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(57) Abstract: A system, a composition, and a method for planarizing or polishing a composite substrate are provided. The pla-
narizing or polishing system comprises (i) a polishing composition comprising (a) about 0.5 wt.% or more of fluoride ions, (b) about
1 wt.% or more of an amine, (c¢) about 0.1 wt.% or more of a base, and (d) water, and (ii) and abrasive. The present invention also
provides a method of planarizing or polishing a composite substrate comprising contacting the substrate with a system comprising
(i) a polishing composition comprising (a) about 0.5 wt.% or more of fluoride ions, (b) about 1 wt.% or more of an amine, (c) about

0.1 wt.% or more of a base, and (d) water, and (ii) an abrasive.
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SYSTEM FOR THE PREFERENTIAL REMOVAL OF SILICON OXIDE

TECHNICAL FIELD OF THE INVENTION
The present invention relates to a planarizing or polishing system and method

for planarizing or polishing a composite substrate.

BACKGROUND OF THE INVENTION

As the size of integrated circuits is reduced and the number of integrated
circuits on a chip increases, the components that make up the circuits must be
positioned closer together in order to comply with the liimited spacé available on a
typical chip. Current research, therefore, is directed towards achieving a greater
density of active components per unit area of a semiconductor substrate.
Accordingly, effective isolation between circuits is becoming more important for
ensuring optimum semiconductor performance. Conventional isolation of circuit
components in modern integrated circuit technology takes the form of shallow
trenches, which are etched into the semiconductor substrate and filled with an
insulating material, such as silicon dioxide. These areas are generally referred to in
the art as shallow trench isolation (STI) regions. STI regions serve to isolate the
active regions of the integrated circuit. .

A problem associated with STI processing is planarization of the
semiconductor substrate following trench formation (i.e., after the trench is etched and
then filled with an insulation material). In particular, after trenches are filled with
insulation material, it is necessary to selectively remove protrusions of the insulation
material from the “mesa” regions between each trench of the semiconductor substrate.
This requires the selective removal of the oxide insulating material over the barrier
film (typically a nitride material) that tops the mesa regions. The complete removal
of oxides from the mesa regions must be accomplished with minimal thinning of the
underlying barrier film, in order to ensure uniform thickness of the barrier film across
the semiconductor substrate. Planarity of the semiconductor substrate is, in fact,
crucial for maximal semiconductor performance. A highly planar surface topography
reduces the potential for current leakage (i.e., short-circuiting) between active regions
of the integrated circuit. In addition, a high degree of planarity reduces the potential
for depth of focus lithography problems during subsequent interconnect processing
steps. Accordingly, excellent planarization or polishing processes following trench
formation are critical for ensuring optimum semiconductor performance.

Attempts to solve the problem of providing a highly planarized integrated
circuit structure, after having formed‘ oxide-filled STI regions in the substrate, have

resulted in a number of planarization schemes. Conventional planarization schemes
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include, for example, ‘integration schemes’ which combine conventional chemical-
mechanical polishing (CMP) slurries with dummy structures, oxide reverse masks and
etches, dual nitrides, hard masks, and/or resist blocks. U.S. Patent 5,721,173 (Yano et
al.), for example, is directed to a method of forming a trench isolation structure
involving a two-step process of planarizing by CMP using a slurry and, then, wet-
etching with an HF solution. Most conventional schemes, however, are time-
consuming and expensive, and can be inefficient during one or more processing steps.
A need remains, therefore, for polishing systems, compositions, and/or
methods that, when used alone or in combination with conventional planarization or
integration schemes, will exhibit minimal barrier film thinning and will result in
maximal barrier film planarity (i.e., thickness uniformity) across a composite
substrate, particularly after the substrate has undergone shallow trench isolation
processing. The present invention seeks to provide such a polishing system,
composition, and method. These and other advantages of the present invention will be

apparent from the description of the invention provided herein.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a system for planarizing or polishing a
composite substrate comprising (i) a polishing composition comprising (a) about 0.5
wt.% or more of fluoride ions, (b) about 1 wt.% or more of an amine, (c) about 0.1
wt.% or more of a base, and (d) water, and (ii) an abrasive. The present invention
also provides a method of planarizing or polishing a composite substrate comprising
contacting the substrate with a system comprising (i) a polishing composition
comprising (&) about 0.5 wt.% or more of fluoride ions, (b) about 1 wt.% or more of

an amine, (¢) about 0.1 wt.% or more of a base, and (d) water, and (ii) an abrasive.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph of the concentration of the amine and source of fluoride
ions (i.e., concentration of DMAMP:HF mixture) in the polishing system of the
present invention versus the relative removal rates of oxides and nitrides and the

oxide:nitride removal rate ratio.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a system for planarizing or polishing a
composite substrate comprising (i) a polishing composition comprising (a) about 0.5
wt.% or more of fluoride ions, (b) about 1 wt.% or more of an amine, (c) about 0.1
wt.% or more of a base, and (d) water, and (ii) an abrasive. The polishing system
exhibits minimal barrier film thinning and results in maximal barrier film planarity
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(i.e., thickness uniformity) across a composite substrate, particularly after the
substrate has undergone shallow trench isolation processing.

