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(57) ABSTRACT 

CMP pad dressers suitable for conditioning fixed abrasive 
CMP pads, as well as methods for the making and use 
thereof are disclosed and described. The CMP dressers are 
able to condition a fixed abrasive CMP pad without dislodg 
ing or Substantially damaging any of the poles contained on 
the pad's polishing Surface. In one aspect, the CMP pad 
dresser may include a Substrate member having a working 
Surface with a plurality of Small projections. The projections 
may have a height less than that of the poles on the CMP 
pad, and in one aspect may have a height of less than 30 
micrometers, and be Spaced apart by a distance of less than 
about 150 micrometers. In another aspect, a carbonaceous 
layer may be formed on the working surface of the CMP pad 
dresser. 
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FIXED ABRASIVE CMP PADDRESSER AND 
ASSOCATED METHODS 

FIELD OF THE INVENTION 

0001. The present invention relates to devices and meth 
ods for use in connection with fixed abrasive chemical 
mechanical polishing or planarization (CMP) pads. More 
particularly, the present invention relates to tools for use in 
dressing or conditioning fixed abrasive CMP pads, and 
accompanying methods for the making and design thereof. 

BACKGROUND OF THE INVENTION 

0002 CMP has become a widely used technique for 
removing material from a workpiece. The computer manu 
facturing industry, especially, has begun to rely heavily on 
CMP processes for polishing wafers of various materials, 
including ceramics, Silicon, glass, quartz, metals, and mix 
tures thereof for use in Semiconductor fabrication. Gener 
ally, the polishing process entails applying a wafer against a 
flat horizontally-rotating pad, often porous or fibrous, made 
from a durable organic Substance Such as polyurethane. To 
the rotating pad, is added a Slurry containing a chemical 
Solution and abrasive particles. The chemical Solution is 
capable of chemically reacting with the wafer Substance, and 
abrasive particles help the pad physically polish the wafer 
surface. The slurry is continually added to the spinning CMP 
pad, and the dual chemical and mechanical forces exerted on 
the wafer cause it to be polished in a desired manner. 
0003. During the course of polishing, the pores or fibers 
of the CMP pad become clogged with debris abraded off the 
Workpiece, the pad, and with an over abundance of abrasive 
particles from the Slurry. Such accumulation causes glazing 
or hardening of the pad, and reduces its capacity to effec 
tively remove material from the workpiece. Therefore, a 
CMP pad of this type is typically “dressed” or “conditioned” 
using a CMP pad dresser or conditioner. A variety of such 
conditioners, including Specific methods for the use and 
manufacture thereof, are known in the art. 
0004. In general terms, the CMP pad dresser is a round 
flat disk having a plurality of diamond particles, or other 
particles, protruding out of a Substrate. Examples of Specific 
CMP pad dresser configurations and methods for the manu 
facture thereof, may be found in Applicant's co-pending 
U.S. patent application Ser. Nos. 09/558,582, and 09/687, 
444, each of which is incorporated herein by reference in its 
entirety. In use, the working Surface of the disk is pressed 
against the polishing surface of the CMP pad while either the 
pad, or the disk, or both, are rotated. AS Such, the diamond 
particles of the dresser protrude into the pad and remove 
debris, as well as lift matted pad fibers, and create new 
grooves to hold additional abrasives. Thus the pad is reju 
Venated, and able to maintain its polishing performance. 
0005 While pads utilizing a slurry have been effective in 
achieving a wide variety of polishing configurations, Such 
pads Suffer various drawbackS Such as abrasive particle 
aggregation. Particularly, due to the centrifugal force of the 
horizontally Spinning CMP pad, the loose abrasive particles 
from the Slurry tend to group, or gather, in the more shallow 
regions of the pad. Thus, when used to polish certain 
materials, Such as Softer metals, uneven depressions known 
as “dishing can occur. Additionally, because the abrasive 
particles are not physically attached to the pad, but rather are 
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free moving, it is difficult to increase the rate of material 
removal from a workpiece by Simply increasing the Speed of 
the pad's rotation. 
0006. In order to solve these and other problems, CMP 
pads which include abrasive particles that are embedded in, 
or otherwise fixed to, the pad, rather than provided in a 
Slurry, have become known in the art, Such as those dis 
closed in U.S. Pat. Nos. 5,453,312, 5,454,844, 5,692,950, 
and 5,820,450, each of which are incorporated herein by 
reference. A chemical Solution is still typically used with 
Such fixed abrasive pads. However, because the abrasives 
are embedded in the pad, a slurry which contains abrasive 
particles is not needed. 
0007 Additionally, while traditional CMP pads have a 
Substantially flat fibrous or porous polishing Surface, as 
shown in FIGS. 1 and 2, the polishing surface of a fixed 
abrasive pad contains a plurality of Small projections known 
as “poles”. The amount of surface which is covered by poles 
is known as the "loading ratio, and may vary depending on 
the application. Generally each pole has a size of about 200 
microns in diameter and about 30 microns in height, how 
ever, Specific size may vary Somewhat depending on the 
particular needs of a specific polishing application. Typi 
cally, because the poles may be manufactured to a uniform 
height above the polishing surface, fixed abrasive CMP pads 
are capable of achieving a Superior flat Surface on a work 
piece as compared to conventional CMP pads. 
0008 Unfortunately, fixed abrasive pads have a short 
lifespan before they become dull and functionally unusable. 
A variety of reasons may account for this, including the 
wearing of poles, and the build up of debris from the 
Workpiece which clogs the Spaces between the poles. 
Although, conventionally designed CMP pad dressers are 
well Suited for conditioning conventional CMP pads, they 
have been found to be unusable in conditioning fixed 
abrasive pads. Specifically, conventional dressers have been 
found to dislodge the abrasive particles of the fixed abrasive 
pad, as well as damaging or dislodging the poles themselves. 
Such damage renders the polishing pad unusable, and may 
often Scar the polished Surface of the workpiece. 
0009. As such, devices and methods for dressing or 
conditioning fixed abrasive type CMP pads which effec 
tively condition the pad without damaging it, continue to be 
Sought through on-going research and development efforts. 

