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OPEN STRUCTURE POLISHING PAD AND 
METHODS FOR LIMITING PORE DEPTH 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is entitled to the benefit of Provi 
sional Patent Application Ser. No. 60/262947, dated J an. 19, 
2001. 

BACKGROUND-FIELD OF THE INVENTION 

[0002] This patent relates to the art of polishing pads, 
including but not limited to the polishing of silicon Wafers, 
semiconductor Wafers, patterned packaging and circuit 
boards, compound semiconductors, gem stones and the like. 

BACKGROUND: PRIOR ART 

[0003] Prior art teaches that polishing pads need surface 
teXture (or topography) to effectively polish semiconductor 
Wafers and the like. Several methods have been used to 
create such teXture as cited in U.S. Pat. No. 5,489,233 
including: 

[0004] 1. Urethane Impregnated polyester felts 
(examples in U.S. Pat. No. 4,927,432) possess a micro 
teXture derived from the ends of projecting fibers 
Within the bulk composite, together With associated 
voids. 

[0005] 2. Micro-porous urethane pads of the type sold 
as PoliteX by Rodel, Inc. of Nevvark Del. have a surface 
teXture derived from the ends of columnar void struc 
tures Within the bulk of a urethane film Which is grovvn 
on a urethane felt base. 

[0006] 3. Filled and/or blovvn composite urethanes such 
as IC-series, Mh-series and LP-series polishing pads 
manufactured by Rodel, Inc. of Nevvark Del. have a 
surface structure made up of semicircular depressions 
derived from the cross-section of eXposed hallovv 
spherical elements or incorporated gas bubbles. 

[0007] 4. Abrasive-filled polymeric pads such as those 
of U.S. Pat. No. 5,209,760 possess a characteristic 
surface teXture consisting of projections and recesses 
Where filler grains are present or absent. 

[0008] In addition to these referenced methods, other 
methods of providing surface teXture have been cited and 
patented. 

[0009] 5. Sintering polymeric particles (U.S. Pat. No. 
6,017,265), Where the micro-teXture is derived from the 
pre-sintered particles, gaps betvveen particles and fused 
polymeric-particle-sections. 

[0010] 6. Mechanically creating micro-teXture via such 
methods as diamond pad conditioning (U.S. Pat. No. 
5,489,233). 

[0011] Upon revievv, in all of these cases, successful pads 
for polishing semiconductor Wafer and the like utiliZe at 
least 2 of 3 key levels of pad teXturing: 

[0012] I. Macro teXturing, such as pad grooving, Which 
is on the scale of millimeters. This teXture is usually 
formed by mechanical means, such as using a metallic 
cutting tools or some form of patterned molding. 
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[0013] II. Intermediate scale-on the siZe scale of 5 to 
250 microns (micro-meters=ym), usually in the form of 
a closed or an open pore structure. 

[0014] III. Micro-teXture-on the scale of less than 5 
microns, usually 2-3 microns. Micro-texture often is 
created With diamond conditioning methods. 

[0015] The siX above mentioned pad types create the 
necessary teXturing for polishing all by different and distinct 
methods. Of these siX pad types, only methods 3, 4, 5 and 6 
have been used effectively for the planariZation of semicon 
ductor Wafers and the like. Method 4 is unconventional in 
that abrasive in the pad is used to polish the Work-piece, and 
Will not be considered as a “standard” polishing pad for this 
background discussion. 

[0016] Of the remaining methods, 3, 4, 5 and 6, method 3 
is used predominantly in the market place, in the form of the 
IC-1000 product line from Rodel Incorporated of Delaware. 
Shortcomings in the pads produced by methods 5 and 6 have 
thus far limited their utility in the market place. 

[0017] Pads made by method 5 shovv some improvements 
for certain applications over the IC-1000 pad made by 
method 3. As referenced in U.S. Pat. Nos. 6,017,265, 
6,062,968 and, 6,126,532, more stable rates can be achieved 
under certain polishing conditions. Pads made by method 5 
can be very effective for applications Where a polishing-Huid 
rich environment is desirable, as often found in more 
“chemical polishes” such as copper and tungsten polishing 
With some peroxide based commercially available slurries. 
In referring to the overall pad structures shovvn in U.S. Pat. 
Nos. 6,017,265, 6,062,968 and 6,126,532 (also shovvn sche 
matically in FIG. 5), continuous void spaces can be formed 
by the design of this pad. This netvvork of attached void 
spaces (item 14 in FIG. 4) can act to lloat the polishing 
Work-piece on a reservoir of polishing Huid. In some pol 
ishing applications, a generous ñuid reservoir is desirable, as 
compared to the IC-1000 pad. In practice hovvever, the 
benefits of this reservoir are soon out Weighed by disadvan 
tages. This continuous netvvork of pores becomes filled With 
more than the desired polishing Huid: polishing by-products, 
spent polishing Huid, rinse Water, and pad conditioning 
by-products, as eXamples. In some instances, the cycling of 
particle containing slurries and Work-piece rinsing ñuids, 
can lead to agglomerated slurry particles stuck in the deep 
netvvork of pad pores. The formation of a very thin polishing 
pad is impractical because the pad Will not be thick enough 
to provide the needed rigidity for polishing planariZation and 
thick enough to have a suitable life-time When coupled With 
standard diamond pad condition methods and the typical pad 
Wear encountered in most polishing applications. 

