H GH THROUGHPUT CHEM CAL MECHANI CAL PCLI SHI NG SYSTEM BACKGROUND Fi el d
of the Invention [Ouni Enbodi ments of the present invention generally

rel ate to wWoehemBswad nechani cal polishing system suit afC&/Usa09/08&33 n

sem conduct or manufacturing. Description of the Related Art [0002]1In

sem conduct or substrate manufacturing, the use of chem cal

nmechani cal polishing, or CWP, has gained favor due to the w despread

l(J|Sg) of da][fanefHIGH %I?EIGWPUTCOHEMP@mDQWECﬁgMFQMr C;J' t
manuf act uri ng oug n abl e syst ens
have denonstrated robust pol' @rt%ﬁgg@omhiww nove to snaller
line widths requiring nore precise fabrication techniques, along with

a continual need for increased throughput and | ower cost of

consumabl egacka@en® ongoing effort for polishing system

| nprovenents. Mbreover, nost conventional polishing systens have

rel ati vel yFieldof i@ Ihivendidn | ity for changes to processing routines,
thereby limting the diversity of processes that may be run through a
si ngl e t odPeO1Thuskmbedimsints netheppresentsinngnticougenasgiinteatedqud clemisal or

cont | qur ac TeaoaRbafiaEtd ftRRh e 18 R Bugtf Blapaumpe
| mproved chem cal rrechanl cal
Description of the Related Art

[0002] In semiconductor substrate manufacturing, the use of chemical
mechanical polishing, or CMP, has gained favor due to the widespread use of
damascene interconnects  structures during integrated circuit  (IC)
manufacturing. Although many commercially available CMP systems have
demonsirated robust polishing performance, the move to smaller line widths
requiring more precise fabrication techniques, along with a continual need for
increased throughput and lower cost of consumables, drives an ongoing effort
for polishing system improvements. Moreover, most conventicnal polishing
systems have relatively limited flexibility for changes to processing routines,
thereby limiting the diversity of processes that may be run through a single tool.
Thus, certain new processing routines may require new or dedicated tools, or
costly downtime for substantial tool configurational changes.

[0003] Therefore, there is a need for an improved chemical mechanical

polishing system.

SUMMARY OF THE INVENTION

[0004] Embodiments of the invention include a system and method for

polishing substrates are provided. In one embodiment, a polishing system is
provided that includes a polishing module, a cleaner and a robot. The robot has
a range of motion sufficient to transfer substrates between the polishing module
and cleaner. The polishing module includes at least two polishing stations, at
least one load cup and al least four polishing heads. Each of the polishing
heads are configured to move independently between the at least two polishing

stations and the at least one load cup.
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the above feqited features of the present

BRIEF DESCRIPTION OF THE DRAWINGS

[0007} So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings.

{o008) Figure 1 is a plan view of one embodiment of a chemical mechanical
polishing system.

[0009] Figure 2 is a partial stde view of the chemical mechanical polishing
system of Figure 1 illustrating one embodiment of a wet robot.

[0010] Figures 3A-B depict vérious embodiments of a polishing station.

[0011] Figure 4 depicts a side view of one embodiment of a conditioning
module.

[0012] Figure 5 depicts a side view of one embodiment of a polishing fluid
delivery arm.

[0013] Figures 6A-B depict one embodiment of a shuttle illustrating motion of
substrates disposed therein.

[0014] Figure 6C is a sectional view of the shuttle of Figure 6A taken along

section line 6C--6C.



i nvention can be understood in detail, a nore particular description
of the invention, briefly summari zed above, may be had by reference

t o enbodi neot2g)9/1i8ae of which are illustrated in the apgandbes/n41133
drawi ngs. [0008]Figure 1 is a plan view of one enbodi nent of a

chem cal mechanical polishing system [0009]Figure 2 is a parti al
side view of the chem cal nechanical polishing systemof Figure 1

il lustratipgi®ine &eigwes nbRB afepict webe r ernbodin]en0 16f] ki gleaeer 3kaBnglean ct

vari ous enbodj necri]tﬁﬁjsgf 12 ﬁ()lfi shing station. [0011]Figure 4 depicts a
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arm that may be practiced in different embodiments of the polishing system.

[0017] It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other equally effective
embodiments.

[0018] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements disclosed in one embodiment may be

beneficially utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0019] Figure 1 is a plan view of one embodiment of a polishing system 100.
The polishing system 100 generally includes a factory interface 102, a cleaner
104 and a polishing module 106. A wet robot 108 is provided to transfer
substrates 170 between the factory interface 102 and the poiishing module 106.
The wet robot 108 may also be configured to transfer substrates between the
poiishing module 106 and the cleaner 104. In one mode of operation, the flow
of substrates, such as semiconductor wafers or other work piece, through the
polishing system 100 is indicated by arrows 160. The flow of the substrates
may be varied through the polishing module 106, some embodiments of which
are discussed further below with reference to Figures 8A-13C.

[0020] The factory interface 102 generally includes a dry robot 110 which is
configured to transfer substrates 170 between one or more cassettes 114 and
one or more transfer platforms 116. In the embodiment depicted in Figure 1,
four substrate storage cassettes 114 are shown. The dry robot 110 generally
has sufficient range of motion to facilitate transfer between the four cassettes
114 and the one or more transfer platforms 116. Optionally, the dry robot 110
may be mounted on a rail or track 112 to position the dry robot 110 laterally
within the factory interface 102, thereby increasing the range of motion of the

dry robot 110 without requiring large or compiex robot linkages. The dry robot



[ 0013] Fi gures 6A-B depict one enbodi nent of a shuttle illustrating
notion of substrates di sposed therein. [0014] Figure 6Cis a

secti onal wpewdaBidshe shuttle of Figure 6A taken al ong psEdiSe@n/oliisse
6C-6C. WD 20091131945PCI YUS2009/ 041133 [ 0015] Fi gures 7A-B depi ct
one enbodi nent of a cl eaner having an overhead substrate transfer
mechani sm [0016] Fi gures 8A-13C depi ct various sequences for
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of the pol f;eﬁlnlljnn%esﬁeta%nbolish substrates to the substrate storage cassettes 114.
Although one substrate transfer platform 116 is shown in the embodiment
depicted in Figure 1, two or more substrate transfer platforms may be provided
so that at least two subsirates may be queued for transfer to the polishing
module 106 by the wet robot 108 at the same time.

[0021] The wet robot 108 generally has sufficient range of motion to transfer
substrates between the transfer platform 116 of the faciory interface 102 and a
load cup 122 disposed on the polishing module 106. In one embodiment, the
wet robot 108 is mounted on a track 120 facilitates linear translation of the wet
robot 108. The track 120 may be mounted to the floor of the facility to isolate
vibrations produced during substrate transfer. Alternatively, the track 120 may
be coupled to at least one of the factory interface 102, the polishing module 106
or the cleaner 104.

[0022] Referring additionally to a paitial side view of the polishing system
100 in Figure 2, the wet robot 108 is configured to have the range of motion
sufficient to retrieve the substrate 170 in a feature-side-up (face-up) orientation
from the transfer platform 116 and place the substrate in either one of the load
cups 122 in a feature-side-down {face-down) orientation. It is contemplated that
any one of a number of robots may be adapted to perform this motion.

[0023] In one embodiment, the wet robot 108 inciudes a linkage 174 coupled
to a wrist assembly 176. The linkage 174 is configured to extend and retract
the wrist assembly 176 relative to a body of the wet robot 108. The wrist
assembly 176 generally includes a first member 188 which couples a first
connector 186 to the linkage 174. A motor {not shown) is provided to rotate first
connector 186 about an axis defined through the first member 188. Second
members 184 extend from each side of the first connector 186. Each of the
second members 184 are coupled to a second connector 182. A motor (not
shown) is provided to rotate the second connector 182 about an axis defined
through the second member 184. In one embodiment, each of the second
connectors 182 may be independently rotated. Generally, the orientation of the
first and second members 188, 184 are perpendicular. An end effector 180

extends from the second connector 182 in orientalion perpendicular to the
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cups 122 and turned on-edge in a vertical orientation during transfer to the
cleaner 104.
[0026] Still referring to both Figures 1-2, the polishing module 106 includes a
plurality of polishing stations 124 on which substrates are polished while
retained in one or more polishing heads 126. The polishing stations 124 may
be sized to interface with one or more polishing heads 126 simultaneously so
that polishing of one or more substrates may occur a single polishing station
124 at the same time. The polishing heads 126 are coupled to a carriage 220
that is mounted to an overhead track 128. The overhead track 128 allows the
carriage 220 to be selectively positioned around the polishing module 106 which
facilitates positioning the polishing heads 126 selectively over the polishing
stations 124 and load cup 122. In the embodiment depicted in Figures 1-2, the
overhead track 128 has a circular configuration {(shown in phantom in Figure 1)
which allows the carriages 220 retaining the polishing heads 126 to be
selectively rotated over and/or clear of the load cups 122 and the polishing
stations 124. It is contemplated that the overhead track 128 may have other

configurations including elliptical, oval, linear or other suitable orientation.

5



110 additionally is configured to receive substrates fromthe cl eaner
104 and return the clean polish substrates to the substrate storage
cassett es WO2000ABt9bDUgh one substrate transfer platfor ®CIAB203/06M3WN
in the enbodi ment depicted in Figure 1, two or nore substrate
transfer platfornms nay be provided so that at |east two substrates
may be queued for transfer to the polishing nodule 106 by the wet
robot 108 [8927] he Alineugh the enbodib)erii et idguneebb? defict ge pelistiing malkile

Sr st or o106 G B B R SIARRS | 44, 121 RbARKESA BT HEC T BBiishing, 5,
Cont SfgsmmﬂiJ??E@agﬁﬁ?imgﬂ@ﬁgmf’?m fm’m?fﬂﬁgm bmm B Lo of
et r ol B ST o P b ens iR A o B ¢ S5t PSR

facility trﬁomeh@ee !Visbaﬂé’é b@rﬁt@w@ﬂa@é@%ﬁ tﬁé’bbﬁ&mﬁlﬂ%ﬁﬁﬁt ﬁ)@t r'hﬁ{]‘fﬁfdﬂfde
Alternatively, the track 120 may be coupled to at |east one of

factory irt il doarhgipt 12 o isesnich @linddineepalbbing: statiens |1@4nor cﬂw

[ 0022] Ref i Y, partial side view of the polishing
system 1 n:] g%lroteé@%aiéﬁ dés(?rear obot 108 is configured to have the

range of rea28pn slnf éne ieatitodimemtethe everhehe twbs‘taﬁatsecdumed o an outer
f eat ure-si,de-u ent at.i on mthe sf er, tfor 16
b bl aee TS 2ot ot il 8 RotEhiRR b IdRE {4 e O it e 8 s el 802
feature- sanh@r BaBNatfl Aveerdennes QOREROAEI®Boupledits LCAGGrerND at B fabiity

any one of u er of robots max be ada ed to performthis notion.
[0023] In (WI BiRerRORPecteddogach iRy ?Rillpﬁﬁi’e'é’”af pndhRYgE fremes

coupl ed t g, mu%u|oﬁ§wmhan515§socmsd wlmkiﬁg@n&%lnér& &R Ichra%QStzzo
extend and retract the wist assembly 176 relative to a body of the

wet robot a®s. suhﬁ;éamnaﬂmsoé@gdrfmw they polighying auiface had,ubersby mﬁnmrzmg
menber ( no? ’ﬂ%t%h c?ﬁol%(q rié{ n%&ul‘fsoﬁ{h‘éféo%r 18R dtBnidi thd fn@é A a@%%%n

not or I'S provi £o rotate Frest connect of

axi s defi metdlouhraougmhinleebése srovigah signifid@nt Sestosalimgnbeers cddentzhaind
from eachgs E of the first connector 186. Each of the second nenbers
184 are c 8 g to a second connector 182. A notor (not shown) is

provi ded '{@2§10t at/ebhsia amgm@bm@@ﬂmtmé lrir&Q fabfPoRaro axch adafchane!
t hrough the secaond penber In one iment, each of the second

connect or 494185 WP e PW@BE@HH@H‘E"P qﬁot%‘f“é‘ﬁ th@ﬁ%’f‘ #10ys npha structural
orientati gierfber B Bbélﬁtm@nﬂa?%% A $ants: thégﬂwcéfpﬁ)rates intricate

per pendi cul ar. An end effector 180 extends fromthe second connector
182 in or Femioyrs l@@fdp@hmir@)narandocqm@on%@bmhdmnﬁ@ronﬁaembwdlm@nbr

