16 Septenber 2003 1 METHOD AND APPARATUS FOR PROCESSI NG A WAFER 5 FI ELD OF
THE | NVENTI ON The present invention relates to sem condu%?E t\é‘@ﬁgﬁzom
processing; nore particularly, the present invention rela R ERT
apparatus for use in buffing and/or cleaning the edge/bevel of

sem conductor wafers. 10 BACKGROUND OF THE | NVENTI ON Doubl e sided scrubbers
clean the top and the bottom of a wafer ginultaneously. Double sided
scrubbers are usually autorrat ed and conprise a conveyor type mechanism

rollers, and brushes. In S DWNDNNH‘A TUY$ #QRN the conveyor

mechani sm and t he conveyor Into the brushes.
Wi |l e 15 bei ng scrubbed, the @S% & &\ﬁ%ﬁ hel d horizontally) by

t he conveyor nmechanism brushes, rollers, a corrbr nation thereof. Figure
1 is a general view of a conventional doubl e si ded waf er processing
station. Wafer 10 is processed by brushes, one of which is shown as brush
20 and t e FELBrOFTHE INVENTIONi gure 1) is beneath wafer 10 and directly
bel ow brush 20. Rollers 20 30 rotate wafer 10 so the entire wafer surface
maybe processed. TRachroaht Phvalifn %aaﬂe§ to" QrA{cBAdRRRUvakdr S phRBISTRY, A%l DY
notor 40. The rotary notion of roller 30 is then transferred to wafer 10
when t he ed e .of into _contac ter e of
waf er 10. B ﬁ%lﬁm@T% ﬁl npdesseﬁgflgﬁ%n%naﬁa%tﬁ é%tarnvae’Py Eﬁlrs\(l)\fgreélgc tl u?%l an(gg%ottom
of 25 sem conductor substrates. However, brushes do not provi de a
sufficient Slkaning theredge/bevel of semiconductor wafers.

10 BACKGROUND OF THE INVENTION

Double sided scrubbers clean the top and the bottom of a wafer simultaneously.
Double sided scrubbers are usually automated and comprise a conveyor type
mechanism, rollers, and brushes. In general, the wafer lies flat on the conveyor
mechanism and the conveyor mechanism moves the wafer into the brushes. While

15 being scrubbed, the wafer is supported (or held horizontally) by the conveyor
mechanism, brushes, rollers, or a combination thereof.

Figure 1 is a general view of a conventional double sided wafer processing
station. Wafer 10 is processed by brushes, one of which is shown as brush 20 and the
other (not shown in Figure 1) is beneath wafer 10 and directly below brush 20. Rollers

20 30 rotate wafer 10 so the entire wafer surface may be processed. Each of brushes 20 1s
rotated about its central axis by motor 40. The rotary motion of roller 30 is then
transferred to wafer 10 when the edge of each roller 30 comes into contact with the
outer edge of wafer 10.

Brush cleaning systems can effectively process the top and bottom of

25 semiconductor substrates. However, brushes do not provide a sufficient amount of



16 Septenber 2003 2 nechani cal energy at the edge/ bevel to renove

cont am nation. In other words, although the double sideg §éij‘té,{ﬁmr200‘_f5
Figure 1 is effective at cleaning the front and back side of a wafer, it
can | eave a residue on the edge/bevel of the wafer. One solution to

cl eaning the edge/ based areas is shown in U S Patent No. 5 5,861, 066,
entitled "Method and Apparatus for eanj' ng Edges of Contam nated
Substrates”, issued January 19, 1999 in Which the edge and/ or based areas

may be clegpeg, yéﬂe i e EdRIbee@NiAeéméNe cotthifiinagidige Bf othevakedls,
simlar to roller 30 c ng into contact with wafer 10 above, except that

one of the rollers, inclydes an abrasi ar : : tafhe
tﬁngen]'Ei al 9@%‘(3’[%@6 a?ul#‘ﬁéldﬁgis Bg?r %ﬁé}ﬁlglérgtlegseé V\etelﬁgiaﬁéﬁ%ﬁgéji‘% %E?I ae[Ird and
the wafer is different than the speed at which the other roller rotates the
wafer. It i badhetdamfe wifer bicondraye aresiiie onihaeaesder e ¢ Nef8dge/ bevel area
is cleaned by the abrasive area. SUMVARY OF THE | NVENTION 15 A net hod and
apparatus for promessinignt tecledhiey tfe sdpeibesmidarcenis skovar ;1 UsS. BaietirNped. In
one enbodi nent, a first brush assenbly is di sposed beneath the wafer to

provi de PRI osBr cARfbd! OMRIRACAR WpaNlsClor a0Rang BARE ITT Usiambidenbl y i s
di sposed ™ abbve’the water to process the wafer. Pressure applied to the

wafer 1s non-uni form acrpss t I, 0 e i r re
rollers rot gPESt’E‘ﬂtFé‘ ’V\Hf‘@ﬁ %ﬂ?%gﬁ’ \t,iﬁégfull r“fZ}.(l%CHanﬂlcf g@gcongqbﬁﬁmﬁggﬁgl ?erens)
The non-uni form pressure causes rotation of the wafer _tlo sl.ow,or reverse.
A pad in oneleneduning wilewsHbatcontagy the epighadec He Baige sERlaTfR T éﬁcomlpg one
enbodi ment, the non-uniform pressure causes the first brush assenbly and/or
t he into contact with wafer 10 above, except that one of the rollers includes an abrasive

area and rotates such that the tangential velocity at the point of contact between the one
10 roller and the wafer is different than the speed at which the other roller rotates the
wafer. It is because of this difference in speed that the edge/bevel area is cleaned by the

abrasive area.

SUMMARY OF THE INVENTION

15 A method and apparatus for processing the edge of semiconductor wafers is
described. Tn one embodiment, a first brush assembly is disposed beneath the wafer to
provide support for and to process the wafer and a second brush assembly is disposed
above the wafer to process the wafer. Pressure applied to the wafer is non-uniform
across the wafer.

20 In one embodiment, one or more rollers rotate the wafer between the first and
second brush assemblies. The non-uniform pressure causes rotation of the wafer to
slow or reverse. A pad in one or more of the rollers cleans the edge of the wafer. In
one embodiment, the non-uniform pressure causes the first brush assembly and/or the

second brush assembly to clean the edge of the wafer.



second brush assenbly to clean the edge of the wafer. 16 Septenber 2003 3
I n one enbodi nent, the non-uniformpressure is applied w d
brush assenbly from above the wafer. In alternative en#o%?er?%ﬁ?%e?ggﬁg
non-uni form pressure is applied with the first brush assenbly from bel ow
the wafer or sone conbination of the first and second brush assenblies. 5
BRI EF DESCRI PTI ON OF THE DRAW NGS The prgsent invention will be understood
nore fully fromthe detailed description given below and fromthe

acconpanyi ng dr ayf RSnifodiAlt A nBRRAFLRE BieSsur®fs dppfed MNBNhE BEoni/diah,
however, should not be taken to limt the invention to the 10 specific

enbodi nents, bu e for | apat i on. and. under J |y El is a
general Vi eWSgnEB?mﬁg%vﬁjﬁgggﬁﬂl @’&te&%&gwﬁa@fn er 3%’%%2%@%%3‘ %ﬁﬁgﬁe‘ﬂ#g&#gure 2
illustrates an exenplary processing system Fiqure 3 illustrates a side

vi ew of oneisewppberl withtthefirshbrwshygsseably fam belqyo e WHer o SamfCombaIpRs
contai nnent apparatus. 15 Figure 4A illustrates a perspective view of one
enbodi nent e firklewnd pp@ind brush hseadbdéiebl y of the present invention. Figure 4B
illustrates a perspective view of one enbodi nent of the |ower brush

assenbl y ;of the present invention. Figure 4Cillustrates one enbodi ment of
arotating armand its coupling for 20 attachnent to a drive. 16 Septenber

2003 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention wili be understood more fully from the detailed
description given below and from the accompanying drawings of various embodiments
of the invention, which, however, should not be taken to limit the invention to the

10  specific embodiments, but are for explanation and understanding only.

