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CMP COMPOSITIONS AND METHODS FOR SUPPRESSING
POLYSILICON REMOVAL RATES
FIELD OF THE INVENTION
{0801} This invention relates to chamical-mechamcal polishing (CMP} compositions and
methods. More particularly, this invention relates to methods for polishing semiconductor
substrates white sappressing polvsilicon removal from the substrates
BACKGROUND OF THE INVENTION
108621  Compositions and methods for chemical-mechanical pohishing of the sarface of 2
substrate are well known in the art. Polishing compositions (alse known as polishing shurnes,
CMP slurries, and CMP compositnions) for CMP of sarfaces of semiconductor substrates {e.g.
integrated circuits) typically contain an abrasive, various sdditive compounds, and the like.
{0663} In general, CMP involves the concurrent chemical and mechanical abrasion of
surface, e.g., abrasion of an overlying first laver {o expose the surface of a non-planar second
taver on which the first layer is formed, One such process is described m U.S. Patent No.
4,789 648 to Bever ¢f of. Briefly, Bever er ol discloses a CMP process using a polishing pad
and a shurry o remove a first layer at a faster rate thar & second layer wntil the surface of the
overlying first laver of material becommes coplanar with the upper surface of the covered second
faver. More demiled explanations of chemical mechanical polishing are found in U.S. Patents
No. 4,671,851, No. 4,910,155 and No. 4,944 836,
{0604} In conventional CMP technigues, a substrate carrier of polishing head is mounted on
& carrier assenibly and positioned in comact with a polishing pad in 2 CMP apparatus. The
carrier assembly provides a controliable pressure to the subsirate, wying the substrale against
the polishing pad. The pad and carrier, with its attached substrate, are moved relative to one
another. The relative movement of the pad and subsirate serves 1o abrade the surface of the
substrate to remove a portion of the mwterial from the substrate surface, theveby polishing the
substrate. The polishing of the substrate surface typically is further aided by the chemical
activity of the polishing composition {e.g., by oxidizing agents, acids, bases, or other additives
present in the CMP composition) andior the mechanical activity of an abrasive suspended in the
polishing composition. Typical abrasive materialy include silicon dioxide, cerium oxide,

aluminum oxide, zirconium oxide, and tn oxide.
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{0005] U.S. Patent No. 5,527 423 to Neville, er ol for example, describes a method for
chemically-mechanically polishing s metal laver by contacting the surface of the metal layer
with a polishing shary comprising high purity fine metal oxide particles suspended 1 an
aqueous mediam. Alternatively, the abrasive material may be incorporated info the polishing
pad. LS. Patent No. 5,489,233 1o Cook <1 al. discloses the use of polishing pads having a
surface textate or paitens, and U.S. Patent No. 5,958,794 o Bruxvoort ef of. discloses a fixed
abrasive polishing pad.

{0606] A semiconductor water typically includes a substrate, such as silicon or galliom
arsenide, on which a pluralivy of transistors has been formed. Transistors are chenvically and
physicaliv connected 1o the sobstrate by pattermng regions in the substrate and layers on the
substrate. The transistors and lavers are separated by imerlevel diglectrics (1LDg), comprised
primarity of some form of siticon oxide {$102). The transistors are mierconnected through the
use of well-known nndiilevel interconnects. Typical multitevel interconnects are comprised of
stacked thin-films consisting of one or more of the following waterials: ttanium (T1), titanium
nitride (TIN), tantatum (Ta), alaminom-copper {Al-Ca), aluminame-silicon {ARS1), copper (Cal,
tngsten (W), doped polysilicon (poly-Si), and various combinations thersof. In addition,
transistors or groups of transistors are isolated from one another, often throogh the nse of
trenches filled with an insulating material such as silicon dioxide, silicon niiride, and/or
polysilicon.

6067} The waditional techmgque for forming terconnects has been hmproved by the
method disclosed in ULS, Patent No. 4,789,648 10 Chow ef ¢, which relates 0 g method for
producing coplanar mudtilevel metal/insulator {ihms on a substrate. This technigue, which has
gained wide wnterest and produces multitevel interconneets, uses chenucal mechanical polishing
1o planarize the surface of the metal layers or thin-films dunng the various stages of device
fabrication.

