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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. Tt 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, gallitm
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
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The pad and embedded abrasives effect the mechanical part of CMP processes. During
use of the fixed-abrasive pad to planarizé 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. Asaresult 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
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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 +4¢ + 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 resuit,

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 ﬁxeci—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 sturry is formulated to oxidize copper and a material of thé barrier 1ayer,
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
oxidation 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 slurry at about the same rate as copper or at a slower

rate than copper, use of a shurry so formulated to substantially simultaneously polish a
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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 shury within which copper and the material of the bmﬁer
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 sturry is used to simultaneously remove the copper and

tungsten;



pol i shing a copper conductive structure and an adjacent barrier |ayer of a
20 sem conductor device. Such a systemincludes a fixed-abrasive type
polishing pad and a substantially abrasive-free slurry wi thin which copper
and the material of the barrier |ayer are oxidized at substantially the
sane rates, or have substantially the sane _,oxidation energieslmélag 5
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at. subst ant i alprgsentipvendion. rates; and FIG 6 is a schematic representation
of an exenpl ary enbodi nent of a system 5 that enploys a fixed-abrasive
polishing pad and a slurry to effect the nethod of the present invention.
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sinplicity, no additional
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 'amy 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
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sem conduct or devPEEe @YFLLY IHTEMPECGIONACH EHIURECH 4@ by ogntipued pelishing withy er
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Eventual |y, FORR&Uyn recess {448 lpgared supstapjally 1y itheyplara ofpstivestace 16@sar e

exposed thr & 8PRe. sl : AN ELG ) Aq ALt o] slurry
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substantially the sane rates. Barrier |ayer 18 is renoved from active
surface 16 bSFRAYHE ROBIPLSSICPRPRT Aayene? Fromsadiacent poutiensof subsgitedr asi ve

pol i shi pad 40. | | stanti,ally. .5 renmoved fro
active Q%rface 16111%}38%%%5%5&83@& céﬁp %I%Ié&g%r[%iﬁgﬂbgf n{a&w&sﬁega gs%tﬁ‘gnt hat
remai ns wi t hofiar eljeest Hatrieslayeardsto dtifd Bstionit ibﬁUMPiaﬂsdeﬁnﬁil@rtﬁe Sdm&fakdsy €
surface 16, als ggpi%ted in FIG 5, the polishing process is termnated. As
i |l ustrated HHTEPRIS wrmplated soaede RidizesopPper gnd die baterflar masgrials ofghe
substanti al | y3;h4 . SRR} r s Ni ortion of
copper Iayeré{dﬂLcl)éeflﬁr??)arrnﬁadfa Z%elﬁtgggsttl ons gie%éﬁgg F%t%gn%a{) B £ o ppd
ef f ect renovihe odteriad pp eratarindk (elpe, tomgsesn) af the adjabére baftles 14yér B havkungst en)  of

an adj acgnt barrier.|layer 18 or other structure by CMP at substantially the
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sane rates. Stated another way,
layer 18 will not dissolve, or be removed from semiconductor 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
_ban-ier 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 (A1,0,), titanium dioxide (Ti0,), silicon dioxide (Si0,), and
cerium dioxide (CeO,). The abrasives in a fixed-abrasive polishing pad 40 are typically



the material or materials (e.g., tungsten) of the adjacent barrier |ayer 18
have 15 substantially the sanme oxidation energies in slurry 30. As a
.result, as an interface 19 between layers 18 and 20 is exposed to slurry
30, the material or materials of barrier layer 18 will not dissolve, or be
renoved from sem conductor device structur§ 10, at a significgpbb%oggeater

rate than copper of copper layer 20 is dissolved or renoved from

sem conduct or, device structure 10..By way of ex e.only, an t tolimt
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sem conduct or I s \} : | n i ncl ude
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copper | ayer 5 bpag oxidizady & arstipt: the copsyednxidgtiop of matesiahlayprsane.
Slurry 30 al sgg bpe gﬁﬁ,% el lﬁﬁﬁ) ety ' el h .t he
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of barrids | agfdayet818 anch20 tre rednevdddfadrh yerniebihdiuetdridesice stictiiredDSnayedlsh be
thereby facilitate {heir mechanical renoval from sem conductor device
structure 10°HYEP%ked- abrasi ve polishing pad 40. In addition, slurry 30
i ncl udes one or nog £ it ' | ' t he
| ayers 18, 20 bei ngﬁlﬁﬁr g ev&edw(fe. 3 ?1&@%%&'\11 M&Bxﬁ@gpl:&ﬁpéﬁﬂeﬁlpof shiry 86
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 potassiuin 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, ammonium 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



