclbsiradtends e oitechin asliaiemniteviad re idi st oeedityhiougieut and
housing further comprises: a plurality of bri rush units, each bristle .
prush a R S B e S A e
of bristlaimarsh cmitssmioyntedno ncthechotgtingl sinafliagdizhgnehisorttattor
each 0%%?5%%'% extending vane contacts the portion of the edge of the
semiconductor substrate extending into the cavity when rotating. 1011.An

apparatus to clean a portion of an edge of a semiconductor substrate as
rgcited ip ol '”&r%tu"sv‘i‘eE‘féQ&Qe%QH%Lqu%SQ “Q'E){?aasé‘n'ﬁ‘é%{q%ap&%%'s Qs
12. An apparatus to clean a portion of an edge of a semiconductor
substrarecais davitdal in Tlaihertjmthe @irnshes caatityidhithelaolgdi i furtigeoup

Compnsceo%sisting of titanium oxide, zirconium oxide, amorphous silicon oxide, silicon

and alumina.

7. An apparatus to clean a portion of an edge of a semiconductor substrate as
recited in claim 6, wherein the abrasive material has a hardness level greater
than a hardness level of a bevel polymer built-up on the edge of the

semiconductor substrate.

8. An apparatus to clean a portion of an edge of a semiconductor substrate as
recited in claim 1, wherein the plurality of vanes have an angle of curvature
directed in an opposite direction to a direction of rotation of the bristle brush

unit.

9. An apparatus to clean a portion of an edge of a semiconductor substrate as
recited in claim 1, wherein the cavity in the housing further comprises:

a lower drainage channel defined under the bristle brush unit.
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15a proximity head configured to introduce a meniscus barrier on an outer
edge located at a top surface of the semiconductor substrate extending
inside the cavity. 13. A system to clean a portion of an edge of a
semiconductor substrate, 20comprising: a substrate supporting device
supporting the semiconductor substrate; and a bristle brush applicator
including a housing configured to receive the edge of the

iconductor substrate, the housing having a cavity defined within such
it A e O g
having arcopéningasuch thiatromyhe sevégtédthotimniof thetsencimapdsetor

surface received through the housing extends, into the cavity,. bristle
orush U DAL L T R B s PR of
having auphuality odtautingrdiyesxtbaginglignesSbtisddbisttd bnushm3nuniton the
mounte) of & foiaing haft.and Alaned such hahihe eunardly eending e
vanes contact the portion e edge of the semiconductor Substrate
extendipgrinto dfi¢chcavigy wihbia sotatingdvrihareibdhaioetveartihe exte tiding vity
vanes ar%emade from a porous material; and 22 a fluid distributor

channerlwn?ﬂrr?tt?{én%avity of the housing, the fluid distributor channel

configured to introduce cleaning chemistry to the plurality of outwardly

tending. vanes of the bristle brush unit, the cleaning chemistr
D ovicieh TSR e CRUR S aBiRh P AT ENTAIRHY sybejrae as
substratecited i simterh whelean thepontite ofisn wdges ef ansanhicogwbbtomit.
substrate as recited in claim 13, wherein the cavity in the housing further

includes:
12. An apparatus to clean a portion of an edge of a semiconductor substrate as

recited in claim 1, wherein the cavity in the housing further comprises:
a proximity head configured to introduce a meniscus barrier on an outer
edge located at a top surface of the semiconductor substrate extending inside

the cavity.

13. A system to clean a portion of an edge of a semiconductor substrate,
comprising:
a substrate supporting device supporting the semiconductor substrate; and
a bristle brush applicator including

a housing configured to receive the edge of the semiconductor substrate,

the housing having a cavity defined within such that the cavity is enclosed by
the housing, the cavity in the housing having an opening such that only a
selected portion of the semiconductor surface received through the housing
extends into the cavity,

a bristle brush unit located inside the cavity in the housing, the bristle
brush unit having a plurality of outwardly extending vanes, the bristle brush
unit mounted on a rotating shaft and aligned such that the outwardly extending
vanes contact the portion of the edge of the semiconductor substrate extending
into the cavity when rotating, wherein the outwardly extending vanes are made

from a porous material; and
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10an upper drainage channel positioned over the bristle brush unit, the
channel connected to a vacuum source to remove chemicals and particles
released during cleaning. 15. A system to clean a portion of an edge of a
semiconductor substrate as recited 15in claim 13, wherein the cavity in
the housing further comprises: a Iowe?%lrainage channel defined under
the bristle brush unit, the drain channel connected to a vacuum source to

