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Connery David J. LeBlanc Priority Data &Incorporation By Reference [0001]
This is an international patent application claiming the benefit of U.S.
Provisional Patent Application No. 61/193,873, filed on January 2, 2009;
U.S. Provisional Patent Application No. 61/193,874, filed on January 2,
2009; and U.S. Provisional Patent Application No. 61/193,875, filed on
January 2, 2009, each of which is incorporated by reference in its
entirety. Technical Field [0002] This invention relates to fire protection
systems and methods that use manually or automatically operated nozzles for
use in discharging fire-retardant liquids. More specifically, the invention
relates to fire protection systems and methods for light hazard and
ordinary hazard occupancies using fire protection nozzles that provide a
liquid mist. Accordingly, this invention further relates to manually or
automatically operated nozzles for use in discharging fire-retardant
liquids, preferably water, as a water mist. Background of the Invention
[0003] Fire protection nozzles are used to discharge water, with or without
additives, in a relatively fine spray, which is generally referred to in
the industry as mist. In contrast, fire protection sprinklers discharge
water as a spray of large droplets or streams of water. The fire industry
further distinguishes water discharging fire protection devices as being
either nozzles or sprinklers based upon the device satisfying an industry
accepted performance standard. For example, devices satisfying performance
test specified in Factory Mutual (FM)Global Technologies LLC publication,
Approval Standard For Water Mist Systems: Class No. 5560 (May 2005)
(hereinafter "FM 5560") are classified as water mist devices or nozzles.
[0004] The mechanism(s) by which a fine spray (water mist) acts to control,
suppress or extinguish a fire can be a complex combination of two or more
of the following factors, depending on the operating concept of the
individual nozzle, the size of the orifice(s), the diffuser element, the
operating pressure and flow rate: 1. Heat extraction from the fire as water
is converted into vapor [0005] The amount of evaporation and hence heat
withdrawn from the fire (i.e., cooling of the fuel) is a function of
surface area of water droplets applied, for a given volume. Reducing
droplet size increases surface area and increases the cooling effect of a
given volumetric flow rate of water. 2. Reduced oxygen levels as the vapor
displaces oxygen near the seat of the fire [0006] When water converts to
vapor, it expands by a factor of about 1650 times, displacing and diluting
oxygen, thereby blocking the access of oxygen to the fuel. 3. Deluging of
the protected area [0007] Small water droplets are extremely light, and
tend to remain suspended with the slightest air currents. This results in a
"mist" that tends to distribute itself throughout an enclosure, outside of
the direct spray range of an individual nozzle. Fine water droplets are,
therefore, more likely to be drawn into the seat of the fire, further
enhancing the effectiveness of the systems. This three-dimensional effect
of the mist distribution also acts to cool the gases and other fuels in the
area, blocking the transfer of radiant heat to adjacent combustibles, as
well as, pre-wetting them.4. Direct impingement wetting and cooling of
combustibles [0008] In addition to the pre-wetting and cooling of the
flames by vaporizing water droplets, fire extinguishment by direct contact
of the water droplets with the burning fuel to prevent further generation
of the combustible vapors is one of the modes of addressing a fire and more
preferably controlling a fire normally associated with traditional
sprinklers. However, with a fast response release mechanism, high momentum
mist can be effective in this mode during the early development stage of
exposed fires. [0009] A known fire protection nozzle is shown and described
in U.S. Patent No. 5,392,993. Another type of known fire protection nozzle
is shown and described in International PCT Patent Publication WO 98/1
8525. Other known fire protection nozzles are the AquaMist(r) nozzles from
Tyco Fire Suppression & Building Products of Lansdale, Pennsylvania
(hereinafter "Tyco"). For example, the AM4 and AMlO AquaMist(r) nozzles
were developed for the special hazards market, a segment of water spray
fire protection very different than sprinklers. These nozzles provided
extinguishment of Class B (flammable liquids) fires via total flooding
deluge protection of machinery spaces. Other complementary AquaMist nozzles
were also developed during this time period: the AM6, AMI 1, AM22 and AM24
nozzles were developed with International Maritime Organization (IMO
standard IMO A.800(19) marine system and, later, the AMI 5 nozzle was
developed with the IMO System 913 local application system. Previously
published data sheets for each of the AM4, AM6, AMlO, AMI 1, AM22, and AM24
nozzles and patent publications are U.S. Patent No. 5,392,993 and WO
98/18525 are included in the U.S. Provisional Patent Application No. 



61/193,873. [0010] The AM24 nozzle was tested separately by Underwriters
Laboratories for its potential to protect up to Ordinary Hazard, Group 2
(OH2) occupancies as defined inNational Fire Protection Association (NFPA)
publication entitled, NFPA 13: Standardfor the Installation of Automatic
Sprinkler Systems (NFPA 13). An AM24 arrangement was tested per UL 2 167
and was found to successfully pass rigorous OH2 fire testing. The nozzle
received a UL listing according to this protocol. Due to the relatively
small diameter spray pattern that is characteristic of the nozzle, the
listing only allowed for installations at relatively limited nozzle
spacings and ceiling heights. Although fire test requirements for Light
Hazard (LH) and Ordinary Hazard, Group 1 (OHl) (as defined by NFPA 13) were
less severe, the AM24 had been designed for OH2 testing. The resultant
installation parameters for LH and OHl suffered the same fate, and only a
small ceiling height concession was allowed. [0011] Summarized below in the
tables below are known prior AQUAMIST(r) Nozzles showing their installation
parameters for various hazards. For each nozzle the table indicates the
K-factor (in gpm/psi 1/2) the minimum operating pressure, the maximum
spacing of the nozzle, the coverage area per nozzle, the effective flux
density, i.e., the flow delivered per square foot by the nozzle and the
maximum ceiling height under which the nozzle may be installed. [0012]
Table A[0013] Table B [0014] Table C [0015] Table D [0016] Table E[0017] To
date, it is believed that standard setting organizations have maintained
that water mist systems are to satisfy the hydraulic design criteria the
greater of nine nozzles or 1500 square feet as specified by standard
setting organization such as for example, Factory Mutual (FM) Global
Technologies LLC or NFPA. The amount of water discharged during system
operation is one of the primary concerns of water mist system designers.
This is typically based on the goal of preserving the interior finish of a
building or the items contained within (i.e. priceless paintings). Another
goal may be providing adequate fire protection in a building with a limited
volume of water. Either way, water supply can be a primary concern in
choosing a water mist system over a sprinkler system. Disclosure of
Invention [0018] The present invention is directed to various mist-type
fire protection systems for the protection of light and ordinary hazard
occupancies of reduced water demand as compared to known mist type systems
or sprinkler systems configured to protect the same occupancies. Three
preferred system configurations are defined by varying design criteria for
the installation of. (i) two preferred mist nozzles; (ii) the preferred
nozzles in combination with known nozzles; and (iii) the preferred nozzle
in combination with known sprinklers. [0019] One preferred embodiment of
the mist system for fire protection of a light and ordinary hazard
occupancy includes a fluid supply and a plurality of nozzles spaced about
the occupancy and coupled to the fluid supply so as to provide fluid to the
nozzles at an operating pressure of less than about 500 pounds per square
inch (psi). The plurality of nozzles further define a hydraulic demand
being the greater of: (i) five hydraulically remote nozzles each having a
coverage area ranging from 36 sq. ft. to a maximum of about 256 sq. ft; or
(ii) a hydraulic design area ranging from about 900 square feet to about
1044 square feet. In one aspect of the preferred embodiment, the plurality
of nozzles are disposed above a protectionarea of the occupancy at a
maximum ceiling height of under ten feet to define a nozzle-tonozzle
spacing being a minimum six feet by six feet (6 ft. x 6 ft.) and a maximum
spacing of 16 feet by 16 feet (16 ft. x 16 ft.) and the hydraulic demand is
the greater of five hydraulic remote nozzles or 900 sq. ft (84 sq. m). In
alternative embodiment of the preferred system, the maximum ceiling height
is about ten feet, more specifically 9 ft - 10 in. (3 m) or less, or
further in the alternative 8 ft (2.4 m). The operating pressure for the
plurality of nozzles preferably ranges from about 110 psi. to about 250
psi. or alternatively from 140 psi. to about 250 psi. In one aspect, the
preferred nozzles have plurality of nozzles have a K-factor of less than 1
gpm/psi'/ 2, specifically about 0.8 gpm/psi'/ 2. Alternatively, the
plurality of nozzles have a K-factor of about 0.6 gpm/psi'/ . [0020] In one
aspect of the system, the plurality of nozzles provide mist-type fire
protection for the occupancy having a compartmented area at a maximum of
over 1000 square feet and more particularly 1024 sq. ft. For one particular
embodiment in which the hydraulic demand is defined by a water duration of
sixty minutes to all the nozzles in the protection area, the system is
preferably configured so as to provide protection to a light hazard only
occupancy. [0021] In another aspect of the preferred system, the plurality
of nozzles are disposed above a protection area of the occupancy at a
maximum ceiling height of about seventeen feet to define a minimum
nozzle-to-nozzle spacing of six feet by six feet (6 ft. x 6 ft.) and a
maximum nozzle-to-nozzle spacing of 12 feet by 12 feet (12 ft. x 12 ft .).
