10

15

20

25

SUBSTRATE HOLDING APPARATUS, ELASTIC MEMBRANE,
POLISHING APPARATUS, AND
METHOD FOR REPLACING ELASTIC MEMBRANE

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a substrate holding apparatus for holding a
substrate such as a wafer. Further, the present invention relates to an elastic membrane
for use in the substrate holding apparatus, and a polishing apparatus having the substrate
holding apparatus. Furthermore, the present invention relates to a method for replacing
the elastic membrane.

Description of the Related Art:

With a recent trend toward higher integration and higher density in
semiconductor devices, circuit interconnects become finer and finer and the number of
levels in multilayer interconnect is increasing. In the fabrication process of the
multilayer interconnects with finer circuit, as the number of interconnect levels increases,
film coverage (or step coverage) of step geometry is lowered in thin film formation
because surface steps grow while following surface irregularities on a lower layer.
Therefore, in order to fabricate the multilayer interconnects, it is necessary to improve the
step coverage and planarize the surface. It is also necessary to planarize semiconductor
device surfaces so that irregularity steps formed thereon fall within a depth of focus in
optical lithography. This is because finer optical lithography entails shallower depth of
focus.

Accordingly, the planarization of the semiconductor device surfaces is becoming
more important in the fabrication process of the semiconductor devices. Chemical
mechanical polishing (CMP) is the most important technique in the surface planarization.
This chemical mechanical polishing is a process of polishing a wafer by bringing the

wafer into sliding contact with a polishing surface of a polishing pad while supplying a
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polishing liquid containing abrasive grains, such as silica (SiO,), onto the polishing
surface.

A polishing apparatus for performing CMP has a polishing table that supports
the polishing pad thereon, and a substrate holding apparatus, which is called a top ring or
a polishing head, for holding a wafer. When the wafer is polished using such polishing
apparatus, the substrate holding apparatus holds the wafer and presses it against the
polishing surface of the polishing pad at a predetermined pressure. At this time, the
polishing table and the substrate holding apparatus are moved relative to each other to
bring the wafer into sliding contact with the polishing surface, thereby polishing a surface
of the wafer.

During polishing of the wafer, if a relative pressing force applied between the
wafer and the polishing surface of the polishing pad is not uniform over the entire surface
of the wafer, insufficient polishing or excessive polishing would occur depending on a
pressing force applied to each portion of the wafer. Thus, in order to make the pressing
force against the wafer uniform, the substrate holding apparatus has a pressure chamber
defined by an elastic membrane at a lower part thereof. This pressure chamber is
supplied with a fluid, such as air, to press the wafer through the elastic membrane with a
fluid pressure (for example, see Patent document 1).

FIG. 22 is a cross-sectional view showing an example of a conventional elastic
membrane. As shown in FIG. 22, a conventional elastic membrane 110 has a circular
contact portion 111 that can be brought into contact with the substrate, and a plurality of
circumferential walls 110a, 110b, 110c, 110d, 110e, 110f, 110g, and 110h (eight
circumferential walls in FIG. 22) which are directly or indirectly coupled to the contact
portion 111. Upper ends of the circumferential walls 110a to 110h are attached to a
lower surface of a head body 102 by four holding rings 105, 106, 107, and 108. A
plurality of pressure chambers (i.e., a circular central pressure chamber 116a located at a
center of the elastic membrane, annular edge pressure chambers 116g, 116h located at the -

outermost part of the elastic membrane, and annular intermediate pressure chambers 116b,
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116¢, 116d, 116e, and 116f located between the central pressure chamber 116a and the
edge pressure chambers 116g, 116h) are formed by the circumferential walls 110a to
110h. The circumferential wall 110h is an outermost circumferential wall, and is
referred to as an edge circumferential wall 110h. Further, the circumferential walls 110a
to 110g are located radially inwardly of the edge circumferential wall 110h, and are
referred to as inner circumferential walls 110a to 110g. By adjusting pressures of the
pressurized fluid supplied to the respective pressure chambers, respectively, pressing
forces applied to the substrate can be adjusted at respective zones of the substrate.
Therefore, polishing profile can be adjusted precisely over the entire surface of the
substrate, and thus the entire surface of the substrate can be polished uniformly.
Citation List
Patent Literature
(Patent document 1) Japanese Laid-open Patent Publication No. 2015-193070
However, the inner circumferential walls of the conventional elastic membrane
have slope portions inclined radially inwardly, and horizontal portions connected to the
slope portions. For example, the inner circumferential walls 110a to 110f of the elastic
membrane 110 shown in FIG. 22 have slope portions 120a to 120f inclined radially
inwardly from contact portions 111, and horizontal portions 121a to 121f extending
horizontally from the slope portions 120a to 120 f, respectively. The inner
circumferential wall 110g has a horizontal port_ion 121g extending horizontally from the
edge circumferential wall 110h, and a slope portion 120g connected to the horizontal
portion 121g. In the case where the plural pressure chambers 116a to 116h are formed
by the inner circumferential walls 110a to 110g having the slope portions and the
horizontal portions, and the edge circumferential wall 110h, the inner circumferential
walls 110a to 110g are deformed by the pressure difference between pressures of fluid
supplied respectively to the adjacent pressure chambers. For example, if the pressure of
fluid supplied to the pressure chamber 116e is higher than the pressure of fluid supplied to

the pressure chamber 116d, the inner circumferential wall 110d is inflated toward the
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contact portion 111. If the pressure difference between the pressure of fluid in the
pressure chamber 116e and the pressure of fluid in the pressure chamber 116d becomes
large to some extent, the horizontal portion 121d of the inner circumferential wall 110d is
forcibly brought into contact with the contact portion 111. In this case, the horizontal
portion 121d of the inner circumferential wall 110d presses the contact portion 111
against the substrate, and thus a polishing rate of the contact portion between the
horizontal portion 121d and the contact portion 111 is increased. Therefore, in the
conventional substrate holding apparatus, an allowable value is set for the pressure
difference of fluid supplied respectively to the adjacent pressure chambers, and therefore
there is a certain limit to precise adjustment of the polishing profile.

Further, in recent years, there has been a demand for a polishing apparatus which
can precisely adjust polishing profile of a substrate, particularly, polishing profile of a
peripheral portion of the substrate. Therefore, as shown in FIG. 22, the distance
between the inner circumferential walls at the peripheral portion of the elastic membrane
110 is made smaller than the distance between the circumferential walls at the central
portion of the elastic membrane 110, thereby making the width of the pressure chamber
positioned radially outwardly of the substrate smaller. For example, the distance
between the inner circumferential wall 110f and the inner circumferential wall 110g is
smaller than the distance between the inner circumferential wall 110c and the inner
circumferential wall 110d, and thus the width of the pressure chamber 116g in a radial
direction is smaller than the width of the pressure chamber 116d in the radial direction.
If the width of the pressure chamber formed by the circumferential walls having the slope
portions and the horizontal portions is made further smaller, as shown by the inner
circumferential wall 110f and the inner circumferential wall 110g of FIG. 22, the
circumferential walls are required to be arranged one above the other in the vertical
direction. In this case, when the pressure difference between the pressure of fluid in the
pressure chamber 116h and the pressure of fluid in the pressure chamber 116g becomes

large to some extent, the inner circumferential wall 110g is liable to be brought into
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contact with the inner circumferential wall 110f. In view of the possibility of the contact
between the adjacent inner circumferential walls, in the conventional substrate holding
apparatus, there is a certain limit to precise adjustment of the polishing profile,
particularly the polishing profile of the peripheral portion of the substrate.

Further, there is a limit to make the width of the pressure chamber smaller by
using the conventional elastic membrane 110. More specifically, because the inner
circumferential wall has the horizontal portion, it is necessary to form a certain distance
between the adjacent inner circumferential walls so that the adjacent inner circumferential
walls are not brought into contact with each other. As a result, in order to adjust the
polishing profile of the substrate precisely, it may be occasionally difficult to make the

width of the pressure chamber in a radial direction smaller.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a substrate holding
apparatus which can adjust polishing profile precisely. Further, the object of the present
invention is to provide an elastic membrane for use in such substrate holding apparatus
and to provide a polishing apparatus having such substrate holding apparatus.
Furthermore, the present invention relates to a method for replacing such elastic
membrane.

In one aspect of the present invention, there is provided a substrate holding
apparatus comprising: an elastic membrane that forms a plurality of pressure chambers
for pressing a substrate; and a head body to which the elastic membrane is coupled;
wherein the elastic membrane comprises: a contact portion to be brought into contact with
the substrate for pressing the substrate against a polishing pad; an edge circumferential
wall extending upwardly from a peripheral edge of the contact portion; and a plurality of
inner circumferential walls arranged radially inwardly of the edge circumferential wall
and extending upwardly from the contact portion; wherein at least two adjacent inner

circumferential walls of the plurality of inner circumferential walls comprise slope
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circumferential walls inclined radially inwardly; and the slope circumferential walls are
inclined radially inwardly in their entirety from their lower ends to upper ends, and extend
upwardly.

In a preferred aspect of the present invention, the slope circumferential walls
extend substantially parallel to each other.

In a preferred aspect of the present invention, one of the slope circumferential
walls is arranged adjacent to the edge circumferential wall.

In a preferred aspect of the present invention, the head body comprises at least
one coupling ring to which the elastic membrane is coupled; the coupling ring comprises
a ring vertical portion and a ring slope portion which is inclined radially outwardly from
the ring vertical portion and extends downwardly; and the ring slope portion has an inner
circumferential surface and an outer circumferential surface to limit a deformation of the
slope circumferential wall.

In a preferred aspect of the present invention, a tip end of the ring slope portion
is positioned below an intermediate point of the slope circumferential wall.

In a preferred aspect of the present invention, a seal groove is formed in an outer
circumferential wall of the ring slope portion and extends over an entire circumference of
the outer circumferential surface of the ring slope portion; an upper end of the slope
circumferential wall comprises a seal projection configured to be fitted into the seal
groove; and the seal projection is pressed against the seal groove to seal a gap between
the coupling ring and the slope circumferential wall.

In a preferred aspect of the present invention, the substrate holding apparatus
further comprises fixing members configured to fix the two slope circumferential walls to
the three coupling rings simultaneously; wherein the fixing member has a fixing member
body and an elliptically shaped flange projecting outwardly of the fixing member body;
the three coupling rings comprises an inner-side coupling ring, an outer-side coupling ring,
and an intermediate coupling ring sandwiched between the inner-side coupling ring and

the outer-side coupling ring and held by the inner-side coupling ring and the outer-side
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coupling ring; and an inner-side engagement groove and an outer-side engagement groove
are formed in the ring vertical portion of the inner-side coupling ring and the ring vertical
portion of the outer-side coupling ring, respectively, the flange of the fixing member
being engageable with the inner-side engagement groove and the outer-side engagement
groove.

In a preferred aspect of the present invention, the substrate holding apparatus
further comprises a positioning mechanism configured to fix relative positions between
the inner-side coupling ring, the outer-side coupling ring and the intermediate coupling
ring.

In a preferred aspect of the present invention, the positioning mechanism
comprises: a rod-like member; a first insertion hole formed in the ring vertical portion of
the inner-side coupling ring and configured to allow the rod-like member to be inserted; a
second insertion hole formed in the ring vertical portion of the intermediate coupling ring
and configured to allow the rod-like member to be inserted; and a third insertion hole
formed in the ring vertical portion of the outer-side coupling ring and configured to allow
the rod-like member to be inserted.