{6068} Ahhough many of the known CMP slursy compositions are suitable for himited
purposes, the conventional tend to exhibit unacceptable polishing rates and corresponding
selectivity levels to insulator materials used in wafer manufacture. In addition, known
polishing slurries tend to prodace poor film removal traits for the underdying films or produce

aleterious film-corrosion, which leads 1o poor manufacturing yields.



[0009] Co-owned U.S. Patent Application Serial No. 11/374,238 to Chen et al. describes
novel polishing compositions having a pH of 1 to 6 including an abrasive in combination with
certain acidic components (e.g., combinations of malonic acid and an aminocarboxylic acid;
stannate salts; uric acid; phenylacetic acid; or combinations of malonic acid, an
aminocarboxylic acid, and sulfate) to polish silicon nitride substrates.
[0010] Co-owned U.S. Patent Application Serial No. 11/448,205 to Dysard et al. describes
novel polishing compositions having an acidic pH and including at least one additive having a
pKa in the range of 1 to 4.5 to polish silicon nitride substrates.
[0011] As the technology for integrated circuit devices advances, traditional materials are
being used in new and different ways to achieve the level of performance needed for advanced
integrated circuits. In particular, silicon nitride, silicon oxide, and polysilicon are being used in
various combinations to achieved new and ever more complex device configurations. In
general, the structural complexity and performance characteristics vary across different
applications. In some cases, conditions suitable for effective removal of one component of a
substrate, such as silicon nitride, can undesirably lead to over-removal of another component,
such as polysilicon.
[0012] Accordingly, there is a continuing need for CMP compositions and methods to
achieve acceptable removal rates of silicon nitride, silicon oxide or tungsten for many IC
device applications, while suppressing polysilicon removal. The present invention provides
such improved polishing methods and compositions. These and other advantages of the
invention, as well as additional inventive features, will be apparent from the description of the
invention provided herein.

SUMMARY
[0613] The present disclosure provides CMP compositions useful for selectively polishing a
semiconductor substrate to remove a component such as a silicon nitride, silicon oxide or
tungsten from the surface of the substrate while suppressing polysilicon removal. A CMP
composition of the disclosure comprises abrasive particles suspended in an acidic aqueous
carrier containing a surfactant comprising an alkyne diol and/or an alkyne diol ethoxylate
(preferably an alkyne diol). In a preferred embodiment, the CMP composition

comprises 0.01 to 15 percent by weight abrasive particles suspended in an acidic aqueous



carrier containing 10 to 10,000 ppm of the surfactant. In some preferred embodiments, the
abrasive particles comprise colloidal silica. Preferably, the acidic aqueous carrier has a pH
value of not more than 6 (e.g., 1 to 4, or 2 to 3). The surfactant preferably is present in an
amount in the range of 20 to 1,000 ppm. If desired, the compositions of the disclosure can

include other additive materials such as a carboxylic acid material (e.g., malonic acid and/or
glycine) and/or an organic or inorganic salt (e.g., potassium sulfate). For example, the
composition can comprise 10 to 100,000 ppm (0.001 to 10 percent by weight) of at least one
carboxylic acid material. The CMP compositions can also include other common additive
materials utilized in CMP compositions, such as biocides, viscosity modifiers, corrosion
inhibitors, chelating agents, organic polymers, other surfactants, oxidizing agents, electron
transfer agents, and the like, many examples of which are well known in the CMP art.

[0014] In another embodiment, the present disclosure provides a method for polishing a
substrate to remove a component such as silicon nitride, silicon oxide or tungsten in preference
to polysilicon. The method comprises abrading a surface of the substrate with a CMP
composition of the present disclosure, preferably in the presence of hydrogen peroxide. The
abrading can be accomplished, for example, by contacting a surface of the substrate with a
polishing pad and the CMP composition, and causing relative motion between the polishing
pad and the substrate while maintaining a portion of the CMP composition in contact with the
surface between the pad and the substrate for a time period sufficient to abrade silicon nitride
from the surface.