Each of the plurality of nozzles have a K-factor of about 0.6 gpm/psi'/ 2,
and more particularly 0.59 gpm/psi / . In one particular embodiment,
wherein the protection area is less than 1500 square feet, the hydraulic
demand is defined by a water duration of sixty minutes to all the nozzles
in 



the protection area so as to provide protection to a light hazard only
occupancy. [0022] Another preferred mist system provides for fire
protection of light and ordinary hazard occupancy defining a protection
area being at least one of: (i) greater than 1024 sq. ftand (ii) beneath a
ceiling having a maximum ceiling height of about 13 ft. or less. The system
preferably includes a fluid supply, a plurality of nozzles coupled to the
fluid supply to define a hydraulic demand of the system being the greater
of: (i) five most hydraulically remote sprinklers or a 900 square foot
area. The plurality of nozzles preferably include a first plurality of
nozzles spaced about the occupancy to protect no more than 30% of the
protection area at a nozzle to nozzle spacing ranging between about 6 ft x
6 ft. to about 12 ft. x 12 ft., each having an operating pressure in the
range of about 102 psi. to about 250 psi. A second plurality of nozzles
spaced about the occupancy for the protection of a remainder of the
protection area at a nozzle to nozzle spacing ranges between about 6 ft x 6
ft. to about 16 ft. x 16 ft. each at an operating pressure in the range of
about 110 psi. to about 250 psi. [0023] In one aspect, where the protection
area is no more than 1024 sq. ft. and the maximum ceiling height is about
ten feet, the second plurality of nozzles are spaced at a nozzle to nozzle
spacing ranging between about 6 ft x 6 ft. to about 16 ft. x 16 ft. with
each of the nozzles at an operating pressure in the range of about 140 psi.
to about 250 psi. In yet another aspect of the preferred systems, the
second plurality of nozzles are spaced about the occupancy at a nozzle to
nozzle spacing ranging between about 6 ft x 6 ft. to about 12 ft. x 12 ft.,
the second plurality of nozzles being coupled to the fluid supply so as to
provide the fluid to the nozzles at an operating pressure in the range of
about 110 psi. to about 250 psi. [0024] In one particular preferred system
for protection of an ordinary hazard without storage and the maximum
ceiling height is about ten feet, the first plurality of nozzles have a
maximum nozzle to nozzle spacing of about 12 ft. x 12 ft. In another aspect
in which the occupancy is ordinary hazard without storage and the maximum
ceiling height is about 13 ft., the first plurality of nozzles having a
maximum nozzle to nozzle spacing of about 10 ft. x 10 ft. In yet another
aspect of the preferred system for mist type protection of an occupancy is
ordinary hazard with storage having a maximum storage height of 8 ft. and
the maximumceiling height is about ten feet, the first plurality of nozzles
having a maximum nozzle to nozzle spacing of about 8 ft. x 8 ft. [0025] In
another aspect of the system, where the occupancy is ordinary hazard
without storage and the maximum ceiling height is about ten feet, the first
plurality of nozzles having a maximum nozzle to nozzle spacing of about 10
ft. x 10 ft. Alternatively, wherein the occupancy is ordinary hazard
without storage and the maximum ceiling height is about 13 ft., the first
plurality of nozzles have a maximum nozzle to nozzle spacing of about 8 ft.
x 8 ft. Wherein the occupancy is ordinary hazard with storage having a
maximum storage height of 5 ft., the ceiling height is about eight feet
(8ft.) and the first plurality of nozzles have a maximum nozzle to nozzle
spacing of about 8 ft. x 8 ft. [0026] Another preferred system provides a
mist for fire protection of a light and ordinary hazard occupancy
preferably defining a protection area of greater than 1024 sq. ft. The
system preferably includes a fluid supply and a plurality of fluid
distribution devices coupled to the fluid supply. The devices includes a
plurality of sprinklers spaced about the occupancy to protect no more than
30% of the protection area at a sprinkler to sprinkler spacing ranging
between about 6 ft x 6 ft. to about 15 ft. x 15 ft.. The plurality of
sprinklers are coupled to the fluid supply so as to define a hydraulic
demand of the system being the greater of the five most remote sprinkler or
a design area ranging between 900 sq. ft. to 1500 sq. ft., each of the
plurality of sprinklers having a maximum operating pressure of 175 psi. The
preferred system further preferably includes a plurality of nozzles spaced
about the occupancy for the protection of a remainder of the protection
area at a nozzle to nozzle spacing ranging between about 6 ft x 6 ft. to
about 16 ft. x 16 ft. Each of the first plurality of nozzles have an
operating pressure in the range of about 110 psi. to about 250 psi. For the
preferred system, the hydraulic demand is preferably defined by: (i) the
greater of the five most remote sprinklers or 900 sq. ft. for a maximum
ceiling height of the occupancy being about ten feet(10 ft.) ; (ii) the
greater of the five most remote sprinklers or 1013 sq. ft. for a maximum
ceiling height of fifteen feet (15 ft.); (iii) the greater of the five most
remote sprinklers or 1125 sq. ft. for a maximum ceiling height of twenty
feet (20 ft.). [0027] The present invention further provides for mist
devices. Generally, the preferred mist device for the protection of at
least one of a light hazard occupancy only and a light and ordinary hazard
occupancy having a ceiling with a maximum ceiling height of at least 8 ft.
The preferred device includes a body having an upper portion and a lower
portion. The upper portion defines an internal passage having an inlet and
an outlet for the discharge of a fluid. An orifice insert disposed within
the passageway defines a K-factor of less than 1 gpm/psi 2. A pair of frame
arms extend between the upper and lower body portion and centered about the
device axis, and a seal assembly is disposed in the outlet including a
thermally sensitive element to support the seal assembly. The preferred
device includes means for diffusing the fluid at a flux density of less
than 0.1 gpm/sq. ft. for a fluid pressure at the inlet of less than 500
psi. to define a coverage area of the device of over than 132 sq. ft.,
preferably to a maximum of 256 sq. ft. [0028] In one preferred embodiment,
a diffuser assembly defining a coverage area of the 



device of maximum of 256 sq. ft. at a maximum ceiling height of about ten
feet for an operating fluid pressure at the inlet ranging between 140 psi.
