SPECIFICATION

POLISHING BODY, POLISHING APPARATUS, POLISHING METHOD AND
SEMICONDUCTOR DEVICE MANUFACTURING METHOD

Technical Field

The present invention relates to [i] a polishing body used in a polishing apparatus which
is suitable for use in planarization polishing, etc., of semiconductor devices such as ULSI
devices, etc., performed in processes in which such semiconductor devices are manufactured, [ii]
a polishing apparatus and [iii] a polishing method, and further relates to [iv] a semiconductor
device manufacturing method using the above-mentioned polishing apparatus and polishing
method. -

Background Technology

As semiconductor integrated circuits have become finer and more highly integrated, the
- individual processes involved in semiconductor manu facturing processes have become more
- numerous and complicated. As a result, the surfaces of semiconductor devices are not always
flat. The presence of step differences on the surfaces of semiconductor devices leads to step
breakage of wiring and local increases in resistance, efc., and thus causes wiring interruptions
and drops in electrical capacitance. In insulating films, furthermore, such step differences also
. lead to a deterioration in the withstand voltage and the occurrence of leaks.

_ Meanwhile, as semiconductor integrated circuits have become finer and more highly
integrated, the wavelengths of light sources in semiconductor exposure apparatuses used in
photolithography have become shorter, and the numerical aperture or so-called NA of the
projection lenses used in such semiconductor exposure apparatuses has become larger. Asa
result, the focal depth of the projection lenses used in such semiconductor exposure apparatuses
has become substantially shallower. In order to deal with such increasing shallowness of the

* focal depth, there is a demand for even greater planarization of the surfaces of semiconductor

devices than that achieved so far.

To describe this in concrete terms, planarization techniques such as that shown in Figure
1 have become essential in semiconductor manufacturing processes. Figure 1 is a schematic
diagram illustrating planarization techniques used in a semiconductor manufacturing process,
and shows sectional views of a semiconductor device. In Figure 1, 11 indicates a silicon wafer,
12 indicates an inter-layer insulating film consisting of SiO,, 13 indicates a metal film consisting
of Al, and 14 indicates the semiconductor device.

Figure 1 (a) shows an example of the planarization of an inter-layer insulating film 12 on
the surface of the semiconductor device. Figure 1 (b) shows an example in which a so-called
damascene is formed by polishing a metal film 13 on the surface of the semiconductor device. A
chemical mechanical polishing or chemical mechanical plarization (he reafter referred to as
“CMP”) technique is widely used as a method for planarizing the surfaces of such semiconductor



devices. Currently, the CMP technique is the sole method that can be used to planarize the entire
surface of a silicon wafer.

CMP was developed on the basis of silicon wafer mirror surface polishing methods, and
is performed using a CMP apparatus of the type shown in Figure 2. In Figure 2, 15 indicates a
polishing member, 16 indicates a member that holds the object of polishing (hereafte r referred to
as a “polishing head” in some instances), 17 indicates a silicon wafer which is the object of
polishing, 18 indicates a polishing agent supply part, and 19 indicates a polishing agent. The
polishing member 15 has a polishing body 21 (hereafter referred to as a “polishing pad” in some
instances) which is attached to the surface of a polishing platen 20. A sheet-form foam
polyurethane is widely used as such a polishing body 21.

The object of polishing 17 is held by the polishing head 16, so that it is caused to oscillate
while being rotated, and is pressed against the polishing body 21 of the polishing member 15
with a specified pressure. The polishing member 15 is also rotated, so that a relative motion is
performed between the polishing member 15 and the object of polishing 17. In this state, the
polishing agent 19 is supplied to the surface of the polishing body 21 from the polishing agent
supply part 18. The polishing agent 19 diffuses over the surface of the polishing body 21, and
enters the space between the polishing body 21 and the object of polishing 17 as the polishing
member 15 and object of polishing 17 move relative to each other, so that the surface of the
object of polishing 17 that is to be polished is polished. Specifically, good polishing is
accomplished by a synergistic effect of the mechanical polishing caused by the relative motion of
the polishing member 15 and object of polishing 17 and the chemical action of the polishing
agent 19.

_ In cases where a sheet-form polishing pad consisting of a conventional foam resin
(hereafter referred to as.a “foam polishing pad”) is used, the uniformity of the polishing over the
entire surface of the wafer is good. However, foam polishing pads generally suffer from the
following problems: _

(1) The edge sloping that occurs in polishing is great.
(2) When a load is applied, the pads undergo compressive deformation.

As a result of these problems, foam polishing pads have not shown good step difference
elimination characteristics, i.e., good polishing smoothness, in the case of patterned wafers.
Recently, therefore, polishing pads consisting of harder non-foam resins (hereafter referred to as
“non-foam polishing pads” in some instances) have been investigated.

In non-foam polishing pads, indentations and projections consisting of a groove structure
are formed in the surface of a hard macromolecular polymer, and these indentations and
projections polish the surface of the object of polishing (in this case, a wafer). The use of a non-
foam polishing pad solves the problem of poor step difference elimination characteristics
encountered in cases where foam polishing pads are used.
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In regard to the process stability of a CMP apparatus, an absence of scratches is required
from the standpoint of avoiding wiring interruption and insulation breakdown of the device, in
addition to the requirement for stable uniformity and smoothness even when the number of
wafers treated by the polishing pad is increased.

However, although hard polishing pads consisting of non-foam resins show good pattern
step difference elimination, such pads tend to cause scratching of the wafer; furthermore, the
polishing rate tends to be lower than that of polishing pads consisting of a foam polyurethane.

Furthermore, other important factors that generally determine the polishing rate of a
polishing pad include the retention and fluidity of the polishing agent on the surface of the
polishing pad. In terms of retention of the polishing agent, hard non-foam polishing pads cannot
match foam polishing pads. Furthermore, in cases where conventional non-foam polishing pads
are fastened to the surface of a platen, and this platen is rotated at a high speed while the
polishing agent is supplied, the polishing agent is caused to fly off the polishing pad by
centrifugal force, so that the polishing agent retention is low. Accordingly, there is a problem in
that the polishing agent that is supplied does not effectively contribute to an increase in the
polishing rate. : ' '

Meanwhile, the most commonly used polishing body in conventional processes is a
polishing body (polishing pad) which consists chiefly of a foam polyurethane. Such a polishing

- body has a superior capacity for retaining the polishing agent on the surface of the polishing

body. However, when such a polishing body is continuously used, the abrasive particles of the
polishing agent clog the holes in the foam portion of the surface of the polishing body, so that
there are large fluctuations in the polishing rate. Accordingly, an operation known as “dressing”,
in which the surface of the polishing body is ground away by means of a grinding wheel on
which diamonds have been electrodeposited must be performed before polishing and during
polishing, so that the surface conditions of the polishing body always remain the same.

Furthermore, like the above-mentioned foam polishing bodies, fixed abrasive particle
type polishing bodies in which polishing abrasive particles are contained in a resin also require
dressing in order to handle clogging of the holes in the foam portion by abrasive particles and in
order to keep the state of the polishing abrasive particles uniform.

In regard to the polished silicon wafer (object of polishing), the polishing characteristics
of uniformity and smoothness are extremely important. '

“Uniformity” is used to evaluate how uniformly polishing is performed over the entire
area of the silicon wafer. The following formula is generally used for this evaluation:

Uniformity (%) = (RA— RI)/ (RA + RI) x 100

Here, RA is the maximum amount of polishing in the measured polishing amount profile,
and RI is the minimum amount of polishing in the measured polishing amount profile. In the
case of the uniformity value obtained from the above formula, a smaller value indicates better
characteristics. Specifically, the uniformity of polishing over the entire surface of the silicon



wafer increases with a decrease in the difference between the maximum amount of polishing and
the minimum amount of polishing.

Furthermore, “smoothness” is used to evaluate the magnitude of the residual step
difference when a pattern with indentations and projections is polished. In other words, in a
patterned silicon wafer with step differences, this value indicates the extent to which projecting
parts of the patterned silicon wafer are selectively polished away by polishing, so that the
residual step differences following polishing are reduced.

Both of these polishing characteristics of uniformity and smoothness are very greatly
influenced by the elastic modulus of the polishing body. Polishing bodies are classified
according to the size of their elastic modulus into soft polishing bodies which have a small
elastic modulus and hard polishing bodies which have a large elastic modulus.

In the case of soft polishing bodies, the adhesion of the surface of the polishing body to
warping of the silicon wafer is extremely high when pressure is applied to the silicon wafer, so
that the uniformity is extremely good over the entire surface of the silicon wafer. However, in
the case of silicon wafers with recessed and projecting patterns, the polishing body conforms to
the indentations and projections in the surface of the silicon wafer as a result of the deformation
of the polishing body, so that polishing proceeds with the step differences remammg unchangcd
As a result, the smoothness is poor.

On the other hand, in the case of hard polishing bodies with a large elastic modulus, the
deformation of the polishing body with respect to silicon wafers that have an recessed and
projecting pattern is small, so that polishing proceeds in order from the projecting portions of the
recessed and projecting pattern; as a result, the smoothness is good. However, since the warping
of the silicon wafer and the pressure distribution during pressure application have a direct effect
on the polishing, the uniformity is poor.

However, even in cases where the same material is used for the polishing body, the
thickness of the polishing body and structural factors of the polishing body such as the width and
depth of the grooves in the surface of the polishing body have a great effect as variations in the
apparent elasticity. Specifically, as the thickness of the polishing body increases, the amount of
elastic deformation of the polishing body increases, so that the polishing body becomes softer in
apparent terms. On the other hand, in the case of a thin polishing body, the amount of
deformation is small, so that the polishing body is hard in apparent terms. Furthermore, in terms
of the groove structure as well, a polishing body in which the depth of the grooves is deep and
the width of the projection portions between the grooves is narrow shows a large deformation of
the surface when the load is applied, so that such a polishing body is soft in apparent terms. On
the other hand, a polishing body in which the depth of the grooves is shallow and the width of
the projecting portions between the grooves is wide shows little deformation when the load is
applied, so that such a polishing body is hard in apparent terms.

In the above description, the thickness and groove structure of the polishing body were
described from the standpoint of elasticity. Besides this, another important role played by the
grooves is the stable supply of the polishing agent. In regard to groove structures for achieving



such a stable supply of the polishing agent, groove patterns of various shapes have been
disclosed in the past. If the supply of the polishing agent that is accomplished by means of these
grooves is insufficient, the polishing agent that is supplied to the surface of the object of
polishing that is being polished will be insufficient, so that the mechanical polishing and the
chemical reaction that occurs during polishing are insufficient. As a result, the polishing rate
drops. Furthermore, the temperature conditions resulting from the friction between the polishing
body and the surface of the object of polishing that is being polished are also non -uniform, so
that there is a conspicuous drop in the uniformity of the polishing; moreover, such a problem
also leads to scratching of the surface of the object of polishing and vibration of the polishing
head and polishing platen during polishing, etc.

Polishing apparatuses used to perform CMP include various types of apparatuses based
on different concepts and with different special features. For example, such apparatuses include
apparatuses in which a plurality of silicon wafers are simultaneously polished by means of a
single polishing body in order to increase the throughput, apparatuses in which polishing is _
performed by high-speed rotation using a polishing body that is smaller than the silicon wafer in
order to reduce the size of the apparatus, and apparatuses in which the polishing head part is
specially modified in order to improve the uniformity, etc. Such diversity of polishing
apparatuses has an inseparable relationship with the optimal groove structure for a stable supply
of the polishing agent, and such a stable supply of the polishing agent to the polishing surface
depends largely on the apparatus that is used.

In CMP, the pohshmg working time is extremely short compared to that of other types of
polishing such as optical polishing or metal lapping, etc. Specifically, polishing is performed
under conditions in which the rotation and application of pressure, etc., during polishing are
extremely great. Accordingly, polishing is performed under conditions in which retention of the
polishing agent on the surface of the polishing body is difficult.

In regard fo the groove structure that is considered optimal, the above-mentioned
dependence on the apparatus may be cited; basically, however, what is important is how the
polishing agent should be retained on the surface of the polishing body during polishing.

However, in the case of conventional polishing bodies that consist chiefly of a foam
polyurethane, and fixed abrasive particle type polishing bodies in which the polishing abrasive
particles are contained in a resin, the surface of the polishing body is shaved away by dressing,
so that the thickness of the polishing body gradually decreases. Accordingly, in a case where the
polishing body is viewed as a single elastic body, since the thickness changes, the polishing body
shows a continuous variation in the amount of elastic deformation accompanying this change in
thickness, thus resulting in the problem of a large fluctuation in the uniformity and smoothness
as the polishing body is used. Furthermore, not only does the thickness of the above -mentioned
polishing body vary as a result of dressing, but there is also a change in the groove structure
(depth of the grooves, etc.) in the surface of the polishing body. As a result, another problem
arises: namely, the polishing characteristics cannot be controlled by means of the thickness and
groove structure of the polishing body.



As was described above, an improvement in uniformity and an improvement in
smoothness cannot both be achieved at the same time in either soft polishing bodies or hard
polishing bodies; there is a tradeoff relationship between uniformity and smoothness.

Recently, polishing bodies which have a laminated structure in which two layers, i.e., a
lower layer with a large elastic modulus and an upper layer with a small elastic modulus, are
laminated have been used in order to satisfy both of the above-mentioned polishing
requirements; furthermore, polishing heads with a fluid pressurization system, etc., in which the
pressure application system of the polishing head is modified have been used with the aim of
achieving both an improvement in uniformity and an improvement in smoothness.

However, in the case of polishing bodies with a laminated structure, there are great
differences in the polishing characteristics due to variation in the polishing bodies themselves, so
* that the problem of an increase in unstable elements is encountered from the standpoint of

- semiconductor manufacturing processes. Furthermore, in cases where the polishing head is
modified, the problem is that the structure of the polishing head becomes extremely complicated.

Disclosure of the Invention

* The first object of the present invention is to solve the above -mentioned problems, and
more concretely, to provide [a] a polishing body (polishing pad), polishing apparatus and
polishing method in which scratching tends not to occur, and in which the polishing rate is high,
and [b] a semiconductor device manufacturing method using the above-mentioned polishing
apparatus and polishing method.

The second object of the present invention is to solve the above -mentioned problems, and
more concretely, to provide [a] a non-foam polishing body (polishing pad) [i] in which the
supplied polishing agent contributes effectively to polishing, so that efficient polishing is
possible with respect to the polishing agent supply, [ii] in which the retention and fluidity of the
polishing agent are high, so that the polishing rate is high, [iii] in which there is little scratching,
and [iv] which is superior in terms of step difference elimination, as well as [b] a polishing
apparatus and polishing method using the above-mentioned polishing body, and [c] a
semiconductor device manufacturing method in which the cost of the polishing proces s is
reduced and a more efficient process is achieved as a result of the use of the above-mentioned
polishing apparatus and polishing method, and in which semiconductor devices can therefore be
manufactured at a lower cost than in conventional semiconducto r device manufacturing methods.

The third object of the present invention is to solve the above -mentioned problems, and
more concretely, to provide [a] a polishing body in which the wear caused by use of the
polishing body is extremely small, and there is little variation in the surface shape, so that the
polishing body always has stable polishing characteristics, [b] a polishing apparatus and
polishing method using this polishing body, and [c] a semiconductor device manufacturing

method using this polishing apparatus and polishing method.



Furthermore, another object is to provide [a] a polishing body in which the polishing
characteristics of uniformity, smoothness and polishing rate of the object of polishing can be
controlled, and [b] a polishing apparatus using this polishing body.

The fourth object of the present invention is to solve the above -mentioned problems, and
more concretely, to provide [a] a polishing body (polishing pad) which shows superior
characteristics in terms of both uniformity and smoothness even in a conventional polishing
apparatus, [b] a polishing apparatus and polishing method using this polishing body, and [c] a
semiconductor device manufacturing method using this polishing apparatus and polishing
method. '

The first invention of the present application which is used in order to achieve the above -
mentioned first object is a polishing body used in a polishing apparatus [a] which is equipped
with [i] a polishing head that holds the object of polishing and [ii] a polishing body, and [b]
which polishes the above-mentioned object of polishing by causing relative motion between the
above-mentioned polishing body and the above -mentioned object of polishing in a state in which
a polishing agent is interposed between the above -mentioned polishing body and the above-
mentioned object of polishing; the above -mentioned polishing body being characterized by the
fact that [i] at least the surface of the polishing body consists of a non-foam macromolecular
polymer, [ii] a groove structure is formed in the above-mentioned surface, and [iii] the above-
mentioned surface has no sharp edge parts (Claim 1).

The present inventors investigated the causes of scratching in wafer by performing
repeated experiments.

First, as a result of investigating polishing pads themselves, the present inventors
discovered that there are problems in the groove structure formed in the surfaces of hard
polishing pads consisting of non-foam resins. When this groove structure is formed, flash may
be formed on the surface of the polishing pad. Such flash may also be stripped away during
polishing. This flash causes scratching of the surface of the object of polishing, i.c., the wafer.
Furthermore, it was also discovered that the slurry may aggregate with such flash acting as nuclei,
and that the aggregated slurry may cause scratching of the wafer surface.

The present invention was devised on the basis of such findings. Specifically, since the
polishing body of the present invention consists of a non -foam macromolecular polymer, this
polishing body retains the advantages of polishing bodies that consist of the above -mentioned
non-foam agents; in addition, however, since this polishing body has no sharp edge parts on its
surface, no flash is generated when these edge parts are formed. Accordingly, there is no
scratching of the surface of the wafer caused by flashes or aggregation of the slurry.
Furthermore, the term “edge part” refers to the boundaries between indentations and projections
formed on the surface, and the apices of projecting parts. Furthermore, as is clear from the above
description, the term “sharp edge parts” refers to edge parts on which flash is generated during
working, and which are sharp enough so that this flash is stripped away during polishing.

The second invention of the present application which is used in order to achieve the
above-mentioned first object is the above -mentioned first invention which is further



characterized by the fact that the groove structure consists of a plurality of grooves which have a
plurality of intersection points, and the angles at which the grooves cross at the above-mentioned
intersection points do not include any sharp angles that are less than 2 degrees (Claim 2).

Grooves are ordinarily formed in the surface of a polishing body for the purpose of
supplying the polishing agent to the space between the polishing body and the object of polishing,
etc. As a result of further experiments, the inventors discovered that in the case of a polishing
body using an ordinary non-foam macromolecular polymer, flash tends not to be generated
during working if the angles of intersection of the groove are less than 2 degrees, and that even if
flash is generated, there is little stripping of this flash during polishing, so that scratching of the
object of polishing is greatly reduced, thus making such angles desirable. Accordingly, in the
present invention, the angles of intersection at the intersection points of the grooves are limited
to angles that are less than 2 degrees.