[06015] The disclosed CMP compositions provide effective removal rates of

silicon nitride, silicon oxide or tungsten while unexpectedly suppressing polysilicon removal in
comparison to the results obtained with substantially the same formulation in the absence of the

alkyne diol or alkyne diol ethoxylate surfactant.
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[0015a] In one aspect, there is provided a method of polishing a semiconductor substrate
to remove silicon nitride in preference to polysilicon from the surface of the substrate; the
method comprising abrading a surface of a silicon nitride- and polysilicon-containing substrate
with a CMP composition comprising 0.01 to 15 percent by weight abrasive particles suspended
in an aqueous carrier containing 10 to 10,000 ppm of a surfactant comprising an alkyne-diol, an
alkyne diol ethoxylate, or a combination thereof, the composition further comprises an additive
comprising potassium sulfate wherein the aqueous carrier has a pH in the range of about 1 to
about 4.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1 illustrates the structures of two alkyne diol surfactants useful in the
compositions and methods of the present invention along with the structure of a comparative
alkyne monoalcohol surfactant.
[0017] FIG. 2 shows a plot of polysilicon removal versus surfactant concentration obtained

by polishing polysilicon blanket wafers with compositions of the present invention.
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{0018}  FIG. 3 shows a bar graph of removal rates for TEOS-810: (TS). silicon nitnde (SN},
tungsten (W}, and polysilicon (P8} versus surfactant conceniration obtained by polishing
blanket wafers of the indicated material with 4 composition of the invention (Ex. I} and three
comparative compositions (Ex. A, Ex. B, and Ex. C}.
0019} FIG. 4 shows a bar graph of the percemage of polysilicon removal rate suppression
obtained by polishing polvsilicon blanket wafers with CMP compositions containing different
surfactant materials, compared to results obtained with CMP compeositions containing no
alkyne diol-type surfactant.

DETAILED DESCRIPTION OF THE INVENTION
0026} A CMP composition of the invention comprises abrasive particles suspended in an
acidic aqueous camrier containing a surfactant comprising an alkyne-diol andior alkyne dio}
ethoxviste.
{0021} Preferred alkyne diol swrfactants comprise an alkyne diol compound of Formda (1)
or an ethoxylate thereof comprising 1 10 40 moles {(preferably 4 to 30 moles) of ethylencoxy
nnits per mole of atkvne diol compound.

Foroula (I

HO OH

N o /o
\

R R

wherein each of R! and R” is independently H or methyl; and each of R” and R is

independently a () to Ca alkyl group (e ., a linear or branched alkyl group). Insome
preferred embodiments R' and R are both methyl. Pseferably, at least one of RiandRYisa
branched aliphatic hydrocarbon moiety (e.g., 2-methypropyl). As used herein, the termy
“ethoxylate” refers 1o a compound of Formuala {I) in which one or both of the OH groups of
Formula (1) 18 replaced by a {CHCH:Om-CHHOH group n which "o is 0 or greater, and the
total number of moles of EO per mole of dio! compound s the sum of (n+1) for each ethoxvlate
chain in the compound.  In some preferred embodiments, the surfactant comprises an alkyne

diol compound rather than an atkyne diol ethoxylate.
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{06221 FIG. 1 ilustrates two examples of conunercial SURFYNOLE: brand alkyne diol
surfactants of Fonmula (1) useful in the compesitions and method of the present invention, {e.,
2,47 D-tetramethyldec-S-yne-4, 7-diol (SURFYNOLE 104) and 2 4 7-vimethyloctadec-S-yne-

. 7-diot (SURFYNOLES DF110D), available from Alr Products and Chemicals, Inc., as well as
a comparative alkyne monoalcohot surfactant, L.e,, 3,5-dmethylhex-T-yne-3-0l (SURFYNOL®
61). Another suitable altkyne diol-contaiming surfactant is 2,5,8.1 H-tetramethyldodec-6-yne-
S,8-diol (SURFYNOL® 124). Non-limiting examples of suitable surfactants containing an
ethoxyisted alkyne diol compound include SURFYNOLR 440 (24,7 S-tetramethyldec-S-yne-
4, 7-diol ethoxylated with 3.5 moles of EQ per mole of diol), SURFYNOL® 4635 (24,7 9-
tetramethyldec-S-yne-4,7-diol ethoxylated with 10 moles of EO per mole of diot),
SURFYNOL® 485 (2 4,7 S«tetramethyldec-5-yne-4, 7-diod ethoxylated with 30 mole of EO per
mole of dioll; and DYNOL® 604 (2.5 8,1 | -tetramethyldodec-6-yne-5 8-dinl ethoxylated with 4
mate of EO per mole of diol).

