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Chemical-mechanical polishing and chemical-mechanical planarization, both of

which are referred to in the art as “CMP”, are abrasive techniques that typically include
the use of a combination of chemical and mechanical agents to planarize, or otherwise

20 remove material from a surface of a semiconductor material substrate during the
fabrication of devices thereon. A chemical component, typically a slurry that includes
one or more oxidizers, abrasives, complexing agents, and inhibitors, oxidizes the
surface of one or more material layers that are being polished or planarized (i.e., at least
partially removed). A polishing pad formed from a material such as polyurethane or

25  acrylic is used with the slurry and, in combination with abrasives present in the slurry,
effects mechanical removal of the layer or layers from the surface of the semiconductor
device structure.l It should be noted that abrasive-only polishing and planarization, e.g.,
without the use of active chemical agents to effect material removal, are becoming
more prevalent due to environmental concerns. Thus, the term “CMP” as used herein

30  encompasses such abrasive-only (i.e., strictly mechanical) methods and apparatus.

Conventional CMP pads are round, planar, and have larger dimensions than the

semiconductor substrates (e.g., wafers or other substrates including silicon, gallium
arsenide, indium phosphide, etc.) upon which the structures or layers to be planarized

or otherwise polished have been formed. In polishing one or more layers or structures



arseni de, indium phosphide, etc.) upon which the structures or |ayers to be
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formed from an acrylic material and embedded with particles of abrasive materials.
The pad and embedded abrasives effect the mechanical part of CMP processes. During
use of the fixed-abrasive pad to planarize or polish one or more layers on the surface of
a semiconductor device during fabrication thereof, the abrasive material is exposed at a
20  polishing surface of the pad. Some of the abrasive material may also be leached out of
the pad. As aresult of the inclusion of abrasive particles in the pad, the chemical
slurries that are used to effect the chemical portion of chemical-mechanical polishing or
chemical-mechanical planarization need not include the abrasives that are often
required when conventional, abrasive-free pads are employed.
25
Copper Conductive Structures
The use of copper as a conductive material in semiconductor devices is also
ever-increasing. When copper is used in semiconductor devices, however, a barrier
layer is typically required between the copper and adjacent structures or layers. The
30  barrier layer prevents diffusion of the copper into the adjacent layers or structures, as
well as the formation of copper silicides, both of which may cause electrical shorts in

semiconductor devices that include copper. Tantalum is an example of a material that is



ever-increasi ng. Wen copper is used in sem conductor devices, however, a
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faster rate than the copper. This is at |least partiall t)l( because, as the
fol | owi ng cherdp@gying tantalum by CMP processes are likewise not effective for removing copper.
As a result, when conventional CMP processes are used to isolate the tantalum-copper
conductive structures of a semiconductor device, two separate slurries must be used.
20 It has been proposed that tungsten be used in place of tantalum in
semiconductor devices as a barrier material for copper conductive structures.
Nonetheless, when known copper CMP slurries are used to substantially simultaneously
CMP tungsten and copper, the tungsten barrier layer may dissolve, or be removed, at a
faster rate than the copper. This is at least partially because, as the following chemical
25  equations illustrate, tungsten (W) is more readily oxidized than copper (Cu):
W+2H,0 -4H" +4e + WO, E,= 0.12;
Cu -~ Cu*+2¢ E,=-0.34.
Thus, in conventional slurries, although both copper and tungsten are simultaneously
exposed to the same oxidants, the tungsten will typically be oxidized first. As a result,
30  gaps may form in locations where the barrier material should be located between copper

conductive structures and adjacent portions of the semiconductor device structure upon

which the conductive structures are being fabricated.
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DISCLOSURE OF INVENTION
The present invention includes a method for substantially simultaneously
chemical-mechanical polishing a copper conductive structure and an adjacent barrier
layer with a fixed-abrasive type polishing pad, as well as slurries that are useful with
20  fixed-abrasive type polishing pads for substantially simultaneously polishing a copper
conductive structure and a barrier layer adjacent thereto.
The method of the present invention includes employing a fixed-abrasive type
polishing pad along with a substantially abrasive-free liquid polishing formulation,
which is referred to herein as a substantially abrasive-free slurry or, more simply, as a
25 slurry. The slurry is formulated to oxidize copper and a material of the barrier layer,
such as tungsten, at substantially the same rates. Thus, in a slurry incorporating
teachings of the present invention, the oxidation energies of copper and the barrier
material are substantially the same. Preferably, in the slurry, the oxidation energy, or
oxidatjon potential, of a barrier material, such as tungsten, is about 0.25 V greater to
30 about 0.20 V less than an oxidation energy, or oxidation potential, of copper. As the
barrier material is oxidized by the shurry at about the same rate as copper or at a slower

rate than-copper, use of a slurry so formulated to substantially simultaneously polish a



