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TOOLS FOR POLISHING AND ASSOCIATED 
METHODS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/357,712, ?led Feb. 17, 2006, 
Which is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to polishing 
tools and associated methods. Accordingly, the present 
invention involves the chemical and material science ?elds. 

BACKGROUND OF THE INVENTION 

[0003] Many industries utiliZe various types of mechani 
cal polishing processes for polishing Work pieces. For 
example, the computer manufacturing industry relies 
heavily on chemical mechanical polishing (CMP) processes 
for polishing Wafers of ceramics, silicon, glass, quartz, and 
metals. Such polishing processes generally entail applying 
the Wafer against a rotating pad made from a durable organic 
substance such as polyurethane. A chemical slurry is utiliZed 
that contains a chemical capable of breaking doWn the Wafer 
substance and an amount of abrasive particles Which act to 
physically erode the Wafer surface. The slurry is continually 
added to the rotating CMP pad, and the dual chemical and 
mechanical forces exerted on the Wafer cause it to be 
polished in a desired manner. 
[0004] Of particular importance to the quality of polishing 
achieved With this method of polishing is the distribution of 
the abrasive particles throughout the pad. The top of the pad 
holds the particles by means of ?bers or small pores, Which 
provide a friction force suf?cient to prevent the particles 
from being thrown off of the pad due to the centrifugal force 
exerted by the pad’s spinning motion. Therefore, it is 
important to keep the top of the pad as ?exible as possible, 
to keep the ?bers as erect as possible, and to assure that there 
is an abundance of open pores available to receive neWly 
applied abrasive particles. 
[0005] One problem that arises With regard to maintaining 
the pad surface, hoWever, is an accumulation of polishing 
debris coming from the Work piece, the abrasive slurry, and 
the pad dresser. This accumulation causes a “glazing” or 
hardening of the top of the pad, mats the ?bers doWn, and 
thus makes the pad surface less able to hold the abrasive 
particles of the slurry. These effects signi?cantly decrease 
the pad’s overall polishing performance. Further, With many 
pads, the pores used to hold the slurry, become clogged, and 
the overall asperity of the pad’s polishing surface becomes 
depressed and matted. A CMP pad dresser can be used to 
revive the pad surface by “combing” or “cutting” it. This 
process is knoWn as “dressing” or “conditioning” the CMP 
pad. Many types of devices and processes have been used 
for this purpose. One such device is a disk With a plurality 
of superhard crystalline particles such as diamond particles 
attached to a metal-matrix surface. 

[0006] As semiconductor technology continues toWard 
siZe reduction to the nano-scale, hoWever, current CMP 
polishing techniques are proving to be inadequate. With 
such a reduction in scale, materials utiliZed to construct 
circuit elements have become more delicate, both in siZe and 
materials. The CMP industry has been required to respond 
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by providing polishing materials and techniques that accom 
modate these advances. For example, loWer CMP polishing 
pressures, smaller siZe abrasive particles in the slurry, and 
polishing pads of a siZe and nature that do not over polish or 
damage the Wafer must be used. Furthermore, pad dressers 
that cut asperities in the pad Which can accommodate the 
smaller abrasive particles, and that do not overdress the pad 
must also be used. 
[0007] There are a number of problems associated With 
modifying current CMP processes to accommodate such 
delicate polishing. With regard to the CMP pad dresser, the 
superabrasive particles must be signi?cantly smaller than 
those typically used in currently knoW dressing operations. 
Generally speaking, the superabrasive particles are so small 
that a traditional metal matrix is often unsuitable for holding 
and retaining them. Further, the smaller siZe of the supera 
brasive particles requires that particle tip height be precisely 
leveled in order to uniformly dress the pad. Traditional CMP 
pad dressers can have particle tip height variations of more 
than 50 um Without compromising dressing performance. 
HoWever, such a variation Would render a dresser useless if 
it Were required to dress a CMP pad and achieve polishing 
of extremely small and delicate circuit elements. In this case, 
asperities in the dressed pad Would have height variations on 
the same order as the dresser. The highest asperities exert the 
highest pressure, and Would thus scratch and damage the 
Wafer. 
[0008] In addition to drastic height variations relative to 
the delicacy of the polishing operation, damage to the Wafer 
can also occur due to the abrasive particles themselves. 
SiZing of these particles can be problematic, particularly 
With the smaller siZes required for more delicate polishing 
operations. Larger abrasive particles that tend to cause 
surface damage to the Wafer are thus dif?cult to eliminate 
from the slurry. 
[0009] As a result, polishing tools that are suitable for 
delicate polishing applications such as those that have arisen 
With continual reductions in semiconductor siZe are being 
sought. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, the present invention provides meth 
ods for making polishing tools, and the corresponding tools. 
Such a method may include truing a Working surface of a 
nano-diamond impregnated substrate. The method may fur 
ther include forming asperities on the Working surface With 
a polycrystalline diamond dresser. The formed asperities 
have a height to distance ratio of from about 1:5 to about 5:1, 
and the average asperity diameter is less than about 175 pm. 
[0011] It is contemplated that any method of truing the 
Working surface of the nano-diamond impregnated substrate 
is considered to be Within the present scope. In one aspect, 
hoWever, truing the Working surface may include shaving 
the Working surface With a planer. One such useful planer is 
a polycrystalline diamond planer. 
[0012] In an embodiment of the present invention, the 
height to distance ratio of the asperities may be from about 
1:2 to about 2:1. In yet another embodiment, the height to 
distance ratio may be about 1:1. The present invention 
encompasses methods Wherein the average asperity diam 
eter is less than about 150 um. LikeWise, methods Wherein 
the average asperity diameter is less than about 125 um and 
less than about 100 um are included in the present invention. 
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[0013] Although any polishing tool With a nano-diamond 
impregnated substrate is contemplated, in one aspect, the 
substrates may contain less than about 50% nano-diamond. 
In a further contemplated embodiment, the nano-diamond 
comprises less than about 25% of the substrate. In yet 
another embodiment, the nano-diamond comprises less than 
about 10% of the substrate. 

