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POLISHING SLURRY INCLUDING ZIRCONIA PARTICLES AND A
METHOD OF USING THE POLISHING SLURRY

FIELD OF THE DISCLOSURE

The present disclosure is directed to polishing slurries including zirconia

particles and methods of using the polishing slurries.

BACKGROUND

Polishing is used widely within the microelectronics industry. Smaller feature
sizes are requiring workpieces to be planarized to allow lithographic operations to be
performed properly. In another application, some metals, such as copper, are not
readily removed by dry etching techniques. An inlaid process sequence can be
performed wherein a metal layer is deposited over a patterned insulating layer and
within openings of the patterned insulating layer. Polishing can be used to remove the
metal lying outside openings of the patterned layer, leaving an inlaid metal pattern

corresponding to contacts, vias, or interconnects.

Within the microelectronics industry, polishing is performed as chemical-
mechanical polishing, also known as chemical-chemical mechanical planarization,
which involves a chemical reacting or interaction between an exposed surface of the
workpiece and a component of a polishing slurry to form a polishing product.
Abrasive particles within the polishing slurry remove the polishing product to expose
an underlying portion of workpiece. The polishing continues until a substantially
planar surface is achieved, a sufficient amount of a layer is removed, another criterion
is met, or any combination thereof. The development of chemical-mechanical
polishing slurries can be challenging because of potential adverse interactions
between the components within the slurry, the layer being polished during polishing, a
different layer that may become exposed during polishing, or any combination

thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are illustrated by way of example and are not limited in the

accompanying figures.

FIG. 1 includes a graph of zeta potential as a function of pH for different sizes
5 of zirconia particles and yttria stabilized zirconia particles in accordance with

embodiments of the present invention.

FIG. 2 includes a depiction of a polishing apparatus in accordance with an

embodiment of the present invention.

FIG. 3 includes an illustration of a cross-sectional view of a portion of a target
10 member including a layer of an insulating material overlying a substrate and an

electronic component.

FIG. 4 includes an illustration of a cross-sectional view of the target member

of FIG. 3 after planarizing the layer.

FIG. 5 includes an illustration of a cross-sectional view of the target member
15  of FIG. 4 after forming a patterned insulating layer and a layer of a conductive

material.

FIG. 6 includes an illustration of a cross-sectional view of the target member
of FIG. 5 after removing a portion of the layer of the conductive material overlying

the patterned insulating layer.

20 FIG. 7 includes an SEM image of a slurry of zirconia particles (180 nm) in

accordance with embodiments of the present invention.

FIG. 8 includes an SEM image of a slurry of Yttrium doped zirconia particles

in accordance with embodiments of the present invention

Skilled artisans appreciate that elements in the figures are illustrated for
25  simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to

other elements to help to improve understanding of embodiments of the invention.



10

15

20

25

WO 2012/092361 PCT/US2011/067565

DETAILED DESCRIPTION

The following description in combination with the figures is provided to assist
in understanding the teachings disclosed herein. The following discussion will focus
on specific implementations and embodiments of the teachings. This focus is
provided to assist in describing the teachings and should not be interpreted as a

limitation on the scope or applicability of the teachings.

As used herein, the term “10™ percentile particle size” is intended to mean
that, at a particular size, 10% of the particles have such particular size and larger. The
term “90™ percentile particle size” is intended to mean that, at a particular size, 90%

of the particles have such particular size and larger.

The term “averaged” is intended to mean an average, a median, or a geometric
mean. Thus, an average value, a median value, and a geometric mean value are

specific types of an averaged value.

The term “rare earth element” is intended to mean Sc, Y, or any of the

Lanthanides (La to Lu) in the Periodic Table of the Elements.

The term “stable zeta potential” is intended to mean that, over a two-unit range
of pH of a slurry, the maximum range in zeta potential is no greater than 10 mV, and
the term “very stable zeta potential” is intended to mean that, over a four-unit range of

pH, the maximum range in zeta potential of a slurry is no greater than 10 mV.

Group numbers corresponding to columns within the Periodic Table of the
Elements use the "New Notation" convention as seen in the CRC Handbook of

Chemistry and Physics, 81% Edition (2000-2001).

13 LAY (Y1

The terms “comprises,” “comprising,” “includes, “ “including, * “has, *
“having,” or any other variation thereof, are intended to cover a non-exclusive
inclusion. For example, a process, method, article, or apparatus that comprises a list
of features is not necessarily limited only to those features but may include other
features not expressly listed or inherent to such process, method, article, or apparatus.
Further, unless expressly stated to the contrary, “or” refers to an inclusive-or and not

to an exclusive-or. For example, a condition A or B is satisfied by any one of the
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following: A is true (or present) and B is false (or not present), A is false (or not

present) and B is true (or present), and both A and B are true (or present).

The use of “a” or “an” is employed to describe elements and components
described herein. This is done merely for convenience and to give a general sense of
the scope of the invention. This description should be read to include one or at least
one and the singular also includes the plural, or vice versa, unless it is clear that it is
meant otherwise. For example, when a single device is described herein, more than
one device may be used in place of a single device. Similarly, where more than one

device is described herein, a single device may be substituted for that one device.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. The materials, methods, and examples are illustrative
only and not intended to be limiting. To the extent not described herein, many details
regarding specific materials and processing acts are conventional and may be found in
textbooks and other sources within the chemical-mechanical polishing and

planarization (“CMP”) arts.

A polishing slurry can include zirconia particles. The zirconia particles can be
the only abrasive particles or used in conjunction with abrasive particles having other
compositions. The zirconia particles allow particularly useful polishing
characteristics to be achieved, particularly when performing a CMP operation. In a
particular embodiment, the zirconia particles can be used in a polishing slurry tailored
for polishing an insulating material, such as an oxide, or another polishing slurry

tailored for polishing a conductive material, such as a metal-containing material.

Further, the zirconia particles can be characterized as having a chemical
activity or an electronic activity at a surface of a material for which the polishing
slurry is adapted to polish. In an embodiment, zirconia particles may react with the
material being polished or may react with a component of the slurry to form a reaction
product that can further react with the material being polished. In another
embodiment, the zirconia particles may transfer (donate or accept) electrons with the
material being polished. In still another embodiment, the zirconia particles may

transfer electrons with a component within the polishing slurry. After the electron



10

15

20

25

30

WO 2012/092361 PCT/US2011/067565

transfer occurs with the material or the component within the slurry, the material may
be more readily polished. Thus, the zirconia particles may not be merely an inert

material that would be used solely for its mechanical properties.

The zirconia particles can include an additive, also called a dopant, that affects
a crystalline structure of the zirconia particles or significantly affects a polishing
characteristic of the polishing slurry. The additive can be a rare earth element, a
Group 2 element, a Group 8 element, a Group 9 element, a Group 13 element, a
Group 15 element, a Group 16 element other than oxygen, a Group 17 element, or a
noble metal (that is, Ru, Rh, Pd, Ag, Os, Ir, Pt, or Au). More than one additive may

be used.

Crystalline structures of zirconia include monoclinic, tetragonal, or cubic.
Substantially pure zirconia is monoclinic up to a temperature of approximately 1000
°C, tetragonal at a temperature in a range of approximately 1000 °C to approximately
2370 °C, and cubic at higher temperatures. An additive can be added to stabilize
zirconia so that it can retain a tetragonal or cubic crystal structure at room
temperature, as opposed to the monoclinic crystalline structure. In an embodiment, a
significant amount of tetragonal ZrO,, cubic ZrO,, or both crystalline forms can be
used in a polishing slurry for polishing and may include benefits over using
monoclinic Zr(O,. In a particular embodiment, a majority or substantially all of the
zirconia particles can be tetragonal ZrO,, and in another particular embodiment, a
majority or substantially all of the zirconia particles can be cubic ZrO,. The zirconia
may be partially stabilized or completely stabilized. A rare earth element, a Group 2
element, or any combination thereof can be used to stabilize the zirconia. In an
embodiment, Y, Ce, or Ca may be used to form stabilized zirconia that retains its
tetragonal or cubic crystalline structure. In a particular embodiment, Ce may be
useful, because ceria, when used in an abrasive CMP slurry for oxide polishing, metal
polishing, alloy polishing, or combinations thereof, has good polishing characteristics.
In another particular embodiment, Y may be useful, because yttria, when used in an
abrasive CMP slurry for oxide polishing, metal polishing, alloy polishing, or
combinations thereof has good polishing characteristics. FIG. 8 shows an
embodiment of slurry including yttrium doped zirconia particles having a stabilized

tetragonal crystal form.
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In another embodiment, a different additive, also called a dopant, may be used
for another reason. For example, the additive may help to locally affect conditions
near the surface being polished. A chemical reaction or interaction at the surface of
the layer being polished may be catalyzed or otherwise affected by the presence of an
additive within the zirconia particles. For example, if the additive is in a different
oxidation state as compared to 7r*, the additive may affect the local charge of the
particles. For example, an additive having a +1, +2, or +3 oxidation state may help to
attract electrons, and an additive having a +5, +6, or +7 oxidation state may help to
provide electrons. Many different elements may be used. In an embodiment, the
additive can include a Group 2 element, a Group 8 element, a Group 9 element, a
Group 13 element, a Group 15 element, a Group 16 element other than oxygen, a
Group 17 element. Another additive may help to catalyze a desired reaction or inhibit
an undesired reaction. For example, a noble metal may help to catalyze a reaction
between the material of the layer being polished and a component within the polishing
slurry. In a particular embodiment, Pt, Pd, Rh, or any combination thereof may be

used.

