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ELECTROCHEMICAL-MECHANICAL POLISHING COMPOSITION AND
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This invention pertains town electrochgmical-mechanical polishing

composition and a method for using the same in the
electrochemical-mechanical polishing of a substrate comprising one or
more cOREGCHIE FERFIEPdrMERBATIROURBLOTHTINE IOVEISIDION
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[0004] Chemical-mechanical planarization, or chemical-mechanical polishing (CMP), is
a common technique used to planarize substrates. CMP utilizes a chenical composition,
typically a siurry or other fluid medium, for selective removal of material from the
substrate. In conventional CMP techniques, a substrate carrier or polishing head is mounted
on a carrier assembly and positioned in contact with a polishing pad in a CMP apparatus.
The carrier assembly provides a controllable pressure to the substrate, urging the substrate
against the polishing pad. The pad is moved relative to the substrate by an external driving
force. The relative movement of the pad and substrate serves to abrade the surface of the
substrate to remove a portion of the material from the substrate surface, thereby polishing
the substrate. The polishing of the substrate by the relative movement of the pad and the



substrate to remove a portion of the material from the substrate surface,

thereby polishing the substrate. The polishing of the substrate by the
wielativegygyement of the pad and the WO 2005/118736 PCT/US2005/017579

PCTIUS20051017579 2 substrate typieally is further aided by the

chemical activity of the polishing composition and/or the mechanical

activity of an abrasive su i1%}Q‘nded in the polishing composition. [0005]
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[0008} While several suggested formulations for electrolytes or électrochemical—
mechanical polishing compositions can be found within the art, few, if any, of these
electrolytes or clectrochemical-mechanical polishing compositions exhibit desirable
polishing characteristics. For example, the suggested electrolytes or electrochemical-
mechanical polishing compositions may exhibit polishing rates comparable with
conventional CMP processes without the need for the application of an excessive
downforce, but the electrolytes or electrochemical-mechanical polishing compositions can
cause excessive dishing of the conductive material which can lead to erosion of the



mechanical polishing compositions can be found within the art, few, if any,
of these electrolytes or electrochemical-mechanical polishing
compositions exhibit desirable polishing characteristics. For example, the
suggested electrolytes or electrochemical- mechanical polishing
compositions may exhibit polishing rates comparable with conventional
CMP processes without the need for the application of an excessive
downforce, but the electrolytes or electrochemical-mechanical polishing
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be apparent from the description of the invention provided heréin. BRIEF
SUMMARY OF THE INVENTION [00101 In one embodiment, there is
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polishing composmon comprising: (i) a chemlcaliy inert, water-soluble salt, (i) a corrosion
inhibitor, (iii) a polyelectrolyte, (iv) a complexing agent, (v) an alcohol, and (vi) water, (¢)
applying an anodic potential to the substrate, the anodic potential being applied to at least
the portion of the substrate immersed in the polishing composition, and (d) abrading at least
a portion of the immersed portion of the substrate to polish the substrate.
[0011a] In a second aspect, there is provided a method of polishing a substrate comprising
one or more conductive metal layers, the method comprising the steps of: (a) providing a

substrate comprising one or more conductive metal layers, (b) immersing a portion of



applying an anodic potential to the substrate, the anodic potential being
applied to at least the portion of the substrate immersed in the polishing
composition, and (d) abrading at least a portion of the immersed portion
of the substrate to polish the substrate. [0011 a] In a second aspect, there
is provided a method of polishing a substrate comprising one or more
conductive metal layers, the method3omprising the steps of. (a) providing
a substrate comprising one or more conductive metal layers, (b)
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or less, 20 Ohms or less, or 1 Ohm or less). The chemically inert,
water-soluble salt can be any suitable salt having the properties set forth
above. Preferably, the chemically inert, water-soluble salt is selected from
the group consisting of



chlorides, phosphates, sulfates, and mixtures thereof. More preferably, the

chemically inert, water-soluble salt is potassium sulfate. [0014] The
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benzimidazole, benzothiazole, and mixtures thereof. Most preferably, the corrosion
inhibitor is benzotriazole. The electrochemical-mechanical polishing composition of the
invention can comprise any suitable amount of the corrosion inhibitor. Typically, the
corrosion inhibitor is present in the electrochemical-mechanical polishing composition in an
amount of 0.0001 wt.% to 3 wt.%, preferably 0.001 wi.% to 2 wt.%, based on the total
weight of the polishing composition.

