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APPARATUS FOR CONDITIONING POLISHING PADS UTILIZING BRAZED DIAMOND
TECHNOLOGYAND TITANIUM NITRIDE Field of the Invention The present invention
generally relates to methods and apparatus for polishing or 5 planarizing
workpieces such as semiconductor wafers. More particularly , the present
invention relates to methods and apparatus for conditioning polishing pads
used for the planarization of workpieces. The present invention is also
directed to a method and apparatus for the planarization of~workpieces
which utilizes diamond brazed conditioning rings having a titanium nitride
based coating or a coating comprising a thin film diamond deposition. 10
Background of the Invention The production of integrated circuits began
with the creation of high-quality semiconductor wafer s. During the wafer
fabrication process, the wafers may undergo multiple masking, etching and
dielectric and conductor deposition processes. Because of the
high-precision required in the production of these integrated circuits, an
extremely flat surface is generally needed on at least I~ one side of the
semiconductor wafer to ensure proper accuracy and performance of the
microelectronic structures being created on the wafer surface. As the size
of the integrated circuits continues to decrease and the density of the
rnicrostuctures per integrated increases, the need for precise wafer
surfaces becomes more important. Therefore, between each processing step,
it is usually necessary to polish or planarize the surface of the wafer to
obtain the flattest 20 surface possible. For a discussion of chemical
mechanical planarization (CMP) processes and apparatus, see, for example,
Arai, et al., U.S. Patent No. 4,805,348, issued February. 1989; Arai, et
al., U.S. Patent No. 5,U99,614, issued March, 1992; Karlsrud et al , U.S.
Patent No. 5,329,732) issued July, 1994; Karlsrud, U.S. Patent No.
6,498,196, issued March, 1996; and Karlsrud el al., U.S. 25 Patent No.
a498,199, issued March. I 996. Such polishing is well know in the art and
generally includes attaching one side of the wafer to a flat surface of a
wafer carrier or chuck and pressing the other side of the wafer against a
flat polishing surface:. In general, the polishing~ surface comprises a
horizontal polishing~ pad that has an exposed abrasive surface of, for
example, cerium oxide. aluminuml U\liiC, 30 fumed~precipoated silica or
other particulate abrasives Polishing pads can he tamped of various  =   29
May 2002 - WO 99i28084 PCT/US98i24960 materials, as is known in the art,
and which are available commercially. Typically, the polishing pad may be a
blown polyurethane, such as the IC and GS series of polishing pads
available from Rodel Products Corporation in Scottsdale, Arizona. The
hardness and density of the polishing pad depends on the material that is
to be polished. 5 During the polishing or planarization process, the
workpiece (e.g, wafer) is typically pressed against the polishing pad
surface while the pad rotates about its vertical axis. 1n addition, to
improve the polishing effectiveness, the wafer may also be rotated about
its vertical axis and oscillated back and forth over the surface of the
polishing pad. It is well known that polishing pads tend to wear unevenly
during the polishing operation, causing surface irregularities to 10
develop on the pad. To ensure consistent and accurate planarization and
polishing of all workpieces, these irregularities should either be removed
or accounted for. 



One method of removing the surface irregularities which develop in the
polishing pad is to condition or dress the pad with some sore of roughing
or cutting means. Generally this truing or dressing of the polishing pad
can occur either while the wafers are being polished (in-situ 15
conditioning), or between polishing steps (ex-situ conditioning). An
example of exsitu conditioning is disclosed in Cesna, et al., U.S. Patent
No. 5,486,131 , issued on January 23, I 996, and entitled Device for
Conditioning Polishing Pads. An example of in-situ conditioning is
disclosed in Karlsrud, U.S. Patent Application Serial No. 08/487,530, filed
on July 3, 1995, and entitled Polishing Pad Conditioning. Both the Cesna,
et al. patent and the Karlsrud 20 application are herein incorporated by
reference. Generally, in the semiconductor wafer polishing and
planarization context small roughing or cutting elements) such as diamond
particles, are used to condition the polishing pads. As shown in both the
Cesna, et al, patent and the Karlsrud application, both in-situ and ex-situ
conditioning apparatus utilize circular ring conditioners which have these
cutting 25 elements secured to a bottom flange of the ring. Generally,
these cutting elements are secured to the bottom surface of the flange of
the carrier ring by an electroplating process or brazing process.
Electroplating produces a simple mechanical entrapment of the cutting
elements on the carrier ring by depositing metal, for example in a
layer-by-layer fashion around the cutting elements until they are
entrapped. However, one problem with the electroplating process is that 3U
the electroplating bond holding the cutting elements to the ring surface is
relatively weak and the cutting elements occasionally become dislodged from
the conditioning ring and embedded in the polishing pad. Further. because
the electroplating bond is suscepiible to shearing forces. a    29 May 2002
- V1'O 99J28084 PCTiUS98JZ49G0 substantial amount of bonding material is
needed to hold the cutting elements in place. As a result, the bonding
material actually covers most, if not all, of the many cutting elements,
thereby comprising the conditioning capacity of the conditioning ring.
Thus, the previously mentioned brazing process is preferred. A detailed
discussion of the brazing process is discussed herein as 5 well as in
Holzapfel, et al., U.S. Patent Application Serial No. 08/683,571, filed
July 15, 1996, which is herein incorporated by reference. The cutting
elements which are secured to the bottom surface of the flange of carrier
rings may comprise diamonds, polycrystalline chips/slivers, silicon carbide
particles, and the like. However, regardless of whether the conditioning
rings are braze plated or electro-plated in order 10 to retain the cutting
elements, such as diamonds. these processes are not ideal in that they
exchibit a very short lifetime which results in diamond loss, diamond
fracture, or plating wear. As previously indicated, these lost or fractured
diamonds can cause severe scratches in the wafers that are being polished.
Wafers that are scratched are considered to be scrap and this can result in
increased costs to the consumer. Further, the short lifetime of the
conditioning rings due to 15 plating wear is significant in that the
conditioning rinks are typically the most expensive consumable component
pan on the CMP apparatus. Although the brazing of the cutting elements to
secure them to the carrier ring is preferable over the electroplating
process, there are still some problems associated with the brazing process.
The problems associated with the unreliability of the bond created using
brazed diamond 20 technology in various applications has been addressed in
the prior art. For example, in Kapoor et al., U.S. Patent No. 5,567,525,
the reliability of a braze joint formed between a diamond film and a
tungsten carbide object is increased by covering the diamond film with a
braze comprising vanadium. Further, a method for utilizing high temperature
and high pressure to form a polycrystalline composite compact having
reduced abrasive layer stresses is disclosed in U.S. 25 Patent No.
5,5G0,754 issued to Johnson et al. Also, U.S. Patent No. 4,899,922 issued
to Slutz el al., describes a brazed implement having a thermally stable
polycrystalline diamond with shear strengths exceeding about 50 kpsi even
while furnace cycling the brazed implements. This is achieved by brazing
the compact to another compact or to a cemented carbide support using a
brazing alloy containing an effective amount of chromium and having a
liquidus above about 700 30 degrees C. Still, each of these methods for
creating a more reliable brazed bond requires substantial mechanical and/or
chemical manipulation including a temperature application Further, none of
these prior art patents suggests the use of their respective methods in a
29 May 2002 N'O 99/28084 PCT/US98/24960 semiconductor processing capacity,
particularly in the conditioning of conditioning rings used in that
application process. Accordingly, there is a need for an improved method
and apparatus for conditioning polishing pads used in the polishing or
planarization of semiconductor wafers. More particularly. 5 there is a need
for a simple and efficient method and apparatus for conditioning the rings
which are used for conditioning the polishing pads so that there is a
decrease in diamond loss, diamond fracture and plating wear of the
conditioning rings thereby resulting in a longer life for the conditioning
rings and a decrease in cost to the end consumer utilizing semiconductor
chips. 



