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CORROSION-RESISTANT CMP CONDITIONING TOOLS AND METHODS FOR MAKING 
AND USING SAME 

RELATED APPLICATIONS 

[0001] This application claims the benefit under 35 USC 119(e) of (i) U.S. Provisional Patent 

Application No. 61/183,284, filed on June 2, 2009, with the title Corrosion Resistant CMP 

ConditioningTooIs and Methods for Making and Using Same, and (ii) U.S. Provisional Patent 

Application 61/235,980, filed August 21, 2009, with the title Abrasive Toolfor Use as a 
Chemical Mechanical Planarization Pad Conditioner, both applications being incorporated 

herein by reference in their entirety. 

BACKGROUND 

[0002] Chemical mechanical polishing or planarization (CMP) processes are carried out to 

produce flat (planar) surfaces on a variety of materials including semiconductor wafers, glasses, 

hard disc substrates, sapphire wafers and windows, plastics and so forth. Typically, CMP 

processes involve use of a polymeric pad and a slurry that contains loose abrasive particles and 

other chcmical additives to make possible the removal process by both chemical and mcchanical 

actions. 

[0003 ] During the process, the polishing pad becomes glazed with polishing residues and a 

conditioner is typically used to condition or dress polishing pads. Generally, tools for 

conditioning CMP pads, also known as CMP conditioners, or CMP dressers, are fabricated by 

using a metal bond (electroplated, brazed or sintered) to fix abrasive particles to a preform and 

create a tool surface that can condition polishing pads. In some cases, the conditioner not only 

conditions the glazed surface of the pad but can also generate pad texture or topography which 

can influence wafer surface quality. Inappropriate conditioning of the polishing pad can produce 

micro-scratches on the polished wafer surface and increase dishing. 

[0004] CMP conditioners that are based on stainless steel substrates and manufactured through 

brazing or powder metal sintering technologies, tend to be susceptible to chemical attacks in 

highly corrosive environments, such as highly acidic tungsten (W) or copper (Cu) slurries, 

leading to premature failure of the conditioner. For instance, braze components such as nickel 

(Ni), chromium (Cr), and others are leached out of the bonding system, forming a porous metal 

bond microstructure, often at both surfacc and subsurfacc levels. In turn this accclcratcs the 
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corrosion process due to increased surface area. Higher trace metal contents in the applied CMP 

slurry, also can lead to potential wafer contaminations. 

SUMMARY 

[0005] A need exist therefore, for tools and techniques for conditioning polishing pads that 

reduce or minimize the corrosive effects described above. 

[0006] Some aspects of the invention relate to a tool for conditioning a CMP pad. In specific 

implementations, the tool has two (first and second) working (abrading) surfaces that are opposite 

to one another. Tools in which only one surface is an abrading surface also can be utilized. 

Some of the abrasive tools include a plate or holder and suitable means for removably coupling 

the abrasive portion of the tool with the plate. 

[0007] One or more parts of the tool are coated. In some cases, all metal-containing surfaces 

that come into contact with CMP fluids are coated. In other cases, the entire tool, including, for 

instance, all abrading surface(s), non-working surfaces, e.g., side surfaces or surfaces that do not 

include abrasive grains, plate (in those designs that employ such a fixture) and so forth, are 

coated. The coating can be a fluorinated nanocomposite coating, for instance a nanocomposite 

containing carbon, silicon, oxygen, and doped fluorine. Hydrogen or additional dopants also can 

be present in the coating. Other suitable coatings include polymer, diamond-like carbon, 

fluorinated nanocomposite, plated metal and others. In one example, the coating is hydrophobic. 

In another example, the coating has corrosion-resistant properties. 

[0008] In one embodiment, a tool for conditioning a CMP pad includes abrasive grains 

coupled to a substrate through a metal bond and a coating to one or more surfaces of the tool. In 

some implementations, the abrasive grains have a selected maximum diameter and a selected size 

range, and are adhered in a single layer array to the substrate by the bond, characterized in that 

the abrasive grains are oriented in the array according to a non-uniform pattern having an 

exclusionary zone around each abrasive grain, each exclusionary zone having a minimum 

diameter that excecds the maximum diameter of the desired abrasive grain grit size. 

[0009] Other aspects of the invention relate to a method for manufacturing a tool for dressing 

a CMP pad. 

[0010] In one embodiment, a method for manufacturing an abrasive tool for conditioning a 

CMP pad, the tool having individual abrasive grains placed in a controlled, random spatial array 

such that the individual grains are non-contiguous, includes: (i) coupling abrasive grains to a 

substrate to form a fired tool, wherein the tool is prepared by a process comprising: (a) selecting a 
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two-dimensional planar area having a defined size and shape; (b) selecting a desired abrasive 

grain grit size and concentration for the planar area; (c) randomly generating a series of two-

dimensional coordinate values; (d) restricting each pair of randomly generated coordinate values 

to coordinate values differing from any neighboring coordinate value pair by a minimum value 

(k); (e) generating an array of the restricted, randomly generated coordinate values having 

sufficient pairs, plotted as points on a graph, to yield the desired abrasive grain concentration for 

the selected two dimensional planar area and the selected abrasive grain grit size; and (f) 

centering an abrasive grain at each point on the array; (ii) firing the tool; and (iii) applying a 

coating on at least one surface of the fired tool. 

[0011] In another embodiment, a method for manufacturing abrasive tools having individual 

abrasive grains placed in a controlled, random spatial array such that the individual grains are 

non-contiguous, includes: (i) coupling abrasive grains to a substrate to form a fired tool, wherein 

the tool is prepared by a process comprising the steps of: (a) selecting a two-dimensional planar 

area having a defined size and shape; (b) selecting a desired abrasive grain grit size and 

concentration for the planar area; (c) selecting a series of coordinate value pairs (xl, yl) such that 

the coordinate values along at least one axis are restricted to a numerical sequence wherein each 

value differs from the next value by a constant amount; (d) decoupling each selected coordinate 

value pair (xl, yl) to yield a set of selected x values and a set of selected y values; (e) randomly 

selecting from the sets of x and y values a series of random coordinate value pairs (x, y), each 

pair having coordinate values differing from coordinate values of any neighboring coordinate 

value pair by a minimum value (k); (f) generating an array of the randomly selected coordinate 

value pairs having sufficient pairs, plotted as points on a graph, to yield the desired abrasive grain 

concentration for the selected two dimensional planar area and the selected abrasive grain grit 

size; and (g) centering an abrasive grain at each point on the array; and (ii) applying a coating on 

a working surface of the tool. 

[0012] In a further embodiment a method for manufacturing an abrasive tool for conditioning 

a CMP pad includes coating a CMP conditioner that has abrasive grains coupled to a substrate via 

a metal bond by a process comprising: (a) positioning the CMP conditioner in a vacuum 

deposition chamber; and (b) depositing a composition containing carbon, silicon, oxygen, 

hydrogen, and fluorine onto it by co-deposition of clusterless particle beams that include ions, 

atoms, or radicals of the carbon, silicon, oxygen, hydrogen, and fluorine, wherein the mean free 

path of each particle species is in excess of the distance between its source and the growing 

particle coating surface of the conditioner. 
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[0013] In yet another embodiment, a method for manufacturing an abrasive tool for 

conditioning a CMP pad comprises coating at least one surface of a CMP conditioner that 

includes abrasive grains coupled to a substrate through a metal bond, by a process comprising 

applying a fluorine-doped nanocomposite coating to the at least one surface of the CMP 

conditioner via co-deposition by clusterless beams of ions, atoms or radicals of the relevant 

elements, where the mean free path of each particle species preferably exceeds the distance 

between its source and the growing particle coating surface, and each beam contains particles of 

well-defined energy. 