The amount of any particular additive or combination of additives in the
zirconia particles can have a significant impact on the zirconia particles, the polishing
characteristics, or any combination thereof. In an embodiment, the amount of the
additive in the zirconia particles is less than an amount that would form a separate
phase within the zirconia particles. In an embodiment, the concentration of the
additive is at least approximately 0.002 mol%, at least approximately 0.02 mol%, or
at least approximately 0.2 mol%. In another embodiment, the concentration of the
additive is no greater than approximately 9 mol%, no greater than approximately 7
mol%, or no greater than 5 mol%. In a particular embodiment, the concentration of
the additive is in a range of approximately 1 mol% to approximately 5 mol%, about
1.5 mol% to approximately 4.5 mol%, or about 2 mol% to approximately 4 mol%.
The amount of additive within the zirconia particles added may depend on the
particular element being added, and thus, the numerical values are to illustrate

potential concentrations, and not to limit the scope of the present invention.

Turning to methods of making the zirconia particles, in an embodiment, the

zirconia particles can be formed through a precipitation and calcination process. For
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example, a base may be added to a solution including a zirconium salt or a zirconium
salt may be added to a solution including a base. In particular, the solution may be an
aqueous solution of zirconium salt. An example of a zirconium salt includes
zirconium nitrate, zirconium chloride, zirconium hydroxide, zirconium sulfate, or
combinations thereof. In a particular embodiment, the zirconium salt includes a

zirconium sulfate.

While various bases may be used, processing typically involves mixing a
metal hydroxide base with the aqueous solution of the zirconium salt. The metal
hydroxide base may be a base formed from an alkali metal or a base formed from an
alkali earth metal. In particular, an example of a metal hydroxide base includes
potassium hydroxide (KOH), sodium hydroxide (NaOH), or a combination thereof.
In a particular embodiment, sodium hydroxide is mixed with the aqueous solution of

zirconium sulfate.

Prior to precipitation, an additive can be added to the solution in the form of a
salt. In an embodiment, a salt of Y or Ce is added to the mixture prior to precipitation

to form a stabilized zirconia.

After precipitation, the mixture can be dried to obtain an amorphous zirconia
particulate material in the form of a powder. For example, the mixture can be dried
using, for example, a spray drying, freeze drying, or pan drying process. In general,
differing agglomeration characteristics may be achieved by the selected drying

Processes.

As mentioned above, the dried zirconium oxide particulate can be thermally
treated to obtain different crystal forms, for example, by using a calcining process at a
temperature sufficient to promote crystal growth and to increase density in the
particulate zirconia material. In an embodiment, the zirconia is heated up to a
temperature of approximately 1000 °C to obtain a monoclinic crystal structure. In
another embodiment, tetragonal crystal is obtained by heating at a temperature in a
range of approximately 1000 °C to approximately 2370 °C. In another embodiment,
cubic form is obtained at higher temperatures. Unless an additive has been added to
stabilize the zirconia, so that it can retain a tetragonal or cubic crystal structure, the

zirconia will revert to monoclinic form as it cools down below 1000 °C. In an

PCT/US2011/067565
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embodiment, an aggregated mass of polycrystalline zirconia is obtained by thermal
treatment of zirconia particles. In an embodiment, the polycrystalline zirconia
particles are monoclinic. In another embodiment, the polycrystalline zirconia
particles are tetragonal. In another embodiment, the polycrystalline zirconia particles
are cubic. In another embodiment, the polycrystalline zirconia particles are a mixture
of monoclinic and tetragonal. In another embodiment, the polycrystalline zirconia

particles are a mixture of tetragonal and cubic.

It will be generally understood that after a thermal treatment process, such as
calcination, the obtained agglomerates, which are secondary particles having a
secondary particle size, are composed of individual crystallites, also called grains,
which are primary particles having a primary particle size. The primary particles are
strongly bonded together through necking and intragranular grain growth in the form
of a porous agglomerate mass, which is the secondary particle. Unless otherwise
stated, all references to the particle size, or particles size distribution, of zirconia

particles are to the secondary particle size.

In an embodiment, the aggregated mass of calcined zirconia material is wet-
milled to obtain a desired secondary particle size distribution. In an embodiment, the
zirconia is de-aggregated in an attrition mill containing yttria stabilized zirconia. The
milling time and conditions are determined by the intended secondary particle size

distribution.

In an alternate production method, zirconia particles are formed by
introducing zircon sand into an arc furnace, wherein it is dissociated to form a fused
zirconia aggregate powder. The fused crystals obtained can be reduced in size in an
attrition mill as described previously to obtain a desired secondary particle size

distribution.

The size of the zirconia particles can affect the polishing characteristics. If the
zirconia particles are too small, the polishing rate may be too low, and if the zirconia
particles are too large, the polishing rate may be high, but the polished surface may
have scratches or another surface defect. The particle size can be characterized by an
averaged particle size, a 0™ percentile particle size, a 90™ percentile particle size, or

any combination thereof. For nominal particle sizes less than 100 nm, the particle
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sizes can be determined with 0.1 wt% zirconia particles in water with HNO; or KOH
to achieve pHs of 5 and 10 and using a Zetasizer Nano-ZS™-brand analytical tool
from Malvern Instruments, Ltd. For nominal particle sizes greater than 100 nm, the
particle sizes can be determined by placing a few drops of a zirconia solution
(approximately 5 to 10 wt% zirconia particles in water) into a 0.3 wt% sodium
hexametaphosphate aqueous solution using a LA-920™.-brand particle size
distribution analyzer from Horiba, 1.td. The particle size determination is made when

a lamp intensity of the analyzer reaches approximately 70% to approximately 75%.

In an embodiment, the averaged particle size is at least approximately 50 nm,
at least approximately 80 nm, at least approximately 110 nm, or at least
approximately 130 nm. In another embodiment, the averaged particle size is no
greater than approximately 800 nm, no greater than approximately 770 nm, no greater
than approximately 600 nm, no greater than approximately 555 nm, no greater than
approximately 400 nm, no greater than approximately 380 nm, no greater than
approximately 350 nm, no greater than approximately 330 nm, no greater than
approximately 300 nm, no greater than approximately 250 nm, or no greater than
approximately 200 nm. In another embodiment, the averaged particle size is in a
range of approximately 130 nm to 350 nm. In a particular embodiment, the averaged
particle size is approximately 330 nm. In another embodiment, the average particle
size is in a range of approximately 130 nm to approximately 200 nm. In another
embodiment, the averaged particle size is approximately 150 nm to 350 nm. In a
particular embodiment, the averaged particle size is approximately 180 nm. In a
particular embodiment, any of the averaged particle sizes can be a median particle
size. In an embodiment, the 10" percentile particle size is at least approximately 51
nm, at least approximately 65 nm, or at least approximately 80 nm. In another
embodiment, the 10™ percentile particle size is no greater than approximately 450 nm,
no greater than approximately 350 nm, no greater than 250, no greater than
approximately 200 nm, or no greater than approximately 170 nm. In a particular
embodiment, the 10™ percentile particle size is in a range of approximately 80 nm to
approximately 130 nm. In another particular embodiment, the 10" percentile particle
size is in a range of approximately 150 nm to approximately 200 nm. In an
embodiment, the 90™ percentile particle size is at least approximately 50 nm, at least

approximately 100 nm, or at least approximately 200 nm. In another embodiment, the
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90™ percentile particle size is no greater than approximately 1600 nm, no greater than
approximately 1200 nm, no greater than approximately 800 nm, no greater than
approximately 700 nm, or no greater than approximately 300 nm. In a particular
embodiment, the 90™ percentile particle size is in a range of approximately 200 nm to
approximately 300 nm. In another particular embodiment, the 90™ percentile particle
size is in a range of approximately 600 nm to approximately 720 nm. FIG. 7 shows
an embodiment of slurry including zirconia particles having an averaged particle size

of 180 nm.