(not shomme[%%%%?iﬂpgg\(, tfgmxiégq%gtémgrrﬁ)ré effector 180 on its
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gri pper, §08# as Inthe embodlment depicted in Figure 2, a partial view of the interface

between the overhead track 128 and carriage 220 is shown. The carriage 220
is coupled by a guide 226 to an inner rail 222 and an outer rail 224 of the
overhead track 128. The inner and outer rails 222, 224 are coupled to the outer
frame 204. The inner and outer rails 222, 224 and guide 226 comprise a
precision bearing assembly, such as available from THK Co., Ltd.
CORPORATION, located in Tokyo, Japan.

[0031] Each carriage 220 is controllably positioned along the inner and outer
rails 222, 224 of the overhead track 128 by an actuator 228. The actuator 228
may be in the form of a gear motor, servo motor, linear molor, sawyer motor or
other motion control device suitable for accurately positioning the carriage 220

along the overhead track 128. The carriage 220 is utilized to position the
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an outer [go3sj Optionally, one or more of the carriages 220 may support an
accessory device 240. The accessory device 240 may be a pad metrology unit,
a polishing surface conditioning device, a sensor for detecting the condition of
the polishing sutface 130 or other object, subsirate defect mapping device,
substrate metrology unit, a vacuum for pad cleaning, a slurry or polishing fiuid
delivery nozzle, a camera or video device, a laser, one or more cleaning fluid
jets, a platen assembly lifting fixture or other device. The accessory device 240
may be coupled to the carriage 220 in addition to, or in place of, the polishing
head 126.
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cups 122 an ol'r's ace el n po I'ng
head 126, pblhﬁmhgmtdt:ommﬂtﬂ.ﬁibycbe ptagratedng treupdlatmglr@6dulen 06rie systems
enbodi nmen eac car e 220 includes a linear notor that interfaces
with a maéﬁ‘é’f'g@ ?Fggéic"’?@dﬁl ed to the outer frame 204 havi ng nagnets

arranged [gozsl teﬂﬂﬂaéuCﬁgaﬁOérabehéi@ ﬁé\ﬁr\’ig Q@@hp@?g [df Aggd 2&hsmag2 ben
noved |ndegendent of the other carriages 220 coupled to the

over head PPE2! $&fIng (RPSH]1BA rBRY @r%@ipmﬁo traagiar dgr syhsatebeiween
SUPPOrts Rya3ll APse 420! TR 6RGing robot 136 may be slidebly mounted to a track 138

to increase the range of motion of the staging robot 136. The track 138 may be
linear, as shown, circular or other configuration. The staging robot 136 may
also be configured to flip the substrate for interfacing with a substrate metrology
unit (accessory device 240) when the substrate meirology unit is coupled to one
of the carriages 220 or positioned elsewhere within the range of motion of the
staging robot 136. The flipped substrate may be disposed in one of the load
cups or held by the staging robot 136 while interfacing with the substrate
metrology unit.

[0039] The load cups 122 generally facilitate transfer between the wet robot
108 and the polishing head 126. Embodiments of suitable load cups are
disclosed in, but not limited to, as described in United States Patent Application
Serial No. 09/414,907, filed October 8, 1999; United States Patent Application
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head 126. Exanpl es of suitable polishing heads that may be adapted to
benefit fromthe invention include those sold under the TITAN
trademar k W 2M90B1%E Materials, Inc. It is contenpl at e®@CIHERIBNFHED3
pol i shing heads nay al so be utilized. [0033] The polishing head 126 is
coupled to the carriage 220 by a shaft 232. A notor 234 is coupled to
the carriage 220 and is arranged to controllably rotate the shaft
232, ther ebgrialoiNat i hgf988.64polfilechi Ngvéreber 1126 a00K;s WinitedaStateg OPatent

di sposed t ' ri. r i hg... t ast one of the

pol i shi ng %@%@5@%%@5’[&%@@% fﬁ'%]qgﬁ)%@e@ Zgr? "actuator 236 for
S bt bt o e o
pol i shi ng %é&HgEQ%'nﬂomﬁg&ﬁr &ad a@a‘?ﬁ@{"mﬂhg" ‘gde[lanﬁ‘o Htex éég 1@!@9 at
about 6 p%olr@ﬁmb%‘faﬁacé#g@ l@éjdp%ﬂ%dmp%b&ﬂés%lﬁﬁiot shown in Figure 1)

[ 0035] Optionally, one or nore of the carriages 220 may support an

accessory Wuoh edalpsche PrEshing sydane 1@ dHdeg PHOCREINILE aNpaMhAimeNiogy
unit, a p%é?@h?ﬂn@%ﬁé{?&ﬁ@’?&bhh LG gﬁ\ghgteeneaﬂﬁmgméaq Rkl N9
of the poli

t he condltlo ace or other object, su strate
def ect napilisigind ewidtes analdzxﬂtqchemlmmeﬂhag};camnshmg pramasmfor pad

Vi deo. doviieH 5" | Rigles D" B rattuis. S phe e B Plafen Sa5ElER, Bhr
assenbly Imést beatifized fef upporting ehie gewrm?dslrmeamesfsmqugﬁa«m@@pm

may be coupled to the carriage 220 in nto, or in place of
the pol i sKISRIPhERPIRED. assqm 9@9’?%@@&@@@@2’66@@&'?@%”{%@5} pigh

exanpl e, qReaintbMeroRRfic BbRbe NeRd emkdRiiEn Srewisier 38/ Bls&hHddOm United
States Patent Application No. 09/244,4586, filed February 4, 1999,
[0042) in the embodiment depicted in Figure 3A, a platen assembly 300
supports a dielectric polishing pad 304. The upper surface of the pad 304 forms
the polishing surface 130. The platen assembly 300 is supported on the inner
frame 202 by one or more bearings 312. The platen 302 is coupled by a shaft
306 to a motor 308 that is utilized to rotate the platen assembly 300. The motor
308 may be coupled by a bracket 310 to the inner frame 202. In one
embodiment, the motor 308 is a direct drive motor. It is contemplated that other
motors may be utilized to rotate the shaft 306. In the embodiment depicted in
Figure 3A, the motor 308 is utilized to rotate the platen assembly 300 such that
the pad 304 retained thereon is rotated during processing while the substrate
170 is retained against the polishing surface 130 by the polishing head 126. It
is contemplated, as shown in Figure 1, that the platen assembly 300 may be
large enough to support a polishing pad 304 which will accommeodate polishing
of at least two substrates retained by different polishing heads 126. In one
embodiment, the dielectric polishing pad 304 is greater than 30 inches in
diameter, for example, between about 30 and about 52 inches, such as 42
inches. Even though the dielectric polishing pad 304 may be utilized to polish
two substrates simultaneously, the pad unit area per number of substrate

simultaneously polished thereon is much greater than conventional single



the carriage 220 and replaced with accessory device 240. The
accessory device 240 may be utilized during processing and/or system
cl eani ng, WRAGAY S8IMEr tines. Additionally, since each ®&TASAE/0P2EH
noves i ndependently fromthe other carriages, the accessory device
240 may repl ace one of the polishing heads 126 while the other the
pol i shing heads 126 are utilized for substrate processing with little
or no i rrpa%l#b&’f@t%&%"{'ss atherabyr eligipdt thq Bl |sReties riifagtondw signiigantly

oppostte cOrRATRaR PREe, iR Ay 2080 A bBFEE", 04 cup

122 (two |igeas] cupbutiag aroeeszhngm@vr ivshem dthervésr ndgsiret], tthe pohditddning
nodul e 106_bet we t he h|n statlosl4c sest th wet rabot
108 opt i oRARHY T3p bk BO AFPARH 15 Erkeitoane SoSiBRt Tie e oG RSy
be positi ored Aﬂdhbﬁal@ppﬁ!@hu@flmbes golhveséd HgondHtH c;ll@ﬁu ngFRes$ teMvdrhe
| oad cups 122. Alternativel a second pair of |oa S 122 (al so
shown in dﬂﬁﬁ?'@rﬁ3wh8@°ﬂ'§%ﬁ$ edriace 18@ dé'ﬂf‘@\é’lm@ﬁsﬁ"ﬁe -ﬁ'tﬁ F"§HitW§°” of

modul e 106rt&@&9§¢.a@d tb?ethbg@cﬁlsﬁﬂg Lﬂt%%ethh%’gl mbsmeom rﬁ%@ﬁge RS

the wet robot. ont ti onal stati ons
124 may becqnmoégjhat@atrbnh@rheofpmlismgn@umo@gmsm@ |la16@yﬁt$iasehaf\/|ﬂrr@ a

| arger fo 038 u V,

| oad cupsoéfgéhﬂgn llor%[ ?olnsla Ztt %g’.”?% bgg#t;é){fg 4 ?@%It ?rﬁ@ dodegggérp%g&ehes%q
transfer tdumditiobsigrrabeulbeBresn paiabingdiuid dARenTmedsleatfhgrerdipiited 36
may be sli eny ted to track 138 to increase the range of

noti on of t &g&nﬁe?%?fci 8Y The track 138 may be |inear, as
shown, ci r[ooahpr OFigRicheB depittd SndtBel embodinfont lbRal mgteh%@émbﬁﬁsmym
al so be configured to flip the substrate for interfacing with a

subst r at e 98 PELEEINeMI the serdictive oade apeambly 0323 dasea SHbRad o325
met rol ogy daRbivichedCosRleaf & Oochificile U rC 4I£-9ﬁ%n23@o 6deP 2 gt'mfed

el sewhere wthin the range of notion o e staging ro
flipped sutentioged3avey dirpoded pow@rmmateethefplathe J0gad mupmemsuﬁed:eioby

