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May 10, 2010. Each of these applications is incorporated herein by reference. This
application also claims the benefit of Taiwan Patent Application Serial No. 101112625,
filed on April 10, 2012, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

For the tiny copper circuit or the interlayer tungsten circuit on the silicon wafer
surface, even for the oxide film dielectric layer of the insulated circuit, making the surface
flat through the planarization process to facilitate the subsequent process steps is

necessary. Currently, with the process of manufacture integrated circuits (IC) on the
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semiconductor wafer, the most outstanding planarization technology is the chemical-
mechanical planarization (CMP), which flattens a surface by pressing the wafer grinding
on a rotating polishing pad.

The chemical-mechanical planarization is processed by transferring the slurry in
between the wafer and the polishing pad stably and evenly to soak the polishing pad surface
with slurry which containing chemicals (for instance, acid and oxidant) to erode the film on
the wafer surface. The myriad of nano ceramics abrasive (ex. Si02, AI203 and CeO2) in the
slurry further pierce and scrape trace film, and simultancously conduct chemical etching and
mechanical grinding to remove the protruding deposit layer on the wafer. The purpose of
planarization can be achieved by polishing the wafer surface.

A conditioner, whose function is to polish pad, is a necessary supply for chemical-
mechanical planarization. The so-called condition is directed to shaving polishing pad surface
and removing the waste accumulated on the polishing pad surface to maintain the roughness
of the polishing pad surface. In addition, a conditioner could also produce tiny uplift and
compression on the surface, and it is known as the height different of the asperities.
Accordingly, the contact area on the polishing pad would be reduced significantly. Once the
contact area becomes smaller, the contact pressure becomes greater to make the slurry at the
contact point extrusion the protruding part of the wafer and the chemicals (ex. H202) in the
slurry would be oxidation to soften or erode the wafer.

However, the waste produced in the process of the chemical-mechanical planarization,
including the debris of the wafer, ex. copper wires, tungsten filled holes, oxidation film, slurry,
abrasive and polishing pad scrap etc, the debris usually accumulates on the polishing pad
surface and is pressed to become glaze. Once the glaze is formed, polishing pad would
become slippery and difficult to maintain grinding power. Therefore, after polishing each
wafer, it is necessary to utilize a conditioner to achieve the grinding efficiency of the process
(ex. polishing speed) and flatness (ex. the thickness distributed of the wafer coating) as to
stabilize the wafer quality.

However, previous diamond conditioner is usually secured the diamond on the metal
table surface by binder. Although it is adapted for conditioning the polishing pad, with regard

to the more accurate chemical-mechanical planarization process, scratch, partial dishing,
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erosion and thickness non-uniformity of the wafer would cause easily by the rough asperities
ofthe polishing pad. The smaller the required IC critical dimension, the greater the demand to
the flatness of the wafer surface, also the greater the demand to the conditioner, and which
can lead to previous diamond conditioner not being able to satisfy the pre-requirement of the
chemical-mechanical planarization process smaller than 45nm.

In an effort to obtain a dresser with abrasive tips that are as level as possible, it is
often prudent to use diamond abrasives of high shape regularity, and the crystal surface
coverage of this kind of crystal is quite high, otherwise, using the crystal with low crystal
surface coverage would cause an overshooting height difference. Additionally, a diamond
having the highest polishing pad penetration ability, the so-called killer diamond, presents no
difference when compared to other diamonds with respect to pad height. In order to meet the
demand for a smaller critical dimension, continuing improvement of the conditioner is
necessary. Using the sharper polishing tips and maintaining the flatness of the tips height (i.e.
the difference of the polishing tips top height), making conditioner forming the subtler and
more uniform nick on the polishing pad, and improving the removal ratio to the polishing pad
simultancously, by this, it is efficient to remove the hard layer and recover the asperities on

the polishing pad to polish the coating on the wafer rapidly.

SUMMARY OF THE INVENTION

The present disclosure provides efficient methods, devices, and systems of
conditioning a CMP pad. In one aspect, for example, a composite conditioner can include
a base plate and a plurality of polishing units secured to a surface of the base plate by an
adhesive layer, where each polishing unit includes a plurality of polishing tips secured in a
binding layer. Additionally, a height difference between a first highest polishing tip and a
second highest polishing tip is less than or equal to about 10um, a height difference
between the first highest polishing tip and a tenth highest polishing tip is less than or equal
to about 20pm, and a height difference between the first highest polishing tip and a 100th
highest polishing tip is less than or equal to about 40um. Furthermore, the first highest
polishing tip protrudes from the binding layer to a height of greater than or equal to about

50um. In some aspects, at least 1% of the plurality of polishing tips actively condition a
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CMP pad during a conditioning process. In other aspects, less than 40% of the surface of
the base plate is covered with polishing units. The polishing units can be arranged on the
plate in a variety of configurations. Non-limiting examples can include a single ring,
double rings, multi-rings, radial arrangements, spiral arrangements, and the like.

In another aspect of the present disclosure, a method of making a composite
conditioner can include disposing a second mold on a first mold, wherein the second mold
includes a plurality of holes, placing a polishing unit in each of the plurality of holes of the
second mold, where each polishing unit includes a plurality of polishing tips secured in a
binding layer, applying an adhesive layer over the second mold to secure the polishing
units, and removing the first mold and the second mold to form a composite conditioner.
Regarding the conditioner, a height difference between a first highest polishing tip and a
second highest polishing tip is less than or equal to about 10um, a height difference
between the first highest polishing tip and a tenth highest polishing tip is less than or equal
to about 20pm, and a height difference between the first highest polishing tip and a 100th
highest polishing tip is less than or equal to about 40pum and the first highest polishing tip
protrudes from the binding layer to a height of greater than or equal to about 50um.

In yet another aspect, a process of chemical-mechanical planarization (CMP) can
include polishing a wafer against a rotating polishing pad and applying the conditioner as
has been described against the polishing pad to remove debris and condition the pad.

There has thus been outlined, rather broadly, various features of the invention so
that the detailed description thereof that follows may be better understood, and so that the
present contribution to the art may be better appreciated. Other features of the present
invention will become clearer from the following detailed description of the invention,

taken with the accompanying claims, or may be learned by the practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A to 1G show a flow chart of manufacturing a composite conditioner in
accordance with one embodiment of the present invention;

FIG. 2A to 2G show a flow chart of manufacturing the composite conditioner in
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accordance with one embodiment of the present invention;

FIG. 2H shows a top view of a composite CMP pad dresser in accordance with an
embodiment of the present invention;

FIG. 3 shows a comparison chart of the tip height difference and the working
granule amount of a conditioner in accordance with one embodiment of the present
invention as compared to a prior art conditioner;

FIG. 4 shows a comparison chart of the height difference (pum) and the scratch
amount of the first highest point and the second highest point of a conditioner in
accordance with one embodiment of the present invention as compared to a prior art
conditioner;

FIG.5 shows a comparison chart of the scratch amount and the removal rate of a
conditioner in accordance with one embodiment of the present invention as compared to a
prior art conditioner;

FIG.6 shows a comparison chart of the in use time and the removing rate of a
conditioner in accordance with one embodiment of the present invention as compared to a
prior art conditioner;

FIG.7 shows a comparison chart of the polishing wafer amount and the removal
rate of a conditioner in accordance with one embodiment of the present invention as
compared to a prior art conditioner;

FIG.8 shows a schematic diagram of the chemical-mechanical planarization process
in accordance with one embodiment of the present invention; and

FIG.9 shows a schematic diagram of polishing granules in accordance with one

embodiment of the present invention.

It will be understood that the above figures are merely for illustrative purposes in
furthering an understanding of the invention. Further, the figures are not drawn to scale, thus

dimensions, particle sizes, and other aspects may, and generally are, exaggerated to make
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illustrations thereof clearer. Therefore, departure can be made from the specific dimensions
and aspects shown in the figures in order to produce the heat spreaders of the present

invention.

DETAILED DESCRIPTION

Before the present invention is disclosed and described, it is to be understood that
this invention is not limited to the particular structures, method steps, or materials
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.

It must be noted that, as used in this specification and the appended claims, the

(13 2% ¢
a

singular forms an” 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 and reference to “the layer” includes reference to one or more of
such layers.

Definitions

In describing and claiming the present invention, the following terminology will be
used in accordance with the definitions set forth below.

As used herein, the terms “conditioner” and “dresser” can be used interchangeably,
and refer to a tool used to condition or dress a pad, such as a CMP pad.

As used herein, “dressing segment” and “polishing unit” can be used
interchangeably, and refer to a dressing or conditioning element of a CMP pad dresser.
Dressing segments are utilized in the present invention to carry superabrasive particles
having leveled tips. Thus superabrasive particles are introduced into a CMP pad dresser
by the incorporation of multiple dressing segments. It should be noted that a variety of
techniques of attaching the dressing segments to the substrates, and a variety of techniques
of attaching the superabrasive particles to the dressing segments, are discussed herein. It
is to be understood that all of these various attachment mechanisms can be used

interchangeably herein: that is, if a method of attaching a dressing segment to a substrate
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is discussed herein, the method of attachment discussed can also be used to attach a
superabrasive particles to a dressing segment. For any particular CMP pad dresser being
discussed, however, it is understood that attachment methods of the superabrasive
particles to the dressing segments can differ from, or can be the same as, the method used
to attach the dressing segments to the pad conditioner substrate.

As used herein, “superabrasive” may be used to refer to any crystalline, or
polycrystalline material, or mixture of such materials which has a Mohr’s hardness of
about 8 or greater. In some aspects, the Mohr’s hardness may be about 9.5 or greater.
Such materials include but are not limited to diamond, polycrystalline diamond (PCD),
cubic boron nitride (cBN), polycrystalline cubic boron nitride (PcBN), corundum and
sapphire, as well as other superabrasive materials known to those skilled in the art.
Superabrasive materials may be incorporated into the present invention in a variety of
forms including particles, grits, films, layers, pieces, segments, etc. In some cases, the
superabrasive materials of the present invention are in the form of polycrystalline
superabrasive materials, such as PCD and PcBN materials.

As used herein, “organic material” refers to a semisolid or solid complex or mix of
organic compounds. “Organic material layer” and “organic matrix” may be used
interchangeably, and refer to a layer or mass of a semisolid or solid complex or mix of
organic compounds, including resins, polymers, gums, etc. The organic material can be a
polymer or copolymer formed from the polymerization of one or more monomers. In
some cases, such organic material can be adhesive.

As used herein, the process of “brazing” is intended to refer to the creation of
chemical bonds between the carbon atoms of the superabrasive particles/materials and the
braze material. Further, “chemical bond” means a covalent bond, such as a carbide or
boride bond, rather than mechanical or weaker inter-atom attractive forces. Thus, when
“brazing” is used in connection with superabrasive particles a true chemical bond is being
formed. However, when “brazing” is used in connection with metal to metal bonding the
term is used in the more traditional sense of a metallurgical bond. Therefore, brazing of a
superabrasive segment to a tool body does not necessarily require the presence of a

carbide former.
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As used herein, “particle” is as used herein in connection with diamond particles,
and refers to a particulate form of diamond. Such particles may take a variety of shapes,
including round, oblong, square, euhedral, etc., can be either single crystal or
polycrystalline, and can have a number of mesh sizes. As is known in the art, “mesh”
refers to the number of holes per unit area as in the case of U.S. meshes. All mesh sizes
referred to herein are U.S. mesh unless otherwise indicated. Further, mesh sizes are
generally understood to indicate an average mesh size of a given collection of particles
since each particle within a particular “mesh size” may actually vary over a small
distribution of sizes.

As used herein, “sharp portion” means any narrow portion to which a crystal or
particle may come, including but not limited to corners, apexes, ridges, edges, obelisks,
and other protrusions. In some cases, corners and/or apexes are formed at the
convergence of more than two faces of the particle or crystal, or other body, disposed in
intersecting planes. In other aspects, edges and/or ridges may be formed at the
convergence of two or at least two faces of the particle or crystal, or other body, disposed
in intersecting planes. In some aspects, “sharp portion” can include a portion that is
broken, chipped, cracked, jagged, and the like. In some aspects, degrees of sharpness can
be correlated with the geometric angle formed by the particle, crystal, or other body, at
the location in question. In some aspects, an angle of 90 degrees or less can be considered
sharp. In other aspects, an angle of 60 degrees or less can be considered sharp. In yet
other aspects, and angle of 45 degrees or less, or 30 degrees or less can be considered to
be sharp.

As used herein, “peripherally located,” “peripheral location” and the like, mean any
particle of a dresser that is located in an area that originates at the leading edge or outer
rim of a dresser and extends inwardly towards the center for up to about 90% of the
radius of the dresser. In some aspects, the area may extend inwardly from about 20% to
90% of the radius. In other aspects, the area may extend in to about 50% of the radius. In
yet another aspect, the area may extend in to about 33% of the radius of a dresser (i.e.
66% away from the center).

As used herein, “working superabrasive particles” are superabrasive particles that
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touch a CMP pad during a dressing or conditioning procedure. This touching can remove
debris from the surface, it can deform the surface either elastically or plastically, or it can
cut the surface to create a groove. In one specific aspect, a working superabrasive particle
can cut deeper than about 10 microns into a CMP pad during a dressing procedure.

As used herein, “non-working superabrasive particles” are superabrasive particles
in a CMP pad dresser that do not significantly touch the pad sufficient to remove debris
from the surface, deform the surface, cut the surface to create a groove.

As used herein, “overly-aggressive superabrasive particles” are superabrasive
particles in a CMP pad dresser that aggressively dress or condition a CMP pad. In one
aspect, aggressive superabrasive particles are superabrasive particles that cut deeper than
about 50 microns into a CMP pad during a dressing procedure. In another aspect,
aggressive superabrasive particles are superabrasive particles that remove at least 1/5 of
the material from the CMP pad. In yet another aspect, aggressive superabrasive particles
are superabrasive particles that remove at least 1/2 of the material from the CMP pad.

As used herein, “indicator substrate” refers to a substrate material upon which a
portion of the superabrasive particles of a CMP pad dresser can be positioned and moved
to make markings indicative of working superabrasive particles.

As used herein, “marking pattern” refers to a pattern on an indicator substrate
created by moving superabrasive particles thereacross. The markings can be any
detectable marking known, including cuts, scratches, depressions, material deposition (e.g.
pigment markers, chemical markers, fluorescent markers, radioactive markers, etc.).

As used herein, “transverse” refers to a directional orientation that is cross-wise to
a reference axis. In one aspect, “transverse” can include a directional orientation that is at
least at a substantial right angle to the reference axis.

As used herein, “alignment orientation direction” refers to the direction of an
alignment axis of the plurality of superabrasive particles. For example, a plurality of
superabrasive particles aligned in a grid formation would have at least two alignment axes;
an alignment axis in the column direction and an alignment axis in the row direction

oriented 90° to the column direction.

EX1057, Page 16



10

15

20

25

30

Thorpe North & Western, LLP
Attorney Docket No.: 02074-32836.US

As used herein, “ablate” or “ablating” refer to a process of removing a
superabrasive particle from a CMP pad dresser or reducing the projection of a
superabrasive particle thus reducing the degree of contact between the superabrasive
particle and the indicator substrate.

As used herein, “superabrasive segment” refers to a tool body having multiple
superabrasive particles associated therewith. In some aspect, a superabrasive segment can
include superabrasive polycrystalline materials as cutting elements.

As used herein, a “tool substrate” refers a portion of a pad conditioner that
supports abrasive materials, and to which abrasive materials and/or superabrasive
segments that carry abrasive materials may be affixed. Substrates useful in the present
invention may of a variety of shapes, thicknesses, or materials that are capable of
supporting abrasive materials in a manner that is sufficient to provide a pad conditioner
useful for its intended purpose. Substrates may be of a solid material, a powdered material
that becomes solid when processed, or a flexible material. Examples of typical substrate
materials include without limitation, metals, metal alloys, ceramics, relatively hard
polymers or other organic materials, glasses, and mixtures thereof. Further, the substrate
may include a material that aids in attaching abrasive materials to the substrate, including,
without limitation, brazing alloy material, sintering aids and the like.

As used herein, “working end” refers to an end of a particle which is oriented
towards the CMP pad and during a dressing operation makes contact with the pad. Most
often the working end of a particle will be distal from a substrate to which the particle is
attached.

As used herein, “attitude” means the position or arrangement of a superabrasive
particle in relation to a defined surface, such as a substrate to which it is attached, or a
CMP pad to which it is to be applied during a work operation. For example, a
superabrasive particle can have an attitude that provides a specific portion of the particle
in orientation toward a CMP pad.

As used herein, “sintering” refers to the joining of two or more individual particles
to form a continuous solid mass. The process of sintering involves the consolidation of

particles to at least partially eliminate voids between particles.
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The term “metallic” refers to both metals and metalloids. Metals include those
compounds typically considered metals found within the transition metals, alkali and alkali
carth metals. Examples of metals are Ag, Au, Cu, Al, and Fe. Metalloids include
specifically Si, B, Ge, Sb, As, and Te. Metallic materials also include alloys or mixtures
that include metallic materials. Such alloys or mixtures may further include additional
additives. In the present invention, carbide formers and carbon wetting agents may be
included as alloys or mixtures, but are not anticipated to be the only metallic component.
Examples of such carbide formers are Sc, Y, Ti, Zr, Hf, V, Nb, Cr, Mo, Mn, Ta, W, and
Tc. Examples of carbon wetting agents are Co, Ni, Mn, and Cr.

As used herein, “infiltrating” refers to a situation where a material is heated to its
melting point and then flows as a liquid through the interstitial voids between particles.

As used herein, the term “substantially” refers to the complete or nearly complete
extent or degree of an action, characteristic, property, state, structure, item, or result. For
example, an object that is “substantially” enclosed would mean that the object is either
completely enclosed or nearly completely enclosed. The exact allowable degree of
deviation from absolute completeness may in some cases depend on the specific context.
However, generally speaking the nearness of completion will be so as to have the same
overall result as if absolute and total completion were obtained.

The use of “substantially” is equally applicable when used in a negative
connotation to refer to the complete or near complete lack of an action, characteristic,
property, state, structure, item, or result. For example, a composition that is “substantially
free of” particles would either completely lack particles, or so nearly completely lack
particles that the effect would be the same as if it completely lacked particles. In other
words, a composition that is “substantially free of” an ingredient or element may still
actually contain such item as long as there is no measurable effect thereof.

As used herein, the term “about” is used to provide flexibility to a numerical range
endpoint by providing that a given value may be “a little above” or “a little below” the
endpoint.

As used herein, a plurality of items, structural elements, compositional elements,

and/or materials may be presented in a common list for convenience. However, these lists
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should be construed as though each member of the list is individually identified as a
separate and unique member. Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list solely based on their
presentation in a common group without indications to the contrary.

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. As an illustration, a numerical range of
“about 1 to about 5 should be interpreted to include not only the explicitly recited values
of about 1 to about 5, but also include individual values and sub-ranges within the
indicated range. Thus, included in this numerical range are individual values such as 2, 3,
and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3, 4,
and 5, individually. This same principle applies to ranges reciting only one numerical
value as a minimum or a maximum. Furthermore, such an interpretation should apply

regardless of the breadth of the range or the characteristics being described.

The Invention

One objective according to some aspects of the present invention is to provide a
composite conditioner, which is utilizing the shape of polishing tips while maintaining the
distribution of tip height to avoid the over aggressive cutting of highly exposed abrasives
(e.g. killer diamond) so as to improve the ratio of working polishing tips on the polishing
pad during conditioning, and to increase the removal ratio from the wafer and the
durability of the conditioner.

In one embodiment, for example, a composite conditioner can include a base plate
and a plurality of polishing units secured to a surface of the base plate by an adhesive
layer, where each polishing unit includes a plurality of polishing tips secured in a binding
layer. The height difference between the first highest polishing tip and the second highest
polishing tip is less than or equal to about 10um, the height difference between the first

12
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highest polishing tip and the tenth highest polishing tip is less than or equal to about
20um, and the height difference between the first highest polishing tip and the 100th
highest polishing tip is less than or equal to about 40um. Furthermore, the first highest
polishing tip protrudes from the binding layer to a height of greater than or equal to about
50pm.

Due to the fact the chemical-mechanical planarization (CMP) is directed to planar
polishing, the contact distribution between the high point of the wafer and the polishing
pad leads to confirm the quality (i.e. yield rate) and the efficiency (i.e. production
capacity) of the CMP. If the distribution of the high point of the asperities in the CMP
pad is uneven, the abrasion rate of the wafer in different parts of the polishing pad would
be different and the wafer surface may become uneven. Furthermore, it is possible that
some arcas would be over-polished to result in dishing or layer erosion; or in some cases
can result in under-polished regions producing residuals. If within wafer non-uniformity
(WIWNU) is high, the effect of the chemical-mechanical planarization would be not
desired. Accordingly, the present disclosure provides an enhanced conditioner based on
extensive data from testing and experiment, and especially adjusts the height of the
working polishing tips by a thickness adjustable adhesive layer to compensate for the
difference of polishing units thickness and achieve aforesaid height distribution of the
highest tip to avoid producing killer diamond and improve the ratio of the effective
working polishing tips on the polishing units.

With regard to the present invention aforesaid composite conditioner the material
of the thickness adjustable adhesive layer could be any suitable organic adhesive. Each
polishing unit further comprises a unit substrate, and a binding layer is positioned between
the surface of the unit substrate and the polishing tips. This binding layer can be a solder,
a braze, an organic polymer, a plating layer, a sintered layer, a resin layer, or the like. The
polishing tips refer to tips, a plurality of which are located on each polishing unit, can
achieve the polishing effect, and the tips are exposed at the binding layer, that is, the
height of the polishing tips means the height of the polishing tips protrude over the binding
layer surface.

With regard to high-precision measurement for the height of the polishing tips,

13
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various techniques are contemplated. In one aspect, for example, measurement can be
accomplished by an optical detection system such as the surface detector manufactured by
Germany FRT (Fries Research & Technology GmbH). The surface detector detects the
height of total polishing tips (ex. more than 10000) of the conditioner, that is, detects the
height of the polishing tips protrusion over the binding layer surface. Using the least
square method with the height data, a theorized plane may be calculated across the tops of
the polishing tips. The first highest tip is the height of the polishing tip that protrudes over
the theorized plane to the greatest extent, the second highest tip is the height of the
polishing tip that protrudes over the theorized plane to the second most extent, and so on.
The position of the wafer to be polished mostly depends on the distribution of the
polishing pad top, and the distribution depends on the height of the polishing tips of the
conditioner. The conditioner can be disk-shaped (as adapted for Applied Materials) or
ring-shaped (as adapted for Ebara). The diameter of the disk can be about 100mm in
general, and the diameter of the ring can be greater than 250mm. Generally, there are tens
of thousands polishing tips (e.g. diamond particles) distributed on the conditioner, for
example: the polishing tips of 80/90 mesh, 100/120 mesh and 120/140 mesh, but the
difference in size might be greater than 30% even in the same mesh. Additionally, there
can also be a difference in size in similar polishing tips when oriented different directions;
for example, the distance between the tips is 30% greater than that between particle
planes, and if the shape of the polishing tips is not regular, the difference would be greater.
Therefore, the present invention regulates the polishing particles such that the
height difference between the first highest polishing tip and the second highest polishing
tip is less than or equal to about 10um, the height difference between the first highest
polishing tip and the tenth highest polishing tip is less than or equal to about 20um, and
the height difference between the first highest polishing tip and the 100th highest polishing
tip is less than or equal to about 40pm, and the first highest polishing tip protrudes from
the binding layer to a height of greater than or equal to about 50um to ensure that there
are sufficient working tips in the conditioner to achieve effective polishing of the IC wafer
surface rapidly and uniformly. Additionally, it should be noted that the first highest tip and
the second highest tip might be located in different polishing units or at the same polishing
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unit, similar with the other polishing tips; in another words, the tip distribution is not
centralized at single polishing unit.