The shapes of the zirconia particles can be random. Many of the zirconia
particles can be characterized as being substantially spherical, substantially platelet-
shaped, or polyhedral. In a particular embodiment, zirconia particles may be
separated by shape. Therefore, a majority or substantially all of the zirconia particles
can be substantially spherical, a majority or substantially all of the zirconia particles
can be substantially platelet-shaped, or a majority or substantially all of the zirconia

particles can be substantially polyhedral.

The zirconia particles may be also be characterized by specific surface area
(“SSA”). In an embodiment, the SSA is at least approximately 5 mZ/g, at least
approximately 6 mzlg, at least approximately 7 mZ/g, at least approximately 8§ mZ/g, at
least approximately 9 mZ/g, or at least approximately 10 mZ/g. In another
embodiment, the SSA is no greater than approximately 55 mZ/g, no greater than
approximately 45 m%/g, no greater than approximately 35 m%/g, or no greater than
approximately 25 mZ/g. In a particular embodiment, the SSA is in a range of
approximately 11 m%/g to approximately 25 m?*/g. In another particular embodiment,
the SSA is in a range of approximately 11 m?/g to approximately 17 m*/g. In another
particular embodiment, the SSA is in a range of approximately 19 m*/g to

approximately 25 m%/g.

The zirconia particles can have a density that varies based in part on the
particle size. The zirconia particles having a nominal particle size of 50 nm and
smaller can form a colloidal solution, and the zirconia particles having a nominal size
of 130 nm and larger do not form a colloidal solution. In an embodiment, the density
is at least approximately 3.20 g/m3, at least approximately 4.00 g/m3, at least

approximately 5.00 g/m3, or at least approximately 5.25 g/m3. In another

10
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embodiment, the density is no greater than approximately 5.80 g/m3, no greater than
approximately 5.78 g/m3, or no greater than approximately 5.76 g/mS. In a particular
embodiment, the density is in a range of approximately 5.50 g/m3 to approximately
5.75 g/m3. In another particular embodiment, the density is in a range of
approximately 5.50 g/m3 to approximately 5.65 g/m3. In another particular
embodiment, the density is in a range of approximately 5.66 g/m3 to approximately

5.75 g/m’.

The zirconia particles may also be characterized by an averaged pore size.
The pore size can be measured by a TriStar 3000™-brand surface area analyzer by
Micromeritics Instrument Corporation based on the Barrett-Joyner-Halenda (“BJH”)
method. N, gas can be used as the adsorbate. In an embodiment, the averaged pore
size is at least approximately 1 nm, at least approximately 5 nm, or at least
approximately 11 nm. In another embodiment, the averaged pore size is no greater
than approximately 30 nm, no greater than approximately 29 nm, or no greater than
approximately 28 nm. In a particular embodiment, the averaged pore size is in a
range of approximately 15 nm to approximately 26 nm. In another particular
embodiment, the averaged pore size is in a range of approximately 15 nm to
approximately 20 nm. In another particular embodiment, the averaged pore size is in

a range of approximately 15 nm to approximately 26 nm.

The stability of a zeta potential of the zirconia particles can be a significant
factor for a polishing slurry in CMP. The zeta potential can affect whether a polishing
product is attracted to or repelled by an abrasive particle, and how strong such
attraction or repulsion is. While the polishing slurry has a bulk pH value, the local pH
may vary based on the material being polished or a material that becomes exposed
during polishing. A polishing slurry may have a more predictable behavior if the zeta

potential of the zirconia particles does not significantly vary over a wider pH range.

FIG. 1 includes a graph of zeta potentials for different zirconia particle sizes,
including a stabilized zirconia, as a function of pH. Note that the plots are different
for each of the particle sizes. The zeta potential data for each of the different sizes of
zirconia particles was obtained using a slurry that only included water, approximately
0.01 wt% zirconia or stabilized zirconia particles for each of the particular sizes, and,

if needed, KCl solution to control background ionic strength, and an acid (for

11
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example, HNO3) or a base (for example, KOH) to adjust pH. The slurry did not
include a surfactant or any other additive. In a particular embodiment, autotitration
was performed using a Malvern MPT-autotitrator attached to a Malvern Zetasizer.
Three titrants, 0.25M KOH, 0.025M HNO3, and 0.25M HNO3 were used. To control
background ionic strength, 0.001M KCI solution was used. Titration was done from
high pH (12.0) to low pH (2.0) by increments of approximately 0.5 pH units. At each
pH, at least two Zeta potential measurements were collected. The average of the zeta

potential measurements at each pH was graphed as shown in FIG. 1.

12
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Table 1 — 130 nm Nominal Particle Size Zirconia

pH Avg. Zeta (mV)
11.50 -42.10
11.10 -41.95
10.65 -41.05
10.20 -39.00
9.67 -37.35
9.10 -34.20
8.47 -29.10
8.13 -24.45
7.51 -15.25
7.10 -7.92
6.62 -0.68
6.25 5.69
5.69 17.40
5.19 25.25
4.65 34.50
4.24 40.25
3.63 45.00
3.22 47.20
2.73 48.70

PCT/US2011/067565

Referring to FIG. 1, for nominal particle sizes of 130 nm monoclinic zirconia,

180 nm monoclinic zirconia, 390 nm monoclinic zirconia, and 327 nm tetragonal

yttria stabilized zirconia, the zeta potential plots are similar, but not identical.

Zirconia particles having a 130 nm nominal particle size have no more than a 10 mV

zeta potential difference for pH ranging from approximately 9.5 to approximately

11.6. Thus, the 130 nm nominal particle size can be used for a slurry having a stable

zeta potential starting at a pH of approximately 9.5. Additionally, the isoelectric point

was determined to be approximately 6.6 pH.

13
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Table 2 — 180 nm Nominal Particle Size Zirconia

pH Avg. Zeta (mV)
11.60 -51.80
11.30 -48.40
10.70 -47.35
10.10 -45.90
9.72 -42.55
9.11 -37.85
8.51 -32.20
7.83 -24.75
7.33 -16.30
6.98 -10.35
6.62 -4.39
6.28 3.14
5.75 16.90
525 27.10
4.67 39.30
4.18 46.40
3.66 49.40
3.15 50.75
2.67 53.55

Zirconia particles having a 180 nm nominal particle size have no more than a
10 mV zeta potential difference for pH from approximately 8.8 to approximately 11.5.
Thus, the 180 nm nominal particle size can be used for a slurry having a stable zeta
potential starting at a pH of approximately 8.8. Additionally, the isoelectric point was

determined to be approximately 6.4 pH.
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Table 3 — 390 nm Nominal Particle Size Zirconia

pH Avg. Zeta (mV)
11.30 -48.20
11.20 -46.10
10.70 -45.57
10.10 -44.00
9.75 -44.03
9.12 -41.03
8.61 -37.97
7.82 -32.60
743 -27.13
7.00 -19.83
6.59 -11.90
6.12 -1.87
5.68 9.14
5.07 22.83
4.67 33.10
3.96 48.87
3.66 54.85

PCT/US2011/067565

Zirconia particles having a 390 nm nominal particle size have no more than a

10 mV zeta potential difference for pH from approximately 8.5 to approximately 11.3.

Thus, the 390 nm nominal particle size can be used for a slurry having a stable zeta

potential starting at a pH of approximately 8.5. Additionally, the isoelectric point was

determined to be approximately 6.0 pH.
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Table 4 — 327 nm Nominal Particle Size Stabilized Zirconia

pH Avg. Zeta (mV)
11.50 -30.20
11.10 -29.00
10.70 -27.35
10.20 -25.20
9.58 -21.40
9.21 -17.95
8.72 -12.10
8.13 -4.99
7.40 6.21
6.93 11.25
6.55 15.75
6.24 21.10
5.78 26.75
5.27 33.30
4.68 40.55
4.26 45.75
3.67 46.45
3.25 48.90
2.62 52.90

Yttrium doped zirconia particles having a 327 nm nominal particle size have
no more than a 10 mV zeta potential difference for pH from approximately 9.4 to
approximately 11.5. Thus, the 327 nm nominal particle size can be used for a slurry
having a stable zeta potential starting at a pH of approximately 9.45. Additionally,
the isoelectric point was determined to be approximately 7.8 pH. In an embodiment,
the zirconia particles can have a stable zeta potential starting at the pH of at least
approximately 8.0, at least approximately 8.25, at least approximately 8.5, at least
approximately 8.75, at least approximately 9.0, at least approximately 9.25, or at least
approximately 9.5. In another embodiment, the zirconia particles can have a stable
zeta potential no greater than approximately 12.0, no greater than approximately
11.75, no greater than approximately 11.5, no greater than approximately 11.25, or no
greater than approximately 11.0. In a particular embodiment, the polishing slurry can

have a stable zeta potential in a range of approximately 8.5 to approximately 11.6.

