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SUBSTRATE HOLDER, POLISHING APPARATUS, POLISHING METHOD, AND
RETAINING RING

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a substrate holder for holding a substrate, such as
a wafer, and more particularly to a substrate holder for use in polishing a surface of a
substrate by pressing the substrate against a polishing tool, such as a polishing pad.
Further, the present invention relates to a polishing apparatus and a polishing method
using such a substrate holder.- Furthermore, the present invention relates to a retaining
ring for use in the substrate holder.

Description of the Related Art:

In a fabrication process of a semiconductor device, a polishing apparatus is
widely used for polishing a surface of a wafer. The polishing apparatus of this type
includes a polishing table for supporting a polishing pad having a polishing surface, a
substrate holder, which is called a top ring or a polishing head, for holding the wafer, and
a polishing liquid supply nozzle for supplying a polishing liquid onto the polishing
surface.

The polishing apparatus polishes the wafer as follows. The polishing table is
rotated together with the polishing pad, while the polishing liquid is supplied from the
polishing liquid supply nozzle onto the polishirig surface. The wafer is held by the
substrate holder, and the wafer is rotated about its axis. In this state, the substrate holder
presses the surface of the wafer against the polishing surface of the polishing pad so that
the surface of the wafer is placed in sliding contact with the polishing surface in the
presence of the polishing liquid. The surface of the wafer is planarized by a mechanical
action of abrasive grains contained in the polishing liquid and a chemical action of the

polishing liquid. Such polishing apparatus is called a CMP (chemical mechanical
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polishing) apparatus.

During polishing of the wafer, a frictional force acts on the wafer, because the
surface of the wafer iS in sliding contact with the polishing pad. Therefore, in order to
prevent the wafer from disengaging from the substrate holder during polishing of the
wafer, the substrate holder includes a retaining ring.  This retaining ring is disposed so as
to surround the wafer, and is configured to press the polishing pad outside the wafer.

A polishing rate (which is also referred to as a removal rate) of the wafer can
vary depending on polishing conditions, such as a load of the wafer on the polishing pad,
a load of the retaining ring, rotating speeds of the polishing table and the wafer, and type
of polishing liquid. In a case of polishing a plurality of wafers successively, the
polishing conditions are typically kept constant in order to obtain the same polishing
results. However, as the wafers are polished, an edge profile of each wafer may vary
gradually despite the same polishing conditions. Specifically, the polishing rate of an
edge portion of the wafer increases in accordance with an increase in the number of
polished wafers.

A possible cause of such an increase in the polishing rate is a deformation of the
retaining ring. FIG. 19 is a schematic view showing the retaining ring when polishing of
a wafer is performed. As shown in FIG. 19, during polishing of a wafer W, a retaining
ring 200 is pressed against a polishing surface 201a of a rotating polishing pad 201. As
a result, the retaining ring 200 wears. In particular, an inner circumferential surface and
an outer circumferential surface of the retaining ring 200 wear, thus forming a rounded
shape. If the inner circumferential surface of the retaining ring 200 wears as shown in
FIG. 19, a force of the retaining ring 200 that presses a pad region near the edge portion

of the wafer W is reduced. As aresult, the polishing rate of the edge portion increases.

SUMMARY OF THE INVENTION
The present invention has been made in order to solve the above-described

drawback. It is therefore an object of the present invention to provide a substrate holder
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capable of preventing an increase in a polishing rate of an edge portion of a substrate,
even when polishing a plurality of substrates (e.g., wafers) successively. Further, it is an
object of the present invention to provide a polishing apparatus and a polishing method
using such a substrate holder. Furthermore, it is an object of the present invention to
provide a retaining ring for use in the substrate holder.

In one aspect of the present invention, there is provided a substrate holder for
pressing a substrate against a polishing pad, comprising: a top ring body configured to
hold the substrate; and a retaining ring disposed so as to surround the substrate held by
the top ring body, the retaining ring including a pad pressing structure in an annular shape
which is to be brought into contact with the polishing pad, and the pad pressing structure
having a width in a range of 3 mm to 7.5 mm.

In one aspect of the present invention, there is provided a polishing apparatus
comprising: a polishing table for supporting a polishing pad; a substrate holder configured
to hold a substrate and to press the substrate against the polishing pad; and a polishing
liquid supply nozzle configured to supply a polishing liquid onto the polishing pad, the
substrate holder including a top ring body configured to hold the substrate, and a retaining
ring disposed so as to surround the substrate held by the top ring body, the retaining ring
including a pad pressing structure in an annular shape which is to be brought into contact
with the polishing pad, and the pad pressing structure having a width in a range of 3 mm
to 7.5 mm.

In one aspect of the present invention, there is provided a polishing method
comprising: rotating a polishing table and a polishing pad; supplying a polishing liquid
onto the polishing pad; and pressing a substrate against the polishing pad while pressing a
substrate against the polishing pad while a pad pressing structure is surrounding the
substrate and pressing the polishing pad, the pad pressing structure being in an annular
shape having a width in a range of 3 mm to 7.5 mm.

