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2003 The present invention relates to a polishing pad and to a method of
polishing semiconductor substrates where this is employed and, furthermore,
it relates to a polishing pad for 10 mechanically planarizing the surface
of the insulating layers and metallic interconnects formed on silicon or
other such semiconductor substrates. Background Art 15 Year by year, the
mounting densities of large scale integrated circuits (LSTs) typified by
semiconductor memories have increased and, along with this, the widths of
the interconnects on the large scale integrated circuits have 20 narrowed
and the number of superimposed layers has increased. Due to this increase
in the number of superimposed layers, while not an issue in the past,
unevenness of the semiconductor wafer main face, produced as a result of
the layering, has become a problem. As a result, as described in, 25 for
example, Nikkei Microdevice, July 1994, pp 50-57, semiconductor wafer
planarization using chemical mechanical polishing (CMP) techniques has been
investigated with the object of dealing with the inadequate depth of focus
at the time of light exposure brought about by the unevenness 30 produced
by layering, or with the object of improving interconnect densities by
planarizing through-hole regions. Generally speaking, CMP equipment
comprises a polishing head which holds the semiconductor wafer, which is
the material    26 FEBRUARY 2003 being treated, a polishing pad for
carrying out the polishing treatment of the material being treated and a
polishing platen which holds this polishing pad. In the semiconductor wafer
polishing treatment, the wafer surface layers are made 5 smooth by
effecting relative motion between the semiconductor wafer and the polishing
pad, and removing the projecting portions on the semiconductor wafer
surface layers, using a slurry consisting of abrasive particles and
chemical liquid. The polishing rate of a semiconductor wafer, for example
in 



10 the case of a silicon oxide (Si02) film formed on the main face of a
semiconductor wafer, is roughly proportional to the relative speed between
semiconductor wafer and polishing pad, and to the load. Thus, in order to
carry out uniform polishing of each part of a semiconductor wafer, it is 15
necessary to make the load applied to the semiconductor wafer uniform .
When insulating layers and the like formed on the main face of a
semiconductor wafer are subjected to polishing, if the 20 polishing pad is
too soft then the local planarity is adversely affected. For such reasons,
at present a foamed polyurethane sheet of Shore A-type hardness not less
than 90 is employed. However) with foamed polyurethane pads of high
hardness, problems have arisen in that the degree of 25 planarity varies
between areas of different densities of unevenness of the insulating layers
and the like, and a global step height is produced. There is also the
problem that dishing (where the height of the central region of a metallic
interconnect is lower than the edges) occurs when 30 the width of
Damascene-based metallic interconnects is large. Furthermore, there have
also been problems in that the polishing agent is readily adsorbed and
clogging tends to occur, or permanent set of the pad surface layer region
is 2   26 FEBRUARY 2003 produced during the polishing, and so the polishing
rate decreases. Objective of the Invention 5 The objective of the present
invention lies in offering a polishing pad where, in the case of a
polishing pad for mechanically flattening the surfaces of the insulating
layers or metallic interconnects formed on a silicon substrate, the 10
polishing rate is high, the global step height is low, dishing does not
readily occur at the metallic interconnects, clogging and permanent set of
the surface layer region do 'not tend to occur, and the polishing rate is
stable. 15 Disclosure of the Invention The present invention has the
following constitution. "A polishing pad of micro rubber A-type hardness at
least 80, 20 which contains polyurethane and polymer produced from a vinyl
compound, and has closed cells of average cell diameter no more than 1000
um and, furthermore, has a density in the range 0.4 to 1.1." 25 Best Mode
for Carrying Out the Invention Below, the form for practising the invention
is explained. Firstly, the micro rubber A-type hardness referred to in the
30 present invention denotes the value evaluated using a micro 



rubber durometer MD-1 produced by the Kobunshi Keiki Co. Ltd. The micro
rubber durometer MD-1 enables hardness measurements to be carried out on
thin/small items where measurement has 3   26 FEBRUARY 2003 been difficult
with conventional durometers, and because it has been designed and
manufactured as a spring-system rubber durometer A-type model scaled down
to approximately 1/5, measured values which are in agreement with the
spring-system 5 rubber durometer A-type hardness are obtained. Since the
polishing layer or hard layer thickness in the case of ordinary polishing
pads extends less than 5 mm, evaluation is not possible with a
spring-system rubber A-type durometer and so evaluation is carried out with
this micro rubber durometer, 10 MD-1. For the polishing pad of the present
invention, a micro rubber A-type hardness of at least 80, and preferably at
least 90, is necessary. If the micro rubber A-type hardness 15 is not at
least 80, the planarity of the local unevenness on the semiconductor
substrate is unsatisfactory, so this is undesirable. Since the polishing
pad of the present invention has closed 20 cells, it possesses elasticity
in the thickness direction and. even when slurry aggregates and polishing
debris are sandwiched between the surface undergoing polishing and the
polishing pad, scratching can be prevented. It is necessary that the closed
cell diameter be no more than 1000 u as an 25 average diameter, so that
local unevenness is not brought about. No more than 500 um is preferred,
with no more than 30 um still further preferred. It is preferred that the
polishing pad of the present 30 invention has a density lying in the range
0.4 to 1.1. If the density is not at least 0.4, the local planarity is poor
and there is a considerable global step height. If the 4   26 FEBRUARY 2003
density exceeds 1.1, scratching readily occurs. It is further preferred
that the density lies in the range 0.6 to 0.9, with a density in the range
0.65 to 0.85 still more preferred. 5 The polyurethane in the polishing pad
of the present invention is a polymer obtained from a polyisocyanate and a
compound containing active hydrogen, specifically a 



hydroxy or amino group-containing compound with two or 10 more active
hydrogens. As examples of the polyisocyanate, there are tolylene
diisocyanate, diphenylmethane diisocyanate, naphthalene diisocyanate,
tolidine diisocyanate, hexamethylene diisocyanate and isophorone
diisocyanate, but there is no restriction thereto. Polyols are typical of
the 15 polyhydroxy compounds, examples of which are polyetherpolyols,
polypropylene glycol, polytetramethylene ether glycol, epoxy resin-modified
polyols, polyester polyols, acryl polyols, polybutadiene polyols, silicone
polyols and the like. Of these, the polyurethanes obtained from a 20
combination of tolylene diisocyanate or diphenylmethane diisocyanate, as
the polyisocyanate, and polypropylene glycol or polytetramethylene ether
glycol, as the polyol, are outstanding in their mouldability and are widely
used, so are preferred. 25 The present invention is a polishing pad
containing polyurethane and polymer produced from a vinyl compound, and
which has closed cells. With a polyurethane, as the hardness is raised it
becomes more brittle. Furthermore, while it is 30 possible to raise the
toughness and hardness merely using polymer from a vinyl compound, it has
been difficult to obtain a homogenous polishing pad with closed cells.
However, by incorporating polyurethane and polymer produced from a 5   26
FEBRUARY 2003 vinyl compound, it has been possible to produce a polishing
pad of high toughness and hardness which contains closed cells. 5 In the
present invention, a vinyl compound means a compound With a polymerizable
carbon-carbon double bond. Specific examples are methyl methacrylate) ethyl
methacrylate, propyl methacrylate, n-butyl methacrylate, isobutyl
methacrylate, methyl (a-ethyl)acrylate, ethyl (a-ethyl)acrylate, propyl 10
(a-ethyl)acrylate, butyl (a-ethyl)acrylate, 2-ethylhexyl methacrylate,
isodecyl methacrylate, n-lauryl methacrylate, 2-hydroxyethyl methacrylate,
2-hydroxypropyl methacrylate, 2hydroxyethyl acrylate, 2-hydroxypropyl
aarylate, 2hydroxybutyl methacrylate, dimethylaminoethyl methaarylate, 15
diethylaminoethyl methaarylate, methacrylic acid, glycidyl methacrylate,
ethylene glycol dimethacrylate, fumaric acid, dimethyl fumarate, diethyl
fumarate, dipropyl fumarate, maleic acid, dimethyl m~leate, diethyl
maleate, dipropyl maleate, acrylonitrile, acrylamide, vinyl chloride,
styrene, 20 a-methylstyrene and the like. Amongst these, the preferred
vinyl compounds are methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl methacrylate, methyl
(a-ethyl)acrylate, ethyl (aethyl)acrylate, propyl (a-ethyl)acrylate and
butyl (a 25 ethyl)acrylate. Polyurethanes are easily impregnated with the
aforesaid preferred vinyl compounds, and when the vinyl compound is
polymerized within the polyurethane there is obtained a polishing pad of
high hardness and high toughness. Specific examples of the polymers
produced from the vinyl 30 compounds in the present invention (below
referred to as the vinyl polymers) are polymethyl methacrylate, polyethyl
methacrylate, polypropyl methacrylate, poly(n-butyl 6   



