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purchased and stored in bulk containers, and are delivered when needed through

appropriate apparatus to the desired point of use. There are several drawbacks to
this conventional approach. In particular, bulk compositions must be produced

20  such that they can be stored in a stable manner for prolonged periods of time prior
to use. As aresult, the effectiveness of conventional multi-component
compositions is sometimes compromised in favor of producing more stable, but
less optimum, combinations of components. Additionally, dynamic changes of
composition chemistry are rarely feasible using pre-mixed multi-component

25  compositions. In particular, it is not possible to change the formulation of the
polishing composition and/or cleaning composition during the polishing or
cleaning process.

Accordingly, a need remains for a method and/or apparatus for providing a

dynamic, integrated polishing and/or cleaning process that enables optimization of

30 the manufacturing of substrates, for example semiconductor devices and memory
or rigid disks. The present invention seeks to provide such a method and
apparatus. These and other advantages of the present invention will be apparent
from the description of the invention provided herein.
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polishing or cleaning composition. The term “point-of-use” refers to the point at
which the composition is applied to the substrate surface (e.g., the polishing pad or

25  the substrate surface itself). The substrates, ingredients of the polishing or
cleaning compositions, polishing or cleaning compositions, and apparatus that can
be used in conjunction with the present invention are discussed below.

Substrate
The present invention can be used in conjunction with any suitable
30 substrate. Suitable substrates comprise, for example, a metal, metal oxide, metal
composite, or mixtures thereof. The substrate can comprise, consist essentially of,
or consist of any suitable metal. Suitable metals include, for example, copper,
aluminum, titanium, tungsten, tantalum, gold, platinum, iridium, ruthenium, and
combinations (e.g., alloys or mixtures) thereof. The substrate also can comprise,
35  consist essentially of, or consist of any suitable metal oxide. Suitable metal oxides
include, for example, alumina, silica, titania, ceria, zirconia, germania, magnesia,
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circuit, or the like. As device features of the semiconductor substrate become
increasingly small, the degree of planarization becomes more critical. A surface
25  of a semiconductor device is considered to be sufficiently planar when the
dimensions of the smallest device features (e.g., device features of 0.25 um or
smaller, such as device features of 0.18 wm or smaller) can be resolved upon the
surface via photolithography. The planarity of the substrate surface also can be
expressed as a measure of the distance between the topographically highest and
30 lowest points on the surface. In the context of semiconductor substrates, the
distance between the high and low points on the surface desirably is less than
about 2000 A, preferably less than about 1500 A, more preferably less than about
500 A, and most preferably less than about 100 A.
The present invention can be used to polish any part of a substrate (e.g., a
35 semiconductor device) at any stage in the production of the substrate. For
example, the present invention can be used to polish a semiconductor device in
conjunction with shallow trench isolation (STI) processing, as set forth, for
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Moreover, the abrasive can be a condensation-polymerized metal oxide, e.g.,
condensation-polymerized silica, as disclosed in the U.S. Patent Application No.
09/440,525. A suitable abrasive also can comprise, consist essentially of, or

25  consist of high-temperature crystalline phases of alumina consisting of gamma,
theta, delta, and alpha alumina, and/or low-temperature phases of alumina
consisting of all non-high temperature crystalline alumina phases. Also suitable
for use in conjunction with the present invention are abrasives prepared in
accordance with U.S. Patent 5,230,833 and various commercially available

30  products, such as the Akzo-Nobel Bindzil 50/80 product and the Nalco 1050, 2327,
and 2329 products, as well as other similar products available from DuPont, Bayer,
Applied Research, Nissan Chemical, and Clariant.

The abrasive can be combined with any suitable carrier (e.g., an aqueous

carrier) to form a “dispersion” (i.e., a “slurry”). Suitable dispersions can have any

35  suitable concentration of abrasive.
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persulfate), peroxides, peroxyacids (e.g., peracetic acid, perbenzoic acid, m-
chloroperbenzoic acid, salts thereof, mixtures thereof, and the like),

25  permanganates, chromates, cerium compounds, ferricyanides (e.g., potassium
ferricyanide), mixtures thereof, and the like. It is also suitable for the
composition used in conjunction with the present invention to contain oxidizing
agents as set forth, for example, in U.S. Patent 6,015,506.

Any suitable catalyst can be used in conjunction with the present invention.

30  Suitable catalysts include metallic catalysts, non-metallic catalysts, and
combinations thereof. The catalyst can be selected from metal compounds that
have multiple oxidation states, such as but not limited to Ag, Co, Cr, Cu, Fe, Mo,
Mn, Nb, Ni, Os, Pd, Ru, Sn, Ti, and V. The term “multiple oxidation states” refers
to an atom and/or compound that has a valence number that is capable of being

35 augmented as the result of a loss of one or more negative charges in the form of
electrons. Iron catalysts include, but are not limited to, inorganic salts of iron,
such as iron (II or III) nitrate, iron (II or III) sulfate, iron (II or III) halides,
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forth, for e)%ql”&lbﬁ: chePatmg or cggr}p exmg;rb‘g | Its? a tsc|> can mcludegfor exampﬁi di-, tri-, or
poly-alcohols (e.g., ethylene glycol, pyrocatechol, pyrogallol, tannic acid, and the
like) and phosphate-containing compounds, e.g., phosphonium salts, and

25  phosphonic acids, as set forth, for example, in U.S. Patent Application No.
09/405,249. Complexing agents can also include amine-containing compounds
(e.g., amino acids, amino alcohols, di-, tri-, and poly-amines, and the like).
Examples of amine-containing compounds include methylamine, dimethylamine,
trimethylamine, ethylamine, diethylamine, triethylamine, ethanolamine,

30 diethanolamine, diethanolamine cocate, triethanolamine, isopropanolamine,
diisopropanolamine, triisopropanolamine, nitrosodiethanolamine, and mixtures
thereof. Suitable amine-containing compounds further include ammonium salts
(e.g., TMAH and quaternary ammonium compounds). The amine-containing
compound also can be any suitable cationic amine-containing compound, such as,

35 for example, hydrogenated amines and quaternary ammonium compounds, that
adsorbs to the silicon nitride layer present on the substrate being polished and
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ke mono-, di-, and tri-salts thereof; phthalates include phthalic acid, as well as mono-
salts (e.g., potassium hydrogen phthalate) and di-salts thereof;, perchlorates include
the corresponding acid (i.e., perchloric acid), as well as salts thereof.
25  Furthermore, the compounds recited herein have been classified for illustrative
purposes; there is no intent to limit the uses of these compounds. As those of skill

in the art will recognize, certain compounds may perform more than one function.
For example, some compounds can function both as a chelating and an oxidizing
agent (e.g., certain ferric nitrates and the like).