160231 Any suitable abrasive particles can be utihized in the CMP compositions and
methods of the present invention. As used herein the terms "abrasive” and abrasive particles”
are used interchangeably fo refer to particulate materials that are capable of abrading a surface
of & substrate wafer comprising a semiconductor material and one or more other materialy such
as a metal, a diclectric material, and the Iike, such as are used in the manufacture of IC devices.
Non-limiting examples of such abrasives include silicon dioxide {silica), ahuminum oxide
{alumina), titaniwm dioxide {tiania), cerium oxide {ceria), zircomium oxide (zivconia}, and the
like. Colloidal silica is a preferred abrasive. The abrasive preferably is present in the polishing
composition at a concentration in the range of 6.01 to 15 percent by weight {wt %), e.g., 0.053 10
& wt %, or 0.1 1o § wt %. In some preferred embodiments, the abrasive comprises colloidal
silica particles having a mean particle size in the range of 1 mm to 500 nm, more preferably 10
nm to 200 mn, as determined by laser Hght scattering technigues, which are well known in the
art,

{30241  The abrasive desirably is suspended i the polishing composition, more specifically
in the agueous carrier component of the polishing comnposition. When the abrasive is
suspended 1o the polishing composition, it preferably is colloidally stable. The term "colloid"

refers to the suspension of abrasive particles in the liquid carrier. "Colloidal stability” refers to
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the maintenance of that suspension over time. In the context of this invention, an abrasive
suspension is considered colloidally stable if, when the silica is placed into a 100 ml. graduated
cylinder and allowed to stand without agitation for a time of 2 houwrs, the difference berween the
concentration of particles in the bottom S0 ml. of the graduated cyhinder ({B] in terms of g/ml}
and the concentration of particles in the top S0 mL of the gradoated cvlinder (IT] in terms of
w'ml) divided by the total concentration of particles in the abrasive compasition (JC] in termas
of g/mLy} is less than or equal to 0.5 (le. (B] ~ [TIVIC] £0.5). The value of ({B}-{THC]
desirably is less than or equal 10 0.3, and preferably is fess than or equal 1o Q1L

{08251 As used herein and in the appended claims, the term "colioidal silica” refers to
silicon dioxide that has been prepared by condensation polymerization of S{OMj,. The
precursor SHOH ), can be obtained, for example, by hydrolysis of high purity alkoxysilanes, or
by acidification of squeous silicate solutions. Such colleidal silica can be prepared in
accordance with UL 8. Patent 5,230,833 or can be obtained as any of various commercially
available products, such as the Fuso PL-1, PL-2, and FL-3 preducts, and the Nalco 1056, 2327,
and 2329 products, as well as other similar prodocts available from DuPont, Bayer, Applied
Research, Nissan Chemical, and Clariant.

{0626]  The agueous carrier preferably comprises, consists essentially of, or consists of
water {e.g., defonized water) containing an acidic substance dissolved therein at 2 concentration
sufficient 1o provide an acidic pH, preferably not wmove than pH 6 (e.g., a pH in the range of 1 ®0
4). The acidic substance can be an acid or a buffering materiad {e.g., an acid, acidic salt, or a
mixture of an acid and a salt). Acids and buffering materials suitable for nse in OMP
compasitions ase well known in the art. Optionally, the agueous carrier can include water
sofuble or water miscible organic matenials such as alcohols, ghveols, and the like,

{0027} In addition, the aqueous carrier can inclade other functional materials commonty
included in CMP compositions, such as carboxviic acid materials. carboxylic acid salis,
inorganic salts, corrosion inhibitors, blocides, viscosity modifiers, chelating agents, and the
iike, many examples of which are well known i the CMP art.

{0028]  In some preferred embodiments, the CMP composition includes a carboxylic acid
material in the agueous carrier at a concentration in the range of 0.001 1o 10 wt % (10 ppm to

