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1. Field of the Invention The present invention relates generally to
substrate and sem conductor wafer preparation systens and nethods, and
nore particularly, the present inventi on relates to the cl eaning and

drying of substrates and sem conductor waf ers i npl ementing a surface
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sem conductor devices, there is a need to performwet cleaning of
substrates at IM’PFEENFENIHBHS L2SUREAGCE TEASIONREDPICING PROCESS
integrated circuit devices are in the formof nulti-Ilevel structures. At
the substrate | evel, transistor devices having diffusion regions are
formed over and into silicon substrates. In subsequent |evels, interconnect
netallization lines are patterned and electrically connected to the

transi stor devices to define the desired functional device. As is well
known, patterned conductive |ayers are insulated from other conductive

| ayers by dielectric materials, such as silicon dioxide. At each
netallization |evel there iis a need to planarlze netal or associ ated
dielectric material. BATKGROU - - N on of additiona
metal li zati on | ayers becones substantlally nor e dlfflcult due to the

hi gher vani 3441938 tHeInv&iRichU" f ace topography. In sone applications,
metal | i zatTon TIrne patterns are formed in the dielectric materi aI and

then metal CVPThbpareagnt éventingelsies eetcrably te snbspevrd scaieuductaiaValer PLoRATAER.
Fol |
ol I owi ng fs%%‘séﬁﬁp 8&8&@%%@91 éﬂ\ﬁéula\il‘{d?% n@r@%hhﬁw R)ﬁtr%ﬁle td $heP 5{)” K

The wet ean 1's desi y- products o t he

process, wdenmyef subanta ramdl sethisondacidr W@femahpbn&nmlgja satact &nsion helunieg peassy
degree of é@gnl i hess essenti al éi[c roceed to a subsequent fabrication
oper at i onan PIP%RE FRACH ANHRIOPSE © ’Fﬂg YRS becone smaller and nore

conpl ex, gepg%;ﬁ&qhgﬁgwerdegﬂt o achieve and maintain structure
definitio exacting standards of cleanliness be naintained in all
process oper at lroths fahrfcafapn/\eﬁ seplieoadudtayr degicpip therbisra med o perform wet cleaning of

substrates at various stages of the fabrication process. Typically, integrated circuit devices are

in the form of multi-level structures. At the substrate level, transistor devices having diffusion
regions are formed over and into silicon substrates. In subsequent levels, interconnect
metallization lines are patterned and electrically connected to the transistor devices to define the
desired functional device. As is well known, patterned conductive layers are insulated from
other conductive layers by dielectric materials, such as silicon dioxide. At each metallization
level there is a need to planarize metal or associated dielectric material. Without planarization,
fabrication of additional metallization layers becomes substantially more difficult due to the
higher variations in the surface topography. In some applications, metallization line patterns
are formed in the dielectric material, and then metal CMP operations are performed to remove
excess metallization.

Following each CMP operation, a wet clean of the substrate is performed. The wet
clean is designed to wash away any by-products of the fabrication process, remove
contaminants, and to achieve and maintain the necessary degree of cleanliness essential to
proceed to a subsequent fabrication operation. As transistor device structures become smaller
and more complex, the precision required to achieve and maintain structure definition demands

exacting standards of cleanliness be maintained in all process operations. If a wet clean is



inconplete or ineffective, or if a post-wet clean drying igy Qfe%ﬂ;elr b6
i neffective, then unacceptable residue or contam nants are in uced5| nt o

the processing environment. Similarly, in the fabrication of hard disk

drives, planarization and cleaning operations are needed to maintain a
cl ean and snooth disk substrate. Residue or contam nants remaining 5 on
substrates in the fabrication of hard di 8ks and other devices utilizing
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The SRD process essentially includes applying DIW and spinning the substrate dry. The
drying can be enhanced with the introduction of an inert gas such as Nitrogen or an inert gas
vapor to displace any water that is not completely removed by spinning. Additional variations
include heating the DIW, heating the SRD environment, heating the inert gas, and the like.
25 Another common drying technique is known as a Marangoni technique. Marangoni
drying typically includes using a chemical drying fluid or solvent such as isopropyl alcohol
(IPA) to introduce favorable surface tension gradients facilitating removal of water from the
surface of a substrate. Variations of the Marangoni technique also include the introduction of
an inert gas such as Nitrogen as a carrier gas for IPA vapor delivery.
30 Prior art drying also includes the combination of the Marangoni technique with an SRD
apparatus. This method has included the introduction of IPA or IPA vapor to a surface of a

substrate which is mounted on a spin chuck. As the spin chuck rotates the substrate, centrifugal



substrate which is nmounted on a spin chuck. As the spin chf&c e%@ere\z 0§ he
substrate, centrifugal 18 Novenber 2005 3 force drives YYom t
surface of the substrate, and Marangoni drying naxi m zes renoval of mater
fromthe surface of the substrate while mnimzing residue or contanm nants.
Alimtation of the conbination of SRD and Mar angoni techniques is that the
typical prior art SRD provides for singPe-sided rinsing and drylng of a
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Several0 erdso@dmﬂvm mbretstrmgpmtefhanhnesa; re'qmmmmts far &bd%xompmydssbsal OW. I n one
enbodi ment, a systemfor rinsing and drying a substrate is disclosed. The
system 10 includes a chuck having fingers for edge gripping the substrate.
The chuck is configured to rotate the substrate. The system further

i ncl udes an upper di spense arm positioned over an active surface of the
substrate, and a | ower dispense arm positioned bel ow a backsi de surface of
the substrate. The upper di spense armis capable of noving between a center
region and a periphery of the active surface of the substrate, and the

| oner di spense armis capable of noving 15 between a center region and a
peri phery of the backside surface of the substrate. Each di spense arm
further includes a pair of supply lines for delivering fluids over each of
the active surface




and the backsi de surface of the substrate. The system al Soléﬂ‘él/é{%e?z%os
connection coupling the upper dispense armw th the | ower dispense arm so
that as the upper dispense armand the | ower dispense arm nove between the
center region and the periphery of the substrate, the upper 20 di spense arm
and the | ower dispense armremain aligned on opposite surfaces of the
substrate. In another enbodinment, a systtemfor rinsing and drying a
substrate is disclosed. The incl. configured to rotate
t he substrate and having finge+s b&%@*iﬁgﬁw KIt he substrate. The
system further includes a first dispense arm positioned adjacent to an
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20 dispense arm and the lower dispense arm remain aligned on opposite surfaces of the substrate.