[0018] This invention teaches nevv methods of forming 
and using polishing pads made by a method similar to those 
of method 5 above, but that form a controllable pore netvvork 
depth into the polishing pad. In doing so, the polishing pads 
take full advantages of the performance potential seen in 
method 5 pads, With out the undesirable characteristics 
encountered With this deep and continuous pore netvvork, as 
discussed above. In addition to these advantages, this inven 
tion teaches that the nevv pad design formed With achieve 
superior planariZation and in some cases a longer polishing 
pad lifetime for applications such as semiconductor Wafer 
polishing and the like. 
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SUMMARY 

[0019] A polishing pad is formed consisting of a miXture 
of at least two distinct material phases. The first phase is the 
network of polymer particles, that may or may not be 
coalesced or sintered into a polishing pad matriX. The 
second phase consist of materials that occupy the void 
spaces or gaps with in the first phase. This said second phase 
is liberated from the pad when in contact with the pad 
surface, by a variety of methods. The void spaces, once 
occupied by the second phase of material, forms the said 
connected network of pores that forms the needed surface 
teXture for polishing. This invention offers a unique way of 
forming a solid polishing pad and simultaneously forming a 
controllable and reproducible surface-pore-depth. 

DRAWINGS 

[0020] FIG. 1 is a schematic microscopic cross sectional 
and surface view of an article (polishing pad), in accordance 
to the present invention, after manufacture. 

[0021] FIG. 2 is a higher magnification schematic micro 
scopic cross sectional and surface view of an article (pol 
ishing pad), in accordance to the present invention, as shown 
in FIG. 1. 

[0022] FIG. 3 is a schematic microscopic cross sectional 
and surface view of an article (polishing pad), in accordance 
to the present invention, after a surface pore or surface 
teXture has been formed from the structure shown initially in 
FIG. 1. 

[0023] FIG. 4 is a higher magnification schematic micro 
scopic cross sectional and surface view of an article (pol 
ishing pad), in accordance to the present invention, as shown 
in FIG. 3. 

[0024] FIG. 5 is a schematic microscopic cross sectional 
and surface view of an article (polishing pad), in accordance 
to he current art. 

[0025] FIG. 6 is a schematic microscopic cross sectional 
and surface view of an article (polishing pad), in accordance 
to an embodiment of the present invention, as manufactured. 

[0026] FIG. 7 is a high magnification schematic micro 
scopic cross sectional and surface view of an article (pol 
ishing pad), in accordance to the invention embodiment 
shown in FIG. 6, after the surface pore or surface teXture has 
been formed from the structure shown initially in FIG. 6. 

[0027] FIG. 8 is a still higher magnification schematic 
microscopic cross sectional and surface view of the near 
surface region of the article (polishing pad), in accordance 
to the invention embodiment shown in FIG. 7. 

[0028] FIG. 9 is a high magnification schematic micro 
scopic cross sectional and surface view of an article (pol 
ishing pad), in accordance to an additional embodiment of 
the present invention, after the creation of surface pores or 
surface teXture. 

[0029] FIG. 10 is a schematic cross sectional and surface 
view of an article (polishing pad), during a diamond pad 
conditioning treatment. 

[0030] FIG. 11 is two schematic microscopic top surface 
views of the two polishing pad material phases (as shown in 
FIG. 7), in accord with this invention, after current-art 
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diamond pad conditioning on (a) solid material phase 1 and 
(b) on the fill material (for some embodiments of the present 
invention), showing the conceptual design of the surface 
micro-teXture. 

[0031] FIG. 12 is a schematic cross sectional surface view 
of an article (polishing pad), in accordance to the present 
invention, with the addition of macro-teXturing groove cuts 
(the view does not include the detail shown in earlier 
figures). 
[0032] FIG. 13 is a schematic top surface view of an 
article (entire polishing pad), in accordance to the present 
invention, showing the conceptual design of concentric 
circular grooving which is used to create surface macro 
teXturing of a polishing pad. 