Summary of the Invention 10 It is a principal object of the present
invention to provide an improved method and apparatus for polishing or
planariztng workpieces such as semiconductor wafers. It is another object
of the present invention to produce improved diamond brazed conditioning
rings used for conditioning polishing pads in the planarization of
workpieces. It is still another object of the present invention to provide
a method and apparatus for 15 polishing workpieces which includes the
coating of a conditioning ring used to condition the polishing pad such
that fractures and losses of the cutting elements contained on the
conditioning ring are significantly reduced. It is yet another object of
the present invention to provide an improved method and apparatus for
polishing workpieces which results in less scrap, namely fewer scratched 20
semiconductor wafers. It is still a further object of the present invention
to provide a method and apparatus for polishing workpieces which extends
the lifetime of the conditioning rings used in apparatus which perform
chemical mechanical planarization processes, thereby decreasing costs
associated with polishing and planarizing workpieces. 25 In brief, the
present invention provides methods and apparatus for conditioning polishing
pad devices which overcome many of the shortcomings of the prior art. In
accordance with one aspect of the present invention, a polishing pad
conditioning device for conditioning a polishing pad by contact with the
pad is configured with cutting elements. such as diamonds, braze bonded to
its bottom surface, and a titanium nitride based coating or a thin film
diamond deposition 30 placed over the braze bonded surface. The
conditioning device also suitably includes a means 4   29 May 2002 WO
99I28084 PCT/US98/24960 for engaging the conditioning means with the
polishing pad and for rotating the conditioning means on, and oscillating
the conditioning means over, the top surface of the polishing pad. In
accordance with a further aspect of the present invention, the engaging
rotating and oscillating means comprises an operating arm adapted for
moving the conditioning device into, 5 and out of. operative engagement
with the top surface of the pad, and for oscillating the conditioning
device radially over the top surface of the pad. The conditioning device
comprises a carrier element configured in the shape of a ring) and having
cutting elements attached to the bottom surface of the carrier element in a
circular ring configuration. Further, a coating of either a composition
containing titanium nitride or a thin film diamond deposition is applied
over the 10 cutting elements. In accordance with another aspect of the
present invention, the carrier element may include a flange which extends
about the periphery of the ring, with the cutting elements being attached
to the flange. In accordance with yet a further aspect of the present
invention. the flange includes cut out 15 portions to permit materials to
escape from the interior of the carrier ring. In accordance with this
aspect of the invention, the cutting elements are distributed substantially
uniformly along the flange and the elements are braze bonded to the flange
with a brazed metal alloy. Preferably, the brazed metal alloy will only
cover about 25% to 75%, and preferably about 40-60%, and most preferably
about 50% of the height of the cutting elements. For example, for cutting
elements 20 (e.g. diamond particles) having an average height (i.e.,
diameter) in the range of 50 to 200 micrometers and most preferably about
150 micrometers, the brazed metal alloy should preferably cover each
cutting element up to about 50% of its height, or up to about 75
micrometers. Particle sizes in the range of 50 to 200 U.S. mesh, and most
preferably about 100 to 120 U.S. mesh are particularly well adapted to the
present invention. 25 In accordance with a further aspect of the present
invention, covering less than 25% to 40% of the height of a cutting element
with braze may result in an insufficiently secure bond, such that the
cutting elements may break away from the braze, thereby liberating the
cutting element and perhaps damaging the workpieces. On the other hand,
covering the cutting elements with braze in excess of 60% to 80% of the
height of the cutting element may impede the ability of the ~0 cutting
elements to properly dress or condition a pad. Thus, the present inventor
has dctermined that an optimal range involves covering the cutting elements
in brae up to about 50% of the height of the cutting elements and then
coating the brazed cutting elements with a composition 



29 May 2002 WO 99/28084 PCTNS98124960 having a titanium nitride base or a
thin film diamond deposition. In accordance with yet a further aspect of
the present invention, the conditioning device may be configured to
condition the polishing pad at the same time workpieces are being polished.
In accordance with this aspect of the invention, the conditioning device
preferably is configured 5 to mount to a moveable carrier element, which
holds the workpieces during polishing. In accordance with a further aspect
of the present invention, the conditioning device is ring figured to mount
around the outer perimeter of the workpiece carrier element, wherein the
cutting elements are securely attached to the bottom surface of the ring m
a circular configuration via brazing of the cutting elements and a titanium
nitride coating or a thin film diamond deposition 10 is deposited over the
brazed cutting elements. In accordance with yet a further aspect of the
present invention, the cutting elements may be attached to a flange which
extends about the periphery of the ring. In addition, the flame preferably
may include cut out portions to permit materials to escape from the
interior of the ring. 1 ~ In accordance with yet another aspect of the
present invention, the cutting elements used may comprise different
materials, such as, for example, diamond particles, polycrystalline
chips/slivers, cubic boron nitrite particles, silicon carbide panicles and
the like. The coating element may comprise SUPERNEXUS, which is a tradename
for a titanium nitride product, or a thin film diamond deposition.
SUPERNiEXUS is produced by GSEM, Inc. located in 20 Beaverton, Oregon and
comprises part titanium nitride and part zirconium nitride. Alternatively,
the coating element may comprise a thin film diamond coating which consists
of man-made diamond components, the bulk of which are comprised of carbon
with a minimum of hydrogen. These diamond particles are made synthetically
by heating carbon and a metal catalyst in an electric furnace at about 3000
degrees F. under high pressure. 25 Brief Description of the Drawings A more
complete understanding of the present invention may be derived by referring
to the detailed description and claims when considered in connection with
the Pictures,wherc like reference numbers refer t0 similar elements
throughout the Figures, and FIG. 1 is a perspective schematic view of a
semiconductor wafer polishing and 30 planarization machine currently known
in the art, G   29 May 2002 WO 9928084 PCT/US98/24960 FIGS. 2 and 3 are top
crass-sectional views of the wafer cleaning machine shown in FIG. 



1 illustrating different parts of the machine at different times in the
polishing process; FIG. 4 is a side cross-sectional view of a semiconductor
wafer carrier element with an in-situ polishing pad conditioning ring
connected thereto; 5 FIG. 5 is a top view of the in-situ polishing pad
conditioning ring shown in FIG. 4; FIG. 6 is a side view of the in-situ
conditioning ring shown in FIGS. 4 and 5; FIG. 7 is a perspective view of
the polishing surface of the polishing machine shown in FIG. 1 with an
ex-situ polishing pad conditioning apparatus in operative engagement with
the polishing surface; 10 FIG. 8 is a side cross-sectional view of the
ex-situ polishing pad conditioning ring holder shown in FIG. 7; FIG. 9 is a
top view of ail ex-situ polishing pad conditioning ring; FIG. 10 is a
cross-sectional view of cutting elements which have been braze bonded to a
conditioning ring and coated with a composition in accordance with the
present invention, and 1 ~ FIG. 1 1 is a cross-sectional view of cutting
elements which have been electroplated to a conditioning ring and coated
with a composition in accordance with the present invention. Detailed
Description of the Preferred Embodiments The subject invention relates to
an improved apparatus for conditioning workpiece polishing pads, and an
improved method for securing cutting elements to the apparatus so that 20
the cutting elements do not dislodge from the apparatus and damage the
workpieces being polished. While this invention may be used to condition a
large variety of polishing pads which may be used to polish a variety of
different types of workpieces, the preferred exemplary embodiments
discussed herein will relate to polishing pad conditioning apparatuses used
to condition semiconductor wafer polishing pads. It will be understood,
however, that the invention 2~ is not limited to any particular workpiece
polishing pad conditioning environment Referring now to FIGS. 1-3, a wafer
polishing apparatus 100 is shown embodying the present invention. Wafer
polishing apparatus l00 suitably comprises a comprehensive wafer polishing
machine which accepts wafers from a previous processing step, polishes and
rinses the wafers, and reloads the wafers back into wafer cassettes for
subsequent processing. Discussing 30 now the polishing` apparatus 100 in
more detail, apparatus 100 comprises an unload station 10?, 7   29 May 2002
- WO 99I28084 PCT/US98l24960 a wafer transition station I04, a polishing
station I 06, and a wafer rinse and load station 108. In accordance with a
preferred embodiment of the invention, cassettes I 10, each holding a
plurality of wafers. are loaded into the machine at unload station 10'_'.
Next, a robotic wafer carrier arm 112 removes the wafers from cassettes I
10 and places them, one at a time, on a first 5 wafer transfer arm 114.
Wafer transfer arm 114 then lifts and moves the wafer into wafer transition
section 104. That is, transfer arm 114 suitably places an individual wafer
on one of a plurality of wafer pick-up stations 116 which reside on a
rotatable table l20 within wafer transition section l04. Rotatable table
120 also suitably includes a plurality of wafer drop-off stations 118 which
alternate with pick-up stations 116. After a wafer is deposited on one of
the 