In another embodiment, a system for rinsing and drying a substrate is disclosed. The
system includes a chuck configured to rotate the substrate and having fingers for edge gripping
the substrate. The system further includes a first dispense arm positioned adjacent to an active
surface of the substrate, and a second dispense arm positioned adjacent to a backside surface of

25 the substrate. The first dispense arm is capable of moving between a center region and a
peripheral edge of the active surface of the substrate, and includes a pair of supply lines for
delivering fluids over the active surface of the substrate The second dispense arm is capable of
moving between a center region and a peripheral edge of the backside surface of the substrate,
and includes a pair of supply lines for delivering fluids over the backside surface of the

30 substrate. The system also includes a spray shield surrounding the substrate in the chuck. The
spray shield is configured with a sliding door. When the sliding door is in an open position

access is provided to insert and remove the substrate from the fingers of the chuck.



advantage of the invention is the sinultaneous preparation o&gﬁﬁxbﬁﬁ or
active and backside 15 surfaces of a substrate. The hollom/ esign o ?

spi ndl e and chuck provi des access to both the active and the backsi de
surfaces of a substrate for cleaning, drying, or otherw se processing.

Anot her benefit is the ease with which the present invention is configured
for a plurality of substrate sizes. The3procedure to swap out one size of
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arm assenbly in accordance with one 10 enbodi nent of the invention, Flgure
3B shows a det dht agvanipgsarofcihg psessat iyentionsarsnermasowsr  @nspraiahie hsasliteand n

accor danc%dWmtta%e Vphe fmé’n‘! oqtheosflmﬁl%e(gdg %Baka?l'an of both top or active and backside

15 surfaces of a substrate. The hollow design of the spindle and chuck provides access to both the
active and the backside surfaces of a substrate for cleaning, drying, or otherwise processing.

Another benefit is the ease with which the present invention is configured for a plurality
of substrate sizes. The procedure to swap out one size of substrate chuck for another is fast and
efficient providing for multiple applications and minimum down time for integrated process

20 systems. Additionally, the design provides for ease of belt changing or tensioning by
adjustment of the spindle motor position.

An additional benefit is the ability to integrate the system into existing process
equipment resulting in increased quality and quantity of product with fewer defects or scrap due
to contamination. The low profile of the spray shield and spray shield door is desirable for

25 many systems, and the pneumatic door is simply formed and does not generate particles within
the system.

Other advantages of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way of
example the principles of the invention.

30



Figure 4A shows a hol |l ow chuck in accordance with one enbolldggqgfeg%boefégggfrate

invention. Figure 4B illustrates the chuck and spray shie
drying systemin 15 accordance with one enbodi nent of the invention.
Figure 4Cillustrates a noveable finger actuator in accordance wi th one

enbodi nrent of the invention. Figure 4D shows a chuck with a wafer
positioned thereon in accordance with an® enbodi ment of the invention. 20
Figure 5 shows renoval of .ghuck.in accordance w 'h \QVQ§ gnbodi ment of the
present invention. Figur FIIEICRIPIION OF THE LPBAWINGNe of a substrate
drying systemin accordance with one enbodi nent of the invention. Figure 7
il lustrates theltelpeaantrigveatioh dill/baigadilyoméerstobd badedoli@niog dewkildd desaiption in
enbodi nent 25 of t i nvention, Figure 8 shows. |ower dispense ar.m hal.ted
o bt o RO BRI SO g 1S SR T o BTG BB BT ke
travel in @eeergdanraen th one enbodi ment of the invention. Figure 9 shows a
substrate processing station in accordance wi th one enbodi ment of the

i nventidn. 30 Tguweehbws azobdrae GEFNAISYRENDESCRItANCONithronpHE RRERERRE e
EMBODI MENTS An. .ipvention for substrate preparation is disclosed. In
preferred pgeﬁsgrcl)t P‘r’reé%?}sl', apparatus and net hods include a substrate rinsing
and dryi ng app&igire!s illusphten® nibsnge drysny fyatem intaedosdadoe with vat agb@iimessy tiend
providing for the rinsing and drying of wafers or other substrates 5 on
both top JFESERLIPYRRNG™Rd bott om or backsi de surfaces simultaneously with a
preci sely contpi@}ré el SREWES tailcliNBew 8P Re! BlpRndel A% REnRII irfibABNRRPIEH &S,
in one enbodinent, is I1nplenented in a substrate cleaning and dryi ng
syst em @ hambodimdnhef themveriwnor nore brush box scrubbi ng apparatus and one

or nore substrate dryers in cordance with enbodi nents of .the resent
i nvention for ?:i‘g’i%? ﬁé TRES & ‘%%?Hgog BRY  GFEESF %ﬁzge\?viarlll IBras ARERe %P%deesslsni ng.
10 I n the st&driek 06th @88 enbdilitendt of féneveation.speci fic details are set forth in
order to provide a thorough understanding of the present invention. It
wi || be under stisyee 44, shNser 101193 cHA 1§@pqqr£g9@ce with one embodiment of the invention.

Figure 4B illustrates the chuck and spray shield of a substrate drying system in

= 0b

15 accordance with one embodiment of the invention.
Figure 4C illustrates a moveable finger actuator in accordance with one embodiment of
the invention.
Figure 4D shows a chuck with a wafer positioned thereon in accordance with an
embodiment of the invention.
20 Figure 5 shows removal of chuck in accordance with one embodiment of the present
invention.
Figure 6 shows a bottom or under-side of a substrate drying system in accordance with
one embodiment of the invention.
Figure 7 illustrates the cleaning and drying process in accordance with one embodiment
25 of'the invention.
Figure 8 shows lower dispense arm halted at a pre-determined point, and upper dispense
arm allowed to continue travel in accordance with one embodiment of the invention.
Figure 9 shows a substrate processing station in accordance with one embodiment of the

invention.
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in the art, that the present invention nmay be practiced V"ifm%eﬁt?e'?ﬁo% al |
of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily
obscure the present invention. 15 Figure 1 shows a substrate drying system
100 in accordance wth one enbodi nent of the present invention. The
substrate drying system 100 includes a hdllow spindle 123 to which is
attached a hol |l ow chuck 1 configured to y