30 Any of the components used in conjunction with the present invention can
be provided in the form of a mixture or solution in an appropriate carrier liquid or
solvent (e.g., water or an appropriate organic solvent). Furthermore, as
mentioned, the compounds, alone or in any combination, can be used as a
component of a polishing or cleaning composition. Two or more components then

35  are individually stored and subsequently mixed to form a polishing or cleaning
composition at, or immediately before reaching, the point-of-use. A component
can have any pH appropriate in view of the storage and contemplated end-use, as

7
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substrate). S oAl for example, in U.S. Patent 5,837,662 and U.S. Patent Application No.

09/405,249.

Component Storage
The present invention utilizes at least two, and preferably more than two
25  (e.g., 3 or more, 4 or more, or even 5 or more) storage devices in which the
components of the polishing or cleaning composition are stored until use. Thus,
each storage device contains one component of the polishing or cleaning
composition used to polish the substrate. As previously mentioned, a
“component” of the polishing or cleaning composition, as that term is used herein,
30 can be any single compound or ingredient of the polishing or cleaning
composition, or any combination of more than one such compound or ingredient.
For example, the storage devices used to deliver a polishing or cleaning
composition comprising hydrogen peroxide, a complexing agent, a film forming
agent, and an abrasive could be configured in several ways. One configuration
35  could include one storage device containing hydrogen peroxide, a second storage
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Component Flow Paths

25 - The present invention utilizes one or more flow lines leading from each
storage device to the point-of-use of the polishing slurry (e.g., the platen, the
polishing pad, or the substrate surface). By the term “flow line” is meant a path of
flow from an individual storage container to the point-of-use of the component
stored therein. The one or more flow lines can each lead directly to the point-of-

30 use, or, in the case that more than one flow line is used, two or more of the flow
lines can be combined at any point into a single flow line that leads to the point-
of-use. Furthermore, any of the one or more flow lines (e.g., the individual flow
lines or a combined flow line) can first lead to one or more of the other devices
(e.g., pumping device, measuring device, mixing device, etc.) prior to reaching the

35 point-of-use of the component(s).
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amounts of an abrasive component, a larger flow line for the abrasive component
can be used. The size and shape of each of the flow lines, therefore, can be
different.

25 The flow lines can be made from any suitable material for delivering the
component to the point of use. As those of ordinary skill in the art will appreciate,
the material used will depend, in part, on the particular component delivered
therein. In particular, the flow lines (e.g., the exposed interior surfaces of the flow
lines) must be made from a material that will not react (e.g., soften, dissolve,

30 corrode, harden, etc.) in the presence of the particular component transported
thereby. Preferably, the material used will be compatible with more than one
component of the polishing or cleaning composition (e.g., compatible with all
components of the polishing or cleaning composition). More preferably, the
interior surfaces of the flow lines can comprise a material that facilitates the rapid

35  and/or smooth flow of the components being transported therein. Suitable
materials include various plastics, silicones, metals, metal-alloys, and other
materials known in the art.
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surfaces of doRnldRW déIRRSeFRNHE gﬁiﬁ't-jo%s@ Aieatatiably et cohgminehisabrdet he
rapi d 33 agg{e ) sSImot h .flowdof. t he. orrgg,neﬁts bei ﬁ% traa%ﬁg{tedntgggerei n.
Sur t abl 45 meeHVFEAdo AR REASYIS RRtiockeLY: Mogrerigns [ gaEd Hhwerer

net al - al | oysielisa@das kies poinpofuscapesiddivaliy, asintaieatelr or qUBi-Bach biix8@lhd
PCT/ US01/ 110 Conponen | o i ent: 1 avent | bly
utilizes onéi%gyewgcﬁﬁ%b@tggl 5@%&%}%83‘[1 et%-%ﬁstér%l(’)(]%ﬁ? E%né FH(;GW 0 @ﬁgf_sg_éﬁ{p%nent
from the st goinfeofdeseiare equallyrepppesinhusing this eystem;es instegey Y peoyiding apEg par t

of the stor ' | f4 ewiR@ablis & om t he
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valves can allow one way flow or two-way flow and can be of any suitable valve
type known in the art.

Pumping Device
The delivery of the components of the polishing slurry from the storage

25  containers to the point-of-use can be carried out without a pumping device, for
example, by using a gravity-feed mechanism of delivery (e.g., by placing the
storage tanks higher than the point-of-use). However, the present invention
preferably utilizes at least one pumping device to facilitate the transport of the
components from the storage containers to the point-of-use via the flow lines.

30  Any suitable pumping device can be used, for example, a diaphragm pump, a
vacuum pump (e.g., to evacuate the system and “pull” the components from the
storage tanks through the flow lines), an air pump (e.g., to pressurize the system or
to drive a Ventura flow mechanism), a peristaltic pump, an impeller or fluid-
turbine type pump, a hydraulic pump (e.g., piston or other device designed to

35  create and/or maintain pressure in the system), or other suitable pumping devices
known in the art. The pumping device can be provided as a separate element or
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manual |y, or, preferably, are connected to the control device (described
below) (e.g., via electrical or electronechanical connections), which

al l ows t ve0oDl/o8140 val ves to be operated centrally or everCruSa@wmEbdiccal |y.
Thus, the system can be operated so as to provide the conponents to the
poi nt - of -use continuously, or by interrupting the flow periodically. For
exanpl e, the conponents can be continuously delivered to a Xi.ng devi ce,
wher ef r om t heawrbg parteswpe AEMose gXisting élﬁmeﬁﬁo dor gxgrapley a ﬁ@aag%aet"ﬁf&

poi nt - of - use oMy h@fn%aé M%h)br atﬂi*@ssﬁﬁﬁapﬁéfatgé coafaiee (d.b., dghréseariad tank ar m xi ng
device perio erefro

onents are o the
poi nt - of - use%ﬁﬁ?‘?@di’%ﬁr‘ﬂe ago ﬁ‘ gorﬁﬁft' g‘h"l L?acé)ﬁnri?gf]&ﬁﬁoﬁﬁxfp Rgﬁﬂﬁg"%
del i very prockeging@dngsositidneandad puepimgtdevits. Metﬁnmerﬂmg)rtshat mmmmems to
the point-of- yse.are eg al | t hi ol
provi di ng” any?* ﬁg %Ploﬁ%ﬂjg c‘#‘etfn mmcl)%’%eﬁgé d]ilﬁroge ﬁéﬁ%ﬁ% 6@@&% us e
as a conti nucolﬂmcerand,@rlarsewaumlmnpmgdWlCQ\AﬁErr@phC@W@%@ﬁbonents are mxed at
t he point-of-use. The flow valves can allow one way flow or two-way fl ow