The abrasive of the polishing system can be any suitable abrasive. Suitable
abrasives include, for example, metal oxide abrasives. Metal oxide abrasives include,
for example, alumina, silica, titania, ceria, zirconia, germania, magnesia, coformed
products thereof, and mixtures thereof. Suitable abrasives also include heat-treated
abrasives and chemically-treated abrasives (e.g., abrasives with chemically-linked
organic functional groups). Preferably, the abrasive of the polishing system is silica.
More preferably, the abrasive of the polishing system is fumed silica.

The abrasive of the polishing system can exist in any suitable form. Itis
suitable, for example, for the abrasive to be incorporated into the polishing
composition, e.g., the aqueous medium of the polishing system. It is also suitable for
the abrasive of the polishing system to be fixed (e.g., embedded), in whole or in part,
in or on a polishing pad.

It is suitable for the abrasive to be present in the polishing composition, e.g.,
the aqueous medium of the polishing system, in any suitable concentration. The
abrasive desirably is present in a concentration of about 0.1 wt.% or more (e.g., about
0.1-40 wt.%) in the polishing composition. Preferably, the abrasive concentration is
about 0.1-30 wt.% of the polishing composition, e.g., about 1-30 wt.% of the
polishing composition, or even about 5-25 wt.% of the polishing composition.

The fluoride ions of the polishing system can be from any suitable source of
fluoride ions. Suitable sources of fluoride ions include, for example, hydrogen
fluoride, ammonium fluoride, ammonium hydrogen bifluoride, potassium fluoride,
potassium hydrogen bifluoride, fluotitanic acid, fluosilicic acid, fluozirconic acid,
fluoboric acid, and other fluoride salts, fluoride acids, fluoride metal complexes, and
combinations thereof.

The fluoride ions are present in the polishing system in any suitable amount,
desirably in an amount of about 0.5 wt.% or more. Most preferably, the fluoride ions
are present in the polishing system in an amount of about 0.6 wt.% or more, e.g.,
about 0.7 wt.% or more, about 0.8 wt.% or more, about 0.9 wt.% or more, or even
about 0.95 wt.% or more (e.g., about 1 wt.% or more). It is also suitable for the
fluoride ions to be present in the polishing system in a concentration of about 1.25
wt.% or more, about 1.5 wt.% or more, or even about 1.75 wt.% or more. Moreover,
it is suitable for the fluoride ions to be present in the polishing system in higher
concentrations, such as about 2 wt.% or more, about 3 wt. % or more, about 4 wt.% or
more, or even about 5 wt.% or more. Generally, the fluoride ions are present in the
polishing system in an amount that does not exceed about 15 wt.%, preferably an
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amount that does not exceed about 10 wt.% (e.g., about 0.5-10 wt.%, or more
preferably, about 1-5 wt.%).

The fluoride ions of the polishing system can exist in two forms in the
polishing system: an “inactive” form (i.e., ions bound to other components of the
polishing system, such as the amine component) and an “active” form (i.e., free or
unbound ions accessible to react with the composite substrate being planarized or
polished). While 100% of the fluoride ions can be in active form, more typically a
portion of the fluoride ions will be in inactive form (i.e., less than about 100% of the
fluoride ions of the polishing system are in active form). Thus, about 95% or less of
the fluoride ions of the polishing system can be in active form, e.g., about 90% or
less, or even about 85% or less. Moreover, it is possible for about 75% or less of the
fluoride ions of the polishing system to be active form, e.g., about 65% or less, about
55% or less, about 45% or less, or even about 30% or less. In general, about 1% or
more of the fluoride ions of the polishing system will be in active form, e.g., about
10% or more.

The concentration of active fluoride ions in the polishing system can be
determined by any suitable technique. It is suitable, for example, for the
concentration of active fluoride ions to be measured through utilization of a fluoride
ion-specific electrode. It is also suitable for the concentration of active fluoride ions
to be measured via the technique disclosed in U.S. Patent 3,329,587.

The amine of the polishing system can be any suitable amine. Suitable amines
include, for example, amino alcohols. Suitable amino alcohols include, for example,
amine-containing derivatives of C;-C;; alkanols, e.g., amine-containing derivatives of
C:-Cg alkanols. Suitable amine-containing alkanols include, for example, .
ethanolamine, methylaminoethanol, dimethylaminoethanol, diethylaminoethanol,
isopropanolamine, methylaminopropanol, dimethylaminopropanol,
diethylaminopropanol, and higher alkyl derivatives thereof, such as amine-containing
derivatives of butanol, pentanol, hexanol, heptanol, octanol, nonanol, and decanol.
Preferably, the amine of the polishing system is monomethyl-2-amino-
2methylpropanol or 2-dimethylamino-2-methyl-1-propanol. The amine can have any
suitable pKy value. It is suitable, for example, for the amine to have a pK, value of 1-
7, e.g., 2-6. Preferably, the amine has a pKj, value of 3-6, e.g., 4-5.