26 FEBRUARY 2003 methacrylate), polyisobutyl methacrylate, polymethyl
(aethyl)acrylate, polyethyl (a-ethyl)acrylate, polypropyl (aethyl)acrylate,
polybutyl (a-ethyl)acrylate, poly(2ethylhexyl methacrylate), polyisodecyl
methacrylate, poly(n 5 lauryl methacrylate), poly(2-hydroxyethyl
methacrylate), poly(2-hydroxypropyl methacrylate), poly(2-hydroxyethyl
acrylate), poly(2-hydroxypropyl acrylate), poly(2hydroxybutyl
methacrylate), polydimethylaminoethyl methacrylate, polydiethylaminoethyl
methacrylate, 10 polymethacrylic acid, polyglycidyl methacrylate,
polyethyleneglycol dimethacrylate, polyfumaric acid, polydimethyl fumarate,
polydiethyl fumarate, polydipropyl fumarate, polymaleic acid, polydimethyl
maleate, polydiethyl maleate, polydipropyl maleate, polyacrylonitrile, 15
polyacrylamide, polyvinyl chloride, polystyrene, poly(amethylstyrene) and
the like. Of these, as preferred polymers, polymethyl methacrylate,
polyethyl methacrylate, polypropyl methacrylate, poly(n-butyl
methacrylate), polyisobutyl methacrylate, polymethyl (a-ethyl)acrylate,
polyethyl (a 20 ethyl)acrylate, polypropyl (a-ethyl)acrylate and polybutyl
(a-ethyl)acrylate can raise the polishing pad hardness, and are tough and
can enhance the planarization properties. In the present invention, the
vinyl polymer content is preferably at least 50 wt% and no more than 90
wt%. If it is 25 less than 50 wt%, then the hardness of the polishing pad
is lowered, which is undesirable. If it exceeds 90 wt%, the pad elasticity
is impaired, so this is undesirable. The polyurethane or vinyl polymer
content of the polishing pad can be measured by subjecting the polishing
pad to pyrolysis 30 gas chromatography/mass spectroscopy. With regard to
the equipment employed in this procedure, as an example of the pyrolyzer,
there is the Double Shot Pyrolyzer PY-2010D 7   26 FEBRUARY 2003 (produced
by Frontier Lab Inc.) and as an example of the gas chromatograph/mass
spectrometer, there, is the TRIO-1 (produced by the VG Co.). 5 What is
meant in the present invention by the polyurethane and the vinyl polymer
being integrally incorporated is that they are not incorporated in a state
in which the polyurethane phase and the polymer phase derived from the
vinyl compound are separate from one-another. Expressed 10 quantitatively,
the infrared spectrum of the polishing pad observed with an infrared
microspectroscope of spot size 50 Eun has the infrared absorption bands of
the polyurethane and the infrared absorption bands of the polymer derived
from the vinyl compound, and the infrared spectrum is essentially 15 the
same in every location. As an example of the infrared microspectroscope
here, there is the IR~s produced by the Spectra-Tech Co. With regard to the
method of producing the polishing pad of 20 the present invention, a
preferred method is the method whereby a previously-produced foamed
polyurethane sheet having closed cells of average cell diameter no more
than 1000 Eun and having a density in the range 0.1 to 1.0 is swollen with
the vinyl compound, after which the vinyl 25 compound is made to polymerize
within the foamed polyurethane. In this way, it is possible to produce a
polishing pad with a closed cell structure in which the polyurethane and
vinyl polymer are integrally. coupled, and so it is possible to enhance
local planarity and reduce the global step height. 30 In a further
preferred method, there is used a foamed polyurethane sheet material of
average cell diameter no more than 500 ~m and of density in the range 0.4
to 0.9. Of 



8   26 FEBRUARY 2003 course, the combination and optimum amounts of the
polyisocyanate, polyol, catalyst, foam stabilizer and foaming agent need to
be determined in accordance with the target polishing pad hardness, cell
diameter and foaming expansion 5 factor. As examples of methods for
bringing about polymerisation of the vinyl compound within the foamed
polyurethane, there are the method of polymerisation by light exposure
using a photo 10 radical initiator, the method of polymerisation by
applying heat using a thermal radical initiator, and the method of
polymerisation by means of an electron beam or by radiation. In the
polishing pad of the present invention, there can also 15 be included
abrasive particles. Examples of the abrasive particles are silica-based
abrasive particles, aluminium oxidebased abrasive particles, cerium
oxide-based abrasive particles and the like. It is desirable that the
abrasive particles be. incorporated into the foamed polyurethane
beforehand. 20 The polishing pad obtained in the present invention can be
used in the form of a composite polishing pad laminated to a sheet having
cushioning properties. On a semiconductor substrate, besides local
unevenness, there are also present 25 somewhat larger undulations, and the
polishing is most often carried out with a cushioning sheet placed beneath
the hard polishing pad (on the polishing machine platen side) as a layer
for absorbing these undulations. 30 Explanation is now given of the method
of polishing a semiconductor substrate using the polishing pad of the
present invention. 9   26 FEBRUARY 2003 When carrying out polishing with
the polishing pad of the present invention, if there is used a silica-based
polishing agent, aluminium oxide-based polishing agent, cerium oxidebased
polishing agent or the like as the polishing agent, it 5 is possible to
locally planarize insulating film or metal interconnect surface unevenness
on the wafer and it is possible to reduce the global step height and
suppress dishing. The polishing pad of the present invention is fixed to
the rotating platen of the polishing machine and the wafer 10 is held on
the wafer carrier by means of a vacuum chuck system. The platen is made to
rotate, and the wafer carrier is made to rotate in the same direction and
pressed against the polishing pad. At this time, polishing agent is
supplied between the polishing pad and wafer. The pressing pressure 



15 is adjusted by control of the force applied to the wafer carrier. Local
planarity is obtained with a pressing pressure of 0.01 to 0.1 MPa, so this
is preferred. The polishing pad of the present invention makes it possible,
20 when planarizing local unevenness on a semiconductor substrate, to
reduce the global step height, suppress dishing and raise the polishing
rate, and clogging or permanent set at the pad surface do not readily occur
and there is no tendency for the polishing rate to deteriorate with elapse
of 25 time, so stable polishing is possible. Examples 'Below, the details
of the invention are further explained 30 along with examples. In these
examples) the various properties were measured by the following methods. 1.
Micro rubber A-type hardness: 10   26 FEBRUARY 2003 This was measured with
a Kobunshi Keiki Co. (address: Shimotachiuri Muromachi Nishiiru,
Kamigyo-ku, Kyoto) Micro Rubber Durometer MD-1. 5 The structure of the
Micro Rubber Durometer MD-1 was as follows. 1.1 Sensor region 10 (1)
loading system: cantilever plate spring (2) spring loading: 0 point 2.24 gf
100 point 33.85 gf (3) spring loading error: t 0.32 gf {4) indenter
dimensions: cylindrical shape of diameter 15 0.16 mm, height 0.5 mm 



(5) displacement detection system: strain gauge (6) pressure bush foot
dimensions: outer diameter 4 mm, inner diameter 1.5 mm 20 1.2 Sensor drive
region (1) drive system: vertical drive based on a stepping motor;
descending rate control based on an air damper (2) vertical stroke: 12 mm
(3) rate of descent: 10-30 mm/sec 25 (4) height adjustment range: 0 to 67
mm (distance between sample table and sensor pressure face) 1.3 Sample
support (1) Sample support dimensions: diameter 80 mm 30 (2) Fine
adjustment mechanism: fine adjustment based on XY table and micrometer
head; stroke 15 mm for both X and Y axes (3) Level regulator: main legs for
level adjustment and 11   26 FEBRUARY 2003 round spirit level 2. Global
step height 5 ( 1 ) Test wafer A 20 mm square die was arranged on a 6 inch
silicon wafer. In this 20 mm square die, there were arranged, in line and
space fashion, aluminium interconnects of width 40 dun 'and 10 height 1. 2
Eun at a spacing of 40 dun on the lef t half and aluminium interconnects of
width 400 dun and height 1.2 ~.un at a spacing of 40 Eun on the right half.
Furthermore, a insulating film was formed on top at a thickness of 3 Eun by
CVD using tetraethoxysilane, and the global step height 