DESCRIPTION OF THE INVENTION 

[0033] Referring to the drawings, wherein like numerals 
indicate like elements throughout, there is shown in FIGS. 
1-4, 6-13 embodiments of an article of manufacture, gener 
ally designated 100, 200, 400, 500, 600, and 800 in accor 
dance with the present invention. 

[0034] Preferably, the articles 100, 200, 400, 500, 600, and 
800 are generally circular sheets or polishing pads, as best 
shown in FIG. 13 (600). One of ordinary skill in the art 
would understand that the pad 600, may for eXample be 
square, rectangular, in long sheets or belts or any desired 
suitable shape. 

[0035] The article 200 et seq. of the present invention may 
be used as a polishing pad either by itself or as a substrate 
in a polishing operation in which a polishing lluid is used to 
provide a desired surface finish for semiconductor devices, 
silicon devices, crystals, gases, ceramic, polymeric plastic 
material, metal stone or the like. Polishing pads 600 made 
with the article 200 et seq. of the present invention may be 
used with lubricants, coolants, and various abrasive and 
non-abrasive polishing slurries, all well known to those 
skilled in the art and readily available commercially. 

[0036] In reference to FIG. 1 and FIG. 2, the said inven 
tion-polishing pad, article 100, is formed with a miXture of 
at least two distinct material phases. The first phase is a 
collection of polymer particles 11, that may or may not be 
coalesced or sintered into a polishing pad matriX. Hence 
forth, this phase may be referred to as the PPP, for polymer 
particle phase. When these said particles are coalesced or 
sintered together, this said collection forms a single net 
worked structure. Henceforth, network will be referred to as 
the PPM phase, for polymer particle matriX phase. In FIG. 
1, the said polymers particle (PPP) 11 are sintered to form 
such a network 11 (PPM). The second phase 12 consist of 
materials that occupy the void spaces or gaps with the first 
phase. This occupancy of space need not be 100%. In FIG. 
1, the more darkly shaded areas that fill the gaps between the 
coalesced particles 11 represent this second phase continu 
ous phase 12. Hence forth, this fill material will be referred 
to as the pore-depth-limiting phase or PDL. In FIG. 1 and 
all figures in their application, the upper portion of each 
drawing is intended to represent the topside or surface of the 
article (polishing pad). The remaining 3 sides of the as 
drawn articles are assumed to run continuously and repeated 
in to the bulk of the said invented article, taking the 
macroscopic shape of the polishing pad as described above. 
As an eXception, FIG. 13 represents a full polishing pad 
600. 
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[0037] In reference to FIG. 3 and FIG. 4, the said second 
phase 12 has become recessed below the initial polishing 
pad surface, as an operating feature of this invention. In 
accord with this invention, the said second phase 12 (PDL) 
is liberated from the pad when in contact with the pad 
surface, by a variety of methods. These methods will be 
discussed later in the invention description. The area once 
occupied by PDL material 12 has become the newly created 
surface port layer 13. As the PDL material 12 are liberated, 
the newly created surface void spaces 14 forms an intercon 
nected network of pores that forms the needed surface 
teXture for polishing. The rate at which the PDL phase 12 is 
liberated from the surface is controlled by method of lib 
eration, the materials chosen, the method of manufacture of 
the polishing pad and the operation of the polishing pad. In 
the preferred embodiment illustrated by FIG. 2, the said 
second phase material 12 is liberated by the surface by 
slowly chemically dissolving into the pad conditioning, 
rinsing or polishing ñuids. The desired dissolution rate is 
first characterized by the material choice for the said PDL 
phase 12. In the preferred embodiment, the PDL phase 12 is 
a water-soluble polymer, such as from the PolyoXy series 
from Union Carbide of Danbury Conn. In this case the rate 
of dissolution is controlled by the molecular weight of the 
PolyoXy chosen, as described in the company literature. The 
material is chosen, in the preferred case, so that the disso 
lution rate is approXimately equal to the net wear of the pad 
by both polishing and pad conditioning operation. An initial 
pad rinsing pre-treatment can be used to set the pore depth 
13 by this design (See FIGS. 3 and 4). 