remove chemlcalsffin((li (BZE ? ggggl thlrlngncIequE f%t?lgo'ﬁ‘ SXSt?he fluid
to clean a portlon orane P semlcon uctor su ate as recite

claim 1H1stwﬂnmemct’rzmnﬁi\awlfrgﬂnaihoumrrgiﬁaeth&ranmgphs&sstaypa»herplyrality
head copfiguiedfo Ifaduce amenisgus bayrissonan puier adae locsledry

ata top su ace ofthe semi or substrate ex g Insi

cavity. pboidhgriebnodttonciieam@gpeontiog of dre edgeqffthewmcondlum
substrate corpéonsmg receiving the portion of the edge of the
semlcond]ﬂc or substrate within an opening defined in a cavity of a
housing, the opening in the cavity defined 30such that only the portlon of

t?g edgg tyopmstemllconduct or surface ecelt\t/)ed through the h

an a por an e a semiconyuctor su age as recited
extends into the Cavit P 1talang & bristle brush uni aving a pfurallty 6F

outwardly @xtenthng hemestlecatedywithire tresagityrith¢heblodsing around

an axis gf yotaton SUCh tr}?at A HUTSR SIS, Qv By R NI NG Y e Bhannel
contact the %%rtuon of the edge

connected to a vacuum source to remove chemicals and particles released

during cleaning.

15. A system to clean a portion of an edge of a semiconductor substrate as recited
in claim 13, wherein the cavity in the housing further comprises:
a lower drainage channel defined under the bristle brush unit, the drain
channel connected to a vacuum source to remove chemicals and particles

released during cleaning.

16. A system to clean a portion of an edge of a semiconductor substrate as recited
in claim 13, wherein the cavity in the housing further comprises:
a proximity head configured to introduce a meniscus barrier on an outer edge
located at a top surface of the semiconductor substrate extending inside the

cavity.

17. A method to clean a portion of an edge of a semiconductor substrate,

comprising:

receiving the portion of the edge of the semiconductor substrate within
an opening defined in a cavity of a housing, the opening in the cavity defined
such that only the portion of the edge of the semiconductor surface received
through the housing extends into the cavity;

rotating a bristle brush unit having a plurality of outwardly extending
vanes located within the cavity in the housing around an axis of rotation such

that a portion of the outwardly extending vanes contact the portion of the edge
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edge of the substrate, wherein the outwardly extending vanes are made

from a porous material; and Sapplying a cleaning chemistry through a fluid

distributor channel located within the cavity of the housing to the plurality

of outwardly extending vanes of the r&%lting bristle brush unit, the cleaning

chemistry providing lubrication during cleaning of the portion of the edge

of the semjconductor substrate, 1018, Admethad ip.cleana portionf 8 of

edge of a semicon UCtor Sulstrate a8 fecitea ih claim A7 rrther

comprigbes substrateevhowingtbbemicalsl grdtpadiicteainelcasadadeafirngn a porous

cleaningntrtléggpgrﬂw upper drainage channel within the cavity of the

housing, fne upper drainage 15channel positioned over the bristle brush

unit. 19. A metipplyioglednaaipgrtiemidtanticigelod dl sendisoitductehannel

substrate as recited in claim 17 further comprises: removing chemicals .

and pare S BT S e AT ARSI (GRS Scencing

channelVim¢hefchvitytofitizebhousimgsthenioviier deaimagelohrarsheglproviding
ositioned under the bristle brush unit. 20. A hod to a portion of clea

o edon b SR B R SRR G or

comprisebs@&imtroducing a meniscus barrier on an outer edge located on

a top surface of the semiconductor substrate through a proximity head to

prevent contamination of the top surface.

18. A method to clean a portion of an edge of a semiconductor substrate as recited

in claim 17, further comprises:
removing chemicals and particles released during cleaning through an
upper drainage channel within the cavity of the housing, the upper drainage

channel positioned over the bristle brush unit.

19. A method to clean a portion of an edge of a semiconductor substrate as recited
in claim 17, further comprises:
removing chemicals and particles released during cleaning through a
lower drainage channel in the cavity of the housing, the lower drainage channel

positioned under the bristle brush unit.

20. A method to a portion of clean an edge of a semiconductor substrate as recited
in claim 17, further comprises:
introducing a meniscus barrier on an outer edge located on a top
surface of the semiconductor substrate through a proximity head to prevent

contamination of the top surface.





