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(57) ABSTRACT 

A polishing tool applicable to various types of polishing 
objects is provided that enables to stabilize the polishing 
speed and to obtain superior surface details While reducing 
the formation of defects such as scratches on the polished 
surface. The tool is operated by pressing and sliding on the 
polishing object in a swinging motion and the surface is 
polished With abrasive particles imbedded in a matrix com 
prised primarily of a thermoplastic resin such as butadiene 
styrene, polybutadiene or MBS resin of acryl rubber group. 
The polishing tool includes ?xed-abrasive polishing tool 
that contains abrasive particles Within the polishing tool, or 
a polishing pad containing non-?Xed-abrasive particles. 
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POLISHING TOOL AND MANUFACTURING 
METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a polishing tool 
and its manufacturing method, and relates in particular to the 
structure of a ?xed-abrasive polishing tool or a polishing 
pad, used to polish a polishing object such as semiconductor 
Wafers to a ?at and mirror polished surface. 

[0003] 2. Description of the Related Art 

[0004] In recent years, as semiconductor devices become 
more highly integrated, the line Width of the circuit is 
becoming ?ner and the dimensions of the integrated devices 
are becoming ?ner. In the process of manufacturing such 
devices, there is sometimes a need to remove a ?lm formed 
on the surf ace of a semiconductor Wafer by polishing so as 
to planariZe the surface, and as a means for such planariZa 
tion, chemical mechanical polishing (CMP) is used. The 
CMP apparatus of this type has a turntable With a bonded 
polishing pad and a topring, and a polishing object is placed 
betWeen the turntable and the topring so that both the 
turntable and the topring can be rotated While the topring 
exerts a certain pressure on the turntable and a slurry is 
delivered on the polishing pad to polish the surface of the 
polishing object ?at and in a mirror polish. 

[0005] In the CMP method based on the slurry, there is a 
problem that the quality of polish depends on the device 
pattern, because polishing is performed using a relatively 
soft polishing pad While supplying a slurry containing a 
large quantity of abrasive particles. Pattern-dependency 
means that because the semiconductor Wafer has patterns 
comprised by high portions and loW portions before it is 
planariZed, the polished surface exhibits mild slopes even 
after polishing such that a perfectly ?at surface is dif?cult to 
obtain. This is caused by the fact that polishing speed is fast 
in regions of ?nely spaced patterns but the polishing speed 
is sloW in regions of coarsely spaced patterns, thereby 
producing mild slopes betWeen the regions of sloW and fast 
polishing speeds. And, in the technique based on the pol 
ishing pad, not only the high portions but also the loW 
portions are polished so that it has been dif?cult to realiZe 
the so-called self-stopping function in this type of operation, 
Which stops the polishing automatically When the high 
portions are completely removed. 

[0006] On the other hand, there has been much study on 
the technique of polishing based on the so-called ?xed 
abrasive polishing tool in Which abrasive particles such as 
cerium oxide are ?xated using a binder such as phenolic 
resin. In the technique based on ?xed-abrasive polishing 
tool, because the polishing materials are harder than the 
materials used in the conventional CMP methods, high 
portions are more readily removed compared With the loW 
portions, leading to an advantage that an absolute ?atness is 
more easily obtained using this technique. Also, depending 
on the choice of the composition of the ?xed-abrasive 
polishing tool, the self-stopping function can be made to 
operate, in Which the speed of polishing becomes extremely 
loW When the high portions are removed so that the polishing 
operation virtually ceases. Also, in the technique based on 
?xed-abrasive polishing tool, because slurry containing a 
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large amount of abrasive particles is not used, there is an 
advantage that the technique is environmentally friendly. 

[0007] HoWever, in the technique based on ?xed-abrasive 
polishing tool, the folloWing problems have been noted. 
That is, When making semiconductor devices, the polished 
surface after the CMP processing not only must be ?at but 
must also avoid creating scratches (damage) on the surface. 
When a polishing pad for CMP processing is used in 
polishing an object, it is knoWn that, When the hardness of 
the pad is high, the polished surface is vulnerable to creating 
scratches, and for this reason, soft materials are used gen 
erally for making pads, and to achieve this end, soft foaming 
agents are used in making the pads. On the other hand, using 
the ?xed-abrasive polishing tools, because the ?xed-abra 
sive polishing tools are harder than pad materials, many 
scratches are created on the polished surface even though 
high ?atness is achieved. 

[0008] Therefore, ?xed-abrasive polishing tools for semi 
conductor device processing have been used With consider 
able restrictions, such as the type of binder or a narroW range 
of compositions in Which the abrasive particles, binder and 
porosity have been optimiZed. In the meantime, the polish 
ing objects range Widely from silicon substrate, polysilicon 
?lms, oxide ?lms, nitride ?lms to Wiring layers comprised 
by aluminum or copper. For these reasons, it has been 
dif?cult in reality to manufacture ?xed-abrasive polishing 
tools that can produce stable polishing speed and retain 
differences in the pattern level as Well as refraining from 
causing scratches on the polished surface. 

SUMMARY OF THE INVENTION 

[0009] The present invention is provided in vieW of the 
background information described above, and an object is to 
provide a polishing tool and a method of manufacturing the 
polishing tool that exhibits a stable speed of polishing and 
good surface ?atness and is able to reduce various defects 
such as scratches created on the polished surface of a 
polishing object of various types. 

[0010] First aspect of the invention relates to a polishing 
tool that polishes an object using a sliding motion While 
pressing on the object by abrasive particles, Wherein the 
polishing tool is comprised primarily by a thermoplastic 
resin. 

[0011] Second aspect relates to a polishing tool that pol 
ishes an object using a sliding motion While pressing on the 
object by abrasive particles, Wherein the polishing tool is 
comprised by a polymer resin to provide a hard matrix and 
elastic elements having elastic properties contained in the 
matrix. 

[0012] Third aspect relates to a polishing tool, Wherein the 
polishing tool is a ?xed-abrasive polishing tool that contains 
abrasive particles Within the tool. 

[0013] Fourth aspect relates to a polishing tool, Wherein 
the polishing tool is a polishing pad. 