di sposed wit hin E -1 x L
positioned over a top surface of the substrate 128, and | ower dispense arm
112 is positioned isyemien rfoc substratep popedtito isppslos2d dirs peefeeedacembadibreatsd
beneath a bottom or backsi de surface of substrate 128. Upper dispense. arm
20" s spBRFCEE 2By TUREs g B s At (ObRAP S R EReRGlE @ Surfacd
nechani cal k¥siGPRAGGHEFocdsB hd FlACMINg Pt rAsHP NS Arydid b hAME of Bkt sUbB@ites
shown) disposed within a dispense armdrive shaft housing 118. Lower

di spens® ammbath2topsors agipisr ansld bpjorh owebacksidp shdecea rsimaligpporty BBt a pragselihi ch
is magnetical ly cannecte no own). 1o _up dj e.arm.s o]
1595 bRl BRRES; o tup bl YMint PR el ARG 8 R R

Hol | ow chugilplehbatddsn aGotstiaglileading and diyadgesygdeinhthithvan imelwiions oomotedbriigibox
spindle 123 to which holl ow chuck 122 is _attached. S‘rpi ndllﬂe %or 12Q i s
conf i gur e TBPHEPPHRYS BRcheRoRfARowETBPYIS,HY SR 1t accapsianGectith sMOABMERS, o fidhal e
123 with dgf : : - wWhi ' i : e 122 and
substrat e%gsé&ﬁﬁggﬁoéggflg%%gﬁ% %Q{ﬁgl%}l%\?vla %ﬁ#é%wi rlgsr?]%%r%?rgs 26. 30

Sur r oub@i ng hollh 6w folewikg d@Rriptidn geneouppecifindetgilbare settferth dgordes tg progide a

hield 12 S ield 124 i f ] t ' L.yl h
i mei ng anterabgn aeRPoagat s rhat e h it Rt ORI Bl b nd 0, 0°
embodi nentin @he hifethhthe Pedseiit, inGdkiay nidyl 1) radiddd ivithbBt Mavesbslt oR @b Specific

configured with a sliding door (see Figures 4A, 4B and 4D) that is_ . .
magnet i caldepileolipether inganges, Sl knewn Precass qpseatinnt have 395 pesmdedtiBrd i dptpil in

| at er al ag"?‘ﬁg‘?{‘ﬁlﬁw&e&%ﬂg’%%&mﬁgggeg%tLl%ntm‘? insertion and renoval of

substrate e con uratiton and operation of spray shield 124 and
door i85 descri Feghré hsigmaatsebstaetdrying beteowl (0ninredoedapne with ond-¢mbndement of gel n

one enbodi ment, wafer nsQr. arm 130a | i t.ione et wee er di.spense
arm supp@FEeHdeYeniign iﬁ S"@’B‘Fﬁ?f T%‘?&affyatle%?ﬁ)%zhﬁll‘l@%rﬁdl?o Weséi’“{% eugzg’stf’twqg% 1\/?/afS er

sensor 13QR,Q%8% Hollew il Boechfigied uPBs1N Al @b 1Mdmarwisiel 50dispbd@Pwithin
configured to sense the presence of substrate 128, and determ ne the

correct posdtoveni dgpdray 168 eHpreridisperse armel yissnasitioaed] ower off toposiEfaeg pf the
substrate 128, and lower dispense arm 112 is positioned symmetrically opposed to upper

20 dispense arm 110 and beneath a bottom or backside surface of substrate 128. Upper dispense
arm 110 is supported by upper dispense arm support post 114 which is mechanically connected
(not shown) to a dispense arm drive shaft (not shown) disposed within a dispense arm drive
shaft housing 118. Lower dispense arm 112 is supported by lower dispense arm support post
116 which is magnetically connected (not shown) to upper dispense arm support post 114.

25 Substrate 128 is affixed to hollow chuck 122 with fingers 126. Hollow chuck 122 is
configured to rotate with the rotation of hollow spindle 123 to which hollow chuck 122 is
attached. Spindle motor 120 is configured to provide rotational energy which is applied to
hollow spindle 123 with drive belt 132, which spins hollow spindle 123, chuck 122 and
substrate 128 which is locked to hollow chuck 122 in fingers 126.

30 Surrounding hollow chuck 122, fingers 126, and substrate 128 is spray shield 124.
Spray shield 124 is configured to contain any liquid from the rinsing and drying process to the

region around hollow chuck 122. In one embodiment of the invention, spray shield 124 is
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enbodi ment of the present invention. The perspectjve sho in Figure 2
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reference to Figure 4A | ows access to insert or renove a wafer 12

f r om chuckpld@andyppesed dith pasisg, dying, bt Othsuppeirateprebaratigpper di spense arm

support post 114 is ositio over. wafer. 128, Dxip,tr 138,.hav

exhaust 134 end sbegmPEmpbiliR BYFHioo: fhintion T sl o RIS NS and 100
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20 Upper dispense arm 110 and lower dispense arm 112 provide for the supply of cleaning,
drying, rinsing, or other agents or fluids as desired through upper dispense nozzles 111a and
lower dispense nozzles 111b to the active surface and to the backside surface, respectively, of a
substrate 128 positioned in fingers 126 on the hollow chuck 122. In one embodiment, the upper
dispense arm 110 and the lower dispense arm 112 are mirror images of each other, positioned in

25 substantially the same locations on opposite sides of a substrate 128.
Figure 2 illustrates a substrate drying system 100 in accordance with one embodiment of
the present invention. The perspective shown in Figure 2 shows a wafer 128 positioned in a
chuck 122 of the substrate drying system 100. An opening in the spray shield (described in
greater detail below in reference to Figure 4A) allows access to insert or remove a wafer 128
30 from chuck 122. Upper dispense arm 110 supported by upper dispense arm support post 114 is
positioned over wafer 128. Drip tray 138 having exhaust 134 encloses the lower features of the

substrate drying system 100 illustrated in Figure 2.
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substrat e arm&&%@wessc%ﬁﬁglrvwﬁ?csﬁnx @Oﬁdﬁvgﬁi aﬁ%? bt P% Bile
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post 114 and ltIB is configured to pivot about the upper dispense arm support post 114 to move the
20 upper dispense arm 110 and position the upper dispense nozzles 111a across an active (top)
surface of a substrate. In one embodiment of the invention, the rinsing and drying process
dispenses the cleaning agent and the drying agent along a radius of a spinning substrate from a
center region of the substrate to a peripheral region of the substrate. The upper dispense arm
110 is therefore moved along the surface of the spinning substrate from the center region
25 outward to a peripheral region.