The nethod of the present invention includes enploying a fixed-abrasive
type polishing pad along with a substantially abrasive-free |liquid
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The present invention also includes a system for substantially simultaneously
polishing a copper conductive structure and an adjacent barrier layer of a
20  semiconductor device. Such a system includes a fixed-abrasive type polishing pad and
a substantially abrasive-free slurry within which copper and the material of the barrier
layer are oxidized at substantially the same rates, or have substantially the same
oxidation energies.
Other features and advantages of the present invention will become apparent to
25  those of ordinary skill in the art through consideration of the ensuing description, the

accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an electron micrograph illustrating the dissolution of regions of a
30  tungsten barrier layer that underlie a copper structure of a semiconductor device
structure when a conventional slurry is used to simultaneously remove the copper and

tungsten;



pol i shing a copper conductive structure and an adjacent barrier |ayer of a
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devi ce stru_cturg?e%{inwﬁ@&gnti ally the same rates; and FIG 6 is a schematic
representation of an exenpl ary enbodi nrent of a system 5 that enploys a

fi xed-abrasive polishing pad and a slurry to effect the nethod of the
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recess 14. Al tdiffughg sitbadjaede idstlanmy rdgicdsudeemRoh@usoraleh e sghctuet Mries
beneath recess 14, barrier |layer 18, and copper |ayer 20, for purposes of
simplicity, ndoeater o1 agtije surface 16 and on the surfaces 15 of recess 14. A copper layer 20 is
15 formed over and contacts barrier layer 18. Copper layer 20 also substantially fills
recess 14. Although substrate 12 may include various other structures beneath recess
14, barrier layer 18, and copper layer 20, for purposes of simplicity, no additional
structures are illustrated in the semiconductor device structure 10 shown in FIGs. 2-5.
In forming a conductive structure from copper layer 20, portions of copper
20 layer 20 and of barrier layer 18 that are not located within recess 14 must be removed
from semiconductor device structure 10. As discussed previously herein, CMP
processes are typically used to remove unwanted portions of copper layers. With
reference to FIG. 3, a slurry 30 is applied over copper layer 20. A fixed-abrasive
polishing pad 40, which may be embodied as a conventional polishing pad, a web-type
25  polishing pad, a belt-type polishing pad, or in ’any other polishing pad format known in
the art, is then brought into frictional contact (e.g., by rotation of semiconductor device
structure 10 or polishing pad 40) with copper layer 20 to, along with slurry 30, remove
copper layer 20. An inhibitor component 32 of slurry 30 fills recessed areas 22 of
copper layer 20, thereby preventing removal of material from recessed areas 22 until
30  material of higher areas 24 of copper layer 20 has been removed.

Eventually, regions of barrier layer 18 overlying active surface 16 are exposed

through copper layer 20, as shown in FIG. 4. At this point, slurry 30 and fixed-abrasive



structures are illustrated in the sem conductor device structure 10 shown
in FIG. 2-5. In formng a conductive structure from copper |ayer 20,
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| ayer 18 substantially lines recess 14 and separates the remaining portion
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material or material s of the adjacent barrier [Nayer 18 at substantially the

same rates. Sthetwebndaysrhéd and) iscappsed tasldrry30etheamasedial lor orataratseafibatrger
(e.g., tungst %Q}er % v&iﬂ%o?gisg&gator BQ ;é’nilgvredlff:i&r? gen]ﬁ%orrl](?uvc?or device structure 10, at a
significantly greater rate than copper of copper layer 20 is dissolved or removed from -
semiconductor device structure 10. By way of example only, and not to limit the scope
20  of the present invention, the oxidation energy, or oxidation potential, of tungsten in
slurry 30 is preferably about 0.25 V more to about 0.20 V less than the oxidation
energy, or oxidation potential, of copper in slurry 30. Slurry 30 preferably removes a
barrier material, such as tungsten, at a rate that is about the same as or up to about ten
times slower than the rate at which slurry 30 removes copper when a fixed-abrasive
25  polishing pad is employed and, more preferably, at a rate that is about two to about four
times slower than the rate at which slurry 30 removes copper.

With continued reference to FIGs. 2-5, slurry 30 is intended to be used in
conjunction with a fixed-abrasive polishing pad 40, such as the acrylic fixed-abrasive
polishing pads manufactured by 3M Company of St. Paul, Minnesota. Such a fixed-

30  abrasive polishing pad 40 may be impregnated with particulate abrasives including, but
not limited to, alumina (Al,0,), titanium dioxide (TiO,), silicon dioxide (SiO,), and

cerium dioxide (CeO,). The abrasives in a fixed-abrasive polishing pad 40 are typically



15 substantially the sane oxidation energies in slurry 30. As a result, as
an interface 19 between |ayers 18 and 20 is exposed to slurry 30, the

mat eri al Voo oreoee i al s of barrier layer 18 will not di ssoP@BUS@r27m% r enoved
from sem conductor device structure 10, at a significantly greater rate

t han copper of copper layer 20 is dissolved or renoved from sem conductor
device structure 10. By way of exanple onlyd- and not to linit the scope 20
of the present invention, the oxidation energy, or oxidation potential, of
tungsten in deachey tidPefrem doghe palidhin gadfasenicddfudfondevécet sruatnoait 0.0TRG, V | ess
than the oxidation_energy, or_ oxidation potential, of copper in slurry 30.
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rate at whi chasgﬁt& r3 9 rl@%&r eno\q/%g&g%%ggnﬁp%\%ﬂg%%éwpﬁg é)éé\}aegfrgzrg‘fcég%\&g@r %gil'a;:asa%élh%g
pad i s enpl oy} ddpperdager Q0dfomt beihy remadved unéil Righdraireds 24aifouppek tayet 20 abwveut
four tines slower than the rate at, which slurry 30 renpves, copper. Wth
continued Pef dieenEanevsdrioms tosubstandially tRe same;plarjen Shyged0 glso Bludesani n

conjunction wth..a fi - ahr asi i.Shi i G
1 xed- abr as ve"%%g‘?ri dé’ﬁ‘ﬁ%é‘gﬁa@k@%d@%ééﬁ’%{;%e %gg%?ﬁng&ﬁ%gﬂwgﬁé@dqﬁ%ﬁ%&m
M nnesota. Sucddt ntatédiale . &Otuaitasiof dapiet layti MQs@cio 4Bertiyllpsoftenheg madtexdhls

with particul ate abrasives_including, but not limted to, alum.na (A 2Q3),
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i ncl udes one aptimizel. 10 conpl exi ng agents, which conplex with ions of the
| ayers 18, 20 being rempved (e.qg., . copper_ions from copper |ayer 20).so as
to facilitate the %’S@Eﬂl@ﬁ efxidifers that areyusefyt amihe oxidizer component of slurry 30

include, without limitation, hydrogen peroxide, potassium iodate, potassium
permanganate, ammonia, other amine compounds, ammonium compounds, nitrate