e 200 SRl AL b P Sk Lyl
t he wet radn(apeﬂt()&sami) aieefor.méd stivongh hiea dodfetivEndyed isae rdrsl mfbp&tllﬁmll e
020, U B e R Por D ey g 35S 4 Baveer
8, 1999; 'éauto%dsaaé esuplati aRtoudPPA ishipt lirN 332 to the electrode 328 and the
conductive layer 324. The conductive layer 324 couples the power source 334
to the substrate 170 disposed on the polishing surface 130. During processing,
a conductive polishing fluid is disposed on the polishing surface 130 by the fluid
delivery arm filling the apertures 330, thereby providing a conductive path
between the electrode 328 and the substrate 170 disposed on the conductive
layer 324. When a potential difference is provided between the conductive
layer 324 and the electrode 328, an electromechanical polishing process is
driven to remove conductive material such as copper, tungsten and the like,
may be performed on the substrate. One example, not by way of limitation of a
conductive pad assembly that may be adapted to benefit from the invention is
described in United States Patent Serial No. 10/455,895, filed June 6, 2003.
[0045] Figure 3C depicts another embodiment of a platen assembly 340
which supports a web of polishing material 342 which defines the polishing
surface 130. The web of polishing material 342 is disposed on the platen 302
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Serial No. 10/988, 647, filed Novenber 15, 2004; United States Patent
Application Serial No. 11/757,193, filed June 1, 2007. [00a] Each

pol i shi ng ¥P2441%424 gener al I y includes a poli shi ng sECTAS009/8¢133 g
conditioning nodule 132 and a polishing fluid delivery nodul e 134.
The polishing surface 130 is supported on a platen assenbly (not

shown in Fi %ure 1) which rotates the polishi é surface 130 duri| ng
processi ngt eW?eBr?es@i?ﬂibd‘P'hﬁM angdife taketyrs iindd6 ufhageolisBiogi realsiipt 462 e

for at c al / n

el ectr ochal%;:;‘éapgmj aglalcag Qﬂe%ﬁﬁﬁggochgggu\—?g%o% @q@uﬂ%e"ﬁ&gol% or
depi ct vart¢aniguendy tianelatesi agro abenséih iy preessia tematveWed
folro supporliql n %h 8I|§ n'ﬂ” i m 8% 130.. Al t hough not ?1 p|Ic ih
her ei n, the p g sée ?'gaseﬁ% |?cﬂjﬁ¥le} r"i‘d58n uo&l‘ét%%f ano er

equi pnent , erabiedinest,athel micbr bferp@traimg andeyiat 8420y ebboﬁumaéu betwedn ch
is described in United Stat i_E Pat e n{e lication No 09/ 244, 456,
filed FeerfQF?/SSZPQ §i¢fera $90 ?M‘Pt{ RePelahing W@Fﬁ”%@&?dﬂ%ﬂ bienfefﬁ'@‘%ﬁ ®

3A, a platgs ;ﬁ&@ﬁ@@byoy&%nwmﬂ%fté vécnﬂlrﬁ'p‘?&h&é&fr@ﬁr' 4 SBkdgm %ﬁr&oﬁso
The upper surface of the forns the polishing surface 130. The

pl at en assBrasof as@@awoga@paﬁﬁe&nmdtmentsmﬁerpiattearaésemblywhl@immayrbe
b 2 6 .
fror e ear'étk%?té)ﬁlzlo -Bléﬁl zegkw $3 |ﬁ\.§en‘fiﬁHp%F§t(§)é/scﬁb§9§er ytﬁgOB.P&'rcﬂjeSly

nmot or 308 I's utl to rotate t en asse

not or 308 Inwpb@teﬂ)dﬂn@d Byatas rateke tApplitation Seeal MNwer 09/24485803iled n
one enbodi h tor 308 is a direct drive notor. It is
contenpl at'e ?%’Xt g?ﬂg notors may be utilized to rotate the shaft

306. In theosenbodFigert 3Depéitiedandthér gbibRdidentt SicanBibh 88knhisly 360
utilized to rotate the platen assenbly 300_such that the pad 304
retai ned t'HEFREHPRYS 6%%@‘ RRlishing rﬁﬁé&ég%m@nm'wé ”ﬂ%@ol.iﬁhm puifacer 70

i's retai negoagakiedd.t Tige Bakéhﬁ{y Mdtetidl é%?% ﬁa%@easbvéhs Pméﬁ 86p periaad

126. It is contenplated, as shown in _gure , | at en
p

assenbly :?oeuwﬁaby r@bS%ﬁ@é takenyghroll 346u mtplaéerp@ﬁasnclngeq)aa Fedragds ch
|1 t

1 CCOTEaEn LT, Sy LEAZE URARR 4 8} Skt Do

pol i shi ng rplet JB4isi cougtashtoethet paver3dhuroe 1384 tth@hathetsehp rlrfg)BSEXéTrml e

bet h E

Che d ol od Mg sRRERRRE, ik i oSS ey o BHIRe 155 lglete”

subst r at esubpadBrangbegidishingsufface 480 is dsffeddel tHulchviuctiie RiyesBeat e
reater than conventi onal

Singl o sababTAREoLSRIES of ABPEFS APoRA ! HRE Ha S TSRV GBS FA o
signi fi cantlpg lﬂét@lﬁdﬁﬂa FidX 30BH Ghat?BR ' 8QRIIE @Q&égedZQQQhe platen
substrates per 3] During processing or  when ot herw se
desired, Preewh cﬁqq {Qﬁmﬁg’i conductive path between the conductive layer 368 and
the electrode 364 when a bias is applied by the power source 334. One
embodiment of a polishing material and platen assembly which may be adapted
to benefit from the invention is described in United States Patent Application
Serial No. 11/695,484, filed April 12, 2007.
[0047} Returning to Figure 1, the polishing surface 130 is configured, in one
embodiment, to accommodaie polishing of at least two substrates
simultaneously thereon. In such an embodiment, the polishing station 124
includes two conditioning modules 132 and two polishing fluid delivery modules
134 which condition and provide polishing fluid to the region of the polishing
surface 130 just prior to interfacing with a respective substrate 170.

Additionally, each of the polishing fluid delivery modules 134 include an arm
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nodul e 132 may be activated to contact and condition the polishing
surface 130. Additionally, polishing fluid is delivered through the
pol i shi ng VPG 1d¥H very nodul e 134 to the polishing sfCTAS003/84133
during processing. The distribution of fluid provided by the
polishing fluid delivery nodule 134 may be selected to control the
di stribution of poLishing}fluLd across the lateral surface of the

pol i shi ng ¥ fificeositiimed) fo providle) indenspdentlit RaPresatgmuned slistributiony of
head 126, b1 A - s b gf L U | i - |
ea 5ORMIHY ARENGH rip@woﬁs@@g s?@.ﬂgc@qms%? et é?ﬂp%_cﬁ?o%liﬁlf)ﬁl(gﬂ)%v e

134 are depicted In Figure 3A sake arit gure
3B depi ct spelishingsiuie isbedpentivelydntedapédiwitn easls entbdtyat8 20ring prawessing.

enbodi nent e c ti nad senbl v 322 Jincl udes..a.subpad .3
sandwi ¢ heerB‘Eeﬂtt’]meeﬁ[bgH% 51 n g%%'? 1i%vce’ﬁléfS fgrﬁé d%ﬁr%a%fd ﬂ‘aen C%ﬁ'@%?'?‘"&% é'%fg’g? Zl%e
el e;:t r odef"Bli’dE] dmdﬂ?&p@_seﬁbolime OTserZiiXdadr?ﬂ@:i ttbethrw arm%”r ﬁ_@éhe ‘Elme% uppies
surface of the. conductjve rer efines the polishing surface
150 A pr RTHPTEE MashisS 138 M, powsB 02 BAVIBS SGaI ASlgFKIERged

conduct i vecd rakReret? thepérfora UbRAJISEP cAQ of MY afh 208! /pbREG Satiiiching
exposed to the polishing surface 130. A power source 334 1s coupled

t hr ough a Rgach4v6.ndf genditiening &lisky 408 irmazdhaatashns toothgueenditioning er

324. Th 1 : I .

stbstrate T A0 o o tEforif GolP 9. MM bt Y EdRiErihd fedd oo

processi ngs cantrolfeduly aveotpodi attuatyr Al Rithtiis cdnfipose do crtatchibe @oini 404 ng
f 130 he fluid deli filling th t 330,

Cher aby prduran 5 BOlstiri & ko ABhe wobrPOnbdendl i s Rodnaam e

subst r at e 40A0cidasgiahe golishind SudauEoBE Wesitarl eA s32dnd MbBst 22008 tudintd Al

di fference is provided between the conductive |ayer 324 and the
el ect r ode 8781216 ine Canditiofipg REAT 496 Etﬂf’?‘?rs‘i’i?%doﬁr%’@éé§ni%“%mr9'ég{‘ the

renove congdmaitionRigRdRl 166 afHoR disk £6BPH ond WRSIdReANthd Rt &8y igmay
(0]

be perforned on the substrate. One exanple, not by way of limtation

L € ay
of a condueeinied palpvadrehasiy 21Raanchisycawlet pthedeensti head 16 yhe

{1 ea Jund e SB50RS Btk SpER| ron S aERI B Andh e R a2

pl at en asdenddigpted do Wienefit Soppoetisventinels afespidbéds i bigiteditSeatical Padat
whi ch defi h L i.shi rfac 0. T of polishin

mat eri al 3%%'?%“031 g%b@?? gﬂ/%%'ﬁé rﬁ?é%‘%ﬁpf%%éen g suppl ygr ol 344
and a takgeup) r ol Theddlevafldicoblel SHdNIRL BEARUOS84BayTBY doRtrolled by an
incr_enent al inzﬁ@eﬁ"eacro‘g_%@the surface of the platen 302 or

cont i nuouéﬁwaﬁ% - atetNaEMBodimend. e ARYAR0S1]1if FRKpPIRR iR asiiidry414.