[0014] Various organic and inorganic materials are con 
templated from Which these polishing tools may be made. 
The nano-diamond impregnated substrate may include 
organic materials, inorganic materials, and mixtures thereof. 
In certain aspects, hoWever, the nano-diamond impregnated 
substrate may include organic material. For example, the 
nano-diamond impregnated substrate may include ure 
thanes, carbonates, amides, sulfones, vinyl chlorides, acry 
lates, methacrylates, vinyl alcohols, esters, acrylamide moi 
eties, and mixtures thereof. In another aspect, the nano 
diamond impregnated substrate may include inorganic 
material. For example, the inorganic material may be Al, Cu, 
Zn, Ga, In, Sn, Ge, Pb, Tl, Cd, Ag, Au, Ni, Pd, Pt, Co, Fe, 
Mn, W, Mo, Cr, Ta, Nb, V, Sr, Ti, Si, and mixtures thereof. 
[0015] Nano-abrasive particles may optionally be 
included to improve the polishing of the Work piece. In one 
aspect, for example, the method may further include apply 
ing a slurry having nano-abrasive particles to the Working 
surface. In another aspect, nano-abrasive particles may be 
disposed Within at least a portion of the Working surface of 
the Working surface of the substrate. Though any nano 
abrasive particle capable of assisting polishing is considered 
to be Within the scope of the claims of the present invention, 
speci?c examples may include diamond, boron carbide, 
cubic boron nitride, gamet, silica, ceria, alumina, Zircon, 
Zirconia, titania, manganese oxide, copper oxide, iron oxide, 
nickel oxide, silicon carbide, silicon nitride, tin oxide, 
titanium carbide, titanium nitride, tungsten carbide, yttria, 
and mixtures thereof. 

[0016] Additionally, the polishing tool may be substan 
tially metal or it may contain various proportions of metal 
material Within the nano-diamond impregnated substrate. 
For example, in one aspect, the polishing tool may be 
comprised of at least about 40% metal. In another aspect, the 
polishing tool may be comprised of at least about 60% 
metal. In yet another aspect, the polishing tool may be 
comprised of at least about 90% metal. 

[0017] Aspects of the present invention additionally 
include polishing tools made according to the methods 
disclosed herein. 

[0018] There has thus been outlined, rather broadly, vari 
ous features of the invention so that the detailed description 
thereof that folloWs may be better understood, and so that 
the present contribution to the art may be better appreciated. 
Other features of the present invention Will become clearer 
from the folloWing detailed description of the invention, 
taken With the accompanying claims, or may be learned by 
the practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a cross-sectional vieW of a prior art 
polishing tool. 
[0020] FIG. 2 is a cross-sectional vieW of a polishing tool 
in accordance With one embodiment of the present inven 
tion. 
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[0021] FIG. 3 is a cross-sectional vieW ofa solid substrate 
in accordance With another embodiment of the present 
invention. 
[0022] FIG. 4 is a cross-sectional vieW of a polishing tool 
in accordance With yet another embodiment of the present 
invention. 
[0023] FIG. 5 is a depiction of truing the surface of a Work 
piece in accordance With a further aspect of the present 
invention. 
[0024] FIG. 6 is a depiction of dressing the surface of a 
Work piece in accordance With yet a further aspect of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] De?nitions 
[0026] In describing and claiming the present invention, 
the folloWing terminology Will be used in accordance With 
the de?nitions set forth beloW. 
[0027] The singular forms “a,” “an,” and, “the” include 
plural referents unless the context clearly dictates otherWise. 
Thus, for example, reference to “a particle” includes refer 
ence to one or more of such particles, and reference to “the 
metal” includes reference to one or more of such metals. 