The iso-electric point of the zirconia particles is characterized by a pH where
the zeta potential is zero. Zirconia has been reported to have an iso-electric point at a
pH of 5 to 6. The data above indicate that the iso-electric point can be affected by the

method of preparation. The iso-electric point may be at a pH greater than 6.0 for the
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130 nm nominal size monoclinic zirconia, 180 nm nominal size monoclinic zirconia,
380 nominal size monoclinic zirconia, and the 327 nm nominal size tetragonal yttria
stabilized zirconia particles. However, the iso-electric point is generally not greater
than 6.75 pH for the 130 nm nominal size, 180 nm nominal size, and 380 nm nominal
size monoclinic zirconia. On the other hand, the 327 nm nominal size tetragonal
yttria stabilized zirconia particles can have an iso-electric point that may be at a pH
greater than 7.0 , or even greater than 7.5, but is generally less than 8.2 pH. In an
embodiment, the iso-electric point can be characterized by a pH of at least 6.3, at least
approximately 6.4, or at least approximately 6.5. In another embodiment, the iso-
electric point of the zirconia particles is characterized by a pH no greater than
approximately 8.5, no greater than approximately 8.25, or no greater than
approximately 8.0. In a particular embodiment, the iso-electric point of the zirconia
particles is characterized by a pH in a range of approximately 5.8 to approximately

6.8.

The pH of the polishing slurry with zirconia abrasives can be in a range of 1 to
14. For polishing metals, the polishing slurry may be strongly acidic to moderately
basic (for example, pH from 1 to 9), and for polishing oxide materials, the polishing
slurry can be moderately acidic to strongly basic (for example, pH from 5 to 14).
While a variety of abrasive materials and ranges of pHs have been used for CMP,
polishing may be performed such that the pH of the polishing slurry is between the
iso-electric point of the material being polished and the iso-electric point of the
abrasive particles. Using the polishing slurries as disclosed herein, CMP can be
performed such that the iso-electric points of the material being polished and the
abrasive particles are both lower or both higher than the pH of the polishing slurry. In
an embodiment, the polishing slurry has a pH of at least approximately 1.0, at least
approximately 3.0, or at least approximately 4.0. In another embodiment, the
polishing slurry has a pH no greater than approximately 14.0, no greater than
approximately 12.0, or no greater than 11.0. In a particular embodiment, the
polishing slurry has a pH in a range of approximately 4.3 to approximately 10.0. In
non-limiting embodiments, many of the polishing slurries described herein may be
useful for polishing oxides at a pH from approximately 4.3 to approximately 12.
After reading this specification, skilled artisans will be able to determine a particular

pH or range of pHs for a specific polishing application.
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With respect to the abrasives content within the polishing slurry, if the
abrasives content is too low, the polishing rate may be too low, and if the abrasives
content is too high, an unnecessary amount of abrasive material is being consumed,
and scratching or other surface defects could be an issue. In an embodiment, the
polishing slurry can include at least approximately 0.2 wt% zirconia particles, in
another embodiment, at least approximately 0.3 wt% zirconia particles, and in still
another embodiment, at least approximately 0.5 wt% zirconia particles. In a further
embodiment, the polishing slurry can include no greater than approximately 20 wt%
zirconia particles, in another further embodiment, no greater than approximately 9
wt% zirconia particles, and in still a further embodiment, no greater than
approximately 5 wt% zirconia particles. In a particular embodiment, the polishing
slurry has a range of approximately 0.5 wt% to approximately 1.5 wt% zirconia

particles.

In an embodiment, the zirconia particles as described herein can be the sole
abrasive material within the polishing slurry. In another embodiment, abrasive
particles having another composition may be used with the zirconia particles or may
replace only part, but not all, of the zirconia particles. Such other abrasive particles
can include silica, alumina, ceria, titania, another ceramic material, or any

combination thereof.

The polishing slurry can include another component. The polishing slurry can
include a liquid medium. In an embodiment, the liquid medium can include water, an
alcohol, a glycol, or any combination thereof. The polishing slurry can include an
additive. The particular additive or combination of additives selected may depend on
the particular material that is being polished. The additive can include a hydrolyzing
agent, an oxidizer, a surfactant, a dispersing agent, a corrosion inhibitor, an acid or a
base, a pH buffer, a deforming agent, a biocide, or any combination thereof. The
polishing slurry may include a single additive, a combination of additives, or no
additive. Any particular additive may serve a single purpose or a combination of
purposes. For example, an acid can be used as an oxidizer and to adjust the pH of the
polishing slurry. In a particular embodiment, the polishing slurry may not include a

hydrolyzing agent, an oxidizer, a surfactant, a dispersing agent, a corrosion inhibitor,
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an acid or a base, a pH buffer, a deforming agent, a biocide, or any combination

thereof.

The polishing slurries described herein are particularly useful for polishing
silicon oxides, and more particularly SiO,-containing surfaces. Thus, the polishing
slurries can be used to polish glass, optics, glass hard disks, silicon oxide-containing
layers in the microelectronics industry, and in other different applications. Figures 2
to 6 include a description of particular uses of the polishing slurries that include
zirconia particles. Such uses are exemplary and do not limit the scope of the present
invention. After polishing a layer using any of the polishing slurries including
zirconia particles as described herein, the layer may have a surface roughness no
greater than approximately 0.55 nm, no greater than approximately 0.50 nm, or no
greater than approximately 0.45 nm. In a particular embodiment, surface roughness
of the polished layer is in a range of approximately 0.20 nm to approximately 0.42

nm.

FIG. 2 illustrates a depiction of a portion of a polishing apparatus 10. In an
embodiment, the polishing apparatus 10 can be used to CMP a target member 14.
The polishing apparatus 10 includes a platen 11 and a polishing pad 12 attached to the
platen 11. During polishing, a polishing slurry 18 is dispensed from a nozzle 16 onto
the polishing pad 12. The polishing slurry 18 can be any one of the polishing slurries
as previously herein. The polishing slurry 18 may be dispensed at a rate of

approximately 20 ml./minute to approximately 900 mL/minute.

The target member 14 is held by a substrate carrier 13 and pressed against the
polishing pad 12 by the substrate carrier 13. Backside pressure in a range of
approximately 1 kPa (approximately 0.14 Ibf/in® (“psi”)) to approximately 10 kPa
(approximately 1.4 psi) may be applied by the substrate carrier 13 to the target
member 14, and a downforce pressure of approximately 5 kPa (approximately 0.6 psi)
to approximately 70 kPa (approximately 10 psi) can be used. In an embodiment, both
the platen 11 and substrate carrier 13 rotate, which in turn, cause the polishing pad 12
and target member 14 to likewise rotate. Each of the platen 11 and substrate carrier
13 can rotate at 1 to 99 revolutions per minute (“rpm™). In an embodiment, the platen
11 rotates at a higher rate than the substrate carrier 13. The substrate carrier 13 may

also oscillate or move in another direction to reduce the likelihood of forming a
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pattern, such as a swirl or the like, on the polished surface of the target member 14.
The actual parameters used will depend on factors including the material being
polished, a limit of an external pressure gradient that the target member 14 can
withstand, selectivity to an underlying material (if applicable), the composition of the
polishing pad 12, the composition of the polishing slurry 18, another suitable

condition, or any combination thereof.