The amine is present in the polishing system in any suitable amount, desirably
in an amount of about 1 wt.% or more, e.g., about 1.5 wt.% or more. Preferably, the
amine is present in the polishing system in an amount of about 2 wt.% or more, e.g.,
about 3 wt.% or more, or even about 4 wt.% or more. More preferably, the amine is
present in the polishing system in an amount of about 5 wt.% or more, e.g., about 6

wt.% or more, or even about 7 wt.% or more. It is also suitable for the amine to be
4



WO 01/78116 PCT/US01/11604

10

15

20

25

30

35

present in the polishing system in an amount of about 8 wt.% or more, about 10 wt.%
or more, about 12 wt.% or more, or even about 15 wt.% or more. Generally, the
amine is present in the polishing system in an amount that does not exceed about 25
wt.%, preferably an amount that does not exceed about 20 wt.% (e.g., about 1-20
wt.% or more preferably about 1-10 wt.%).

The base of the polishing system can be any suitable base. Suitable bases
include, for example, inorganic hydroxide bases and carbonate bases. Preferably, the
base of the polishing system is selected from the group consisting of potassium
hydroxide, sodium hydroxide, ammonium hydroxide, cesium hydroxide, sodium
carbonate, and mixtures thereof.

Any suitable amount of the base can be present in the polishing system. The
base desirably is present in the polishing system in an amount of about 0.1 wt.% or
more. It is also suitable for the base to be present in the polishing system in an
amount of about 0.5 wt.% or more, about 1 wt.% or more, about 2 wt.% or more, or
even about 3 wt.% or more. The base may also be present in the polishing system in
an amount of about 4 wt.% or more, e.g., about 5 wt.% or more. Generally, the base
is present in the polishing system in an amount that does not exceed about 15 wt.%,
preferably an amount that does not exceed about 10 wt.% (e.g., about 1-10 wt.% or
more preferably about 2-8 wt.%).

The polishing system can further comprise a quaternary ammonium
compound. Suitable quaternary ammonium compounds include, for example,
tetraalkyl ammonium compounds (e.g., wherein the “alkyl” is a C;-Cyz alkyl;
preferably, a C;-Cg alkyl). Preferably, the quaternary ammonium compound is
tetramethylammonium hydroxide.

The polishing system optionally can further comprise one or more other
additives. Such additives include surfactants (e.g., cationic surfactants, anionic
surfactants, anionic polyelectrolytes, nonionic surfactants, amphoteric surfactants,
fluorinated surfactants, and mixtures thereof), film-forming agents (e.g., heterocyclic
organic compounds, such as benzotriazole, triazole, benzimidazole, or mixtﬁrés
thereof), polymeric stabilizers or other surface active dispersing agents (e.g.,
phosphoric acid, organic acids, tin oxides, and phosphonate compounds), pH buffers
(e.g., potassium phosphate), and polishing accelerators such as catalysts, oxidizers,
and additional chelating or complexing agents (e.g., metal, particularly fetric, nitrates,
sulfates, halides (including chlorides, bromides, and iodides), compounds with
carboxylate, hydroxyl, sulfonic, and/or phosphonic groups, di-, tri-, multi-, and poly-
carboxylic acids and salts (such as tartaric acids and tartrates, malic acid and malates,
malonic acid and malonates, gluconic acid and gluconates, citric acid and citrates,
phthalic acid and phthalates, pyrocatecol, pyrogallol, gallic acid and gallates, tannic
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acid and tannates), peroxides, periodic acid and salts, perbromic acid and salts,
perchloric acid and salts, perboric acid and salts, iodic acid and salts, permanganates,
potassium ferricyanide, chlorates, percarbonates, persulfates, bromates, chromates,
cerium compounds, and mixtures thereof).

The pH of the polishing system can be any suitable pH. Preferably, the pH of
the present polishing system is about 7-14, e.g., about 8-13. More preferably, the pH
of the polishing system is about 9-12, e.g., about 10-12, or even about 11-12. In an
alternative embodiment, when selectively polishing metals, metal composites, or
mixtures or alloys thereof, it is suitable for the polishing system to have a pH of about
2-6, e.g., about 3-5. Such metals, metal composites, and metal alloys include, for
example, copper, aluminum, titanium, tantalum, tungsten, gold, platinum, iridium,
ruthenium, metal nitrides (e.g., titanium nitride, tantalum nitride, and tungsten
nitride), metal carbides (e.g., silicon carbide and tungsten carbide), and nickel-
phosphorous.