100,000 ppm; e.g. 100 fo 5,000 ppm, or 500 to 2,000 ppm), based on the total composition
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[6029}  Non-linnting examples of suitable carboxylic acid matenals include,
monocarboxyhic acids {e.g., benzoic acid, phenylacetic acid, -naphthoic acid, 2-naphthoic
acid, glyeolic acid, formie acid, lactic acid, mandelic acid, and the like), pelvearboxylic acids
{e.g., oxalic acid, malonic acid, succinic acid, adipic peid, tartaric acid, citric acid, maleic acid,
famaric acid, aspartic acid, glutanic acid, phthalic acid, isophthalic acid, terephthalic acid,
1,2.3 4-butaneterracarboxyiic acid, itaconic acid, and the like), and amino acids such as glveine,
{0036]  The compositions and methads of the tnvention provide useful sihcon nitride
removal rates over a wide range of pH, abrasive concenwration, and surfactant concentration,
while unexpectedly suppressing polysilicon removal. In some particularly preferred
embodiments, the silicon nitride removal rate is 2350 Angstroms pet minute {A/min)} or greater
when polishing a silicon nitride blanket wafer with g Epic® 3100 polishing pad (Cabot
Microelectronics Corposation, Auvrosa, 1LY on a table-top CMP polisher at a down force of 2
pounds per square mch (psi}, 4 platen speed of 115 revolutions per munute (rpm), 8 carrier
speed of 60 rpm, and a polishing shurry flow rate of 123 milliliters per mingte (el /min), in the
presence of bvdrogen peroxide (1 wt 20). Surprisingly, the polysilicon removal rate obtained
by polishing a polysthcon water under the same conditions generally 18 not more than 80 % of
the silicon nitride removal rate, often not more than 70 % or not more than 60 % of the silicon
nitride removal rate. Typically, the polysilicon removal rate obtatned with 8 CMP composition
of the present invention will be at least 10 % lower {preferably at least 20 %, 30 %%, 40% or 50
% lower) than the polysilicon rate obtained with a CMP composition substandally identical to
the composition of the invention, but lacking the alkyne diol or alkyne diol ethoxylate
surfactant.

{0031}  The polishing compositions of the tnvention optionally can include one or more
oxidizing agent {e.g., 1o oxidize a component of the semiconductor surface, such as a metal
component). Oxidizing agents suitable for nse in the pohishing compositions and methods of
the present invention include, without Himitation hvdrogen peroxide, persulfate salts {e.g.,
ammonium monopersulfate, anmymoniwm dipersulfate, potasstum monopersuifate, and
potassiwy dipersulfate}, periodate salts (e.g.. potassium periodate), salts thereof, and a

combination of two or more of the foregoing, Preferably, the oxidizing agent is added 1o the
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composition in an ameant sefficient 1o oxidize one oy more selected metallic or semiconductor
material present in the semiconductor wafer, as is well known in the semiconductor CMP art.
{0632} The polishing compositions of the mvention can be prepared by any suitable
technique, many of which are known to those skilled in the art. The polishing composition can
be prepared in a batch or continuous process. Generally, the polishing composition can be
prepared by combining the components thereof 1 any order. The term “component” a8 used
herein includes individual ingredients (e.g., abrasive, surfactant, acids, bases, buffers, oxidizing
agents, and the like}, as well as any combination of ingredients. For example, the abrasive can
be dispersed in water, and the surfactant and any other additive material can be added, and
nnixed by any method that is capable of incorporating the components o the pohshing
composition. Typically, an oxidizing sgent, when utilized, iz not added to the polishing
composition satil the composition is ready for use in a CMP process, for example, the
oxidizing agent can be added just prior to mitiation of polishing. The pH can be further
adjusted &t any suitable time by addition of an acid or base, as needed.

{0833}  The polishing compositions of the present invention also can be provided as a
concentrate, which is intended to be diluted with an appropriate amount of aqueous solvent
{e.e., water) prior 1o use. In such an embodiment, the polishing composition concentrate can
incinde the various components dispersed or dissolved in agneons solvent in amounts such that,
upon dilution of the concentrate with an appropriate amotmt of agueous solvent, each
component of the polishing composition will be present tn the pohishing composition in an
anzount within the appropriate range for use,

{00341  The invention also provides a method of chenvicallv-mechanically polishing a
silicon nitride substrate, The method comprises abrading a surface of a silicon nitride- and
polysilicon-containing substrate with a polishing composition of the invention as described
herein.

{8035} The polishing compositions of the presemt invention can be used to polish any
suitable substrate, and is especially useful for polishing subswates comprising silicon nitride,
silicon oxide, tungsten and peiyvsilicon,

{6436}  The polishing compositions of the present inveation are particularly suited for use v

conjunction with a chemical-mechanical polishing apparatus. Typically, the OMP apparatns
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comprises a platen, which, when in use, ts m motion and has a velocity that results from orbital]
Huear, and/or circular motion, a polishing pad n contact adhered the platen and moving relative
to the carrier when in motion, and a carrier that holds a substrate to be polished by contacting
and moving relaiive o the swrface of the polishing pad. The polishing of the substrate takes
place by the substrate being placed in contact with the polishing pad and a polishing
composition of the Invention and then moving the pohishing pad refative to the substrate, so as
to abrade at least g portion of the substrate to polish the substrate.