20  compounds, and combinations thereof. Exemplary ammonium compounds include,
without limitation, ammonium persulfate and ammonium molybdate. Exemplary
nitrate compounds include, but are not limited to, ferric nitrate, nitric acid, and
potassium nitrate. The oxidizer component preferably comprises about 0.1 to about
20%, by weight, of slurry 30. It is preferred that slurry 30 include about 0.1 to about

25  5.0%, by weight, of the oxidizer component. Even more preferred is a potassium iodate
oxidizer component that makes up about 3 to about 5% of the weight of slurry 30.

The one or more complexing agents of slurry 30 may include, but are not
limited to, glycine, ammonium citrate, ammonijum phosphate, ammonium acetate, and
combinations thereof. Slurry 30 prefefably includes about 1 to about 15% of the one or

30 more complexing agents, by weight. It is more preferred that the one or more
complexing agents make up about 3 to about 5% of the weight of slurry 30. For

example, slurry 30 may include about 1% of the complexing agent glycine, including a



ions, allow ng these reactant ions to be noved away fromthe | ocations at
which layers 18 and 20 are being oxidized. As a result, the continued

oxi dati ow@b2/map®eri al | ayers 18, 20 by slurry 30 may occuPCBUS@®7is%al rates
and, thus, the rates at which the materials 15 of layers 18 and 20 are
renoved from sem conductor device structure 10 may al so be optim zed.
Exanpl es of oxidizers that are useful as tHe oxidizer conmponent of slurry
30 include, without limtation, hydrogen peroxide, potassium i odate,

pot assi um percoacg@antde of QN tinalar opdiythy enanglycd (PIEG)Y) b weaghvofi sluray 30. As
conpounds, nitrate 20 cqonpounds, and conbi nations thereof. Exenpl ar
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i nclude, but afiatels wdll 48 dtle compoghdss suvh, as pormeslinrsiliatel atonfimiTbota)
phosphat e, ammoni um acetate, and conbinations thereof. Slurry 30 ]
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including a WO 02/ 18099 PCT/US01/ 27155 -9 concentration of 0.1 M (nol ar)
pol yet hyl ene @bgeid)-2{eriEde weightef rey 3. Eongxapplpgslupy 30 apastinelpde sy Od %

slurry 30 nmay Iléigs- ut 3% anmoni um acetate, by weight. Inhibitor
conponent 32 (?}'ﬂ% rr?ﬁg prevents corrosion of copper during polishing.

| nhi bi tor conponentSlimgy 30 Atlyldee apHAA Gherangeichabdst D engwues  tuaael gH oBTA), 5
mer capt obenzot hi azol e, and tolytriazole, an am ne, such as net hgl am ne and
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or m xtures ofusédyyas &holvhés thee@t toosijesd the pH of slurry 30 to a desired level. Exemplary
buffers that may be used in slurry 30 include, without limitation, potassium hydrogen
phthalate, ammonium acetate, ammonium oxalate, ammonium carbamate, ammonium
phosphate, ammonium hydrogen phosphate, ammonium dihydrogen phosphate, dibasic

20 ammonium citrate, tribasic ammonium citrate, and mixtures thereof. Acetic acid,
phosphoric acid, and sulfuric acid are examples of other pH control agents that may be
used in a slurry 30 incorporating teachings of the present invention. Preferably, the pH
control agent will adjust the pH of slurry 30 to a desirable range or point without
significantly etching the insulator (e.g., borophosphosilicate glass (BPSG),

25  phosphosilicate glass (PSG), or borosilicate glass (BSG)) that underlies the layer or
layers being polished. Without limitation, acetic acid is an example of a buffer that
may be used to adjust the pH of slurry 30 and that will not etch an underlying glass
insulator.

In addition, slurry 30 may include a surfactant component, which may comprise

30 from about 1% to about 15% of the volume of slurry 30 and, more preferably, about 1%
to about 2% of the weight of slurry 30. The surfactant component may include, for

example, polyethylene glycol, polyoxyethylene ether, glycerol, polypropylene glycol,



i nhibitors. Wiile inhibitor conponent 32 may nake up about 0.05 to about 2%
of the 10 weight of slurry 30, it is preferred the inhibitor conponent 32
conpri seve®out180® 05 to about 0.2% of the weight of sl urrpCBOSIIRIISSexanpl e,
slurry 30 may include about 0.1% BTA, by weight. Slurry 30 may have a pH
in the range of about 2 to about 6, but the pH of slurry 30 is preferably
in the range of about 3 to about -5 and, no#l@- preferably, is about 15 4.