[0014 ] Further aspects of the invention relate to a method of conditioning a CMP pad. 

[0015] In one embodiment, a method for conditioning a CMP pad, comprises: dressing a 

surface of the CMP pad with a tool that includes (a) abrasive grains coupled to a substrate 

through a metal bond, the abrasive grains having a selected maximum diameter and a selected 

size range, and the abrasive grains being adhered in a single layer array to the substrate by the 

bond, characterized in that the abrasive grains are oriented in the array according to a non­

uniform pattern having an exclusionary zone around each abrasive grain, each exclusionary zone 

having a minimum diameter that exceeds the maximum diameter of the desired abrasive grain grit 

size; and (b) a coating at one or more surfaces of the tool. 

[0016] In another embodiment, a method for conditioning a CMP pad, comprises: (a) 

contacting a dresser with the CMP pad, wherein the dresser includes abrasive grains coupled to a 

substrate through a metal bond and a nanocomposite coating that contains carbon, silicon, 

oxygen, hydrogen, and fluorine at one or more surfaces of the dresser; and (b) refurbishing a 

working surfacc of the CMP pad, thereby conditioning said pad. 

[0017] In a further embodiment, a method of dressing a CMP pad includes coupling an 

abrasive article to a dressing machine, the abrasive article comprising a substrate having a first 

major surface and a second major surface opposite the first major surface, wherein the abrasive 

article comprises a first abrasive surface at the first major surface of the substrate, and a second 

abrasive surface at the second major surface of the substrate, at least one of said abrasive surfaces 

being coatcd, and wherein the abrasive article is mounted on the dressing machine to expose the 

first abrasive surface; contacting the first abrasive surface to a surface of a first CMP pad and 

moving the first CMP pad relative to the first abrasive surface to condition the first CMP pad; 

inverting the abrasive article to expose the second abrasive surface; and contacting the second 

abrasive surface to a surface of a second CMP pad and moving the second CMP pad relative to 

the second abrasive surface to condition the second CMP pad. 
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[0018] The invention can be practiced with many types of CMP dressers and has many 

advantages. For example, tools for conditioning CMP pads are provided with a coating that 

preferably is hydrophobic, thus reducing or minimizing CMP residue buildup and the formation 

of tribological films. As a result, the dresser performance can be be maximized or enhanced, 

since the diamonds will be in effect until all the performing sharp edges are dulled. Coated CMP 

conditioners described herein preferably are resistant to corrosion and/or erosion, peeling or 

delamination. Some of the coatings employed are extremely hard and long lasting and can be 

"tuned" or altered as desired, e.g., by manipulating their chemical composition, to obtain the best 
combination of properties for a particular CMP application. 

[0019] The inert nature of some of the coatings described (e.g., F-DNC, further discussed 

below) makes CMP dressers particularly well suited for harsh CMP applications such as W or Cu 

CMP. On one hand, the coating itself will not react with the low-PH metal CMP slurries; on the 

other hand, the hydrophobic coating can also prevent the chemical leaching of alloy components 

from the subsurface braze microstructure. Therefore minimized metal contamination on polished 

wafer surface can be achieved. In some implementations, tools disclosed herein are particularly 
useful for CMP environments such as found, for instance, in Interlayer Dielectric (ILD) or 

Shallow Trench Isolation (STI) applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In the accompanying drawings, reference characters refer to the same parts throughout 

the different views. The drawings arc not necessarily to scale; emphasis has instead been placed 

upon illustrating the principles of the invention. Of the drawings: 

[0021 ] FIG. 1 includes a cross-sectional illustration of a portion of an abrasive tool. 

[0022] FIG. 2 is a scanning electron microscope image showing a porous metal bond 

microstructure (at surface and subsurface level) on a dresser surface after soaking in W2000 

slurry. 

[0023] FIG. 3 is an image showing water droplets standing on a F-DNC coated dresser 

surface. 

[0024] FIG. 4 is an image showing water droplets standing on a F-DNC coated dresser 

surface. 

[0025] FIG. 5 shows contact angle measurement results for one F-DNC coated dresser surface. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] The invention generally relates to tools for conditioning CMP pads, methods for 

making and methods for using such tools. 

[0027] In one embodiment, the invention is directed to a tool for conditioning CMP pads. The 

tool includes abrasive grains coupled to a support member (also referred to herein as a substrate) 

and a coating. 

[0028] Typically, support members utilized in tools for conditioning CMP pads have at least 

two sides or faces typically opposite one another (e.g., front and back), also referred herein as 

major surfaces. Disk-like or cylindrical shapes are typical but other configurations also can be 

utilized. The front side and the back side of the support can be substantially parallel to one 

another and, in some cases, the tool is manufactured to have an out-of-flatness of less than about 

0.002 inch. For example, the tool may have an out-of-flatness, of less than about 0.01 inches, and 

in some cases, less than about 0.002 inches. 

[0029] Support members can be made, in whole or in part, of metal alloys, polymeric 

materials or combinations of metal, metal alloys and/or polymers. Other materials also can be 

employed. Typically, the support member (or substrate) is made of a material suitable for 

withstanding the rigors of abrasive processing. For instance, the substrate can utilize a material 

having an elastic modulus of at least 2E3 MPa. In other embodiments, the substrate may be made 

of a material having a greater elastic modulus, such as on the order of at least about 5E3 MPa, 

such as at least about 1E4 MPa, or even at least about 1E5 MPa. In particular instances, the 

substrate material has an elastic modulus within a range between about 2E3 MPa and about 4E5. 

[0030] A plurality of abrasive particlcs (grains or grits) is couplcd to one or more surfaces of 

the support member. Tools for conditioning CMP pads can utilize superabrasives, for example, 

diamond, e.g., natural or synthetic, cubic boron nitride (CBN) or other abrasives such as oxides, 

e.g., alumina, silica, borides, nitrides, carbides, e.g., silicon carbide, carbon-based structures 

(including man-made carbon-based materials such as fullerenes), or combinations of different 

types of abrasives and/or superabrasives. In specific implementations diamond abrasive grains 

are coupled (attached) to a substrate, e.g., a disk-like substrate, that is made of stainless steel. 

[0031] The abrasive grains have a size suitable for a specific application. In some CMP 

conditioners, for instance, at least 50% (by weight) of the abrasive particles, e.g., diamond 

particles, have a particle size of less than 75 micrometers (|im). In other examples, at least about 

95% (by weight) of the abrasive particles have a particle size of less than about 85 jxm. 
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[0032] In other implementations, the abrasive grains have an average grit size that is less than 

about 250 microns. In some instances smaller abrasive grains may be used such that the average 

grit size is not greater than about 200 microns, not greater than about 100 microns, or even not 

greater than about 50 microns. In particular examples, the abrasive grains have an average grit 

size within a range between about 1 micron and about 250 microns, such as within a range 

between about 1 micron and about 100 microns. 

[0033] In an embodiment, abrasive grains are coupled to one side, while the second side is 

provided with a metal bond that contains no abrasive grains or contains inert (with respect to the 

tool manufacturing process) filler particles. 

[0034] Other arrangements can be employed. For instance U.S. Patent Application No. 

12/651,326, with the title of Abrasive Tool for Use as a Chemical Planarization Pad Conditioner, 

filed December 31, 2009, which is incorporated herein by reference in its entirety, describes an 

abrasive tool for use as a CMP pad conditioner (dresser) that includes an abrasive article having 

two (first and second) abrading surfaces. The tool can be provided with coupling means for 

removably coupling the abrasive article with a fixture or plate (also referred to herein as a holder) 

that can be made from metals, metal alloys, polymers or a combination thereof. In some cases, 

the plate includes transition metal elements. The abrasive tool can include different types of 

engagement structures facilitating removal and/or reversing of the abrasive tool such that both 

first and second abrading surfaces are useable. 

