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POLISHING METHOD AND POLISHING APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a polishing method and a polishing apparatus for
polishing a substrate such as a semiconductor wafer by bringing the substrate into sliding
contact with a polishing pad, and more particularly to a polishing method and a polishing
apparatus for polishing the substrate while adjusting a surface temperature of the polishing
pad.

Description of the Related Art:

In recent years, high integration and high density in semiconductor device demands
smaller and smaller wiring patterns or interconnections and also more and more
interconnection layers. Multilayer interconnections in smaller circuits result in greater
steps which reflect surface irregularities on lower interconnection layers. An increase in
the number of interconnection layers makes film coating performance (step coverage) poor
over stepped configurations of thin films. Therefore, better multilayer interconnections
need to have the improved step coverage and proper surface planarization. Further, since
the depth of focus of a photolithographic optical system is smaller with miniaturization of a
photolithographic process, a surface of the semiconductor device needs to be planarized
such that irregular steps on the surface of the semiconductor device will fall within the depth

of focus.

Thus, in a manufacturing process of a semiconductor device, it increasingly
becomes important to planarize a surface of the semiconductor device. One of the most
important planarizing technologies is chemical mechanical polishing (CMP). In the
chemical mechanical polishing, while a polishing liquid (sturry) containing abrasive particles
such as silica (Si0,) or ceria (CeO,) therein is supplied onto a polishing pad, a substrate such
as a semiconductor wafer is brought into sliding contact with the polishing pad and polished

using the polishing apparatus.
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CMP (Chemical Mechanical Polishing) apparatus is used in a process of polishing a
surface of a substrate in a semiconductor device fabrication. The CMP apparatus is
designed to hold and rotate the substrate by a top ring and press the substrate against a
polishing pad on a rotating polishing table to polish the surface of the substrate. During
polishing, a polishing liquid (slurry) is supplied onto the polishing pad, so that the surface of
the substrate is planarized by a chemical action of the polishing liquid and a mechanical
action of the abrasive particles contained in the polishing liquid.

A polishing rate of the substrate depends not only on a polishing load on the
substrate against the polishing pad, but also on a surface temperature of the polishing pad.
This is because the chemical action of the polishing liquid on the substrate depends on the
temperature. Thus, it is important for the semiconductor device fabrication to maintain an
optimum surface temperature of the polishing pad during polishing of the substrate in order
to increase the polishing rate and keep the polishing rate constant.

Therefore, the present applicant has proposed in Japanese Laid-Open Patent
Publication No. 2012-176449 a polishing apparatus which has a pad temperature adjustment
mechanism for adjusting a surface temperature of a polishing pad by supplying a
temperature-adjusted liquid to a pad contact member that is brought into contact with the

surface of the polishing pad.

Because of special importance placed on an increase in the polishing rate, the pad
contact member proposed in Japanese Laid-Open Patent Publication No. 2012-176449 is
designed to have the largest possible contact area under layout restrictions in order to quickly
raise the surface temperature of the polishing pad to a target temperature. Specifically, the
pad contact member extends, in the radial direction of the polishing pad, from a peripheral
position on the polishing pad to a position near the center of the polishing pad. In view of
the expected radial temperature gradient of the surface of the polishing pad during polishing,
the width of the pad contact member is large at an outer circumferential side of the polishing
pad and is gradually smaller toward the center of the polishing pad. Thus, the pad contact

member has a generally triangular planar-shape, and is a plate-like body having a liquid flow
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" passage therein.

The present applicant has obtained the following knowledge through repetition of a
process for polishing substrates by a polishing pad whose temperature has been raised by
using a pad contact member as described in Japanese Laid-Open Patent Publication No.
2012-176449.

Since the pad contact member is designed to have the largest possible contact area
under layout restrictions in order to quickly raise the surface temperature of the polishing
pad with the emphasis on an increase of the polishing rate, the temperature of the polishing
pad in its entirety can be raised quickly. However, temperature distribution of the polishing
pad is such that the increase in the temperature is larger in the outer circumferential portion
of the polishing pad than in the central portion of the polishing pad. Thus, it has been
found that since the temperature of the polishing pad in its entirety can be raised by the pad
contact member, the polishing rate is increased, but the polishing profile is deformed and
become the concave. Thus, the central portion of the surface, being polished, of the
substrate is polished more than the peripheral portion thereof, resulting in the concave
central portion of the substrate. If the temperature of the polishing pad is not raised, the
polishing profile is not deformed and does not become the concave. Thus, it has been
found that the temperature distribution in the radial direction of the polishing pad and
temperature history of the substrate which is experienced during polishing need to be

approximated to those as observed in polishing performed without a pad contact member.

SUMMARY OF THE INVENTION
The present invention has been made in view of the above situation. It is therefore
an object of the present invention to provide a polishing method and a polishing apparatus
which can increase a polishing rate and can control a polishing profile of a substrate being
polished by adjusting a surface temperature of a polishing pad.
In order to achieve the object, according to the present invention, there is provided a

polishing method for polishing a substrate by pressing the substrate against a polishing pad
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on a polishing table, comprising: a polishing pad surface temperature adjusﬁnent step of
adjusting a surface temperature of the polishing pad; and a polishing step of polishing the
substrate by pressing the substrate against the polishing pad having the adjusted surface
temperature; wherein in the polishing pad surface temperature adjustment step, the surface
temperature of a part of an area of the polishing pad, the area being to be brought in contact
with the substrate, is adjusted during the polishing step so that the rate of temperature change
of a temperature profile in a radial direction of the surface of the polishing pad becomes
constant in the radial direction of the polishing pad.

In a preferred aspect of the present invention, wherein in the polishing pad surface
temperature adjustment step, a temperature profile in the radial direction of the surface of the
polishing pad when the substrate is polished under such polishing conditions as to achieve a
target polishing profile in a state where the surface temperature of the polishing pad is not
adjusted is determined as a reference, and the surface temperature of the part of the area of
the polishing pad with which the substrate is brought in contact is adjusted during the
polishing step so that the rate of temperature change of the temperature profile in the radial
direction of the surface of the polishing pad becomes constant in the radial direction of the
polishing pad with respect to the temperature profile determined as the reference.

In a preferred aspect of the present invention, wherein the polishing pad surface
temperature adjustment step is carried out by heating or cooling the part of the area of the
polishing pad by using a pad contact member which is brought in contact with the surface of
the polishing pad.

In a preferred aspect of the present invention, wherein the temperature profile in the
radial direction of the surface of the polishing pad is a temperature distribution in the radial
direction of the surface of the polishing pad.

In a preferred aspect of the present invention, wherein the rate of temperature
change of the temperature profile in the radial direction of the surface of the polishing pad is
calculated for each of temperature measurement points on the polishing pad.

In a preferred aspect of the present invention, wherein the temperature profile in the
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radial direction of the surface of the polishing pad is prepared by defining a plurality of areas
in the radial direction of the polishing pad, providing at least one temperature measurement
point on the polishing pad in each area, and using measured values measured at the
temperature measurement points.

In a preferred aspect of the present invention, wherein in the case where a plurality
of temperature measurement points are provided in the area, the measured values measured
at the plural temperature measurement points are used individually or the average value of
the measured values is used.

In a preferred aspect of the present invention, wherein the part of the area of the
polishing pad whose surface temperature is adjusted is variable during the polishing step
depending on the rate of temperature change of the temperature profile in the radial direction
of the surface of the polishing pad.

In a preferred aspect of the present invention; wherein the temperature
measurement of the polishing pad is performed by a thermograph or a radiation
thermometer.

In a preferred aspect of the present invention, wherein the part of the polishing pad
whose surface temperature is adjusted is at least one of a plurality of concentric annular areas
defined in the radial direction of the polishing pad.

According to a second aspect of the present invention, there is provided a method
for determining a temperature adjustment area of a polishing pad, for use in a polishing
method for polishing a substrate by pressing the substrate against the polishing pad on a
polishing table, comprising: a first step of defining a plurality of concentric annular areas in a
radial direction of the polishing pad, selecting the area to adjust the surface temperature from
the defined plural areas, adjusting the surface temperature of the selected area to a
predetermined temperature, calculating, for each of radial positions on the substrate, an
amount of heat that the substrate receives from the polishing pad by contact with the
temperature-adjusted polishing pad, calculating, for each of the radial positions on the

substrate, an integrated value of the amount of heat during rotation of the substrate from the
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calculated amount of heat, thereby obtaining a profile of the integrated value of the amount
of heat in the radial direction of the substrate, and preparing and accumulating, for each area
to adjust the surface temperature, the profile of the integrated value of the amount of heat; a
second step of obtaining a temperature profile in the radial direction of the surface of the
polishing pad when the substrate is polished under such polishing conditions as to achieve a
target polishing profile in a state where the surface temperature of the polishing pad is not
adjusted, and calculating, for each of radial positions on the substrate, an integrated value of
the amount of heat during rotation of the substrate from the temperature profile, thereby
obtaining a profile of the integrated value of the amount of heat in the radial direction of the
substrate; and a third step of selecting a profile which is equal or similar to a profile of the
integrated value of the amount of heat, obtained by normalizing the profile of the integrated
value of the amount of heat obtained in the second step, from profiles of the integrated value
of the amount of heat, obtained by normalizing the profiles of the integrated value of the
amount of heat accumulated in the first step; wherein an area where the surface temperature
of the polishing pad is adjusted is determined based on the profile selected in the third step.