[0028] As used herein, “asperity” refers to a protrusion 
that has been purposefully formed on a surface of a sub 
strate, the protrusion having a Well-de?ned tip at the apex. 
[0029] As used herein, “surface roughness RA” refers to a 
measure of the roughness of a surface as determined by the 
difference in height betWeen the highest peak on the surface 
and the loWest valley on the surface. A depiction of surface 
roughness RA is shoWn in FIG. 3 at 34. 
[0030] As used herein, “tip-to-tip RA” refers to a measure 
of the difference in height betWeen the highest asperity tip 
and the loWest asperity tip. A depiction of tip-to-tip RA is 
shoWn in FIG. 4 at 44. 
[0031] As used herein, “metallic” refers to a metal, or an 
alloy of tWo or more metals. A Wide variety of metallic 
materials is knoWn to those skilled in the art, such as 
aluminum, copper, chromium, iron, steel, stainless steel, 
titanium, tungsten, Zinc, Zirconium, molybdenum, etc., 
including alloys and compounds thereof. 
[0032] As used herein, “Babbitt alloy” refers to a group of 
soft metal alloys that are Well knoWn in the art. Common 
nonlimiting types include lead based, lead-silver based, tin 
based, cadmium based, arsenic based, and various combi 
nations thereof. 
[0033] As used herein, “ceramic” refers to a hard, often 
crystalline, substantially heat and corrosion resistant mate 
rial Which may be made by ?ring a non-metallic material, 
sometimes With a metallic material. A number of oxide, 
nitride, and carbide materials considered to be ceramic are 
Well knoWn in the art, including Without limitation, alumi 
num oxides, silicon oxides, boron nitrides, silicon nitrides, 
and silicon carbides, tungsten carbides, etc. 
[0034] As used herein, “nano-abrasive” and “nano-par 
ticle” may be used interchangeably, and refer to abrasive 
particles having a siZe in the nano-range. SiZe ranges may 
vary depending on the particular use. In one aspect, hoW 
ever, nano-abrasives may range in siZe from about 1000 nm 
to about 1 nm. In another aspect, nano-abrasives may range 
in siZe from about 100 nm to about 10 nm. In yet another 
aspect, nano-abrasives may range in siZe from about 50 nm 
to about 20 nm. Such nano-particles may take a variety of 
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shapes, including round, oblong, square, euhedral, etc., and 
they may be single crystal or polycrystalline. 
[0035] As used herein, “Working surface” refers to a 
surface of a polishing tool upon Which asperities are formed 
for polishing applications. 
[0036] As used herein, “impregnate” and “impregnated” 
refers to a ?rst material having a second material introduced 
into it, or the act of introducing such. For example, “nano 
diamond impregnated” indicates a material having nano 
diamond admixed therein. In some aspects, the nanodia 
mond may occupy pores or spaces Within the impregnated 
material. By Way of example Without limitation, a material 
may become impregnated With nano-diamond particles by 
providing such a material, for example a substrate material 
as a poWder. The substrate poWder material is then mixed 
With nano-diamond particles and melted to form a mixture. 
The mixture can then be further processed to a solid sub 
strate containing nano-diamond particles. The product of 
such process is considered to be nano-diamond impregnated. 
Furthermore, a nano-diamond impregnated substrate may 
have nano-diamond dispersed evenly throughout the sub 
strate, or may be unevenly dispersed. The nano-diamond 
may be present throughout the entire substrate, but randomly 
dispersed. Additionally, the nano-diamond may be present 
only in the Working surface of the substrate. Furthermore, 
the nano-diamond may have higher concentration toWards 
the Working surface of the substrate. 
[0037] As used herein, “height to distance ratio” in refer 
ence to asperities on a Working surface refers to the ratio of 
the average asperity height to the average distance betWeen 
asperities. The asperity height is measured from the Working 
surface. The distance betWeen asperities is measured from 
the intersection of the base of the asperity With the Working 
surface to a nearest likeWise location on a neighboring 
asperity. In essence, the distance measurement is the dis 
tance of uninterrupted ?at (i.e. no asperities) Working sur 
face betWeen asperities. 
[0038] As used herein, “asperity diameter” refers to the 
measurement of an asperity from the location Where the base 
of the asperity intersects the Working surface, directly 
through the center of the asperity, along the plane of the 
Working surface, and to a location Where the base of the 
asperity intersects the Working surface. 
[0039] As used herein, “average” refers to any mathemati 
cal measurement of central tendency. Average includes the 
arithmetic mean, median or mode. With such small mea 
surements of the present invention, it is understood that 
averages may not be calculated With precise measurements 
accounting for each asperity, but may be scienti?cally esti 
mated as per practices common in the ?eld. 

[0040] As used herein, “truing” is refers to leveling a 
surface. The speci?c tolerances indicated by “truing” 
depend on the particular material and usage. In the present 
invention, any leveling or straightening of the Working 
surface that alloWs for the formed asperities as claimed is to 
be included. In some embodiments, and under some circum 
stances, truing may include leveling a Working surface to a 
surface roughness RAvalue of less than or equal to about 50 
pm. In other embodiments, the surface roughness RA value 
may be less than or equal to about 20 pm. In still other 
embodiments, the surface roughness RA value may be less 
than or equal to about 10 pm. 