In a preferred aspect of the present invention, the positioning mechanism
comprises: a first engagement projection projecting from an inner circumferential surface
of the ring vertical portion of the intermediate coupling ring or an outer circumferential
surface of the ring vertical portion of the inner-side coupling ring; a first engagement
recess formed in the outer circumferential surface of the ring vertical portion of the inner-
side coupling ring or the inner circumferential surface of the ring vertical portion of the
intermediate coupling ring and being engageable with the first engagement projection; a
second engagement projection projecting from the outer circumferential surface of the
ring vertical portion of the intermediate coupling ring or the inner circumferential surface
of the ring vertical portion of the outer-side coupling ring; and a second engagement
recess formed in the inner circumferential surface of the ring vertical portion of the outer-

side coupling ring or the outer circumferential surface of the ring vertical portion of the
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intermediate coupling ring and being engageable with the second engagement projection.

In a preferred aspect of the present invention, the first engagement projection and
the second engagement projection are formed on the inner circumferential surface and the
outer circumferential surface of the ring vertical portion of the intermediate coupling ring,
respectively; the first engagement recess is formed in the outer circumferential surface of
the ring vertical portion of the inner-side coupling ring; and the second engagement recess
is formed in the inner circumferential surface of the ring vertical portion of the outer-side
coupling ring.

In a preferred aspect of the present invention, the positioning mechanism
comprises: a position alignment member fixed to a lower surface of the head body and
having a flange portion formed at an upper end portion thereof and an engagement
projection formed at a lower end portion thereof; an inner-side step portion formed on the
outer circumferential surface of the ring vertical portion of the inner-side coupling ring
and being engaged with the flange portion of the position alignment member; an outer-
side step portion formed on the inner circumferential surface of the ring vertical portion
of the outer-side coupling ring and being engaged with the flange portion of the position
alignment member; and an engagement recess formed in an upper surface of the ring
vertical portion of the intermediate coupling ring and being engaged with the engagement
projection of the position alignment member.

In one aspect of the present invention, there is provided an elastic membrane for
use in a substrate holding apparatus, comprising: a contact portion to be brought into
contact with a substrate for pressing the substrate against a polishing pad; an edge
circumferential wall extending upwardly from a peripheral edge of the contact portion;
and a plurality of inner circumferential walls arranged radially inwardly of the edge
circumferential wall and extending upwardly from the contact portion: wherein at least
two adjacent inner circumferential walls of the plurality of inner circumferential walls
comprise slope circumferential walls inclined radially inwardly; and the slope

circumferential walls are inclined radially inwardly in their entirety from their lower ends
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to upper ends, and extend upwardly.

In one aspect of the present invention, there is provided a polishing apparatus
comprising: a polishing table for supporting a polishing pad; and a substrate holding
apparatus configured to press a substrate against the polishing pad; the substrate holding
apparatus comprising an elastic membrane that forms a plurality of pressure chambers for
pressing the substrate, and a head body to which the elastic membrane is coupled;
wherein the elastic membrane comprises: a contact portion to be brought into contact with
the substrate for pressing the substrate against the polishing pad; an edge circumferential
wall extending upwardly from a peripheral edge of the contact portion; and a plurality of
inner circumferential walls arranged radially inwardly of the edge circumferential wall
and extending upwardly from the contact portion; wherein at least two adjacent inner
circumferential walls of the plurality of inner circumferential walls comprise slope
circumferential walls inclined radially inwardly; and the slope circumferential walls are
inclined radially inwardly in their entirety from their lower ends to upper ends, and extend
upwardly.

In one aspect of the present invention, there is provided a method for replacing
an elastic membrane that is fixed to a head body of a substrate holding apparatus and
forms a plurality of pressure chambers for pressing a substrate; the elastic membrane
comprising: a contact portion to be brought into contact with the substrate for pressing the
substrate against a polishing pad; an edge circumferential wall extending upwardly from a
peripheral edge of the contact portion; and a plurality of inner circumferential walls
arranged radially inwardly of the edge circumferential wall and extending upwardly from
the contact portion; at least two adjacent inner circumferential walls of the plurality of
inner circumferential walls comprising slope circumferential walls inclined radially
inwardly; and the slope circumferential walls being inclined radially inwardly in their
entirety from their lower ends to upper ends, and extending upwardly: the head body
comprising: at least three coupling rings to which the elastic membrane is coupled, the at

least two slope circumferential walls being coupled to the at least three coupling rings by
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fixing members; the fixing member comprising: a fixing member body; and a flange
projecting from the fixing member body and being engageable with an inner-side
coupling ring and an outer-side coupling ring of the at least three coupling rings; the
method comprising: disengaging the flange from the inner-side coupling ring and the
outer-side coupling ring; removing the elastic membrane from the at least three coupling
rings; preparing a new elastic membrane; making the at least three coupling rings hold at
least two slope circumferential walls of the new elastic membrane; and making the flange
of the fixing member engage with the inner-side coupling ring and the outer-side coupling
ring to fix the new elastic membrane to the head body.

According to the present invention, the inner circumferential walls configured as
the slope circumferential walls are inclined radially inwardly in their entirety from their
lower ends to upper ends, and extend upwardly. Specifically, the slope circumferential
walls have no horizontal portions. Therefore, even if the pressure difference between
the pressures of fluid supplied respectively to the adjacent pressure chambers is large, the
slope circumferential walls are not brought into contact with the contact portion. Further,
the adjacent slope circumferential walls can be prevented from being brought into contact
with each other. Furthermore, because the distance between the adjacent slope
circumferential walls can be made small, the width of the pressure chamber in a radial
direction can be made small. As a result, the polishing profile of the substrate held by

the substrate holding apparatus can be precisely adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view showing a polishing apparatus according to an embodiment;
FIG. 2 is a schematic view showing a substrate holding apparatus provided in the
polishing apparatus shown in FIG. 1;
FIG. 3 is a plan view showing a retaining ring and a coupling member shown in
FIG. 2;

FIG. 4 is an enlarged cross-sectional view of a spherical bearing and a part of the
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coupling member shown in FIG. 2;

FIG. 5 is a schematic cross-sectional view showing the state in which an elastic
membrane is coupled to a carrier of a head body according to an embodiment;

FIG. 6 is an enlarged cross-sectional view showing part of the elastic membrane
shown in FIG. 5;

FIG. 7A is a cross-sectional view of a third coupling ring, and FIG. 7B is a view
as viewed from an arrow A of FIG. 7A;

FIG. 8 is an enlarged cross-sectional view showing an example in which a
pressing projection is formed in a circumferential surface of a ring slope portion of the
coupling ring;

FIG. 9 is a cross-sectional view showing an example of an elastic membrane in
which two inner circumferential walls arranged adjacent to an edge circumferential wall
are configured as slope circumferential walls;

FIG. 10A is a top plan view of a fixing member, and FIG. 10B is a cross-
sectional view taken along line B-B of FIG. 10A;

FIG. 11 is a schematic view showing processes for fixing the three coupling
rings to the carrier simultaneously by using the fixing members shown in FIGS. 10A and
10B to couple the elastic membrane shown in FIG. 6 to the head body;

FIG. 12 is a schematic view showing processes for fixing the three coupling
rings to the carrier simultaneously by using the fixing members shown in FIGS. 10A and
10B to couple the elastic membrane shown in FIG. 6 to the head body;

FIG. 13 is a schematic view showing processes for fixing the three coupling
rings to the carrier simultaneously by using the fixing members shown in FIGS. 10A and
10B to couple the elastic membrane shown in FIG. 6 to the head body;

FIG. 14 is a schematic view showing processes for fixing the three coupling
rings to the carrier simultaneously by using the fixing members shown in FIGS. 10A and
10B to couple the elastic membrane shown in FIG. 6 to the head body;

FIG. 15 is a schematic view showing an example of arrangement of the fixing
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members;

FIG. 16 is a cross-sectional view showing a positioning mechanism according to
an embodiment;

FIG. 17 is a view showing a modified example of the positioning mechanism
shown in FIG. 16;

FIG. 18A is a schematic view showing positioning mechanisms according to
another embodiment, and FIG. 18B is a cross-sectional view taken along line C-C of FIG.
18A;

FIG. 19A is a schematic view showing a modified example of the positioning
mechanisms shown in FIG. 18A, and FIG. 19B is a cross-sectional view taken along line
D-D of FIG. 19A;

FIG. 20A is a schematic view showing positioning mechanisms according to still
another embodiment, and FIG. 20B is a cross-sectional view taken along line E-E of FIG.
20A;

FIG. 21 is a schematic view showing a modified example of the positioning
mechanisms shown in FIG. 20A; and

FIG. 22 is a cross-sectional view showing an example of a conventional elastic

membrane.

DESCRIPTION OF THE EMBODIMENTS
Embodiments of the present invention will be described belbw with reference to
the drawings. FIG. 1 is a view showing a polishing apparatus according to an
embodiment. As shown in FIG. 1, the polishing apparatus includes a polishing table 18
for supporting a polishing pad 19, and a substrate holding apparatus 1 for holding a wafer
W as an example of a substrate, which is an object to be polished, and pressing the wafer
W against the polishing pad 19 on the polishing table 18. In the following description,
the substrate holding apparatus 1 is referred to as a polishing head 1.

The polishing table 18 is coupled via a table shaft 18a to a table motor 29
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disposed below the polishing table 18, so that the polishing table 18 is rotatable about the
table shaft 18a. The polishing pad 19 is attached to an upper surface of the polishing
table 18. A surface 19a of the polishing pad 19 serves as a polishing surface for
polishing the wafer W. A polishing liquid supply nozzle 25 is provided above the
polishing table 18 so that the polishing liquid supply nozzle 25 supplies a polishing liquid
Q onto the polishing pad 19 on the polishing table 18.

The polishing head 1 includes a head body 2 for pressing the wafer W against the
polishing surface 19a, and a retaining ring 3 for retaining the wafer W therein so as to
prevent the wafer W from slipping out of the polishing head 1. The polishing head 1 is
coupled to a head shaft 27, which is vertically movable relative to a head arm 64 by a
vertically moving mechanism 81. This vertical movement of the head shaft 27 causes
the entirety of the polishing head 1 to move vertically relative to the head arm 64 and
enables positioning of the polishing head 1. A rotary joint 82 is mounted to an upper
end of the head shaft 27.

The vertically moving mechanism 81 for elevating and lowering the head shaft
27 and the polishing head 1 includes a bridge 84 that rotatably supports the head shaft 27
through a bearing 83, a ball screw 88 mounted to the bridge 84, a support pedestal 85
supported by support posts 86, and a servomotor 90 mounted to the support pedestal 85.
The support pedestal 85, which supports the servomotor 90, is fixedly mounted to the
head arm 64 through the support posts 86.

The ball screw 88 includes a screw shaft 88a coupled to the servomotor 90 and a
nut 88b that engages with the screw shaft 88a. The head shaft 27 is vertically movable
together with the bridge 84. When the servomotor 90 is set in motion, the bridge 84
moves vertically through the ball screw 88, so that the head shaft 27 and the polishing
head 1 move vertically.