[0014] Conventional ?xed-abrasive polishing tool for 
semiconductor Wafers is based generally on the use of a 
thermosetting resin such as PVA, phenolic resin, or epoxy 
resin. In the present invention, instead of thermosetting 
resin, thermoplastic resin is used, and elastic bodies (poly 
mer substance) are dispersed Within a hard resin matrix, 
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thereby producing a ?xed-abrasive polishing tool having 
unique properties that could not be obtained in conventional 
?xed-abrasive polishing tools. That is, heat is generated 
during polishing of Wafers so that, by using a thermoplastic 
resin in a ?xed-abrasive polishing tool or polishing pad, the 
generated heat tends to soften the resin. It enables to polish 
an object using a softer abrading surface, thus suppressing 
the formation of scratches (damage) on the polished surface. 
Also, by using a hard resin matrix containing elastic bodies 
Within, the abrading surface is hard macroscopically but is 
soft microscopically, thus enabling to produce a polished 
surface of superior ?atness as Well as having less scratches. 

[0015] Fifth aspect relates to the polishing tool, Wherein 
the abrasive particles include cerium oxide (CeOZ), alumina 
(A1203), silicon carbide (SiC), silicon dioxide (SiOZ), Zir 
conia (ZrOZ), iron oxides (FeO, Fe3O4), manganese oxide 
(MnO2, Mn2O3), magnesium oxide (MgO), calcium oxide 
(CaO), barium oxide (BaO), Zinc oxide (ZnO), barium 
carbonate (BaCO3), calcium carbonate (CaCO3), diamond 
(C), or a composite material comprised by those recited 
above. 

[0016] Accordingly, using relatively readily available 
materials, a polishing tool is provided that enables a stable 
polishing speed With a ?at ?nished surface and create less 
scratches (damage). 

[0017] Sixth aspect relates to a polishing tool, Wherein the 
polishing tool is formed by injection molding to charge a 
feed material under pressure into a mold of a speci?c shape. 
Injection molding is a process in Which a molten feed 
material is injected under pressure into a cavity of a metal 
mold to replicate a solid product of a conjugate shape to the 
shape of the cavity. Accordingly, ?xed-abrasive polishing 
tools can be produced readily at high productivity. 

[0018] Seven aspect relates to a polishing tool, Wherein 
the resin includes an acryronitrile butadiene styrene resin 
(knoWn as ABS resin). ABS resin is a copolymer of acry 
ronitrile, butadiene and styrene. The structure is comprised 
by small soft particles of butadiene rubber nuclei in a hard 
matrix of AS (acrylonitrile styrene) resin. A ?xed-abrasive 
polishing tool comprised by ABS resin is as hard as AS resin 
from a macroscopic vieWpoint so as to produce high planar 
surface by polishing on the object, but from a microscopic 
vieWpoint, shock absorbing action is provided by the soft 
butadiene rubber to lead to suppression of scratches (dam 
age) to enable high quality polishing. A polishing pad 
comprised by ABS resin has an abrading surface that is as 
hard as As resin macroscopically, but microscopically, soft 
butadiene rubber particles provide shock absorbing action so 
that high quality polishing is enabled. 

[0019] Eighth aspect relates to a polishing tool, Wherein 
the resin includes a core-shell structure type resin having a 
core made of an elastic body containing a rubber material. 
It is preferable that the resin is a butadiene styrene, polyb 
utadiene or acrylic rubber group MBS resin. Use of this resin 
for making a ?xed-abrasive polishing tool enables highspeed 
polishing, same as in the case of ABS resin, and the 
polishing tool is able to produce extremely loW number of 
scratches. Other than ABS, MBS resins, resins having a 
core-shell structure comprised by a core of an elastic body 
are similarly effective. 

[0020] Tenth aspect relates to a polishing tool, Wherein the 
elastic body includes an elastic ?ller material and the elastic 
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?ller material includes a rubber ?ller material. In so doing, 
by including small and soft rubber particles as a constituting 
element, similar effects to ABS resin is obtained such that 
the tool acts macroscopically hard, but microscopically the 
tool act softly on the polishing surface to enable high quality 
polishing. Therefore, even When the tool is used in conjunc 
tion With the slurry polishing technique, less scratches are 
created and high quality polishing is enabled. 
[0021] Eleventh aspect relates to a polishing tool, Wherein 
a material comprising the polishing tool further comprises a 
surface-active agent. Generally, polymeric materials (resins) 
have poor Wettability With abrasive particles, and therefore, 
When a polishing is made using abrasive particles and binder 
only, there is a problem that abrasive particles do not 
disperse uniformly and large clusters are formed Within the 
matrix. Extremely small clusters of particles fall off from the 
tool during polishing, and it is knoWn that polishing byprod 
ucts and debris are trapped in the cavities thus generated so 
as to enable effective polishing action. HoWever, clusters of 
the order of several hundred nanometers are detached from 
the matrix, immediately resulting in severe degradation of 
polishing capability With time and immediate loss of pol 
ishing capability. Further, differences of polishing ability 
appear Within the polishing surface of the tool and leads to 
polishing problems such as non-uniformity of surface ?nish. 
Therefore, When a surface-active agent is added during 
kneading of raW material, Wettability of the binder With 
abrasive particles is assured to produce a ?xed-abrasive 
polishing tool that enables stable polishing. 

[0022] TWelfth aspect relates to a polishing tool, Wherein 
a material comprising the polishing tool further comprises a 
hydrophilic substance. Generally, polymeric materials are 
hydrophobic and rejects Wetting by a polishing solution so 
that solution retaining ability of the polishing pad is loW and 
stable polishing is dif?cult. Therefore, by including hydro 
philic material having a large number of hydrophilic bases 
on its surface, Wettability is assured so that the polishing 
surface of a polishing pad can retain the polishing solution 
uniformly throughout the polishing surface, and stable pol 
ishing is enabled. 
[0023] Thirteenth aspect relates to a polishing tool, 
Wherein a hydrophilic base is further added to modify a 
material comprising the polishing tool. Similar to the advan 
tage recited in aspect tWelve, the polishing solution can be 
retained on the polishing surface of the tool uniformly 
throughout to enable stable polishing. 
[0024] Fourteenth aspect relates to a ?xed-abrasive pol 
ishing tool that uses a sliding motion to polish an object 
While pressing on the object by abrasive particles, Wherein 
the polishing tool includes a resin containing butadienesty 
rene group MBS resin, polybutadiene group MBS resin or an 
acrylic rubber group MBS resin. 

[0025] MBS resin is a copolymer based on feed materials 
of methylmethacrylate and butadiene styrene, so as to form 
a core-shell type structure having a core of rubber layer 
comprised by a copolymer (SBR) containing butadiene and 
styrene, and a shell of a copolymer (MS) containing meth 
ylmethacrylate and styrene. Other than the copolymer (SBR) 
of butadiene and styrene, MBS resin comprising polybuta 
diene group rubber and polyacrylic ester group rubber may 
be used. 