In one aspect of the present invention, there is provided a retaining ring for use

in a substrate holder for pressing a substrate against a polishing pad, comprising: a pad
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pressing structure in an annular shape which is to be brought into contact with the
polishing pad, the pad pressing structure having a width in a range of 3 mm to 7.5 mm.
Since the width of the pad pressing structure is small, the pad pressing structure
can have a self-restoring function of its shape. That is, when the shape of the pad
pressing structure is changed as a result of the wear, an area of the pad contact surface of
the pad pressing structure is reduced while the pressure of the pad contact surface is
increased. When the pressure of the pad contact surface is increased, the pad contact
surface is more likely to wear, and as a result the area of the pad contact surface is
increased. While such small changes in the pressure and the area of the pad contact
surface occur repeatedly, the shape of the pad pressing structure is kept approximately
constant. Therefore, the retaining ring having the narrow pad pressing structure can

stabilize the polishing rate at the edge portion of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a polishing apparatus including a substrate holder
according to an embodiment;

FIG. 2 is a view showing a detailed structure of the polishing apparatus;

FIG. 3 is a cross-sectional view of a top ring;

FIG 4 is a plan view showing a drive ring and a coupling member;

FIG. 5 is a view of a spherical bearing;

FIG. 6A is a view showing a manner in which the coupling member is vertically
moved relative to the spherical bearing;

FIG. 6B and FIG. 6C are views each showing a manner in which the coupling
member tilts in unison with an inner bearing ring;

FIG. 7 is an enlarged cross-sectional view of another example of the spherical
bearing;

FIG. 8A a view showing a manner in which the coupling member is vertically

moved relative to the spherical bearing;
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FIG. 8B and FIG. 8C are views each showing a manner in which the coupling
member tilts in unison with an intermediate bearing ring;

FIG. 9 is a perspective view of the retaining ring;

FIG. 10 is a bottom view of the retaining ring;

FIG. 11 is a side view of the retaining ring;

FIG. 12A is a vertical cross-sectional view showing a part of the retaining ring;

FIG. 12B is a bottom view showing a part of the retaining ring;

FIG. 13A, FIG. 13B, FIG. 13C and FIG. 13D are views each showing a manner
in which a pad pressing structure wears due to the sliding contact with the polishing pad;

FIG. 14 is a graph showing results of a structural analysis that has studied a
relationship between the width of the pad pressing structure and an amount of
deformation of the pad pressing structure;

FIG. 15 is a graph showing a surface shape of a conventional wide retaining ring
after a plurality of wafers have been polished;

FIG. 16 is a graph showing a surface shape of the retaining ring, having the pad
pressing structure with the width of 5 mm, after a plurality of wafers have been polished;

A FIG. 17 is a graph showing a surface shape of the retaining ring, having the pad
pressing structure with the width of 7.5 mm, after a plurality of wafers have been
polished;

FIG. 18 is a cross-sectional view showing another embodiment of the retaining
ring having the pad pressing structure; and

FIG. 19 is a schematic view showing the retaining ring when polishing the wafer.

DETAILED DESCRIPTION OF EMBODIMENTS
Embodiments will be described in detail below with reference to the drawings.
FIG. 1 is a schematic view of a polishing apparatus including a substrate holder
according to an embodiment. As shown in FIG. 1, the polishing apparatus includes a top

ring (or a substrate holder) 1 for holding and rotating a wafer (i.e., a substrate) W, a
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polishing table 3 for supporting a polishing pad 2 thereon, a polishing liquid supply
nozzle 5 for supplying a pol_ishing liquid (e.g., slurry) onto the polishing pad 2, and a film
thickness sensor 7 for obtaining a film thickness signal that varies according to a film
thickness of the wafer W. The film thickness sensor 7 is disposed in the polishing table
3 and obtains the film thickness signal at multiple regions, including a central region, of
the wafer W every time the polishing table 3 makes one revolution. Examples of the
film thickness sensor 7 include an optical sensor and an eddy current sensor.

The top ring 1 is configured to hold the wafer W on its lower surface by vacuum
suction. The top ring 1 and the polishing table 3 rotate in the same direction as indicated
by arrows. In this state, the top ring 1 presses the wafer W against a polishing surface 2a
of the polishing pad 2. The polishing liquid is supplied from the polishing liquid supply
nozzle 5 onto the polishing pad 2, so that the wafer W is polished by sliding contact with
the polishing pad 2 in the presence of the polishing liquid. During polishing of the wafer
W, the film thickness sensor 7 rotates together with the polishing table 3 and obtains the
film thickness signal while sweeping across a surface of the wafer W as shown by a
symbol A. This film thickness signal is an index value indicating the film thickness
directly or indirectly, and varies in accordance with a decrease in the film thickness of the
wafer W. The film thickness sensor 7 is coupled to a polishing controller 9 so that the
film thickness signal is transmitted to the polishing controller 9. This polishing
controller 9 is configured to terminate polishing of the wafer W when the film thickness
of ‘the wafer W, which is indicated by the film thickness signal, has reached a
predetermined target value. A

FIG. 2 is a view showing a detailed structure of the polishing apparatus. The
polishing table 3 is coupled to a motor 13 through a table shaft 3a and is rotated about the
table shaft 3a by the motor 13 which is disposed below the polishing table 3. The
polishing pad 2 is attached to an upper surface of the polishing table 3. An upper
surface of the polishing pad 2 provides the polishing surface 2a for polishing the wafer W.
When the polishing table 3 is rotated by the motor 13, the polishing surface 2a moves
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relati\./e to the top ring 1. Therefore, the motor 13 serves as a polishing surface moving
mechanism for moving the polishing surface 2a horizontal'ly.ﬂ

The top ring 1 is coupled to a top ring shaft 11, which is movable vertically
relative to a top ring head 16 by a vertically moving mechanism 27. A vertical
movement and positioning of the top ring 1 in its entirety relative to the top ring head 16
are achieved by the vertical movement of the top ring shaft 11. A rotary joint 25 is
mounted to an upper end of the top ring shaft 11.