The lower dispense arm 112 is configured to substantially mirror the movement of the
upper dispense arm 110. Therefore, as the upper dispense arm 110 moves along the surface of
the spinning substrate from the center region outward to a peripheral region, the lower dispense
arm 112 is positioned substantially opposing the upper dispense arm 110 on the opposite or

30 backside surface of the substrate, moving from the center region to the outer region of the

substrate with the upper dispense arm 110. In one embodiment, the lower dispense arm 112 is

not mechanically connected, however, to the dispense arm drive shaft.
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substrate 128. I'n one enbodi nent, upper dispense nozzles a and | ower
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regi on of substr te 12 |s ense a 11 | o
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128 in direction 142, a cleanin ent is applied through the nozzle from
the clearf oap@thsgcé@@mng@gwtyum@%&&ﬁ ghsdrto an Spren dspensmare derd 40a and digected

t hrough t%gg‘g%zé rlvf 220 éiﬁfalaﬂgar@taagf B ARERI-RURP rymlﬂaé@a%zél@%& tﬂe e e

arm head e actrve a sl de 30 surfaces of
subst r at e ag@8. supplywi 13k doé adesazid fen tha draedigesgentesupply bbﬂbow;aChcni t.mne lower

enbodi nent the c is followed imediately by the drying agent
which is éibsﬁF?sgﬁnPhF%ﬂfg%gtaﬂ‘ggr?%%e@er? WWREYi ng agent supply 109a on upper

di spense ar m headnd ¢RBediARst sfHheUsRntife NaRskae IS nloneaRara BAMW chuck 122
attached to a hollow spindle 123 which is rotated. Upper dispense nozzles 111a are directed at

a top or active surface of the substrate 128, and lower dispense nozzles are directed at a bottom

or backside surface of the substrate 128. In one embodiment, upper dispense nozzles 111a and
lower dispense nozzles 111b are each angled in a direction toward the periphery region of

25 substrate 128. As the upper dispense arm 110 and lower dispense arm 112 are moved from a
center of the substrate 128 attached to and rotating with the chuck 122, to a periphery region of

the substrate 128 in direction 142, a cleaning agent is applied through the nozzle from the
cleaning agent supply 109b on upper dispense arm head 140a, and through the nozzle from the
cleaning agent supply 113b on lower dispense arm head 140b to the active and to the backside

30 surfaces of the substrate 128. As will be described in greater detail below, in one embodiment,
the cleaning agent is followed immediately by the drying agent which is applied through the
nozzle from drying agent supply 109a on upper dispense arm head 140a, and through the nozzle
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to the interior region w spindle 123 and attached
chuck 12Zubdtrateol®8. enbodi nent, sliding spray shield door 152 is configured
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20 configured to confine any liquid used in the cleaning, drying, or other process to a space within

the cavity containing the hollow spindle 123 and attached chuck 122. As cleaning, drying, or

other agents are applied to a substrate during processing, any droplets that may be thrown from

the spinning substrate are blocked by the spray shield 124 and confined within the interior

cavity having the hollow spindle 123 and attached chuck 122. Spray shield 124 can be

25 constructed of PET, plastic, polyurethane, or any suitable light weight material to provide
strength and form, is easily cleaned, and suitable for clean room applications.

In one embodiment of the invention, a sliding spray shield door 152 is configured to

provide access to the interior region or cavity having the hollow spindle 123 and attached chuck

122. In one embodiment, sliding spray shield door 152 is configured as a section of spray

30 shield 124 that slides open to provide access to the interior region or cavity, and slides closed to

create a substantially solid spray shield 124 encircling the hollow spindle 123 and chuck 122.

When the spray shield door 152 is in the open position, a substrate 128 can be inserted onto or



create a substantially solid spray shield 124 encircling t holhgmbig'ndle
123 and chuck 122. When the spray shield door 152 is in the 8%%%‘%0 |%ion,
a substrate 128 can be inserted onto or 18 Novenber 2005 12 renoved from
chuck 122. The access provided by opening the sliding spray shield door 152
allows a substrate 128 to be inserted by a robot (not shown) at a proper
position and orientation to be receivedldn fingers 126. Once the substrate
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al ong the rhoddeed Pbsteke 1780eumati ¢ tube 150. When air pressure is supplied to
a first end of pneumatic tube 150, exhaust (venting). or_yacuumis

. \ . rovi ded
at a second endh@ne pRBRFBCRICTTIOEVELDN, RAHOR RyPRYURFSHC Skting %a%ﬂ&df’ﬁr
bal | wi t hin,ppel gﬁéﬂ & d16838 pdsifio JSgp&i&d%taﬂ)ngﬁm&f@a%ﬁﬁf& (A& sBXPRYU S heumatic
(venting) of vactum 1n ohe embodi ment, "t He pneunatic actuator is
conf i gur abhiee 159 is upyddyal @reasgamipbery of bedchioROf spray shictdst24atd bagechr dgwecr segiomel

end, and to provj for exhaust or vacuumt t.h t fi,rst end e
second e nd;p@g’ Sgﬁkﬂﬁét ﬁ% OruBR oflggent, H‘ile‘tlrﬂ'f%’sc tﬂgehﬁ@rl,s C?‘ﬂelgurr?g%g’ﬁ B %E?b?ﬂs&
confi gys edheh@fio HitRYi8he tubb.t Thé phdignati€ BEhAtoOho PR RbE !t BRI aloAg EictiRfior of
direction as s%wvvn by directional arrow 154. Sliding spray shield door 152
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20 the first end and the second end, and to provide for exhaust or vacuum to both the first end and
the second end of pneumatic tube 150. In this manner, the magnetic ball is configured for travel
within the length of pneumatic tube in either direction as shown by directional arrow 154.
Sliding spray shield door 152 is configured with a magnetic latch (not shown) to magnetically
attach to the magnetic ball. As the magnetic ball travels along and within pneumatic tube 150,
25 the magnetic latch attaches sliding spray shield door 152 to the magnetic ball and opens or
closes the sliding spray shield door 152, sliding it to an open position or a closed position
coupled to the position of the magnetic ball within pneumatic tube 150. In one embodiment,

door position sensors 158 are provided to indicate the state of sliding spray shield door 152.
Figure 4B illustrates the chuck 122 and spray shield 124 of a substrate drying system
30 100 in accordance with one embodiment of the invention. In the perspective illustrated in