15 evaluation test wafer was thus prepared. (2) Evaluation method The test
Wafer used for global step height evaluation was 20 fitted to the polishing
head of the polishing machine and made to rotate at 37 rpm. The composite
polishing pad was fitted to the polishing machine platen and rotated at 36
rpm in the same direction as the direction of rotation of the polishing
head. While supplying silica-based polishing agent 25 at 200 ml/min,
polishing was carried out for a specified time at a polishing pressure of
0.05 MPa. The global step height between the 40 Eun width and 400 stn width
interconnect regions on the global step height evaluation test wafer was
measured. 30 3. Copper interconnect dishing (1) Test wafer 12   26 FEBRUARY
2003 On a 6 inch silicon Wafer, grooves of with 100 Eun and depth 0.7 dun
were formed at a 100 dun spacing. On top, copper was formed at a thickness
of 2 dun by a plating method and the test wafer for evaluation of the
copper interconnect dishing 5 thus produced. (2) Evaluation method The test
wafer for evaluation of the copper interconnect 10 dishing was fitted to
the polishing head of the polishing machine and rotated at 37 rpm. The
composite polishing pad was fixed to the polishing machine platen and
rotated at 36 rpm in the same direction as the direction of rotation of the
polishing head. While supplying alumina-based polishing 15 agent at 180
ml/min, (polishing was carried out for a specified time at a polishing
pressure of 0.04 MPa. The difference in the thickness of the central region
of the copper interconnects and the thickness of the edge regions of the
copper interconnects on the test Wafer used for 20 evaluation of the copper
interconnect dishing was taken as the amount of dishing. 4. Oxide film
removal rate 25 (1) Test wafer By forming a 1.2 dun thermally oxidized film
on a 6 inch silicon wafer, the test wafer for evaluation of the oxide film
removal rate was produced. 



30 (2) Evaluation method 13   26 FEBRUARY 2003 A composite polishing pad
was produced by sticking a nonrigid foamed polyurethane sheet of thickness
1.2 mm to the polishing pad. The test wafer for evaluation of the oxide
film removal rate was fatted to the polishing head of the 5 polishing
machine and rotated at 37 rpm. The composite polishing pad was fixed to the
platen of the polishing machine and rotated at 36 rpm in the same direction
as the rotation direction of the polishing head. The polishing was carried
out for a specified time at a polishing pressure of 10 0.05 MPa while
supplying specified polishing agent at 225 ml/min, and the oxide film
removal rate measured. Next, ten such test wafers for evaluation of the
oxide film removal rate were subjected to the polishing treatment and 15
the oxide removal rate measured for the 10th Wafer. Furthermore, the
polishing of 1000 wafers was carried out with the surface of the composite
polishing pad being given an approximately 0.5 ~m dressing with a diamond
dresser every 10th time, after which the polishing rate for the 1000th
wafer 20 was measured. Example 1 30 parts by Weight of polypropylene
glycol, 40 parts by 25 weight of diphenylmethane diisocyanate, 0.8 parts by
weight of water, 0.3 parts by weight of triethylamine, 1.7 parts by weight
of silicone foam stabilizer and 0.09 parts by weight of tin octylate were
mixed together in an RIM moulding machine, then discharged into a mould and
pressure moulding 30 carried out to produce a foamed polyurethane sheet of
thickness 1.5 mm (micro rubber A-type hardness - 50, density: 0.51, average
diameter of closed cells: 40 ~.~m). Said polyurethane sheet was then soaked
for 15 hours in 14   26 FEBRUARY 2003 methyl methacrylate to which 0.1
parts by ~ weight of azobisisobutyronitrile had been added. The foamed
polyurethane sheet which had been swollen with methyl methacrylate was
sandwiched between glass plates and heated 5 for 24 hours at 70C. After
heating, the sheet was removed 



from the glass plates and dried under vacuum at 50C. Both faces of the
rigid foamed sheet obtained were subjected to grinding to produce a
polishing pad of thickness 1.2 mm. The micro rubber A-type hardness of the
polishing pad obtained 10 Was 98, the density: 0.75, average closed cell
diameter: 60 fun, and the content of the polymethyl methacrylate in the
polishing pad was 82 wt%. Using a silica-based polishing agent, with a
polishing time 15 of 10 minutes the oxide film removal rate was 1020
~4/min. The oxide film removal rate for the 10th wafer was 950 /min. After
1000 wafers, the removal rate was 940 /min, so there was little fall. 20
When the global step height was evaluated for a polishing time of 7
minutes, the global step height between the 40 ~m width and 400 Eun width
interconnect regions of the global step height evaluation test wafer was
low at 0.02 Vim. 25 When the copper interconnect dishing was evaluated at a
polishing time of 10 minutes, the thickness of the copper interconnect
central region of the test wafer used for copper interconnect dishing
evaluation was 0.65 dun and that of the copper interconnect edge regions
was 0.70 Eun, so the amount 30 of dishing was low at 0.05 Eun. 15   26
FEBRUARY 2003 Example 2 30 parts by weight of polypropylene glycol, 40
parts by weight of diphenylmethane diisocyanate, 1 part by weight of 5
water, 0.2 parts by weight of triethylarnine, 1.8 parts by weight of
silicone foam stabilizer and 0.08 parts by Weight of tin octylate were
mixed together in an RIM moulding machine, then discharged into a mould and
pressure moulding carried outs to produce a foamed polyurethane sheet of 10
thickness 2 mm (micro rubber A-type hardness = 50, density: 0.4, average
diameter of closed cells: 60 Eun). Said polyurethane sheet was soaked for
24 hours in monomer liquid comprising 80 parts by weight of methyl
methacrylate and 20 parts by weight of divinyl benzene to which 0.1 part by
15 weight of azobisisobutyronitrile had been added. The foamed polyurethane
sheet swollen with monomer Was sandwiched between glass plates and heated
for 24 hours at 70C. After the heating, the sheet was removed from the
glass plates and dried under vacuum at 50C. Both faces of the rigid foamed
20 sheet obtained were subjected to grinding to produce a 1.5 mm polishing
pad. The micro rubber A-type hardness of the polishing pad obtained was 98,
the density - 0.81, the average closed cell diameter: 80 Eun, and the
content of the methyl methacrylate/divinyl benzene copolymer in the 25
polishing pad was 85 wt%. 



Using a silica-based polishing agent, with a polishing time of 10 minutes
the oxide film removal rate was 1500 ~r/min. The oxide film removal rate
for the 10th wafer was 1400 /min. 30 After 1000 wafers, the removal rate
was 1380 /min, so there was little fall. 16   26 FEBRUARY 2003 When the
global step height was evaluated for a polishing time of 4.5 minutes, the
global step height was low at 0.01 Eun. 5 When the copper interconnect
dishing was evaluated at a polishing time of 6.5 minutes, the thickness of
the copper interconnect central region of the test wafer used for copper
interconnect dishing evaluation Was 0.66 Eun and the thickness of the edge
regions was 0.68 dun, so the amount of dishing was 10 low at 0.02 Eun.
Example 3 30 parts by weight of polytetramethylene ether glycol, 40 15
parts by weight of tolylene diisocyanate, 0.5 parts by weight of water, 0.2
parts by weight of tripropylamine, 1.8 parts by weight of silicone foam
stabilizer and 0.08 parts by weight of tin octylate were mixed together in
an RIM moulding machine, then discharged into a mould and pressure moulding
20 carried out to produce a foamed polyurethane sheet of thickness 3 mm
(micro rubber A-type hardness = 50, density: 0 . 7 , average diameter of
closed cells : 40 Eun) . Said foamed polyurethane sheet was soaked for 24
hours in monomer liquid comprising 80 parts by Weight of methyl
methacrylate and 20 25 parts by weight of diethylene glycol dimethacrylate
to which 0.1 part by weight of azobisisobutyronitrile had been added. The
foamed polyurethane sheet swollen With monomer Was sandwiched between glass
plates and heated for 24 hours at 70C. After the heating, the sheet was
removed from the 30 glass plates and dried under vacuum at 50C. Both faces
of the rigid foamed sheet obtained were subjected to grinding to produce a
1.0 mm polishing pad. The micro rubber A-type 17  