[0016] The electrochemical-mechanical polishing composition of the invention can
comprise any suitable polyelectrolyte. Preferably, the electrochemical-mechanical
polishing composition comprises a polyelectrolyte selected from the group consisting of
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mechanical polishing processes), it has been found that a complexing agent can be used to
improve the ability to control the removal rate attributable to the electrochemical bias
applied to the substrate and polishing composition while also improving the uniformity of
such removal. Accordingly, the electrochemical-mechanical polishing composition of the
invention can comprise any suitable complexing agent. The complexing agent is any
suitable chemical additive that binds with a metal (e.g., copper) in solution and can enhance
the removal rate of the substrate layer being removed.




the removal rate of the substrate layer being removed. WO 2005/118736
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in the electrochemical-mechanical polishing composition in an amount of 0.01 wi.% or

more, preferably 0.05 wt.% or more, more preferably 0.1 wt.% or more, and most preferably
0.5 wt.% or more, based on the total weight of the polishing composition. The complexing
agent typically is present in the electrochemical-mechanical polishing composition in an
amount of 10 wt.% or less, preferably 5 wt.% or less, based on the total weight of the
polishing composition.

[0020]  As noted above, the electrochemical-mechanical polishing composition of the
invention comprises an alcohol. The electrochemical-mechanical polishing composition



0.5 wt.% or more, based on the total weight of the polishing composition.

The complexing agent typically is present in the
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wt.% or less, preferably 5 wt.% or lessybased on the total weight of the

polishing composition. [0020] As noted above, the
electrochemical-m composition of the invention
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less (e.g., 6 or less, 5 or less, or 4 or less), Typically, the electrochemical-mechanical

polishing composition has a pH of 1 or more (e.g., 2 or more).

[0024]  The pH of the electrochemical-mechanical 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 adjustor can be any suitable pH-adjusting compound. For example, the pH
adjustor can be potassium hydroxide, sodinm hydroxide, ammonium hydroxide, or a
combination thereof. The pH buffering agent can be any suitable buffering agent, for
example, phosphates, acetates, borates, ammonium salts, and the like. The electrochemical-
mechanical polishing composition can comprise any suitable amount of a pH adjustor



less. Preferably, the electrochemical-mechanical polishing composition
has a pH of 7 or less (e.g., 6 or less, 5 or less, or 4 or less). Typically, the
wehRekerggnical-mechanical polishing composition has a pH pf-kafBIER 17579

(e.g., 2 or more). [0024] The pH of theglectrochemical-mechanical

polishing composition can be achieved and/or maintained by any suitable

means. More specifically, the polishing composition can further comprise
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time after the components of the polishing composition have been added to the water.

When used in conjunction with a method of polishing a substrate, the electrochemical-
mechanical polishing composition of the invention can be used at any suitable time after its
preparation. Preferably, the electrochemical-mechanical polishing composition of the
invention is used within 30 days, more preferably within 10 days (e.g., within 240 hours), of
the preparation of the electrochemical-mechanical polishing composition.