The vertically moving mechanism 27 for elevating and lowering the top ring
shaft 11 and the top ring 1 includes a bridge 28 for rotatably supporting the top ring shaft
11 through a bearing 26, a ball screw 32 mounted to the bridge 28, a support base 29
supported by pillars 30, and a servomotor 38 mounted to the support base 29. The
support base 29 for supporting the servomotor 38 is secured to the top ring head 16
through the pillars 30.

The ball screw 32 has a screw shaft 32a coupled to the servomotor 38 and a nut
32b which is in engagement with the screw shaft 32a. The top ring shaft 11 is
configured to move vertically together with the bridge 28. Therefore, when the
servomotor 38 is set in motion, the bridge 28 moves vertically through the ball screw 32
to cause the top ring shaft 11 and the top ring 1 to move vertically.

The top ring shaft 11 is further coupled to a rotary cylinder 12 through a key (not
shown). This rotary cylinder 12 has a timing pulley 14 on its outer circumferential
surface. A top ring motor 18 is secured to the top ring head 16, and a timing pulley 20 is
mounted to the top ring motor 18. The timing pulley 14 is coupled to the timing pulley
20 through a timing belt 19. With these configurations, rotation of the top ring motor 18
is transmitted to the rotary cylinder 12 and the top ring shaft 11 through the timing pulley
20, the timing belt 19, and the timing pulley 14 to rotate the rotary cylinder 12 and the top
ring shaft 11 in unison, thus rotating the top ring 1 about its own axis. The top ring
motor 18, the timing pulley 20, the timing belt 19, and the timing pulley 14 constitute a

rotating mechanism for rotating the top ring 1 about its own axis. The top ring head 16
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is supported by a top ring head shaft 21 which is rotatably supported by a frame (not
shown). |

The top ring 1 is configured to hold a substrate, such as the wafer W, on its lower
surface. The top ring head 16 is configured to be able to pivot on the top ring head shaft
21, so that the top ring 1, holding the wafer W on its lower surface, is moved from a wafer
transfer position to a position above the polishing table 3 by the pivotal movement of the
top ring head 16. The top ring 1 is then lowered and presses the wafer W against the
polishing surface 2a of the polishing pad 2, while the top ring 1 and the polishing table 3
are rotated and the polishing liquid is supplied onto the polishing pad 2 from the polishing
liquid supply nozzle 5 disposed above the polishing table 3. The wafer W is placed in
sliding contact with the polishing surface 2a of the polishing pad 2, whereby the surface
of the wafer W is polished.

The top ring 1, which serves as the substrate holder, will be described in detail
below. FIG. 3 is a cross-sectional view of the top ring 1. As shown in FIG. 3, the top
ring 1 includes a top ring body 10 for holding the wafer W and pressing the wafer W
against the polishing surface 2a, and a retaining ring 40 disposed so as to surround the
wafer W. The top ring body 10 and the retaining ring 40 are rotatable in unison by the
rotation of the top ring shaft 11. The retaining ring 40 is configured to be vertically
movable relative to the top ring body 10.

The top ring body 10 has a circular flange 41, a spacer 42 mounted to a lower
surface of the flange 41, and a carrier 43 mounted to a lower surface of the spacer 42.
The flange 41 is coupled to the top ring shaft 11. The carrier 43 is coupled to the flange
41 through the spacer 42, so that the flange 41, the spacer 42, and the carrier 43 rotate and
vertically move together. The top ring body 10, which is constructed by the flange 41,
the spacer 42, and the carrier 43, is made of resin, such as engineering plastic (e.g.,
PEEK). The flange 41 may be made of metal, such as SUS, aluminum, or the like.

A flexible membrane 45, which is brought into contact with a back surface of the

wafer W, is attached to a lower surface of the carrier 43 of the top ring body 10. This
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flexible membrane 45 has a lower surface which serves as a substrate holding surface 45a.
The flexible membrane 45 further has annular partition walls 45b which define four
pressure chambers: a central chamber 50; a ripple chamber 51; an outer chamber 52; and
an edge chamber 53, which are located between the flexible membrane 45 and the top
ring body 10. These pressure chambers 50 to 53 are in fluid communication with a
pressure regulator 65 via the rotary joint 25, so that pressurized fluid is supplied into these
pressure chambers 50 to 53 from the pfessure regulator 65. This pressure regulator 65 is
configured to be able to regulate pressures in the respective four pressure chambers 50 to
53 independently. Further, the pressure regulator 65 is configured to be able to produce
negative pressure in the pressure chambers 50 to 53.

The flexible membrane 45 has a through-hole (not shown) in a position
corresponding to the ripple chamber 51 or the outer chamber 52, so that the top ring 1 can
hold the substrate on its substrate holding surface 45a by producing the negative pressure
in the through-hole. The flexible membrane 45 is made of a highly strong and durable
rubber material, such as ethylene propylene rubber (EPDM), polyurethane rubber,
silicone rubber, or the like. The central chamber 50, the ripple chamber 51, the outer
chamber 52, and the edge chamber 53 are further couéled to a ventilation mechanism (not
shown), which can establish a fluid communication between the atmosphere and these
four pressure chambers 50 to 53.

The retaining ring 40 is disposed so as to surround the carrier 43 of the top ring
body 10 and the flexible membrane 45. This retaining ring 40 is a ring-shaped member
which is brought into contact with the polishing surface 2a of the polishing pad 2. The
retaining ring 40 is disposed so as to surround a peripheral edge of the wafer W and
retains the wafer W therein so as to prevent the wafer W from being separated from the
top ring 1 when the wafer W is being polished.