[0038] FIG. 5 shows the current art, which uses a single 
phase 81 polishing pad and calls for the surface and inter 
stitial voids spaces 14 to remain empty. These void spaces 14 
become traps for unwanted polishing pad conditioning and 
reaction by-products. In FIGS. 1-4, the second phase mate 
rial acts to block this migration of by-products into the pad 
interior, by limiting the depth that the void spaces 14 
penetrate into the bulk of the polishing pad 200. As a result, 
these by-products remain on the surface and are easily rinsed 
away if so desired. In addition, the liberation of the PDL 
phase 12, acts to undercut and release the by-products that 
deposit on the surface of PDL phase 12. 

[0039] In reference to FIG. 6 and FIG. 7, as another 
embodiment of this invention, a different family of second 
phase materials (PDL-2) is used. Henceforth, these materials 
will be referred to as PDL-2 for pore-depth-limiting, ver 
sion-2. This PDL-2 is not entirely liberated from the pad 
surface. As shown in FIG. 6 and FIG. 7, the second phase 
is partially liberated from the surface, leaving a series of 
interconnected or distinct pores with in the interstitials of the 
particle phase 11. In this embodiment, the remaining mate 
rial 23, may either wear at the same rate as the particle phase 
11, leaving a nearly co-planar surface or the said remaining 
material 23 may also be liberated from the surface of the pad 
by any variety of methods, including a still slower rate of 
dissolution relative to pore creating material in 22 (creating 
the pores 26 shown in FIG. 8) or from a faster rate of 
mechanical wear than that of the polymer particle phase 11. 

[0040] FIG. 8 provides and eXploded view of the said 
PDL-2 phase shown in FIG. 7. Shown are the void spaces 
26 which are created when material was liberated from the 
polishing pad surface (from material 22) as well as the 
remaining second phase material 23. The said pore 26 siZes, 
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volume and shape are controlled by the method of manu 
facture, materials chosen, and operation of this invention 
embodiment, as will be discussed later in the description of 
this invention. 

[0041] As yet another separate embodiment of this inven 
tion, as illustrated in FIG. 9, the particle phase 11 of the 
polishing pad need not be sintered or coalesced into a single 
network of material to be effective. In this embodiment, the 
cohesive force of the polishing pad may also be provided by 
the second phase material, indicated here as phase 35. 
Henceforth, this third family of second phase materials will 
be referred to as the PDL-3 for pore-depth-limiting phase, 
version 3. As in the previous embodiments, this PDL-3 35 
can be liberated from the said polishing pad material by a 
variety of methods, either in whole or in part. The preferred 
method for this embodiment is for the PDL-3 material 35 to 
partially liberate from the surface by dissolution. The 
remaining material 36 is then worn from the surface at the 
same rate to a slightly higher rate than the particle phase 11. 
In this version of this embodiment, the particle phase 11 is 
held with suflicient cohesive force to allow for the PPP 
particles to wear from the surface of the pad rather than 
becoming torn or chipped out the pad surface. The cohesive 
force with in the PDL-3 and between the PDL-3 and the PPP 
can be altered, by one skilled in the art, to control the release 
of said PPP particles 11 from the surface during either the 
polishing, pad conditioning or similar operation, if so 
desired. 

[0042] For all embodiments of this invention, the creation 
of surface micro-teXture is desirable. One method of creating 
this said micro-teXture is by diamond pad conditioning. In 
some embodiments the particle phase has no intrinsic sur 
face teXture. Diamond pad conditioning can be used to 
create surface topography as illustrated in FIG. 10. FIG. 11 
shows the surface structures formed by the current diamond 
pad conditioning art (FIG. 11a) on the particle phase 11. 
FIG. 11b shows the said intrinsic surface teXture of this 
invention in the PDL-2 23 and some embodiments of PDL-3 
36. Diamond particle scratches 45 and wakes 47, criss-cross 
the polymer particle surface 11, in a random fashion. As 
these scratches 45 pass over one and another, micro teXture 
topography is created. In some cases the intrinsic surface 
porosity of PDL-2 (and sometimes PDL-3) yields a closed 
cell pore. This closed cell surface structure acts to hold the 
polishing ñuid without escape, during the polishing opera 
tion, forming and maintaining a good ñuid-pad-work-piece 
contact. Recessed surface micro teXture structures or surface 
voids 23, as described in this said invention, act to hold the 
polishing ñuid at the surface of the pad. 

[0043] The shape and teXture of the said micro-pore 
structure 26 will vary with the method of manufacture from 
spherical to channels of pores. 

[0044] Macro teXturing is often desirable for a polishing 
pad to increase the llow of material across he pad and to the 
surface of the work-piece. FIG. 12 shows and eXample of 
macro grooving showing grooved 32 and un-grooved areas 
31. These grooves can be linear or circular or any shape. 
FIG. 13 gives a conceptual eXample of a circular polishing 
pad with circular grooves 31. In reality, there would be many 
more grooves than that shown in FIG. 13. 