The third invention of the present application which is used in order to achieve the above -
mentioned first object is the above-mentioned first invention which is further characterized by
the fact that the above-mentioned groove structure consists of a plurality of grooves that have a
plurality of intersection points, and the above-mentioned groove portions do not have any edge
parts with a curvature radius of less than 50 yum (Claim 3).

As a result of additional experiments, the inventors discovered that if sharp portions with
a curvature radius of less than 50 pm are present in the curved parts, intersection parts or comer
parts of the grooves formed in the surface of the polishing body, flash is frequently generated in
- these portions during working, and this flash falls off during polishing. The present invention is
based on this finding, and is characterized by the fact that there are no edge parts with a
curvature radius of less than 50 pum in the groove areas. '

The fourth invention of the present application which is used in order to achieve the
above-mentioned first object is any of the above-mentioned first through third inventions which
is further characterized by the fact that the above-mentioned groove structure consists of [i] a
combination of a spiral groove and radial grooves, [ii] 2 combination of concentric circular
grooves and radial grooves, or [iii] lattice-form grooves (Claim 4).

In the case of such groove structures, the angle of intersection of the spiral groove and
radial grooves, concentric circular grooves and radial grooves or lattice-form grooves with each
other can be set at close to 90 degrees. Accordingly, the generation of flash in the areas of
intersection of the grooves during working can be inhibited, and such flash can be prevented
from falling off during polishing.

The fifth invention of the present application which is used in order to achieve the above -
mentioned first object is any of the above-mentioned first through fourth inventions which is
further characterized by the fact that the above-mentioned macromolecular polymer consists of
one or more resins selected from a set consisting of epoxy resins, acrylic resins, polyester resins,
vinyl chloride resins, polycarbonate resins and non-foam urethane resins (Claim 5).



Such materials show little wear during polishing. Accordingly, in cases where such
materials are used for the polishing body, the useful life of the polishing body is extended.
Consequently, the frequency with which the polishing body is replaced can be lowered, so that
polishing costs can be reduced. _

The sixth invention of the present application which is used in order to achieve the
above-mentioned first object is a polishing method in which [a] a polishing head which holds the
object of polishing, and a polishing body in which at least the surface of the polishing body
consists of a non-foam macromolecular polymer, are used, and [b] the above-mentioned object
of polishing is polished by causing relative motion between the above -mentioned polishing body
and the above-mentioned object of polishing in a state in which a polishing agent is interposed
between the above-mentioned polishing body and the above -mentioned object of polishing; this
polishing method being characterized by the fact that the abov e-mentioned polishing agent
contains cerium oxide particles (Claim 6).

Generally, slurries containing silicon dioxide (SiO-) are widely used as polishing agents
in the CMP polishing of dielectric materials. Such slurries are superior in terms of stability, but
tend to aggregate and form a glass. This aggregate forms on the surface of the polishing pad. In
cases where the point at which the aggregate forms is located inside a groove, the aggregate does
not cause scratching; however, in cases where the aggregate forms outside a groove, i.c., on a
projecting part, this aggregate tends to cause scratching.

In contrast, a slurry containing cerium oxide readily disperses in water; furthermore,
such a slurry can be washed away easily by means of water, andtends not to aggregate;
accordingly, a slurry of this type is suitable for use on a hard polishing pad consisting of a non-
foam resin (hereafter referred to as a “non-foam polishing pad”). Accordingly, in the present
invention, a polishing pad in which at least the surface of the pad consists of a non-foam
macromolecular polymer is used as the polishing body, and a slurry containing cerium oxide
particles is used as the polishing agent; as a result, the occurrence of cracking caused by the
polishing agent can be prevented to a greater extent than in possible in polishing agents
containing silicon dioxide.

In cases where a slurry of cerium oxide is used with a foam polishing pad, the force
retaining the slurry in the foam of the working surface of the polishing pad is high, so that an
excessive quantity of cerium abrasive particles remains, thus affecting the stability of the
polishing. Specifically, in such cases, the problem of a variation in the polishing rate over time
and the problem of a slow response with respect to the control of the slurry supply have been
encountered. In contrast, the non-foam polishing pad used in the present invention has a low
retention force, and does not drag out the effects of previous states; accordingly, the control of
the slurry concentration is immediately reflected in the polishing characteristics, especially the
polishing rate, so that stable polishing characteristics can be maintained.

Furthermore, in cases where a non-foam polishing pad and a silicon oxide slurry are
combined, it is difficult to increase the polishing rate; however, a high polishing rate can be
obtained by combining such a polishing pad with a cerium oxide slurry. Furthermore, in regard



to the size of the cerium oxide particles, particles that are easily obtainable may ordinarily be
used; generally, the particle size is 200 nm or smaller.

The seventh invention of the present application which is used in order to achieve the
above-mentioned first object is a polishing method in which [a] a po lishing head which holds the
object of polishing, and a polishing body in which at least the surface of the polishing body
consists of a non-foam macromolecular polymer, are used, and [b] the above-mentioned object
of polishing is polished by causing relative motion between the above-mentioned polishing body
and the above-mentioned object of polishing in a state in which a polishing agent is interposed
between the above-mentioned polishing body and the above -mentioned object of polishing; this
polishing method being characterized by the fact that the above-mentioned polishing agent
contains cerium oxide particles, and being further characterized by the fact that the above-
mentioned polishing body is the polishing body claimed in any of Claims 1 through 5 (Cl aim 7).

In this invention, the effect whereby the polishing pad itself tends not to form flash, and
the effect whereby the polishing agent does not cause scratching act in a synergistic manner, so
that the effect that prevents scratching of the object of polishing during polishing is heightened.

The eighth invention of the present application which is used in order to achieve the
object of the above-mentioned first invention is a polishing method in which [a] a polishing head
which holds the object of polishing, and a polishing body, are used, and [b] the above-mentioned
object of polishing is polished by causing relative motion between the above -mentioned
polishing body and the above-mentioned object of polishing in a state in which a polishing agent
is interposed between the above -mentioned polishing body and the above -mentioned object of
polishing; this polishing method being characterized by the fact that the method has a stage in
which a load is gradually applied between the above-mentioned object of polishing and the
above-mentioned polishing body (Claim 8). :

According to findings obtained by the present inventors, in cases where a fixed load is
applied between the object of polishing and the polishing body, the polishing torque during
polishing rises abruptly immediately after the initiation of polishing, then drops abruptly after a
few seconds and reaches a more or less constant value after approximately 10 seconds.
Accordingly, if a polishing method has a stage in which a load is gradually applied between the
above-mentioned object of polishing and the above -mentioned polishing body, the torque can be
prevented from increasing abruptly immediately after the initiation of polishing. As a result,
scratching of the object of polishing caused by such an abrupt increase in torque can be
prevented. Furthermore, the load on the polishing apparatus is reduced; consequently, not only .
are the effects of vibration and heat reduced, but a superior effect is obtained which makes it
possible to alleviate scratching that tends to occur in cases where a hard polishing pad is used.

The ninth invention of the present application which is used in order to achieve the
above-mentioned first object is a polishing method in which [a] a polishing head which holds the
object of polishing, and a polishing body, are used, and [b] the above-mentioned object of
polishing is polished by causing relative motion between the above -mentioned polishing body
and the above-mentioned object of polishing in a state in which a polish ing agent is interposed
between the above-mentioned polishing body and the above -mentioned object of polishing; this
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polishing method being characterized by the fact that the method has a stage in which the load
between the above-mentioned object of polish ing and the above-mentioned polishing body is
adjusted so that the movmg load of the above-mentioned object of pohshmg or the above -
mentioned polishing body is constant (Claim 9).

In this invention as well, an abrupt increase in the torque immediately following the
initiation of polishing can be prevented; as a result, scratching of the object of polishing caused
by such an abrupt increase in the torque can be prevented. The load on the polishing apparatus is
reduced even further; accordingly, not only are the effects of vibration and heat reduced even
further, but a superior effect is obtained which makes it possible to achieve a further alleviation
of scratching in cases where a hard polishing pad is used.

The tenth invention of the present appli cation which is used in order to achieve the
above-mentioned first object is a polishing apparatus [a] which is equipped with a polishing head
which holds the object of polishing, and a polishing body, and [b] in which the above -mentioned
object of polishing is polished by causing relative motion between the above -mentioned
polishing body and the above-mentioned object of polishing in a state in which a polishing agent
is interposed between the above-mentioned polishing body and the above -mentioned object o f
polishing; this polishing apparatus being characterized by the fact that one of the polishing
bodies of the above-mentioned first invention (Claim 1) through fifth invention (Claim 5) is used
as the above-mentioned polishing body (Claim 10)

In this invention, one of the polishing bodles of the above -mentioned first invention
(Claim 1) through fifth invention (Claim 5) is used as the polishing body; accordingly, the
effects described for the respective inventions can be exhibited, so that the above -mentioned first
object can be achieved.

The eleventh invention of the present application which is used in order to achieve the
above-mentioned first object is a polishing apparatus [a] which is equipped with a polishing head
which holds the object of polishing, and a polishing body, and [b] in which the above -mentioned
object of polishing is polished by causing relative motion between the above -mentioned
polishing body and the above-mentioned object of polishing in a state in which a polishing agent
is interposed between the above-mentioned polishing body and the above -mentioned object of
polishing; this polishing apparatus being characterized by the fact that the apparatus is equipped
with [i] a load-applying mechanism which applies a variable load between the above-mentioned
object of polishing and the above-mentioned polishing body, [ii] a polishing body moving
mechanism which moves the polishing body, [iii] an object of polishing moving mechanism
which moves the object of polishing, [iv] respective load detection mechanisms which are used
to detect the load of the movement of the above-mentioned polishing body moving mechanism
or the above-mentioned object of polishing moving mechanism, or both, and [v] a feedback
mechanism which is used to control the load applied by the above-mentioned load -applying
mechanism on the basis of the load value detected by one of the above-mentioned load detection
mechanisms (Claim 11).

According to findings obtained by the present inventors, as was described above, in cases
where a fixed load is applied between the object of polishing and the polishing body, the

11



polishing torque during polishing rises abruptly immediately after the initiation of polishing, then
drops abruptly after a few seconds and reaches a more or less constant value after approximately
10 seconds. Furthermore, such an abrupt increase in the torque immediately after the initiation
of polishing causes scratching of the object of polishing. In this invention, the polishing
apparatus is equipped with [a] respective load detection mechanisms which are used to detect the
load of the movement of the polishing body moving mechanism or object of polishing moving
mechanism, or both, and [b] a feedback mechanism which is used to control the load applied by
the above-mentioned load-applying mechanism on the basis of the load values detected by one of
the above-mentioned load detection mechanisms. Accordingly, the load (torque) can always be
maintained at an appropriate value. Consequently, scratching of the object of polishing caused
by the above-mentioned increase in torque can be prevented.

The first invention of the present application which is used in order to achieve the above -
mentioned second object is a polishing body used in a polishing apparatus in which an object of
polishing is polished by causing relative motion between a polishing body and this object of
polishing in a state in which a polishing agent is interposed between the above -mentioned
polishing body and object of polishing; this polishing body being characterized by the fact that
[a] at least the working surface part of the above-mentioned polishing body consists of a non-
foam resin, and has a plurality of recessed and projecting parts consisting of a groove structure,
and [b] this groove structure consists of a combination of one or more types of grooves selected
from a set consisting of concentric circular, spiral, lattice-form, triangular lattice-form and radial
grooves (Claim 12).

As long as at least the working surface part of the polishing body in this invention has a
groove structure consisting of a non-foam resin, this polishing body may be a sheet-form or
plate-form polishing body, a polishing body with a multi-layer structure in which different types
of materials are laminated, or a plate-form polishing body molded on a rigid flat plate.

Furthermore, the shape of the grooves is important for increasing the polishing rate and
eliminating scratches; for this reason, a pattern is selected which is suitable for ensuring the
fluidity and retention of the polishing agent, and for effectively discharging polishing debris and
aggregated polishing particles. According to experimental results obtained by the inventors,
such a pattern is preferably a combination consisting of one or more types of grooves selected
from a set consisting of concentric circular, spiral, lattice-form, triangular lattice-form and radial
grooves.

The polishing body of this invention is capable of performing polishing with an
efficiency comparable to that of conventional foam polishing pads for the amount of polishing
agent that is supplied; furthermore, since this polishing body is a hard polishing pad, it is
superior in terms of eliminating step differences in patterned wafers.

'The second invention [of the present application which is used in order to achieve the
above-mentioned second object is the above -mentioned first invention (Claim 12), which is
further characterized by the fact that the sections of the above-mentioned recessed parts (groove
parts) and projecting parts respectively have one or more shapes selected from a set consisting of
rectangular, trapezoidal and triangular shapes (Claim 13).
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In this invention, since the sections of the recessed parts (groove parts) and projecting
parts respectively have one or more shapes selected from a set consisting of rectangular,
trapezoidal and triangular shapes, the advantage of easy workability of the grooves to an optimal
pitch and width is obtained. :

The third invention of the present application which is used in order to achieve the above-
mentioned second object is the above -mentioned second invention (Claim 13) which is further
characterized by the fact that the above-mentioned rectangular, trapezoidal or triangular shapes
satisfy the following conditions (Claim 14):

azb,bz0,c=20

(Here, a is the length of the bottom sides of the projecting parts, b is the length of the top sides of
the projecting parts, and c is the length of the bottom sides of the recessed parts.)

As a result of the use of such a construction, clogging of the grooves during the discharge
of polishing debris or aggregated polishing particles is eliminated, so that the discharge of such
polishing debris or aggregated polishing particles to the outside of the working surface of the
polishing body is smoothly accomplished. Accordingly, the polishing rate can be increased, and
scratching of the object of polishing by polishing debris or aggregated polishing particles can be
prevented. Furthermore, as a result of the use of such a construction, the merit of simplified
working of the grooves is also obtained.

In the polishing body of this invention, the fluidity of the polishing agent and the size of
the contact area are optimized, so that the polishing rate is rapid; furthermore, since this
polishing body is a hard pad, it is superior in terms of elimination of step differences in patterned
wafers. Moreover, since the width of the grooves is optimized, the discharge of polishing debris
and aggregates of the polishing agent can be smoothly accomplished, and there is no scratching.

The fourth invention of the present application which is used in order to achieve the
above-mentioned second object is the above -mentioned third invention (Claim 14) which is
further characterized by the fact that the above-mentioned rectangular, trapezoidal or triangular
shapes satisfy the following conditions (Claim 15):
00mm=<b<30mm,0.lmm=seae+c=50mm,d=0.1mm
(Here, d is the depth of the recessed parts.)

The relationship between the amount of polishing of a silicon wafer and the above-
mentioned polishing conditions is given by an empirical formula known as the formula of

Preston, which is indicated by Equation (1).

R=kxPxV - (1)
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Here, R is the amount of polishing of the silicon wafer, P is the pressure per unit area
with which the silicon wafer is pressed against the polishing body, V is the relative linear
velocity caused by the relative motion between the polishing member and the silicon wafer, and
k is a proportionality constant.

According to the formula of Preston, the polishing rate is proportional not only to the
relative velocity between the polishing body and the object of polishing, but also to the pressure
at the contact face between the object of polishing and the polishing body. Since the polishing
rate is also proportional to the effective contact area, the polishing rate increases with an increase
in the contact area at the same relative velocity and load per unit area. Here, the term “effective”
in “effective contact area” refers to the fact that the contact area during polishing adopts an
effective value that differs from the value that is simply calculated from the figures, since the
state of contact between the polishing body and the object of polishing diff ers when no pressure
is applied and when pressure is applied during polishing, and since the contact between the
polishing body and the object of polishing is not perfect in some instances. In the case of a non -
foam polishing pad, the polishing rate cannot be increased by means of a simple increase in the
contact area, since the polishing agent is not supplied to every part of the above -mentioned
contact face, i.e., since the fluidity of the polishing agent is low. The supply of the polishing
agent to every part of the above-mentioned contact face can be ensured by increasing the density
of the grooves. However, merely increasing the total area of the grooves by simply increasing
the groove density is not very effective as a means of increasing the polishing rate. The reason
for this is as follows: specifically, since the sum of the total area of the grooves and the contact
area is equal to the area of the working surface of the polishing body, an increase in the total area
of the grooves causes a decrease in the contact area, and (from the above argument) such a
decrease in the contact area lowers the polishing rate. Accordingly, even if the density of the
grooves is increased, such an increase in the total area of the grooves cancels the effect of
increasing the fluidity of the polishing agent, and therefore cancels the effect that increases the
polishing rate. A high groove density is not in itself sufficient to increase the fluidity while
avoiding a decrease in the contact area; at the same time, the groove width must be narrowed.
The polishing agent can be supplied to all parts of the contact face, and the polishing rate can be
increased, by narrowing the groove width and reducing the groove pitch, so that the groove
density is increased.

Here, what is important is the role of the grooves. The grooves not only have the
function of forming projecting parts on the polishing body, and the function of ensuring the
fluidity of the polishing agent by supplying the polishing agent to the projecting parts that
constitute the contact face, but also the important function of discharging polishing debris or
polishing particles in the polishing agent that have become aggregated (hereafter referred to as
“aggregated polishing particles”) from the contact face. From this standpoint, it is better if the
groove width is not too narrow. The reason for this is as follows: specifically, if the groove
width is too narrow, the polishing debris or aggregated polishing particles will clog the grooves
while being discharged; as a result, the discharge of the polishing debris or aggregated polishing
particles to the outside of the working surface of the polishing body is interrupted, and the
contact of such polishing debris or aggregated polishing particles with the obj ect of polishing
causes scratching during polishing.
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For the above reasons, the groove pitch should be neither too coarse nor too fine, and the
groove width should be neither too wide nor too narrow; this pitch and width have respective
optimal values.

Here, (a + c) is the groove pitch; the pitch p of the grooves is determined by a trade-off
between the mutually conflicting characteristics of favorable polishing agent fluidity and
abundant contact arca. As a result of experimentation, it has been determined that a value of 0.1
mm to 5.0 mm is desirable. As a result of similar experimentation, it has been determined that a
value of 0.0 mm to 3.0 mm is desirable as the length b of the top sides of the projecting parts
between the grooves. The lower limit of the depth d of the grooves is determined by the
discharge characteristics of the polishing debris or aggregated polishing particles; it has been
determined that a value of 0.1 mm or greater is desirable.

The fifth invention of the present application which is used in order to achieve the above-
mentioned second object is the above -mentioned first invention (Claim 12) which is further
characterized by the fact that the section of the recessed parts (groove parts) of the above-
mentioned recessed and projecting parts has a shape that has curved portions (Claim 16).

If the section of the recessed parts (groove parts) of the recessed and projecting parts has
a shape that has curved portions, the supply and discharge of the polishing agent are facilitated;
furthermore, the size of the angle formed by the grooves and the working surface of the polishing
member can be increased, so that the generation of parts with sharp angles in the working surface
of the polishing member can be suppressed. As a result, scratching of the object of polishing can
be effectively suppressed.