and can be of any @d#g&ﬁ}%hFMé?ér type known in the art. Punping Devi ce The
delivery of the conponents of t @é{lﬂ slurr fromthe stora
r

containers to the Td@lHﬁ?Sf‘éme%tl%Hr a8 6‘11]{3 $HioPA GG AF 1(1.]‘ VI ce,
for —exanpl e debiteds coiral tBe aiotit éfadh gempané:sfe.af tocmimtmaathe tato@f, by

b esent MllvefigiiebeurBrmry) Lotvind Bk SoBRebg v Y mdBUE lovipde
facilitate thenbeassptrmeafure the conmqnemtemm@vfdﬂlaﬂ’y,tdresewr@}@g@sué@ﬁt®lVW@Bs to
the point-of - é%%e\ﬁ'sgd if‘hgpa lsfﬁglel Iln@fs%lnng(zlem féf‘ée{cﬁti‘:loﬁ'tp%ﬂ% ng, geMtisetsLan be

used, for exa cuum unﬁ to evacuate the
system and " puielof nare rmﬁnw@md@@cer&@ﬁdtfweietmmgé ?&W@Bﬁ‘l’ﬁf@ﬁ]@h the flow

lines), an aid, t(‘t?eng% deltRr®d, %&ﬁﬁa?—a&ui%édfﬁp@@ﬁe atafe Mlehdi@ing Vent ura
fl ow mechani s eristaltic punp, BE %l er or fluid- turcpl ng type

punp, a Rydr afl‘?IVlC@ Bﬁﬂ?ﬁe’(@m@“g %Bla&%lﬁt angt 1 OOt TR e A create
and/ or mai nt abfa] PMEEELGRsTRY ()€, S sbelbnerns canbizked) qnm\aﬁdadatthﬂpong ~afevi ces
known in the art. The punping devi ce can be provi ded as a separate el enent

or 11 WD 01/%8819 PCT/US01/11026 can be part of one or more existing
el ements. For exarfieemeasusingrdagiee dieed neconfunepion svityths presenbimventien can

g;?i Z u ;!s z gg . ﬁt}eognggsﬁlt%)l@tngéa@ﬁﬁné ?e\ﬂce kﬁo@n% %?E%{dr% eldorte%ﬁﬁlﬁ th@x%'ebéﬁ‘?ﬂk can
cl eani ng 28onyslssiaeicen b&mjc%iltqammrngr efsoblyea flpwrmplier ﬁf@iﬁéw %q]ﬁ’etplﬁ F"é@é‘m of
i nvention component flowing through the flow lines can be calculated. Any suitable flow
meter known in the art may be used, such as flywheel and rotor type flow meters.
Non-contacting flow meters are preferred for measuring the flow of components
that might corrode or wear a contacting flow meter (e.g., abrasive components).
25  Such non-contacting flow meters include electromagnetic flow meters, ultrasonic
flow meters, thermal dispersion flow meters, vortex shedding meters, rotameters

with Hall effect electronic transducers, and coriolis mass flow meters.

Component Mixing
The components of the polishing or cleaning composition can be delivered
30 to the point-of-use independently (e.g., the components are delivered to the
substrate surface whereupon the components are mixed during the polishing
process), or the components can be combined immediately before delivery to the
point-of-use. Components are combined “immediately before delivery to the
point-of-use” if they are combined less than 10 seconds prior to reaching the
35  point-of-use, preferably less than 5 seconds prior to reaching the point-of-use,
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5 can utilize nore than one punping device (e.g., nore than one type of
punpi ng device and/or a separate punping device for each conponent).
ConmponentwO/Bt/aing The present invention preferably utilipepust/liexwst one
nmetering or neasuring device to control the anobunt of each conponent (e.g,
to control the ratio of 10 individual conponents) provided to the

poi nt-of -use. A single neasuring device can be used to neasure the
conponent s i mare ipefatably less theaereapndpaeripiraerhing/ the@oint OANSHOTEIERY (e.g., a

si ngl e measur, irﬁ@ltzﬂﬁ&h&ﬁ) &erdeﬁa&@} o?%@é&ﬁ;%ﬁﬂents‘d@ﬂ%’ﬁ@ht—@ﬂué@(e £N@eor nore
measuri ng deV| ces used for detefmnin unt ‘of _each nent being
del i ver ed, tt‘?@mé’ﬁﬂ‘é}?t&?{?sc%’émn%%ﬁtpﬁ @Be%e@eﬁ%‘%@eﬁj@marrﬁﬁoﬁ’%q%gw ce for
det er {n n:c ngl tRAnRERWY b@forél a¥livend t@fhermﬁﬂ-&amg fethe g arcacvailsined véthin Hnal
amount of _sl urr ts c ne I t-of -
use. The ﬁeaé’éﬂ%ﬁgﬁlﬂ&}f%e ﬁ‘écg’dasi‘ﬁr%@z‘}rﬂ]]ﬁln RO }Pﬁﬁﬁgér g‘%g‘s‘&%lhh?vcgﬁlt :PonO
can be any shapaht-efuw@g;thmel/cme)ﬂth@pmntnfum art. For exanple, the
measuring 20 dev'\?ﬁ 1 & Blemt rgﬁ? ICB oflénts Efe ({]o‘?ﬁ@?&\y,\;nil@r €O|IQXY;1-H§%; g from
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0 onen a rro or wear
a cont actlPng the ﬂWﬁWércalé&ﬁ mtoa?ol?%?@]“%gg f‘?@ﬂ%tgtf th@z%gfgﬁ@ﬂ f’%ct i ng
flow meters lrﬂ@ﬂeﬂ@h@&cﬁﬁpcﬁmn@ﬁy mlfajbwnmngdemwbm Bsosddc Fcfrle&mmphi, ers,
thermal di spzﬁm on vor

ddi
ol | et ect | NSERRBRIEVIE SRS e eabeie SRR alfel PieSERp rbOheTFIAL S T
Conponent M xhrgghivéhiclotwooembose of the lvenpohenth lﬂng/ oﬁlt@h@iamlﬁgh@mm tion

can be deli Vecfe@%e 2R kS cﬁo@?ah?e%i 1ihe ﬂ'{l)mﬂg%ebﬂg &8 ol dhe(d? more lltﬂla% by

corrponents are Ivere ate SUI’ ereu on aht%SCO_I'T]:)OI'IGI’]'[S

are m xedSdurwiigh te opslore ntpmgonq;m)@%@lgpo lighing ﬁ]ém%}’(ﬂ?’fﬁ d&8hbi ned

i mredi at el y hahiok fadfddeV@ilét HRoEALwhRA (RS nﬁiedj@&np&mwmé nfiker eI ned
"I medi ately dgiwore del i ver combi.ned

| ess than 10 ghisddo Hhe Eﬂm‘f\f%% P%Eﬁh?éﬁl{eﬁéy%"ﬁ(ﬁh‘# ?’mﬁ%té O?r K BeAPREEARS, | ess
than 5 seconds, gprvha)bné or meachowdiriche athetmofe, Hsemixid® dWNOcO tdiv 68hPrise