An upper surface of the retaining ring 40 is secured to a drive ring 81. The
drive ring 81 has an upper portion coupled to an annular retaining ring pressing

mechanism 60, which is configured to exert a uniform downward load on the upper
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surface of the retaining ring 40 in its entirety through the drive ring 81 to thereby press a
lower surface of the retaining ring 40 against the polishing surface 2a of the polishing pad
2.

The retaining ring pressing mechanism 60 includes an annular piston 61 fixed to
the upper portion of the drive ring 81, and an annular rolling diaphragm 62 connected to
an upper surface of the piston 61. The rolling diaphragm 62 defines a retaining ring
pressure chamber 63 therein. This retaining ring pressure chamber 63 is in fluid
communication with the pressure regulator 65 through the rotary joint 25.

When the pressure regulator 65 supplies a pressurized fluid (e.g., pressurized air)
into the retaining ring pressure chamber 63, the rolling diaphragm 62 pushes down the
piston 61, which in turn pushes down the retaining ring 40 in its entirety through the drive
ring 81. In this manner, the retaining ring pressing mechanism 60 presses the lower
surface of the retaining ring 40 against the polishing surface 2a of the polishing pad 2.
Further, when the pressure regulator 65 develops the negative pressure in the retaining
ring pressure chamber 63, the retaining ring 40 in its entirety is elevated. The retaining
ring pressure chamber 63 is further coupled to a ventilation mechanism (not shown),
which can establish a fluid communication between the atmosphere and the retaining ring
pressure chamber 63.

The drive ring 81 is removably coupled to the retaining ring pressing mechanism
60. More specifically, the piston 61 is made of a magnetic material, such as metal, and a
plurality of magnets 70 are disposed in the upper portion of the drive ring 81. These
magnets 70 magnetically attract the piston 61, so that the drive ring 81 is secured to the
piston 61 via a magnetic force. The magnetic material of the piston 61 may be corrosion
resisting magnetic stainless steel. In another embodiment, the drive ring 81 may be
made of a magnetic material, and magnets may be disposed in the piston 61.

The retaining ring 40 is coupled to a spherical bearing 85 through the drive ring
81 and a coupling member 75. The spherical bearing 85 is disposed radially inwardly of
the retaining ring 40. FIG. 4 is a plan view showing the drive ring 81 and the coupling

10



10

15

20

25

member 75. As shown in FIG 4, the coupling member 75 includes a vertically
extending shaft portion 76 disposed centrally in the top ring body 10, a hub 77 secured to
the shaft portion 76, and a plurality of spokes 78 extending radially from the hub 77.

The spokes 78 have one ends fixed to the hub 77, and have the other ends fixed
to the drive ring 81. In this embodiment, the hub 77, the spokes 78, and the drive ring
81 are formed integrally. Plural pairs of drive pins 80 and 80 are secured to the carrier
43. The drive pins 80 and 80 of each pair are arranged on both sides of each spoke 78.
The rotation of the carrier 43 is transmitted to the drive ring 81 and the retaining ring 40
through the drive pins 80 and 80 to thereby rotate the top ring body 10 and the retaining
ring 40 together with each other.

As shown in FIG. 3, the shaft portion 76 extends in the vertical direction in the
spherical bearing 85. As shown in FIG. 4, the carrier 43 has a plurality of radial grooves
43a in which the spokes 78 are disposed, respectively. Each spoke 78 is movable freely
in the vertical direction in each groove 43a. The shaft portion 76 of the coupling
member 75 is supported by the spherical bearing 85 such that the shaft portion 76 can
move in the vertical direction. The spherical bearing 85 is located at the center of the
tbp ring body 10. The coupling member 75, and the drive ring 81 and the retaining ring
40, which are coupled to the coupling member 75, are thus vertically movable relative to
the top ring body 10. Further, the drive ring 81 and the retaining ring 40 are tiltably
supported by the spherical bearing 85.

FIG. 5 is a view of the spherical bearing 85. As shown in FIG. 5, the shaft
portion 76 is secured to the hub 77 by a plurality of screws 79. The shaft portion 76 has
a vertically extending through-hole 88 formed therein. This through-hole 88 acts as an
air vent hole when the shaft portion 76 moves vertically relative to the spherical bearing
85. Therefore, the retaining ring 40 can move smoothly in the vertical direction relative
to the top ring body 10.

A spherical bearing 85 includes an annular inner bearing ring 101, and an

annular outer bearing ring 102 which slidably supports an outer circumferential surface of
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the inner bearing ring 101. The inner bearing ring 101 is coupled to the drive ring 81
and the retaining ring 40 through the coupling member 75. The outer bearing ring 102 is
secured to a support member 103, which is secured to the carrier 43. The support
member 103 is disposed in a recess 43b which is formed in the central portion of the
carrier 43.

The outer circumferential surface of the inner bearing ring 101 has a spherical
shape whose upper and lower portions are cut off. A central point (fulcrum) O of this
spherical shape is located at the center of the inner bearing ring 101. The outer bearing
ring 102 has an inner circumferential surface which is a concave surface shaped so as to
fit the outer circumferential surface of the inner bearing ring 101, so that the outer bearing
ring 102 slidably supports the inner bearing ring 101. Therefore, the inner bearing ring
101 is tiltable in all directions through 360° relative to the outer bearing ring 102.