to 250 psi., the diffuser assembly including: a load screw engaged with the
lower body portion and a diffuser element disposed atop the load screw
internally of the frame arms centrally aligned along the device axis. The
diffuser element preferably includes an upper surface and a lower surface,
the upper surface including a central cone portion extending proximally
toward the outlet of the passageway; and a plurality of through holes. Each
through hole is preferably defined by a pair of circles partially
overlapping one another, the pair of circles having different diameters so
as to form a key-hole shaped through hole. Moreover, the plurality of
through holesincludes a first pair of diametrically opposed through holes,
a second pair of diametrically opposed through holes disposed perpendicular
to the first pair. Preferably each of the first and second pair of through
holes are disposed at a forty-five degree angle relative to the pair of
frame arms. The preferred device further preferably includes a plurality of
touchdown regions, each touchdown region surrounding a through hole. A
plurality of channels are preferably formed along the upper surface and
radially disposed about the diffuser element such that adjacent converging
channels having an overlapping portion such that the adjacent converging
channels are in communication with one another, a through hole and
touchdown being centered between adjacent diverging channels. The preferred
device preferably includes an orifice insert disposed within the passageway
to define a K-factor ranging between 0.7 to about 0.9 gpm/psi / . [0029] In
another preferred embodiment, the means preferably includes a diffusing
element having an upper surface and a lower surface spaced from and
extending substantially parallel to the upper surface. The upper surface
preferably defines a central region, an outer region and an intermediate
region extending at an angle to each of the central and peripheral regions
to space the central and peripheral regions axially apart. The upper
surface preferably extends about the device axis so as to define a
truncated cone about the device axis. At least one of a plurality of slots
and a plurality of through holes extend from the upper surface to the lower
surface. Each of the plurality of slots preferably have a slot opening
along the outer region that extends radially inward toward the device axis
to define a slot length, an initial portion, an intermediate portion and a
terminal portion, each of the plurality slots defining slot widths from the
initial to the terminal portion. The plurality of slots further preferably
include a first group of slots and at least a second group of slots in
which the slot width of the first group of slots varying along the slot
length, the slot width of the second group of slots being constant along
the slot lengths. The first group of slots preferably includes
radiusedportions in the terminal portion of the slot, the radiused portions
being spaced apart such that the slot width of the terminal portion is
wider than the slot width in the initial and intermediate portions. [0030]
Preferably, the first group of slots includes a first type of slot, a
second type of slot, and a third type of slot. The first type of slots are
preferably centered along a first axis aligned with the frame arms and
centered along a second axis perpendicular to the first axis. The second
type of slots having a slot width wider at the terminal portion that is
wider than the slot width of the terminal portion of the first type of
slot. The second type of slot is centered along a third axis disposed at a
45 degree angle between the first and second axes. The third type of slots
preferably has a slot width at the terminal portion that is smaller than
the slot width of the terminal portion of the first type of slot. The third
type of slot is preferably disposed between the second type of slot and the
first type of slot disposed along the first axis. A slot of the second
group is preferably disposed between the second type of slot and the first
type of slot disposed along the second axis. [0031] The preferred diffuser
element includes a third group of slots having an initial portion in
communication with a first type of slot disposed along the first axis, the
slot width of the third type of slots widening from the initial portion to
the terminal portion of the slots. The third group of slots are preferably
aligned with the pair of frame arms such that the second type of slots are
disposed at a forty-five degree angle relative to the pair of frame arms.
[0032] For the preferred diffuser element, each of the plurality of through
holes is elongated to define a major axis and a minor axis, each of the
through holes including a pair of radiused end portions having centers of
curvature spaced along a major axis. The plurality of through holes
preferably include a first group of through holes and at least a second
group of through holes, the pair of radiused end portions of the first
group of through holes having equal radii, the pair of radiused end
portions of the second group of through holes having varying radii.The
preferred device further includes an orifice insert disposed within the
passageway distally of the inlet to define the K-factor, the K-factor
ranging between 0.5 to about 0.7 gpm/psi . Each of the preferred nozzles
and their diffusing structure provide for fluid distribution pattern and
effective flux density that satisfies industry accepted fire tests. In
addition, the preferred nozzles when subjected to a preferred distribution
test, their diffusing structures deliver a flow, more specifically an
effective flux, at a radial distance from the nozzle in an amount that has
not been believed to be previously realized. Brief Descriptions of the
Drawings [0033] The accompanying drawings, which are incorporated herein
and constitute part of this specification, illustrate exemplary embodiments
of the invention, and, together with the 



general description given above and the detailed description given below,
serve to explain the features of the invention. [0034] FIG. l is a
schematic view of a preferred fire protection system. [0035] FIG.2 is an
elevation view of a preferred embodiment of a nozzle. [0036] FIG. 3 is a
cross-sectional view of the nozzle of FIG. 1 along axis HI-III. [0037] FIG.
4 is a detailed view of the load screw diffuser assembly used in the nozzle
of FIG. 2. [0038] FIG. 5 is an isometric view of the load screw of FIG. 3.
[0039] FIG. 6 is a cut-away view of the load screw of FIG. 3. [0040] FIG. 7
is another cut-away view of the load screw of FIG. 3. [0041] FIG. 8 is a
detailed view of the diffuser element and cone of the load screw assembly
of FIG. 4. [0042] FIG. 9 is a plan view of the diffuser element used in the
load screw diffuser assembly of FIG. 4.[0043] FIG. 10 is a cross-sectional
detailed view of the orifice insert used in the nozzle of FIGS. 2 and 3.
[0044] FIG. 11 is an elevation view of a preferred fire protection nozzle.
[0045] FIG. 12 is a cross-sectional view of the orifice insert for use in
the nozzle of FIG. 11. [0046] FIG. 13 is a cross-sectional view of the
nozzle of FIG. 11 along line II-II. [0047] FIG. 14 is a preferred blank for
formation of a diffuser element in the nozzle of FIG. 11. [0048] FIG. 15 is
a plan view of a preferred diffuser element for use in the nozzle of FIG.
11. [0049] FIG. 16 is a cross-sectional view of the diffuser element of
FIG. 15 along line IVA- IVA. [0050] FIG. 17 is a cross-sectional view of
the diffuser element of FIG. 15 along line IVB- IVB. [0051] FIG. 18 is a
detailed view of the diffuser element of FIG. 15. [0052] FIG. 19A-19B is a
schematic of a Small Compartment fire set up for fire testing of a
preferred nozzle. [0053] FIG. 20 is a schematic of a Large Compartment fire
set up for fire testing of a preferred nozzle. [0054] FIGS. 2 1A-21B is a
schematic of an Open Space fire set up for the fire testing of a preferred
nozzle. [0055] FIGS. 22-23 is a schematic of a preferred spray distribution
test set up. [0056] FIG. 24 is a preferred polar coordinate system for
analysis of spray pattern of a nozzle ofFIGS. 2 and l l .Mode(s) For
Carrying Out the Invention [0057] Shown in FIG. 1 is a schematic
illustration of a preferred embodiment of a fire protection system 10 that
employs one or more of mechanisms of fire fighting with a mist, as
described above. The system 10 is preferably configured to provide fire
protection of light hazard occupancies. Light hazard occupancies are
normally defined as occupancies or portions of other occupancies where the
quantity and/or combustibility of contents is low and fires with relatively
low rates of heat release are expected. Light hazard occupancies typically
include but are not limited to the following: residential, offices, data
processing areas without open storage of information media, meeting rooms,
hotels, museum exhibit areas, restaurant seating areas, institutions, and
schools. More preferably, the system 10 provides fire protection of both
light hazard and ordinary hazard occupancies. Ordinary hazard occupancies
are normally defined as occupancies or portions of other occupancies where
combustibility is moderate, quantity of combustibles is moderate to high,
and fires with moderate rates of heat release are expected. Ordinary hazard
occupancies typically include but are not limited to the following:
automobile parking, laundries, libraries, maintenance areas, mercantile,
laboratories, incidental storage, restaurant service areas (kitchens), and
dry cleaners. NFPA 13 classifies and defines ordinary hazard occupancies as
being into two groups: Group 1 Ordinary Hazard occupancies (OHl) and Group
2 Ordinary Hazard Occupancies.(OH2). OHl occupancies are defined as
occupancies or portions of other occupancies "where combustibility is low,
quantity of combustibles is moderate, stockpiles of combustible do not
exceed 8 ft. (2.4 m) and fires with moderate rates of heat release are
expected." See NFPA 13, Ch. 4 (2007). OH2 occupancies shall be defined as
occupancies or portions of other occupancies "where the quantity and
combustibility of contents are moderate to high, where stockpiles of
contents with moderate rates of heatrelease do not exceed 12 ft (3.66 m)
and stockpiles of contents with high rates of heat release do not exceed 8
ft (2.4 m)." See NFPA 13, Ch. 4 (2007). [0058] The preferred system 10
includes a fluid control center 14 for controlling the flow of fire
fighting fluid between a fluid supply 12 and one or more misting devices
such as for example, preferred nozzles 18, 18' that are, alone or in
combination with one or more known nozzles 20, and interconnected with the
water control center 14 by a network of pipes 15. The preferred system may
further include one or more sprinklers 22 coupled to the fluid control
center 14. The system 10 is preferably a wet system such that the water
control center is normally open so as to fill the network of pipes with the
fire fighting fluid and deliver a 



working pressure of fluid to the nozzles and when applicable, sprinklers.