[0041] Likewise, the term “pre-trued” refers to a level 
surface. Speci?c tolerances indicated by the term again 
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depend on the particular material and usage. In the present 
invention, a level or straight surface that alloWs for the 
formation of the claimed asperities is to be included. In some 
embodiments, and under some circumstances, a pre-trued 
Working surface may have a surface roughness RA value of 
less than or equal to about 50 pm. In other embodiments, the 
surface roughness RA value may be less than or equal to 
about 20 pm. In still other embodiments, the surface rough 
ness RA value may be less than or equal to about 10 pm. 
[0042] As used herein, “substantially” refers to situations 
close to and including 100%. Substantially is used to indi 
cate that, though 100% is desirable, a small deviation 
therefrom is acceptable. For example, substantially all 
asperities includes groups of all asperities and groups of all 
asperities minus a relatively small portion of asperities. 
[0043] As used herein, the term “about” is used to provide 
?exibility to a numerical range endpoint by providing that a 
given value may be “a little above” or “a little beloW” the 
endpoint. 
[0044] As used herein, a plurality of items, structural 
elements, compositional elements, and/or materials may be 
presented in a common list for convenience. HoWever, these 
lists should be construed as though each member of the list 
is individually identi?ed as a separate and unique member. 
Thus, no individual member of such list should be construed 
as a de facto equivalent of any other member of the same list 
solely based on their presentation in a common group 
Without indications to the contrary. 
[0045] Concentrations, amounts, and other numerical data 
may be expressed or presented herein in a range format. It 
is to be understood that such a range format is used merely 
for convenience and brevity and thus should be interpreted 
?exibly to include not only the numerical values explicitly 
recited as the limits of the range, but also to include all the 
individual numerical values or sub-ranges encompassed 
Within that range as if each numerical value and sub-range 
is explicitly recited. As an illustration, a numerical range of 
“about 1 to about 5” should be interpreted to include not 
only the explicitly recited values of about 1 to about 5, but 
also include individual values and sub-ranges Within the 
indicated range. Thus, included in this numerical range are 
individual values such as 2, 3, and 4 and sub-ranges such as 
from l-3, from 2-4, and from 3-5, etc. 
[0046] This same principle applies to ranges reciting only 
one numerical value. Furthermore, such an interpretation 
should apply regardless of the breadth of the range or the 
characteristics being described. 
[0047] The Invention 
[0048] The present invention relates to novel polishing 
tools and methods for polishing substrates. The inventor has 
discovered that the scratching of a Work piece during 
polishing may be more of a result of asperity con?guration 
than the hardness of the material from Which the polishing 
tool has been constructed. Accordingly, polishing tools With 
asperity tips that have been very precisely leveled can be 
used to effectively polish a surface of a Work piece doWn to 
the nanometer range even if the tool is made from a very 
hard material. 
[0049] In the case of CMP polishing, for example, scratch 
ing of the Wafer is often a result of the non-uniform 
asperities on the CMP pad. Turning to FIG. 1, for example, 
a polishing tool 10 is shoWn having asperities 12 With 
non-uniform heights. A Work piece 14 is shoWn being 
polished by the polishing tool 10. Asperities having a greater 
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protrusion from the mean asperity height tend to scratch 
(shown at 16) the Work piece 14. Conversely, those asperi 
ties 12 having a lesser protrusion from the mean asperity 
height may not contact (shoWn at 18) the Work piece 14 and 
are thus performing little or no Work, and possibly even 
forming high spots on the Work piece 14. These effects may 
occur With polishing tools made from soft as Well as hard 
materials. In the case of soft materials, the scratches may be 
the result of increased pressure at the more highly protruding 
asperities. 
[0050] Accordingly, scratching can be minimized and 
polishing rates can be increased by precisely leveling the 
tips of the asperities, regardless of the hardness of the 
polishing tool. It is thus the variation in asperity con?gura 
tions causing differential regions of pressure across the 
polishing surface of the Work piece that facilitates scratch 
ing, rather than the relative level of hardness of the material 
from Which the polishing tool is constructed. As is shoWn in 
FIG. 2, a polishing tool 20 having asperities of a substan 
tially uniform height 22 Will contact a Work piece 24 evenly 
across a Working surface 26. Such a polishing tool 20 Will 
polish a Work piece 24 evenly Without the formation of 
signi?cant scratches and high spots. Polishing rates Will be 
increased With such a polishing tool because essentially all 
asperities are Working to polish the tool, and no single 
asperity or group of asperities is exposed to a higher 
Workload than any other asperity or group of asperities. 
Because polishing rate is proportional to pressure, the pol 
ishing tool may be constructed from a variety of materials, 
from hard materials to soft materials. 

[0051] The precise leveling of the asperities thus alloWs 
polishing tools to be constructed from more durable mate 
rials that have previously been alloWed that can be resur 
faced and reused to a much greater extent. Nano-diamond 
impregnated pads, for example, can be created by forming 
asperities along the Working surface of the tool With a 
polycrystalline diamond dresser. Additionally, slurries con 
taining abrasive particles are optional With the use of such a 
tool. The precisely aligned tips of the asperities abrasively 
polish the Work piece in a polishing operation, although 
various abrasives, chemicals, reduction/oxidation reactions, 
etc may assist this process. 
[0052] The polishing tools created through the disclosed 
methods may have multiple and various uses. It is intended 
that the scope of use of the tools created according to the 
disclosed methodologies not be limited to a particular Work 
piece or polishing operation, but that such scope include any 
type of polishing or abrading for Which these tools and 
techniques Would be useful. Examples of Work pieces may 
include, Without limitation, Wafers, LEDs, laser diodes, 
mirrors, lenses, memory storage surfaces, integrated circuits 
or any other structures containing conductive and/or dielec 
tric structures, quartz, glass, metals, semiconductors, etc. 
Additionally, the range of detail of polishing may vary 
depending on the material being polished and the desired 
application of such material. 
[0053] In one aspect of the present invention, a method of 
making a polishing tool is provided. Such a method may 
include truing a Working surface of a nano-diamond impreg 
nated substrate. The method may also include forming 
asperities on the Working surface With a polycrystalline 
diamond dresser. The asperities may have a height to dis 
tance ratio of from about 1:5 to about 5:1, and the average 
asperity diameter may be less than about 175 um. 
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[0054] Various tools for polishing a Work piece are also 
contemplated that may be made according to methods of the 
present invention. Any polishing tool having a nano-dia 
mond impregnated substrate With asperities on the Working 
surface of the substrate according to aspects disclosed herein 
Would be considered to be Within the present scope. 
Examples may include, Without limitation, CMP pads, 
grinding disks, ?xed abrasive pads, etc. 
[0055] Work pieces of the present invention include nano 
diamond impregnated substrates having a Working surface. 
The Working surface has asperities that can effectuate the 
polishing When the tool is used. Because asperities may be 
signi?cantly smaller than the average surface roughness of 
an un-trued Working surface, it may be bene?cial to true the 
Working surface of the polishing tool prior to forming 
asperities thereon. FIG. 3 shoWs a solid substrate 30 having 
a Working surface 32 having a surface roughness RA value, 
shoWn at 34. In order to effectively polish a Work piece, 
substantially all asperities along the Working surface should 
contact the interface surface to be polished. High regions of 
increased surface roughness along the Working surface Will 
cause the asperities in that region to press more tightly 
against the interface surface, thus causing scratching as has 
been described. Depending on the extent of the surface 
roughness, asperities in loW regions along the Working 
surface may not contact the interface surface, thus further 
increasing scratching problems. Such non-uniform contact 
of asperities against the interface surface of the Work piece 
also results in loWer polishing rates. As a result, a precisely 
trued Working surface of the polishing tool Will reduce the 
frequency and scale of scratching. 
[0056] Various methods and tools are contemplated for 
truing the Working surface of the nano-diamond impreg 
nated substrate. Nearly any method of truing the Working 
surface can be used as long as it is capable of creating 
asperities Within the tolerances disclosed herein. The toler 
ances for the asperity height to distance ratio may vary 
depending on the intended application and the relative scale 
of polishing for a given polishing tool. It should be noted 
that the range of acceptable average asperity diameter values 
is also necessarily dependent on the intended application and 
related height to distance ratio. As such, the Working surface 
may be trued to a surface roughness RAvalue that alloWs the 
asperities formed thereon to obtain an acceptable height to 
distance ratio and average asperity diameter such that the 
polishing tool may be used to polish the Work piece to a 
desired ?nish. It Would thus be Within the ability of one of 
ordinary skill in the art once in possession of the present 
disclosure to design a polishing tool having a height to 
distance ratio and average asperity diameter that is compat 
ible With a desired level of polishing. 