10 plurality of pick-up stations 116, table 120 will rotate so that a new
station I 1 G aligns with transfer arm 114. Transfer arm 114 then places
the next wafer on the new empty pick-up station 116. This process continues
until all pick-up stations 1 16 are filled with waters. In the preferred
embodiment of the invention, table 120 will include five pick-up stations
116 and five drop-off stations 118. IS Next, a wafer carrier apparatus 122,
comprising individual wafer carrier elements 124. suitably aligns itself
over table 12U so that respective carrier elements 124 are positioned
directly above the wafers which reside in respective pick-up stations 1 I6.
The carrier apparatus 122 then drops down and picks up the wafers from
their respective stations and moves the wafers laterally such that the
wafers are positioned above polishing station 10G. Once above polishing
station 20 106, carrier apparatus 122 suitably lowers the wafers, which are
held by individual elements 124, into operative engagement with a polishing
pad 126 which sits atop a lap wheel 128. During operation, lap wheel 128
causes polishing pad 126 to rotate about its vertical axis. At the same
time, individual carrier elements 124 spin the wafers about their
respective vertical axis and oscillate the wafers back and forth across pad
I26 (substantially along arrow 133) as they press 25 against the polishing
pad. In this manner, the surface of the wafer will be polished or
planarized. After an appropriate period of time) the wafers are removed
from polishing pad 126, and carrier apparatus 122 transports the wafers
back to transition station 104. Carrier apparatus 12? then lowers
individual carrier elements 124 and deposits the wafers onto drop-off
stations 118. The wafers are then removed from drop-off stations 118 by a
second transfer arm 130. Transfer 30 arm 130 suitably lifts each wafer out
of transition station 104 and transfers them into wafer rinse and load
station 108. In the load station 108, transfer arm 1 s0 holds the wafers
while they are rinsed. After a thorough rinsing, the wafers ate reloaded
into cassettes 1 3?. which then transport 8   29 May 2002 - WO 99/28U84
PCT/US98/24961) the wafers to subsequent stations for further processing or
packaging. During this polishing and planarization process, the polishing
pad will wear and thus become less effective. Therefore, it is important to
buff or condition polishing pad 126 to remove any surface irregularities
that may develop during polishing. Generally, there are two 5 ways to
condition the polishing pad; in-situ and ex-situ conditioning. In-situ
conditioning takes place during the wafer polishing process, while ex-situ
conditioning) occurs in between polishing steps. Referring now to FIGS.
2-4, in-situ conditioning will first be discussed. In accordance with a
preferred embodiment of the present invention, in-situ conditioning
generally occurs by 10 connecting an in-situ conditioning element 200 to
each individual carrier element 124. Therefore, as carrier elements 124
rotate and move the wafers over the polishing pad. conditioning elements
200 will also contact the polishing pad, thus conditioning the pad while
the waters are being polished. Referring now to FIG. 4, the configuration
of conditioning element 200 and carrier 15 element 124 will now be
discussed. As previously mentioned. carrier element 124 holds and presses
the wafers against the polishing 'pad during the polishing operation. As is
well known in the art, carrier element 12:1 may comprise a number of
different embodiments. However, for purposes of discussing the present
invention, carrier element 124 will be discussed in accordance with the
embodiment shown in FIG. 4. 20 1n accordance with a preferred embodiment of
the present invention, carrier element 124 preferably comprises a pressure
plate 140, a protective layer 142, a retaining ring 144, and a rotation
drive shaft 146. Pressure plate 140 applies an equally distributed downward
pressure against the backside of a wafer 10 as it is pressed against
polishing pad 126. Protective layer 142 will preferably reside between
pressure plate 140 and wafer 10 to protect the wafer during the 25
polishing process. Protective layer 142 may be any type of semi-rigid
material that will not damage the wafer as pressure is applied: for
example, a urethane-type material. Wafer 10 may be held against protective
layer 142 by any convenient mechanism, such as, for example, by vacuum or
by wet surface tension. Circular retaining ring 144 preferably is connected
around the periphery of protective layer 142 and prevents wafer 10 from
slipping laterally from beneath 30 the protective layer as the wafer is
polished. Retaining ring 144 is generally connected to pressure plate 140
by bolts 148. Also connected to pressure plate 140 is conditioning element
200 which, in accordance c)   29 May 2002 - WO 99i28084 PCTiUS98/24960 ~wth
a preferred embodiment of the invention, is a ring formed of a rigid
material, such as metal. As shown in FIGS. :i and 6, conditioning element
200 preferably includes a downwardly extending flange 202 which terminates
in a substantially flat bottom surface 204 having cutting elements 205
attached thereto. Further, a coating 420 (FIGS. 1O and I1) is deposited
over the S cutting elements 205 to extend the lifeitme of the conditioning
ring and to reduce or eliminate the loss or fracturing of the cutting
elements 205. The coating 420 preferably comprises a titanium nitride base
or, alternatively, may comprise thin film diamond. The flange 202 is of
sufficient length so that bottom surface 204 with attached cutting elements
205 will contact the polishing pad during processing. Further, conditioning
element 200 preferably will be loosely 1 U connected to pressure plate 140
by bolts 20G. This relatively loose connection between pressure plate 140
and conditioning element 200 allows limited vertical movement but restricts
lateral movement of conditioning element 200. The vertical movement of the
conditioning element 20G) which occurs between nuts 2U8 and 2l0 (FIG. 4),
is permitted so that the cutting elements 205 contact pad 126 by virtue of
the weight of conditioning element 200, rather than by pressure 1 ~ applied
by carrier element 124. If needed, additional weighted rings 212 may be
added to conditioning element 200 to increase the weight of the ring and
thus the conditioning pressure on the pad. Iii accordance with a further
aspect of the preferred embodiment of the present invention, flange 202 may
include cut out portions 214 which permit sworf and fluids to escape from
the 20 interior of conditioning element 200. Accordingly, as shown in FIGS.
5 and 6 as dimension "A", cut out portions 214 may be in the range about
0.75 to 1.25 inches and more preferably in the range of about 0.875 to 1.12
inches. The remaining portions of flange 202, which have cutting elements
205 attached thereto, an shown in FIGS. 5 and 6 as elements 216. The size
of the remaining flange portions 216 are illustrated in FIG. 5 as dimension
"B" and are in the range 25 of about 0.75 to 1.25 inches and more
preferably in the range of about 0.875 to 1.12 inches. 1n accordance with
yet another aspect of the present invention, cutting elements 205 may be
any hard cutting material useful for conditioning pads, such as, for
example, diamond particles, polycrystalline chips/slivers, cubic boron
nitrite panicles) silicon carbide particles, and the like. Further, cutting
elements 205 may be secured to bottom surface 204 of flange ?02 by ,0 a
brazed bonding process which creates an extremely secure hoed. This bonding
process will be discussed in more detail below. As previously indicated,
the composition used to coat the braze bonded cutting elements 