The head shaft 27 is coupled to a rotary sleeve 66 by a key (not shown). A
timing pulley 67 is secured to an outer circumferential portion of the rotary sleeve 66. A

head motor 68 is fixed to the head arm 64. The timing pulley 67 is coupled through a
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timing belt 69 to a timing pulley 70, which is mounted to the head motor 68. When the
head motor 68 is set in motion, the rotary sleeve 66 and the head shaft 27 are rotated
integrally through the timing pulley 70, the timing belt 69, and the timing pulley 67, thus
rotating the polishing head 1. The head arm 64 is supported by an arm shaft 80, which is
rotatably supported by a frame (not shown). The polishing apparatus includes a
controller 40 for controlling respective devices provided in the apparatus including the
head motor 68 and the servomotor 90.

The polishing head 1 is configured to be able to hold the wafer W on its lower
surface. The head arm 64 is configured to be able to pivot on the arm shaft 80. Thus,
the polishing head 1, which holds the wafer W on its lower surface, is moved from a
position at which the polishing head 1 receives the wafer W to a position above the
polishing table 18 by a pivotal movement of the head arm 64.

Polishing of the wafer W is performed as follows. The polishing head 1 and the
polishing table 18 are rotated individually, while the polishing liquid Q is supplied from
the polishing liquid supply nozzle 25, provided above the polishing table 18, onto the
polishing pad 19. In this state, the polishing head 1 is lowered to a predetermined
position (i.e., a predetermined height) and then presses the wafer W against the polishing
surface 19a of the polishing pad 19. The wafer W is placed in sliding contact with the
polishing surface 19a of the polishing pad 19, so that a surface of the wafer W is polished.

Next, the polishing head 1 will be described. FIG. 2 is a schematic cross-
sectional view of the polishing head (substrate holding apparatus) 1. As shown in FIG. 2,
the polishing head 1 includes a head body 2 for pressing the wafer W against the
polishing surface 19a, and a retaining ring 3 arranged so as to surround the wafer W.
The head body 2 and the retaining ring 3 are rotatable in unison by the rotation of the
head shaft 27. The retaining ring 3 is configured to be vertically movable independently
of the head body 2.

The head body 2 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
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flange 41 is coupled to the head shaft 27. 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 in unison. The head body 2 having 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.

An elastic membrane 10, which is brought into contact with a back surface of the
wafer W, is attached to a lower surface of the head body 2. A method for attaching the
elastic membrane 10 to the head body 2 will be described later. This elastic membrane
10 has a lower surface which serves as a substrate holding surface 10a. The elastic
membrane 10 has a plurality of annular circumferential walls 14a, 14b, 14c, 14d, 14e, and
14f (six circumferential walls in FIG. 2), and these circumferential walls 14a to 14f are
concentrically arranged. These annular circumferential walls 14a to 14f define six
pressure chambers: a circular central pressure chamber 16a located at a center of the
elastic membrane 10, an annular edge pressure chamber 16f located at the outermost part
of the elastic membrane 10, and intermediate pressure chambers 16b, 16¢, 16d and 16e
located between the central pressure chamber 16a and the edge pressure chamber 16f.
These pressure chambers 16a to 16f are in fluid communication with a pressure regulator
65 via the rotary joint 82, so that a fluid (e.g., air) is supplied into the respective pressure
chambers 16a to 16f through respective fluid lines 73 extending to the respective pressure
chambers 16a to 16f from the pressure regulator 65. The pressure regulator 65 is
connected to a controller 40, so that pressures in the six pressure chambers 16a to 16f can
be independently adjusted. Further, the pressure regulator 65 can create a negative
pressure in the pressure chambers 16a to 16f. Thus, in the polishing head 1, pressing
forces applied to the wafer W can be adjusted at respective zones of the wafer W by
adjusting pressures of the fluid supplied to the respective pressure chambers 16a to 16f
formed between the head body 2 and the elastic membrane 10.

The elastic membrane 10 is made of a highly strong and durable rubber material,

such as ethylene propylene rubber (EPDM), polyurethane rubber, silicone rubber, or the
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like. The respective pressure chambers 16a to 16f are further coupled to a pressure relief
mechanism (not shown), which can establish a fluid communication between the
atmosphere and these pressure chambers 16a to 16f.

The retaining ring 3 is disposed so as to surround the carrier 43 of the head body
2 and the elastic membrane 10. This retaining ring 3 has a ring member 3a that contacts
the polishing surface 19a of the polishing pad 19, and a drive ring 3b fixed to an upper
portion of the ring member 3a. The ring member 3a is secured to the drive ring 3b by a
plurality of bolts (not shown). The ring member 3a is arranged 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 slipping out of the polishing head 1 when the wafer W is being polished.

The retaining ring 3 has an upper portion coupled to an annular retaining ring
pressing mechanism 60, which is configured to exert a uniform downward load on an
upper surface of the retaining ring 3 (more specifically, an upper surface of the drive ring
3b) in its entirety to thereby press a lower surface of the retaining ring 3 (i.e., a lower
surface of the ring member 3a) against the polishing surface 19a of the polishing pad 19.

The retaining ring pressing mechanism 60 includes an annular piston 61 fixed to
an upper portion of the drive ring 3b, 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 82. When the
pressure regulator 65 supplies a fluid (e.g., 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 3 in its entirety. In this manner, the retaining ring pressing mechanism 60
presses the lower surface of the retaining ring 3 against the polishing surface 19a of the
polishing pad 19. Further, when the pressure regulator 65 develops the negative

pressure in the retaining ring pressure chamber 63, the retaining ring 3 in its entirety is

‘elevated. The retaining ring pressure chamber 63 is further coupled to a pressure relief

mechanism (not shown), which can establish a fluid communication between the
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atmosphere and the retaining ring pressure chamber 63.

The retaining ring 3 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 on the upper portion of the drive ring 3b.
These magnets 70 magnetically attract the piston 61, so that the retaining ring 3 is secured
to the piston 61 by a magnetic force. The magnetic material of the piston 61 may be
corrosion resisting magnetic stainless steel. The drive ring 3b may be made of a
magnetic material, and magnets may be disposed on the piston 61.

The retaining ring 3 is coupled to a spherical bearing 85 through a coupling
member 75. The spherical bearing 85 is disposed radially inwardly of the retaining ring
3. FIG. 3 is a plan view showing the retaining ring 3 and the coupling member 75. As
shown in FIG. 3, the coupling member 75 includes a shaft portion 76 disposed centrally in
the head body 2, a hub 77 secured to the shaft portion 76, and a plurality of spokes 78 (six
spokes in the illustrated example) extending radially from the hub 77. The spokes 78
have one ends fixed to the hub 77 and the other ends fixed to the drive ring 3b of the
retaining ring 3. In this embodiment, the hub 77, the spokes 78, and the drive ring 3b
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 retaining ring 3 through the drive pins 80
and 80 to thereby rotate the head body 2 and the retaining ring 3 in unison.

As shown in FIG. 2, the shaft portion 76 extends vertically in the spherical
bearing 85. As shown in FIG. 3, 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 disposed in the central part of the head body 2 such
that the shaft portion 76 is movable freely in the vertical direction. With this
configuration, the coupling member 75 and the retaining ring 3 fixed to the coupling

member 75 are verticalIy movable relative to the head body 2. Further, the retaining
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ring 3 is tiltably supported by the spherical bearing 85.

The spherical bearing 85 will now be described in more detail. FIG. 4 is an
enlarged cross-sectional view of the spherical bearing 85 and a part of the coupling
member 75. As shown in FIG. 4, 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 3 can
move smoothly in the vertical direction relative to the head body 2.

The spherical bearing 85 includes an intermediate bearing ring 91 coupled to the
retaining ring 3 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 carrier 43 has a recess 43b formed at the central portion thereof, and the
outer bearing ring 92 is disposed in this recess 43b. The outer bearing ring 92 has a
flange portion 92a on its outer ciréumferential portion. 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
from below 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 comprises a

substantially hemispheric surface whose center is represented by a fulcrum O. The outer
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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 intermediate bearing ring 91 is tiltable in all directions through 360°
with respect 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 92c¢, 91c, and 93b formed therein in which the shaft

portion 76 is inserted. There is a gap between the through-hole 92¢ 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 outer 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 3, which is coupled to the shaft portion 76, is
substantially not allowed to move laterally, i.e., horizontally. That is, the retaining ring
3 is fixed in its lateral position (i.e., its horizontal position) by the spherical bearing 85.
The spherical bearing 85 allows the retaining ring 3 to move vertically and tilt,
while restricting the lateral movement (i.e., the horizontal movement) of the retaining ring
3. During polishing of the wafer W, the retaining ring 3 receives a lateral force from the
wafer W (i.e., a force in a radially outward direction of the wafer W). This lateral force
is generated due to friction between the wafer W and the polishing pad 19. The lateral

force is received by the spherical bearing 85. Therefore, the spherical bearing 85 serves
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as a supporting mechanism capable of supporting the lateral force (i.e., the force in the
radially outward direction of the wafer W) applied to the retaining ring 3 from the wafer
W due to the friction between the wafer W and the polishing pad 19 and capable of
restricting the lateral movement of the retaining ring 3 (i.e., capable of fixing the
horizontal position of the retaining ring 3).

FIG. 5 is a schematic cross-sectional view showing the state in which the elastic
membrane 10 is coupled to the head body 2. FIG. 6 is an enlarged cross-sectional view
showing part of the elastic membrane 10 shown in FIG. 5. The elastic membrane 10 has
a circular contact portion 11 which can be brought into contact with the wafer W, and a
plurality of circumferential walls 14a, 14b, 14c, 14d, 14e, and 14f (six circumferential
walls in FIG. 5) which are coupled to the contact portion 11. As described above, the
six pressure chambers (the central pressure chamber 16a, the intermediate pressure
chambers 16b to 16e, and the edge pressure chamber 16f) are formed by these six
circumferential walls 14a to 14f. The contact portion 11 is brought into contact with a
rear surface of the wafer W, which is a surface at an opposite side of the surface to be
polished, to press the wafer W against the polishing pad 19. The circumferential walls
14a to 14f are annular circumferential walls which are concentrically arranged.

The circumferential wall 14f is an outermost circumferential wall and extends
upwardly from a circumferential edge portion of the contact portion 11.  In the following
description, the circumferential wall 14f is referred to as an edge circumferential wall 14f£.
The circumferential wall 14e is arranged radially inwardly of the edge circumferential
wall 14f, and the circumferential wall 14d is arranged radially inwardly of the
circumferential wall 14e. The circumferential wall 14c is arranged radially inwardly of
the circumferential wall 14d, the circumferential wall 14b is arranged radially inwardly of
the circumferential wall 14c, and the circumferential wall 14a is arranged radially
inwardly of the circumferential wall 14b. In the following description, the
circumferential wall 14a is referred to as a first inner circumferential wall 14a, the

circumferential wall 14b is referred to as a second inner circumferential wall 14b, and the
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circumferential wall 14c is referred to as a third inner circumferential wall 14c. The
circumferential wall 14d is referred to as a fourth inner circumferential wall 14d, and the
circumferential wall 14e is referred to as a fifth inner circumferential wall 14e. The
inner circumferential walls 14a to 14e extend upwardly from the contact portion 11.

The contact portion 11 has a plurality of through-holes 17 communicating with
the pressure chamber 16¢ formed between the second inner circumferential wall 14b and
the third inner circumferential wall 14c. Only one through-hole 17 is shown in FIGS. 5
and 6. When a vacuum is created in the intermediate pressure chamber 16¢ in a state
where the wafer W is brought in contact with the contact portion 11, the wafer W is held
on a lower surface of the contact portion 11, i.e., the polishing head 1 by.a vacuum
suction. Further, when the fluid is supplied into the intermediate pressure chamber 16¢
in a state where the wafer W is separated from the polishing pad 19, the wafer W is
released from the polishing head 1. The through-holes 17 may be formed at one of other
pressure chambers, instead of the intermediate pressure chamber 16c. In such case, the
vacuum suction of the wafer W and the release of the wafer W are performed by
controlling the pressure in the pressure chamber at which the through-holes 17 are formed.