copper ions from copper layer 20).so as to facilitate the dissolution of
these reactant ions, allow ng these reactant ions to be noved away from
the locations at which layers 18 and 20 are being oxidized. As a result,
the continued oxidation of material |ayers 18, 20 by slurry 30 nay occur at
optimal rates and, thus, the rates at which the materials 15 p/ob@gggs 18
and 20 are renpved from sem conduct or devit€e structure 10 nay al so be

re useful as the oxidizer conponent

opti m zed. Exanpl es . of idizers. that
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the wei ght offi&atgyasyvelbas otis compovRdsyich as patabsiun sificalgemmmoniunsboratey 30 may
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agents, bﬁ weight. It is nore preferred that the one or nore conplexing
agents ndRe upeiaislugy3), Hvprelfasmddhe inhibitoe comhponsht 32 compri@GbowE®.05 to

el udi ng - BoH S B GE SURCNRRY 2R Gty oyl SR st fid %
gl ycol (PEG ,BDA, weweight.of slurry 30. As another exanple, slurry 30 may

i ncl ude about 3% ammoni um acetate, by weight. |nhibitor conponent 32 of
slurry 30 prevent SSleay 3@ mayhaws a pHip dhe rogs efcabopiad tosdbiontys, tuh tielpH of

t ' b triazple (BTA),.. 5.
o bt obens SUETESS bttt e SHEDOADRENTERBLES BEQ wiock Sisbblyy s bt and
di et hyl artne, 4. 201ié oigmoRHECwhihele fiSo Ryférral O BerefitthdY5H cBRrolashts, may be

di cycl ohexam ne . i
used, as known in the art, to adjust 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, ammoniurh 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 gIass
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,



nitrate, as well as other conmpounds, such as potassiumsilicate, anmonium
borate, anmmoni um phosphate, and potassium di chromate, or m xtures of any
of these corrosion inhibitors. Wile inhibitor conponent 32 may nake up
about 0.05 to about 2% of the 10 weight of slurry 30, it is preferred the
i nhi bitor conponent 32 conprise_about 0.0? to about 0.2% of thgopepght of
slurry 30. For exanple, slurry 30 may i ncl'lde about 0.1% BTA, by wei ght.

Slurry 30 ma ravetgﬂgH i n tlh range of about 2 to about 6, but the pH of
slurry 30 isPEPOKr¥starse leHolg e%é’ﬁg@xa?ﬂl&lﬁ%?etﬂ athsrapelypxyethylene steesyle.
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underlies the |ayer or |ayers being polished. Wthout '

I mtation, acetic
acid is & e ing flugry SO founulations in vehictheoppsegivesmupealpaisns atwabgthhtidilys| ur ry
30 and that wlJl. .not, etch an underl.yin | ass, insul.ator.. In_ addition,
Srurry 30 gt el R A R o e A Paniey Tevsh b8 R Btohicom
about 1% to atidntblysiiultdieons) Witk c@?pe?'ldﬂyéf 30.38ta80%notKBY HayP fs,ﬁﬁ—;?f "%(;,
conponent

about 1% to _about 2% of the weight of slurry 30. The surfactan

may i ncl ude, bedermusiadipe that pepppeand,s barsierymatesial thersforosughtak fringsten, dtake the
gl ycerol, pol o]o} | . 10 .14/.01/.2005 pol.y.oxyet hyl ene. | guryl
ether, pol yox %@{téﬂﬁ%ﬁ g&ég %%gé?rhg}e?gs% B & ﬁﬁocgﬁ%‘zg‘{‘géfl tantigly g?e shme
pol yoxyethy! eites thefiyd. Prebeaibly e oxidstion Efergy 6 t@REsten or another barrier material in
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.
Slurry 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 accordaﬁce with
the method of the present invention is illustrated. Polishing system 50 includes a
polishing apparatus 42, which supports or carries a fixed-abrasive poliéh:hg 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 polishiﬁg apparatus
42 is illustrated in FIG. 6 as a web-type polishing apparatus, other known types of