In a preferred aspect of the present invention, wherein there are a plurality of areas
where the surface temperature of the polishing pad is adjusted, and the plurality of areas
have difference temperatures from each other.

According to a third aspect of the present invention, there is provided a polishing
method for polishing a substrate by pressing the substrate against a polishing pad on a
polishing table, comprising: a first step of defining a plurality of concentric annular areas in a
radial direction of the polishing pad, selecting the area to adjust the surface temperature from
the defined plural areas, adjusting the surface temperature of the selected area to a
predetermined temperature, calculating, for each of radial positions on the substrate, an
amount of heat that the substrate receives from the polishing pad by contact with the
temperature-adjusted polishing pad, calculating, for each of the radial positions on the
substrate, an integrated value of the amount of heat during rotation of the substrate from the

calculated amount of heat, thereby obtaining a profile of the integrated value of the amount
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of heat in the radial direction of the substrate, and preparing and ,accumulating, for each area
to adjust the surface temperature, the profile of the integrated value of the amount of heat; a
second step of obtaining a temperature profile in the radial direction of the surface of the
polishing pad when the substrate is polished under such polishing conditions as to achieve a
target polishing profile in a state where the surface temperature of the polishing pad is not
adjusted, and calculating, for each of radial positions on the substrate, an integrated value of
the amount of heat during rotation of the substrate from the temperature profile, thereby
obtaining a profile of the integrated value of the amount of heat in the radial direction of the
substrate; a third step of selecting a profile which is equal or similar to a profile of the
integrated value of the amount of heat, obtained by normalizing the profile of the integrated
value of the amount of heat obtained in the second step, from profiles of the integrated value
of the amount of heat, obtained by normalizing the profiles of the integrated value of the
amount of heat accumulated in the first step; and a fourth step of determining an area where
the surface temperature of the polishing pad is adjusted based on the profile selected in the
third step, and polishing the substrate by pressing the substrate against the polishing pad
while adjusting the surface temperature of the determined area of the polishing pad.

In a preferred aspect of the present invention, wherein there are a plurality of areas
where the surface temperature of the polishing pad is adjusted, and the plurality of areas
have difference temperatures from each other.

In a preferred aspect of the present invention, wherein the temperature profile in the
radial direction of the surface of the polishing pad is prepared during the polishing of the
substrate.

In a preferred aspect of the present invention, wherein the temperature profile in the
radial direction of the surface of the polishing pad is a temperature distribution in the radial
direction of the surface of the polishing pad.

In a preferred aspect of the present invention, wherein the rate of temperature
change of the temperature profile in the radial direction of the surface of the polishing pad is

calculated for each of temperature measurement points on the polishing pad.
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In a preferred aspect of the present invention, wherein the area of the polishing pad
whose surface temperature is adjusted is variable depending on the rate of temperature
change during the polishing of the substrate.

In a preferred aspect of the present invention, wherein the temperature
measurement of the polishing pad is performed by a thermograph or a radiation
thermometer.

According to a fourth aspect of the present invention, there is provided a polishing
apparatus for polishing a substrate by pressing the substrate against a polishing pad on a
polishing table, comprising: a top ring configured to press the substrate against the polishing
pad on the polishing table; and a pad temperature adjustment mechanism configured to
adjust a surface temperature of the polishing pad; wherein the pad temperature adjustment
mechanism comprises a pad contact member configured to be brought in contact with the
surface of the polishing pad, and a liquid supply system configured to supply a
temperature-adjusted  liquid to the pad contact member; and wherein the
temperature-adjusted liquid comprises heated water or cold water, and the heated water and

the cold water are supplied selectively, without being mixed, to the pad contact member by

- valve switching.

In a preferred aspect of the present invention, wherein when the valve switching is
performed, the cold water is supplied to the pad contact member after returning the heated
water, remaining in the pad contact member and piping, to the liquid supply system.

In a preferred aspect of the present invention, wherein when the valve switching is
performed, the heated water is supplied to the pad contact member after discharging the cold
water remaining in the pad contact member and piping.

According to a fifth aspect of the present invention, there is provided a polishing
apparatus for polishing a substrate by pressing the substrate against a polishing pad on a
polishing table, comprising: a top ring configured to press the substrate against the polishing
pad on the polishing table; and a pad temperature adjustment mechanism configured to

adjust a surface temperature of the polishing pad; wherein the pad temperature adjustment
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mechanism comprises a pad contact member configured to be brought in contact with the ~
surface of the polishing pad to heat or cool the polishing pad; and wherein the pad contact
member has a plurality of arcas whose temperatures can be adjusted individually, and a
temperature profile in a radial direction of the surface of the polishing pad can be adjusted by
adjusting the temperature of at least one of the plurality of areas.

In a preferred aspect of the present invention, wherein heated water or cold water
can be supplied to each of the plurality of areas of the pad contact member at a controlled
flow rate.

The present invention achieves the following advantageous effects:

1) By adjusting the surface temperature of the polishing pad, it becomes possible to
control the polishing profile while increasing the polishing rate.

2) The polishing profile of a film, being polished, of the substrate can be adjusted,
without measuring the thickness of the film, based on data obtained by a method for
measuring the surface temperature of the polishing pad.

3) The temperature history of the substrate can be controlled by supplying liquids at
different flow rates to the respective areas of the pad contact member. Further, the
temperature history of the substrate can be controlled by moving the pad contact member

and adjusting the temperature of the polishing pad.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a polishing apparatus according to an
embodiment of the present invention;

FIG. 2 is a schematic view showing a liquid supply system for supplying a liquid to
a pad contact member;

FIG. 3A is a view showing a conventional pad contact member, a polishing pad and
a substrate (wafer) to be polished, and FIG. 3B is a perspective view showing the pad contact
member of FIG. 3A and FIG. 3C is a plan view showing the configuration of a flow passage

formed in the interior of the pad contact member shown in FIG. 3B;
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FIG. 4A is a perspective view showing the entire pad contact member, and FIG. 4B
is a view showing the flow passage in the pad contact member and the sealing members
placed in the flow passage and FIG. 4C is a view showing the heating area in the case where
the improved pad contact member having the modified flow passage is used;

FIGS. 5A, 5B and 5C are graphs showing the confirmed results of the effects by the
change of the heating arca in the case where the improved pad contact member is used
against the conventional pad contact member;

FIGS. 6A and 6B are views showing a pad contact member according to the present
invention, and FIG. 6A is a perspective view of the pad contact member, and FIG. 6B is a
perspective view showing a configuration of a flow passage formed in the interior of the pad
contact member and FIG. 6C is a view showing the heating area in the case where the pad
contact member configured as shown in FIGS. 6A and 6B is used;

FIG. 7 is a graph showing comparative data between the pad temperature
distribution obtained by thermal analysis result in the case where the improved pad contact
member shown in FIGS. 4A and 4B is used and the pad temperature distribution obtained by
thermal analysis result in the case where the pad contact member of the present invention
shown in FIGS. 6A and 6B is used, and is a graph showing the relationship between a radial
position (mm) on the polishing pad and the temperature (°C) of a water film on the polishing
pad;

FIGS. 8A through 8E are views showing the evaluation results in the case where the
pad contact member of the present invention shown in FIGS. 6A and 6B is moved radially
on the polishing pad;

FIG. 9 is a view showing arrangement position of the pad contact member of the
present invention on the polishing pad using concentric circles;

FIGS. 10A, 10B and 10C are views illustrating the concept of the temperature
history;

FIGS. 11A is a view showing the evaluation results of the polishing rate in the case

where the pad contact member of the present invention shown in FIGS. 6A and 6B is moved
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radially on the polishing pad, FIG. 11B is a view showing the evaluation results of the
integrated values of the temperature history, and FIG. 11C is a view showing the evaluation
results of the normalized integrated values of the temperature history;

FIGS. 12A and 12B are comparative views showing the pad contact member shown
in FIGS. 6A and 6B according to one embodiment of the present invention and the pad
contact member according to another embodiment of the present invention;

FIGS. 13A, 13B and 13C are perspective views each showing the construction of a
flow passage formed in the pad contact member shown in FIG. 12B;

FIG. 14A is a view showing the case where the evaluation results of the integrated
value of the temperature history in the case of using the pad contact member according to
another embodiment of the present invention shown in FIG. 12B is added to the evaluation
results of the integrated value of the temperature history shown in FIG. 11B, and FIG. 14B is
a view showing the evaluation results of the normalized integrated value of the temperature
history;

FIG. 15A, 15B and 15C are views showing the evaluation results of temperature in
the case where the surface of the polishing pad is heated by using the pad contact member
according to another embodiment of the present invention shown in FIGS. 13A, 13B and
13C and by changing the flow rate of the liquid (heated water) supplied to the pad contact
members;

FIG. 16 is a perspective view showing a pad temperature adjustment mechanism
which has a mechanism for moving the pad contact member in the radial direction of the
polishing pad;

FIG. 17 is a perspective view showing a pad temperature adjustment mechanism
which has an automated mechanism for reciprocating the pad contact member in the radial
direction of the polishing pad;

FIG. 18 is a view showing an embodiment in which the pad contact member is
divided into a plurality of regions, i.e., an inner region and an outer region in the radial

direction of the polishing pad, and a liquid (heated water) can be supplied individually to
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each of the inner and outer regions so as to control the temperature in the radial direction of
the polishing pad for each of the corresponding inner and outer areas;

"FIG. 19 is a view showing an embodiment in which a plurality of pad contact
members, each comprised of a ceramic ﬁeater having a built-in heater, are arranged in the
radial direction of the polishing pad so as to control the temperature in the radial direction of
the polishing pad for each of the corresponding annular areas;

FIG. 20A is a diagram showing a liquid supply system for selectively supplying
heated water and cold water to the pad contact member, and FIG. 20B is a diagram showing
the states of the respective valves when performing switching from the supply of heated
water to the supply of cold water and switching from the supply of cold water to the supply
of heated water; and

FIGS. 21A and 21B are views showing a method for controlling switching between
the supply of heated water and the supply of cold water in order to control the surface

temperature of the polishing pad at a preset temperature.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of a polishing apparatus according to the present invention will be
described below with reference to FIGS. 1 through 21B. In FIGS. 1 through 21B, identical
or corresponding components will be denoted by identical reference numerals, and repetitive
descriptions thereof are omitted.