{6037} A substrate can be planarized or polished with a polishing composition of the
invention using any sultable polishing pad {(e.g., polishing surface). Suitable polishing pads
inchude, for example, woven and non-woven polishing pads, grooved or non-grooved pads,
porous or non-porous pads, and the like, Moreover, suitable polishing pads can comprise any
suttable polyiner of varving density, hardness, thickozss, compressibility, ability 1o rebound
upon compression, and compression modulos. Suitable polymers inchude, for example,
polyvinylchloride, polyvinylfluornide, nylon, fluorocarbon, polycarbonate, polvester,
polvacryiate, polyether, polvethylene, polyamide, polvurethane, polystyrene, polyvpropylene,
coformed products thereof, and mixtures thereof,

{0838}  Desirably, the CMP gpparatus further comprises an # sty polishing endpomit
detection system, many of which are known in the art. Techniques for inspecting and
monitoring the polishing process by analvzing Hght or other radisvion reflected from a surface
of the workpiece are known in the art. Such methods are described, for example, in U.S. Patent
No. 5,196,353 1o Sandhy er o/, U.S. Patent No. 5433,651 1o Lustig e/ o, U.S, Patent No.
5,949,927 {0 Tang, and U.S. Patent No. 5,964,643 to Bivang or . Desirably, the inspection or
mositoring of the progress of the polishing process with respect 10 a workpiece being polished
enables the determmation of the polishing end-point, e, the determiination of when to
terninate the polishing process with respect to a particular workpiece.

16039} The following examples farther Hustrate the tnvention but, of covrse, should norbe
construed as in any way Hmiting its scope. As used herein and in the following Examples and
claims, concentrations reported as pasts per mullion (ppm) are based on the weight of the active
component of interest divided by the weight of the composition (e.g., as milligrams of

component per kilogram of composition).
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EXAMPLE 1
{0046} This example ilustrates the effect of alkvne diol surfaciayt concentation on
polysibicon removal rate,
{3041} A number of polishing compaositions comprising  fo 300 ppm of SURFYNQOL®
104 alkyne diol surfactant were used to separately chemically-mechanically polish similar
polysilicon bianket wafers (1.6 inch squares). Each of the polishing compositions also
contained 4.8 wit % colloidal silica (having a mean particle size of 40 nm) in an agueons carder
having a pH of 2.3, and including 1600 ppm of glveine, 270 ppm of malonic acid, and 560 ppm
of potassium sulfate. The polishing was perfonmed (with 1 wt % hydrogen peroxide added to
each CMP composition) on a bench-top polisher with an Epic® D100 polishing pad under the
following polishing conditions: down-foree of 2 psi, platen speed of 115 rpm, carrier speed of
60 rpm, and a shury feed rate of 125 ml/min. The polysilicon remnoval rate versus surfactant
concentration is plotted 1w FIG. 2. Ax can be seen in FIG. 2, the polysilicon removal rate was
2,500 o0 3,000 Asmin in the absence of surfactant, and dropped to a stable e of 1,500 A/min
at a sarfactant concentration in the range of 100 ppm to 500 ppm.

EXAMPLE 2
{0042 This example iHustrates the effectiveness of g polishing composition of the
invention, compared to compositions lacking the alkyne diol surfactant, for removal of silicon
witride (SN}, TEOS-510; {T'S), wngsten (W) and polvsilicon (P5).
{0843} A composition of the invention comprising 1,000 ppm of SURFYNQL® 104 alkyne
diol surfactant 4.8 wt % collowdal sihica thaving a mean particle size of 40 sm) in an aquecys
carrier having a pH of 2.3, and inclading 1600 ppm of glveine, 270 ppm of malonic acid, and
560 ppm of potassium sulfate, was used to separately chemicaliv-mechanically polish blanket
wafers of TEOS, silicon nitride tungsten, and polysilicon. The polishing was performed {with
2wt % hydrogen peroxide added to the CMP compoesition} on & bench-top polisher with an
Epte® D00 polishing pad under the following polishing conditions: down-force of 3.5 psi,
platen speed of 60 rpm, carrier speed of 65 rpm, and a shury feed rate of 150 mL/min. For
comparison purposes, wafers of the same types were polished with three comparative
compasitions comprising the same formulation, bui lacking the alkyne diol. Ex. A included no