26 FEBRUARY 2003 hardness of the polishing pad obtained was 99, the
dens~.ty = 0.85, average closed cell diameter: 60 dun, and the content of
methyl methacrylate/diethylene glycol dimethaarylate copolymer was 72 wt%.
A composite polishing pad was produced 5 by sticking together said
polishing pad and a non-rigid foamed polyurethane sheet of thickness 1.2
mrn. Using a silica-based polishing agent) with a polishing time of 10
minutes the oxide film removal rate was 900 A/min. The 10 oxide film
removal rate for the 10th wafer was 850 /min. After 1000 wafers, the
removal rate was 800 /min, and so there was little fall. When the global
step height was evaluated for a polishing 15 time of 8 minutes, it was low
at 0.04 ~.un. When the copper interconnect dishing was evaluated at a
polishing time of 11 minutes, the thickness of the copper interconnect
central region of the test wafer used for copper 20 interconnect dishing
evaluation was 0.66 dun and the thickness of the copper interconnect edge
regions was 0.69 Eun, so the amount of dishing was low at 0.03 Nzn. Example
4 25 30 parts by weight of polypropylene glycol, 40 parts by weight of
diphenylmethane diisocyanate, 0.8 parts by weight of water, 0.3 parts by
weight of triethylamine, 1.7 parts by weight of silicone foam stabilizer,
0.09 parts by weight of 30 tin octylate and 10 parts by weight of
colloids-1 silica of average particle size 0.2 um were mixed together in an
RIM moulding machine, then discharged into a mould and pressure 18 



26 FEBRUARY 2003 moulding carried out to produce a foamed polyurethane
sheet of thickness 1.5 mm (micro rubber A-type hardness = 70, density:
0.91, average diameter of closed cells: 50 dun). Said foamed polyurethane
sheet was soaked for 15 hours in 5 methyl methacrylate to which 0.1 part by
weight of azobisisobutyronitrile had been added. The foamed polyurethane
sheet swollen with methyl methacrylate was sandwiched between glass plates
and heated for 24 hours at 70C. After the heating, the sheet was removed
from the 10 glass plates and dried under vacuum at 50C. Both faces of the
rigid foamed sheet obtained were subjected to grinding to produce a
polishing pad of thickness 1.2 mm. The micro rubber A-type hardness of the
polishing pad obtained was 99, the density: 1.0, the average closed cell
diameter: 70 ~,un, 15 and the dantent of polymethyl methacrylate was 82
wt%. When polishing was carried out for 10 minutes at a polishing pressure
of 0.05 MPa while supplying potassium hydroxide of pH 10 as the polishing
agent at 225 ml/minute, the oxide film 20 removal rate was 1300 /min. The
oxide film removal rate for the 10th wafer Was 1200 /min. After 1000
wafers, the removal rate was 1150 i4/min, so there was little fall. When
polishing was carried out for 5 minutes at a polishing 25 pressure of 0.05
MPa while supplying the potassium hydroxide of pH 10 at 200 ml/minute, the
global step height was low at 0 . 0 3 dun . Example 5 30 30 parts by weight
of polypropylene glycol, 40 parts by weight of diphenylmethane
diisocyanate, 1.2 parts by weight 19   26 FEBRUARY 2003 of water, 0.3 parts
by weight of triethylamine, 1.7 parts by weight of silicone foam stabilizer
and 0.09 parts by weight of tin octylate were mixed together in an RIM
moulding machine, then discharged into a mould and pressure moulding 5
carried out to produce a foamed polyurethane sheet of thickness 1.5 mm
(micro rubber A-type hardness = 50, density: 0.51, average diameter of
closed cells: 40 Eun). Said polyurethane sheet was soaked for 10 hours in
methyl methacrylate to which 0.1 parts by weight of 10
azobisisobutyronitrile had been added. The foamed polyurethane sheet
swollen with methyl methacrylate was sandwiched between glass plates and
heated for 24 hours at 70C. After the heating, the sheet was removed from
the i ' 



glass plates and dried under vacuum at 50C. Both faces of 15 the rigid
foamed sheet obtained were subjected to grinding to produce a polishing pad
of thickness 1.2 mm. The micro rubber A-type hardness of the polishing pad
obtained was 85, density: 0.75, average closed cell diameter: 60 Eun, and
the content of the polymethyl methacrylate in the polishing pad 20 was 75
wt%. Using a silica-based polishing agent, with a polishing time of 10
minutes the oxide film removal rate Was 980 A/min. The oxide film removal
rate for the 10th wafer was 930 ~r/min. 25 After 1000 wafers, the removal
rate was 900 /min, so there was little fall. When the global step height
was evaluated for a polishing time of 7 minutes, the global step height
between the 40 ~.~m 30 width and 400 dun width interconnect regions of the
global step height evaluation test wafer was low at 0.05 Eun. 20   26
FEBRUARY 2003 When the copper interconnect dishing was evaluated at a
polishing time of 10 minutes, the thickness of the copper interconnect
central region of the test wafer used for copper interconnect dishing
evaluation was 0.65 Eun and that of the 5 copper interconnect edge, regions
was 0.70 Eun, so the amount of dishing was low at ~ 0 . 05 dun. Example 6
10 30 parts by weight of polypropylene glycol, 40 parts by weight of
diphenylmethane diisocyanate, 1.5 parts by weight of water, 0.4 parts by
weight of triethylamine, 1.6 parts by weight of silicone foam stabilizer
and 0.I0 part by weight of tin octylate were mixed together in an RIM
moulding machine, 15 then discharged into a mould and pressure moulding
carried out to produce a foamed polyurethane sheet of thickness 1.5~mm
(micro rubber A-type hardness - 50, density: 0.40, average diameter of
closed cells: 150 Eun). Said polyurethane sheet was soaked for 8 hours in
methyl methacrylate to which 20 0.1 part by weight of
azobisisobutyronitrile had been added. The foamed polyurethane sheet
swollen with methyl methacrylate was sandwiched between glass plates and
heated for 24 hours at 70C. After the heating, the sheet was removed from
the glass plates and dried under vacuum at 50C. 25 Both faces of the rigid
foamed sheet obtained were subjected to grinding to produce a polishing pad
of thickness 1.2 mm. The micro rubber A-type hardness of the polishing pad
obtained was 98, the density: 0.?0, average closed cell diameter: 200 pm,
and the content of the polymethyl 30 methacrylate in the polishing pad was
82 wt%. 21   



26 FEBRUARY 2003 Using a silica-based polishing agent, with a polishing
time of 10 minutes the oxide film removal rate was 1050 ~r/min. The oxide
film removal rate for the 10th wafer was 980 ~r/min. After 1000 wafers, the
removal rate was 950 ~r/min) so there 5 was little fall. When the global
step height was evaluated for a polishing time of 7 minutes , the global
step height between the 40 dun width and 400 dun width interconnect regions
of the global 10 step height evaluation test wafer was low at 0.02 ~.im.
When the copper interconnect dishing was evaluated for a polishing time of
10 minutes, the~thickness of the copper interconnect central region on the
test,wafer used for copper 15 interconnect dishing evaluation was 0.65 Eun
and that of the copper interconnect edge regions was 0.70 E,im, so the
amount of dishing was low at 0.05 Eun. Example 7 20 30 parts by weight of
polypropylene glycol, 40 parts by weight of diphenylmethane diisocyanate,
1.8 parts by weight of water, 0.5 parts by weight of triethylamine, 1.7
parts~by weight of silicone foam stabilizer and 0.09 parts by weight 25 of
tin octylate were mixed together in an RIM moulding machine, then
discharged into a mould and pressure moulding carried out to produce a
foamed polyurethane sheet of thickness 1.5 mm (degree of micro rubber
hardness - 50, density: 0.51, average diameter of closed cells: 240 Eun).
30 Said foamed polyurethane sheet was soaked for 7 hours in methyl
methacrylate to which 0.1 part by weight of azobisisobutyronitrile had been
added. The foamed 22   26 FEBRUARY 2003 polyurethane sheet swollen with
methyl methacrylate was sandwiched between glass plates and heated for 24
hours at 70C. After the heating, the sheet was removed from the glass
plates and dried under vacuum at 50C. Both faces of 5 the rigid foamed
sheet obtained were subjected to grinding to produce a polishing pad of
thickness 1.2 mm. The micro rubber A-type hardness of the polishing pad
obtained was 98, density: 0.70, average closed cell diameter: 300 Eun, and
the content of the polymethyl methacrylate in the polishing pad 10 was 85
wt%. Using a silica-based polishing agent, with a polishing time of 10
minutes the oxide film removal rate was 1080~i4/min. The oxide film removal
rate for the 10th wafer was 990 /min. 15 After 1000 wafers, the removal
rate was 960 ~r/min, so there was little fall. 