Thi ckeners may al so be included in slurry 30 to inpart slurry 30 with a
desired viscosity (e.g., about 10 to about 20 cps. at anbient
tenperature). Exenplary 5 thickeners that may be included in slurry 30

i nclude, but are not limted to, POLYOX, available from Union Carbide of
Danbury, Connecticut, and CARBOPOL, avai l :itgl e fromB.F. Goodrhg? £hos
Cl evel and, Chio. Water nmay be used as the~-bal ance of slurry 30. Le

speci fic amount.s.of the conpongnts of slurry 30 may be deternmined by 10
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| ayer 20. St anedpaatiigteachivess,of shepreyenBthvention. be formul ated so that copper

and a barrier material therefor, such as tungsten, have the substantially
sanme oxidation enétyi@own{ME;appargusgingludingsonvantignalsiotary SMP appagatuhe sane
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measur i n?. the open circuit potentials of copper and a barrier material,
such as t9ngst en, It BseQfipotighing systern SPy enepr mase seniFpEucwr davipobtigitirag1@yst em

50 for effecty t ' sijqul t aneou | i shing. of . copper and
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apparatus 42, which supports or carries a fixed-abrasive polishing pad 40,

and a subst F?:&“ée%tﬁlfl’ﬁ’gﬁlimaﬂp%ﬁ% B Sy Ots ingroduesdrhysbiruapplicatdedT auto
2o BBt LTy PSR i s
seni condiift oOndeviuoy 3Othas beasr applied kefivdd-atadive filEidy pid 28] 3R dPBbinsdti Ny pad
40. Polishing system 50 also includes a slurry applicator 47. Although
pol i shing ap ﬁ%P’é‘P’&‘i“CthZiei@e Siracrater 1t and fixedmbrasive palishingipasl 40q5e sphstansialiy g
apparat us, OBl bRF tho¥Ed (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 fcsimat 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. Sturry 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



14/ 01/ 2005 polishing apparatus, including, wthout |limtation, belt-type
and conventional rotational-type polishing apparatus, nay alternatively be
used in polishing systens incorporating teachings of the present
i nvention. Any known CMP apparatus, including conventional, rotary CW
apparatus, 5 web format CMP apparatus, a belt format CMP appad/giMees MY
conprise polishing apparatus 42, substrat®e support 44, and slurry
applicator 47 of polishing system50. Fixed-abrasiyve polishing pad 40 may
sinmilarly i n&aﬁ’&l&‘?‘&ﬂﬁ%ﬁ?yaﬁ#ﬁ segycongretes Rllf‘éflcepsglllp%lrﬁ Hysqesdo ugifernlypotiske
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10, sem condulc]tor device structure 10 is 25 noved away fromfixe rasive
pol i shi ng paWhemcondueied ot caplerdempeiptiessohhe abrasive deropenentieficorventionalt ur e 10

is rinsed or ed 1k LOM by.. known rocesses. Subsequent
fabrication %%ggé“ggﬁ rl%gﬁgtp é%rﬂbag?%:ogé]bé%@toé'dthgﬁ cysply ﬁﬁﬁiﬁ‘rroug‘@\'}'i %‘gﬂ
struct url® 10slumies khaoleritempdratugsst . Pol i shing pad 40 may be increnmental ly
noved to provide fr%sh ad segnent that was not utilized to polish
semi conduct or dev gh the foregoing description contains many specifics, these should not be

construed as limiting 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. |



30 structure 10. Polishing pad 40 nay be noved a distance that is | ess than
the distance across (e.g., dianmeter) a sem conductor device structure 10
to be polished therewith. Preferably, polishing pad 40 is noved a di stance
that is at nost about 1% of the -12 14/01/ 2005 maxi mum di stance across

sem conduct or device structure 10 so asl3o uniformy polish s e ctor
device structures 10 and to nmaxim ze the useful life of polishing pa