The polishing system desirably has a polishing selectivity of silicon oxide to
silicon nitride (i.e., oxide:nitride) of about 2:1 or more, e.g., about 5:1 or more.
Preferably, the polishing system has a polishing selectivity of oxide:nitride of about
10:1 or more, e.g., about 15:1 or more, or even about 25:1 or more. More preferably,
the polishing system has a polishing selectivity of oxide:nitride of about 35:1 or more,
e.g., about 45:1 or more, or even about 55:1 or more. Most preferably, the polishing
system has a polishing selectivity of oxide:nitride of about 65:1 or more, e.g. about
75:1 ormore, or even about 90:1 or more.

Silicon oxide removal by the polishing system can be controlled by altering
the relative concentrations of the components of the polishing system. In particular,
the concentration of active fluoride ions in the polishing system, which is directly
related to the oxide removal rate, can be controlled by altering the relative
concentrations of the fluoride ions, the amine, and quaternary ammonium compound
(if present) in the polishing system, as well as by adding complexing agents to the
polishing system, or by altering the pH of the polishing system.

Silicon nitride removal by the polishing system can be controlled by altering
the relative concentrations of the components of the polishing system. Cationic
species (i.e., amines, such as hydrogenated amines, and quaternary ammonium
compounds) adsorb to the silicon nitride layer and reduce, substantially reduce, or
even inhibit (i.e., block) the removal of silicon nitride during polishing. The base in
the polishing system neutralizes the cationic amine, thereby reducing its ability to
adsorb to the silicon nitride layer and to inhibit its removal. In this regard, silicon
nitride removal by the polishing system can be controlled by altering the relative
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concentrations of the amine, the base, and quaternary ammonium compound (if
present) in the polishing system, as well as by altering the pH of the polishing system.

The free alkalinity and the total alkalinity of the polishing system are
determined in order to quantify the buffering capacity of the polishing system. Free
alkalinity and total alkalinity values are determined via titration and can be monitored
with any technique or device that determines pH (e.g., a pH meter). The polishing
system desirably has a free alkalinity value of about 0.001-0.15 mol/l. Preferably, the
polishing system has a free alkalinity value of about 0.005-0.1 mol/l, e.g., about 0.01-
0.1 mol/l. The polishing system desirably has a total alkalinity value of about 0.005-
0.2 mol/l. Preferably, the polishing system has a total alkalinity value of about 0.008-
0.15 mol/l, e.g., about 0.01-0.125 mol/l. More preferably, the polishing system has a
total alkalinity value of about 0.01-0.1 mol/l.

The present invention also provides a method of planarizing or polishing a
composite substrate with a polishing system as described herein, wherein the
polishing system contains any suitable concentration of an abrasive, fluoride ions, an
amine, a base, and water. As noted above, the abrasive can be in the polishing
composition, e.g., the aqueous medium of the polishing system, and/or fixed (e.g.,
embedded) in or on the polishing pad. Thus, the present invention provides a method
of planarizing or polishing a composite substrate comprising contacting the substrate
with a system comprising (i) a polishing composition comprising (a) about 0.5 wt.%
or more of fluoride ions, (b) about 1 wt.% or more of an amine, (c) about 0.1 wt.% or
more of a base, and (d) water, and (ii) an abrasive. The composite substrate can be
any suitable composite substrate. Typically, the composite substrate will be a
substrate (e.g., silicon substrate) with a metal oxide component (e.g., silicon oxide)
and/or a nitride component (e.g., silicon nitride).

The polishing system is particularly well-suited for planarizing or polishing a
substrate that has undergone shallow trench isolation (STI) processing. STI
processing typically involves providing a silicon substrate on which is deposited a
layer of silicon dioxide and a layer of silicon nitride. Trenches are etched following
photolithography and are filled with silicon dioxide. The excess silicon dioxide is
planarized until the silicon nitride is fully exposed, such that the silicon oxide
remaining in the trenches is approximately level with the silicon nitride level on the
mesa regions or with the pad oxide level. Desirably, the planarization or polishing is
carried out in such typical STI processing with the polishing system of the present
invention, preferably such that the silicon dioxide is removed and planarization stops
at the silicon nitride layer.

The polishing system also can be used to planarize or polish hardened

workpieces, such as prime silicon, rigid or memory disks, metals (e.g., noble metals
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and low k metals), ILD layers, micro-electro-mechanical systems, ferroelectrics,
magnetic heads, polymeric films, and low and high dielectric constant films.