Material for the piping is preferably any one of CPVC, brass and copper
pipe, copper tubing, stainless steel pipe, or other material suitable for
use in a mist system. [0059] A preferred fluid control center 14 includes a
control valve 14a and one or more of the following components: a water
check valve 14b, a fluid flow detector 14c and a system strainer 14d. The
fluid supply 12 can be water, for example, provided by a municipal water
supply connection. The fluid supply 12 is preferably sized to provide a
minimum water supply duration of at least ten minutes and more preferably
at least a thirty minute water supply duration to the system 10. Moreover,
the fluid supply 12 is sufficient to deliver a pressure of up to about 250
psi to each nozzle or sprinkler device, preferably ranging between about
140 psi to about 250 psi., more preferably ranging from about 110 psi to
about 250 psi, and even more preferably ranging from about 102 psi to about
250 psi. To ensure that water is delivered to the nozzles at a sufficient
pressure, the system 10 further preferably includes a pump 16 located
between the supply 12 and the fluid control center 14. In one preferred
embodiment, the pump 16 includes a main pump 16a and controller and a
jockey pump 16b and controller. The system 10 is preferably sized to
provide light and ordinary hazardprotection to an occupancy area of no more
than 52,000 square feet. The occupancy may include one or more
eompartmented areas that are interconnected by corridors. Provided that the
all the occupancies and corridors of the system do not exceed the 52,000
square foot maximum, a single fluid control center is believed to be
sufficient to supply the fluid devices of the system. [0060] Coupled
downstream of the fluid control center 14 is a network of mist generating
devices or nozzles 18 that are preferably installed in accordance with NFPA
Publication NFPA 750: Water Mist Fire Protection Systems ("NFPA 750"). The
nozzles 18, 20, and where applicable sprinklers 22, are preferably all
pendent devices that are installed beneath the ceiling C above a protection
area A at a maximum ceiling height H of the occupancy being protected. The
preferred ceiling construction is smooth with a maximum slope of about five
percent or 1 foot rise for each twelve feet of run. Alternatively, the
nozzles 18 can be a combination of pendent type, upright orientation and
sidewall nozzles. [0061] The mist-type fire protection systems described
below provide for the protection of light and ordinary hazard occupancies
of reduced water demand as compared to known mist type systems or sprinkler
systems configured to protect the same occupancies. Three preferred system
configurations are defined by varying design criteria for the installation
of: (i) two preferred and mist nozzles; (ii) the preferred nozzles in
combination with known nozzles; and (iii) the preferred nozzle in
combination with known sprinklers. [0062] In one aspect of the preferred
system 10, the nozzles 18 are installed and configured so as to provide
fire protection for light and ordinary hazard occupancies using low
pressure (<175 psi) and/or low to intermediate pressure (175 psi. < x < 500
psi.) nozzles having a coverage area per nozzle that is preferably over 132
sq. ft for installations beneath ceilings having a maximum ceiling height
of about seventeen feet, preferably under ten feet (10 ft.), preferably
about nine feet ten inches (9 ft- 10 in.), and alternatively about eight
feet andmore particularly about 8 ft - 2 in. The preferred nozzles 18 in
particular define a coverage area per sprinkler that ranges from a minimum
36 square feet to a maximum 256 square feet. In the preferred system 10,
the nozzles 18 are preferably coupled to the fluid supply 12 and located
about the occupancy so as to define a preferred hydraulic demand of the
system that is the greater of the most remote five nozzles or a hydraulic
design area ranging between about 900 sq. ft. to about 1044 sq. ft. The
hydraulic demand is further preferably defined by the ceiling height of the
occupancy and the performance characteristics of the nozzle 18 and more
particularly the coverage area for the nozzle for a given maximum ceiling
height. Accordingly, the system 10 and its preferred design criteria
provides for mist type fire protection with a reduced hydraulic demand as
compared to mist systems that use the known mist design criteria of
hydraulically designing to the greater of nine nozzles or 1500 square feet
as specified by standard setting organization such as for example, FM or
NFPA and/or known sprinkler systems for configured to protect similar
occupancies. [0063] One preferred embodiment of design criteria of the
system 10 provides mist type fire protection for a light hazard and
ordinary hazard occupancy having a maximum compartmented protection area of
about 1000 square feet (sq. ft.) and more preferably 1024 square ft (sq.
ft.) beneath a ceiling having a maximum ceiling height of about ten feet
(10 ft.), preferably about nine feet ten inches (9 ft- 10 in.), and
alternatively about eight feet. The design criteria more specifically
provides that the nozzles 18 are disposed beneath the ceiling at a
nozzle-to-nozzle spacing that ranges from a minimum six feet-by-six feet (6
ft. x 6 ft), to a maximum spacing of 16 ft. x 16 ft. Accordingly, each of
the nozzles 18 define a preferred coverage area per nozzle that ranges from
a minimum of 36 square feet per nozzle to a maximum of 256 square feet (sq.
ft.) per nozzle. For the systems described throughout herein, the maximum
wall to nozzle (or where applicable sprinkler) spacing is preferably one
half the maximum nozzle-to-nozzle spacing. For the preferred system 10
using a preferrednozzle 18 having a K-factor of less than 1 gpm/psi' 2 and
preferably 0.81 gpm/psi'/ and an operating pressure in the range from a
minimum of about 140 psi. to a maximum of about 250 psi, the water demand
for the preferred system is defined by the greater of the most 



remote five nozzles or a hydraulic design area of 900 sq. ft. area. In the
preferred system installation, preferred obstruction criteria provides that
the maximum vertical distance between a vertical obstruction and the
diffusing element of the preferred nozzle 18 is fifteen inches (15 in.) at
a maximum horizontal distance from the nozzle axis of about seventy-two
inches (72 in.). A preferred nozzle 18 for use in the system is shown in
FIGS. 2-10 and described in detail below and in U.S. Provisional
Application No. 61/193,874 filed on January 2, 2009. [0064] Another
embodiment of the system 10' is based upon an alternative set of design
criteria to provide mist type fire protection for a light hazard and
ordinary hazard occupancy having a maximum ceiling height of about
seventeen feet and more particularly 16 ft. - 5 in. The design criteria
more specifically provides that the nozzles are disposed beneath the
ceiling at a nozzle-to-nozzle spacing that ranges from a minimum six
feet-by-six feet (6 ft. x 6 ft), to a maximum spacing of about 12 ft. x 12
ft. Accordingly, each of the nozzles define a preferred coverage area per
nozzle that ranges from a minimum of 36 sq. feet per nozzle to a maximum of
about 144 sq. ft per nozzle. Using another preferred nozzle 18' having a
Kfactor of preferably less than 1 gpm/psi' 2' and more preferably about 0.6
gpm/psi' 2' and even more preferably 0.59 gpm/psi'/ and an operating
pressure in the range from a minimum of about 110 psi. to a maximum
pressure of about 250 psi., the water demand for the preferred system
preferably varies with the ceiling height. Accordingly, the water demand of
the system 10' is preferably defined by the following criteria: (i) the
greater of the most remote five nozzles or a hydraulic design area of 900
sq. ft. area for a maximum ceiling height of about ten feet and more
particularly 9 ft.-lO in.; (ii) the greater of the most remote fivenozzles
or a hydraulic design area of 975 sq. ft. area for a maximum ceiling height
of about thirteen feet and more particularly 13 ft.-l in.; and (iii) the
greater of the most remote five nozzles or a hydraulic design area of 1044
sq. ft. for a maximum ceiling height of about seventeen feet and more
particularly 16 ft.-5 in. For ceiling heights between about ten feet and
seventeen feet, the water demand can be defined by interpolation of the
aforementioned criteria. In the preferred system installation, preferred
obstruction criteria provides that the maximum vertical distance between a
vertical obstruction and the diffusing element of the preferred nozzle 18'
is fifteen inches (15 in.) at a maximum horizontal distance from the nozzle
axis of about sixty-six inches (66 in.). The preferred nozzle 18' for use
in the system 10' is shown in FIGS. 11-18 and described below and in U.S.
Provisional Application No. 61/193,875, filed on January 2, 2009. [0065] In
view of the above design criteria, the preferred systems using nozzles 18,
18' which operate at a low to intermediate pressure (175 psi. < x < 500
psi.), preferably low pressure (<175 psi) to provide mist-type fire
protection for a coverage area per nozzle that is greater than 132 sq. ft.
per nozzle, preferably up to 144 sq. ft. per nozzle and more preferably a
maximum 256 sq. ft. per nozzle. As mist generating devices, the nozzles 18,
18' provide an effective density of less than 0.1 gpm/sq. ft., preferably
less than 0.05 gpm/sq. ft., and more preferably a density of between about
0.05 gpm/sq. ft. and 0.03 gpm/sq. ft. [0066] In another embodiment of the
preferred system 10", the design criteria of the system can provide for
light and ordinary hazard occupancy protection in which the occupancy has a
compartmented protection area exceeding 1024 square feet. Additionally, the
preferred system 10" provides for protection for light and ordinary hazard
occupancies beneath ceilings having a maximum ceiling height of up to about
13 feet and more particularly 13 ft. - 1 in. The preferred system 10"
incorporates a network of known nozzles 20, such as for example, the AM24
AquaMist(r), from Tyco. The known nozzles are shown and described in a
draftdata sheet entitled, TFP2224: AquaMist Nozzle(r) TypeAM24 Automatic
(Closed) (Draft 09/22/2008), which is attached in U.S. Provisional
Application No. 61/193,873, filed January 2, 2009. An earlier version of
the Type AM24 data sheet, dated November 1997, is also attached to U.S.