One or nore buffers, which are also referred to herein as pH control

agents, nmay beoligggethalenkaaw eiber, tpotyoaréthylene eddylieshier fidyqxisiethflead steayl 30 t o
a desired | evel . Exenpl ar buffers that may be used in slurry 30 include,
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slurry 30 is within the range of about 0.25 V more than to about 0.20 V less than the
oxidation energy of copper in slurry 30, the range including the end point values
thereof. These formulations of slurry 30 will facilitate the removal of copper and a
barrier material, such as tungsten, from a semiconductor device structure 10 at
20  substantially the same rates.
Shurry 30 formulations having these characteristics may be determined as
known in the art, such as by measuring the open circuit potentials of copper and a
barrier material, such as tungsten, in slurry 30.
Referring now to FIG. 6, a polishing system 50 for effecting the substantially
25  simultaneous polishing of copper and an adjacent barrier material in accordance with
the method of the present invention is illustrated. Polishing system SQ includes a
polishing apparatus 42, which supports or carries a fixed-abrasive polishing pad 40, and
a substrate support 44 configured to hold a semiconductor device structure 10, to bring
the same into frictional contact with fixed-abrasive polishing pad 40, and, preferably, to
30 rotate semiconductor device structure 10 relative to fixed-abrasive polishing pad 40.

Polishing system 50 also includes a slurry applicator 47. Although polishing apparatus
42 is illustrated in FIG. 6 as a web-type polishing apparatus, other known types of



avail abl e from Uni on Carbi de of Danbury, Connecticut, and CARBOPQOL,
available fromB.F. Goodrich of Ceveland, Chio. Water may be used as the
bal ance o¥Oos8t/gopy 30. The specific anobunts of the conponeR€CEUSI/TLES ry 30
may be determined by 10 identifying slurry 30 formulations in which copper
gives up electrons at substantially the sane rate as a barrier material,
such as tungsten, of a barrier layer 18 to-lie polished substantially

simul taneously with copper |ayer 20. Stated another way, slurry 30 may be

formul at ed so pdighingeppantuaridcladidpgl witksutniestioa) bdligpehnt corsuationas
tungsten, have the substantially sane oxidation_energies therein, or are
oxi di zed at sulo&tigRel-tape polishingsprarals, may abernpfiedy be uspd éf BPLATHIRE systeans

oxi dati on ener; . barrier material in slurry 30 is
wi thin the ranlgéorg{)raglgg%%E%H§§5R}ﬁ%§%egg tﬁgﬁenglég‘about 0.20 V less than the

oxi dation energy ofAgpkmein CMBippatatus3hclddify Ecvesionat rbdhnOMpantuoi nt
val ues thereof. These formulations of slurry 30 will facilitate the
renmoval of Scopper foamgt eMBypparass, aagd eelt forma apparatiigeer aomprigspalishing
sem conduct or deyi tr re 10 20.subst ant.i al | ¥ the.sane rate
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known in the &Fiked-shrafivésolhidpBRgIuin Mgy §ifelafp eitledermyikhoRatReliablsivel
copper and a barrier material, such as tungsten, in slurry 30. Referring

now to FI G 6,PodishisEipathisigh as/be apiybio fixed-abrafize pphgjingipads abailabia freim3M 25

si mul t aneous i shing of er .an adj acent barrier erial in
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Pol i shi ng 18yst em 50niude bitpEshihg sRSenSIV, B8e aPRdfekthicohduct¥hidiceSHRRRiEsS1 (0T
carries a fixed-abrasive polishing pad 40, and a substrate support 44

configured to huing cressmae Hyasttbereorhatere 4o bechamieal yocchesichiolighed 4re sane
B g I e
fixed- abrasi veepatd spslghinathppbratus B0l iShiy80 K6k e bRbissyiapplidkeest onto
slurry applicator 47. Al though polishing apparatus 42 is illustrated in
FIG 6 as a wetetojpethydiseidongueipidavigeriruciyrn bt andidiad-abypséee peflishingead #8099
Sk L T C NI R
al ternativel y semistp@dctbnde@dd stfubfge $¢ shEfiBed-abrasive polishing pad 40 are substantially
continuously laterally moved (e.g., rotated or vibrated or otherwise moved side-to-side)
and brought into frictional contact with one another so as to effect the CMP process.
For example, when a web format or belt format polishing apparatus is employed, the
20  apparatus may precess semiconductor device structure 10 (i.e., rotate semiconductor
device structure 10 around the axis of a support therefor), while the polishing pad
remains substantially stationary.
Once the desired portions of one or more layers 18, 20 (FIGs. 2-5) have been
removed from semiconductor device structure 10, semiconductor device structure 10 is
25  moved away from fixed-abrasive polishing pad 40. Slurry 30 r;emaining on
semiconductor device structure 10 is rinsed or otherwise removed therefrom by known
processes. Subsequent fabrication processes may then be conducted on semiconductor
device structure 10, as known in the art. Polishing pad 40 may be incrementally moved
to provide a fresh pad segment that was not utilized to polish semiconductor device
30  structure 10. Polishing pad 40 may be moved a distance that is less than the distance
across (e.g., diameter) a semiconductor device structure 10 to be polished therewith.

Preferably, polishing pad 40 is moved a distance that is at most about 1% of the



i ncorporating teachings of the present invention. Any known CMP appar at us,

i ncl udi ng conventional, rotary CVMP apparatus, 5 web format CMP appar at us,
and bel t Wopnst09CVP appar at us, may conpri se polishing apparasug74s,
substrate support 44, and slurry applicator 47 of polishing system 50.