FIGs. 3 to 6 include illustrations of cross-sectional views of a target member
during a process sequence in which polishing is used to planarize a layer and to
remove portions of a different layer to form an inlaid pattern. FIG. 3 includes an
illustration of a target member 20 that includes a workpiece 22. The workpiece 22
includes a semiconductor substrate 220, which may be in the form of a
monocrystalline semiconductor wafer, a semiconductor-on-insulator wafer, or another
suitable form. TField isolation regions 222 are formed within the semiconductor
substrate 220. The semiconductor substrate 220 further includes an electronic
component, such as a transistor 24, as illustrated in FIG. 3. A gate stack, including a
gate dielectric layer 242 and a gate electrode layer 244, are formed over the
semiconductor substrate 220. Sidewall spacers 246 are formed along sides of the gate
stack. Source/drain regions 248 are formed within the semiconductor substrate 220.
Extension or lightly-doped drain portions of the source/drain regions 248 may be
formed before forming the sidewall spacers 246, and relatively heavier doped portions
of the source/drain regions 248 may be formed after forming the sidewall spacers 246.
A substrate contact region 228 is formed within the semiconductor substrate 220 to
allow an ohmic contact to be subsequently made to the semiconductor substrate 220.
In a particular embodiment as illustrated in FIG. 3, the semiconductor substrate 220
and the substrate contact region 228 have a conductivity type opposite that of the

source/drain regions 248.

An interlevel dielectric layer 260 is formed over the workpiece 22. The
interlevel dielectric (“ILD”) layer 260 is an insulating layer that can include a single
film of an insulating material or a combination of films including at least two different
insulating materials. When the ILD layer 260 includes a combination of films, a
particular film can include an etch-stop film, a polish-stop film, an antireflective film,

a bulk insulating film, or the like. Any film within the ILD layer 260 can include an
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oxide, an oxynitride, or a nitride. In an embodiment, the oxide can be a silicon oxide,
or more particularly SiO,, the oxynitride can be a silicon oxynitride, and the nitride
can be a silicon nitride, or more particularly SisN4. Another insulating material
having a dielectric constant lower than SiO, may be used. For example, a fluorinated

silicon oxide or a carbon-doped silicon oxide may be used.

The ILD layer 260 is formed by depositing the single film or combination of
films. In the embodiment illustrated in FIG. 2, the gate stack, including the gate
dielectric layer 242 and gate electrode 244, is a feature of the workpiece 20, wherein
the feature overlies the substrate 220. ILD layer 260 has an uppermost surface 262
that has a topology corresponding to the exposed surface of the workpiece 22 before
the ILD layer 260 was deposited. Thus, the uppermost surface 262 includes
substantially horizontal surfaces and sloping surfaces between the horizontal surfaces.
The ILD layer 260 may be planarized before the target member 20 is further

processed.

The target member 20 is placed into the polishing apparatus 10 as previously
described. Because the ILD layer 260 includes an insulating material, the polishing
slurry can be any of those previously described, as tailored for polishing an insulating
material. In an embodiment, the polishing slurry can be an oxide polishing slurry or
an oxynitride polishing material. In a particular embodiment, polishing slurry is
adapted to polish a SiO,-containing material. The target member is polished to
remove a portion of the ILD layer to form a planarized ILD 360 having a substantially
planar surface 362, as illustrated in FIG. 4.

The target member is further processed as illustrated in FIG. 5. The ILD layer
360 is patterned to form contact openings that are filled with the conductive plugs
402. An insulating layer is deposited over the planarized I1.D 360 and conductive
plugs 402. The insulating layer is patterned to form a patterned insulating layer 422.
The patterned insulating layer 422 defines an opening that is an interconnect trench in
which an interconnect will be subsequently formed. A conductive layer 460 is formed
over the patterned insulating layer 422, conductive plugs 402, and the planarized ILD
layer 360. Similar to the ILD layer 260, the conductive layer 460 can include a single
film or a combination of films. A film within the combination of films can include an

adhesion film, a barrier film, a seed film, a bulk plated conductive film, or any
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combination thereof. The conductive layer 460 can include a metal-containing
material and can be principally a refractory metal (that is, a metal having a melting

point of at least 1400 °C), Cu, Al, a noble metal, or an alloy thereof.

The conductive layer 460 has an uppermost surface 462 that has a topology
corresponding to the exposed surface of the workpiece before the conductive layer
460 was formed. Thus, uppermost surface 462 includes substantially horizontal
surfaces and sloping surfaces between the horizontal surfaces. The conductive layer
460 is to be polished so that substantially all of the conductive layer 460 overlying the

patterned insulating layer 422 is removed to form an interconnect.

The target member is placed into the polishing apparatus 10 as previously
described. Because the conductive layer 460 includes a conductive material, the
polishing slurry can be any of those previously described, as tailored for polishing a
conductive material. The target member is polished to remove a portion of the
conductive layer to form an interconnect 560 having a substantially planar surface
562, as illustrated in FIG. 6. The substrate contact region 228 and the source/drain
region 248 on the opposite side of the field isolation region 222 are electrically
connected to each other. The interconnect 560 can be coupled to a signal line or to a
rail that is maintained at a substantially constant voltage. In a particular embodiment,

the interconnect 560 is electrically connected to a Vgs or a Vpp terminal.

An additional interconnect level can be formed if needed or desired. A
passivation layer can be formed and patterned to expose contact pads to make a

substantially complete electronic device.

Polishing can be used for other features illustrated in FIG. 6. For example, the
field isolation regions 222 and the conductive plugs 402 can be formed in part using a

CMP process using polishing slurries as described herein.
EXAMPLES

The concepts described herein will be further described in the following
examples, which do not limit the scope of the invention described in the claims.

Some of the parameters below have been approximated for convenience. For
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convenience, except as explicitly noted in the examples, particle sizes refer to nominal

particle sizes.

Zirconia Particle Preparation

Example 1 - 130 nm Zirconia

500 g of zirconium oxychloride, ZrOCl,*8H,0, was treated with sodium
sulfate to form zirconium basic sulfate (ZBS). The zirconium basic sulfate was then
titrated with caustic soda to precipitate Zr(OH)4. The Zr(OH)4 is dried and calcined at
1050 °C for 4 hours in air to form an aggregated mass of monoclinic zirconium oxide
crystals. The aggregated mass of zirconium oxide crystals was de-aggregated in an
attrition mill using yttria stabilized zirconia as the attrition mill media. The produced
monoclinic zirconia powder was estimated to have a primary particle size between 50
nm and 110 nm. The secondary particle size was130 nm. The particles had a density
of 5.58 g/cm3, a specific surface area of 23 m2/g, and an average pore size of 24.1

nm.

Example 2 - 180 nm Zirconia

500 g of zirconium oxychloride (ZrOCl,*8H,0) was calcined at 1000 °C for 4
hours in air to produce a mass of aggregated monoclinic zirconium oxide crystals.
The aggregated mass of zirconium oxide crystals was de-aggregated in an attrition
mill with yttria stabilized zirconia as the attrition mill media to produce a zirconia
powder. The primary particle size was estimated to be between 70 and 120 nm. The
secondary particle size of was 180 nm. The produced material had a density of 5.72

g/cm3, a specific surface area of 14 mzlg, and an average pore size of 25.3 nm.

Example 3 - 390 nm, 550 nm, 770 nm, 820 nm, 1200 nm, and 3400 nm Zirconia

Zircon sand was dissociated in an electric arc furnace at 2800 °C to form a
fused zirconia aggregated powder. The fused crystals were reduced in size in an
attrition mill with yttria stabilized zirconia media to produce zirconia powder having a
secondary particle sizes in a range of 0.39 microns to 3.4 microns. For example,
monoclinic zirconia powders having a secondary particle size of 390 nm, 550 nm, 770

nm, 820 nm, 1200 nm, and 3400 nm were obtained. The 390 nm powder had an
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average pore size of 18.4 nm. The 820 nm powder had a density of 5.70 g/cm3, a
specific surface area of 6.5 mzlg, and an average pore size of 13.9 nm. The 1200 nm

and 3400 nm powders had an average pore size of 18.7 nm.

Example 4 - 327 nm yttrium doped zirconia

500 g of zirconium oxychloride (ZrOCl,*8H,0) was treated to form ZBS as in
example 1. A yttrium salt was added to the ZBS solution in a quantity to provide 3.0
mole percent based on the final zirconia weight. The solution was precipitated to
form hydrated zirconium Zr(OH)4 with well dispersed yttrium. The hydrate was dried
and calcined in air at 1300 °C in air for 4 hours to form an aggregated mass of doped
zirconia crystals. The aggregated mass of tetragonal yttrium doped zirconium oxide
crystals was de-aggregated in an attrition mill to produce a particle with a secondary

particle size of 327 nm.