When the global step height was evaluated for a polishing time of 7
minutes, the global step height between the 40 Eun 20 width and `400 Eun
width interconnect regions of the global step height evaluation test wafer
was low at 0.02 Nm. When the copper interconnect dishing was evaluated at a
polishing time of 10 minutes, the thickness of the copper 25 interconnect
central region on the test wafer used for copper interconnect dishing
evaluation was 0.65 Eun and that of the copper interconnect edge regions
was 0.70 ~~m, so the amount of dishing was low at 0.05 Eun. 30 Example 8 23
26 FEBRUARY 2003 30 parts by Weight of polypropylene glycol, 40 parts by
weight of diphenylmethane diisocyanate, 2.0 parts by weight of water, 0.5
parts by weight of triethylamine, 1.7 parts by weight of silicone foam
stabilizer and 0.09 parts by weight 5 of tin octylate were mixed together
in an RIM moulding machine, then discharged into a mould and pressure
moulding carried out to produce a foamed polyurethane sheet of thickness
1.5 mm (degree of micro rubber hardness ~ 50, density: 0.45, average
diameter of closed cells: 350 dun). i0 Said polyurethane sheet was soaked
for 12 hours in methyl methacrylate to which 0.1 part by weight of
azobisisobutyronitrile had been added. The foamed polyurethane sheet
swollen with methyl methacrylate was sandwiched between glass plates and
heated for 24 hours at 15 70C. After the heating, the sheet was removed
from the glass plates and dried under vacuum at 50C. Both faces of the
rigid foamed sheet obtained were subjected to grinding to produce a
polishing pad of thickness 1.2 mm. The micro rubber A-type hardness of the
polishing pad obtained was 98, 20 density: 0.77, average closed cell
diameter: 480 Eun, and the content of the polymethyl methacrylate in the
polishing pad was 81 wt%. Using a silica-based polishing agent, with a
polishing time 25 of 10 minutes the oxide film removal rate was 1030
i~/min. The oxide film removal rate for the 10th wafer was 960 ~4/min.
After 1000 Wafers, the removal rate was 940 A/min, so there was little
fall. 30 When the global step height was evaluated for a polishing time of
7 minutes, the global step height between the 40 Nm 24  



26 FEBRUARY 2003 Width and 400 Eun width interconnect regions of the global
step height evaluation test wafer was low at 0.03 Vim. When the copper
interconnect dishing was evaluated at a 5 polishing time of 10 minutes, the
thickness of the copper interconnect central region on the test wafer used
for copper interconnect dishing evaluation was 0.65 ~m and that of the
copper interconnect edge regions was 0.70 Eun, so the amount of dishing was
low at 0.04 Eun. 10 Comparative Example 1 78 parts by weight of
polyether-based urethane polymer (Adiprene L-325, produced by Uniroyal) and
20 parts by weight 15 of 4,4'-methylene-bis2-chloroaniline were mixed
together in an RIM mixing machine, then 1.8 parts by weight of hollow
polymer microspheres (Expancel 551 DE) mixed-in, and a rigid foamed
polyurethane sheet of thickness 12 mm produced (micro rubber A-type
hardness = 92, density - 0.78, average 20 diameter of closed cells: 30
Eun). This rigid foamed polyurethane sheet was sliced to produce polishing
pads of thickness 1.2 mm. When polishing was carried out for 10 minutes
while supplying 25 silica-based polishing agent at 225 ml/minute, the oxide
film removal rate was 1100 /minute. The oxide film removal rate for the
10th wafer was 500 i4/minute. After 1000 wafers, the removal rate was 500
~r/minute, and so the fall was considerable. 30 When the global step height
was evaluated for a polishing time of 7 minutes, the global step height was
large at 0.1 Eun. 25   26 FEBRUARY 2003 When the copper interconnect
dishing was evaluated, the thickness of the copper interconnect central
region on the test wafer used for copper interconnect dishing evaluation 5
was 0.40 stn and that of the copper interconnect edge regions was 0.68 dun,
so the amount of dishing was high at 0.28 dun. Comparative Example 2 3.0 78
parts by weight of a polyether-based urethane polymer (Adiprene L-325,
produced by Uniroyal) and 4.64 parts by weight of ethylene glycol were
mixed together in an RIM mixing machine, then 1.5 parts by weight of hollow
polymer microspheres (Expancel 551 DE) mixed-in, and a rigid foamed 15
polyurethane of thickness 12 mm produced (micro rubber A-type hardness =
50, density - 0.75, average diameter of closed cells: 30 Eun). This foamed
polyurethane sheet was sliced to produce polishing pads of thickness 1.2
mm. 



20 When polishing was carried out for 10 minutes while supplying
silica-based polishing agent at 225 ml/minute, the oxide film removal rate
was 400 l~/minute. The oxide film removal rate for the 10th wafer was 300
14/minute. After 1000 wafers, the polishing rate was 200 A/minute, so the
fall was considerable. 25 The global step height was evaluated for_a
polishing time of 19 minutes, but the protrusions on the 40 dun and 400 Eun
lines were not lowered below about 0.2 ~.) so planarity was not obtained.
30 Comparative Example 3 26   26 FEBRUARY 2003 78 parts by weight of
polyether-based urethane polymer (Adiprene L-325, produced by Uniroyal), 10
parts by Weight of 4,4'-methylene-bis2-chloroaniline and 2.32 parts by
Weight of ethylene glycol Were mixed together in an RIM mixing machine, 5
then 1.6 parts by weight of hollow polymer microspheres (Expancel 551 DE)
mixed-in, and a rigid foamed polyurethane of thickness 12 mm produced
(micro rubber A-type hardness = 70, density = 0.78, average diameter of
closed cells: 30 Eun). This foamed polyurethane sheet was sliced to produce
10 polishing pads of thickness 1.2 mm. When polishing was carried out for
10 minutes while supplying silica-based polishing agent at 225 m1/minute,
the oxide film removal rate Was 800 /minute. The oxide film removal rate 15
for the 10th wafer Was 600 /minute. After 1000 Wafers, the polishing rate
was 400 /minute, so the fall was considerable. The global step height was
evaluated for a polishing time of 9 minutes, but the protrusions on the 40
urn and 400 Eun lines 20 Were not lowered below about 0.1 ~., so planarity
was not obtained. Industrial Applicability 25 By means of the present
invention, there is provided a polishing pad which, in the mechanical
planarization process whereby the surface of the insulating layers or metal
interconnects formed on the silicon substrate are smoothed by polishing,
the polishing rate is high, the global step height 30 is low, dishing does
not readily occur at the metal interconnects, clogging or permanent set at
the surface 27 



26 FEBRUARY 2003 regions do not tend to oaaur, and the poi3shing ~a~a se
sable . 2 8'   Table 1 N Pol thane/V'm I Pol er Polish Pad
StructurePolishin PerformanceVin 1 Po erPolishin Rate atinnteMicro Robber A
type DensityAverage Closed  Cell Diameter Monomer Content  ~b~ After
Polishing 