[0026] The copolymer (MS) of methylmethacrylate and 
styrene used for forming the shell structure of MES resin can 
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be softened by polymerizing polymethylmethacrylate 
(PMMA) adding styrene. Polymethylmethacrylate (PMMA) 
has a high hardness relative to other plastics and is charac 
teriZed by its high hardness but suffers from brittleness, and 
such characteristics are knoWn to be suitable for making 
?xed-abrasive polishing tools. Especially, this resin is effec 
tive for improving scratching property. Further, it is consid 
ered that, by mixing styrene to this material (methyl 
methacrylate) for polymeriZing, hardness can be loWered 
and brittleness can be controlled, and the material cost can 
be reduced. MBS resin combining the shell of this material 
and rubber layer core has improved shock absorbing quality 
and is able to moderate the impact of abrasive particles 
generated When using the ?xed-abrasive polishing tool. The 
tool therefore enables high quality polishing that produces 
scratch-free polished surface. 

[0027] Fifteenth aspect relates to a method for making a 
?xed-abrasive polishing tool using abrasive particles and a 
thermoplastic resin as raW materials, by ?lling a mixture of 
the feed materials into a forming ?xture folloWed by heat 
ing-cooling and/or a pressing process. In this process, cool 
ing process includes self-cooling. 

[0028] Sixteenth aspect relates to a method for making a 
?xed-abrasive polishing tool using abrasive particles and a 
thermoplastic resin as raW materials, by mixing the abrasive 
particles and the thermoplastic resin, prior to or during 
?lling or after ?lling the feed materials into a forming 
?xture. 

[0029] Seventeenth aspect relates to a method for making 
a ?xed-abrasive polishing tool using abrasive particles and 
a thermoplastic resin as raW materials, by mixing abrasive 
particles or a slurry in Which abrasive particles are dispersed 
in a liquid and raW materials for the thermoplastic resin to 
form a dispersion liquid, and making a polymeriZed mixture 
containing the thermoplastic resin and abrasive particles in 
the dispersion liquid, during the step of polymeriZing or 
manufacturing the thermoplastic resin. 

[0030] Methods for producing particles of a thermoplastic 
resin include a suspension polymeriZation and emulsion 
polymeriZation. According to these methods, spherical poly 
meriZed product can be produced in a dispersion liquid of 
the raW material (monomer) of a thermoplastic resin. By 
mixing abrasive particles or a slurry (particle dispersion 
liquid) in such a dispersion liquid, a mixture of abrasive 
particles and resin can be obtained during the polymeriZing 
step. 

[0031] Eighteenth aspect relates to a method for making a 
?xed-abrasive polishing tool using abrasive particles and a 
thermoplastic resin as raW materials, making a dispersion 
liquid by mixing abrasive particles or a slurry and raW 
materials for the thermoplastic resin, making a polymeriZed 
mixture of the thermoplastic resin and abrasive particles in 
the dispersion liquid, and performing a spray drying or other 
mist drying process. 

[0032] Methods for producing particles of a thermoplastic 
resin include a suspension polymeriZation and emulsion 
polymeriZation. According to these methods, spherical poly 
meriZed product can be produced in a dispersion liquid of 
the raW material (monomer) of a thermoplastic resin. By 
mixing abrasive particles or a slurry (particle dispersion 
liquid) in the above dispersion liquid, a mixture of abrasive 
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particles and resin can be obtained during the polymeriZing 
step. By drying and particulating the microparticles of the 
mixed material, suitable siZes of the feed material for 
making the ?xed-abrasive polishing tool can be obtained. 
Further, it enables to improve the uniformity of distribution 
of microparticles of abrasive particles and the resin. 

[0033] Nineteenth aspect relates to a method for making a 
?xed-abrasive polishing tool using abrasive particles and a 
thermoplastic resin as raW materials, Wherein during poly 
meriZing or manufacturing of the thermoplastic resin, a 
polymeriZed mixture containing the thermoplastic resin and 
abrasive particles of particle diameter in a range of 1-500 pm 
is obtained. 

[0034] Methods for producing particles of a thermoplastic 
resin include a suspension polymeriZation and emulsion 
polymeriZation. According to these methods, spherical poly 
meriZed product can be produced in a dispersion liquid of 
the raW material (monomer) of a thermoplastic resin. By 
mixing abrasive particles or a slurry (particle dispersion 
liquid) in such a dispersion liquid, a mixture of abrasive 
particles and resin can be obtained during the polymeriZing 
step. Further, by obtaining a particle siZe in a range of 1-500 
pm. Which is suitable for making the ?xed-abrasive polish 
ing tool, during the step of obtaining the mixture particles, 
the feed material for making a ?xed-abrasive polishing tool 
can be obtained simply by drying. 

[0035] TWentieth aspect relates to the method for making 
a ?xed-abrasive polishing tool using abrasive particles and 
a thermoplastic resin as raW materials, by mixing/dispersing 
a poWder of abrasive particles or a slurry and a poWder of the 
thermoplastic resin or an emulsion in a liquid, such as Water 
or a solvent, and subjecting a resulting liquid to a drying and 
comminuting process, before ?lling into a forming ?xture. 

[0036] TWenty-?rst aspect relates to the method for mak 
ing a ?xed-abrasive polishing tool using abrasive particles 
and a thermoplastic resin as raW materials, by drying the 
poWder of abrasive particles or a slurry, mixing/dispersing 
an emulsion of a resulting dried substance and the thermo 
plastic resin, and subjecting a resulting liquid to a drying and 
comminuting process, before ?lling into a forming ?xture. 

[0037] TWenty-second aspect relates to the method for 
making a ?xed-abrasive polishing tool using abrasive par 
ticles and a thermoplastic resin as raW materials, by drying 
the poWder of abrasive particles or a slurry, dispersing a 
resulting dried substance and a dried product of the ther 
moplastic resin in a liquid, such as Water or a solvent, and 
subjecting a resulting liquid to a drying and comminuting 
process, before ?lling into a forming ?xture. 

[0038] TWenty-third aspect relates to the method for mak 
ing a ?xed-abrasive polishing tool using a liquid feed 
material containing abrasive particles and a thermoplastic 
resin, by applying mist drying during a process of drying the 
liquid feed material before ?lling into a forming ?xture. 

[0039] TWenty-fourth aspect relates to the method for 
making a ?xed-abrasive polishing tool using abrasive par 
ticles and a thermoplastic resin as raW materials, during 
drying of a mixed matter of a ?xed-abrasive polishing tool 
or after drying, pulveriZing to obtain a poWder in a range of 
1-500 pm. 