[0029] Alternatively, the electrochemical-mechanical polishing composition of the
invention can be produced by mixing the components of the polishing composition at or
near the point-of-use. As utilized herein, the term “point-of-use” refers to the point at which
the electrochemical-mechanical polishing composition is applied to the substrate surface
(e.g., the polishing pad or the substrate surface itself). When the electrochemical-



the electrochemical-mechanical polishing composition is produced by
adding, in any suitable order, the chemically inert, water-soluble salt,
wGansiegyighibitor, polyelectrolyte, complexing agent, alcohob @gh&¥s /617579
other optional additives to the water. Inyorder to ensure that the resulting
electrochemical-mechanical polishing composition is homogeneous, the
water preferably is stirred as the components are added to the water
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copppgnents are combined at a dispenser). Components also are combined “immediately
before delivery to the point-of-use” if they are combined within 5 m of the point-of-use,
such as within 1 m of the point-of-use or even within 10 cm of the point-of-use (e.g., within
1 ca of the point of use).
[6032] When two or more of the components are combined prior to reaching the point-

~ of-use, the components can be combined in the flow line and delivered to the point-of-use
without the use of a mixing device. Altematively, one or more of the flow lines can lead
into a mixing device to facilitate the combination of two or more of the components, Any
suitable mixing device can be used. For example, the mixing device can be a nozzle or jet



leads to the point-of-use. Furthermore, any of the one or more flow lines
(e.g., the individual flow lines or a combined flow line) can first lead to one
or more of the other devices (e.g., pumping device, measuring device,
mixing device, etc.) prior to reaching the point-of-use of the
component(s). [00311 The components of the electrochemical-mechanical
polishing composition can be delivered to the point-of-use independently
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electrochemical-mechanical polishing composition in order to ensure that the chemically
inert, water-soluble salt, polyelectrolyte, complexing agent, and other suitable additives are
at least partially or fully dissolved in the concentrate.

[6034] The invention further provides a method of polishing a substrate using the
above~described electrochemical-mechanical polishing composition. The method of
polishing a substrate according to the invention generally comprises the steps of: (a)
providing a substrate, (b) immersing a portion of the substrate in the electrochemical-
mechanical polishing composition of the invention, (¢} applying an anodic potential to the
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be provided as a concentrate which is intended to be diluted with an
appropriate amount of water prior to use. In such an embodiment, the

wEReyeshamical mechanical polishing composition concentrajg-¢atseas/017579
comprise the chemically inert, water-spjuble salt, corrosion inhibitor,
polyelectrolyte, complexing agent, alcohol, and other optional additives in
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Typically, e apparatus which is used to carry out the method comprises at least two

electrodes, one of which is submerged in the electrochemical-mechanical polishing
composition and the other of which is coupled to the substrate, for example, through a
conductive polishing pad and/or the platen of the polishing apparatus. In such an
arrangement, the electrodes typically are connected to a power source and an electric
potential or bias is applied to the electrodes so that an anodic (positive) potential is applied
to the substrate. The power supply can be adapted to apply a constant current or constant
potential to the electrodes and the substrate. In certain embodiments, a constant current can
be applied to the electrodes and/or substrate for a first period of time, and then a constant
potential can be applied to the electrodes and/or substrate for a second period of time. In



applying an anodic potential to the substrate, the anodic potential being
applied to at least the portion of the substrate immersed in the polishing
woEampesiinn, and (d) abrading at least a portion of the immerggq.pQsliRfo17579
of the substrate to polish the substrate.,[0036] The method of the
invention can be used to polish any suitable substrate. For example, the
electrochemical-mechanical polishing composition and method of the
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potential). [0038] The immersed portion of the substrate can be abraded
to polish the substrate by any suitable means. Generally, the substrate is
abraded using a polishing pad, which pad typically is connected to a
polishing platen of the electrochemical-mechanical polishing apparatus.
The polishing pad, when present, can bg-any suitable abrasive or
non-abrasive polishing pad. [0039] In certain embodiments, the method of
the invention can comprise further steps to be performed before or after
at least a portion of the substrate is ﬁ’éﬁ@é@hrough the application of
the anodic potential to the immersed substrate. In particular, the method
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3. The polishing composition of claim I, wherein the polishing composition
has a pH of 7 or less.