As an exanple, follow ng the use of £IPdMShi ng pad 40 to polish one or
nore 20 cn1é? |nch) wafers, polishing pad 40 nay be increnentally noved

about a 2 5 quarters of a centinmeter (e.g., about 0.635 cm

bet ween pol i shi h Wi | e 0I15|n
accordance w ?hqgﬁg%(pﬁlrfeo\é@% n|C(r?11ven |'omnech C%B"lb%’mﬁ}%r?%e& Mﬂﬁ?&bl e
pol i shi ngompomME tHat'éaprived agmhwomphemglaurew oAl oR1UzeR Jtﬂéﬁ@pblﬁ@m& }
pol i shing pad 40 may be conducted at | ower tenperatures than those o

convent i egeit, and apbalast@hm mehibitarcssd slerry being domanpiated withirelativegmomtthofimid ftat

i ncor porate teac n S ent inventign may_ be conducted at

t enper at ?ﬁaéts tsa}‘{%ﬁr‘?%ﬂ@@ﬁm@l %erlﬁ an%éﬁ’é‘uﬁt least ong 1@“}C’lt%rrbaé@6%r I t
has been ! ﬁﬁﬂg

cool er tgérpgéé{r&gﬁaﬁlpgage %he ab so:ﬁ%%% one @%%?1“&@%??%@& %OS)E’F? %nsd do
not, howasesondrsaueture coalpising tumgsten, withssid tu@gﬁ&h Yeifly sqresveadt bibsaugilptthesuch
15 slurries at cool er tenperatures. Al though the foregoing description
cont ai ns S¥aRTAte peaTale at gvhiehhssidcammetisdemeredhe  construed as |initing the
scope of the present invention, but nerely as providing illustrations of
sonme of the presently pref erred enbodi ments. Sinmilarl y, other enbodi nments
of the i nvent ROMheRydHem deviafifd, Whireth il i@ty HeBdtintfall9Bebdg abltived  or 20

scope of the present invention. Features fromdifferent enbodi nents may be
enployed in conblnatlon The scope of the invention is, therefore,

cqui val ont o Aot RRRAT LYY | o Bor BB fra%g%‘%e”%pﬁ%‘%aﬁe%ahmgaﬁ?q%w
del et i ongyRRfn np@lm&lze&aﬂ sabstadtfally e éaﬂiéexﬁfe' a@ Br 85 dbwel BREHan %.g Jﬁ’g*“g' ch

fall within the meaning and scope of the clains are to be e
t her eby. 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 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.

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.

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



-13 CLAI M5 14/01/ 2005 What is clained is: 1. A systemfor use in

chem cal - nechani cal polishing processes, including a first conponent that
conprises a slurry conprising at |east one oxidizer, at |east one pH
control agent, and at |east one inhibitor, said slurry being formul ated
with relative amounts of said at |east one oxidizer, said at {ggphosyne PH
control agent, and said at |east one inhibl4-or balanced so as to
facilitate substantially concurrent polishing of a first structure

conpri si ng cohyiesgeathosphate GaiitomituniiiydiGzet PRBEPHALS) Bibhasib dflRRiith titraidi d
tungsten being _renoved at substantially the same rate as a rate at which
sai d copper iglbﬁﬁﬁﬁmm@n Cmeasaﬁgitlfé?ﬁl‘gfphéiiphom acidywered silfuris acid. slurry is
substantially free of abrasives. 3. The systemof claiml or 2, wherein
said relative amounts are bal anced so that said tungsten is oxidized at
substantial ly the gamhe ko 88 cREmator2, BAVaYEA pHAIFabbI P Yo SBbEl ¢cOPPEr is
oxidized. 4. The systemof claim1l or 2, wherein said relative anounts are
bal anced sb that an - oxidation energy of tungsten in said slurry is