FIG. 1 is a schematic view of a polishing apparatus according to an embodiment of
the present invention. As shown in FIG. 1, the polishing apparatus includes a top ring 1 for
holding and rotating a substrate such as a semiconductor wafer, a polishing table 2 for
supporting a polishing pad 3 thereon, a polishing liquid supply mechanism 4 for supplying a
polishing liquid (e.g., slurry) onto a surface of the polishing pad 3, and a pad temperature
adjustment mechanism 5 for adjusting a surface temperature of the polishing pad 3.

The top ring 1 is supported by a polishing head support arm 7, which is provided

with a pneumatic cylinder and a motor (not shown) that move the top ring 1 Verticaliy and
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rotate the top ring 1 about its own axis. The substrate is held on a lower surface of the top
ring 1 by vacuum suction or other means. The polishing table 2 is coupled to a motor (not
shown), so that the polishing table 2 can rotate in a direction indicated by arrow.

The substrate to be polished is held by the top ring 1 and further rotated by the top
ring 1. On the other hand, the polishing pad 3 is rotated about its own axis together with
the polishing table 2. In this state, the polishing liquid is supplied onto a surface of the
polishing pad 3 from the polishing liquid supply mechanism 4 and a surface of the substrate
is pressed against the surface of the polishing pad 3 (i.e., substrate polishing surface) by the
topring 1. The surface of the substrate is polished by sliding contact between the polishing
pad 3 and the substrate in the presence of the polishing liquid.

The pad temperature adjustment mechanism 5 includes a pad contact member 11
that is brought into contact with the surface of the polishing pad 3, and a liquid supply
system 30 for supplying a temperature-controlled liquid to the pad contact member 11. The
pad contact member 11 is coupled to a pneumatic cylinder 52 through an arm 54. This
pneumatic cylinder 52 serves as an elevating mechanism for raising and lowering the pad
contact member 11.  Further, the pad contact member 11 is cdupled to a motor 53 serving
as a moving mechanism, so that the pad contact member 11 is moved between a
predetermined raised position located above the polishing pad 3 and a predetermined retreat
position located radially outwardly of the polishing table 2.

FIG. 2 is a schematic view showing the liquid supply system 30 for supplying the
liquid to the pad contact member 11. This liquid supply system 30 has a liquid supply tank
31, and a supply line 32 and a return line 33 for coupling the liquid supply tank 31 and the
pad contact member 11 to each other. The liquid, as a heating medium, is supplied to the
pad contact member 11 from the liquid supply tank 31 through the supply line 32, and is
returned from the pad contact member 11 to the liquid supply tank 31 through the return line
33. In this manner, the liquid circulates between the liquid supply tank 31 and the pad
contact member 11. The liquid supply tank 31 has a heater (not shown) for heating the

liquid, and thus the liquid is heated to a predetermined temperature by the heater.
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Specifically, the liquid supply tank 31 $erves as a temperature regulator.

The liquid supply system 30 includes a flow rate regulating valve 35 for regulating
a flow rate of the liquid flowing through the supplying line 32, a pressure gauge 36 for
measuring the pressure of the liquid that has passed through the flow rate regulating valve 35,
and a flowmeter 37 for measuring a flow rate of the liquid flowing through the return line 33.
The liquid supply system 30 further includes a radiation thermometer 39 serving as a pad
surface thermometer for measuring the surface temperature of the polishing pad 3, and a
temi)erature controller 40 for controlling the flow rate regulating valve 35 based on the pad
surface temperature measured by the radiation thermometer 39. The flow rate of the liquid
flowing through the supply line 32 is regulated by an opening degree of the valve determined
by supplying an air pressure controlled by an electropneumatic regulator 43 to the flow rate
regulating valve 35. A cooling water line 41 is connected to the supply line 32, and thus
cooling water can be supplied to the supply line 32 from the cooling water line 41. Further,
a discharge iine 42 is connected to the return line 33, and thus the liquid flowing through the
return line 33 can be discharged therefrom.

The radiation thermometer 39 is designed to measure the surface temperature of the
polishing pad 3 in a noncontact manner and send the measured value of the surface
temperature to the temperature controller 40. The temperature controller 40 controls the
electropneumatic regulator 43 based on the measured value of the surface temperature of the
polishing pad 3 so that the surface temperature of the polishing pad 3 becomes a preset target
temperature. The electropneumatic regulator 43 supplies an air pressure controlled based
on a control signal from the temperature controller 40 to the flow rate regulating valve 35.
The opening degree of the flow rate regulating valve 35 is regulated by the air pressure
supplied from the electropneumatic regulator 43, and the flow rate of the liquid supplied to

the pad contact member 11 is controlled. The surface temperature of the polishing pad 3 is

- adjusted by the heat exchange between the liquid flowing through the pad contact member

11 and the polishing pad 3.

By performing such a feedback control, the surface temperature of the polishing
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pad 3 is maintained at the predetermined target temperature. A PID controller can be used
as the temperature controller 40. The target temperature of the polishing pad 3 is
determined by a CMP controller 50 depending on a type of the substrate or a polishing
process. The determined temperature setting control signal is inputted to the temperature
controller 40.

As described above, the surface temperature of the polishing pad 3 is controlled by
regulating the flow rate of the liquid to be supplied to the pad contact member 11. Water is
used as the liquid (heating medium) to be supplied to the pad contact member 11. The
water is heated by the heater of the liquid supply tank 31 to, for example, about 80°C, thus
becoming heated water. In order to increase the surface temperature of the polishing pad 3
more rapidly, a silicone oil may be used as the heating medium. In the case where the
silicone oil is used, the silicone oil is heated by the heater of the liquid supply tank 31 to
100°C or more (for example, about 120°C). In order to enable heated water and cooling
water to be supplied interchangeably by switching to the pad contact member 11, the supply
line 32, the return line 33, the cooling water line 41, the discharge line 42, and the like have
respective valves V1 to V5 (described later).

The pad contact member 11 employed in the pad temperature adjustment
mechanism 5 of the present invention will now be described.

The present inventors have invented the pad contact member 11 shown in FIG. 1 by
variously changing the heating area of a polishing pad using a pad contact member as
described in Japanese Laid-Open Patent Publication No. 2012-176449. A process for
developing the invention will be described below.

FIG. 3A is a view showing a conventional pad contact member 111, a polishing pad
3 and a substrate (wafer) W to be polished. FIG. 3B is a perspective view showing the pad
contact member 111 of FIG. 3A, and FIG. 3C is a plan view showing the configuration of a
flow passage formed in the interior of the pad contact member 111 shown in FIG. 3B.

As shown in FIG. 3A, the pad contact member 111, which comprises a

plate-shaped body having a generally triangular-planar shape and having a flow passage in
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its interior, can be brought into contact with the polishing ',pad 3 from an outer
circumferential side to a central part of the polishing pad 3. The substrate (wafer) W to be
polished is positioned on the opposite side of the pad contact member 111 across the center
(O) of the polishing pad 3.

As shown in FIG. 3B, the pad contact member 111 includes a plate member 115
having a contact surface which is brought into contact with the surface of the polishing pad 3,
and a flow passage-forming member 116 which has a liquid flow passage formed therein.
The plate member 115 is fixed to the lower part of the flow passage-forming member 116.
A liquid inflow port 123 and a liquid discharge port 124 are formed in the upper surface of
the flow passage-forming member 116.

As shown in FIG. 3C, a partition 118 extending in the radial direction of the
polishing pad 3 is provided in the interior of the flow passage-forming member 116. The
interior space of the flow passage-forming member 116 is divided by the partition 118 into a
first liquid flow passage 121 and a second liquid flow passage 122. The first liquid flow
passage 121 and the second liquid flow passage 122 are connected in series. More
specifically, a downstream end of the first liquid flow passage 121 is connected to an
upstream end of the second liquid flow passage 122. The first liquid flow passage 121
communicates with the liquid inflow port 123, and the second liquid flow passage 122
communicates with the liquid discharge port 124. A plurality of baffles 125 are disposed in
each of the first liquid flow passage 121 and the second liquid flow passage 122.