In the present embodiment, the inner circumferential walls 14a to 14e are
configured as slope circumferential walls which are inclined radially inwardly, and have
the same shape. The immer circumferential wall 14b configured as the slope
circumferential wall will be described below.

The inner circumferential wall 14b as the slope circumferential wall has a
circumferential wall body 55 extending obliquely upwardly from the contact portion 11,
and an annular seal projection 54 formed at a distal end of the circumferential wall body
55. In the present embodiment, the seal projection 54 has a circular cross-sectional
shape, and the circumferential wall body 55 extends in a tangential direction to the seal
projection 54. The inner circumferential wall 14b is inclined radially inwardly in its
entirety from its lower end to its upper end at a predetermined angle 6, and extends

upwardly. The lower end of the inner circumferential wall 14b is connected to the
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contact portion 11, and the upper end (i.e., the seal projection 54) of the inner
circumferential wall 14b is connected to a coupling ring 23a of the head body 2
(described later).

The inclination angle 0 of the inner circumferential wall 14b with respect to the
contact portion 11 is set preferably in the range of 20° to 70°.  If the inclination angle 6
is smaller than 20°, the inner circumferential wall 14b is liable to cause the same problem
as the conventional inner circumferential wall having the horizontal portion (see the
horizontal portions 121a to 121g in FIG. 22). More specifically, if the inclination angle
0 is smaller than 20°, when the pressure difference of the fluid supplied to the adjacent
pressure chambers 16 is large, the adjacent inner circumferential walls 14 are liable to be
brought into contact with each other. If the inclination angle 8 is larger than 70°,
expansion and contraction of the elastic membrane 10 (i.e., deformation of the elastic
membrane 10) in a vertical direction is liable to be inhibited by the inner circumferential
walls 14. In this case, the elastic membrane 10 cannot be expanded or contracted
properly according to the pressures of the fluid supplied to the pressure chambers 16, and
thus it is liable to be difficult to adjust the pressing forces applied to the wafer W at
respective zones of the wafer W.

As shown in FIG. 6, because the inner circumferential walls 14a to 14e
configured as the slope circumferential wall have the same shape, the inner
circumferential walls 14a to 14e extend parallel to one another. More particularly, the
circumferential wall bodies 55 of the inner circumferential walls 14a to 14e are arranged
parallel to one another. As shown in FIG. 5, a pressure chamber 16b is formed between
the first inner circumferential wall 14a and the second inner circumferential wall 14b, a
pressure chamber 16¢ is formed between the second inner circumferential wall 14b and
the third inner circumferential wall 14c, and a pressure chamber 16d is formed between
the third inner circumferential wall 14c and the fourth inner circumferential wall 14d. A
pressure chamber 16¢ is formed between the fourth inner circumferential wall 14d and the

fifth inner circumferential wall 14e, and a pressure chamber 16f is formed between the
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fifth inner circumferential wall 14e and the edge circumferential wall 14f.  Although the
inner circumferential walls 14a to 14e as the slope circumferential walls extend linearly in
an obliquely upward direction in the present embodiment, the inner circumferential walls
14a to 14e may extend curvilinearly in an obliquely upward direction.

Further, in the elastic membrane 10 shown in FIGS. 5 and 6, the inner
circumferential walls 14a to 14e configured as the slope circumferential walls extend
parallel to one another. Specifically, the circumferential wall bodies 55 of the inner
circumferential walls 14a to 14e have the same inclination angle 6. In this case, the
adjacent inner circumferential walls 14 can be arranged at extremely narrow intervals, and
thus the width of each of the pressure chambers 16 in a radial direction can be extremely
narrowed.

If the inner circumferential walls 14a to 14e configured as the slope
circumferential walls are not brought into contact with each other, the inner
circumferential walls 14a to 14e may extend substantially parallel to one another. More
specifically, the inclination angles 6 of the circumferential wall bodies 55 of the inner
circumferential walls 14a to 14e configured as the slope circumferential walls may be
different from one another to some extent. In the present specification, the expression of
“substantially parallel” means that when an inclination angle of one of the inner
circumferential walls 14 configured as the slope circumferential walls is used as a
standard (for convenience of explanation, this inclination angle is referred to as a standard
inclination angle 0s), the inclination angles 0 of other inner circumferential walls 14
configured as the slope circumferential walls fall within £10° with respect to the standard
inclination angle 0s (i.e., 0s—10=0=0s+10). For example, in the case where the
inclination angle of the inner circumferential wall 14a is 45° and is the standard
inclination angle 0s, the inclination angles 6 of the inner circumferential walls 14b to 14e
fall within £10° with respect to the standard inclination angle 8s (=45°) of the inner
circumferential wall 14a (i.e., in the range of 35° to 55°).

In the present embodiment, the edge circumferential wall 14f comprises a
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vertical portion 22 extending vertically with respect to the contact portion 11, and a slope
portion 28 coupled to the vertical portion 22. The slope portion 28 extends radially
inwardly from the vertical portion 22. The inclination angle of the slope portion 28 with
respect to the contact portion 11 is the same as the inclination angle 0 of the inner
circumferential walls 14a to 14e. Although not shown in the drawing, the edge
circumferential wall 14f may extend vertically from the contact portion 11 to the head
body 2.

The elastic membrane 10 having the inner circumferential walls 14a to 14e, the
edge circumferential wall 14f and the contact portion 11 can be formed integrally using a
mold or the like.

As described above, the fluid is supplied to the respective pressure chambers 16a
to 16f through the fluid lines 73 (see FIGS. 1 and 2) extending from the pressure regulator
65 via the rotary joint 82. In FIG. 5, only part of the fluid line 73 for supplying the fluid
from the pressure regulator 65 to the pressure chamber 16d is shown.

The part of the fluid line 73 shown in FIG. 5 comprises a through-hole 73a
formed in the spacer 42, a through-hole 73b formed in the carrier 43 and communicating
with the through-hole 73a, and a through-hole 73c formed in the coupling ring 23
(described later) and communicating with the through-hole 73b. These through-holes
73a, 73b, and 73c have the same diameter. An annular recess is formed at the upper end
of the through-hole 73¢ formed in the coupling ring 23, and a seal member (e. g., O-ring)
74 for sealing a gap between the coupling ring 23 and the carrier 43 is provided in the
recess. The seal member 74 prevents the fluid flowing in the through-holes 73b and 73¢
from leaking through the gap between the coupling ring 23 and the carrier 43. Similarly,
an annular recess is formed at the upper end of the through-hole 73b formed in the carrier
43, and a seal member (e. g., O-ring) 44 for sealing a gap between the carrier 43 and the
spacer 42 is provided in the recess. The seal member 44 prevents the fluid flowing in
the through-holes 73a and 73b from leaking through the gap between the spacer 42 and

the carrier 43.
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Further, the head body 2 has a plurality of coupling rings 23a to 23¢ to which the
inner circumferential walls 14a to 14e and the edge circumferential wall 14f are coupled.
The coupling ring 23a is arranged between the first inner circumferential wall 14a and the
second inner circumferential wall 14b, and is referred to as a first coupling ring 23a in the
following description. The coupling ring 23b is arranged between the second inner
circumferential wall 14b and the third inner circumferential wall 14c, and is referred to as
a second coupling ring 23b in the following description. The coupling ring 23c is
arranged between the third inner circumferential wall 14c and the fourth inner
circumferential wall 14d, and is referred to as a third coupling ring 23c¢ in the following
description. The coupling ring 23d is arranged between the fourth inner circumferential
wall 14d and the fifth inner circumferential wall 14e, and is referred to as a fourth
coupling ring 23d in the following description. The coupling ring 23e is arranged
between the fifth inner circumferential wall 14e and the edge circumferential wall 14{,
and is referred to as a fifth coupling ring 23e in the following description. In this
manner, each of the coupling rings 23a to 23e is arranged between the adjacent inner
circumferential walls 14. In the present embodiment, because the first inner
circumferential wall 14a is configured as the slope circumferential wall, the head body 2
has a coupling ring 23f to which the inner circumferential wall 14a is coupled. In the
following description, the coupling ring 23f is referred to as an additional coupling ring
23f.

The first coupling ring 23a, the third coupling ring 23c and the fifth coupling
ring 23e have the same configuration except for engagement grooves, step portions and
projecting portions (described later). The second coupling ring 23b and the fourth
coupling ring 23d have the same configuration. Further, the second coupling ring 23b
and the fourth coupling ring 23d are different from the first coupling ring 23a, the third
coupling ring 23¢ and the fifth coupling ring 23e in that ring vertical portions (described
later) of the second coupling ring 23b and the fourth coupling ring 23d are shorter than

ring vertical portions of the first coupling ring 23a, the third coupling ring 23¢ and the
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fifth coupling ring 23e, and engagement grooves are not formed in the ring vertical
portions of the second coupling ring 23b and the fourth coupling ring 23d. The
configuration of the third coupling ring 23¢ will be described below.

FIG. 7A is a cross-sectional view of the third coupling ring 23c, and FIG. 7B is a
view as viewed from an arrow A of FIG. 7A. In FIG. 7A, the above seal member 74 is
shown by imaginary lines (dotted lines). The third coupling ring 23c¢ has a ring vertical
portion 50 extending vertically with respect to the carrier 43 of the head body 2, and a
ring slope portion 51 extending radially outwardly from the ring vertical portion 50 and
being inclined downwardly. An inclination angle 6° of an inner circumferential surface
51a of the ring slope portion 51 with respect to a horizontal plane P parallel to the contact
portion 11 of the elastic membrane 10 is smaller than the inclination angle 6 (see FIG. 6)
of the third inner circumferential wall 14c configured as the slope circumferential wall.
An inclination angle 0>* of an outer circumferential surface 51b of the ring slope portion
51 with respect to the horizontal plane P is larger than the inclination angle 0 of the fourth
inner circumferential wall 14d configured as the slope circumferential wall. The outer
circumferential surface 51b of the ring slope portion 51 is connected to the inner
circumferential surface 51a of the ring slope portion 51 at a tip end 51c of the ring slope
portion 51.  Therefore, the ring slope portion 51 has a cross-sectional shape which tapers
gradually toward the tip end 51c of the ring slope portion 51.  The tip end 51c of the ring
slope portion 51 which connects the inner circumferential surface 51a and the outer
circumferential surface 51b has a cross-sectional shape comprising a curvilinear surface
(e.g., a semicircular cross-sectional shape). A radius of the curvilinear surface is
preferably equal to a thickness of the inner circumferential wall in a radial direction.
Further, the third coupling ring 23c has a through-hole 51d extending from the inner
circumferential surface 51a to the outer circumferential surface 51b of the ring slope
portion 51 of the third coupling ring 23c. Further, an annular seal groove 51e extending
over the entire circumference of the outer circumferential surface 51b is formed in the

outer circumferential surface 51b of the ring slope portion 51.
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As shown in FIG. 7B, a plurality of horizontal grooves 63 extending in a
circumferential direction of the inner circumferential surface 5la and a plurality of
vertical grooves 64 allowing the adjacent horizontal grooves 63 to communicate with
each other are formed in the inner circumferential surface 51a of the ring slope portion 51
of the third coupling ring 23¢. In the present embodiment, the through-hole 73c¢ of the
fluid line 73 is open at the horizontal groove 63 formed in the inner circumferential
surface 51a of the ring slope portion 51. The through-hole 51d is open at the horizontal
groove 63 which is different from the horizontal groove 63 at which the fluid line 73 is
open. The through-hole 73¢ of the fluid line 73 and the through-hole 51d may be open
respectively at the vertical grooves 64 formed in the inner circumferential surface 51a of
the ring slope portion 51. Although not shown in the drawing, a plurality of horizontal
grooves extending in a circumferential direction of the outer circumferential surface 51b
and a plurality of vertical grooves allowing the adjacent horizontal grooves to
communicate with each other are formed in the outer circumferential 51b of the ring slope
portion 51 of the third coupling ring 23c. It is desirable that the through-hole 51d is
open at the horizontal groove or the vertical groove formed in the outer circumferential
surface 51b of the ring slope portion 51.