The sixth invention of the present application which is used in order to achieve the
above-mentioned second object is the above -mentioned fifth invention (Claim 16) which is
further characterized by the fact that the shape that has the above-mentioned curved portions
satisfies the following conditions (Claim 17): '

00mm=e=<3.0mm,0.lmm=<e+f<50mm,g=0.1mm

(Here, e is the length of the top side of the projecting parts, fis the length of the top side of the
recessed parts, and g is the depth of the recessed parts.

The reasons for limiting the respective numerical values in this manner are the same as
the reasons for limiting the numerical values in the above-mentioned fourth invention (Claim
15); these values were determined as a result of experiments performed by the inventors.

The seventh invention of the present application which is used in order to achieve the
above-mentioned second object is any invention of the above-mentioned first (Claim 12) through
sixth (Claim 17) inventions which is further characterized by the fact that the above-mentioned
recessed and projecting parts have a periodic structure of recesses and projections (Claim 18).
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In the present inventioh, since the recessed and projecting parts have a periodic structure,
working is simplified, and this working can be accomplished using automated working
machinery.

'The eighth invention of the present application which is used in order to achieve the
above-mentioned second object is any invention of the above -mentioned first (Claim 12) through
seventh (Claim 18) inventions which is further characterized by the fact that the above-
mentioned non-foam resin has a Vickers hardness of 1.5 kgf/mm?® or greater, or a compressive
Young’s modulus of 25 kgf/mm? or greater (Claim 19)

One major special feature of hard non-foam polishing members is smoothness, i.e.,
efficient elimination of pattern step differences. When the hardness of a polishing member drops,
the step difference elimination characteristics of this polishing member deteriorate. As a result
of experiments performed by the inventors, it has been found that residual step differences can be
suppressed to a degree that there are no problems, and that both a high polishing rate and a good
smoothness can be obtained, in cases where the Vickers hardness of the material of the polishing
member is 1.5 kgf/mm® (approximately 1.5 x 10’ Pa) or greater or in cases where the
compressive Young’s modulus of this material is 25 kgf/mm® (approx1mately 2.5 x10° Pa) or
greater.

The ninth invention of the present application which is used in order to achieve the
above-mentioned second object is a polishing apparatus in which an object of polishing is
polished by causing relative motion between a polishing body and this object of polishing in a
state in which a polishing agent is interposed between the above -mentioned polishing body and
object of polishing; this polishing apparatus being characterized by the fact that the apparatus
uses the polishing body of one of the above-mentioned first (Claim 12) through eighth (Claim
19) inventions as a polishing body (Claim 20).

Since this polishing apparatus uses the polishing body of one of the above -mentioned
first (Claim 12) through eighth (Claim 19) inventions, the respective effects of the above-
mentioned first through eighth inventions can be obtained, so that the above -mentioned second
object can be achieved.

The tenth invention of the present application which is use d in order to achieve the
above-mentioned second object is a method in which an object of polishing is polished by
causing relative motion between a polishing body and this object of polishing in a state in which
a polishing agent is interposed between the above-mentioned polishing body and object of
polishing; this polishing method being characterized by the fact that the method uses the
polishing body of the above-mentioned eighth invention (Claim 19) as a polishing body, and the
fact that the method includes a stage in which the temperature of the above-mentioned polishing
body is controlled (Claim 21).

The polishing rate is proportional to the contact area. However, contact between solids is
generally a point contact. Since the non-foam polishing member of the present invention uses a
hard material, the effective contact area is lower than a value that is simply calculated from the
figures; accordingly, the polishing rate may also be lower than the expected value.
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Consequently, the temperature dependence of the hardness of the resin of the polishing pad
material is utilized in order to adapt the projecting parts as a whole to the object of polishing.
The hardness of the resin drops with a rise in temperature. The fit of the hardness of the
polishing pad with respect to the object of polishing is improved by elevating the temperature or
controlling the temperature. The polishing rate depends on the temperature, and increases with
an increase in the temperature. Causes of this increase in the polishing rate include an increase in
the reactivity of the slurry in addition to an increase in the effective contact area. Accordingly,
the polishing rate can be increased, or a specified polishing rate can be maintained, by
controlling the temperature of the polishing body.

The first invention of the present application which is used in order to achieve the above -
mentioned third object is a polishing body used in a polishing apparatus in which an object of
polishing is polished by causing relative motion bet ween a polishing body and this object of
polishing in a state in which a polishing agent is interposed between the above -mentioned
polishing body and object of polishing; this polishing body being characterized by the fact that
[a] the polishing body has grooves formed in its surface, [b] the width W of the above-mentioned
grooves at the above-mentioned surface is such that 0.1 mm = W < 2.0 mm, [c] the ratio VL of
the volume of the region in which the above -mentioned grooves are formed to the volume of the
polishing body including the region in which the above -mentioned grooves are formed is such
that 0.1% =< VL = 30%, and [d] the polishing body is formed from a material in which the void
region caused by foaming is 20% or less relative to the volume of the polishing body not
including the region in which the above -mentioned grooves are formed (Claim 22).

In the above-mentioned polishing body, the material of the polishing body is a non -foam
type or low-foam type material; accordingly, the polishing body shows extremely little wear due
to use. Furthermore, dressing is either unnecessary or else is accomplished in a short time, so
that there is no change in the groove structure due to wear; accordingly, extremely stable
polishing characteristics can be obtained. As a result of these features, the frequency of -
polishing body replacement is reduced, so that the cost of polishing can be reduced. Furthermore,
-among the polishing characteristics, uniformity, smoothness and the polishing rate can be
controlled according to the groove structure (groove width W, volume ratio VL) formed in the
surface of the polishing body. Thus, the groove structure can be selected so that ideal polishing
characteristics are obtained. As a result, the polishing yield can be improved, and the time
required for polishing can be shortened, so that the cost of polishing can be reduced.

The second invention of the present application which is used in order to achieve the
above-mentioned third object is the above -mentioned first invention (Claim 22) which is further
characterized by the fact that the thickness D is such that 0.5 mm =< D =< 5.0 mm (Claim 23).

As a result, among the polishing characteristics, uniformity, smoothness and the polishing
rate can be controlled according to the thickness D of the polishing body; accordingly, the
thickness can be selected so that ideal polishing characteristics are obtained. Consequently, the
polishing yield can be improved, and the time required for polishing can be shortened, so that the
cost of polishing can be reduced.
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The third invention of the present application which is used in order to achieve the above -
mentioned third object is the above -mentioned first invention (Claim 22) or second invention
(Claim 23) which is further characterized by the fact that the depth of the above-mentioned
grooves is no more than three times the width W of the above-mentioned grooves (Claim 24).

As a result, there is no scratching of the polished surface of the object of polishing.
Accordingly, the polishing yield can be improved, and the cost of polishing can be reduced.

The fourth invention of the present application which is used in order to achieve the
above-mentioned third object is any of the above-mentioned first (Claim 22) through third
(Claim 24) inventions which is further characterized by the fact that the shape of the above-
mentioned grooves with respect to the surface is a spiral shape, concentric circular shape, lattice
shape, triangular lattice shape, “knitted” shape, random shape or shape which includes two or
more of the preceding shapes (Claim 25).

As a result, the polishing agent retention capacity at the surface of the polishing body is
high, so that the polishing rate is increased, and the uniformity is also increased. Accordingly,
the polishing yield is improved, and the time required for polishing is shortened, so that the cost
of polishing can be reduced.

The fifth invention of the present application which is used in order to achieve the above -
mentioned third object is any of the above-mentioned first (Claim 22) through fourth (Claim 25)
inventions which is further characterized by the fact that the sectional shape of the above -
mentioned grooves is a shape that has a curvature, a rectangular shape, a V shape or a polygonal
shape (Claim 26).

As a result, scratching of the polished surface of the object of polishing is eliminated.
Accordingly, the polishing yield is improved, and the cost of polishing can be reduced.

The sixth invention of the present application which is us ed in order to achieve the
above-mentioned third object is any of the above-mentioned first (Claim 22) through fifth (Claim
26) inventions which is further characterized by the fact that the compressive elastic modulus K
of the material is such that 0.1 GPa < K < 2.0 GPa (Claim 27).

In the present means, since the material is not too soft, the amount of wear during
polishing is small, so that the polishing body has a long useful life; furthermore, there is no
deterioration in smoothness. Moreover, since the material is not too hard, there is no scratching
of the object of polishing, and there is also no deterioration in uniformity.

As a result, the polishing yield can be increased in the case of a polishing body formed
from a material whose compressive elastic modulus K is such that 0.1 GPa < K < 2.0 GPa, so
that the cost of polishing can be reduced.

The seventh invention of the present application which is used in order to achieve the

above-mentioned third object is any of the above-mentioned first (Claim 22) through sixth
(Claim 27) inventions which is further characterized by the fact that the chief component of the
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above-mentioned material consists of one or more resins selected from a set consisting of epoxy
resins, acrylic resins, polyester resins, vinyl chloride resins, polycarbonate resins and non-foam
urethane resins (Claim 28).

As a result, there is little wear of the polishing body caused by polishing, so that the
useful life of the polishing body is increased. Accordingly, the frequency with which the
polishing body is replaced is reduced, so that the cost of polishing can be reduced.

The eighth invention of the present application which is used in order to achieve the
above-mentioned third object is any of the above-mentioned first (Claim 22) through seventh
(Claim 28) inventions which is further characterized by the fact that grooves that supply and
discharge the above-mentioned polishing agent are further formed in the surface, and said
grooves that supply and discharge the above-mentioned polishing agent form parts of the
previously mentioned grooves, or are formed separately from the previously mentioned grooves
(Claim 29).

As a result, since the polishing agent is uniformly supplied to the entire polished surface
of the object of polishing, there is no deterioration in uniformity, and no deterioration in the
polishing characteristics due to an increase in wear. Accordingly, the polishing yield can be
increased, and the cost of polishing can be reduced.

The ninth invention of the present application which is used in order to achieve the
above-mentioned third object is any of the above-mentioned first (Claim 22) through eighth
(Claim 29) inventions which is further characterized by the fact that there is a transparent region
in at least one portion of the polishing body (Claim 30).

As a result, the polished state of the polished surface of the object of polishing can be
detected in situ during the polishing process by means of a device that observes the polished state
via the opening part formed in the polishing platen and the transparent region of the polishing
body. Accordingly, since the endpoint of polishing can be detected during the polishing process,
the polishing yield can be increased, and the cost of polishing can be reduced. For example,
vinyl chloride, etc., can be used as the material that constitutes the transparent region.

The tenth invention of the present application which is used in order to achieve the
above-mentioned third object is a polishing apparatus in wh ich an object of polishing is polished
by causing relative motion between a polishing body and this object of polishing in a state in
which a polishing agent is interposed between the above -mentioned polishing body and object of
polishing; this polishing a pparatus being characterized by the fact that any of the above-
mentioned first (Claim 22) through ninth (Claim 30) inventions is used as the polishing body
(Claim 31).

In this invention, since one of the above-mentioned first (Claim 22) through ninth (Claim

30) inventions is used as the polishing body, the advantages of the respective corresponding
polishing bodies can be obtained, so that the above -mentioned third object can be achieved.
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The first invention of the present application which is used in o rder to achieve the above-
mentioned fourth object is a polishing body used in a polishing apparatus in which an object of
polishing is polished by causing relative motion between a polishing body and this object of
polishing in a state in which a polishing agent is interposed between the above -mentioned
polishing body and object of polishing; this polishing body being characterized by the fact that
recessed and projecting structures of two or more different types are formed periodically or
aperiodically in the surface of the polishing body (Claim 32).

In the above-mentioned polishing body, two or more types of recessed and projecting
structures are formed; accordingly, in regard to the polishing characteristics, areas in which the
uniformity is good and areas in which the smoothness is good coexist in accordance with the
recessed and projecting structures. As a result, both the uniformity and the smoothness are
improved.

Specifically, a hard polishing body and a soft polishing body can be caused to coexist in
apparent terms in the same polishing body by forming two or more types of recessed and
projecting structures on the surface of the polishing body without modifying the laminated
structure of the polishing body or the polishing head. Accordingly, a polishing body and a
polishing method using this polishing body can be provided which make it possible to improve
the polishing characteristics of uniformity and smoothness, which are generally said to be in a
trade-off, even if a conventional polishing apparatus is used. This also offers the advantage of
making it possible to increase the yield of the semiconductor manufacturing process without
incurring any expense in the polishing process.

The second invention of the present application which is used in order to achieve the
above-mentioned fourth object is the above -mentioned first invention (Claim 32) which is further
characterized by the fact that two or more recessed parts of the above-mentioned recessed and
projecting structures and two or more projecting parts of the above-mentioned recessed and
projecting structures are formed within the regions in which recessed and projecting structures of
the same type are formed (Claim 33).

As a result, the uniformity and smoothness are improved even further.

The third invention of the present application which is used in order to achieve the above -
mentioned fourth object is the above -mentioned second invention (Claim 33) which is further
characterized by the fact that [a] the above-mentioned recessed and projecting structures consist
of two types of recessed and projecting structures, i.€., a first recessed and projecting structure
and a second recessed and projecting structure, [b] the recessed parts of the above -mentioned
first recessed and projecting structure and the recessed parts of the above-mentioned second
recessed and projecting structure are grooves, and [c] the width of the projecting parts of the
above-mentioned first recessed and projecting structure is two or more times the width of the
projecting parts of the above-mentioned second recessed and projecting structure (Claim 34).

As a result, the regions of the polishing body in which the first recessed and projecting

structure with wide projecting parts is formed function in a manner comparable to that of a hard
polishing body, and selectively polish the projecting parts of the recessed and projecting pattern
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during the polishing of an object of polishing that has such a recessed and projecting pattern, so
that the smoothness is improved. Meanwhile, the regions of the polishing body in which the
second recessed and projecting structure with narrow projecting parts is formed function in a
manner comparable to that of a soft polishing body, so that the polishing body performs
polishing while conforming to any warping of the object of polishing or irregularity in the film
thickness generated during the formation of any film on the surface of the object of polishing.
As a result, the uniformity is improved.

The fourth invention of the present app lication which is used in order to achieve the
above-mentioned fourth object is any of the above-mentioned first (Claim 32) through third
(Claim 34) inventions which is further characterized by the fact that the plan shape of the
polishing body is circular, and the regions in which the above-mentioned recessed and projecting
structures of the same type are formed are disposed in the form of concentric circles (Claim 35).

As a result, the uniformity and smoothness are further improved.

The fifth invention of the present application which is used in order to achieve the above -
mentioned fourth object is any of the above-mentioned first (Claim 32) through third (Claim 34)
inventions which is further characterized by the fact that the regions in which the abo ve-
mentioned recessed and projecting structures of the same type are formed are disposed in a
lattice-form configuration (Claim 36).

Asa result, the uniformity and smoothness are further improved.

The sixth invention of the present application which i s used in order to achieve the
above-mentioned fourth object is any of the above-mentioned first (Claim 32) through fifth
(Claim 36) inventions which is further characterized by the fact that grooves that supply and
discharge the above-mentioned polishing agent are further formed in the surface of the polishing
body (Claim 37).

As a result, since the polishing agent is uniformly supplied to the entire surface of the
object of polishing, there is no deterioration in the uniformity, or deterioration in the
characteristics of the polishing apparatus as a result of increased wear.

The seventh invention of the present application which is used in order to achieve the
above-mentioned fourth object is any of the above-mentioned first (Claim 32) through sixth
(Claim 37) inventions which is further characterized by the fact that the Vickers hardness k of
the polishing body is such that 2.5 (kgf/mm?) < k < 30 (kgf/mm’) (Claim 38).

As a result, the uniformity and smoothness are further improved.

The eighth invention of the present application which is used in order to achieve the
above-mentioned fourth object is any of the above-mentioned first (Claim 32) through seventh
(Claim 38) inventions which is further characterized by the fact that the polishing body is
constructed from a first layer in the surface of which the above-mentioned recessed and
projecting structures are formed, and a second layer which is disposed beneath the first layer and
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to which the first layer is laminated, and the elastic modulus of the above-mentioned second -
layer is greater than the elastic modulus of the above-mentioned first layer (Claim 39).

As a result, the uniformity and smoothness can be improved in a polishing body with a
laminated structure as well.

The ninth invention of the present application which is used in order to achieve the
above-mentioned fourth object is a polishing apparatus in which an object of polishing is
polished by causing relative motion between a polishing body and this object of polishing in a
state in which a polishing agent is interposed between the above -mentioned polishing body and
object of polishing; this polishing apparatus being characterized by the fact that any of the
above-mentioned first (Claim 32) through eighth (Claim 39) inventions is used a s the polishing
body (Claim 40).

In this invention, since the polishing body of one of the above -mentioned first through
eighth inventions is used, the respective effects described for these inventions can be exhibited,
so that the above-mentioned fourth object can be achieved. '

The invention of the present application which is used in order to achieve each of the
above-mentioned first through fourth objects is a semiconductor device manufacturing method
which is characterized by the fact that this method includes a process in which a wafer is
polished using at least one method or apparatus among the polishing methods claimed in Claims
6, 7, 8 and 9, and the polishing apparatuses claimed in Claims 10, 11, 20, 21, 31 and 40 (Claim
41).

In this invention, since polishing methods or apparatuses with respective advantages are
utilized, wafers can be polished in accordance with the above -mentioned first through fourth
objects. Accordingly, semiconductor devices can be manufactured with a good precision, yield
and throughput.

Brief Description of the Drawings

Figure 1 shows schematic diagrams of planarization techrﬁques used in semiconductor
processes; these diagrams show sections of semiconductor devices. In Figures 1 (2) and 1 (b),
the diagrams on the left show the state before planarization, while the diagrams on the right show
the state following planarization.

Figure 2 is a schematic structural diagram of a CMP apparatus.

Figure 3 is a schematic plan view which illustrates an example of the pohshmg pad of the
CMP polishing apparatus used in the present invention.

Figure 4 is a schematic diagram which illustrates an example of a polishing apparatus that
has the torque detection mechanism of the present invention.
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Figure 5 shows graphs which illustrate the trends of the load and torque over time in the
CMP apparatus.

Figure 6 is a diagram which shows an example of the sectional shape of the grooves in
the polishing pad of the present invention. :

Figure 7 is partial enlarged plan view of a groove structure combining a spiral groove and
lattice-form grooves in a conventional polishing pad.

Flgure 8 is a diagram which illustrates an example of the sectlonal structure of the groove
structure in a working configuration of the present invention.

Figure 9 is a diagram which illustrates an example of the sectional structure of the groove
structure in a working configuration of the present invention.