[0045] Methods for material-liberation for the said PDL, 
PDL-2 and PDL-3 phases include but are not limited to: 
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[0046] a) Chemical dissolution into the usually aqueous 
media of the polishing solution, pad or Work-piece 
cleaning or rinsing solution or pad conditioning solu 
tion. This action may be enhanced or controlled by the 
addition or subtraction of acids, bases, or dilute sol 
vents into or from the said above solutions. 

[0047] b) Pretreated chemical dissolution processes into 
a solvent type bath, including but not limited to a 
pretreatment operations during the manufacturer of the 
polishing pad at a set amount of pore depth creation. 

[0048] c) Chemical reactions With a contacting liquid or 
gas, Which results in by-products Which are liberated 
from the pad. This method may be enhanced by placing 
reactive species in either the polishing, pad condition 
ing, Work-piece rinsing or pad rinsing lluids. 

[0049] d) Phase changes due to eXposure to atmospheric 
pressure, increased temperatures, induced shear, or 
induced strain due polishing, pad conditioning pro 
cesses, or similar shear and strain inducing processes. 

[0050] e) Significantly higher physical Wear rates 
betvveen PDL 12, PDL-2 22 and PDL-3 35 and PPP 
material 11, during polishing or pad conditioning type 
processes. 

[0051] f) Surface degradation, decomposition, reaction, 
dissolution, increase mobility or other means of surface 
liberation due to an applied surface energy lluX, includ 
ing but not limited to light, acoustic or sonic energy, 
vibrations or thermal energy. 

[0052] g) Deformation and increased mobility due to 
increases in the surrounding temperature or by means 
of induced pressures and shear rates. 

[0053] h) Swelling or partial dissolution of material in 
concert With means of surface abrasion or agitation. 

[0054] 
[0055] Examples of methods and materials include but are 
not limited to: 

[0056] Method (a) chemical dissolution: 

[0057] Using materials and methods for material libera 
tion for all or portions of the said PDL 12, PDL-2 22 or 
PDL-3 35 phases, Which include, but are not limited to, the 
follovving systems of materials and lluids: 

[0058] i. At least a partial quantity of Water soluble 
polymers such as Polyacrylic acids, hydroXypropylcel 
lulose, or Polyethylene oXide (as sold by Union Car 
bide of Danbury Conn. as PolyoXy products WSRN 
750 and others), and blends of these types of polymers 
such that the overall miXture of materials is soluble in 
a desired polishing, rinsing, conditioning or other lluid. 
For eXample WSRN-750 PDL 12 dissolves in Water, 
When used With a Water rinsing lluid. 

i) Combinations of the above. 

[0059] ii. Water-soluble solid salts or crystals such as 
sugars, soluble solid acid, potassium nitrite or for 
eXample solid oXalic or citric acid in Water. 

[0060] iii. Inorganic particles such as CaCO3 in dilute 
acid, Ca (NO3)2 in Water, CaO in acid, ammonium 
nitrate in Water, K2CO3 in Water, Ar(SO4)2 in Water or 
potassium acetate in alkaline conditions, as eXamples. 
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[0061] iv. Inorganic-organic compleXes such as par 
tially coagulated or reacted silica, ceria or other inor 
ganic particles or molecular level species of inorganic 
materials (ceria, silica) With polyethylene oXide poly 
mers, as an eXample. 

[0062] In this method, the PDL 12 eXamples listed above 
are fashioned into a polishing pad, as part of this invention. 
The said polishing pad is then contacted With the said 
eXample lluids discussed in method (a). Some portion of the 
PDL 12 is hence dissolved into the said lluids leaving the 
said desired surface voids 14 forming the desired surface 
micro-teXture. 

[0063] Methods (b) chemical reaction: Some portion of 
PDL 12, PDL-2 22, or PDL-3 36 are made from the 
follovving system of materials and lluids, but not limited to: 

[0064] i. Lithium metal particle reacting With Water. 

[0065] ii. Sulfur particles With hydrogen peroXide solu 
tions. 

[0066] This method Works in a similar manner as dis 
cussed in method (a), With the added distinction that rather 
than some portion of the PDL 12 dissolving, the said PDL 
chemically reacts With the contacting lluid, hence liberating 
a reaction by-product from the surface of the said polishing 
pad forming said desired void 14, for eXample. 