Provisional Application No. 61/193,873. For the system 10" using the
preferred Tyco AM24 as the know nozzle 20, the devices have a K-factor of
0.64 gpm/psi'/ 2 and a minimum operating pressure of about 100 psi and
preferably 102 psi. [0067] According to the preferred design criteria of
the system 10", the preferred known nozzles 20" are used to protect
preferably about thirty percent (30%) of the entire compartmented
protection area and preferably no more than about 30%. However, the percent
coverage by the known nozzles may vary provides the combination of nozzle
components, provide effective protections to the occupancy. The remaining
area is preferably protected by one of the preferred nozzles 18, 18' as
previously described in accordance with their installation and performance
requirements. The design criteria for the system 10" and the installation
of the preferred known nozzles 20" is preferably a function of the type of
ordinary hazard being protected, the height of any storage that is present
and the height of the ceiling of the occupancy being protected. More
specifically, the nozzles are preferably installed with a nozzle-to-nozzle
spacing that ranges from a minimum six feet-bysix feet (6 ft. x 6 ft), to a
maximum spacing of about 12 ft. x 12 ft based upon the group of ordinary
hazard being protected, the maximum ceiling height of the occupancy and the
presence of any storage. Accordingly, each of the nozzles 20 define a
coverage area per nozzle that ranges from a minimum of 36 square feet per
nozzle to a maximum of about 144 



sq. ft per nozzle. The water demand for the alternate preferred system 10"
is preferably defined by the greater of the most remote five nozzles or a
hydraulic design area of 900 sq. ft. area.[0068] The preferred
nozzle-to-nozzle spacing for the known devices 20 is preferably defined by
the following preferred criteria in the absence of any storage: (i) for a
Group 1 ordinary hazard occupancy (NFPA) beneath a ceiling height of about
ten feet and more particularly 9 ft- 10 in, the nozzle to nozzle spacing
preferably ranges from a minimum of 6 ft. x 6 ft to a maximum of about 12
ft. x 12 ft. and more particularly about 11 ft - 5 in. x 11 ft. 5 in.; (ii)
for a Group 1 ordinary hazard occupancy (NFPA) beneath a ceiling height of
about thirteen feet and more particularly 13 ft- 1 in, the nozzle to nozzle
spacing preferably ranges from a minimum of 6 ft. x 6 ft to a maximum of
about 10 ft. x 10 ft. and more particularly 9 ft. - 10 in x 9 ft. - 10 in.;
and (iii) for a Group 2 ordinary hazard occupancy (NFPA) beneath a ceiling
height of about ten feet and more particularly 9 ft- 10 in, the nozzle to
nozzle spacing preferably ranges from a minimum of 6 ft. x 6 ft to a
maximum of about 10 ft. x 10 ft. and more particularly 9 ft. - 10 in x 9
ft. - 10 in.; or (iv) for a Group 2 ordinary hazard occupancy (NFPA)
beneath a ceiling height of about thirteen feet and more particularly 13
ft- 1 in, the nozzle to nozzle spacing preferably ranges from a minimum of
6 ft. x 6 ft to a maximum of about 8 ft. x 8 ft. and more particularly 8
ft. - 2 in x 8 ft. - 2 in. [0069] The preferred system 10" further includes
alternate design criteria for where the occupancy may include ordinary
hazard storage. In such an instance the design criteria preferably provides
nozzle-to-nozzle spacing for the known devices 20 in the presence of
storage as follows: (i) for a Group 1 ordinary hazard occupancy (NFPA)
beneath a ceiling height of about ten feet and more particularly 9 ft- 10
in with storage at a maximum height of about 8 feet so as to provide a
clearance of about two feet, the nozzle to nozzle spacing preferably ranges
from a minimum of 6 ft. x 6 ft to a maximum of about 8 ft. x 8 ft. and more
particularly about 8 ft - 2 in. x 8 ft. - 2 in.; or (ii) for a Group 2
ordinary hazard occupancy (NFPA) beneath a ceiling height of about eight
feet and more particularly 8 ft- 2 in with storage at a maximum height of
about five feet (4 ft. - 11 in.) so as to provide a clearance ofabout three
feet, the nozzle to nozzle spacing preferably ranges from a minimum of 6
ft. x 6 ft to a maximum of about 8 ft. x 8 ft. and more particularly about
8 ft - 2 in. x 8 ft. - 2 in. [0070] In yet another alternate embodiment of
the preferred system 10'" the design criteria provides for light and
ordinary hazard occupancy protection in which the occupancy has a
compartmented protection area exceeding 1024 square feet. Additionally, the
preferred system provides for protection for light and ordinary hazard
occupancies beneath ceilings having a maximum ceiling heights which may
exceed twenty feet. The preferred system 10"' incorporates a network of
known automatic pendent sprinklers 22, such as for example, the Series
TY-FRB Sprinkler from Tyco. The known pendent sprinklers are shown and
described in the technical data sheet is entitled, TFP670: Series TY-B &
TY-FRB 10 mm Orifice Upright & Pendent Sprinklers w/ISO 7/1-R3/8 Threads
Standard & Quick Response (July 2004) which is attached in U.S. Provisional
Application No. 61/193,873, filed January 2, 2009. The automatic sprinklers
are preferably selected and installed in accordance with NFPA 13. For the
system 10" using the preferred Tyco AM24 as the known nozzle 20, the
devices have a K-factor of about 4 gpm/psi/ 2, preferably 57 lpm/bar' , and
a maximum operating pressure of 175 psi. [0071] According to the preferred
design criteria for the system 10'", the preferred sprinklers are used to
protect preferably about 30% and preferably no more than thirty percent
(30%) of the entire compartmented protection area. The remaining area is
preferably protected by one of the preferred nozzles 18, 18' as previously
described in accordance with their installation and performance
requirements. The design criteria more specifically provides that the
sprinklers 22 are disposed beneath the ceiling at a sprinkler-to-sprinkler
spacing that ranges from a minimum six feet-by-six feet (6 ft. x 6 ft), to
a maximum spacing of about 12 ft. x 12 ft. and more preferably to a maximum
of about 15 ft. x 15 ft. Accordingly, each of the sprinklers define a
preferred coverage area per sprinkler that ranges from a minimum of
36square feet per sprinkler to a maximum of about 130 sq. ft per sprinkler
and more preferably a maximum of about 225 sq. ft per sprinkler. [0072] The
water demand for the preferred system 10'" preferably varies with the
ceiling height of the occupancy. Accordingly, the water demand of the
system 10'" is preferably defined by the following criteria:: (i) for
ceiling heights up to and including ten feet (10 ft.) the greater of the
most remote five sprinklers or a 900 sq. ft. hydraulic design area; (ii)
for ceiling heights up to and including fifteen feet (15 ft.) the greater
of the most remote five sprinklers or a 1013 sq. ft. area; (iii) for
ceiling heights up to and including twenty feet (20 ft.) the greater of the
most remote five sprinklers or a 1125 sq. ft. area; and (iv) for ceiling
heights greater than twenty feet (20 ft.) the greater of the most remote
five sprinklers or a 1500 sq. ft. area. For ceiling heights between about
ten feet and twenty feet, the water demand can be defined by interpolation
of the aforementioned criteria. [0073] Summarized below in Table 1 are the
preferred design criteria for each of the systems 10, 10', 10", 10"'
described above. For any given light and ordinary hazard occupancy the
design criteria can be combined to provide a desired mist type fire
protection in which generally low to intermediate pressure (175 psi. < x <
500 psi.) and preferably low pressure 



(<175 psi) devices area used to having coverage area per nozzle that is
greater than 132 sq. ft. per device, preferably up to 144 sq. ft. per
device and more preferably a maximum 256 sq. ft. per device. Structural and
installation features of the above-described systems are also described in
draft data sheet TFP223 1: AquaMist System (Performance Based Design) Using
Type AM27 &AM29 AquaMist Nozzles For Protection of Light & Ordinary Hazard
Occupancies (Draft 12/30/2008) ("TFP2231") which is attached to U.S.