Figure 4B, the sliding spray shield door 152 is in a closed position, completely encircling the



door position sensors 158 are provided to indicate the Staﬁ?HOf séi%bgﬂ
spray shield door 152. Figure 4B illustrates the chuck 122" a qveEpTA ield
124 of a substrate drying system 30 100 in accordance with one enbodi nent

of the invention. In the perspective illustrated in Figure 4B, the sliding
spray shield door 152 is in a closed position, conpletely encircling the 18
Novenber 2005 13 interior cavity of thel&ghuck 122 and spindle (not visible
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20 the rotating part of hollow spindle 123 when the moveable finger 127 is in an open or unlocked

position. Once a substrate has been positioned and the moveable finger 127 has locked the
substrate in place, the moveable finger actuator is configured to allow movement and rotation of
the rotating part of the hollow spindle 123. In one embodiment, rotation of the hollow spindle
123 is further prevented until door position sensor 158 indicates sliding spray shield door 152 is

25 in a closed position, and therefore any robot used to insert or remove a substrate is withdrawn
from the hollow spindle 123 and chuck 122.

Figure 4D shows a chuck 122 with a wafer 128 positioned thereon in accordance with
an embodiment of the invention. In the embodiment illustrated in Figure 4D, a wafer 128 has
been positioned in fingers 126 and locked into position by moveable finger 127. Wafer 128 is

30 therefore held in place by the edges at fingers 126 and moveable finger 127. In accordance with
one embodiment of the invention, once moveable finger 127 locks wafer 128 in place and wafer

sensor 130b indicates the presence and proper orientation of wafer 128, sliding spray shield



fromthe hollow spindle 123 and chuck 122. Figure 4D shows huck wth
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20 attachment points 156, and replacement with a chuck 122 for the desired substrate size.

Figure 6 shows a bottom or under-side of a substrate drying system 100 in accordance
with one embodiment of the invention. In the illustrated embodiment, the substrate drying
system 100 has been flipped over, and the drip tray 138 has been removed. Additionally, a
drive belt cover which is typically configured to the substrate drying system 100 has been

25 removed, and the drive belt 132 is shown configured around the hollow spindle 123, and around
a pulley attached to the bottom of the spindle motor 120. As can be seen in Figure 6, in one
embodiment of the invention, the drive belt 132 wraps around the rotating part 123a of the
spindle 123 and is driven by the spindle motor 120 to provide the rotational force to spin the
spindle 123 and attached chuck (not visible in Figure 6). Stationary part 123b of the spindle

30 123 is also shown attached to the substrate drying system 100 and with moveable finger
actuator 125 attached thereto. Exhaust 134 provides venting from the space enclosed by the



system 100 has been flipped over, and the drip tray 138 ha d.
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into a closed position. The closed state is sensed by door sensor 158.

20 Wafer sensor 130b, attached to wafer sensor arm 130a senses the presence and
orientation of a substrate 128. If a substrate 128 is present and correctly oriented (e.g., level),
hollow spindle 123 with attached chuck 122 is permitted to spin. The hollow spindle 123 can
be configured to rotate at 300 RPM or less, and up to 3000 RPM, depending on desired
application. Hollow spindle 123 rotation is generated by spindle motor 120 which rotates the

25 hollow spindle 123 using drive belt 132. In one embodiment, the spindle motor 120 is
configured to provide tension adjustment of the drive belt 132. By way of example, the position
of the spindle motor 132 can be adjusted toward or away from hollow spindle 123 to decrease
or increase tension of the drive belt 132 respectively.

Hollow spindle 123 is configured to have a freely spinning, rotating part 123a

30 configured to rotate and provide attachment for the chuck 122, and a fixed, stationary part 123b
providing attachment to the substrate drying system 100. Additionally, attachment of the
moveable finger actuator 125 is provided on the stationary part 123b of hollow spindle 123.



orientation of a substrate 128. If a substrate 128 is pres n ctl
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20 a center region to a periphery of the rotating substrate 128. Similarly, the lower dispense arm

head 140b directs the lower dispense nozzles 111b so that the cleaning agent precedes the
drying agent as the lower dispense arm 112 travels across the backside surface of substrate 128
from a center region to a periphery of the rotating substrate. In one embodiment, upper
dispense nozzles 111a and lower dispense nozzles 111b are oriented to be angled away from the
25 center and toward the edge of the substrate, in the general direction of nozzle travel during
substrate processing. Cleaning agents are selected from a plurality of chemicals or DIW
according to the desired application. The present invention includes embodiments for cleaning,
etching, and rinsing of substrates. Examples of cleaning agents include DIW, solutions of HF,
NH4OH, H,0,, or any of acids such as HCI, HNO;, H,COs, HBr, H3PO4, H,SOs, and the like.
30 Examples of drying agents include IPA, diacetone, ethyllactate, ethylglycol, methylpyrrolidon,
and the like. As described above, when the drying agent is dispensed following the cleaning



arm head 140a directs the upper dispense nozzles 111 a so ﬁ?@év b@gnlng
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20 cleaning and drying.