SUMMARY OF THE INVENTION 

0010. Accordingly, the present invention provides a 
dressing tool suitable for conditioning a fixed abrasive CMP 
pad. In one aspect, the dressing tool may include a Substrate 
having a working Surface with a plurality of Small projec 
tions. 

0011 Various aspects of the small projections, such as 
height, width, geometric shape, and organization, may be 
varied in order to achieve a particular result, or accommo 
date certain needs of the fixed abrasive CMP pad to be 
conditioned. For example, in one aspect, the Small projec 
tions may each have a height which is about equal to or leSS 
than the height of the poles contained on a fixed abrasive 
CMP pad to be conditioned. In a more detailed aspect, the 
projections may each have a height of less than about 30 
micrometers. Further, the projections may take a wide 
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variety of geometric shapes, including without limitation, 
poles, cones, pyramids, bumps, Spikes, etc. 
0012. The organization and placement of the projections 
may be in accordance with a number of patterns as required 
in order to achieve a specific result. In one aspect, the 
projections may be Spaced apart from one another for a 
distance of less than about 150 micrometers. Further, while 
Such individual aspects of height and Spacing may be varied 
in numerous ways to achieve a desired pattern or effect, in 
yet a more detailed aspect of the invention, the height or 
spacing, or both of the projections may be uniform 
0013 The substrate and projections of the dressing tool 
may be made from a variety of materials, including ceramic 
and metallic materials. Examples of Suitable ceramic mate 
rials include without limitation, aluminum oxide, Silicon 
oxide, Zirconium oxide, Silicon carbide, Zirconium carbide, 
Silicon nitride, boron nitride, Zirconium nitride, and mixtures 
thereof. Examples of metallic materials include without 
limitation titanium, chromium, Steel, Stainless Steel, tita 
nium, tungsten, and alloys thereof. 
0.014. In addition to the above-recited elements, the 
dressing tool of the present invention may additionally 
include a carbonaceous layer formed over the working 
Surface of the SubStrate and projections. Such a carbon 
aceous layer generally imparts both durability and additional 
anti-corrosive properties to the dressing tool. While a wide 
variety of carbonaceous materials may be used, in one 
aspect, the carbonaceous material may be diamond, poly 
crystalline diamond, diamond-like carbon, or a mixture 
thereof. In another aspect, the diamond-like carbon may be 
amorphous diamond, and may contain hydrogen. Such mate 
rials may be deposited or grown on the working Surface 
using a number of well known deposition techniques, Such 
as chemical vapor deposition (CVD) and physical vapor 
deposition (PVD). 
0.015 The parameters, such as thickness, etc. of the 
carbonaceous layer may vary, however, in one aspect, the 
layer of carbonaceous material may have a thickness of from 
about 0.1 micrometer to about 10 micrometers. Further, as is 
more fully described below, the specific ornamentation of 
the carbonaceous layer's working Surface may inversely 
correspond to the interface Surface of an ephemeral mold. AS 
Such, a dressing tool fabricated using an ephemeral mold to 
form the working Surface thereof, may include a Substrate, 
and a carbonaceous layer coupled to the Substrate, wherein 
the carbonaceous layer has a working Surface with plurality 
of Small projections thereon, which inversely corresponding 
to an interface Surface of the ephemeral mold, from which 
the carbonaceous layer was formed. 
0016. The present invention additionally encompasses 
methods for making the dressing tools as disclosed herein. 
According to one embodiment, a method of making a 
dressing tool includes the Steps of providing a Substrate 
having a working Surface, and forming a plurality of Small 
projections on the working Surface. Such a method may 
further include the Step of forming a carbonaceous layer 
over the working Surface. Alternatively, according to another 
embodiment, a method of making a dressing tool may 
include the Steps of providing a mold having an interface 
Surface with a plurality of Small concavities inversely 
matching a plurality of Small projections intended for a 
working Surface of the tool, growing a carbonaceous layer 
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on the interface Surface using a deposition technique, cou 
pling the carbonaceous layer to a Substrate, and removing 
the mold to expose the working Surface. 
0017. The present invention further includes a method for 
conditioning or dressing a fixed abrasive CMP pad dresser. 
In one aspect, Such a method includes the Steps of providing 
a dressing tool as disclosed herein, and applying the working 
Surface thereof against a polishing Surface of the fixed 
abrasive CMP pad during rotation thereof. Such a method 
may further include the Step of rotating the dressing tool 
during application thereof to the fixed abrasive CMP pad. 
0018. There has thus been outlined, rather broadly, the 
more important 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 drawings and 
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 one configura 
tion for a fixed abrasive CMP pad made in accordance with 
the prior art. 
0020 FIG. 2 is a cross-sectional view of another con 
figuration for a fixed abrasive CMP pad made in accordance 
with the prior art. 
0021 FIG. 3 is a cross-sectional view of a dressing tool 
made in accordance with one embodiment of the present 
invention. 