6. The polishing composition of claim 1, wherein:

(a) the chemically mert, water-soluble salt selected from the group consisting of
chlorides, phosphates, sulfates, and mixtures thereof,

(b)  the corrosion inhibitor selected from the group consisting of 1,2,3-triazole,
1.2,4-triazole, benzotriazole, benzimidazole, benzothiazole, and mixtures thereof,

(c) the polvelectrolyte selected from the group consisting of arabic gum, guar
gum, hydroxypropyl cellulose, poly(acrylic acid), poly(acrylic acid-co-acrvlamide),
poly(acrylic acid-co-2,5-furandione), poly{(acrylic acid-co-acrylamidomethylpropylsulfonic



(e) a propanol, the propanol being present in the polishing composition in

an amount of 20 wt.% or more based on the total weight of the polishing

composition, and (f) water. 2. The polishing composition of claim 1,

wherein the chemically inert, water- soluble salt is potassium sulfate, the

corrosion inhibitor is benzotriazole, the pglyelectrolyte is poly(acrylic

acid), and the complexing agent is lactic acid. 3. The polishing

composition of claim 2, wherein the chemically inert, water- soluble salt is
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bRolstysgnesulfonate), poly(styrene-co-maleic acid), poly(sodium
4-styrenesulfonate), poly(vinylsulfonate), poly(vinyl pyridine), poly(sodium
vinyl sulfate), succinylated poly-L-lysine, poly[aniline-co-N-(3-sulfopropyl)
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10.  The polishing composition of claim 6, wherein the complexing agent is
selected from the group consisting of lactic acid, tartaric acid, citric acid, malonic acid,
phthalic acid, succinic acid, glycolic acid, propionic acid, acetic acid, salicylic acid,
picolinic acid, 2-hydroxybutyric acid, 3-hydroxybutyric acid, 2-methyl lactic acid, salts
thereof, and mixtures thereof.

11.  The polishing composition of claim 10, wherein the complexing agent is
lactic acid.



(d) the complexing agent selected from the group consisting of carboxylic
acids, di-carboxylic acids, tri-carboxylic acids, polycarboxylic acids, and
mixtures thereof. 7. The polishing composition of claim 6, wherein the
chemically inert, water- soluble salt is present in the polishing composition
in an amount of 0.5 to 10 wt.% based gn the total weight of the polishing
composition. 8. The polishing compo& on of claim 6, wherein the
corrosion inhibitor is benzotriazole. 9. The polishing composition of claim
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a pHE-oiéthyldactic acid, salts thereof, and mixtures thereof. 11. The polishing
composition of claim 10, wherein the complexing agent is lactic acid. 15

compositon of neren the _ .
o Ao ol 38 ‘%%‘fggéﬁ%s %%%%%f R o
P

iay%rgh%%g?ﬁ .dl‘_?:?ll?{?fésﬂlc%i r‘?&eg% Tposition of claim 6, wherein the
polishing qumpdisiienuhatate peirptiring lssonmor asethisth of polismera
subsgiate ¢ampriIag porion oidie aoRtuetiiemataldayenscdhedietios
polSHRRTIIRG S8 SHERS: o SRMROUILING GrDSHAIRCoEPrising one or more
conductive metal 11%& immersin a?ﬁ I’tIOéI&(:f the substrate in an
electroche __ical-reh% mea ‘ﬁ%ﬁsﬁﬁ%’g@(? @Ssﬁ , the polishing
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an amount of 20'w1.% or more based on the total weight of the polishing
composition, and
(vi) water,
{c)  applying an anodic potential to the substrate, the anodic potential being
apphed to at ieast the portion of the substrate immersed in the polishing composition, and
(@)  abrading at least a portion of the immersed portion of the substrate to polish

the substrate.

15. The method of claim 14, wherein the conductive metal layer comprises
copper.

16. The method of claim 15, wherein the chemically inert, water-soluble salt is
potassium sulfate, the corrosion inhibitor is benzotriazole, the polyelectrolyte is poly(acrylic
acid), and the complexing agent 1s lactic acid.

