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METHODS FI ELD OF THE | NVENTI ON [ 0001] Thi s invention pertains to a
chem cal - mechani cal polishing conposition and a nethod of polishing a
substrate using the same. BACKGROUND OF THE | NVENTI ON
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[ 0009] The polishing conposition conprises iodate ions (103). lodate
ions function as oxidizing agents. The iodate ions can be present in
the polishing conposition in any suitable anmount. Typically, the
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8 polishing pad and a chemni cal - mechani cal polishing conposition
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C4- 20 heterocycle and a C1.20 allcylamne, and (iv) a liquid carrier
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1003 (wt.9% Tantal um Removal Rate (A/min) Copper Renmoval Rate (AJmin)
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[0017] The abrasive particles can have any suitable size. The abrasive particles typically
have an average particle size (e.g., average particle diameter) of 5 nm to 250 nm. Preferably,
the abrasive particles have an average particle size of 10 nm to 100 nm. Most preferably, the
abrasive particles have an average particle size of 25 nm to 80 nm. The particle size of a non-
spherical particle is the diameter of the smallest sphere that encompasses the particle.

[0018] A liquid carrier is used to facilitate the application of the abrasive and any
components dissolved or suspended therein to the surface of a suitable substrate to be
polished (e.g., planarized). The liquid carrier is typically an aqueous carrier and can be water
alone (i.e., can consist of water), can consist essentially of water, can comprise water and a
suitable water-miscible solvent, or can be an emulsion. Suitable water-miscible solvents
include alcohols, such as methanol, ethanol, etc., and ethers, such as dioxane and
tetrahydrofuran. Preferably, the aqueous carrier comprises, consists essentially of, or consists
of water, more preferably deionized water.

[0019] The polishing composition can have any suitable pH. For example, the polishing
composition can have a pH of 1 to 5. Typically, the polishing composition has a pH of 2 or
greater. The pH of the polishing composition typically is 4 or less.

[0020] The pH of the polishing composition can be achieved and/or maintained by any
suitable means. More specifically, the polishing composition can further comprise a pH
adjustor, a pH buffering agent, or a combination thereof. The pH adjustoi" can be any suitable
pH-adjusting compound. For example, the pH adjustor can be nitric acid, potassium
hydroxide, or 2 combination thereof. The pH buffering agent can be any suitable buffering
agent, for example, phosphates, sulfates, acetates, borates, ammonium salts, and the like. The
polishing composition can comprise any suitable amount of a pH adjustor and/or a pH
buffering agent, provided that a suitable amount is used to achieve and/or maintain the pH of
the polishing composition withixi the pH ranges set forth.

[0021] The polishing system optionally comprises a corrosion inhibitor (i.e., a film-
forming agent). The corrosion inhibitor can be any suitable corrosion inhibitor for any
component(s) of the substrate. Preferably, the corrosion inhibitor is a copper-corrosion
inhibitor. For the purposes of this invention, a corrosion inhibitor is any compound, or
mixture of compounds, that facilitates the formation of a passivation layer (i.e., a dissolution-
inhibiting layer) on at least a portion of the surface being polished. The polishing system of

the invention can comprise any suitable amount of the corrosion inhibitor. Generally, the



3400 100 1F 0.25 310 3600 100 [0038] These results denonstrate that
the dielectric oxide (I1LOS) renoval rate is largely i-ndependent of

i odate concentration. In contrast, tantalum and copper renoval rates
are strongly dependent on iodate concentration. The copper renoval
rate increases over the range of iodate concentrations. The tantal um
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i odat e gRERBIchAPbANcNEAThe goﬁsmﬁg Sstofn Edrabtidea Bl0Bb ML TPk, [28.€0.01 to
>1000 krain 1s not achieved with conventional oxidizers at sim iarl y
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eval uatgezijhe qht 961islﬁlf1dg SShpEitoR pABEAR fufthéUdmpRized SHEVGhore dkifer OF
t ant al urawgopper, and dielectric oxide with the polishing cqonposition

of the #4NBiTE] She PolEdinEIesMIRokion Sath STPRRIwS BREIA(Prahenlemsad contsler
of tant gleHNinchRRREViscANtY elidaeinbtipentd @hd Shatliants! (k. ef, 'pB}émQérfcfrﬁ&ﬁﬂgyical