0022 FIG. 4 is a cross-sectional view of a dressing tool 
with a carbonaceous layer in accordance with one embodi 
ment of the present invention. 
0023 FIGS. 5a-d respectively, are cross-sectional views 
of various Steps in the formation of a dressing tool in 
accordance with one embodiment of the present invention. 

DETAILED DESCRIPTION 

0024. Before the present invention is disclosed and 
described, it is to be understood that this invention is not 
limited to the particular structures, process Steps, or mate 
rials disclosed herein, but is extended to equivalents thereof 
as would be recognized by those ordinarily skilled in the 
relevant arts. It should also be understood that terminology 
employed herein is used for the purpose of describing 
particular embodiments only and is not intended to be 
limiting. 

0025. It must be noted that, as used in this specification 
and the appended claims, the Singular forms “a, and, “the 
include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to “a diamond 
particle' includes one or more of Such particles, reference to 
“a carbon Source' includes reference to one or more of Such 
carbon sources, and reference to “a CVD technique” 
includes reference to one or more of Such CVD techniques. 
0026 Definitions 
0027. In describing and claiming the present invention, 
the following terminology will be used in accordance with 
the definitions set forth below. 
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0028. As used herein, “super hard' and “superabrasive” 
may be used interchangeably, and refer to any crystalline, or 
polycrystalline material, or mixture of Such materials which 
has a Mohs hardness of about 8 or greater. In Some aspects, 
the Mohs hardness maybe about 9.5 or greater. Such 
materials include but are not limited to diamond, polycrys 
talline diamond (PCD), cubic boron nitride, polycrystalline 
cubic boron nitride (PCBN) as well as other ceramic mate 
rials known to those skilled in the art. Super hard materials 
may be incorporated into the present invention in a variety 
of forms including particles, grits, films, layers, etc. 
0029. As used herein, “fixed abrasive pad,” and “fixed 
abrasive CMP pad,” and “fixed abrasive polishing pad” may 
be use interchangeably and refer to a chemical mechanical 
polishing, or planarization pad which has a plurality of poles 
formed thereon, and has plurality of abrasive, or Superabra 
Sive particles embedded therein, or otherwise attached 
thereto. A number of Such pads are well known in the art 
including the pads contained in the references enumerated in 
the background Section above. 
0.030. As used herein, “projections” refers to any struc 
ture which by design, is raised or protrudes above the 
working surface of a CMP paddresser. Projections useful in 
the present invention may take a wide variety of geometric 
configurations, including without limitation, cylinders, col 
umns, bumps, mounds, pyramids, Spikes, cubes, cones, etc. 
and may be arranged in a variety of patterns. 
0.031 AS used herein with respect to projections, “height” 
refers to the distance between a distal most point of a 
projection and a proximal most point of a projection. This 
same definition applies when the word “height' is used with 
respect to poles. 
0032. As used herein with respect to projections, “small' 
refers to projections having a size that is Sufficient to 
properly condition or dress a fixed abrasive CMP pad, 
without Substantially damaging or dislodging the poles 
thereof. In one aspect, a “Small projection may be a 
projection having a height less than that of the poles on a 
fixed abrasive CMP pad to be dressed. In another aspect, the 
height of a “small' projection may be less than about 30 
micrometers. 

0.033 AS used herein, “metallic' refers to a metal, or an 
alloy of two or metals. A wide variety of metallic materials 
are known to those skilled in the art, Such as aluminum, 
copper, chromium, iron, Steel, Stainless Steel, titanium, tung 
Sten, Zinc, Zirconium, molybdenum, etc., including alloys 
and compounds thereof. 