17. The method of claim 14, wherein the chemically inert, water-soluble salt is
present in the polishing composition in an amount of 0.5 to 4 wt.% based on the total weight
of the polishing composition.



(c) applying an anodic potential to the substrate, the anodic potential

being apphed to at least the portion of the substrate immersed in the

polishing composition, and (d) abrading at least a portion of the immersed

portion of the substrate to polish the substrate. 15. The method of claim

14, wherein the conductive metal layer comprises copper. 16. The

method of claim 15, wherein the chemicalty inert, water-soluble salt is

potassium sulfate, the corrosion inhibitor is benzotriazole, the
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18. The method of claim 14, wherein the chemically inert, water-soluble
salt is pPesent ii¢ thetnslishitrgne d pdsition e avlahiognowpbosbita h&wpbhof 7 or
lrased on the total weight of the polishing composition. 19. The method of
claim 14, wherein the polishing composition has a pH of 7 or less. 20.

The method of,claim. 14, wherein:, (i) the chemically inert, water-soluble
salt se%Hgted roernnfnhéogérg\%u,%aé%nqs%&%%fnchIorides, phosphates, sulfates,

and mituresPi&iEar @t BorTdisTorPiHhlp ol selrsted dipm heracgroeqnsisting of
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poly{ethenesulfonic acid), poly(styrenesulfonate), poly(styrene-co-maleic acid),
poly(sodium 4-styrenesulfonate), poly(vinylsulfonate), poly(vinyl pyridine), polv(sodium
vinyl sulfate), succinylated poly-L-lysine, poly[aniline-co-N-(3-sulfopropyl) aniline], sodium
alginate, xanthan gum, and mixtures thereof, and

(iv)  the complexing agent selected from the group consisting of carboxylic acids,

di~carboxylic acids, tri-carboxylic acids, polvcarboxylic acids, and mixtures thereof.

21, The method of claim 20, wherein the conductive metal layer comprises
copper.



poly(sodium 4-styrenesulfonate), poly(vinylsulfonate), poly(vinyl pyridine),
poly(sodium vinyl sulfate), succinylated poly-L-lysine,
poly[aniline-co-N-(3-sulfopropyl) aniline], sodium alginate, xanthan gum,
and mixtures thereof, and (iv) the complexing agent selected from the
group consisting of carboxylic acids, di-carboxylic acids, tri-carboxylic
acids, polycarboxylic acids, and mixtures thereof. 21. The method of claim
20, wherein the conductive metal Iayetréomprises copper. 17 22. The
method of claim 20, wherein the chemically inert, water-soluble salt is
present in theepadiabing’ chimpkitiorisahachomidalll dnbriowkieniclaiaseds
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cfal ) Wheremhe p%?yetfectrolyte Is poly(acrylic acid). 25. The method

of claim 20, wherein the complexing agent is selected from the group
consisting dhkantithadiof ¢hitn 20 axhtreitribeacid pm@ionidhaoids phtkatitazole.
acid, succinic acid, glycolic acid, propionic acid, acetic acid, salicylic acid,
picokiic acif, 25 BYdroMNG Acitr 3B BINIS AC 1ag
acid, salts thereof, and mixtures thereof. 26. The metiﬁj%%?%:{g}a%n ylSC Q&H?
wherein the complexir;g agent is lactic acid. 27. The method of claim 20,

wherein the prapribed i pleisesl.ivisecibdhsivemgplesing esmmois ielariesoanthe
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acidBellhelNa0g e okim 28, awher sidharelizhing Garpasitien has a pH
hy&io?g%mjﬁ%cs acid, 3-hvdroxybutyric acid, 2-methyl lactic acid, salts thereof, and mixtures
thereof.

26.  The method of claim 25, wherein the complexing agent is lactic acid.
27.  The method of claim 20, wherein the propanol is present in the polishing
composition in an amount of 20 to 25 wt.% based on the total weight of the polishing

composition.

28.  The method of claim 20, wherein the polishing composition has a pH of 7 or
less.