[0040] TWenty-?fth aspects relates to a semiconductor 
Wafer polishing apparatus having a polishing tool recited 
above. 
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[0041] TWenty-sixth aspects relates to a method for pol 
ishing a semiconductor Wafer using a polishing tool recited 
above. 

[0042] The above and other objects, features, and advan 
tages of the present invention Will be apparent from the 
following description When taken in conjunction With the 
accompanying draWings Which illustrates preferred embodi 
ments of the present invention by Way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIGS. 1A, 1B are schematic diagrams of the 
?xed-abrasive polishing tools to shoW a tool made With a 
thermoplastic resin in FIG. 1A, and a tool containing an 
elastic ?ller in FIG. 1B; 

[0044] 
[0045] FIGS. 3A, 3B are schematic diagrams of structures 
of polishing pads. 

[0046] FIG. 4 is a comparison of experimental data of (a) 
polishing speed and (b) amount of defects produced by 
?xed-abrasives made With various resin materials; 

FIG. 2 is a diagram to explain injection molding; 

[0047] FIG. 5 is a comparison of experimental data of (a) 
polishing speed and (b) amount of defects produced by a 
polishing pad containing no abrasive particles; 

[0048] FIG. 6 is a diagram to shoW an example of making 
particles using a spray dryer according to a spray drying 
method; 
[0049] FIGS. 7A-7C are diagrams for explaining a method 
of manufacturing a ?xed-abrasive polishing tool by hot 
pressing; 
[0050] FIG. 8 is an overall plan vieW of the polishing 
facility; 
[0051] FIGS. 9A, 9B are a plan vieW and a cross sectional 
vieW of some key sections of a polishing apparatus; 

[0052] FIG. 10 is diagram to shoW a clamping method of 
attaching a ?xed-abrasive polishing tool to the ?xed disk; 

[0053] FIG. 11 is a diagram to shoW another method of 
attaching a ?xed-abrasive polishing tool to the ?xed disk; 
and 

[0054] FIG. 12 is a schematic diagram to shoW an 
example of the structure of a polishing apparatus based on 
polishing slurry; 
[0055] FIG. 13 is a diagram to shoW another embodiment 
of the polishing apparatus of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0056] In the folloWing, preferred embodiments Will be 
explained With reference to the draWings. 

[0057] FIGS. 1A and 1B are schematic diagrams of a 
?xed-abrasive polishing tool of the present invention. The 
?xed-abrasive polishing tool 1 shoWn in FIG. 1A is com 
prised by the abrasive particles 5 and porosity or foaming 
agent 2 With a binder (resin) 4. Here, the binder 4 comprises 
a thermoplastic resin such as ABS resin. When such a 
thermoplastic resin is heated, the binder becomes soft and 
exhibits elasticity and acts in a manner similar to rubber type 
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resins, and is able to reduce damage on the polished surface 
such as scratches by contacting the polishing surface of a 
polishing object softly during polishing operation. The tool 
1 shoWn in FIG. 1B is comprised by abrasive particles 5, an 
elastic ?ller material 3 such as rubber type particles and 
porosity or a foaming agent 2 using a binder (resin). Here, 
a hard resin is used as the binder 4. The elastic ?ller material 
3 acts in a similar manner to rubber type particles, and is able 
to reduce damage such as scratches by contacting the 
polishing surface of a polishing object softly during polish 
ing operation. 
[0058] Conventional ?xed-abrasive polishing tools are 
generally made by compression forming of a binder feed 
mixture containing abrasive particles. In contrast, the 
present polishing tool features the use of a thermoplastic 
material, and accordingly, a mass production technique such 
as injection molding, bloW forming and vacuum forming can 
be used. Because thermoplastic resins are characteriZed by 
its melting behavior When heated to a temperature beyond a 
certain temperature, so that it enables to manufacture various 
?xed-abrasive polishing tools having characteristics that 
have not been demonstrated to date, and enables to manu 
facture ?xed-abrasive polishing tools having properties that 
are suitable for application to various polishing objects. By 
choosing a ?xed-abrasive polishing tool having an appro 
priate thermoplastic resin as its primary component, it is 
considered that elevated temperature produced during pol 
ishing is localiZed, and the abrading surface of the ?xed 
abrasive polishing tool is made soft and pliable. Thus, the 
surface being polished is under a stable pressing pressure 
and excessive force is not applied to the abrasive particles. 
In other Words, abrasive particles Which exist on the surface 
being polished are being compressed With a softer tool to 
enable to reduce scratching (damage) the polishing surface 
of the polishing object. 

[0059] In the present invention, the resin to serve as the 
binder for ?xating the particles of the ?xed abrasive polish 
ing tool is comprised primarily of thermoplastic resins. 
Although it is permissible to use 100% thermoplastic resin 
as the binder resin, it is permissible to use a thermoplastic 
resin for not less than 90% of the binder and the remainder 
may be made of a thermosetting resin. 

[0060] In the folloWing, examples of the materials for 
comprising thermosetting resins and thermoplastic resins are 
shoWn. Thermosetting resins include phenol (PF), urea 
(UF), melamine (MF), unsaturated polyester (UP), epoxy 
(EP), silicone (SI), polyurethane (PUR) and the like, and 
these substances are hardened by adding a third substance. 
And, thermoplastic resins include polyvinyl chloride (PVC) 
knoWn as general purpose plastic, polyethylene (PE), 
polypropylene (PP), polystyrene (PS), acrylonitrile butadi 
ene styrene (ABS), butadiene styrene, polybutadiene, or 
acrylic rubber group MBS resin (methylmethacrylate buta 
diene styrene (MBS)), a copolymer resin of styrene mono 
mer and acrylonitrile (AS, SAN), polymethylmethacrylate 
(PMMA), a copolymer of methacrylic methyl and styrene 
(MS), polyvinyl alcohol (PVA), polychlorovinyldiene 
(PVDC), polyethylene terephthalate (PET), polyamide (PA) 
knoWn as an engineering plastic, polyacetal (POM), poly 
carbonate (PC), polyphenylene ether (PPE (altered PPO)), 
polybutylene terephthalate (PBT), ultra-high-molecular 
Weight polyethylene (UHMW-PE), polyvinylidene ?uoride 
(PVDF), polysulfone (PSF) knoWn as a super engineering 
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plastic, polyethersulfone (PES), polyphenylenesul?de 
(PPS), polyarylate (PAR), poly(amide-imide) (PAI), poly 
etheramide (PEI), polyetheretherkeytone (PEEK), polyim 
ide (PI), liquid crystal polymer (LCP), polytetra?uoroeth 
ylene (PTFE) and the like. 