[ 0035] For example, an abrasive tool for use as a CMP pad conditioner comprises a plate, and 

an abrasive article that includes a substrate having a first major surface and a second major 

surface opposite the first major surface. The CMP pad conditioner also includes a first layer of 

abrasive grains attached to the first major surface, a second layer of abrasive grains attached to 

the second major surface, and an engagement structure configured to engage a portion of the plate 

and removably couple the abrasive article and the plate. 

[0036] Other examples relate to an abrasive tool for use as a CMP pad conditioner including a 

plate and an abrasive article having a substrate including a first major surface and a second major 

surface opposite the first major surface, a first layer of abrasive grains attached to the first major 

surface, and a second layer of abrasive grains attached to the second major surface. The abrasive 

tool is formed such that the plate and abrasive article are removably coupled via a coupling 

mechanism. 

[0037] A cross-sectional illustration of an abrasive tool that can be employed is shown in FIG. 

1. In particular, abrasive tool 300 includes an abrasive article 250 that is removably coupled to a 
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plate 301. The abrasive article 250 includes a substrate 201 with a first major surface 202 and a 

second surface 204 opposite the first major surface 202 that are joined by side surfaces. The 

abrasive article 250 further includes a first bonding layer 203 overlying and abutting the first 

major surface 202, and a first layer of abrasive grains 221 contained within the bonding layer 203, 

such that the abrasive grains are secured to the substrate 201. Also illustrated is a second bonding 

layer 205 overlying and abutting the second major surface 204, and a second layer of abrasive 

grains 223 contained within the bonding layer 205, such that the abrasive grains are secured to the 

substrate 201. 

[0038] Plate 301 includes a recess 304 extending into the interior of the plate 301 and 

configured to provide a space for removably coupling the abrasive article 201. The plate 301 and 

abrasive article 300 are removably coupled to each other via coupling mechanisms 351 and 352 

that include the engagement structures 257 and 258 of the abrasive article 250 engaged with 

complementary coupling surfaces 261 and 262 of the plate 301. That is, the plate 301 has 

particular shapes and coupling surfaces 261 and 262 particularly designed to be removably 

coupled to the abrasive article 250 having first and second working surfaces incorporating 

abrasive grains. 

[0039] As illustrated, the abrasive tool 300 includes a plate 301 having a recess 304 such that 

the abrasive article 250 can be removably coupled to the plate 301 within the recess 304. In 

accordance with a particular embodiment, the recess 304 has a depth 305 as measured between 

the upper surface 331 of the plate 301 and the bottom surface 309 of the recess 304. Notably, the 

depth 305 of the recess 304 can be significantly greater than the height 335 of the abrasive article 

200, such that the layer of abrasive grains 223 contained within the recess 304 are spaced apart 

from the bottom surface 309. Such an arrangement facilitates sufficient spacing between the 

bottom surface 309 and first layer of abrasive grains 223 to avoid destruction, dulling, or altering 

of the characteristics and orientation of the abrasive grains 223. 

[0040] As further illustrated, the abrasive tool 300 is designed such that the abrasive article 

250 is particularly situated within the recess 304 of the plate 301. That is, the upper major 

surface 202 of the substrate 201 can be flush with the upper surface 331 of the plate 301 such that 

only the bonding layer 203 and layer of abrasive grains 221 extend above the upper surface 331 

of the plate 301. Such a configuration facilitates the engagement of the layer of abrasive grains 

221 during a conditioning process and apt spacing between the upper surface 331 of the plate 301 

and the pad during a dressing operation. The orientation between the abrasive article 250 and 

plate 301 in such a manner can be facilitated by the coupling mechanisms 351 and 352 which 

facilitate fixing the orientation between the abrasive article 250 and the plate 301. 
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[0041] The plate can include a material that is suitable for use in CMP processing. For 

example, the plate 301 can include the same material as that used in the substrate or support 

member. In specific implementations, the plate 301 is formed of a material having suitable 

mechanical characteristics, such as an elastic modulus of at least 2K3 MPa. For example, plate 

301 can be made of a material having an elastic modulus within a range between about 2E3 MPa 

and about 4E5 MPa. 

[0042] Some suitable materials for use as the plate 301 can include metals, metal alloys, 

polymers, and a combination thereof. For instance, in certain embodiments, the plate 301 is made 

of a metal material, such as a metal alloy, and particularly including transition metal elements. 

Alternatively, the plate 301 can include a polymer material, such that the plate is made of a 

durable polymer such as a thermoplastic, thermoset, or resin material. 

[0043] In some embodiments the plate 301 is designed to withstand repetitive CMP processing 

and dressing procedures. That is, the plate 301 is intended to be a reusable member, such that it 

may undergo many uses before being replaced. For instance, the plate 301 can be designed such 
that it is reusable for a lifetime extending beyond that of the abrasive article 250. 

[0044] The plate 301 can include recesses 302 and 303 configured for engagement with a 

fixture typically designed to hold the dresser, such that the plate 301 and abrasive article 250 can 

be rotated in accordance with a dressing operation. It will be appreciated that while the plate 301 

is illustrated as having recesses 302 and 303 for engagement with a fixture, other engagement 

structures may be used such as an arbor hole through the center of the plate 301 or other 

structures suitably designed such that the plate 301 can be rotated with the abrasive article 200 for 

conditioning and dressing of a CMP pad. 

[0045] Various means can be used for coupling the abrasive article to the plate, as described, 

for instance, in U.S. Patent Application No. 12/651,326, with the title of Abrasive Tool for Use as 
a Chemical Planarization Pad Conditioner, filed December 31, 2009, which is incorporated 

herein by reference in its entirety. Features and engagement structures can include a variety of 

connections, such as interference fit connections, latches, fasteners, levers, clamps, chucks, or a 

combination thereof. Certain coupling mcchanisms may include magnetic coupling devices 

and/or electrode coupling devices (e.g., anodic bonding) between the abrasive article 250 and the 
plate 301. 

[004 6] In one example, an abrasive tool includes sealing means that can reduce or minimize 

penetration of CMP fluids and debris into the connection between the abrasive article 250 and the 

plate 301. Otherwise, such materials may contaminate other pads in subsequent dressing 
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operations. Sealing members can be attached to plate 301, substrate 201 or both. In one 

implementation, a sealing member may extend in a direction along the periphery of the side 

surface 206 of the substrate 201. That is, the sealing member can extend circumferentially (in the 

case of a circular substrate) around the entire periphery of the side surface of the substrate 201. 

Likewise, the sealing member can be engaged with a corresponding recess and extend along the 

periphery, and particularly the entire periphery, of the side surface of the substrate 201. In one 

example, the sealing member is disposed within a recess along the side surface of the substrate 

201. 

[0047] In another example, an abrasive tool for use as a CMP pad conditioner includes an 

abrasive article made of a substrate having a first major surface and a second major surface 

opposite the first major surface, a first layer of abrasive grains attached to the first major surface, 

and a second layer of abrasive grains attached to the second major surface. A plate includes a 

magnet for removably coupling the plate and the abrasive article. 

[0048] In still another example, an abrasive tool for use as a CMP pad conditioner includes a 

plate, e.g., a metal or metal alloy plate, comprising a recess, and an abrasive article removably 

coupled within the recess. The abrasive article includes a substrate having a first major surface 

and a first layer of abrasive grains attached to the first major surface. In some instances the first 

layer of abrasive grains has a flatness of not greater than about 0.02 cm as measured by optical 

auto-focusing technology. For example, the first layer of abrasive grains can have a flatness of 

not greater than about 0.01 cm, or even not greater than about 0.005 cm. In one example, flatness 

measurements are gathered using optical auto-focusing technology to measure distance between 

points. An example of such technology is the Benchmark 450™ commonly available from 

VIEW Engineering, Inc. 