[0057] In one aspect of the present invention, the Working 
surface may be trued by shaving With a planing tool. The 
nature and con?guration of such a planing tool may depend 
to some extent on the nature of the Work piece and the 
desired level of polishing. In one speci?c aspect, hoWever, 
the planing tool may be a polycrystalline diamond (PCD) 
planer. The extreme hardness of PCD makes it a good 
material from Which to form a planing tool, particularly With 
nano-diamond impregnated substrates. Additionally, PCD 
can be manipulated to form various cutting shapes and 
con?gurations. Accordingly, a PCD planer may be con 
structed by sintering a PCD material such as PCD poWder at 
ultrahigh pressures and high temperatures. The resulting 
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PCD matrix can be carved to a desired planar con?guration 
by any useful method, such as plasma etching, laser ablation, 
electro discharge machining (EDM), or any other method 
knoWn to one of ordinary skill in the art. Further details 
relating to the use of such PCD materials in the construction 
of planers and other PCD tools, as Well as examples of 
speci?c tools can be found in the application entitled “Super 
hard Cutters and Associated Methods” ?led on Feb. 17, 2006 
under Attorney Docket No. 24462.NP, Which is incorporated 
herein by reference. 
[0058] Though various height to distance ratios are con 
templated depending on the intended application of the 
polishing tool, in one aspect the ratio value may be from 
about 1:5 to about 5: 1. In another aspect, the ratio value may 
be from about 1:2 to about 2:1. In yet another aspect, the 
ratio may be about 1:1. 
[0059] Likewise, the average asperity diameter values are 
contemplated depending on the intended application of the 
polishing tool and the related height to distance ratio. In one 
embodiment, the average asperity diameter is less than about 
175 pm. In another embodiment, the average asperity diam 
eter is less than about 150 pm. In still another aspect, the 
average asperity diameter is less than about 125 pm. In yet 
another embodiment, the average asperity diameter is less 
than about 100 pm. 
[0060] As has been discussed, precisely leveled asperity 
tips Will improve the polishing characteristics of the polish 
ing tool, and reduce the tip-to-tip RA value of the asperities 
across the Working surface. The loWer the tip-to-tip RA 
value, the ?ner the polished resolution of the resulting 
polished surface. As such, it may be bene?cial for some 
applications to CMP process the Working surface of the 
polishing tool prior to forming the asperities thereon. Such 
CMP processing may result in a ?ner resolution of polishing 
than What can be afforded by truing the surface alone. 
[0061] Once the surface has been trued and optionally 
CMP processed, the asperities may be formed thereon by 
any means knoWn to one of ordinary skill in the art, provided 
that the resulting asperities are leveled to the tip-to-tip RA 
values as disclosed herein. FIG. 4 shoWs a polishing tool 40 
having asperities 42 formed thereon, and having a tip-to-tip 
RA value, shoWn at 44. In addition to asperity leveling, 
density and patterning of asperities across the Working 
surface may also affect the polishing characteristics of the 
tool. The polishing rate of a tool may vary in relation to 
asperity density. On one hand, as asperity density increases, 
the number of asperities contacting the Work piece increases. 
On the other hand, the pressure exerted by each asperity 
decreases as the asperity density increases up to a point due 
to the total force exerted by the polishing tool being divided 
up across all Working asperities. Because polishing rate is 
related to the area of contact and the exerted pressure 
betWeen the tool and the Work piece, the density of the 
formed asperities may be adjusted to provide an optimal 
polishing rate. Accordingly, in one aspect of the present 
invention, the asperities may be formed on the Working 
surface according to a predetermined pattern. 
[0062] Various methods are contemplated for forming 
asperities on the Working surface of the solid substrate. In 
one aspect of the present invention, the asperities may be 
formed by dressing the Working surface With a dressing tool. 
Dressing tools are Well knoWn in the art. HoWever, as has 
been discussed, current dressing tools are unable to form 
asperities in a tool surface having tip-to-tip RA values as 
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disclosed herein. As such, dressers having precisely leveled 
cutting elements are required for forming such asperities. In 
one speci?c aspect, such a dressing tool may be a PCD 
dresser. As has been discussed, the extreme hardness of PCD 
makes it a good material from Which to form a dressing tool. 
Additionally, PCD can be manipulated to form various 
cutting elements and cutting element con?gurations. 
Accordingly, a PCD dresser may be constructed by sintering 
a PCD material such as PCD poWder at ultrahigh pressures 
and high temperatures. The resulting PCD matrix can be 
carved to a desired dresser con?guration, including indi 
vidual cutting elements having very precise projections and 
orientations. As With the PCD planer, the PCD dresser may 
be shaped and carved by any useful method, such as plasma 
etching, laser ablation, electro discharge machining (EDM), 
or any other method knoWn to one of ordinary skill in the art. 
Further details relating to the use of PCD materials in the 
construction of dressers and other PCD tools can also be 
found in the application entitled “Superhard Cutters and 
Associated Methods” ?led on Feb. 17, 2006 under Attorney 
Docket No. 24462.NP, Which is incorporated herein by 
reference. 