substantially the gape as_ _an oxj dation enper 0 copper in said slurry. 5.
The system of cl ai én i,ﬁe Wé"frﬁf’ﬁd?gf‘c} %@r ‘38?’\‘781)/ SHbUeast gReoNidizer froRPriSes athat
an oxi di zat | REst®REbH¥n Qﬁ:ﬂdﬁﬂﬂﬁ%@ﬁpbﬁh& ainflratd H&f?ﬂoﬂrﬁ, AROaH an‘i}n@goﬁS{P&H{d‘? to

about 0.20 V less than an oxidizalion energy of  copper 1In sal urry. 6.
The system of claim4, wherein said relative amounts are bal anced so that a

than & rate of rental o seERBATSS. SATHSridaH Hestne pladiag SoBRTiE &P 1
or 2, whefeei NomAfthyaiogeR PefoxPie pBtasGiddle, gtggggiu nﬁ%ﬂﬁ%ﬂ%ﬁg%g,faan?%&ﬁﬁﬁn one_of

pot assi um hydr ogen phthalate, a ni um acet , amtoni anmoni um
car bamat e, anprssil{ate, phus@iivnenolyhdase,ifemic-nitdatd, Afidit/a2R0) potaysium gitiatghosphat e,

amroni um i hy gl gagh ROPSRALSine SoB0hE," TN UM €1 Lrate,

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



tribasic ammoniumcitrate, acetic acid, phosphoric acid, and sul furic acid.
8. The systemof claiml1l or 2, having a pH of about 2 to about 6. 5 9. The
systemof claiml1l or 2, wherein said at | east one oxidizer conprises at

| east one of an ammoni um conpound, a nitrate conpound, and an am ne
conpound. 10. The systemof claim9, wherein said at |east onelg%il&bééar'
conprises at l'east 10 one of hydrogen per-d% de, potassium i odate,

pot assi um per manganat e, anmoni um persul fate, ammoni um nol ybdate, ferric

nitrate, nitric acild; Thetsagemnwichimrls; whereangahatdeastou: dbhiFéxj@g'i t '
0.1%to a%gut 5% of

conpounds. 11. ) emof claim9, conprising about
said at |east cor%%ﬁs%a%g%s%nf ,g?We\v\éinﬁ}ﬂmlBﬁ C@@%‘d ammpniyn phasphateeandy st em of
claim1l or 2, athesifhm aséhg at | east one inhibitor conprises at |east one
of an azole, an amne, and a ring conpound. 20 13. The systemof claim 12,
wherein said at | east one inhibitor conprises at |east one of
benzenetriﬁzol e (Bg,%) mer capt gbenzot hi azol e, tolytriazole, nethylam ne,
di et hyl amithe, pyri di'ndhe§usteiBIof Alaim 4 cqrammisingahiont:3 fito About 5%ouft saikatdeast
silicate, a i @l a j hat e, and pot assi um di chr omat e.
25 14. The s;g?glr:n&%?ﬁ%ngia%e??wgf#gﬁgﬁdagcﬁ’ut 0.05% to about 2% of said
at least one inhibitor, by weight of said slurry. 15. The systemof claim
1 or 2, further coggrilﬁ%n% at least one conpl exi ng agent. 30 -15 14/01/2005
16. The system of cPailff $EtemREslaim 1 os2qfusther eomprisingat deasporessirfgctage nt
conprises at |east one of glycine, ammoniumcitrate, anmoni um phosphat e,
and ammonium acetate. 5 17. The system of claim 16, conprising about 3%to
about 5% W said afl9] Thesystanef claimp! 8 )xkRGeiaGaiAlat Ida¥ oMBisGFhct i cﬁﬁgﬂs lyrry.
18. The systein Otf cl ?I nil or 2, further conprising at |east one Surtactant.
east one of polyethylene glycol, polyoxyethylene ether, glycerol, polypropylene glycol,

polyoxyethylene lauryl ether, polyoxyethylene cetyl ether, polyoxyethylene stearyl
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 slarry removes copper ata
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.