Figure 10 is a diagram which shows an example of a groove structure combining
concentric circular and radial grooves in a working configuration of the present invention.

Figure 11 is a diagram which shows an example of a groove structure with lattice-form
grooves in a working configuration of the present invention.

- Figure 12 is a diagram which shows an example of a groove structure with triangular
lattice-form grooves in a working configuration of the present invention.

Figure 13 is a graph which shows the reiationship between the hardness of the polishing
member and temperature.

Figure 14 is a graph which shows the relationship between the polishing rate and
temperature.

Figure 15 is a schematic diagram of a polishing head constituting an embodiment of the
present invention.

Figure 16 is a sectional view of one portion of a polishing body constituting a working
configuration of the present invention.

Figure 17 shows sectional views that illustrate the state of the polishing body when a load
is applied.

Figure 18 is a plan view which shows an example of the schematic construction of the
polishing body.

Figure 19 shows sectional'views of a polishing body which constitutes a working
configuration of the present invention.
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Figure 20 is a schematic structural diagram of a CMP apparatus constituting a working
configuration of the present invention.

Figure 21 is a diagram which illustrates a polishing body constituting a working
configuration of the present invention.

Figure 22 is a diagram which illustrates a polishing body constituting a working
configuration of the present invention.

Figure 23 is a diagram which illustrates a polishing body constituting a working
configuration of the present invention.

Figure 24 is a diagram which illustrates a polishing body constituting a working
configuration of the present invention.

Figure 25 is a flow chart which illustrates a semiconductor device manufacturing process.

Preferred Working Configurations of the Invention

Below, working configurations will be described with reference to the attached figures in
order to describe the present invention in greater detail. However, the present invention is
described here in terms of working configurations and embodiments, and this description should
not be interpreted as limiting the content of the invention.

First, examples of working configurations and embodiments of the invention for the
purpose of achieving the first object of the present invention will be described.

[Working Configuration 1-1]

In the polishing pad (polishing body) of the present working configuration, there is no
flash in the groove structure formed in the surface of the polishing pad. Accordingly, it is
important first of all to adopt a groove structure forming method that does not generate any flash, -
and for this purpose, it is also important to perform a treatment that conditions the surface of the
polishing pad following groove formation. In the present invention, attention was focused on
eliminating flash that might be stripped away from the polishing pad during polishing.

- In the groove structure of the polishing pad of the present working configuration, the
angles of intersection at the points of intersection where the plurality of grooves that constitute
the groove structure intersect does not include any sharp angles of 2 degrees or less. As a result,
flash that might be stripped away during polishing can be greatly reduced. For this purpose, a
combination of concentric circular and radial grooves (Figure 3 (2)), a combination of spiral and
radial grooves, or a structure consisting exclusively of lattice-form grooves (Figure 3 (b)), is
most effective. In the case of these groove structures, the angle of intersection of the grooves is
90 degrees. In the case of radial grooves, the groove structure is arranged so that the angles of
intersection at the point of intersection (ordinarily in the central portion of the polishing pad)
where the plurality of grooves that constitute the radial grooves intersect are 2 degrees or greater.
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For this purpose, in a case where the plurality of grooves that constitute the radial grooves are
disposed at equal angular intervals, it is desirable that the number of grooves not exceed 180
grooves. Furthermore, it is desirable that the lengths of the plurality of grooves that constitute
the radial grooves be mixed as alternating long and short lengths, and that the terminal ends of
the plurality of shorter radial grooves on the center side of the polishing pad be disposed in the
form of a concentric circle in the vicinity of the center of the polishing pad. Thus, it is desirable
that there be no sharp edge parts on the working surface of the polishing pad; in concrete terms,
it is desirable that there be no edge surfaces with a curvature radius of less than 50 pm on the
working surface of the polishing pad.

[Working Configuration 1-2]

The present working configuration is a slurry that is used in combination with Working
Configuration 1-1.

This slurry tends not to undergo aggregation.

A slurry that contains cerium oxide is desirable for use as a slurry that tends not to
aggregate. Generally, slurries that contain silicon dioxide (SiOz) are widely used for the
polishing of dielectric materials by CMP. Such slurries are superior in terms of stability, but
tend to aggregate and form a glass. Such aggregates form on the surfaceof the polishing pad. In
cases where the location at which the aggregate forms is inside a groove, the aggregate does not
cause scratching; however, in cases where this aggregate forms outside a groove, i.e., on one of
the projecting parts, the aggregate tends to cause scratching. Slurries that contain cerium oxide
are easily dissolved in water; furthermore, such slurries are easily washed away by water, and
tend not to form aggregates. Accordingly, such slurries are suitable for use with hard polishing
pads consisting of non-foam resins (hereafter referred to as “non-foam polishing pads”). In cases
where slurries of cerium oxide are used with foam polishing pad, the retention force of the slurry
in the foam of the working surface of the polishing pad is high; as a result, the cerium oxide
abrasive particles remain in an excessive amount, and affect the stability of polishing.
Specifically, the polishing rate changes as time passes, and the response to the control operation
of the slurry supply is slow. In the case of non-foam polishing pads, on the other hand, the
retention force is low, so that the effects of previous states are not dragged out; as a result, the
control of the shurry concentration is immediately reflected in the polishing character istics, and
especially in the polishing rate, so that stable polishing characteristics can be maintained.

Furthermore, in cases where a non-foam polishing pad is combined with a silicon oxide
slurry, it is difficult to increase the polishing rate; however, a high polishing rate can be obtained
by combining such a polishing pad with a cerium oxide slurry.

[Working Configuration 1-3]

The present working configuration is a polishing apparatus which is shown in Figure 4,
and which reduces scratching. Furthermore, in the following figures, elements which are the
same as in previous figures are labeled with the same symbols, and a description of these
elements is omitted.



In Figure 4, 22 indicates a rotating motor which rotates a polishing head 16, 23 ind icates
a rotational torque detection mechanism which detects the rotational torque of the rotating motor
22, 24 indicates an oscillating motion load detection mechanism (which detects rectilinear
oscillating motion parallel to the working surface of the polishing pad), 25 indicates an
oscillating mechanism which imparts an oscillation motion to the polishing head 16, and 26
indicates a load-applying mechanism which applies a load to the surface that is being polished on
a silicon wafer 17. This load-applying mechanism is equipped with a load adjustment
mechanism that can adjust the load in accordance with a load or rotational torque signal received
from the outside. 27 indicates a platen-rotating motor, and 28 indicates a rotational torque
detection mechanism which detects the rotational torque of the platen rotation. The polishing
head 16 holds the silicon wafer 17, and rotates the silicon wafer 17. The polishing member 15 is
constructed by pasting a polishing pad (polishing body) 21 to the surface of a polishing platen 20.

A polishing pad consisting of a non-foam resin which has a groove structure formed in its
surface is used as the polishing pad 21. The polishing head 16 is caused to perform a rotational
motion by the rotating motor 22, and the poli shing member 15 is caused to perform a rotational
motion by the platen-rotating motor 27. In this process, the surface that is being polished on the
silicon wafer 17 is polished by the action of the polishing agent 19 and polishing pad 21.

This polishin g apparatus operates as follows: during polishing, the platen torque
detection mechanism 28 detects the rotational torque of the platen -rotating motor 27, the
polishing head torque detection mechanism 23 detects the rotational torque of the polishing head
rotating motor 22, and the oscillating load detection mechanism 24 detects the oscillating load
from the oscillating mechanism 25. A torque or load signal from the platen torque detection
mechanism 28, polishing head torque detection mechanism 23 or osci llating load detection
mechanism 24 is fed back to the load-applying mechanism 26; then, the load-applying
mechanism 26 compares this torque or load signal with a preset reference signal, and increases or
decreases the load in accordance with the difference between these two signals. In concrete
terms, the load-applying mechanism 26 decreases the load when the torque or load is greater than
the reference value, and conversely increases the load when the torque or load is smaller than the
reference value. In this way, the rotational torque or oscillating load caused by the load on the
surface that is being polished, which is generated as a result of the load applied by the load-
applying mechanism 26, is always maintained at a constant value.

The object of this torque or load control is preferably the polishing head rotating motor
22.

In the above example, the torque or load was continuously controlled during polishing;
however, in a simpler arrangement, it would also be possible merely to apply the load in stages
to the polishing head as shown in Figure 4, without performing feedback control of the torque or
load. In such a case, there is no need for functions such as a load adjustment mechanism that
adjusts the load in accordance with the external signal that is required for feedback control.

Figure 5 shows the variation over time of the load applied to the polishing head and the
rotational torque of the polishing head rotating motor in a case where the polishing member and
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pohshmg head are both rotating at a constant speed. Figure 5 (a) shows a case in which a fixed
load is applied simultaneously with the initiation of polishing, while Figure 5 (b) shows a case in
which the load is gradually increased to a fixed value in stages from the initiation of polishing.
Figure 5 (2) indicates that the torque rises abruptly immediately following the initiation of
polishing, then drops abruptly after a few seconds, and finally settles at a fixed value after
approximately 10 seconds. This indicates a transition from static friction to dynamic friction. In
Figure 5 (b), on the other hand, the torque stabilizes at a more or less fixed value immediately
after the initiation of polishing.

The present invention was devised on the basis of an inference that it should be possible
to prevent scratching if the torque is controlled to as constant a value as possible, this inference
being based on a consideration of the effects of such an abrupt increase in the torque
immediately following the initiation of polishing on the polishing member and object of
polishing, e.g., on experimental results indicating that scratching of the surface of the object of
polishing tends to occur in the case of such an abrupt change, etc. As a result, it has become
possible not only to reduce scratching, but also to suppress the generation of excessive vibration
and heat, so that stable polishing results can be obtained.

'The above description has concerned examples in which both the polishing head and
platen were rotated for purposes of movement. However, it goes without saying that the present
invention is also effective in cases where one of these parts performs a rectilinear motion, i.€., in
cases where a so-called relative motion is performed. Furthermore, in Figure 4, the oscillating
mechanism is installed on the side of the polishing head; however, it goes without saying that it
would also be possible to install this mechanism on the side of the polishing body.

[Embodiment 1-1]
The following embodiment corresponds to Working Configuration 1-1.
First, a hard polishing pad was manufactured as follows:

In regard to the materials used, epoxy principal agents Epicote 828 and Epicote 871 (both
manufactured by Yuka Shell Epoxy K.K.) and a diaminodiphenylmethane curing agent were
mixed and agitated at a weight ratio of 2.6 : 3.9 : 1, and this mixture was caused to flow into a
mold with a size of ¢ 800 mm. The mixture was then cured by being heated for 8 hours at 150°C.
Next, a spiral-form V groove (angle of V 60°) with a pitch of 0.5 mm and a depth of 0.3 mm, and
radial grooves with a width of 2 mm, a depth of 0.5 mm and a spacing of 5 degrees, were formed
in the surface of the above-mentioned epoxy resin by cutting, thus forming a polishing pad.
Figure 6 shows an enlarged view of the sectional shape of these grooves. In Figure 6, 31
indicates the surface of the polishing pad, and 32 indicates the grooves in the polishing pad.

This polishing pad was bonded to the platen by means of a two-sided tape, thus forming a
polishing pad. A 6-inch silicon wafer on which a thermal oxidation film was formed to a
thickness of 1 um was fastened to the elastic film (backing film) of the polishing head by surface
tension as an object of polishing, and polishing was performed under the polishin g conditions
shown below:
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Polishing Conditions

A Polishing pad rpm: 50 rpm

A Polishing head rpm: 50 rpm '

A Oscillation distance: 30 mm

A Oscillation frequency: 15 reciprocating strokes per minute

A Polishing agent: SEMI Supers 25 manufactured by Cabot Co., diluted 2X (silicon oxide
slurry)

A Polishing agent flow rate: 200 ml/min

A Load on wafer: 460 gf/cm®

When the polishing rate of the wafer thus polished was measured, a value of 200 nm/min
was obtained. When the polished surface was inspected by means of a scratch inspector, no
scratches were discovered.

[Comparative Example 1-1]

A polishing pad was manufactured under the same conditions as in Embodiment 1-1,
except for the groove structure. The groove structure was formed by a combination of spiral and
lattice-form grooves as shown in the enlarged plan view of a polishing pad shown in Figure 7. In
Figure 7, 33 indicates a spiral groove, and 34 indicates lattice-form grooves. '

The same silicon wafer used in Embodiment 1 -1 was polished under exactly the same
conditions as in Embodiment 1 -1 using this polishing pad. When the wafer thus polished was
inspected by means of a scratch inspector, occasional scratches were seen in the polished surface.
The reason for this is that the polishing pad included portions in which the angles of intersection
of the grooves were sharp angles of less than 2 degrees.

[Embodiment 1-2]

Using a polishing pad that was manufactured under the same conditions as in
Embodiment 1-1, the same wafer as that used in Embodiment 1-1 was polished under the same
conditions as in Embodiment 1 -1, except that a slurry containing 5 wt % cerium oxide particles
was used as the polishing agent. As a result, a polishing rate of 420 nm/min was obtained.
When the polished surface was inspected by means of a scratch inspector, no scratches were
discovered.

[Embodiment 1-3]

Polishing was performed using the same polishing pad, the same wafer and the same
polishing conditions as in Comparative Example 1-1, except that the load on the wafer was
increased in stages from O to 400 gf/cm” over a period of approximately 10 seconds as shown in
Figure 5 (b) by applying a load to the polishing head in stages using the load-applying
mechanism 26 shown in Figure 4.
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When the wafer thus polished was inspected by means of a scratch inspector, no
scratches were discovered.

Furthermore, polishing was performed using the same polishing pad on the same wafer
under the same polishing conditions as 1n Embodiment 1 -1, except that the load on the wafer was
increased in stages from O to 400 gf/cm? over a period of approximately 10 seconds.

When the wafer thus polished was inspected by means of a scratch inspector, no
scratches were discovered.

Thus, as a result of the load being increased in stages, an abrupt increase in the rotational
load (torque) of the platen and polishing head was prevented so that the torque was more or less
constant from the initial stage of polishing.

In the description of the above-mentioned working configurations and embodiments,
polishing was performed with the load applied to the polishing head controlled or varied in
stages. However, since the pressure involved is relative pressure, it goes without saying that the
effect of the present invention is unchanged even if the load involved is the load on the polishing
body.

Below, examples of working configurations and embodiments of the invention for the
purpose of achieving the second object of the present invention will be described.

[Working Configuration 2-1]

Figure 8 is a diagram which shows an enlarged section of the recessed and projecting
parts consisting of a groove structure in the working surface part of a polishing body 21
constructed according to Working Configuration 2-1 of the present invention. 41 indic ates the
projecting parts, and 42 indicates the recessed parts (groove parts). a is the length of the bottom
sides of the projecting parts 41, b is the length of the top sides of the projecting parts 41, c is the
length of the bottom sides of the recessed parts (groove parts) 42, and 4 is the depth of the
recessed parts (groove parts) 42. Here, it is desirable that the recessed and projecting parts have
a periodic structure. In this case, p in Figure 8 is the pitch of the periodic structure of the
recesses and projections of the recessed and projecting parts (hereafter referred to as the “pitch of
the grooves”), and p — b is the width of the grooves 42 (i.e., of the top parts of the recessed parts).
Only the working surface part of the polishing body is shown in Figure 8; however, the
polishing body of the present invention may be a sheet-form body or plate-form body, and may
have a multi-layer structure in which materials of different types are laminated, or a plate-form
structure molded on top of a flat plate that possesses rigidity, as long as at least the working
surface part of the polishing body has a groove structure consisting of a non-foam resin.

Here, according to the above-mentioned formula of Preston, the polishing rate is
proportional not only to the relative velocity between the polishing body and object of polishing,
but also to the pressure at the contact face between the object of polishing and the polishing body.
Since the polishing rate is also proportional to the effective contact ar ea, the polishing rate
increases with an increase in the contact area in a case where the load per unit area and relative

29



velocity are the same. Here, the term “effective” in “cffective contact area” refers to the fact that
the contact area during polishing adopts an effective value that differs from the value that is
simply calculated from the figures, since the state of contact between the polishing body and the
object of polishing differs when no pressure is applied and when pressure is applied during
polishing, and since the contact between the polishing body and the object of polishing is not
perfect in some instances. In the case of a non-foam polishing pad, the polishing rate cannot be
increased by means of a simple increase in the contact area, since the polishing agent is not
supplied to every part of the above-mentioned contact face, i.¢., since the fluidity of the polishing
agent is low. The supply of the polishing agent to every part of the above-mentioned contact
face can be ensured by increasing the density of the grooves. However, merely increasing the
total area of the grooves by simply increasing the groove density is not very effective as a means
of increasing the polishing rate. The reason for this is as follows: specifically, since the sum of
the total area of the grooves and the contact area is equal to the area of the working surface of the
polishing body, an increase in the total area of the grooves causes a decrease in the contact area,
and (from the above argument) such a decrease in the contact area lowers the polishing rate.
Accordingly, even if the density of the grooves is increased, such an increase in the total area of
the grooves cancels the effect of increasing the fluidity of the polishing agent, and therefore
cancels the effect that increases the polishing rate. A high groove density is not in itself
sufficient to increase the fluidity while avoiding a decrease in the contact area; at the same time,
the groove width must be narrowed. The polishing agent can be supplied to all parts of the
contact face, and the polishing rate can be increased, by narrowing the groove width and
reducing the groove pitch, so that the groove density is increased.

Here, what is important is the role of the grooves. The grooves not only have the
function of forming projecting parts on the polishing body, and the function of ensuring the
fluidity of the polishing agent by supplying the polishing agent to the projecting parts that
constitute the contact face, but also the important function o f discharging polishing debris or
polishing particles in the polishing agent that have become aggregated (hereafter referred to as
“aggregated polishing particles”) from the contact face. From this standpoint, it is better if the
groove width is not too narrow. The reason for this is as follows: specifically, if the groove
width is too narrow, the polishing debris or aggregated polishing particles will clog the grooves
while being discharged; as a result, the discharge of the polishing debris or aggregated polishing
particles to the outside of the working surface of the polishing body is interrupted, and the
contact of such polishing debris or aggregated polishing particles with the object of polishing
causes scratching during polishing.

For the above reasons, the groove pitch should be neither too coarse nor too fine, and the
groove width should be neither too wide nor too narrow; this pitch and width have respective
optimal values.

In Figure 8, the desirable range of the width (p — b) of the grooves depends on the
dimensions of the polishing debris or aggregated polishing particles that are discharged from the
grooves; in the case of a silicon oxide type slurry, a range of 0.05 mm to 4.5 mm is desirable.