Provisional Patent Application No. 61/193,873, filed January 2, 2009.
Accordingly, listed in the table below are preferred fluid distribution
devices types for the various system design criteria: (i) the nozzle of
FIGS. 2-10 which is to be commercialized as the AM27 AquaMist Nozzle
describedbelow; (ii) the nozzle of FIGS. 11-18 which is to be
commercialized as the AM29 AquaMist Nozzle described below; (iii) the known
nozzle of AM24 AquaMist Nozzle noted above; and (iv) the known frangible
sprinklers TY-FRB sprinklers as noted above. The table provides preferred
numerical values of K-factor, operating pressure, device spacing and water
demand. As preferred numerical values, it should be understood that
variability of the preferred varied value is encompassed in the preferred
embodiment as long as the resultant effective density is sufficient to
provide the desired mist-type fire protection.[0074] Table 1MULTI-LAYERED
CHEMICAL-MECHANICAL PLANARIZATION PAD Cross-Reference to Related
Applications [0001] The present application claims the benefit of the
filing date of U.S. Provisional Application 61/142,544, filed on January 5,
2009, the teachings of which are incorporated herein by reference. Field
[0002] The present disclosure relates to polishing pads useful in
Chemical-Mechanical Planarization (CMP) of semiconductor wafers and other
surfaces such as bare substrate silicon wafers, CRT, flat panel display
screens and optical glass. Background [0003] In semiconductor wafer
polishing, the advent of very large scale integration (VLSI) and ultra
large scale integration (ULSI) circuits has resulted in the packing of
relatively more devices in smaller areas on a semiconductor substrate,
which may necessitate greater degrees of planarity for the higher
resolution lithographic processes that may be required to enable said dense
packing. In addition, as copper and other relatively soft metals and/or
alloys are increasingly being used as interconnects due to their relatively
low resistance, the ability of the CMP pad to yield relatively high
planarity of polish without significant scratching defects on the soft
metal surface may become relatively critical for the production of advanced
semiconductors. High planarity of polish may require a hard and rigid pad
surface to reduce local compliance to the substrate surface being polish.
However, a relatively hard and rigid pad surface may tend to also cause
scratching defects on the same substrate surface thus reducing production
yield of the substrate being polished. Summary [0004] An aspect of the
present disclosure relates to a chemical mechanical planarization pad. The
chemical mechanical planarization pad may include a first component
including a water soluble composition and water insoluble composition
exhibiting a solubility in water of less than that of the water soluble
composition, wherein at least one of the water soluble and water insoluble
compositions of the first component is formed of fibers. The chemical
mechanical planarization pad may also include a second component, wherein
the first component is present as a discrete phase in a continuous of the
second component and thewater soluble composition may provide pores having
a size in the range of 10 nanometers to 200 micrometers upon dissolution.
[0005] Another aspect of the present disclosure relates to a method of
forming a chemical mechanical planarization pad, such as the above pad. The
method may include forming a first component including a water soluble
material and a water insoluble material, wherein at least one of the water
soluble material and the water insoluble material is formed of fibers. The
method may also include embedding the first component as discrete phases in
a continuous phase of a second component, wherein the water soluble
composition may provide pores having a size in the range of 10 nanometers
to 200 micrometers upon dissolution. [0006] A further aspect of the present
disclosure relates to a method of polishing a substrate. The method may
include contacting a substrate with a slurry and a chemical mechanical
planarization pad, such as the above mechanical planarization pad. The
chemical mechanical planarization pad may include a first component
including a water soluble composition and water insoluble composition
exhibiting a solubility in the slurry of less than that of the water
soluble composition and at least one of the water soluble and water
insoluble compositions of the first component is formed of fibers. The
chemical mechanical planarization pad may also include a second component,
wherein the first component is present as a discrete phase in a matrix of
the second component and the water soluble composition may provide pores
having a size in the range of 10 nanometers to 200 micrometers upon
dissolution. Brief Description of Drawings [0007] The above-mentioned and
other features of this disclosure, and the manner of 



attaining them, may become more apparent and better understood by reference
to the following description of embodiments described herein taken in
conjunction with the accompanying drawings, wherein: FIG. I a illustrates
an example of a first component including a water soluble and water
insoluble material arranged as layers, wherein the layers may include
fabric; FIG. I b illustrates an example of a first component including a
water soluble and a water insoluble material combined to form a fabric;FIG.
I c illustrates an example of a first component including a water soluble
material in the form of a particle dispersed in a matrix of a water
insoluble material, which may include fibers; FIG. 2 illustrates a
cross-section of an example of a chemical-mechanical planarization pad;
FIG. 3 illustrates a flow diagram of an example of a method of forming a
chemical mechanical planarization pad; and FIG. 4 illustrates a flow
diagram of an example of a method of using a chemical mechanical
planarization pad. Detailed Description [0008] The present disclosure
relates to a product, method of making and use of a polishing pad
particularly useful for the Chemical Mechanical Planarization (CMP) of
semiconductor wafer substrates where a high degree of planarity and low
scratching defect may be critical. As generally illustrated in FIG. 2 and
discussed further below, the CMP pad 200 may include a first discrete phase
or component 210 comprising two or more compositions each exhibiting a
different water solubility, and a second continuous phase or component 220
comprising one polymeric substances or a miscible mixture of two or more
polymeric substances, such that the first and second components are
combined in the pad at various ratios and configurations, as disclosed
herein. In addition, reference to a miscible mixture of two or more polymer
components for the second component may be understood as that situation
where the two polymeric substances may combine and provide a continuous
phase to contain the first component as the discrete phase. [0009] In one
embodiment, the first component may include both a water soluble material
and a water insoluble material, either or both of which may be in fiber
form. In some embodiments, the water insoluble material may always be in
fiber form. Water solubility herein may be understood as the ability of a
given substance to at least partially dissolve in water. For example, the
substance may have solubility in water of 30 to 100 parts per 100 parts
water, including all values and increments therein, and dissolution time
from 5 to over 60 seconds, including all values and increments therein. In
other words, the substance may at least partially dissolve in water at room
temperature or at elevated temperatures and/or upon exposure pressure or
mechanical action over a period of a few seconds to 360 minutes, including
all values and increments therein. Such water solubility may be achieved in
achemical mechanical planarization process where one may use an aqueous
based slurry, as described further below. The water soluble material of the
first component may include one or more of the following: poly (vinyl
alcohol), poly (acrylic acid), maleic acid, alginates, polysaccharides,
poly cyclodextrins, as well as salts, copolymers and/or derivatives
thereof. Water insoluble materials of the first component may include one
or more water insoluble substance such as polyester, polyamide, polyolefin,
rayon, polyimide, polyphenyl sulfide, etc., including combinations thereof.
The water insoluble substance herein may therefore be understood as a
substance that has a water solubility that is less than the water soluble
substance noted above. For example, it may have a water solubility that is
less than or equal to about 10 parts per 100 parts water. [0010] The water
soluble material of the first discrete component may have one or more of
the following physical properties: density 0.3 to 1.3 gm/cc, including all
values and increments therein, and Durometer hardness of 10 Shore A to over
60 Shore D, including all values and increments therein. Similarly, the
water insoluble material of the first discrete component may have one or
more of the following physical properties: density 0.3 to 1.3 gm/cc,
including all values and increments therein, and Durometer hardness of 10
Shore A to over 80 Shore D, including all values and increments therein. As
may be appreciated, in various examples, the hardness of the water
insoluble material may be greater than, equal to or less than that of the
soluble material. [0011] In some examples, the first component 110, an
example of which is illustrated in FIG. Ia, may include a first layer 102
of water soluble nonwoven fabric stacked onto a second layer 104 of a water
insoluble nonwoven fabric formed of the materials described above. In other
examples, the first component 110, illustrated in FIG. Ib, may specifically
include a nonwoven fabric including a relatively homogenous mixture of
water soluble 102 and insoluble 104 fibers formed of the materials
described above. In addition, in other examples, the first component may
also be a woven or knit material. In further examples, illustrated in FIG.
Ic, the first component 110 may include water soluble particles 102, again
formed of the materials described above. The water soluble particles may be
embedded in the water insoluble material 104 or otherwise combined with the
water insoluble materials. 