pol i shing conpositions (Polishing Conpositions 2 2B, 2C, 2D, and
2E) . EaR9RUel 28, Bshisnion grammipderibrisRoluBrie i SHEbly sosfagenisdneiydyatoind
0.1 W . Yaapld)RRAGHi¢ biaZRlBts( BhOhicisBridRE, adfonit gL dMctdivtes, ROhibaRi NY
Conmposi tigns 2A-2E further contained O. 25 w.% 0.5w.% 1 w.% 1.5
wt. % aftatastapls, empphaierimastariantspllvrinetead sueagats.caixpmes thevepfiiaaddtediye;

respect jogesyy. Tine p'bﬁﬂ{iﬁ?_é EdthpSERRREan b8 PEp Dy AFRUAbLIE BBSqRS, SnaiSlof
forth in Table 2. 11 Table 2. Muterial Renoval Rates as a Function

of Abr a¥PiFh o tpdbessiikiist i e ag- EoApeolrhinesrmpqsition qadeqyepared in a

Tant al upatEresREAtinRRs PrdodbdY GenctARDAE PR IMNALoTREds&idnValkivd)prebatdd by

Renoval Rate (A/mn) 2A 0.25 690 800 ]
combining the components thereof in any order. The term “component” as used herein
includes individual ingredients (e.g., nitrogen-containing compound, abrasive, etc.) as well as
any combination of ingredients (e.g., nitrogen-containing compound, source of iodate ions,
surfactants, etc.).
[0024] For example, the abrasive can be dispersed in a suitable liquid carrier. A source
of iodate ions and a nitrogen-containing compound then can be added, and mixed by any
method that is capable of incorporating the components into the polishing composition. The
polishing composition can be prepared prior to use, with one or more components, such as
the source of iodate ions, added to the polishing composition just before use (e.g., within 1
minute before use, or within 1 hour before use, or within 7 days before use). The polishing
composition also can be prepared by mixing the components at the surface of the substrate
during the polishing operation.
[0025] The polishing composition can be supplied as a one-package system comprising a
source of iodéte ions, a nitrogen-coﬁtaining compound, an vabrasive, and a liquid éarrier.
Alternatively, the abrasive can be supplied as a dispersion in a liquid carrier in a first
container, and a source of iodate ions can be supplied in a second container, either in dry
form, or as a solution or dispersion in the liquid carrier. A mnitrogen-containing compound
can be placed in the first and/or second containers or a third container. Furthermore, the
components in the first or second container can be in dry form while the components in the
remaining container(s) can be in the form of an aqueous dispersion. Moreover, it is suitable

for the components in the first or second containers to have different pH values, or



<25 23 0.5 750 1000 <50 2C 1 900 1550 100 2D 1.5 890 1300 250 2F 2
900 1250 340 [0041] These results denonstrate that the dielectric
oxi de (TEOCS) renoval rate is strongly dependent on abrasive
concentration. In contrast, tantalum and copper renoval rates are
rel atively independent of abrasive corkentration. The graph of the
Fi gure depicts the Ta/ TECS selectivity as a function of abrasive
conce ntarlt%l'daﬁ%ly-w h&&uﬁﬂ&lﬁjﬁfmﬁﬂ&a&e&/eﬁ REud1NGH 9a6s.| ThelRUIECRIdizing
selectivity at | ower abrasive concentrations. EXAVPLE 3 [0042]Th|s

exanpl e2svaenReaarnlisd ssppaishichion tey othercompanente Ahig polishing coppgsition and
[ 0043] Sfivedbmbiial &8t 8 tfeUMALIsSS, RGthahdbRBK&ImPRYRHK o thel FIlikRhE M

copper,

and TECS weré
composition shortly before use (e.g., 1 week or less prior to use, 1 day or less prior to use, 1

hour or less prior to use, 10 minutes or less prior to use, or 1 minute or less prior to use).
Other two-container, or three or more container, combinations of the components of the
polishing composition are within the knowledge of one of ordinary skill in the art.