0034. As used herein, “ceramic' refers to a hard, often 
crystalline, Substantially heat and corrosion resistant mate 
rial which may be made by firing a non-metallic material, 
Sometimes with a metallic material. A number of oxide, 
nitride, and carbide materials considered to be ceramic and 
are well known in the art, including without limitation, 
aluminum oxides, Silicon oxides, boron nitrides, Silicon 
nitrides, and Silicon carbides, tungsten carbides, etc. 
0035. As use herein, “carbonaceous” refers to a Supera 
brasive material made Substantially from carbon. A variety 
of carbonaceous materials and methods for the production 
thereof are known to those skilled in the art, including 
without limitation, diamond, polycrystalline diamond, and 
diamond-like carbon. 
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0036 AS used herein, “interface surface” refers to the 
Surface of a mold, or ephemeral mold, upon which materials 
used in the fabrication of a working Surface of a Substrate or 
carbonaceous layer are deposited. Such materials include 
diamond, graphite, or other Superabrasive particles, as well 
as peripheral materials used to facilitate diamond layer 
growth using a chemical vapor deposition (CVD) or physi 
cal vapor deposition (PVD) technique. 

0037 AS used herein, “working surface” refers to the 
Surface of a tool, which faces toward a workpiece, or 
performs a friction-involved function during a work process. 

0038. As used herein, “inversely corresponds' refers to 
the inverse relationship between the configuration of a 
working Surface, and the configuration of a molds interface 
Surface from which the working Surface was made, when 
Such Surfaces are oriented in the same direction. In other 
words, when a working Surface of a tool is formed at the 
interface Surface of a mold, the configuration of each will 
inversely correspond to the other when the Surfaces are 
Separated and faced in the same direction. In Some instances, 
the inverse correspondence may result in a mirror image. 

0039. As used herein, “nucleation side,”“nucleation Sur 
face,” and Similar terms may be used interchangeably, and 
refer to the Side or Surface of a carbonaceous layer at which 
nucleation of carbon particles originated. Otherwise 
described, the nucleation Surface of a carbonaceous layer is 
the Side or Surface, which was first deposited upon the 
interface Surface of a mold. In many instances, the nucle 
ation surface may become the working Surface of the CMP 
pad dresser. 

0040 AS used herein, “growth side,”“grown side,” and 
"grown Surface' may be used interchangeably and refer to 
the Surface of a carbonaceous film or layer which is grows 
during a CVD or PVD process. 

0041 AS used herein, with respect to an ephemeral mold, 
“concavities,” refers to invaginations, depressions, or other 
concave shapes formed in the interface Surface which impart 
a projection to a working Surface formed thereon. 

0042 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 
flexibly 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. 

0043. As an illustration, a numerical range of “about 1 
micrometer to about 5 micrometers' should be interpreted to 
include not only the explicitly recited values of about 1 
micrometer to about 5 micrometers, but also include indi 
vidual 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 1-3, from 
2-4, and from 3-5, etc. 

0044) 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. 
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0045 
0046) As recited above, fixed abrasive CMP pads differ 
from convention CMP pad by containing a plurality of poles 
on the polishing Surface, and having a plurality of abrasive 
particles embedded in or otherwise attached to the polishing 
surface, including the poles. Referring now to FIGS. 1 and 
2, there are shown typical fixed abrasive CMP pad dressers 
Such as are known in the prior art. Specifically, each pol 
ishing pad 1 has a polishing Surface 5 with a plurality of 
poles 10 affixed thereto, and a plurality of abrasive particles 
15 embedded therein. AS can be seen, by a comparison of 
FIGS. 1 and 2, the specific geometric shape of the poles 
may vary Somewhat. Further, the Specific pattern in which 
the poles are formed, their exact size, and the concentration 
of poles on the polishing Surface may also be varied. 
Generally Speaking, however, the poles have a size of about 
200 micrometers in diameter, and 30-50 micrometers in 
height. AS will be appreciated by one of ordinary skill in the 
art, the ability of such a fixed abrasive CMP pad to remove 
material from a workpiece is largely dependent on main 
taining the polishing Surface and poles in a clean and 
undamaged condition. 

Invention 

0047 The present invention provides a dressing tool that 
is suitable for conditioning fixed abrasive CMP pads without 
Substantially damaging or dislodging the poles thereof. Thus 
the polishing Surface may be cleaned while maintaining its 
polishing integrity. Referring now to FIG. 3, in one aspect, 
the dressing tool 20 of the present invention may include a 
substrate 25, having a working surface 30, with a plurality 
of Small projections 35, formed thereon. 
0.048. Notably, the dimensions, such as height and diam 
eter of the projections 35 may vary in order to achieve a 
Specific result, or to adequately condition a fixed abrasive 
pad having a particular configuration or type of poles. 
However, in one aspect of the present invention, the pro 
jections have a height which is about equal to or less than 
about the height of the poles on the fixed abrasive pad. In 
another aspect, the height of the projections may be less than 
about 30 micrometers in height. In yet another aspect, the 
projections may be less than about 20 micrometers in height. 
In a further aspect of the invention, the projections may be 
less than about 10 micrometers in height. Additionally, while 
certain configurations may call for projections of different 
heights on a single paddresser, in yet an additional aspect of 
the invention, the projections may have a uniform height. 
0049. In addition to such dimension as height and diam 
eter, the placement or positioning of the projections 35 may 
be varied in a random, uniform, or predetermined pattern in 
order to accommodate the conditioning requirements of a 
particular fixed abrasive pad configuration. Parameters, Such 
as spacing between the projections, the over all pattern in 
which the projections are arranged, and the total number or 
density of projections on the dressing tool may all be varied. 
However, in one aspect, the projections are Spaced apart for 
a distance of less than about 150 micrometers. In another 
aspect, the projections are spaced apart for a distance of leSS 
than about 100 micrometers. In yet a further aspect, the 
projections are spaced apart for a distance of less than about 
50 micrometers. In an another aspect of the invention, the 
projections may be uniformly Spaced apart. 