Figure 1 is a general view a conventional double sided wafer processing system.

Figure 2 illustrates an exemplary processing system.

Figure 3 illustrates a side view of one embodiment of a brush box and a portion

of the brush box containment apparatus.

15 Figure 4A illustrates a perspective view of one embodiment of the upper brush

assembly of the present invention.

Figure 4B illustrates a perspective view of one embodiment of the lower brush

assembly of the present invention.

Figurc 4C illustrates one embodiment of a rotating arm and its coupling for

20 attachment to a drive.



4 Figures 5A-5D illustrate a top views of enbodi nents of the upper and

| omwer brush assenblies and section views of the upper aﬂﬁsgﬂ&ﬁﬁaﬁmﬁ§h
assenblies respectively. Figure 6 illustrates a side section view of a pad
and roller conbination used for 5 processing the edge of a substrate.
Figures 7A-7C illustrate various pressure application schenes for
processing the edge of a substrate using non-uniformy distributed
pressure with upper and/or |ower brush assenblies. 10 DETAI LED DESCRI PTI ON

A system for progpsasds'Hh-EheillasieRé Ravehics sedmsuandeat of twlmies ahd lower
described. In the foll ow ng description, nunmerous details are set forth,

such as conponen Lerial s, e essu ef.o. A b ent,
however, th Buﬁg 5s ?tﬂﬁﬁeeg :m?ld tsﬁ(ét§0§1r S’ ,ﬁjévst E’gt t%'? h{éﬁ%F eé@ntlé‘%er{\cﬁgms%lo%s%)gﬁ%e
practiced without these specific details. In other 15 instances, well-known
structures HiBeH¥Gces are shown in block diagramform rather than in
detail, in order to avoid obscuring the present invention. Overview of the
Present |nvention The present invention provides a nethod and apparatus for
processing seni Emtueilbistrales esisle seeiionriécve aba ahdrand rolleneombisatm ysaé ffdes
two scrubbing stations. 20 In one enbodi nent, the scrubbing stations
perforn1grughmgﬁﬁggb§agﬁqﬁamhanﬁ@posite sides of the wafer sinmultaneously.
I n one enbodi nent, each scrubbing station includes one or nore scrubbing

el enents, at |east one of which is positioned by a second assenbly, where

portions of 16 Sepheibel 78R trate various pressure application schemes for processing the
edge of a substrate using non-uniformly distributed pressure with upper and/or lower

brush assemblies.

10 DETAILED DESCRIPTION

A system for processing the edge/bevel of semiconductor wafers is described.

In the following description, numerous details are set forth, such as component
materials, speeds, pressures etc. It will be apparent, however, to one skilled in the art,

that the present invention may be practiced without these specific details. In other

15 instances, well-known structures and devices are shown in block diagram form, rather

than in detail, in order to avoid obscuring the present invention.

Overview of the Present Invention

The present invention provides a method and apparatus for processing

semiconductor wafers. In one embodiment, the system includes two scrubbing stations.

20 In one embodiment, the scrubbing stations perform brush scrubbing of the opposite
sides of the wafer simultancously.

In one embodiment, each scrubbing station includes one or more scrubbing

elements, at least one of which is positioned by a second assembly, where portions of



5 the first and second assenblies are substantially the same. The scrubbing
el ements are processing elenents that may conprise pads %f r es. In
one enbodi nent, at |east one of the brush scrubbing stat}ﬁgﬁ t%%#&ggﬁs] an
assenbly configurable to apply a processing el enent, which may be a brush
or a pad 5 nedia, to a sem conductor wafer at various pressures. These
various pressures may include a first sef of pressures sufficient to scrub
a sem conductor wafer. Additionally, pressure applied can be different on

opposite si dessfanlingcdiaustenttiiePaf subflafndly tendaadh. ME scrib®inglilerhartsrare
pressure is applied to the wafer to process (e.g., scrub, clean, buff) the

edge/ bevel of the fer. 10 In one J i ocessi ng box includes a
br ush assenﬂfoﬁeséﬁlcgeem%’@s‘%ﬁ%%ﬁ?ﬁ“@%@% V. mg@sg?{)sh assenbly may conprise
a pair of pads and/or brushes for cleaning wafers ggd a nechanilﬂsfgto

control and dri v phe crbadimest b deast opags therprash seribbing §atigns JLlss gy pe

used to position various conponents and devices in a processing system In
one enbodi mesembBuainfigonplerte nipplyi o plocessimgadamenitawbich mpyabria dBishemiageadat i on
devi ces, such as rollers, wheels, guides, one or nore robots. For exanple,

see U S sPa .fa,@&aléeﬁﬁé&neﬁbt&e%ﬁk aNQari AR/ FORukdS . TIRES Wil préssGeBtnadynment
Apparatus,” Tiled August 29, 1996; U. S. Patent application serial no.

08/ 705,162, . entitled "A.Rol | er Pgsitioni _— : 29,
T096: and LT it et QppernR Bt Ry, SRRttt e ARl
Assenbly Apparatus,” filed August 20 29, 1996, all. assigned to thig
corporate apmsghecappticd gan Hecdidgrent Q)oMPPYH SidES of,{@% aPed82herBi %y

ref erence. The processing box may be incorporated into a wafer processing
syst em havi rmbodintent, pba-upifome peissge stappliahte.thewafer tosprapese (e.g-hecrylyfclgan,
processi ng system may have one

buff) the edge/bevel of the wafer.

10 In one embodiment, a processing box includes a brush assembly and a
positioning assembly. The brush assembly may comprise a pair of pads and/or brushes
for cleaning wafers and a mechanism to control and drive the brushes and/or pads. The
positioning assembly may be used to position various components and devices in a
processing system. In one embodiment, such components include wafer handling and

15 manipulation devices, such as rollers, wheels, guides, one or more robots. For
example, see U.S. Patent application serial no. 08/705,115, entitled "A Containment
Apparatus,” filed August 29, 1996; U.S. Patent application serial no. 08/705,162,
entitled "A Roller Positioning Apparatus,” filed August 29, 1996; and U.S. Patent
application serial no. 08/705,161, entitled "A Brush Assembly Apparatus,” filed August

20 29, 1996, all assigned to the corporate assignee of the present invention and
incorporated herein by reference.

The processing box may be incorporated into a wafer processing system having

multiple processing stations. For instance, the wafer processing system may have one

or more stations for cleaning (e.g., scrubbing) and/or buffing substrates. Note that



or nore stations for cleaning (e.g., scrubbing) and/or buffing substrates.
Note that 16 Septenber 2003 6 al though enbodi nents nay b I 2N
ternms of cleaning by perform ng brush scrubbing of mafe?g?%a%?@gﬁgyganing
t echni ques ot her than scrubbing nmay be enployed in one or nore of the
processi ng stations. Although enbodi nents are described in conjunction with
scrubbing a wafer, it 5 wll be apprecigted that any simlarly shaped,

i.e. generally applied substrate, may be processed. Further, it will be

appr eci at ed alihéight @hBddeness haydbNAEREbET irf Wids! Git @edide by Hetfufifing hrage or
pure sem conductor substrate with or w thout doping, a sem conductor

substrate w th I tax] I r ]G i.nco rating
one or - mor 6 CubRE e Nafis oE deno Bl GRE SalP inel b B T SOLRPEE CF
substrates incorporating one 1Q or nore sem conductor |ayers such as
substrates HAYMHYY 8ROk PECETOHHANMSUl ator (SO ) devices or substrates
for processing other apparatuses and devices, such as flat panel displays,
hard di sks, multiAltloigh emblodiments atecdestnbaing conjpadiierewith sprubbisgracwaloplit ed at
one end of the brush assenbly is 2-4 tinmes greater than at the opposite

end of the RFUY HpEREMYthatTy diMALSRASEHD! BS DhGald T\pplﬁd@;ﬂﬁstﬁ&g edy bdhe

brush/ pad assenbly causes the wafer to rotate nore slowy or to rotate in

t he opposit " Ieésggt ipglpthgls itC\Q,{eﬂs)B% %g?r%gg{egttﬁﬁtirgfér%géqg d \pﬁlfrelt ele Fl{b(g{r%t%rlgé% ween

alone. Slo ation c¢aus nce i n ngentital velocity
t he roIIer(sé:a d the wafer edgel bev t hat, causes ds in the raqller(s)
lbfp iout &