{0026} In a preferred embodiment, the polishing composition is supplied as a one-
package system. ’
[0027] The polishing composition of the invention also can be provided as a concentrate
which is intended to be diluted with an appropriate amount of liquid carrier prior to use. In
such an embodiment, the polishing composition concentrate can comprise the abrasive, iodate
ions, a nitrogen-~containing compound, and a liquid carrier in amounts such that, upon
dilution of the concentrate with an appropriate amount of liquid carrier, each component of
the polishing composition will be present in the polishing composition in an amount within
the appropriate range recited above for each component. For example, the abrasive, iodate
ions, and nitrogen-containing compound can each be present in the concentration in an
amount that is 2 times (e.g., 3 times, 4 times, or 5 times) greater than the concentration
recited above for each component so that, when the concentrate is diluted with an equal
volume of liquid carrier (e.g., 2 equal volumes of liquid carrier, 3 equal volumes of liquid
carrier, or 4 equal volumes of liquid carrier, respectively), each component will be present in
the polishing composition in an amount within the ranges set forth above for each
component. Furthermore, as will be understood by those of ordinary skill in the art, the
concentrate can contain an appropriate fraction of the liquid carrier present in the final
polishing comp051t10n in order to ensure that the iodate ions, mtrogen—contalmng compound
and other suitable adphﬂves are at least partially or fully dissolved in the concentrate.

[0028]) The invention also provides a method of polishing a substrate with the polishing
composition described herein. The method of polishing a substrate comprises (i) contacting a
substrate with the aforementioned polishing composition, and (ii) abrading or removing at
least a portion of the substrate to polish the substrate.

[0029] In particular, the invention further provides a method of chemically-mechanically

polishing a substrate comprising (a) providing a substrate, (b) contacting the substrate with a



polished with six different polishing conpositions (Polishing
Conpositions 3A, 33, 3C, 3D, 3E, and 3F). Each of the polishing
conpositions contained 0.1 w.%KI03, 0.1 w.%BTA, and 0.5 w.%
condensati on-pol yneri zed silica (80 urn dianeter). Polishing
Conposi tions 3A had a pH of 2.19, Poli&hing Conposition 33 had a pH
of 2.45, Polishing Conposition 3C had a pH of 2.6, Polishing
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1073 2 18f2th5 poldRinks énffAitibadb 1105, (c) moving the polishing pad relative to the substrate

with the chemical-mechanical polishing composition therebetween, and (d) abrading at least a
portion of the substrate to polish the substrate.

{00301 Although the polishing composition of the invention is useful for polishing any
substrate, the polishing composition is particularly useful in the polishing of a substrate
comprising at least one metal layer comprising tantalum. The substrate can be any suitable
tantalum-containing substrate (e.g., an integrated circuit, metals, ILD layers, semiconductors,
and thin films) and can further comprise any suitable insulating layer and/or other metal or
metal alloy layer (e.g., metal conductive layer). The insulating layer can be a metal oxide,
glass, organic polymer, fluorinated organic polymer, or any other suitable high or low-k
insulating layer. The insulating layer preferably is a silicon-based metal oxide. The
additional metal or metal alloy layer can be any suitable metal or metal alloy layer. The
tantalum-containing substrate preferably further comprises a metal layer comprising copper.
[0031] In accordance with the invention, a substrate can be planarized or polished with
the polishing composition described herein by any suitable technique. The polishing method
of the invention is particularly suited for use in conjunction with a chemical-mechanical
polishing (CMP) apparatus. Typically, the CMP apparatus comprises a platen, which, when
in use, is in motion and has a velocity that results from orbital, linear, or circular motion, a
polishing pad in contact with the platen and moving with the platen when in motion, and a
carrier that holds a substrate to be polished by contacting and moving relative to the surface
of the polishing pad. The polishing of the substrate takes plaoe'by the substrate being 'placed
in contact with the polishing pad and the polishing composition of the invention and then the
polishing pad moving relative to the substrate, so as to abrade at least a portion of the
substrate to polish the substrate.

[0032] A substrate can be planarized or polished with the polishing composition with any
suitable polishing pad (e.g., polishing surface). Suitable polishing pads include, for example,
woven and non~woven polishing pads. Moreover, suitable polishing pads can comprise any

suitable polymer of varying density, hardness, thickness, compressibility, ability to rebound



3E 3.12 338 691 27 3F 3.67 12 213 46 [00441These results denonstrate
the strong dependence of tantalum copper, and TECS renoval rates on
the pH of the polishing conpositions conprising 1(103. 12 EXAMPLE 4
[ 0045] Thi s exanpl e eval uates the effect of nitrogen-containing
conpounds on renoval rate of tantalum®nd copper with the polishing
conposition of the invention. [0046] Sim | ar substrates conprising a
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Renoval Al m n) (conparative)
of the workpiece are known in the art. Such methods are described, for example, in U.S.