With the groove width, which is limited as described above, thus being restricted, the
pitch p of the grooves is determined by a tradeoff between the mutually conflicting
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characteristics of favorable fluidity of the polishing agent and size of the contact area. Asa
result of experiments, it was found that a value of 0.1 mm to 5.0 mm is desirable. Furthermore,
it was also found that a range of 0.0 mm to 3.0 mm is desirable for the length b of the top sides
of the projecting parts of the grooves.

Furthermore, in regard to the relationship of the length a of the bottom side and the
length b of the top side of each projecting part, it is desirable that a be equal to or greater than b,
and that the length b of the top side be equal to or greater than zero. Furthermore, it is desirable
that the length c of the bottom side of each recessed part be equal to or greater than zero. Asa
result of these values being set so that a = b, not only is manufacture facilitated, but a structure
that is strong with respect to forces in the shear direction can be obtained. Furthermore, in cases
where b = 0, the top sides of the projecting parts have the form of an edge. However, under
polishing conditions in which these edge -form projecting parts are pressed against the object of
polishing, the edge portions are compressed, so that they contact the object of polishing with a
finite area. Accordingly, even in cases where b = 0, the effective contact area is not zero. The
lower limit of the depth d of the grooves is determined by the discharge characteristics of
polishing debris or aggregated polishing particles, and is preferably 0.1 mm or greater.
Furthermore, a periodic structure in the recessed and projecting parts facilitates manufacture, and
is therefore desirable.

[Working Configuration 2-2]

Figure 9 shows an enlarged sectional view of the recessed and projecting parts consisting
of a groove structure in the working surface part of the polishing body of Working Configuration
2-2 of the present invention. In the polishing body of Working Configuration 2 -2, the sectional
shape of the recessed parts (groove parts) 42 is a U shape; otherwise, this polishing body is
similar to the polishing body of Working Configuration 2-1. Accordingly, a description of the
parts that are similar to the polishing body of Working Configuration 2-1 will be omitted. In the
polishing body of Working Configuration 2-2, e indicates the length of the top sides of the
projecting parts 41, f indicates the length of the top sides of the recessed parts (groove parts) 42,
and g indicates the depth of the grooves. Here, a periodic structure in the recessed and projecting
parts facilitates manufacture, and is therefore desirable. In this case, p2 in Figure 9 indicates the
pitch of the periodic structure of the recesses and projections of the recessed and projecting parts
(hereafter referred to as the “pitch of the grooves™).

In the polishing body of Working Configuration 2-2 as in the polishing body of Working
Configuration 2-1, the desirable range of the groove width f depends on the dimensions of the
polishing debris or aggregated polishing particles discharged from the grooves. As a result of
experiments, it was found that a range of 0.05 mm to 4.5 mm is desirable in the case of a silicon

oxide type slurry.

With the groove width, which is limited as described above, thus being restricted, the
pitch p2 of the grooves is determined by a tradeoff between the mutually conflicting
characteristics of favorable fluidity of the polishing agent and size of the contact area. Asa
result of experiments, it was found that a value of 0.1 mm to 5.0 mm is desirable. Furthermore,
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it was also found that a range of 0.0 mm to 3.0 mm is desirable for the length e of the top sides of
the projecting parts of the grooves.

Furthermore, in cases where e = 0, the top sides of the projecting parts have the form of
an edge. However, under polishing conditions in which these edge -form projecting parts are
pressed against the object of polishing, the edge portions are compressed, so that they contact the
object of polishing with a finite area. Accordingly, even in cases where e = 0, the effective
contact area is not zero. The lower limit of the depth g of the grooves is determined by the
discharge characteristics of polishing debris or aggregated polishing particles, and is preferably
0.1 mm or greater. '

In Working Configuration 2-2, grooves in which the sectional shape of the recessed parts
(groove parts) is a U shape are formed in the working surface part of the polishing body. If the
grooves have a U shape, supply and discharge of the polishing agent are easy; furthermore, since
the angles formed by the grooves and the working surface of the polishing body can be large, the
generation of sharp-angled portions in the working surface of the polishing body can be
suppressed. As a result, scratching of the object of polishing can be suppressed.

Furthermore, in the polishing body of Working Configuration 2-2, the sectional shape of
the recessed parts (groove parts) formed in the working surface of the polishing body is set as a
U shape; however, a shape with a curvature radius other than that of a U shape may also be used.

In the polishing bodies of Working Configurations 2-1 and 2-2, the shape of the grooves
is important for increasing the polishing rate and eliminating scratches; accordingly, a pattern is
selected which is suitable for maintaining the fluidity and retention of the polishing agent, and
for effectively accomplishing the discharge of polishing debris or aggregated polishing particles.
One pattern or a combination of two or more pattems selected from a set consisting of concentric
circular, spiral, lattice-form, friangular lattice-form and radial grooves is desirable as the above-
mentioned pattern. Among these types of grooves, concentric circular and radial grooves are
shown in Figure 10, lattice-form grooves are shown in Figure 11, and triangular lattice-form
grooves are shown in Figure 12 (all of these figures are plan views of the polishing body 21).

As was described above, the polishing rate is proportional to the contact area. However,
contact between solids is generally a point contact. Since the non -foam polishing body of the
present invention uses a hard material, the effective contact area is lower than a value that is
. simply calculated from the figures; accordingly, the polishing rate may also be lower than the
expected value.

Some device is needed in order to adapt the projecting parts as a whole to the object of
polishing. Consequently, the temperature dependence of the hardness of the resin of the
polishing pad material is utilized for this purpose. The hardness of the resin drops with a rise in
temperature. The fit of the hardness of the polishing pad with respect to the object of polishing
is improved by elevating the temperature or controlling the temperature. Figure 13 shows how
the hardness of the macromolecular polymer that constitutes the material of the polishing bodies
of the embodiments of the present invention is caused to drop with an increase in temperatur €
(the respective lines indicate the respective characteristics for different macromolecular
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polymers). As is shown in Figure 14, the polishing rate depends on the temperature, and
increases with an increase in the temperature. Causes of this increase in the polishing rate
include an increase in the reactivity of the slurry in addition to an increase in the effective
_contact area. :

On of the major special features of hard non-foam polishing bodies is smoothness, i.e.,
the fact that step differences in the pattern are efficiently eliminated. When the hardness of a
polishing body drops, the step difference characteristics of this polishing body deteriorate. Asis
described below, an experiment was performed in order to investigate the relationship between
the hardness of the polishing body and the step difference elimination characteristics. A silicon
oxide (SiO,) film with a thickness of 1 um was formed on the surface of a 4 mm x 4 mm pattern
film with a thickness of 500 nm. When a wafer with an initial step difference of 500 nm was
polished down 700 nm by means of polishing bodies in which the hardness of the material was
varied, it was found that the residual step difference could be reduced to 150 nm or less in cases
where the Vickers hardness of the material of the polishing body was 1.5 kgf/mm?
(approxnnate]y 1.5x107 Pa) or greater, or in cases where the compressive Young s modulus
was 25 kgf/mm® (approximately 2.5 x 10° Pa) or greater.

It is seen from these results that if the Vickers hardness can be maintained at a value of
1.5 kgf/mm’ (approximately 1.5 x 107 Pa) or greater, or the compressive Young’s modulus can
be maintained at a value of 25 kgf/mm? (approximately 2.5 x 10° Pa) or greater, and polishing is
performed under maximum temperature conditions, both the maximum polishing rate and good
smoothness can be obtained.

In the above-mentioned polishing pad, holes can be bored in appropriate places in the
groove structures shown in Figures 10, 11 and 12, thus forming measurement windows for the
purpose of allowing the passage of measurement light in one or more places in order to allow the
optical measurement of the polishing conditions during polishing in these places. Furthermore, it
is desirable to apply a hard coating to the surface on the object of polishing side of the
measurement windows in order to prevent scratching when the object of polishing and polishing
head make contact, and it is also desirable to form an anti-reflection film on the surface located
on the opposite side. Furthermore, if the polishing body of the present invention is attached to
(for example) a conventional polishing apparatus of the type shown in Figure 2, a polishing
apparatus which has a high polishing rate, which is superior in terms of step difference
elimination characteristics and which does not generate any scratching can be obtained.

[Embodiment 2-1]

Figure 15 is a schematic diagram which illustrates a polishing head that constitutes an
embodiment of the present invention. In Figure 15, 43 indicate s the main part of the holding part
(polishing head) that holds the object of polishing, 44 indicates an aluminum ring, 45 indicates
an elastic film, 46 indicates an O-ring, 47 indicates a retainer ring, 48 indicates an O-ring, 49
indicates a secret space, and 50 and 51 indicate high-pressure air inlet holes. A non-foam sheet
consisting of an epoxy resin with both a spiral-form V groove (groove pitch: 0.5 mm, length of
top sides of projecting parts: 0.15 mm) and radial grooves (spaced at 5 degrees, depth: 0.5 mm)
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was fastened to the surface of an aluminum base plate with a diameter of 800 mm and a
thickness of 20 mm, thus forming a polishing pad.

" Next, the elastic film 45 (R201 manufactured by RODEL NITTA COMPANY) was
bonded to the aluminum ring 44 (which had an internal diameter of 145 mm), and this ring 44
was mounted via the O-rings 46 and 48 as shown in Figure 15, thus constructing the polishing
head shown in Figure 15. 47 is a retainer ring; this ring is used to prevent the object of polishing
(silicon wafer) 17 from flying out. 49 is an airtight space which is maintained at a positive
pressure in order to apply pressure to the object of polishing 17; a compressed gas is supplied
via the high-pressure air inlet holes 50 and 51 in order to provid e this positive pressure. As a
result of this airtight space 49 and elastic film 45, a structure is formed which allows the
application of pressure independently from the overall system including the retainer ring 47.

A six-inch silicon wafer 17 which had an SiO; thermal oxidation film formed on its
surface to a thickness of 1 pm was fastened to the elastic film 45 by surface tension, and
polishing was performed under the following working conditions:

Working Conditions

A Polishing pad rpm: 50 rpm

A Polishing head rpm: 50 rpm

A Oscillation distance: 30 mm

A Oscillation frequency: 15 reciprocating strokes per minute

A Polishing agent: SEMI Supers 25 manufactured by Cabot Co., diluted 2X
A Polishing agent flow rate: 50 ml/min

A Load on wafer: 400 g/cm?® (3.9 x 10* Pa)

The temperature of the platen, and therefore the temperature of the polishing pad, was
maintained at 50°C.

As a result of polishing under the above conditions, a polishing rate of 200 nm/min was
obtained. Furthermore, when a silicon oxide (SiO,) film with a thickness of 1 um was formed on
the surface of a 4 mm x 4 mm pattern film with a thickness of 500 nm, and a wafer with an
initial step difference of 500 nm was polished down by a thickness of 700 nm, the residual step
difference was 100 nm or less, which was good. Moreover, no scratching occurred.

[Comparative Example 2-1]

When the temperature of the polishing pad was set at room temperature, the residual step
difference was good, i.e., 100 nm or less, as in the case of Embodiment 2-1; however, the
polishing rate dropped to 150 nm/min. No scratching occurred.

[Comparative Example 2-2]

Polishing was performed with the temperature of the polishing pad set at 50°C using the
same polishing pad as in Embodiment 2-1, except for the fact that the length of the top sides of
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the projecting parts of the grooves was increased to 0.35 mm. The polishing rate dropped to 180
nm/min from the 200 nm/min obtained in Embodiment 1. It is thought that the reason for this is
that the fluidity of the polishing agent dropped. No scratching occurred.

Below, working configurations and embodiments of the present invention used in order
to achieve the third object of the present invention will be described.

[Working Configuration 3-1]

The polishing body (polishing pad) 21 in the present working configuration, which is
shown in Figure 16, is formed from a material in which the proportion of the void region caused
by foaming is 20% or less relative to the volume of the polishing body 21 not includ ing the
region in which the grooves 32 are formed. A polishing body in which the above-mentioned
void region caused by foaming is 0% is called a non-foam type polishing body. Furthermore, a
polishing body in which the above -mentioned void region caused by foaming exceeds 0%, but is
still relatively small, is called a low-foam type polishing body. Such non-foam type and low-
foam type polishing bodies themselves have a low polishing agent retention capacity compared
to foam type polishing bodies (polishing bodies in which the above-mentioned void region
caused by foaming is relatively large). Accordingly, grooves 32 with a V-shaped sectional shape
are formed in the surface of the polishing body 21.

The polishing apparatus used in the present working configuration has basically the same
construction as the polishing apparatus shown in Figure 2; this polishing apparatus differs from
that shown in Figure 2 only in that the polishing body shown as the present working
configuration is used as the polishing body (polishing pad) 21. Accordingly, this working
configuration will be described below with reference to Figure 2.

The polishing body 21 is bonded to the polishing platen 20 by means of a two -sided tape
or adhesive agent.

The silicon wafer 17 is held by the polishing head 16, and is caused to oscillate while
being rotated. This wafer 17 is pressed against the polishing body 21 of the polishing member
15 with a specified pressure. The polishing member 15 is also rotated, so that a relative motion
is performed between the polishing member 15 and the silicon wafer 17. In this state, a
polishing agent 19 is supplied to the surface of the polishing body 21 from a polishing agent
supply part 18. The polishing agent 19 diffuses over the surface of the polishing body 21, and
enters the space between the polishing body 21 and the silicon wafer 17 as a relative motion is
performed between the polishing member 15 and silicon wafer 17, so that the surface of the
silicon wafer 17 that is to be polished is polished. Specifically, favorable polishing is performed
as a result of a synergistic effect of mechanical polishing caused by the relative motion of the
polishing member 15 and silicon wafer 17, and the chemical action of the polishing agent 19.

- Figure 17 consists of sectional views showing a portion of the polishing body in a state in
which a Joad is applied by the object of polishing. In Figure 17, the sectional shape of the
grooves formed in the surface of the polishing body 21 is rectangular. Figure 17 (a) shows a
state in which no load is applied by the object of polishing 17, while Figure 17 (b) shows a state
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in which a load is applied by the object of polishing 17. In the case of a polishing body which
has grooves formed in its surface, elastic deformation occurs in the polishing body as a whole
when a load is applied. However, when the polishing body 21 is divided into a region 21a
extending from the surface of the polishing body 21 to the bottoms of the grooves, and a bulk
region 21b of the polishing body corresponding to the lower layer in which no grooves are
formed, elastic deformation occurs to a greater extent in the region 21a in which grooves are
formed, where the load per unit area is greater, as is shown in Figure 17 (b). This deformation is
greater in cases where the width of the projecting portions between the grooves is narrow, and in
cases where the grooves are deep. Conversely, the deformation of the groove region 21a is
smaller in cases where the width of the projecting portions betwe en the grooves is large, or in
cases where the grooves are shallow. The polishing characteristics vary greatly according to the
amount of deformation of the region 21a in which these grooves are formed. Specifically, if the
amount of deformation is large, this improves the uniformity that is a special feature of soft
polishing bodies; on the other hand, if the amount of deformation is small, this improves the
smoothness that is a special feature of hard polishing bodies.

In cases where the width W of the grooves 32 in the surface of the polishing body (Figure
16) is less than 0.1 mm, it is difficult to form the grooves while maintaining the precision of the
groove dimensions in the manufacture of the polishing body. Furthermore, it also becomes
difficult to clean out the polishing agent that has entered the interiors of the grooves 32; this
polishing agent adheres to the interiors of the grooves 32, so that scratches may be formed during
polishing in the polished surface of the silicon wafer by the resulting debris. On the other hand,
in cases where the width W of the grooves 32 in the surface of the polishing body is greater than
2.0 mm, the area of contact with the object of polishing via the polishing agent is reduced, so that
the heat generated by the contact resistance between the polishing body and the object of
polishing is reduced; consequently, the chemical element of the CMP loses its effect, so that the
polishing rate drops conspicuously. Accordingly, it is desirable that the width W of the grooves
32 at the surface of the polishing body be such that 0.1 mm < W < 2.0 mm.

Furthermore, in cases where the ratio VL of the volume of the region in which the
grooves 32 are formed to the volume of the polishing body 21 including the region in whic h the
grooves 32 are formed is less than 0.1%, the polishing liquid retention capacity at the surface of
the polishing body 21 drops; as a result, the polishing rate drops conspicuously, and the
uniformity deteriorates. Furthermore, the amount of deformation of the polishing body is
reduced, so that the uniformity deteriorates in this respect as well. On the other hand, in cases
where the above-mentioned ratio VL exceeds 30%, the amount of deformation of the polishing
body becomes large, so that the smoothness deteriorates. Accordingly, it is desirable that the
above-mentioned ratio VL be such that0.1% =< VL =< 30%.

Thus, in the case of a polishing apparatus of the above-mentioned type using a polishing
body of the above-mentioned type, since the material of the polishing body is a non-foam type or
low-foam type material, the amount of wear caused by use of the polishing body is extremely
small; furthermore, dressing is either unnecessary or can be performed in a short time. Thus,
since there is no change in the groove structure due to wear, stable polishing characteristics can
be obtained at all times. Consequently, the frequency with which the polishing body must be
replaced is reduced, so that the cost of polishing can be reduced. Furthermore, amon g the
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polishing characteristics, the uniformity, smoothness and polishing rate can be controlled by
means of the groove structure formed in the surface (groove width W and volume ratio VL);
accordingly, a groove structure can be selected so that ideal polishing characteristics are obtained.
As a result, the polishing yield can be increased and the time required for polishing can be
shortened, so that the cost of polishing can be reduced.

Furthermore, in this working configuration, the sectional shape of the grooves 32 wasa V
shape; however, some other shape could also be used.

[Working Configuration 3-2]

In the polishing body of this working configuration, the thickness D (Figure 16) is in the
following range: 0.5 mm = D =< 5.0 mm. Otherwise, this polishing body is the same as the
polishing body of Working Configuration 3-1; accordingly, a further description is omitted.
Furthermore, the polishing apparatus used is the same as the polishing apparatus of Working
Configuration 3-1.

If the thickness D of the polishing body 21 is greater than 5.0 mm, the absolute amount of
deformation of the polishing body increases, so that the smoothness deteriorates. On the other
hand, if the thickness D of the polishing body 11 is less then 0.5 mm, the absolute amount of
deformation of the polishing body decreases, so that the uniformity deteriorates. Accordingly, it
is desirable that the thickness D be set so that 0.5 mm = D =< 5.0 mm.

Thus, in a polishing apparatus using the polishing body of this working con figuration, the
uniformity, smoothness and polishing rate (among the polishing characteristics) can be
controlled by means of the thickness D of the polishing body; accordingly, the thickness of the
polishing body can be selected so that ideal polishing ¢ haracteristics are obtained. As a result,
the polishing yield can be increased and the time required for polishing can be shortened, so that
the cost of polishing can be reduced.