With respect to the aforesaid composite conditioner, the particles of the polishing
tips can be any superabrasive material, including, without limitation, artificial or natural
diamond, polycrystalline diamond (PCD), cubic boron nitride (CBN), poly crystal cubic
boron nitride (PCBN), or a combination thereof. In some aspects, particle size can be in
the range from about 100um to about 500pum. The aforesaid diamond can be deposition
diamond, polycrystalline diamond or the combination thereof. Additionally, there is no
restriction to the material of the base plate, for example, resin, metal, alloy, plastic, rubber,
ceramics, glass or the combination thereof (examples include the admixture between resin
and alloy).

Additionally, in some cases diamond is formed by transforming graphite with iron-
nickel alloy at high pressure (ex. 5GPa), thus leaving iron-nickel inclusion inside. The alloy
can transform the diamond back to the graphite or carbon at high temperature, and the
volume will increase substantially to often split the diamond. Thus, diamond secured to
the diamond disk by brazing can be problematic in these cases where high temperature of
the braze can cause the diamond to split. In the CMP process, such fractured diamond tips
may crumble along the micro-fracture surface, releasing diamond chips that can scratch
the wafer. In some aspects, an electromagnetic separator can be used to separate diamond
particles having excessive metal inclusions. In some aspects, it can be beneficial to choose
a low melting point solder for attaching the diamond particles to the polishing units.

In the present invention, when choosing the solder as the material of the binding
layer, the solder layer could comprise greater than about 1 weight percentage of at least
one of Cr, B, P, Ti and alloys thereof, and greater than about 50 weight percentage of at
least one of: Ni, Cu and alloys thereof. The Cr, B, P, Ti etc. can be used for activating the
solder layer. Specifically, the solder can be is Ni-Cr-B, Ni-Cr-P, or Cu-Sn-Ti alloy, where
the melting point is between about 800°C and about 1000°C.

Additionally, each polishing unit can further selectively include a metal cover layer
which covers on the surface of the binding layer, and the material of the metal cover layer

can be at least one of Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W and alloys thereof to further
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adhere the polishing tips on the unit substrate of the polishing unit. Furthermore, each
polishing unit further selectively comprises a protective layer which is thin inert material
and covers on the surface of the metal cover layer, and the material of the protective layer
is metal such as Pd, Pt, or non-metal as silicon carbide, silicon nitride, aluminum nitride,
alumina, zirconia, diamond-like carbon (DLC), organic film (as Teflon) or a combination
thereof to avoid the solder be eroded by the polishing slurry (ex. pH=3 tungsten process
slurry).

Generally, the height of the diamond tips will determine the power pressed into the
polishing pad but the sharpness will affect the depth of the diamond penetration into the
polishing pad. In general, when the diamond gets sharper, the polishing pad deformation
of elasticity and plasticity will be smaller, and the depth of cut is greater. Because the
diamond abrasive formed on the conditioner surface is different in shape and direction, the
top hundred-height diamond could contact the polishing pad. If the diamond is regular in
shape and in symmetry, the angle will be obtuse and may be difficult to pierce into the
polishing pad, and the diamond will push onto the polishing pad surface and form
protruding plastic deformation from two sides; on the other hand, if the diamond has a
sharp surface, which if not regular in shape, it may pierce into the polishing pad, cut the
polishing pad surface and remove the waste simultancously.

Therefore, with regard to the aforesaid composite conditioner of the present
invention, the crystal surface coverage of more than 50% of the top 100 height polishing
tips are less than 80%, and the preferred is less than 50%.

In some aspects, the highest 100 diamond tips may dress or condition less than 50%
of a CMP pad. In other words, the 100 highest diamond tips perform less than 50% of the
overall dressing workload. In some aspects, the workload is less than 80% of the overall
dressing workload. In additional aspects, the 10 highest tips may dress or condition less
than 50% of the CMP pad. Again, in this respect, the 10 highest diamond tips perform
less than 50% of the overall dressing workload. In some aspects, the workload is less than
80%. Conversely described, the diamond particles in the dresser outside of the highest
100 or 10 may perform more than 50% of the overall dressing workload. In some aspects,

the overall workload may be more than 80%.
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As the crystal surface coverage of the polishing tips becomes lower that those
polishing tips have more crack surface (sharp surface) and the polishing tips of the
polishing unit working surface comprises corners and ridges, have more ridges with the
angle less than 45° (means the angle of the two crystal surface which form the ridge), or
have more angle less than 90°, therefore have higher removal ratio for the polishing pad.

Referring now to figure 9, the schematic diagram to polish abrasive, wherein A, E
and S respectively points to corner, ridge and surface, wherein S; is the crystal surface, A,
is the angle of the crystal surface, S, is the crack surface and A, is the angle of at least one
crack surface. From this, A; and A, are two different angle, A, is greater than 90° (obtuse
angle) and A, is less than 90° (acute angle), means that when using A, as polishing tips,
the removal efficiency is greater than A;.

The polishing tips can be arranged in a pattern on the unit substrate or the polishing
tips form a plurality of clusters and the clusters are arranged in a pattern on the unit
substrate, where each the cluster is composed of two to six polishing tips.

Additionally, the polishing units can be arranged on the base plate as single ring,
double rings, multi-rings, radial or spiral in shape and it could be disk in shape, blade in
shape or polygon. If the polishing units are disk in shape, the diameter is in the range of
Smm to 30mm. The diameter in the range of 14mm to 18mm is preferred. The base plate
also could be disk in shape and the diameter is in the range of 80mm to 120mm. It also
could secure the polishing unit on the ring substrate, which is 250mm to 270mm in
diameter, for actual use. Additionally, if the polishing unit with a disk shape is positioned
at an inner surface, the polishing unit on the inner surface can be obstructed by the outer
polishing units when conditioning the polishing pad, so that the inner polishing unit may
not function well. Therefore, the polishing units can be arranged at the outer edge of the
disk-shape base plate surface, it could create a fringe effect on a outer edge during the
CMP process, such that it will increase the working amount of the polishing units, and the
CMP process is adapted to apply for the nanometer process of 18inch wafer or 22nm
wire.

In the aforesaid composite conditioner of the present invention, the spacing

between the polishing units is not less than 0.1mm, a spacing of greater than 0.5mm is
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preferred, so it could be sure that in the CMP process, the slurry could flow favorably
along the spacing between the polishing units and would not remain inside due to defect as
the scratch to the wafer. Besides, the thickness of the binding layer of the polishing unit’s
bottom is in the range less than 0.6mm so that it could fully adjust the polishing tips of
each polishing unit to the same plane to increase the amount of the diamonds efficiently.

Formerly, the height difference of the tips is too big so that the amount of the tips
utilized by traditional conditioner (comprising the tips piercing into polishing pad) is less
than 1% of the tips total amount and the diamond coverage area of traditional conditioner
is over 40%; on the other hand, in the aforesaid composite conditioner of the present
invention, the amount of the polishing tips used for conditioning a polishing pad is more
than 1% of the total polishing tips; besides, the area of the polishing units covering the
base plate is less than 40% of the total area of the base plate surface to achieve the best
remove ratio.

It is another objective of the present invention to provide a manufacture method of
a composite conditioner, wherein using the polishing unit with sharp polishing tips,
through the inversion method, setting the top several tips of each polishing unit as
standard plane, adjusting the thickness of the binding material under each polishing unit to
secure on the substrate so that the top several tips of the polishing units would not
protrude to form the destructive “killer diamond”. Using coplanar to make the highest
point of each polishing unit achieve common height could also improve the ratio of
working polishing tips, further to improve the removal ratio and durability of the
conditioner.

As such, another embodiment of the present invention provides a manufacture
method of a composite conditioner, including the following steps: installing a second mold
on a first mold, wherein the second mold comprises a plurality of holes; installing a
polishing unit in each the hole of the second mold, wherein each the polishing unit
comprises a plurality of polishing tips and a binding layer securing the polishing tips;
forming a thickness adjustable adhesive layer to secure the polishing units on a base plate;
and removing the first mold and the second mold to form a composite conditioner,

wherein the height difference between a first and a second highest tip, between the first
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and a tenth highest tip, and between the first and a 100th highest tip protruding from a
predetermined plane is respectively less than 10pum, 20pum, and 40pm, and the height of
the first highest tip protruding the binding layer is greater than 50pum.

Generally, diamond conditioner is made by additive manufacturing method, that is,
arranging in flat the diamond abrasive (like matrix distribution) on the plane substrate (as
stainless steel No.316). Obtaining a diamond conditioner or tool with diamond particles
having a height difference of the diamond top of single conditioner surface of about 50um
or less is difficult using know methods of securing the diamond abrasive such as
electroplating with nickel or by brazing with an alloy, which suffers from curdling
and gripping due to surface tensions when the braze is liquified. The former diamond
surface 1s usually upward and the latter tips or the ridge usually protrude, and the
diamonds with surface upward pierce into the polishing pad with difficultly and the
diamond with tips or the ridge cut the polishing pad more easily. In contrast, the present
invention can utilize electroplating first to form polishing units, combines organic flexible
material and compensates a plurality of polishing units to arrange the polishing units at the
base plate, it not only has the advantage of brazing but also could avoid the disadvantage
thereof. Therefore, when the diamond conditioner is conditioning the polishing pad, the
protrusion diamond top could contact and pierce into the polishing pad without having
the polishing tips protruding too much, so piercing into the polishing pad too deep may
increase the height difference between the asperities and therefore preventing the
outstanding asperities from dipping too much slurry, and ultimately leading to the nano
particle of the slurry to penetrate excessively into the wafer surface to produce over-
polishing, and even scratching the wafer.

With the aforesaid manufacture method of a composite conditioner of the present
invention, the thickness adjustable adhesive layer could be formed after using another plate
to leveling the top tips of the polishing units, or after forming the thickness adjustable
adhesive layer before the thickness adjustable adhesive layer solidified using the base plate
to leveling the top tips of the polishing units.

The thickness adjustable adhesive layer could be composed by the organic adhesive,

for example: a plastic material, a rubber material, a hot melt adhesive or the combination

19

EX1057, Page 26



10

15

20

25

30

Thorpe North & Western, LLP
Attorney Docket No.: 02074-32836.US

thereof; besides, the holes of the second mold are arranged at the second mold outer.
Specifically, the holes of the second mold are arranged at the outer ring of the second
mold as 12 holes. Additionally, with the composite conditioner, the polishing units also
could be arranged at inner or outer ring, and the smaller the polishing units are, the more
the amount of the working granules when polishing, but the cost of manufacturing will be
higher, so manufacturing the conditioner with appropriate amount of polishing units could
balance the effect and cost.

With the aforesaid manufacture method of a composite conditioner of the present
invention, before the second mold set on the first mold, further comprising: forming a
temporary adhesive layer on the first mold surface and setting the second mold on the
temporary adhesive layer to fold the temporary adhesive layer between the second mold
and the first mold, and after removing the second mold, further comprising: removing the
temporary adhesive layer. With a preferred embodiment of the present invention, the
temporary adhesive layer is a double-sided tape.

In another preferred embodiment of the present invention, a side of the polishing
units has the polishing tips, and the thickness adjustable adhesive layer is set on the
opposite side, and the polishing units set at the holes contact the first mold through the
polishing tips. Besides, after removing the first mold and the second mold, further
comprising: forming a mold sealing glue layer to secure the polishing units. From the
above, it is possible to make the polishing units arranged orderly on the same plane by
adding pressure at the side having the polishing tips of the polishing units.

With the aforesaid manufacture method of a composite conditioner of the present
invention, further selectively comprising: after removing the first mold, moving the second
mold. That is, the conditioner might comprise the second mold.

It is another object of the present invention to provide a chemical-mechanical
planaization (CMP) process, wherein sharp polishing tips may be used while the planarity
of the working surface is maintained and the ratio of the effective working polishing tips
on the polishing units is improved, and the removing rate and durability are increased.

To achieve aforesaid object, another embodiment of the present invention provides

a process of chemical-mechanical planaization, including the following steps: providing a
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polishing pad; installing a wafer on the surface of the polishing pad to polish the polishing
pad with each other; and using a conditioner, which is installed on the surface of the
polishing pad and removing the scrap of the polished wafer, wherein the conditioner is the
aforesaid composite conditioner of the present invention.

The Moore’s law states that the amount of the transistor in the same size in the
same wafer will double every 18 months because of the improvement of the process
technology and improved speed of the wafer executing computing. In accordance with the
continuing improvement suggested by the Moore’s law, the critical dimension of
integrated circuit (IC) gradually exceeds the limit of 32nm, however, the bottleneck that is
occuring now is that the it is current state of art of the chemical-mechanical process is
difficult to surpass, so the process could not enter a stage for finer critical dimension. In
other hand, because we utilize the improved conditioner in the chemical-mechanical
planaization process of the present invention, we could use the diameter of the wafer in
200mm, 300mm or 450mm in the chemical-mechanical planaization process of the present
invention, and the wafer surface having the IC critical dimension is smaller than or equal
to 45nm, 28nm, or 22nm. Therefore, if the related technology utilizes the technology of
the present invention, for example applying the chemical-mechanical planaization process
of the present invention for manufacturing logic device, DRAM, flash memory or hard
drive, the speed of the each aforesaid device executing computing will improve as

postulated by the Moore’s law.

Generally speaking, because diamond sizes differ in great variety, shape and
direction, and the random distance of the high point, the plough of the polishing pad and
the cut manner are multifarious and which leads to uneven height of the conditioned
polishing pad and then leads to difficult controlling the high point position of the wafer
contacting, the area and the pressure of each contact point, and result the high variability
to the polishing rate and the uniformity. When the wafer varies greatly (8 inch to 12 inch
even to 18 inch in the future), the variability to the polishing rate and the uniformity will
become higher, and the quality and the efficiency of the chemical-mechanical planaization

process will become lower. Not only that, when the critical dimension becomes more and
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more narrow (45nm to 32nm even to 22nm in the future), the high point of the polishing
pad gets broken more easily. When the electric circuit becomes narrow, the dielectric
materials therebetween have to be hollower to avoid leakage, but the hollow dielectric
layer is weak, so the contact pressure of the chemical-mechanical planaization process has
to weaken, but lowered contact pressure will cause the speed of polishing wafer become
lower and the poor productivity.

Currently, the diamond conditioner usually adopts the method of adding diamond
on the plane to manufacture, for the reason that the top height is difficult to control.
Besides, under the high temperature manufacturing (as brazing), the substrates will distort
to make the top height more irregular, and significantly decrease the working granule
amount, and even lead to tens of thousands of diamond on the conditioner, but there are
only several hundred of working granule. Because the diamond conditioner adopts
addition (flattening by the top which has diamond abrasive presses thereon) to
manufacture, the size, shape and direction of the diamond are difficult to control, and the
diamond amount, position and piercing depth are also difficult to control, cause the
predictability of the chemical-mechanical planaization process effect to greatly reduce.
Although it strictly controls the flatness, diamond shape, etc. of the conditioner substrate
in industry, but the improving effect is not enough.

In view that the top of the diamond is not easy to be regular, the present invention
adopts a method of reversed composite, and manufactures the diamond polishing units
first, and inverts the diamond polishing units on a plane to make each of the polishing tips
regular. At this time, set a thickness adjustable adhesive layer at the contrary side of the
polishing tips, and finally irrigate the mold sealing glue layer in (as resin) to secure all
polishing units. As the aforesaid manufacturing method could avoid the “killer diamond”
that is common on the diamond dish, that is, the stand up protrusion diamond. If the
“killer diamond” is too sharp, it may pierce into the polishing pad too deep and pull to
fracture, and then form the “killer asperities” on the polishing pad surface to cause the
wafer scratch.

The following explains the implemented method of the present invention by specific

concrete embodiment, and a skilled person in this art could easily understand other
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advantage and effect of the present invention through the content disclosed by the
specification. The present invention also could be implemented and applied by other
different concrete embodiment, and the detail of the present invention also could base on
different view and apply for various decorations and changing without deviating the spirit
of the present invention,

The drawings in the embodiment of the present invention are simplified schematic
diagram. But the drawings only illustrate the components about the present invention, and
the illustrated components are not the example when actually implement. The components
amount, shape and ratio are s selective design when actually implement, and the

components layout patterns might be more complicated.

References Fig. 1A to 1G, are the flow charts of manufacturing the composite
conditioner.

First of all, as shown in Fig. 1A, it provides a first mold10, and first mold10 has an
openingl01. Then, as Fig. 1B illustrates, it forms a temporary adhesive layer11 on
opening101 surface of first mold10, and then sets a second mold12 on temporary adhesive
layer11 surface to make second mold12 position in opening101 of first mold10, so
temporary adhesive layer11 is between second mold12 and first mold10, wherein second
mold12 has a plurality of holes121. In this preparation, temporary adhesive layerll is a
double-sided tape.

As shown in Figs. 1C and 1G, it sets a polishing unit20 in each holes121 of second
mold12, wherein each polishing unit20 comprises a plurality of polishing granules22 (each
polishing granules22 at least has a polishing tip221), a unit substrate21 and a binding
layer213 set between unit substrate21 surface and polishing tips221. Polishing units20 are
made by general brazing, which simply explains as follow: spot-weld the solder sheet
(BNiy) at unit substrate21 with 20mm in diameter, 4mm in thickness, and then arrange the
polishing granules (as diamond granules) on the solder sheet which is coated with viscose
through the template, and then put those into the vacuum furnace exhaust to about Storr
to 10torr, and heating to not more than 1020°C with 12min last (during this the viscose is

volatilized), and the solder melts to liquid and welds the diamond granules.
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Because the diamond is originally positioned on a fixed solder material, when the
solder melting to form as the liquid, the carbide elements (Cr) therein will diffuse to the
diamond surface. So the solder will pull sink the diamonds with capillary power and climb
the diamond surface to form a gradient. The diamonds will stick the solder sheet surface
with plane originally, but now the rotation in the liquid will make the sharp corners up.

Then, as shown in Fig. 1D and 1E, flatten polishing units20 by a base plate24, and
fill in a thickness adjustable adhesive layer23 to secure polishing units20. Then, as shown
in Fig. 1F, remove first mold10, temporary adhesive layer11 and second mold12 to form a
composite conditioner2.

Composite conditioner2 comprises: a base plate24; a plurality of polishing units20
placed on a surface of base plate24, and each polishing unit20 including a plurality of
polishing tips221 and a thickness adjustable adhesive layer23 which used to secure
polishing units20 on the surface of base plate24, wherein, with polishing tips221, the
height difference between a first and a second highest tip, between the first and a tenth
highest tip, and between the first and a one hundredth highest tip protruding from a
predetermined plane is respectively less than 10pum, 20pum, and 40pm, and the height of
the first highest tip protruding the binding layer213 is greater than S0pm.

Referring now to Fig. 1G, it is an enlarged schematic of the polishing units of the
present invention. Each polishing unit 20 comprises a plurality of polishing granules22
(cach polishing granules22 at least has a polishing tip221), a unit substrate21, a binding
layer213 set between unit substrate21 surface and polishing tips221, a metal cover
layer212 covering on binding layer213 surface and a protective layer211 covering on
metal cover layer212 surface.

Binding layer213 could be a solder layer, a plating layer, a sintering layer or a resin
layer. If it is a solder layer, the solder layer comprises greater than 1 weight percentage
selected at least one from the group consisting of: Cr, B, P, Ti and the alloy thereof, and
greater than 50 weight percentage selected at least one from the group consisting of: Ni,
Cu and the alloy thereof.

Metal cover layer212 could be formed by plating, the material of the metal cover
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layer is selected at least one from the group consisting of: Ni, Cr, Pd, Co, Pt, Au, Ti, Cu,
W and the alloy thereof; the material of the protective layer211 is Pd, Pt, silicon carbide,
aluminum nitride, alumina, zirconia, diamond-like carbon (DLC) or the combination

thereof.

Reference to Fig. 2A to 2@, these are the flow chart of manufacturing the
composite conditioner.

First of all, as shown in Fig. 2A, it provides a second mold12, and second mold12
has 12 holes121, and these holes are arranged at the outer of second mold12. Then, as
shown in Fig. 2B, it set second mold12 on a first mold12 surface.

As shown in Fig. 2C, set a polishing unit20 in each holes121 of second mold12,
wherein the working surface (the surface having polishing tips) of second mold12 faces to
first mold12 surface. In this preparation, polishing unit20 is similar to said in preparationl.
Then, as shown in Fig. 2D, it glues on the contrary side of the polishing tips of each
polishing units20 to form a thickness adjustable adhesive layer23. Then, as shown in Fig.
2E, with a base plate24 presses on thickness adjustable adhesive layer23, wherein base
plate24 has a notch to make base plate24 be an inverted U-shaped, and the inverted U-
shaped base plate24 presses thickness adjustable adhesive layer23 by the notch.

As shown in Fig. 2F, it removes first mold10. Then, as shown in Fig. 2G, it inverts
the structure of Fig. 2F, that removing second mold12, forming a mold sealing glue
layer25, strengthening polishing unit20 and securing base plate24 forms a composite
conditioner.

Although the polishing units made by the brazing might yield the killer diamond,
but with the aforesaid method of the present invention, it could combine and use different
polishing units having similar height killer diamond, and flatten the polishing tips, so the

height of the killer diamond is close to that of the diamond tips on other polishing units.
Referring now to Fig. 3, it illustrates the composite conditioner manufactured by
aforesaid preparation2 (embodiment1, wherein the crystal cover ratio of the chosen

diamond granules is 60% to 80%, that is PDA 878 manufactured by Element Six), the
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composite conditioner manufactured by conventional ceramic sintering (comparisonl) and
the composite conditioner manufactured by the brazing (comparison2), the comparison
diagram of the tips height and working granules amount of the three conditioners. As
shown in Fig. 3, when polishing, the present invention conditioner in embodiment1 has 60
to 70 working granules at the height different about 10um; in contrast, comparison1 and
comparison2 need more tips height difference to provide more working granules amount,
even the conditioner in comparisonl, it needs the height difference of the polishing
granules more than 40pum to provide more than 100 working granules amount. From this,
the actual working polishing granules amount for the same height difference, the present
invention conditioner is far more than the prior art conditioner.

Reference to Fig. 4 and Fig. 5, it illustrates the composite conditioner manufactured
by aforesaid preparation2 (embodiment1, wherein the crystal cover ratio of the chosen
diamond granules is 60% to 80%, that is PDA 878 manufactured by Element Six;
embodiment2, wherein the crystal cover ratio of the chosen diamond granules is 40% to
60%, that is PDA 657 manufactured by Element Six), and the composite conditioner
manufactured by the brazing (comparison2), the comparison diagram of the height
difference of the first high point and the second high point to the scratch amount, and the
scratch amount to the removing rate of the three conditioners.

As shown in Fig. 4, with the present invention conditioner in embodiment1 and
embodiment2, when the height difference of the first high point and the second high point
is about Omm, the polishing scratch amount is between 100 to 150 scratches, that means
the quality of the conditioner in embodiment1 and embodiment2 are fine, and the quality
stability is nice when polishing; in contrast, with the conditioner in comparison2, the high
point difference of the polishing granules is scattered mixed, and the polishing scratch
amount is less than between 50 to 150 scratches, that means the quality of the conditioner
in comparison? is scattered mixed, and the quality stability is bad when polishing. On the
other hand, as shown in Fig. 5, the polishing removing rate of the present invention
conditioner in embodiment2 is about 250pm to 300pm per hour, and the scratch amount is
about 100 to 150 scratches, the polishing removing rate of the present invention

conditioner in embodiment] is about 150pm to 200pm per hour, and the scratch amount is
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about 125 to 150 scratches, that means the present invention conditioner in embodiment1
and embodiment?2 are high stability and is easy for quality control; in contrast, the
polishing removing rate of the conditioner in comparison2 is about 125um to 225um per
hour, and the scratch amount is about 50 to 75 scratches, that means the conditioner in
comparison2 has low scratch amount and is unstable in quality.