Furthermore, the water soluble particles may replace all or a part of the
water soluble fabric. That is, the layer 102 of water soluble material may
include both water soluble fibers in combination with water soluble
particles.[0012] With respect to the first component, the water soluble
material 102 may be present with the water insoluble material 104 in the
range of 0.01 % to 99.99 % by weight of the combination of the water
soluble and water insoluble materials, such as in the range of 0.2 % by
weight to 0.8 %by weight. Thus, the water insoluble material may be present
in the range of 0.01 % to 99.99 % by weight of the combination of the water
soluble and water insoluble material. Furthermore, the first component may
be present in the range of 0.01 % to 99.99 % by weight of the combination
of the first and second components, such as in the range of 0.3 % to 0.7
%by weight. [0013] The second component 220 serves as the continuous phase
for the first component 210, which is present as a discrete phase. As
therefore illustrated in FIG. 2, the first component 210 may be dispersed
relatively uniformly in the second component 220. This may be understood as
that situation where a relatively similar weight or volume of the first
component may be present throughout the second component. In other
embodiments, the first component may be distributed in the continuous phase
of the second component along various gradients throughout the pad, or in a
manner such that the first component is selectively provided near a given
surface, such as the polishing surface, of the pad. In that regard, the
second component may be considered as the continuous phase, with the first
component dispersed therein. [0014] The second component 220 may include a
single polymeric substance such as polyurethane, or, as noted above, a
miscible mixture of two or more polymeric substances such as polyurethane
having different physical and chemical properties, which are also water
insoluble. Again, miscibility may be understood as a relatively homogenous
mixture, provding a continuous phase, wherein discrete phases of the
polymeric substances forming the second component may be present at levels
of 25% by weight or less of the second component, including all values and
increments in the range of 0% to 25%, such as 0.1% to 24.9%, etc. [0015]
Accordingly, the second component may include one or more polyurethanes.
Polyurethane substances suitable for forming the second component may
include, but are not limited to, pre-polymers of polyurethane reacted with
curatives, polyurethane resins used for injection, extrusion, blow molding
or RIM operations, as well as various solvent and/or water based solutions
and dispersions of polyurethane. The polishing pad matrix may also include
or consist of other thermoplastic or thermoset polymers, such as
polycarbonate, polysulfone, polyphenylene sulfide, epoxy, various
polyesters, polyimides, polyamides, polyolefins,polyacrylates,
polymethylmethacrylates, polyvinyl chlorides, polyvinyl alcohols and/or
derivatives of or copolymers of the above. [0016] It may be appreciated
that where more than one polymeric substance forming the second component
is present, a first polymeric substance forming the second component may be
present in the range of 1 % to 99 %by weight and the second polymeric
substance may be present in the range of 99% by weight to 1% by weight.
Furthermore, a third polymeric substance forming the second component may
be present in the range of 1 % to 98 % by weight of the second component,
including all values and increments therein. Accordingly, for example, a
first polymeric substance may be present in the range of 25 % to 90 % by
weight of the second component and a second polymeric substance may be
present in the range of 10 % to 75 % by weight of the second component. In
another example, a first polymeric substance may be present in the range of
5 to 90 % by weight of the second component, a second polymeric substance
may be present in the range of 5 % to 75 % by weight of the second
component and a third polymeric substance may be present in the range of 5
% to 90 %by weight of the second component. [0017] The second component may
have one or more of the following physical properties density 0.3 to 1.2
gm/cc, Durometer Hardness 30 Shore A to 90 Shore D, and compression modulus
of 10 to over 500 megapascal. It may be appreciated that, in some examples,
the second component may have a hardness that is greater than that of the
water insoluble material of the first component. It may be appreciated that
the difference in hardness may be in the range of 1 unit to 70 units of
shore hardness along a given scale of hardness, including all values and
increments therein, such as 1 unit of shore hardness, 10 units of shore
hardness, 50 units of shore hardness, etc. Furthermore, it may be
appreciated that upon transitioning of hardness scales (from A to D), the
unit number itself may not be greater; however, the hardness may remain
greater, e.g., a Durometer Hardness of 10 Shore D may be greater than a
hardness of 30 Shore A. In other examples, the second component may have a
hardness that is less than that of the water insoluble material of the
first component. Again, it may be appreciated that the difference in
hardness may be in the range of 1 unit to 70 units of shore hardness along
a given scale of hardness, including all values and increments therein,
such as 1 unit of shore hardness, 10 units of shore hardness, 50 units of
shore hardness, etc. In further examples, the second component may have a
hardness that is equal to that of the water insoluble material of the first
component.[0018] Given the above, it may be appreciated that upon
dissolution of the water soluble 



material, pores will then be formed within the continuous phase of the pad.
Such pores may have a size of 10 nanometers to over 100 micrometers,
including all values and increments in the range of 10 nanometers to 200
micrometers, 10 nanometers to 100 nanometers, 1 micrometer to 100
micrometers, etc. This porosity is now selectively formed at a location
where there is also a selected presence of a water insoluble material. That
being the case, the polishing pad of the present disclosure allows for the
formation of pores through the dissolution of the water soluble material.
The pores are then proximate to a selected water insoluble material within
the pad that may provide regions of selected physical properties
immediately adjacent the pore and/or defining at least a portion of the
pore surface. This may then provide for improved pore stability in an
ensuing polishing operation. For example, the polishing slurry may enter
the pore and be retained by the water insoluble material. In addition,
where particles may be present in the slurry, the particles may migrate
into and be captured by the selected water insoluble material, forming a
portion of the boundary of the pore. Furthermore, where particles are
discharged from the substrate being polished, the particles may also be
entrapped and retained by the water insoluble material within the pores.
Finally, upon exposure, the water insoluble material may, in some
embodiments, provide different physical properties from those present in
the second component, i.e., the continuous phase, of the polishing pad.
[0019] In manufacturing a CMP pad of this embodiment, to form the first
component, a water soluble material may be placed next to, intermingled
with, dispersed within or otherwise combined with the insoluble material.
In some examples, the water soluble material may constitute the outer layer
or surface of the pad, which may be in contact with the substrate during
polishing. Both soluble and insoluble materials of the first component may
optionally be conditioned under controlled temperature and humidity. For
example, the soluble and insoluble materials of the first component may be
dried, removing residual surface moisture. Drying may occur at temperatures
in the range of, for example, 37 0C to 150 0C, including all values and
increments therein. Furthermore, drying may occur over a few minutes to
over 60 hours, including all values and increments therein. The second
component may then be introduced to the first component in a manner as to
partially or completely fill or embed the first component. [0020] In some
embodiments, at least a portion of the water soluble material may be
subsequently removed by exposing the CMP pad to water or an aqueous
solution with orwithout chemical, thermal, and/or mechanical means such as
ultrasonics, accelerating removal of the water soluble component.