[0061] Thermosetting resins assume a three dimensional 
structure or a network structure When heated by itself or With 
a second substance and become a non-softening non-melting 
resin. That is, once they are hardened they cannot be 
softened. These resins activate a chemical reaction at a 
certain temperature, and begin crosslinking and hardening, 
and the hardening process is completed by continuing to 
heat at the hardening temperature. Cooling is performed 
sloWly to attain the hardened state so as to prevent shape 
changes and generation of residual internal stresses. Ther 
moplastic resins, When subjected to heating and a certain 
temperature is exceeded, become soft and ?oWing Without 
causing a chemical reaction, and When cooled, it becomes 
hard, that is, it returns to its original property. 

[0062] FIG. 2 shoWs a schematic diagram of an injection 
molding machine. The injection molding machine has a 
pressuriZing head 19 for injecting a molten material held in 
a cylinder chamber 16a inside the cylinder 16 into a metal 
mold 15. A screW 17 is rotated by an oil pressure motor 12 
to rotate the screW 17 to transfer a resin feed material poured 
from a feed opening 18 by pushing it into a space 16 in front 
of the pressure cylinder 19. Around the periphery of the 
cylinder 16, a heater 13 is disposed, and heats the feed 
material While it is being transferred by the screw 17 to heat 
to a temperature above its melting point of the resin to 
transform the solid resin into a liquid feed material. And, by 
pushing the pressuring head 19 toWards the mold 15 using 
the injecting oil pressure driver 11, the space section 15a of 
the metal mold 15 is ?lled by the liquid feed material. 

[0063] That is, the feed granules comprised primarily of 
abrasive particles and the resin is poured in from the feed 
opening 18, and by rotating the screW 17, it is forWarded 
from the supply section 18 to the injection section 16a. 
During this stage, the feed granules are heated by the heater 
13, melted and lique?ed. By reciprocating the pressuriZing 
head 19, the liquid feed material is injected into the space 
section 15a of the metal mold 15 and is made into a product 
form. After Which, it is cooled, removed from the mold and 
becomes a product. Injection molding resins include such 
general thermoplastic resins as vinyl chloride resin, 
vinylidene chloride resin, polystyrene methacrylate resin, 
polycarbonate cellulose acetate, polyacetal polyamide, 
polypropylene, polyethylene, 3-ethylene ?uoride resin, 
vinylidene ?uoride resin and the like, and it is alloWable to 
use in part such thermosetting resins as phenol resin, poly 
ester resin, diarylphalate and the like to enable to use various 
resins for forming. Also, many products can be produced in 
one run, and the number of processing steps is reduced 
compared With compression molding, and the manufactur 
ing time is shortened such that complex parts can be formed 
at high precision and high productivity can be achieved in 
mass production. Also, by selecting the miXing proportion of 
abrasive particles and the grain siZe of the resin, it is possible 
to carry out cold compression molding and hot compression 
molding. In this case also, there is no need for high tem 
perature treatment so that Working time is not limited and 
handling is facilitated. 
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[0064] Especially, When ABS resin is used as a binder, it 
alloWs soft polishing due to thermoplastic action of the resin 
as the temperature of the polishing object is raised, and 
furthermore, because the structure of ABS resin is such that 
a core-shell structure is formed by ABS resin surrounding a 
nucleus of butadiene rubber so that even When the tempera 
ture generated by polishing action is loWer than the soften 
ing temperature of the resin, polishing can be carried out 
With a lesser degree of scratches (damage) to enable a high 
quality planariZation process. That is, ABS resin has an 
inherent elasticity in its constitution so that it is as hard as 
an AS resin from a macroscopic vieWpoint so as to produce 
high planar surface by polishing the object surface, but from 
a microscopic vieWpoint, shock absorbing action is provided 
by the soft butadiene rubber to lead to suppression of 
scratches (damage). Here, in addition to ABS resin, similar 
elasticiZed structure is found by adding methacrylate buta 
diene styrene(MBS) as a property modi?er to vinyl chloride. 
By so doing, MBS is made to act as an elasticiZer, so that, 
similarly, from a macroscopic vieWpoint, the product is hard 
to produce superior planar surface during polishing, but 
from a microscopic vieWpoint, it provides a shock absorbing 
quality due to the elastic component that behaves soft and 
pliable. When the proportion of MBS resin is increased, i.e., 
When it forms the main component in the binder, the 
?Xed-abrasive polishing tool eXhibits a highly effective 
impact absorbing effect. 

[0065] As shoWn in FIG. 1B, similar effects are obtained 
When ?ne rubber particles are miXed With the abrasive 
particles and binder (plastic material). Speci?c eXamples of 
rubber type particles to be added to plastic materials include 
natural rubber (NR), styrene butadiene (SBR), butadiene 
(BR), chloroprene (CR), butyl (IIR), nitrile (NBR), ethyl 
enepropylene (EPM, EPDM), chlorosulfone polystyrene 
(CSM), acrylic rubber (acrylic esters such as a copolymer 
ACM of acrylic alkylester and a bridging monomer, and a 
copolymer ANM of acrylic alkylester and acrylonitril), 
urethane rubber (U), silicone rubber (SI), ?uoro rubber 
(FKM), high sulfured rubber (T) and the like. Especially, 
chlorosulfone polystyrene (CSM) is highly resistant to 
Weathering, acid, inorganic chemicals and Wear, and acrylic 
rubber (acrylic esters such as a copolymer ACM of acrylic 
alkylester and a bridging monomer, and a copolymer ANM 
of acrylic alkylester and acrylonitril) is highly resistant to 
heat, and ?uoro rubber is resistant to heat, chemicals 
and Weathering, and silicone rubber (SI) is not only resistant 
to heat but is useable over a Wide range of temperatures and 
is suitable for polishing applications because of it is rela 
tively stable in the polishing environment. 

[0066] Also, in addition to rubber type particles, holloW 
elastic particles are also effective. For eXample, holloW 
particles of polyacrylonitrile (PAN) are applicable. 

[0067] It is noted that to perform high quality polishing, it 
is necessary to achieve uniformity of polishing action Within 
the abrading plane of the ?Xed-abrasive polishing tool, and 
for this reason, it is necessary to provide a uniform distri 
bution of abrasive particles. Many of the resins are polymers 
and do not have good Wettability With abrasive particles 
made of metal oXides, and they tend to cluster as large 
clusters Within the microstructure of the polishing tool. For 
eXample, When cerium oXide ?ne particles are miXed With 
ABS binder, abrasive particles are not Wettable by the resin 
Well, and clusters of siZes ranging from several hundred 
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nanometers to several millimeter are found sometimes. The 
distribution is improved by adding surface-active agent to 
enable high quality polishing. In addition to surface-active 
agent, it may be considered that particle distribution can be 
made more uniform by kneading Well, over a long period of 
time, but this is time consuming and is not ef?cient. By using 
a surface-active agent, the surface tension is loWered and 
uniform distribution of particles can be obtained. For 
example, by adding 0.01-0.2% non-ionic activating agent to 
urea group resin, it is knoWn that the surface tension may be 
loWered from 63 to about 50 dynes/cm. 