Global Step  l ht ) H Amount of  hi m) DiHardness (~(g/cm~(~)Components
(weight ratio)(weight %) .10th Wafer1000th Waferc g (lsm s ng (pExample
1980.7S60~8210209509400.020.05920.7830-011005005000.100.28 



lc 2500.7530 ~, -0400300200pla~3' not obtained-Comparative le 37 00 . 7
g30-08006p0400p~~' not obtained-Example
2980.8180~851500140013800.010.02Example 3990.8S60~ ~729008S08000.040.03Ex
le 4991.070MMA821300120011500.03-Example 5850.75~
60~759809309000.050.10Example 6980.70200~8210509809500.020.04Example
7980.70300~8510809909600.Q20.04Example 898~0.7"7480~8110309609400.030.04
11A: methyl methacrylate DvB: divinylbenzene DEGDMA: diethylene glycol
t7imethacrylate m C N O O W   Claims: 27 FEBRUARY 2003 1. A polishing pad
of micro rubber A-type hardness at least 80, ~thioh vontains polyurethane
and polymer produced 5~ from a~vinyl compound, and Which possesses closed
cells. 2. A polishing pad according to Claim 1 whivh is clxaraaterized in
that the polyurethane and polymer polymerized from a vinyl compound are
integrally incorporated. 10 . ~ ~ ` 3. A polishing pad according to Claim 1
whioh is vharaaterized in that the perventage content of the polymer
polymerized from a vinyl compound is at least 50 wt% but no more than 90
Wt%. 15 20 4. A polishing pad. according to Claim 1 where~the vinyl
compound is represented 'by CH2=CRiCOOR2 (R~ = methyl group or ethyl group,
R2 = methyl group) ethyl group, propyl group or butyl group). 5. A
polishing pad according to Claim 1 which is characterized in that the micro
rubber hardness is at least 90 . 



25 6. A polishing pad avcording to Claim 1 which is characterized in that
the density is from 0.4 to 1.1. 7. A polishing pad according to Claim 1
which is characterized in that the density is from 0.6 to 0.9. 30 8. A
polishing pad according to Claim 1 which is characterized in that the
density is from 0.65 to 0.85. 30   26 FEBRUARY 2003 9. A polishing pad
according to Claim 1 which is characterized in that the average cell
diameter of the closed cells is no more than 1000 dun. 5 10. A polishing
pad according to Claim 1 which is characterized in that the average cell
diameter of the closed cells is no more than 500 Eun. li. A polishing pad
according to Claim 1 which is 10 characterized in that the average cell
diameter of the closed cells is no more than 300 Eun. 12. A composite
polishing pad formed by laminating a polishing pad according to Claim 1 and
a cushioning sheet. 15 13. A method of producing a polishing pad which is
characterized in that a foamed polyurethane sheet having closed cells of
average cell diameter no more than 1000 Nm and of density in the range 0.1
to 1.0 is impregnated with 20 vinyl compound, after which the vinyl
compound is polymerized. 14. A method of producing a polishing pad
according to Claim 13 which is characterized in that the vinyl compound is
represented by CHZ=CR1COOR2 (R1 = methyl group or ethyl group, 



25 RZ = methyl group, ethyl group, propyl group or butyl group). 15. A
method of polishing a semiconductor substrate which is characterized in
that a polishing pad according to Claim 1 or a composite pad with this as a
structural element is fixed 31   26 FEBRUARY 2003 to a polishing platen,
and the semiconduotor substrate polished while interposing polishing agent
between said polishing pad and the semioonduotor substrate fixed to the
polishing head. 5 32 .Ah&.A,a,.AY@.AY@,.AS@.A@%.AY.A3,y.Ay;
,.AY(@.AFa,.AF(@.AF,.Al@.A@R.AY?.AFR.AN@.AF@.AF,.AfS.Af9.AS.AY@.AY{,.A,R.A
Sy.AfA.F.AU9.A@@.Aa, 0A4
&'T<Qztoid_ZU]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]caU]caU]caU]caU]ca]ca]ca]caU
]caU]ca]ca]ca]caU]ca]caU]caU]caU]caU]ca]c<aU]c<aQRW'+:=K[vxer
!+/3={upje_ZTU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]c
a]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
=EMl"]ln$%DIZ}xsnhb\Vje_ZTU]U]caU]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]ca]caYZ34vw|;
p#)bmo~ytnic]Wje_ZTU]UU]caU]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]
caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]caU]caU]cabc$%|vpjd^XR~ytnic]Wje
_ZTU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca
U]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca%./ab{|!"-.78DEVW\z{{vqlga[Unic]
Wje_ZTU]U]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]caU]caU]caU]caU]caU
]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca  9 : B \ ]    x!!+"e"j"{""##
${vpkfa\VQje_]caU]ca]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]caU]caU]caU]caU
]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca
$\$$l&&''''5(s((X)])n)))}../00001312P24444}wqlf`ZUje_]ca]caU]caU]caU]ca]caU
]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca4555"5&515:5@5J5P5`55555555555667<7A7R77G899{vqlf`ZTje_]cU]ca
U]caU]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca]caU]ca9999::: :7:;:H:f:r::::::;
;1;5;W;c;f;t;;;;;;;{vpke`ZUje_]cU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca;
;;;;;<<6<@<H<N<Z<_<y<<<<<<<<<<[=n=p=s==6>s>>ztnid^YSje_]U]ca]caU]ca]ca]caU]
caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca>Z??@K@@gAAABBBBCCCCCDNDeDgDDDD E
EDEEEEF|vpke_ZTje_]UU]ca]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]ca]
ca]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caFF.FcFFFF:GxGGGGG/H2H
5HFHYHoHH4I_JJJM#M2M8MIMLMPMUM]Mzupke`ZUUU]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]caU]ca]ca
]MdMlMMN>NPNfN:QUQgQQQRRR*RcRRR5TTTU
VJV\VfVVXXX}wrlga\VQke`]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]c
a]ca]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]caXXXXYYZ[\[[_\\J
]]]w^^^^^^l__`aa*bbcRccczuojd_ZTke`]cU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
]caU]ca]ca]ca]ca]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca]caU]ca]cac
dddeqeve{ee.fmffffffffg2hhhhhhhhhhiii{vpke`ZUke`]cU]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca]caU]caU]ca]ca]
ca]caU]caiiiii1i:i=iGi_iiiiij!j:jAjEjNjQjj=kCkTkkklmmnno|wrmhc^YTc]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca oKoro|oop"q(q9qqqq"rr4srs%tbttu;
v{vvvvvvvGwJwMwawhw~ysnic^YSU]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]caU]
caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca
hwlw|wwwwwwwxxxxxxxxxx,y9y<yByFyYyyyyyyz
z{vpke`ZUic^YSU]]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca z$z(z0z9z;
z=zDzKz[zkzvzyz}zzzzzzzzzzzzz{{{){-{2{{upje_ZTic^YSUU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c aU]c
a]caU]ca]caU]ca2{p{{q||||8}}}}~NzO[zuoid_YSic^YSU]caU]ca]ca]caU]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]ca]ca]ca]ca]caU]caU]ca]caU]c
aU]ca]ca[]6pLVY +f {FK7~
#zytnic^XRic^YSU]caU]ca]caU]ca]caU]ca]caU]caU]caU]caU]caU]caU]ca]ca]ca]caU]
ca]ca]ca]caU]ca]caU]caU]ca]caU]ca]caU]caU]caU]ca]caY@8,tz7:EQkor|j_a~ysnhc]
Xic^YSU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca
]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]caU]caanpA.?C~N\VZ{uojd_YSic^YSUU]caU]ca]
caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca]caU]ca]ca]caU]ca]caU]ca]c
aU]ca]caU]ca]caU]ca]caU]ca4:Kv.c@~8E06G{vpjd_ZTic^YSUUU]ca]ca]caU]caU]caU]c
a]ca]ca]ca]caU]caU]caU]caU]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]caU]ca]ca
U]ca]ca]ca]ca>K
QjoC#&._ztoid^XRic^YSU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]ca]ca]caU
]ca]caU]ca 