Referring next to Fig. 6, it illustrates the composite conditioner manufactured by
aforesaid preparation2 (embodiment1 and embodiment?2), the composite conditioner
manufactured by the brazing (comparison2) and the composite conditioner manufactured
by the plating (comparison3), the comparison diagram of the using time to the removing
rate of the four conditioners. As shown in Fig. 6, when polishing, the removing rate of the
present invention conditioner in embodiment] and embodiment2 decrease slowly with the
longer using time, that means the present invention conditioner has the fastest conditioning
rate and the longest durability cause of controlling the nice planeness; in contrast, the
removing rate of the conditioner in comparison? is unstable and then lead the problem in
quality controlling, and the removing rate of the conditioner in comparison3 is bad, it
cannot saving the polishing process time and cost.

Reference to Fig. 7 illustrates the composite conditioner manufactured by aforesaid
preparation2 (embodiment2), the composite conditioner manufactured by the brazing
(comparison2), the comparison diagram of the polishing wafer amount to the removing
rate of the two conditioners. As shown in Fig. 7, in contrast to the comparison2, the
present invention conditioner in embodiment2 could use in the chemical-mechanical

planaization process to achieve polishing more wafer amount.

Referring to Fig. 8, it is a schematic diagram of the chemical- mechanical
planaization (CMP) process. As shown in Fig. 8, generally, set a wafer4 on a polishing
pad6 surface, and provide the polishing slurry by pipeline8 to polish polishing pad6 with
cach other, and set a conditioner2 at an another margin portion of polishing pad6 surface
to remove the scrap after the wafer polished, wherein, the conditioner herein could use the
conditioner manufactured by aforesaid preparation of the present invention.

From of all, recently, with convention whole piece brazing diamond conditioner, the
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highest polishing tip is usually higher than the second highest one in more than 20um, and
the top 10 highest polishing granules protrusion only under 10mm; in contrast, with the
aforesaid method of the present invention, manufactured the composite conditioner by
inverting uniform head method to make the difference of the highest polishing tip to the
second highest one in less than 10um, therefore, it could improve the ratio of the effective

working polishing tips on the polishing units, removing rate and durability.

Of course, it is to be understood that the above-described arrangements are only
illustrative of the application 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, including, 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.
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CLAIMS

What is claimed is:

1. A composite conditioner comprising;:

a base plate; and

a plurality of polishing units secured to a surface of the base plate by an adhesive
layer, each polishing unit including a plurality of polishing tips secured in a binding layer,
wherein a height difference between a first highest polishing tip and a second highest
polishing tip is less than or equal to about 10um, a height difference between the first
highest polishing tip and a tenth highest polishing tip is less than or equal to about 20um,
and a height difference between the first highest polishing tip and a 100th highest polishing
tip is less than or equal to about 40um, and the first highest polishing tip protrudes from

the binding layer to a height of greater than or equal to about S50pum.

2. The composite conditioner of claim 1, wherein at least 1% of the plurality of polishing

tips actively condition a CMP pad during a conditioning process.

3. The composite conditioner of claim 1, wherein less than 40% of the surface of the base

plate is covered with polishing units.
4. The composite conditioner of claim 1, wherein the polishing units are arranged on the
base plate in an arrangement selected from the group consisting of a single ring, double

rings, multi-rings, radial arrangements, and spiral arrangements.

5. The composite conditioner of claim 1, wherein at least one thousand polishing tips of

the plurality of polishing tips condition a polishing pad during a conditioning process.

6. The composite conditioner of claim 1, wherein the plurality of polishing tips include

diamond, cubic boron nitride, or a combination therecof.
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7. The composite conditioner of claim 6, wherein the plurality of polishing tips include
diamond, and the diamond is deposition diamond, polycrystalline diamond, or a

combination thereof,

8. The composite conditioner of claim 1, wherein the crystal surface coverage of more

than 50% of the top 100 height polishing tips are less than 80%.

9. The composite conditioner of claim 8, wherein the crystal surface coverage of more

than 50% of the top 100 height polishing tips are less than 50%.

10. The composite conditioner of claim 1, wherein each polishing unit further includes a
polishing unit substrate upon which the plurality of polishing tips are secured with the
binding layer.

11. The composite conditioner of claim 1, wherein the binding layer is selected from the

group consisting of a solder layer, a plating layer, a sintering layer, and a resin layer.

12. The composite conditioner of claim 11, wherein each polishing unit further comprises
a metal cover layer that covers the binding layer, wherein the metal cover layer includes at
least one material selected from the group consisting of Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W,
and alloys thereof.

13. The composite conditioner of claim 12, wherein each polishing unit further comprises
a protective layer covering the metal cover layer, wherein the protective layer includes a
material selected from the group consisting of Pd, Pt, silicon carbide, aluminum nitride,

alumina, zirconia, diamond-like carbon (DLC), and combinations thereof.
14. The composite conditioner of claim 11, wherein binding layer is a solder layer

comprising 1 wt% or more of a first material selected from the group consisting of Cr, B,

P, Ti, or an alloy thereof, or 50 tw% or more of a second material selected from the group
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consisting of Ni, Cu, or an alloy thereof, or 1 tw% or more of the first material and 50

wt% or more of the second material.

15. The composite conditioner of claim 1, wherein the polishing units are disc-shaped,

radial-shaped, or polygon-shaped.

16. The composite conditioner of claim 15, wherein the polishing units are disc-shaped

having a diameter of from about Smm to about 30mm.

17. The composite conditioner of claim 1, wherein the base plate is disc-shaped having a

diameter of from about 80mm to about 120mm.

18. The composite conditioner of claim 1, wherein the polishing tips have a particle size of

from about 100pm to about 500um.

19. The composite conditioner of claim 1, wherein the adhesive layer is an organic

adhesive.

20. The composite conditioner of claim 1, wherein the polishing tips are arranged in a

predetermined pattern on the polishing unit substrate.

21. The composite conditioner of claim 1, wherein the polishing units are spaced no closer

than about 0.1mm.

22. The composite conditioner of claim 21, wherein the polishing units are spaced at least

0.5mm apart.

23. The composite conditioner of claim 1, wherein the adhesive layer between the base

plate and the polishing units has a thickness of less than or equal to about 0.6 mm.
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24. A method of making a composite conditioner, comprising:

disposing a second mold on a first mold, wherein the second mold includes a
plurality of holes;

placing a polishing unit in each of the plurality of holes of the second mold, each
polishing unit including a plurality of polishing tips secured in a binding layer;

applying an adhesive layer over the second mold to secure the polishing units; and

removing the first mold and the second mold to form a composite conditioner
wherein a height difference between a first highest polishing tip and a second highest
polishing tip is less than or equal to about 10um, a height difference between the first
highest polishing tip and a tenth highest polishing tip is less than or equal to about 20um,
and a height difference between the first highest polishing tip and a 100th highest polishing
tip is less than or equal to about 40um and the first highest polishing tip protrudes from
the binding layer to a height of greater than or equal to about S50pum.

25. The method of claim 24, wherein placing the polishing unit in the plurality of holes of
the second mold further comprises orienting the polishing units such that the polishing tips

face the first mold.

26. The method of claim 25, wherein the polishing tips contact the first mold such that the

polishing unit are leveled across the first mold.

27. The method of claim 26, wherein the holes of the second mold are arranged around an

outer periphery of the second mold.

28. A process of chemical-mechanical planarization (CMP), including the following steps:
polishing a wafer against a rotating polishing pad; and
applying the conditioner of claim 1 against the polishing pad to remove debris and

condition the pad.
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29. The process of claim 28, wherein the diameter of the wafer is 200mm, 300mm, or

450mm.

30. The process of claim 28, wherein a surface of the wafer has an IC critical dimension of

less than or equal to 45nm.

31. The process of claim 30, wherein a surface of the wafer has an IC critical dimension of

less than or equal to 28nm.

32. The process of claim 28, wherein the surface of the wafer has an IC critical dimension

of less than or equal to 22 nm.
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ABSTRACT

CMP pad dressers having leveled tips and associated methods are provided. In
one aspect, for example, a composite conditioner can include a base plate and a plurality
of polishing units secured to a surface of the base plate by an adhesive layer, where each
polishing unit includes a plurality of polishing tips secured in a binding layer. Additionally,
a height difference between a first highest polishing tip and a second highest polishing tip
is less than or equal to about 10um, a height difference between the first highest polishing
tip and a tenth highest polishing tip is less than or equal to about 20um, and a height
difference between the first highest polishing tip and a 100th highest polishing tip is less
than or equal to about 40um. Furthermore, the first highest polishing tip protrudes from
the binding layer to a height of greater than or equal to about S50pum.
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Electronic Acknowledgement Receipt

EFSID: 15197487
Application Number: 13797704
International Application Number:
Confirmation Number: 1089

Title of Invention:

COMPOSITE CONDITIONER AND ASSOCIATED METHODS

First Named Inventor/Applicant Name:

Chien-Min Sung

Customer Number:

20551

Filer:

David William Osborne/Nicole Solomon

Filer Authorized By:

David William Osborne

Attorney Docket Number:

02074-32836.US

Receipt Date: 12-MAR-2013
Filing Date:
Time Stamp: 20:05:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
D tD t File N . . .
Number ocument Lescription rie Mame Message Digest | Part/.zip| (ifappl.)
1386204
1 Application Data Sheet 02074-32836USappdata.pdf no 7
4e0fdc1ba26a38faac152e98086dab5a5f39
abbc
Warnings:

Information:
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169312
2 02074-32836USapplication.pdf yes 34
2¢91¢c0ac3c652b7df39d914972b5b430f66
67ee8
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 28
Claims 29 33
Abstract 34 34
Warnings:
Information:
. N 171510
3 Drawings-only black and white line | 5, 37836Usdrawings.pdf no 9
drawings
0d8a3b64f57 1fael df6e418b575eae340d52)
Warnings:
Information:
Total Files Size (in bytes); 1727026

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/797,704
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 720
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 32 minus 20= 12 OR |x 80 960
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = x 420 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2560
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus OR |x
a Independent * Minus | *** =
E (37 CFR 1.16(h) OR |x
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus ** =
= (37 CF% ?.16(i)) OR |x
% Independent * Minus | *** = OR N
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/797,704 03/12/2013 Chien-Min Sung 02074-32836.US
CONFIRMATION NO. 1089
20551 FORMALITIES LETTER

THORPE NORTH & WESTERN, LLP.

P.O. Box 1219 IR AR M

SANDY, UT 84091-1219
Date Mailed: 04/17/2013

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

+ The statutory basic filing fee is missing.
Applicant must submit $280 to complete the basic filing fee for an undiscounted entity. If appropriate, applicant

may make a written assertion of entitlement to small entity status and pay the small entity filing fee (37 CFR

1.27) or make a certification of entitlement to micro entity status and pay the micro entity filing fee (37 CFR
1.29).

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

« Additional claim fees of $ 960 as an undiscounted entity, including any required multiple dependent claim fee,

are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

+ A surcharge (for late submission of the basic filing fee, search fee, examination fee or inventor's oath or
declaration) as set forth in 37 CFR 1.16(f) of $ 140 for an undiscounted entity, must be submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWO MONTHS from the date of this Notice is $ 2700 for an undiscounted entity
+ $ 280 Statutory basic filing fee.
+ $ 140 Surcharge.
» The application search fee has not been paid. Applicant must submit $ 600 to complete the search fee.
« The application examination fee has not been paid. Applicant must submit $ 720 to complete the examination
fee for an undiscounted entity.
» Total additional claim fee(s) for this application is $ 960
+ $ 960 for 12 total claims over 20.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/tnegash/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/797,704 03/12/2013 3723 0.00 02074-32836.US 32 3
CONFIRMATION NO. 1089
20551 FILING RECEIPT

THORPE NORTH & WESTERN, LLP.

P.0. Box 1219 LR

SANDY, UT 84091-1219 0000000604

5099

Date Mailed: 04/17/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Chien-Min Sung, Tansui, TAIWAN;
Applicant(s)

Chien-Min Sung, Tansui, TAIWAN;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CIP of 12/726,786 03/18/2010
which is a CIP of 12/255,823 10/22/2008 PAT 8393934
which is a CIP of 12/168,110 07/05/2008 PAT 8398466
which claims benefit of 60/976,198 09/28/2007
andis a CIP of 11/560,817 11/16/2006 PAT 7762872
which is a CIP of 11/357,713 02/17/2006 ABN
which claims benefit of 60/681,798 05/16/2005
This application 13/797,704
is a CIP of 12/628,859 12/01/2009 PAT 7901272
which is a CIP of 11/804,221 05/16/2007 PAT 7651386
which is a CIP of 11/223,786 09/09/2005 ABN
This application 13/797,704
is a CIP of 12/850,747 08/05/2010
which claims benefit of 61/246,816 09/29/2009
This application 13/797,704
is a CIP of 13/034,213 02/24/2011
which claims benefit of 61/333,162 05/10/2010

page 1 of 4

EX1057, Page 56



Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
TAIWAN 101112625 04/10/2012

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 04/12/2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/797,704

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
Title

COMPOSITE CONDITIONER AND ASSOCIATED METHODS
Preliminary Class
451
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications:

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Electronic Patent Application Fee Transmittal

Application Number:

13797704

Filing Date:

12-Mar-2013

Title of Invention:

COMPOSITE CONDITIONER AND ASSOCIATED METHODS

First Named Inventor/Applicant Name:

Chien-Min Sung

Filer:

David William Osborne/Nicole Solomon

Attorney Docket Number:

02074-32836.US

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Utility filing Fee (Electronic filing) 4011 1 70 70
Utility Search Fee 2111 1 300 300
Utility Examination Fee 2311 1 360 360
Pages:
Claims:
Claims in excess of 20 2202 12 40 480
Miscellaneous-Filing:
Late Filing Fee for Oath or Declaration 2051 1 70 70
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Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1280
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Electronic Acknowledgement Receipt

EFSID: 16065155
Application Number: 13797704
International Application Number:
Confirmation Number: 1089

Title of Invention:

COMPOSITE CONDITIONER AND ASSOCIATED METHODS

First Named Inventor/Applicant Name:

Chien-Min Sung

Customer Number:

20551

Filer:

David William Osborne/Nicole Solomon

Filer Authorized By:

David William Osborne

Attorney Docket Number:

02074-32836.US

Receipt Date: 17-JUN-2013
Filing Date: 12-MAR-2013
Time Stamp: 21:28:59

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$1280

RAM confirmation Number

8009

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/ Multi

File Name Message Digest | Part/.zip

Pages
(if appl.)
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38418
1 Fee Worksheet (SB06) fee-info.pdf no 2
901cd1e192e9fc27114f3f9d453ef846cf2d 0]
ele
Warnings:
Information:
Total Files Size (in bytes); 38418

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/797,704
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
e o N/A N/A N/A 300 N/A
EXAMINATION FEE
it ey N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 32 minus 20= 12 40 = 480 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 1210 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR =
% Independent * Minus | *** = _ OR _
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/797,704 03/12/2013 3723 1280 02074-32836.US 32 3
CONFIRMATION NO. 1089
20551 UPDATED FILING RECEIPT
THORPE NORTH & WESTERN, LLP.
P.0. Box 1219 R AT
000000066210663

SANDY, UT 84091-1219
Date Mailed: 01/24/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Chien-Min Sung, Tansui, TAIWAN;
Applicant(s)

Chien-Min Sung, Tansui, TAIWAN;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CIP of 12/726,786 03/18/2010 PAT 8622787
which is a CIP of 12/255,823 10/22/2008 PAT 8393934
which is a CIP of 12/168,110 07/05/2008 PAT 8398466
which claims benefit of 60/976,198 09/28/2007
and is a CIP of 11/560,817 11/16/2006 PAT 7762872
which is a CIP of 11/357,713 02/17/2006 ABN
which claims benefit of 60/681,798 05/16/2005
This application 13/797,704
is a CIP of 12/628,859 12/01/2009 PAT 7901272
which is a CIP of 11/804,221 05/16/2007 PAT 7651386
which is a CIP of 11/223,786 09/09/2005 ABN
This application 13/797,704
is a CIP of 12/850,747 08/05/2010
which claims benefit of 61/246,816 09/29/2009
This application 13/797,704
is a CIP of 13/034,213 02/24/2011 ABN
which claims benefit of 61/333,162 05/10/2010
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Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
TAIWAN 101112625 04/10/2012

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 04/12/2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/797,704

Projected Publication Date: 05/01/2014

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

COMPOSITE CONDITIONER AND ASSOCIATED METHODS
Preliminary Class
451
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/797,704 03/12/2013 Chien-Min Sung 02074-32836.US
CONFIRMATION NO. 1089
20551 NOTICE
THORPE NORTH & WESTERN, LLP.
P.0. Box 1219 IR O R
SANDY, UT 84091-1219 0000000621056

Date Mailed: 01/24/2014

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Chien-Min Sung
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/797,704 03/12/2013 Chien-Min Sung 02074-32836.US
CONFIRMATION NO. 1089
20551 PUBLICATION NOTICE

THORPE NORTH & WESTERN, LLP.

P.O. Box 1219 IR L MR

SANDY, UT 84091-1219

Title:COMPOSITE CONDITIONER AND ASSOCIATED METHODS

Publication No.US-2014-0120724-A1
Publication Date:05/01/2014

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1

EX1057, Page 70



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
13/797,704 03/12/2013 Chien-Min Sung 02074-32836.US 1089
20551 7590 07/11/2014 | |
EXAMINER
THORPE NORTH & WESTERN, LLP.
P.O. Box 1219 RACHUBA, MAURINA T
SANDY, UT 84091-1219
| ART UNIT | PAPER NUMBER |
3727
| NOTIFICATION DATE | DELIVERY MODE |
07/11/2014 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

patentdocket@tnw.com
rich@tnw.com
laron.lemon @tnw.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/797,704 SUNG, CHIEN-MIN

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
MAURINA RACHUBA 3727 ,S\ltgt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) fled on _____
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 1-32is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7) Claim(s) ____is/are rejected.
8)[] Claim(s) _____is/are objected to.
9 Claim(s) 1-32 are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20140709
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Application/Control Number: 13/797,704 Page 2
Art Unit: 3727

1. The present application is being examined under the pre-AlA first to invent
provisions.

Election/Restriction
2. Restriction to one of the following inventions is required under 35 U.S.C. 121:

|. Claims 1-23 and 28-32, drawn to a product and method of use of the product,
classified in 451/56.

Il. Claims 24-27, drawn to a method of making a product, classified in 51/297.

3. The inventions are distinct, each from the other because of the following reasons:
4. Inventions | and |l are related as process of making and product made. The
inventions are distinct if either or both of the following can be shown: (1) that the
process as claimed can be used to make another and materially different product or (2)
that the product as claimed can be made by another and materially different process
(MPEP § 806.05(f)). In the instant case the product can be made by another materially
different process, such as first forming the polishing units, then adhering them to the
base plate.

5. Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and/or examination burden if restriction were not
required because one or more of the following reasons apply:

The search for the method of making the product is not required for the product,

as evinced by the classification above.
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Application/Control Number: 13/797,704 Page 3
Art Unit: 3727

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of an invention to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable upon the
elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.
103 or pre-AlA 35 U.S.C. 103(a) of the other invention.

6. The examiner has required restriction between product or apparatus claims and
process claims. Where applicant elects claims directed to the product/apparatus, and all
product/apparatus claims are subsequently found allowable, withdrawn process claims

that include all the limitations of the allowable product/apparatus claims should be
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Application/Control Number: 13/797,704 Page 4
Art Unit: 3727

considered for rejoinder. All claims directed to a nonelected process invention must
include all the limitations of an allowable product/apparatus claim for that process
invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the
product/apparatus claims and the rejoined process claims will be withdrawn, and the
rejoined process claims will be fully examined for patentability in accordance with 37
CFR 1.104. Thus, to be allowable, the rejoined claims must meet all criteria for
patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112. Until all
claims to the elected product/apparatus are found allowable, an otherwise proper
restriction requirement between product/apparatus claims and process claims may be
maintained. Withdrawn process claims that are not commensurate in scope with an
allowable product/apparatus claim will not be rejoined. See MPEP § 821.04.
Additionally, in order for rejoinder to occur, applicant is advised that the process claims
should be amended during prosecution to require the limitations of the
product/apparatus claims. Failure to do so may result in no rejoinder. Further, note
that the prohibition against double patenting rejections of 35 U.S.C. 121 does not apply
where the restriction requirement is withdrawn by the examiner before the patent
issues. See MPEP § 804.01.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MAURINA RACHUBA whose telephone number is
(571)272-4493. The examiner can normally be reached on Monday-Thursday, 5:30AM-

4:00PM.
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Application/Control Number: 13/797,704 Page 5
Art Unit: 3727

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Monica Carter can be reached on 571 272 4475. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/MAURINA RACHUBA/
Primary Examiner, Art Unit 3727
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Application Serial No. 13/797,704
Docket No. 02074-32836.US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ART UNIT: 3727

CERTIFICATE OF MAILING

EXAMINER: Maurina Rachuba LODER3TCLR.5 18

DATE OF DEPOSIT: October 14,2014
FIRST NAMED : : .
INVENTOR:  Chien-Min Sung 1 hereby certify that this paper or fee (along with

any paper or fee referred to as being attached or

enclosed) is being submitted on the date indicated
SERIAL NO.: 13/797,704 above via:

X ErS web
FILED: 3/12/2013 [ facsimile to

[] the United States Postal Service with sufficient
postage as tirst class mail addressed to: Mail

CONF.NO.: 1089

Stop , Commissioner for
Patents; P.O: Box 1450; Alexandria, VA
FOR: COMPOSITE CONDITIONER AND 22313-1450.
ASSOCIATED METHODS Alicole Solemion
DOCKET NO.: 02074-32836.US Nicole Solomon

ELECTION AND RESPONSE UNDER 37 C.F.R. § 1.121

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313

Dear Sir:

In response to the communication mailed July 11, 2014, please reconsider this application in
view of the election and remarks provided below. A petition for a 1 mo. extension of time is enclosed

herewith.
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Application Serial No. 13/797,704
Docket No. 02074-32836.US

ELECTION

Applicants elect without traverse, Group I as outlined in the office action mailed July 11,

2014, containing Claims 1-23 and 28-32 for further examination in the present application.
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Application Serial No. 13/797,704
Docket No. 02074-32836.US

REMARKS

Applicants thank the Examiner for consideration of the subject patent application. In the
office action mailed July 11, 2014, Claims 1-32 were pending, and made subject to restriction
requirement under 35 U.S.C. § 121. Particularly, the Examiner indicated the existence of two
patentably distinct inventions in the claims as follows: 1) Group I constituting Claims 1-23 and 28-32
drawn to a product and method of use of the product, classified in class 451/56; and 2) Group 11
constituting Claims 24-27, drawn to methods of making a product classified in class 51/297.

Therefore, pursuant to the present election of Group I, Claims 1-23 and 28-32 remain pending

for consideration in the present application, and Claims 24-27 are withdrawn.
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Application Serial No. 13/797,704
Docket No. 02074-32836.US

CONCLUSION

If any impediment remains to examination after consideration of the above-recited remarks,
which could be removed during a telephone interview, the Examiner is invited to telephone the
undersigned attorney, at (801) 566-6633 so that such issues may be resolved as expeditiously as
possible.