The seal projection 54 of the inner circumferential wall 14 shown in FIG. 6 is
fitted into the seal groove 51e formed in the outer circumferential surface 51b of the ring
slope portion 51.  When the elastic membrane 10 is coupled to the head body 2, the seal
projection 54 is pressed against the bottom surface of the seal groove 51e by the inner
circumferential surface 51a of the ring slope portion 51 of the coupling ring 23 positioned
at the radially outer side of the seal projection 54. For example, the seal projection 54
formed at the tip end of the second inner circumferential wall 14b is fitted into the seal
groove 51e formed in the outer circumferential surface 51b of the ring slope portion 51 of
the first coupling ring 23a, and the seal projection 54 is pressed against the bottom surface
of the seal groove 51e of the first coupling ring 23a by the inner circumferential surface

51 of the ring slope portion 51 of the second coupling ring 23b. Thus, the gap between
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the second inner circumferential wall 14b and the outer circumferential surface 51b of the
ring slope portion 51of the first coupling ring 23a and the gap between the second inner
circumferential wall 14b and the inner circumferential surface 51a of the ring slope
portion 51 of the second coupling ring 23b can be sealed. With this configuration, the
fluid supplied to the respective pressure chambers 16a to 16e can be prevented from
leaking from the respective pressure chambers 16a to 16e.

As shown FIG. 8, an annular pressing projection 51f facing the seal projection 54
fitted into the seal groove 51e may be formed on the inner circumferential surface 51a of
the ring slope portion 51 of the coupling ring 23. The pressing projection 51f extends
over the entire circumference of the inner circumferential surface 51a of the ring slope
portion 51. The pressing projection 51f can press the seal projection 54 against the
bottom surface of the seal groove 51e with a strong pressing force. As a result, the fluid
supplied to the respective pressure chambers 16a to 16e can be effectively prevented from
leaking from the respective pressure chambers 16a to 16e.

As shown in FIG. 5, the inner circumferential walls 14a to 14e are brought into
contact with the coupling rings 23a to 23e, respectively, only by the seal projections 54.
Specifically, a gap is formed between the ring slope portion 51 having a cross-sectional
shape which tapers gradually toward the tip end 51c, and the inner circumferential wall 14
except for the seal projection 54. This gap allows each of the inner circumferential walls
14a to 14e to move in a radial direction when the pressurized fluid is supplied to the
respective pressure chambers 16a to 16f. That is, each of the inner circumferential walls
14a to 14e rotates about the seal projection 54 as a fulcrum. As a result, the elastic
membrane 10 can be smoothly inflated in response to pressures of the fluid supplied to
the respective pressure chambers 16a to 16f, and thus the polishing profile can be adjusted
precisely.

As described above, when the pressurized fluid is supplied to the respective
pressure chambers 16a to 16f, the elastic membrane 10 is inflated, and the connecting

portions between the inner circumferential walls 14a to 14f and the contact portion 11

28




10

15

20

25

move in a radial direction. However, because the above gaps are formed between the
inner circumferential walls 14a to 14¢ and the coupling rings 23a to 23e at portions other
than the seal projections 54 of the inner circumferential walls 14a to 14e, movement of
the inner circumferential walls 14a to 14e in a radial direction to some extent is not
hindered by the coupling rings 23a to 23e. Therefore, the elastic membrane 10 can be
inflated in response to pressures of the fluid supplied to the respective pressure chambers
16a to 16f.

If there is a pressure difference between pressures of the fluid supplied to the
adjacent pressure chambers 16, the inner circumferential wall 14 for partitioning these
adjacent pressure chambers 16 tends to be deformed in a radial direction. However,
deformation of the inner circumferential wall 14 in the radial direction is limited by the
inner circumferential surface 51a or the outer circumferential surface 51b of the ring slope
portion 51 of the coupling ring 23, and thus the inner circumferential wall 14 can be
effectively prevented from being brought into contact with the contact portion 11. At
the same time, the adjacent inner circumferential walls can be effectively prevented from
being brought into contact with each other. In the present embodiment, the tip end Slc
of the ring slope portion 51 of the coupling ring 23 has a cross-sectional shape comprising
a curvilinear surface. Therefore, when the inner circumferential wall 14 is brought into
contact with the tip end 51c of the ring slope portion 51, the inner circumferential wall 14
can be prevented from being damaged.

As described above, the coupling ring 23 has the horizontal grooves 63 and the
vertical grooves 64 formed in the inner circumferential surface 51a and the outer
circumferential surface 51b of the ring slope portion 51, and has the through-hole 51d
which extends from the inner circumferential surface 51a to the outer circumferential
surface 51b and is open at the horizontal groove 63 (or the vertical groove 64). Further,
the through-hole 73c¢ (see FIG. 5) of the fluid line 73 through which the fluid supplied to
each of the pressure chambers 16a to 16f flows is open at the horizontal groove 63.

Therefore, even if the inner circumferential wall 14 is brought into contact with the inner
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circumferential surface 51a and/or the outer circumferential surface 51b of the ring slope
portion 51 of the coupling ring 23 by the pressure difference of the fluid supplied to the
adjacent pressure chambers 16, the fluid flowing through the fluid line 73 can be quickly
and smoothly supplied to the pressure chamber 16 through the horizontal groove 63, the
vertical groove 64 and the through-hole 51d formed in the ring slope portion 51. As a
result, even in a state where the inner circumferential wall 14 is brought in contact with
the inner circumferential surface 51a and/or the outer circumferential surface 51b of the
ring slope portion 51 of the coupling ring 23, the pressure of the fluid supplied from the
fluid line 73 can be applied quickly to the contact portion 11.

As shown in FIG. 5, the tip end 51c of the ring slope portion 51 is preferably
positioned below an intermediate point CP of each of the inner circumferential walls 14a
to l4e configured as the slope circumferential walls. As shown in FIG. 6, the
intermediate point CP is positioned at the center of each of the inner circumferential walls
14a to 14e extending obliquely upwardly at a certain inclination angle 6. Specifically,
the distance L1 between the intermediate point CP of each of the inner circumferential
walls 14a to 14e and the contact portion 11 is equal to the distance L2 between the
intermediate point CP and the tip end of each of the inner circumferential walls 14a to 14e.

When the vacuum is produced in the pressure chamber (e.g., the intermediate
pressure chamber 16¢) to attract the wafer W to the substrate holding surface 10a of the
elastic membrane 10, the elastic membrane 10 is deformed toward the head body 2. If
the deformation amount of the elastic membrane 10 is large, the stress generated in the
wafer W may increase, and electronic circuits formed on the wafer W may be damaged or
the wafer W may be cracked. In the present embodiment, because the tip end 51c of the
ring slope portion 51 is positioned below the intermediate point CP of each of the inner
circumferential walls 14a to 14e, the distance between the contact portion 11 and the tip
end 51c of the ring slope portion 51 is short. Therefore, when the wafer W is attracted
to the substrate holding surface 10a (see FIG. 2) of the elastic membrane 10 under

vacuum, the elastic membrane 10 is brought into contact with the tip end 51c of the ring
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slope portion 51, so that the deformation amount of the elastic membrane 10 can be
reduced. As a result, the stress generated in the wafer W can be reduced. Further,
because the tip end 51c of the ring slope portion 51 has a cross-sectional shape
comprising a curvilinear surface, when the elastic membrane 10 is brought into contact
with the tip end 5lc of the ring slope portion 51, the elastic membrane 10 can be
prevented from being damaged.

According to the present embodiment, the inner circumferential walls 14 are
configured as the slope circumferential walls with no horizontal portions which have been
formed in the conventional circumferential walls (see the horizontal portions 121a to
121g of FIG. 22). Further, the inner circumferential walls 14 have the same shape and
extend parallel (or substantially parallel) to one another. Therefore, even if the pressure
difference between pressures of the fluid supplied to the adjacent pressure chambers is
large, the inner circumferential wall 14 is not brought into contact with the contact portion
11. Further, the adjacent inner circumferential walls 14 can be prevented from being
brought into contact with each other. In particular, because the coupling ring 23 having
the ring slope portion 51 configured to limit movement of the inner circumferential wall
14 to the radially inner side or the radially outer side is provided between the adjacent
inner circumferential walls 14, the contact between the inner circumferential wall 14 and
the contact portion 11, and the contact between the adjacent inner circumferential walls
14 can be effectively prevented. As a result, the polishing profile of the wafer W held
by the polishing head (substrate holding apparatus) 1 can be precisely adjusted.

Further, according to the present embodiment, because the inner circumferential
walls 14 configured as the slope circumferential walls extend parallel to one another, the
interval between the adjacent inner circumferential walls 14 can be made small. As a
result, the width of each of the pressure chambers 16a to 16e in a radial direction can be
made small, and hence the polishing profile of the wafer W held by the polishing head
(substrate holding apparatus) 1 can be precisely adjusted.

In the case where the inner circumferential walls 14 are configured as the slope
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circumferential walls, the interval between the adjacent inner circumferential walls 14 can
be set arbitrarily according to the polishing profile of the wafer W. Specifically, the
interval between the adjacent inner circumferential walls 14 can be set to a desired
interval (for example, extremely narrow interval). At least two inner circumferential
walls adjacent to each other of the plural inner circumferential walls 14a to 14e may be
configured as slope circumferential walls. For example, the inner circumferential wall
l4c, the inner circumferential wall 14d and the inner circumferential wall 14e may be
configured as slope circumferential walls, or the two inner circumferential walls 14d and
14e arranged adjacent to the edge circumferential wall 14f may be configured as slope
circumferential walls.

FIG. 9 is a cross-sectional view showing an example of the elastic membrane 10
in which two inner circumferential walls 14d and 14e arranged adjacent to an edge
circumfereﬁtial wall 14f are configured as slope circumferential walls. In the -elastic
membrane 10 shown in FIG. 9, the inner circumferential walls 14a, 14b and 14c have
slope portions 57 inclined toward a radially inner side from the contact portion 11, and
horizontal portions 58 extending horizontally from the slope portions 57, respectively, in
the same manner as the inner circumferential walls 114a, 114b and 114c of the
conventional elastic membrane 110 described with reference to FIG. 22. In the case
where the inner circumferential walls 14d and 14e are configured as the slope
circumferential walls, the width of the pressure chamber 16e partitioned by the inner
circumferential walls 14d and 14e can be made small. Therefore, by using the elastic
membrane 10 shown in FIG. 9, the polishing profile of the peripheral edge portion of the
wafer W can be precisely adjusted.