The inner bearing ring 101 has an inner circumferential surface which forms a
through-hole 101a in which the shaft portion 76 is inserted. The shaft portion 76 is
movable relative to the inner bearing ring 101 only in the vertical direction. Therefore,
the retaining ring 40, which is coupled to the shaft portion 76, is not allowed to move
laterally. That is, the retaining ring 40 is fixed in its lateral position (i.e., its horizontal
position) by the spherical bearing 85. The spherical bearing 85 serves as a supporting
mechanism capable of supporting or receiving the lateral force (i.e., the force in the
radially outward direction of the wafer) applied from the wafer to the retaining ring 40
due to the friction between the wafer and the polishing pad 2 and capable of restricting
the lateral movement of the retaining ring 40 (i.e., capable of fixing the horizontal
position of the retaining ring 40). _

FIG. 6A shows the manner in which the coupling member 75 is vertically moved
relative to the spherical bearing 85. FIGS. 6B and 6C show the manner in which the
coupling member 75 tilts together with the inner bearing ring 101. The coupling
member 75 and the retaining ring 40 coupled thereto are tiltable around the fulcrum O

together with the inner bearing ring 101 and are vertically movable relative to the inner
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bearing ring 101.

FIG. 7 is an enlarged cross-sectional view of another example of the spherical
bearing 85. As shown in FIG 7, the spherical bearing 85 includes an intermediate
bearing ring 91 coupled to the retaining ring 40 through the coupling member 75, an outer
bearing ring 92 slidably supporting the intermediate bearing ring 91 from above, and an
inner bearing ring 93 slidably supporting the intermediate bearing ring 91 from below.
The intermediate bearing ring 91 is in the form of a partial spherical shell smaller than an
upper half of a spherical shell. The intermediate bearing ring 91 is sandwiched between
the outer bearing ring 92 and the inner bearing ring 93.

The outer bearing ring 92 is disposed in the recess 43b. The outer bearing ring
92 has a flange portion 92a on its outer circumferential surface. The flange portion 92a
is secured to a step of the recess 43b by bolts (not shown), thereby securing the outer
bearing ring 92 to the carrier 43 and applying pressure to the intermediate bearing ring 91
and the inner bearing ring 93. The inner bearing ring 93 is disposed on a bottom surface
of the recess 43b. This inner bearing ring 93 supports the intermediate bearing ring 91
upwardly so as to form a gap between a lower surface of the intermediate bearing ring 91
and the bottom surface of the recess 43b.

The outer bearing ring 92 has an inner surface 92b, the intermediate bearing ring
91 has an outer surface 91a and an inner surface 91b, and the inner bearing ring 93 has an
outer surface 93a. [Each of these surfaces 92b, 91a, 91b, and 93a is an approximately
hemispheric surface whose center is represented by a fulcrum O. The outer surface 91a
of the intermediate bearing ring 91 slidably contacts the inner surface 92b of the outer
bearing ring 92. The inner surface 91b of the intermediate bearing ring 91 slidably
contacts the outer surface 93a of the inner bearing ring 93. The inner surface 92b
(sliding contact surface) of the outer bearing ring 92, the outer surface 91a and the inner
surface 91b (sliding contact surfaces) of the intermediate bearing ring 91, and the outer
surface 93a (sliding contact surface) of the inner bearing ring 93 have a partial spherical

shape smaller than an upper half of a spherical surface. With these configurations, the
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intermediate bearing ring 91 is tiltable in all directions through 360° relative to the outer
bearing ring 92 and the inner bearing ring 93. The fulcrum O, which is the center of the
tilting movement of the intermediate bearing ring 91, is located below the spherical
bearing 85.

The outer bearing ring 92, the intermediate bearing ring 91, and the inner bearing
ring 93 have respective through-holes 92¢, 91c¢, and 93b formed therein in which the shaft
portion 76 is inserted. There is a gap between the through-hole 92c of the outer bearing
ring 92 and the shaft portion 76. Similarly, there is a gap between the through-hole 93b
of the inner bearing ring 93 and the shaft portion 76. The through-hole 91c of the
intermediate bearing ring 91 has a diameter smaller than those of the through-holes 92c
and 93b of the oﬁter bearing ring 92 and the inner bearing ring 93 such that the shaft
portion 76 is movable relative to the intermediate bearing ring 91 only in the vertical
direction. Therefore, the retaining ring 40, which is coupled to the shaft portion 76, is
substantially not allowed to move laterally. That is, the retaining ring 40 is fixed in its
lateral position (i.e., its horizontal position) by the spherical bearing 85.

FIG. 8A shows the manner in which the coupling member 75 is vertically moved
relative to the spherical bearing 85, and FIGS. 8B and 8C show the manner in which the

coupling member 75 tilts together with the intermediate bearing ring 91. As shown in

. FIGS. 8A through 8C, the retaining ring 40, which is coupled to the coupling member 75,

is tiltable around the fulcrum O together with the intermediate bearing ring 91 and is
vertically movable relative to the intermediate bearing ring 91. The spherical bearing 85
shown in FIG. 7 is the same as the spherical bearing 85 shown in FIG. 5 in that the
fulcrum O, which is the center of the tilting movement, is on a central axis of the retaining
ring 40, but differs in that the fulcrum O shown in FIG. 7 is located at a position lower
than the fulcrum O shown in FIG. 5. The spherical bearing 85 shown in FIG. 7 can
provide the fulcrum O at the same height of the surface of the polishing pad 2 or lower
than the surface of the polishing pad 2.

FIG. 9 is a perspective view of the retaining ring 40, FIG. 10 is a bottom view of
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the retaining ring 40, and FIG. 11 is a side view of the retaining ring 40. FIG. 12A is a
vertical cross-sectional view showing a part of the retaining ring 40, and FIG. 12B is a
bottom view showing a part of the retaining ring 40. A diameter of an inner
circumferential surface of the retaining ring 40, i.e., an inside diameter of the retaining
ring 40, is slightly larger than a diameter of the wafer. More specifically, the diameter
of the inner circumferential surface of the retaining ring 40 is larger than the diameter of
the wafer by 0.5 mm to 3 mm, preferably 1 mm to 2 mm.