Patent 5,196,353, U.S. Patent 5,433,651, U.S. Patent 5,609,511, U.S. Patent 5,643,046, U.S.
Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent 5,838,447, U.S. Patent 5,872,633, U.S.
Patent 5,893,796, U.S. Patent 5,949,927, and U.S. Patent 5,964,643, Desirably, the
inspection or monitoring of the progress of the polishing process with respect to a workpiece
being polished enables the determination of the polishing end-point, i.e., the determination of

when to terminate the polishing process with respect to a particular workpiece.

EXAMPLES
[0034] The following examples further illustrate the invention but, of course, should not
be construed as in any way limiting its scope.
[0035] In each of the following examples, tantalum, copper, and TEOS blanket wafers
were polished with different polishing compositions using a conventional CMP apparatus.
The polishing parameters were as follows: 9.3 kPa (1.35 psi) to 10.4 kPa (1.5 psi) downforce
pressure of the substrate on the carrier against the polishing pad on the platen, 110 rpm platen
speed, 102 rpm carrier speed, at a polishing composition flow rate of 150 ml/min. Following
polishing, the removal rate of tantalum, copper, and dielectric oxide from the blanket wafers
was determined in A/min. | | |
EXAMPLE 1 .
[0036] This example evaluates the effect of iodate concentration on removal rate of '
tantalum, copper, and dielectric oxide with the polishing composition of the invention.
[0037] Similar substrates comprising a blanket layer of tantalum, copper, and TEOS were
polished with six different polishing compositions (Polishing Compositions 1A, 1B, 1C, 1D,
1E, and 1F). Each of the polishing compositions contained 0.5 wt.% condensation-

polymerized silica (80 nm diameter) and 0.1 wt.% benzotriazole in water at a pH of 2.4.



530 1200 4B (i nvention) 0.025 600 3600 4C (invention) 0.05 610 1900
4D (invention) 0.1 710 1000 4E (invention) 0.2 700 500 [OO47]ETA is
a well -known inhibitor of copper renoval. However, as is apparent
fromthe results set forth in Table 4, ETA increased tantal um renoval
rates in combination with iodate. The Yantal umrenoval rate increased
wi th increasing BTA concentration and reached a plateau at a

concent Palishimg O6mPositions. 1%-Bﬂ’ﬁmfée eb:shinB@ 00005 ] 0.025 w45, @031 Wi.%e0l 12

tantal um r, r at r oxi. mat el 60% greater than
observed T)EJLBD%WL% F"%‘EP%S Jr‘:@ WCWﬁlﬁoﬁg e fepiglum, copperpgilq TRPRg
Conposi ténsvalifate %hﬁtm@@&rfomeﬁﬂvahe rate first increased and.then
decreased with increasing concentration of ETA. EXAMPLE 5 [0048] Thi s

exanpl e eval uates the synergi sm between i odate and _
ni tr ogemablent ai#teig) RARALRESs a§é1Fﬁuc%fonETﬁ>daféEorﬂ:BH@ﬂﬁinng tantal um

r emoval—rat nc [-0049} Simi-lar—substrates conprising a blanket |ayer of
tantal Ef}; ol sh#i‘gﬁ th si Pm& F@WP"?}OI pé’HP ERftighs (HEQRemoval
(Pol i sh HIPPW Bsitib -@h_ 58 aﬁ?‘(A/ﬁW 5E __& mlrIjnl K IRlaFﬁ'( min)
Corrpos A1‘11'1 l-_\A ( [Tl '\Q:Qétl \IP\ (3291’ mnpd O_ 5 OQA) <50
conden 1B on=pol \/mar 99355i 1 ¢47080 run dia =f’6¢\ and 0.0%1 9
in wat €£Cat_a nH of 085 pol i 4HABq Conmosi t i @ACO 100

1D 0.1 1080 2400 100

1E 0.2 330 3400 100

1F 0.25 310 3600 100

[0038] These results demonstrate that the dielectric oxide (TEOS) removal rate is largely

independent of iodate concentration. In contrast, tantalum and copper removal rates are
strongly dependent on jodate concentration. The copper removal rate increases over the
range of iodate concentrations. The tantalum removal rate reaches a2 maximum of >1000
A/min at an intermediate iodate concentration near 0.1 wt.%. A high tantalum removal rate’
of >1000 A/min is not achieved with conventional oxidizers at similarly low abrasive

loadings, e.g., 0.5 wt.%.