Alternately, the water soluble material may be removed progressively during
CMP as the pad is exposed to the water based abrasive slurry. Again, it may
be appreciated that dissolution of the water soluble material may lead to
exposure of water insoluble material present in the discrete phases of the
first component. [0021] Generally of a method of making a polishing pad for
Chemical Mechanical Planarization (CMP) of microelectronic devices and
semiconductor wafers may therefore be contemplated herein as illustrated in
FIG. 3. The method may include or consist of providing at 302 a first
component that includes at least two layers or two materials, one of which
contains at least one water soluble material and at least one of which
includes a fiber. The method may also include or consist of providing at
304 a second component comprising a homogeneous mixture of substance(s),
such as a mixture of polyurethanes, and combining the first and second
components in various ratios and configurations 306, wherein the first
component forms discrete phases in the continuous second component. A CMP
pad may then be formed where the first component may, in some embodiments,
be dispersed relatively uniformly in the second component. [0022] In one
example of forming the polishing pad, the first component, containing at
least two materials, one of which is water soluble, may be placed into a
mold and the second component may be poured as a polymer precursor into the
mold. Pressure and/or heat may then be applied to the mold to facilitate
the curing (e.g. polymerization and/or crosslinking) of the polymer
precursor. In another example, the first component may be combined with the
second component, wherein the second component may be in a melt state and
injected or otherwise transferred into a mold. A melt state may be
understood as a state where the viscosity may be sufficiently low enough to
allow flow of the second component upon the application of pressure. The
second component may be allowed to solidify, wherein the viscosity may be
sufficiently high enough to form a relatively solidified and/or self
supporting part. [0023] Also contemplated herein is an example of a method
of using a polishing pad for Chemical Mechanical Planarization (CMP) of a
substrate surface, as illustrated in FIG. 4. The substrate may include
microelectronic devices and semiconductor wafers, including relatively soft
materials, such as metals, metal alloys, ceramics or glass. In particular,
the materials to be polished may exhibit a Rockwell (Rc) B hardness of less
than 100, including all values and increments in the range of 0 to 100 Rc B
as measured by ASTM E18-07.Other substrates to which the polishing pad may
be appleid may include, for example, optical glass, cathode ray tubes, flat
panel display screens, etc., in which, scratching or abrasion of the
surface may be desirably avoided. A pad may be provided including, for
example, (1) a 



first component comprising two or more layers, at least one of said layers
is water soluble, and (2) a second component comprising a homogeneous
mixture of substances, such that the first and second components are
combined in said pad in various ratios and configurations 402. The pad may
then be utilized in combination with liquid media, such as an aqueous
media, with or without abrasive particles. For example, the liquid media
may be applied to a surface of the pad and/or the substrate to be polished
404. The pad may then be brought into close proximity of the substrate and
then applied to the substrate during polishing 406. It may be appreciated
that the pad may be attached to equipment used for Chemical Mechanical
Planarization for polishing. [0024] The foregoing description of several
methods and embodiments has been presented for purposes of illustration. It
is not intended to be exhaustive or to limit the claims to the precise
steps and/or forms disclosed, and obviously many modifications and
variations are possible in light of the above teaching. It is intended that
the scope of the invention be defined by the claims appended hereto.CLAIMS
What is claimed is: 1. A chemical mechanical planarization pad, comprising:
a first component including a water soluble composition and water insoluble
composition exhibiting a solubility in water of less than that of said
water soluble composition and at least one of said water soluble and water
insoluble compositions of said first component is formed of fibers; and a
second component, wherein said first component is present as a discrete
phase in a continuous of said second component and said water soluble
composition provides pore having a size of 10 nanometers to 200 micrometers
upon dissolution. 2. The pad of claim 1, wherein said water soluble
composition comprises a first fiber and said water insoluble composition
comprises a second fiber and said first and second fibers form a fabric. 3.
The pad of claim 2, wherein said fabric is a nonwoven fabric. 4. The pad of
claim 1, wherein said water soluble composition comprises a first fiber
forming a first fabric and said water insoluble composition comprises a
second fiber forming a second fabric and said first and second fabrics are
layered. 5. The pad of claim 1, wherein said water soluble composition
comprises water soluble particles and said water insoluble composition
comprises a matrix in which said water soluble particles are embedded. 6.
The pad according to any one of claims 1 through 5, wherein said water
soluble material comprises one or materials selected from the group
consisting of poly (vinyl alcohol), poly (acrylic acid), maleic acid,
alginates, polysaccharides, poly cyclodextrins, as well as salts,
copolymers and/or derivatives thereof. 7. The pad according to any one
ofclaims 1 through 6, wherein said water insoluble material comprises one
or more materials selected from the group consisting of polyester,
polyamide, polyolefin, rayon, polyimide, polyphenyl sulfide and
combinations thereof.8. The pad according to any one of claims 1 through 7,
wherein said second component includes one or more materials selected from
the group consisting of polycarbonate, polysulfone, polyphenylene sulfide,
epoxy, various polyesters, polyimides, polyamides, polyolefins,
polyacrylates, polymethylmethacrylates, polyvinyl chlorides, polyvinyl
alcohols, derivatives thereof and copolymers thereof. 9. The pad according
to any one of claims 1 through 8, wherein said second component includes at
least two miscible water insoluble materials. 10. The pad according to any
one of claims 1 through 9, wherein said water insoluble material exhibits a
Durometer hardness of 10 Shore A to over 80 Shore D and said second
component exhibits a Durometer hardness of 30 Shore A to over 80 Shore D.
11. A method of forming a chemical mechanical planarization pad of any one
of claims 1 through 10 comprising: forming said first component including
said water soluble material and said water insoluble material; and
embedding said first component as discrete phases in a continuous phase of
said second component, wherein said water soluble material provides pores
having a size in the range of 10 nanometers to 200 micrometers upon
dissolution. 12. The method of claim 11, further comprising: removing at
least a portion of said water soluble material embedded in said second
component. 13. The method of any one of claims 11 through 12, wherein said
water soluble composition comprises a first fiber and said water insoluble
composition comprises a second fiber and said first and second fibers are
formed into a fabric. 14. The method of claim 13, wherein said fabric is a
nonwoven fabric. 15. The method of any one of claims 11 through 12, wherein
said water soluble composition comprises a first fiber forming a first
fabric and said water insoluble composition comprises a second fiber
forming a second fabric and said first and second 



fabrics are layered.16. The method of any one of claims 11 through 12,
wherein said water soluble composition comprises water soluble particles
and said water insoluble composition comprises a matrix in which said water
soluble particles are embedded. 17. The method of any one of claims 11
through 16, further comprising placing said first component into a mold and
pouring a precursor of said second component into said mold and reacting
said precursor to embed said first component in said second component. 18.
The method of any one of claims 11 through 17, further comprising placing
said first component into a mold; melting said second component; and
disposing said second component in said mold to embed said first component
in said second component. 19. The method of any one of claims 11 through
18, wherein said second component includes at least two miscible water
insoluble materials. 20. A method of polishing a substrate comprising:
contacting a substrate with a slurry and the chemical mechanical
planarization pad according to any one of claims 1 through 10. 21. The pad
of claim 1, wherein said water soluble material comprises one or materials
selected from the group consisting of poly (vinyl alcohol), poly (acrylic
acid), maleic acid, alginates, polysaccharides, poly cyclodextrins, as well
as salts, copolymers and/or derivatives thereof. 22. The pad of claim 1,
wherein said water insoluble material comprises one or more materials
selected from the group consisting of polyester, polyamide, polyolefin,
rayon, polyimide, polyphenyl sulfide and combinations thereof. 23. The pad
of claim 1, wherein said second component includes one or more materials
selected from the group consisting of polycarbonate, polysulfone,
polyphenylene sulfide, epoxy, various polyesters, polyimides, polyamides,
polyolefins, polyacrylates, polymethylmethacrylates, polyvinyl chlorides,
polyvinyl alcohols, derivatives thereof and copolymers thereof. 24. The pad
of claim 1, wherein said second component includes at least two miscible
water insoluble materials. 25. The pad of claim 1, wherein said water
insoluble material exhibits a Durometer hardness of 10 Shore A to over 80
Shore D and said second component exhibits a Durometer hardness of 30 Shore
A to over 80 Shore D.26. A method of forming a chemical mechanical
planarization pad comprising: forming a first component including a water
soluble material and a water insoluble material, wherein at least one of
said water soluble material and said water insoluble material is formed of
fibers; and embedding said first component as discrete phases in a
continuous phase of a second component, wherein said water soluble material
provides pores having a size in the range of 10 nanometers to 200
micrometers upon dissolution. 27. The method of claim 26, further
comprising: removing at least a portion of said water soluble material
embedded in said second component. 28. The method of claim 26, wherein said
water soluble composition comprises a first fiber and said water insoluble
composition comprises a second fiber and said first and second fibers are
formed into a fabric. 29. The method of claim 28, wherein said fabric is a
nonwoven fabric. 30. The method of claim 26, wherein said water soluble
composition comprises a first fiber forming a first fabric and said water
insoluble composition comprises a second fiber forming a second fabric and
said first and second fabrics are layered. 31. The method of claim 26,
wherein said water soluble composition comprises water soluble particles
and said water insoluble composition comprises a matrix in which said water
soluble particles are embedded. 32. The method of claim 26, further
comprising placing said first component into a mold and pouring a precursor
of said second component into said mold and reacting said precursor to
embed said first component in said second component. 33. The method of
claim 26, further comprising placing said first component into a mold;
melting said second component; and disposing said second component in said
mold to embed said first component in said second component. 34. The method
of claim 26, wherein said second component includes at least two miscible
water insoluble materials. 35. A method of polishing a substrate
comprising:contacting a substrate with a slurry and a chemical mechanical
planarization pad, wherein the chemical mechanical planarization pad
comprises a first component including a water soluble composition and water
insoluble composition exhibiting a solubility in said slurry of less than
that of said water soluble composition and at least one of said water
soluble and water insoluble compositions of said first component is formed
of fibers, and a second component, wherein said first component is present
as a discrete phase in a matrix of said second component and said water
soluble composition of said first component provides pores having a size in
the range of 10 nanometers to 200 micrometers upon dissolution. 