The coupling rings 23 are fixed to the carrier 43 by a plurality of fixing members.
By fixing the coupling rings 23 to the carrier 43 by the fixing members, the elastic
membrane 10 is coupled to the head body 2. When the elastic membrane 10 having a
small interval between the adjacent inner circumferential walls 14 configured as the slope

circumferential walls is coupled to the head body 2, the width of the coupling ring 23 of
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the head body 2 in a radial direction also becomes small. As a result, the fixing
members for fixing the coupling rings 23 to the carrier 43 must be arranged in a narrow
space. Further, if the fixing members for fixing the coupling rings 23 to the carrier 43
are large in number, the amount of work for attaching and removing the elastic membrane
10 from the carrier 43 at the time of maintenance is forced to increase.

Further, there is a limit on a space for installing the fixing members for fixing the
coupling rings 23 to the carrier 43 of the head body 2. More specifically, since the
plural fluid lines 73 (see FIG. 2) for supplying the fluid to the respective pressure
chambers 16a to 16e pass through the carrier 43 of the head body 2, it is necessary to
install the fixing members so as not to be brought into contact with these fluid lines 73.
Further, the plural radial grooves 43a (see FIG. 3) for accommodating the spokes 78
therein are formed in the carrier 43 of the head body 2, and thus the fixing members
cannot be installed at the positions where these grooves 43a are formed.

Therefore, in the present embodiment, the polishing head 1 has fixing members
70 for fixing the adjacent two inner circumferential walls 14 configured as the slope
circumferential walls to the head body 2 simultaneously via the three coupling rings 23.
The fixing member 70, and a method for fixing the coupling rings 23, to which the elastic
membrane 10 is coupled, to the head body 2 using the fixing members 70 will be
described below.

FIG. 10A is a top plan view of the fixing member 70, and FIG. 10B is a cross-
sectional view taken along line B-B of FIG. 10A. As shown in FIGS. 10A and 10B, the
fixing member 70 comprises a columnar fixing member body 71, and an elliptically
shaped flange 72 projecting outwardly from the outer circumferential surface of the fixing
member body 71. The flange 72 has two inclined surfaces 72a and 72b, and these
inclined surfaces 72a and 72b extend to the outer circumferential surface of the flange 72.
A thickness of the flange 72 in a vertical direction except for the inclined surfaces 72a
and 72b is the same as a vertical width of an engagement groove (described later) formed

in the ring vertical portion 50 of the coupling ring 23. A groove 71b with which a tip
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end of a jig (not shown, e.g., a flathead screwdriver) is engageable is formed in the upper
surface 71a of the fixing member body 71. By allowing the tip end of the jig to engage
with the groove 71b and rotating the jig, the fixing member 70 can be rotated.

A method for fixing the three coupling rings 23 to the carrier 43 of the head body
2 simultaneously by using the fixing member 70 shown in FIGS. 10A and 10B will be
described below. When the three coupling rings 23 are fixed to the carrier 43, the
adjacent two inner circumferential walls 14 are coupled to the head body 2
simultaneously. In the following description, the coupling ring 23 positioned at the
radially inner side of the three coupling rings 23 is occasionally referred to as an inner-
side coupling ring 23, the coupling ring 23 positioned at the radially outer side of the
three coupling rings 23 is occasionally referred to as an outer-side coupling ring 23, and
the coupling ring 23 positioned between the inner-side coupling ring 23 and the outer-side
coupling ring 23 is occasionally referred to as an intermediate coupling ring. Further,
the inner circumferential wall 14 positioned at the radially inner side of the adjacent two
inner circumferential walls 14 configured as the slope circumferential walls is
occasionally referred to as an inner-side slope circumferential wall 14, and the inner
circumferential wall 14 positioned at the radially outer side of the adjacent two inner
circumferential walls 14 configured as the slope circumferential walls is occasionally
referred to as an outer-side slope circumferential wall 14.

FIGS. 11 to 14 are schematic views showing processes for fixing the three
coupling rings 23 to the carrier 43 simultaneously by using the fixing members 70 shown
in FIGS. 10A and 10B to couple the elastic membrane 10 shown in FIG. 6 to the head
body 2.

In the elastic membrane 10 shown in FIG. 6, the second inner circumferential
wall 14b is the inner-side slope circumferential wall 14, and the third inner
circumferential wall 14c¢ is the outer-side slope circumferential wall 14. With respect to
the second inner circumferential wall 14b and the third inner circumferential wall 14c, the
first coupling ring 23a is the inner-side coupling ring 23, the second coupling ring 23b is
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the intermediate coupling ring 23, and the third coupling ring 23c is the outer-side
coupling ring 23. By fixing the coupling rings 23a to 23c to the carrier 43 by the fixing
member 70, the second inner circumferential wall 14b and the third inner circumferential
wall 14c are coupled to the head body 2. Similarly, the fourth inner circumferential wall
14d is the inner-side slope circumferential wall 14, and the fifth inner circumferential wall
14e is the outer-side slope circumferential wall 14. With respect to the fourth inner
circumferential wall 14d and the fifth inner circumferential wall 14e, the third coupling
ring 23c is the inner-side coupling ring 23, the fourth coupling ring 23d is the
intermediate coupling ring 23, and the fifth coupling ring 23e is the outer-side coupling
ring 23. By fixing the coupling rings 23c¢ to 23¢ to the carrier 43 by the fixing member
70, the fourth inner circumferential wall 14d and the fifth inner circumferential wall 14e
are coupled to the head body 2. Thus, the third coupling ring 23c is the outer-side
coupling ring 23 with respect to the second inner circumferential wall 14b and the third
inner circumferential wall 14c, and is the inner-side coupling ring 23 with respect to the
fourth inner circumferential wall 14d and the fifth inner circumferential wall 14e.

As shown iﬁ FIG. 11, a plurality of first recesses 45 into which the plural fixing
members 70 are respectively inserted are formed in the upper surface 43c of the carrier 43
of the head body 2. Each of the first recesses 45 extends from the upper surface 43c of
the carrier 43 toward the lower surface 43d of the carrier 43. The first recess 45 has an
elliptically-shaped cross section so as not to be brought into contact with the flange 72 of
the fixing member 70 inserted into the first recess 45. Further, an annular second recess
46 into which the ring vertical portion 50 of the inner-side coupling ring 23 is inserted, an
annular third recess 47 into which the ring vertical portion 50 of the intermediate coupling
ring 23 is inserted, and a fourth recess 48 into which the ring vertical portion 50 of the
outer-side coupling ring 23 is inserted, are formed in the lower surface 43d of the carrier
43. The second recess 46, the third recess 47 and the fourth recess 48 extend over the
entire circumference of the carrier 43, and extend from the lower surface 43d toward the

upper surface 43¢ of the carrier 43.

35




10

15

20

25

An inner-side opening 96 is formed in an inner surface located at a radially inner
side of the first recess 45, and an outer-side opening 97 is formed in an inner surface
located at a radially outer side of the first recess 45. The first recess 45 communicates
with the second recess 46 through the inner-side opening 96, and communicates with the
fourth recess 48 through the outer-side opening 97. When the fixing member 70 inserted
into the first recess 45 is rotated, the flange 72 of the fixing member 70 projects into the
second recess 46 and the fourth recess 48 through the inner-side opening 96 and the outer-
side opening 97.

The intermediate coupling ring 23 is sandwiched between the inner-side
coupling ring 23 and the outer-side coupling ring 23 and is thus held by the inner-side
coupling ring 23 and the outer-side coupling ring 23. For example, the second coupling
ring 23b as the intermediate coupling ring 23 is held by the first coupling ring 23a as the
inner-side coupling ring 23 and the third coupling ring 23c¢ as the outer-side coupling ring
23. Similarly, the fourth coupling ring 23d as the intermediate coupling ring 23 is held
by the third coupling ring 23c as the inner-side coupling ring 23 and the fifth coupling
ring 23e as the outer-side coupling ring 23.

In the present embodiment, the intermediate coupling ring 23 has an annular
projecting portion 30 projecting outwardly from the outer circumferential surface of the
intermediate coupling ring 23, and the inner-side coupling ring 23 has an annular step
portion 31 on which the projecting portion 30 is placed. Further, the outer-side coupling
ring 23 has an annular projecting portion 33 projecting outwardly from the outer
circumferential surface of the outer-side coupling ring 23, and the intermediate coupling
ring 23 has an annular step portion 34 on which the projecting portion 33 is placed. The
third coupling ring 23c serves as the outer-side coupling ring 23 with respect to the
second inner circumferential wall 14b and the third inner circumferential wall 14c, and
serves as the inner-side coupling ring 23 with respect to the fourth inner circumferential
wall 14d and the fifth inner circumferential wall 14e. Therefore, the third coupling ring

23c has an annular projecting portion 33 and an annular step portion 31.
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Further, an inner-side engagement groove 36 with which the flange 72 of the
fixing member 70 is engageable is formed in the ring vertical portion 50 of the inner-side
coupling ring 23, and an outer-side engagement groove 37 with which the flange 72 of the
fixing member 70 is engageable is formed in the ring vertical portion 50 of the outer-side
coupling ring 23. The third coupling ring 23c¢ serves as the outer-side coupling ring 23
with respect to the second inner circumferential wall 14b and the third inner
circumferential wall 14c, and serves as the inner-side coupling ring 23 with respect to the
fourth inner circumferential wall 14d and the fifth inner circumferential wall 14e.
Therefore, the third coupling ring 23c¢ has an inner-side engagement groove 36 and an
outer-side engagement groove 37.

The seal projection 54 formed at the tip end of the inner-side slope
circumferential wall 14 (e.g., the second inner circumferential wall 14b) is fitted into the
seal groove 5le formed in the outer circumferential surface of the ring slope portion 51 of
the inner-side coupling ring 23 (e.g., the first coupling ring 23a). The seal projection 54
formed at the tip end of the outer-side slope circumferential wall 14 (e.g., the third inner
circumferential wall 14c) is fitted into the seal groove Sle formed in the outer
circumferential surface of the ring slope portion 51 of the intermediate coupling ring 23
(e.g., the second coupling ring 23b). Further, the projecting portion 30 of the
intermediate coupling ring 23 is placed‘ on the step portion 31 of the inner-side coupling
ring 23, and the projecting portion 33 of the outer-side coupling ring 23 is placed on the
step portion 34 of the intermediate coupling ring 23.  This state is shown in FIG. 11.

As shown in FIG. 11, the first inner circumferential wall 14a of the elastic
membrane 10 is also configured as the slope circumferential wall. The first inner
circumferential wall 14a is coupled to the additional coupling ring 23f and the additional
coupling ring 23f is fixed to the carrier 43, and thus the first inner circumferential wall
14a is coupled to the head body 2. More specifically, the additional coupling ring 23f
has an inclined surface 53, and a seal groove 53a into which the seal projection 54 formed

at the tip end of the first inner circumferential wall 14a is fitted is formed in the inclined
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surface 53. The first inner circumferential wall 14a is sandwiched between the first
coupling ring 23a and the additional coupling ring 23f in a state where the seal projection
54 of the first inner circumferential wall 14a is fitted into the seal groove 53a of the
additional coupling ring 23f.  Thus, the first inner circumferential wall 14a is held by the
first coupling ring 23a and the additional coupling ring 23f. Further, the edge
circumferential wall 14f of the elastic membrane 10 has the slope portion 28. A seal
projection 54 is formed at the tip end of the slope portion 28, and a seal groove Sle into
which the seal projection 54 is fitted is formed in the outer circumferential surface 51b of
the ring slope portion 51 of the fifth coupling ring 23e. When the elastic membrane 10
is coupled to the carrier 43 of the head body 2, the inner circumferential walls 14b to 14e
and the edge circumferential wall 14f of the elastic membrane 10 are held in advance by
the coupling rings 23a to 23e, and the inner circumferential wall 14a is held in advance by
the additional coupling ring 23f.