A substrate can be planarized or polished with the polishing system by any
suitable technique. In this regard, it is suitable for the polishing system to be
formulated prior to delivery to the polishing pad or to the surface of the substrate. It
is also suitable for the polishing system to be formulated (e.g., mixed) on the surface
of the polishing pad or on the surface of the substrate, through delivery of the
components of the polishing system from two or more distinct sources, whereby the
components of the polishing system meet at the surface of the polishing pad or at the
surface of the substrate. In this regard, the flow rate at which the components of the
polishing system are delivered to the polishing pad or to the surface of the substrate
(i.e., the delivered amount of the particular components of the polishing system) can
be altered prior to the polishing process and/or during the polishing process, such that
the polishing selectivity and/or viscosity of the polishing system is altered. Moreover,
it is suitable for the particular components of the polishing system being delivered
from two or more distinct sources to have different pH values, or alternatively to have
substantially similar, or even equal, pH values, prior to delivery to the surface of the
polishing pad or to the surface of the substrate. It is also suitable for the particular
components being delivered from two or more distinct sources to be filtered either
independently or to be filtered jointly (e.g., together) prior to delivery to the surface of
the polishing pad or to the surface of the substrate.

A substrate can be planarized or polished with the polishing system 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 upon compression, and compression modulus. Suitable polymers
include, for example, polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon,
polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide,
polyurethane, polystyrene, polypropylene, and coformed products thereof, and
mixtures thereof. As discussed above, the abrasive of the polishing system can be
fixed (e.g., embedded) in whole or in part, in or on the polishing pad such fixation on
the polishing pad can be accomplished, for example, by blending the abrasive in to the
aforementioned polymers during the formation of the polishing pad.

The polishing system (especially the polishing composition with the abrasive
therein) desirably has a viscosity that is about 25 centipoise or more, €.g., about 100
centipoise or more, or even about 500 centipoise or more. Preferably, the viscosity of
the polishing system is about 1000 centipoise or more, e.g., about 2000 centipoise or

more. More preferably, the viscosity of the polishing system is about 3000 centipoise
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or more, e.g., about 4000 centipoise or more, or even about 5000 centipoise or more.
Most preferably, the viscosity of the polishing system is about 6000-9000 centipoise
(such as about 7000-8000 centipoise). The relatively high viscosity of the polishing
system allows for a decrease in the total amount of the polishing system needed for
the effective polishing of a composite substrate. The viscosity of the polishing system
can be determined in any suitable manner. The viscosity values set forth herein, for
example, were determined by using a Brookfield Viscometer (i.e., Model # LVDVI,
which has a voltage of 115 and a measurement range of 15-2,000,000 cP) and a
suitable spindle (i.e., LV Spindle #4).

The viscosity of the polishing system can be adjusted by altering the
concentrations of the particular components of the polishing system. The viscosity of
the polishing system also can be adjusted through the addition to the polishing system
of any suitable rheological control agent (i.e., a polymeric rheological control agent).
Suitable rheological control agents include, for example, urethane polymers (e.g.,
urethane polymers with a molecular weight greater than about 100,000 Daltons), and
acrylates comprising one or more acrylic subunits (e.g., vinyl acrylates and styrene
acrylates), and polymers, copolymers, and oligomers thereof, and salts thereof.

It is desirable in some instances to alter the polishing selectivity of the
polishing system in situ, e.g., during the polishing process. This can be accomplished
in any suitable manner, e.g., via feed-forward or feed-back control. The polishing
process can be adjusted, for example, by increasing or decreasing polishing
aggressiveness. Polishing aggressiveness can be altered by increasing or decreasing
the pressure with which the pad and substrate contact each other, increasing or
decreasing the carrier speed of the substrate during contact with the pad, increasing or
decreasing the platen speed of the pad during contact with the substrate, or any
combination thereof.

Following planarization or polishing of a composite substrate, the used
polishing system can be combined with any compound suitable for enhancing the
disposability of the polishing system. Suitable compounds include, for example, acids
which will decrease the pH of the used polishing system, calcium-containing salts
which will act as complexing agents to fluoride ions, and other compounds known to
ordinary artisans. These compounds can be added to the polishing system of the
present invention in any suitable manner. It is suitable, for example, for the
compound to be added to the waste stream by which the polishing system exits the

polishing surface.
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EXAMPLE 1

This example further illustrates the present invention but, of course, should not
be construed in any way limiting its scope. In accordance with the present invention,
a polishing system was formulated as follows:

Component A was prepared by combining 10,000 g Cabot’s Semi-Sperse® 25
fumed silica aqueous dispersion (25 wt.% fumed silica in water) and 177 g 2-
dimethylamino-2-methyl-1-propanol 80 (DMAMP-80) (available from ANGUS
Chemical Company). Component B was prepared by combining 34.5 wt.% deionized
water, 12.7 wt.% KOH (40% concentration in water), 14.2 wt.% DMAMP-80, and
38.6 wt.% hydrofluoric acid (5% concentration in water). Components A and B were
mixed at equal flow rates (110 ml/min) to form a polishing system, such that the pH
of the resulting polishing system was 9-11.5. The concentrations of the various
components in the resulting polishing system were about 12 wt.% fumed silica
(abrasive), about 2 wt.% hydrofluoric acid (source of fluoride ions), about 7 wt.%
DMAMP-80 (amine), about 5 wt.% KOH (base), and about 74 wt.% water. The active
fluoride ion concentration was determined to be about 0.925 wt.% of the polishing

system.