0050. While the projections 35 shown in FIG. 3 have a 
the shape of a pyramid or cone, a wide variety of shapes may 
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be used for the projections of the present invention as 
required in order to achieve a particular results or more 
effectively condition a specifically configured fixed abrasive 
pad. Examples of Specific geometric shapes and configura 
tions which are Suitable for the projections of the present 
dressing tool include without limitation, bumps, mounds, 
cones, pyramids, Spikes, prongs, cubes, columns, cylinders, 
poles, etc. Each of which may achieve a different result or 
be more or less useful with various fixed abrasive pads. In 
one aspect, however, the projections may have a pyramid 
shape. In another aspect, the projections may have a cone 
shape. 
0051 Referring again to FIG. 3, the substrate 25 and the 
projections 35 may be made from numerous materials which 
are Sufficiently durable to impart a useful lifespan to the 
dressing tool including ceramic and metallic materials. In 
one aspect of the invention, the Substrate may be made of an 
anti-corrosive material that is Substantially impervious to 
degradation from the chemical Solution used in connection 
with a fixed abrasive pad. A variety of metallic and ceramic 
materials may have Such qualities, Such as StainleSS Steel and 
corundum. 

0052. In one aspect of the invention, the Substrate 25 and 
projections 35 may comprise, be Substantially made of, or 
consist of a metallic material. Suitable metallic materials 
may include without limitation, metals. Such as, copper, 
titanium, tungsten, tantalum, nickel, Zirconium, Zinc, Vana 
dium, chromium, Steel (refined iron), stainless Steel (Steel 
and chromium), as well as alloys thereof. 
0053) The substrate 25 and projections 35 may addition 
ally comprise, be Substantially made of, or consist of a 
ceramic material. Nearly any ceramic material that Suffi 
ciently meets the hardneSS and durability requirement 
demanded of the dressing tool may be used including 
various Silicon containing materials. In one aspect, certain 
oxide, carbide, and nitride compounds may be used, includ 
ing without limitation, Silicon carbide (SiC), quartz (i.e. 
crystalline SiO2), corundum or Sapphire (i.e. aluminum 
oxides Such as Al-O), Silicon nitride (SiN.), boron nitride 
(BN) (including cubic boron nitride or cRN), tungsten 
carbide (WC), titanium carbide (TiC), and zirconium car 
bide (ZrO), Zinc oxide (ZnO), Zirconia (ZrO2), aluminum 
nitride (AIN), titanium nitride (TiN), and zirconium nitride 
(ZrN), as well as mixtures thereof. In one aspect, the ceramic 
material may be a Silicon carbide. In another aspect, the 
ceramic material may be a cemented tungsten carbide. 
0054) Whether the substrate 25 is made of a ceramic 
material or a metallic material, the working Surface 30, 
including the projections 35 can be formed using a number 
of techniques known to those of ordinary skill in the art, Such 
as mechanical, electrical, or chemical techniques. By way of 
example, in a case where the Substrate is metallic, the 
working Surface may be machined using a well known 
Computer Numerical Machine (CNC), or the surface may be 
prepared by using an Electrical Discharge Machine (EDM). 
Additionally, when the Substrate is made of a Silicon or a 
Silicon containing material, the working Surface may be 
chemically prepared using conventional etching techniques, 
Such as lithography. Such techniques are well known to 
those of ordinary skill in the art, and various other tech 
niques for preparing the working Surface that are not men 
tioned will be readily recognized by those of ordinary skill 
in the art. 
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0.055 The dressing tool of the present invention may 
include additional features and components in addition to 
the basic elements disclosed above. Referring now to FIG. 
4, there is shown a dressing tool 20, including a Substrate 25, 
having a working Surface 30, with a plurality of projections 
35 thereon. Further, a carbonaceous layer 40 is formed or 
grown over the working Surface of the Substrate, including 
the projections. AS the carbonaceous layer is now the 
outermost layer on the dressing tool, it also has a working 
surface 45 which will contact a fixed abrasive pad during a 
conditioning procedure. Notably, the anatomy of the pro 
jections 35 is transferred from the working surface of the 
Substrate to the working Surface of the carbonaceous layer, 
which now becomes the primary working Surface of the tool. 
0056. The thickness of the carbonaceous layer may be 
any thickness required in order to achieve a particular result. 
However, in one aspect, the carbonaceous layer may have a 
thickness of from about 0.1 micrometers to about 10 
micrometers. In another aspect, the thickneSS may be 1 
micrometer. Despite the ability to Select a desired thickneSS 
for the carbonaceous layer, its projections 50, must still meet 
the size, shape, and other configuration or placement aspects 
outlined herein. 