A liquid is supplied to the first liquid flow passage 121 via the liquid inflow port
123.  The liquid flows through the first liquid flow passage 121 and the second liquid flow
passage 122 in this order, so that the heat exchange is performed between the liquid and the
polishing pad 3. The liquid is discharged from the liquid discharge port 124.

FIGS. 4A and 4B are views showing the state in which the flow passage in the pad
contact member 111 is changed by placing sealing members in the interior of the pad contact
member 111 shown in FIGS. 3B and 3C. FIG. 4A is a perspective view showing the entire

pad contact member 111, and FIG. 4B is a view showing the flow passage in the pad contact
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member 111 and the seaﬁing members placed in the flow passage.

As shown in FIG. 4A, in addition to the liquid inflow port (shown with “IN
(original)” in the drawing) and the liquid discharge port (shown with “OUT (original)” in the
drawing) formed in the original pad contact member 111, one liquid inflow port (shown with
“IN (additional work)” in the drawing) and two liquid discharge ports (shown with “OUT
(additional work)” in the drawing) are formed.

Further, as shown in FIG. 4B, sealing members 126, 127 are placed in the flow
passage of the pad contact member 111. In the improved pad contact member 111 having
the sealing members 126, 127, the liquid that has flowed therein from the liquid inflow port
(IN (additional work)) flows out from the two additional liquid discharge ports (OUT
(additional work)). The liquid (heated water) flows only in the interior of the triangular
plate-shaped portion located at the upper side of the pad contact member 111, and does not
flow in the interior of the generally trapezoidal plate-shaped portion located at the lower side
of the pad contact member 111.

FIG. 4C is a view showing the heating area in the case where the improved pad
contact member 111 having the modified flow passage shown in FIGS. 4A and 4B is used.
As shown in FIG. 4C, the heating area is a concentric annular area Al on the polishing pad 3
in the case where the conventional pad contact member 111 is used, whereas the heating area
is a concentric annular area A2 on the polishing pad 3 in the case where the improved pad
contact member 111 is used. Thus, the outer circumferential side of the polishing pad 3 is
not heated when the improved pad contact member 111 is used. In FIG. 4C, a substrate
(wafer) W to be polished is positioned on the opposite side of the pad contact member 111
across the center (O) of the polishing pad 3.

FIGS. 5A, 5B and 5C are graphs showing the confirmed results of the effects by the
change of the heating area in the case where the improved pad contact member 111 is used
against the conventional pad contact member 111.

In FIGS. 5A, ‘5B and 5C, “Reference” indicates data in the case of not using a pad

contact member, “Original Slider (3.5)” indicates data in the case of using the conventional
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pad contact member shown in FIGS. 3A, 3B and 3C, and “Sealed Slider (3.5)” and “Sealed
Slider (7.0)” indicate data in the case of using the improved pad contact member shown in
FIGS. 4A and 4B. In the cases of “Sealed Slider (3.5)” and “Sealed Slider (7.0)”, the liquid
was allowed to flow in the improved pad contact member at a flow rate of 3.5 liters/min and
7.0 liters/min, respectively. In either case, the liquid was supplied from IN (additional
work), and discharged from both of the two OUT (additional work).

When the temperature of the polishing pad became stable after a substrate (wafer)
W starts to be polished, in particular after 50 seconds had elapsed since the start of polishing,
the temperature of the surface of the polishing pad was measured. The polishing time was
60 seconds. FIG. 5A shows the measured results of the temperature of the polishing pad, at
9 equally spaced-apart points from a point at a distance of about 50 mm to a point at a
distance of about 340 mm in the radial direction from the center of the polishing pad. In
FIG. 5A, the temperature shown on the vertical axis is expressed in arbitrary unit.
Temperature in the present embodiments is hereinafter expressed in arbitrary unit as with in
FIG. 5A. As s clear from FIG. 5A, in the case of “Original Slider (3.5)”, the temperature
increase of the polishing pad is larger in the outer circumferential part of the polishing pad
than in the central part of the polishing pad. In the cases of “Sealed Slider (3.5)” and
“Sealed Slider (7.0)”, while the rate of temperature increase of the polishing pad is slightly
smaller as compared to the case of “Original Slider (3.5)”, the temperature increase in the
outer circumferential part of the polishing pad is suppressed and the temperature distribution
thereof comes close to the temperature distribution in the case of “Reference” having no pad
contact member. However, even in the cases of “Sealed Slider (3.5)” and “Sealed Slider
(7.0)”, the rate of temperature increase is small in an area from about 75 mm to about 150
mm in the distance from the center of the polishing pad. Specifically, it is understood that
there is an area where the rate of temperature increase is not constant, i.e., is small, compared
to the case of “Reference” where a pad contact member is not used. The rate of
temperature increase herein refers to the rate of temperature change showing how much the

temperature increases and changes at respective points in the radial direction of the polishing
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pad, as compared to the temperature profile of the po'l’ishing pad in the radial direction of the
polishing pad in the case where a pad contact member is not used.

'FIG. 5B shows the rate of temperature increase (rate of temperature change) of the
polishing pad in the case where the pad contact member is used, compared to the case where
a pad contact member is not used. The horizontal axis represents the distance from the
center of the polishing pad (radial position on the polishing pad), and the vertical axis
represents the rate of temperature increase of the polishing pad by using the temperatﬁre of
“Reference” having no pad contact member as the criterion of 1. The data shown in FIG. .
5B is obtained by using the data on the temperature of the polishing pad shown in FIG. SA.
As is clear also from FIG. 5B, in the case of “Original Slider (3.5)”, the rate of temperature
increase of the polishing pad is larger in the outer circumferential portion of the polishing
pad. In the cases of “Sealed Slider (3.5)” and “Sealed Slider (7.0)”, the rate of temperature
increase in the outer circumferential portion of the polishing pad is suppressed, and the
temperature profile is close to a fairly flat line. Further, it is more clearly shown in FIG. 5B
that the rate of temperature increase in the area (; urrounded by the ellipse in FIG. 5B) from
about 75 mm to about 150 mm in the distancetfrom the center of the polishing pad is
lowered.

FIG. 5C shows the polishing rate when 50 seconds have elapsed since the start of
polishing of the wafer W. In FIG. 5C, the polishing rate on the vertical axis is expressed in
arbitrary unit. In the embodiments, hereinafter, the polishing rate is expressed in arbitrary
unit as with FIG. 5C. The polishing time was 60 seconds. As is clear from FIG. 5C, the
polishing rate increases in all of the cases where the pad contact member fs used. From the
viewpoint of polishing profile, the distribution profile of the polishing rate is preferably as
close as possible to the distribution profile of the polishing rate in the case of “Reference”
where a pad contact member is not used. Except for an area around the outer
circumferential portion of the wafer W, the distribution profile of the polishing rate in the
cases of “Sealed Slider (3.5)” and “Sealed Slider (7.0)” is close to that in the case of

“Reference”. However, there is a considerable variation in the distribution profile of the
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“Original Slider (3.5)”.

From the experiments shown in FIGS. SA, 5B and 5C which were conducted using
the conventional pad contact member 111 and the improved pad contact member 111, the
present inventors have found that, by using the improved pad contact member 111,
over-polishing of the central area of the substrate can be avoided, and thus the polishing
profile can be brought close to that in the case of not using a pad contact member. The
present inventors have also found that when an area of the polishing pad, whose distance
from the center of the polishing pad ranges from about 75 mm to about 150 mm, is heated to
a little more, then the polishing profile can be brought further closer to that in the case of not
using a pad contact member.

Specifically, it has been found that, by controlling the temperature (heating) of a
predetermined area in a radial direction of the polishing pad, the rate of temperature increase
(rate of temperature change) at respective points in the radial direction of the polishing pad
surface, by using the temperature profile, as a reference, in the radial direction of the
polishing pad surface in the case of not using a pad contact member, can be made constant
over the radial direction of the polishing pad.

FIGS. 6A and 6B are views showing a pad contact member 11 according to the
present invention which has been invented based on the above knowledge. FIG. 6A is a
perspective view of the pad contact member 11, and FIG. 6B is a perspective view showing
a configuration of a flow passage formed in the interior of the pad contact member 11.

As shown in FIG. 6A, the pad contact member 11 of the present invention is a
plate-shaped body having a planar shape of a generally trapezoidal shape and having a flow
passage therein. Specifically, the pad contact member 11 has an upper side 11a, a lower
side 11b, and right and left sides 11s, 11s, and has a planar shape of a generally trapezoidal
shape, with the upper side 11a and the lower side 11b being parallel. Further, both end
portions of the upper surface 11a of the pad contact member 11 are inclined with respect to
the central portion, thus forming inclined sides 11al, 11ar. Therefore, the planar shape of

the pad contact member 11 should be called a deformed hexagonal shape.
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As shown in FIG. 6A, the pad contact member 11 of the present inventiof; includes
a flow passage-forming member 12 having a liquid flow passage formed therein and having
a lower surface which is brought into contact with the surface of the polishing pad 3, and a
plate member 13 fixed to the upper surface of the flow passage-forming member 12. A
liquid inflow port 15 and a liquid discharge port 16 are formed in the upper surface of the
flow passage-forming member 13.