Fi xed- abrasi ve polishing pad 40 may simlarly include any known

fi xed-abrasive polishing pad, such as 'the-lderylic fixed-abrasive polishing
pads avail able from 3M Conpany, in any known pad format (e.g.,

conventi onal , metimunt distintg acrd$ semicomductdr @evidessniuniyres Y3 s@as to@niformalygrolisior e
sem conductor device stryctures 10 having one or nore | ayers thereon that
are to be chenfCEHFRIIBEIREATESH StFEHYTeh Hyang @ maxdwizedbe vesie He of pelishngad 40
44. 1f necessa ' = ' I Shi '

poi i shi ng. apper Arcdfgile GIAPIAEILP ALY o1 A doBcRAE pFab By ROIRA onBBF Hickd By,
onto one or h@tihch)fwatas] pdrbingtpad 40eviyde istremehtalle nib@edabodtiahat-tairasi ve
polishing pad 40. 15 Once slurry 30 has been_ applied to fixed-abrasive

pol i shing Pad Warterspf aseniipetss (2., ahont 864 G betweey pelishing each wyadery sefrief

fi xed- abrasi veW?@{si shing pad 40 are substantially continuously laterally
noved (e.g., rotated or vibrated or otherw se noved side-to-side) and
brought into frictiWhik polisHiagin adcoldanseeyidnticpessesitin@éntion iy ecdontih@eCMP
process. For exanple, when a web format or belt formt ﬁol.i shi ng appar at us

i s enpl oyed, t¥Y sptiable pakidingstemppragirecodishiag witoherne 3@ andie fixedsalipsiviet ure 10
(i.e., rotate ' ' ' .
support ther ef@?ﬁuﬁgﬁgﬁgbﬁg ]%0\6?12 ?tﬁclggtgg‘gwtrgg#gﬁagc{srgsl;@ spgﬁ? ?g‘%q%yg&l&al
stati onar 10 Ongeishing peseides dFpoeangs pofistinemethod® it inkyposatd actdfed &fi ths .
2-5) have been renpved from sem conductor device structure 10,

senm conduct or RiesgREEveRtiqicmay Be ¢endugted attemporaiurgnal AbopbIACm EWSEBHES] ve
pol i shing pad i [l } . | S 10
s rinsed or ot LA SR B ORI BT LES-ChhUE Rt
fabrication prekaesseduday atdveler bampandiest Ete abrasieacompotRtOst coflGatitional
structure 10, as known in the art. Polishing E]ad 40 may be increnentally
noved to proslgEeade pels RoparrsEgRihiolytiein olathupgvenlydispeesgd thyopghous spch
sem condquor sqllﬁyqeggtc%g e?ttefrﬁ]?'éré’t £10. Polishing pad 40 may be noved a

di stance that 1s less tkan t’he distance across (e.g., dianmeter) a

sem conduct or devi cAltisdughcheiferegding desbeptival dontieth miver $etifies, thdde shariapbybe
polishing pad 40 is noved a distance_ that is at nost about 1% of the WO
02/ 18099 PCT/ |95h4truedasdimiting the scope of the present invention, but merely as providing

illustrations of some of the presently preferred embodiments. Similarly, other

embodiments of the invention may be devised which do not depart from the spirit or

20  scope of the present invention. Features from different embodiments may be employed
in combination. The scope of the invention is, therefore, indicated and limited only by
the appended claims and their legal equivalents, rather than by the foregoing
description. All additions, deletions and modifications to the invention as disclosed
herein which fall within the meaning and scope of the claims are to be embraced

25  thereby.



-12 maxi mum di stance across sem conductor device structure 10 so as to

uni formy polish sem conductor device structures 10 and to maxi m ze the
useful | Weowisopol i shing pad 40. As an exanple, follow npCT8Iuessof a
polishing pad 40 to polish one or nore 20 cm (8 inch) wafers, polishing pad
40 may be increnentally noved about a half to three 5 quarters of a
centineter (e.g., about 0.635 cn) between {8ti shing each wafer or set of
waf ers. Wiile polishing in accordance with the present invention may be
conducted at any suitable polishing tenpeAdMy e, polishing with slurry 30
and a fixed-abrasive _polishing pad 40 may be conducted at | ower

t enper at ur es tWhatisglgdmedis: conventional 10 polishing processes. For

vant on may be canabareamapr venehafteSheb AR haRB g prdolfiea iRk, o
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defects when conducted at cool er tenperatures. The abrasive conponents of
conventiondl <ptipkagest, gad Ableast waquihEtor saideslwry bing fermulated with melativeevenl y
di spersed thra t h. .1 | urr.i.e t. al er t erat.ures. t hough t he
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providing illustrations of sonme of the presently preferred enbodi nents.
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i nventioni1ds, doppdras Aneoveldndi cated and limted only by the appended clains
and their |egal equivalents, rather than by the foregoing description. All
additions, deletions and nodifications to the invention as discl osed

herein which fall w thin in nd.scope, of .th | ai are. to be
enbraced 25 thereb\;/z' %%X%%h@%@ﬁﬁc%‘%@ﬂ? ﬁaﬁg]grry_li%lﬁ)éfaﬁﬁﬂ}gfr%%atblrgswes.
claimed is: 1. A systemfor use in chem cal -nmechani cal polishing processes,
i ncluding a .
3. The system of claim 1 or 2, wherein said relative amounts are balanced so
15  that said tungsten is oxidized at substantially the same rate as or at a slower rate than

said copper is oxidized.

4. The system of claim 1 or 2, wherein said relative amounts are balanced so
that an oxidation energy of tungsten in said slurry is substantially the same as an

20  oxidation energy of copper in said slurry.

5. The system of claim 4, wherein said relative amounts are balanced so that an
oxidization energy of tungsten in said slurry is about 0.25 V more to about 0.20 V less

than an oxidization energy of copper in said slurry.