POl US0L/ L1020 s TRLCRE SLiRR! dhcheRRnbiA I SHIGNT oRE LAL: 4 £5QEDMA0 the

poi nt of use,™YF i Ver Aponent s at
t he poi n0of -amslet (vmegem twher more components are combined in each chamber Ifa

container-type mixing device is used, the mixing device preferably comprises a
mixing mechanism to further facilitate the combination of the components.
Mixing mechanisms are generally known in the art and include stirrers, blenders,
agitators, paddled baffles, gas sparger systems, vibrators, etc.

25 Process Sensors .

The present invention preferably utilizes sensors for monitoring the
parameters of the polishing process. Examples of such sensors include pH
sensors, flow monitors, temperature sensors, pressure sensors, speed sensors,
infrared spectroscopy, fluorescence spectroscopy, and endpoint detection sensors,

30  of various types known in the art. The present invention preferably utilizes at
least one flow monitor capable of monitoring the flow of each component
delivered to the point-of-use, more preferably a separate flow monitor for each
component. The present invention also preferably utilizes sensors to allow the
dynamic (e.g., real-time) monitoring of, and, thus, the dynamic control over, the

35  substrate surface and the polishing or cleaning solution being used. In this way,
higher polishing performance can be achieved by detecting changes in the
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conponents are conbined at a di spenser). Conponents al so are conbi ned
"imedi ately before delivery to the point-of-use" if they are conbi ned

Wi thin 5woBlod814 he poi nt-of-use, such as within 1 m of tpeT/psivit1ozf - use or
even within 10 cmof the point-of-use (e.g., within 1 cmof the point of
use). Wihen two or nore of the conponents are conbined prior to reaching the
poi nt - of -use, the conponents can be conbined in the flow line and _&gqlli vered
to the poi npelifhing er vicenivgtcondisions as thie progrsx Prageeds (e, oAl MapARdisaNg one

or nmore of 10,4 Q&g‘gilfcu]tl ?\2’)@ ﬂdﬂlﬁﬁlf&ﬁﬂ%}f)(??%g R oBesBrddches fR\endepdifk (eac] dndt at e

t he conbination o \O Of nore conponent s. A]\g(g/i Sui tzbl e mxin
devi ce can b@outdatection teaeheeaPPremate PN dsntil O FXARPLe: SEISIRCHBE | et
(e.9., at hi ?F!lef&ﬁ%lfelwh@ ﬂﬁl?l;ﬂéslg 0 ﬂ}[ej fibjtratt b @nlﬁébamkﬂexébﬂ(m&g.,orsﬁ[gmadiqbﬁont hte
conponen OW. rnat i ) €. MXi,n evi ai ner-type
m xi ng degi céaséﬁﬁﬁﬂﬁggf‘ﬁﬁ’ec%ge%ﬁon Viger I AEFEmIS af%l%l\%g‘?g%ﬁ[%@ gf@ltrc}or e
conponent s ofpolikieingot ckhhing cempositioar(e.gi,fyrwihgeld seusor$edetesteshangesia at
| east one outjet.thro i i . Nenin i hser to be
del i vered tot?%%lcélgﬁn%gggm%?%&éeegﬁ Ré’?élﬁaﬁwﬁ%ﬁ% or \%isg&ot%aﬁ;&ér@ %'Iméy nts of the
apparatus  ( detpcting azhemge irtherevment o pn Hessplaten ot CRBFSTSI S THESH xi ng
device can CORR/) ABteclBfobOROREAESIdCAARY of HRMBKINBERY vat | east

a ¢

one inlet an | east on O outlet erei.n_two. or re conponents are
conbi ned1Pn @moé%ﬁﬁé&uﬂﬂgfthﬁCu@%ﬁtfyf"\igg}r%%@er?@?%g)gevi ce is used, the
m xi ng device preferably conprises a mxing nmechanismto further
facilitate the comdympdreanD¥pehtee conponents. M Xxing nechanisns are

general ly known in,the art.and.incl.ude i Si: =Tol

paddl ed baffl es, SQ?F&B%B}VG hop ¥ ?esxﬁ%géraé{ glﬁesc?lsg‘ltng&gg‘éﬁﬂ}%lgfgg{?ﬁ%%%r s
The present iarseqientiallpdispensesione or indre esmpenends Somuthe A tives orfo thee

par anet ers OloqiiBfind Qi1 %p{h%%ﬁﬁﬁratgéﬂ'me% 8 p K SERHOUSsihll ude pH
sensors, fIO\B_m)nl ors, grature sensors, pressure sensors, .Speed
sensors, 15i nfdisnesserspa derseddpym Which p sBgkncanrgiest P‘b@o‘ﬂi}?bl&ﬁ@mgﬂgpoi nt

detection sengpiinesR o?ithe/pélishitss ndsisclkR@ycdriipdditordr dan bEdspenes®nt
i nvention preferabl ;t%lﬁi zes at east on

y I ‘f flow r:%ani tor..ca agrlfoﬁf
moni tori ng t HElETRaRY S PEESEPBeN cagdtive magie £y, gpe CBEI? t%0f 2Use, nore
preferably a wkpRIa €orhp@wnidst thepofishingandior dearing entpodikienpares ent
i nvention al so,preferably utilizes | nplrgf' . 9.,
real -tine) rrdﬂii%)P&Pfiﬂ&?Yoﬁil?éP%H?S‘? (?'glﬂ gﬁgp ﬁgé%%gor%aeg L@g%%lpg?elgzer : ét:rﬁsé@%
subst r at 0surticxeyegribe ptegelpidhi'@hiomgltdlze%mwthag Ogé!dllﬂpﬁ@ﬁ*ﬁf BEIm Qa@s%. I n
this way, h'\glli'i?g RPN RELREH SR SFRRGE SRdNYPOnRARI BN B dipedSI® FHdrng
changes in the . e . .
example, two or more dispensers can be utilized, each delivering slightly or
completely different components or combinations of components simultaneously
or sequentially to the same polishing surface. More preferably, each of these
25  dispensers can be controlled independently (e.g., the rate of flow of each can be

independently controlled).