FIG. 6B is a plan view showing the flow passage-forming member 12. As shown
in FIG. 6B, a plurality of partitions 14, which extend horizontally and are bent upward at the
left en&s, are formed in the flow passage-forming member 12. The plural partitions 14, at
the ends of the horizontal portions or at the upper ends of the bent portions, are connected to
an outer frame. These partitions 14 form a single multi-folded zigzag flow passage.
Referring to FIG. 6B, the portion shown as “HEATED WATER IN” communicates with the
liquid inflow port 15, so that a liquid (heated water) flows in from the above portion. The
portion shown as “HEATED WATER OUT” communicates with the liquid discharge port
16, so that the liquid (heated water) flows out from the above portion.

FIG. 6C is a view showing the heating area in the case where the pad contact
member 11 configured as shown in FIGS. 6A and 6B is used. As shown in FIG. 6C, when
the pad contact member 11 is used, the heating area is a concentric annular area A3 on the
polishing pad 3. Thus, by using the pad contact member 11 of the present invention, the
outer circumferential side of the polishing pad 3 will not be heated. In FIG. 6C, the pad
contact member 11 and the substrate (wafer) W to be polished are positioned so as to
sandwich the centér (O) of the polishing pad 3 therebetween.

FIG. 7 is a graph showing comparative data between the pad temperature
distribution obtained by thermal analysis result in the case where thé improved pad contact
member 111 shown in FIGS. 4A and 4B is used and the pad temperature distribution
obtained by thermal analysis result in the case where the pad contact member 11 of the
present invention shown in FIGS. 6A and 6B is used, and is a graph showing the relationship

between a radial position (mm) on the polishing pad and the temperature (°C) of a water film
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on the polishing pad.

In FIG. 7, “Current Sealing” indicates data in the case of using the Sealed Slider
(3.5) described in FIGS. 5A, 5B and 5C, and “Deformed Hexagon” indicates data in the case
of using the pad contact member 11 of the present invention shown in FIGS. 6A and 6B.

As is clear from FIG. 7, in the case of “Current Sealing” where the Sealed Slider
(3.5) is used, the temperature of the water film on the polishing pad gently increases until the
radial position on the polishing pad reaches about 150 mm, and is kept approximately
constant until the radial position reaches about 200 mm, and then gradually decreases when
the radial position becomes larger than 200 mm. On the other hand, in the case of
“Deformed Hexagon” where the pad contact member 11 of the present invention is used, the
temperature of the water film on the polishing pad starts to increase from where the radial
position on the polishing pad reaches about S0 mm, and reaches the maximum temperature
at the radial position of 150 mm or thereabout, and then decreases gradually as the radial
position becomes larger than 150 mm, and then becomes constant from where the radial
position exceeds 250 mm. In the radial position range of about 75 mm to about 200 mm,
the temperature of the water film on the polishing pad is higher in the case of “Deformed
Hexagon” than in the case of “Current Sealing”. In this manner, the change in the shape of
the pad contact member produces a significant effect on the temperature of the water film on
the polishing pad. |

FIGS. 8A through 8E are views showing the evaluation results in the case where the
pad contact member 11 of the present invention shown in FIGS. 6A and 6B is moved
radially on the polishing pad 3. In FIGS. 8A through 8E, “Ref without Slider” indicates the
evaluation results in the case of not using a pad contact member, and “New Type 0 mm”,
“New Type 50 mm” and “New Type 100 mm” indicate the evaluation results in the case
where the pad contact member 11 of the present invention was placed on the polishing pad 3
at the various radial positions shown in FIG. 9. In FIG. 9, the symbols C1, C2 and C3
represent concentric circles centered at the center (O) of the polishing pad 3 and having

different radii (R): the radius R of the circle C1 is 190 mm; the radius R of the circle C2 is
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240 mm; and the radius R of the circle C3 is 290 mm. The concentric circle C1 is a
concentric circle that passes through the center of the substrate W to be polished.

In the case of “New Type 0 mm”, the pad contact member 11 is placed on the
polishing pad 3 such that the midpoint of the lower side 11b of the pad contact member 11
accords with the concentric circle C1. In the case of “New Type 50 mm”, the pad contact
member 11 is placed on the polishing pad 3 such that the midpoint of the lower side 11b of
the pad contact member 11 accords with the concentric circle C2 which is shifted radially
outward by 50 mm from the concentric circle C1. In the case of “New Type 100 mm”, the
pad contact member 11 is placed on the polishing pad 3 such that the midpoint of the lower
side 11b of the pad contact member 11 accords with the concentric circle C3 which is shifted
radially outward by 100 mm from the concentric circle C1.

FIG. 8A is a graph showing the relationship between a radial position on the
substrate and the polishing rate.

As is clear from FIG. 8A, the polishing rate is higher in the cases of “New Type 0
mm”, “New Type 50 mm” and “New Type 100 mm” where the pad contact member 11 is
used than in the case of “Ref without Slider” where the pad contact member is not used. In
an area of the substrate around the radial position of & 140 mm, i.e., in an edge area of the
substrate, the distribution profiles of the polishing rate in the cases of “New Type 0 mm”,
“New Type 50 mm” and “New Type 100 mm” are similar to that in the case of “Ref without
Stider”. Thus, it would appear that the use of the pad contact member has little effect on
the polishing profile in the edge area of the substrate. On the other hand, in the central area
of the substrate, the polishing rate in the éase of “New Type 0 mm” is the highest, the
polishing rate in the case of “New Type 50 mm” is the second highest, and the polishing rate
in the case of “New Type 100 mm” is the lowest. Thus, it is understood that the installation
position of the pad contact member has a considerable effect on the polishing profile in the
central area of the substrate. Here, the distribution of the polishing rate in the case of “New
Type 50 mm” is closest to that in the case of “Ref without Slider”, and the polishing profile

of the substrate becomes flatter in the case of “New Type 50 mm”.
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FIGS. 8B, 8C and 8D show the relationship between a radial position on the
polishing pad and the temperature ratio of the polishing pad when 50 seconds have elapsed
since the start of polishing of the substrate. FIG. 8B shows data in the case of not using a
pad contact member (Ref) and data in the case of “New Type 0 mm”, FIG. 8C shows data in
the case of not using a pad contact member (Ref) and data in the case of “New Type 50 mm”,
and FIG. 8D shows data in the case of not using a pad contact member (Ref) and data in the
case of “New Type 100 mm”. The temperature ratio of the polishing pad is determined by
using the temperature at a measurement point closest to the center of the polishing pad as the
criterion of 1 in the case of using “New Type 0 mm”. The range of radial position on the
polishing pad in which the temperature is measured corresponds to the range in which the
substrate is brought into contact with the polishing pad.

As is clear from FIGS. 8B through 8D, it is understood that the temperature of the
polishing pad is higher in the case of using the pad contact member than in the case of not
using a pad contact member, the location of temperature increase changes with the
movement of the installation position of the pad contact member, and in either case the
temperature ratio of the polishihg pad becomes not more than 1 when the radial position on
the polishing pad exceeds 230 mm, and then the pad temperature decreases as the radial
position comes closer to the outer circumferential portion of the polishing pad. Of the cases
“New Type 0 mm”, “New Type 50 mm” and “New Type 100 mm?”, the distribution of the
temperature ratio of the polishing pad in the case of “New Type 50 mm” shown in FIG. 8B
is closest to that in the case of not using a pad contact member (Ref).

FIG. 8E shows a change with time of the temperature of the polishing pad in a
portion with which the center of the substrate (wafer) is brought into contact. All the cases
“New Type 0 mm”, “New Type 50 mm” and “New Type 100 mm” show substantially the
same profile of the change in the pad temperature so as to overlap one another, though there
is a slight difference between the respective profiles, and shows the profiles of the change
similar to the profile of the change in the case of “Ref”.

As shown in FIGS. 8B, 8C and 8D, the surface temperature of the polishing pad 3
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heated by the pad contact member 11 varies with the radial position on the polishing pad 3.
As described above with reference to FIG. 9, the center of the substrate W to be polished is
positioned on the concentric circle C1. The top ring 1 holding the substrate W remains at
the position shown in FIG. 1 during polishing, and therefore the center of the substrate W is
positioned on the concentric circle C1 at all times. Because the substrate W being polished
rotates about the center of the substrate by the rotation of the top ring 1, the point on the
polishing pad 3 which is brought in contact with a particular point on the substrate, located at
a distance from the center of the substrate, changes with every moment. In other words, the
particular point on the substrate comes into contact with different points on the polishing pad
3 located at different radial positions every moment. Because the surface temperature of
the polishing pad 3 varies with the radial position on the polishing pad 3, respective points
on the substrate each momentarily come into contact with different temperatures. The
substrate is thus subjected to a temperature history.

FIGS. 10A, 10B and 10C are views illustrating the concept of the temperature
history.

FIG. 10A is a perspective view showing the polishing pad 3, the substrate (wafer)
W and the pad contact member 11. As shown in FIG. 10A, the polishing pad 3 rotates
about its own center O1, and the substrate W which is brought into sliding contact with the
polishing pad 3 rotates about its own center O2. Four concentric circles C1, C2, C3 and C4
are drawn around the center Ol on the polishing pad 3. Because the surface of the
polishing pad 3 is being heated by the pad contact member 11, the surface temperature of the
polishing pad 3 varies with the radial position on the polishing pad 3 as shown by the upper
graph in FIG. 10A. During 360 — degree rotation of the substrate W, respective points on
the surface, being polished, of the substrate W which is brought in contact with the surface
of the polishing pad 3 come into contact with respective points, having different surféce
temperatures, located at different radial positions on the polishing pad 3.