Al ternati %'ey%ui@élﬁm@c@tﬁplgﬂ"té M RvaTRIoe! | Pihe 3dideBM RBy HeCRBNiidHAUS

belt. In another enbodi nent, the web of polishing material 342 may be

i ndexed bélugeh gk BiGewRichds cenpled intbg Inmevdrams 207 spdhatdhe agiusiar éiBal
342 may b?ne[ EGhiRSdnd %Iémoﬁlcﬁttﬁg %ﬁ1248¥ a%ﬁpllh'ecéédo%bnﬂ{% ﬁeé@ct@%.m A
r roug er 348.

provi ded m a vacuum source 3 h a rotary cou
Enbodi mencsllarf424 ipIpstvideditspretbnt liguidciomepaskiegddiywe e theotobendDP tanfir om

t he i nventj o escribed in,.the eviously, ncorporated United
St o parisPadlh 2185 a8 (o EpbPuindRy, Whe apSiier s RR) Reisteibngaig She
1999. [ 00461t lgeads K13 deping Up4apaioheol weleiarentof he @iskl Aerelarsapbl y
360 whi ch supports a b of polishing material 376 on which_ the

pol i shi ngﬂﬁur&gﬁ'émﬂsﬁ)” %CedéﬁBned.n TN &M RFlvRIPed 18l PeFiHong the

passed ovesnditiohiag Head620D BUE L PofidHIN YuFigkd 1364 aRd 4AKSoHR1BAL!
346. The platen 362 includes an electrode 364 which 1s coupled to a

power soupRgigagsitotiinguyisordigenipg suAgca 320 oA the disk A08r ol dostacd Géthi the
coupled t C 3 r | Lp.r] 2 T .
pol | sihi ngPone e Siess P4, e tholdH BeBthadiE . bbb ndngy s 1B v
di el ect ri 408 @hpeadaIediralaes pdlths lwonditisning dacad148¥6. | Ihdafisknads onayt be

conduct| ngclagiy e(lacrrog’s6 ?He p'A‘oI|%|h|L§1rgas|L'irPe}/ceo1f 30h|%|/ %Se gcrztugf%? r4'[18rw S|Ie3c702n’dit%r;1?ng(.)f
The elevation of the arm 404 above the polish fluid delivery module 134 permits
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enbodi ment, to accommodate polishing of at |east two substrates

si mul t aneously thereon. In such an enbodi nent, the polishing station
124 i ncl ud®¥® 2RI3¥dhdi ti oni ng nmodul es 132 and two pol i FETAF2HPQF1d33
delivery nodul es 134 which condition and provide polishing fluid to
the region of the polishing surface 130 just prior to interfacing
with a respective substrate 170. Additionally, each of the polishing
fluid del i %4d¢RE At d04sthesaby alawing thg hapdd06tie sweep thegidishing $urface

provide in W i j 1 but | i shi Juid
onthe. pol | Spyng B ynBrePA RIS Bpdl SR hhER orBies Sohdforihy
pol i shi ng fnitginaiitys respectively interfaced with each substrate during
processin m Frgur e-4, depi ¢t s one enbadi.nment,. of the copditionj
nodul e 13%.00%& cgﬁ%’f? Poq%pﬁcgs %aﬁ@@eﬁs"'f@oﬁﬂﬁﬁm gid H@EY%QOCHJ]%HE
202. The ctgwli Themolghingdiuic déBry ddifed3a ihauess éQBwBﬁBDQ%a@mgaérm
404 ext ended %anti | evered therefrom The distal end of the arm 404

supports aBbrEHtFEHRHARY I‘féaﬁlle)iﬁﬁ:d Tﬂ?@tﬁﬁ%‘?-t i 1161 1o8vedi 2@ isogoyrled to the
renovabl y ighéafbRe bez thfacenndhd ipNsneag NeRdcd0fBo The is Rk BRGigh f
position, e.g., the sweep, of the conditioning head 406 is controcfed
by a not orregraineleaapbinearm 4¢hef the aonditiogingaaodwe ridRathm adtuatar il 40
across th LShi r i gL C £ Lani A9, to tion
he. ar m 4G100p&d b bl vic Foreibhdl Bodibr O el kA Ak o88F wieC B
mot or 420 dusfageilS0zed tnaybet atteatet ¢o cairdj thecarm§0h eastpiddy efedt of thil sk

408 about an i.s. thro t.he conditigning h .406 and/.or disk 408.
o one_ontalpAEHRUARS TR S e BEN s StenRS mv i
i s coupl edrdne phsing Betivddrone RewdesER ditbtHeybasiipdi® and bel ts (not

shown). One exanple of a conditioning nmodul e which may be adapted to

benefit fAHIL he A ALY R RostsRredrPYded ion thRiareu5et ia eeovitla Beltshing
Appl i cat i amicBaRbiah IR sé&ég%e%@ﬁhez{ﬂgg%ngg%%g%e 430. %ﬁgﬁe dritih&he

el evation of the conditioning head contr ol by an

act uat or 4EQictethinohiguesrboitirae Mmortst398, §68udtderretsilows. doisptoaternplated
gui de 414. i 4 i .10 . ui 4
vay be podities) APrhpdns mebetael fo bR LRI o d FF AR RiB
frame 202 ssdatédB0t Heisaalsoabotemd&edehatceadhr of thehdumligvalt pots why thee

arm 404 and, the .conditionjng head. 406.. A collar 424 is provided to

prevent | iAPGIAFY 88’%@%’“‘?@ PRI Sﬁgre[r@\ﬁépom a&ﬁé’rtﬁ:’é“%%f‘gqoﬁ‘sz‘ifo.

In one emp@déhm@ﬁ[uidttbaha@ouﬁiiﬂ]@ sdASca 30 bFhRoShdtivess dayh e afgulde
0o contro he el evation of the disk 408

heads 406 or arm 404 t . .
otati ve. CHCRRIORAY st P DOtAPEBe PamLTY ANGBERRE: Sfuid Reviderarasioha12
posi ti ons ihdopRNEhE, 508 NG1Hend g%_ﬁitﬁwsﬁ 8ihgoIRPiA hhiﬂgoﬁ]‘jﬁéa&ﬂisﬂ%%

The actuator 418 is actuated to bring a conditio i ng surface 410

t he di sk &odace 130 macke wpptiolaseapdesisi ngne embagdéimesoof arfleidrisiivery420
inparts afohadi j | 408 . |, axi f

t he condi trTIE oni n{g @*ﬂ%é‘%‘%@ t%?%’ll&hg@mrrg% 'E‘Zaﬁ\ﬁ%g’? %lggérgbgeg 'ﬁ ﬁjerﬁteg
pol i shi ng State$ Katert 2@phigationeSaril dlat d1/288B48hiilbd Dxoediter 8n2OES. The

el evation t he ;arm 404. ahpve t he ish fluid delivery nodul 34
perm ts 1k, n0 TRl sbya B uiny prallst et alerShbed Suttts, e
pol i shi ngekutricale adSibtedrereniiealiimastizic ipgReingVi dilirn) Beitaé térashcnsical
whi ch pronotes conditjoning uniformty.. [b‘%SO Figure 5 depicts one
enbodi mentN&sMaRICAGIGlsRing AN el Aiherdluid Brilabl ta peocessing the spbstralilfg
fluid del pMehry pBRMH I {rd U i H?H% i Vi

ext endi ng cant |pl e\(er%a&ﬁcgrgdr oﬂﬁé?ﬁgto flwé%%gfh%éﬁ%ﬁﬁ&%ég eto

i nner fr afid 2ceetindePRmime Pgardlishing dlugsiiofihe goligin@adface $3br Bince

h t (0. f 0] f 1 he, it ani l g .132.
A ot uat biS SRSHES R Rentdly ABER fa it ufET L ReP O R it
arm 504 ouerning tres gioluliaheogs polishiraetwic Sulsstcitatayn kesiagieysadlieling Gusiate g

the arm5 élo,cgormcle es%gllfng %lf %%l’ish%g tﬂﬂ% gc(:)clulrsS pélgt%/esgggha&?bslt?a?e \g/(t.])etri’]lat an
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fluid froma fluid source 512 to the polishing surface 130. In the
enbodi nent depicted in Figure 5, three ports 506, 508, 510 are shown.
It is contWREMRIEH4E hat one or nore ports may be util i ZEd7US300806N3de
polishing fluid to the polishing surface 130. It is also contenpl ated
that each of the plurality of ports may be independently controlled
to provide different anpunts and/or conpositions of polishing fluid
to the pol psphdgedusticacs ep amaung ofbeeiisbing (hidyperg subsiradagudlished is

orientatio aﬂﬁeigﬁ%oméﬂﬁ)n%g%/stt%%amum and/or type of fluid

provi ded throug e ports , 510, the distribution of
pol i shi ng [ebas]d ofptibeallyola shiraly suirdcrzies1380 meyy be ponided! foedirest a

desi red. e _enbodi t .of a. fluid delivery nodul e that be

adapt od t SRR RS TEI Bk, (R iy - HRcr SRR A eanid T Lotise A%
Pat ent Appini oaé i @mb&diiedt, iNe. clbahid@81Gid3solrbd BBDREAIKRE hiyh PPEBure

[ 0052] The pali.shi %fl uid Eour ce 512 may provide an electrolyte

sui t abl e féFoRred MatQrdhrapgadle flogales R tedpmexe pakisiiag bydirpdists grom
slurry suithablofisKifg sGiesd ¢ad. mechani cal polishing and/or other fluid
suitabl e for proceSsing the substrate 170 on the polishing surface
130. The d8#54shi ngetuming ig digwe 15 progesged subsitdes pre cstarngdetedbe doatly

1000/ m f j i flui i i face 130 L nce two

pol i shi ngnbf"fbai ?a%fﬁ“&@?“@y“%gﬂfrégwéﬁﬁﬁ ’g’lr 6%}\?@?@3‘{[18 el rPé%‘r 1??%F? ng

fl :Ji dhdur im@r;emel &, nﬁhemhgmie'railyi inglutiies) assﬂnﬂtl? i’i'ﬂezam:h ofle Sorgbre
olishin urface 1 e aring o olishin upd occurs

lrOeI ati vegeci%qp'%ﬁ%qqig‘%seﬁgﬁ‘ tﬂé‘? Sbﬁ'%@ﬁl"l’”&éd&éﬁ”@ Fi ReehrNISRolfid

of poli shivigch fasiltlates hadtlstt siahe ppeddssbe dub&rdteatrbALthe¥& robot 108 to

conventional systens. [0053]Optionally, a plurality of nozzles 530

may be pr db‘?&@@O{B‘QﬂPF eing rBP@Rs 4447 | ui d onto the polishing surface
130 from godsh ammguﬁegleﬁdcﬁqz:sgtﬁ&%né?e%nbacnrgenﬁofﬁﬁ@gﬂhﬁis%o [T fafi N

fluid source §32 provi des h" pressure deionized water throug
nozzl es 530eqheniseiddd qgidhe sthiviitp 140 e vtlizetistof move the pplidhieshsuizptrates

f 1 I g Fi b .
ourf ace 1300, KRAALTRIUT BRI sho RS RREEL MRS Bl
transfer Iiye weé rotedt 108biota LBBatipdsitncé®apixinidld.thd Rieahleeanar n one
0T ORI R AP 0P B TRl TR A
facilitat esounetinod troagh B08. W PIORFBLE! fBMNSE Babese f:bgplb&h@ aVitlidd B!

ig

108 to the one or nore cl eanping nodul es 144. [o00ss] ures 6A-C
depi ct ond NEnBides Bdftis senirpliakly, pesttienad glonghibet roglgss egylinder 606. The

fixtures 612 are utilized to support the substrate 170 in a substantially vertical
position while being moved between the load and unload positions 602, 604 as
the guide 614 is advanced along the cylinder 606.