The retaining ring 40 includes an annulus 121 and a pad pressing structure 122. -
The pad pressing structure 122 has an annular shape and extends downwardly from an
inner circumferential end of the annulus 121. The annulus 121 and the pad pressing
structure 122 are integrally formed from the same material. The pad pressing structure
122 is disposed so as to surround the wafer held on the flexible membrane 45 (see FIG. 3)
of the top ring body 10. A width of the pad pressing structure 122 (i.e., a width of the
pad pressing structure 122 in the radial direction of the retaining ring 40) is smaller than a
width of the annulus 121. Specifically, the width of the pad pressing structure 122 is not
less than 3 mm and not more than 7.5 mm, more preferably not less than 3 mm and not
more than 5 mm. A height of the pad pressing structure 122 may be the same as or
greater than the width of the pad pressing structure 122.

The pad pressing structure 122 has a lower surface that serves as a pad contact
surface 40a to be brought into contact with the polishing pad 2. Specifically, during
polishing of the wafer, the pad contact surface 40a of the pad pressing structure 122 is
pressed against the polishing pad 2. A plurality of radial grooves 123 extending in the
radial direction of the retaining ring 40 are formed in the pad contact surface 40a. These
radial grooves 123 are configured to allow the polishing liquid, supplied to the polishing
pad 2, to flow from the inside to the outsi&e of the retaining ring 40 and from the outside

to the inside of the retaining ring 40. For example, each radial groove 123 has a width

of 4 mm:.

The retaining ring 40 has a plurality of holes 124 arranged along its

15




10

15

20

25

circﬁmferential direction (only one of the holes 124 is shown in FIG. 12A). More
specifically, these holes 124 are formed in an upper surface of the annulus 121 of the
retaining ring 40. As shown in FIG. 3, a plurality of stainless-steel reinforcement pins
82 are fixed to a lower portion of the drive ring 81, and these reinforcement pins 82 are
inserted respectively into the holes 124 of the retaining ring 40. A strength of the
retaining ring 40 is enhanced by these reinforcement pins 82.

A conventional retaining ring has a width of about 15 mm. In contrast, the
retaining ring 40 according to an embodiment has a width in the range of 3 mm to 7.5 mm.
Since the width of the pad pressing structure 122 is small, the pad pressing structure 122
has a self-restoring function of its shape. The self-restoring function will now be
described in detail with reference to FIGS. 13A to 13D, each of which shows a manner in
which the pad pressing structure 122 wears due to the sliding contact with the polishing
pad 2. As shown in FIG. 13A, the pad pressing structure 122 in an initial state has a
rectangular vertical section. As the pad pressing structure 122 is placed in sliding
contact with the polishing pad 2, the pad pressing structure 122 wears. As a result, as
shown in FIG. 13B, an inner edge and an outer edge of the pad pressing structure 122
become rounded, thus reducing an area of the pad contact surface 40a. As the wear of
the pad pressing structure 122 further progresses, the area of the pad contact surface 40a
is further reduced, as shown in FIG. 13C.

Under the condition that the downward load applied to the retaining ring 40 is
constant, as the area of the pad contact surface 40a is reduced, the pressure of the pad
contact surface 40a is increased. As a result, as shown in FIG. 13D, the pad pressing
structure 112 wears in a manner as to increase the area of the pad contact surface 40a.
While such small changes in the pressure and the area of the pad contact surface 40a
occur repeatedly, the shape of the pad pressing structure 122 is kept approximately
constant. Therefore, the retaining ring 40 having the narrow pad pressing structure 122
can stabilize the polishing rate at the edge portion of the wafer.

A lower limit value of the width of the pad pressing structure 122 is 3 mm,
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which is determined based on a mechanical strength of the pad pressing structure 122.
FIG. 14 is a graph showing results a structural analysis that has studied a relationship
between the width of the pad pressing structure 122 and an amount of deformation of the
pad pressing structure 122. In FIG. 14, horizontal axis represents the width of the pad
pressing structure 122 and vertical axis represents amount of maximum deformation
(calculated value) in a lateral direction of the pad pressing structure 122. The structural
analysis was conducted on five retaining rings of 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm in
width. Specifically, the amount of lateral deformation of the pad pressing structure 122
was calculated under a condition that a force is applied from the wafer to a side surface of
the retaining ring when polishing the wafer. | A material of the retaining rings used in
this structural analysis was polyphenylene sulfide.

In the case of the pad pressing structure 122 having the width of 1 mm, the
amount of deformation of the pad pressing structure 122 was too large to calculate. In
the case of the pad pressing structure 122 having the width of 2 mm, the amount of
deformation of the pad pressing structure 122 was large. In the case of the pad pressing
structure 122 having the width of not less than 3 mm, the amount of deformation of the
pad pressing structure 122 was small. In particular, it can be seen from the graph that
the width of less than 3 mm results in a large amount of deformation of the pad pressing
structure 122. From these structural analysis results, the lower limit value of the width
of the pad preésing structure 122 was determined to be 3 mm.