25 .

6. The system of claim 4, wherein said relative amounts are balanced so that a
rate of removal of tungsten by said slurry is up to about ten times slower than a rate of
removal of copper by said slurry.

30 7. The system of claim 1 or 2, wherein said at least one pH control agent

comprises at least one of potassium hydrogen phthalate, ammonium acetate,

ammonium oxalate, ammonium carbamate, ammonium phosphate, ammonium



first conponent that conprises a slurry conprising at |east one oxidizer,
at least one pH 5 control agent, and at |east one inhibitor, said slurry
bei ng fowabzissgo with rel ati ve amounts of said at | east or€eT/mg0di713r, said
at | east one pH control agent, and said at |east one inhibitor balanced so
as to facilitate substantially concurrent polishing of a first structure
conpri sing copper and a second structure cddprising tungsten with said
tungsten being renoved at substantially the same rate or at a slower rate
than said 10 clopipegeniphosinme athmachiund déhydystr phodphaleadibusic amhehint cit@ted
slurry is subst%nt,i ally free of abrasives, 3. The systemof claim1l or 2,
wherein sai d ri&PaHF FRMORHYR CErals. acesis asisle @RospBoriq acifvpd sylprc taidhgst en i s
oxi dized at substantially the sane rate as or at a slower rate than said
copper is oxidized. 4. The systemof claiml or 2, wherein said relative

anounts are bal ancegl Fhe syistoat oflaiaxi da2,ileRi 1yf about gngab&it 6i N sai d
slurry is substantially the sanme as an 20 oxi dati on energy of copper in
said slurry. 5. The systemof claim4, wherein said relative anounts are

bal anced so that a i di i ener ungst in said.slurry .is about
0.25 V nore to abOtert' gﬁ(éz%k@%{l !éfs)és]aﬁ{]Egﬁy’a‘ﬁﬁecr)éllﬂc?lgl?aa??eoaﬁt %ﬁ@?‘b‘{’z%pg‘%’b‘ﬁ%sra%i n
said slurry. 2bashondbfasysinemudt cahgiuidda nitfasy @nfpcviad hndehakiinecaRpids are

bal anced so that a rate of renoval of tungsten by said slurry is up to
about ten tines slower than a rate of renoval of copper by said slurry. 30
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conprises at | east one of “potassium ogen p

ammoni um dpal &hﬁ,of&hﬁﬂi@@éﬂﬁ&:@ﬁfdbﬁpﬂi&s@iuuﬁﬂﬂ@t@i PothNas PO B gariS RRIMIRING
02/ 18099 PCT/ US01/ 27155 -14 hy rodgen phosphat e, anmmoni um di hydr ogen

phosphat e, di HX¥utfatesrmmanime malghdate, ferr¢ primie nrfBeidupatessivmrigateacet i ¢
aci d, phosphorj [ . i id. 8. The systemof claim1l or 2,
bR il

havi ng a pH of 0 abou The systemof claim1 or 2,
wherein said at | east one oxidizer conprises at

11. The system of claim 9, comprising about 0.1% to about 5% of said at least

15  one oxidizer, by weight of said slurry.

12. The system of claim 1 or 2, wherein said at least one inhibitor comprises at

least one of an azole, an amine, and a ring compound.

20 13. The system of claim 12, wherein said at least one inhibitor comprises at
least one of benzenetriazole (BTA), mercaptobenzothiazole, tolytriazole, methylamine,
diethylamine, pyridine, quinoline, dicyclohexamine nitrate, potassium silicate,

ammonium borate, ammonium phosphate, and potassium dichromate.

25 14. The system of claim 12, comprising about 0.05% to about 2% of said at
least one inhibitor, by weight of said slurry.

15. The system of claim 1 or 2, further comprising at least one complexing
agent.

30



| east one of an ammoni um conpound, a nitrate conpound, and an am ne
conpound. 10. The systemof claim9, wherein said at |east one oxidizer
conpri sewa@v2/iswast 10 one of hydrogen peroxi de, potassi unPCDH&E71550t asSi um
per manganat e, ammoni um persul fate, amoni um nol ybdate, ferric nitrate,
nitric acid, potassiumnitrate, ammonia, and other am ne conpounds. 11.
The system of claim9, conprising about 0.4%to about 5% of said at | east
15 one oxidi zer, by weight of said slurry. 12. The systemof claim1 or 2,
wherein said at | eaki Dheesystehi dfidaim £omhetchesaidnt lehwané canplegingager@zol e, an
am ne, and a ring conpaound. 20 13. The systemof claim_12, wherein said at

| east one i nhiSMRBseL#ipst Qukolglycing AMMPHBDSHirale RS DPIgsRhalRIRd |
nercaptobenzoggkﬁ&ﬁhﬁlm£&&ytriazole, nmet hyl am ne, diethyl am ne, pyridine,
qui nol i ne, dicyclohexamne nitrate, potassiumsilicate, ammonium borate,
ammoni um phosphat e, and potassium di chromate. 25 14. The system of claim
12, conprising about 0.05%to about 2% of said at |east one inhibitor, by

wei ght of 3aid sl urk4 . ThessysteReoislaimelf, sgmprisingahous B %to gbgrt He of sxidpt legstng