[0056] In one embodiment, two fixtures 612 are utilized to support a single
substrate 170. In one embodiment, the fixture 612 includes two disks 616, 618
coupled by a cylinder 620. The cylinder 620 has a diameter much less than the
diameters of the disks 616, 618, thereby creating a slot which receives the edge
of the substrate 170. The pair of fixtures 612 supporting a single substrate may
be coupled to a single guide 614. In another embodiment, two pairs of fixtures
612 supporting two substrates may be coupled to a single guide 614. i is
contemplated that the substrate may be transferred within the shuttle 140

utilizing other suitable mechanisms.
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mechani sm 142 of the shuttle 140 is utilized to nove the polished
substrates 170 returning fromthe polishing nodule 106 froma | oad
posi tion 6W2 299 %Mate the wet robot 108 to a unl oad pdETISEHNIBOU33
proxi mate the cl eaner 104. In one enbodi nent, the transfer mechani sm
142 is a rodless cylinder 606 which is nmounted in a trough 608. A

plurality of fixtures 612 are coupled to a guide 614. The ?w de 614
I

i s control 089y phspPoe cmekpdinenly the droughl| GlSs may| hangelecthady Tiliere with a
fixtures 6 I

subst ant 1 a5 Sooy BLLY Rhlertefos BRI 105, FHORLERhAY etk Fomepsior
and unl oadsypdia fomns§Rando4 Iasening lguatsn‘lal 6o e anhsarat@d?al olmgotdne

cyl i nder 606 005 1L gne e t Wo let res i,zed

tg support rgbg%l Lfl?o@f'ﬁafsng??ﬁ'zep Waf% étr'rﬁ‘o@ Sﬁeﬁ?ne zat??%ﬁ{ 10

i ncl udes tMu:@ssdqs. P be GbRfiGaERtedative teColdshery 1821 rofdte vihilkl brwed
much | ess than the dianeters of the disks 616,

620 h di a
618, ? ﬁe?e’ﬁlﬁ“’g Es'tweﬁg the d9agt angh Ppirad Positigas 60RO Jaershy erbareing that e
170. The papioval offpa;.gﬁlhg%ygﬂrad@a %H'ﬂh@%ﬁfaﬁ%%@ﬁ% SUBRELIA A, MRy be

coupled to a sin gi I n anot her enpbodi nent, two pairs of
fixtures dmsstupplﬁhtt ﬁ\g?lthdhguﬁbs@rvmtm thaytrcwhcamlre@ytbe aorﬁrqﬂgﬁeby

gui de 614. cddcud 51, C Gl BIPLARCEoLGL, LRBARNDR]! AcoTRY, B 16 ANhaT &GS

within the's i ZzI'ng¥o ? Rer s ni'sns.
2009/ 13194b6r0ad lLﬂBﬂ@Ol%tfbeBﬂwe{ DOGH 608.0Mhecsddaxtomeite 682 endy baigbt 08

may be sel ti f|| | ui.d sshownb reference ral
610 The. ralora fomay 18 SuisSia shusr B8 DUETS ctheindas fgtah ae:

| ooseni ng gmt:ﬁra @bsﬁlé@ﬁhéthﬁeélybﬁé ke 630 indldl esteinearhRditidhthat fIORIY
fluid is deionized water. is also contenplated that the fi xtures

612 may be&ouplesithared 639 tea'm@rélrt B¢ tofgstitate eemayal b flkigs dioen thie treugh
bei ng noveghgbet ween the | oad and unl oad positions 602, 604, thereby
enhanci ng the renoval of polishing by-products fromthe surface of

t he subst rease] 170n qrotEglemiwdiaent, ooé of moré FluiddetiG2Ri may he providayhto608

TR B o e SCSh SRR B, PREL RSO R] B 98LBRCR  e
sel ect or \shuitle 682 rlm&hebenﬂmﬂintmtajdmnwd linuiFéuire @0, awbl fluid jeto B22ear@24
I R M PR
port 630 tsided giié Bulbsifhté 970 adhbiffurt @al eepralided thrbubiithd esidRom
trough 608. [0059] 1 n anot her enbodi ment, one or nore fluid jets 622
may be pr 6@@ dig sqirce 624 or other fluid reservoir. it is also contemplated Jrhat air or
other gas may be provided through the jets 622, either while the trough 608 is
filled with a fluid or empty.
[0060] In another embodiment, one or more transducers 626 may be
mounted to or deposed proximate the trough 608. The fransducer 626 may be
energized by a power source 628, thereby directing energy to the surface of the
substrate 170 to enhance the removal of polishing by-products therefrom.
[0061] Returning to Figure 1, the processed substrates are transferred from
the shuttle 140 through of the one or more cleaning modules 144 by an
overhead transfer mechanism (not shown in Figure 1). In the embodiment
depicted in Figure 1, two cleaning modules 144 are shown in an aligned,
parallel arrangement. Each of the cleaning modules 144 generally include one
or more megasonic cleaners, one or more brush boxes, one or more spray jet

boxes and one or more dryers. In the embodiment depicted in Figure 1, each of

15



direct a streamof fluid against the surface of the substrate 170
while in the shuttle 140. In the enbodi nent depicted in Figure 6C
two fluid Y&R3¥43re provided on the side walls of tHETUSIWNA+188B
to direct fluid against opposite sides of the substrate 170. The
fluid may be provided through the jets 622 fromthe fluid source 624
or other fluid reservoir. is also contenplated that air or other

[t 1
gas may bell)§t 616RAIBE PRAYEYH 4¢HiBCiudes agpiegagonin cleansr |1¢6; fwo brigriy koK 08
is filled wddied fdguiadppdy j%ﬂmoﬂule[gﬁfgddﬁ o@é&é%@t el igtRites 198GnQT

nore transducers 626 may be nount e s posed proximate the
t rough 608theTdger tahawuistated 2o aheyizoriabarenjatiaufopyetdeyd yrthe oy tabot

628, there ik ect h o]
enhance. t ne'Q SR HLENRA bt B En Bindk IR HSAd B heidteh

[ 0061] Ret ustoragy tasseitgsirid 41, Onkeepbodisesit df subletniaasodule thabnsivebs ed
fromthe shuttle 140 t ugh of .t he .one or gl eani ng noduyl es 144
by an overﬂéaa%e?rtgﬁ%@gm ﬁr@ghg?ﬁ UNEPHSR 1% t‘?b\wgcﬁAFi g@@ri?yalfaﬁlq E’E—?m
enbodi ment AgeiRidaVieRriak, Ficguscatdd it S&ntalBanil Califgasiyl es 144 are shown
in an aligned, parallel_arrangenent. Each of the cleani ng nodul es 144

gener al | y 1A ude FSVEEDFANBreshediNelyfre ten.digty Rackagnd sige vigws ot or
boxes, one i : r

enbodi mnt o HCa R Dy oF BRbvbflesdN R Ia HBIRR 0P (e MREDer 104 Mgy

i ncl udes amaRgs ollizedcice gheancedthe suwestmtes H 70otrongiuthes motiBlesaot thaay
j et nodul e ang, a [ | ed t i .

J152 are rocffé%ged' tIil g4'a &@'%ﬁf“ﬁi"%%”@m‘@ itbzltﬁhfe@r%s Pjgﬁ gffgtﬁ?é%'%g@ y

robot 110 mbiudés agtair ostrafseddéwcbssTOBt Taberarkidl davices Z0ZpAle Bty N

f th f t t 114. [ t of | eani
modul e t et S EDANELATS o dBRAraS e e /DA hANGS oL DRk A

cl eaner, aygiidiehl ® fatasvARBRbsRAded/BIRY Haht thd Rbuitlel 4@LHR LAvARR the
Clara, California. 100621Figures 7A- D respectively are top, front,

back and SPHEVEH swdsBRteolEC I 8HIGRSh NS MetRseVs: fieaie! #4hendrthe two
mechani smyifh gbx UKL ME" THALNEY FohTBY adifcd b Tégdd r}aﬁg%ﬂ)\é%&ﬁﬁ he

substrates 170 through the nodul es of the cleaner
enmbodi mentsuffigentdogettiexe andaadiancensitisiiatesni 70 frorm theu beshabgpaimodote

transfer i ; fer j e terall

f agger ed Dehfuohdfe spRS b ABSUETBIRE dn 00 I BiBhBnated thpt
not i on suftfansiermbedhanisets ianey sthibs tordigesatibng rhaobe Utilzeghut t 1 e 140 and
advance the retrieved substrate.through at .le .t he, negasoni

o eaner L0BeaRy R STRSTERNE 40 TP Boviod 70 e NGt GG 0 dpat
devi ce 702niaBe delcaligsly pbsitBhédalody e inairenfl 708 Byehhk beatrTdsadyamee
substrates 170 fromthe brush box npdul e 148 through the spray jet

modul e 15GRRRFITRRL Hi8 8FLUREDS 70BtiS aslead ety HEY @i by iRatteppemaptar. It is
T o SRR ek ey B8 U 25 B
the guide 704 over portions of the cleaning module 144.
[0064] A cross member 710 is coupled to the guide 704. Two end effector
assemblies 712 are coupled 1o opposite ends of the cross member 710. The
cross member 710 is coupled to the guide 704 offset from its midpoint so that
each end effector assembly 712 is centrally located above each of the cleaning
modules 144, as illustrated in Figure 7A. The rail 706 may be coupled to a
support frame or structure 720 that suspends the transfer mechanism 700
above the cleaner 104.
[0065] Each end effector assembly 712 includes a first gripper assembly 722

and a second gripper assembly 724 coupled to a vertical support member 732.
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may be selectively positioned along a main rail 706 by an actuat or

708. In one enbodi nent, the actuator 708 is a | ead screw driven by a
st epper noVO2IB1%S cont enpl ated that other types of ZETHBRUOGH1AD

be utilized to selectively position the guide 704 over portions of
t he cl eani ng nodul e 144. 100641A cross menber 710 is coupled to the

gui de 704. _Two end effector assenblies 712 are coupled to o7pposi te
ends of t h&heMEaicaharRat member{S2:0s souriegnipdheoross gasahas B@- « Bache

gui de 704 gicladkbiBy Va4 MAPRIcIdesS, Yiabepsh csngesftgg.fw 786 35! ¥

712 is central I7y | ocat’ed above each of cl eaning nodul es 144, “as
i 11 ustrat eguife 728guthe mAls 7BRearegioupipddorhy viedicabaypmsut membes TiBBorAN

f ¥ i f [ 0 ve
the ol eancro 1! 7EGEEEPARY & SRERPE roRibh 388 ol RS ARLS Thd B 756
first gri pmthﬂﬁbergﬁbper?ﬁ‘fl anay ke eﬂeoﬁdd gndppiacied seldivy td ﬂﬂe;)eapn%rtzad
t tical rt. menber i The vertjcal.su e r.

s coupl ed PBLERESEr JL8 SHanEe FHF nglucpa A PGS rREEE Akt yRAe e

i ncl udes aslgr inpPkich 184 sabstpdte d 700may bai dechiAQ. bh Bp&ratiee, théSirstThdr of
rails 730 are coupled to the vertical support menber 732. An actuator