I .
to process (t ¢ a Rarg.grpure ﬁ%nléﬁ‘ﬁjéFWé§‘§?Str6tF ifjgor ORRS GrREMESATE T e Nt |
the opposite direction of rotation causes the wafer to rotate 20 counter to
roller(s) tselsteteugdh epdapgali layerhea sethicendusjort subgirate enpornonatingdeyes/ dewere of
the wafer.
device layers at any stage of processing, or other types of substrates incorporating one
10 or more semiconductor layers such as substrates having semiconductor-on-insulator
(SOI) devices or substrates for processing other apparatuses and devices, such as flat
panel displays, hard disks, multi-chip modules, etc.
In one embodiment, pressure applied at one end of the brush assembly is 2-4
times greater than at the opposite end of the brush assembly. The increased pressure at
15 one end of the brush/pad assembly causes the wafer to rotate more slowly or to rotate in
the opposite direction as compared to rotation caused by the roller(s) alone. Slowed
rotation causes a difference in tangential velocity between the roller(s) and the wafer
edge/bevel that causes pads in the roller(s) to process (e.g., clean) the edge/bevel of the
wafer. In one embodiment, the opposite direction of rotation causes the wafer to rotate

20 counter to roller(s) that causes pads in the roller(s} to process the edge/bevel of the

wafer.



16 Septenber 2003 7 An Exenplary System Figure 2 illustrates a conceptual
vi ew of one enbodi nent of a double sided wafer processi ﬁ‘@sé@i&hﬁépzoﬁﬁe
systemincludes nultiple stations, each of which logically Tepresents one
or nore steps in the wafer buffing and cl eaning process. These stations 5
can al so include the hardware and software that conpletes one of the steps
in the process. The process includes thﬁ] steps executed by the system on
the wafers. In one enbodi ment, the system can process nultiple wafers

si mul taneoumxe% ryQystg@r € wafers are being processed in each of the

stations at a pol intinme (pipelined processing). In one enbodi nent, the
system provi des an acidi,c_ (| ow cl eaping A I 0 f i A e
cl eani ng pr ocessﬁ}ﬁ}gfe gdhﬂsrtfaéeé ”ag@ﬁ%t&? St %f %ﬁfﬁg? g}egtnéfa\ffgmﬁ%]?e%%éal

(SC2) cleaning process. In order to withstand, the corrosiv$ gf& cts of the
acid, pl astader papseREyStenn The systsm inchdgaipuliple gaimssegh of WaisRoseallr i al s
such as PET, acetal (DELRIN), teflon, polypropylene (polypro), ‘

pol yuer et hamepresehts .one anchonestaps incthepaie riusfingaandod eqminsprosdsai Tices stationsel| |,
such as Hastell oy C276. Note that the 15 system nmay apply other cleaning

or buffing RLPGRSSESudd theS hatvaredsdnQimBehrs MiRdt doRfhlEd e éﬁmleﬁ)’s apeieat es

on a processing box that may facilitate the use of dionized (D) water in

FUnni ng. i PRIETT TG ERee FTawes pl ons BRI W Bt Sy ey A0 § ey be
run in the processing box. Inportantly, the processing 20 box provides the
ability to applylpprssemnfdingent; thy system ganhpioress #puluplg V@?‘FF Fmb'?té‘& S8Yafle t he
chemcals for cleaning. Dirty wafers are | oaded at one end of the scrubber;
cl ean waf er or aroee wafeemate theing processed in each of the stations at a point in time (pipelined
processing). In one embodiment, the system provides an acidic (low pH) cleaning
10 process for wafers. The cleaning process may comprise a hydrofluoric (HF) or standard
clean 1 (SC2) cleaning process. In order to withstand the corrosive effects of the acid,
plastic components in the system may be comprised of such matenals such as PET,
acetal (DELRIN), teflon, polypropylene (polypro), polyuerethane, etc., and metal
components may comprise stainless steel, such as Hastelloy C276. Note that the
15  system may apply other cleaning or buffing processes.
It should be noted that the brush assembly operates on a processing box that
may facilitate the use of dionized (DI) water in the process. In one embodiment, the
processing box is fully capable of running different chemistries. For instance,
hydrofluoric (HF) acid may be run in the processing box. Importantly, the processing
20 box provides the ability to apply pressure similar to a polisher and still process all the
chemicals for cleaning.
Dirty wafers are loaded at one end of the scrubber; clean wafers are unloaded

from the other end of the scrubber. In load station 110 (also known as the input

station), the operator loads a cassette 180 into the system. Cassette 180 contains a



fromthe other end of the scrubber. In |oad station 110 (al so known as the
input station), the operator |oads a cassette 180 into thgsSsyemes2003ssette
180 contains a 16 Septenber 2003 8 nunber of dirty wafers that are noved
fromload station 110 to station 120 on transport belt 115. Transport belt
115 is noved by DC notor 193. Wafer 101 represents a dirty wafer being
automatically renoved from cassette 180 §nd pl aced on transport belt 115.
As part of a cleaning process, in stationh 120, dirty wafer 102 is brushed

and 5 spraygabMe @ity valets A ars RRWEA ionlo8dE8tidh 1 L(PtolsRiTRK a 26 @RBrafbporhe
particles fromdirty “wafer 102. Brushes 121 scrub both sides of dirty

Stepper ot 0P (bt Tahavar vt BisgBRs) B e ol 1990 WS TN RpfRRht BBE 12"

The height of the top brush is controlled by a stepper notor (hqQt. shown
but descri bawferbeipsantonatigallyaiemoned Hom. capssite 480 anshplacsd pndeanspast bsgff Hp-102.
Multiple rollers can be included in station 120. In one enbodi nent, the
edge/ bevel areas Asfpant vfd etearing prbeeas)en stigiond 20hdirtyolvafer 102 $0brugddeandl 02 i s
cl eaned by appl yi ng equal anounts of pressure to both ends of the

brush/ pad a%%&y&i v Qi@ R SHRIEMERER DAbIrafoRS sdndBF thEPpasR s Srdrs daBp! | ed
t he endé

unequal | y of the brush/pad assenbly such that the rotation of

f 102 i I d S i i.0N. J j . [
G 1 acti on of el - Beven e haveh g ideS o YR s 12 il i@y ERE 1o

to rotate). The slowed or counter rotation conbined wth pads i.n raoller
190 (descri Besitiph of thatopr brysh &5 porieallsd)bycd &igAPSrHBOtOH Gt shewidndiigws2): Edge
cl eaning by applying unequal pressure with the brush/pad assenbly can be
per f or med bé¥fatice 180 rathtee ity prafandl (ot Thenheighepf teetmpitrgshbis egpiclieddyequal
pressure to 20 the brush/pad assenbly.
stepper motor (not shown but described in greater detail below). Roller 190 rotates
10 wafer 102. Multiple rollers can be included in station 120.
In one embodiment, the edge/bevel areas of a wafer are cleaned using the roller
190. Wafer 102 is cleaned by applying equal amounts of pressure to both ends of the
brush/pad assembly for a predetermined period of time. Pressure is applied unequally
to the ends of the brush/pad assembly such that the rotation of wafer 102 is slowed or
15 its rotation is reversed (i.e., in the opposite direction of the direction that roller 190
would otherwise cause wafer 102 to rotate). The slowed or counter rotation combined
with pads in roller 190 (described in greater detail below) clean the edges of wafer 102.
Edge cleaning by applying unequal pressure with the brush/pad assembly can be
performed before or after top and bottom wafer cleaning by applying equal pressure to
20  the brush/pad assembly.
The once brushed wafers are then moved to station 130 by transport belt 116,
controlled by a second DC motor (not shown in Figure 2). In station 130, once brushed

wafer 103 is brushed and sprayed (water jets not shown in Figure 2) to remove

additional particles from wafer 103. Brushes 131 scrub both sides of the once brushed