The relationship between the rotation angle (0° — 360°) of the substrate and the

surface temperature of the polishing pad 3 at a point which changes with every moment and
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which is in contact with & point on the substrate, located on a circle having a radius R and
centered at the center O2 of the substrate W, with the radius R being as a variable (R =0 —
150 mm when the diameter of the substrate is 300 mm) can be defined as temperature
history. The temperature history can be expressed in a graph as shown in FIG. 10B in
which the horizontal axis represents the rotation angle (0° — 360°) of the substrate, and the
vertical axis represents the surface temperature of the polishing pad 3 at a point which
changes with every moment and which is in contact with the point on the substrate
(hereinafter referred to also as “the surface temperature of the polishing pad 3).
Specifically, when the radius R = 0, the point on the substrate is always located on the
concentric circle C2 on the polishing pad 3 as shown in FIG. 10A, and therefore the surface
temperature of the polishing pad 3 does not change even if the rotation angle of the substrate
changes. Thus, the relationship between the rotation angle of the substrate and the surface
temperature of the polishing pad 3 can be expressed as a straight line parallel to the
horizontal axis, as shown in FIG. 10B. As the radius R increases, the line that represents
the relationship between the rotation angle of the substrate and the surface temperature of the
polishing pad 3 becomes a wave shape having ridges and valleys with an increasing
amplitude. In the illustrated example, three lines in the cases of R = 0 mm, R = 5 mm, and
R =150 mm are shown.

As described above, FIG. 10B shows the temperature history, with respect to the
rotation angle of the substrate, of a point on the substrate in the cases of R =0 mm, R =5
mm, and R = 150 mm. FIG. 10C shows integration data on the temperature history at a
radial position R on the substrate which are integrated over the rotational angle range of 0° to
360°. The integrated value in the case of R = 0 mm, 5 mm or 150 mm, for example, can be
determined by determining the area between each of the lines and the horizontal axis in FIG.
10B. The relationship between the radius R on the substrate (radial position on the
substrate) and the integrated value determined in each radius R can be defined as the
integrated value of the temperature history during 360 — degree rotation of the substrate.

This integrated value of the temperature history can be expresses as shown in FIG. 10C.
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With reference to the exemplary data illustrated in FIG. 10C, the integrated value of the
temperature history is the largest at the center of the substrate, and the integrated value
decreases toward the outer circumferential side in the radial position on the substrate. Here,
although the expression “the integrated value of the temperature history” is used, the
expression “the integrated value of the amount of heat” may be used if the temperature
history is taken as the amount of heat that the substrate has received from the polishing pad.

Thus, the amount of heat that the substrate receives from the polishing pad is
calculated, and from the calculated amount of heat, the integrated value of the amount of
heat associated with the rotation of the substrate is calculated for each of different radial
positions on the substrate, thereby obtaining a profile of the integrated value of the amount
of heat in the radial direction of the substrate. The profile of the integrated value of the
amount of heat is prepared and accumulated for each of those areas of the polishing pad
whose surface temperatures are adjusted. Then, in comparison with the profile of the
integrated value of the amount of heat in the reference case of not using a pad contact
member, a profile closest to the reference profile of the integrated value of the amount of
heat is selected from the accumulated profiles of the integrated value of the amount of heat.
Based on the selected profile of the integrated value of the amount of he;dt, tl-leA areé where
the surface temperature of the polishing pad is adjusted is determined.

FIGS. 11A, 11B and 11C are views showing the evaluation results of the polishing
rate (FIG. 11A) in the case where the pad contact member 11 of the present invention shown
in FIGS. 6A and 6B is moved radially on the polishing pad 3, the evaluation results of the
integrated values of the temperature history (FIG. 11B) and the evaluation results of the
normalized integrated values of the temperature history (FIG. 11C). The integrated value
of the temperature history has been evaluated under the same condition in the rotational
speed of the top ring 1 and the rotational speed of the polishing table 2 as in the case where
the integrated value of the temperature history shown in FIG. 10C has been determined.

In FIGS. 11A, 11B and 11C, “Ref without Slider”, “New Type 0 mm”, “New Type

50 mm” and “New Type 100 mm” have been described above with reference to FIG. 9.
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Further, FIG. 11A is the same graph as FIG. 8A. )

As is clear from FIG. 11A, in the central area of the substrate, there is a
considerable variation in the polishing rate between the cases of “New Type 0 mm”, “New
Type 50 mm” and “New Type 100 mm”. It is therefore conceivable that the polishing
profile of the substrate and the temperature of the substrate have a correlation. The
distribution of the polishing rate in the case of “New Type 50 mm” is closest to that in the
case of “Ref without Slider”, and the polishing profile becomes flatter in the case of “New
Type 50 mm”. On the other hand, the polishjng rate in the central area of the substrate is
the highest in the case of “New Type 0 mm”.

FIG. 11B shows the integrated value of the temperature history at a radial position
on the substrate. As can be seen in FIG. 11B, the integrated value of the temperature
history is large in the case of “New Type 0 mm” in an area around the center of the substrate,
and large in the case of “New Type 50 mm” in an area with the radius R ranging from about
50 mm to 80 mm, and then large in the case of “New Type 100 mm” in an area with the
radius R of not less than about 80 mm. FIG. 11C shows data obtained by normalizing the
data of FIG. 11B.

As is clear from the normalized data in FIG. 11C, it is understood that the profile in
the case of using “New Type 50 mm” is closest to the profile in the case of “Ref without
Slider”. From the viewpoint of increasing the polishing rate, it is preferred to employ
“New Type 0 mm” which makes the temperature of the central portion of the substrate
higher. Thus, it is considered that the temperature of the radially outer area of the substrate
should be further increased while keeping the installation position of the pad contact member
at “New Type 0 mm”.

FIGS. 12A and 12B are comparative views showing the pad contact member 11
shown in FIGS. 6A and 6B according to the above-described embodiment of the present
invention and a pad contact member 11 according to another embodiment of the present
invention. FIG. 12A is a plan view showing the pad contact member 11 shown in FIGS.

6A and 6B, the polishing pad 3 and the substrate (wafer) W to be polished, and FIG. 12Bis a
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plan view sfl’owing the pad contact member 11 according to another embodiment of the
present invention, the polishing pad 3 and the substrate (wafer) W to be polished.

While the pad contact member 11 shown in FIG. 12A has a planar shape of a
generally trapezoidal shape, the pad contact member 11 shown in FIG. 12B has a planar
shape of a generally hexagonal shape. Specifically, the pad contact member 11 shown in
FIG. 12B has an upper side 11a, a lower side 11b, and right and left sides 11s, 11s. The
right and left sides 11s, 11s have first sides 11s1, 11s1 extending approximately orthogonally
to the upper side 11a from their ends toward the outer circumferential side of the polishing
pad 3, and second sides 11s2, 11s2 which are bent inward from the ends of the first sides
11s1, 11sl. Therefore, the pad contact member 11 has a planar shape of a generally
hexagonal shape. Further, as with the pad contact member 11 shown in FIG. 11A, both end
portions of the upper surface 11a of the pad contact member 11 are inclined with respect to
the central portion and form inclined sides 11al, 11lar. Thus, the planar shape of the pad
contact member 11 should be called a deformed octagonal shape.

As is clear from FIGS. 12A and 12B, the pad contact member 11 shown in FIG.
12B has such a shape that a rectangular portion, surrounded by the first sides 11s1, 11s1 and

two lines connecting the corresponding ends of the first sides 11s1, 1151, is added to the pad

.contact member 11 shown in FIG. 12A. Specifically, the pad contact member 11 shown in

FIG. 12B has an increased heating area so that an outer circumferential portion of the
polishing pad 3 can also be heated.

FIGS. 13A, 13B and 13C are perspective views each showing the construction of a
flow passage formed in the pad contact member 11 shown in FIG. 12B.

In the pad contact member 11 shown in FIG. 13A, a plurality of partitions 14
provided therein extend laterally, and one ends of the partitions 14 are connected to an outer
frame. These partitions 14 form a single multi-folded zigzag flow passage. The liquid
flows into the pad contact member 11 from an inflow port (IN), and flows through the zigzag
flow passage and flows out from a discharge port (OUT).

In the pad contact member 11 shown in FIG. 13B, a plurality of partitions 14
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provided therein extend vertically, and one ends of the partitions 14 are connectéd to an
outer frame. These partitions 14 form a single multi-folded zigzag flow passage. The
liquid flows into the pad contact member 11 from an inflow port (IN), and flows through the
zigzag flow passage and flows out from a discharge port (OUT).

In the pad contact member 11 shown in FIG. 13C, a laterally-extending first
partition 14A is provided in the interior, and the both ends of the first partition 14A are
connected to an outer frame. Thus, the interior of the pad contact member 11 is divided by
the first partition 14A into two upper and lower spaces (areas). A plurality of
vertically-extending second partitions 14B are provided in each of the upper and lower
spaces. Each of the second partitions 14B, at its one end, is connected to the outer frame or
to the first partition 14A. Therefore, a single multi-folded zigzag flow passage is formed
by the plural partitions 14B in each of the upper and lower spaces. The liquid flows into
the pad contact member 11 from two inflow ports (IN) formed in the upper and lower spaces,
and flows through the two parallel zigzag flow passages and flows out from two discharge
ports (OUT).