Polishing Station
The apparatus of the present invention preferably comprises at least one
polishing station, preferably two or more polishing stations (e.g., four or more
30 polishing stations).
The present invention preferably utilizes more than one polishing station
(i.e., polishing tool) such that each polishing station has any combination of
dispensers. The polishing stations can be controlled in parallel (e.g., the same
parameters provided for each polishing station) or the polishing stations can be
35  controlled independently (e.g., different parameters provided for each station).
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WO 01/76819 PCT/ US01/ 11026 polishing or cleaning conditions as the process
proceeds (e.g., to elimnate dishing and within die non-uniformty) or as
t he procevgorasthes the end-point (e.g., end- point detecpCDuSt18250i eve
appropriate polishing depth). For exanple, sensors can determne the
thickness of the substrate or any part thereof (e. g , using radiation, 5

| aser, & pe detection devices), determ n %e in the pH of

t he poI | Shl @u%rotﬁwlﬁga Hueqysiation sysiga c@‘ldsﬂﬁu hlﬂl—? SEfctia y det ect
changes in bmlaéf&n%&fshh@&y@@ﬁﬁwsm elifitih; shiangopaiistatish, ahd a

substrate (e t f I
or carri er(dF?e@%lIWSFag 0o Itﬁgﬂﬁﬁ%}éﬁg%tfﬂlﬁsa eeér%%]il %venbpg@?% EFY praten
conduct i vi t y aléwt fier the Idshvayefeehﬁerent/pdlshmgabrademmgsompasmm tgeache

current fLow throug

i nvent i on ut Pf’f h?%lpia§#a%h61%g%2§)gﬁtser %ﬁ&h S| rru ;Ssgl%leoo%%tﬂéresem
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cl eani ngl g N @5@@%’%.PﬁﬁéfﬂaﬁBE‘Pﬁ%F%Pgﬁns%J%?eo&s‘?e&’D@‘a@ﬁ‘ &%@g{eﬂ%;er f or
each Corrponeldtu)mgIﬂﬁee;ﬁcﬂtshbigyprozésshomever the present invention util | zes

Fati o5 of components LURCISIRARE Bl caltBe e b Bl ORI BEHARY: 2L cer s
can be utili zmd:ntleac?k'n daticular; thg polishing pgd ean bwmre%wl WOIV%% £an

components Ok, 19%1@ epeafyﬁl%Sdéﬂditymmbmhmgequentlal ly to
t he sane §O|IS ng S ace pre erab each of ,these ensers
can be cé trépmﬁesﬁhbd@ﬁeﬂ?} FM‘IOyre QU HPWWQFFI% apﬁiawr@fesgggﬁn iﬁu%e

: 2 Sgﬁtelng ﬁnlto Ir g{}ﬁ%&;@ﬁh@dﬁ us&®id @c{ﬂJ;ng:uS?ammeBniesenﬁmemmpmferahlg Ipsasent
er.a cO e 0 t bl
two or mor e, derTiGHR e B 88 ey Shpeth Tgrdit BRI LAT R I8 one)
T_he present i(aggabourd(poey, erthiokyesaboif bi Ees: aboued.Thamdee., @bbufsfh'i sIaL i on
% shons ool ol 3l 0GR Rl iiatis! b0y AR @1 1aeTb nat | on

of d| spense e con ed 1n parallel (e.g.,
the same20parboeit25% (le @olumsg (¢-8r, 28l poaftes ﬁpﬁ]@r@ﬁl@{ﬂla@ﬁ?o‘&rf Iea, gad ?‘ghl gg

stations can Bfipression modulus of at least about 1000 kPa. Examples of suitable polymers
include polyurethanes, polymelamines, polyethylenes, polyesters, polysulfones,
polyvinyl acetates, polyacrylic acids, polyacrylamides, polyvinylchlorides,
polyvinylfluorides, polycarbonates, polyamides, polyethers, polystyrenes,

25  polypropylenes, nylons, fluorinated hydrocarbons, and the like, and mixtures,
copolymers, and grafts thereof. Preferably, the polishing pad comprises a
polyurethane polishing surface. The polishing pad and/or surface can be formed
from such materials using suitable techniques recognized in the art, for example,
using thermal sintering techniques. Futhermore, the polishing pad formed from

30  such materials can be substantially porous (i.e, having open or closed pores) or
substantially non-porous. Porous pads preferably have a pore diameter of about 1-
1000 um and a pore volume of about 15-70%. The polishing pad and/or surface
also can be perforated or unperforated to any degree. Preferably, the polishing
pad comprises a perforated polishing surface.

35 The polishing surface of the polishing pad can comprise a multiplicity of
cavities which can include and/or be in addition to any pores or perforations as
previously described. Cavities include recesses or indentations in the surface of
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35 controlled independently (e.g., different paraneters provided for each
station). 14 WO 01/76819 PCT/US01/11026 Thus, for exanple, a
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Exanpl es of ?cj)i)g%fqlceﬂ 4%5 11’5 rﬁ%tﬂﬁéﬁﬁ? | iAo, R oMM deS .

pol yet hyl ene po yvinyl acetates, polyacrylic
aci ds, pd)ﬁyad:]nqrb@[fm des, poI yV| nyI chl ori des, polyvinylfluori des

pol ycar bonat es, éﬁéﬁﬂ]éfé alcxﬁwl%ﬁse PRk BEMECD 9§rt1c1?& @obywiteinythenes,

nyl ons, fluorinate and res ynmers,

f and 64 e I|k tCP

and grafts tmpeHsyng SP’E é‘Fee‘P tBF’)PO 1shRE Bat-io% thevP EQ&P% (fa\nseessugs WHTPur et hane
pol |h shi ng sulrﬁe@c‘(ff ﬁX-EHlewwéSﬂjﬂrﬁgeﬁaﬂlXaﬁd}f)ﬂSIVSlpbhahlﬁg@adS eldderpads havingm
such materia u5|n e .t echni

exanpl e, usi é?ag;ﬁ?legp PRty 1et%°gﬁﬁ&1§u§gﬁg€bfﬁg# OﬂSﬁlﬁgtp% Hh"B’c}{( A ng pad
formed fpom 30 asslheehverﬂﬂﬁderad:esaman réren, s itlse Bke maabrgﬁmtb@% gvie.bgenhavi ng open
or cl osed por. K phefRlighhy have
2 poro ai anet St iR ARR0BR K B LEO PRI CHIIRSY The
pol i shing pa@aénﬂiChr&szﬂrfea@@ple aflbrous batt impregnated with an a raswe-contammg

polyurethane dispersion. Fixed abrasive pads can eliminate the need for providing

an abrasive component in the polishing or cleaning composition.