The once brushed wafers are then noved to station 130 by transport belt
116, <controlled by a second DC notor (not shown in Figu tion
130, once brushed wafer 103 is brushed and sprayed (matgfsﬁg?gﬁﬂgibghomm
in Figure 2) to renove additional particles fromwafer 103. Brushes 131
scrub both sides of the once brushed 16 Septenber 2003 9 wafer 103. The
position of the top brush of brushes 13lgare controlled by stepper notor
191. Edge cl eaning can be performed at station 130, in addition to or in
place of, qdge 1WBeamhaPosifions bAtheofdplitish GHlmshdsetdl g @htrslal bprtepfer may
require addition of one or nore rollers to station 130. 5 Spin & dry

station 140,(did1599: g3l BRaniAlCar¥d SSrolRbLLaiRMAR0aR ANLih 1d Gy plitl e, 104

represents a wafer ng processe n spin ry station 140. At station

140, the wafer has been cl ed.. Certain wafer es nust be,. kept_.wet
Gori ng the. PR FICRING Btation d20s Edes Erianbal St PR SSte ST o T

bei ng brushed and rinsed can these wafers be spun and dried. The spun and
dri ed waf er of motdreHenntw stdtiorol Hut put st ation 150. 10 At out put station 150,
the clean wafer is put into cassette 181. Wafer 105 represents a clean

waf er beisng put ngcxa@agsgtaidre14b&ﬂnse§apia§;tah& dfi8lwafshsesuchub vaédr 108 edufer
waf ers, can then be renoved by the operator, which conpletes the cleaning

process. 0oy plor it SMABLLAY pﬂgéQSsp@pﬁﬁn & BHIR&HonOf20C WPRRRR f100thd he

control systemtfor the syste ntro stem’housi ng 170 1 ncludes cage
171 havi ng boar 5 172. Board 172 provides qverall ntrol for,the
system  Baaldre pes P aEY GReriOReBLRB R ORgt b ubiects 8 adlin,

i mpl enented in one or nore physical packages. Cage 171 may provi de_support
for board 1720.stadiontlRBrangstatign 134, fiey Deing bgushed andsapsed caplhespbaics, a

video card for operator display 160, a board for comunicating signals
be spun and dried. The spun and dried wafer is then moved to output station 150.

10 At output station 150, the clean wafer is put into cassette 181. Wafer 105
represents a clean wafer being put into cassette 181. Cassette 181, when full of clean
wafers, can then be removed by the operator, which completes the cleaning process.

Control system housing 170 houses a number of components of the control
system for the system. Control system housing 170 includes cage 171 having board

15 172. Board 172 provides overall control for the system. Board 172 typically includes
one or more processors and memory implemented in one or more physical packages.
Cage 171 may provide support for board 172 and other boards in cage 171 (e.g., sensor
input boards, a video card for operator display 160, a board for communicating signals
from the host board 172 to the rest of the control system).

20 Figure 3 illustrates a side view of one embodiment of brush box 105. Brush box
105 is shown to contain brush assembly 210 comprising scrubbing brushes 211 and 212
for scrubbing both sides of a wafer at the same time and brush drive mechanism 214

with brush pivot point 213, as are described in more detail below. Brush drive



fromthe host board 172 to the rest of the control systenm). 20 Figure 3
illustrates a side view of one embodi ment of brush box 105geBEMB& Jo0x 105
is shown to contain brush assenbly 210 conpri sing scrubbing brushes 211 and
212 for scrubbing both sides of a wafer at the sanme tinme and brush drive
mechani sm 214 w th brush pivot point 213, as are described in nore detai
bel ow. Brush drive 16 Septenber 2003 10 yypchanism 214 is coupled to drive
brush 211 and is al so described in greater detail below Figures 4A and 4B
illustrate pRESRGEE RV iy tawsedfo dive: bippiel] bandlhs alss deturipediinl grdatee detaler
brush assenbly respectively of a brush assenbly. Figure 4C illustrates one
S portion of Eﬁe enbodi nent of a rotating armand its coupling to a drive.
Fi gures 5A- g’ illustrate a top view of the upper and | ower brush

assenblies and a_sectiaon vjiew.of the upper and l.ower brush assemblies
respectively. Fof &¥ré ?ﬂdomﬁisgﬁteé’ﬁrs?)%gwe gl%v&cﬂfﬁ]é%‘fppgf Hraus%raifgﬁ] oX%and a
brush assenbly, see U.S. Patent No. 5,806,126, entitled, "Method and
Appar at us f gre lowenbuiagh agembleregperrretigh attieshpisserpply. Fague dCriblusiepesetnser 15,
1998, assigned to the corporate assignee of the present invention, and

i ncor por at edohivh&ifdnby¥mbedigieancta rdthtirghart shdoes coaplidg thadrivéie Fiagutasad A-
brushes thenselves (apart fromthe drive nmechanism are well-known in the

art. Note t@ﬁtillﬁétﬂftg gﬁﬁ’%‘%@#{fﬁﬁ’ggf‘%’a&?@ﬁ Sﬁlsﬁﬁgsélabﬁésemmeasgéchs‘ﬁ?igmft erms

of brushes, however, the asse e configured for pads r

scrubbi ng or, ot her pr,acessin €. g..... buffin Each of these 15 brushes

el udes s B ARgcper bAh Fities bRl et ciere iRa el A o
wafers. In one enbodi nent, the upper and | ower brushes provide fluid to the
core of theembpdistent of sebrists pax sad a brush asssmbly, gee 34-S¢ Ratept Neh S:89pdd8h t he

brush surface. Such
entitled, "Method and Apparatus for Chemical Delivery Through the Brush," issued

10 September 15, 1998, assigned to the corporate assignee of the present invention, and
incorporated herein by reference. It should be noted that the actual brushes themselves
(apart from the drive mechanism) are well-known in the art. Note that Figures 4A and
4B and Figures 5A-5D are described in terms of brushes, however, the assemblies may
be configured for pads for scrubbing or other processing (e.g., buffing). Each of these

15 brushes includes multiple protrusions (not shown) to facilitate the cleaning of wafers.

In one embodiment, the upper and lower brushes provide fluid to the core of the
brush to be dispersed to the outside of the brush through the brush surface. Such
brushes and fluid delivery system will not be described in detail herein. For
descriptions on exemplary brushes and more information on the system for flmd

20  delivery through the brush, see U.S. Patent No. 5,806,126, entitled, "Method and
Apparatus for Chemical Delivery Through the Brush," issued September 15, 1998,
assigned to the corporate assignee of the present invention and incorporated by

reference herein.