10 19. The systemof claim 18, wherein said at |east one surfactant
conprises at | east one of polyethylene glycol, polyoxyethyl ene ether,

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

pol yoxyet hyl ene cetyl ether, polyoxyethylene stearyl ether, and

pol yoxyet hyl ene ol eyl ether. 15 20. Th ‘%ysten1of claim19, co /bb?b&g'
about 1% to about 2% of said at |east one surfactant, by weight of said
slurry. 21. TR& Jheswsisropf elpim A9, wharein saiddinsdiabiasiye polishingpid incluflembout 10
to about . CpS.. At ambi.ent tenperature. .20 22. The sysfem of claim 21,
further 8%%%113’ F E’M’ﬁﬁa’ﬁ C?WPE?(‘B%@“?‘%@W? lugganm, xige, ttanfpm dioxde, silicgper ej n
sai d sl uglokideL BRY &P @iBRIdedt @ tenperature of about 27 C. or cooler. 25
24. The system of one of clains 1-23, further including a second conponent

conprising a polishing pad. 25. The system of claim 24, wherein said
pol i shi ng pad %o rises a _fixed- 30 abrasive polishing pad. -16 14/01/ 2005
26. The syst ef ofl g system oEonepfslaimg 24364 Wheseinisaidpelishing nadiconiptises et

i ncl udes HNE: parki ri.si.ng._at | east e of al.um num oxi de,
titani umaé(?]'g{a é%éﬁlgi@ﬁ’f%’oaﬁgeﬁiooxﬁg!&ﬁﬂgp%%raflﬁf’hwcﬁb?q%r?fgPogs)h.m ‘syst em of
one of clainms 24-26, wherein said polishing pad conprises one of a round

polishing pad, a belt format polishing pad, and a web format polishing pad.
28. The syst edBofThesgsterh of prd oficldivhs 27-2 Amwbewimsashpalishoig pab iisiepnfizdredgo be

configured to.be nov Lncremental ly follow ng yse thereof to polish a
seni condeotV8$ "H’é?}}“é‘gae‘g‘i ’!;OHBYVH}gél.SG .ré/ofﬁ‘ép%]}é\’ntae%?"ﬂ?on@}“gpﬁﬁ??@?e HHEMES-n sai d
polishing pad is configured to be laterally noved in increnents that are

equal to about 1% or |ess of a distance across a sem conductor device

structure to BE. fbkisgdten of tieined8,twherdf said polithing pidis cpafigabd fitbelatifyace of
a sem conduc&or. devi ce ﬁtructure the surface )
moved in increments that are equal to about 1% or less of a distance across a 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 material of the
barrier layer at substantially the same rate as a rate at which the conductive structure is

polished.

31. The method of claim 30, wherein said substantially concurrently polishing

comprises employing a slurry.

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

comprises employing a fixed-abrasive polishing pad.



i ncludi ng a conductive structure including copper and a barrier |ayer

adj acent the conductive structure, said nethod conprising substantially
concurrently polishing a nmaterial of the barrier layer at substantially the
sanme rate as a rate at which the conductive structure is polished. 31. The
met hod of claim 30, wherein said substgptially concurrently pojligfhass
conprises enploying a slurry. 32. The thod of claim 31, whereln said

enpl oying saig, slurry.c rise l.oyi. a.slurry that is substantially
roe of "sbr asthe bR SL 31 HERciE A RIS T sorirdieh cabying
subst ant j gulry i MREHraRIThhtkr A kifehiaiGer 15RFBL LS a2y o ainegdeaphasi ve
polishing pad. -17 14/01/2005 34. The nethod of claim31l, wherein said

enpl oyi ngjower witestham the coppayokskzesenpl oying a slurry in which said materi al
of the barrier layer oxidizes at substantially the same rate or a slower
rate than the copper oxidizes. 35. The nmethod of claim 31, wherein said

enpl oyi ng sai g¢s I i 2 | i . and
oy d mmtor al 57 TSP ER L AR K sRH el ek Ay PR SRR

oxi dat i oaslengrigmwhich tB6coppheamisdalibdlatefialalf ahebadider layee exhibit Sebschneialdy thyisage sai d
slurry conprises enploying a slurry in which an oxidation energy of said
mat er i al OHHAHMNLNSERISS: or | ayer is about 0.25 V nore to about 0.20 V |ess