[0068] Above explanations relate to the examples of the 
structure of ?xed-abrasive polishing tools, but such 
examples may be applied to a polishing pad to be used With 
a slurry containing a large amount of abrasive particles. If 
the polishing pad contains high hardness resin, ?atness of 
the polishing surface is obtained, but the surface is vulner 
able to severe scratches (damage). Therefore, as shoWn in 
FIG. 3A, While making the polishing pad using a hard resin 
4, soft rubber type particles 6 are mixed Within the structure 
to prevent the formation of scratches. 

[0069] Speci?c examples of rubber include, similar to the 
case of ?xed-abrasive polishing tools, natural rubber (NR), 
styrene butadiene (SBR), butadiene (BR), chloroprene (CR), 
butyl (IIR), nitrile (NBR), ethylenepropylene (EPM, 
EPDM), chlorosulfone polystyrene (CSM), acrylic rubber 
(acrylic esters such as a copolymer ACM of acrylic alky 
lester and a bridging monomer, and a copolymer ANM of 
acrylic alkylester and acrylonitril), urethane rubber (U), 
silicone rubber (SI), ?uoro rubber (FKM), high sulfured 
rubber (T) and the like. Especially, chlorosulfone polysty 
rene (CSM) is highly resistant to Weathering, acid, inorganic 
chemicals and Wear, and acrylic rubber (acrylic esters such 
as a copolymer ACM of acrylic alkylester and a bridging 
monomer, and a copolymer ANM of acrylic alkylester and 
acrylonitril) is highly resistant to heat, and ?uoro rubber is 
resistant to heat, chemicals and Weathering, and silicone 
rubber (SI) is not only resistant to heat but is useable over 
a Wide range of temperatures and is suitable for polishing 
applications because of it is relatively stable in the polishing 
environment. Also, in addition to rubber type particles, 
holloW elastic particles are also effective. For example, 
holloW particles of polyacrylonitrile (PAN) are applicable. 
Resin materials used in the ?xed-abrasive polishing tools 
can also be used. 

[0070] FIG. 3B shoWs a case of using ABS resin for a 
polishing pad. When ABS resin 7 is used for the polishing 
pad, although the ABS resin is hard from a macroscopic 
vieWpoint, it contains small and soft butadiene rubber 8 
Within its structure. Therefore, the abrading surface is as 
hard as an acrylonitrile styrene resin (ASzSAN) from a 
macroscopic vieWpoint so as to enable to produce a highly 
?at surface by polishing, but from a microscopic vieWpoint, 
shock absorbing effect is provided by the soft butadiene 
rubber particles so as to suppress the formation of scratches, 
thus enabling to provide high quality polishing action. 

[0071] Next, a typical production process of ABS resin 
based tool Will be explained. ABS resin has a core-shell 
structure in Which polybutadiene rubber particles are dis 
tributed in aAS resin matrix. Atypical method of production 
is based on emulsion polymeriZation that provides relatively 
easy control over the interface betWeen the resin phase and 
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the rubber particles or the rubber phase. Typical production 
process for ABS resin involves steps such as, a rubber latex 
manufacturing process by making emulsion copolymeriZa 
tion of butadiene to produce polybutadiene latex; carrying 
out a graft polymeriZing process by adding acrylonitrile and 
styrene to the latex solution (or adding abrasive particles) to 
carry out graft reaction due to emulsion polymeriZation; 
solidifying the polymer; and dehydrate and drying. Butadi 
ene latex can be obtained by emulsi?cation by charging 
butadiene, Water, emulsifying agent, catalyst and polymer 
iZation adjuster in a tank polymeriZer With stirring, but 
fundamentally, it is the same as emulsion polymeriZation, 
and the polymeriZed substance thus obtained are controlled 
by controlling the polymeriZation formula and polymeriZa 
tion operation to control the rubber particle siZe and the 
occluded amount of gel (bridging structure) and the like. In 
addition to the process of emulsion polymeriZation 
described above, graft blend process is also knoWn in Which 
an AS copolymer latex body consisting only of acrylonitrile 
and styrene is made in a separate process, and it is mixed 
With a graft copolymer latex, solidi?ed and dehydrated and 
dried. 

[0072] Next, ?xed-abrasive polishing tools made using 
butadiene styrene, polybutadiene or acrylic rubber group 
MBS resin Will be explained. The MBS resin in a Wider 
context is a graft polymer having a core-shell structure of a 
core of butadiene styrene, polybutadiene or acrylic rubber, 
and is used primarily as a property modi?er for shock 
absorbing quality of vinyl chloride resin or acrylic resin. 
MBS resin is a thermoplastic copolymer made of methyl 
methacrylate and butadiene and styrene as raW materials, 
and has the core-shell structure consisting of a core of 
copolymer (SBR) containing a rubber layer of butadiene and 
styrene, and the shell of copolymer (MS) of methyl 
methacrylate and styrene. 

[0073] Regarding the ?xed-abrasive polishing tool based 
on a binder made by adding an MBS resin to vinyl chloride 
or acrylic resin, and generally, the addition is about several 
to 20%, and is designed to emphasiZe the characteristics of 
vinyl chloride. In contrast, if the amount of MBS resin in the 
binder resin is increased to over 20%, 50% or even 100% the 
tool has a very high shock absorbing property. By using this 
resin as the binder and combining With cerium oxide abra 
sive particles, ?xed-abrasive polishing tools that create very 
little scratches Will be produced. For example, epoxy resin 
and MBS resin may be used together as a binder. That is, the 
?xed-abrasive polishing tool thus made is easy to manufac 
ture, because the MBS resin is thermoplastic, and produce 
high strength body. When MBS resin is used as the binder, 
self-stopping effect is generated, thereby providing fast 
polishing rates. For example, compared With the ?xed 
abrasive polishing tool based on the binder of conventional 
epoxy resin, about tWo times faster polishing rate can be 
achieved. Further, because the resin body itself is shock 
absorbing, the force acting on the abrasive particles is 
moderated (suppressed) to enable to provide scratch-free 
polishing, ie less defects in the polished product. It is 
considered that MBS resin promotes self-generation of 
abrasive particles because of the retaining poWer for the 
particles is reduced due to spreading of matrix itself caused 
by the effects of absorption of Water. 