The Commissioner is hereby authorized to charge any additional fees associated with this
communication or credit any overpayment to Deposit Account No. 20-0100.

DATED this 14" day of October, 2014.

Respectfully submitted,
THORPE, NORTH & WESTERN, LLP
/David W. Osborne/

David W. Osborne

Reg. No. 44,989

8180 South 700 East, Suite 350
Sandy, UT 84070

Telephone: (801) 566-6633
Facsimile: (801) 566-0750
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Electronic Patent Application Fee Transmittal

Application Number:

13797704

Filing Date:

12-Mar-2013

Title of Invention:

COMPOSITE CONDITIONER AND ASSOCIATED METHODS

First Named Inventor/Applicant Name:

Chien-Min Sung

Filer:

David William Osborne/Nicole Solomon

Attorney Docket Number:

02074-32836.US

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:

Extension - 1 month with $0 paid 1251 1 200 200
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 200

EX1057, Page 82



Electronic Acknowledgement Receipt

EFSID: 20413030
Application Number: 13797704
International Application Number:
Confirmation Number: 1089

Title of Invention:

COMPOSITE CONDITIONER AND ASSOCIATED METHODS

First Named Inventor/Applicant Name:

Chien-Min Sung

Customer Number:

20551

Filer:

David William Osborne/Nicole Solomon

Filer Authorized By:

David William Osborne

Attorney Docket Number:

02074-32836.US

Receipt Date: 14-0CT-2014
Filing Date: 12-MAR-2013
Time Stamp: 17:02:52

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$200

RAM confirmation Number

4062

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/ Multi

File Name Message Digest | Part/.zip

Pages
(if appl.)
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59039
1 Extension of Time 02074-32836-US-Extension.pdf no 1

888c537¢970c0fa214afb7d616329fd95519
c19%b

Warnings:

Information:

64261
2 02074-32836-US-Response.pdf yes 4
d2541f987259ecc2f0fc19f0ffd 7b59d 0405b|
baa
Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Argument after Patent Board Decision 1 1
Response to Election / Restriction Filed 2 2
Applicant Arguments/Remarks Made in an Amendment 3 4
Warnings:
Information:
30604
3 Fee Worksheet (SB06) fee-info.pdf no 2
346bbb957ch19abdeacc7b32f1ec] Bacfe47)
2576
Warnings:
Information:
Total Files Size (in bytes); 153904

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
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Art Unit: 3727

1. The present application is being examined under the pre-AlA first to invent
provisions.
DETAILED ACTION
Election/Restrictions
2. Applicant’s election without traverse of group |, claims 1-23 and 28-32 in the
reply filed on 12 March 2014 is acknowledged.
3. Claims 24-27 are withdrawn from further consideration pursuant to 37 CFR
1.142(b) as being drawn to a nonelected invention, there being no allowable generic or
linking claim.
Claim Rejections -35USC § 112

4. The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the
invention, and of the manner and process of making and using it, in such full, clear, concise,
and exact terms as to enable any person skilled in the art to which it pertains, or with which it
is most nearly connected, to make and use the same, and shall set forth the best mode
contemplated by the inventor or joint inventor of carrying out the invention.

The following is a quotation of the first paragraph of pre-AlA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the
manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set forth the best mode contemplated by the
inventor of carrying out his invention.

5. Claims 28-32 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AlA),
first paragraph, as failing to comply with the written description requirement. The
claim(s) contains subject matter which was not described in the specification in such a

way as to reasonably convey to one skilled in the relevant art that the inventor or a joint
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inventor, or for pre-AlA the inventor(s), at the time the application was filed, had
possession of the claimed invention. Applicant, in for example pages 20-22 of the
specification, discloses that the sizes of wafers are in the future growing in diameter,
and shrinking in thickness, and that the conditioning tool disclosed is capable of
conditioning a polishing pad to work on these future (but nonexistent) wafers. It is not
clear if the conditioning pad is capable of conditioning the polishing pad to process
these wafers, as they do not yet exist. As such, the examiner believes that the method
as disclosed is not capable of being practiced by one of ordinary skill.

6. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

7. Claims 29-32 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
second paragraph, as being indefinite for failing to particularly point out and distinctly
claim the subject matter which the inventor or a joint inventor, or for pre-AlA the
applicant regards as the invention. As the dimensions of the wafer as claimed are
considered by applicant to be the dimensions of future wafers, the scope of the claims
cannot be readily determined. Applicant is advised to amend these claims to reflect the
current sizes of the workpiece, as supported by the specification.

Claim Rejections - 35 USC § 103
8. In the event the determination of the status of the application as subject to AIA 35

U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any

EX1057, Page 89



Application/Control Number: 13/797,704 Page 4
Art Unit: 3727

correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.

9. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

10.  Claims 1-23 and 28-32 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Sung et al, 2002/0173234 in view of Romero, 6,371,842. 234,
discloses a composite conditioner comprising: a base plate 40; a plurality of polishing
tips 50 secured in a binding layer 90 on the base plate, wherein a height difference
between a first highest polishing tip and a second highest polishing tip is less than or
equal to about 10 um, a height difference between the first highest polishing tip and a
tenth highest polishing tip is less than or equal to about 20 um, and a height difference
between the first highest polishing tip and a 100th highest polishing tip is less than or
equal to about 40 um, [0071]and the first highest polishing tip protrudes from the binding
layer to a height of greater than or equal to about 50 um [0071], (as the polishing tips
are all approximately the same distance from the binding layer, then the relative heights
of the tips, relative to the other tips, will be less than the claimed ranges); at least 1% of
the plurality of polishing tips actively condition a CMP pad during a conditioning process

(as the tips are all the same distance from the binding layer, the percentage of tips
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conditioning the pad falls within the claimed range); the plurality of polishing tips include
diamond, and the diamond is deposition diamond, polycrystalline diamond, or a
combination thereof [0061]. ‘234 further teaches placing individual abrasive particles
such that the plurality of polishing tips are secured with the binding layer; the binding
layer is a solder (brazing) layer [0062]; a metal cover layer [0063] that covers the
binding layer, the metal cover layer includes at least one material selected from the
group consisting of Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W, and alloys thereof [0063]; a
protective layer covering the metal cover layer, wherein the protective layer includes a
material selected from the group consisting of Pd, Pt, silicon carbide, aluminum nitride,
alumina, zirconia, diamond-like carbon (DLC) (which includes diamond, as diamond is
carbon, and is “diamond-like”, and combinations thereof [0064]; binding layer is a solder
layer comprising 1 wt% or more of a first material selected from the group consisting of ,
B, 30 P, Ti, or an alloy thereof [0074]; the polishing tips have a particle size of from
about 100 um to about 500 um [0068]; wherein the polishing tips are arranged in a
predetermined pattern on the polishing unit substrate [0078], ‘234 further discloses a
process of chemical-mechanical planarization (CMP), including the following steps:
polishing a wafer against a rotating polishing pad; and applying the disclosed against
the polishing pad to remove debris and condition the pad; the wafer has a diameter; a
surface of the wafer has an IC critical dimension.

11. ‘234 does not disclose that the polishing tips are arranged as a plurality of
polishing units secured to the base plate by an adhesive layer; the percent area of

surface coverage of the substrate by the units; the number of tips conditioning the pad;
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the crystal surface coverage of the tips; the polishing units are disc-shaped, radial-
shaped, or polygon-shaped; the polishing units are disc-shaped having a diameter
range; diameter of the substrate 40; wherein the adhesive layer is an organic adhesive;
the spacing of the polishing units; the thickness of the adhesive layer between the
substrate and the units. ‘842, figures 1-4, teaches a conditioning device having a
substrate and a plurality of polishing units each having a plurality of polishing tips
adhered to the substrate, the units having various forms including disc- or radially
shaped (column 3, lines 18-33) having a diameter of 10-50 mm; the units adhered to a
substrate by organic adhesive, (column 5, lines 1-60) having a thickness. Regarding
the range of surface coverage by the units, the number of tips conditioning the pad, the
crystal surface coverage, and the thickness of the adhesive, it would have been obvious
to one having ordinary skill in the art at the time the invention was made to have made
the various components with the claimed size and amount ranges, for the predictable
result of forming a conditioning tool, since it has been held that where the general
conditions of a claim are disclosed in the prior art, discovering the optimum or workable
ranges involves only routine skill in the art. Regarding the diameter and IC dimension of
the workpiece, applicant appears to be claiming dimensions not of currently available
workpieces, but of possible future workpieces, see for example pages 20-22 of
applicant’s specification. As such, it is the examiner’s position that one of ordinary skill
in the art would have considered it obvious to fashion a conditioning tool that conditions
a polishing pad such that it is capable of working not just on present workpieces, but on

possible future workpieces of the claimed sizes as well.

EX1057, Page 92



Application/Control Number: 13/797,704 Page 7
Art Unit: 3727

Conclusion
12.  The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure. Other similar conditioners and abrasive tools are cited of interest.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MAURINA RACHUBA whose telephone number is
(571)272-4493. The examiner can normally be reached on Monday-Friday, between
the hours of 5:30AM-4:00PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Monica Carter can be reached on 571 272 4475. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/MAURINA RACHUBA/
Primary Examiner, Art Unit 3727
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Examiner: Maurina T. Rachuba
Serial No.: 13/797,704

Docket No.: 02074-32836.US

CLAIM LISTING

1. (original) A composite conditioner comprising:

a base plate; and

a plurality of polishing units secured to a surface of the base plate by an adhesive layer,
each polishing unit including a plurality of polishing tips secured in a binding layer, wherein a
height difference between a first highest polishing tip and a second highest polishing tip is less
than or equal to about 10um, a height difference between the first highest polishing tip and a tenth
highest polishing tip is less than or equal to about 20um, and a height difference between the first
highest polishing tip and a 100th highest polishing tip is less than or equal to about 40um, and the
first highest polishing tip protrudes from the binding layer to a height of greater than or equal to
about 50um.

2. (original) The composite conditioner of claim 1, wherein at least 1% of the plurality of

polishing tips actively condition a CMP pad during a conditioning process.

3. (original) The composite conditioner of claim 1, wherein less than 40% of the surface of

the base plate is covered with polishing units.
4. (original) The composite conditioner of claim 1, wherein the polishing units are arranged
on the base plate in an arrangement selected from the group consisting of a single ring, double

rings, multi-rings, radial arrangements, and spiral arrangements.

5. (original) The composite conditioner of claim 1, wherein at least one thousand polishing

tips of the plurality of polishing tips condition a polishing pad during a conditioning process.

6. (original) The composite conditioner of claim 1, wherein the plurality of polishing tips

include diamond, cubic boron nitride, or a combination therecof.
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7. (original) The composite conditioner of claim 6, wherein the plurality of polishing tips
include diamond, and the diamond is deposition diamond, polycrystalline diamond, or a

combination thereof,

8. (original) The composite conditioner of claim 1, wherein the crystal surface coverage of

more than 50% of the top 100 height polishing tips are less than 80%.

9. (original) The composite conditioner of claim 8, wherein the crystal surface coverage of

more than 50% of the top 100 height polishing tips are less than 50%.

10. (original) The composite conditioner of claim 1, wherein each polishing unit further
includes a polishing unit substrate upon which the plurality of polishing tips are secured with the

binding layer.

11.  (original) The composite conditioner of claim 1, wherein the binding layer is selected from

the group consisting of a solder layer, a plating layer, a sintering layer, and a resin layer.

12. (original) The composite conditioner of claim 11, wherein each polishing unit further
comprises a metal cover layer that covers the binding layer, wherein the metal cover layer includes
at least one material selected from the group consisting of Ni, Cr, Pd, Co, Pt, Au, Ti, Cu, W, and

alloys thereof.

13. (original) The composite conditioner of claim 12, wherein each polishing unit further
comprises a protective layer covering the metal cover layer, wherein the protective layer includes
a material selected from the group consisting of Pd, Pt, silicon carbide, aluminum nitride, alumina,

zirconia, diamond-like carbon (DLC), and combinations thereof.

14. (original) The composite conditioner of claim 11, wherein binding layer is a solder layer

comprising 1 wt% or more of a first material selected from the group consisting of Cr, B, P, Ti, or
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an alloy thereof, or 50 tw% or more of a second material selected from the group consisting of
Ni, Cu, or an alloy thereof, or 1 tw% or more of the first material and 50 wt% or more of the

second material.

15. (original) The composite conditioner of claim 1, wherein the polishing units are disc-

shaped, radial-shaped, or polygon-shaped.

16. (original) The composite conditioner of claim 15, wherein the polishing units are disc-

shaped having a diameter of from about 5Smm to about 30mm.

17.  (original) The composite conditioner of claim 1, wherein the base plate is disc-shaped

having a diameter of from about 80mm to about 120mm.

18. (original) The composite conditioner of claim 1, wherein the polishing tips have a particle

size of from about 100um to about 500pum.

19. (original) The composite conditioner of claim 1, wherein the adhesive layer is an organic
adhesive.
20. (original) The composite conditioner of claim 1, wherein the polishing tips are arranged in

a predetermined pattern on the polishing unit substrate.

21. (original) The composite conditioner of claim 1, wherein the polishing units are spaced no

closer than about 0.1mm.

22. (original) The composite conditioner of claim 21, wherein the polishing units are spaced at

least 0.5mm apart.
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23. (original) The composite conditioner of claim 1, wherein the adhesive layer between the

base plate and the polishing units has a thickness of less than or equal to about 0.6 mm.

24. (withdrawn) A method of making a composite conditioner, comprising:

disposing a second mold on a first mold, wherein the second mold includes a plurality of
holes;

placing a polishing unit in each of the plurality of holes of the second mold, each polishing
unit including a plurality of polishing tips secured in a binding layer;

applying an adhesive layer over the second mold to secure the polishing units; and

removing the first mold and the second mold to form a composite conditioner wherein a
height difference between a first highest polishing tip and a second highest polishing tip is less
than or equal to about 10um, a height difference between the first highest polishing tip and a tenth
highest polishing tip is less than or equal to about 20um, and a height difference between the first
highest polishing tip and a 100th highest polishing tip is less than or equal to about 40pum and the
first highest polishing tip protrudes from the binding layer to a height of greater than or equal to
about 50um.

25. (withdrawn) The method of claim 24, wherein placing the polishing unit in the plurality of
holes of the second mold further comprises orienting the polishing units such that the polishing

tips face the first mold.

26. (withdrawn) The method of claim 25, wherein the polishing tips contact the first mold

such that the polishing unit are leveled across the first mold.

27. (withdrawn) The method of claim 26, wherein the holes of the second mold are arranged

around an outer periphery of the second mold.

28. (original) A process of chemical-mechanical planarization (CMP), including the following

steps:
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polishing a wafer against a rotating polishing pad; and
applying the conditioner of claim 1 against the polishing pad to remove debris and

condition the pad.

29. (original) The process of claim 28, wherein the diameter of the wafer is 200mm, 300mm,
or 450mm.
30. (original) The process of claim 28, wherein a surface of the wafer has an IC critical

dimension of less than or equal to 45nm.

31. (original) The process of claim 30, wherein a surface of the wafer has an IC critical

dimension of less than or equal to 28nm.

32. (original) The process of claim 28, wherein the surface of the wafer has an IC critical

dimension of less than or equal to 22 nm.
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REMARKS

The Applicant expresses appreciation to the Examiner for consideration of the subject
patent application. This communication is in response to the Office Action mailed on January 12,
2015. In the Office Action the Examiner rejected claims 28-32 under pre-AIA 35 US.C. § 112
first paragraph as allegedly failing to comply with the written description requirement, claims 29-
32 under pre-AIA 35 U.S.C. § 112 second paragraph as allegedly indefinite, and claims 1-23 and
28-32 under 35 U.S.C. § 103 as allegedly obvious.

Claim Rejections — 35 U.S.C. § 112, first paragraph
In the Office Action claims 28-32 were rejected under pre-AlA 35 U.S.C. § 112, first

paragraph, for allegedly failing to comply with the written description requirement. The Examiner
alleged that the claims contain subject matter which was not described in the Specification in a
way as to reasonably convey to one skilled in the relevant art that the inventors had possession of
claimed invention at the time application was filed. The Examiner's allegations are based on the
Specification stating, "[w]hen the wafer varies greatly (8 inch to 12 inch even to 18 inch in the
future), the variability to the polishing rate and the uniformity will become higher, and the quality
and the efficiency of the chemical-mechanical planarization process will become lower. Not only
that, when the critical dimension becomes more and more narrow (45nm to 32nm even to 22nm in
the future), the high point of the polishing pad gets broken more easily.” In essence, the Examiner
takes this language because of its future tense and alleges that the present claims lack written
description because the wafer products produced by the claimed process are not yet commercially
available. The Applicant respectfully disagrees with the Examiner's assertion.

The purposes behind the written description requirement are (i) "to clearly convey the
information that an applicant has invented the subject matter which is claimed,” (ii) to put in the
hands of the public what the Applicant claims as the invention, and (iii) to satisfy the inventor's
obligation to disclose the technologic knowledge upon which the patent was based. see In re
Barker, 559 F.2d 588, 592 (C.C.P.A. 1977); Regents of the Univ. of Cal. v. Eli Lily, 119 F.3d
1559, 1566 (Fed. Cir. 1997); and Capon v. Eshhar, 418 F.3d 1349, 1357 (Fed. Cir. 2005).
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All that is required in the Specification to satisfy the written description requirement is a
description of "the claimed invention in sufficient detail that one skilled in the art can reasonably
conclude that the inventor had possession of the claimed invention." Moba, B.V. v. Diamond
Automation, Inc. 325 F.3d 1306, 1319 (Fed. Cir. 2003). "There is a strong presumption that an
adequate written description of the claimed invention is present when the application is filed." In
re Wertheim, 541 F.2d 257, 263 (C.C.P.A. 1976). The patent act does not require a physical
embodiment of the invention; thus there is no express "reduction to practice” requirement. Pfaff v.
Wells Electronics, Inc. 525 U.S. 55, 66 (1998). see also MPEP § 2163.11.3.a.

In regards to claim 28, the Applicant respectfully submits that the Examiner’s basis for this
rejection is improper. Claim 28 is directed to a process of CMP comprising polishing a wafer
against rotating polishing pad and applying the conditioner of claim 1. Claim 28 does not include
claim elements that disclose the wafer size or IC critical dimension of the wafers. Therefore, the
Examiner's reason for this rejection is irrelevant to claim 28. The Applicant respectfully requests
that the Examiner's rejection to claim 28 be withdrawn.

In regards to claim 29, the Applicant respectfully submits that the Examiner's rejection to
this claim is improper because (i) the claims are drawn to a process not the wafers themselves, and
(i1) the Specification does not expressly state the claimed wafer sizes are not currently available.
In contrast, the Specification states that the process "could use the diameter of the wafer in
200mm, 300mm or 450mm in the chemical-mechanical planaization process of the present
invention." [pg. 21, lins. 20-23].

In regards to claims 30-32 the Applicant submits that these claims are drawn to a process
allowing for a level of precision that is otherwise not available and therefore, the Applicant has
satisfied the written description requirement. The claims are directed to a level of precision that
can be obtained by a process that incorporates the CMP pad conditioner of claim 1. CMP
processing techniques and pad dressers limit the critical dimensions of integrated circuits on the
wafer. The critical dimension of the wafer varies based on the level of polishing precision and/or
the size of the wafer. In order to achieve lower critical dimension without increasing the surface
area, the wafer has to be polished more precisely to achieve a more even surface. As the surface

becomes more level, more nodes can be placed on the surface, and the integrated circuits critical
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dimension can be lowered. Claims 30-32 are directed fo the process and the critical dimension that
can be achieved using the claimed process. The claims are not directed to a wafer having that
critical dimension; therefore, the Applicant respectfully submits that these claims comply with the
written description requirement and are supported by the originally filed Specification. The
Applicant respectfully requests that the Examiner's rejection to these claims be withdrawn.

For all of the reasons stated above the Applicant respectfully submits that the originally
filed Specification meets the written description requirement for claims 28-32. The originally filed
Specification clearly conveys the necessary information to support the process which is claimed. It
is irrelevant as to whether or not a wafer having an IC critical dimension as claimed in claims 30-
32 is commercially available because the patent act does not include an actual "reduction to
practice" requirement. Therefore, the Applicant respectfully submits that the originally filed
Specification meets the written description requirements of 35 U.S.C. § 112, first paragraph and

the Applicant respectfully requests that the Examiner’s rejections be withdrawn.

Claim Rejections - 35 U.S.C. § 112, second paragraph

In the Office Action the Examiner rejected claims 29-32 as allegedly indefinite under pre-AIA
35 U.S.C. § 112, second paragraph. To determine whether a patent claim is indefinite, a court must
consider whether one skilled in the art would understand the bounds of the claim when read in light of
the Specification. Personalized Mass Media Communications, LLC v. International Trade
Commission, 161 F.3d 696, 48 U.S.P.Q.2d 1880 (Fed. Cir. 1998). If the claims, when read in the
light of the Specification, reasonably apprise those skilled in the art both of the utilization and scope
of the invention and, if the language is as precise as the subject matter permits the courts can demand
no more. North Am. Vaccine, Inc. v. American Cyanamid Co.,7 F.3d 1571, 28 USPQ 2d 1333 (Fed.
Cir. 1993); Personalized Mass Media Communications, LLC v. International Trade Commission,
supra. The meaning of a claim should be what would be reasonable from the perspective of one of
ordinary skill in the art. /n re Buszard, 504 F.3d 1364, 84 U.S.P.Q.2d 1749 (Fed. Cir. 2007).

The Applicant respectfully asserts that the bounds of claims 29-32 as previously presented
would be understood by one skilled in the art when read in light of the originally filed Specification.

Claims 29-32 are directed to a process of chemical mechanical planarization. These claims merely
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specify either the diameter size of the wafer used in the process, claim 29, or the integrated circuit
critical dimension of the resultant wafer, claims 30-32. One skilled in the art would be aware of both
the utilization and scope of the invention that is covered by these claims. Therefore, the Applicant
respectfully submits that these claims are sufficiently definite and respectfully requests that the

Examiner’s rejection be withdrawn.

Claim Rejections - 35 U.S.C. § 103

In the Office Action the Examiner rejected claims 1-23 and 28-32 under pre-AIA U.S.C. §
103(a) as allegedly unpatentable over U.S. Pub. No. 2002/0173234 (hereinafter “Sung”) in view
of U.S. Pat. No. 6, 371,842 (hereinafter “Romero”).

Before discussing the obviousness rejection herein, it is thought proper to briefly state
what is required to sustain such a rejection. The issue under 35 U.S.C. § 103 is whether the
USPTO has stated a case of prima facie obviousness. The Applicant does not deem it necessary
to recite the entire case law standard required in order to establish a prima facie case of
obviousness. However, the Applicant would like to briefly remind the Examiner that a prima facie
case of obviousness generally includes establishing 1) that the asserted references as modified or

combined teach or suggest each and every element of the claimed invention, 2) that the asserted

references as modified or combined provide a sufficient likelihood of successfully making the
modification or combination, and 3) a reason for the modification or combination asserted. Under
the guidelines in the MPEP, an Examiner must establish that the reference teaches or suggests
cach and every claim element or explain “why the difference(s) between the prior art and the
claimed invention would have been obvious.” See MPEP § 2143.03 and MPEP § 2141 111.
Additionally, under KSR, and as outlined under the MPEP § 2143, additional rationales
include (a) combining prior art elements according to known methods to yield predictable results;
(b) simple substitution of one known element for another to obtain predictable results; (c) use of
known technique to improve similar devices (methods, or products) in the same way; (d) applying
a known technique to a known device (method, or product) ready for improvement to yield
predictable results; (¢) "obvious to try" - choosing from a finite number of identified, predictable

solutions, with a reasonable expectation of success; (f) known work in one field of endeavor may

10
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prompt variations of it for use in either the same field or a different one based on design incentives
or other market forces if the variations are predictable to one of ordinary skill in the art; and (g)
some teaching, suggestion, or motivation in the prior art that would have led one of ordinary skill
to modify the prior art reference or to combine prior art reference teachings to arrive at the
claimed invention. Additionally, the obviousness inquiry asks "whether the claim inventions are
rendered obvious by the teachings of the prior art as a whole." In re Chevalier, 500 Fed. Appx.
932, 934 (Fed. Cir. 2013).