at | east one ¢ | exi 2 9 PCT/US01/ 27155 -15 16. The

syst em of C|aﬁ%@?@ﬁﬁ&%§%§§%5§§?géﬁ?yﬁﬁgﬁé%gh “conpl exi ng agent conpri ses

at | east one of glycine, amoniumcitrate, anmoni um phosphate, and

amoni um acetate. 5 17. The system of claim 16, conprising about 3%to

about 5% of said atl8 eEhstsystemeofcdmn le dumbha spmpHyingsat lgast ose suridcern] urry.
18. The systemof claim1l or 2, further conprising at |east one surfactant.
10 19. The systemof claim 18, wherein said at | east one surfactant
conprisesiat | east1rEheGystpl ofeldiml BN&heteyCatid atlehsy oxy airfi¢taBneorepiiRs at

gl ycerol, polypropyl ene glycol, polyoxyethylene |auryl ether,

pol yoxyet hyl edeastengpf mlmgylerﬁoglmamyw@tmleg@ etdessiglycerohaiolypserylene glycol,
ol yoxyet hyl e . e f claiml9 .c risi

gboﬁ i 3]/_% t)(; ag)gbt%g(gg\%hglg}lé;gﬁhgyléﬁmeﬁg)gls%m%tﬁylgﬁe E@t}cl)l etl%er%oq}oxyethyf%ﬂp stearyTg

ether, and polyoxyethylene oleyl ether.

15 20. The system of claim 19, comprising about 1% to about 2% of said at least

one surfactant, by weight of said slurry.

21. The system of claim 1 or 2, comprising a viscosity of about 10 to about 20

cps. at ambient temperature.

20
22. The system of claim 21, further comprising a thickener.
23. The system of claim 1 or 2, wherein said slurry removes copper at a
temperature of about 27° C. or cooler.
25

24. The system of one of claims 1-23, further including a second component

comprising a polishing pad.

25. The system of claim 24, wherein said polishing pad comprises a fixed-

30  abrasive polishing pad.



one surfactant, by weight of said slurry. 21. The systemof claim1l or 2,
conprising a viscosity of about 10 to about 20 cps. at anbient

t enper at we 02/P0992. The system of claim 21, further conprPE€T/H§0IR7135 ckener.
23. The systemof claim1l or 2, wherein said slurry renoves copper at a
tenperature of about 27 C. or cooler. 25 24. The system of one of clains
1-23, further including a second conponent-l6eonprising a polishing pad. 25.
The system of claim 24, wherein said polishing pad conprises a fixed- 30

abr asi ve pol i shi ng I@adThé sy Nt PCWHeid A 1i%6d abrdbvepolishitig gydhetueaf
claim 25, wherein said fixed abrasive {)ol i shing pad includes _abrasive
particles conpAIasyRgPaiiclpseeosmprisHie Afeast ong of phyaiaraeoxids, tifamiyndinxdds. gidicon

silicon dioxi . Jum. di.exi de. 5 27. The system of one of clains
24- 26, wherei nﬁgglﬂg’%%g%?é%#n@é&ﬁg% conprises one of a round polishing pad,

a belt format polishing pad, and a web format polishing pad. 28. The
system of one of clains 24-27, wherein said polishing pad is 10 configured

to be noved i ncr eneht afhosysism Bwina@f gleems kereovhereinsaid pokisking pad eompiigssor
o e DNt L AP LBIAE P e

configured to e In1ncre qua 1%
or less of a disgt ance across a 15 semi conductor device structure to be
polished therewith. 30. A nmethod for polishing a surface of a sem conduct or

device structure, the surface including a conductive structure including

copper and a bar i efy LSy @l BEILr oS, S09UGINS SHCUELE pa Rl et hOC

conpri sing substantia oncurrentlTy polishing a t he

barrier |aper @hfigtldt@pé mdlved inchene@dlEy foRbPIng1se theddof o poIAHRIsehBéchdubdn a
rate at which the conductive structure is polished.
device structure.

29. The system of claim 28, wherein said polishing pad is configured to be
laterally moved in increments that are equal to about 1% or less of a distance across a

15  semiconductor device structure to be polished therewith.

30. A method for polishing a surface of a semiconductor device structure, the
surface including a conductive structure including copper and a barrier layer adjacent
the conductive structure, said method comprising substantially concurrently polishing a
20  material of the barrier layer at substantially the same rate as or at a slower rate than a

rate at which the conductive structure is polished.

31. The method of claim 30, wherein said substantially concurrently polishing
comprises employing a slurry.
25
32. The method of claim 31, wherein said employing said slurry comprises

employing a slurry that is substantially free of abrasive particles.

33. The method of claim 32, wherein said substantially concurrently polishing

30  comprises employing a fixed-abrasive polishing pad.



31. The nethod of claim 30, wherein said substantially concurrently
polishing conprises enploying a slurry. 25 32. The nethod of claim 31,
wherei n 30 d2/esopd oyi ng said slurry conprises enploying aP€T/usen2713sat i s
substantially free of abrasive particles. 33. The nethod of claim 32,
wherein said substantially concurrently polishing 30 conprises enploying a
fi xed-abrasive polishing pad. WD 02/ 18099 R@I/ USO1/ 27155 -17 34. The

met hod of claim 31, wherein said enploying said slurry conprises enploying
a slurry in which s3.dlabhethbdbf cthirh Be, witdréinhidledy2syifXsald ZRSryaomprises
substantially the sane rate or a slower rate than the copper oxidizes. 5
35. The net hocerploypgpasiugy inyHuchesaid swicaiabaivihe Prgigr apioxdiges §t sebsiprtiadlys
enpl oying a sl i i 0, sai.d..material of the barrier