[0067] Methods (c) of phase changes: Using materials and 
methods for material liberation for all or portions of the said 
PDL 12, PDL-2 22 or PDL-3 35 phases, Which include, but 
are not limited to, the follovving systems of materials and 
lluids: 

[0068] i. Lovv melting temperatures materials, materials 
sensitive to phase changes caused by pressure changes, 
increased temperatures, induced shear or strain. For 
eXample, elastomeric polymers Will act as solids under 
compression or impact, yet Will llovv as a liquid, When 
introduced to some llovv conditions. 

[0069] Methods (d) of Wear rates: Using materials and 
methods for materials liberation for all or portions of the said 
PDL 12, PDL-2 22 or PDL-3 35 phases, Which have a 
significantly higher physical Wear rate than the PPP material 
11, including but not limited to: 

[0070] i. MatriX polymers such as TeXin 250 Thermo 
plastic urethane (11) as sold by Bayer Incorporated of 
Pittsburgh Pa., combined With PDL 22 materials With 
higher physical Wear rates such as polypropylene, for 
eXample. The Wear is induced by the act of polishing or 
pad conditions (Where friction and mechanical Wear are 
introduced to the pad surface). 

[0071] Examples of the polymeric-particle phase (PPP) 
material 11 include but are not limited to urethane polymer, 
an acrylated urethane, and acrylated epoXy and ethylenically 
unsaturated organic compound having a carboXyl, benZyl or 
amide functionality, an aminoplast derivative having a pen 
dant unsaturated carbonyl group, and isocyanrate derivative 
having at least one pendant acrylate group, a vinyl ether, a 
polyacrylamide, an ethylene ester copolymer or an acid 
derivative thereof, a polyvinyl alcohol, a polymethyl meth 
acrylate, an ABS, a polysulfone, a polyamide, a polycar 
bonate, a polyvinyl chloride, an epoXy, a copolymer of the 
above or a combination thereof. 
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[0072] The PPP material 11 should have the following 
bulk or surface physical properties: 

[0073] Hydrophilic intrinsically or at least after a 
diamond pad conditioning, or other method, has 
been used to form surface micro-teXture on the scale 
of 1-5 microns. 

[0074] A density of grater than 0.5 g/cm3 

[0075] A critical surface tension of greater than 33.5 
milliNewtons/m 

[0076] A tensile modulus of 0.02 to 5 gigapascals 

[0077] A ratio of tensile modulus at 30 C. to tensile 
modulus at 60 C. of 1.0 to 2.5 

[0078] A shore D hardness of 25 to 90. 

[0079] A yield stress of 300-6000 psi 

[0080] A tensile strength of 1000 to 15000 psi 

[0081] An elongation to break less than or equal to 
500% 

[0082] Methods of Manufacturer 

[0083] Example of proposed manufacturing methods are 
shown below. By no means are the eXamples limiting the 
materials nor methods available for making the above 
described invention. 

EXAMPLE 1 

[0084] Preferred Embodiment 1, PDL 

[0085] TeXin 250 Thermal plastic urethane from Bayer 
Incorporated of Pittsburgh Pa. (PPP 11) is cold milled to an 
initial the siZe range less than 250 microns in average 
diameter. This material can then be made into a sintered 
polymer particle matriX (PPM) using method know in the 
art, as described in U.S. Pat. No. 6,017,265 eXample 1. 

[0086] This urethane material has now formed a PPM. 
This matriX pad is now impregnated with PolyoXy® WSRN 
750 from Union Carbide of Danbury Conn. Impregnation to 
fill the voids in the interstitials and other locations in the 
PPM can take place by several methods. In this eXample, the 
WSRN-750 is completed dissolved in water at elevated 
temperatures until such a concentration to form a past like 
material. This material is then pressed into the pores of the 
PPM using a Teñon squeegee. The paste is added until paste 
material begins to evolve from the backside of the polishing 
pad. The pad is then dried in an oven for 10 hours at 90 C. 
The pad is then cooled to room temperature for 2-10 hours. 
After cooling, paste is re-applied to the pad. EXcess paste is 
removed with the squeegee. The pad is baked again for 10 
hours at 90 C. and then cooled for 2 hours before being 
fashioned into a polishing pad. 

[0087] The resulting pad is then cut into the desired shape. 
Macro-grooving 32 is done using metallic cutting tools such 
as lathes or cutting saws. The pad is then laminated with 
adhesive. 

EXAMPLE 2 

[0088] Second embodiment, PDL-2 

[0089] Using a high melt temperature thermoplastic from 
the list compiled for the PPP material 11, a sintered pad 
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matriX is formed, where the material chosen has a melting 
and softening temperature in eXcess of 220 C. The formed 
PPM, by methods discussing the in current art, is made ñat 
by a variety of methods including molding and hot rolling. 