726 i s pr dPPJEPPSH asepmblies i pogibanad knhsexvicega fant el af eaeh wiraning |
730 so th i r ; ; r i to
(he supporOHDS HileORE sefor PRY ob ol e afid i RehERAoli T SphI
fingers 736bapk enddéfciagh cleasing miodulghi Bor exeenglabthier fist gdmerraspetnbly

a1 . ot \ ’ ol i .
posi 11 oned ot ey B iflzed Riekidvd o Fbhed bl o RE S BUPE Tt s e
segon](cj paie;aofple,h_be @Irtilsﬂipmlx sld:elﬂbﬂtliBe:ﬁ t:‘ls cmaﬁirtg,;c mneglletm_z:s G(Dwéé:me&ir:bb?ck
of each. cl eanin .e. For exanpl e, e firs i pper se
752y DATEPF PSRRI /Pads feples Trinaeh epbet ine bbbl edls Tohe
modul es, fthe dnchefibeor igemblySM DX 1FRRIHE 14&&tidnhthe kBadidgrippstul e
144. Once the first gripper assenbly 722 is retracted to posifion

clear of taf€eHPlsFRhBYE HBBMOR-aABlY RrHeh bay madue 168 dbeaespyd Biippers
{1 ans| at ecskamBRSTEA AR SEERALDILRRA o rﬁ&ﬂ&l@én&?&@ﬁﬁy thd Brush

now enpty brush “box nodul e 148. The second gri pper asse
t hen ext em@&dmoguliedd8i t Tsomhwrersplyssecans GFippen ashemblyugR4 bisxthen

dule 14 i ly,7 i s then
TS, ey B R RR 8RS LR A SR TE Y SHERl? bl 2
assenbl y 7dRanslatedandhanest modulbhesuntxds thedspray jetusddide 160e Ther éyipiyet

dul e 15Q. . Th t d i nmbly 724 i t ended. t
fetrieve CGRNEHPRRITASSETRY 7761 eriended I8 reteverd vashepsnibsile o
ef fector assepibly)eihadile 131enTHd ansglabaedr b@sérﬁﬁlytmmstm@n frahSihted to
gri pper assenbl et nodul e 150, thereby all ow ng

y 73,2 over the spra§ﬁ{2 0,
the brush®@Skabdbe At grippey assainly dRetaver bhaishraydst meguiee 19Qghewbe

transferr t R d b;].?iq.l |
gri pper a?goe\mwhgzﬁg% 0066%%%%5@?%§H5fg%ﬂgh§e or B%{)égﬁﬁrlfgé ?Eée to be

pol i shi ngirapeferied1oéhenon-ssuply speaydst module 156l hysthedirbtagrippee assembly
descri bed7?bong wi th one node of operation for passing substrates

returning fromthe polishing nodul e 106 through the cl eaner 104 on
route to tdees]f actlowyg, ithe esdqpeacdORr lAadidgsthes petiskibgvmodulee 106 with

substrates enteri t he. pol,i ,shi,n dul e be .processed utilizing a
nunber of SYeH (AL BEbe EB‘%_%&W@%H%%”WC{ dens AfEcPrisemale of pppition
cont enpl atddpadiaiy shiestRabd $@lhﬂ9n?)fﬁirﬁ‘ﬁhé—%li@ﬁiﬁy' Aeguieuide GhiBlbh the
flexibility for other sequences to be utilized.
cieaner 104 on route to the factory interface 102. As discussed above, the
substrates entering the polishing module may be processed utilizing a number
of sequences, some of which are illustrated below. It is contemplated that the
polishing system 100 provides sufficient flexibility for other sequences to be

utilized.
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WD 2009/ 131945PCT/ US2009/ 041133 [0067] Fi gures 8A-13C depi ct various
modes of operation of the polishing system 100 descri bed above. The
il lustrati V@Y BN ng sequences are not intended to b@CERBAWSNINEG of
t he possi bl e polishing sequences which nay be beneficially practiced
in the polishing system 100, but nerely illustrative of certain nodes

of operation. [Ooz;sd Fig%r ef A-D il lustrates one enbadi nent of a
pol i shi ng ¥89flenc&9Wes S4st3aidepichyrrigus mpdasneh preration #f the polishing
pol i shing s{abinongo kibcridte abBHbENERe i $ O IRshi b

nodul e 106 having two Sgl i shing stati olﬁJsS%%g‘ﬁé) 'jtmv\%]ﬁga%q?g%géézfg&gﬁé
four pol i shienfedielndee eaBausie Qdhe Fiesaillehpalishinpsequencss pyich sthyobe a

carriage ( b Wi utg i .

sel ectivel 9%%§W%rakﬁﬁpgw®1%§5 gﬁgt}g%qﬁ)&pbeulct:trlﬁg'%l“{/ﬂ%'\%?mf%é’f
pol i shi ng serddin onsiet2d opacitibbad cups 122 as desired. As shown in

Fi gure 8A heads

nd_ot her fol | figures, each of the polishin
126 are de@nglluat eE'W?%ggﬁ%ﬂiﬂﬁtéﬂfgﬁ MGrpRydment 9{]‘3 @‘)g?h"agﬁﬁ yencerar
pol i shi ng ﬁr@lycﬁtﬂisﬂjk’&? AalRtrerRs! gnakebhdishingBsthiodd hps! TAS &dgience is
sequenti al venent of substrates retained in the polishing heads 126
t hr ough th%fgloﬁmegh%g’l RYISHING meduleut ¥& Gavpertwoi eefishing staiorsiad rent
depicted i i kS i : | ne
of "the | oat d (uET1/ ant TBuP BRI e afe ol | Shg ARISHIRGHRAEE 1 Ao
head 2 is $PPRriEdred aoearpapée dndtnshatwnit inohigare 8Apwhickhmay shebstilizdetol 70
t hereon. Pl i Sshing al: 0 itioned to _engage . .
subst r at eségv'\% cﬁﬁb&hg&?@ﬂf stﬁ? rP;bl'gﬁ'aQ ﬁger?v()% F%i J?%%eﬁ%xe‘é’ h%vqro&gr pplishing
corner of gthibonsol 24 hnddpatbelipse] 2D6s deeiredhidlsesHomin BhFiggre 8A Rk &hémng
fluid is prpvided.to the polishing.surfgce 130 with the polijshin
head 126 dRECRYIigeg Serfy L4na S9SNy Jeadsa Tamiare desicristechathwinen
the subst rawbicthisteral 1,3 8t d Wil the pRALhisH sRBioRs 304 heSdediBated A or
pol i shing head 126 may optionally be swept back and forth durin

processi ng? Iadiuskatecieetraypntialanayamert, oft substidiespetiinehd sl pelishing
heads 126 (pigs0mnby ih'réﬂg}l‘neqr‘n@ypél@ﬁingr Bbdle B %#‘ih?hbﬂgra%ﬁt' qR &1%4
due in one enbodi nent By the contirfiuous nature of the track upon

whi ch t he asmbadimget depiciag irs Figbrs 8potietpatiskidg theer dois shp@a rigatied with

pr edet er m i Sy j canriage vin lishi ead 1
secured t hd@?g?fgﬂ‘% éﬂgc%asfgdé @g"gﬁ%&Sﬁ %urp Skr%% tﬁrc}? § Bﬂl%r%%hé%g'sﬁggnﬁaﬁe
pol i shi ng StisathositioAed Asn giudishing nstiiigure t88pollsheansventd 170 paréshi ng
head 1 is cr(%uglﬁdaég m4t he tion of. poljshing heads 2, 3, which
remain in toﬁai P NG pgbtl - %ngpi Bﬂ@t"g'f‘?éiab‘éc? g% Synstipiesi wHbnige
stations Aolighieg stafien BolotaBH MYtHEDEWELIehQOMLTY s bHIBRIRAAAUIBDBS
from polishing SEﬁEﬂI on B to release a polished substrate 170 in the

| oad cup 199891 [ o0 YIDRPISANG: i BOliShiRG, flyidds reqvidashist theosplishingsswtasea

substrat e 189 With the polishing head 126 and polishing surface 130 is rotated while in
contact with the substrate that is rotated by the polishing head 126. The
polishing head 126 may opticnally be swept back and forth during processing.
As indicated by the amrows, the sweep of the polishing heads 126 are only
limited by the area of the polishing station 124, due in one embodiment by the
continuous nature of the track upon which the carriage is adjustably positioned
thereon.
[0070] After a predetermined polishing period, the carriage having polishing
head 1 secured thereto is actuated to position the polishing head 1 in the
polishing station A. As shown in Figure 8B, the movement of polishing head 1

is decoupled from the motion of polishing heads 2, 3, which remain in their
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polished into the enpty | oad cup 122 adjacent the | oad cup 122
containingwthe pol i shed substrate. At Figure 8C, polishiqaihead 4,
now enpty, "REVEE3%S the 1 oad cup 122 retaining the subdiGTA{RIOE+ES
polished so that the substrate nay be | oaded in the polishing head 4.
Pol i shing head 3 noves to the opposite side of the polishing station
B to nake room for the folishin ead 2 heavin olishigg station A

h ) .on
[ 0072] Pol i §35PRE!Yfe RESHORHERY with ghe e %%§?§t£”§i%e8 the golishing
pol i shing ERAILHOB. PblishiHgSheatd At molBe R ipdlkHISy Q%Q)nA'B_tBﬁlﬂléH%'edé ng

a substrate ready to be polished, is ready to nove to polishing
station A Palishergubsisatas 7Oro e loadrugdPe. 8A. [0073] Figures 8A-D
dep ot OneuBPe, ODuARG" B A FECLR: BB B8 | B ASSTE o RLARES S8 dod "
at least t ol i shing stations 1I24." An exenpl ary pol i shi ng process
havi ng sucpolshsddutertbe enmuty dokekcup H22 adipsehiciverigad copl1R2reamahsihg dfie a

conducti ve erial,. such,as. co r or tungsten, on a first polishing
Station foPPBNEH Sysiitiecnfiionnk Biopdferind BEAEa: ndstortvamsBRita ine
| ayer on aloadeo quéithmﬁm@n@m toBdBslishul s6 e tRE sLB&418 may be
processes lg‘éé al so be perforned in this manner. In the configuration

descri bed & in BeRiskinghegdbe P olhings heqbd srpvesdp tom onpedisaside of
pol i shi ng Hkaldiehihg @é‘t[dﬁaﬁ o Fndidr ﬁﬂgﬂw%é’%@ h& quﬁiﬁ&hﬁﬁs

hour. For oxide renfoval processes, out 1 ubstrat es per” hour y
be real i zedtatigrod74] Fi gures 9A-D depi ct anot her enbodi ment of a

olishin enc J. i ol i shi syst em
00, *The g3 Bl HEBY L BEVES TR0 iR &bl e efshg v
of a two- ssftgtinrpBl imhhmgaqiTpd?ﬁolmm@ead?l,erc?rwbetgi‘r? amamrmao_bhaﬁeﬂ
In palrs, 1 1St ,on one shin tatlLon foll.owe .a polishing on a
second pol 1S ROMIEE: 3t TRV J& MeBw PRI, FEIOR A olIahfgs in
and 2 are Fiﬁg@rgmced with load cups 122 to retrieve substrates to be

pol i shed. The polishing heads 3 and 4 are positjioned to process
subst r at ed%978 t heligbrassifiy depist pR MOdet OPEFios UMt e subgiates

pol i shed agg Jreacie@qiiRtA PR B mishﬁ.gdsﬁaﬂons%24.“%%%&85\5&9 BRpfR L
2 are then rotated over polishing station B, as shown in FPgure B.
Wien t he dubegssahavingisiggios eequencedndlytesy pheceds haying shbwlk remopdlelf ed

processin t.shi ads..3 r d n wi fh,the
| oad cups%fggagks\%sW%\?\eﬂgﬁ’n%hgﬁrggcq) @@???ﬁéﬂ%ﬁfﬁh%%%sﬁﬁg??ﬁ%@gé as}%tlon
t r ansf er r ddiidwenhby hee rezidiuad hemgvaleaidsogher ridéort ddatrieadagemen k2 2eadnelr e
they are then .ret ievehg {he wet rohot 108 and noved to the cl eaner
104, The \RSTSBE5lato8s Qi MEGHERIR RN EFGPSSer Ma A be geriormed i
subst r at eghisomBendol irs rRdcéfidubaionodskibeg abdde, WMGLEIENRBpPEEPSIRAN
transferred to the polishing heads 3, 4. The polishing heads 3, 4 are

then trandf@6l BGPIAN 2 BEPRIAR POl Hatign)snay hake A therishest piakays 80
upper 11 0fupeedBeioepholie. iRl dlll AsindRAl heuct0fe diek 976 {URRLRY bl

| oad cups 122 to engage W th the polishi'ng heads 1,” 2 are now
ready to thodnBRymegeriizated substrates fromthe polishing nodul e 106