10   29 May 2002 5 10 IS w'O 99/2808d PCT~'US98I2.t960 20S (FIGS. 14 and 11
) is preferably comprised of a titanium nitride base or of thin film
diamond. Titanium nitride has the following properties: Melting Point 2927
degrees C Specific Heat 8.86 cal/mole at 25 degrees C Electrical
Resistivity 21.7 micro-ohm-cm These properties of titanium nitride allow
the coating composition to protect the cutting elements 20~, particularly
diamond particles, from fracturing and flaking off from the flange 202 of
the conditioning element 200. More specifically, the coating composition
fills in minor fracture lines in the diamonds which reduces or eliminates
the possibility of the diamonds fracturing off of the flange 20'' during
the conditioning cycle. The coating 420 also protects softer and more
susceptible plating, such as electro-plating, which results in reducing ihc
wear of the plating. The coating also forms a much stronger pond between
the plating and the diamonds. or cutting elements 20~. The reduction or
elimination of the fracturing, of cuttln g elements during the
COndttlotlltlg cycle results in fewer scratched semiconductor wafers which
must be scrapped. A thin film diamond deposition over the cutting elements
?0~ can also produce these improvements in the conditioning process. During
operation of apparatus l00, wafer 10 held by carrier element 124 is brought
into 20 25 contact with polishing pad l26 which is secured to lap wheel
128. Preferably, to maximize polishing, an abrasive slurry is introduced
between polishing pad 126 and wafer 10. Various types of abrasive slurries
can be used, as is known in the art. As wafer 10 contacts pad 126, both lap
wheel 128 and carrier element 124 rotate, thus facilitating the polishing
and planarization of the wafer. In addition, as carrier element 1 Z4 lowers
wafer 10 onto the pad, conditioning element 200, which is connected to
carrier element 124, will be lowered into contact with the pad. As lap
wheel 128 and carrier element 124 rotate, cutting elements 205 will
rough-up and, thus, condition polishing pad 126 at the same time the wafers
are being polished. In accordance with an alternate embodiment of the
present invention, the ex-situ 30 conditioning device of apparatus 100 will
now be discussed. As briefly mentioned above, ex-situ conditioning
generally occurs between polishing steps. That is, after a set of wafers
has been polished and removed from the polishing pad, a separate
conditioning device is introduced against polishing pad 1?6 to condition
the pad. It should he noted. however, that apparatus 10U does not leave to
utilize both In-situ and ex-situ conditioniii~~ One skilled In the art will
appreciate that apparatus 100 may include either in-situ conditioning or
ev-situ conditioning. or   29 May 2002 WO 99128U84 apparatus ! 00 may
include both. PCTIUS981249ti0 Referring now to FIGS. 7-9, an ex-situ
conditioning device 300 preferably comprises a circular conditioning ring
carrier element 302 made of a rigid material, such as metal. In accordance
with this aspect of the present invention, ring carrier element 302
preferably has a 5 downwardly extending flange 304 which, during operation,
will contact and condition the polishing pad. In accordance with a further
aspect of this embodiment of the invention, flange 304 may be interrupted
by a plurality of cut outs 306 which permits sworf and fluids to escape
from the interior of conditioning device 300 during operation. 



As with the in-situ conditioning ring and as illustrated in F1G. 9, cutting
elements 308 may 10 be secured to the bottom surface of flange 304.
Similarly, cutting elements 308 may comprise a variety of materials, such
as, for example, diamond particles, polycrystalline chipslslivers, cubic
boron nitrite pai-t~cles, silicon carbide particles, and the like. As
discussed in detail below, cutting elements 308 may be attached to the
bottom portion of flange 304 by a unique braze bondinD process. Finally, a
composition comprised of either a titanium nitride or a thin film I ~
diamond is used to coat the cutting elements 308 (See Figs. 10 and 11 ) in
order to strengthen the bond between the cutting elements 308 and the:
conditioning element and to further strengthen the cutting elements 308
themselves so that fractures and losses of the cutting elements 308, as
well as plating wear, are reduced. The coating composition is also
discussed in further detail below. along with the braze bonding process of
the cutting elements 3D8. 20 In accordance with this preferred embodiment
of the invention, conditioning device 300 preferably is attached to an
operating arm 310 which is configured to raise and lower conditioning
device 300 into and out of engagement with polishing pad 126. The vertical
movement of operating ann 310 is controlled by a pressure cylinder 312. In
addition, operating atm 310 may also be adapted for moving conditioning
device 300 back and forth across the top 25 of pad 126, thus insuring that
the entire top surface of the pad is conditioned equally. Various means may
be employed to connect conditioning element 300 to operating anti 310. For
example, as illustrated in FIG. 8, ring 302 may be secured to a bearing
housing 314 by shoulder bolts 316. In accordance with this configuration, a
shaft 318 tllay be configured to enda`e a chuck in the head of operating
arm 310, thus holding the housing and ring assembly in operative 30 en;
agement with the arm During processing. when it is desired to condition
po11S111I1t pad 1?6, arm 3 I U ~s actwated to bring conditioning device
300, and more particularly cuttinv elements 305, into contact -ith l ''
29 May 2002 WO 99/28084 PCT/US98/249ti0 the top surface of polishing pad
126. In addition, lap wheel 128 rotates (e.g., counter-clockwise) and, at
the same time, operating arm 310 oscillates causing conditioning element
300 to traverse back and forth across the surface of polishing pad 12G. The
downward pressure that the conditioning device exerts on the polishing pad
surface and the length of lime that the 5 conditioning element is in
contact wish the pad may vary as necessary to achieve the desired
conditioning results. Referring now to FIGS. 10 and I 1 > the subject
method of attaching the cutting elements to the conditioning rings will now
be discussed. In accordance with a preferred embodiment of the present
invention, cutting elements 402 may be attached to a carrier ring 400 by a
direct 10 brazing technique which creates a very strong, reliable bond
between the cutting elements and the ring surface. The brazing method of
the present invention utilizes readily available, ven~ hard and durable
brazing alloys to create the secure bond. The brazing alloys utilized
generally comprise nickel-chromium or cobalt-nickel- combinations. It has
been found that this family pf brazing alloys creates superior
chemicalimechanical bonds because the alloys tend to cling to the 15
cutting element surfaces rather than flowing away from them during the
treatment process. 'Thus, greater surface contact between the cutting
elements and the alloy are achieved. The process of bonding cutting
elements 402 to the conditioning ring surface 400 will now be discussed. In
accordance with one aspect of the present invention, cutting elements 402
and braze alloy particles 404 are suitably placed on the metal ring surface
in a predetermined fashion. 20 To hold the cutting elements and braze alloy
particles in place, a temporary binding agent may be used, such as, for
example, a resinous compound dissolved in a suitable organic solvent, or
the like. Upon proper distribution of the cutting elements and alloy
particles, the ring assembly is then placed in a furnace having a reducing
atmosphere or vacuum and heated until the braze flows and wets the cutting
elements and metal ring surface. Finally, the braze is cooled, securely 25
bonding the cutting elements to the ring surface. The braze bonded cutting
elements are then coated with a composition in order to reduce the
fracturing and loss of the cutting elements ihercby reducing the likelihood
that portions of the cutting elements will become embedded in the polishing
pad resulting iii the scratching of the wafers. Subsequent to coating, the
braze bonded cutting elements may be subjected to a 30 heating process in
order to securely bond the coating. The hcatin~ process may comprise
placement of the coned ring assemble into a furnace having a reducirng
atmosphere or vacuum and then beating the assembly. Tl~e coated assembly is
then cooled to securely bond the coating. 1;   29 May 2002 WO 99l28084
PCT/US98124960 Fewer scratched wafers result in less scrap and increased
efficiency. Further, coating of the cutting elements reduces plating wear
thereby increasing the lifetime of the conditioning elements or rings used
in the conditioning process. Preferable compositions for the coating are as
follows: 