[0049] In a further example, a CMP pad conditioner has a substrate (support) including a first 

major surface and a second major surface opposite the first major surface, a first layer of abrasive 

grains attached to the first major surface, and a second layer of abrasive grains attached to the 

second major surface. The abrasive tool can further include a first indicia on the substrate 

corresponding to the first major surface and identifying a wear status of the first layer of abrasive 

grains. Optionally, indicia can be provided in similar fashion to indicate a wear status of the 

second layer of abrasive grains. 

[0050] Such indicia can identify the number of times the first and/or second layer of abrasive 

grains has been used in a conditioning operation and/or can aid a user in identifying the side that 

is used versus a side that is unused, and can identify the remaining useable life of a corresponding 
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layer of abrasive grains. The indicia can include physical markings or printed markings, such as 

roman numerals, indicating the number of times the respective layer of abrasive grains 221 and 

223 have been used. Color indicators, wherein the indicia have different color states identifying 

the wear status of the respective layer of abrasive grains, also can be utilized. In particular, the 

color indicators can have various color states wherein the color of the indicia changes with 

repetitive exposure to certain chemicals used in the CMP process. The indicia may be a score or 

user implemented material, such as a piece of adhesive or tape or other identifying structure 

indicating the number of times a layer of abrasive grains has been used and ultimately the wear 

status of the layer of abrasive 

[0051] Abrasive articles such as those disclosed in U.S. Patent Application No. 12/651,326, 

with the title of Abrasive Tool for Use as a Chemical Planarization Pad Conditioner, filed 

December 31, 2009 and incorporated herein by reference in its entirety can be prepared by 

various methods. For instance, as described in U.S. Patent Application No. 12/651,326, a method 

of forming an abrasive article includes the steps of placing a first bonding layer material on a first 

major surface of a substrate, wherein the substrate comprises an engagement structure configured 

to removably couple the substrate to a plate, and placing a first layer of abrasive grains within the 

first bonding layer material. The method further includes placing a second bonding layer material 

on a second major surface of the substrate, wherein the second major surface is opposite the first 

major surface, placing a second layer of abrasive grains within the second bonding layer material, 

and forming a CMP pad conditioner comprising a first abrasive surface defined by the first layer 

of abrasive grains on the first major surface and a second abrasive surface defined by the second 

layer of abrasive grains on the second major surface. 

[0052 ] Placement of the second bonding layer material can include processes that are similar 

to, or the same as, the placement of the first bonding layer material on the first major surface. In 

particular processes, the placement of the second bonding layer may include suspension of the 

substrate such that the completed first bonding layer material and the first layer of abrasive grains 

are not in contact with any surfaces. Suspension of the substrate while forming the second 

bonding layer avoids a change in the placement or orientation of the first layer of abrasive grains, 

or even dulling of the first layer of abrasive grains. The substrate may be suspended using 

mechanical means, pressurized means, or the like. 

[0053] Arrangements that include two sided abrading surfaces can include the same or 

different abrasive materials and/or grain sizes on the two opposite faces of the support member. 

Thus the abrasive grains at the second abrading face can be the same as the abrasive grains at the 

first face, including the same type of material and the same average grit size. However, in 
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particular embodiments, the abrasive grains of the second layer can be different from the abrasive 

grains used in the first layer of abrasive grains. Use of different abrasive grains between the first 

major surface and second major surface may facilitate formation of an abrasive article capable of 

conducting different dressing operations. For example, the abrasive grains of the second layer 

may contain a different type of material than the abrasive grains of the first layer. In some 

designs, the abrasive grains of the second layer can have a different average grit size for 

completing a different dressing operation either on the same CMP pad or a different type of CMP 

pad. 

[0054] Approaches that can be employed to couple or attach abrasive particles to at least one 

side of the support member, typically the working face, or to both sides (opposite from one 

another, as described above), include, for instance, brazing, electroplating or sintering (e.g., using 

metal powder technology). Other types of bonding materials include, for instance, organic resins 

or vitrified bonds. The coupling means employed to attach abrasive grains to opposite abrading 

faces of a support member can be the same or different. 

[0055] In one example, the abrasive grains are coupled by brazing with a brazing alloy. For 

instance, a brazing layer, e.g., brazing film, can be bonded to one or more sides of the support 

member. Abrasive particles are then applied, for instance by positioning abrasive particles on the 

layer(s) of braze to form a green part. Firing the green part melts the braze layer and is followed 

by cooling, to chemically bond the abrasive particles with brazing alloy to the support member. 

The chemical composition of metal bonds typically employed to couple abrasive grains such as 

diamonds to the substrate, e.g., a steel preform, often include elemental Ni plating or brazes, e.g. 

Nicrobraz® LM (BNi-2) braze from Wall Colmonoy Corporation, Madison Heights, MI. Many 

of the braze films used in the arrangements described herein include a nickel alloy having a 

chromium content of at least about 2% by weight. 

[0056] The brazing film can have a thickness, that is, for instance, between about 1% and 

about 60% of the smallest particle size of the abrasive particles employed and can be, for 

instance, braze tape, braze foil, braze tape with perforations, or braze foil with perforations. With 

perforated foil, for example, positioning abrasive particles on the laycr(s) of braze may include, 

for example: applying adhesive to all layers of braze; positioning a placement foil or tape having 

a plurality of openings on each layer of adhesive; and contacting the abrasive particles with the 

adhesive through the openings. 

[0057] In one implementation, the support member is a stainless steel disk, the brazing film is 

brazing foil and the abrasive particles are diamonds. In one case, at least about 50% (by weight) 
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of the diamonds have, independently, a particle size between about 65 micrometers and about 75 

micrometers. 

[0058] Positioning the abrasive particles may include, for example, applying the abrasive 

particles to a plurality of openings in or on at least a portion of a brazing film, wherein each 

opening is configured to receive one of the abrasive particles. Applying the abrasive particles to 

a plurality of openings in or on at least a portion of the brazing film may include, for example, 

applying a layer of adhesive to at least one portion of the brazing film, positioning a placement 

guide comprising at least a portion of the plurality of openings on the layer of adhesive, and 

contacting the abrasive particles with the adhesive through the openings. In another approach, 

positioning the abrasive particles may include, for example, applying adhesive to at least a 

portion of the brazing film, and randomly distributing the abrasive particles on the adhesive. 

[0059] The conditioning tool can be provided with a specific surface topography which, when 

used, achieves the desired pad conditioning and CMP conditioners can be manufactured to have a 

number of configurations. The abrasive grains may be positioned, for example, in the form of 

one or more patterns and, in turn, a pattern may comprise one or more sub-patterns. 

[00 60] Each pattern can have objects that define a border and accordingly a shape of the 

pattern. Various pattern shapes can be utilized. In some cases, the shape of the pattern is 

adjusted to be similar to the shape of the side of the support member (e.g., if the support member 

has a circular side, the pattern has a circular shape). 

[0061] Examples of patterns that can be utilized include face centered cubic pattern, cubic 

pattern, hexagonal pattern, rhombic pattern, spiral pattern, random pattern, and combinations of 

such patterns. Hexagonal pattern, for instance, refers to an arrangement of objects in which each 

object that does not define the border of the pattern has six objects surrounding it in equal 

distance. One or more sub-patterns and one or more random patterns may be combined to form 

mixed patterns. Random abrasive grain patterns (e.g., where grains are randomly distributed on 

the substrate) can be used as well. Such patterns can include pseudo-random and chaotic or 

fractal patterns. 