0057. A number of carbonaceous materials may be used 
in order to form the carbonaceous layer 40 of the dressing 
tool of the present invention. Examples of Such carbon 
aceous materials include without limitation, diamond, poly 
crystalline diamond, diamond-like carbon, and mixtures 
thereof. In one aspect of the present invention, the carbon 
aceous layer may be made Substantially of polycrystalline 
diamond. In another aspect, the carbonaceous layer may be 
made Substantially of diamond-like carbon. Such diamond 
like carbon may be, amorphous diamond, and may further 
include hydrogen. 
0.058. The carbonaceous layer 40 may be made or grown 
by any method known to those of ordinary skill in the art for 
making Such a carbonaceous layer. Examples of Such meth 
ods include without limitation, chemical vapor deposition 
(CVD) and physical vapor deposition (PVD), including but 
not limited to hot filament, microwave plasma, oxyacetylene 
flame, and direct current arc techniques. However, in one 
aspect, a layer of diamond-like carbon may be grown using 
PVD. 

0059. Such techniques are well known to those of ordi 
nary skill in the art. Further, the Specific technique employed 
may be selected using the knowledge of one ordinarily 
skilled in the art depending on Such factors, as the Specific 
type of carbonaceous layer to be formed and the particular 
material of the substrate 25 and projections 35. 
0060. The present invention additionally includes meth 
ods for the fabrication and use of the dressing tools disclosed 
herein. In one aspect, a method for making a dressing tool 
that is suitable for conditioning a fixed CMP pad includes 
the Steps of providing a Substrate having a working Surface, 
and forming a plurality of Small projections on the working 
Surface. AS recited above, a variety of chemical, electrical, 
and mechanical methods known to those of ordinary skill in 
the art may be used in preparing the working Surface and 
forming the plurality of Small projections. Further, Such 
projections may be formed according the shape, Size, and 
placement parameters described herein. 
0061. In one aspect of the present invention, the method 
of making a dressing tool as recited above may further 
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include the Step of forming a carbonaceous layer on the 
working Surface of the dressing tool. AS indicated above, a 
variety of CVD and PVD techniques known to those of 
ordinary skill in the art may be used to form the carbon 
aceous layer. 
0062. In an alternative aspect of the present invention, the 
carbonaceous layer may be formed first, including the pro 
jections thereof. Following formation of the carbonaceous 
layer, the Substrate is then coupled thereto in order to 
produce the final dressing tool. Formation of a carbonaceous 
layer in Such a manner requires the use of an ephemeral 
mold having an interface Surface which contains a design or 
pattern that is the inverse of the configuration to be trans 
ferred to the working Surface of the carbonaceous layer. 
0063. In one aspect of the present invention, such a 
method includes the Steps of providing a mold having an 
interface Surface with a plurality of Small concavities 
inversely matching a plurality of Small projections intended 
for a working Surface of the tool, growing a carbonaceous 
layer on the interface Surface using a deposition technique, 
coupling the carbonaceous layer to a Substrate, and remov 
ing the mold to expose the working Surface. Notably, even 
when using Such a method, the parameters concerning the 
size, shape, and placement of the projections as described 
herein must be adhered to. Further, the deposition techniques 
recited above for making a carbonaceous layer may be 
employed in this method as well as the method set forth 
above. 

0064) Referring now to FIGS. 5a-5d, there is shown one 
example of various points in the process for making a 
dressing tool in accordance with a method wherein the 
carbonaceous layer is formed apart from the Substrate and 
then Subsequently joined thereto. FIG. 5a shows a mold 55 
made of a Suitable material, having an interface Surface 60 
configured with a plurality of concavities 65. The mold may 
be made of a variety of metallic or ceramic materials which 
are suitably durable to withstand the conditions of CVD or 
PVD growth of a carbonaceous layer thereon, such as those 
materials recited above for the Substrate. FIG. 5b shows a 
carbonaceous layer 40 deposited upon the interface Surface 
of the mold, using a deposition technique. 
0065 Referring now to FIG. 5c, there is shown a sub 
Strate 25, which has been joined to the carbonaceous layer 
40. Specifically, in the embodiment shown, the substrate and 
carbonaceous layer are joined by an adhesive or resin type 
layer 70, such as an epoxy. A wide variety of suitable 
materials for attaching the carbonaceous layer to the Sub 
Strate, will be readily recognized by those of ordinary skill 
in the art, Such as brazing, adhesives, etc. 
0066 Either subsequent or prior to the attachment of the 
substrate 25 to the carbonaceous layer 40, the mold 60 may 
be removed by a process Suitable to the type of material from 
which the mold is made, Such as chemical dissolution with 
a strong acid, etc. Removal of the mold thus exposes the 
working Surface 45 of the carbonaceous layer, as shown in 
FIG. 5d. Notably, the working surface of the carbonaceous 
layer was the nucleation Surface during its fabrication, and 
now has a configuration which inversely corresponds to 
interface surface 60 of the mold, including the small pro 
jections 35, which inversely correspond to the concavities 
65 of the mold. 