In one embodiment of the invention, a brake or governor is configured to the lower
dispense arm 112 to prevent contact between the lower dispense nozzles 111b and an interior
surface of the hollow spindle 123. Substrate processing proceeds as described from a center of
a rotating substrate towards a periphery of the rotating substrate. Upper dispense arm 110 and

25 lower dispense arm 112 synchronously travel across the active and backside surfaces of the
rotating substrate until a pre-determined point at or near the substrate edge. At the pre-
determined point, the lower dispense arm 112 is stopped while the upper dispense arm 110
continues travel, moving the upper dispense nozzles 111a up to or across the substrate edge as
desired. Figure 8 shows lower dispense arm 112 halted at a pre-determined point, and upper

30 dispense arm 110 allowed to continue travel in accordance with one embodiment of the
invention. In one embodiment, another brake or governor is configured for upper dispense arm

110 defining the limit of travel of the upper dispense arm 110 within spindle 123 and chuck 122
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cl eaning and drying. In one enbodi nent of8the invention, a brake or
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accor dancenond bperativers el atmiemdt one brush box 202, and then transferred to the at least one
substrate drying system 100 for a rinsing, drying, or other process. By way of example, a
20 substrate drying system 100 may be mounted on top of a brush box 202 to minimize transfer
distance and to minimize system or tool foot print. Further, in a clean room environment the
filtration system can maintain an increasing level of cleanliness with elevation. Thus, the dirtier
process of scrubbing is performed at a lower level, and the increasingly cleaner operation of
substrate rinsing and drying is performed at a higher level.
25 In another embodiment, the substrate processing station 200 is integrated into a cluster
of substrate processing tools, also known as a cluster tool or an integrated substrate processing
cluster module, to maximize efficient use of clean room floor space, and to exploit economical
and efficient implementation of substrate processing methods and systems. In just one
example, one embodiment of the present invention is integrated into an integrated substrate
30 processing cluster module including, by way of example, a wafer handling system, a load and

unload module, an etch process module with a coupled etch load lock, and a chemical

mechanical planarization (CMP) process module. An embodiment of the present invention is



of the invention. In one enbodinent, at |east one substratgg&r};i nl%’e?éﬁ% em
100 is integrated with at |east one brush box scrubber 20 8VErea a
substrate processing station for efficient 15 processing that m nim zes
substrate transfer and exposure, as well as mnimzing clean room fl oor
space requirenents. In this enbodi nent, at |east one substrate drying
system 100 is configured with at |east &he brush box 202 such that a

Teast one BB BT ORL T SREF ety PSR SRRl Sbpbfnd B Evie

substrate deati 9 postsd@noldR@p@tiom. ri nsing, drying, or other process. By way
of exanple, a 20 substrate drying system 100 may. be. nounted ?rgl top of a
brush box 202 talthaugh r?hezéof?goéﬂﬁsfné(?nﬁoﬁi@ﬁ%@édéﬁ‘iﬂb?%%ﬁ‘m@rs?@ FsPERSS? Oof ool
foot print r 4 Eldersialdifto © ogg)lal]% Vit At o i el can
mai nt ai n a(r:%agllz cr eaéi Frrsl{gaﬂ?lg%feﬁlt q,gp %I n ?tnglgg%vfnﬁtmh CItle ?lgslsat idog{oa#!ﬁg%réﬁée}g%
dirtiers5 ppracessd withirsthe stipie g thesappended chmbds. af cevrdiogler the evesént embddinteats are

i ncreasingly cleaner_ operation o substrate rinsing.and dryi,ng.i

per f or med RtPeLORTEHed aqp @H%f%ﬁv’ign‘i ROt RO HEF: @’r‘}bthﬁil% on 1??5‘8{ é’u‘?oeglflpli?deto the
processi NgdeidiRt it KP8n, Butinidyell Abeidicll MM tHe! d6peLind Qfuivaildds! §fathe appended
processing tools, also known as a cluster tool or an integrated substrate
processi ngelaigisust er nodul e, to maxinize efficient use of clean room floor
space, andW;lgti >C<Z§lln§)ejdtis,econorri cal and efficient inplenentation of substrate
processi ng nethods and systens. In just one exanple, one enbodi nent of the
present invention is integrated into an integrated substrate 30 processing
cluster nodul e including, by way of exanple, a wafer handling system a

| oad and unl oad nodul e, an etch process nodule with a coupled etch | oad

| ock, and a chem cal nechanical planarization (CWP) process nodule. An
enbodi nent of the present invention is 18 Novenber 2005 19 integrated into
the cluster nodul e as a cl ean process nodul e capabl e of handling post-CW
cl ean and post-etch cl ean operations. Al though the foregoing invention has
been described in sone detail for purposes of <clarity of understanding, it

w Il be apparent that certain changes and nodifications may be 5 practiced
wi thin the scope of the appended clains. Accordingly, the present
enbodi nents are to be considered as illustrative and not restrictive, and

the invention is not to be limted to the details given herein, but may be
nodi fied wthin the scope and equi val ents of the appended clains. Wat is
clained is:



18 Novenber 2005 20 CLAIMS 1. A systemfor rinsing and dryyg ate,
conprising: (a) a chuck having fingers for edge gri pping tﬁ%ﬂgﬁrg‘¥§?é$ t he
chuck being configured to rotate the substrate; 5 (b) an upper dispense
arm positioned over an active surface of the substrate, the upper dispense
arm bei ng capabl e of noving between a center region and a periphery of the
active surface of the substrate, the uppgr di spense armfurther having a
pair of supply lines for delivering fluids over the active surface of the
substrate; (c) a lower dispense armp t&ﬁﬁged bel ow a backsi de surface of
the substrate and being 10 nagneticagi?—toupled to the upper dispense arm
with a governor to limt a range of novenen of the | ower dispense arm

the 1 ower dispehse a@ﬁ%ﬁ%@é’ﬁ&ﬁ?‘%a%ngw WG DEYWRIE'S center region and
a periphery of &g, kfﬁ'vﬁlg gfﬁlg&%a&eedgé gHB}?ﬂ%H%Z%BﬁEa?e, t&n&ub@ueiﬂg cﬁ]f%%wd of

supply lines for deliveri | 'ui ds over ksi de surface o
subst r at e;toaotdte(tld) substsae;ay shi el d surroundi ng the substrate in the chuck,

the spray shield having.a 15 secti.on of the spra hi e sl deab

con 1 bt ad Lo fPbis e denet? pft phubTsd ot iR B ik & PeSubP Ry ok opye
sol i d spr ayspehiecdrth g Qapable BY Midveghvasden Mt irepivhan 4 beriphepess e aperse
arm and the | ower dispense arm nove between the center region and the
peri phery syffagnefl gigpsbptzate, the appergfisncnee aww prihey haviagi4eair Of PRIk dingh K