EXAMPLE 2

This example further illustrates the present invention but, of course, should not
be construed in any way limiting its scope. In accordance with the present invention,
a polishing system was formulated as follows:

Component A was prepared by filtering a quantity of Cabot’s Cab-O-Sperse®
SC-1 fumed silica aqueous dispersion with a 1 um pore-size filter, and then diluting it
with deionized water, such that the dispersion is about 20% solids. Component B was
prepared by combining 71.87% deionized water, 1.25% KOH (40% concentration in
water), 15.68% DMAMP-80 (80% active), and 11.2% potassium fluoride (KF) (50%
concentration in water). Components A and B were mixed at equal flow rates (50
ml/min) to form a polishing system, such that the pH of the resulting polishing system
was 9-11.5. The concentrations of the various components in the resulting polishing
system were about 10 wt.% fumed silica (abrasive), about 3 wt.% KF (source of
fluoride ions), about 6 wt.% DMAMP-80 (amine), about 0.25 wt.% KOH (base), and
about 80.75 wt.% water. The active fluoride ion concentration was determined to be
about 0.925 wt.% of the polishing system.
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EXAMPLE 3

This example illustrates the significance of the concentration of both the amine
and the source of fluoride ions in the polishing system of the present invention for
maximizing the removal rate of oxides.

Dielectric substrates and rigid memory disks containing silicon oxide layers
were polished with five polishing compositions, Compositions A-E, containing 12.5
wt.% fumed silica (specifically, Cabot’s Semi-Sperse® 25 fumed silica aqueous
dispersion), a suitable amount of KOH to maintain the pH of the polishing
compositions at about 11-12 (i.e., a KOH concentration of about 2-5 wt.%), varying
concentrations of a 1:1 equi-molar mixture of DMAMP-80 (DMAMP) and
hydrofluoric acid (HF) (specifically, 1.7 wt.% (1.45 wt.% DMAMP/0.25 wt.% HF),
3.4 wt.% (2.9 wt.% DMAMP:0.5 wt.% HF), 5 wt.% (4.3 wt.% DMAMP/0.7 wt.%
HF), 6.7 wt.% (5.7 wt.% DMAMP/1 wt.% HF), and 8.7 wt.% (7.4 wt.% DMAMP/1.3
wt.% HF)), and water (i.e., about 82.5 wt.%, about 80.5 wt.%, about 79 wt.%, about
77.5 wt.%, and about 75.5 wt.%). The concentrations of DMAMP and HF were such
that the mixture of DMAMP:HF was present in each of the Compositions A-E at a
molarity of 0, 0.12, 0.24, 0.37, 0.48, and 0.62, respectively.

Separate substrates were polished with four polishing compositions,
Compositions F-I, similar to Compositions A-E described above, except that a
quaternary ammonium compound replaced the amine. In particular, Compositions F-I
contained 12.5 wt.% fumed silica (specifically, Cabot’s Semi-Sperse® 25 fumed
silica aqueous dispersion), a suitable amount of KOH to maintain the pH of the
polishing compositions at about 11-12 (i.e., a KOH concentration of about 2-5 wt.%),
varying concentrations of a 1:1 equi-molar mixture of hydrofluoric acid (HF) and a
quaternary ammonium compound (i.e., tetramethylammonium hydroxide (TMAH))
(specifically, 1.6 wt.% (1.3 wt.% TMAH/0.3 wt.% HF), 2.1 wt.% (1.7 wt.%
TMAH/0.4 wt.% HF), 2.7 wt.% (2.2 wt.% TMAH /0.5 wt.% HF), and 4.4 wt.% (3.6
wt.% TMAH /0.8 wt.% HF)), and water (i.e., about 82.5 wt.%, about 82 wt.%, about
81.5 wt.%, and about 79.5 wt.%). The concentrations of TMAH and HF were such
that the mixture of TMAH:HF was present in each of the Compositions F-I at a
molarity of 0.14, 0.19, 0.24, and 0.39, respectively.

For comparison purposes, substrates also were polished with a “control”
composition containing 12.5 wt.% fumed silica (specifically, Cabot’s Semi-Sperse®
25 fumed silica aqueous dispersion), a suitable amount of KOH to maintain the pH of
the polishing compositions at about 11-12 (i.e., a KOH concentration of about 2-5
wt.%), and about 82.5-85.5 wt.% water.
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Following use of the polishing compositions, the removal rate of silicon oxide

(SiO,) by each of the polishing compositions was determined, with the resulting data

set forth in Table 1.