[Working Configuration 3-3]

In the polishing body of this working configuration, the depth of the grooves 32 is no
more than three times the width W of the grooves at the surface of the polishing body (Figure 16).
Otherwise, this polishing body is the same as the polishing body of Working Configuration 3-1
or 3-23; accordingly, a further description is omitted. Furthermore, the polishing apparatus used
is the same as the polishing apparatus of Working Configuration 3-1.

If the depth of the grooves 32 is greater than three times the width W of the grooves 32 at
the surface of the polishing body 21, it becomes difficult to remove the polishing agent from the
interiors of the grooves of the polishing body; as a result, the polishing agent adheres to the
interiors of the grooves, and in cases where this adhering matter comes loose, a possibility of
generating scratches in the polished surface of the object of polishing is high. Accordingly, it is
desirable that the depth of the grooves 32 be no more than three times the width W of the
grooves at the surface of the polishing body.
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Thus, in the case of a polishing apparatus using the polishing body of the present working
configuration, there is no scratching of the polished surface of the object of polishing. Asa
result, the polishing yield can be increased, and the cost of po lishing can be reduced.

[Working Configuration 3-4]

Figure 18 is a schematic structural diagram (plan view) of the polishing body of the
present working configuration. In the polishing body of the present working configuration, the
shape of the grooves with respect to the surface of the polishing body is a “knitted” shape. If the
shape of the grooves with respect to the surface of the polishing body is a “knitted” shape, the
polishing agent can be stably supplied; furthermore, the polishing agent on the polishing body
tends not to fly off the polishing body as a result of the centrifugal force arising from the rotation
of the polishing platen; accordingly, the polishing agent retention capacity on the surface of the
polishing body can be improved. Consequently, it is desirable that the shape of the grooves with
respect to the surface of the polishing body be a “knitted” shape. Otherwise, this polishing body
is the same as the polishing bodies of the above-mentioned Working Configurations 3-1, 3-2 and
3-3; accordingly, a further description is omitted.

Furthermore, in the polishing body of the above working configuration, the shape of the
grooves with respect to the surface of the polishing body was a “knitted” shape; however, it
would also be possible to use a spiral shape, concentric circular shape, lattice shape, triangular
lattice shape or random shape, or a shape that includes two or more shapes selected from a set
consisting of the above-mentioned shapes and a “knitted” shape.

In the case of a polishing apparatus using a polishing body which has such a groove
shape, the polishing agent retention capacity at the surface of the polishing body is high;
accordingly, the polishing rate is increased, and the uniformity is also improved. As a result, the
polishing yield is increased, and the time required for polishing is shortened, so that the cost of
polishing can be reduced.

[Working Configuration 3-5]

Figure 19 shows sectional views of the polishing bodies used in the present working
configuration. Figure 19 (a) shows a polishing body in which the sectional shape of the grooves
32 is a V shape, while Figure 19 (b) shows a polishing body in which the sectional shape of the
grooves 32 is a U shape. In the case of Figure 19 (a), grooves 32 whose sectional shape is a V
shape are formed in the surface of the polishing body 21. In the case of Figure 19 (b), grooves
32 whose sectional shape is a U shape are formed in the surface of the polishing body 21. If the
grooves have such sectional shapes, the supply and discharge of the polishing agent are
facilitated; furthermore, since the angles formed by the surface of the polishing body and the
grooves are large angels, the generation of sharp-angled portions in the surface of the polishing
body can be suppressed. As a result, scratching of the polished surface of the silicon wafer can
be suppressed.
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The remaining construction of the polishing body 21 is similar to the constructions of the
polishing bodies of Working Configurations 3-1 through 3-4; accordingly, further description is
omitted here.

Furthermore, in the polishing body of the present working configuration, the sectional
shape of the grooves formed in the surface of the polishing body was a V shape or U shape;
however, it would also be possible to use a shape with a curvature other than a U shape, or to use
a rectangular or polygonal shape. '

In the case of a polishing apparatus which uses such a polishing body, there is no
scratching of the object of polishing. Accordingly, the polishing yield can be increased, and the
cost of polishing can be reduced.

[Working Configuration 3-6]

In the polishing body of the present working configuration, the compressive elastic
modulus K of the material is such that 0.1 GPa < K < 2.0 GPa. The remaining construction is the
same as the constructions of the polishing bodies of Working Configurations 3 -1 through 3-5;
accordingly, further description is omitted here.

In the present working configuration, since the material is not too soft, there is little wear
during polishing, so that the polishing body has a long useful life; moreover, there is no
deterioration in the smoothness. Furthermore, since the material is not too hard, there is no
scratching of the object of polishing, and no deterioration in the uniformity.

In the case of a polishing apparatus using such a polishing body of the present working
configuration, in which the polishing body is formed from a material whose compressive elastic
modulus K is such that 0.1 GPa < K =< 2.0 GPa, the polishing yield can be increased, and the cost
of polishing can be reduced.

[Working Configuration 3-7]

In the polishing body of the present working configuration, the main component of the
material of the polishing body consists of one or more resins selected from a set consisting of
epoxy resins, acrylic resins, polyester resins, vinyl chloride resins, polycarbonate resins and non-
foam urethane resins. A polishing body which consists chiefly of these materials shows little
wear caused by polishing.

In the case of a polishing apparatus using such a polishing body, there is little wear of the
polishing body due to polishing; accordingly, the useful life of the polishing body is extended.
As a result, the frequency with which the polishing body is replaced is reduced, so that the cost
of polishing can be reduced. '

[Working Configuration 3-8]
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Grooves that supply and discharge the polishing agent are further formed in the surface of
the polishing body of the present working configuration. As a result, the polishing agent is
uniformly supplied to the entire surface of the object of polishing. Furthermore, it is desirable
that the sectional shape of the above-mentioned grooves that supply and discharge the polishing
agent be a shape that has a curvature, a rectangular shape, a V shape or a polygonal shape.
Furthermore, it is desirable that the shape of the grooves (which supply and discharge the above-
mentioned polishing agent) with respect to the surface of the polishing body be a radial shape,
lattice shape, triangular lattice shape, “knitted” shape or random shape.

Moreover, portions of the grooves formed in the polishing body in the respective working
configurations described above may be used as the above-mentioned grooves that supply and
discharge the polishing agent, or new grooves that are different from the above-mentioned
grooves may be formed.

In a polishing apparatus which uses such a polishing body, the polishing agent is
uniformly supplied to the entire polished surface of the object o f polishing; accordingly, there is
no deterioration in the uniformity, and no deterioration in the polishing characteristics due to an
increase in friction between the object of polishing and the polishing body. As a result, the
polishing yield is increased, and the cost of polishing can be reduced.

[Working Configuration 3-9]

In the present working configuration, there is a transparent region in a portion of the
polishing body.

Figure 20 is a schematic structural diagram of the polishing apparatus of the present
working configuration. In Figure 20, 61 indicates an opening part, 62 indicates a polishing
process measuring device, and 63 indicates measurement light. The basic construction of the
polishing apparatus shown in Figure 20 is the same as that of the apparatus shown in Figure 2;
accordingly, only the parts that are different will be described. The opening part 61 is formed in
a polishing platen 20. Furthermore, the polishing process measuring device 62 that measures the
polishing process (e.g., the thickness of the silicon wafer) by optically observing the polishing
conditions is installed beneath the polishing platen 20. A transparent region (not shown in the
figures) is formed in the polishing body 21, which is disposed on the polishing platen 20, and the
apparatus is arranged so that this transparent region and the opening part 61 in the polishing
platen 20 are superimposed. Accordingly, the measurement light 63 that is emitted from the
polishing process measuring device 62 passes throu gh the above-mentioned opening part 61 and
the transparent region of the polishing body 21, and is reflected by the silicon wafer; this light
then again passes through the transparent region of the polishing body 21 and the opening part 61,
and retums to the polishing process measuring device 62, where the light is detected. In this way,
the progress of the polishing is measured.

It is desirable to use a device that detects the polishing endpoint and measures the film
thickness from the reflected spectroscopic characteristics (reflected spectroscopic spectrum) as
the above-mentioned polishing process measuring device 62 that optically observes the polishing
conditions and measures the polishing process. The reflected spectroscopic spectrum that is



measured by the polishing process measuring device 62 that observes the conditions of the
polished surface is compared by a computer (not shown in the figures) with a reference spectrum
obtained by simulation, etc., and the film thickness is calculated, or the polishing endpoint is
detected. Furthermore, instead of a device that detects the polishing endpoint and measures the
film thickness from the above-mentioned reflected spectroscopic characteristics (reflected
spectroscopic spectrum), it would also be possible to use a device that detects the polishing
endpoint or measures the film thickness from the variation in the reflectivity at a specified
wavelength, or a device that detects the polishing endpoint or measures the film thickness by
performing image processing on images obtained by imaging the polished surface with a CCD
camera, etc., as the polishing process measuring device 62 that observes the conditions of the
polished surface.

Thus, in the polishing apparatus of the present working configuration, the polished state
of the polished surface of the object of polishing can be detected in situ during the polishing
process by means of a device that observes the polished state via an opening part formed in the
polishing platen and a transparent region of the polishing body. As a result, the polishing
endpoint can be detected during the polishing process; accordingly, the polishing yield can be
increased, and the cost of polishing can be reduced.

In the respective Working Configurations 3-1 through 3-9 described above, the polishing
characteristics can be controlled by setting the groove structure and thickness of the polishing
body as follows within the ranges stipulated in the present invention:

Specifically, the uniformity can be increased by increasing the depth of the grooves and
increasing the thickness of the polishing body. Furthermore, the smoothness can be increased by
reducing the depth of the grooves and reducing the thickness of the polishing body. Moreover,
the polishing rate can be increased by increasing the width of the projecting parts between the
grooves of the polishing body.

Furthermore, the method that is used to form grooves in the surface of the polishing
bodies of the respective working configurations described above may be a universally known
method, e.g., a method in which the surface of the polishing body is milled using a groove
working bit, etc. '

[Embodiment 3-1]

A non-foam polishing body consisting of an epoxy resin with a groove structure was
bonded to the surface of the polishing platen of a polishing apparatus by means of a two-sided
tape. The compressive elastic modulus of this epoxy resin was 0.98 GPa. A V-shaped groove
with a groove width W of 0.35 mm, an inter-groove projecting part width of 0.15 mm and a
depth of 0.30 mm was formed in a spiral configuration in the surface of the polishing body of
Embodiment 1. The thickness of the polishing body was 4.0 mm, and the ratio VL of the volume
of the region in which the above-mentioned grooves were formed to the volume of the polishing
body including the region in which the grooves were formed was 2.6%.
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A six-inch silicon wafer on which a thermal oxidation film was formed to a thickness of 1
um was attached to the polishing head via a backing material, and polishing was performed for
150 seconds under the following conditions:

A Polishing head rpm: 50 rpm

A Polishing platen rpm: 50 rpm

A Load on polishing head: 3.92 x 10* Pa

A Oscillation width of polishing head: 30 mm

A Oscillation rate of polishing head: 15 reciprocating strokes per minute

A Polishing agent used: SS 25 manufactured by Cabot Co., diluted 2X with ion exchange water
A Polishing agent flow rate: 200 ml/min

Furthermore, a silicon wafer with a plasma TEOS (tetracthoxysilane) film pattern was
polished under the above-mentioned conditions. The pattern portions of this patterned silicon
wafer consisted of a 1.5-pum plasma TEOS film, and the non-pattern portions consisted of a 1.0-
um plasma TEOS film, so that a step difference of 0.5 um was present as the initial step
difference. A 4.0 mm square pattern was disposed in two dimensions within the silicon wafer.
This film was polished until the non-pattern portion reached a thickness of 0.8 pum.

[Embodiment 3-2]

The same objects of polishing as those used in Embodiment 1 (a six-inch silicon wafer on
which a thermal oxidation film was formed to a thickness of 1 um, and a silicon wafer with a
plasma TEOS film pattern) were polished using a non-foam polishing body consisting of an
epoxy resin with a groove structure in the surface. A V-shaped groove with a groove width W of
0.25 mm, an inter-groove projecting part width of 0.25 mm and ‘a depth of 0.25 mm was formed
in a spiral configuration in the surface of this polishing body. The thickness of the polishing
body was 4.0 mm, and the ratio VL of the volume of the region in which the above-mentioned
grooves were formed to the volume of the polishing body including the region in which the
grooves were formed was 1.6%. The polishing conditions were exactly the same conditions as in
Embodiment 3-1.

[Embodiment 3-3]

The same objects of polishing as those used in Embodiment 1 (a six -inch silicon wafer on
which a thermal oxidation film was formed to a thickness of 1 um, and a silicon wafer with a
plasma TEOS film pattern) were polished using a non-foam polishing body consisting of an
epoxy resin with a groove structure in the surface. A V-shaped groove with a groove width W of
0.25 mm, an inter-groove projecting part width of 0.25 mm and a depth of 0.25 mm was formed
in a spiral configuration in the surface of this polishing body. The thickness of the polishing
body was 2.0 mm, and the ratio VL of the volume of the region in which the above-mentioned
grooves were formed to the volume of the polishing body including the region in which the
grooves were formed was 3.1%. The polishing conditions were exactly the same conditions as in
Embodiment 3-1.

[Embodiment 3-4]
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1000 six-inch silicon wafers on which a thermal oxidation film had been formed to a
thickness of 1 um were polished using the polishing body of Embodiment 3 -3, after which the
same objects of polishing as those polished in Embodiment 3 -1 (a six-inch silicon wafer on
which a thermal oxidation film was formed to a thickness of 1 pm, and a silicon wafer with a
plasma TEOS film pattern) were polished. In this polishing, no dressing was performed either
before or during polishing. The polishing conditions were exactly the same conditions as in
Embodiment 3-1.

[Embodiment 3-5]

The same objects of polishing as those used in Embodiment 1 (a six -inch silicon wafer on
which a thermal oxidation film was formed to a thickness of 1 um, and a silicon wafer with a
plasma TEOS film pattern) were polished using a non-foam polishing body consisting of an
epoxy resin with a groove structure in the surface. U-shaped grooves with a groove width W of
0.25 mm, an inter-groove projecting part width of 0.25 mm and a depth of 0.25 mm were formed
in a “knitted” configuration in the surface of this polishing body. The thickness of the polishing
body was 4.0 mm, and the ratio VL of the volume of the region in which the above-mentioned
grooves were formed to the volume of the polishing body including the region in which the
grooves were formed was 52%. The pohshmg conditions were exactly the same conditions as in
Embodiment 3-1.

[Comparative Example 3-1]

: The same objects of polishing as those used in Embodiment 3 -1 (a six-inch silicon wafer

on which a thermal oxidation film was formed to a thickness of 1 pm, and a silicon wafer with a
plasma TEOS film pattern) were polished using a non-foam polishing body consisting of an
epoxy resin with a groove structure in the surface. A rectangular groove with a groove width W
of 0.05 mm, an inter-groove projecting part width of 0.45 mm and a depth of 2.0 mm was formed
in a spiral configuration in the surface of this polishing body. The thickness of the polishing
body was 4.0 mm, and the ratio VL of the volume of the region in which the above-mentioned
grooves were formed to the volume of the polishing body including the region in which the
grooves were formed was 5.0%. The polishing conditions were exactly the same conditions as in
Embodiment 3-1.

[Comparative Example 3-2]

The same objects of polishing as those used in Embo diment 3-1 (a six-inch silicon wafer
on which a thermal oxidation film was formed to a thickness of 1 um, and a silicon wafer with a
plasma TEOS film pattern) were polished using a non-foam polishing body consisting of an
epoxy resin with a groove structure in the surface. A rectangular groove with a groove width W
of 0.45 mm, an inter-groove projecting part width of 0.05 mm and a depth of 2.0 mm was formed
in a spiral configuration in the surface of the polishing body of Comparative Example 3-2. The
thickness of the polishing body was 4.0 mm, and the ratio VL of the volume of the region in
which the above-mentioned grooves were formed to the volume of the polishing body including
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the region in which the grooves were formed was 45.0%. The polishing condit ions were exactly
the same conditions as in Embodiment 3-1.

[Evaluation]

For the above-mentioned embodiments and comparative examples, the polishing rate,
uniformity and smoothness were measured using the respective objects of polishing after
polishing was completed. The polishing rate was calculated from the polishing time and the
mean amount of polishing of the six-inch silicon wafer on which a thermal oxidation film had -
been formed to a thickness of 1 pm (excluding a portion extending 5 mm inward from the edge
of the wafer). The uniformity was calculated using the following formula from the polishing
amount profile of the six-inch silicon wafer on which a thermal oxidation film had been formed
to a thickness of 1 um (excluding a portion extending 5 mm inward from the edge of the wafer):

Uniformity (%) = (RA— RI) / (RA + RI)x 100

Here, RA is the maximum amount of polishing in the measured polishing amount profile,
and RI is the minimum amount of polishing in the measured polishing amount profile.
Furthermore, the smoothness was evaluated as follows: using the above-mentioned six-inch
silicon wafer with a plasma TEOS film pattern, the non-pattern portion was polished to a
thickness of 0.8 pm, and the residual step difference in this case was measured at a plurality of
locations within the silicon wafer; then, the maximum value among the measured values of these
residual step differences was taken as the smoothness.

“'The groove structures and thicknesses of the above-mentioned embodiments and
comparative examples are shown along with the results of the above-mentioned measurements in
Table 1 (Embodiment 3-1 is indicated as Embodiment 1, and Comparative Example 3-1 is
indicated as Comparative Example 1, etc.).



(Table 1)

Embodiment | Embodiment | Embodiment | Embodiment | Embodiment | Comparative | Comparative
1 2 3 4 5 Example 1 Example 2

Groove width W 035 025 025 0.25 0.25 0.05 045
(mm)
Width of projecting 0.15 025 025 0.25 0.25 0.45 0.05
parts between
grooves (mm)
Groove depth 030 025 0.25 0.25 025 2.0 20
{mm) .
Sectional shape of V shape 'V shape 'V shape 'V shape U shape Rectangular | Rectangular
groaves
Shape of grooves Spiral Spiral Spiral Spiral "Knitted" Spiral Spiral
with respect to the : shape '
surface of the
polishing body
Depth D (mm) 4.0 4.0 2.0 20 4.0 4.0 4.0
Volume ratio VL 26 1.6 31 31 52 5.0 45.0
(%)
Polishing rate 212 256 252 255 254 160 150
(nm/min)
Uniformity (%) 8.8 10.5 119 120 80 250 20.0
Smoothness (nm) 80 35 20 20 35 50 100

As is shown above, a great difference was seen in the polishing characteristics as a result
of the stipulation of the groove structure and thickness of the polishing body according to the
present invention, in spite of the fact that the material of the polishing body was exactly the same

in each case.