| ayer exhibit‘ﬂééégégﬁ |d%$9&P %&ggﬁgﬁgggggFggﬁhgﬁérgies. 36. The nethod of
claim 35, wherein said enploying said slurry conprises 10 enpl oying a
slurry in which an oxidation energy of said material of the barrier |ayer
is about 6.25 V notde The metbod obclaon 1, wkeseinlsaid emplepinglsaid sy compyises t he

compri ses emprBrHe 4 o iR (i8R Sl B8 P o PR e HHEY o
the barrier | ayBstahtfallyithé @mé&ia&mﬂen%ﬁgibsti mes | ess than. a renmoval rate of
t he copper. 38. The nmethod of one of clains 30-37, conprising providing a

sem conductor device structure with a barrier |ayer conprising tungsten
20 39. The .net hod e of Fe. 30238, wher.ein sai.d substantiall.
6 % Bl B Ot o s SR et ST TR s B,

concurrently polishrngi1s effec
portion ofiot henhsbyihgh shawah wHicicat 6 dRRMERbIEyf cATRERT of e iaderQbyd: e
conductive structure. 40. A nmethod for formulating a slurry to be used in
pol i shing a suibPrc®2%{V mores abewtidYhY Uess dhancimaxddation enengpioé thecoppert si ng:
selecting at | east one oxidizer, at |least one pH control agent, and at

| east one inhibitor; and determ ning concentrations of said at |east one

oxidizer, said at |3astheqi@hidofelRint 82, wherein said employing said shurry comprises
employing a slurry in which a removal rate of said material of the barrier layer is up to

15  about ten times less than a removal rate of the copper.

38. The method of one of claims 30-37, comprising providing a semiconductor

device structure with a barrier layer comprising tungsten.

20 39. The method of one of claims 30-38, wherein said substantially concurrently
polishing is effected without substantially dissolving a portion of the barrier layer

located beneath a remaining portion of the conductive structure.

40. A method for formulating a slurry to be used in polishing a surface of a
25  semiconductor device structure, comprising:
selecting at least one oxidizer, at least one pH control agent, and at least one inhibitor;
and
determining concentrations of said at least one oxidizer, said at least one pH control
agent, and said at least one inhibitor in which the slurry will oxidize copper at

30 substantially the same rate as or at a faster rate than tungsten is oxidized.



agent, and said at |least one inhibitor in which the slurry wll oxidize
copper at 30 substantially the sane rate as or at a faster rate than

t ungst en W@ 0yxd0eld zed. WO 02/ 18099 PCT/ US01/ 27155 -18 41. pTh@sem7ingsd of
claim40, wherein said determ ning said concentrations conprises

eval uati ng oxidation energies of copper and tungsten in said slurry. 42.
The nmethod of claim4l, wherein said eval udBt ng oxidation energies 5
conprises determning at | east one set of concentrations at which said

oxi dation energi es4larkhestidthddnt clairh w0 Wikersianeid d&rmidieg sad begtefrattdmi m 42,
wherein said determning said at |east one set of _concentrations conprises
det ermi ni ng coREHRispReVabREng oxidalign grergies of copper dd tHngsien ingaidslurng at | east
one pH control agent, and said at |east one inhibitor at which an oxidation
energy of tungsten is about 0.25 V nore to about 0.20 V |l ess than an

oxi dation energy of2. citiepaéthod &f clhing 4 DBy @ein 8hid@lvalumitoxinhemaindrae d
determ ning concentrations 15 conprises determ ning concentrations of said
at | east oge segirisey deteyanigingtat jeagisane spfeofigpnceatyations) at adaeh saiderddaizind at

| east one inhibitor at i t f renoval of tungsten is up to about
ten tines s|oﬁ%Fhﬁfﬁﬁeﬂﬁggﬁga@¥&§§§%§a| of copper. 45. The nethod of claim
40, wherein said at | east one oxidizer, said at |east one 20 pH control
agent, and said at |east one inhibitor are selected to be conpatible with a
type of abrasive orf3a Fhexeethed phelpipedpovhesein sgidslatermining soid eHeashengpaiofy i s
to be used. 46. The.net of f.clai - 45 erein said... .

det er m ni ng séi%ac%ng%&lgﬁ rglgﬁrbsﬁg 8éc}§nrr%iln %66 n%%g]ttrérl%lsn?fﬁgﬁaati%aﬁ%%ﬁt%éqlf%hs%?

said at | gast #@nsOxieHE &ntro? Agit] dtidsai ot dagEorRfini@bRok atGvhish iPoaBitn 5% of
the weight of said slurry. 47. The nethod of one of clains 40-45, wherein

sai d det er nmi niongreyaif ungsien derhaua DiZens mosnisrdbeni0.d@ Vdless thiman exidateresnergt i on
of said at Ie%sft o9ne inhibitor wthin a range of  about 0.05%to about 0.2%
of the wei ght of °BRd sl urry.

44. The method of claim 40, wherein said determining concentrations
15  comprises determining concentrations of said at least one oxidizer, said at least one pH
control agent, and said at least one inhibitor at which a rate of removal of tungsten is up

to about ten times slower than a rate of removal of copper.

45. The method of claim 40, wherein said at least one oxidizer, said at least one
20  pH control agent, and said at least one inhibitor are selected to be compatible with a

type of abrasive on a fixed-abrasive polishing pad with which the slurry is to be used.

46. The method of one of claims 40-45, wherein said determining said
concentrations comprises determining a concentration of said at least one oxidizer

25  within a range of about 0.1% to about 5% of the weight of said slurry.

47. The method of one of claims 40-45, wherein said determining said
concentrations comprises determining a concentration of said at least one inhibitor

within a range of about 0.05% to about 0.2% of the weight of said slurry.