Silicon Wafer Polishing

Target members used in examples were prepared by thermally oxidizing 200
mm silicon wafers. The thermal oxide was polished using a Westech [PEC 372™-
brand CMP polisher having a 22-inch diameter platen. The polishing pad was an IC-
1000A2™- brand polishing pad available from Dow Electronic Materials. Polishing
was performed using a platen rotational speed of 45 rpm, a substrate carrier rotational
speed of 43 rpm, a downforce pressure of 28 kPa (4.0 psi), a backside pressure of 0.7
kPa (1.0 psi), and a slurry flow rate of 150 mL/minute. The polishing slurries were
oxide polishing slurries that only included water, approximately 1 wt% of zirconia
particles having sizes as described in the particular examples below, and if needed to
achieve a particular pH, an acid or a base. The acid was HNO3, and the base was
KOH. The polishing slurry included no other component. The removal rate was
calculated by measuring the oxide thickness before and after polishing. Oxide
thicknesses were measured using an F20™-brand thin film analyzer available from
Filmetrics, Inc. Surface metrology was performed using Zygo New View 100-brand
interferometric profilometer and by atomic force microscopy. Surface appearance

was inspected visually with and without the assistance of an optical microscope.
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Examples 5 and 6

Examples 5 and 6 demonstrate polishing characteristics for oxide polishing
slurries at different particle sizes of zirconia particles for different pH levels. Two
sets of slurries were used to polish the thermal oxides grown from the wafers. Each
set included particle sizes of 10 nm, 50 nm, 130 nm, 180 nm, and 820 nm. Below are

data regarding attributes of the zirconia particles used.

Table 5 — Zirconia Particle Data for Examples 5 and 6

Particle | D50 D90 D10 SSA Density | Average | Isoelectric

Size (nm) (nm) (nm) (mzlg) (g/ms) Pore Point
(nm) Size
(nm) (pH)
10 10 10 5 NA 2.92 10.6
50 50 51 49 53 3.20 3.0
130 131 229 83.6 23 5.58 24.1 6.6
180 177 244 127 14 5.72 25.3 6.42
390 389.1 792.9 | 239.6 18.4 6.05

550 546.6 | 1119.2 | 325.7

770 772.2 | 1560.4 | 420.2

820 821.1 | 1639.7 | 432.3 6.5 5.70 13.9

1200 1210.7 | 22399 [ 568

3400 3382.5 | 99504 | 813.4

The D50, D10, and D90 values correspond to the median particle size, the 10®
percentile particle size, and the 90™ percentile particle size. The polishing slurries for
the 10 nm and 50 nm particle sizes were in the form of colloids. Thus, the D50, D10,
and D90 numbers for the 10 nm and 50 nm particles are based on vendor data.
Because a meaningful SSA value for the 10 nm particle size was not obtained, an SSA

value for the 10 nm particle size is not reported.
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For Example 5, the polishing was performed at a pH of approximately 5.
Table 5 includes data for Example 5. “Ra” is the surface roughness of the thermal
oxide after polishing. “MRR” as used in the tables means material removal rate,
which for the examples is the polishing rate for the thermal oxide. “SI”” as used in the
tables means surface finish. For the surface finish, “+” represents an acceptable
surface finish, “-” represents an unacceptable surface finish, and “NA” means not

applicable, because no significant amount of polishing occurred.

Table 6 — Example 5 Polishing Data

Particle Size Slurry pH Ra (nm) MRR SF Zeta (mV)
(nm) (nm/min.)
10 5 0.204 0 NA
50 5 0.512 0 NA
130 5 0.324 323.7 + 25.25 @ pH 5.19
180 5 0421 297.3 + 27.10 @ pH 5.25
390 5 0.19 250.6 + 22.83 @ pH 5.07
550 5 0.285 294.6 +
770 5 .0293 233.2 +
820 5 0.821 229.4
1200 5 0.581 306.3
3400 5 N/A 510.4

The polishing slurries including the 10 nm and 50 nm particle sizes did not
significantly polish the thermal oxide, and therefore, MRR is reported as 0
nm/minute. For the polishing slurries at particle sizes of 130 nm and higher,
acceptable polishing rates are achieved. The polishing slurries for the 130 nm, 180
nm, 390 nm, 550 nm, and 770 nm particle sizes produced an acceptable surface finish.
However, the polishing slurry at a particle size of 820 nm and larger did not produce
an acceptable surface finish. After polishing, Ra of the thermal oxide when using the

820 nm particle size was .82 nm, whereas the Ra of the thermal oxide when using
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the 180 particle size and smaller was no more than 0.42 nm. The SSA for the 3400

nm particle size was not available.

For Example 6, the polishing was performed at a pH of approximately 10.
Table 6 includes data for Example 6.

Table 7 — Example 6 Polishing Data

Particle Size Slurry pH Ra (nm) MRR (nm/min.) SF Zeta (mV)
(nm)
10 10 0.219 29.3 +
50 10 0.355 164.8 +
130 10 0.281 170.2 + -39.00 @ pH 10.20
180 10 0.318 259.4 + -45.90 @ pH 10.10
820 10 0.400 307.0

For the polishing slurries including the 10 nm and 50 nm particle sizes, at a pH
of 10, a significant amount of oxide was polished. The change in polishing rate for
the polishing slurries at the smaller sizes may be related to the zeta potentials for the
polishing slurries. At a low pH, the polishing slurries at 10 nm and 50 nm particles
size are colloidal suspensions; however, at a pH of 10, the polishing slurries at the 10
nm and 50 nm particle sizes, the particles coagulate from the colloidal suspensions.
The polishing rate for the 10 nm particle size is significantly lower than the other
polishing slurries. The polishing slurries for the 10 nm, 50 nm, 130 nm and 180 nm
particle sizes produced an acceptable surface finish. However, the polishing slurry at

a particle size of 820 nm did not produce an acceptable surface finish.

Example 7 - Yttria doped Zirconia Particles

Example 7 demonstrates polishing characteristics for oxide polishing slurries
that include approximately 1 wt% of Y-doped ZrO, (approximately 3 mol% Y)
particles and ceria particles. Y-doped ZrO, particles have a tetragonal crystal form.
The #1 CeO, Sample corresponds to D6720™-brand oxide polishing slurry from

Cabot Microelectronics Corporation, and the #2 CeQ, polishing slurry was prepared
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from chemically precipitated ceria made by Saint-Gobain Plastics & Ceramics, Inc.

The D10 and D90 values for the #1 CeO, Sample were not available.

PCT/US2011/067565

Table 8 — Example 7 Data

Sample D50 | D90 | D10 | Isoelectric pH Ra MRR SF Zeta (mV)
(nm) | (nm) | (nm) (nm) | (nm/min.)
Point
#1Y-7ZrO, | 327 681 185 7.8 5 0.20 367.6 + 33.30 @ pH 5.27
#2Y-7r0, | 327 681 185 7.8 10 NA 337.0 + -25.20 @ pH 10.20
#1 CeO, 90 NA | NA 5 206.1 + 36.5 @ pH 5.81
#2 CeO, 215 405 | 135 5 309.9 + -32.70 @ pH 9.93

All of the polishing slurries had a pH of approximately 5, except for the #2 Y-
/10Oy Sample, which had a pH of approximately 10. All of the polishing slurries had
acceptable polishing rates and provides acceptable surface finishes. Thus, ceria
particles can be replaced by zirconia particles, including stabilized zirconia particles,

without adversely affecting the polishing characteristics.

A few observations are made regarding the data for zirconia particles in
Examples 5 to 7. A median particle size less than 821 nm may be used and achieves
an acceptable surface finish. In particular, at a median particle size of 772 nm, the
surface finish is acceptable. TFurther, when polishing oxide, significant polishing of
the thermal oxide occurs when the zirconia particles have a negative zeta potential.
Polishing slurries having the 50 nm and larger-sized particles provide an acceptable
polishing rate. The polishing slurries having the 130 nm and larger-sized particles
provide an acceptable polishing rate at a pH of 5 and 10. The observations may or
may not be seen when polishing conditions are changed or when a different material
is being polished. Hence, the observations are not meant to limit the scope of the

present invention.
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Example 8 - Metal Polishing - Copper and Tantalum

The CMP polishing machine and settings were the same as described above
for oxide polishing except the downforce pressure was set at 2.0 psi. The target

substrate materials for removal were Cu and Tantalum.

Table 9 — Example 8 Data

Sample | D50 D10 D90 | Slurry Cu Ta Selectivity | Surface | Ra (A)
Name pH MRR MRR Cu/Ta finish
(1°&/min) (1°&/min)

Slurry 1 177 244 127 5 8376 189 44 + 114
(1%
7rO2)

Slurry 2 | 177 | 244 | 127 5 9247 259 36 + 143
(3%
7r02)

Both of the polishing slurries had a pH of approximately 5, had acceptable
polishing rates, and provided acceptable surface finishes. Thus, zirconia particles can
polish metal subtstrates, including Cu and Ta without adversely affecting the

polishing characteristics.