S 1 ) a titanium nitride based coating which comprises both titanium
nitride and zirconium nitride (an example of such a product is SL1PERNEXL1S
produced by GSEM, Inc. in Beaverton, Oregon); or 2) a thin film diamond
deposition which comprises man-made diamond particles that are produced by
heating carbon and a metal catalyst in an 10 electric fiunace at about 3000
degrees F. under high pressure. In accordance with another aspect of the
present invention, the brazing process may be performed m two-steps rather
than one as discussed above. In the two-step process, the brazing alloy is
first applied to the rind surface in a manner similar to that described
above, however, the cutting elements are not present. After the braze alloy
is fused to the ring surface, the cutting 1 ~ elements are then attached to
the layer of braze alloy on the ring surface by using a temporary binder.
After the cutting elements are properly positioned, the ring assembly again
is placed in the furnace until the braze remelts and surrounds the cutting
elements. This two-step process generally achieves the same bonding
strength as the one-step method, but the two-step process allows for
greater control of surface uniformity of the cutting elements on the ring
surface. A 20 more detailed discussion of a brazing process useful in the
conte~;t of the present invention is discussed in Lowder et. al , U.S.
Patent Nos. 3,894,673 and 4,018,576 issued on July 15, 1975 and April 19,
l977 respectively, both of which are incorporated herein by reference. The
braze bonded cutting elements are then coated with a coating composition as
previously described above. 25 In accordance with a further aspect of the
present invention, the subject process of braze bonding the cutting
elements to the carrier ring surface exhibits superior performance compared
to the conventional electroplatinc bond currently known in the art.
Improvements such as the ability to control the amount of plating, the
abilrty to control the amount and placement of the cutting elements on the
ring. better adhesion of the cuttrns cloments to the rin~_= surface, tire
,0 ab~litv to have predictable and repeatable conditioning rm!~s, and
better pad mana!~ement due to l :1   29 May 2002 V4'O 99,'2S084
PCT,'US98/24960 the control of the cutting elements, plating, and spacing
of the elements are achieved. All such improvements are related to the fact
that the invention provides for better bonding of the cutting elements to
the conditioning ring surface with less bond metal than has been previously
possible. In this regard, the brazing method provides optimal support for
each and every cutting element 5 on the ring because during the fusing
process, the braze alloy encompasses the side and bottom surfaces of each
element, thus forming the solid hond. This aspect of the invention is shown
in FIG. 10 which depicts a cross-section of cutting elements 402 brazed to
the surface of conditioning ring 400. The bond surface 404 is characterized
as "concave," i.e., the alloy metal band depth is at a minimum at a point
intermediate adjacent elements. A cross-section of cutting 10 elements
electroplated to the conditioning rind in accordance with prior art
techniques is shown in FIG. I1. As distinguished from FIG. 10, the surface
contour of the bonding metal 410 is inherently convex in the electroplated
device, thus providing minimal support for cutting elements 4l2 for a given
depth of bond metal. Therefore, with the electroplating process, the bond
is weaker even though more bond metal is used. In fact, as much as 50% to
100% of the 15 cutting elements tnay be. covered by the bond metal with the
electroplating process. However, with the braze process, the cutting
elements can be bonded with as little as 25% to 40% of the cutting element
being covered with bond, therefore allowing greater sworf clearance, faster
cutting and reduced heat build up. FIGS. 10 and 11 also show a thin
composition coating 420, which has been previously described in detail,
deposited over the cutting elements. It should be 20 noted that regardless
of whether the cutting elements are braze bonded or electro-plated, the
composition coating 420 provides for the same types of advantages and
improvements in the conditioning process over the prior art, namely
reducing or eliminating fracturing and lass of cutting elements and
reducing plating wear. In accordance with a further aspect of the present
invention, cutting elements having an 25 aspect ratio in the range of
0.5:1.0 to 1.5:1.0, and most preferably about 1.0:l.0 are suitably
employed; that is, in a particularly preferred implementation of the
present invention, the height of the cutting elements is approximately
equal to the width of the cutting elements. In this way, the effectiveness
of the subject bonding technique, as well as the effectiveness of the
various cutting elements in the pad dressm5 operation arc substantially
independent of the orientation 30 of the cutting elements. It should be
noted. that this braze bUlldlng process can be used to attach cutting
elements exhibiting different material properties. l~or example, as
discussed ahove. cuuin t elements may 1J   29 May 2002 V1-'O 99i28084 PCTi
US98i24960 comprise diamond panicles, polycrystalline chips/slivers, cubic
boron nitrite particles, silicon carbide particles, and the like. However,
for conditioning semiconductor wafer polishing pads, diamond and cubic
boron nitrite particles are preferred. Further, with respect to the
composition used to coat the braze bonded cutting elements, the preferred
compositions include a titanium nitride based coating or a thin film
diamond deposition where the diamond particles contained in the deposition
are manmade. It will be understood that the foregoing description is of
preferred exemplary embodiments of the invention and that the invention is
not limited to the specific forms shown or described herein. Various
modifications may be made in the desil;n, arrangement, and type of elements
10 disclosed herein, as well as the steps of making and using the invention
without departing from 



the scope of the invention as expressed in the appended claims. 16   29 May
2002 WO 99/28084 I Claim: PCTiUS98i24960 1. An apparatus for conditioning a
polishing pad which covers a platen mounted on a polishing machine and is
used to polish a surface of a workpiece, the apparatus comprising: S means
for conditioning the polishing pad by contact with the pad, wherein said
conditioning means is configured with cutting elements secured to a bottom
surface of said conditioning means wherein said secured cutting elements
are coated with a composition that reduces fracturing of the cutting
elements: and means for engaging said conditioning means with the polishing
pad and for rotating 10 said conditioning means and oscillating said
conditioning means over a top surface of the polishing pad. ?. The
apparatus recited in claim 1, wherein said composition comprises at least
one of a titanium nitride containing composition and a thin film diamond
deposition. 3. The apparatus recited in claim 2, wherein said composition
comprises: 1 ~ a titanium nitride component; and a zirconium nitride
component. 4. The apparatus recited in claim 1, wherein said cutting
elements are braze bonded to the bottom surface of the conditioning means
and said composition comprises at Ieast one of a titanium nitride
containing composition and a thin film diamond deposition deposited over an
20 entire surface of said brazed bonded cutting elements. 5. The apparatus
recited in claim 1, wherein said engaging, rotating and oscillating means
comprises an operating arm adapted for moving said conditioning means into,
and out of, operative engagement with the top surface of the pad, and for
oscillating said conditioning means radially over the top surface of the
pad. 2~ 6. The apparatus recited in claim 1, wherein said conditioning
means comprises a conditioning ring, and where said cutting elements are
disposed on a bottom surface of said conditioning ring. 