25 System Control
The present invention preferably utilizes a control device whereby the

parameters of the delivery process can be centrally or automatically controlled.
Examples of parameters that can be controlled by such a device include the flow
rate of the components, the combination rate of the components, the rate of

30  delivery of any one or more components (alone or in combination) to the polishing
station (e.g., the ratio of components), the pH of the composition delivered to the
point-of-use, the temperature of any of the components or the slurry at the point-
of-use, the pressure of the system, and the speed and direction of rotation of the
platen and/or carrier.

35 _ Preferably, the control device comprises an integrated circuit (e.g., 2
dedicated or external microprocessor) that communicates with one or more other
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al so can be perforated or unperforated to any degree. Preferably, the
polishing pad conprises a perforated polishing surface. 35 The poli shing
surface o¥ovh®spdl i shing pad can conprise a multiplicity p€T/UsS@vilbiees whi ch
can include and/or be in addition to any pores or perforations as
previously described. Cavities include recesses or indentations in the
surface of 15 WO 01/76819 PCT/US01/11026 the pad, protrusions arranged in
such fashi on dgsicepusedrimthepmwserdinveation én st nia elpptocaluer Shertiosnachapisalor t he

surface of the,Radond fABkahPID WA theRetord, PEATIASdGAE, (RIPYilved, piten The
i £ bl T ol y BN aRIPEiSaTIar Giite antie i % CrobAeTiie D PRAP Hoo AP ER!
multiplicity € )l “t o] e of
tEe 5 poli Shig{@lalgadi,da‘t‘dﬁr@ﬂl sfg_ﬂﬁbri; wdafeﬂratiaﬁy]puﬂﬁ oathlrbuglmut ¢het proeessmfdlsed upon
the recessed and/or protruding. portions of .t . r
mul tipli cgt y Pogsen Q\YFIE?%_f‘bﬁ%g’r%g‘a{sr?é%%ﬁaccr%‘%eg%& grﬁg{n&rﬁ@? %c(){rﬁérﬁpa (r:?%&tgresx%fur e
can havg any thi systesn (o g., displayrthe pgrmeters torthe staﬁem ¢1@§at@§): At _@Peréwiﬁﬁlw)e, be
arranged ran g ol ¥

49 Ec%g ;t](g Edﬁ%tetﬁg g@ﬁ%ﬁ%ﬁﬁceé%aﬂﬁ@et&% Hgsio mﬁ)@l in QanﬂBW es

conpri ses a backr _ . portion can mpris y suitahl e backing
material knowwmping Aevige,mmixmgddyiesk PRgeetrcarties drivedmainre or 9Eher VaPys e or

rigidin varyyigafieer AR %ys@h Vi he RtPREGEE ANSErIYIVERO SR @trobdeNibar y

skill in the art. Typic acking materials, for exanple, . include

pol yrer i 40 i (B AliaERARCcaRY iaEJél,St e Yﬁ“oﬂéﬁé‘?ﬁesﬁxﬂﬁ‘f&%}ﬁ%g& YISt ?ieg?f&ts to

conbi nat i ons fintdeseadhieveheriail prefsetiparpadtetae. ¢ orapgesef ¢ampeheabraiios ve
particles on or within the polishing surface of the polishing pad, or the

pol i shi ng pad:OB?a‘?{lt@élogfpbst antially free of fixed abrasive particles. Fixed
abrasi ve pol i shi ngihzaztsitiohdévidealpawstheamiawgt ofprcistonepangnt fodrecasliuged xed t o

e 20 PTG i G ENAGOERE B il onopdnesiar
i mpr egnatléd W ghiin TeSPPBsd ©H CRENBRAE QRF FSMOTS RBRMPIGHS ?%@@PHF ipg ARd/GF ¢ he
poli shing pageangtichrodess) f Pbr &xeaiAt Ghe Borttdlideuielrah beipippeghamatdwbt h an
abrasi ve-contalni ng_pol yur et hane di sper si QN Fi xed abrasi.,ve ads, can
elimnate theleh¥eE? pejtic %BWJ‘EH ‘?Fgconﬁ?mg?g]roasq ° Y e@r%tusieg R Fllg spd}%f i"Shi ng or
cl eani ng conp@sh b ey p2%icHiss tain Guohcalirdtion cprespmtdingitoeanyi are gredreraibl y
228 2 CORb Y M BB D PALANELE Ll BV IRk BUBCEDS
can be capt r cht syktom vSaithe senstey kad/oi Aowuabvesheumpigg devices, mixing devices,
etc., the control device can maintain the pre-programmed settings, or the control
device can change the settings depending on the particular needs of the polishing
or cleaning process as determined from the signals or data communicated via the
sensors. The control device can, for example, adjust the flow of one or more of
25  the components delivered to the polishing station.
Moreover, the control device can monitor and control the parameters of the
system, as discussed above, with respect to more than one polishing station so as
to allow the polishing or cleaning of two or more substrates simultaneously with a
single apparatus using the same or different polishing and/or cleaning
30 compositions at each polishing station. For example, if two polishing stations are
being used simultaneously, the polishing process being performed at each
polishing station can have different demands (e.g., require different polishing or
cleaning compositions). The control device can monitor and control the
parameters of each polishing station independently to facilitate the performance of
35  different polishing or cleaning operations at each station (e.g., the polishing of
different substrates and/or the use of different polishing and/or cleaning

compositions at each station).
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rate of the conponents, the conbination rate of the conponents, the rate of
30 delivery of any one or nore conponents (alone or in conbination) to the
pol i shi ngvOost/atsion (e.g., the ratio of conponents), the ppPCDUSeINE026
conposition delivered to the point-of-use, the tenperature of any of the
conponents or the slurry at the point- of-use, the pressure of the system
and the speed and direction of rotation of the_ platen _and/or carrlg . 35
Preferably, the cdhespsterdgigedhe BaiioUssdemeanis ﬁﬂ@é@mﬁ‘?lé@féher%’lﬁ?e@n flescgibed 5