FIG. 15 is a graph showing a surface shape of a conventional retaining ring of
wide type after a plurality of wafers have been polished. In FIG. 15, vertical axis
represents a level (a position in the vertical direction) of the pad contact surface of the
retaining ring, and indicates that a distance from the polishing pad to the pad contact
surface. Specifically, a lower position on the vertical axis indicates a longer distance
from the polishing pad to the pad contact surface. Horizontal axis in FIG. 15 represents
position of measurement point of the level of the pad contact surface. The level

measurement points are arrayed along the radial direction of the retaining ring.
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As can be seen from FIG. 15, in the conventional retaining ring, the pad contact
surface wears greatly in a region of 7 mm in width extending outwardly from the inner
circumferential surface (i.e., wafer holding surface) of the retaining ring. If such an
inner region of the pad contact surface wears greatly, the retaining ring cannot press the
polishing pad along the edge portion of the wafer. As a result, the polishing rate of the
edge portion of the wafer is increased.

FIG. 16 is a graph showing a surface shape of the retaining ring according to the
embodiment, having the pad pressing structure 122 with the width of 5 mm, after a
plurality of wafers have been polished. It can be seen from FIG. 16 that, even if a
plurality of wafers have been polished, the inner region of the pad contact surface 40a of
the retaining ring 40 does not wear greatly as coﬂlpared with the conventional retaining
ring shown in FIG. 15. More specifically, the inner region of 3 mm in width extending
from the inner circumferential surface (i.e., wafer holding surface) of the pad pressing
structure 122 does not wear greatly, compared with other region. Therefore, the
retaining ring 40 having the pad pressing structure 122 of 5 mm in width can press the
region of 3 mm in width extending from the inner circumferential surface (i.e., wafer
holding surface) of the pad pressing structure 122. As can be seen from FIG. 16, even in
the case where a plurality of the wafers have been polished, the shape of the pad contact
surface 40a does not change much. Therefore, the retaining ring 40 can press the
polishing pad 2 along the edge portion of the wafer well. As a result, the polishing rate
of the edge portion of the wafer does not increase much, and a good profile can be
realized in the edge portion of the wafer. That is, even in the case of continuously
polishing the plurality of the wafers, a good profile can stably be realized in the edge
portion of the wafer.

FIG. 17 is a graph showing a surface shape of the retaining ring 40 according to
the embodiment, having the pad pressing structure 122 with a width of 7.5 mm, after a
plurality of wafers have been polished. As can be seen from FIG. 17, the inner region of

5 mm in width extending from the inner circumferential surface (i.e., wafer holding
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surface) of the pad pressing structure 122 does not wear greatly, compared with other
region. That is, the retaining ring 40 according to the embodiment having the pad
pressing structure 122 of 7.5 mm in width can press the region of 5 mm in width
extending from the inner circumferential surface (wafer holding surface) of the pad
pressing structure 122. As a result, the polishing rate of the edge portion of the wafer
does not increase much, and a good profile can be realized in the edge portion of the
wafer. That is, even in the case of continuously polishing the plurality of the wafers, a
good profile can stably be realized in the edge portion of the wafer.

FIG. 18 is a cross-sectional view showing another embodiment of the retaining
ring 40 having the pad pressing structure 122. The pad pressing structure 122 of this
embodiment has a width of not less than 5 mm and not more than 7.5 mm. The pad
pressing surface 40a to be brought into contact with the polishing pad 2 has a cross
section projecting downwardly. A lowest point of the pad pres‘sing surface 40a is
located within a range of 3 mm to 5 mm from the inner circumferential surface of the pad
pressing structure 122. In other words, a ratio of the distance between the inner
circumferential surface of the pad pressing structure 122 and the lowest point of the pad
contact surface 40a to the width of the pad pressing structure 122 is in a range of 3/5 to
2/3. As shown in FIGS. 16 and 17, the retaining ring 40 having such surface shape can
press a region close to the inner circumferential surface (i.e., wafer holding surface) of the
pad pressing structure 122. As a result, the polishing rate of the edge portion of the
wafer does not increase much, and a good profile can be realized in the edge portion of
the wafer.

The substrate holder according to the above-discussed embodiments can be
preferably used for a semiconductor device manufacturing process, such as a shallow
trench isolation (STI) process. |

The polishing pad 2 has a layered structure including an upper layer made of
foamed polyurethane and a lower layer made of a nonwoven fabric. The upper layer has

a highly-uniform structure containing fine foam therein and has a modulus of elasticity of
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about 50 MPa to 100 MPa when the polishing pad 2 is pressed at 4000 hPa to 12000 hPa.
The lower layer is an open-cell foam having a modulus of elasticity of about 1.5 MPa to
2.5 MPa when the polishing pad 2 is pressed at 2500 hPa to 4500 hPa. When the
retaining ring 40 presses the polishing pad 2, the retaining ring 40 sinks down into the
polishing pad 2. As a result, a surface pressure at the edge portion of the retaining ring
40 is increased, thereby promoting the wear of this edge portion. Therefore, the
retaining ring 40 having the pad pressing structure 122 with the width of not less than 3
mm and not more than 7.5 mm is effective in the case where the polishing pad 2, having
the above-described material characteristics, is used.

Polishing conditions of the wafer include a height of the fulcrum of the retaining
ring 40 from the surface of the polishing pad 2. In an embodiment, the height of the
fulcrum of the retaining ring 40 is in the range of —10 mm to +50 mm. A change in the
height of the fulcrum causes a change in an attitude of the retaining ring40, thus affecting
the worn shape of the edge portion of the retaining ring 40. In this case also, the
retaining ring 40 having the pad pressing structure 122 with the width of not less than 3
mm and not more than 7.5 mm is effective. When the wafer is transferred between the
top ring 1 and a non-illustrated wafer transfer mechanism (or a substrate transfer
mechanism), the outer circumferential surface of the retaining ring 40 serves as a guide
surface for guiding the wafer transfer mechanism.