FIG. 14A is a view showing the case where the evaluation results of the integrated
value of the temperature history in the case of using the pad contact member 11 according to
another embodiment of the present invention shown in FIG. 12B is added to the evaluation
results of the integrated value of the temperature history shown in FIG. 11B. In FIG. 14A,
the data of “New Type 0 mm + 100 mm” correspond to the estimated integrated value of the
temperature history which can be expected to be obtained by using the pad contact member
11 shown in FIG. 12B. Since the pad contact member 11 shown in FIG. 12B can be
thought to be approximated by the combination of the “New Type 0 mm” and the “New
Type 100 mm” shown in FIG. 9, the data of “New Type 0 mm + 100 mm” are shown as the
estimated temperature history in FIG. 14A.

FIG. 14B shows data obtained by normalizing the data of FIG. 14A. As is clear
from the normalized data shown in FIG. 14B, it is understood that, as with the case of “New

Type 50 mm”, the profile of the normalized integrated value of the temperature history in the
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case of using “New Type 0 mm + 106 mm” can be approximated by the profile of the
normalized integrated value of the temperature history in the case of “Ref without Slider”.

The evaluation results of temperature in the case where the surface of the polishing
pad 3 is heated by using the pad contact member 11 according to another embodiment of the
present invention shown in FIGS. 13A, 13B and 13C and by changing the flow rate of the
liquid (heated water) supplied to the pad contact members 11 will be described with
reference to FIGS. 15A, 15B and 15C.

The pad contact member 11 is placed on the polishing pad 3 such that the midpoint
of the lower side 11b of the pad contact member 11 accords with a circle (radius: 290 mm)
on the polishing pad.

FIG. 15A shows the relationship between a radial position on the substrate and the
integrated value of the temperature history experienced by the substance surface in the case
of using the various pad contact members.

Of the pad contact members 11 according to other embodiments of the present
invention, the case of using the pad contact member shown in FIG. 13A is herein referred to
as “Lateral Flow”, the case of using the pad contact member shown in FIG. 13B is herein
referred to as “Vertical Flow”, and the case of using the pad contact member shown in FIG.
13C is divided into three types and herein referred to as “Center Only”, “Edge Only” or
“Both”. “Center Only” indicates the case where heated water is allowed to flow only in the
flow passage formed in the space, located on the center side of the polishing pad, of the two
spaces divided by the first partition 14A. “Edge Only” indicates the case where heated
water is allowed to flow only in the flow passage formed in the space, located on the outer
circumferential side of the polishing pad, of the two spaces divided by the first partition 14A.
“Both” indicates the case where heated water is allowed to flow in both of the two spaces
divided by the first partition 14A. Further, “New Type 0 mm?” is shown, and “New Type 0
mm” indicates the case where the pad contact member having the shape described in FIGS.
6A, 6B and 6C is placed at the locations described in FIGS. 8A through 8E. In either case,

heated water is supplied to the pad contact member at a flow rate of 5.0 liters/min.
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As is clear from FIG. 15A, the integrated value of the pad temperature history can
be controlled by changing the area, to which heated water is supplied, of the pad contact
member. Further, it is considered that the integrated value of the temperature history can
be finely controlled by changing the flow rate of heated water supplied to the pad contact
member. The data shown in FIG. 15A correspond to data in the case where polishing of
the substrate was not performed. However, it is conceivable that also in the case of
performing polishing of the substrate, the integrated value of the temperature history can be
controlled by changing the area, to which heated water is supplied, of the pad contact
member, and thus the polishing profile can be controlled.

FIG. 15B shows the temperature of the polishing pad at a radial position on the
polishing pad in the cases of “Both”, “Center Only” and “Edge Only”. As is clear from
FIG. 15B, in the case of “Edge Only”, the temperature of the polishing pad starts to increase
from the radial position on the polishing pad of about 150 mm or thereabout, and becomes
the maximum at the radial position of about 250 mm or thereabout. In the case of “Center
Only”, the temperature of the polishing pad starts to increase when the radial position on the
polishing pad reaches about 80 mm, and becomes the maximum from about 150 mm or
thereabout, and then decreases when the radial position on the polishing pad reaches about
200 mm. In the case of “Both”, the profile is represented by a curved line having a
combination of the features of the profiles in the cases of “Center Only” and “Edge Only”,
and thus steady high temperature state of the polishing pad continues over a wide range of
radial position on the polishing pad.

FIG. 15C shows the temperature of the polishing pad at a radial position on the
polishing pad in the cases of “Both”, “Lateral Flow” and “Vertical Flow”. As is clear from
FIG. 15C, in all the cases, the temperatures of the polishing pad show temperature change
curves similar to each other. However, the temperature of the polishing pad is slightly
higher in the case of “Both” than in the cases of “Lateral Flow” and “Vertical Flow” in a
radial position range of not less than 170 mm. Although heated water is supplied into the

entire interior space of the pad contact member in the cases of “Lateral Flow” and “Vertical
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Flow”, the temperature of the polishing pad can be adjusted by cHa’mging the installation
location of the pad contact member on the polishing pad.

The data shown in FIGS. 15A, 15B and 15C were obtained by supplying heated
water to the pad contact members at a flow rate of 5 liters/min. The temperature of the
polishing pad can be adjusted by supplying heated water into the two spaces, divided by the
first partition 14A, at different flow rates. Further, the temperature of the polishing pad can
be adjusted by changing the temperature of the flowing liquid.

In the above-described embodiments, the temperature distribution in the radial
direction of polishing pad is made close to that in the case of not using a pad contact member
by using the pad contact member 11 having a deformed hexagonal shape (FIGS. 6A and 6B)
or the pad contact member 11 having a deformed octagonal shape (FIGS. 13A, 13B and
13C), or by changing the flow passage for liquid (heated water). Howevér, an ideal
temperature distribution in the radial direction of the polishing pad varies depending on the
polishing process. Therefore, it is desirable that the pad contact member 11 shown in FIGS.
6A and 6B and the pad contact member 11 shown in FIGS. 13A, 13B and 13C are movable
in the radial direction of the polishing pad so as to control the temperature distribution in the
radial direction of the polishing pad.

FIG. 16 is a perspective view showing a pad temperature adjustment mechanism 5
which has a mechanism for moving the pad contact member 11 in the radial direction of the
polishing pad. As shown in FIG. 16, an arm 54 for supporting the pad contact member 11
can be reciprocated manually in the radial direction of the polishing pad 3 as shown by the
arrow. Thus, an area in the radial direction of the polishing pad 3 to be heated by the pad
contact member 11 can be appropriately selected, thereby controlling the temperature
distribution in the radial direction of the polishing pad 3.

FIG. 17 is a perspective view showing a pad temperature adjustment mechanism 5
which has an automated mechanism for reciprocating the pad contact member 11 in the
radial direction of the polishing pad. As shown in FIG. 17, an arm 54 for supporting the

pad contact member 11 can be reciprocated in the radial direction of the polishing pad 3 by a
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motor 55. The motor 55 is controlled by a motor controller 56. A plurality of
thermographs or radiation thermometers 57 are disposed above the polishing pad 3 so that
the distribution of the surface temﬁeramre of the polishing pad 3 can be measured. The
motor controller 56 and the radiation thermometers 57 are connected to a main controller 58.
With the configuration shown in FIG. 17, by inputting the measurement result of the
radiation thermometers 57 into the main controller 58 and controlling the motor controller 56
by the main controller 58, the measurement result of the surface temperature distribution in
the polishing pad 3 is fed back, so that the pad contact member 11 can be moved so as to
obtain a desired temperature distribution in the radial direction of the polishing pad 3.

| FIG. 18 is a view showing an embodiment in which the pad contact member 11 is
divided into a plurality of regions, i.e., an inner region and an outer region in the radial
direction of the polishing pad 3, and a liquid (heated water) can Be supplied individually to
each of the inner and outer regions so as to control the temperature in the radial direction of
the polishing pad 3 for each of the corresponding inner and outer areas. The pad contact
member 11 shown in FIG. 18 may have the same construction as that shown in FIGS. 13A,
13B and 13C. As shown in FIG. 18, the pad contact member 11 comprises a pad contact
portion 11A Jocated at an inner position in the radial direction of the polishing pad 3, and a
pad contact portion 11B located at an outer position in the radial direction of the polishing
pad 3. A liquid (heated water) can be supplied individually to each of the pad contact
portions 11A, 11B. Specifically, the liquid (heated water) can be supplied from a liquid
supply tank 31 through supply lines 32A, 32B to the pad contact portions 11A, 11B,
respectively. Proportional control valves 61A, 61B are installed in the supply lines 32A,
32B, respectively, so that the flow rate of the liquid (heated water) to be supplied to each of
the pad contact portions 11A, 11B can be controlled individually by the proportional control
valves 61A, 61B. A plurality of thermographs or radiation thermometers 57 are disposed
above the polishing pad 3 so that the distribution of the surface temperature of the polishing
pad 3 can be measured. The radiation thermometers 57 and the proportional control valves

61A, 61B are connected to a temperature controller 62. With the configuration shown in
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FIG. 18, the liquid (heated water) can be supplied individually at a controlled flow rate to
each of the pad contact portions 11A, 11B located at an inner position and at an outer
position of the polishing pad 3, and thus the temperature in the radial direction of the
polishing pad 3 can be controlled for each of the corresponding inner and outer areas. In
FIG. 18, the pad contact member 11 is divided into the two inner and outer regions in the
radial direction of the polishing pad 3. However, the pad contact member 11 may be
divided into three or more regions. As shown in FIG. 18, cold water can also be supplied to
the supply lines 32A, 32B. Although the proportional control valves 61A, 61B for
changing the mixing ratio between heated water and cold water is shown in FIG. 18, it is
possible to employ a switching system configured to switch between heated water and cold
water by means of switching valves and adjust the flow rate by means of a flow rate
regulating valve as shown in FIG. 2.