brushes and fluid delivery systemw || not be described in detail herein.
For descriptions on exenplary brushes and nore infornmati@Re@BmbaeRyst em
for fluid 20 delivery through the brush, see U S. Patent No. 5, 806, 126,
entitled, "Method and Apparatus for Chem cal Delivery Through the Brush,™
i ssued Septenber 15, 1998, assigned to the corporate assignee of the
present invention and incorporated by reference herein. 16 Septenber 2003
Il I'n Figures 4A and 4B and Figures 5A-5D, each of the brush cores may be
repl aced by a path Fijuk&r 48ssddB yind rFigirbe 5 AsilD,t edoh eofrtht érishl cdrer mayfe ng of
the wafer. In this manner, each of the brush assenblies may be configured

as a buffi "% &B%?a&9o1hégu§)sfenmnﬁor%hémaﬁabﬁé fhaeriaf fot BemAR R line \kz%lfeﬁhHﬂJLd be

not ed t hat thi s’ case t uffi'lng pad 5 roller assenbly, rmuch like t

e
brush, is designed to di rse fluid. fromifs core to th out si de,of the
pal-thr ough tingiagaes Sire et Sivnb aftapebisiey hE sftelred e Byl adiemiy o
conpri se PVA or polyurethane type of material. The top and bottom brushes
may be the buaffonepr tiotq sidesnf thtawaler. alt shouldhbe notsd Haat inethisoaserthgtbulfingpad

mat erial conprises a conbination of PVA or polyurethane 10 type nateri al
wth a pali séliehgsfeatlyymichdike Thebskipe defigiddeo lisbatse rthyd froimitd baefiotha of a
round cylinder and in such a case may be a flat PVA brush. In another

enbodi ment,  aideloftheMA tRoHSHHIRYd BgmMapped with a soft polishing pad. In
one enbodi m(s)ntSl, etoﬁe ont actélgr gzﬁt hat occurs between the brushes and the

wafer is control led by selectin terials of different technoloqies.. The
bosi 1ion of the TS MRRILN Go dOohG PrisaeCiay Fanbliss 1Y (P op SERERnE R of
determ ne the contact area and pressure that are applied. Therefore, by
sel ecting amstaish drhepien andt bptioay baishes may be the same or different materials. In

another embodiment, the material comprises a combination of PVA or polyurethane
10 type material with a polishing pad on top. The shape of the brush may be in the form of
a round cylinder and in such a case may be a flat PVA brush. In another embodiment, a
flat PV A brush may be wrapped with a soft polishing pad.
In one embodiment, the contact area that occurs between the brushes and the
wafer is controlled by selecting materials of different technologies. The position of the
15 brush core and the compressibility of the material determine the contact area and
pressure that are applied. Therefore, by selecting a brush or pad with certain
compressibility with the same brush core, the contact area may be changed.
The brush positioning apparatus that causes brush core 301 to be applied to the
wafer may be controlled to apply brush core 301 to the wafer at various pressures. In
20  other words, the brushes are physically attached so that they may be physically moved
(pushed down). By pushing up on the end of rotating arms 331 and 302 with greater
force from the stepper motor, brush core 301 is applied to the wafer with increased

pressure.



conpressibility wwth the sanme brush core, the contact area may be changed.
The brush positioning apparatus that causes brush core 3 ied to
the wafer may be controlled to apply brush core 301 to ?%S&agﬁg?égﬁg
various pressures. In 20 other words, the brushes are physically attached
so that they may be physically noved (pushed down). By pushing up on the
end of rotating arns 331 and 302 with greater force fromthe stepper

notor, brush core 301 is applied to the wafer with increased pressure. 16
Sept ember 2003 1 ZhEheicrisehe Frehee Rirederclrugh @advemebr Usih inpthenidr drhams n t he

prior art. illustrated, the anount of pressure that may be applied is
greater t ha dollfhetaﬂ%uﬂf 618[51'essﬂ ett’ha Q}nbél géplfeﬁq? AP M that 1dT8HE PRELASE
pressure app OWS reno edde artl es on the wafer during

scr ubbi ng. Usln t he_HE- based onj uncti.on creased
pressure, prBvi& 88‘% 42?1 GoeY ﬂqatr‘get t'af ‘E’Frgﬁsﬁg nf B be é‘BEhedT\Ah%‘fV%a{ﬁmP h ﬁges
of the wafer, the stepper notor connected to one of rotating arns 331 and

302 appl i es egreddesr pasticless om dhe wafer (dveing sembbingndysng denHERase processein

opposite rotating arm For exanple, one of the stepping notors can be

confi gured tconjuhétichevitthhc GiEor a3 & prasiurg pradidis ia gvaninbitt@riboanimgprddessn t he
opposite rotating arm or to 10 apply sufficient pressure to cause the

wafer to rotate iy 4he tﬁpe@%%uo@tw VEEE AT i collcRid MOMErHabAE 1T

driven by a roller. In an alternative enbo | ower brush assenbly 3

pressur o 1 o B8 AR RPPRE BeiDAesare i (B roPel g TR A

pressure can be appli ed unevenly as di scussed 15 above with respect to
upper br ush oapewistPiptiBg erm TIFgs exgmple senecofdhs stsppiag praterg cap dgcontigured to

raise the corresponding rotating arm 1-3mm more than the opposite rotating arm, or to
10 apply sufficient pressure to cause the wafer to rotate in the opposite direction than the
wafer would rotate if driven by a roller.

In an alternative embodiment, lower brush assembly 350 includes rotating arms
to allow lower brush assembly to be moved and/or pressure to be applied to the bottom
of the wafer. In such embodiment, pressure can be applied unevenly as discussed

15 above with respect to upper brush assembly 300. Thus, pressure can be applied from
the top, from the bottom, or some combination thereof.

Figure 6 illustrates one embodiment of a roller with a pad. An exemplary wafer
602 is also shown. In one embodiment, pad 601 comprises a SubalV pad manufactured
by Rodel of Newark, Delaware. Other pads such as IC1000, suba500, politex (all

20 manufactured by Rodel) can also be used.

Note that pad 601 can be of different thickness and surface texture to increase
and/or even maximize the cleaning action. The pad may also be shaped to remove
particles only from an edge, where for instance, the wafer is without bevel areas that

cannot be cleaned by the top and bottom brushes.



the top, fromthe bottom or sone conbination thereof. Figure 6 illustrates
one enbodi ment of a roller with a pad. An exenplary wafefs s§Rnbs 28b30
shown. In one enbodi ment, pad 601 conprises a SubalV pad manufactured by
Rode] of Newark, Delaware. O her pads such as |1 Cl000, suba500, politex (all
20 manuf actured by Rodel) can also be used. Note that pad 601 can be of
different thickness and surface texture {p increase and/or even maxim ze
the cl eaning action. The pad may al so be shaped to renove particles only
from an edge, wh€oenfops infoshanae seet US. \iitant N WG 1hoas, chetlel “Bicdmd dridat
cannot be cleaned by the top and bottom brushes. 16 Septenber 2003 13 For

more infor ”%I[pb%tussf%? CtearingRIREbf MOntamiffda IiraREY 1isusd JarMaihpsl 18309,

Appar atus For Cl eani ng Edges of Contam nated Substrates", issued January

B o AR HEELREAE S YA b SO

pressure application schenes for cleaning the edge of a substrate using
unequal | y direfetep¢sut ed pressure with upper and/or |ower brush assenbli es.
Figures 7A-7C illustrate three of many enbodi nents for applying non-

uni f or m pr essur eFigara Waf7€rilluétidte ugrves padsturke application sbherss dobtleasng Thee
present invention is not strictly limted to the three enbodi nents

i [T ustratedeqdOofl QibRatd Dsink hiSqafY AR uPLeERad L uBperaiBloY IdiGer brush
non-uni form pressure to wafer 710°w th upper brush assenbly 720. Referring

(07001, Ak BUEL BEARD R38Rk OSSR RR, FLBAEL D
have br USheSuni[f(())rrrP rp(l?e\{«sisn.(ljrg tgoau\bvla?ersxifi(tj}?%pper and lower brush assemblies. The present
invention is not strictly limited to the three embodiments illustrated.

10 Figure 7A illustrates one embodiment of applying non-uniform pressure to
wafer 710 with upper brush assembly 720. Referring to Figure 7A, lower brush
assembly 715 provides support for wafer 710. In one embodiment both upper brush
assembly 720 and lower brush assembly 715 have brushes to provide double sided
wafer processing.