In a part of the shallow trench isolation (STT) process, the retaining ring 40
having the pad pressing structure 122 with the width of not less than 3 mm and not more
than 7.5 mm is effective because an area of the pad contact surface of the retaining ring
40 does not change greatly.

Although certain embodiments have been described in detail, it should be
understood that various changes and 'modifications may be made without departing from

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

1. A substrate holder for pressing a substrate against a polishing pad, comprising:
a top ring body configured to hold the substrate; and
a retaining ring disposed so as to surround the substrate held by the top ring body,
the retaining ring including a pad pressing structure in an annular shape which is to be
brought into contact with the polishing pad, and the pad pressing structure having a width

in a range of 3 mm to 7.5 mm.

2. The substrate holder according to claim 1, wherein the pad pressing structure

has a width in a range of 3 mm to 5 mm.

3. The substrate holder according to claim 1, wherein the pad_pressing structure
has a width in a range of 5 mm to 7.5 mm,

wherein the pad pressing structure has a pad contact surface to be brought into
contact with the polishing pad,

wherein the pad contact surface has a cross section projecting downwardly, and

wherein a lowest point of the pad contact surface is located within a range of 3

mm to 5 mm from an inner circumferential surface of the pad pressing structure.

4. The substrate holder according to claim 1, wherein the pad pressing structure
has a width in a range of 5 mm to 7.5 mm,
wherein the pad pressing structure has a pad contact surface to be brought into
contact with the polishing pad,
wherein the pad contact surface has a cross section projecting downwardly, and
- wherein a ratio of a distance between an inner circumferential surface of the pad
pressing structure and a lowest point of the pad contact surface to the width of the pad

pressing structure is in a range of 3/5 to 2/3.
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5. The substrate holder according to claim 1, wherein a plurality of radial
grooves extending in radial direction of the retaining ring are formed in a lower surface of

the pad pressing structure.

6. A polishing apparatus comprising:

a polishing table for supporting a polishing pad;

a substrate holder configured to hold a substrate aﬁd to press the substrate against
the polishing pad; and

a polishing liquid supply nozzle configured to supply a polishing liquid onto the
polishing pad,

the substrate holder including a top ring body configured to hold the substrate,
and a retaining ring disposed so as to surround the substrate held by the top ring body, the
retaining ring including a pad pressing structure in an annular shape which is to be
brought into contact with the polishing pad, and the pad pressing structure having a width

in a range of 3 mm to 7.5 mm.

7. The polishing apparatus according to claim 6, wherein the pad pressing

structure has a width in a range of 3 mm to 5 mm.

8. The polishing apparatus according to claim 6, wherein the pad pressing
structure has a width in a range of 5 mm to 7.5 mm,

wherein the pad pressing structure has a pad contact surface to be brought into
contact with the polishing pad,

wherein the pad contact surface has a cross section projecting downwardly, and

wherein a lowest point of the pad contact surface is located within a range of 3 ’

mm to 5 mm from an inner circumferential surface of the pad pressing structure.
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9. The polishing apparatus according to claim 6, wherein the pad pressing
structure has a width in a range of 5 mm to 7.5 mm,

wherein the pad pressing structure has a pad contact surface to be brought into
contact with the polishing pad,

wherein the pad contact surface has a cross section projecting downwardly, and

wherein a ratio of a distance between an inner circumferential surface of the pad
pressing structure and a lowest point of the pad contact surface to the width of the pad

pressing structure is in a range of 3/5 to 2/3.

10. The polishing apparatus according to claim 6, wherein a plurality of radial
grooves extending in radial direction of the retaining ring are formed in a lower surface of

the pad pressing structure.

11. A polishing method comprising:

rotating a polishing table and a polishing pad;

supplying a polishing liquid onto the polishing pad; and

pressing a substrate against the polishing pad while a pad pressing structure is
surrounding the substrate and pressing the polishing pad, the pad pressing structure being

in an annular shape having a width in a range of 3 mm to 7.5 mm.

12. The polishing method according to claim 11, wherein the pad pressing

structure has a width in a range of 3 mm to 5 mm,

13. A retaining ring for use in a substrate holder for pressing a substrate against a
polishing pad, comprising:

a pad pressing structure in an annular shape which is to be brought into contact
with the polishing pad, the pad pressing structure having a width in a range of 3 mm to

7.5 mm.
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14. The retaining ring according to claim 13, wherein the pad pressing structure

has a width in a range of 3 mm to 5 mm.

15. The retaining ring according to claim 13, wherein the pad pressing structure
has a width in a range of 5 mm to 7.5 mm,

wherein the pad pressing structure has a pad contact surface to be brought into
contact with the polishing pad,

wherein the pad contact surface has a cross section projecting downwardly, and

wherein a lowest point of the pad contact surface is located within a range of 3

mm to 5 mm from an inner circumferential surface of the pad pressing structure.

16. The retaining ring according to claim 13, wherein the pad pressing structure
has a width in a range of 5 mm to 7.5 mm,

wherein the pad pressing structure has a pad contact surface to be brought into
contact with the polishing pad,

wherein the pad contact surface has a cross section projecting downwardly, and

wherein a ratio of a distance between an inner circumferential surface of the pad
pressing structure and a lowest point of the pad contact surface to the width of the pad

pressing structure is in a range of 3/5 to 2/3.
17. The retaining ring according to claim 13, wherein a plurality of radial

grooves extending in radial direction of the retaining ring are formed in a lower surface of

the pad pressing structure.
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