Embodiments as described herein use zirconia particles within polishing
slurries. The polishing slurries can provide the same or better polishing
characteristics than polishing slurries including ceria particles for the same abrasives
content within the polishing slurry. The zirconia particle content within the polishing
slurry can be at a significantly lower content than other abrasives, such as silica and
alumina. The lower abrasives content may cause less abrasion in polishing slurry feed

systems and allow plumbing and other fixtures to be used longer.

Many different aspects and embodiments are possible. Some of those aspects
and embodiments are described herein. After reading this specification, skilled
artisans will appreciate that those aspects and embodiments are only illustrative and

do not limit the scope of the present invention. Additionally, those skilled in the art
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will understand that some embodiments that include analog circuits can be similarly

implemented using digital circuits, and vice versa.

In a first aspect, a polishing slurry can include zirconia particles. In an
embodiment, the polishing slurry can have any one or combination of the following
characteristics. The zirconia particles may not include amorphous ZrO,. The zirconia
particles can include monoclinic ZrO,, tetragonal ZrQO,, or cubic ZrO, particles. The
zirconia particles may be characterized as having a chemical activity or an electronic
activity at a surface of a material for which the polishing slurry is adapted to polish.
The zirconia particles can include an element other than Zr and O that affects a
crystalline structure of the zirconia particles or significantly affects a polishing
characteristic of the polishing slurry. The zirconia particles can have a stable zeta
potential starting at a pH of at least approximately 3.0 or no greater than
approximately 9.0. The zirconia particles can have a very stable zeta potential
starting at a pH of at least approximately 4.0 or no greater than approximately 9.0.
The zirconia particles can have an iso-electric point characterized by a pH of at least
approximately 3.0 or no greater than approximately 8.5. The polishing slurry can
have a pH of at least approximately 1.0 or less than approximately 14.0. The zirconia
particles can have an averaged particle size of at least approximately 50 nm or no
greater than approximately 800 nm. The zirconia particles have a 10" percentile
particle size of at least approximately 51 nm or no greater than approximately 1100
nm. The zirconia particles have a 90™ percentile particle size of at least
approximately 49 nm or no greater than approximately 300 nm. A majority of the
zirconia particles are substantially spherical particles, substantially platelet-shaped
particles, or polyhedral particles. The zirconia particles have a specific surface area
of at least approximately 6 m*/g or no greater than approximately 55 m*/g. The
zirconia particles can have a density of at least approximately 3.0 g/cm’ or no greater
than approximately 5.8 g/cm3. The zirconia particles can have an averaged pore size
of at least approximately 1 nm or no greater than approximately 30 nm. The polishing
slurry includes at least approximately 0.2 wt% zirconia particles or no greater than

approximately 20 wt% zirconia particles.

In a second aspect, a method of polishing a target member can including

providing the target member having a workpiece including a feature and a layer
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overlying the feature. The method can further include polishing the layer using a
polishing slurry that includes zirconia particles. The polishing can be performed

using any of the polishing slurries as described with respect to the first aspect.

In an embodiment of the second aspect, the workpiece includes an electronic
component. In a particular embodiment, the layer includes an insulating material. In
a more particular embodiment, the insulating material includes an oxide. In another
particular embodiment, the insulating material includes a silicon oxide or a silicon
oxynitride. In another more particular embodiment, polishing is performed such that
the removal rate is at least approximately 150 nm/minute or no greater than

approximately 400 nm/minute.

In another particular embodiment of the second aspect, the layer includes a
conductive material. In a more particular embodiment, the conductive material
includes a refractory metal-containing material, Cu, Al, or a noble metal. In a further
embodiment, polishing is performed using a polishing pad. In still a further
embodiment, polishing is performed using a polishing slurry having a pH that is
higher than the iso-electric point of the zirconia particles and an iso-electric point of
the layer. In yet a further embodiment, after polishing the layer, the layer has a
surface roughness no greater than approximately 0.55 nm, no greater than
approximately 0.50 nm, or no greater than approximately 0.45 nm. In a particular
embodiment, Ra is in a range of approximately 0.20 nm to approximately 0.42 nm.

Ra is greater than 0.00 nm.

In a particular embodiment of any of the preceding aspects or embodiments, a
majority or substantially all of the zirconia particles include monoclinic ZrO,and
tetragonal ZrO, particles, a majority or substantially all of the zirconia particles
include tetragonal ZrO, particles, or a majority or substantially all of the zirconia
particles include cubic ZrQ, particles. In a further particular embodiment of any of
the preceding aspects or embodiments, the zirconia particles are characterized as
having a chemical activity or an electronic activity at a surface of a material for which
the polishing slurry is adapted to polish. In another particular embodiment of any of
the preceding aspects or embodiments, the zirconia particles include the element other
than Zr and O that significantly affects the crystalline structure of the zirconia

particles or the polishing characteristic of the polishing slurry. In a more particular
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embodiment of any of the preceding aspects or embodiments, the element includes a
rare earth element, a Group 2 element, a Group 8 element, a Group 9 element, a
Group 13 element, a Group 15 element, a Group 16 element other than O, a Group 17

element, or a noble metal.

In a further particular embodiment of any of the preceding aspects or
embodiments, the zirconia particles have the stable zeta potential starting at the pH of
at least approximately 3.0 at least approximately 5.0, at least approximately 6.0, no
greater than approximately 9.0, no greater than approximately 8.5, no greater than
approximately 8.0, or in a range of approximately 6.1 to approximately 7.9. In still a
further particular embodiment of any of the preceding aspects or embodiments, the
zirconia particles have the very stable zeta potential starting at the pH of at least
approximately 4.0 at least approximately 5.0, at least approximately 6.0, no greater
than approximately 9.0, no greater than approximately 8.5, no greater than
approximately 8.0, or in a range of approximately 6.1 to approximately 7.9. In yet a
further particular embodiment of any of the preceding aspects or embodiments, the
zirconia particles have the iso-electric point of at least approximately 3.0, at least
approximately 3.1, at least approximately 3.2, no greater than approximately 8.5, no
greater than approximately 5.0, no greater than 4.7, no greater than approximately 4.3,
or in a range of approximately 3.2 to approximately 4.0. In a further particular
embodiment of any of the preceding aspects or embodiments, the polishing slurry has
the pH of at least approximately 1.0, at least approximately 3.0, at least approximately
4.0, no greater than approximately 14.0, no greater than approximately 12.0, no

greater than 11.0, or in a range of approximately 4.3 to approximately 10.0.

In another particular embodiment of any of the preceding aspects or
embodiments, the zirconia particles have the averaged particle size of at least
approximately 50 nm, at least approximately 80 nm, at least approximately 110 nm,
no greater than approximately 800 nm, no greater than approximately 500 nm, no
greater than approximately 300 nm, or in a range of approximately 130 nm to
approximately 200 nm. In still another particular embodiment of any of the preceding
aspects or embodiments, the zirconia particles have the 10" percentile particle size of
at least approximately 51 nm, at least approximately 65 nm, at least approximately 80

nm, no greater than approximately 1600 nm, no greater than approximately 1100 nm,
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no greater than approximately 600 nm, or in a range of approximately 90 nm to
approximately 300 nm. In yet another particular embodiment of any of the preceding
aspects or embodiments, the zirconia particles have the 90™ percentile particle size of
at least approximately 49 nm, at least approximately 60 nm, at least approximately 70
nm, no greater than approximately 420 nm, no greater than approximately 300 nm, no
greater than approximately 170 nm, or in a range of approximately 80 nm to

approximately 150 nm.

In a further particular embodiment of any of the preceding aspects or
embodiments, the zirconia particles have the specific surface area of at least
approximately 6 mzlg, at least approximately 7 mZ/g, at least approximately 9 mZ/g, no
greater than approximately 55 m?/g, no greater than approximately 45 m?/g, no greater
than approximately 35 m?/g, or in a range of approximately 11 m*/g to approximately
25 m*/ g. In yet a further particular embodiment of any of the preceding aspects or
embodiments, the zirconia particles have the density of at least approximately 3.20
g/cm3, at least approximately 4.00 g/m3, at least approximately 5.00 g/m3, no greater
than approximately 5.80 g/cm3, no greater than approximately 5.78 g/m3, no greater
than approximately 5.76 g/m3, or in a range of approximately 5.50 g/m3 to

approximately 5.75 g/m3.