The Applicant respectfully asserts the Examiner has not satisfied the requirements for
establishing a prima facie case of obviousness. The Applicant respectfully submits that the
Examiner has not established a prima facie case of obviousness because Romero is not analogous
art and cannot be used to establish a prima facie case of obviousness and Sung does not teach
cach and every element of the claims. Therefore, the cited references do not render the claims
obvious.

First, Romero is not analogous art and cannot be used to establish a prima facie case of
obviousness. In order to sustain an obviousness rejection the cited references must be analogous
prior art. MPEP § 2141.01(a)l. A reference s analogous art if: (1) the reforence s from the same
field of endeavor as the clairoed nvention (oven i addresses a different problem); ov {2 the
reforonee is reasonably pertinent o the problem faced by the mventor {even if # 15 not m the same
ficld of endeavor gs the claimed invention). MPEP § 2141.01{a¥ see Bigio, 381 F3d at 1325, 72
USPQZd at 1212, In order for a reforence to be "reasonably pertinent” to the problem, it mast
Hlogcally have compoended itself to an wmventor’s atiention i considering s probleva.” & re foon
Health and Fimess, fnc., 496 F 3d 1374, 1379-80 (Fed. Cw, 20073,

Romero is not in the same field of endeavor as the claimed invention. The claims are
directed to a chemical mechanical planarization (CMP) conditioner and a CMP process. Romero
does not teach a CMP conditioner or process. Romero teaches an abrasive disc for grinding,
sanding, and polishing work pieces. [col. 2, lins. 41-44]. The work piece exemplified in Romero is
a mild steel work piece, not a CMP pad. [Examples, col. 9, lin. 67]. Therefore, Romero is not in

the same field of endeavor as the claimed invention.
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Romero is also not reasonably pertinent to the problem faced by the Applicant. The
Applicant sought to provide a composite conditioner that avoided over aggressive cutting,
improved the ratio of working polishing tips during conditioning, and increased the removal ratio
from the wafer and the durability of the conditioner. The abrasive disc taught in Romero is not
reasonably pertinent to these problems because of the differences in scale. The scale of the
abrasive disc in Romero is not suitable for functioning as a CMP pad conditioner. The scale of the
abrasive disc in Romero is substantially larger than the scale of the claimed CMP pad conditioner.
The substrate of Romero has a diameter from about 5 cm to about 30 cm and the central aperture
diameter ranges from 1.27 cm to about 2.54 cm. [col. 2, lins. 59-62]. The thickness of the
substrate, not including the raised portions, ranges from about 100 um to about 2500 um. [col. 2,
lins. 62-65]. The length and width of the raised portions are between 0.1 cm and 5 cm. [col. 3, lins
21-23]. By contrast, the diameter of the CMP pad conditioner disk can be about 100 mm in
general and the diameter of the ring can be greater than 250 mm. [pg. 14, lins. 13-14]. The
particle size can range from 100 um to 500 um. [pg. 15, lins. 6-7]. The claimed composite
conditioner includes polishing units having the highest polishing tip protruding from the binding
layer to a height of greater than or equal to about 50 pm. Therefore, the claimed CMP pad
conditioner is substantially smaller than the abrasive disc taught in Romero and the abrasive
particles in the claims are substantially smaller than the substrate in Romero. This scale difference
is crucial in chemical mechanical planarization. CMP pad dressers have small leveling tolerances.
As more precise leveling is achieved, more nodes can be placed in a given area of the wafer. This
is important because smaller critical wafer dimensions are in demand. In addition, one purpose of
the claimed composite conditioner is to avoid over aggressive cutting. Therefore, this scale of the
abrasive disc taught in Romero is not compatible with the scale required in the claimed invention.
The abrasive disc taught in Romero is not reasonably pertinent to the problem faced by the
Applicant.

Therefore, Romero is not analogous art and cannot be used to create a prima facie case
of obviousness. Sung as acknowledged by the Examiner does not teach each and every element of
the claims. Therefore, the Examiner has not presented a prima facie case of obviousness. The

Applicant respectfully requests that that Examiner’s rejection be withdrawn.
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CONCLUSION

In view of the foregoing, the Applicant asserts that the pending claims present allowable
subject matter and the allowance thereof is respectfully requested. If any impediment remains to
examination after consideration of the above-recited remarks, which could be removed during a
telephone interview, the Examiner is invited to telephone the undersigned attorney, at (801) 566-6633
so that such issues may be resolved as expeditiously as possible.

The Commissioner is hereby authorized to charge any additional fees associated with this

communication or credit any overpayment to Deposit Account No. 20-0100.

DATED this 13™ day of July, 2015.

Respectfully submitted,

THORPE, NORTH & WESTERN, LLP
/David W. Osborne/

David W. Osborne

Reg. No. 44,989

8180 South 700 East, Suite 350

Sandy, UT 84070

Telephone: (801) 566-6633
Facsimile: (801) 566-0750
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U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
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*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
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require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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2004/0091627 05/2004 Ohara et al.
2004/0107648 06/2004 Sung
2004/0112359 06/2004 Sung
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2006/0079160 04/2006 Balagani et al.
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2007/0093181 04/26/2007 Lugg et al.
2007/0128994 06/07/2007 Sung
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2008/0153398 06/2008 Sung
2008/0171503 07/2008 Sung
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2725693 12/06/1955 Smith
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3146560 09/01/1964 Hurst
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3593382 A 07/20/1971 Miller
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3625666 12/07/1971 James
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3631638 01/1972 Yoshikawa et al.
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3767371 10/1973 Wentorf Jr. et al.
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3852078 12/03/1974 Wakatsuki et al.
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3982358 09/28/1976 Fukuda
4018576 04/1977 Lowder et al.
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4149881 04/17/1979 D’Silva
4151154 04/1979 Berger
4155721 05/1979 Fletcher
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4201601 05/1980 D’Silva
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4287168 09/01/1981 Wentorf et al.
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4355489 10/1982 Heyer et al.
4405411 09/20/1983 Inoue et al.
4481016 11/1984 Campbell et al.
4525179 06/1985 Gigl
4547257 10/15/1985 lizuka et al.
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4669522 06/1987 Griffin
4680199 07/1987 Vontell et al.
4712552 12/15/1987 Pangburn
4737162 04/1988 Grazen
4749514 06/07/1988 Murakami et al.
4770907 09/13/1988 Kimura
4776861 10/1988 Frushour
4780274 10/1988 Barr
4797241 01/1989 Peterson et al.
4828582 05/1989 Frushour
4849602 07/1989 Gardner
4863573 09/05/1989 Moore et al.
4866888 09/19/1989 Murai et al.
4883500 11/1989 Deakins et al.
4908046 03/1990 Wiand
4916869 04/1990 Oliver
4923490 05/1990 Johnson et al.
4925457 05/15/1990 DeKok et al
4927619 05/22/1990 Tsuji
4943488 07/1990 Sung et al.
4945686 08/1990 Wiand
4949511 08/1990 Endo et al.
4954139 09/04/1990 Cerutti
4968326 11/1990 Wiand
5000273 03/1991 Horton et al.
5011513 04/1991 Zador et al.
5022895 06/1991 Wiand
5024680 06/18/1991 Chen et al.
5030276 07/1991 Sung et al.
5037451 08/1991 Burnand et al.
5043120 08/1991 Corrigan
5049165 09/17/1991 Tselesin
5092082 03/1992 Padberg
5092910 03/1992 deKok et al.
5116568 05/26/1992 Sung et al.
5131924 07/1992 Wiand
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5133782 07/1992 Wiand
5137543 08/1992 Heath et al.
5151107 09/1992 Choetal.
5164247 11/1992 Solanki et al.
5176155 01/05/1993 Rudolph, Jr.
5190568 03/1993 Tselesin
5194070 03/1993 Sumiya et al.
5194071 03/1993 Corrigan et al.
5195403 03/1993 Sani et al.
5195404 03/1993 Notter et al.
5197249 03/1993 Wiand
5203881 04/1993 Wiand
5232320 08/1993 Tank et al.
5243790 09/14/1993 Gagne
5246884 09/1993 Jaso
5247765 09/1993 Quintana
5248317 09/28/1993 Tank
5264011 11/1993 Brown et al.
5266236 11/1993 Bovenkerk
5271547 12/1993 Carlson
5273730 12/1993 Yoshida et al.
5295402 03/22/1994 Bovenkerk
5314513 05/24/1994 Miller
5328548 07/12/1994 Tsuji et al.
5364423 11/1994 Bigelow et al.
5374293 12/20/1994 Takashita et al.
5380390 01/10/1995 Tselesin
5443032 08/1995 Vichr et al.
5453106 09/26/1995 Roberts
5454343 10/03/1995 Eun et al.
5458754 10/17/1995 Sathrum et al.
5486131 01/1996 Cesha et al.
5492771 02/1996 Lowder et al.
5492774 02/1996 Tateno et al.
5496386 03/1996 Broberg et al.
5500248 03/1996 lacovangelo et al.
5505272 04/1996 Clark
5518443 05/1996 Fisher
5527424 06/18/1996 Mullins
5536202 07/16/1996 Appel et al.
5547417 08/20/1996 Breivogel et al.
5551959 09/03/1996 Martin et al.
5560745 10/1996 Roberts
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5620489 04/15/1997 Tselesin
5660894 08/1997 Chen et al.
5669943 09/1997 Horton et al.
5674572 10/07/1997 Sarin et al.
5725421 03/10/1998 Goerset al.
5746931 05/1998 Graebner
5772756 06/30/1998 Davies et al.
5776214 07/1998 Wood
5779743 07/1998 Wood
5791975 08/1998 Cesha et al.
5801073 09/01/1998 Robbins et al.
5816891 10/1998 Woo
5820450 10/1998 Calhoun
5833519 11/1998 Moore
5840090 11/24/1998 Ho et al.
5851138 12/1998 Hempel Jr.
5855314 01/1999 Shiue et al.
5868806 02/09/1999 Nishio et al.
5885137 03/1999 Ploessl
5902173 05/1999 Tanaka
5916011 06/29/1999 Kim et al.
5919084 07/1999 Powell et al.
5921856 07/13/1999 Zimmer
5924917 07/1999 Benedict et al.
5961373 10/1999 Lai
5975988 11/1999 Christianson
5976001 11/1999 Powell et al.
5976205 11/1999 Andrews et al.
5980852 11/09/1999 Burns et al.
5980982 11/1999 Degawa et al.
5985228 11/1999 Corrigan et al.
6001008 12/14/1999 Fujimori et al.
6001174 12/14/1999 Fang
6024824 02/15/2000 Krech
6027659 02/22/2000 Billett
6030595 02/29/2000 Sumiya et al.
6039641 03/21/2000 Sung
6054183 04/2000 Zimmer et al.
6093280 07/2000 Kirchner et al.
6106382 08/2000 Sakaguchi
6123612 09/26/2000 Goers
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6200360 03/2001 Imai et al.
6206942 03/2001 Wood et al.
6213856 04/10/2001 Choet al.
6217413 04/2001 Christianson
6224469 05/01/2001 Ohmori et al.
6258138 07/2001 DeVoe et al.
6258201 07/10/2001 Krech
6258237 07/2001 Gal-Or et al.
6277304 08/21/2001 Wei et al.
6281129 08/28/2001 Easter et al.
6284556 09/2001 Wang et al.
6286498 09/11/2001 Sung
6293854 09/2001 Kimura et al.
6299508 10/09/2001 Gagliardi et al.
6299521 B1 10/09/2001 Morimura et al.
6312324 11/06/2001 Mitsui et al.
6319108 11/20/2001 Adefris et al.
6325709 12/2001 Nanda et al.
6346202 02/12/2002 Molnar
6354918 03/12/2002 Togawa et al.
6354929 03/12/2002 Adefris et al.
6368198 04/09/2002 Sung et al.
6371838 04/16/2002 Holzapfel
6371842 04/2002 Romero
6372001 B1 04/16/2002 Omar et al.
6394886 05/2002 Chen et al.
6409580 06/2002 Lougher et al.
6416878 07/09/2002 An
6439986 08/27/2002 Myoung et al.
6446740 09/2002 Eyre
6458018 10/01/2002 Goerset al.
6478831 11/12/2002 Tselesin
6544599 04/08/2003 Brown et al.
6551176 04/2003 Garretson
6596087 07/22/2003 Choet al.
6605798 08/2003 Cullen
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6607423 08/2003 Areayan et al.
6616725 09/09/2003 Choetal.
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6629884 10/2003 Goers
6672943 01/06/2004 Vogtmann et al.
6679243 01/20/2004 Sung
6692547 02/2004 Kim
6694847 02/2004 Hiroyasu et al.
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6837979 01/04/2005 Uzho et al.
6884155 04/26/2005 Sung et al.
6899592 05/2005 Kojima et al.
6905571 06/14/2005 Sakuma et al.
6945857 09/2005 Doan et al.
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Description
Flexible abrasives.

This invention relates to a flexible abrasive member particularly suitable for abrading, grinding, smoothing,
and finishing operations on stone, glass and other materials in heavy-duty applications.

United States patent no.4,256,467, issued August 17, 1981, to lan Gorsuch discloses a flexible abrasive
member comprising a flexible non-conductive mesh carrying a multitude of nickel deposits in which abrasive
material, such as diamond grit, is embedded.

According to the Gorsuch patent, the flexible abrasive member is manufactured by first laying a sheet of
flexible non-conductive mesh material onto a smooth elecirically conductive surface, suitably masked to
expose only those surface portions where electrodepaosition is desired, so that the mesh material is in
immovable relationship with the conductive surface. Nickel is then electrodeposited onto the exposed
portions of the smooth surface through the mesh material in the presence of abrasive material so that the
abrasive material becomes embedded in the metal layer and the mesh becomes embedded in the nickel
deposits. Finally. the mesh is stripped from the electrically conductive surface and cut into the desired shape.

There are, however, a number of disadvantages associated with the process. The preparation of the cylinder
prior to each deposition is expensive and complex. The process is slow and can only operate on a batch basis
because a sheet of flexible mesh material of specific size must be attached to the cylinder, applied under
tension, and maintained in immovable relationship therewith.

More importantly, the product produced by the Gorsuch process is structurally weak and only suitable for
light-duty operations, such as lens grinding. If the product is used in heavier duty applications, such as
abrading belts, the mesh has to be bonded to a suitable substrate. The heat generated during the abrading
operation makes it difficult to provide a satisfactory bond, and difficulties have been experienced due to the
belts breaking, the nickel deposits chipping off the intrinsically weak mesh, and delamination of the beilts.

Our co-pending Canadian application no. 518,201, filed on September 15, 1986, describes a method which
overcomes the problems relating to the preparation of the conductive cylinder and permits continuous
operation of the process. In this method the mask is applied directly to the mesh, which is rendered
conductive, instead of to the conductive surface. When a mesh is employed, however, the abrasive member
must still be bonded to a strong substrate for heavy-duty applications.

An object of the invention is to provide a process for producing a flexible abrasive member, which is faster
and more economical to operate than the one set forth in co-pending Canadian application No. 518. 201, and
which lends itself readily to automation. Furthermore, the invention can provide, by such a process, abrasive
sheets which can be made into as pads, discs, or belts, capable of operating at higher abrading speeds and
presenting a clean surface with clearly defined spaces between the metal deposits. This gives a more efficient
abrading action and requires less metal or abrasive material, making the product more economical to
manufacture. More significanily, the process can produce directly an abrasive sheet for use in heavy-duty
applications without the need for subsequent lamination to a backing material. The abrading member
produced by the inveniive process dissipates heat efficiently and thus has a longer life.

According to the present invention there is provided a method of making an abrasive member, comprising
fixedly attaching a metal film to one surface of a flexible sheet, applying a mask of plating resistant material to
the exposed surface of the metal film, said plating resistant material having a multitude of discrete openings
therein, and depositing metal directly through said discrete openings onto said metal film in the presence of a
particulate abrasive material so that the metal adheres directly to said metal film and the abrasive material
becomes embedded in the metal deposits.

The deposition is preferably carried out by electrodeposition although electroless deposition can be
employed. The preferred metal for the film is copper and for the metal deposits nickel, although other
combinations can be employed.

The abrasive member produced by this process is useful per se. However, in order to reduce the heat
buildup in the member during use and thus increase its efficiency and life expectancy, in a preferred
embodiment of the present invention , the mask is stripped from the sheet after electrodeposition of the metal
to expose the metal film, and the metal film between the discrete metal electrodeposits is etched away to
expose the sheet.

The mask can be applied to the metal film by coating with a layer of a photopolymer and exposing the
photopolymer to ultra violet light through a screen defining the openings to decompose the polymer. The
coating is then developed, preferably by treatment with an alkali, such as sodium hydroxide. The photopolymer
can be a dry film photopolymer, such as a dry film photopolymer supplied under the name Riston by Dupont, a
laminar dry film resist supplied by Dynachem, or dry film resist supplied by Herculestic, or a liquid film resist
supplied by Kodak, GAF, Dynachem, Dupont, or Fuji film. The photopolymer is desirably exposed to ultra-violet
light. However, any other type of radiation which degrades the polymer such that it can be developed is
suitable.

In a further aspect of the invention there is provided a method of making a flexible abrasive member,
comprising applying to an electrically conductive metal surface of a flexible substrate a coating of a
photopolymer, exposing the photopolymer to light through a screen having discrete openings to decompose
said polymer, developing the coating to provide a mask having a multitude of discrete openings therein, and

-
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electrodepositing metal directly through said discrete openings onto said metal surface in the presence of a
particulate abrasive material so that the metal adheres directly to said metal surface and the abrasive becomes
embedded in the metal deposits. As before, in this method it is desirable after electrodeposition of the metal to
strip the mask from the substrate sheet to expose the metal surface and etch the metal surface between the
deposits to expose the substrate. 5

Alternatively, the mask may be applied by silk screening, in which case the mask may be made of ultra-viclet
light curable or thermally curable inks such as infra-red heat curable inks. Such curable plating resists and
etching resists may be supplied by McDermid Inc., Dynachem and M&T Chemicals.

The flexible substrate is preferably in the form of a woven fabric, but it may be fibre glass epoxy laminate of
the type used for printed circuit board applications, supplied by Westinghouse and GE, when it is desired to 10
make abrasive pads and disks. The sheet may also be formed of a phenolic resin, such as a phenol
formaldshyde resin or it may be a polyester fibre glass laminate also supplied for printed circuit board
applications. Such sheets suitably have an overall thickness of about 8 to 12 mils.

For forming a flexible abrasive member suitable for use as an abrasive belt, a copper clad, fibre free resin
system such as that supplied under the trademark Kapton (by Dupont), which is used for flexible printed 15
circuits may be used. However, In a particularly desirable embodiment of the present invention, the sheet is
formed of a strong woven fabric on which the metal film is deposited. A particularly suitable fabric is made of
polyaramid yarn, such as p-poly (phenylene) terephthalamide yarn, which is supplied under the trademark
Kevlar.

The metal film is fixedly attached to the surface of the sheet and is laminated as a film or deposited by 20
electroless plating, vapour deposition, sputtering, or electrochemical deposition, such as electroplating. The
metal may be any electrically conductive metal such as copper, aluminum, nickel, steel, rhodium or gold, but is
preferably copper. Suitably the metal film has a thickness from 3/20 to 14 thousanths of an inch preferably 7/10
to 2.8 thousanths of an inch.

The abrasive material is a conventional particulate abrasive such as diamond grit or cubic boron nitride, and 25
preferably industrial diamond. The metal can be any metal which can be deposited from a suitable bath by
electrodeposition or electroless deposition and is preferably nickel or copper, more preferably nickel.

In a preferred embodiment, the sheet with the metal film attached thereto is continuously passed through an
electrolytic bath to form a cathode, the anodes of which are formed by the metal, whereby the metal is
continuously deposited in the discrete openings and during said electrodeposition the particulate abrasive is 30
released into the bath. In order to ensure that the sheet is present in the bath as a cathode, it is connected to a
source of negative potential. The sheet is preferably in contact with 2 smooth non-conductive surface such as
a plastic surface, in the bath, which is suitably a nicke!l sulphamate bath. The mask, which is in the form of a
very thin sheet a few thousanths, e.g. 3 to 4 thousanths of an inch thick, defines a lattice with a large number of
openings, for example 1/16 of an inch in diameter. 35

After removal from the bath, the sheet is stripped and etched with alkaline solution. A further very significent
feature of the invention is that the Kevlar® sheet bearing the diamond-embedded nicke} deposits (s coated
with a resin, such as a two-part polyurethane resin sold under the trade designation UR 2138X-1 and UR
2139X-1A by Elecbro Inc. After stripping and etching, the Kevlar shest consists of a multitude of nickel nodules
carried by copper segments bonded to the Kevlar fabric. The nodules hold quite well onto the fabric during 40
use, but their tendency to chip off can be dramatically reduced by coating with the polyurethaene resin. This fills
the interstices between the nodules, thereby reducing the shearing forces as the fabric Is moved over the
working surface. It has been further found that the use of a filled resin, i.e. a resin fillad with a solid particulate
material, particularly silicon carbide powder further inhibits the lateral movement of the nodules reducing even
further their tendencies to chip off. 45

In a still further feature of the Invention, the nickel nodules are given predetermined characteristic shapes. in
one embodiment, the nodules have a crescent-moon shape. This has the effect of minimizing the use of
diamond without impairing the abrasive properties. The removal of abraded material can alsb be assisted by
careful design of the shapes of the nodules. The photographic and silk-screen processes described above
lend themselves particularly well to the fabrication of shaped nodules. 50

The invention will now be described in more detail, by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 shows in cross-section a short length of Kevlar fabric carrying diamond-bearing nickel
deposits;

Figure 2 shows a laminated subsirate bearing a surface mask defining a regular pattern of 55
crescent-shaped holes;

Figure 3a shows a detail of one of the shaped holes; and

Figure 3b shows a detail of a group of holes.

Example 1 60
A copper clad, fibre glass epoxy laminate, sold for printed circuit board applications by Westinghouse or

GE, having a thickness of 8 mils tc 12 mils had its copper surface mechanically cleaned with a scrubber. A dry

film photopolymer supplied by Dynachem was laminated to the copper surface at about 220°F and then

exposed 1o ultra violet light through an apertured screen defining the holes with a Scannex expasure unit. The

protective Mylar sheet, which comes with the dry film, was removed and the exposed film developed with 65
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potassium hydroxide solution.

The product bearing the photographically formed mask was then ireated in a commercial electrolytic nickel
sulphamate bath, supplied under the trademark SNR 24 by Hansen, operating at 170 amps and 9 volis DC at a
temperature of 140-C.

The flexible abrasive member leaving the bath, though suitable for cutting and use without further treatment,
was treated with a Chemalex stripper to strip off the dry photofilm and then etched with alkaline-based copper
etching solution supplied by Hunt Chemicals, by spray etching.