Embodiment 3-1 and Embodiment 3-2 differ only in terms of the groove structure; the
uniformity is superior in the case of Embodiment 3-1, in which the width of the grooves is large
and the grooves are deep, while the smoothness is superior in the case of Embodiment 3-2, in
which the opposite is true. As was described above, the cause of this difference is the difference
in the apparent elastic modulus of the region in which the grooves are formed. In regard to the
polishing rate as well, a large increase is seen in Embodiment 3 -2, in which the width of the
projecting parts between the grooves is large. :

In regard to Embodiment 3-2 and Embodiment 3-3, the groove structure is the same, and
the thickness of the polishing body is different. The uniformity is superior in the case of
Embodiment 3-2, while the smoothness is superior in the case of Embodiment 3. In these
examples as well, the cause of the difference is a difference in the absolute amount of
deformation during polishing resulting from a difference in the thickness of the respective

polishing bodies.

In regard to Embodiment 3-3 and Embodiment 34, respective evaluations were made
before continuous polishing and after continuous polishing. These results indicate that in the
case of the polishing body of the present invention, the polishing characteristics are not changed
by continuous polishing, in spite of the fact that no dressing process is performed for each
polishing operation.
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In the case of Embodiment 3-5 and Embodiment 3-2, a polishing body in which the shape
of the grooves formed in the surface of the polishing body is a “knitted” shape and a polishing
body in which the groove shape is a spiral shape are compared. These examples show that the
“knitted” structure of Embodiment 3-5, which has a superior polishing agent supply and
discharge capacity, is superior.

Comparative Example 3-1 and Comparative Example 3-2 have groove structures that
depart from the claims of the present invention. In the case of Comparative Example 3-1, the
width between the grooves is large, so that the polishing agent cannot be sufficiently supplied;
as a result, the polishing efficiency is poor. Furthermore, in the case of Comparative Example 3-
2, the width between the grooves is extremely small; as a result, the contact area during
polishing is small, so that the polishing efficiency is inferior. Furthermore, in both of these
examples, there was a tendency toward extremely severe scratching of the polished surface of the
silicon wafer during polishing.

Below, examples of working configurations and embodiments of the present invention
which are used in order to achieve the fourth object of the present invention will be described.

[Working Configuration 4-1]

Figures 21 (a) and 21 (b) are diagrams which illustrate the polishing body of the present
working configuration. Figure 21 (a) is a plan view, and Figure 21 (b) is a sectional view of the
portion indicated by line A-A’ in Figure 21 (a) (furthermore, the sectional view indicates that
there are two types of sections with different shapes; the positions of the sections do not
accurately correspond to the positions of A and A”).

The plan shape of the polishing body of the present working configuration is a circular
shape, and two types of recessed and projecting structures are formed in the surface of this
polishing body. Here, the two types of recessed and projecting structures will be referred to
respectively as the “first recessed and projecting structure” and the “second recessed and
projecting structure”. As is shown in Figure 21 (a), regions which have the first recessed and
projecting structure (i.e., the black portions of Figure 21 (a)) and regions which have the second
recessed and projecting structure (i.e., the white portions of Fi gure 21 (a)) are disposed in the
form of concentric circles on the surface of the polishing body. Regions in which the first
recessed and projecting structure is formed (i.¢., the black portions of Figure 21 (a)) are disposed
in three locations, while regions in which the second recessed and projecting structure is formed
(i.e., the white portions of Figure 21 (a)) are disposed in two locations. In the regions in which
the first recessed and projecting structure is formed, two or more recessed parts and projecting
parts are respectively formed, and two or more recessed parts and projecting parts are also
formed in the regions in which the second recessed and projecting structure is formed. The
recessed parts of the first recessed and projecting structure and the recessed parts of the second
recessed and projecting structure are both grooves. These grooves are formed in a concentric
circular or spiral configuration. Furthermore, as is shown in Figure 21 (b), the width of the
projecting parts of the first recessed and projecting structure and the width of the projecting parts
of the second recessed and projecting structure are different, with the width of the projecting



parts of the first recessed and projecting structure being greater than the w1dth of the projecting
parts of the second recessed and projecting structure.

[Working Configuration 4-2]

Figures 22 (a) and 22 (b) illustrate the polishing body of this working configuration.
Figure 22 (a) is a plan view, and Figure 22 (b) is a sectional view of the portion indicated by line
B-B’ in Figure 22 (a) (furthermore, the sectional view indicates that there are two types of
sections with different shapes; the positions of the sections do not accurately correspond to the
positions of B and B’).

The plan shape of the polishing body of the present working configuration is a circular shape,
and two types of recessed and projecting structures are formed in the surface of this polishing
body. Here, the two types of recessed and projecting structures will be referred to respectively as
the “first recessed and projecting structure” and the “second recessed and projecting structure”.
As is shown in Figure 22 (a), regions which have the first recessed and projecting structure (i.e.,
the black portions of Figure 22 (a)) and regions which have the second recessed and projecting
structure (i.e., the white portions of Figure 22 (a)) are disposed in the form of a lattice on the
surface of the polishing body. In the regions in which the first recessed and projecting structure
is formed, two or more recessed parts and projecting parts are respectively formed, and two or
more recessed parts and projecting parts are also formed in the regions in which the second
recessed and projecting structure is formed. The recessed p arts of the first recessed and
projecting structure and the recessed parts of the second recessed and projecting structure are
both grooves. Within the respective regions, these grooves are formed in straight lines along the
vertical direction in Figure 22 (a). Furthermore, as is shown in Figure 22 (b), the width of the
projecting parts of the first recessed and projecting structure and the width of the projecting parts
of the second recessed and projecting structure are different, with the width of the p rojecting
parts of the first recessed and projecting structure being greater than the width of the projecting
parts of the second recessed and projecting structure.

The polishing body of the above-mentioned Working Configuration 4-1 or Working
Configuration 4-2 is mounted in a CMP apparatus of the type shown in Figure 2, and is used in
the polishing of silicon wafers, etc.

When pressure is applied to the polishing head on which the silicon wafer is held, so that
the polishing head is pressed against the polishing body of Working Configuration 4-1 or
Working Configuration 4-2 on the polishing platen at a specified pressure, the pressure per unit
area that is applied to the polishing body is small in the regions where the width of the projecting
parts of the recessed and projecting structure of the polishing body is large, so that the resulting
amount of deformation of the polishing body is small. On the other hand, in the regions where
the width of the projecting parts of the recessed and projecting struc ture of the polishing body is
narrow, the pressure per unit area that is applied to the polishing body is large, so that the
resulting amount of deformation of the polishing body is large. In other words, in apparent terms,
a hard polishing body and a soft polishing body coexist in the same polishing body.
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A soft polishing body, which has a small elastic modulus, is superior in terms of
uniformity, while a hard polishing body, which has a large elastic modulus, is superior in terms
of smoothness. This tendency also functions similarly in the polishing body of the present
invention. Specifically, the portions of the polishing body in which the width of the projecting
parts of the recessed and projecting structure is large function as the equivalent of a hard
polishing body, so that the projecting parts of the recessed and projecting pattern on the silicon
wafer are selectively polished during the polishing of the recessed and projecting pattem, thus
improving the uniformity. On the other hand, the portions of the polishing body in which the
width of the projecting parts of the recessed and projecting structure is narrow function as the
equivalent of a soft polishing body, so that the polishing body performs polishing while
conforming even to warping of the silicon wafer and irregularities in the film thickness produced
during film formation, thus improving the smoothness.

[Working Configuration 4-3]

Figures 23 (a) and 23 (b) illustrate the polishing body of the present working
configuration. Figure 23 (a)is a plan view, and Figure 23 (b) is a sectional view of the portion
indicated by line C-C’ in Figure 23 (a) (furthermore, the sectional view indicates that there are
two types of sections with different shapes; the positions of the sections do not accurately
correspond to the positions of C and C’).

The polishing body of the present working configuration is a modification of the
polishing body of the above-mentioned Working Configuration 4-1. The portion of the polishing
body of the present working configuration that differs from the polishing body of the above-
mentioned Working Configuration 4-1 is the portion in which grooves are formed in the surface
of the polishing body in order to supply and discharge the polishing agent. As is shown in
Figure 23 (a), rectilinear grooves 71 are formed in a radial configuration from the center in order
to supply and discharge the polishing agent. The remaining construction of this polishing body
is the same as that of Working Configuration 4-1; accordingly, a description is omitted.

[Working Configuration 4-4]

Figures 24 (a) and 24 (b) illustrate the polishing body of the present working
configuration. Figure 24 (a) is a plan view, and Figure 24 (b) is a sectional view of the portion
indicated by line D-D’ in Figure 24 (a) (furthermore, the sectional view indicates that there are
two types of sections with different shapes; the positions of the sections do not accurately
correspond to the positions of D and D?).

The polishing body of Working Configuration 4 of the present invention is a modification
of the polishing body of the above-mentioned Working Configuration 4-2. The portion of the
polishing body of the present working configuration that differs from the polishing body of the
above-mentioned Working Configuration 4-2 is the portion in which grooves are formed in the
surface of the polishing body in order to supply and discharge the polishing agent. As is shown
in Figure 24 (a), rectilinear grooves 72 are formed in the longitudinal direction, and rectilinear
grooves 73 are formed in the lateral direction, in order to supply and discharge the polishing
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agent. The remaining construction of this polishing body is the same as that of Working
Configuration 4-2; accordingly, a description is omitted.

In the polishing of silicon wafers, it is desirable that the polishing agent be uniformly
supplied to the entire surface of the silicon wafer. In cases where the polishing agent is not
uniformly supplied, the uniformity deteriorates, and the friction increases, so that there may be
cases in which the characteristics of the polishing apparatus deteriorate. It is sufficient if the
grooves that supply and discharge the polishing agent in the polishing bodies of Working
Configuration 4-3 and Working Configuration 4-4 solve the above-mentioned problems that
occur during polishing; in regard to the groove width, groove shape and groove depth, there are
no restrictions on the configuration used.

Furthermore, in the polishing bodies of Working Configurations 4-1 through 44, two
types of recessed and projecting structures were used; however, it would also be possible to use
three or more types of recessed and projecting structures.

Furthermore, in the polishing bodies of the above -mentioned working configurations, the
widths of the recessed parts and widths of the projecting parts were constant within regions in
which recessed and projecting structures of the same type were formed; however, it would also
be possible to use recessed and projecting structures in which the widths of the recessed parts
and widths of the projecting parts vary in a given order.

Furthermore, Working Configurations 4-1 and 4-3, the regions including the first
recessed and projecting structure and the regions including the second rec essed and projecting
structure were disposed in the form of concentric circles, and in Working Configurations 4 -2 and
4-4, the regions including the first recessed and projecting structure and the regions including the
second recessed and projecting structure were disposed in the form of a lattice; however, the
regions including the first recessed and projecting structure and the regions including the second
recessed and projecting structure could also be disposed in a periodic configuration or in some
other configuration.

Furthermore, in the lpolishing bodies of Working Configurations 4 -1 through 4-4, the
recessed parts of the first recessed and projecting structure and second recessed and projecting
structure were grooves; however, these recessed parts could also be holes instead of grooves.

Furthermore, in the polishing bodies of these working configurations, the grooves
constituting the recessed parts of the first recessed and projecting structure were rectangular,
while the grooves constituting the recessed parts of the second recessed and projecting structure
were V-shaped; however, the shapes of these grooves may be V-shaped, U-shaped, rectangular
or trapezoidal.

Furthermore, the polishing bodies of these working configurations could also be app lied
in the case of polishing bodies which have a laminated structure with a layer that has a large
elastic modulus. In such a case, the polishing body with a laminated structure is constructed
from a first layer which has a recessed and projecting structure formed in the surface, and a
second layer which is laminated on the undersurface of the first layer (i.e., on the opposite side
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from the surface); moreover, in order to obtain the effect of the present invention, it is desirable
that the elastic modulus of the second layer be larger than the elastic modulus of the first layer.

Furthermore, the method used to form the grooves in the surface of the polishing body
may be a universally known method; for example, a method in which the surface of the polishing
body is milled using a groove working bit, etc. may be used.

[Embodiment 4-1]

A non-foam polishing body consisting of an epoxy resin with the structure of Working
Configuration 4-1 (Figure 21 (a)) was bonded to the polishing platen of a CMP apparatus. A
recessed and projecting structure consisting of V -shaped grooves with a depth of 0.3 mm and
projecting parts with a width of 0.1 mm (i.e., the second recessed and projecting structure in
Figure 21 (b)) and a recessed and projecting structure consisting of recessed parts with a depth of
0.3 mm and a width of 5 mm and projecting parts with a width of 5 mm (i.e., the first recessed
and projecting structure in Figure 21 (b)) were formed in a concentric circular configuration at a
spacing of 20 mm in the surface of this polishing body. The angle of the inclined surfaces of the
V-shaped grooves of the second recessed and projecting structure was approximately 60°.

The Vickers hardness of a non-foam polishing body consisting of an epoxy resin is 7.0
(kgf/mm ). In order to obtain a structure in which a soft polishing body and a hard polishing
body coexist as described above, it is desirable that the Vickers hardness of the polishing body
be 2.5 (kgf/mm ) or greater, but no greater than 30 (kgf/mm ). Furthermore, in the present
embodiment, the width ratio of the portions in which the width of the projecting parts of the
recessed and projecting structure was wide to the portions in which the width of the projecting
parts of the recessed and projecting structure was narrow was 50. In order to obtain a structure
in which a soft polishing body and a hard polishing body coexist as described above, it is
desirable that the width ratio of the portions in which the width of the projecting parts of the
recessed and projecting structure is wide to the portions in which the width of the projecting
parts of the recessed and projecting structure is narrow be 2 or greater.

A six—inch silicon wafer on which a thermal oxidation film was formed to a thickness of 1
um was attached to the polishing head via a backing material, and polishing was performed
under the following conditions:

A Polishing head rpm: 50 rpm

A Polishing platen rpm: 50 rpm

A Load (pressure pressing the polishing head against the polishing body): 400 g/cm?

A Oscillation width of polishing head: 30 mm

A Oscillation rate of polishing head: 15 strokes per minute

A Polishing time: 2 minutes

A Polishing agent used: SS 25 manufactured by Cabot Co., diluted 2X with ion exchange water
A Polishing agent flow rate: 200 ml/min '

Furthermore, in a six-inch silicon wafer on which a plurality of 2-mm square projecting
patterns with a plurality of 500-nm step differences (film thickness of projecting parts: 1500 nm,
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film thickness of recessed parts: 1000 nm) were formed, the projecting parts were polished 500
nm by time control under the above-mentioned conditions.

[Embodiment 4-2]

A non-foam polishing body consisting of an epoxy resin with the structure of Working
Configuration 4-3 (Figure 23 (a)) was bonded to the polishing platen of a CMP apparatus.
Radial grooves 71 with a width of 2 mm and a depth of 0.3 mm were formed beforehand in this
polishing body in order to supply and discharge the polishing agent. Furthermore, a recessed and
projecting structure consisting of V-shaped grooves with a depth of 0.3 mm and projecting parts
with a width of 0.1 mm (i.e., the second recessed and projecting structure in Figure 23 (b)) and a
recessed and projecting structure consisting of recessed parts with a depth of 0.3 mm and a width
of 5 mm and projecting parts with a width of 5 mm (i.e., the first recessed and projecting
structure in Figure 23 (b)) were formed in a concentric circular configuration at a spacing of 20
mm in the surface of this polishing body. The angle of the inclined surfaces of the V-shaped
grooves of the second recessed and projecting structure was approximately 60°.

Using this polishing body, a six-inch silicon wafer on which a thermal oxidation film was
formed to a thickness of 1 um and a six-inch silicon wafer on which a plurality of 2-mm square
projecting patterns with a plurality of 500-nm step differences were formed were polished in the
same manner as in Embodiment 4-1.

[Embodiment 4-3]

A non-foam polishing body consisting of an epoxy resin with the structure of Working
Configuration 4-4 (Figure 24 (a)) was bonded to the polishing platen of a CMP apparatus.
Lattice-form grooves 72 and 73 with a width of 2 mm and a depth of 0.3 mm were formed
beforehand in this foam polishing body in order to supply and discharge the polishing agent.
Furthermore, a recessed and projecting structure consisting of V-shaped grooves with a depth of
0.3 mm and projecting parts with a width of 0.1 mm (i.e., the second recessed and projecting
structure in Figure 23 (b)) and a recessed and projecting structure consisting of recessed parts
with a depth of 0.3 mm and a width of 5 mm and projecting parts with a width of 5 mm (i.e., the -
first recessed and projecting structure in Figure 23 (b)) were formed in a lattice-form
configuration at a uniform spacing of 20 mm in the surface of this polishing body.

Using this polishing body, a six-inch silicon wafer on which a thermal oxidation film was
formed to a thickness of 1 um and a six-inch silicon wafer on which a plurality of 2-mm square
projecting patterns with a plurality of 500-nm step differences were formed were polished in the
same manner as in Embodiment 4-1.

[Comparative Example 4-1]
A non-foam polishing body consisting of an epoxy resin with a groove structure in its
surface was bonded to the polishing platen of a CMP apparatus. V-shaped grooves with a

projecting part width of 0.2 mm and a depth of 0.3 mm were formed in the surface of this
polishing body at a spacing of 0.5 mm in order to hold the polishing agent. Furthermore, radial
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grooves with a width of 2 mm and a depth of 0.3 mm were formed in order to supply and
discharge the polishing agent.

Using this polishing body, a six-inch silicon wafer on which a thermal oxidation film was
formed to a thickness of 1 pm and a six-inch silicon wafer on which a plurality of 2-mm square
projecting patterns with a plurality of 500-nm step differences were formed were polished in the
same manner as in Embodiment 4-1.

[Comparative Example 4-2]

A polishing body with a laminated structure consisting of a laminate of a foam polishing
body (first layer) with a groove structure in its surface, and an elastic body (second layer) with an
extremely large elastic modulus, was bonded to the polishing platen of a CMP apparatus. V-
shaped grooves with a projecting part width of 0.2 mm and a depth of 0.3 mm were formed in
the surface of the first layer of this polishing body at a spacing of 0.5 mm in order to hold the
polishing agent. Furthermore, radial grooves with a width of 2 mm and a depth of 0.3 mm were
formed in order to supply and discharge the polishing agent.

Using this polishing body, a six-inch silicon wafer on which a thermal oxidation film was
formed to a thickness of 1 um and a six-inch silicon wafer on which a plurality of 2-mm square
projecting patterns with a plurality of 500-nm step differences were formed were polished in the
same manner as in Embodiment 4-1. '

[Evaluation]

For Embodiments 4-1, 4-2 and 4-3, and Comparative Examples 4-1 and 4-2, the
uniformity and smoothness were evaluated using respective silicon wafers after polishing was
completed.