t han an oxidation energy of the copper. 37. The nethod of claim 32, wherein
said enploying said slurry conprises enploying a slurry in which a renoval
rate of sai d B6t Ehé mktholl of biaindas isdreih d¥idfemiptoyitiy datd i@y torhprisek efPloyilgess
than a renoval rate of the copper. 38. The nethod of one of clains 30-37,
conpri si AZUPY Y vhichgnpxidatipe snerey. phvaidimptesial of dhe bartierlaysgiis aboyt 825 N merg ayer

conpri si {%bﬁ)up@_% ‘(’/”lessstﬁ%r} %p&ggﬁ}og%qe% fhe Cgé%?q_l ains 30-38, wherein said

subst ant i y concurren Ishing”is ef ed without substantially

di ssolving a portion of the barrier |ayer | ocated beneath a remaining
portion of the conductive structure. 40. A nethod for forrmulating a slurry
to be used i n3’bOTheslﬁap§lp@d of glaim 32.ovhgreip said employing said slurry comprises employing

a slurry in which a removal rate of said material of the barrier layer is up to 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.

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
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 at which the slurry will oxidize copper at substaﬁtially

the same rate as a rate at which tungsten is oxidized.



sem conductor device structure, conprising: selecting at |east one

oxi di zer, at |east one pH control agent, and at |east one inhibitor; and
determ ning concentrations of said at | east one oxidizer, said at |east one
pH control agent, and said at |east one inhibitor at which the slurry wll
oxi di ze copper at substantially the sane rate as a rate at V\/nilg/m,tzgggs'ten
is oxidized. -18 14/01/2005 41. The net hod8ef cl ai m 40, wherein sai

determ ning said concentrations conprises evaluating oxidation energies of
copper and tungst eH.iFhesnéttlod bficlaim 46 whekbia ot deedmafing 54l BbdbbntriitRkei N

sai d eval uating oxidation energies 5 conprises deternm.ning at |east one
set of concerffHRRIsehevaitatingioxidation gnesgics af capper andeinggsten inrseidsslirsy.ant i al | y
the sane. 43. The nmethod of claim 42, wherein said determ ning said at

| east one set of concentrations conprises determ ning concentrations of

said at least one 43 Tieafthos df Slald 42l whedh s R aRifOBHiiAlon BENes 2d said
at | east one inhibitor at which an oxidation energy of tungsterr s about
0.25 V noPe tomnises dejerainivg|abinast angrsetof cordeantrations & mdiidysaibdxidstper . 44.
The met hod of _cl ai m 40 rgin said determ ning concentrations 15
conpri ses deteélcréﬁl?ﬁaﬁﬁs%bgtgg‘g‘ﬁﬁ&ei%ﬂ"g‘ of said at |east one oxidizer, said at
| east one pH control agent, and said at | east one inhibitor at which a
rate of renoval of tungsten is up to about ten times slower than a rate of
renoval of copper .4345heTnethod phddin #2.ovkeren 48id dateemiiing soad ok 1edst beasst opne
oxi di zer, saico(lmat I,aast one. 28 pH .controleﬂ%%ent, nd said at |east one
i nhi bi t or ar & CR&TWANEY ORURTISeE dAFHRELORFNiratons of sajkat Jeastene\nxidipergsaid
fi xed- abrasi v 1@l drePENGortas aWbrt Nt Nafht 1St oﬂeqﬁﬁﬂsitbﬁattv&jg%&’éﬁﬂaﬁo‘}ﬁ- The

[

met hod of one of clains 40-45, erein said determning s
concent r at i orfeEgypftungsten deakoutdii5ng mere trebent 0.20 Volessothars ai oxidatidreastgyone

oxi di zer 25 ftcgi n_a range of about 0.1%to about 5% of the weight of said
slurry. 47. §°R&¥hod of one of clains 40-45, wherein said deternini ng
said concentrations conprises determining a concentration of said at |east
one-inhibitor wthin a range of about 0.05%to about 0.2% of the weight of
said slurry. 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 ug

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 contro] agent, and said at least one inhibitor are selected to be compatible with a

type of abrasive on a ﬁxed-abrasgive 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 shurry.