[0090] TeXin 250 Thermal plastic urethane from Bayer 
Incorporated of Pittsburgh Pa. (polymeric matriX phase 11), 
is miXed with 25% PolyoXy® WSRN-10 and 25% WSRN 
750 by volume, both from Union Carbide of Danbury Conn. 
(PDL-2 22). The said PDL 22 is initially the siZe range less 
than 250 microns in diameter. These materials are combined 
in a commercially available heated miXer at a temperature of 
190 C. The said TeXin 250 and WSRN-10 are introduced 
into the miXer in a manner known by those skilled in the art 
to achieve a substantially melted and well-miXed material, to 
the scale of less than 10 microns. 

[0091] The above-mentioned PPM material is then fed 
trough a Hat eXtruder die of dimensions not more than 50 
microns wider than the width of the PPM. The melt formed 
above is held in the eXtruder die at a pressure sufficient 
enough to force the melt material into the interstitial pore 
structure of the said PPM (in eXcess of 10 PSIG). As the 
PPM roll is pulled from the eXtruder, the said melt is forced 
into the pore structure of the PPM as described earlier in this 
invention. 

[0092] The eXtruded pad can then be ed right onto a 
desired substrate such as Mylar (from Dupont), Suba-4 
(from Rodel Inc.) or commercially available rubber or foam 
sheets. The eXtruded sheets can be macro-grooved 32 using 
metallic cutting tools, such as lathes with cutting die or saw 
cutting tools. The pad is then cut into the desired shape and 
laminated with adhesive. 

EXAMPLE 3 

[0093] PDL-3 

[0094] TeXin 250 Thermal plastic urethane from Bayer 
Incorporated of Pittsburgh Pa. (polymeric matriX phase 11), 
is miXed with 25% PolyoXy® WSRN-10 and 15% WSRN 
750 by volume, both from Union Carbide of Danbury Conn. 
(PDL-3 35). The said PDL-3 35 is initially the siZe range less 
than 250 microns in diameter. These materials are combined 
in a commercially available heated miXer at a temperature of 
190 C. The said TeXin 250, WSRN-10, and WSRN-750 are 
introduced into the miXer in a manner known by those 
skilled in the art to achieve a substantially melted and 
well-miXed material, to the scale of less than 10 microns. 

[0095] Using a high melt temperature thermoplastic from 
the list compiled for the PPP material, PPP-material of 
diameter of less than 250 microns are added to the above 
melt, slowly so as to fully dispense these particles. The 
PPP-material particles are added until a volume percentage 
of 40% is reached. This melt-suspension is then added to a 
commercial eXtruder at a temperature around 190 C. This 
melt-suspension is then eXtruded out through a Hat grading 
(approXimately 30 inches wide, 80 mils high and with a 
groove-making grating 25 mils deep, with 80 mil top areas 
31 and 30 mil down areas 32. 

[0096] The eXtruded film can fed right onto a desired 
substrate such as Mylar (from Dupont), Suba-4 (from Rodel 
Inc.) or commercially available rubber or foam sheets. The 
eXtruded sheets can be case with continuous grooves by use 
of a grooved die. The final pads can then be heat-pressed, 
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mechanically cut and grooved into the desired macro-shape 
and siZe by suing metallic molds With the desired pad 
structure cut into the mold. In this example a concentric 
groove design is pressed into the pad by heating the mold to 
an effective temperature. The pad is then cut into the desired 
shape and laminated With adhesive. 

[0097] Operation 
[0098] Use of a polishing pad is a Well-documented 
method for a variety of polisher types, and is easily con 
ducted by one skilled in the art. Brieñy, the operation of this 
polish pad is revievved. The starting pad referenced in this 
section is that shovvn in FIG. 1100 and made by eXample 1. 