S R L e e

pol i shi ng vésédfumagebe practiced on the polishing system 100. The polishing sequence
depicted in Figures 9A-D are illustrative of a two-step polishing process wherein
the substrates are polished in pairs, first on one polishing station followed by a
polishing on a second polishing station. As shown in Figure 9A, polishing
heads 1 and 2 are interfaced with load cups 122 to retrieve substrates to be
polished. The polishing heads 3 and 4 are positioned to process substrates in
the polishing station A. Once the substrates 1o be polished are loaded into

polishing heads 1, 2, the polishing heads 1, 2 are then rotated over polishing
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whi ch may be practiced in the polishing nodul e 106. The sequence
depicted in Figures 10A-Dillustrates a sequence in which substrates

are polish S on a single pad prior to renoval )
pol i shi ng % ﬁ 3)%%{)076] In the enbodi nent depicted in Iﬁgureowg,&?s

polishing heads 1, 2 are positioned over the |oad cups 122 to
retrieve substrates 170 to be polished. Polishing. heads 3, 4 are

posi tioned gQugt, Bobl SAbRA lﬁtp@gurg@aA Wﬁeﬁltgﬁgb@?ﬂaf& a&ieddn Ag%hﬂh% -

transfer the substrates to the enp station B.
Fi gure 10B, hegdses, 4th@/es@msn!etaﬂ@éoqeéﬁagn@u!shlngg@aﬁs Biang ‘hewmdtaded o

have been élj:djaz;@%h t@%'tdaﬁﬁn@%ﬁ%@% grun fh ﬁi"gg gsﬂfr ﬁ%g{;ll%h Htsﬁﬁﬁea .

with the | oa own in |gure I ng
4 transfer arlaérqmsfar@de‘doreﬁﬂhfspw@hm hemds 1$e 4l todbe dnquscup22122TWEmrgmﬂzeyshed

substrat es 4Lg,dNeRd BRI LEPHb]Fod 085 GHRP AR ik DEdetyd Bo!

108. The we S a new palr o Sl es’'to
pol i shed i n’obott s deortaﬁpsrabgférs afhrewnﬂw phswbsn'htesubslier pdliebed so then

transferre t he al i.ng, he

then_ move. dReS Fh U PIH B8y AR Tapfierdd & B8 Al B RoSBoT AT,
station A Fﬂ:ﬂishihg)madﬂ Figure tﬁétDtrai‘nefevredgotﬂie émaigi isalipBing 22ationed t o
accept poI| d supstrates, omthe ng he

pr ocgsm ng ¢ %q)fﬂ)ﬁ@t PR ] B F%rﬂleﬁaf cﬁ'ﬁ%’l‘”% c[‘ﬁ@?ﬂii}%l 5ﬁrwg¥ rf'Irff/QQH
depi ct agotth@ror?erdmpdmzenda enflage With ti'&fpdﬁgnlﬁgﬁaﬁﬂﬁﬁ ankhigh af’@iiﬁ%\beeady
racticed in, the nce, depi cted i.n

EI gures 1101 I—TaP?IQEEP %'te ng?g%gﬂ gPrPO\Aﬁ? H’?ﬂro%t OrTEcY¥? Ashed
in pairs omewghinsilsubbtratgs BUsd palithed, 38 spbivalin Figureegmval fromthe

pol i shi ng nodul e 1:06. A ﬁg E‘g gai r Bf | oad cug %22 i.s . utilized in

the corner (85} he JYreSH 3:9 Bigl anaiger ‘6’}5‘58‘%‘7"? I pha REENING 58EUSI68 as
a buffer tenHaag Bepyadtiesd ithe welighrig mEBaest)agrmg sé@nh?&{cek%ﬁlcfeﬁﬁﬂm
in Figure ) ut i lﬁgé%ﬁﬂlﬂst transfer substrates between cups 122 is

not shown i Fgulﬁ?sgu FrleHA %&H%”Q?rmd’f’%{?}? F%Strﬁlﬁ?ﬁPr?Oi‘ﬂ@de’H‘rﬂ?Hﬁrrent

depi cted IanEzlsgmgl@p&a@nopialrembvmrohemd?}:oﬁsm MoBuleposi tioned over the
| oad cups 122 to retri evg %ubstrat es Q.to be polished. Polishing

heads 3, 4[%F8 po¥ theoRBRCYTER ﬁ%‘?'?@ﬂl"ﬁ&'gs'f%f'?%np‘?i‘Sh’T‘Hé’eﬁS?|1sﬁ|EH@

heads 1, 2 bél@dshetor vt e 168 cBHDILS ab @8R EOSSIRNEY Y7 behdNished.
stati on B, in Figure 118. After the substrates retained in

pol i shi ng ﬁ@%@%ﬁnﬁd%éﬁ/é Hechrsiined RvgT pelishinghrisgomdaddhe, palishipg

rotated tonbadst f aaRemibhsiehehd Sasbiaisasto iR e@r&ﬁ‘@%bﬁ@uﬁd"&a .m@ CHBS
122 cl oses the wet robot 1 8, as shown in Figure 110, th

subst r at esSHAINEauIenT 4R aftehinesuhakaies 1eisingdin P‘P\'l?é'nﬂd‘eﬁés ﬁoﬂlf‘@ﬁ%d on
pol i shing géar b@lfbh@d %&Qﬁ%%a’d& luatsratediddtofhgHag WiPind R8dReps shed

substrates (desi

122 as s own in Flgure 10C. The polishing heads 3, 4 transfer the polished
substrates to the load cups 122. The polished substrales are then removed
from the load cups 122 by the wet robot 108. The wet robot 108 then loads a
new pair of substrates to be polished into the load cups 122. The new pair of
substrates is then transferred to the polishing heads 3, 4. The polishing heads
3, 4 then move the new subsirales to be polished to the empty polishing station
A, as shown in Figure 10D, leaving the load cups 122 free to accepi polished
subsirates from the polishing heads 1, 2 when processing is complete at
polishing station B.

[0077] Figures 11A-H depict another embodiment of a polishing sequence

which may be pracliced in the polishing module 106. The sequence depicied in

20



4C) remain in the load cups 122 while the polishing heads 3, 4 rotate
to the |l oad cups 122 adjacent the wet robot 108 to retrieve a new
pair of substrates 170 to be polished while the substrates retained
in polishing heads 1 2 are transferred to polishing station A The
pol i shed sub¥CP¥PA¥%80, 40 are then transferred bet weERTIFARHUFS 122
by the staging robot 136, as shown in Figure 11E. The polished
substrates 30, 40 are eventually renoved fromthe polishing nodul e

106 by th i t
retai med | n oY SR A RS 8 4l i WHth Sppel e pibelo B BRl 125
from pol i shi mgi\r@t mllsblngAUéaqeerTSGmmpf it iengpval frone tist fadlisiing pwduls HioAg

i : 0, 20
are rert in o REPITRR Ul il hS IR ierklied WP LRE g HARY B3 TRLR, -
to the | oad ®éEppesie 1bed@ésxbot He8 st buitdvde enl@dice sydteadzoaghpety Pai r  of

substrates to,fe RPbi %g@?shom%ﬂqﬁél{réq rﬁgh{éaatgﬁrajnsfe? %ﬂsﬂgﬁg% bl new

pair of substrates to ing st |on B,
as shown i n lEdaupe 12258 n(WIﬁhtb\'m U@mﬂﬂ&hﬁdrmﬁmw&s 10, 20 are

transferr ed&;&ys]t heh?ﬂ'égézﬂ&d:rﬁgﬁtdegyua lu‘? Fidife 1R &:HMEQ E{e p01 st the

wet robot 108 where the%/ are even y renove B¢ om 'S |ng
nodul e 106 #Asitienagnevesthe padocuph el 28Hat ielrigve s0bsifatashtrOclodampelished t o

(he vt r obebid ntRQS] FipBaudRA Sl SRIdHn A BRLDEN, STROBLRRRD of @

pol i shi ng sequence whi ch may practice
106. The sefé@ifcd aé‘ﬂ)‘?‘tfféﬂﬁf?rn*hﬁ sg’é?ﬁfé@eslmﬂ@ empwanham% Sﬁﬁ@"e@u@ﬁce in

whi ch subst s@é@smar@reqhss ey tha sQ@étfaﬁesS(@ﬂH%Htu'l B&Ilsﬁmﬁlﬂﬁé’d&? 4Havb east
t hree pO“Shlnﬂgl ﬁtlons 124 prior to renoval fromt ROIS I ng

modul e. [ 00BN gd é?%ﬂﬂ“%‘?ﬂdsd%ﬁ Fedefajed tpiigjaraceml ¢ 9(‘ﬂaids%‘i3ﬁg
hegdts 1t 2 dﬂ@onﬂﬁité Itlﬁmbdd@vjpé 1%@@!0&@@%9%306&210%03& @ﬁcrwrﬁmer-;gure g
substrates she al i shi n osi t1lone
over poli sh%ljw(g assttﬁ? |83ﬁ§ﬁfes\/\'ﬁ Q"EeddﬁPPE?‘PF%J‘%@&&sg§°m@“§?‘égi’)8§’isﬂ9‘5ned
over pol i shompelshiayisetioBB. The pol i shing heads 5, 6 then transfer the
heads. 3, 4 BEshnc A BRERBTR AR Lo o PPishern s Bk eoBan BV e

pol i shi ng h&demain iR trediead cepst 122twidle timvpaliakiaghesds 3, ghota@ tetlatloadh A,

as shown i nctLFlsqgé%]d %’nt lf@%e?%bb?m&g g?é\q a%ewgta 8ubs g@gfﬁ{)ét he

substrates rom I'ng t he
pol i shi ng Heaemdisiyed whl&di‘haﬁdbstltﬁiﬁstrh@lnedvn pelishing heetls &, arg tratsfeireth C

and the po'tbﬁ:fb'hé}gné‘%?aﬁﬁn% %h@%\égé}ﬁg\fﬁu%sﬁ'ﬁﬁs@ 6I ) S%%nlﬁerp%bscfgl’r&g

station B, as shownh in E%g ter t substrates are
exchanged fR&iwees lpad pus Hircly Wiatsiaoing wbotts; ﬁé sher indtigie ME Thehe

pol i shi ng Wﬁd@ub@tr&t@@@(}t uanst %‘/eﬁtbﬁlﬁrﬁ'lé%hfcﬂr% 1he pBlféﬁ Cﬂ? i gur es

station A repea atin he sequence

13A- C depi O8N dbs ¥ t@%bbﬁ%ﬁﬁhwn i wreéﬁFm&lﬁég‘m@m@tes retained

in polishing heads 1, 2 are transferred to the load cups 122 from polishing
station A after completing a two station polishing sequence.