The abrasive member had a clear franslucent aesthetically pleasing appearance with well defined
protuberances containing the diamond abrasive and substantially no intermediate diamond-containing metal
between the protuberances. This is in contrast to the product obtained according to the process described in
our copending Canadian application no. 518.210, which displayed a more untidy appearance and tended to
have metal and diamond particles present between the protuberances. The clean appearance of the abrasive
member has consumer appeal, particularly in the do-it-yourself market, but it also provides a more efficient
abrading member. In addition it makes the product cheaper to manufacture as there is less waste of metal and
abrasive material.

The presence of the copper layer has a number of advantages: It provides a smooth surface on which
deposition can take place, which is important to prevent break-through of the mask and to permit even
distribution of diamond grit. When the mask and copper bridging regions between the nodules are removed,
the remaining copper segments under the nodules, by which the nodules are attached to the substrate, form
part of the protruberances. To achieve a protuberance of given height, the electrodeposition time can be
shortened due to the presence of the underlying metal segments. The metal deposits should stand proud of
the substrate by an amount sufficient to permit adequate removal of abraded material and avoid undue wear.

Example 2

A 10 ounce Kevlar fabric 24 x 24 inches in size was subjected to electroless copper plating by passing
through the standard electroless copper plating process known under the trademark Ethone System CU 701.
Such a process is conventionally used for producing printed circuit boards with a copper coating of a
thickness of 80 to 120 microns deposited on both sides.

The copper coated fabric was then subjected to masking and nickel and diamond deposition by the method
described in example 1. The copper clad sheets can be treated in a manner similar to the fibre glass epoxy
laminate.

Upon removal from the electrolytic bath, and after stripping and etching, the Keviar sheets were coated with
polyurethane resin to fill the interstices between the nickel nodules. The sheets were then cut and formed into
belts after the reverse surface was covered with a rubberized epoxy resin system to prevent fraying and
cutting of the belt.

Example 3

A Sheet of Barrday F-2160/175 Kevlar 29-1500 denier scoured fabric was impregnated with BO80O
LOMOD® copolyester elastomeric resin. The resin was in liquid form and applied with rollers. A layer of 100z.
copper foil was then applied to the impregnated sheet and the assembly maintained in a press under 250 psi
pressure for approximately one hour at room temperature.

Upon removal from the press, the exposed surface of the foil was mechanically scuffed to improve adhesion.
A plating-resistant mask with a multitude of openings was then applied to the copper foil in the manner
described above, and the laminate placed in an electrolytic deposition bath. Nickel was deposited onto the
copper foll through the openings in the mask with diamond particles sprinkled into the tank during the
electrodeposition.

The mask was stripped from the foil and the intervening copper etched away to leave upstanding
diamond-bearing nicke! deposits lying on small copper discs. The interstices between the nickel deposits
were then filled with a flexible polyurethane resin, such as Elecbro UR 2139X-1 and UR 2139X-1A, so that the
abrasive product presented a continuous surface on the abrasive side. As discussed above, the use of aresin
coating has the important advaniage that during use the tendency of the deposits to be chipped off the
backing fabric is minimized. Other flexible resins can be employed.

The LOMOD® resin substantially enhances the properties of the fabric. It prevents degradation of the fabric
due to fraying and scuffing during heavy industrial use without impairing the flexibility of the belt. I has good
physical, mechanical, thermal, electrical and flame-resistant properties.

Of equal significance is the fact that the LOMOD® has sufficient strength to permit lamination of the copper
foil 1o the fabric and good retention of the residual copper segments after stripping and etching during use.

The advantage of this technique is that unlike the copper spray, the laminated foil has a smooth surface. The
uniformity of the abrasive can be accurately controlled and the tendency of the electrolytic deposits to break
through the masked portions minimized.

The physical data for these LOMOD® resins are as follows:
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LOMOD LOMOD
Property BO800O BO852
Specific Gravity 1.23 1.30
Flexural Modulus,psi 85,000 ‘ 95,000
Tensile Strength,psi 3,350 3,475
Tensile Elongation,% € Break 250 125
Dielectric Strength 415 405

Belts, discs and other types of abrasive product made with LOMOD@ impregnated sheets in the manner
described have exceptional strength and abrasive properties.

EXAMPLE 4

A sheet of 10 ounce KevlarTM [a trade mark of DuPont for p-poly-(phenylene)terephthalamide yarn] 24 by 24
fabric was bonded under heat and pressure with LomodTM (available from General Electric) resin to a copper
sheet having a surface density of one ounce per square foot. The surface of the copper sheet was cleaned and
scrubbed with an abrasive brush in a scrubbing machine. _—

The cleaned laminate was passed through a dry film laminator made by Thiokol/Dynachem Company {Model
30) to apply a Riston (a trade mark of DuPont) photo-resist film (an alternative is Dynachem film).

Laminate with the applied photo-resist film was placed in a Scannex Il exposure unit with a screen defining
the desired pattern of crescent-shaped holes. The screen can be produced photographically.

After exposure to ultra violet light, the image was developed and the protective Mylar fllm, applied by the
faminator, removed.

The electrodeposition took place in the presence of diamond grit in an electrolytic bath in a similar manner to
that described above to form crescent-shaped diamond-embedded nickel pellets. Other abrasive particulate
material, such as cubic boron nitride, can be employed,

After electrodeposition, the mask and exposed copper were removed with an alkaline stripping and etching
solution.

The product was then roller coated with polyurethane protective resin, having the trade designation UR
2139X-1 and UR 2139X-1A by Elecbro Inc, to fill the interstices between the nickel deposits.

The sheet was then cut into strips and the strips formed into belts ready for use as an abrasive.

Instead of using photo-resist materials to form the mask, the mask can be applied by a silk screening
process. In this case, the mask is made of enplate UR 2311B silk screening material which Is ultra-violet curest
after application in the silk-screening process.

Referring to Figure 1, a length of Kevlar fabric 1 is impregnated with Lomod® and has bonded thereto
copper discs 2. These discs were applied as a copper foil in the manner described above but are all that remain
of the original foil after the stripping and etching operation described above.

The nickel nodules 3 are electrolytically deposited on the copper discs 1 and have diamond particles 4
embedded therein.

The voids between the nodules 3 are filled with polyurethane resin 5 in the manner described above. The
resin 5 reduces lateral movement of the nodules 4 and has a profound effect on their tendency to chip off
during the abrasion process. The resin has a greater effect than would result merely from its adhesive action
due to the way in which it stabilizes the nodules in operation. One of the factors inhibiting widespread use of
this type of abrasive product in the past has been the difficulty of retaining the nodules on the substrate in the
hostile environment of an industrial abrading machine.

The sheets are cut into strips and formed into belts by making a butt joint and applying a tape on the rear
side with Bostik 7070& adhesive. To minimize wear, the rear side should be slightly scuffed in the region where
the tape is to be located so as to avoid a noticeable bump when the tape is in place. The edges should
desirably be cut in a wavy line to reduce lateral movement.

The laminate 11, shown In figure 2, comprises a Kevlar® fabric resin bonded to a copper sheet 12 covered
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with a surface mask 13 of photo-resist material defining crescent-shaped holes 14 through which
electrodeposition occurs. The laminate shown in Figure 2 is subsequently placed in an electrolytic tank to
permit deposition of nickel in the presence of diamond grit through the shaped holes 14. This process
produces crescent-shaped pellets at the locations of the holes with diamond grit embedded in the nickel.

After removal from the tank, the mask and exposed copper are striped from the Kevlar® to leave a sheet
consisting of a regular pattern of crescent-shaped pellets firmly attached to the Kevlar® backing. Each pellet
consists of an electrodeposit of nickel bearing the diamond grit carried on a crescent-shaped segment of
copper bonded to the underlying fabric.

Figure 3a shows in detail the shape of the holes. The crescent-shapes are defined by overlapping circles of
slightly different radii. Figure 3b shows how the holes are arranged in a symmetrical arrangement.

The manufactured sheet is subsequently cut into strips, which in turn are formed into belts. The
crescent-shaped modules make the belts unidirectional, in that the convex edge has to face the direction of
movement a of the belt. This is generally a significant disadvantage.

The use of crescent-shapes permits significant savings in diamond grit, since the surface area of the pellets
is less than for circular pellets, without deterioration in the abrasive properties, and furthermore the removal of
abraded matter is improved.

The holes can have other shapes. For example, honeycomb shapes provide the belt with greater rigidity.

The spacing and size of the pellets can be varied to fine tune the properties of the abrasive product
according to the intended application. A much greater degree of control can be exercised over the abrasive
properties than was previously possible. For rough grinding purposes, the pellets are spaced further apart and
larger diamonds employed. For smooth grinding applications, the pellets are brought closer together and
smalier diamonds used.

Kevlar@ is a particularly useful material for making abrasive belts. For disks on the other hand, the copper
foil can be bonded onto fiberglass or other semi-rigid material and the fiberglass then laminated onto a firm
backing, for example a polyester backing.

Claims

1. A method of forming an abrasive member, characterized in that a metal film is fixedly attached to one
surface of a flexible sheet, a mask of plating resistant material is applied to the exposed surface of the
metal film, said plating resistant material having a multitude of discrete openings therein, and metal is
electrodeposited through said discrete openings onto said metal film in the presence of particulate
abrasive material so that the material adheres directly to said metal film and the abrasive becomes
embedded in the metal deposits.

2. A method according to claim 1 characterized in that after electrodeposition of metal, the mask is
stripped from the sheet to exposed the metal film and the metal film between the discrete metal
electrodeposits is etched away to expose the sheet.

3. A method according to claim 1 or 2 characterized in that the voids between the metal deposits are at
least partially filled with resin in particular polyurethane resin, to reduce lateral movement of the deposits.

4. A method according to any of claims 1 to 3 characterized in that the mask is appliad to the metal film
by coating the film with a layer of photopolymer and the photopolymer is exposed to light through a
screen having discrete openings therein to decompose sald polymer, said coating then being developed
to remove the decomposed polymer and expose the underlying metal film.

5. A method according 1o claim 1 characterized in that the mask is applied by silk-screening through a
mesh.

6. A method according to claim 5 characierized in that the mask is made of an ultra-violet light curable
or thermally curable ink.

7. A method according to any of claims 1 to 6 characterized in that the metal film is laminated onto the
sheet or is deposited by electiroless plating, vapour deposition, sputtering, or electrochemical deposition
onto the sheet.

8. A method according to any of claims 1 to 7 characterized in that the sheet is a flexible woven fabric, in
particular polyaramid yarn or p-poly (phenylene) terephthalamide yarn.

9. A method according to any of claims 1 to 8 characterized in that the mask defines a multitudinous
pattern of holes having a predetermined shape, in particular a crescent shape, whereby said metal
deposits form shaped metal pellets. -

10. A method according to any of claims 1 to 9 characterized in that said metal fifm is copper foil, said
substrate is a polyaramid fabric resin bonded to sail copper foil, said electrodeposited metal is nickel, and
said abrasive particulate material is diamond grit.

11. A method according to any of claims 1 to 10 characterized in that the flexible sheet is coated with a
copolyester elastomeric resin.

12. A method according to claim 11 characterized In that the metal film is bonded to the fabric with sald
copolyester resin under pressure.

13. A method according to claim 3 characterized in that the resin is filled with a particulate solid filler
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material.

14. A method according to claim 3 characterized in that the resin is filled with silicon carbide powder.

15. An abrasive member characterized in that it comprises a flexible sheet having a multitude of discrete
metal protuberances fixedly attached to one surface thereof, each of the protuberances comprising a
lower thin fayer of a first metal fixedly attached to the sheet and an upper electrodeposited layer of a
second metal having a particulate abrasive material embedded therein.

16. An abrasive member according to claim 15 characterized in that the first metal is copper, the second
metal is nickel, and the particulate abrasive material is diamond grit.

17. A flexible abrasive product characterized in that it comprises a flexible substrate, in particular a
polyaramid fabric, having a multitude of metal pellets bearing particulate abrasive material attached
thereto, said pellets being arranged in a pattern and having a predetermined shape, said pellets
comprising electrodeposited metal on copper segments resin-bonded to said substrafg.

18. A flexible abrasive product according to claim 17 characterized in that said segnténts are bonded to
said fabric with copolyester resin.

19. An abrasive product characterized in that it com prises a multitude of discrete metal pellets bearing
particulate abrasive material, said pellets being fixedly attached to a flexible substrate and the voids
between the pellets being at least partially filled with flexible filler material to reduce the shearing forces
on the pellets during use.

20. An abrasive product according to claim 19 characterized in that the filler material is polyurethane
resin.

21. An abrasive product according to claim 20 characterized in that the resin is filled with a particulate
solid filler materiai

22. An abrasive product according to claim 20 characterized in that the resin is filled with silicon carbide
powder. .
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Description
BACKGROUND OF THE INVENTION
Field of the invention:

[0001] The present invention relates to a dresser
and a dressing apparatus for dressing the surface of a
polishing pad which is used for polishing materials to be
polished, for example, semiconductor wafer or the like.
[0002] The present specification is based on Japa-
nese patent applications (NO. HEI 11-229495, NO. HEI
11-271176, NO. 2000-131784 and NO. 2000-131785)
and the contents of these applications are incorporated
herein as a part of the present specification.

Description of the Related Art:

[0003] A chemical and mechanical polishing
method (CMP method) which provides a high flatness is
used for polishing the surface of materials to be pol-
ished for which excellent polishing accuracy is required,
for example, for pelishing semiconductor wafers or the
like.

[0004] The CMP method is a method where the sur-
face of wafer is polished chemically and mechanically to
obtain a flatness of the surface, using an alkali slurry
containing SiO,, a neutral slurry containing CeO,, an
acid slurry containing Al,O5 or a slurry containing abra-
sive grains. For example, the following polishing appara-
tus is known as an apparatus for polishing the surfaces
of wafers.

[0005] As schematically shown in Fig 17 of an
enlarged perspective view of an important part, a pol-
ishing pad 4 comprising, for example, hard urethane, is
provided on a disc-shaped platen 3 attached to a center
shaft 2 in a polishing apparatus 1 and a wafer-polishing
head 5 which holds a wafer 6 is disposed facing the pol-
ishing pad 4 and in a position eccentric from the center
shaft 2 of the platen 3 to the polishing pad such that the
head can be rotated on its own axis.

[0006] In the polishing apparatus 1, the polishing
pad 4 and the wafer 6 are moved relatively each other
while the wafer 6 is held in the state of being pressed
against the polishing pad 4 by the wafer-polishing head
5 and the above-mentioned slurry S is interposed
between the wafer 6 and the polishing pad 4, thereby to
polish cne surface of the wafer 6.

[0007] A lot of fine pores, channels or the like are
provided on the polishing pad 4 for holding the slurry S,
whereby the wafer 6 is polished by the slurry S hold on
the polishing pad 4.

[0008] However, repeating the polishing causes the
decrease of the surface flatness of the polishing pad 4
and causes clogging and dulling thereof with the result
of bringing about a problem to decrease the polishing
accuracy and efficiency of the wafer 6.

[0009] Accordingly, a dressing apparatus 7 has
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conventionally been arranged in a CPM apparatus as
shown in Fig 17, thereby to dress the surface of the pol-
ishing pad 4.

[0010] In the above-mentioned dressing apparatus,
a dresser 11 is, through an arm 9, attached to a rotary
shaft 8 which is disposed outside a platen 3, while the
dresser 11 is moved to perform a reciprocating and
oscillatory motion on the rotating polishing pad 4 by
rotating the arm 9 with the rotary shaft 8 to shave a
slight amount of the surface of the polishing pad 4,
whereby the surface flatness and the like of the polish-
ing pad are recovered and maintained, and the clog-
ging, dulling and the like are dissolved. The surface of
the polishing pad is shaved off little by little in such a
manner that while pressed against the surface of the
polishing pad 4, the dresser 11 is rotated by a friction
force between the dresser and the polishing pad or is
rotated by being driven by a drive unit which is not
shown in the drawing.

[0011] The conventional dresser 11 has a nearly
circular shape having an opening in the center, for
example, as shown in Fig.18 (a) of a side cross-sec-
tional view and Fig.19 of a plane view and is provided
with a dresser principal 11a wherein a projection 11b is
formed in the outer peripheral portion of one end face.
As shown in Fig.18 (b) of a partially enlarged side sec-
tional view, the conventional dresser having a dressing-
working part is used which comprises a diamond elec-
trodeposited part 11d formed by electrodepositing on
the projection 11b abrasive grains 11¢ (super abrasive
grain) such as diamond or ¢cBN. The dressing-working
part shaves little by little the polishing pad 4 (such a
dresser is called electrodeposited grindstone). Fig.19 is
a plane view illustrating the under surface of the dresser
11. A dressing apparatus using this type of dresser is
disclosed in, for example, JP-A 9-168961.

[0012] In the conventional dresser 11, there has
been encountered the dropping off of the abrasive
grains 11 such as diamond grain during dressing. In this
case, a trouble is brought about due to scratching the
surface of the wafer 6, when the wafer is polished while
the dropped grains are filled up in the surface of the pol-
ishing pad.

[0013] In order to dissolve the above-mentioned
problem, there was a proposal in JP-A 10-217103 as in
Fig.20. A dresser 12 shown in Fig.20 has the following
construction as a dressing-working part: a lot of projec-
tions 13 having a shape of pyramid are formed in the
surface of a metal base 12a by machining and a surface
13a of the metal base 12a having the formed projec-
tions 13 was coated by a hard film. Dressing is carried
out by pressing the projections 13 against a polishing
cloth (polishing pad). There is no fear in the dressing
apparatus having the dresser 12 for dropping of abra-
sive grains such as diamond grain with the result that
there is little anxiety for suffering from a damage in the
surface of materials to be polished.

[0014] However, in the dressers 11 and 12 as men-
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tioned above, a cutting quality degreases due to rea-
sons such as wear of the dressing-working part in
proportion to repeated dressings. In this case, changing
a dresser unit is required, which takes a high cost.

[0015] In addition, as shown in Fig.19, the dressing
of the polishing pad 4 is carried out by the whole surface
of the dressing-working part which is projected in a
shape of ring in the under surface of the outer peripheral
portion of a dresser principal 11a. Chatter is apt to be
caused due to a force acting all over the whole surface
of the dressing-working part. Further, if once the chatter
is caused, the vibration of the dressing 11 continues
due to reasons such as the resonance of the vibration,
which causes cases leading to a failure to polish uni-
formly the surface of the polishing pad.

[0016] Further, chips generate from the polishing
pad 4 shaved little by little during dressing with dresser
12. In the above-mentioned construction having a lot of
projections 13, the chips clog the spaces between each
projection, thereby to bring about a problem of degreas-
ing the dressing performance.

[0017] Furthermore, it is difficult to maintain always
a stable dressing performance, as it is difficult to esti-
mate how much the wear of the hard film 14 proceeds
with the passage of time and a criterion for use
becomes unclear.

[0018] The Constitution of the dresser 11 is shown
in a side sectional view illustrated in Fig.21 (a schemat-
ically illustrated view). A dresser 11 is attached to an
arm 9 by the aid of a setting shaft 10 and on a dresser
principal 11a connected to the setting shaft 10, there is
formed a diamond-electrodepositing part 11d (an abra-
sive grain layer) including abrasive grains 11c, thereby
to form a dressing-working face 15. The diamond-elec-
tro-depositing part 11d has the following construction:
electroplating is carried out on a ground face positioned
on the dresser principal 11a, whereby the abrasive
grains 11c such as diamond, ¢BN or the like are fas-
tened dispersedly on the ground face.

[0019] In the dresser 11, the dressing-working face
15 comprises the under surface of the diamond-electro-
depositing part 11d (an abrasive grain layer). In Fig.21,
the thickness of the diamond-electro-depositing part
11d and the size of abrasive grains are illustrated larger
than actual ones so as to understand easily the shape
of the dressing-working face 15.

[0020] If the dresser 11 contacts partially the polish-
ing pad 4 during dressing the pad 4 with the dresser 11,
the contact area of the dressing-working face 15 to the
polishing pad 4 becomes small with the result that the
dressing efficiency becomes lower and it takes a longer
time to dress the pad than in unpartial contact cases,
though the pad 4 can be dressed at any rate. Every time
after polishing a wafer 6 has finished, the polishing pad
4 is dressed and it is carried out at every two and half to
three minutes. Therefore, the working efficiency of pol-
ishing the wafer 6 becomes low when it takes a long
time to dress the polishing pad 4.
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[0021] Still further, when the dressing condition is
unstable as mentioned above, the surface condition of
the polishing pad varies widely and the polishing condi-
tion of the wafer 6 with the polishing pad 4 scatters. As
the result, it becomes difficult to keep the rate of opera-
tion of CMP apparatus and the flatness of the wafer 6.

[0022] Because of the above-mentioned reasons, in
order to stabilize the dressing condition, an arrange-
ment is carried out such that the dressing-working face
15 is flat and the dressing-working face cross orthogo-
nally the rotary axis of the dresser 11.

[0023] In a dresser having a prescribed shape
formed by fixing abrasive grains by a binder, the above-
mentioned arrangement is available by shaving the
dressing-working face in the state that the dresser is
attached to the setting shaft of a dressing apparatus 7
(this treatment is called "tooling"). However, the tooling
can not be carried out in the case of an electrodeposited
grindstone due to its own property.

[0024] Accordingly, in the case of using an electro-
deposited grindstone for the dresser 11, it is necessary
to increase the shape accuracy of the dresser principal
11a where the abrasive grain layer is formed and to
increase the accuracy of attaching the dresser principal
11a to the setting shaft.

[0025] However, there are cases in the electrode-
posited grindstone that the shape of the dresser princi-
pal 11a changes during the process of making thereof
and the flatness of the dressing-working face 15
becomes inferior. The flatness of the dresser 11 is
measured while contacing directly a dial gauge to the
dressing-working face 15, and in the case of the elec-
trodeposited grindstone, as the surface roughness of
the dresser-working face is coarse which is a degree of
#100, the measurement error is large and it is difficult to
measure the flatness thereof accurately.

[0026] Further, there are cases during attaching the
dresser 11 to the setting shaft that the dressing-working
face 15 of the dresser 11 inclines against the rotary axis
due to troubles such as an attaching error caused by a
worker, dust interposed between the dresser 11 and the
setting shaft, and so on. In order to detect the inclina-
tion, there is no way except measuring the deviation of
the dressing-working face 15 while contacting directly
the dial gauge to the dressing-working face, which has
a problem in having a large measurement error. There-
fore, it is difficult to obtain the attaching accuracy within
a prescribed criterion.

[0027] In addition, as the polishing pad has a soft-
ness, it is difficult to detect the partial contact of the
dresser 11 to the polishing pad 4 by observing the
dressed state of the polishing pad 4, which is different
from polishing materials having rigidity such as metal.
[0028] As mentioned above, it has been difficult to
stabilize the dressing condition of the polishing pad 4
with the dresser 11.
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SUMMARY OF THE INVENTION

[0029] An object of the present invention is to pro-
vide a dresser which can be used economically and a
dressing apparatus having the same.

[0030] In order to attain the above-mentioned
object, the dresser of the present invention is one used
for dressing a polishing pad for polishing materials to be
polished and comprises a dresser principal, a dressing-
working part which is provided as a body other than the
dresser principal and a holding means for holding the
dressing-working part in such a manner that the dress-
ing-working part can be attached to and detached from
the dresser principal.

[0031] According to the dresser of the present
invention, the dressing-working part can be attached
and detached, and when a dressing performance
thereof degreases due to reasons such as the wear of
the dressing-working part, the dressing-working part is
exchanged for a new one to recover the dressing per-
formance. In this way, the dressing performance can be
recovered only by exchanging a dressing-working part,
thereby to degrease a cost for a dresser.

[0032] Another object of the present invention is to
provide a dresser which enables a vibration hardly to
take place, and which enables to suppress the vibration
within a short time if the vibration takes place, and is to
provide a dressing apparatus having the same.