di spense ] i {r aligned on opposite
surfaces géeﬁ%%g%s%g%tdrvg}tl\@,é a%h%gﬁﬁiﬁé%y{e%s%g{&ﬁ?m ts the novenent of the 20
| ower di spense (@) agwetr dispdnse ancpsianedbelod arevetesurfine dftte suppeite atiddpmgse
arm 2. The systemfor rinsing and drying a,substrate of.claim1, wherein
the. chlfbK Tesmvai IR R ieaBr AR DRI AT Ju e 6k Cotbi TGRS PR
chuck of  a,Mes fowek iRpersé 28n,ftBE lowrAaRp&se arRbbinglchpablcOdt HNABE bétlvBerSh @fter 25
3. The systemfor rinsing and drying a substrate of claim2, wherein the

chuck i s  aegihnlahdw nshipkdy of thei lickgjdaswtrse of thebwbiiraih end devipg asppif efcwipakyd
e ekl RS Ty 05 W gl g TR HBLED [or r e o o0
t he upper di spgdye spransaril aasindihg tiwesybatirate af thewghotly, the s@sy elicldhdaVviogwer
15 section of the spray shield slideably configured to provide access to the chuck and to form a
substantially solid spray shield surrounding the chuck, wherein when the upper dispense arm
and the lower dispense arm move between the center region and the periphery of the substrate,
a magnetic coupling provides that the upper dispense arm and the lower dispense arm remain

aligned on opposite surfaces of the substrate, and the governor limits the movement of the

20 lower dispense arm prior to a cessation of movement by the upper dispense arm.

2. The system for rinsing and drying a substrate of claim 1, wherein the chuck is
an exchangeable chuck configured to be exchangeable with a chuck of a particular size for

each of a plurality of substrate sizes.

25
3. The system for rinsing and drying a substrate of claim 2, wherein the chuck is a
hollow chuck providing access to both the active surface and the backside surface at the same
time.
30 4. The system for rinsing and drying a substrate of claim 1, wherein each of the

pair of supply lines of the upper dispense arm and each of the pair of supply lines of the lower



18 Novenber 2005 21 dispense armis configured to supply o i ng
fluid, a cleaning fluid, a rinsing fluid, and a drying aggﬁyngﬁg?%@ﬁg
system for rinsing and drying a substrate of claim4, wherein the cleaning
5 fluid includes one of HF, NH4OH, H202, HCI, HNG3, H2CO 3, HBr, H3POX, and
H2SO4 6. The systemfor rinsing and drying a substrate of claim4, wherein
the drying agent includes one of isopropyl alcohol, diacetone,
ethyllactate, ethylglycol, and nethylpyrrolidon. 10 7. The system for
rinsing and drying a substrate of claiml [ o i.Sd . pate
Censor “cont pmeei 8 SRR TS ipllobd schit G, o RCTRE Sps LG
fingers ofaddhalryiafugdnt. 15 8. A systemfor rinsing and drying a substrate,
conprising: (a) a hollow chuck having fingers for edge gripping the
substrate, the hollow chuck being attached to a holl ow spindl e and

configured to rotat erfg@HbS! Fidife ar(cpar%ﬁ’i fal SuBdtratll SNGRNFE, ANHBRL el JIQRRLE
adj acent to an active surface of the su s?rate, the first dispense arm

bei ng capaflié istudepeierg Hie NEROH, H.0s hi@Er HNOgi b QanldBa HaBPighé Ha$Oedge of
20 the active surface of the substrate, the first dispense armfurther
having a pair of supply lines for delivering fluids over the active

surface of the gubstTit gistefnCor 2inSiag @R d6isPe REBrate B tdint 4, oniegein dhadsitig t o
a backside surface of the substrate, the second di spense arn%Qeinq
magnet i calaggniconpirdes toet RE 1SoPRopYldi alenbak e dicatons-t Kty ladwer ndhyiglycoly j #d a
range of t he second di spense arm and capabl e of novi ng bet ween
a center gg&ﬁggggﬁﬁgﬁd a peripheral edge of the backside surface of the
substréffe, the second di spense arm further having a pair of supply lines

for delivering flui over the .backsi surface of e substrate and: (d)
a spray shield surrot oslyﬁtﬁmttﬂfa”%% ?r?‘g‘?@nﬁr? stuﬁg_“ﬁ%?{ ‘99\’/‘“& i’tﬁ%é‘ert%)glpélﬁlpgf
shield haybahsenSsitdodNgbd t@etsliRY acthia® postldnsipady & subsinitt galfiggert Of the
provi de access to the hol'low chuck 30 and to forma substantially solid

spray shi edhgiclencircling the holl ow chuck, wherein when the first di spense

arm and the second di spense arm nove between the center region and the

peri phery of the substrate, a magnetic coupling provides that the first
15 8. A system for rinsing and drying a substrate, comprising:

(a) a hollow chuck having fingers for edge gripping the substrate, the hollow chuck
being attached to a hollow spindle and configured to rotate the substrate;

(b) a first dispense arm positioned adjacent to an active surface of the substrate, the
first dispense arm being capable of moving between a center region and a peripheral edge of

20 the active surface of the substrate, the first dispense arm further having a pair of supply lines
for delivering fluids over the active surface of the substrate;

(c) a second dispense arm positioned adjacent to a backside surface of the substrate, the
second dispense arm being magnetically coupled to the first dispense arm with a governor to
limit a range of movement of the second dispense arm and capable of moving between a center

25 region and a peripheral edge of the backside surface of the substrate, the second dispense arm
further having a pair of supply lines for delivering fluids over the backside surface of the
substrate and,;

(d) a spray shield surrounding the substrate in the hollow chuck, the spray shield
having a section of the spray shield slideably configured to provide access to the hollow chuck

30 and to form a substantially solid spray shield encircling the hollow chuck,
wherein when the first dispense arm and the second dispense arm move between the

center region and the periphery of the substrate, a magnetic coupling provides that the first