[0062] In tools that have two working (abrading) surfaces, patterns can be provided to only 

one or to both surfaces. 

[0063] In one example, an abrasive tool includes a CMP pad conditioner made of a substrate 

having a first major surface and a second major surface opposite the first major surface, wherein 

the first major surface includes an abrasive texture including a first upper surface defined by 
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upper portions of a first set of protrusions extending from a lower surface defined by a first set of 

grooves separating the first set of protrusions. The second major surface includes an abrasive 

texture including a second upper surface defined by upper portions of a second set of protrusions 

extending from a lower surface defined by a second set of grooves separating the second set of 

protrusions. Arrangements that employ two abrading surfaces can use the same or different 

patters to form the sets of groves and protrusions on the respective surfaces. 

[0064] Traditionally, diamond grains generally have been placed on a conditioner surface in 

either random distribution or patterned distribution. A conditioner with a regular patterned array 

can have inherent periodicity of diamond in Cartesian coordinates which may imprint undesirable 

regularity on the pad. Truly random arrays, on the other hand, tend to generate diamond free 

zones. A self-avoiding random distribution (SARD™) was developed by Saint-Gobain 

Abrasives, Inc. to overcome these shortcomings. In general, a SARD™ array can be designed so 

that there is no repeat pattern, and also no diamond free zones. Furthermore, each SARD™ 

conditioner can be fabricated with exact duplication of each diamond position to provide superior 

polishing performance in terms of process stability, lot-to-lot consistency, and wafer uniformity. 

In tools such as described U.S. Patent Application No. 12/651,326, with the title of Abrasive Tool 

for Use as a Chemical Planarization Pad Conditioner, filed on December 31, 2009 and 
incorporated herein by reference in its entirety, SARD™ techniques can be utilized to generate 

one or both abrading surfaces. 

[0065] CMP conditioning tools configured according to the SARD™ pattern are described, for 

example, in U.S. Patent No. 7,507,267 issued to Richard W. J. Hall et al. on March 24, 2009, the 

teachings of which arc incorporated herein by rcfercncc in their entirety. 

[0066] In preferred aspects, a tool for conditioning a CMP pad includes abrasive grains, bond 

and a substrate, the abrasive grains having a selected maximum diameter and a selected size 

range, and the abrasive grains being adhered in a single layer array to the substrate by the bond, 

characterized in that: (a) the abrasive grains are oriented in the array according to a non-uniform 

pattern having an exclusionary zone around each abrasive grain, and (b) each exclusionary zone 

has a minimum radius that exceeds the maximum radius of the desired abrasive grain grit size. 

[0067] A method for manufacturing abrasive tools having a selected exclusionary zone around 

each abrasive grain includes the steps of (a) selecting a two-dimensional planar area having a 

defined size and shape; (b) selecting a desired abrasive grain grit size and concentration for the 

planar area; (c) randomly generating a series of two-dimensional coordinate values; (d) restricting 

each pair of randomly generated coordinate values to coordinate values differing from any 
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neighboring coordinate value pair by a minimum value (k); (e) generating an array of the 

restricted, randomly generated coordinate values having sufficient pairs, plotted as points on a 

graph, to yield the desired abrasive grain concentration for the selected two dimensional planar 

area and the selected abrasive grain grit size; and centering an abrasive grain at each point on the 

array. 

[0068] Another method for manufacturing abrasive tools having a selected exclusionary zone 

around each abrasive grain includes the steps of (a) selecting a two-dimensional planar area 

having a defined size and shape; (b) selecting a desired abrasive grain grit size and concentration 

for the planar area; (c) selecting a series of coordinate value pairs (xj, yi) such that the coordinate 

values along at least one axis are restricted to a numerical sequence wherein each value differs 

from the next value by a constant amount; (d) decoupling each selected coordinate value pair (xj, 

yi) to yield a set of selected x values and a set of selected y values; (e) randomly selecting from 

the sets of x and y values a series of random coordinate value pairs (x, y), each pair having 

coordinate values differing from coordinate values of any neighboring coordinate value pair by a 

minimum value (k); (f) generating an array of the randomly selected coordinate value pairs 

having sufficient pairs, plotted as points on a graph, to yield the desired abrasive grain 

concentration for the selected two dimensional planar area and the selected abrasive grain grit 

size; and (g) centering an abrasive grain at each point on the array. 

[0069] Desired inter-particle spacings can be achieved, for example, by using an abrasive 

placement guide that has openings with a corresponding inter-opening spacing. In some cases, a 

specific pattern can be integrated into the brazing film. For instance, the brazing film (e.g., foil) 

can be provided with a plurality of openings or perforations in the desired pattern. In preferred 

implementations, each perforation is sized for holding a single abrasive particle so that post-firing 

the abrasive grains form a grain pattern substantially similar to the pattern of openings. 

Perforations also can allow out-gassing of volatized adhesive during brazing, thereby reducing 

lift-up of the brazing film. 

[0070] The tool can have an abrasive particle concentration of greater than about 4000 

abrasive particlcs/square inch (620 abrasive particlcs/squarc ccntimctcr or cm2) and an intcr-

particle spacing so that substantially no abrasive particles are touching other abrasive particles 

(e.g., less than 5% by volume of abrasive particles are touching other abrasive particles). In some 

such eases, the abrasive particlc concentration is greater than about 10000 abrasive 

particles/square inch (1550 abrasive particles/cm2). 
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[0071] Other types of CMP pad dressers can be utilized. For example, suitable CMP dressing 

tools are described in U.S. Patent Application Publication No. 2008/0271384 published on 

November 6,2008 with the title Conditioning Tool and Techniques for Chemical Mechanical 

Planarization, the teachings of which are incorporated herein by reference in their entirety; and in 

U.S. Patent Application Publication No. 2009/0053980 to Hwang et al., published on February 

26, 2009 with the title Optimized CMP Conditioner Design for Next Generation Oxide/Metal 
CMP, the teachings of which are incorporated herein by reference in their entirety. 

[0072] In one implementation, a tool for CMP pad conditioning includes abrasive grains, 

bond, and a substrate. The abrasive grains are adhered in a single layer array to the substrate by 

the bond, (e.g., braze tape or braze foil). The abrasive grains are optimized with respect to grain 

size, grain distribution, grain shape, grain concentration, and grain protrusion height distribution, 

thereby enabling a desirable CMP pad texture to be achieved. The abrasive grains can be 

oriented, for example, in the array according to a non-uniform pattern having an exclusionary 

zone around each abrasive grain, and each exclusionary zone has a minimum radius that exceeds 

the maximum radius of the desired abrasive grain grit size. In one particular case, at least 50% 

(by weight) of the abrasive grains have, independently, a particle size of less than about 75 

micrometers. In another particular case, the desirable CMP pad texture is a surface finish of less 

than 1.8 microns or micrometers (jim), Ra. In yet another particular case, the bond that adheres 

the abrasive grains to the substrate is one of braze tape or braze foil. In a further particular case, 

the desirable CMP pad texture provided by the tool is resistant to abrasive agglomeration, thereby 

reducing dishing on wafers processed by the pad. 