Then, as shown in FIG. 12, the elastic membrane 10, the coupling rings 23a to
23e and the additional coupling ring 23f are moved toward the carrier 43, whereby the
respective coupling rings 23a to 23e are inserted into the recesses 46, 47, and 48 (see FIG.
11) formed in the lower surface 43b of the carrier 43. As shown in FIG. 11, the recess
into which the third coupling ring 23c is inserted is the fourth recess 48 with respect to the
second inner circumferential wall 14b and the third inner circumferential wall 14c, and is
the second recess 46 with respect to the fourth inner circumferential wall 14d and the fifth
inner circumferential wall 14e.

Then, as shown in FIG. 13, the fixing members 70 are inserted into the first
recesses 45 formed in the upper surface 43¢ of the carrier 43, and the fixing members 70
are rotated by the jig (not shown). When the fixing member 70 is rotated, as shown in
FIG. 14, the flange 72 of the fixing member 70 is engaged with the inner-side engagement
groove 36 formed in the ring vertical portion 50 of the inner-side coupling ring 23 and the
outer-side engagement groove 37 formed in the ring vertical portion 50 of the outer-side

coupling ring 23, respectively, through the inner-side opening 96 and the outer-side
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opening 97 (see FI1G. 11).

As shown in FIGS. 10A and 10B, the two inclined surfaces 72a and 72b are
formed on the flange 72 of the fixing member 70. The inclined surfaces 72a and 72b
extend to the outer circumferential surface of the flange 72. By these inclined surfaces
72a and 72b, the flange 72 can move smoothly into the engagement grooves 36 and 37.

Because the thickness of the flange 72 except for the inclined surfaces 72a and
72b is equal to the vertical width of the engagement grooves 36 and 37, the flange 72
which has moved smoothly into the engagement grooves 36 and 37 is engaged with the
engagement grooves 36 and 37 tightly. As a result, the inner-side coupling ring (e.g.,
the first coupling ring 23a) and the outer-side coupling ring (e.g., the third coupling ring
23c) are tightly fixed to the carrier 43. At this time, the intermediate coupling ring 23
(e.g., the second coupling ring 23b) held by the inner-side coupling ring 23 and the outer-
side coupling ring 23 is also coupled to the inner-side coupling ring 23 and the outer-side
coupling ring 23 firmly. At the same time, the seal projection 54 of the inner-side slope
circumferential wall (e.g., the second inner circumferential wall 14b) is pressed against
the seal groove 5le formed in the outer circumferential surface 51b of the ring slope
portion 51 of the inner-side coupling ring 23 by the inner circumferential surface Sla of
the ring slope portion 51 of the intermediate coupling ring 23. Further, the seal
projection 54 of the outer-side slope circumferential wall (e.g., the third inner
circumferential wall 14c) is pressed against the seal groove 5le formed in the outer
circumferential surface 51b of the ring slope portion 51 of the intermediate coupling ring
23 by the inner circumferential surface 51a of the ring slope portion 51 of the outer-side
coupling ring 23. Thus, the gap between the inner-side slope circumferential wall 14
and the inner-side coupling ring 23 and the gap between the inner-side slope
circumferential wall 14 and the intermediate coupling ring 23 are sealed, and the gap
between the outer-side slope circumferential wall 14 and the intermediate coupling ring
23 and the gap between the outer-side slope circumferential wall 14 and the outer-side

coupling ring 23 are sealed. As described with reference to FIG. 8, the pressing
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projection 51f for pressing the seal projection 54 against the seal groove 5le may be
formed on the inner circumferential surface 51a of the ring slope portion 51 of the
coupling ring 23.

The seal projection 54 of the edge circumferential wall 14f is pressed against the
seal groove 51e formed in the outer circumferential surface 51b of the ring slope portion
51 of the fifth coupling ring 23e by an inclined portion 43e (see FIG. 11) formed in the
lower surface of the carrier 43. Thus, the gap between the edge circumferential wall 14f
and the fifth coupling ring 23e and the gap between the edge circumferential wall 14f and
the carrier 43 are sealed. The annular pressing projection 51f described with reference
to FIG. 8 may be provided on the inclined portion 43e. When the elastic membrane 10
is coupled to the head body 2, the seal projection 54 of the edge circumferential wall 14f
is pressed against the seal groove 51e formed in the outer circumferential surface 51b of
the ring‘ slope portion 51 of the fifth coupling ring 23e under a strong pressing force by
the pressing projection 51f provided on the inclined portion 43e. As a result, the fluid
can be effectively prevented from leaking from the pressure chamber 16f.

In the present embodiment, the additional coupling ring 23f is fixed to the carrier
43 by a plurality of screws 94. Through-holes 43f (see FIG. 11) into which the screws
94 are inserted are formed in the carrier 43, and screw holes 56 extending from the upper
surface toward the lower surface of the additional coupling ring 23f are formed in the
additional coupling ring 23f. The screws 94 are inserted into the through-holes 43f, and
are engaged with the screw holes 56, thereby fixing the additional coupling ring 23f to the
carrier 43 tightly. At this time, the seal projection 54 of the first inner circumferential
wall 14a is pressed against the seal groove 53a formed in the inclined surface 53 of the
additional coupling ring 23f by the inner circumferential surface 51a of the ring slope
portion 51 of the first coupling ring 23a. Thus, the gap between the first inner
circumferential wall 14a and the additional coupling ring 23f and the gap between the
first inner circumferential wall 14a and the first coupling ring 23a are sealed.

FIG. 15 is a schematic view showing an example of arrangement of the fixing
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members 70. As shown in FIG. 15, the first coupling ring 23a, the second coupling ring
23b and the third coupling ring 23¢ are fixed to the carrier 43 by the plural fixing
members 70 arranged in a circumferential direction of the second coupling ring 23b.
The third coupling ring 23c, the fourth coupling ring 23d and the fifth coupling ring 23¢
are fixed to the carrier 43 by the plural fixing members 70 arranged in a circumferential
direction of the fourth coupling ring 23d. In this manner, by fixing the three coupling
rings 23 to the carrier 43 simultaneously by using the above fixing members 70, even if
the widths of the pressure chambers 16a to 16e in a radial direction are small, the elastic
membrane 10 can be coupled to the head body 2. Further, the number of the fixing
members 70 can be reduced, and thus the amount of work for attaching and removing the
elastic membrane 10 can be reduced.

As shown in FIG. 15, a plurality of through-holes 73b for the fluid lines 73 for
supplying the fluid to the respective pressure chambers 16a to 16e are formed in the
carrier 43. The seal member 44 for preventing the fluid flowing through the through-
holes 73a and 73b from leaking from the gap between the spacer 42 and the carrier 43 is
provided in the through-hole 73b (see FIG. 5). Further, as described with referenced to
FIG. 3, the plural radial grooves 43a for housing the spokes 78 are formed in the carrier
43.  According to the present embodiment, since the three coupling rings 23 are fixed to
the carrier 43 of the head body 2 by the fixing members 70 to couple the adjacent two
inner circumferential walls 14 to the head body 2, the fixing members 70 can be easily
arranged at positions different from the through-hole 73b and the groove 43a. Further,
since the number of the fixing members 70 can be reduced, the elastic membrane can be
easily attached and removed.

When the elastic membrane 10 is removed from the carrier 43 of the head body 2
for maintenance or replacement of the elastic membrane 10, first, the fixing member 70 is
rotated by the jig (not shown) to disengage the flange 72 of the fixing member 70 from
the inner-side engagement groove 36 of the inner-side coupling ring 23 and the outer-side

engagement groove 37 of the outer-side coupling ring 23 (see FIG. 13).  This operation
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is performed on all the fixing members 70  Then, all the fixing members 70 are removed
from the first recesses 45 (see FIG. 12), and the plural coupling rings 23 are removed
from the carrier 43 (see FIG. 11). Thereafter, the elastic membrane 10 is removed from
the plural coupling rings 23.

When the elastic membrane 10 which has been subjected to maintenance or a
new elastic membrane 10 is attached to the carrier 43 of the head body 2, the intermediate
coupling ring 23 is held in advance by the inner-side coupling ring 23 and the outer-side
coupling ring 23, and further the elastic membrane 10 is held in advance by the plural
coupling rings (i.e., the inner-side coupling ring 23, the intermediate coupling ring 23 and
the outer-side coupling ring 23) (see FIG. 11). Then, the plural coupling rings 23 which
hold the elastic membrane 10 are moved toward the carrier 43, and the respective

coupling rings 23 are inserted into the respective recesses (i.e., the second recess 46, the

 third recess 47 and the fourth recess 48) formed in the lower surface 43b of the carrier 43

(see FIG. 12). Thereafter, the fixing members 70 are inserted into the first recesses 45
formed in the upper surface 43c of the carrier 43 (see FIG. 13), and the fixing members
70 are rotated by the jig (not shown). When the fixing members 70 are rotated, the
flanges 72 of the fixing members 70 are engaged with the inner-side engagement grooves
36 of the inner-side coupling rings 23 and the outer-side engagement grooves 37 of the
outer-side coupling ring 23, respectively, through the inner-side openings 96 and the
outer-side openings 97. Thus, the elastic membrane 10 which has been subjected to
maintenance or the new elastic membrane 10 is attached to the carrier 43 of the head body
2.

In order to attach the elastic membrane 10 to the carrier 43 of the head body 2
again, the inner-side engagement groove 36 of the inner-side coupling ring 23 is required
to face the inner-side opening 96 of the first recess 45, and the outer-side engagement
groove 37 of the outer-side coupling ring 23 is required to face the outer-side opening 97
of the first recess 45. Specifically, it is necessary to position the inner-side coupling ring

23 and the outer-side coupling ring 23 accurately with respect to the plural first recesses
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45, respectively, formed in the carrier 43 (i.e., with respect to the head body 2). Further,
when the fixing member 70 is rotated, if the inner-side coupling ring 23 and/or the outer-
side coupling ring 23 are moved relative to the intermediate coupling ring 23, these
coupling rings 23 are liable to be damaged. Therefore, in order to reduce the burden of
the worker who performs maintenance or replacement of the elastic membrane 10 and to
prevent breakage of the coupling ring 23, it is preferable for the polishing head (substrate
holding apparatus) 1 to have a positioning mechanism for fixing the relative positions
between the inner-side coupling ring 23, the intermediate coupling ring 23 and the outer-
side coupling ring 23. The preferred embodiments of the positioning mechanism will be
described below with reference to FIGS. 16 to 21.