[0063] In addition to PCD dressers, other tools having 
very precisely leveled cutting elements may be utiliZed to 
form asperities in the polishing tools of the present inven 
tion. For example, superabrasive particles generally cannot 
be leveled precisely When incorporated into a braZed metal 
tool due to the movement of the thermal movement of the 
tool during cooling. Superabrasive particles may, hoWever, 
be incorporated into tools that utiliZe a resin or other organic 
layer as a particle substrate. Examples of such tools may be 
found in Us. patent application Ser. No. 11/026,544 ?led on 
Dec. 30, 2004, and Ser. No. 11/223,786 ?led on Sep. 9, 
2005, both of Which are incorporated herein by reference. 
[0064] In one aspect, the polishing tool may contain 
various proportions of nano-diamond Within the substrate. 
For example, in one aspect, the polishing tool may be 
comprised of less than about 75% nano-diamond. In another 
aspect, the polishing tool may be comprised of less than 
about 50% nano-diamond. In another aspect, the polishing 
tool may be comprised of less than about 25% nano 
diamond. In yet another aspect, the polishing tool may be 
comprised of less than about 10% nano-diamond. 
[0065] Various materials are contemplated from Which the 
polishing tools of the present invention may be made. 
Because the asperities are precisely leveled and substantially 
all come into contact With the interface surface of the Work 
piece, scratching can be avoided regardless of the hardness 
of the polishing pad. As such, virtually any material upon 
Which asperities can be formed Within the tolerances pro 
vided herein, and Which can be impregnated With nano 
diamond can be utiliZed to form such polishing tools. 
Speci?c polishing tool materials can be chosen by one of 
ordinary skill in the art depending on the particular appli 
cation of the tool. For example, as nano-diamond is to be 
incorporated into the tool, it may be helpful to utiliZe 
materials that Will readily Wet diamond in order to improve 
retention. Furthermore, if an acid slurry is to be used to assist 
polishing, it may be useful to select a material that provides 
resistance to the particular acids include in the slurry. 
Additionally, the oxide potentials of various materials may 
also in?uence Which materials are utiliZed, particularly in 
those applications involving electrolytic polishing. 
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[0066] Various organic and inorganic materials are con 
templated Which can be used to construct polishing tools. In 
certain aspects, however, the polishing tool may be con 
structed from inorganic materials and thus may be an 
inorganic polishing tool. In one aspect, the polishing tool 
may contain various proportions of metal Within the solid 
substrate. For example, in one aspect, the polishing tool may 
be comprised of at least about 50% metal. In another aspect, 
the polishing tool may be comprised of at least about 75% 
metal. In yet another aspect, the polishing tool may be 
comprised of at least about 95% metal. 
[0067] As has been discussed, any material capable of 
having asperities formed thereon Within the tolerances speci 
?ed herein and being impregnated With nano-diamond is 
considered to be Within the present scope. In particular, and 
Without limitation, the polishing tool may include, or consist 
of a material such as Al, Cu, Zn, Ga, In, Sn, Ge, Pb, TI, Cd, 
Ag, Au, Ni, Pd, Pt, Co, Fe, Mn, W, Mo, Cr, Ta, Nb, V, Sr, 
Ti, Si, and mixtures thereof, including composite materials, 
polymers, and ceramics. 
[0068] In one aspect of the present invention the polishing 
tool may be constructed from a metal having a melting point 
of less than about 700° C. Such soft metal polishing tools 
may provide various manufacturing bene?ts. For example, 
softer metals are more easily manipulated due to their 
increased malleability. Asperities may be more easily 
formed thereon, particularly for those aspects involving 
cutting the asperities With a dresser. A feW nonlimiting 
exemplary soft metals are shoWn in Table I, along With their 
melting temperatures. 

TABLE I 

Soft Metal Melting Point (° C.) 

Al 660.5° 
Sb 630.8° 
Zn 420.0° 
Pb 327.5° 
Cd 325.l° 
Tl 304.0° 
Br 27l.4° 
Sn 232.0° 
In l56.6° 
Ga 29.8° 

[0069] In those aspects Where loWer melting point metals 
are to be used in the construction of polishing tools, various 
alloys may also be utiliZed. Alloying at least tWo metals or 
a metal With a non-metal generally decreases the melting 
point of the alloy. Such alloys may be binary, ternary, or 
other multi-component alloys. A feW nonlimiting examples 
of such alloys are shoWn in Table II. The Wt % is provided 
in Table II for the ?rst named element in the metal alloy. 