0067 Thus a dressing tool of the present invention may 
include a Substrate and a carbonaceous layer coupled to the 
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Substrate, wherein the carbonaceous layer has a plurality of 
Small projections which inversely correspond to the con 
figuration or pattern (including a plurality of concavities 
formed therein) of an interface Surface of a mold upon which 
the carbonaceous layer was formed. AS recited above, the 
shape, size, and placement parameters governing the Small 
projections as disclosed herein must be adhered to, and are 
expressly applicable to a dressing tool made in accordance 
with this embodiment of the present invention. 
0068. In addition to the devices and methods of fabrica 
tion disclosed herein, the present invention encompasses a 
method for conditioning a fixed abrasive CMP pad. In one 
aspect, Such a method includes the Steps of providing a 
dressing tool as disclosed herein, and applying a working 
Surface, or a portion thereof, against the polishing Surface of 
a fixed abrasive CMP pad, during rotation of the CMP pad. 
In yet another aspect, the dressing tool may also be rotated, 
and in a further aspect, the CMP pad may be held still while 
the dressing tool is rotated. 
0069. 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 
modifications 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 modifications 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 modifications, 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 dressing tool Suitable for conditioning a fixed abra 

sive CMP pad, comprising: 
a Substrate having a working Surface with a plurality of 

Small projections thereon. 
2. The dressing tool of claim 1, wherein the projections 

have a height that is equal to or less than the height of poles 
contained on a fixed abrasive CMP pad to be conditioned. 

3. The dressing tool of claim 1, wherein the projections 
each have a height of equal to or less than about 30 
micrometers, and are spaced apart from one another for a 
distance of equal to or less than about 150 micrometers. 

4. The dressing tool of claim 1, wherein the projections 
each have a height that extends to within plus or minus 5 
micrometers of a fixed horizontal plain that is Substantially 
parallel to the Substrate. 

5. The dressing tool of claim 1, wherein the projections 
have a Substantially uniform height, and are Substantially 
uniformly spaced apart from one another. 

6. The dressing tool of claim 1, wherein the projections 
each have a pyramid shape. 

7. The dressing tool of claim 1, wherein the substrate and 
projections comprise a ceramic material. 

8. The dressing tool of claim 7, wherein the ceramic 
material is a member Selected from the group consisting of: 
aluminum oxide, Silicon oxide, Zirconium oxide, Silicon 
carbide, Silicon nitride, boron nitride, and mixtures thereof. 
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9. The dressing tool of claim 8, wherein the ceramic 
material is either a Silicon carbide, or a cemented tungsten 
carbide. 

10. The dressing tool of claim 1, wherein the substrate and 
projections comprise a metallic material. 

11. The dressing tool of claim 10, wherein the metallic 
material includes at least one member Selected from the 
group consisting of chromium, Steel, StainleSS Steel, tanta 
lum, titanium, tungsten, Zirconium, and alloys thereof. 

12. The dressing tool of claim 11, wherein the metallic 
material is stainless Steel. 

13. The dressing tool of either claim 7 or 10, further 
comprising a layer of a carbonaceous material formed over 
the working Surface. 

14. The dressing tool of claim 13, wherein the carbon 
aceous material is made Substantially of a member Selected 
from the group consisting essentially of diamond, polycrys 
talline diamond, diamond-like carbon, and mixtures thereof. 

15. The dressing tool of claim 14, wherein the carbon 
aceous material is polycrystalline diamond. 

16. The dressing tool of claim 14, wherein the carbon 
aceous material is diamond-like carbon. 

17. The dressing tool of claim 13, wherein the layer of 
carbonaceous material has a thickness of from about 0.1 
micrometer to about 10 micrometers. 

18. The dressing tool of claim 13, wherein the carbon 
aceous layer has a working Surface that inversely corre 
sponds to the interface Surface of an ephemeral mold. 

19. A dressing tool suitable for conditioning a fixed 
abrasive CMP pad, comprising: 

a Substrate having a working Surface; 
a plurality of uniformly spaced apart Small projections of 

uniform height formed on the working Surface; and 
a carbonaceous layer formed over the working Surface 

and plurality of projections. 
20. The dressing tool of claim 19, wherein the substrate 

and plurality of Small projections are made Substantially of 
a ceramic material. 

21. The dressing tool of claim 19, wherein the substrate 
and plurality of Small projections are made Substantially of 
a metallic material. 

22. The dressing tool of claim 19, wherein the plurality of 
Small projections each have a height of less than about 30 
micrometers, and are spaced apart from one another for a 
distance of less than about 150 micrometers. 