[0073] The abrasive tool for CMP pad conditioning also includes a coating. The coating can 

be disposed at one or more of the brazed, sintered or electroplated CMP dresser surfaces. For 

instance, the coating is applied to the working surface of a dresser or conditioner, and, optionally, 

to other surfaces. In tools that have a single working surface, both the abrading face and the 

opposite non abrading face can be coated. A tool such as described, for example, in U.S. Patent 

Application No. 12/651,326, with the title of Abrasive Too! for Use as a Chemical Planarization 

Pad Conditioner, filed December 31, 2009 and incorporated herein by reference in its entirety, 

can have one or both abrading surfaces coated. In further implementations, the plate (holder) is 

also coated in part or in its entirely. In some cases, the entire tool, including, if used, a plate such 

as described herein, is coatcd. In other cases, all mctal-containing surfaces that comc in contact 

with the CMP slurry are coated. The same or different types of coating can be applied to various 

parts of the CMP pad conditioning tool. 
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[0074] Preferably the coating provides corrosion resistance and/or other properties, e.g., 

hydrophobicity, hardness, good adherence to the surface being coated, resistance to erosion, 

delamination or peeling and so forth. Corrosion generally refers to electrochemical degradation 

of metals or alloys due to reaction(s) with their environment, which often is accelerated by the 

presence of acids or bases. In general, the corrodibility of a metal or alloy depends upon its 

position in the activity series. Corrosion products often take the form of metallic oxides or 

halides. In the particular context of CMP applications, corrosion also refers to the dissolution of 

metals or alloy components into a corrosive solution, in this case the chemical slurry employed. 

This dissolution is induced by the electrochemical potential differences between the metal/alloy 

components involved. For instance, the Ni and NiSi2 phases in the braze alloy act differently in 

either Cu or W slurry, the Ni phase generally being leached out ahead of NiSi2. Typical results of 

corrosion phenomena in CMP applications include the porous metal bond microstructure that 

typically occurs at both surfacc and subsurface levels, as illustrated in FIG. 2. 

[0075] Several types of coatings can be employed. Examples include but are not limited to 

organic/polymer/fluororesin, e.g., parylene, diamond-like carbon coatings (DLC), diamond-like 

nanocomposite coatings (DNC), fluorinated nanocomposite coatings and others, for instance, 

plated coatings, e.g., Cr, Ni, Pd and so forth. 

[007 6] Organic coatings based on polymers such as, for instance, parylene generally are 

hydrophobic but often arc characterized by low wear rcsistancc, especially in aggressive CMP 

applications, where the soft coating can be worn out or peeled off due, for example, to inadequate 

coating adhesion. 

[0077] If aggressive abrasion is involved, which is, for instance, the ease with diamond 

working surfaces, the worn diamond tip can continue to work while the rest of the bond areas can 

remain protected throughout the CMP process. 

[0078] Diamond-like nanocomposite coatings are described, for example, in U.S. Patent No. 

5,352,493, Method for Fowling Diamon-Like Nanocomposite or Doped-Diamond-Like 
Nanocomposite Films, issued on October 4, 1994 to Dorfman et al., the teachings of which are 

incorporated herein by reference, in their entirety. Such coatings typically are amorphous 

materials characterized by interpenetrating random networks of predominantly sp3 bonded carbon 

stabilized by hydrogen, glass-like silicon stabilized by oxygen and random networks of elements 

from the l-7b and 8 groups of the periodic table. Layered structures such as dcscribcd, for 

instance, in U.S. Published Application No. 2008/0193649 Al, Coating Comprising Layered 
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Structures of Diamond-Like Carbon Layers, to Jacquet et al., published on August 14, 2008, the 

teachings of which are incorporated herein by reference in their entirety, also can be employed. 

[0079] Standard DLC coatings, typically are hydrophilic (as are other metal coatings that can 

be employed). In some applications, DLC films can possess high intrinsic stresses, and as a 

result, may develop pin holes and overall porosity. These phenomena may lead to chemical 

corrosion and leaching, particularly in some CMP slurry environments. In addition, a hydrophilic 

surface can promote build up on the dresser surface during CMP applications, resulting in 

decreased dresser life and potential increases in defects (if residue particles break off from the 
dresser surface). 

[0080] Therefore, in some aspects of the invention, the CMP conditioner has a coating that is 

hydrophobic. In further implementations, the coating is hard and/or has good adhesion to the 

substrate surface, and thus resists wear and/or peeling. Coatings that are inert, e.g., pH and/or 

chemical insensitive, also are preferred. 

[0081] In specific embodiments, the coating is a fluorine-doped nanocomposite, also referred 

to herein as a fluorinated nanocomposite or F-DNC coating. Such coatings are nanocomposites 

of C, Si and O with doped F in the system and can be thought of as fluorine-doped diamond-like 
nanocomposite compositions. 

[0082] In one implementation, the coating includes a diamond-like composition containing 

carbon, silicon, oxygen, hydrogen, and fluorine. Fluorine-doped diamond-like coatings are 

described, for instance, in U.S. Patent No. 6,468,642, issued on October 22, 2002 to Bray et al, 

the teachings of which are incorporated herein by reference in their entirety. 

[0083] Without wishing to be bound by theory, it is believed that in some applications the 

coating composition is a carbon network chemically stabilized by hydrogen atoms, and a glass­

like silicon network stabilized by oxygen atoms resulting in an amorphous structure, the fluorine 

being substitutional^ incorporated and replacing a portion of either hydrogen or silicon. As used 

herein, "amorphous" refers to a random structure or arrangement of atoms in a solid state that 

results in no long range regular ordering, and lacks crystallinity or granularity. Since it is also 

believed that clusters can destroy the amorphous nature of the structure, and can serve as active 

centers of degradation, preferred coatings contain no clusters or ordering greater than about 10 

Angstroms. 

[0084 ] Optionally, the coating can include one or more other dopant(s) and such coatings are 

referred to herein as fluorine-dopant DNC coatings. Typically additional dopant(s) can be added 

to tailor or tune properties of the coating. For example, the dopant can be selected for added 
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corrosion resistance or to enhance adherence to dresser surfaces being coated. The nature of the 

dopant and/or dopant concentration can be varied throughout the coating, e.g., in a layered 
arrangement. 

[0085] The additional dopant may be any one, or a combination of, transition metals and non-

metals of the groups Ib-VIIb and VIII of the periodic table. Examples of dopants include B, Si3 

Ge, Te, 0, Mo, W, Ta, Nb, Pd, Ir, Pt, V, Fe, Co, Mg, Mn, Ni, Ti, Zr, Cr, Re, Hf, Cu, Al, N, Ag, 

Au. Some compounds which may be used as dopants include TiN, BN, A1N, ZrN and CrN. 

Other dopants may be employed. Further, silicon and oxygen atoms may also be used in the 
dopant networks with other elements and/or compounds. 

[0086] Without wishing to be held to any specific interpretation, it is believed that additional 

dopants fill the nanopore network in a random fashion, eventually resulting, at a certain dopant 

concentration, in an additional network without clusters or microcrystalline grains, even at 

concentrations as high as 50 atomic %. At concentrations below about 10 atomic %, the dopants 

are distributed as separate atoms in the nanopores of the diamond-like matrix. The average 

distance between dopant atoms in this quasi-random structure can be controlled by the 

concentration of the dopant. When the relative concentration of the dopant element or compound 

reaches about 20-25 atomic %, the dopants form the third network in the fluorine-doped 

nanocomposite coating. 

[0087 ] In many cases, the carbon content of the F-DNC or fluorine-dopant DNC coating is 

greater than about 40 atomic % of the coating, e.g. from about 40 to about 98 atomic %, and more 

preferably from about 50 to about 98 atomic %. Although such coatings may theoretically be 

prepared without any hydrogen, the hydrogen content is preferably at least about 1 atomic % up 

to about 40 atomic % of the carbon concentration. 