In another particular embodiment of any of the preceding aspects or
embodiments, the zirconia particles have the averaged pore size of at least
approximately 1 nm, at least approximately 3 nm, at least approximately 5 nm, at least
approximately 11 nm, no greater than approximately 30 nm, no greater than
approximately 29 nm, no greater than approximately 28 nm, or in a range of
approximately 11 nm to approximately 26 nm. In still another particular embodiment
of any of the preceding aspects or embodiments, the polishing slurry includes at least
approximately 0.2 wt% zirconia particles, at least approximately 0.3 wt% zirconia
particles, at least approximately 0.5 wt% zirconia particles, no greater than
approximately 20 wt% zirconia particles, no greater than approximately 9 wt%
zirconia particles, no greater than approximately 5 wt% zirconia particles, or in a
range of approximately 0.5 wt% zirconia particles to approximately 1.5 wt% zirconia

particles.
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In yet a further particular embodiment of any of the preceding aspects or
embodiments, the slurry further includes a liquid medium. In still a further particular
embodiment of any of the preceding aspects or embodiments, the slurry further
includes a hydrolyzing agent, an oxidizing agent, a surfactant, a dispersing agent, a
corrosion inhibitor, an acid or a base, a pH buffer, a deforming agent, a biocide, or
any combination thereof. In yet a further particular embodiment of any of the
preceding aspects or embodiments, the slurry does not include a hydrolyzing agent, an
oxidizer, a surfactant, a dispersing agent, a corrosion inhibitor, a pH buffer, a
deforming agent, an acid or a base, a biocide, or any combination thereof. In another
particular embodiment of any of the preceding aspects or embodiments, the polishing
slurry further includes other abrasive particles. In a more particular embodiment of
any of the preceding aspects or embodiments, the other abrasive particles include

silica, alumina, ceria, titania, or any combination thereof.

In yet a further particular embodiment of any of the preceding aspects or
embodiments, the slurry has an oxide polishing rate under acidic conditions (less than
7 pH) that is 1.09 to 1.9 times greater than under basic conditions (greater than 7 pH).
In another particular embodiment the slurry has an oxide polishing rate under acidic
conditions (less than 7 pH) that is 1.1 to 1.9 times greater than under basic conditions
(greater than 7 pH). In another particular embodiment the slurry has an oxide
polishing rate under acidic conditions (less than 7 pH) that is 1.11 to 1.9 times greater

than under basic conditions (greater than 7 pH).

In yet a further particular embodiment of any of the preceding aspects or
embodiments, the slurry has a polishing selectivity of Cu to Ta of greater than
approximately 32, greater than approximately 33, greater than approximately 35. In
another particular embodiment, slurry has a polishing selectivity of Cu to Ta of not
less than approximately 50, not less than approximately 47, or not less than

approximately 45.

Note that not all of the activities described above in the general description or
the examples are required, that a portion of a specific activity may not be required,
and that one or more further activities may be performed in addition to those
described. Still further, the order in which activities are listed is not necessarily the

order in which they are performed.
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Certain features that are, for clarity, described herein in the context of separate
embodiments, may also be provided in combination in a single embodiment.
Conversely, various features that are, for brevity, described in the context of a single
embodiment, may also be provided separately or in any subcombination. Further,

reference to values stated in ranges includes each and every value within that range.

Benefits, other advantages, and solutions to problems have been described
above with regard to specific embodiments. However, the benefits, advantages,
solutions to problems, and any feature(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be construed as a critical,

required, or essential feature of any or all the claims.

The specification and illustrations of the embodiments described herein are
intended to provide a general understanding of the structure of the various
embodiments. The specification and illustrations are not intended to serve as an
exhaustive and comprehensive description of all of the elements and features of
apparatus and systems that use the structures or methods described herein. Many
other embodiments may be apparent to skilled artisans only after reading this
specification. Other embodiments may be used and derived from the disclosure, such
that a structural substitution, logical substitution, or another change may be made
without departing from the scope of the disclosure. Accordingly, the disclosure is to

be regarded as illustrative rather than restrictive.
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WHAT IS CLAIMED IS:

1. A particulate material comprising:
zirconia particles having an averaged particle size in a range of at least 80 nm
to no greater than 800 nm, a density of at least 5.0 g/cm’, and a specific
surface area of at least 5 m?/g,
wherein the zirconia particles comprise monoclinic ZrQO,, tetragonal ZrQ,,

cubic ZrO, particles, or combinations thereof.

2. A polishing slurry comprising:
zirconia particles having a density of at least 5.6 g/cm3 and an isoelectric point
of at least 6.3 pH,
wherein the polishing slurry includes at least approximately 0.2 wt% to no
greater than approximately 20 wt% zirconia particles, and wherein the
zirconia particles comprise monoclinic ZrQ», tetragonal ZrQ,, cubic

710, particles, or combinations thereof.

3. The polishing slurry of claim 3, having a stable zeta potential ranging between

a pH of approximately 9.5 to approximately 11.6.

4. The polishing slurry of any of claims 2 to 3 wherein the zirconia particles have

an averaged particle size in a range of at least 80 nm to no greater than 800 nm.

5. The polishing slurry of any of claims 2 to 4 wherein the zirconia particles

have a specific surface area of at least 5 m?/g,

o

A polishing slurry comprising:

at least 1 wt% monoclinic zirconia particles

wherein the zirconia particles have a secondary particle size ranging from 110
nm to 350 nm, a specific surface area ranging from approximately 11
mz/g to 25 mzlg, and pore size greater than 15 nm.

7. The polishing slurry of claim 6 wherein the zirconia particles have density of

at least 5.0 g/cm3.
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8. The polishing slurry of any one of claims 2 to 7, wherein the zirconia particles

have an isoelectric point of at least 6.3 pH.

0. The polishing slurry of any one of claims 2 to 8, wherein the zirconia particles
have a stable zeta potential ranging between a pH of approximately 9.5 to

approximately 11.6.

10. A method of polishing a target member comprising:
providing the target member having a workpiece including a feature and a
layer overlying the feature; and
polishing the layer using a polishing slurry that comprises zirconia particles,
wherein:
the zirconia particles include monoclinic ZrO,, tetragonal ZrO,, or
cubic 7ZrO, particles; and
the zirconia particles are characterized as having a chemical activity or
an electronic activity at a surface of a material for which the

polishing slurry is adapted to polish.

11. The method of claim 10, wherein the workpiece includes a silicon oxide or a

silicon oxynitride.

12. The method of any one of claims 10 to 11, wherein the workpiece comprises a

refractory metal-containing material, Cu, Al, or a noble metal.

13. The method of any one of claims 10 to 12, wherein the oxide polishing rate

under acidic conditions is 1.1 to 1.9 times greater than under basic conditions.

14. The method of any one of claims 10 to 13 having a polishing selectivity of Cu

to Ta of greater than 32.

15. The particulate material, polishing slurry, or method of any one of the
preceding claims, wherein the zirconia particles have an averaged particle size in a

range of at least 110 nm to no greater than 350 nm.
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16.

17.

18.

19.

20.

21.

22.

23.

The particulate material, polishing slurry, or method of any one of the
preceding claims, wherein the density of the zirconia particles is no greater than

5.8 g/cm3.

The particulate material, polishing slurry, or method of any one of the
preceding claims, wherein the zirconia particles have a specific surface area no

greater than 25 m2/g.

The particulate material, polishing slurry, or method of any one of the
preceding claims, wherein the zirconia particles have specific surface area is in a

range of 11 m2/g to 25 m2/g.

The particulate material, polishing slurry, or method of any one of the
preceding claims, wherein the zirconia particles have a pore size in a range of

approximately 15 nm to 26 nm.

The particulate material, polishing slurry, or method of any one of the
preceding claims, wherein the zirconia particles have an isoelectric point of at

least 6.3 pH to no greater than 8.2 pH.

The particulate material, polishing slurry, or method of any one of the
preceding claims, wherein the zirconia particles an averaged particle size of 120
nm to 200 nm, a density of 5.6 g/cm3 to 5.8 g/cm3, and a specific surface area in a

range of 11 m2/g to 25 m2/g.

The particulate material, polishing slurry, or method of any one of the

preceding claims, wherein the zirconia particles are doped with Ce, Y, or Ca.

The particulate material, polishing slurry, or method of any one of the
preceding claims, wherein the particulate material or polishing slurry further

comprises ceria particles.
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