dedi cat ed or pgpedy gfa@ gé}‘éx%pypé FAlth a‘llBWtaf?a@EHniﬂé)@%hﬁ% Whiryeone iar nore
other 16 WO 01/ 76819 PCT/ SOl/ 6 evi ce din the E ent i nvention
(e.g., via echemistraes( e(gralo@&J &ﬁ%ﬁ&lﬁa%g Soi”&?ﬂ’?& # % 'exanpl e, with
Eihe sensor S, app!liﬂaln_?_ﬁs dxﬂh%tdil@dlffdrﬁprhbMﬁg ,or laleahfﬂg prdcésses arett@be pela”ormcle}.‘r

rive not et c e c ol als or
dat a fronf seH¥gE b fbng g’(‘j’ﬁgt al?%ﬁlsh%“% tat%?}l) gﬁ%%am%%%%%%?@%%mgho the 5
present i nveptiwde a Thslsiog snaphanismdry which th@ﬁawm@memté ofrtitd gystem (feg

paraneters Oft i\ 1&9@%@%&4@&”@ @@h&% %@g RRIGTRL @ﬁb%ufa%ls ﬁb{ﬁﬂﬁﬂ‘

operat or) . er at or 'st the vari ous
par anet er s byreaﬁvab@dmgl W\@PHYPWT@Q%QHOT Mﬂﬁ@gd B¢ Q,r@“ ‘hfgtﬁﬂew ce,

pl aten or Cabbhﬁ{&ng bt &’l%aﬁ'iﬁ Qbﬁ}poﬁh'hoﬁt bﬁit’prr]é‘lﬁ'idt@ﬂmds&bﬁmtt&e(ﬁe gheralist em
evi ce. e

th
\allluf1 omalte i @awpa%ﬁhq EFFE% U]&?‘}a%l Veﬂiﬁ@@e‘é@%ﬁgﬁﬁtﬁ@y angys %r'ﬁ@]?]&%ngl ements to

mai nt ai n or aforbeMe seleehdl N pre-set paraneters (e.g., ranges of conponent
rati os or concentrations). The control device allows the anmount of each

conmponent to be a t he polishing and/or cleaning of the
P G

substrate manual | Ica I%Qm15 in response to_a change in
one or nore par anduiebleappatagispoli SéWer(e@I staipgrydprierse ey linesy
exanpl e, thegRAat ﬁ%mﬁﬁ%'d@%o@@@n&@uﬂ%gad&ﬁé&r ARG deQiceslabhyms, cﬁsﬁéﬂééﬂs cul ar

rati o or concentr he conponents useée any

particul & r and/er pplighipg é‘iarilP%‘-’t) f%“%?diﬂrﬂé‘%%ﬁ%ﬁtﬁﬁvqnélogﬁﬂ}&}}h"e%ﬁ ﬁe%lb{% t he
pol i shing or n@UegrPan@n@mmwzpl 5148 94505;3 56,0765, £0N 5285 ATBHAH ScH0L D, wi t h

e e S TR 303040 RO RN B SRS el g A0 19
settings, or at Imellcaerntemhaumhal/PaienmlvpltdaangNashBC?&ﬂS?%@@Z%ﬂeggﬁtﬁ%%%)t he
particul ar n%ggg,(ﬁtmgg/l%hs g‘{y@ggﬂggoﬁl eani ng process as determ ned from

the signals sensors. The control. device can,

for exandPe, adj udtll ofithefretoyenses eited areimp inelusting patentiepaieRirpREfio ANty er ed
to the polishiBfcsidkl #8 hereby incorporated in their entireties by reference. While this

invention has been described with an emphasis upon preferred embodiments, it
will be obvious to those of ordinary skill in the art that variations of the preferred
embodiments may be used and that it is intended that the invention may be

25  practiced otherwise than as specifically described herein. Accordingly, this
invention includes all modifications encompassed within the spirit and scope of

the invention as defined by the following claims.
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Mor eover, the control device can nonitor and control the paraneters of the
system as discussed above, with respect to nore than one polishing station
so as tovabi/os1e he polishing or cleaning of two or nore BODEBOIALIES
sinmultaneously with a single apparatus using the sane or different
pol i shing and/ or cleaning 30 conpositions at each polishing station. For
exanple, if two polishing stations are being used sinultaneously, the

pol i shing pr o¥BLsl el Pdbned at each polishing station can have
different demands (e.g., require different polishing or cleaning
conpositions). The control device can nonitor and control the paraneters
of each poli shing 1st at i pmeitlsiegRmtiehinlgyant tor fckainirigh mtoeort iherepmibtoatemnce of 35

different polishing or. cleanin perations a j.Or:: 10

bol i sni ng of Sty SofRlePd QBaRE B El BB u T Rrcutink o

and/ or cl eaniongnore etopags dévives eath eadthingtgst canponeh? of\onodfiwegpynent

PCT/ US01/ 11026 41 . yaf:t: : of the

syst em descr @;ﬁé ﬁjfﬁ% %fa?féﬁlg%g%nﬁoggﬁ% géﬁ?%%ur : é’;ﬁ: iﬁiﬁf&;ﬁ% .

i nexpensi ve @ £8e/or gleaBHErFOSINOSBIONE ELOE) TWO BT i"Ag

ol ean ng . br oo R B B B e oo (1o 0
ar 0, be’ perfor, in e sane tool (i,..e.

pol i shing st &PBEINCOPHY, %(BB“SFQE §°i:1 HBQH%HF%GHW&FOFE’OSB’P&@iaégelévefr?%s hi ng

|m3C hani sm by twﬁg’t Iéhsttt{i@dofahé: suistrates aendisfendnt thé hayes atdeadt eng compbhentfih ow

ines, mxin evi ce,.. di spense etc. n t he substrate bein

pol i shed, aggm%ﬁ%lﬁle\lf\?‘fﬁ'o thgs%lﬁlgaﬁra e&%v él’Jei'd prior to changi ng t he

formul ation of the polishing or cleaning conposition. Appropriate fluids
for such use are generally 10 known in the art and include_deionized water

as wel | as vari ous.or gakhiecmathad of glsingdn vdhesain femiubstrates aig dElgrenppar at us

Sui tabl e apparatus and el enents thereof (e.g., storage devices, flow lines,
val ves, punpi ng devi ces,, measur,i devi ces, .m Xxin evi ces, sensors,

di spensers, 15 ard/ or E&ﬂW@Pﬁ@?g]@é@ilor‘i‘g)er‘?lwﬁ%@s&ﬁtef A tHP STBRt i nventi on
i nclude those described in U S. Patents 4,059, 929, 5, 148,945, 5, 330, 072,

5,407,526, 5,478, 435, sﬂggl%?%gzofgﬁ%%g%ﬁggwgv%gegﬂ\%g}eﬁ&o%%%uﬁé’é’ate is

5, 803, 599, 5,874,049, 5, as I'nternati onal
Pat ent Appl i cehiiamdhowr dPATe.US99/ 00291 (WD 99/ 34956) and PCT/ US97/ 17825
(WD 98/14305). 20 All of the references cited herein, including patents,
patent applications and publications, are hereby incorporated in their

entireties by refey encernMiki@dtdtichim 4, wherein at least two substrates are
semiconductor devices which are at different stages of production.