[0088] The fluorine content of the F-DNC or fluorine-dopant DNC coatings can be at least 

about 1 atomic % up to about 40 atomic % of the carbon concentration. The fluorine content 

used may vary according, for example, to the specific CMP application. For instance, the 

fluorine amount employed can be selected to be high enough to provide hydrophobic properties, 

yet not so high as to render the coating too soft for the desired application. Fluorine amounts can 

be within the range of from about just above 0 % (e.g., 0.5 %), to about 30 % by atomic volume, 

more preferably within the range of from about 1% to about 20 % by atomic volume. 

[0089] The density of the F-DNC coating can vary, e.g., from about 1.8 to about 2.1 g/cm3. 

The rest of the space can be taken up by a random network of nanopores with diameters varying 

from about 0.28 to about 0.35 nm. Preferably, the nanopore network does not form clusters or 
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micropores. In some cases, the coating can include a C--F/H network, a glass-like Si—O network, 

and, optionally, an additional dopant network. The random interpenetration of the different 

networks is believed to provide the uniform strength of the structures in all directions found in the 

coating. The coating structures preferably are free of micropores, e.g., through thicknesses as 

great as about 80 Angstroms (8 nm). 

[0090] The thickness of the coating has no theoretical upper or lower limit, as existing 

technology and available equipment allow atomic-scale composite coatings. Typically, the 

coating is applied with a thickness suitable for specific CMP applications, e.g., within the range 

of from about 0.1 jam to about 5 ,um. Preferably the coating is thick enough to withstand 

premature erosion at the working surface of the dresser, yet thin enough to control defects, 

cracking, delamination and so forth. In specific implementations, a tool for dressing a CMP pad 

has a coating that has a thickness within the range of from about 0.5 jim to about 3 jam. 

[0091] The coating can be deposited in a single layers or multiple layers. For example, 

fluorine-DNC coatings may be layered with fluorine-doped DNC (which contain an additional 

dopant). Further to altering chemical composition, changes in properties from one layer to 

another also can be achieved by altering the deposition conditions, e.g., temperature, pressure 

and/or other parameters. 

[0092] The composition, thickness and/or other characteristics of the coating can vary from 

one surface to another or can be substantially uniform for all surfaces that are coated. 

[0093] The coating can be applied by any suitable method, for instance on an as-fired tool for 

conditioning CMP pads, e.g., one of the dressers described above, in which abrasive grains have 

been coupled to at least one side of the support. Suitable techniques include physical vapor 

deposition (PVD), chemical vapor deposition (CVD), elecrodeposition and others. 

[0094] Various tool surfaces can be coated at the same time or sequentially. Any number of 

vacuum chamber designs, organosilicon and other precursors, precursor handling, precursor 

inlets, as well as various deposition approaches can be employed, e.g., as known in the art. 

Examples of suitable materials, equipment and methods that can be used to form coatings are 

described, for instance, in U.S. Patent No. 6,468,642, Fluorine-Doped Diamond-Like Coatings, 

issued on October 22, 2002 to Bray et al., assigned to N.V. Bekaert S.A., the teachings of which 

are incorporated herein by reference in their entirety. 

[0095] In one embodiments, a method of making a CMP conditioner includes positioning (an 

as fired) CMP conditioner in a vacuum deposition chamber and depositing a diamond-like 
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composition containing carbon, silicon, oxygen, hydrogen, and fluorine onto it by co-deposition 

of clusterless particle beams that include ions, atoms, or radicals of the carbon, silicon, oxygen, 

hydrogen, and fluorine. The mean free path of each particle species preferably is in excess of the 

distance between its source and the growing particle coating surface of the conditioner. 

[0096] In another embodiment, a fluorine-doped diamond-like coatings can be applied to one 

or more surfaces of a CMP conditioner via co-deposition by clusterless beams of ions, atoms or 

radicals of the relevant elements, where the mean free path of each particle species preferably 

exceeds the distance between its source and the growing particle coating surface, and each beam 

contains particles of well-defined energy. 

[0097] Prior to deposition, the tool, or specific surfaces thereof, can be cleaned to remove any 

organic or inorganic impurities contaminating dresser surfaces. Suitable cleaning processes that 

can be employed include, for instance ultrasonic and/or plasma methods or other suitable 

techniques, e.g., as known in the art. 

[0098 ] In some cases, cleaning is integrated with deposition. For instance, an argon plasma 

can be generated first to cffcct the cleaning of a CMP dresser already present in the vacuum 

chamber, followed by introduction of precursors that form the coating. 

[0099] In other cases, the overall process can be conducted in an air-to-air system. Such an 

air-to-air system can include cleaning, transport of parts, e.g., as fired CMP dressers, to the 

deposition chamber, and mechanized/robotic loading of the parts on the substrate holder. This is 

followed by entry of the substrate holder into the load-lock chamber, by entry into the deposition 

chamber, and coating onto the substrate, in this case, onto a tool for conditioning a CMP dresser. 

After coating, the substrate holder can be removed from the deposition chamber into a load-lock 

chamber, followed by exit into the atmosphere. The tool may be rotated, tilted, or otherwise 

oriented, manipulated, e.g., subjected to vibrations, while being mounted onto the holder, while 

on the substrate holder, and at other instances during processing. 

[0100] Preferred coatings, e.g., F-DNC and fluorine-dopant DNC coatings, adhere well to the 

CMP dresser and can be applied directly, without utilizing an intermediate layer between CMP 

dresser surfaces and the coating. In use, the coating resists peeling or delamination. Not only are 

preferred coatings, e.g., F-DNC or fluorine-dopant DNC coatings, unreactive to many corrosive 

CMP environments, they also are believed to act as a barrier, preventing contact between the 

corrosive agent and the protected dresser surface. 
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[0101 ] The coating employed, e.g., F-DNC, preferably renders dresser surfaces hydrophobic 

and a CMP conditioner surface that is water-repellent is illustrated in FIG. 3. An image showing 

water droplets standing on a F-DNC coated dresser surface is shown in FIG. 4. 

[0102] Hydrophobic dresser surface tends to prevent or minimize CMP residue buildup and/or 

formation of tribological films. As a result, the dresser performance will be maximized or 

enhanced, since the diamonds will be in effect until all the performing sharp edges are dulled. 

[0103] In many instances, the coatings have a high water contact angle, e.g., 105° and higher. 

In specific cases, the water contact angle can be within the range of from about 90° to about 120°. 

[0104] Preferred coatings, e.g., F-DNC and fluorine-dopant DNC coatings also have hardness 

and durability. The fluorine-doped diamond-like coatings, especially the metal doped coatings, 

combine high microhardness with elasticity, thus the microhardness of the fluorine-doped 

diamond-like coatings of the present invention ranges from about 5 to about 32 GPa, e.g., about 

15 GPa. 

[0105] Without wishing to be bound by theory, it is believed that the low intrinsic stress found 

in F-DNC and fluorine-doped DNC coatings contributes to their corrosion resistance. For 

example, this low stress renders the coatings pore-free, and thus resists chemical attack and 

permeation. It is also believed that the presence of glass-like silicon stabilized by oxygen, serves 

to prevent the growth of graphitic carbon at high temperatures, to prevent metal clustcr formation 

in metal-containing coatings, to reduce internal stresses in the coatings, thereby enhancing the 

adhesion to the CMP dresser surface(s). In turn, the coating can be applied in a thicker layer that 

has superior erosion resistance. 