U]c^aU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caUWwy%Ybhyz+
zuojd_ZUic^YSU]]ca]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]ca]ca]caU]caU]ca]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]camps'*.8>@Cbhyz+
zuojd_ZUic^YSU]]ca]ca]caU]ca]caU]ca]caU]caU]caU]caU]ca]ca]ca]caU]caU]ca]ca]
caUU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca  0AaB10% h&'()-@10%
h&'()-f 10% h&'()- 10% h&'()-s10%
h&'()-!&10%hh&'()-A~wU3!}l$10%hh&'()-!l$10%hh&'()-!l$10%hh&'()-!l$10%
&'()-!,&$10%hh&'()-g!t,&$10%hh&'()-g<~_=!}!\, "10%00&'()-,10%&'()- 10 h 10
h 10 h9s10% h&'()-@5!10% h&'()-S!sl$10%hh&'()- W wU3~_=!X,S "10%,,&'()-!a,S
"10%55&'()-!f,S "10%::&'()-!a, "10%55&'()-!a, "10%55&'()-!\8,
"10%00&'()-[xe{Y7!!k $10%&'()-,!! $10%&'()-,!@!10%&'()-9 10 10
10y:s10%&'()-!f,S "10%::&'()-eMl"}[<{Y7!!Y*s10%&'()-!~l`!`$10%%%&'()-
!l`!`$10%&'()- L10%&'()-lL10%&'()-!t $10%&'()-,DFGHIJ}rg\:!!!fl@`$10%
&'()-  10 10 10f;`10%&'()-!Y0`$10%==&'()- 



!Y0`$10%&'()- -10%&'()-J5;#wU3g\:!Y"`$10%**&'()- !~Y"`$10%%%&'()-
!Y"`$10%&'()- !yY$10%  &'()-!yY$10%  &'()-!l@`$10%&'()- -m{\=! 10%&'()-S@
@10%&'()- 10 10 10f;s10%&'()-!yY2:$10%  &'()-!Y2:$10%&'()-mov
zX9{\=!f*10%&'()-!ffyf#10%&'()-`!kfyf#10%&'()-`!fyf#10%&'()-`!~fyf#10%++&'(
)-` 10%&'()- x!e"g"h"i"j"{""{\=! 10%&'()- 10%&'()- 10 10
10:s10%&'()-!kS+#10%&'()-f!fS+#10%&'()-f"
$D%l&'(X)wU3{\=!a@#10%!!&'()-M*!t@#10%44&'()-M*!p@#10%00&'()-M*!t@#10%44&'(
)-M*!~@#10%>>&'()-M*!8@#10%HH&'()-M*X)Z)[)\)])R*\+n,-{Y7!!~YM$10%%%&'()-2!~
YM$10%%%&'()-2!YM$10%//&'()-2!YM$10%//&'()-2 10 10
109:`10%&'()--./0000031zodY7!!,L!10%&'()-T 10 10 10;
`10%&'()-!xYM$10%//&'()-2!xYM$10%33&'()-2!|YM$10%//&'()-231P234~44`5wU3dY7!
3(s$10%cc&'()-3
!3l"$10%UU&'()-T!3l"$10%&'()-T!~3$10%KK&'()-!3$10%^^&'()-!3$10%UU&'()-`567<
7>7?7@7A7R7}rg\=!,10%&'()- 10 



10 10f;s10%&'()-6!10%&'()-!}3(s$10%YY&'()-3 !}3(s$10%YY&'()-3 R77G889-:
;zX6g\=!!ky,"10%&'()-`!~y,"10%&'()-`!X"10%&'()-@!f"10%&'()-@!@3"10%&'()-@S
10%&'()- ;<<[=n=p=q=r=s=z[PE:!! 10 10
10F:s10%&'()-4t10%&'()-!ky1"10%&'()-T!fy,"10%&'()-`!ky,"10%&'()-`s=s>?@gAAB
wU3PE:!Y!$10%**&'()-!yY!$10%&'()-!~Y@#10%%%&'()-S!~Y@#10%%%&'()-S!Y@#10%**&
'()-S!~Y@#10%%%&'()-SBBCrCCCCC}^?4:! 10@f;10%&'()-610%&'()-!yYs0$10% (
(&'()-!fYs0$10%&'()--F10%&'()-Y!$10%&'()-CCCCeDgDDDmL:! 10@f; YF10%K
K&'()-zM!10%&'()-@  10%&'()-SM!10%&'()-,10%&'()- 10 10D E
EDEEEFxV4L:!!FY!10%&'()-S!&Y!10%&'()-S!!Y!10%00&'()-S
!Y!10%&'()-S0!YF10%&'()-z!&YF10%&'()-zF.FFF:GMG{G{Z8L:!!!9FL0s!10%&'()-
FL0s!10%ZZ&'()-!DF%!10%&'()-p
4F%!10%&'()-p!4F%!10%&'()-pP&$10%&'()-{GGG/H2H3H4H5HFHzodY:!!!@10%&'()- 10
10
10,<10%&'()-!4FL0s!10%&'()-!NFL0s!10%zz&'()-!@FL0s!10%&'()-FHYHoHH4I_JJ^?dY
:!!!Y#10%&'()-!yY#10%33&'()-!~Y#10%88&'()-10%&'()-sf10%&'()-`10%&'()-JJKLM#
M2Mz[<dY:!!!410%&'()-YS210%&'()-!F`!$10%FF&'()-!F`!$10%BB&'()-!F`!$10%&'()-
10%&'()-2M5M6M7M8MMPNfNN{\:!!!!F$10%&'()-Fz10%&'()-!,@#10%&'()-!,T 10%&'()-
10 10 10,y; 



10%&'()-NOP:QUQgQQz[9{\:!!!!$-!10%&'()- F*Z
10%&'()-'10%&'()-!sF$10%PP&'()-!F$10%FF&'()-!F$10%==&'()-QQRRRRR*RSb@!!!!!y
*#10%  &'()-Z@10%&'()- 10 10 10Sy;10%&'()-310%&'()-Fy2
10%&'()-S5TTU\VfVVz[9b@!!!!l)$10%&'()-'s'10%&'()-l$10%&'()-f!l$10%
&'()-f!s#10%%%&'()-Z!t#10%&'()-ZVWXXXXXYY{Y:!!!!,@T#10%m&'()-!,@T#10%QQ&'()
- 10 10
10fL<10%&'()-!sl)$10%%%&'()-'!l)$10%&'()-'YZ[\[[_\\}[9{Y:!!!!s$$10%&'()-y!f
`#10%&'()-!p`#10%mm&'()-t!10%m&'()-S#10%m&'()-F!k#10%&'()-F\J]w^^^^^^^uj_@!
!!!10%&'()- 10m 10m 10my;10%m&'()-,&$10%m
&'()-&!,&$10%&'()-&'!10%m&'()-^^/_R`xabRczX6j_@!!!~YL$10%%%&'()-!yYL$10%
&'()-!yYL$10%
&'()-!t/YL$10%&'()-!tYL$10%&'()-10%&'()-RccddddddqezodY7!!!!`!10%&'()-  10
10 



10,;
10%&'()-!~Y/s$10%%%&'()-!Y/s$10%**&'()-!Y($10%&'()-qe{e.fmfffEg}^<dY7!!!!!F
$10%&'()-z`10%&'()-!F#10%&'()-`!10%&'()-!
S#10%&'()-310%&'()-Eg2hhbiQjj=kwX6dY7!!!tF3&$10%..&'()-
,2!10%&'()-!~FL'$10%88&'()- !~FL'$10%88&'()-
!|F$10%BB&'()-z!tF$10%..&'()-z=k@kAkBkCkTkkkDlb@!!!t!
10%&'()-S10%:&'()-@10%:&'()- @10%:&'()- 10 10 10@;
10%&'()-Dll'mmmnnzX9b@!!!310%:&'()-!;
'!10%::&'()-@@10%:&'()-!D9'!10%~~&'()-!X9'!10%&'()-!A
10%&'()-noKoro|oolpdBb@!!!!I+:!10%&'()-*10%:&'()-)10%:&'()-&10%:&'()-
%10%:&'()-#'!10%:&'()-lpp"q%q&q'q(q"r4s_=!!!!@f#10%&'()-!@f#10%&'()- 10:
10:
10:&910%:&'()-&310%:&'()--+:!10%:&'()-4sbttSuu{vvzX6_=!!!F*$10%UU&'()-!F*$1
0%&'()-!sF$10%PP&'()-!F$10%BB&'()-F$10%&'()-!F$10%FF&'()-vvvGwJwKwLwMwJxxmb
@!!!!t%Y,$10%..&'()- 10 10 10@;10%&'()-,5!10%&'()-gF 4
10%&'()-210%&'()-JxYy9z=z2{{q|wU3mb@!F(:$10%PP&'()-!F!:$10%&'()-!0Y,$10%&'(
)-! Y,$10%  &'()-!~Y,$10%88&'()-!t
Y,$10%..&'()-q||8}}}}}}~}rg\:!!jSY"10%~~&'()-m  10 10
10S<10%&'()-!sF4:$10%KK&'()-31!10%&'()-!F(:$10%BB&'()-~NzzX6g\:!!yff"10%&'(
)-!yff"10%&'()-!ff"10%""&'()-!ff"10%&'()-10%&'()-!%SY"10%&'()-m _@!!ylf
10%t&'()-z!&lF"10%tt&'()-@ f10%t&'()- 10 