6. The method of any of claims 1-5, wherein at least one substrate is a

rigid or memory disk.

7. The method of any of claims 1-6, wherein the components of the
different polishing and/or cleaning compositions are mixed at the point-of-use or

immediately before delivery to the point-of-use.

8. The method of any of claims 1-7, wherein the components of the
different polishing and/or cleaning compositions are provided continuously.

9 The method of any of claims 1-7, wherein the amounts of the
components are adjusted during the polishing or cleaning processes.
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i nvention has been described with an enphasis upon preferred enbodi nents,

it will be obvious to those of ordinary skill in the art that variations
of the pmederredd enbodi nents may be used and that it is par@sadedoishat the
invention may be 25 practiced otherw se than as specifically described
herein. Accordingly, this invention includes all nDdifications enconpassed
within the spirit and scope of ~the invention as defi nefl y the foll ow ng
clains. 18 WO 01/ 46819 ERemmeBod of el O, WIS SIEAIAPRAERSS e CPMDRNERIS B of
pol i shing angfisteeli83BipdRss WPa BiandB i€ ofid!BStodd SFamstefRIbf i olishing aadfori si ng
(i) providi ng Wp or nore substrates, (ii) providing two or nore storage
devi ces each CCSHE MPRSSa conponent of a multi -conponent polishing and/or
cl eaning conposition, (iii) delivering the conponents for the polishing

andfor el eani ng. cqIpOS B PR 197 WBES Ble Sty Shaaiauices T

each substrate, (1v ing an eanin

substrates siomprisanblsast gne satestedi from tke wup§ﬁn$1§tl%@7fbﬁ thickagss qfthe
conposi tions @sufigl 'tli@@ﬁdof thQRéﬁsﬂlﬁé‘éém H‘é‘?tl&{ tﬁé‘ﬁnﬁéﬁ%ﬁ%}f &t 188 sabratd, fher ent

and have at |east dne one ivere mth sanme storage
devi ce. 2. Trfacmh@ave@nﬂathﬁh@gmt eﬁ §%§?‘93’c€ e%WlE different. 3.
The net hod ofcopli@dtiif; ofthekghsiratdle substrates are the same. 4. The net hod
of any of clains 1-3, wherein at |east one substrate is a sem conductor
device. 5. The nethod of claim4, wherein at |east two substrates are

sem conduct or devil@es Wieinethod oﬁianyliof tleirent-1dt shewinthegoodulationof egch The

thod of i i d
rerory di sk of el & AephiE EokBoRion RSk ARA URThUANR So T 01 C of

the differeranofsti shing and/ or cI eani ng conpositions are m xed at the
poi nt-of -use or immediately before delivery to the point-of-use. 8. The

nmet hod of any of clains 1-7 erein the conmpqn s.of the diff.erent
pol i shing and/or i3 eam%@@%s‘!ﬂapﬁﬁ clajrgs r@vw TR BhERTesa POYShEE The

met hod of anycopdpdsitinis déhVere&\/ftﬁatﬂbdibtbhesmm s of the conponents are
adj usted during the polishing or cleaning processes. 19 WO 01/ 76819
PCT/ USO01/ 11026

14.  The method of any of claims 1-13, wherein at least one substrate

comprises a metal, a metal alloy, or a metal composite.

15.  The method of any of claims 1-14, wherein at least one substrate

comprises copper or a copper alloy.

16.  The method of any of claims 1-15, wherein at least one substrate

comprises tantalum or tantalum nitride.

17. | The method of any of claims 1-16, wherein at least one substrate

comprises a semiconductor base material.

18. The method of any of claims 1-17, wherein at least one substrate

comprises dielectric film.

19.  The method of any of claims 1-18, wherein at least one substrate

comprises a metal oxide.

20.  The method of any of claims 1-19, wherein at least two polishing
compositions are delivered to at least two substrates.
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10. The method of claim9, wherein the anmbunts of the conponents are
adjusted in response to a change in one or nore paraneters of the polishing
and/ or oVeanvasg process. 11. The nethod of claim 10, wheP€T/uStlB0NEe oOr
nore paraneters conprise at |east one selected fromthe group consisting
of the thickness of the substrate, the pH of the polishing conmposition,
the uniformty of the substrate, the friction between the polishing pad
and the substrate, and the electrical conductivity of the substrate. 12.

The nethod of any)9f ciakiBethod df at6f @hitnd No0f WherdlPdtileat 8he ERGAIngOf the

pol i shing or cIeanLngggggPoz%tlon? S ad'¥§ted i ndependently of one
ve

anot her. 13. COREOHEPR o IGasLonRsSUPSHae. \herein at | east one

polishing conposition is delivered to at |east one substrate. 14. The

met hod of any of éai 1-1 iﬁ rein.-at. |l e u ises a
netal, a netal alﬁ y,nﬁmﬁénﬁh? PF@Bh%%gﬁngﬁ?iz&"Eﬁh@?%%%%g?cgﬁﬁﬂﬁé cl ai ms
1- 14, wher ei nombpotitiest awrielivetsdtto at kastdwopubsisgescopper or a copper al |l oy.
16. The method of any of clains 1-15, wherein at |east one substrate
conprises tantalumor tantalumnitride. 17. The nethod of any of clains
1-16, wherein at |east one substrate conprises a sem conductor base
material. 18. The nethod of any of clains 1-17, wherein at |east one
substrate conprises dielectric film 19. The nmethod of any of clains 1-18,
wherein at | east one substrate conprises a netal oxide. 20. The method of
any of clainms 1-19, wherein at |east two polishing conpositions are
delivered to at least two substrates. 20 WD 01/76819 PCT/ US01/ 11026 21
The nethod of any of clains 1-20, wherein at |east one cl eaning
conposition is delivered to at | east one substrate. 22. The nethod of any
of clainms 1-21, wherein at least two cleaning conpositions are delivered
to at |l east two substrates. 21
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