7. The apparatus recited in claim 6, wherein said cutting elements are
disposed 011 a flange which extends about the periphery of said
conditioning ring and wherein said flange 30 includes cutout portions to
permit materials to escape from the interior oI'said COnd111U11111~ rin_~
8. The apparatus recited in claim 7, wherein said cutting elements are
substantially 17   29 May 2002 5 10 I~ 20 25 3U WO 99/Z8084 PCT/US98/24960
uniformly distributed on said flange. 9. The apparatus recited in claim 7,
wherein said cutting elements are bonded to said flange with a brazed metal
alloy. I 0. ~ The apparatus recited in claim 9, wherein said brazed metal
alloy covers about 25% to 40% of said cutting elements. 1 I. The apparatus
recited in claim I, wherein said cutting elements comprise diamond
particles. 12. An apparatus for conditioning a polishing pad while
workpieces are being polished on the pad, said apparatus being mountable to
a movable carrier element for carrying the workpieces to be polished into
contact with the polishing pad. said apparatus comprising means for
conditioning the polishing pad by contact with the pad, wherein said
conditioning means comprises cutting elements secured to a bottom surface
of said conditioning means and a composition comprising at least one of a
titanium nitride containing composition and a thin (i1111 diamond
deposition covering said cutting elements. 13. The apparatus recited tn
claim 12, wherein said conditioning rncans is a ring configured to mount
around the outer perimeter of the workpiece carrier element, and wherein
said cutting elements are disposed on a bottom surface of said ring. 14.
The apparatus recited in claim 13, wherein said cutting elements are
disposed on a flange which extends about the periphery of the ring, and
wherein said flange includes cutout portions to permit materials to escape
from the interior of the ring. 15. The apparatus recited in claim 14,
wherein said cutting elements are substantially uniformly distributed on
said flange. 16. The apparatus recited in claim 14, wherein said cutting
elements are bonded to said flange with a brazed metal alloy. 17. The
apparatus recited in claim 16, wherein said brazed metal alloy covers about
25% to 40% of said cutting elements. 18. The apparatus recited in claim 12,
wherein said cutting elements comprise diamond particles. 19. An apparatus
for conditioning a polishing pad used in chemical-mechanical planarization
of semiconductor wafers, comprisint. a conditioning rii:g that rotates
about a vertical axis; a flange attached to said conditioning, rtn~~; 18
29 May 2002 WO 99I28084 PCT/US98/24960 cutting elements secured to said
flange using a brazed metal alloy; and a composition coating said cutting
elements. 20. The apparatus of claim 19, wherein said cutting elements are
substantially uniformly distributed on said flange. 



5 21. The apparatus recited in claim 16, wherein said cutting elements are
bonded to said flange with a brazed metal alloy. 22. The apparatus recited
in claim 21, wherein said brazed metal alloy covers about 2~~o to 40% of
said cutting elements. 23. The apparatus recited in claim 19, wherein said
cutting elements comprise diamond 10 particles. 24. The apparatus recited
in claim '_'3, wherein said composition comprises at least one of a
titanium nitride containinb composition and a thin film diamond deposition.
25. The apparatus recited in claim ? i, wherein said composition comprises:
a titanium nitride component; 15 and a zirconium nitride component. 26. An
apparatus for conditioning a polishing pad comprising: a conditioning ring
having a top surface and a bottom surface; a plurality of cutting elements
braze-bonded to the bottom surface of said conditioning ring; and 20 a
composition comprising at least one of a titanium nitride containing
composition and a thin film diamond deposited over said plurality of
braze-bonded cutting elements. 27. An apparatus for conditioning a
polishing pad comprising: a conditioning apparatus; 25 a plurality of
cutting elements secured to a surface of said conditioning apparatus; and a
composition comprising at least one of a titanium nitride containinb
composition and a thin film diamond deposition covering said plurality of
secured cutt~nb elements. 2$. A method for conditioning a polishing pad
used to polish worl:pieces. comprising 3U the steps of: providing a
poUshing apparatus havuy a polishmc pad attached thereto; providing a
conditioning apparatus for conditioning s,nd polishing pad, said l9   29
May 2002 WO 99/28084 PCTIUS98/2a960 conditioning apparatus comprising a
conditioning ring and cutting elements attached with a brazed alloy to at
least one surface of said conditioning ring and a composition coating said
cutting elements which reduces fracturing of said cutting elements:
pressing said cutting elements on said conditioning ring against a surface
of said 



polishing pad: and moving at least one of said polishing pad and said
conditioning ring relative to each other so that said cutting elements
condition said pad. 29. The method of claim 28, wherein said moving step
further comprises rotating said polishing pad about a vertical axis. 10 30.
The method of claim 28, wherein said moving step further comprises rotating
said conditioning apparatus about a vertical axis 31. The method of claim
28, wherein said conditioning apparatus further comprises an operating arm
for holding said conditioning nng, and wherein said moving step further
comprises oscillating said conditioning ring across said polishing pad
using; said operating arm. 1 ~ 3'?. A method for conditioning; a polishing
pad while workpieces are being polished on said pad, comprising the steps
of: providing a polishing apparatus having a polishing pad attached
thereto; providing a workpiece carrier for holding said workpiece during
polishing; providing a conditioning apparatus for conditioning said
polishing pad comprising 20 a conditioning ring and cutting elements
attached with a brazed alloy to at least one surface of said conditioning
ring and a composition coating said cutting elements which reduces
fracturing of said cutting elements; polishing said workpiece by pressing
said workpiece against a surface of said polishing pads containing said
cutting elements; and 25 moving at least one of said polishing pad and said
conditioning ring relative to each other so that said cutting elements
condition said pad while said workpiece is being polished. 33. The method
of claim 32, wherein said moving step further comprises the step of
rotating said conditioning apparatus about a vertical axis. 34. The method
of claim 32, wherein said movine step further comprises the step of ,(l
rotating said polishing pad about a vertical axis. 3~ The method of claim
32, whercm said movinn step fmtilcr compr~scs tl~c step of osc~IlaUnc said
condiuonu5s rin~~ across said polislsing pad usii~~; said workpiece carrier
whemin '_' 0   29 May 2002 H'O 99I28084 PCT,~L1S98/24960 said conditioning
ring is attached to said workpiece carrier. 36. A method for making a
conditioning apparatus used to condition a polishing pad 



for polishing a surface of a workpiece, comprising the steps of: placing a
plurality of cutting elements on said conditioning apparatus; placing
brazed alloy particles on said conditioning apparatus; placing a temporary
binding agent in contact with said cutting elements, said brazed alloy
particles, and said conditioning apparatus so that the cutting elements and
alloy particles are held in place on said conditioning apparatus; heating
said conditioning apparatus, said cutting elements) and said brazed alloy
10 particles melt and flow, wetting said cutting elements and said
conditioning apparatus; cooling said conditioning apparatus so that the
melted braze hardens, holding said cutting elements firmly in place on said
conditioning apparatus; and coating said braze-bonded curiinfi elements
with a composition comprising at least 15 one of a titanium nitride
containing composition and a thin film diamond deposition. 37. The method
of claim 36) wherein said heating step further comprises heating said
conditioning apparatus in at least one of a reducing atmosphere and a
vacuum. 38. A method for making a conditioning apparatus used to condition
a polishing pad, comprising the steps of: placing a braze alloy on said
conditioning apparatus; 20 fusing said braze alloy to said conditioning
apparatus; placing a plurality of cutting elements in contact with said
braze alloy on said conditioning apparatus; heating said conditioning
apparatus, said braze alloy, and said plurality of cutting 25 elements
until said braze alloy melts and surrounds said plurality of cutting
elements, bonding said plurality of cutting elements to said conditioning
apparatus; and depositing a coating of at least one of a titanium nitride
containing composition and a thin film diamond deposition over said
plurality of cutting elements. 39. The method of claim 38, wherein said
heating step further comprises heating said 30 conditioning apparatus in at
least one of a reducing atmosphere and a vacuum. 40. A method for making a
conditioning apparatus used to condition a polishing 