[0033] In order to attain the above-mentioned
object, the dresser of the present invention is one used
for dressing a polishing pad for polishing materials to be
polished and comprises a plurality of dressing-working
parts which are disposed at unequal spaces in the cir-
cular direction of a dresser principal.

[0034] According to the dresser of the present
invention, the dressing-working parts are disposed at
unequal spaces in the circular direction of the dresser
principal, whereby forces which cause the vibration of
the dresser are not brought about periodically and are
brought about aperiodically to suppress the resonance
of the dresser.

[0035] As the result, a vibration hardly takes place
and the vibration can be suppressed within a short time
if the vibration takes place.

[0036] The interval between each dressing-working
part can be decided by any way and for example, can be
decided by using random numbers.

[0037] As another way, the interval can be unequal
by arranging positions in such a manner that positions
are designated as a standard position in the case of dis-
posing dressing-working parts at an equal space each
other, and each position is deviated from each standard
position to the circular direction. In this case, the devia-
tion of each dressing-working part from the correspond-
ing standard position can be decided by using the
random numbers or, for example, can be decided by
designating as a starting point any position among each
standard position, designating as 6 an angle between
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the starting point and each standard position when
looked from the center of axis, and specifying x=sin 0
as the deviation x of each dressing-working part from
each standard position (or x=cos 0 ).

[0038] In the above-mentioned ways, when the
deviation is too large, dressing-working parts having the
too large deviation have a life shorter than the other
dressing-working parts as a result of dressing more
amount of a polishing pad. In contrast, when the devia-
tion is too small, an effect on suppressing a resonance
is lowered. Therefore, the deviation value is preferably
by the absolute value within 10 to 30% of an interval
between the corresponding standard positions.

[0039] The dresset is rotated in a position having an
eccentric relation with the polishing pad, and the speed
of the dresser relative to the polishing pad is lower in
half a range of the circular direction (an inward periph-
eral side or an outward peripheral side of the polishing
pad when looked from the center of axis of the dresser)
than in the other half range and a load imposed on the
dressing-working part is small. Therefore, it is estimated
that the vibration of the dresser is hardly caused by a
force imposed on a side which has a lower speed rela-
tive to the polishing pad. That is, dressing-working parts
can be provided which are disposed in a same pattern
every half a round.

[0040] A further object of the present invention is to
provide a dresser which enables to always maintain an
excellent dressing performance and can be used eco-
nomically.

[0041] In order to attain the above-mentioned
object, the dresser of the present invention is applied to
an equipment which is used for polishing materials to be
polished having a flat surface such as semiconductor
wafer with a dressing pad, and is a dresser used for
dressing the surface of the polishing pad, and is charac-
terized by the following construction: the cutters are
arranged in such a manner that the cutters are pro-
jected from the under surface of a dresser principal; the
polishing pad surface is shaved by moving the edge of
cutter which is a movement relative to and parallel to the
polishing pad surface while the edge of the cutter is
pressed against the polishing pad surface.

[0042] As the dressing pad is shaved with a cutter
in the dresser of the present invention, the dresser is
protected from the lowering of the dressing perform-
ance which is caused by clogging of the polishing pad
with the shaved chips of the dressing pad in between
abrasive grains, as compared with the conventional
one, whereby a stable dressing performance is availa-
ble. In addition, as an amount of wear can be decided
from the flank of the cutter, a criterion for use is clear as
compared with the conventional one, thereby to enable
to maintain easily the dressing performance. Further, as
a cutter is used, reusing the cutter is possible, which is
different from the conventional one, with result of provid-
ing excellence in a cost for the dresser.

[0043] Still further object of the present invention is
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to provide a dresser wherein the polishing condition of
the polishing pad can be stabilized.

[0044] In order to attain the above-mentioned
object, the dresser of the present invention comprises: a
dressing-working face formed by providing an abrasive
grain layer including abrasive grains on the surface of a
dresser principal, wherein the dresser principal com-
prises a ground face on which the abrasive grain layer is
provided and a basic face which is disposed in a portion
of the dresser principal more inward than the ground
face and is formed in parallel to the ground face.

[0045] In the dresser of the present invention, as
the basic face of the dresser principal is a plane parallel
to the ground face, it is possible to predict the flatness of
the ground face having the abrasive-grain layer formed
thereon, that is, the flathess of the dressing-working
face, by measuring the flatness of the basic face,
whereby dressers can be selected which have a goed
flatness with regard to a dressing-working face.

[0046] In addition, when the dresser is attached to
the dressing apparatus, the attaching situation can be
confirmed according to the basic face as a basis, as the
basic face is a plane parallel to the ground face.

BRIEF DESCRIPTION OF THE DRAWINGS
[0047]

Fig.1 is a plan view illustrating the under surface of
the dresser of Example 1 of the present invention.
Fig.2 is a sectional view looking in the direction of
the arrows A-A in the Fig.1.

Fig.3 (a) is a side sectional view showing another
embodiment of the dresser-working part used in the
dresser of Example 1.

Fig.3 (b) is an end surface view showing another
embodiment of the dresser-working part used in the
dresser of Example 1.

Fig.4 (a) is a side sectional view showing a further
embodiment of the dresser-working part used in the
dresser of Example 1.

Fig.4 (b) is a side sectional view showing still
another embodiment of the dresser-working part
used in the dresser of Example 1.

Fig.5 is a side sectional view illustrating another
construction of the dresser in Example 1 of the
present invention.

Fig.6 is an under surface view illustrating the shape
of the dresser in Example 2 of the present inven-
tion.

Fig.7 (a) is a side sectional view illustrating the
shape of the dresser in Example 2 of the present
invention.

Fig.7 (b) is a side sectional view illustrating another
shape of the dresser in Example 2 of the present
invention.

Fig.8 is an under surface view illustrating the shape
of the dresser in Example 3 of the present inven-
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tion.

Fig.9 is a schematic view illustrating the dresser of
Example 4 of the present invention, which is an
enlarged side view of the important part of the
dresser principal.

Fig.10 is a schematic view illustrating the dresser of
Example 4 of the present invention, which is an
under surface view of the dresser principal.

Fig.11 is a schematic view illustrating the dresser of
Example 4 of the present invention, which is a side
sectional view of the dresser principal.

Fig. 12 is an enlarged side view of a cutter used in
the dresser shown in Figs.9 to 11.

Fig.13 is an enlarged under surface view of the cut-
ter used in the dresser shown in Figs.9 to 11.
Fig.14 is a plan view showing a positional relation-
ship between the dresser principal shown in Fig.9
to 13 and a platen to which a pelishing pad is
attached, when dressing is carried out.

Fig.15 is an enlarged side sectional view showing
another embodiment of the cutter used in the
dresser of Example 4.

Fig. 16 is a side sectional view illustrating the con-
stitution and construction of the dresser in Example
5 of the present invention.

Fig.17 is an enlarged perspective view of the impor-
tant part of the conventional polishing equipment
and dressing apparatus, which is illustrating the
schematic constitutions thereof.

Fig.18 (a) is a side sectional view illustrating the
shape of the conventional dresser.

Fig. 18 (b) is a partially enlarged side sectional view
of Fig. 18 (a).

Fig.19 is a plan view showing the under surface of
the conventional dresser.

Fig.20 is an enlarged side sectional view of an
important part illustrating the shape of the conven-
tional dresser.

Fig.21 is a side sectional view illustrating the consti-
tution and construction of the conventional dresser.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0048] The dresser of the present invention and the
dressing apparatus having the same are described in
detail hereunder.

[0049] Fig.1 is a plan view illustrating the under sur-
face of the dresser of Example 1 of the present inven-
tion. Fig.2 is a sectional view looking in the direction of
the arrows A-A in the Fig.1.

[0050] The dressing apparatus of the present inven-
tion comprises a constitution almost similar to that of, for
example, a dressing apparatus 7 shown Fig.17, and a
dresser 21 of the present invention is used as a dresser
in place of a dresser 11.

[0051] The dresser 21 of the present invention com-
prises a dresser principal 22 having an approximately
circular shape and a plurality of dressing-working parts
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23 disposed in the circular direction in the under surface
of the outer peripheral portion of the dresser principal
22. The dresser-working parts 23 which are provided as
bodies other than the dresser principal 22 are arranged
and are held to the dresser 22 by a means mentioned
after in such a manner that the dresser-working parts 23
can be attached to and detached from the dresser prin-
cipal 22. The number and disposition of the dressing-
working parts 23 shown in Fig.1 is only an example. The
dressing-working parts 23 can be disposed at equal
spaces in the circular direction of the dresser principal
or at irregular spaces in the circular direction. The
dressing-working parts 23 can be arranged in a plurality
of lines in the circular direction of the dresser principal
22, which is similar to that of the conventional dresser.

[0052] In the present example, the dresser principal
22 is composed of an approximately circular shape hav-
ing an opening in the center thereof.

[0053] As shown in Fig.2, the dressing-working part
23 is composed of a member having an approximately
pin-like shape. A receiving hole 26 for receiving a part of
the dressing-working part 23 is formed from the under
surface 22a to a predetermined depth in the dresser
principal 22. In the dresser principal 22, a tapped hole
27 is formed which leads to the intermediate position of
the receiving hole 26 from the outer periphery 22b
thereof. In the tapped hole 27, a clamp screw 28 is
screwed such that the end of the clamp screw can be
advanced and retreated in the receiving hole 26.
[0054] The dressing-working part 23 is fixed in the
receiving hole 26 by pressing the side of dressing-work-
ing part 23 received in the receiving hole 26 to the inner
wall of the receiving hole with the end of the clamp
screw 28 and is released from being fixed by releasing
the pressing of dressing-working part 23 with the end of
the clamp screw.

[0055] The present example comprises a holding
means which hold dressing-working part 23 to the
dresser principal 22 in such a manner that the dressing-
working part 23 can be attached to and detached from
the dresser principal 22 by the receiving hole 26, the
tapped hole 27 and the clamp screw 28.

[0056] Here, in the present example, the receiving
hole 26 is approximately parallel to the axis of the
dresser principal 22 and the bottom surface thereof is a
plane which approximately crosses orthogonally the
axis of the dresser principal 22.

[0057] As shown in Fig.2, the dressing-working part
23 is a cutter having approximately a pin-like shape, and
comprises a base 23a having an approximately colum-
nar shape and a cutting edge 23b formed in the end of
the base 23a.

[0058] The base 23a is received in the receiving
hole 26 of the dresser 22 and the side of the base is
subjected to the pressure given by the clamp screw 28.
A position-adjusting screw hole 31 is formed in the base
23a, which has a prescribed depth along the axis from
the end face of the base.

10

15

20

25

30

35

40

45

50

55

[0059] A position-adjusting screw 32 is screw-
clamped to the position-adjusting screw hole 31 and an
amount of projection of the position-adjusting screw 32
from the base 23a can be adjusted by controlling a
screwed length to the position-adjusting screw hole 31.

[0060] The upper surface of the head of the posi-
tion-adjusting screw 32 is pressed against the bottom
surface of the receiving hole 26 when the dressing-
working part 23 is received in the receiving hole 26. An
amount of projection of the dressing-working part 23
from the receiving hole 26, that is, an amount of projec-
tion of the dressing-working part 23 from the dresser
principal 22 can be adjusted by controlling an amount of
projection of the position-adjusting screw 32 from the
base 23a. In the present example, the upper surface of
the head of the position-adjusting screw 32 is a plane
crossing approximately orthogonally to the axis thereof.
[0061] Further, a fixing nut 33 is screw-clamped to
the position-adjusting screw 32 which is positioned on
the position-adjusting screw hole 31. The position-
adjusting screw 32 is fixed in a state projected at any
distance from the base 23a by screwing the fixing nut
toward the edge of the position-adjusting screw 32 while
pressed against the base 23a.

[0062] The present example comprises a projection
adjusting means having the position-adjusting screw
hole 31, the position-adjusting screw 32 and the fixing
nut 33 for controlling an amount of projection of the
dresser-working part 23 from the dresser principal 22.
[0063] The cutting edge portion 23b of the dress-
ing-working part 23 comprises: a flank 36 which is
formed by concaving one end face of the cutter toward
the base end of the cutter; a rake face 37 comprising a
cicumferential surface in the end portion of the cutter;
and a cutting edge 38 which is a ridgeline formed by
crossing of the end face and the circumferential surface
in the end portion of the cutter. Namely, the cutting edge
portion 23b has a nearly Japanese soup cup-like shape.
[0064] Here, ceramics, diamond, ¢cBN and the like
can be used for the cutting edge 38, and the surface of
the cutting edge portion 23b can be covered by a hard
film comprising hard materials such as diamond or the
like.

[0065] Almost in the same manner as in the dress-
ing apparatus shown in Fig. 17, the surface of a polish-
ing pad 4 is dressed by the dressing apparatus of the
present invention, which comprises the steps of: oscil-
lating a dresser 21 while the dresser 21 is pressed
against the surface of the polishing pad 4; rotating of the
dresser owing to a friction force caused by friction with
the polishing pad 4 or rotating the dresser by driving by
a drive unit which is not shown in Figs while the dresser
21 is pressed against the surface of the polishing pad.
[0066] In the dresser 21, the surface of the polish-
ing pad 4 is shaved little by little by the dresser 21 by
providing to the dresser a relative movement to a direc-
tion parallel to the polishing pad 4, while the cutting
edge 38 of the dressing-working part 23 is pressed
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against the surface of the polishing pad 4.

[0067] As an amount of projection of the dressing-
working part 23 from the dresser principal 22 can be
adjusted, the dressing performance of the dresser 21 is
controlled by adjusting the depth of cut of the dressing-
working part 23 into the dressing pad 4 according to the
material and hardness of the dressing pad.

[0068] The dressing apparatus of the present inven-
tion can be composed of a constitution other than the
above-mentioned one, in which the dresser 21 is con-
nected to an arm 9 through a ball bearing, and the
dresser can freely be inclined according to the surface
of the polishing pad 4. In this case, in the dressing appa-
ratus, the dresser is pressed against the dressing pad 4
by the dead weight thereof or by a force obtained by
pressing the arm 9, and a depth of cut of the dressing-
working part 23 into the polishing pad 4 is adjusted by
controlling an amount of force of the pressing.

[0069] Adjusting an amount of projection of the
dressing-working part 23 is carried out as follows: first,
an amount of the position-adjusting screw 32 from the
base 23a is adjusted by turning round the position-
adjusting screw 32 which is screw-clamped to the base
23a to any of two directions in the state of detaching the
dressing-working part 23 from the dresser principal 22
and the position-adjusting screw 32 is fixed to the base
23a by the fixing nut 33; then, the dressing-working part
23 is inserted into the receiving hole 26 of the dresser
principal 22 and the clamp screw 28 is driven and tight-
ened which is screw-clamped to the tapped hole 27,
whereby the dressing-working part 23 is fixed in such a
state that the cutting edge 38 of the dressing-working
part 23 is projected from the under surface 22a of the
dresser principal 22 by a prescribed amount.

[0070] In addition, as the dressing-working part 23
has the cutting edge 38 in the whole round thereof, the
shaving of the polishing pad 4 can be carried out for any
direction thereto, thereby to enable to increase a dress-
ing performance.

[0071] And, as the dressing-working part 23 is a
cutter, the dressing performance can be recovered by
repolishing the cutter edge 38 when the dressing per-
formance degreases, thereby to enable to lower a cost
for the dresser.

[0072] Furthermore, though shaved chips generate
due to shaving a little the polishing pad 4, the polishing
pad 4 is hardly clogged with the shaved chips, which is
different from a dresser having a dressing-working part
comprising an abrasive grain layer and projections,
thereby to obtain a stable dressing performance.
[0073] Still further, as the dressing performance
can be judged from an amount of wear of the cutting
edge 38 to clear a criterion for use, the stable dressing
performance can always be obtained.

[0074] Yet further, there is no fear to scratch the sur-
faces of materials to be polished due the dropping of
abrasive grains, as the abrasive grains are not used in
the dressing-working part 23.
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[0075] Still furthermore, if a dressing performance
lowers due to reasons such as the wear of the dressing-
working part 23, the dressing performance can be
recovered by exchanging only the dressing-working part
23, thereby to enable to decrease a cost for a dresser.

[0076] The example is exemplified by a case
wherein the dressing-working part 23 is used which
comprises a cutting edge portion 23b having a Japa-
nese soup cup-like shape and the example is not limited
to the case. For another example, a dressing-working
part 39 can be used which has a plurality of projections
in the end thereof as shown in Fig.3 (a) of a side sec-
tional view and Fig.3 (b) of an end surface view. The
projection 40 of a dressing-working part 39 has a cross
section approximately equal to an end face 40a from
one end of the projection to near another end of the pro-
jection from which the projection is started and a cutting
edge 40b is provided by a ridgeline formed by crossing
of the end face 40a and the side surface of the projec-
tion. The projections are disposed in any way, regularly
or irregularly. In addition, any shape can be provided to
the end face 40a of the projection 40, for examples, the
end face 40a can be nearly circular (the projection 40 is
approximately columnar) or can be a polygon (the pro-
jection 40 is a sguare pillar having a polygonal section).
[0077] Further, ceramics, diamond, cBN and the
like can be used for the cutting edge 40b, and the sur-
face of the cutting edge 40b can be covered by a hard
film comprising hard materials such as diamond.
[0078] In the dressing-working part 39 formed as
mentioned above, the surface of the polishing pad 4 is
dressed by the cutting edge 40b cf each projection 40.
Here, as the cutting edge 40b is formed in the wholly
around of each projection 40, the polishing pad 4 can be
dressed from any direction. The projection 40 has a
cross section approximately equal to an end face 40a
from one end of the projection to near another end of
the projection from which the projection is started and
the change of shape and area of the end face 40a is
small when the projection 40 wears with the result that
the dressing performance hardly changes and the sta-
ble dressing performance can be obtained.

[0079] Further, for example, as shown in Fig.4 (a) of
a side sectional view, a dressing-working part 41 can be
used which has a cutting edge 42 having a cutting edge
portion 41b directed to one direction of the circular
direction of dressing-working part. Here, ceramics, dia-
mond, cBN and the like can be used for the cutting edge
42 and the surface of the cutting edge portion 41b can
be covered by a hard film comprising hard materials
such as diamond.

[0080] In addition, the polishing pad can be shaved
from any direction, as a whole dresser, by providing to
the dressing-working part 41 the cutting edges 42 which
are directed in various directions each other.

[0081] Further, a dressing-working part 43 can be
used as a dressing-working part, which comprises a
grindstone 44 in the end of the base 43a which is
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approximately columnar as shown in Fig.4 (b). In this
case, the grindstone 44 can be a grindstone which is
conventionally used for dressing the polishing pad 4, for
examples, can be a grindstone formed by an abrasive
grain layer prepared by electrodepositing abrasive
grains such as diamond or can be a metal bonded
grindstone.

[0082] Further, a means for controlling an amount
of projection can be composed of a constitution other
than the above-mentioned one, in which a bolt inserting
hole 29 leading to the upper surface of the dresser prin-
cipal 22 is formed in the bottom face of a receiving hole
26 as shown in Fig.5 of a side sectional view and a posi-
tion-adjusting screw 32 is inserted into the bolt inserting
hole 29 from the upper surface of the dresser principal
22 and screw-clamped to a position-adjusting screw
hole 31 (a fixing nut becomes unnecessary). Here, the
position adjusting screw 32 is attached to the dresser
principal 22 in such a manner that the screw is possible
to turn around an axis while the head of the screw is
received in the bolt inserting hole 29. When a means for
controlling an amount of projection is provided as men-
tioned above, as the dressing-working part 23 can be
moved along the position adjusting screw 32 by han-
dling the position adjusting screw 32 in the state of
attaching the dresser-working part 23 to the dresser
principal 22, an amount of projection of the dressing-
working part 23 can be controlled without detaching the
dressing-working part 23 from the dresser principal 22.

Example 2:

[0083] The dresser of Example 2 of the present
invention and the dressing apparatus having the same
are described in detail hereunder, referring to Figs.
[0084] Fig.6 is an under surface view illustrating the
shape of the dresser of Example 2. Fig.7 is a side sec-
tional view illustrating the dresser.

[0085] The dressing apparatus of the present inven-
tion comprises a constitution almost similar to that of a
dressing apparatus 7 shown Fig. 17, and the dresser 51
of the present invention is used as a dresser in place of
a dresser 11.

[0086] A dresser 51 of the present invention com-
prises a dresser principal 52 having an approximately
circular shape and a plurality of dressing-working parts
B disposed in the circular direction in the under surface
of the outer peripheral portion of the dresser principal
52. The dresser principal 22 of the present invention is
composed of a shape having an opening in the center
thereof in the same manner as in the conventional
dresser. The dresser-working parts B are provided as
bodies other than the dresser principal 52 and are fixed
to the dresser principal 52 by, for examples, brazing, a
clamp method, a blade method and so on.

[0087] In the present example, the dressing-work-
ing parts are members having a approximately pin-like
shape.
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[0088] The dressing-working parts B are disposed
at unequal spaces in the circular direction of the dresser
principal 52. A space between each dressing-working
part B is decided by any way. In the present example,
the positions in the case of disposing dressing-working
parts B at equal spaces are designated as a standard
position P and any ocne among the standard positions is
designated as a starting point Py and an angle between
each standard position P and the starting point Pg when
looked from the center of axis O of the dresser 52 is
designated as 6 , and x=sin 8 is specified as a devia-
tion x of each dressing-working part B from each stand-
ard position P. Here, in Fig.6, accompanied characters
are provided to standard positions P (and a dressing-
working part B, angle 6 and an amount of deviation x
corresponding to each standard position P), in a coun-
terclockwise order starting from the starting point Py
[0089] In the above-mentioned way, when the devi-
ation x of a dressing-working part B from the corre-
sponding standard position P is too large, a distance
becomes large which is between one dressing-working
part B and another dressing-working part B next to the
former dressing-working part. In this case, the life of the
dressing-working parts B become shorter as an amount
of dressing of the polishing pad 4 carried out by the
dressing-parts B becomes always too much as com-
pared with the other dressing-working parts B. In con-
trast, when the deviation is too small, an effect on
suppressing a resonance is lowered. Therefore, a devi-
ation value of each dressing working part B from the
corresponding standard position P is preferable by the
absolute value within 10 to 30% of a space H between
standard positions P.

[0090] The dressing-working part is approximately
pin-like and can comprise any construction such as a
dressing-working part having a diamond-electro-depos-
ited part formed by electrodepositing abrasive grains
such as diamond in the end which is directed to the
under surface side of the dresser principal 52 or a
dressing-working part having a cutter having a cutting
edge formed in the end which is directed to the under
surface side of the dresser principal 52 if dressing the
polishing pad 4 is possible.

[0091] In the present example, as shown in Fig.7
(a), there is provided to the dresser principal 52 a
receiving hole 56 having a prescribed depth from an
under surface 52a and there is provided thereto a
tapped hole 57 which leads to the intermediate position
of the receiving hole 56 from the outer periphery 52b of
the dresser principal 52 and to which a clamp screw 58
is clamped. The dressing-working part B is fixed to the
receiving hole 56 by the following mechanism: the side
thereof is pressed by the clamp screw 58 which is
screw-clamped to the tapped hole 57, whereby the
dressing-working part B is fixed to the receiving hole 56.
And, as shown in Fig.7 (a), in the dressing-working part
B, a position-adjusting screw hole 59 having a pre-
scribed depth is formed along an axis from the end face
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of the base end thereof and a position-adjusting screw
60 is screw-clamped to the position-adjusting screw
hole 59. An amount of projection of the dressing-work-
ing part B from the base end can be controlled by con-
trolling a screw-clamping length of the position-
adjusting screw 60 to the position-adjusting screw hole
59, and the upper face of head of the position adjusting
screw 60 can be contacted to the bottom face of the
receiving hole 56 when the dressing-working B is
received in the receiving hole 56. Here, an amount of
projection of the dressing-working part B from the
receiving hole 56, that is, an amount of projection of the
dressing working part B from the under surface 52a of
the dresser principal 52a can be controlled by adjusting
an amount of projection of the position-adjusting screw
60 from of the base end of the dressing-working part B.
[0092] In the present example, the dressing-work-
ing part B is a cutter having approximately a pin-like
shape. A cutting edge portion 54 formed in one end of
the cutter comprises: a flank 54a which is formed by
concaving the end face of the cutting edge portion
toward the base end of the cutter; a rake face 54b com-
prising a circumferential surface in the end portion of the
cutting edge portion; and a cutting edge 54c which is a
ridgeline formed by crossing of the end face and the cir-
cumferential surface in the end portion. Namely, the cut-
ting edge 54 has a nearly Japanese soup cup-like
shape and whole the round of the edge makes it possi-
ble to shave the polishing pad 4.