18 Novenber 2005 22 di spense arm and the second di spense a{%r% 2@63 gned
on opposite surfaces of the substrate, and the governor ? ng

novenent of the second dispense armprior to a cessation of noverrent by
the first dispense arm 5 9. The systemfor rinsing and drying a substrate
of claim8, further conprising: a pneumatic tube along a base of the spray
shield and the section of the spray shiepsg; a magnetic ball disposed

wi thin the pneunatic t ube; and a magnetic | atch configured to the section
of the spr shi el d bl
attach the‘?gpgn 590 of1 \M]e Segonra ]ilsg% gﬁgér?ginta ﬁ%ﬂ 39883’ gg%%tﬂ %Jb'sﬁiﬁ@ Y
movenent ondtthe goaghet l1m1tbalhd rrwvéd%m df ke pmudr&ﬂi_qpensbm pdxcbrdlﬁSa ctdasiomeett i on
of spray shield to conflgure the section of spray shield to one of

provi di ng BRSS! bythe fifk disBense @ huck and forming the substantially solid
spray shield encircling the hollow chuck. 10. The system for rinsing and
drying a substrate of claim@8, wherein the hollow 15 chuck is an
exchang2abl e hd.l ow Hmﬁdktem(fmrﬁrgim@ddﬂwilmaa %»bsﬁ'ﬁamgﬁaihiheg Wirther gorhprisingy chuck
of a particular_size.fo ural i ubstrat The
system for rinst Ay ZREC td‘&”f/elﬁﬁg 33%%%5&65?@}'3#‘%1 eBSGCtvﬁweoﬁé}?n ? ﬁ}ql
chuck rotates Oenmbg}@nbaéll&wp&@dwdhlatWem@t\rddes ai’atlmﬂ taneous access to
both the active surface 20 and the backside surface of the substrate. 12.

The system for afmﬁ@eﬂglaéﬁhopoaﬁgqr%wéh%%gw eftthe gpraxshigldn 8, wherein each of
the pair of s éﬁn g %1%{10 fdad i bt %dstg%ﬂéﬁ%)@rd@aép%e%@&%nq;f shfa§ spalqr  of

supply l'ines of secon di spense arm I's confrrgured to supply ohe of an
et chi nd0 f | taitles pm:umlaeatubngo tHaurrrd»veraent iofi ghierrgagnktic bl wﬁ&nahﬂjpla:udxayc n@eagéfﬁt

13. The system.for rln and n asubtrat in the
systemis ﬁ? SregR %ftsé?ﬁl"‘y lte téitcofl thg AECUSPQ T‘Pr%yo§‘ eg‘i Fou%“Sé’E] Pé%“ﬁlﬂg aﬁcteésgﬁpat ed
substr at e B¢ RARSKSENGK FRPShRing KL shflstant@ly SMEE PRy s@feld érdfting BOHIBW EHIgk.a
substrate of claim8, wherein the systemis ‘integrated with a substrate

processi ng cluster nodul e including a vvaf er handling system a load and

unl oad nodul e, gnd ap, es&gtgmpgopﬁggﬁ% %?u e! %fa\ikﬁ%o%%?éuﬁﬁre hbGw

system for rinsing and efein the systemis
15 chuck is an exchangeable hollow chuck conﬁgured to be exchangeable with a hollow chuck of

a particular size for each of a plurality of substrate sizes.

11. The system for rinsing and drying a substrate of claim 8, wherein the hollow
chuck rotates on the hollow spindle and provides simultaneous access to both the active surface

20 and the backside surface of the substrate.

12. The system for rinsing and drying a substrate of claim 8, wherein each of the
pair of supply lines of the first dispense arm and each of the pair of supply lines of the second
dispense arm is configured to supply one of an etching fluid, a cleaning fluid, a rinsing fluid,

25 and a drying agent.

13. The system for rinsing and drying a substrate of claim 8, wherein the system is

integrated with at least one brush box scrubber as an integrated substrate processing module.

30 14. The system for rinsing and drying a substrate of claim 8, wherein the system is
integrated with a substrate processing cluster module including a wafer handling system, a load

and unload module, and an etch process module.



integrated with a substrate processing cluster nodul e i ncl ud{n
handl i ng system a |load and unload nodul e, and chem cal nec aﬁ?@%%gbsg

pl anari zation process nodule. 5 16. The systemfor rinsing and drying a
substrate of claim8, wherein the systemis integrated with a substrate
processing cluster nodule including a wafer handling system a load and
unl oad nodul e, an etch process nodul e, apgl chem cal nechani cal

pl anari zation process nodule. 10 17. The systemfor rinsing and drying a
substrate of claim1, further conprising a hollow spindle, wherein the
chuck is attached to the holl ow spindle. 15 18. The systemfor rinsing and
dryi ng a substrigt e ofhecdystetn f3; rifising dnerdrgingprulssimg of claiol8, ehesi thelkgstem is

wherein the hol |l ow chuck is attache to t | ow spind] e, .the holl ow

spi ndl e bePiigratedanh ag%}l?’étaat? BrOF%fﬁlasé 3@? H&ﬁ ?9’@{%? {%@d{lag Pt 2 164e

hol I ow chuglq b %oﬁﬁl@%rﬂ'cﬂ&nﬁﬁﬁﬁ@éhaﬁl@al é)%tahzétllaﬁ pRscbistRodt, f ace and the
backsi de surface at the sane tine. he system for rinsing and drying

a subst¥ate of claim8, wherein the hollom/ spindle is conflgured to rotate

and is further gonfigur equlﬁcfﬂrqrgﬁsn%fal{[dhde lhoI I tr%@%?lélam g %Pex@ not‘l{é %8[59?1

si mul t aneous access rve fice he subs
backsi de igtepfat@devit a SubstrAeIPDtEssing cludfer module including a wafer handling system, a load

and unload module, an etch process module, and chemical mechanical planarization process

module.

10
17. The system for rinsing and drying a substrate of claim 1, further comprising a
hollow spindle,

wherein the chuck is attached to the hollow spindle.

15 18. The system for rinsing and drying a substrate of claim 3, further comprising a
hollow spindle,
wherein the hollow chuck is attached to the hollow spindle, the hollow spindle being
configured to rotate and further configured to rotate the hollow chuck while providing access to
both the active surface and the backside surface at the same time.

20
19. The system for rinsing and drying a substrate of claim 8, wherein the hollow
spindle is configured to rotate and is further configured to rotate the hollow chuck while
providing simultaneous access to both the active surface of the substrate and the backside
surface of the substrate.

25