Table 1
Composition Dosage Oxide Removal Rate [A/min]
[M] DMAMP:HF TMA:HF Control
Mixture Mixture
Control 0 3128

A 0.12 3794
B 0.24 4046
C 0.37 3946
D 0.48 3215
E 0.62 682
F 0.14 3016
G 0.19 3264
H 0.24 1256
I 0.39 279

As is apparent from the data set forth in Table 1, the SiO; removal rates
exhibited by the polishing compositions containing both an amine and source of fluoride
ions and with DMAMP:HF concentrations of 0.12 M, 0.24 M, 0.37 M, and 0.48 M
(Compositions A-D, respectively) were greater than the SiO, removal rates of the
“control” composition and of the polishing compositions containing a source of fluoride
ions but in combination with a quaternary ammonium compound rather that an amine
(Compositions F-I). It is also apparent from the data set forth in Table 1 that the
polishing composition with a DMAMP:HF concentration of 0.24 M (Composition B)
had a higher SiO, removal rate than the polishing compositions with DMAMP:HF
concentrations less than 0.24 M (e.g., 0.12 M (Composition A)) and greater than 0.24 M
(e.g., 0.37M, 0.48 M, and 0.62 M (Compositions C-E, respectively)). These results
demonstrate the significance of the concentration of the amine and the fluoride ions in
the polishing system of the present invention for maximizing the removal rate of

oxides.

EXAMPLE 4
This example illustrates the significance of the concentration of both the source
of fluoride ions and the amine in the polishing system of the present invention for

maximizing the relative removal rate of oxide:mitride.
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Dielectric substrates containing silicon oxide and silicon nitride layers were
polished with the Polishing Compositions A-E of Example 3, as well as the “control”
composition of Example 3. Following use of the polishing compositions, the removal
rates of silicon oxide (SiO,) and silicon nitride (Si3Ny) by the polishing compositions
were determined, and the oxide:nitride removal rate ratio was calculated, with the
resulting data set forth in Table 2.

Table 2
Composition | Concentration of Removal Rate [A/min] Oxide:Nitride
DMAMP:HF Silicon Oxide | Silicon Nitride | Removal Rate
Mixture [M] Ratio
Control 0 3128 626 5:1
A 0.12 3794 632 6:1
B 0.24 4046 622 6.5:1
C 0.37 3946 415 9.5:1
D 0.48 3215 126 25.6:1
E 0.62 682 50 13.6:1

As is apparent from the data set forth in Table 2, the removal rate of silicon
oxide exhibited by the polishing compositions was greater than the removal rate of
silicon nitride, regardless of the concentration of the DMAMP:HF mixture. Moreover,
the relative removal of Si0,:Si;Nj by the polishing compositions with DMAMP:HF
(Compositions A-E) was greater than the relative removal rate of Si0,:Si3Ny by the
“control” composition. It is also apparent from the data set forth in Table 2 that the
relative removal of SiO,:SizNy by the polishing composition with a DMAMP:HF
concentration of 0.48 M (Composition D) was greater than the relative removal of
Si0,:Si3N, by polishing compositions with DMAMP:HF concentrations less than 0.48
M (e.g., 0.12 M, 0.24 M, and 0.37 M (Compositions A-C)) and by the polishing
composition with a DMAMP:HF concentration greater than 0.48 M (e.g., 0.62 M
(Composition E)). Moreover, it is apparent from the data set forth in Table 2 that the
polishing compositions with DMAMP:HF concentrations of 0.37 M and 0.48 M
(Compositions C and D, respectively) had higher SiO, removal rates, lower SisNj
removal rates, and a higher relative removal of SiO,:SisNy, than the “control”
composition.

The data of Table 2 is plotted in the graph of Figure 1, which depicts the oxide
and nitride removal rates, as well as the oxide:nitride removal rate ratio, resulting from
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the use of the various compositions, versus the concentration of the DMAMP:HF
mixture (i.e., the concentration of the amine and source of fluoride ions) in the polishing
system.

These results demonstrate the significance of the concentration of the amine
and fluoride ions in the polishing system of the present invention for maximizing the
oxide:nitride removal rate ratio, not only by increasing the oxide removal rate, but
also by reducing the nitride removal rate

All of the references cited herein, including patents, patent applications, and
publications, are hereby incorporated in their entireties by reference.

While this invention has been described with an emphasis upon preferred
embodiments, it will be obvious to those of ordinary skill in the art that variations of
the preferred embodiments may be used and that it is intended that the invention may
be practiced otherwise than as specifically described herein. Accordingly, this
invention includes all modifications encompassed within the following claims to the

extent allowed by applicable law or regulation.
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WHAT IS CLAIMED IS:
1. - A system for planarizing or polishing a composite substrate comprising
(i) a polishing composition comprising (a) about 0.5 wt.% or more of fluoride ions,

(b) about 1 wt.% or more of an amine, (c) about 0.1 wt.% or more of a base, and (d)

water, and (ii) an abrasive.