TABLE II 

Metal Alloy Wt % Melting Point (° C.) 

AliSi 12.6 577° 
Babbitt Alloy i 480° 

CuiMg 60 457° 
Al4Cu 32 548.2° 
AliMg 15490 437450° 
CuiZn 99.3 425 ° 

Al4Ge 51.6 420.0° 
CuiSn 99.3 227° 
AliSn 99.4 220° 
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TABLE II-continued 

Metal Alloy Wt % Melting Point (° C.) 

SniZn 91.2 198.5° 
SniTl 43 168° 

[0070] One example of a useful metal may include Al, 
Which has a high oxide potential and readily Wets diamond. 
Accordingly, the polishing tool may be substantially solid 
aluminum, or it may be an alloy thereof. For example, useful 
alloys may include, Without limitation, AliSi, SiC, and 
solder alloys such as Sn4CuiAg. 
[0071] An additional bene?t of utiliZing metal polishing 
tools is the capability to introduce an electrical bias in the 
tool to facilitate polishing by electrolytic reactions. So called 
electrical CMP (ECMP) polishing can assist in the elimina 
tion of high spots of certain metallic materials from a Work 
piece. The oxidation product can then be mechanically 
Wiped from the interface surface. In one aspect, an electrical 
bias is introduced across the metal polishing tool Which 
causes oxidation of materials contacted by the metal pad. 
Due to this contact-speci?c oxidation, only the high points 
of the metallic material on the Work piece is oxidiZed. This 
process may be particularly useful for polishing copper 
traces or other conductive structures. 

[0072] In another aspect of the present invention, the 
polishing tool may be an organic polishing tool. Examples of 
organic materials useful in the construction of such polish 
ing tools may include various polymeric materials. Such 
materials may include, Without limitation, urethanes, car 
bonates, amides, sulfones, vinyl chlorides, acrylates, meth 
acrylates, vinyl alcohols, esters, acrylamide moieties, or 
combinations thereof. In one aspect, the nano-diamond is 
impregnated in a polymeric material. In a further embodi 
ment, the nano-diamond is dispersed in Polytetra?uoroeth 
ylene (PTFE), generally knoWn as Te?on®. Further discus 
sion of organic polishing tools can be found in US. Pat. No. 
6,022,268, Which is hereby incorporated by reference. 
[0073] The polishing tools according to various aspects of 
the present invention can be used for polishing applications 
With or Without abrasive particles. As such, in one aspect a 
Work piece may be polished in the absence of abrasive 
particles. In these cases, polishing occurs due to the move 
ment of the tips of the asperities across the surface being 
polished. Such abrasive-free polishing may be assisted by 
chemical slurries, electrolytic reactions, etc. In another 
aspect, hoWever, nano-abrasive particles may be included to 
increase the rate of the polishing of the Work piece. Such 
nano-abrasive particles may be included into the polishing 
tool itself, or they may be externally applied prior to or 
during the polishing operation. In one speci?c aspect, for 
example, a slurry having nano-abrasive particles may be 
applied to the Working surface of the polishing tool or to the 
interface surface of the Work piece. In another aspect, 
nano-abrasive particles may be disposed Within at least a 
portion of the Working surface, along With the nano-dia 
mond, of the polishing tool as an impregnated composite 
material. These particles may be mixed With or otherWise 
included in the material used to construct the polishing tool 
during manufacture. In order to disperse the nano-diamond 
alone or nano-diamond and other nano-abrasive particles 
uniformly Within the matrix material, abrasive particles may 
be pre-coated With a coupling agent that is Wetable by the 
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matrix material. Thus the nano-diamond and nano-abrasive 
particles Would be located at the tips of the asperities, and 
thus may increase the polishing action of the tool. As the tool 
Wears, further nano-diamond and nano-abrasive particles 
may be exposed, thus further assisting the polishing opera 
tion. In yet another embodiment, the nano-diamond alone or 
nano-diamond and other nano-abrasive particles may be 
af?xed to the Working surface of the polishing tool prior to 
or following the formation of the asperities. 
[0074] Although any nano-abrasive particle capable of 
assisting in the polishing of a Work piece Would be consid 
ered to be Within the scope of the claims of the present 
invention, speci?c examples may include, or consist of, 
diamond, boron carbide, cubic boron nitride, garnet, silica, 
ceria, alumina, Zircon, Zirconia, titania, manganese oxide, 
copper oxide, iron oxide, nickel oxide, silicon carbide, 
silicon nitride, tin oxide, titanium carbide, titanium nitride, 
tungsten carbide, yttria, and mixtures thereof. Additionally, 
various other ceramic materials may be utiliZed as nano 
abrasive particles. In one speci?c aspect, the nano-abrasive 
particles may include or consist of nano-diamond particles. 
Additionally, although nano-abrasive particles have been 
primarily discussed in relation to the polishing tools of the 
various aspects disclosed herein, it should be understood 
that for particular applications micron-sized abrasive par 
ticles may be used, and should be included Within the 
present scope. 
[0075] Regarding truing the Working surface of a sub 
strate, the present invention is meant to include taking a 
pre-trued substrate and forming asperities thereon. A tool 
having a trued surface may be purchased in the trued state, 
or may be obtained through other means. Therefore, any 
means of truing a surface of a nano-diamond impregnated 
substrate is to be included in the present invention. 
[0076] The folloWing examples present various methods 
for making the coated superabrasive particles and tools of 
the present invention. Such examples are illustrative only, 
and no limitation on present invention is meant thereby. 