[01061 During operation the coated abrasive tools described herein can be used to dress and/or 

refurbish a CMP pad. In one example, a method for conditioning a CMP pad, comprises dressing 

a surface of the CMP pad with a tool that includes (a) abrasive grains coupled to a substrate 

through a metal bond; and (b) a coating at one or more surfaces of the tool, the abrasive grains 

having a selected maximum diameter and a selected size range, and the abrasive grains being 

adhered in a single layer array to the substrate by the bond, characterized in that the abrasive 

grains are oriented in the array according to a non-uniform pattern having an exclusionary zone 

around each abrasive grain, each exclusionary zone having a minimum diameter that exceeds the 

maximum diameter of the desired abrasive grain grit size. 
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[0107] In another example, a method for conditioning a CMP pad, comprises contacting a 

dresser with the CMP pad, wherein the dresser includes abrasive grains coupled to a substrate 

through a metal bond and a nanocomposite coating that contains carbon, silicon, oxygen, 

hydrogen, and fluorine at one or more surfaces of the dresser; and refurbishing a working surface 

of the CMP pad, thereby conditioning said pad. 

[0108] In a further example, a method of dressing a CMP pad comprises coupling an abrasive 

article to a dressing machine, the abrasive article comprising a substrate having a first major 

surface and a second major surface opposite the first major surface, wherein the abrasive article 

comprises a first abrasive surface at the first major surface of the substrate, and a second abrasive 

surface at the second major surface of the substrate, at least one of said abrasive surfaces being 

coated, and wherein the abrasive article is mounted on the dressing machine to expose the first 

abrasive surface; contacting the first abrasive surface to a surface of a first CMP pad and moving 

the first CMP pad relative to the first abrasive surface to condition the first CMP pad; inverting 

the abrasive article to expose the second abrasive surface; and contacting the second abrasive 

surface to a surface of a second CMP pad and moving the second CMP pad relative to the second 

abrasive surface to condition the second CMP pad. 

[0109] Conditioning operations utilizing coated abrasive tools such the tools described herein 

can be carried out using equipment, e.g., dressing machines, and process parameters as known in 

the art. 

[OHO] The invention is further illustrated through the following examples which are not 

intended to be limiting. 

Example 1 

[0111] Tests were conducted to assess leaching levels for Ni and Cr. It was found that these 

levels were significantly reduced in a hydrophobic CMP dresser according to embodiments of the 

invention, compared to a CMP dresser that did not include a F-DNC coating. Results showing 

the elemental leaching, in microgram/ml (ppm) for a tungsten slurry, after seven days of soaking, 

are presented in Table 1 below. 
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Unit: microgram/ml (ppm) 

Sample ID Uncoated Dresser F-doped DNC dresser 
(7 days) (7 days) 

Ag <0.02 <0.02 
Al 0.11 <0.03 
Au <0.05 <0.05 
Ca 0.75 <0.2 
Cr 13.8 2.1 
Cu 0.25 0.17 
Fe 126 54 
K 0.6 0.4 
Li <0.01 <0.01 
Mg 1.06 0.55 
Na 0.09 <0.02 
Ni 326 48 
Zn 2.01 0.23 

Table 1: Elemental leaching W slurry (after 7 days soaking) 

Example 2 

[0112] A hydrophobic F-DNC coating having a thickness of 2.5 jim was deposited on a 

working surface of a CMP dresser made on 430 stainless steel with diamonds in the size range of 

65 jxm to 85 jim. The coating had a contact angle of about 108 °, as measured using a DSA 100 

Drop shape Analysis System from Kruss GmbH, Hamburg, Germany. The data are presented in 

FIG. 5. 

[0113] In another example, the contact angle measured was 105 °. 

Example 3 

[0114] A tool included an abrasive article with two working surfaces and a plate (holder) as 

described herein. A DLC coating was applied on both working surfaces. The coating had a 

thickness of 1.5 micron (+/- 10%). The tool exhibited reduced chemical leaching when compared 

with traditional brazed or sintered CMP dresser products. The tool can be used in both metal, 

such as, for instance, Cu and/or W, as well as in oxide, e.g., Interlayer Dielectric (ILD) or 

Shallow Trench Isolation (STI) CMP environments. 

[0115] While this invention has been particularly shown and described with references to 

preferred embodiments thereof, it will be understood by those skilled in the art that various 
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changes in form and details may be made therein without departing from the scope of the 

invention encompassed by the appended claims. 

[0116] The Abstract of the Disclosure is provided solely to comply with U.S. requirements 

and, as such, is submitted with the understanding that it will not be used to interpret or limit the 

scope or meaning of the claims. In addition, in the foregoing Detailed Description, various 

features may be grouped together or described in a single embodiment for the purpose of 

streamlining the disclosure. This disclosure is not to be interpreted as reflecting an intention that 

the claimed embodiments require more features than are expressly recited in each claim. Rather, 

as the following claims reflect, inventive subject matter may be directed to less than all features 

of any of the disclosed embodiments. Thus, the following claims are incorporated into the 

Detailed Description, with each claim standing on its own as defining separately claimed subject 
matter. 
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CLAIMS 

What is claimed is: 

1. An abrasive tool for conditioning a CMP pad, the tool comprising abrasive grains coupled to a 
substrate through a metal bond and a coating at a working surface of the abrasive tool, the 
coating including a nanocomposite containing carbon, silicon, oxygen, hydrogen and doped 
fluorine. 

2. The abrasive tool of Claim 1, wherein the coating further includes at least one additional 
dopant. 

3. The abrasive tool of Claim 1, wherein the coating is hydrophobic. 

4. The abrasive tool of Claim 1, wherein the coating is corrosion resistant. 

5. The abrasive tool of Claim 1, wherein the coating has a thickness within the range of from 
about 0.1 microns to about 5 microns. 

6. The abrasive tool of Claim 1, wherein the abrasive grains are coupled to the substrate through 
brazing, electroplating or sintering. 

7. The abrasive tool of Claim 1, wherein the tool has two abrading surfaces and wherein the 
coating is disposed at one of both said surfaces. 

8. The abrasive tool of Claim 1, wherein all metal-containing surfaces are coated. 
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9. The abrasive tool of Claim 1, wherein the abrasive grains have a selected maximum diameter 
and a selected size range, and the abrasive grains are adhered in a single layer array to the 
substrate by the bond, characterized in that the abrasive grains are oriented in the array according 
to a non-uniform pattern having an exclusionary zone around each abrasive grain, each 
exclusionary zone having a minimum diameter that exceeds the maximum diameter of the 
desired abrasive grain grit size. 

10. The abrasive tool of Claim 9, wherein each abrasive grain is located at a point on the array 
that has been defined by restricting a randomly selected series of points on a two dimensional 
plane such that each point is separated from each other point by a minimum value (k) that is at 
least 1.5 times the maximum diameter of the abrasive grain. 

11. The abrasive tool of Claim 9, wherein each abrasive grain is located at a point on the array 
that has been defined by: 

(a) restricting a series of coordinate value pairs (xl, yl) such that the coordinate values along at 
least one axis are restricted to a numerical sequence wherein each value differs from the next 
value by a constant amount; 

(b) decoupling each selected coordinate value pair (xl, yl) to yield a set of selected x values and a 
set of selected y values; 

(c) randomly selecting from the sets of x and y values a series of random coordinate value pairs 
(x, y), each pair having coordinate values differing from coordinate values of any neighboring 
coordinate value pair by a minimum value (k); and 

(d) generating an array of the randomly selected coordinate value pairs having sufficient pairs, 
plotted as points on a graph, to yield the exclusionary zone around each abrasive grain. 

12. The abrasive tool of Claim 1, wherein the abrasive grains are single diamond particles. 
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13. The abrasive tool of Claim 1, wherein the coating comprises one or more additional dopants. 

14. The abrasive tool of Claim 1, wherein the coating includes more than one layer. 

15. The abrasive tool of Claim 1, wherein the coating has a contact angle within the range of 
from about 90° to about 120°. 
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