2. The system of claim 1, wherein the system has a pH of about 7-14.

3. The system of claim 1, wherein the abrasive is selected from the group
consisting of alumina, silica, titania, ceria, zirconia, germania, magnesia, coformed
products thereof, and mixtures thereof.

4, The system of claim 3, wherein the abrasive is silica.

5. The system of claim 1, wherein the abrasive is present in the polishing

composition in a concentration of about 0.1 wt.% or more.

6. The system of claim 1, wherein the abrasive is fixed in or on a
polishing pad.
7. The system of claim 1, wherein the fluoride ions are from a source of

fluoride ions selected from the group consisting of fluoride salts, fluoride acids,

fluoride metal complexes, and combinations thereof.
8. The system of claim 1, wherein the amine is an amino alcohol.

9. The system of claim 8, wherein the amine is 2-dimethylamino-2-

methyl-1-propanol.

10.  The system of claim 1, wherein the base is selected from the group

consisting of inorganic hydroxide bases and carbonate bases.
11.  The system of claim 10, wherein the base is selected from the group

consisting of potassium hydroxide, sodium hydroxide, ammonium hydroxide, cesium

hydroxide, sodium carbonate, and mixtures thereof.

15
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12.  The system of claim 1, wherein the system further comprises a

quaternary ammonium compound.

13.  The system of claim 1, wherein the system has a polishing selectivity
of oxide:nitride of about 2:1 or more.

14.  The system of claim 1, wherein the system comprises a cationic

species that reduces nitride removal from the composite substrate.

15.  The system of claim 1, wherein the fluoride ions comprise less than

about 100% active fluoride ions.

16. The system of claim 1, wherein the system has a free alkalinity value
of about 0.001-0.15 mol/l.

17. The system of claim 1, wherein the system has a total alkalinity value
of about 0.005-0.2 mol/l.

18. A polishing composition comprising (a) about 0.5 wt.% or more of
fluoride ions, (b) about 1 wt.% or more of an amine, (c) about 0.1 wt.% or more of a

base, and (d) water.

19.  The composition of claim 18, wherein said composition further

comprises an abrasive.

20. A method of planarizing or polishing a composite substrate comprising
contacting the substrate with a polishing system comprising (i) a polishing
composition comprising (a) about 0.5 wt.% or more of fluoride ions, (b) about 1 wt.%
or more of an amine, (c) about 0.1 wt.% or more of a base, and (d) water, and (i1) an

abrasive.

21.  The method of claim 20, wherein the substrate is a composite

semiconductor substrate.

22. The method of claim 20, wherein the substrate is planarized or

polished after having undergone a shallow trench isolation process.

16



WO 01/78116 PCT/US01/11604

23.  The method of claim 20, wherein the substrate comprises oxides.

24.  The method of claim 20, wherein the substrate comprises nitrides.

25.  The method of claim 20, wherein the system has a pH of about 7-14.

26. The method of claim 20, wherein the abrasive is selected from the
group consisting of alumina, silica, titania, ceria, zirconia, germania, magnesia,
coformed products thereof, and mixtures thereof.

27. The method of claim 26, wherein the abrasive is silica.

28.  The method of claim 20, wherein the abrasive is present in the

polishing composition in a concentration of about 0.1 wt.% or more.

29. The method of claim 20, wherein the abrasive is fixed in or on a
polishing pad.
30. The method of claim 20, wherein the fluoride ions are from a source of

fluoride ions selected from the group consisting of fluoride salts, fluoride acids,

fluoride metal complexes, and combinations thereof.
31. The method of claim 20, wherein the amine is an amino alcohol.'

32.  The method of claim 31, wherein the amine is 2-dimethylamino-2-
methyl-1-propanol.

33.  The method of claim 20, wherein the base is selected from the group

consisting of inorganic hydroxide bases and carbonate bases.
34.  The method of claim 33, wherein the base is selected from the group
consisting of potassium hydroxide, sodium hydroxide, ammonium hydroxide, cesium

hydroxide, sodium carbonate, and mixtures thereof.

35.  The method of claim 20, wherein the system further comprises a

quaternary ammonium compound.
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36.  The method of claim 20, wherein the planarization or polishing of the
composite substrate takes place with a polishing selectivity of oxide:nitride of about
2:1 or more.

37.  The method of claim 20, wherein the composition comprises a cationic

species that reduces nitride removal from the composite subsirate.

38.  The method of claim 20, wherein the fluoride ions comprise less than
about 100% active fluoride ions.

39.  The method of claim 20, wherein the slurry has a free alkalinity value
of about 0.001-0.15 moV/L

40.  The method of claim 20, wherein the slurry has a total alkalinity value
of about 0.005-0.2 mol/l.

41.  The method of claim 20, wherein the slurry is mixed prior to delivery

to the surface of the substrate.

42.  The method of claim 20, wherein the slurry is mixed on the surface of
the polishing pad.

18
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