EXAMPLE 2
[0039] This example evaluates the effect of abrasive concentration.on removal rate of
tantalum, copper, and dielectric oxide with the polishing composition of the invention.
[0040] Similar substrates comprising a blanket layer of tantalum, copper, and TEOS were

polished with five different polishing compositions (Polishing Compositions 24, 2B, 2C, 2D,

- and 2E). Each of the polishing compositions contained 0.05 wt.% KIO; and 0.1 wt.% of
benzotriazole (BTA) in water at a pH of 2.4. Polishing Compositions 2A-2E further
contained 0.25 wt.%, 0.5 wt.%, 1 wt.%, 1.5 wt.%, and 2 wt.% condensation-polymerized
silica (80 nm diameter), respectively. The tantalum, copper, and TEOS removal rates are set
forth in Table 2.



13 5B (invention) contained 0.1 w.%BTA, 0.5 w.%

condensati on-pol ynerized silica (80 run dianeter), and 0.05 wt. % KI 03
in water at a pH of 2.4. Polishing Conposition 5C (conparative)
contained 12 w. % condensati on-pol yrnerized silica (25 run dianeter),
1 wt.% 11202, and 40 ppm of cal cium adétate at a pH of 9. Polishing
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[0044)] These results demonstrate the strong dependenée of tantalum, copper, and TEOS

removal rates on the pH of the polishing compositions comprising K10s.



Tant al um Renoval Rate (A/mn) Copper Renoval Rate (kmin) TEOCS Renoval
Rate (km n) 6A (conparative) 338 884 35 613 (invention) 804 1326 6 6C
(i nvention) 488 2025 25 6D (invention) 565 3338 56 6E (invention) 560
1911 63 6F (invention) 584 721 43 12

EXAMPLE 4
[0045] This example evaluates the effect of nitrogen-containing compounds on removal
rate of tantalum and copper with the polishing composition of the invention.
{0046} Similar substrates comprising a blanket layer of tantalum and copper were
polished with five different polishing compositions (Polishing Compositions 4A, 4B, 4C, 4D,
and 4E). Each of the polishing compositions contained 0.05 wt.% KIO; and 0.5 wt.%
condensation-polymerized silica (80 nm diameter) in water at pH of 2.6. Polishing
Composition 4A contained no benzotriazole (“BTA”), Polishing Compositions 4B-4E further
contained 0.025 wt.%, 0.05 wt.%, 0.1 wt.%, and 0.2 wt.% BTA, respectively. The tantalum

and copper removal rate results are set forth in Table 4

Table 4;. Material Removal Rates as a Function of BTA Concentration

Polishing BTA Tantalum Removal Copper Removal
Composition (wt.%) Rate (A/min) Rate (A/min)
4A (comparative) 0 530 1200

4B (invention) 0.025 600 3600

4C (invention) 0.05 610 1900

4D (invention) 0.1 710 1000

4E (invention) 0.2 700 500

[0047] BTA is a well-known inhibitor of copper removal. However, as is apparent from
the results set forth in Table 4, BTA increased tantalum removal rates in combination with
iodate. The tantalum removal rate increased with increasing BTA concentration and reached
a plateau at a concentration of 0.1 wt.% BTA. Polishing Composition 4D exhibited a
tantalum removal rate that was approximately 60% greater than observed for a polishing
composition without BTA, i.e., Polishing Composition 4A. The copper removal rate first
increased and then decreased with increasing concentration of BTA.