pad, cornpnsing the steps of: securing a plurality of cutting elements to a
surface of said conditioning apparatus; '_' 1   29 May 2002 WO 99/Z8084
PCT/US98/249(i0 and coating said plurality of secured cutting elements with
a composition comprising at least one of a titanium nitride containing
composition and a thin film diamond deposition. .,,,
.A,L.AL3.A&F.A3.A5F.A&Yy.Al.A&3e.A&Ye.A93.A[Y.A!3.A!Y.ALF.A&F%.A`3.A53.AH3.
A5Y.AsY.A&l%.ALuF%mI mF[   ? N r
V{vpke`[V]ca]ca]caV]ca]caV]ca]ca]caV]ca]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]c^a]ca]ca]ca]ca U]c^a]caU]ca]cRa
Vuo|cgs!5~ytoje`ZU]caV]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]caV]ca]caV]ca]caV]ca
]caV]ca]caV]ca]ca]ca]cRa]ca]c^a]ca]ca]ca]c^a]ca]ca (!J!Y!!!!!$$"$&$$$
%o%%4&&&'`''(](()z)))E*{vqlgb]X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c
a]ca]ca]ca]ca]caU]ca]ca]ca]caV]caV]caV]ca]caV]ca]ca]caV]ca]ca
E*^**+u+++z----.44446879;9G999^::;u;
;7<<<%==={vqlgb]X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]
ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!==F>?@]A`AAA7BBBBCCCCC7DrDDEp
EEE?FFFKGGH5HHH|wrmhb]X]c]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca!H@IJK^KKLwLLLLMWXXX?Y0\
]9abcccghjnnnnnno}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!oo
o$o5ozooo$p!s0ssTtWtZt?wwwyyyzz)z/znzz){{{A|||=}~ytoje`[V]]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]c
a]ca]caU]ca!=}~$O&A0mf5E%n+1{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca
]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!1=L\Yp%18:
IJ1E$x6zupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV
]ca
V]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!6p#_r#E2-F}xsnid_Z]]]c]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca!F%o2+1=IXUIHU}xsnid_Z]]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!g}s%a=d,zgj
ZZ}xsnid_Z]]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ZKNDGD2
*{}}xsnid_Z]]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cakm{\=z#10%H&'()-y10%H&'()-SS10%H&'()
-!)0,f&10%)H)H&'()-!,f&10%&'()- ,f&10%A A &'()-mI
maB`!!10%H&'()-!10%H&'()-9!10%H&'()-!h@#10%hHhH&'()-#10%&'()-!10%H&'()-mF[
r dE/!10%H&'()--!10%H&'()- 



f,m10%H&'()-L*-10%H&'()-$!10%H&'()-s"#10%H&'()-r
VudE&9!10%H&'()-7!10%H&'()-5!10%H&'()- Y4m10%H&'()-9210%H&'()-
1!10%H&'()-uY8_=!L`$10%gg&'()-'!L`$10%&'()-'S#3S10%&'()- 10H 10H
10H,=:10%H&'()-9:#10%H&'()-8zX6_=!L`$10%&'()-'!#L`$10%<<&'()-'L`$10%
&'()-'!L`$10%EE&'()-'!(L`$10%XX&'()-'!L`$10%bb&'()-'Acdefgs{\:!!&M$10%""&'(
)-'#FS10%"&'()- 10 10 10S;s10%&'()-!aL.$10%&'()- !tL.$10%((&'()-
5O(!wU3{\:!a&M$10%;";
"&'()-'!tE&M$10%N"N"&'()-'!~&M$10%X"X"&'()-'!&M$10%b"b"&'()-'!;
&M$10%u"u"&'()-'!&M$10%z"z"&'()-'(!!#$$$$$"$}rg\=!a#3S10%5&'()- 10" 10"
10",;`10%"&'()-!N&.#10%("("&'()- !X&.#10%2"2"&'()- &M$10%"&'()-'"$$$
%o%%4&dEg\=!as!10%5&'()- #10%5&'()-9!10%5&'()-
10%5&'()-&10%5&'()-`!10%&'()-4&&&'`''(dEg\=!a
m10%5&'()-y10%5&'()-L#10%5&'()-f
10%5&'()-!10%5&'()-!10%5&'()-(](()z)))dEg\=!a l%m10%5&'()-#
10%5&'()-Y"!10%5&'()-9 #10%5&'()-  m10%5&'()-S
10%5&'()-)E*^**+u++dEg\=!ay.M10%5&'()-yL-!10%5&'()-y+!10%5&'()-
&*m10%5&'()-&(m 10%5&'()-'!10%5&'()-++z-------xmbC!a,#FT10%5&'()- 105 105
105`;
s10%5&'()-f8#10%5&'()-f2!10%5&'()-s0#10%5&'()--../u1A24xV4mbC!!&L&$10%55&'(
)-'!t7&L&$10%a5a5&'()-' &L&$10%55&'()-'!
&L&$10%55&'()-'!`&L&$10%55&'()-'!&L&$10%&'()-'4=668798999:9;9z[PE:!! 



105 105 105sy;M10%5&'()-!S.#10%@5@5&'()- !X.#10%E5E5&'()-
&L&$10%5&'()-'!N&L&$10%;5;5&'()-';9G999^::;dEPE:!! 105
10%"&'()-L!10%"&'()- !10%"&'()-910%"&'()-10%"&'()-,#YT10%"&'()-;u;
;7<<<%=dEPE:!! 105 fl10%"&'()-s10%"&'()-@!10%"&'()-!10%"&'()-!10%"&'()-
10%"&'()-%====F>?@dEPE:!!
1059%#10%"&'()-3!10%"&'()-`#10%"&'()-Y10%"&'()-!10%"&'()-!10%"&'()-@]AAA7BB
BdEPE:!! 105 6F10%"&'()-y@510%"&'()-y3!10%"&'()-
2Z10%"&'()-&.10%"&'()-'!10%"&'()-BCCCCCCCC_@!!
10`10%5&'()-!,L!10%&'()-@#lf10%5&'()- 10" 10" 10";
`10%"&'()-&810%"&'()-C7DrDDEpEEdE_@!! 10s!10%5&'()- m10%5&'()- L10%5&'()-
!10%5&'()-&10%5&'()-  10%5&'()-EE?FPFFFKGaB_@!! 10!10%5&'()-
Sl10%5&'()-!,,10%55&'()-z,10% &'()-zs#10%5&'()-M10%5&'()-KGGH5HHH@IdE_@!!
10&l($10%5&'()-&!10%5&'()- Y%m10%5&'()- "10%5&'()-,
10%5&'()-Ly#10%5&'()-@IJK^KKLwLdE_@!!
10y6!10%5&'()-y5!10%5&'()-y3!10%5&'()-
1m10%5&'()-&L010%5&'()-y*!10%5&'()-wLLLLLLLMNb@!!
10!`&ss$10%""&'()-3&ss$10%&'()-3"3S10%"&'()- 



105 105 105y;
`10%5&'()-S8$10%5&'()-NaPQSUWXwU3b@!p&ss$10%J"J"&'()-3!y&ss$10%S"S"&'()-3!&
ss$10%b"b"&'()-3!&ss$10%z"z"&'()-3!&ss$10%""&'()-3!
&ss$10%""&'()-3XXXXXX?YOZ[~\:!p!&s`$10%""&'()-'!-&s`$10%""&'()-'!&s`$10%&'(
)-',#YT10%"&'()- 10" 10" 10";L10%"&'()-[0\]^`9abwX6~\:!!f&/$10%@"@"&'()-m
&s`$10%"&'()-'!t&s`$10%N"N"&'()-'!&s`$10%""&'()-'!&s`$10%~"~"&'()-'!&s`$10%
""&'()-'b/ccccccc+e{\:!!!`L9$10%gg&'()-#3S10%&'()-  10" 10" 10";
s10%"&'()-!&/$10%m"m"&'()-m !f&/$10%@"@"&'()-m
+eghij8lnwU3{\:!k9&'$10%22&'()-t!~9&'$10%EE&'()-t!`L9$10%&'()-!k`L9$10%22&'
()-!~`L9$10%EE&'()-!)`L9$10%JJ&'()-nnnnnnnnn{\=!k `10%:&'()-#YS10%:&'()- 10
10 10s;10%&'()-!9&'$10%KK&'()-t!f9&'$10%--&'()-tnno ozooodE{\=!kY
10%:&'()-10%:&'()-`9!10%:&'()-9!10%:E&'()-10%:&'()-10%:&'()-o$psTtWtZt?wdE{
\=!k,3"!10%:&'()-9-10%:&'()-l%10%:&'()-  l10%:&'()-SL!10%:&'()-Y
10%:&'()-?wwwyyyyyybC!k10%c&'()-"3f10%H&'()- 10: 10:
10:`0!10%:&'()-,510%:&'()-Y .m10%:&'()-yzznzz){{dEbC!k
#10%H&'()-&!10%H&'()- !10%H&'()-
10%H&'()-f#Lf10%H&'()-010%H&'()-{{A|||=}~dEbC!ky,!10%H&'()-L#10%H&'()-
10%H&'()-s
10%H&'()-!10%H&'()-L!10%H&'()-~$O&dEbC!k@.!10%H&'()-&-#10%H&'()-S&!10%H&'()
-F%#10%H&'()-f!10%H&'()-9y#10%H&'()-&AxmbC!k#Yf10%5&'()- 10H 10H 