10 10Y:10%&'()-ff"10%&'()-LVFzX6_@!!f$"10%&'()- !f$"10%&'()-
@#10%t&'()-!p`"10%&'()-!k`"10%&'()-!X"10%tt&'()-+  }rg\:!!!5&SF"10%II&'()-3
10t 10t 10t:10%t&'()-!p1"10%&'()-y!p1"10%tt&'()-y&0- 10%t&'()-{FK7wU3g\:!~
"10%&'()-!~ "10%&'()-!f"10%&'()-!p"10%&'()-!yF"10%``&'()-f! &SF"10%NN&'()-3
7}rg\:!~!%@S#10%}}&'()- 10` 10`
10`F:10%`&'()-3310%`&'()-!t("10%&'()-!t("10%&'()-@tzX6g\:!!Y$10%**&'()-3
!Y$10%**&'()-3 Y$10%&'()-!yY$10%
&'()-!Y$10%//&'()-!$@S#10%&'()-tz|zodY7!!!,s!10%&'()- 10 10
10S<10%&'()-!nYY4'$10%==&'()-!Y +'$10%//&'()-!Y
+'$10%&'()-|U~xV4dY7!!~lY'$10%%%&'()-!ylY'$10%  &'()-!lY'$10%GG&'()-
py#10%&'()-:!py#10%&'()-:!ky#10%&'()-:<zodY:!!~,10%m&'()- 10 



10 10f; 10%&'()-!YL*$10%33&'()-m !YL*$10%==&'()-m !YL*$10%&'()-m
~6\^?dY:!!~##10%m&'()-!py#10%&'()-G !ky#10%&'()-G g10%m&'()-,
#10%m&'()-,`!10%m&'()- \Z4789:}^SH=!!~ 10m 10m 10mf;
10%m&'()-@510%m&'()-q%M$10%m&'()-!tq%M$10%&'()-!q%M$10%mm&'()-:<c@zX9SH=!!
!10%(&'()-!y3`$10%Y(Y(&'()-!y3`$10%Y(Y(&'()-FS:$10% &'()- !p
FS:$10%P(P(&'()- !tFS:$10%T(T(&'()- 8034}[<1= 10(;10%(&'()-!s
+9$10%{({(&'()-3 ! +9$10%l(l(&'()-3 (
10%(&'()-!}3$$10%c(c(&'()-@Y"s!10%(&'()-456GmbWL10(;10 10: 10: 



10::10%:&'()-s10%:&'()-l10%:&'()- f10%:&'()- 10(
10(nO5bWL1L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cF10%&'()-1
0%&'()-x^5bWL1L510%&'()-cL51L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL51
0%&'()-cL510%&'()-c~dJ+5bL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&
'()-cMIM #&o*x05
x^5bL510%&'()-cL510%&'L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()
-cL510%&'()-c%&yZ@^5bL510%L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cMIM
#&o*x05&.=>LMUVoP6bLL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-c
L510%&'()-cL510%&'()-cV^_`deuvtU;
bLL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'
()-cvwnO0bL510%&'()-c'L510%&'()-cL510%&'()-ccL510%&'()-cL510%&'()-cL510%&'(
)-cL510%&'()-cnO0bL510%&'()-c'L510%&'()-cL510%&'()-ccL510%&'()-cL510%&'()-c
L510%&'()-cL510%&'()-cyZ;
O0bLL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cMIM
#&o*x05eK,bL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-c0L510%&'()-cL510%&'(
)-cL510%&'()-ceF,bL510%&'(L510%&'()-cL510%&'()-cL510%&'()-c0L510%&'()-cL510
%&'()-cL510%&'()-cU;F,bL51L510%&'()-cMIM
#&o*x050L510%&'()-cL510%&'()-cL510%&'()-c!$&).eF,bL51L510L510%&'()-cL510%&'
()-cL510%&'()-c0L510%&'()-cL510%&'()-cL510%&'()-c.26;@A6F,bLMIM
#&o*x05L510%&'()-c0L510%&'()-cL510%&'()-cL510%&'()-cABEJMOQViJ+bL510%&'()-c
L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cVZ^chi6iJ
+bLMIM
#&o*x05L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cijorw|iJ+bL510%&'()-cL51
0%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-ceF+bL510%&'(
L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cyZ;
F+bL510L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cMIM
#&o*x05eF+bL510LL510%&'()-cL510%&'()-cL510%&'()-c0L510%&'()-cL510%&'()-cL51
0%&'()-cU;F+bL510L510%&'()-cMIM #&o*x050L510%&'()-cL510%&'()-cL510%&'()-c
eF+bL510L510L510%&'()-cL510%&'()-cL510%&'()-c0L510%&'()-cL510%&'()-cL510%&'
()-c 6F+bLMIM #&o*x05L510%&'()-c0L510%&'()-cL510%&'()-cL510%&'()-c),148;
?iJ+bL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510
%&'()-c?CGLQR6iJ+bLMIM
#&o*x05L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cRZ]adhkpiJ+bL510%&'()-cL
510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cpuz6iJ+bLM
IM
#&o*x05L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-ciJ+bL510%&'()-cL510%&'()
-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-c6iJ+bLMIM
#&o*x05L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-ciJ+bL510%&'()-cL510%&'()
-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-c6iJ+bLMIM
#&o*x05L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-ciJ+bL510%&'()-cL510%&'()
-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-c6iJ+bLMIM
#&o*x05L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-c%)/358=iJ+bL510%&'()-cL5
10%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-c=AEJOP6iJ+b
LMIM #&o*x05L510%&'()-cL510%&'()-cL510%&'()-cL510%&'()-cPQ~vi\;LM
FF10%s:s&'()-109109109 FF= 10%9&'()- F0f# 10%9&'()- Ff#
10%0&'()-L510%&'()-c#.|[:i\;LM F "10%s:s&'()-z FF9$10%s:s&'()-
`F9$10%:&'()- F#10%s:s&'()- Fs!10%s:s&'()- F 910%s:s&'()-%|[:i\;LM
/"10%A:A&'()-z } +$10%:&'()-f F$!10%s:s&'()- F0 "10%s:s&'()- Ff#
10%s:s&'()- F 10%s:s&'()-befghyvU4 F 10%8&'()-T F @10%8&'()-10s:s10s:s10s:s
F; 10%s:s&'()- FL4 "10%s:s&'()-y F2 10%s:s&'()-z+|[:vU4 F Fz 10%8&'()-@F
FM10%8&'()- FkSl"10%8&'()-@ FlM10%8&'()- 8 G"10%8&'()-z FF 10%8&'()-
v|[:vU4 F F@&"10%8&'()-@F @&"10%g8g&'()-@ F@!@#10%8&'()- @!@#10%q8q&'()- Fz
10%8&'()-@ FS10%8&'()-mpqrs>@CvU4 Fy;10%+9&'()- F10%+9&'()-
F,t!10%+9&'()-108108108 Fy:10%8&'()- FY- 10%8&'()- 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 Font
Hi\&-@4r:@4E7JOU[aBh'nLtz95grCQ=% $49;>F]MXciohw z2{[aC|}~AeJm "X)-31`5R7
;s=BCDF{GFHJ2MNQSVY\^RcqeEg=kDlnlp4svJxq|~7t|\:4&Vv.AVi ?Rp=PC6Times New
RomanArialCourier New"h Root EntryWordDocument@
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