EXAMPLE 5
[0048] This example evaluates the synergism between iodate and nitrogen-containing
compounds, such as BTA, for enhancing tantalum removal rates.
[0049] Similar substrates comprising a blanket layer of tantalum were polished with six
different polishing compositions (Polishing Compositions 5A, 5B, 5C, 5D, 5E, and 5F).
Polishing Composition 5A (comparative) contained 0.5 wt.% condensation-polymerized

silica (80 nm diameter) and 0.05 wt.% KIO; in water at a pH of 2.4. Polishing Composition
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(i nvention) 622 1962 68 6M (i nvention) 636 3035
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5B (invention) contained 0.1 wt.% BTA, 0.5 wt.% condensation-polymerized silica (80 nm
diameter), and 0.05 wt.% KIOs in water at a pH of 2.4. Polishing Composition 5C
(comparative) contained 12 wt.% condensation-polymerized silica (25 nm diameter), 1 wt.%
H;0;, and 40 ppm of calcium acetate at a pH of 9. Polishing Composition 5D (comparative)
contained 0.1 wt.% BTA, 12 wt.% condensation-polymerized silica (25 nm diameter), 1 wt.%
H,0;, and 40 ppm of calcium acetate at a pH of 9. The tantalum removal rate results are set
forth in Table 5.

Table 5: Material Removal Rates of Different Compositions

Polishing Composition Tantalum Removal Rate (A/min)
5A (comparative) 470
5B (invention) 756
5C (comparative) 244
5D (comparative) 284

[0050] As is apparent from the tantalum removal rate results set forth in Table 5,
Polishing Composition 5B, comprising iodate and BTA, exhibited an enhanced tantalum
removal rate as compared to Polishing Composition SA which contained a similar amount of
iodate but no BTA. The polishing composition containing H0,, alone or with BTA, but no
iodate, i.e., Polishing Compositions 5C and 5D, did not exhibit synergy with BTA for
increasing the tantalum removal rate.

EXAMPLE 6
[0051] This example evaluates the effectiveness of different nitrogen-containing
compounds in the inventive composition.
[0052] Similar substrates comprising a blanket layer of tantalum, copper, and TEOS were
polished with 16 different polishing compositions (Polishing Compositions 6A, 6B, 6C, 6D,
6E, 6F, 6G, 6H, 6], 6], 6K, 6L, 6M, 6N, 60, and 6P). Each of the polishing compositions
contained 0.1 wt.% KIO; and 0.5 wt.% condensation-polymerized silica (80 nm diameter) in
water at a pH of 2.6. Polishing Composition 6A contained no BTA, Polishing Composition
6B contained 0.1 wt.% BTA, Polishing Composition 6C contained 0.01 wt.% 1H-1,2,3-
benzotriazole-5-carboxylic acid, Polishing Composition 6D contained 0.1 wt.% 1,2,4-
triazole, Polishing Composition 6E contained 0.1 wt.% pyrazole, Polishing Composition 6F

contained 0.1 wt.% 2,pyrazinecarboxylic acid, Polishing Composition 6G contained 0.1 wt.%



0 6N (invention) 825 3555 47 60 (invention) 466 913 76 6P (invention)
524 1515 NV A [0053]As is apparent fromthe results set forth in
Table 6, all of the nitrogen-containing conpounds except

3,5-diam no-1, 2,4-triazol e exhi bited enhanced tantal umrenoval rates
in conjunction with iodate. EXAMPLE 71f#0054] Thi s exanpl e eval uat es
the effectiveness of different abrasives in the inventive
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Table 7 Table 7: Material Renpval Rates as a Function of Abrasive
Type PoTishsnd14taia BehiovalR A &% Meciiens EIDifTeréa NinagenRabainigm n)

Compounds

Polishing Tantalum Removal Copper Removal TEOS Removal Rate
Composition Rate (A/min) Rate (A/min) (A/min)
6A (comparative) 338 884 35

6B (invention) 804 1326 6

6C (invention) 488 2025 25

6D (invention) 565 3338 56

6E (invention) 560 1911 63

6F (invention) 584 721 43

6G (invention) 579 399 72

6H (invention) 577 2133 60

61 (invention) 9 131 20

6] (invention) 567 163 63

6K (invention) 995 1536 62

6L (invention) 622 1962 68

6M (invention) 636 3035 0

6N (invention) | 825 3555 47

60 (invention) 466 913 76

6P (invention) 524 1515 N/A

[0053] As is apparent from the results set forth in Table 6, all of the nitrogen-containing
compounds except 3,5-diamino-1,2,4-triazole exhibited enhanced tantalum removal rates in
conjunction with iodate.