[0074] FIG. 4 shoWs experimental data of comparison of 
polishing results produced by various ?xed-abrasive polish 
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ing tools made With various resins in terms of (a) polishing 
speed and (b) number of defects. It can be seen that, as 
shoWn in FIG. 4A, in ?xed-abrasive polishing tools made 
With ABS resin, AS resin, and MBS resin, the polishing 
speeds are much faster relative to the ?xed-abrasives pol 
ishing tools made With phenol resin and epoxy resin. Also, 
as shoWn in FIG. 4B, data shoW that in the tools made With 
ABS resin, AS resin and MBS resin number of defects per 
unit area are equal to or less than those made With phenol or 
epoxy resin. That is, ?xed-abrasives made With thermoplas 
tic resins generally exhibit higher polishing speed and the 
number of defects is lesser. Particulary ?xed-abrasives made 
With ABS resin or MBS resin exhibit higher polishing speed 
and less number of defects such as scratches and adhering 
matters observed after polishing. 

[0075] FIG. 5 shoWs the experimental results of compar 
ing With polishing pad that does not contain abrasive par 
ticles in terms of (a) polishing speed and (b) number of 
defects. These experimental results relate to various resins 
including PC (polycarbonate), epoxy, phenol, ABS (acry 
lonitryl butadiene styrene), MBS (methylmethacrylate buta 
diene styrene), PE (high density polyethylene), RB (buta 
diene rubber), AS (acrylonitryl styrene). These experimental 
results also demonstrate that the polishing pads made With 
ABS resin or MBS resin exhibit higher polishing speed and 
less number of defects. 

[0076] Some examples of the structure of the ?xed-abra 
sives by MBS resin Will be explained. 

[0077] Ratio of the ?xed-abrasive (percentages of abrasive 
particles (Vg), binder and air porosity (Vp)) in volume 
percent (vol %) is, for example: 

[0078] abrasive particles (Vg):binder (Vb):air porosity 
(Vp)=35:55:10 (vol %). 

[0079] This ?xed-abrasive polishing tool exhibits faster 
polishing speed and produce less defects, compared With the 
common phenol epoxy resin bonded polishing tools, so that 
it is applicable to semiconductor manufacturing processes 
that prefer not to create scratches. For those processes 
requiring highspeed polishing that require in-situ dressing, 
by the use of the common phenol or epoxy resin bonded 
polishing tools, the present polishing tool can be used for 
such highspeed polishing processes Without requiring such 
in-situ dressing. Also, because there is no danger of diamond 
particles falling from the tool, scratches caused by diamond 
particles are not created. 

[0080] Next, compositions of the ?xed-abrasive polishing 
tool based on MBS resin Will be explained. 

[0081] Composition of ?xed-abrasives (percentages of 
abrasive particles (Vg), binder and air porosity (Vp)) in 
volume percent (vol %), are as folloWs. 

[0082] In general, the range is: 10%<abrasive particles 
(Vg)<50%, 

[0083] 30%<binder (Vb)<80%, and 

[0084] 0%<air porosity (Vp)<40%. 

[0085] 
[0086] 20%<abrasive particles (Vg)<45%, 

[0087] 40%<binder (Vb)<70%, and 

[0088] 0%<air porosity (Vp)<20%. 

It is preferable that the range be: 
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[0089] 
[0090] 30%<abrasive particles (Vg)<40%, 

[0091] 50%<binder (Vb)<60% and 

[0092] 5%<air porosity (Vp)<15%. 

It is more preferable that the range be: 

[0093] Next, a method of making the ?xed-abrasive pol 
ishing tool Will be explained. First, a dry poWder of a 
mixture of ?ne cerium oxide, and butadiene styrene, polyb 
utadiene or acrylic rubber group MBS resin is prepared. A 
speci?c example of the method of obtaining the dry feed 
poWder Will be explained next. 

[0094] The ?rst method is to mix a poWder of abrasive 
particles, and butadiene, polybutadiene or acrylic rubber 
group MBS resin poWder, and such a mixed poWder is easily 
prepared. 

[0095] The second method is to prepare a slurry type 
polishing solution made by adding, as necessary, Water 
and/or aqueous solution and/or solvent and/or binder and/or 
chemical to the abrasive particles, and drying the slurry by 
drying naturally or by heating or by freeZe drying, after 
Which, pulveriZing the poWder as required, and mix the 
poWder With butadiene styrene, polybutadiene or acrylic 
rubber group MBS resin poWder to obtain the dry feed 
poWder. HoWever, because the abrasive particles are 
extremely ?ne, they tend to agglomerate so that, in order to 
prepare a poWder of the abrasive particles only, spray drying 
or other drying method is used to obtain a poWder of average 
particle siZe 1-500 pm that shoWs Weak aggregating force or 
binding force and exhibits easy handling quality, or prefer 
ably 10-100 pm, or more preferably 30-80 pm range. The 
binder that shoWs strong binding force is not suitable for 
inclusion in the polishing slurry so that it is preferable to 
select a binder that binds due to bridging or intermolecular 
forces, or Weak binding force (includes resin binders of 
Weak binding force). 

[0096] The third method for obtaining a dry feed poWder 
is to produce a poWder according to the ?rst or second 
method, and then, the poWder is dispersed in Water or an 
aqueous solution or a solvent, and then dry the liquid by 
drying naturally or by heating or freeZe drying or spray 
drying. This dry feed poWder is desirable because it facili 
tates mixing of abrasive particles and the resin poWder so 
that uniform composition is more easily obtained in the 
?nished ?xed-abrasive polishing tool. In this case also, by 
using a spray dryer or other mist dryer and selecting the 
operating conditions, average particle siZe and particle dis 
tribution can be controlled to obtain a feed poWder that is 
easy to handle and suitable for forming operation. For 
example, the average particle siZe should be in a range of 
1-500 pm or preferably 10-100 pm or more preferably 30-80 
pm. 