[0099] The finished pad is first attached to the Working 
surface of a polisher by a desired method of adhesion, 
usually using a pressure-sensitive-adhesive (PSA) and 
applied pressure along the top surface of the pad 600 to 
fasten the pad via the PSA to the Working surface of the 
polisher. After the pad is attached, the pad surface must be 
treated to enact the appropriate method of creating surface 
pores 14. Using the preferred embodiment of a the polishing 
pad (eXamples 1). a 5 minute conditioning run is employed 
While ñovving a generous amount of room temperature 
Water. The conditioning method uses a standard condition 
ing disk as the Work-piece on the polishers conditioning arm 
at approXimately 12 lbf on a 4-inch conditioner using a 
sweeping motion With the table rotating at a rate of usually 
over 10 RPM. This standard conditioning disk is readily 
commercially available. In standard diamond conditioners, 
the sharp tip of the diamond projects normal to the plane of 
the conditioning disk. During this initial break-in, the con 
ditioning disk ñattens the pad surface, cuts grooves in the 
PPP-materials 11 and removes a thin layer of the said pad. 
This condition operation brings the pad to a condition that 
can be maintained as steady state during the operation of 
polishing several substrates. The surface of the polishing pad 
100 is novv eXposed to the How of Water and in doing so 
starts the dissolution of these materials. After sufficient time, 
the PDL 12 materials dissolve and are carried avvay by the 
Wafer How rate in conjunction With the pad conditioning, 
creating the desire pore structure 14. Length of this opera 
tion can be reduced by any method that enhances solubility 
of the PDL-the use of pressuriZed Wafer delivery systems 
and high Water temperatures as eXamples. This break-in 
procedure can be modified for deeper pore structure 14 by 
reducing the cut rate of the diamond pad conditioner, 
increasing the rinsing time and using a more easily soluble 
PDL material 12. At the end of the initial break-in, the 
desired surface pore depth 13 and pore 14 structures of the 
said invention 200 polishing pad have been created. 

[0100] After this initial break-in, Wafers, or the like, are 
loaded on the polisher Where a polishing arm or other 
apparatus holds the Wafer, or the like, in contact With the 
polishing pad in the presence of slurry or other polishing 
Huid. These slurries or ñuids usually How across the surface 
of the pad and are then moved betvveen the Wafer and the pad 
by virtue of the motion of the pad With respect to the Wafer. 
The desired polishing of the Wafer or Work-piece usually 
takes place by virtue of the contact of the slurry or ñuid With 
the Wafer or Work-piece in the presence of the polishing pad, 
in motion, at elevated contacting pressures. 

[0101] Conclusions, Ramifications and Scope 
[0102] The invention teaches a novel structure, means of 
constructing and operation for a polishing pad. This inven 
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tion enhances the design and operation of polishing pads that 
offer an interconnected pore structure, such as that found on 
sintered-materials polishing pads. The advantages of this 
invention include: 

[0103] 1. The polishing pad can incorporate a slovvly 
dissolving PDL, PDL-2 or PDL-3 phases, Which can 
act as a self cleaning method for the pad, thus lovvering 
the critically of the pad conditioning process, for some 
applications. 

[0104] 2. The top surface polishing ore depth can be 
substantially controlled by the pad manufacturing 
method, PDL materials and the pad operation process. 

[0105] 3. The methods of pad manufacturing can be 
substantially simplified over case and skive methods. 
Less eXpensive and more manufacturable methods such 
as eXtruding or injection molding are difficult to use in 
pad manufacturing because they operate at eXtreme 
conditions and tend to yield smooth polymer surfaces 
(microscopically). This invention allovvs for these 
methods to be employed and still have a viable route for 
creating surface teXture. 

[0106] 4. The chemistry With in the PDL, PDL-2, or 
PDL-3 phases may aid in pad conditioning, Wafer 
cleaning or Work-piece polishing performance. 

[0107] 5. The formed pad, as compared to the current art 
shovvn in FIG. 5, can be considerably stiffer, due to the 
added stiffness and rigidity of the fill material over that 
of air or the polishing ñuids. 

[0108] Although the description above contains many 
specificities, these should not be construed as limiting the 
scope of the invention but merely providing illustrations of 
some of the presently preferred embodiments of this inven 
tion. 

1. A polishing pad comprising a miXture of at least tvvo 
material types Where, 

a) a first material participates of a contiguous collection of 
polymeric like particles to form the body of polymeric 
like structure, and 

b) a second material acts to fill some portion of the void 
spaces betvveen the polymeric like particles. 

2. A polishing pad comprising a miXture of at least tvvo 
material types Where, 

a. a first material participates of a contiguous collection of 
polymeric like particles to form the body of polymeric 
like structure, and 

b. a second material acts to fill some portion of the void 
spaces created, and 

c. some portion of the second material type is liberated 
from the surface of the said polishing pad resulting in 
the creation of surface teXture. 

3. A polishing pad in accordance With claims 1 or 2 
Wherein said methods of material liberation include: con 
tacting the said polishing pads With a Huid, Which acts to 
dissolve the said portion of the said second material, either 
as the sole method of material liberation or combined With 
any number of other means of surface material liberation. 

4. Apolishing pad in accordance to claim 3 Where the said 
ñuid is Water in either an acidic, neutral or basic pH range 