EXAMPLE 7
{0054] This example evaluates the effectiveness of different abrasives in the inventive

composition.



Copper Renpval Rate (A/mn) TECS Renpval Rate (A/min) 7A 25 nmsilica
558 4442 7B 80 tin silica 470 1606 62 7C funmed silica 74 2687 79 71)
fumed al um na 38 3195 58 7E of-al um na 39

15

[0055]
polished with six different polishing compositions (Polishing Compositions 7A, 7B, 7C, 7D,
7E, and 7F). Polishing Composition 7A contained 0.2 wt.% KIOs, and 1 wt.% condensation-

. Similar substrates comprising a blanket layer of tantalum, copper, and TEOS were

polymerized silica (25 nm diameter) in water at a pH of 2.2. Polishing Composition 7B
contained 0.05 wt.% KIO; and 0.5 wt.% condensation-polymerized silica (80 nm diameter) in
water at a pH of 2.4. Polishing Composition 7C contained 0.2 wt.% KIO; and 0.5 wt.%
fumed silica in water at a pH of 2.2. Polishing Composition 7D contained 0.2 wt.% KIO; and
0.5 wt.% fumed alumina in water at a pH of 2.2. Polishing Composition 7E contained 0.2
wt.% KIO; and 0.5 wt.% alpha alumina in water at a pH of 2.2. Polishing Composition 7F
contained 1 wt.% KIO; and 1 wt.% ceria in water at a pH of 2.1. The tantalum, copper, and -
TEOS removal rate results are set forth in Table 7

Table 7: Material Removal Rates as a Function of Abrasive Type

Polishing Abrasive Tantalum Removal | Copper Removal | TEOS Removal
Composition Rate (A/min) Rate (A/min) Rate (A/min)
7A 25 nm silica 558 4442

7B 80 nm silica 470 1606 62

7C fumed silica 74 2687 79

7D fumed alumina | 38 3195 58

7E o-alumina 39

7F ceria 55

[0056] As is apparent from the tantalum removal rates set forth in Table 7, the use of

condensation-polymerized silica in polishing compositions comprising KIO; exhibited

enhanced tantalum remowval rates.




7F ceria 55 [ 0056] As is apparent fromthe tantal umrenoval rates
set forth in Table 7, the use of condensation-polynerized silica in
pol i shing conpositions conprising 1(103 exhi bited enhanced tantal um
removal rates. 16 CLAIMS 1.A cheni call®rechani cal pol i shi ng
conposition for polishing a substrate conpri sing: (a) 0.05 wt.%
to 10 wt. % abrasive, (b) 0.05 wt.%to 4 w.%iodate ion, (c)
0.01 wt.%to 1 wt.% nitrogen-contai dlygdM®npound sel ected fromthe
group consisting of a nitrogen-containing C4 20 heterocycle and a G
-20 al kyl am ne, and (d) a liquid carrier conprising water,
wherei n the pH.of thehgoicalshedgnicanpasshingopomsositionofds. paitisHing a substrate
pol i shi ng. co osition of claim1l, wherein the nitrogen-containing
conmpound |§1pgglfl§'ct ed fromthe group consisting of

1H 1, 2, 3- benzghy i ap@sevt.9d kb 10 2.8 ath@pzot ri azol e- 5- car boxylic acid,
1,2,4-triazole, 5-net hylo- 1H begzpt riazole, 4-amno- 1,2,4- triazole,
1H benzot ri azdPe- | I3rHeRa fatyeiwdate ion,

3-am no-1, 2, 4’((_(:))t ri @?(ﬁlvgt:%:t&gf\xgg%(}ﬂtéo e@-%rﬁaig@é&l@%@&%& sg%ected from the group