[0097] The fourth method is to prepare a slurry type 
polishing solution made by adding, as necessary, Water 
and/or an aqueous solution and/or a solvent and/or a binder 
and/or a chemical to the abrasive particles, and adding 
butadiene styrene, polybutadiene or acrylic rubber group 
MBS resin poWder to the liquid mixture and adding, as 
necessary Water or an aqueous solution or a solvent, to mix 
or to mix and disperse, and drying the liquid mixture by 
drying naturally or by heating or by freeZe drying or mist 
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drying including spray drying to obtain the dry feed powder. 
In this case also, average particle siZe and particle distribu 
tion can be controlled by using spray drying or other mist 
drying methods so as to obtain a poWder of easy handling 
and forming qualities. For example, the average particle siZe 
should be in a range of 1-500 pm or preferably 10-100 pm 
or more preferably 30-80 pm. The most preferable method 
of mixing the feed materials is to mix abrasive particles in 
a slurry With an MBS resin in a liquid state (latex), and mist 
drying the liquid using spray drying to make the feed 
particles. this method enables uniform mixing of slurry and 
MBS resin. It should be noted that uniform mixing in MBS 
resin is possible even if the particles are not supplied in a 
slurry form, but are supplied as primary particles obtained 
beforehand by spray drying a slurry at a loW temperature 
(room temperature to 200° C). 

[0098] The ?fth method is used When the butadiene sty 
rene, polybutadiene or acrylic rubber group MBS resin 
poWder are in a form of an aqueous solution or an emulsion, 
the liquid material is dried ?rst and the dried poWder is 
mixed With abrasive particles to obtain the feed poWder. 
Also, after dispersing in Water or an aqueous solution or a 
solvent, a binder and/or a chemical is added, as necessary, 
and obtain the feed poWder by drying and pulveriZing. This 
method also facilitates mixing of abrasive particles, resin 
poWder and additives uniformly. In this case, a desirable 
feed poWder is obtained that promotes the formation of 
uniform composition in the ?xed-abrasive thus formed. 

[0099] The sixth method is used When the butadiene 
styrene, polybutadiene or acrylic rubber group MBS resin 
poWder is in a form of an aqueous solution or an emulsion, 
abrasive particles or raW particle material in a slurry form is 
mixed or mixed and dispersed in Water or an aqueous 
solution or a solvent, as necessary, and after drying, the dried 
poWder is again dispersed in aqueous solution or solvent, 
and a binder and/or chemical is added as necessary, by 
drying or dry commination processing to obtain the feed 
material. In this case also, the feature is that abrasive 
particles, the resin and the additives are uniformly mixed, 
and that a desirable feed poWder is obtained that promotes 
the formation of uniform composition in the ?xed-abrasive 
polishing tool. 

[0100] Further, drying and mixing and charging the metal 
mold With the feed material can be carried out concurrently 
in the metal mold to be used in the method shoWn next, so 
that the manufacturing process is desirably shortened. 

[0101] Next, the forming process for the ?xed-abrasive 
polishing tool involving charging the feed material and 
heating and press forming Will be explained. Because MBS 
resin is a thermoplastic resin that is softened by heating, the 
polishing tool can be produced simply by charging the feed 
material in the metal mold and heating the mold. In so doing, 
the metal mold does not need to be heated, but to control the 
shape or the amount of porosity in the formed ?xed-abrasive 
polishing tool, it is preferable to carry out this process While 
applying a pressure. In making the ?xed-abrasive polishing 
tool, in order to obtain a certain siZe and amount of porosity 
in the ?xed-abrasive polishing tool, it is preferable to use a 
mold having a stopper device so as not to compress inde? 
nitely to a small volume. The stopper device avoids a 
pressure-dependent forming and enables a volume-depen 
dent forming so as to enable to impart a certain shape and 
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amount of porosity to the ?xed-abrasive polishing tool. After 
the process of heating/compaction, the surface and the outer 
radius are fabricated and adjusted, and after a desirable 
shape has been achieved, it is ready for use in polishing. 
Also, because the ?xed-abrasive polishing tool is a ?at 
shaped tool, and also, the structural form and the material are 
vulnerable to distortion and volume expansion due to mois 
ture absorption, the ?xed-abrasive polishing tool must be 
suf?ciently Wetted during any fabrication process so that the 
Water content Within the tool does not become unbalanced. 

[0102] Next, a speci?c example of manufacturing process 
for a ?xed-abrasive polishing tool containing cerium oxide 
particles and MBS resin binder Will be explained. The 
?nished siZe of the ?xed-abrasive polishing tool is a diam 
eter of 55 cm and a thickness of 5 mm or more, as an 

example. The volume ratio of the abrasive particles and the 
binder material before the forming operation is 29-49% 
(preferably 34-44%)of abrasive particles and the remainder 
51-71% (preferably 56-66%) of binder material. The ?xed 
abrasive components may include, in addition to abrasive 
particles and binder, additives such as surface-active agent, 
polishing promoter and elastic material such as rubber may 
be added or more than tWo kinds of resins may be mixed for 
use in the feed material. Then, the volumetric composition 
of the ?nished ?xed-abrasive polishing tool is comprised by 
25-45% (preferably 30-40%) abrasive particles, 45-65% 
(preferably 50-60%) binder and 0-20% (preferably 5-15%) 
porosity, so that a target value may be: abrasive particles 
:binder:porosity=35:55:10, for example. MBS resin is a 
thermoplastic resin, and it is preferable that the forming 
temperature be in a range of 150-200° C. 

[0103] Drying treatment can be either natural drying or by 
heating, but as shoWn in FIG. 6, it is preferable to use spray 
dryer. The feed material is heated and dried by spray drying, 
and thermoplastic MBS resin is melted and is then dried to 
form clusters having a spherical shape or cavities. Therefore, 
the feed material before and after spray drying is mixed 
uniformly and its handling quality is improved. It is pref 
erable to mix all the feed material before charging the feed 
material into the metal mold. 

[0104] If the mold is charged With a feed material in the 
liquid form, When heating and compaction steps are per 
formed, the Water evaporates so that the ?xed-abrasive 
polishing tool is formed With Water inclusions or holloW 
portions so that a desirable ?xed-abrasive polishing tool of 
uniform structure is not produced. Therefore, it is preferable 
to charge the forming device With dried feed poWder. 

[0105] Drying and pulveriZation process using spray dry 
ing is carried out as folloWs. 

[0106] Spray drying method is carried out by ?rst dispers 
ing the particles or raW materials such as MBS resin in Water 
or solvent, and after dispersing the mixture suf?ciently by 
applying ultrasonic stirring and the like so as to form an 
emulsion of ?ne particles. Then, the emulsion of ?ne par 
ticles is charged into a spiraling space of hot air. In so doing, 
the liquid portion of the emulsion is instantly vaporiZed, and 
the ?ne particles are formed into agglomerated bodies While 
increasing the surface area per unit volume. If, for example, 
?ne particles of 0.3 pm diameter are used in forming 
abrasive particles, spherical grains of 5-100 pm comprised 
by agglomerated bodies of ?ne abrasive particles are pro 
duced. According to this spray drying method, a number of 
