[0093] For example, as shown in Fig.7 (b) of a side
sectional view, the dresser 51 can be composed of a
constitution other than the above-mentioned one, In
which a bolt inserting hole 53 is formed in the dresser
principal 52 from the bottom face of a receiving hole 56
to the upper surface of the dresser principal 52 and a
position-adjusting screw 60 is inserted into the bolt
inserting hole 53 from the upper side of the dresser prin-
cipal 52, thereby to screw-clamped the screw to a posi-
tion adjusting screw hole 59. In this case, the position-
adjusting screw 60 is attached to the dresser principal
52 in such a manner that the screw is possible to turn
around an axis while the head of the screw is received
in the bolt inserting hole 53. When the dresser 51 is
constituted as mentioned above, as the dressing-work-
ing part B can be moved along the position adjusting
screw 60 by handling the position-adjusting screw 60 in
the state of attaching the dresser-working part B to the
dresser principal 52, an amount of projection of the
dressing-working part B can be controlled without
detaching the dressing-working part B from the dresser
principal 52.

[0094] Dressing the polishing pad 4 by using a
dressing apparatus having the dresser 51 constructed
as mentioned above is carried out in the same manner
as in the conventional dressing apparatus.

[0095] In the present example, as the dressing-
working parts B are disposed at unequal spaces in the
circular direction of the dresser principal 52, forces
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which cause the vibration of the dresser 51 are not
brought about periodically and are brought about aperi-
odically to suppress the resonance of the dresser 51.

[0096] Thus, according to the dresser 51 of the
present invention and the dressing apparatus having
the same, the vibration of the dresser 51 hardly takes
place and the vibration can be suppressed within a
short time if the vibration takes place.

[0097] The number and disposition of arranged
dressing-parts B are not limited to the example shown in
Fig.6 and any embodiment is available as long as the
dressing-working parts B are disposed at unequal
spaces in the circular direction of a dresser principal 52.

Example 3:

[0098] The dresser of Example 3 of the present
invention and the dressing apparatus having the same
are described in detail hereunder, referring to Fig.8
showing an under surface view.

[0099] A dresser 61 of the present example com-
prises a dresser principal 62 having an approximately
circular shape and a dressing-working part C compris-
ing a grindstone disposed along the circular direction in
the under surface of the outer peripheral portion of the
dresser principal 62.

[0100] Nicks N are provided to the dressing-work-
ing part C by forming a plurality of notches at unequal
spaces in the circular direction of the dresser principal
62.

[0101] The arrangement of the nicks N can be
decided in the same manner as in the dressing-working
parts of Example 2. In the present example, the posi-
tions in the case of disposing dressing-working parts C
at equal spaces are designated as a standard position
P, and any one among the standard positions P is des-
ignated as a starting peint Pg, and an angle between
each standard position and the starting point when
looked from the center of axis of the dresser principal 62
is designated as 0 , and x=sin 0 is specified as a devi-
ation x of each dressing-working part C from each
standard position P. Here, in Fig.8, accompanied char-
acters are provided to standard positions P (and a
dressing-working part C, nick N, angle 6 and an amount
of deviation x corresponding to each standard position
P), in a counterclockwise order starting from the starting
point Pg.

[0102] Dressing a polishing pad 4 is carried out in
the thus-constituted dresser 61 and a dressing appara-
tus having the same, in the same manner as in the
dresser 51 of Example 2 and the dressing apparatus
having the same.

[0103] In this example, as the nicks N are disposed
at unequal spaces in the circular direction of the dresser
principal 62, forces which cause the vibration of the
dresser 61 are not brought about periodically and are
brought about aperiodically to suppress the resonance
of the dresser 61.
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[0104] Thus, according to the dresser 61 of the
present invention and the dressing apparatus having
the same, the vibration of the dresser 61 hardly takes
place and the vibration can be suppressed within a
short time if the vibration takes place.

[0105] The number and disposition of arranged
nicks N are not limited to the example shown in Fig.8
and any embodiment is available as long as the nicks
are disposed at unequal spaces in the circular direction
of a dresser principal 62.

Example 4:

[0106] Example 4 of the present invention is
described in detail hereunder, referring to Figs.

[0107] Fig.10 and 11 are schematically illustrating
the present example. In the Figs., symbol 71 shows a
dresser.

[0108] As shown in the Figs., the dresser 71 com-
prises a plurality f cutters 75 disposed at a prescribed
spaces in the circular direction of a dresser principal 72,
in a peripheral edge portion 74 of an under surface 73
of the dresser principal 72 having a circular shape.
[0109] The cutters 75 are arranged in the state that
the cutter is projected from the under surface73 of the
dresser principal 72 as shown in Fig.9 of an enlarged
view (a view illustrating the vicinity of the cutter 75 when
looked from a p direction in Fig.11). As further enlarged
in Fig.12, the cutter 75 comprises an edge of cutter 76
having a flat surface 77 parallel to a polishing pad sur-
face to be dressed (not show in Figs.). The width of the
flat surface (a land width:1) is 0.001 to 0.5mm.

[0110] The rake angle D of the cutter 75 is 10° and
the clearance angle E thereof is also 10°. The edge of
cutter 76 of the cutter 75 is arranged in such a manner
having a -15° of an inclined angle «, wherein, as shown
in Fig.13, the inclined angle is defined as an angle of the
edge of the cutter 76 inclined from a straight line L1
passing through an edge of end 76a in the edge of cut-
ter 76 at the center side of the dresser principal 72 (not
shown in the Fig.) and the center of the dresser principal
72 (not shown in the Fig.), and a movement direction of
the cutter 75 relative to the polishing pad, that is, a rota-
tional direction of the dresser principal 72 (mentioned
after) is defined as positive (a q direction in Fig.13). In
addition, nicks 78 are provide to the edge of cutter 76 of
the cutter 75 as shown in Fig.13.

[0111] Hard materials such as diamond having a
single crystal, cBN, sintered compact produced under a
high pressure such as polycrystalline diamond, and
materials coated by hard materials as mentioned above
are used for the edge of cutter 76.

[0112] When a polishing pad is dressed by using
the dresser 71, the polishing pad is shaved by the cutter
75 by rotating a platen 72 having the polishing pad
attached thereto to an h direction in the Fig.14 and rotat-
ing the dresser principal 72 to an i direction in the Fig. 14
while pressing the under surface of the dresser principal
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72 in such a manner that the flat surface 77 of the cutter
75 is pressed against the under surface of the dresser
principal 72, thereby to dress the upper surface of the
pelishing pad. Here, the i direction is a movement direc-
tion of the cutter 75 mentioned above relative to the pol-
ishing pad (a q direction in Fig.13).

[0113] In the above-mentioned dresser 71, as the
shaving of the polishing pad surface is carried out by
providing to the edge of cutter 76 of the cutter 75 a
movement relative to the polishing pad in a direction
parallel to the polishing pad surface while the edge of
cutter 76 is pressed against the polishing pad surface,
the dresser is protected from the lowering of the dress-
ing perfermance thereof which is caused by clogging of
the polishing pad surface with the shaved chips in
between abrasive grains, as compared with the conven-
tional one, whereby a stable dressing performance is
available. Further, as the polishing pad is shaved by
using the cutter 75 as mentioned above, an amount of
wear can be decided from the flank of the cutter 75 with
result that the criterion for use is clear as compared with
the conventicnal one, thereby to enable always to main-
tain easily a stable dressing performance. Furthermore,
as the cutter 75 is used, reusing a cutter 75 which has
worn is possible, which is different from the conven-
tional one, with the result of providing excellence in a
cost for the dresser.

[0114] In the dresser 71, as the flat surface 77 is
formed in the edge of cutter 76 of the cutter 75, the edge
of cutter 76 of the cutter 75 is disposed always at a set-
tled position to the polishing pad without causing the
vibration of the edge of cutter 76 of the cutter 75 when
the dresser principal 72 is pressed against the polishing
pad surface, whereby the flatness of the polishing pad
can be obtained and in its turn, the polished perform-
ance of materials to polished such as semiconductor
wafer can be increased.

[0115] Still further, in the dresser 71, the shaved
chips of the polishing pad and the residues of slurries
left in the polishing pad which have generated in polish-
ing materials to be polished by methods such as a CMP
method can be scooped up by the cutter 75 owing to
providing a positive angle to a rake angle D of the cutter
75, whereby the dressing performance can be
increased and the polishing pad can be easily cleaned.
[0116] In addition, in the dresser 71, the edge of
cutter 76 of the cutter 75 is arranged in such a manner
having a negative angle wherein a rotational direction of
the dresser principal 72 (a q direction in Fig.13) is
defined as positive to a straight line L1 passing through
an edge of end 76a at the center side of the dresser
principal 72 (not shown in the Fig.) and the center of the
dresser principal 72. In such a construction, as a normal
line L2 (refer to Fig.13) of the rank face 80 of the cutter
75 (refer to Figs.12 and 13) is always directed tc the out-
ward of the dresser principal, the shaved chips of the
polishing pad scraped away and the residues left in the
polishing pad of slurries which have generated in polish-
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ing materials to be polished by the CMP are scraped out
by the edge of cutter 76 from the center side of the
dresser 72 to the outward thereof. As mentioned above,
as the shaved chips of the polishing pad and the resi-
dues of slurries left in the polishing pad which have gen-
erated in polishing materials to be polished by the CMP
are scraped out to the outside by the cutter 75, the pol-
ishing pad can easily be cleaned.

[0117] It is to be understood that, within the spirit of
the present invention, designs may be practiced other-
wise than as specifically described in the present exam-
ple.

[0118] For example, the rake angle D can be from -
20 to 30°. Specifically, in case where channels having a
embossed pattern or a latticed pattern are provide to
the polishing pad, the rake angle D is preferably a neg-
ative angle such that the side wall of the channel can
not be shaved off. In case where the polishing pad is too
soft, a negative rake angle is also effective as the rake
angle D in order to protect the polishing pad from an
excessive shaving.

[0119] Further, in case where the rake angle D is
from -5° to -15° , the mechanical strength of the cutter
75 can be ensured and it is useful for cases which
require the strength of an edge of cutter.

[0120] Further, a width of land 1 can be within the
range of 0.005 to 0.5mm and is preferably from 0.05 to
0.1mm. Further, the clearance angle can be from 3° to
15°. An amount of biting depth of the cutter to the pol-
ishing pad can be controlled by adjusting an amount of
clearance angle E and a width of flank, as mentioned
above. Thereby, an optimum shape can be adopted
according to the materials and hardness of the polishing
pads. Further, the angle o of inclination of the edge of
cutter 76 of the cutter 75 can be within the rage of -10 to
-30°. In addition, a construction is possible which has no
nick 78.

[0121] Further, the edge of cutter 76 can be
selected according to the materials of polishing pads to
be dressed and slurry materials used in polishing mate-
rials to polished by a CMP method. With regard to a
method for attaching the edge of cutter 75, brazing, a
clamp method, a blade method and so on can be used.
[0122] Further, the clearance angle of the cutter 75
can comprise two steps as in shown in Fig.15 (for exam-
ple, & 1=5°, B=15° ,in Fig.15). In this case, an amount
of biting depth of the cutter 75 to the polishing pad is
controlled by adjusting the clearance angle and the
width of the first flank W, thereby to enable to obtain a
pertinent dressing rate.

Example 5:

[0123] The dresser 81 of Example 5 of the present
invention is described in detail hereunder, referring to
Fig.16. The same symbols are provided to the same
parts as those of the conventional dresser 11 described
in the related art and the description thereon is omitted.
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[0124] A dresser 81 is attached to an arm 9 of a
dressing apparatus 7 by the aid of a setting shaft 82in a
CPM apparatus 1 shown in Fig.17, in the same manner
as in the dresser 11.

[0125] Here, with regard to the setting shaft 82, one
end of the setting shaft directed to a rotary shaft is con-
nected to a drive unit (not shown in Figs.) by the aid of
the arm and the setting shaft 82 is rotated around the
rotary shaft. In the other end thereof, a flange 84 is
formed for fixing the dresser 81 (refer to Fig.186 illustrat-
ing a side sectional view). In the flange 84, a plurality of
bolt inserting holes 86 for bolts 85 for screw-clamping
the dresser 81 to the flange 84 are disposed at appro-
priate spaces in the circular direction thereof (only one
portion is illustrated in Fig. 16). Hereunder, in the
present specification, the side of the dresser 81 contact-
ing to the setting shaft 82 is defined as the upper side
thereof and another side of the dresser 81 where a
dressing-working part 15 is formed is defined as the
lower side thereof.

[0126] The dresser 81 is an electrcdeposited grind-
stone having a dressing-working face 15 formed by pro-
viding an abrasive grain layer 93 including abrasive
grains 93 on the surface of a dresser principal 83 having
a approximately annular shape, as shown in Fig.16, and
the dresser is fixed to the setting shaft 82 while, the
center of the dresser is matched with the center of the
setting shaft 82.

[0127] The material of the dresser principal 83 com-
prises aluminum, stainless steel, steel or a combination
of aluminum and steel and the section thereof is approx-
imately a rectangle. A convex 87 of the outer peripheral
side which is projected at the outer peripheral side of
the under surface of the dresser principal 83 toward the
lower side is formed all around the periphery, and the
under surface of the convex 87 comprises a ground face
88 having an abrasive grain layer 93 formed thereon.
The ground face is formed in such a manner that the
face thereof is orthogonally crossed to a rotary axis AX
of the dresser principal 83. In Fig.16, the thickness of
the abrasive grain layer 93 is illustrated larger than the
actual one so as to easily understand the shape of the
dressing-working face 15.

[0128] A convex 89 of the inward peripheral side
having an amount of projection to the lower side smaller
than that of the convex 87 of the outer peripheral side is
formed in a position closer to the center of rotation than
the convex 87 of the outer peripheral side in such a
manner that the convex 89 is concentric with the convex
87 and the under surface of the convex 89 comprises a
basic face 90 which is parallel to the ground face 88. A
recess 92 is formed between the convex 87 and the
convex 89 so as to obtain the working accuracy thereof.
A plurality of holes for bolt 91 for screw-clamping the
bolts 85 are formed at appropriate spaces in the upper
face of the dresser principal 83 all around the periphery
{only one portion is illustrated in Fig.16).

[0129] Here, the dresser principal 83 is screw-
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clamped to the under surface of the flange 84 of the set-
ting shaft 82 by screw-clamping the bolts 85 to the holes
for bolt 91.

[0130] When the dressing of a polishing pad 4 is
carried out with the dresser 81 constructed as men-
tioned above, the following operations are carried out so
as to stabilize conditions for dressing the polishing pad
4,

[0131] First, dressers 81 are checked on whether or
not a dresser 81 has a flatness of the dressing-working
face 15 within a range which is proper to a use for the
dressing apparatus 7, and dressers 81 are selected
which have the proper flatness.

[0132] The flathess of a dressing-werking face 15
can be predicted by inspecting the flatness of the
ground face 88 for forming the dressing-working face
15, and the flatness of the ground face 88 can be pre-
dicted by inspecting the flatness of the basic face 90
parallel to the ground face 88.

[0133] Namely, if the flatness of a basic face 90 is
within the range proper for a use in the dressing appa-
ratus 7, the flatness of the corresponding ground face
88 and dressing-working face 15 can be predicted to be
also within the range proper for the use, thereby to
select dressers 81 which have the flatness of a basic
face which is within the range proper for the use and to
use the selected dressers.

[0134] Next, a dresser 81 which has been con-
firmed to have a flathess within the proper range is
attached to the under surface of the flange 84 of the set-
ting shaft 82 by the bolts 85.

[0135] Then, the deflection of the basic face 90 of
the dresser 81 is measured with dial gauge, while rotat-
ing the setting shaft 82 together with the dresser 81 by
a drive unit which is not shown in Figs., and the setting
conditien of the dresser is adjusted so as to attain a
deflection having a proper range.

[0136] When the deflection is not within the proper
range, it is considered as a reason that dust is con-
tained in between the setting shaft 82 and the dresser
81, together with another reason due to an error in
attaching the setting shaft 82. If the dust problem is con-
sidered, the dresser 81 is detached from the setting
shaft 82 to confirm whether or not the dust is interposed
in between. When the dust is interposed, the dust is
removed, followed by attaching again the dresser 81 to
the setting shaft 82.

[0137] According to the thus constructed dresser
81, as a ground face 88 having a dressing-working face
15 formed thereon can be predicted whether to be flat or
not, dressers having a good flatness of the dressing-
working face can be selected and used.

[0138] Further, the condition of attaching a dresser
81 to the setting shaft 82 of the dressing apparatus 7 is
confirmed whether to be proper or not, the accuracy of
attaching to the dressing apparatus 7 can be increased.
[0139] Thereby, the condition of dressing a polish-
ing pad 4 with the dresser 81 can be stabilized.
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[0140] Furthermore, as the basic face 90 is dis-
posed in a position closer to the center of rotation as
mentioned above than the ground face 88, that is, at the
inward peripheral side of the dresser principal 83, a pos-
sibility of damaging the basic face 90 due to hitting the
basic face 90 against something is decreased during
delivering the dresser 81 or attaching the dresser 81 to
the dressing apparatus 7, thereby to ensure an accu-
racy for predicting the flatness of the dressing-working
face 15.

[0141] Still further, as the basic face 90 is disposed
in a position close to the center of rotation, the outside
diameter of the dresser 81 can be minimized and the
dresser 81 can be easily handled.

[0142] In the above-mentioned example, a metal
plating layer comprising the abrasive grain layer 93 can
be formed by a metal which is not limited to Ni, and
other metals can used. A method for forming the metal
layer is not limited to electroplating, and the metal layer
can be formed on the dresser principal 83 by PVD or
CVD.

[0143] The present invention is not limited to the
examples as mentioned above and various modified
examples are included which contain the combinations
of the examples (for examples, a combination of Exam-
ple 1 and Example 2, and the combinations of any of
Examples 1 to 4 and Example 5).

Claims

1. A dresser for dressing a polishing pad used for pol-
ishing a material to be polished, the dresser com-
prising:

a dresser principal and a dressing-working part
which is provided as a body other than the
dresser principal; and

a holding means for holding the dressing-work-
ing part in such a manner that the dressing-
working part can be attached to and detached
from the dresser principal.

2. The dresser as claimed in claim 1, wherein a pro-
jection adjusting means is provided for controlling
an amount of projection of said dressing-working
part from said dresser principal.

3. The dresser as claimed in claim 2, wherein said
dressing-working part is a cutter.

4, The dresseras claimedin claim 3, wherein said cut-
ter has an approximately columnar shape and com-
prises: a flank which is formed by concaving one
end face of the cutter toward the base end of the
cutter; a rake face comprising a circumferential sur-
face in the end portion of the cutter; and a cutting
edge which is a ridgeline formed by crossing of the
end face and the circumferential surface in the end
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portion.

The dresser as claimed in claim 3, wherein said cut-
ter comprises:

a plurality of projections formed in one end of
the cutter;

said projection having a cross section approxi-
mately equal to an end face of the projection
from one end of the projection to near another
end of the projection from which the projection
is started; and

a cutting edge which is a ridgeline formed by
crossing of the end face of the projection and
the side surface of the projection.

The dresser as claimed in claim 1, wherein said
dressing-working part is a cutter.

The dresser as claimed in claim 6, wherein said cut-
ter has an approximately columnar shape and com-
prises: a flank which is formed by concaving one
end face of the cutter toward the base end of the
cutter; a rake face comprising a circumferential sur-
face in the end portion of the cutter; and a cutting
edge which is a ridgeline formed by crossing of the
end face and the circumferential surface in the end
portion.

The dresser as claimed in claim 6, wherein said cut-
ter comprises:

a plurality of projections formed in one end of
the cutter;

said projection having a cross section approxi-
mately equal to an end face of the projection
from one end of the projection to near another
end of the projection from which the projection
is started; and

a cutting edge which is a ridgeline formed by
crossing of the end face of the projection and
the side surface of the projection.

A dressing apparatus for dressing with a dresser
the surface of a polishing pad used for polishing a
material to be polished, said dresser comprising a
dresser according to claim 1.

A dresser for dressing a polishing pad used for pol-
ishing a material to be polished, said dresser com-
prising a plurality of dressing-working parts for
dressing the polishing pad which are disposed at
unequal spaces in the circular direction of a dresser
principal.

A dressing apparatus for dressing with a dresser
the surface of a polishing pad used for polishing a
material to be polished, said dresser comprising a
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dresser according to claim 10.

A dresser for dressing a polishing pad used for pol-
ishing a material to be polished, said dresser com-
prising: a dressing-working part for dressing the
polishing pad along the circular direction of a
dresser principal; and a plurality of nicks formed in
the dressing-working part at unequal spaces in the
circular direction of the dresser principal.

A dressing apparatus for dressing with a dresser
the surface of a polishing pad used for polishing a
material to be polished, said dresser comprising a
dresser according to claim 12.

A dresser for dressing a polishing pad surface
which is used for an apparatus for polishing, with
the polishing pad, materials to be polished such as
a semiconductor wafer having a flat surface, said
dresser comprising at least one cutter projected
from the under surface of a dresser principal,
wherein shaving the polishing pad surface is car-
ried out by providing to the edge of cutter of the cut-
ter a movement relative to the polishing pad surface
in a direction parallel to the polishing pad surface,
while the edge of cutter is pressed against the pol-
ishing pad surface.

The dresser as claimed in claim 14, wherein said
edge of cutter comprises a flat surface which is par-
allel to the polishing pad surface and is pressed
against the polishing pad surface.

The dresser as claimed in claim 14, wherein said
cutter comprises a positive rake angle.

The dresser as claimed in claim 14, wherein said
cutter comprises a rake angle having from -5° to -
15°.

The dresser as claimed in claim 14, wherein said
dresser principal has a circular shape and is con-
structed in such a manner that the dresser principal
is rotated around a rotary shaft formed in the center
thereof; and the edge of cutter of the cutter is
arranged in such a manner that the edge of cutter
has a negative angle wherein a rotational direction
of the dresser principal is defined as positive to a
straight line passing through the edge of end of the
edge of cutter at the center side of the dresser prin-
cipal and the center of the dresser principal.

A dresser which comprises a dresser principal and
a dresser-working part having an abrasive grains
layer including abrasive grains formed on the
dresser principal,

wherein the dresser principal comprises a ground
face on which the abrasive-grain layer is provided
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and a basic face which is disposed in a portion of
the dresser principal more inward than the ground
face and is formed in parallel to the ground face.

The dresser as claimed in claim 19, wherein said
ground face comprises an approximately annular
shape having a center which is the same as the
center of rotation of said dresser principal; and the
basic face is disposed in a position closer to the
center of rotation than the ground face and is con-
centric with the ground face.
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