[0080] As shown in Figure 11G, the polished substrates 1C, 2C are left in the
load cups 122 while the polishing heads 1, 2 return to the load cups 122 closest
the wet robot 108 to loads a new pair of substrates 1o be polished. The
polishing heads 1, 2 fransfer the new pair of subsirates io be polished to the
empty polishing station B, as shown in Figure 11H, while the polished
substrates 1C, 2C are fransferred by the staging robot 136 to ihe load cups 122
closest the wet robot 108 where they are eventually removed from the polishing
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whi ch may be practiced in the polishing nodul e 106. The sequence
depicted in Figures 13A-Cillustrates a sequence in which substrates
are polished sequentially through at |east three polishing stations
124 prior to renoval fromthe polishing nodule. [0084]1n the

enmbodi ment  d¥Ri2¥EH Fi gure 13A, polishing head 1 i SCPYEIES oI
over one of the load cups 122 to retrieve substrates 170 to be

pol i shed. Polishing heads 2, 3 are positioned over polishing station
station B

ndpol | shi njoad o8 P BB aPE Shlodm of o B 04 8 ek nown
i n Figure 13AbotTi®&. pol i shing head 6 then transfers a polished

substrate t I rom.the polishin tati.on C, while the
pol i shi ng hg[g@?]g amﬁ%’g@z%? Q%Pécc%rﬁg\gﬁl\-fégg}tgpaimeagpfg lﬂoh%"@ SRAUERFEC and
t he pol i shi nitheady bd praiticd] inthepwishiog ntoduleeB. FhaBtquancd 66}31%1126 ﬁneh g
pol i shi ng stat | . S | n Ei.gur 38. .The | i,shi ng hea
6 then receilﬁdsrgé;én%v%% gldsiq);rsa{[ﬁrasa? %Q‘ﬁ}gﬂ%‘%ﬂbﬁf'%ﬁ‘z‘“&}ﬁaﬁsoﬂ{% 98%%??!15] ?%%d
cups 122, aseqirnlialy hratiohatdeasBred p@BBNWsidtions h2d posreg oemoval fom

f the present invention, other and further

glmr)ggit rergnt gtﬁmﬁﬂgﬁg%’%% on may be devised wi thout departing from

the basic séBpR t hioribefembpgimernt depiciepdn Figuree 2A,i polishibe heddsely 2oaret he

glo?rip ?TISS;[ Egt pb&idrdd. oveliRd 1da® Gpdi 13890 Striede stbdilldsSIYa® B BhgMRa.
Polishing heads 3, 4 are positioned over polishing station A, while polishing
heads 5, 8 are positioned over polishing station B. The polishing heads 5, 6
then transfer the substrates to the empty polishing station C, while the polishing
heads 3, 4 advance 1o the now vacant polishing station B and ihe polishing
heads 1, 2 advance to the now vacant polishing station A, as shown in Figure
12B. The polishing heads 5, 6 then transfer the substrates to the load cups 122
from polishing station C, while the polishing heads 3, 4 advance to the now
vacant polishing station C and the polishing heads 1, 2 advance to the now
vacant polishing station B, as shown in Figure 12C. Afler the polished
substrates are exchanged for to be polished substrates at the load cups 122,
the polishing heads 5, 6 then transfer the substrates to the polishing station A,
repeating the sequence begun at Figure 12 A,
(6083} Figures 18A-C depict another embodiment of a polishing sequence
which may be practiced in the polishing module 108. The sequence depicted in
Figures 13A-C illustrates a sequence in which substrates are polished
sequentially through at least three polishing stations 124 prior o removal from
the polishing module.
[0084] In the embodiment depicted in Figure 13A, polishing head 1 is
posilioned over one of the load cups 122 fo retrieve substrates 170 to be
polished. Polishing heads 2, 3 are positioned over polishing station A, while
polishing heads 4, 5 are positioned over polishing station B and polishing head
6 is positioned over polishing station C, as shown in Figure 13A. The polishing
head 6 then iransfers a polished substrate to the load cup 122 from the
polishing station C, while the polishing head 5 advances 1o the now vacant
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a polishing nodule; a cleaner; and a robot having a range of
nmotion sufficient to transfer substrates between the polishing nodul e
and cl eaner, the polishing nodule conprising: at least two

pol i shi ng stations, wherein the at |east two polishin%,statlons each
have a plat eWOAWHMBHY configured to support a pol i shi Hg/USHEoNEEs

| east one | oad cup; and at |l east four polishing heads, wherein
each of the polishing heads is configured to nove independently

bet ween each I i;Q t ast
one | oad Cup{:&fshﬁmﬂ%za%n (,egﬁé t%na’"ﬁ‘%%? Q+ east %1 ZJEJ%agl‘?ti%s ﬂ%gt %} Z are
coupled to a@k’%@ﬁﬁ@a&smﬁg §iathr At Bak as showmtie ﬁza_ure siBngTireppkliseing f
clanm L. ahegids s CLERICH R RsBAS o be polldiOn B A IRYLES. |
each cl eani ng_nodul e cogpr|3|n a negasonlé) ?eanln

box, a fl ui di4%8S fRRY 8 Figiwe 43@r yer. 3. The pollshlng nndule of clalm

2, wherein tibasc| eamfle GRMBSESSSy is directed to embodiments of the present
invention, other and further embodiments of the invention may be devised
without deparing from the basic scope thereof, and the scope thereof is
determined by the claims that follow.
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a transfer nechani smhaving two pairs of gripper assenblies, wherein
a first pair of the gripper assenblies is positioned to service a
front end of each cleaning nodule and a second pair of the gripper
assenblies is positioned to service a back end of each cl eaning
nodul e. 4. The polishing nodule of claim3 further conprising:
a shuttle configured to nove substrate between the robot and the
transfer nmechani sm 5. The polishing nodule of claim1, wherein
each of said platen assenblies have a sufficient area to accommobdate
si mul taneous interface with two polishing head during polishing. 6.
The polWikshl isgclaimded &s:of claim5, wherein the polish nodul e conprises:
two conditioning nodules and two polishing fluid delivery nodul es
configured to interface with a polishing surface supported on the
pl at enqduri ﬁ%)d?i%hir@fﬂyﬁﬂam cdmpfisip@l | shing system conprising: a
pol i shing nodul e conpri si ng: at least two polishing stations,
wher ei n t headoliplingimedideipol i shing stations each have a platen
assenbl y cogf&é;gHe@:daﬁoo support a polishing pad; at |least two | oad
cups;

a robot having a range of motion sufficient to transfer substrates between the

polishing module and cleaner, the polishing module comprising:

at least two polishing stations, wherein the at least two polishing stations

each have a platen assembly configured to support a polishing pad;
at least one load cup; and
at least four polishing heads, wherein each of the polishing heads is
configured to move independently between each of the at least two polishing
stations and the at least one load cup, and
wherein the at least four polishing heads are coupled to an overhead

circular track .
2. The polishing module of claim 1, wherein the cleaner comprises:
two cleaning modules, each cleaning module comprising a megasonic cleaning

module, a brush box, a fluid jet module and a dryer.

3. The polishing module of claim 2, wherein the cleaner comprises:

a transfer mechanism having two pairs of gripper assemblies, wherein a first pair

of the gripper assemblies is positioned to service a front end of each cleaning module
and a second pair of the gripper assemblies is positioned to service a back end of each

cleaning module.

4. The polishing module of claim 3 further comprising:
a shutfle configured to move substrate between the robot and the transfer

mechanism.
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a plurality of carriers coupled to an overhead circular track

di sposed over the at |east two polishing stations, the carriers

I ndependently rotatable along the overhead track; and at
| east two polishing heads, each polishing head coupled to a
respective one of the carriers, wherein the carriers are configured
to independently position the polishing heads over each of the at

| east t3n0 p%'tejﬂ)'n@ﬁin@trﬁ&&ﬁg%f g&ﬁ’mti‘%ﬁe‘re%eeaa%h d'Sid PRt HQ&gmbﬁes AR a
pol i shi'hg system of €laim 7,” furtheér cofprising: a cl eaner
coupl eduffieidnt areslid abcogmuietd simvitzaeous intbdacd edthewol palishiteshedd during
| east t cl eani ng nodul es, each cl eaning nodul e conprising a
megasolPES¥N@ani ng nodul e, a brush box, a fluid get nodule and a
dryer. 9. The polishing systemof claim@8, further conprising: a
shuttle configured to nove a substrate fromthe |oad cups to the

cl eaneB.  Tbe polighipgimashilengf egisn enwberein Hienpdishmaedule compripes'si ng:

b . _ _ i Lisbi
2nd the ol ook EbRBbANGIREAeS S 118 SHIRBRUTERM B/ GaED ot o
of sai thipifatewithsssiiBhingsuiface sapporfiéd on ¢rd plateraduringapalishingdat e

si mul taneous interface with two polishing heads during polishing. 12.
The polishing systemof claim 7, further conprising: an accessory

devi ce 7couplaashlisRing§skim tHRpAshg! er s.
a polishing module comprising:

at least two polishing stations, wherein the at least fwo polishing stations

each have a platen assembly configured to support a polishing pad;

at least two load cups;

a plurality of carriers coupled to an overhead circular track disposed over
the at least two polishing stations, the carriers independently rotatable along the
overhead track: and

at least two polishing heads, each polishing head coupled to a respective
one of the carriers, wherein the carriers are configured to independently position the
polishing heads over each of the at least two polishing stations and the at least two load

cups.

8. The polishing system of claim 7, further comprising:
a cleaner coupled to the polishing module, wherein the cleaner includes at least
two cleaning modules, each cleaning module comprising a megasonic cleaning module,

a brush box, a fluid get module and a dryer.

9. The polishing system of claim 8, further comprising:

a shuttle configured to move a substrate from the load cups to the cleaner.
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10.  The polishing system of claim 8, further comprising: |
a robot configured to move a substrate between the polishing module and the

cleaner.

11.  The polishing system of claim 7, wherein each of said platen assemblies have a

sufficient area to accommodate simultaneous interface with two polishing heads during

polishing.

12.  The polishing system of claim 7, further comprising:
an accessory device coupled to one of the carriers.
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