15 Wafer 710 is rotated by roller 705. In one embodiment, roller 705 includes a
pad for cleaning the edges of wafer 710 in a manner similar to the roller of Figure 6.
Alternatively, roller 705 does not have a pad for cleaning edges and upper brush
assembly 720 cleans the edges of wafer 710. While the embodiment of Figure 7A is
described in terms of a single roller, multiple rollers can be used, with one or more of

20 the rollers having a pad for cleaning the edges of wafer 710.

Pressure vectors 730 and 735 indicate pressure applied by upper brush assembly
720. The length of vectors 730 and 735 indicate the magnitude of pressure applied at

the respective ends of upper brush assembly 720. In one embodiment, pressure vector

735 is twice pressure vector 730 indicating that the pressure applied at one end of upper



waf er processing. 15 Wafer 710 is rotated by roller 705. In one enbodi nent,
roller 705 includes a pad for cleaning the edges of waf i nner
simlar to the roller of Figure 6. Alternatively, roIIe?6§ééggg§g&wg? have
a pad for cleaning edges and upper brush assenbly 720 cl eans the edges of
waf er 710. Wile the enbodinment of Figure 7Ais described in terns of a
single roller, miultiple rollers can be ugged, wth one or nore of 20 the
rollers having a pad for cleaning the edges of wafer 710. Pressure vectors
730 and 735 brustli assdineh 1y 726 Ssudenbiepihl ipeebsiny applet aththe shpasis enthloy uppe rusbhe

| ength of vectors 730 and 735 indicate the magnitude of pressure applied at
the respectiye Rl upper brush assenbly 720. In one enmbodi nent,
pressure vector 735 is twi ce pressure vector 730 indicating that the

pressure applied.at one end of. upper, 16 Septenper,,2003 14 .brush assenbly
0" s doubl e ¢ hdt P ALETREYe S EeLt RSTEpR00F V25 dhdobi R Er=Rr Jait
assenbly 720. In an alternative enbodi nent, pressure vector 735 is four
tines great @respuran30 prosshawneinAigure 76, whishaorrespmds e shempayssuigit epc end of
corresponds to the pressure at one end of 5 upper brush assenbly 720 being

four tinmes gppati@ust bsemblye72ir baag feuragnks ertart thdnethoppessitecapplied af thepper
brush assenbly 720. O course, other pressure ratios between the ends of

upper brush 35sERhY of &fhef BihsRhEEmMBE 19 Df chirseh@ PRk Ratos bRFRSA Wi | S
applied with a stepper notor raising and |owering rotating arns on upper

brush assenblg 720 i;haﬂﬂ%nn [ Z?Sh a%‘a'érgthe 10 enbodi nents of Figures
4A and 4C. EB7° € £W%I5P a g?@%ﬁ (Ut b o%ﬁgbted to one end of upper brush

assenbly 720 can raise a connected roLating armto a first L
In one embodiment, pressure is applied with a stepper motor raising and

lowering rotating arms on upper brush assembly 720 in a manner such as with the
10 embodiments of Figures 4A and 4C. For example, a stepper motor connected to one
end of upper brush assembly 720 can raise a connected rotating arm to a first
predetermined position thereby applying a first pressure to wafer 710. A stepper motor
connected to the opposite end of upper brush assembly 720 moves upper brush
assembly 720 to a second predetermined position thereby applying a second pressure to
15  wafer 710 and providing non-uniform pressure across the surface of wafer 710.
In one embodiment, the pressure applied by upper brush assembly 720 causes
wafer 710 to rotate in the reverse direction as compared to rotation with roller 705
alone. The greater pressure indicated by pressure vector 735 is sufficient to grip wafer
710 and cause the rotation of wafer 710 to reverse. The reverse rotation causes the
20 edges of wafer 710 to be cleaned by the pad of roller 705 (not shown in Figure 7A).
In an alternative embodiment, the pressure indicated by pressure vector 735
causes the rotation of wafer 710 to slow as compared to rotation caused by roiler 705
alone. The difference in tangential velocity between wafer 710 and roller 705 causes

the edges of wafer 710 to be cleaned by the pad of roller 705.



predeterm ned position thereby applying a first pressure to wafer 710. A
stepper notor connected to the opposite end of upper brqg@e B 0n3 720
noves upper brush assenbly 720 to a second predeterm ned p05|t|on t%ereby
appl ying a second pressure to 15 wafer 710 and provi di ng non-uniform
pressure across the surface of wafer 710. In one enbodi nent, the pressure
appl i ed by upper brush assenbly 720 causes wafer 710 to rotate in the
reverse direction as conpared to rotation with roller 705 alone. The
greater pressureFiguk Bt dibstyteproas sumbodiurat wf fpbying nenfuhiforne redsoregta p
wafer 710 and cause the rotation of wafer 710 to reverse. The reverse

rotation cayses 7bSidOhdtkl g Fer BhusHRE&inblil 943 thdBwet RIS dssebE opELﬂs@éh
roller 705 (not shown in Figure 7A). In an alternative enbodi nent,

Do er o as abeatpdiens RS iush HSetiBl A proGRER bl Tof Rtk 2048w | 3 enee

in tangential velocity between wafer 710 and roller 705 causes _the edges
of wafer 710Ppling@ressaatewaly 7¢heMakd 749 isiotated bymoder 1@, whishesap diclydses ™ 15
Figure 7B illustrates one enbodi nent of applying non-uniformpressure to
waf er 740 wiphd (dposliowipindiiglre (Bh faskaningthe/dzenofvifor®d0. br ush assenbly 750.
In such an enbodi nent, | ower brush assenbly 750 provides support for wafer

740 as vel | as  apphy bﬂgodlﬁl%ﬁﬁ%!{eearﬁ&;ﬁf\’%ff%hs&&@a M‘Pefde.{t of#@ndl of ?ﬁé}ttﬁdslpy
roller 765, which can include a pad (not shown in Figure 7B) for

appiiod at GHETEN 731 a@%paérthéf%gﬁﬂ S0 o505 3R R R o Bl 03 7

| ower brush assenbly 750 is equa i ndi cated by pressure vectors 755
and 760. Of digatadbby pIgasusgBReHArS 855 ﬁ%gé%r ef &B‘HF?»ébe 3‘89“’&;5’6@F335‘|1f653ﬁp]é‘§15enbl y
745 is not required to be equal to the anount of pressure

by upper brush assembly 745 is not required to be equal to the amount of pressure

10 applied by lower brush assembly 750.

In order to apply pressure with both upper brush assembly 745 and lower brush
assembly 750, both brush assemblies are movable such as the brush assembly of Figure
4A. In one embodiment, upper brush assembly 745 is a brush assembly similar to the
brush assembly of Figure 4A and lower brush assembly 750 has only a single rotating

15 arm to apply pressure to the lower surface of wafer 740.

The rotating arms of upper brush assembly 745 and lower brush assembly 750
are connected to stepper motors that provide movement of the rotating arms and
thereby apply pressure to wafer 740.