10HLy;10%H&'()-@S8!10%H&'()-
6F10%H&'()-,5y10%H&'()-0-wX6mbC!!,&$10%u5u5&'()- "`L$10%5&'()-G!N2`L$10%;5;
5&'()-G!\`L$10%I5I5&'()-G!a``L$10%N5N5&'()-G!k`L$10%X-X-&'()-GmzX6mbC!!X,&$
10%E5E5&'()- "!\-,&$10%I5I5&'()- ",&$10% &'()- "!k,&$10%X5X5&'()-
"!~#,&$10%k5k5&'()- "!~,&$10%k5k5&'()- "$_=!!X!:!10%44&'()- !$L 10%&'()-
9!10%&'()-"FS10%&'()- 105 105 105s;
10%5&'()-$fG%z[9_=!!!tL1$10%((&'()-F`S&$10%&'()-!k`S&$10%&'()-!~`S&$10%22&'
()-!7`S&$10%@@&'()-:!10%&'()-
%A_=!!!!`9`$10%""&'()-'!9`$10%&'()-'#Fg10%"&'()-  10 10 10y;
10%&'()-L1$10%&'()-FA nwU3_=!k&F.$10%""&'()-
!9`$10%""&'()-'!f9`$10%@"@"&'()-'!y9`$10%S"S"&'()-'!9`$10%b"b"&'()-'!9`$10%
u"u"&'()-'n+./01=L\~_@!k&F.S#y10%&'()-9310%&'()-"3S10%&'()-  10" 10" 10";
10%"&'()-!\@&F.$10%6"6"&'()-
\YpdE~_@!k&F.m10%&'()-``#10%&'()-!10%&'()-9!10%&'()-
m10%&'()-3!10%&'()-%:IbC!k&F. Y
Y10%5&'()-#z10%5&'()-LF10%5&'()-"3S10%5&'()- 10 10 10`,;
10%&'()-J1dEbC!k&F.m10%5&'()-9s!10%5&'()-s!10%5&'()-y#10%5&'()-
10%5&'()-10%5&'()-1EdEbC!k&F. @10%5&'()-10%5&'()-
G10%5&'()-10%5&'()-`#10%5&'()-l
`10%5&'()-$x6pdEbC!k&F.&&s10%5&'()-%t!10%5&'()-y#!10%5&'()- !G10%5&'()-f
10%5&'()-L10%5&'()-p#_dEbC!k&F.y0s!10%5&'()-.#10%5&'()-y,
10%5&'()-yY+!10%5&'()-)t!10%5&'()- 3(G10%5&'()-_r#dE:/ 



105 105L@;10%5&'()- 8F10%5&'()-s6#10%5&'()-y4s!10%5&'()-
L3F10%5&'()-y1`10%5&'()-xY:/
1059-10%'o&'()-Y%10%'o&'()-10%'o&'()-&10%'o&'()- s10%'o&'()-#3S10%'o&'()-
105E8zX6:/ 10!9 "10%'o'o&'()-2!9 "10%'o'o&'()-2!9 "10%'o'o&'()-2!9
"10%'o'o&'()-2!9 "10%''&'()-2,510%'o&'()-]PwU3:/ 1!\9 "10%'o'o&'()-2!\9
"10%'o'o&'()-2!f9 "10%'o'o&'()-2!k9 "10%'o'o&'()-2!y9 "10%'o'o&'()-2!~9
"10%'o'o&'()-22<{Y7 1!! 0`Y#10%44&'()-!ky`Y#10%&'()- 10'o 10'o 10'oy;
10%'o&'()-!9 "10%--&'()-2!S9 "10%''&'()-2<-z[9{Y7
1!!!1y!10%\\&'()-y9`z10%\&'()-
m10%\&'()-!1!10%\\&'()-z!I`Y#10%]\]\&'()-!N`Y#10%b\b\&'()- F^<{Y7 1!!!!p
10%\\&'()-!p 10%dd&'()- 10%O&'()-910%\&'()-g!910%zz&'()-g
F10%\&'()-%o+aB{Y7
1!!!!p)$10%\&'()-!3Q)$10%GJGJ&'()-S3(`10%\&'()-f&!10%\&'()-%#10%\&'()-fy#10
%\&'()-2+dE{Y7 1!!!!p  s610%e&'()-y410%\&'()-l 9310%\&'()-S1 10%\&'()-
010%\&'()-S.F10%\&'()-+./01=IXbC
1!!!!pLl!10%&'()-#9z10%&'()-LsG10%&'()-#YS10%&'()- 10\ 10\ 10\s,;
10%\&'()-UIdEbC 1!!!!p& 10%&'()-910%&'()-9 10%&'()-10%&'()-9
10%&'()-L!10%&'()-IHdEbC 



1!!!!p@!10%&'()-SY10%&'()-&,s10%&'()-#10%&'()-&s10%&'()-S`m10%&'()-UgdEbC
1!!!!p #10%&'()-  "10%&'()- y 10%&'()-10%&'()-S#10%&'()-&10%&'()-}sdEbC
1!!!!p-#10%&'()-+10%&'()- )10%&'()-Y(10%&'()-&!10%&'()-F%&$10%&'()-s%a=dEbC
1!!!!p6Z10%&'()-s510%&'()-`3m10%&'()-1T10%&'()-90m10%&'()-.'!10%&'()-=d~_@
1!!!! F10%"&'()-,G10%"&'()-!\l10%""&'()-t 10 10 10f;
10%&'()-@8!10%&'()-,zgdE~_@ 1!!!! 10%"&'()-@10%"&'()-lt!10%"&'()-
M10%"&'()- 3 10%"&'()- 10%"&'()-gjZdE~_@ 1!!!!s10%"&'()-
10%"&'()-910%"&'()- 10%"&'()-10%"&'()-&10%"&'()-ZKdE~_@ 1!!!!
@#10%"&'()-!10%"&'()-  310%"&'()-10%"&'()- F10%"&'()-s10%"&'()-KNDGdE~_@
1!!!!&,10%"&'()- )10%"&'()-'f10%"&'()- f&10%"&'()-
$10%"&'()-9$10%"&'()-GDdE~_@ 1!!!!&410%"&'()- Y1410%"&'()-/10%"&'()-l
3.10%"&'()-,L10%"&'()-+s!10%"&'()-2dYNC 



1!!!! 10" 10" 10"L:10%"&'()-l 710%"&'()-96G 10%"&'()- 410%"&'()-310%"&'()-
*{ddYNC 1!!!! 10" 10" 10":10%&'()-L3 !10%&'()-10%&'()-`10%&'()-#FS10%&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Fontf!*:6@IU`kv00VE*=Ho=}16FZmmr u8(!"$4&()+-4;9;
%=@BCEKG@IwLNX[b+enno?wy{~&$%An\1p_<+Is=gKG6Times New RomanArialCourier
New"h Root EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