23. A dressing tool Suitable for conditioning a fixed 
abrasive CMP pad, comprising: 

a Substrate; and 
a carbonaceous layer coupled to the Substrate, Said car 

bonaceous layer having a working Surface with plural 
ity of Small projections which inversely correspond to 
the configuration of an interface Surface of an ephem 
eral mold, upon which the carbonaceous layer was 
formed. 

24. The dressing tool of claim 23, wherein the projections 
have a uniform height of less than about 30 micrometers, 
and are uniformly Spaced apart from one another for a 
distance of less than about 150 micrometers. 

25. The dressing tool of claim 23, wherein the substrate is 
made Substantially of a metallic material. 

26. The dressing tool of claim 23, wherein the substrate is 
made Substantially of a ceramic material. 
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27. A method of making a dressing tool that is Suitable for 
conditioning a fixed abrasive CMP pad, comprising the Steps 
of: 

providing a Substrate having a working Surface; and 
forming a plurality of Small projections on the working 

Surface. 
28. The method of claim 27, wherein the projections have 

a height of less than about 30 micrometers, and are spaced 
apart from one another for a distance of less than about 150 
micrometers. 

29. The method of claim 27, wherein the projections are 
Substantially uniform in height, and Substantially uniformly 
Spaced apart. 

30. The method of claim 27, wherein the Substrate is made 
Substantially of a metallic material. 

31. The method of claim 27, wherein the Substrate is made 
Substantially of a ceramic material. 

32. The method of claim 27, further comprising the step 
of: 

forming a carbonaceous layer over the working Surface. 
33. The method of claim 32, wherein the carbonaceous 

layer is a member Selected from the group consisting of 
diamond, polycrystalline diamond, diamond-like carbon, 
and mixtures thereof. 

34. The method of claim 32, wherein the carbonaceous 
layer is made Substantially of either diamond or polycrys 
talline diamond, and is formed using a chemical vapor 
deposition (CVD) technique. 

35. The method of claim 32, wherein the carbonaceous 
layer is made Substantially of diamond like carbon, and is 
formed using a physical vapor deposition (PVD) technique. 

36. The method of claim 32, wherein the diamond-like 
carbon is amorphous diamond. 

37. A method of making a dressing tool that is suitable for 
conditioning a fixed abrasive CMP pad, comprising the Steps 
of: 

providing a mold having an interface Surface with a 
plurality of Small concavities inversely matching a 
plurality of Small projections intended for a working 
Surface of the tool; 

growing a carbonaceous layer on the interface Surface 
using a deposition technique, 

coupling the carbonaceous layer to a Substrate; and 
removing the mold to expose the working Surface. 
38. The method of claim 37, wherein the Substrate is made 

Substantially of a metallic material. 
39. The method of claim 37, wherein the Substrate is made 

Substantially of a ceramic material. 
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40. The method of claim 37, wherein the carbonaceous 
layer is a member Selected from the group consisting of: 
diamond, polycrystalline diamond, diamond-like carbon, 
and mixtures thereof. 

41. The method of claim 40, wherein the carbonaceous 
layer is made Substantially of either diamond or polycrys 
talline diamond, and is formed using a chemical vapor 
deposition (CVD) technique. 

42. The method of claim 40, wherein the carbonaceous 
layer is made Substantially of diamond like carbon, and is 
formed using a physical vapor deposition (PVD) technique. 

43. The method of claim 40, wherein the diamond-like 
carbon is amorphous diamond. 

44. The method of claim 37, wherein the projections have 
a height of less than about 30 micrometers, and are Spaced 
apart from one another for a distance of less than about 150 
micrometers. 

45. The method of claim 44, wherein the projections are 
uniform in height, and uniformly Spaced apart. 

46. A method of conditioning a fixed abrasive CMP pad 
comprising the Steps of: 

providing a dressing tool having a Substrate with a work 
ing Surface having a plurality of Small projections, and 

applying the working Surface against a polishing Surface 
of the fixed abrasive CMP pad during rotation of the 
CMP pad. 

47. The method of claim 46, further comprising the step 
of rotating the dressing tool during application thereof to the 
fixed abrasive CMP pad. 

48. The method of claim 47, wherein the projections have 
a height that is equal to or less than a height of poles 
contained on the fixed abrasive CMP. 

49. The method of claim 47, wherein the projections each 
have a height of less than about 30 micrometers, and are 
Spaced apart from one another for a distance of less than 
about 150 micrometers. 

50. The method of claim 47, wherein the projections have 
a uniform height, and are uniformly spaced apart from one 
another. 

51. The method of claim 46, wherein the CMP paddresser 
further comprises a carbonaceous layer formed over the 
working Surface. 

52. The method of claim 46, wherein the Substrate and 
plurality of Small projections are made Substantially of a 
ceramic material. 

53. The method of claim 46, wherein the Substrate and 
plurality of Small projections are made Substantially of a 
metallic material. 