Figure 7C illustrates one embodiment for applying non-uniform pressure to

20 wafer 770 with lower brush assembly 780. Wafer 770 is rotated by roller 775, which
can tnclude a pad (not shown in Figure 7C) for cleaning the edges of wafer 770.
In one embodiment, upper brush assembly 785 is fixed and provides a surface

against which lower brush assembly 780 can be used to apply non-uniform pressure to’



10 applied by |lower brush assenbly 750. In order to apply pressure with
bot h upper brush assenbly 745 and | ower brush assenbly sh
assenbl i es are novabl e such as the brush assenbly of Figaégqﬁ%ﬁﬁg?%bgne
enbodi ment, upper brush assenbly 745 is a brush assenbly simlar to the
brush assenbly of Figure 4A and | ower brush assenbly 750 has only a single
rotating 15 armto apply pressure to theslower surface of wafer 740. The
rotating arns of upper brush assenbly 745 and | ower brush assenbly 750 are
connect ed t gvagdrepioer AMeiAtiSely happep tavdhdessembignEsst caf bé meovableabungravides and

t hereby apply pressure to wafer 740. Figure 7C illustrates one enbodi nent

for applyin = ynj O with [ ower brush
assenbl y 78%?“@@?@%h%%%ﬁ%gﬁﬁﬁfﬂﬁgﬁéﬁ?n%%ng%ﬁ%gzq whi ch can include a pad

(not shown in Figure 7 or cleaning.the of wafer .770. 1n _on
rbodt ment , wppedh B STbsiBEm ey B anp BB AR s B of ey S Ppditied
agai nst which | ower brush assenbly 780 can be used to apply non-uniform

pressure to'to $EpBepueatsde PROOGe PEsswaé agaimst dhe Iwee swraacevd | Walerupifer Inppngs h
assenbly 785 can be novable, but provide wuniform pressure across the

surface ONkadbiifgneraturé 19applidd ap eh@rbBEbitEdire véctne7Ibans NoRsaaytio 780
has two rotating arns connected to stepper notors to provide pressure

agai nst the ohgfﬁggugésbﬂfet\?&% ‘Péssmfv%&o@%@m 798Ean 1 f7OPIAE TBNL, pressure is

applied as s y pressure vectors and 795. Any ratio of pressures
bet ween pressure_vectors 790 and 795 can,.pe provi.ded. Wer.eas .nmany.
al terations and T§3S SRR ALergHons t‘?‘é‘dd?%‘gg?ﬂﬂ%f’ﬁ\‘?tﬂ?q BTt 1pveRgon E%HH{O
become apparent to a person of ordinary skill in the art after having read
t he doubt become apparent to a person of ordinary skill in the art after having read the

foregoing description, it is to be understood that the various embodiments shown and
10 described by way of illustration are in no way intended to be considered limiting.
Therefore, references to details of various embodiments are not intended to limit the
scope of the claims which in themselves recite only those features regarded as essential

to the invention.

What is claimed is:



foregoing description, it is to be understood that the various enbodi nents
shown and 10 described by way of illustration are in no yay.hpheadg@to be
considered limting. Therefore, references to details of various

enbodi nents are not intended to limt the scope of the clains which in

t hensel ves recite only those features regarded as essential to the
invention. Wt is clainmed is: 16 Septenpgr 2003 17 CLAIM5S 1. A nethod of
processing a wafer, the method conprising: supporting a wafer to be

processed; applying a processing ele t oss a first surface of the
waf er, the processing 5 elenent havrﬁgéggﬁirst end and a second end and

being configured to rotate; applying a first pressure to the first end of

the rotating progessi K88 Pbroc@&Rthe a3PRLY tHMm@hGESMHispiessure to the
second end of thg'rotgg?gg pro%%gsingaéleﬁ%nt, mhereinstﬁg first and

second pressures are not equal ,and thereby apply the rotating processing
el enent - acr oss tﬁ%m%%?%%aﬂﬁ%ﬁkﬂ%ﬂﬁﬁﬁ§$@rn1pressure. 10 2. A nethod of

processing a wafer as recited in claim1, further conprising: rotating a
roller at a rotaw@ppyiie sspeeassing plémepiioyessg fstsuriaee ofghaafatie pBrceesnd an
edge of the wafer with the roller causing 15 the wafer to rotate in a
first rotaticmelt hadhd o fArsdbndadd 4 Ktordengeint ibaing\cehiguréd/towbiacd) i s
approximately equal to the rotational speed.
applying a first pressure to the first end of the rotating processing element; and
applying a second pressure to the second end of the rotating processing clement,
wherein the first and second pressures are not equal and thereby apply the rotating
processing element_across the wafer with non-umform pressure.
10
2. A method of processing a wafer as recited in claim 1, further
comprising:
rotating a roller at a rotational speed; and
applying a first rotational force to an edge of the wafer with the roller causing

15 the wafer to rotate in a first rotation direction at a first tangential velocity which 1s

approximately equal to the rotational speed.

3. A method of processing a wafer as recited in claim 2, wherein the

rotating processing element applied across the wafer with non-uniform pressure applies

20 a second rotational force to the first surface of the wafer, the non-uniform pressure
being configured to apply the second rotational force in proportion to the first pressure

and the second pressure applied to the first end and the second end of the processing

element.



3. A nmethod of processing a wafer as recited in claim2, wherein the
rotating processing element applied across the wafer w thgRehemBed oM
pressure applies 20 a second rotational force to the first surface of the
waf er, the non-uniformpressure being configured to apply the second
rotational force in proportion to the first pressure and the second
pressure applied to the first end and thesecond end of the processing

el enent. 16 Septenber 2003 18 4. A nethod of processing a wafer as recited
in claim3, wherein the second rotational force at a portion of the wafer
under the first end of the processing elenent is greater than the first

rotational forcey 5 54 ﬁleffﬁ}thfjgbeCﬁl%fr@C@%ﬁf&gasaré@tg@rina&zﬁféle?,i Wgre-ﬁrpél‘?éoai m

4, further conprising; applyin irst pressure to t Irst en f the

processing el enent, o slow the rotati of. th f in.t first rotation
i roct s on't seddualional At f aptres Pt y3fss e e gt ol Bicegprine
direction that is slower than a rotational speed of the roller; and
preparing t lekeneentis godaterileanthié Erst yitetkpngl fordect | onal contact between the edge
of the wafer and the roller generated by a differential between the second
tangentia velocity and the rotational speed of the roller. 15 6. A nethod
of processing a wafer as recited in claim4, further conprising; applying

the first pressuse to Al Rfediéd Sof @fb‘éaﬁfngt Qewﬁf&cﬁ%él&delhﬁr@eﬂﬁ 40 fRuse the
second r

rotation of the wafer be in a tation direction which i$ opposite

the first ..
comprising;

applying the first pressure to the first end of the processing element to slow the
rotating of the wafer in the first rotation direction to a second tangential velocity in the
10 first rotation direction that is slower than a rotational speed of the roller; and
preparing the edge of the wafer with a frictional contact between the edge of the
wafer and the roller generated by a differential between the second tangential velocity

and the rotational speed of the roller.

15 6. A method of processing a wafer as recited in claim 4, further
comprising;
applying the first pressure to the first end of the processing element to cause the
rotation of the wafer be in a second rotation direction which is opposite the first
rotation direction; and
20 preparing the edge of the wafer with a frictional contact between the edge of the

walfer and the roller.

7. A method of processing a wafer as recited in claim 1, wherein the

processing element is one of a brush or pad.



rotation direction; and 20 preparing the edge of the wafer with a
frictional contact between the edge of the wafer and theggehtb@ber 2003A

met hod of processing a wafer as recited in claim1, wherein the processing
el enent is one of a brush or pad. 16 Septenber 2003 19 8. A nethod of
processing a wafer as recited in claim?2, wherein the roller 1is configured
wWith a preparation surface in a region ot9the roller configured to contact
the edge of the wafer. 5 9. An apparatus for processing a wafer, the
apparatus conprising: a processing elenent with a first end and a second
end configured to process a first surface of the wafer; a processing

el ement assenbl y 8conf iAgmethdd tod prpesdsinganwhiee apreotabsi ddgmel, evbendin tHelrodler 0SS
the first surface of the wafer, and to apply rotation to the processing

el enent; a fil LGl RAFQACERSh ;bgep%{a%ﬁ@hrf&%%hteﬂ ﬁgfoﬁq)faﬂ@ﬁm ESn AR QWoRthcf ©
position the first end of the processing efenent wmth a first force

agai nst the iur acg %fz&he waf er; a second processing el enent positioning
appar at us c oM 745G ° 519% Ebsition the second end of the processing el enent
with a second force against the surface of the 15 wafer; and a roller
configured to rotate at a roller rotation speed, and to apply a roller
rotational force to an edge of the wafer thereby causing the wafer to
rotate at a firs®. targesppaatus\fal potdssinphinalier] the apgurans cahpisingqual to the
roller rotation speed.
a processing clement with a first end and a second end configured to process a
first surface of the wafer;
a processing element assembly configured to position the processing element
10 across the first surface of the wafer, and to apply rotation to the processing element;
a first processing element positioning apparatus configured to position the first
end of the processing element with a first force against the surface of the wafer;
a second processing element positioning apparatus configured to position the
second end of the processing element with a second force against the surface of the
15 wafer; and
a roller configured to rotate at a roller rotation speed, and to apply a roller

rotational force to an edge of the wafer thereby causing the wafer to rotate at a first

tangential velocity which is approximately equal to the roller rotation speed.