EXAMPLES 

Example 1 

[0077] Nano-diamond particles of Tomei PM poWder (50 
nm) are mixed in With Al poWder and melted in vacuum to 
form a mixture. The mixture is diluted With agitation in a 
pool of molten AliSi alloy under protected atmosphere. 
The resulting alloy is cast to form a thin ?at layer that is 
rolled to a uniform thickness. The layer is then cut to form 
a circular disk. The disk is mounted on a rotating platen and 
trued With a PCD planer to a roughness (RA) of less than 5 
microns. FIG. 5 shoWs a depiction of a starting surface (top), 
a PCD planer (middle), and a ?nal trued surface (bottom). A 
PCD dresser is used to create uniform asperities of about 10 
microns. FIG. 6 shoWs a depiction of a starting surface (top), 
a PCD dresser (middle), and a dressed surface (bottom). This 
textured pad is used to polish a silicon Wafer to a mirror 
?nish of 3 nm RA. 

Example 2 

[0078] A stainless steel sheet is ?attened and mounted on 
a rotating platen. The surface is trued With a PCD planer and 
subsequently dressed With a PCD dresser to create uniform 
asperities of about 10 microns. This textured steel pad is 
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used to polish a copper coated print circuit board to achieve 
mirror ?nish of 1 micron RA. 
[0079] Of course, it is to be understood that the above 
described arrangements are only illustrative of the applica 
tion of the principles of the present invention. Numerous 
modi?cations and alternative arrangements may be devised 
by those skilled in the art Without departing from the spirit 
and scope of the present invention and the appended claims 
are intended to cover such modi?cations and arrangements. 
Thus, While the present invention has been described above 
With particularity and detail in connection With What is 
presently deemed to be the most practical and preferred 
embodiments of the invention, it Will be apparent to those of 
ordinary skill in the art that numerous modi?cations, includ 
ing, but not limited to, variations in siZe, materials, shape, 
form, function and manner of operation, assembly and use 
may be made Without departing from the principles and 
concepts set forth herein. 

What is claimed is: 
1. A method of making a polishing tool comprising: 
truing a Working surface of a nano-diamond impregnated 

substrate; 
forming asperities on the Working surface With a poly 

crystalline diamond dresser, such that the asperities 
have a height to distance ratio of from about 1:5 to 
about 5: 1, and Wherein average asperity diameter is less 
than about 175 pm. 

2. The method of claim 1, Wherein truing the Working 
surface further includes shaving the Working surface With a 
planer. 

3. The method of claim 2, Wherein the planer is a 
polycrystalline diamond planer. 

4. The method of claim 1, Wherein the height to distance 
ratio is from about 1:2 to about 2:1. 

5. The method of claim 4, Wherein the height to distance 
ratio is about 1:1. 

6. The method of claim 1, Wherein the average asperity 
diameter is less than about 150 pm. 

7. The method of claim 6, Wherein the average asperity 
diameter is less than about 125 pm. 

8. The method of claim 7, Wherein the average asperity 
diameter is less than about 100 pm. 

9. The method of claim 1, Wherein the nano-diamond 
comprises less than about 50% of the substrate. 

10. The method of claim 9, Wherein the nano-diamond 
comprises less than about 25% of the substrate. 

11. The method of claim 10, Wherein the nano-diamond 
comprises less than about 10% of the substrate. 

12. The method of claim 1, Wherein the nano-diamond 
impregnated substrate includes a member selected from the 
group consisting of organic materials, inorganic materials, 
and mixtures thereof. 

13. The method of claim 12, Wherein the nano-diamond 
impregnated substrate includes an organic material. 

14. The method of claim 13, Wherein the nano-diamond 
impregnated substrate includes the organic material selected 
from the group consisting of urethanes, carbonates, amides, 
sulfones, vinyl chlorides, acrylates, methacrylates, vinyl 
alcohols, esters, acrylamide moieties, and mixtures thereof. 

15. The method of claim 12, Wherein the nano-diamond 
impregnated substrate includes an inorganic material. 

16. The method of claim 13, Wherein the nano-diamond 
impregnated substrate includes the inorganic material 
selected from the group consisting of Al, Cu, Zn, Ga, In, Sn, 
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Ge, Pb, Tl, Cd, Ag, Au, Ni, Pd, Pt, Co, Fe, Mn, W, Mo, Cr, 
Ta, Nb, V, Sr, Ti, Si, and mixtures thereof. 

17. The method of claim 1, further comprising disposing 
nano-abrasive particles Within the Working surface of the 
substrate. 

18. The method of claim 17, Wherein the nano-abrasive 
particles include a member selected from the group consist 
ing of diamond, boron carbide, cubic boron nitride, garnet, 
silica, ceria, alumina, Zircon, Zirconia, titania, manganese 
oxide, copper oxide, iron oxide, nickel oxide, silicon car 
bide, silicon nitride, tin oxide, titanium carbide, titanium 
nitride, tungsten carbide, yttria, and mixtures thereof. 

Aug. 23, 2007 

19. The method of claim 1, Wherein the nano-diamond 
impregnated substrate is comprised of at least about 50% 
metal. 

20. The method of claim 19, Wherein the nano-diamond 
impregnated substrate is comprised of at least about 75% 
metal. 

21. The method of claim 1, Wherein the step of truing a 
Working surface comprises obtaining a nano-diamond 
impregnated substrate that is pre-trued. 

22. A tool for polishing a Work piece, comprising a tool 
made by the method of claim 1. 

* * * * * 