FIG. 19 is a view showing an embodiment in which é plurality of pad contact
members 11, each comprised of a ceramic heater having a built-in heater, are arranged in the
radial direction of the polishing pad 3 so as to control the temperature in the radial direction
of the polishing pad 3 for each of the corresponding annular areas. As shown in FIG. 19,
the plural pad contact members 11 comprising a ceramic heater are arranged side by side in
the radial direction of the polishing pad 3. Electric power is supplied from a power-supply
device 63 to each of the pad contact members 11. A plurality of thermographs or radiation
thermometers 57 are disposed above the polishing pad 3 so that the distribution of the
surface temperature of the polishing pad 3 can be measured. The radiation thermometers
57 and the power source devices 63, 63 are connected to a temperature controller 62. With
the configuration shown in FIG. 19, by inputting the measurement results of the radiation
thermometers 57 into the temperature controller 62 and controlling the power-supply devices
63, 63 by the temperature controller 62, the measurement result of the surface temperature
distribution in the polishing pad 3 is fed back, so that the pad contact members 11, 11, each
comprised of a ceramic heater, can be controlled so as to obtain a desired temperature

distribution in the radial direction of the polishing pad 3.
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The pad temperature adjustment mechanism 5 of the present invention is
configured to be capable of switchably supplying heated water and cold water to the pad
contact member 11, and thus the pad temperature adjustment mechanism 5 is capable of not
only heating but also cooling the surface of the polishing pad 3.

FIG. 20A is a diagram showing a liquid supply system for selectively supplying
heated water and cold water to the pad contact member 11. FIG. 20A is a diagram showing
the liquid supply system of FIG. 2 in a simplified manner. As shown in FIG. 20A, a valve
V1 is installed in the supply line 32 so that heated water can be supplied to the pad contact
member 11 via the valve V1. The heated water flowing in the supply line 32 can be
returned to the liquid supply tank 31 (see FIG. 2) via a valve V2 and thus can be circulated.
A valve V3 is installed in the cold water line 41 so that cold water can be supplied to the pad
contact member 11 via the valve V3. A valve V4 is installed in the return line 33 so that
the heated water that has been supplied to the pad contact member 11 can be returned to the
liquid supply tank 31 (see FIG. 2) via the valve V4. The cold water flowing in the return
line 33 can be discharged via a valve V5. As described above, the valve V1 is a heated
water supply valve, the valve V2 is a heated water circulation valve, the valve V3 is a cold
water supply valve, the valve V4 is a heated water return valve, and the valve V5 is a water
discharge valve.

FIG. 20B is a diagram showing the states of the respective valves when performing
switching from the supply of heated water to the supply of cold water and switching from
the supply of cold water to the supply of heated water. As shown in FIG. 20B, when the
liquid to be supplied to the pad contact member 11 is switched from heated water to cold
water, the valves are switched in the following manner: The valve V1 is switched from
“Open” to “Close”; the valve V2 is switched from “Close” to “Open” with a delay; the valve
V3 is switched from “Close™ to “Open”; the valve V4 is switched from “Open” to “Close”
with a delay; and the valve V5 is switched from “Close” to “Open” with a delay. When the
liquid to be supplied to the pad contact member 11 is switched from cold water to heated

water, the valves are switched in the following manner: The valve V1 is switched from
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“Close” to “Open”; the valve V2 is switched from “Open” to “Close™; the valve V3 is
switched from “Open” to “Close”; the valve V4 is switched from “Close” to “Open” with a
delay; and the valve V5 is switched from “Open” to “Close” with a delay. In this manner,
the valves V1 to V5 are switched optionally with an appropriate delay. When switching
from the supply of heated water to the supply of cold water, the heated water remaining in
the pad contact member 11 and the piping is returned to the temperature regulator. When
switching from the supply of cold water to the supply of heated water, cold water remaining
in the pad contact member 11 and the piping is discharged to prevent a lowering of
temperature of the heated water in the temperature regulator.

A method for controlling switching between the supply of heated water and the
supply of cold water in order to control the surface temperature of the polishing pad 3 at a
preset temperature will now be described with reference to FIGS. 21A and 21B.

FIG. 21A is a view showing a change in the surface temperature of the polishing
pad 3. The horizontal axis represents time and the vertical axis represents the surface
temperature of the polishing pad 3. Preset temperatures Ts1 and Ts2 for the surface of the
polishing pad 3 are shown on the vertical axis.

As shown in FIG. 21A, the supply of heated water is started when the current
temperature of the polishing pad 3 is lower than the preset temperature Ts2, i.e., when preset
temperature > current temperature (start of step 1). Then, the supply of cold water is started

when the current temperature of the polishing pad 3 becomes higher than the preset

temperature Tsl, i.e., when preset temperature < current temperature (start of step 2).

FIG. 21B is an enlarged view of the portion A of FIG. 21A. As shown in FIG.
21B, an upper control limit and a lower control limit are set on the preset temperature Tsl.
When the current temperature of the polishing pad 3 reaches the upper or lower control limit
of the preset temperature Ts1, a valve switching signal is sent out. The CMP controller 50
(see FIG. 2) switches the valves for heated water or cold water based on the state of the valve
switching signal. The switching of the valves is performed in the manner described above

with reference to FIGS. 20A and 20B.
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Althdt'lgh the embodiments of the present invention have been described herein, the
present invention is not intended to be limited to these embodiments. Therefore, it should
be noted that the present invention may be applied to other various embodiments within a

scope of the technical concept of the present invention.
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What is claimed is:

1. A polishing method for polishing a substrate by pressing the substrate against a
polishing pad on a polishing table, comprising:

a polishing pad surface temperature adjustment step of adjusting a surface
temperature of the polishing pad; and

a polishing step of polishing the substrate by pressing the substrate against the
polishing pad having the adjusted surface temperature;

wherein under a first polishing condition that a polishing rate becomes substantially
constant in a radial direction of the substrate when the substrate is polished for a
predetermined time by the polishing pad whose surface temperature is not adjusted, the
substrate is polished for the predetermined time to obtain a temperature distribution in the
radial direction of the surface of the polishing pad, the obtained temperature distribution
being used as a reference;

wherein in the polishing pad surface temperature adjustment step, the substrate is
polished during the polishing step under the same polishing condition as the first polishing
condition while the surface temperature of the polishing pad is adjusted, and the surface
temperature of a part of an area of the polishing pad, the area being to be brought in contact
with the substrate, is adjusted during the polishing step so that the rate of temperature change,
showing a degree of increase, from the temperature in the temperature distribution used as
the reference, in a temperature in a radial direction of the surface of the polishing pad after
an elapse of the predetermined time from start of the polishing step, becomes constant in the

radial direction of the polishing pad.

2. The polishing method according to claim 1, wherein the polishing pad surface
temperature adjustment step is carried out by heating or cooling the part of the area of the
polishing pad by using a pad contact member which is brought in contact with the surface of

the polishing pad.
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3. The polishing method according to claim 1 or 2, wherein the rate of
temperature change of the temperature prefte in the radial direction of the surface of the

polishing pad is calculated for each of temperature measurement points on the polishing pad.

4. The polishing method according to any one of claims 1 to 3, wherein the
temperature distribution in the radial direction of the surface of the polishing pad is prepared
by defining a plurality of areas in the radial direction of the polishing pad, providing at least
one temperature measurement point on the polishing pad in each area, and using measured

values measured at the temperature measurement points.

5. The polishing method according to claim 4, wherein in the case where a
plurality of temperature measurement points are provided in the area, the measured values
measured at the plural temperature measurement points are used individually or the average

value of the measured values is used.

6. The polishing method according to any one of claims 1 to 5, wherein the part of
the area of the polishing pad whose surface temperature is adjusted is variable during the
polishing step so that the rate of temperature change of the temperature prefile in the radial
direction of the surface of the polishing pad becomes constant in the radial direction of the

polishing pad.

7. The polishing method according to any one of claims 1 to 6, wherein the
temperature measurement of the polishing pad is performed by a thermograph or a radiation

thermometer.

8. The polishing method according to any one of claims 1 to 7, wherein the part of
the polishing pad whose surface temperature is adjusted is at least one of a plurality of

concentric annular areas defined in the radial direction of the polishing pad.
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9. The polishing method according to claim 2, wherein the pad contact member is
moved in the radial direction of the polishing pad to change the area of the polishing pad
whose surface temperature is adjusted during the polishing step so that the rate of
temperature change in the radial direction of the surface of the polishing pad becomes

constant in the radial direction of the polishing pad.
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