20 10.  An apparatus for processing a wafer as recited in claim 9, wherein the
first force and the second force apply a processing element rotation to the wafer in

proportion to the first force and the second force.



20 10. An apparatus for processing a wafer as recited in claim9, wherein
the first force and the second force apply a processinglg@%@%?%efgy%tion
to the wafer in proportion to the first force and the secon orce. 16
Sept enber 2003 20 It. An apparatus for processing a wafer as recited in
claim 10, wherein the processing element rotation is sufficient to cause
the wafer to rotate at a second tangentp@al velocity which is slower than
the roller rotation speed. 5 12. An apparatus for processing a wafer as
recited in claim10, wherein the processing elenent rotation is sufficient

to cause the wafer to rotate in.a direction _opposite . tq a | l.er .rofation
direction. 10 131 1an APpaparis PhPogrSRectrAgT B tered mdeife LD outerein e al m
9, wherein the processing el enent includes one of a brush and a pad. 14. An
appar at us f G¥ogspoiet skemegt sotagreds sufficient tedaiise Hleawalen to ibtateeiph at $egond ol | er
is configured with a preparation surface in a region configured to contact
the edge 1%amgkntidleclaitewhichds sléwethhwthe @bllproagsissprgd.a waf er, conpri sing:
inserting a waf er between an upper processing elenent and a | ower
processing elenment; 20 applying the upper processing el ement across a
first surface of the wafer, the upper processing elenent having a first

upper end and 2 §500nGpStunt BRSSP FHELT: St P63 e
processing clement rotation is sufficient to cause the wafer to rotate in a direction

opposite to a roller rotation direction.

10 13.  An apparatus for processing a wafer as recited in claim 9, wherein the

processing element includes one of a brush and a pad.

14.  An apparatus for processing a wafer as recited in claim 9, wherein the

roller is configured with a preparation surface in a region configured to contact the edge

15 of the wafer.

15. A method of processing a wafer, comprising:
inserting a wafer between an upper processing clement and a lower processing
element;
20 applying the upper processing eclement across a first surface of the wafer, the
upper processing element having a first upper end and a second upper end and being

configured to rotate;



21 applying the | ower processing el enent across a second surface of the
wafer, the |ower processing elenent having a first Iomeq6ggﬁwﬁﬂgr§m@@cond
| ower end and being configured to rotate; applying a first Upper pressure
to the first upper end of the rotating upper 5 processing el enent;

appl ying a second upper pressure to the second upper end of the rotating
upper processing elenent, wherein the fRtrst upper pressure and the second
upper pressure are not equal and thereby apply the rotating upper

processi ng el enedpprlyggdkslomise pracessing eemeémn gerost a s¢rendiairgace\at e waker, s f or m
pressure; and 10 rotating a roller at a roller rotational speed configured

to apply a flowatproadssihg eRalent howige atfistaldwed gl add & Becondfllewernad st R t he
wafer in a first rotation direction at a first tangential velocity ich

i's approxing5§ﬁ¥n§gﬁg£mkp the roller rotational speed. 16. A nethod of
processing a wafer as recited in claim 15, further 15 conprising: applying

a first lower pressure ta the first |ower_ e of the rotating |.ower
processi ng el eneiPPY A5l %fﬁd‘pge’égﬁe@ﬂﬂe}l{gv%? qﬁ’ﬂeﬁ@lﬂ §ngo°f?\5i'€ rg’?t’f‘ﬁﬁd‘plpﬁ’i/\er
end of the rotating | ower processing elenent; 20 wherein the | ower

rot ati ng Ypr vEesssingelenetent prepares the second surface of the wafer; and
wherein the | ower processing el enent supports the wafer. 16 Septenber 2003
22 applying a second upper pressure to the second upper end of the rotating upper

processing element, wherein the first upper pressure and the second upper pressure are
not equal and thereby apply the rotating upper processing element across the first
surface of the wafer with non-uniform pressure; and

10 rotating a roller at a roller rotational speed configured to apply a first rotational
force to an edge of the wafer and rotate the wafer in a first rotation direction at a first

tangential velocity which is approximately equal to the roller rotational speed.

16. A method of processing a wafer as recited in claim 15, further
15 comprising:
applying a first lower pressure to the first lower end of the rotating lower
processing element;
applying a second lower pressure to the second lower end of the rotating lower
processing element;
20 wherein the lower rotating processing element prepares the second surface of
the wafer; and

wherein the lower processing element supports the wafer.



17. A nmethod of processing a wafer as recited in claim15, wherein the
rotating upper processing el ement applied across the fir gk Ssiicheea@z t he
wafer with non- uniform pressure applies a second rotational force to the
first surface of the wafer, the 5 non-uniform pressure being configured to
apply the second rotational force in proportion to the first upper
pressure and the second upper pressure applied to the first upper end and
t he second upper end of the upper processing elenent. 18. A nethod of
processing a wafer as recited in claim17, wherein the 10 second

rotational forceldt afporghawinoDprocksingad evafernderecitéieif clagh 1ppeter@ndhof t he
upper processing elenent is greater than the first rotational force. 19. A

nmet hod of prr@ﬁﬁﬁ%i:qﬂﬁr Protedsiy dmdR appIRd abfdsé HRI RtLBriadeirithetatef Y roal NY;
15 applying the Tirst upper pressure to the first upper end of the upper

processi ng lgw the rotating of the wafer in the first rotation
G roct  on-t SPUBHEBlsshRe Bl et BdBp ordk 5 b sirPiet SR ot B on
that is slower than the roller rotational speed; and preparing the edge of
the waf er® winoRUaLfprm cRipssHE betngt senfigyerdwdenanphe theigecurd fofatiomd fpegeein and
the roller generated by a differential between the second tangenti al

vel ocity arptoptonigorr tol the first apperippesatire spé eltk se26nd dppee presshrofippliedae sisd figt a
wafer as recited in claim18, further conprising; 16 Septenber 2003 23

appl yi ng tthpFérre‘ﬁH aﬁ@ﬂﬂrseéﬁxﬂﬁﬁjgéreenh%fttﬁb%ﬁpkfﬁ%ﬁé&@iﬁ@?leﬁﬁqt.Of the upper
wa

processing elenment to cause the rotation of the er be in a second
rotation direction which is

18. A method of processing a wafer as recited in claim 17, wherein the
10 second rotational force at a portion of the wafer under the first upper end of the upper

processing element is greater than the first rotational force.

19. A method of processing a wafer as recited in claim 18, further
comprising;

15 applying the first upper pressure to the first upper end of the upper processing
element to slow the rotating of the wafer in the first rotation direction to a second
tangential velocity in the first rotation direction that is slower than the roller rotational
speed; and

preparing the edge of the wafer with a frictional contact between the edge of the
20 wafer and the roller generated by a differential between the second tangential velocity

and the roller rotational speed.

20. A method of processing a wafer as recited in claim 18, further

comprising;



opposite the first rotation direction; and preparing the edge of the wafer
with a frictional contact between the edge of the 5 wafgqy S%B%mtb@?fzd@ | er.

23
applying the first upper pressure to the first upper end of the upper processing

element to cause the rotation of the wafer be in a second rotation direction which is
opposite the first rotation direction; and

preparing the edge of the wafer with a frictional contact between the edge of the

5 wafer and the roller,