The uniformity was evaluated using the following formula by measuring the polishing
amount profile of a six-inch silicon wafer on which a thermal oxidation film had been formed to

a thickness of 1 um (excluding a portion extending 5 mm inward from the edge of the wafer):
Uniformity (%) = (RA—RI)/ (RA + RI)x 100

Here, RA is the maximum amount of polishing in the measured polishing amount profile,
and RI is the minimum amount of polishing in the measured polishing amount profile.

Furthermore, the smoothness was evaluated as follows: using a six-inch silicon wafer on
which a plurality of 2-mm square projecting patterns with a plurality of 500-nm step differences
were formed, the step difference amount of 500 nm was polished away, and the residual step
difference in this case was measured at a plurality of locations within the silicon wafer; then, the
maximum value among the measured values of these residual step differences was taken as the
smoothness.

52



The uniformity and smoothness evaluation results obtained for the above -mentioned
embodiments and comparative examples are summarized in Table 2 (Embodiment 4-1 is
indicated as Embodiment 1, and Comparative Example 4-1 is indicated as Comparative Example
1, etc.).

(Table 2)
Embodiment 1 | Embodiment 2 | Embodiment 3 | Comparative Comparative
Example 1 Example 2
Uniformity (%) 7 6 6 10 6
Smoothness (nm) 80 80 100 100 200

The above evaluations indicate that the poor uniformity or smoothness seen in
Comparative Examples 4-1 and 4-2 was not seen in Embodiments 4-1, 4-2 and 4-3, in which
both the uniformity and smoothness were superior.

Furthermore, when the uniformity was evaluated in Embodiment 4-2 and Comparative
Example 4-1 with a portion extending 1 mm inward from the edge excluded, the value obtained
in Embodiment 4-2 was 8%, while the value obtained in Comparative Example 4-1 was 20%. It
is clear from these results that the polishing characteristics in the most peripheral portions of the
silicon wafer are also sufficiently improved by the polishing body of the present invention.

[Working Configuration of Semiconductor Device Manufacturing Method]

Figure 25 is a flow chart which illustrates the semiconductor device manufacturing
process of the present invention. When the semiconductor device manufacturing process is
started, an appropriate working process is first selected in step S200 from steps S201 through
S204 described below. The processing then proceeds to one of the steps S201 through S204 in
accordance with this selection.

Step S201 is an oxidation process in which the surface of the silicon wafer is oxidized.
Step S202 is a CVD process in which an insulating film is formed on the surface of the silicon
wafer by CVD, etc. Step S203 is an electrode formation process in which electrodes are formed
on the silicon wafer by a process such as vacuum evaporation, etc. Step S204 is an ion injection
process in which ions are injected into the silic on wafer.

Following the CVD process or electrode formation process, the work proceeds to step
$205. Step S205 is a CMP process. In this CMP process, the smoothing of inter-layer insulation
films or the formation of a damascene by the polishing of metal films on the surfaces of
semiconductor devices, efc., is performed using the polishing apparatus of the present invention.

Following the CMP process or oxidation process, the work proceeds to step S206. Step
S206 is a photolithographic process. In this photolithographic process, the silicon wafer is
coated with a resist, a circuit pattern is burned onto the silicon wafer by exposure using an
exposure apparatus, and the exposed wafer is developed. Furthermore, the next step S207 is an
etching process in which the portions other than the developed resist image are removed by

53



etching, and the resist is then stripped away, so that the resist that is unnecessary when etching is
completed is removed.

Next, in step S208, a judgement is made as to whether or not all of the necessary
processes have been completed; if these processes have not been completed, the work returns to
step S200, and the previous steps are repeated, so that a circuit pattern is formed on the silicon
wafer. If it is judged in step S208 that all of the processes have been completed, the work is
ended. '

Since the polishing apparatus and polishing method of the present invention are used in
the CMP process in the semiconductor device manufacturing method of the present invention,
semiconductor devices can be manufactured with a good precision, yield and throughput. As a
result, semiconductor devices can be manufactured at a lower cost than in conventional
semiconductor device manufacturing methods.

Furthermore, the polishing apparatus of the present invention can also be used in the
CMP processes of semiconductor device manufacturing processes other than the above -
mentioned semiconductor device manufacturing process. :

Field of Industrial Utilization

As was described above, the use of the polishing body, polishing apparatus and polishing
method of the present invention in a CMP process makes it possible to inhibit scratching of the
object of polishing, increase the polishing rate and eliminate step differences. Moreover, stable
polishing characteristics can be obtained. In addition, an object of polishing in which both the
uniformity and smoothness are superior can be obtained. Furthermore, the semiconductor device
manufacturing method of the present invention can be used to manufacture high-performance
semiconductor devices with a good yield and throughput.

Furthermore, in the above description of the present invention, the polishing of wafers on
which a pattern was formed as shown in Figure 1 was described as an example. However, it
goes without saying that the present invention could also be used for other purposes such as
polishing for the purpose of smoothing bare silicon substrates, etc.
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Claims

1. A polishing body used in a polishing apparatus [a] which is equipped with [i] a polishing head
that holds the object of polishing and [ii] a polishing body, and [b] which polishes the above -
mentioned object of polishing by causing relative motion between the above -mentioned

polishing body and the above-mentioned object of polishing in a state in which a polishing agent
is interposed between the above-mentioned polishing body and the above -mentioned object of
polishing; the above-mentioned polishing body being characterized by the fact that [i] at least the
surface of the polishing body consists of a non-foam macromolecular polymer, [ii] a groove
structure is formed in the above-mentioned surface, and [iii] the above-mentioned surface has no
sharp edge parts.

2. The polishing body claimed in Claim 1, which is further characterized by the fact that the
above-mentioned groove structure consists of a plurality of grooves which have a plurality of
intersection points, and the angles at which the grooves cross at the above -mentioned intersection
points do not include any sharp angles that are less than 2 degrees.

3. The polishing body claimed in Claim 1, which is further characterized by the fact that the
above-mentioned groove structure consists of a plurality of grooves that have a plurality of
intersection points, and the above -mentioned groove portions do not have any edge parts with a
curvature radius of less than 50 pum.

4. The polishing body claimed in any of Claims 1 through 3, which is further characterized by
the fact that the above-mentioned groove structure consists of [i] a combination of a spiral
groove and radial grooves, [ii] a combination of concentric circular grooves and radial grooves,
or [iii] lattice-form grooves.

5. The polishing body claimed in any of Claims 1 through 4, which is further characterized by
the fact that the above-mentioned macromolecular polymer consists of one or more resins
selected from a set consisting of epoxy resins, acrylic resins, polyester resins, vinyl chloride
resins, polycarbonate resins and non-foam urethane resins. '

6. A polishing method in which [a] a polishing head which holds the object of polishing, and a
polishing body in which at least the surface of the polishing body consists of a non-foam
macromolecular polymer, are used, and [b] the above-mentioned object of polishing is p olished
by causing relative motion between the above-mentioned polishing body and the above-
mentioned object of polishing in a state in which a polishing agent is interposed between the
above-mentioned polishing body and the above-mentioned object of polishing; this polishing
method being characterized by the fact that the above-mentioned polishing agent contains cerium
oxide particles.

7. A polishing method in which [a] a polishing head which holds the object of polishing, and a
polishing body in which at least the surface of the polishing body consists of a non-foam
macromolecular polymer, are used, and [b] the above-mentioned object of polishing is polished
by causing relative motion between the above-mentioned polishing body and the above -
mentioned object of polishing in a state in which a polishing agent is interposed between the
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above-mentioned polishing body and the above -mentioned object of polishing; this polishing
method being characterized by the fact that the polishing agent contains cerium oxid ¢ particles,
and being further characterized by the fact that the above-mentioned polishing body is the
polishing body claimed in any of Claims 1 through 5.

8. A polishing method in which [a] a polishing head which holds the object of polishing, and a
polishing body, are used, and [b] the above-mentioned object of polishing is polished by causing
relative motion between the above-mentioned polishing body and the above -mentioned object of
polishing in a state in which a polishing agent is interposed betwee n the above-mentioned
polishing body and the above-mentioned object of polishing; this polishing method being
characterized by the fact that the method has a stage in which a load is gradually applied between
the above-mentioned object of polishing and the above-mentioned polishing body.

9. A polishing method in which [a] a polishing head which holds the object of polishing, and a
polishing body, are used, and [b] the above-mentioned object of polishing is polished by causing
relative motion between the above-mentioned polishing body and the above -mentioned object of
polishing in a state in which a polishing agent is interposed between the above -mentioned
polishing body and the above-mentioned object of polishing; this polishing method being
characterized by the fact that the method has a stage in which the load between the above -
mentioned object of polishing and the above -mentioned polishing body is adjusted so that the
moving load of the above-mentioned object of polishing or the above -mentioned polishing body
is constant.

10. A polishing apparatus [a] which is equipped with a polishing head which holds the object of
polishing, and a polishing body, and [b] in which the above-mentioned object of polishing is
polished by causing relative motion between the above-mentioned polishing body and the above-
mentioned object of polishing in a state in which a polishing agent is interposed between the
above-mentioned polishing body and the above -mentioned object of polishing; this polishing
apparatus being characterized by the fact that the polishing body claimed in any one of Claims 1
through 5 is used as the above-mentioned polishing body.

11. A polishing apparatus [a] which is equipped with a polishing head which holds the object of
polishing, and a polishing body, and [b] in which the above-mentioned object of polishing is
polished by causing relative motion between the above -mentioned polishing body and the above -
mentioned object of polishing in a state in which a polishing agent is interposed between the
above-mentioned polishing body and the above -mentioned object of polishing; this polishing
apparatus being characterized by the fact that the apparatus is equipped with [i] a load-applying
mechanism which applies a variable load between the above-mentioned object of polishing and
the above-mentioned polishing body, [ii] a polishing body moving mechanism which moves the
polishing body, [iii] an object of polishing moving mechanism which moves the object of
polishing, [iv] respective load detection mechanisms which are used to detect the load of the
movement of the above-mentioned polishing body moving mechanism or the above -mentioned
object of polishing moving mechanism, or both, and [v] a feedback mechanism which is used to
control the load applied by the above-mentioned load -applying mechanism on the basis of the
load value detected by one of the above-mentioned load detection mechanisms.
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12. A polishing body used in a polishing apparatus in which an object of polishing is polished

by causing relative motion between a polishing body and this object of polishing in a state in
which a polishing agent is interposed between the above -mentioned polishing body and object of
polishing; this polishing body being characterized by the fact that [a] at least the working surface
part of the above-mentioned polishing body consists of a non -foam resin, and has a plurality of
recessed and projecting parts consisting of a groove structure, and [b] this groove structure
consists of a combination of one or more types of grooves selected from a set consisting of
concentric circular, spiral, lattice-form, triangular lattice-form and radial grooves.

13. The polishing body claimed in Claim 12, which is further characterized by the fact that the
sections of the above-mentioned recessed parts (groove parts) and projecting parts respectively
have one or more shapes selected from a set consisting of rectangular, trapezoidal and triangular
shapes.

14. The polishing body claimed in Claim 13, which is further characterized by the fact that the
above-mentioned rectangular, trapezoidal or triangular shapes satisfy the following conditions:

azb,b=0,c=20

(Here, a is the length of the bottom sides of the projecting parts, b is the length of the top sides of
the projecting parts, and c is the length of the bottom sides of the recessed parts.)

15. The polishing body claimed in Claim 14, which is further characterized by the fact that the
above-mentioned rectangular, trapezoidal or triangular shapes satisfy the following conditions:

00mm=sb<3.0mm,0.1mm=a+c=<50mm,d=0.1mm
(Here, d is the depth of the recessed parts.)

16. The polishing body claimed in Claim 12, which is further characterized by the fact that the
section of the recessed parts (groove parts) of the above-mentioned recessed parts and projecting
parts has curved portions.

17. The polishing body claimed in Claim 16, which is further characterized by the fact that the
shape that has the above-mentioned curved portions satisfies the following conditions:

0.0mm=e=<3.0mm, 0.l mm=<e+f<50mm,g=01mm

(Here, e is the length of the top sides of the projecting parts, fis the length of the top sides of the
recessed parts, and g is the depth of the recessed parts.)

18. The polishing body claimed in any of Claims 12 through 17, which is further characterized
by the fact that the above-mentioned recessed and projecting parts have a periodic structure of
recesses and projections.
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19. The polishing body claimed in any of Claims 12 through 18, which is further characterized
by the fact that the above-mentioned non-foam resin has a Vickers hardness of 1.5 kgf/mm?’ or
greater, or a compressive Young’s modulus of 25 kgf/mm? or greater.

- 20. A polishing apparatus in which an object of polishing is polished by causing relative motion
between a polishing body and this object of polishing in a state in which a polishing agent is
interposed between the above-mentioned polishing body and object of polishing; this polishing
apparatus being characterized by the fact that the apparatus uses the polishing body of any of
Claims 12 through 19 as a polishing body.

21. A polishing method in which an object of polishing is polished by causing relative motion
between a polishing body and this object of polishing in a state in which a polishing agent is
interposed between the above-mentioned polishing body and object of polishing; this polishing
method being characterized by the fact that the method uses the polishing body claimed in Claim
19 as a polishing body, and the fact that the method includes a stage in which the temperature of
the above-mentioned polishing body is controlled.

22. A polishing body used in a polishing apparatus in which an object of polishing is polished
by causing relative motion between a polishing body and this object of polishing in a state in
which a polishing agent is interposed between the above-mentioned polishing body and object of
- polishing; this polishing body being characterized by the fact that [a] the polishing body has
grooves formed in its surface, [b] the width W of the above-mentioned grooves at the above-
mentioned surface is such that 0.1 mm = W < 2.0 mm, [c] the ratio VL of the volume of the
region in which the above-mentioned grooves are formed to the volume of the polishing body

including the region in which the above -mentioned grooves are formed is such that 0.1% < VL =
30%, and [d] the void region caused by foaming is 20% or less relative to the volume of the
polishing body not including the region in which the above -mentioned grooves are formed.

23. The polishing body claimed in Claim 22, which is further characterized by the fact that the
thickness D is such that 0.5 mm < D < 5.0 mm.

24. The polishing body claimed in Claim 22 or Claim 23, which is further characterized by the
fact that the depth of the above-mentioned grooves is no more than three times the width W of
the above-mentioned grooves.

25. The polishing body claimed in any one of Claims 22 through 24, which is further
characterized by the fact that the shape of the above-mentioned grooves with respect to the
surface is a spiral shape, concentric circular shape, lattice shape, triangular lattice shape,
“knitted” shape, random shape or shape which includes two or more of the preceding shapes.

26. The polishing body claimed in any one of Claims 22 through 25, which is further
characterized by the fact that the sectional shape of the above-mentioned grooves is a shape that
has a curvature, a rectangular shape, a V shape or a polygonal shape.

27. The polishing body claimed in any one of Claims 22 through 26, which is further
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characterized by the fact that the compressive elastic modulus K of the material is such that 0.1
GPa <K =<2.0 GPa.

28. The polishing body claimed in any one of Claims 22 through 27, which is further
characterized by the fact that the chief component of the material consists of one or more resins
selected from a set consisting of epoxy resins, acrylic resins, polyester resins, vinyl chloride
resins, polycarbonate resins and non-foam urethane resins.

29. The polishing body claimed in any one of Claims 22 through 28, which is further
characterized by the fact that grooves that supply and discharge the above-mentioned polishing
agent are further formed in the surface, and said grooves that supply and discharge the above-
mentioned polishing agent form parts of the previously mentioned grooves, or are formed
separately from the previously mentioned grooves.

30. The polishing body claimed in any one of Claims 22 through 29, which is further
characterized by the fact that there is a transparent region in at least one portion of the polishing
body.

31. A polishing apparatus in which an object of polishing is polished by causing relative motion
between a polishing body and this object of polishing in a state in which a polishing agent is
interposed between the above-mentioned polishing body and object of polishing; this polishing
apparatus being characterized by the fact that the polishing body claimed in any one of Claims
22 through 30 is used as the polishing body.

32. A polishing body used in a polishing apparatus in which an object of polishing is polished
by causing relative motion between a polishing body and this object of polishing in a state in
which a polishing agent is interposed between the above-mentioned polishing body and object of
polishing; this polishing body being characterized by the fact that recessed and projecting
structures of two or more different types are formed periodically or aperiodically in the surface
of the polishing body.

33. The polishing body claimed in Claim 32, which is further characterized by the fact that two
or more recessed parts of the above-mentioned recessed and projecting structures and two or
more projecting parts of the above-mentioned recessed and projecting structures are formed
within the regions in which recessed and projecting structures of the same type are formed.

34. The polishing body claimed in Claim 33, which is further characterized by the fact that [a]
the above-mentioned recessed and projecting structures consist of two types of recessed and
projecting structures, i.c., a first recessed and projecting structure and a second recessed and
projecting structure, [b] the recessed parts of the above-mentioned first recessed and projecting
structure and the recessed parts of the above-mentioned second recessed and projecting structure
are grooves, and [c] the width of the projecting parts of the above-mentioned first recessed and
projecting structure is two or more times the width of the projecti ng parts of the above-
mentioned second recessed and projecting structure.
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35. The polishing body claimed in any one of Claims 32 through 34, which is further
characterized by the fact that the plan shape of the polishing body is circular, and the regions in
which the above-mentioned recessed and projecting structures of the same type are formed are
disposed in the form of concentric circles.

36. The polishing body claimed in any one of Claims 32 through 34, which is further
characterized by the fact that the regions in which the above-mentioned recessed and projecting
structures of the same type are formed are disposed in a lattice-form configuration.

37. The polishing body claimed in any one of Claims 32 through 36, which is further
characterized by the fact that grooves that supply and discharge the above-mentioned polishing
agent are further formed in the surface of the polishing body.

38. The polishing body claimed in any one of Claims 32 through 37, which is further
characterized by the fact that the Vickers hardness k of the polishing body is such that 2.5

(kgf/mm?) < k < 30 (kgf/mm?).

39. The polishing body claimed in any one of Claims 32 through 38, which is further
characterized by the fact that the polishing body is constructed from a first layer in the surface of
which the above-mentioned recessed and projecting structures are formed, and a second layer
which is disposed beneath the first layer and to which the first layer is laminated, and the elastic
modulus of the above-mentioned second layer is greater than the elastic modulus of the above-
mentioned first layer.

40. A polishing apparatus in which an object of polishing is polished by causing relative motion
between a polishing body and this object of polishing in a state in which a pol ishing agent is
interposed between the above-mentioned polishing body and object of polishing; this polishing
apparatus being characterized by the fact that the polishing body claimed in any one of Claims
32 through 39 is used as the polishing body.

41. A semiconductor device manufacturing method which is characterized by the fact that this
method includes a process in which a wafer is polished using at least one method or apparatus
among the polishing methods claimed in Claims 6, 7, 8, 9 and 21, and the polishing apparatuses
claimed in Claims 10, 11, 20, 31 and 40.
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