2- pyrazi necar boxyl i c aci - pyri di necar

4- pyri dylcagssting deingdyogthto@aBintg (az deefdtySe bhpy Ci dintkylamstdphdni ne,
trimethylamn salts thereof, and conbinations thereof 3. The

pol i shi ng congg)si t POHSFCAETR CHPBISHERFET 1 "t he ni t r ogen- cont ai ni ng
conpound vitferdifrithk, pH Sf the palashidgaslpssitién e Pol i shing conposition of
claim1l1, wherein the iodate ion is present in an anmount of 0.05 w.%
to 2 wt.% 5. The polishing conposition of claim4, wherein the iodate
ion is present-in dheambshng gompoggoptofogleim @, ahgreingthe ntrpgepspitainingg

conposi t ic%ﬂlpgim(f; Iisaisgi'eéted %ethg' gtrglﬁ) Qbﬁsﬁs‘?&&”&iﬁ %H,Qb%eﬁ%triazole, 1H-1,2,3-
benzotriazole-5-carboxylic acid, 1,2,4-triazole, S-methyl-1H-benzotriazole, 4-amino- 1,2,4-
triazole, 1H-benzotriazole-1-carboxaldehyde, 3-amino-1,2,4,-triazole-5-carboxylic acid,
pyrazole, 2-pyrazinecarboxylic acid, 2,6-pyridinecarboxylic acid, 4-pyridylacetic acid, [H-
1,2,3-triazolo[4,5-b]pyridine, methylamine, trimethylamine, salts thereof, and combinations

thereof.

3. The polishing composition of claim 2, wherein the nitrogen-containing

compound is 1H-1,2,3-benzotriazole.

4. The polishing composition of claim 1, wherein the iodate ion is present in an

amount of 0.05 wt.% to 2 wt.%.

5. The polishing composition of claim 4, wherein the iodate ion is present in an

amount of 0.05 wt.% to 0.4 wt.%.

6. The polishing composition of claim 1, wherein the nitrogen-containing

compound is present in an amount of 0.05 wt.% to 0.5 wt.%.

7. The polishing composition of claim 6, wherein the nitrogen-containing

compound is present in an amount of 0.1 wt.% to 0.25 wt.%.



conpound is present in an anount of 0.05 wt.%to 0.5 w.% 7. The
pol i shing conposition of claim6, wherein the nitrogen-containing
conpound is present in an anount of O. é .%to 0.25 wt.% 17 8. The
pol i shing conposition of claiml, mheﬂ'ln the abrasive is present in
an anount of 0.1 wm.%to 2 w.% 9. The polishing conposition of claim
8, wherein the abrasive is present in an amount of 0.25 wt.%to 0.5
wt. % 10. The ol i sAhagolishimgo®nipositonbf clamn M Wherainehe hbrasiheisgivesast men

is selected fr rqu onsisting of colloidal silica, funed
silica, frn ‘qu%Whéq 2‘%%% alumina, and ceria. 11.The polishing
conposition of claim10, wherein the abrasive is colloidal silica

12. The pollshlng C Q on of clal |n t H.of .
pol i shi ng CorT‘pOSI tffgﬁ ohth? n}?osTgn cla od O?rem tHe alpaswe 18 present in an

chem cal laynotmicdtam oad. doyto PGl wishi ng a substrate, whi ch net hod

conpri ses: (a) providing a substrate, (b) contacting the
substrate with a polishing pad and a chem cal - mechani cal polishing
conposi ti on ofl0any Tameolishirg @mpesition of d2im 1, whereifiehe atoasivigis sélected from

pol i shin ad relative to strate w.th the ¢ em ca e hanlcal
ol | sni ndnd BinpbSpRTsitedrbSebabie The Sitd Sy SN A gty
portion Q&rifhe substrate to polish the substrate. 14. The net hod of

claim 13, wherein the substrate conprises a netal |ayer. 15.The
met hod of claim 14, wherein the netal |ayer conprises tantalum

16. The net hod 10f clTak Polifhinybempdsitidnhes seinali0) atedkinf the tabessive dERbIlSIES

copper. ..
silica.

12.  The polishing composition of claim 1, wherein the pH of the polishing

composition is 2 to 4.

13. A method of chemically-mechanically polishing a substrate, which method
comprises:

(a) providing a substrate,

(b) contacting the substrate with a polishing pad and a chemical-mechanical
polishing composition of any one of claims 1 to 12;

(©) moving the polishing pad relative to the substrate with the chemical-
mechanical polishing composition therebetween, and

(d) abrading at least a portion of the substrate to polish the substrate.
14.  The method of claim 13, wherein the substrate comprises a metal layer.
15.  The method of claim 14, wherein the metal layer comprises tantalum.

16.  The method of claim 15, wherein the metal layer further comprises copper.