surfactant. Ex. B utilized the same CMP composition as Ex. A, but incloded only 8.5 wit %
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hydrogen peroxide. Ex. C included § 800 ppm of SILWET® L7280 non-ionic surfactant {an
atkoxylated heptamethvitrisitoxane surfactant) in place of the alkyne diol.
{0044]  The observed removal rates verses swrfactant concentration are graphed m FI1G. 3
for each type of wafer and each compostiion evaluated. As can be seen i FIG. 3, Ex. D (the
compasition of the invention) provided good silicon nitride, W, and TEOS removal rates
comparable to Ex. A and Bx. B, but with significantly a reduced polysilicon removal rate
compared to Bx A and Ex. B. In contrast, Ex. C (comaining SILWET®R L7280) suppressed
polyzailicon removal, but also significantly and undesirably suppressed siheon nitride, tongsten,
and TEOS removal.

EXAMPLE 3
[0645} This example illustrates the effect of different surfactants on supprassion of
polysilicon removal.
[0846] A number of polishing compositions compurising 1,000 ppm of various surfactants
were used to separately chemically-mechanically polish similar polysilicen blanket wafers (1.6
inch squares). BEach of the polishing compositions also contained 4.8 wi % collowdal silica
{having a mean particle size of 20 nm) in an agueons carrier having a pH of 2.3, and inchuding
1600 ppm of glyeine, 270 ppm of nwalonic acid, and 560 ppm of potassiuwm sulfate. The
polishing was performed (with 1wt % hydrogen peroxide added to each CMP composition) on
a bench-top polisher with an Epic® D100 polishing pad under the following polishing
conditions: down-force of 2 psi, platen speed of 113 rpm, carrier speed of 60 rpuy, and a slhurry
feed rate of 125 mL/min. The surfactants evaluated were SURFYNOL® 104, SURFYNOL®
440, SURFYNOL® 485, SURFYNOL® 61 (comparative alkyne monoalcobol), SURFYNOLE
DF1I0D, DYNOL® 604, and IGEPALE CO890 (an alkylphenol ethoxvlate comparative
swriactant). The percentage of polysilicon removal rate suppression obtained with each
surfactant concentration is graphed in FIG. 4. The suppression was defermined by comparing
the rate obtained with surfactant to the rate obtained in the absence of the surfactant. As canbe
seen in F1G. 4, polysilicon removal rate suppressions in the range of 10 % to 50 % or greater
were abtained with the compositions of the invention, while IGEPAL® CORY0 provided no

suppression and SURFYNOLR 61 provided less than 10 % suppression.
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CLAIMS
1. A method of polishing a semiconductor substrate to remove silicon nitride in

preference to polysilicon from the surface of the substrate; the method comprising abrading a
surface of a silicon nitride- and polysilicon-containing substrate with a CMP composition
comprising 0.01 to 15 percent by weight abrasive particles suspended in an agueous carrier
containing 10 to 10,000 ppm of a surfactant comprising an alkyne-diol, an alkyne diol
ethoxylate, or a combination thereof, the composition further comprises an additive comprising

potassium sulfate wherein the aqueous carrier has a pH in the range of about 1 to about 4.

2. The method of claim 1 wherein the polishing is performed in the presence of
hydrogen peroxide.
3. The method of claim 1 wherein the surfactant in the CMP composition

comprises an alkyne diol compound of Formula (1) and/or an ethoxylate thereof comprising 1

to 40 moles of ethyleneoxy units per mole of alkyne diol compound,

Formula (I):
HO OH
R’ > — < R?
R® R*
wherein

each of R' and R? is independently H or methyl; and

- each of R and R*is independently a C, to Cx, alkyl group.

4, The method of claim 1 wherein the abrading is accomplished by:
(a) contacting a surface of the substrate with a polishing pad and the CMP
composition; and
(b) causing relative motion between the polishing pad and the substrate while
maintaining a portion of the CMP composition in contact with the surface between the pad and

the substrate for a time period sufficient to abrade silicon nitride from the surface.
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5. The method of claim 1 wherein the composition further comprises 10 to 100,000
ppm of at least one carboxylic acid-containing additive.
6. The method of claim 5 wherein the at least one carboxylic acid-containing

additive comprises malonic acid, glycine, or a combination thereof.