FIG. 16 is a cross-sectional view showing the positioning mechanism according
to one embodiment. The coupling rings 23a to 23e shown in FIG. 16 have the same
structure as the coupling rings 23a to 23e shown in FIG. 5 except for the positioning
mechanism 100 described below. The positioning mechanism 100 shown in FIG 16
comprises a rod-like member 101, a first insertion hole 103 formed in the ring vertical
portion 50 of the inner-side coupling ring 23 and configured to allow the rod-like member
101 to be inserted, a second insertion hole 104 formed in the ring vertical portion 50 of
the intermediate coupling ring 23 and configured to allow the rod-like member 101 to be
inserted, and a third insertion hole 105 formed in the ring vertical portion 50 of the outer-
side coupling ring 23 and configured to allow the rod-like member 101 to be inserted.
The first insertion hole 103 extends horizontally and passes through the ring vertical
portion 50 of the inner-side coupling ring 23. Similarly, the second insertion hole 104
extends horizontally and passes through the ring vertical portion 50 of the intermediate
coupling ring 23, and the third insertion hole 105 extends horizontally and passes through
the ring vertical portion 50 of the outer-side coupling ring 23.

When the intermediate coupling ring 23 is held by the inner-side coupling ring
23 and the outer-side coupling ring 23, these insertion holes 103, 104 and 105 formed in

the respective coupling rings 23 can lie on a straight line. When the rod-like member
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101 is inserted into the insertion holes 103, 104 and 105 lying on the straight line, the
relative positions between the inner-side coupling ring 23, the intermediate coupling ring
23 and the outer-side coupling ring 23 are fixed.

In the embodiment shown in FIG. 16, the relative positions between the first
coupling ring 23a, the second coupling ring 23b, the third coupling ring 23c, the fourth
coupling ring 23d and the fifth coupling ring 23e are fixed by the single rod-like member
101. As described above, the third coupling ring 23c is the outer-side coupling ring 23
with respect to the second inner circumferential wall 14b and the third inner
circumferential wall 14c, and is the inner-side coupling ring 23 with respect to the fourth
inner circumferential wall 14d and the fifth inner circumferential wall 14e. Therefore,
the insertion hole formed in the ring vertical portion 50 of the third coupling ring 23c
serves as the third insertion hole 105 with respect to the second inner circumferential wall
14b and the third inner circumferential wall 14c, and serves as the first insertion hole 103
with respect to the fourth inner circumferential wall 14d and the fifth inner
circumferential wall 14e.

In this manner, the relative positions between the first coupling ring 23a, the
second coupling ring 23b, the third coupling ring 23c, the fourth coupling ring 23d and
the fifth coupling ring 23e are fixed by the positioning mechanism 100 shown in FIG. 16.
As a result, the burden of the worker who performs maintenance or replacement of the
elastic membrane 10 can be reduced. Further, when the elastic membrane 10 is attached
to the head body 2, the first coupling ring 23a, the second coupling ring 23b, the third
coupling ring 23c, the fourth coupling ring 23d and the fifth coupling ring 23e can be
prevented from being damaged.

FIG. 17 is a view showing a modified example of the positioning mechanism
100 shown in FIG. 16. The elastic membrane 10 shown in FIG. 17 has four inner
circumferential walls 14a, 14b, 14c and 14d configured as slope circumferential walls,
and these four inner circumferential walls 14a, 14b, 14c and 14d are coupled to four

coupling rings 23a, 23b, 23¢ and 23d.
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In the elastic membrane 10 shown in FIG. 17, with respect to the first coupling
ring 23a, the second coupling ring 23b and the third coupling ring 23c, the second inner
circumferential wall 14b is an inner-side slope circumferential wall 14, and the third inner
circumferential wall 14c is an outer-side slope circumferential wall 14. Specifically,
with respect to the second inmer circumferential wall 14b and the third inner
circumferential wall 14c, the first coupling ring 23a is an inner-side coupling ring 23, the
second coupling ring 23b is an intermediate coupling ring 23, and the third coupling ring
23c is an outer-side coupling ring 23.  Similarly, with respect to the second coupling ring
23b, the third coupling ring 23c and the fourth coupling ring 23d, the third inner
circumferential wall 14c is an inner-side slope circumferential wall 14, and the fourth
inner circumferential wall 14d is an outer-side slope circumferential wall 14.
Specifically, with respect to the third inner circumferential wall 14c and the fourth inner
circumferential wall 14d, the second coupling ring 23b is an inner-side coupling ring 23,
the third coupling ring 23¢ is an intermediate coupling ring 23, and the fourth coupling
ring 23d is an outer-side coupling ring 23.

In the embodiment shown in FIG. 17, the relative positions between the first
coupling ring 23a, the second coupling ring 23b, the third coupling ring 23c and the
fourth coupling ring 23d are fixed by the single rod-like member 101. As described
above, the second coupling ring 23b is an intermediate coupling ring 23 with respect to
the second inner circumferential wall 14b and the third inner circumferential wall 14c,
and is an inner-side coupling ring 23 with respect to the third inner circumferential wall
14c¢ and the fourth inner circumferential wall 14d. Therefore, the insertion hole formed
in the ring vertical portion 50 of the second coupling ring 23b serves as the second
insertion hole 104 with respect to the second inner circumferential wall 14b and the third
inner circumferential wall 14c, and serves as the first insertion hole 103 with respect to
the third inner circumferential wall 14c and the fourth inner circumferential wall 14d.
Further, the third coupling ring 23c¢ is an outer-side coupling ring 23 with respect to the

second inner circumferential wall 14b and the third inner circumferential wall 14c, and is
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an intermediate coupling ring 23 with respect to the third inner circumferential wall 14c
and the fourth inner circumferential wall 14d. Therefore, the insertion hole formed in
the ring vertical portion 50 of the third coupling ring 23¢ serves as the third insertion hole
105 with respect to the second inner circumferential wall 14b and the third inner
circumferential wall 14c, and serves as the second insertion hole 104 with respect to the
third inner circumferential wall 14¢ and the fourth inner circumferential wall 14d.

The relative positions between the four coupling rings 23a, 23b, 23c and 23d can
be fixed by the positioning mechanism 100 shown in FIG. 17.  As a result, the burden of
the worker who performs maintenance or replacement of the elastic membrane 10 can be
reduced. Further, when the elastic membrane 10 is attached to the head body 2, the first
coupling ring 23a, the second coupling ring 23b, the third coupling ring 23c and the
fourth coupling ring 23d can be prevented from being damaged.

In this manner, the inner-side coupling ring 23, the intermediate coupling ring 23
and the outer-side coupling ring 23 which are fixed in the relative positions by the
positioning mechanism 100 can be arbitrarily selected from the plural coupling rings 23
arranged sequentially in a radial direction of the elastic membrane 10.

FIG. 18A is a schematic view showing positioning mechanisms according to
another embodiment, and corresponds to a view showing five coupling rings 23a, 23b,
23c, 23d and 23e which hold the elastic membrane 10 shown in FIG. 5 as viewed from
above. In FIG. 18A, the above shaft portion 76 is shown by an imaginary line (dotted
line). FIG. 18B is a cross-sectional view taken along line C-C of FIG. 18A. In FIG.
18B, a positioning mechanism 100a for fixing relative positions between the third
coupling ring 23c serving as an inner-side coupling ring 23, the fourth coupling ring 23d
serving as an intermediate coupling ring 23, and the fifth coupling ring 23e serving as an
outer-side coupling ring 23 is shown. The coupling rings 23a to 23e shown in FIGS.
18A and 18B have the same configuration as the coupling rings 23a to 23e shown in FIG.
5 except for positioning mechanisms 100a and 100b described later.

The positioning mechanism 100a shown in FIG. 18B comprises a first
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engagement projection 108 and a second engagement projection 109 projecting
respectively from the inner circumferential surface and the outer circumferential surface
of the ring vertical portion 50 of the intermediate coupling ring 23 (i.e., the fourth
coupling ring 23d), a first engagement recess 110 formed in the outer circumferential
surface of the ring vertical portion 50 of the inner-side coupling ring 23 (i.e., the third
coupling ring 23c) and engaged with the first engagement projection 108, and a second
engagement recess 112 formed in the inner circumferential surface of the ring vertical
portion 50 of the outer-side coupling ring 23 (i.e., the fifth coupling ring 23e) and
engaged with the second engagement projection 109.

The relative positions between the inner-side coupling ring 23 (i.e., the third
coupling ring 23c), the intermediate coupling ring 23 (i.e., the fourth coupling ring 23d)
and the outer-side coupling ring 23 (i.e., the fifth coupling ring 23e) are fixed by allowing
the first engagement projection 108 to engage with the first engagement recess 110 and
allowing the second engagement projection 109 to engage with the second engagement
recess 112.

The first engagement projection 108, the second engagement projection 109, the
first engagement recess 110 and the second engagement recess 112 can be formed at
arbitrary positions of the ring vertical portions 50 of the respective coupling rings 23 as
long as the second engagement projection 109 is engageable with the second engagement
recess 112 in a state where the first engagement projection 108 is engaged with the first
engagement recess 110. More specifically, the first engagement projection 108 projects
from the inner circumferential surface of the ring vertical portion 50 of the intermediate
coupling ring 23 or the outer circumferential surface of the ring vertical portion 50 of the
inner-side coupling ring 23, and the first engagement recess 110 engageable with the first
engagement projection 108 is formed in the outer circumferential surface of the ring
vertical portion 50 of the inner-side coupling ring 23 or the inner circumferential surface
of the ring vertical portion 50 of the intermediate coupling ring 23. The second

engagement projection 109 projects from the outer circumferential surface of the ring
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vertical portion 50 of the intermediate coupling ring 23 or the inner circumferential
surface of the ring vertical portion 50 of the outer-side coupling ring 23, and the second
engagement recess 112 engageable with the second engagement projection 109 is formed
in the inner circumferential surface of the ring vertical portion 50 of the outer-side
coupling ring 23 or the outer circumferential surface of the ring vertical portion 50 of the
intermediate coupling ring 23.

In FIG. 18A, a positioning mechanism 100b for fixing the relative positions
between the first coupling ring 23a, the second coupling ring 23b and the third coupling
ring 23c¢ is shown as another example of the first engagement projection 108, the second
engagement projection 109, the first engagement recess 110 and the second engagement
recess 112. In the case of the positioning mechanism 100b, the first coupling ring 23a is
an inner-side coupling ring 23, the second coupling ring 23b is an intermediate coupling
ring 23, and the third coupling ring 23c is an outer-side coupling ring 23.

In the positioning mechanism 100b, the first engagement projection 108 projects
from the outer circumferential surface of the ring vertical portion 50 of the first coupling
ring (inner-side coupling ring) 23a, and the first engagement recess 110 engageable with
the first engagement projection 108 is formed in the inner circumferential surface of the
ring vertical portion 50 of the second coupling ring (intermediate coupling ring) 23b.
The second engagement projection 109 projects from the outer circumferential surface of
the ring vertical portion 50 of the second coupling ring (intermediate coupling ring) 23b,
and the second engagement recess 112 engageable with the second engagement projection
109 is formed in the inner circumferential surface of the ring vertical portion 50 of the
third coupling ring (outer-side coupling ring) 23c. With this configuration, the relative
positions between the first coupling ring 23a, the second coupling ring 23b and the third
coupling ring 23c can be fixed.

In this manner, the relative positions between the first coupling ring 23a, the
second coupling ring 23b, the third coupling ring 23c, the fourth coupling ring 23d and

the fifth coupling ring 23e can be fixed by the two positioning mechanisms 100a and
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100b shown in FIG. 18A. As a result, the burden of the worker who performs
maintenance or replacement of the elastic membrane 10 can be reduced. Further, when
the elastic membrane 10 is attached to the head body 2, the first coupling ring 23a, the
second coupling ring 23b, the third coupling ring 23c, the fourth coupling ring 23d and
the fifth coupling ring 23e can be prevented from being damaged.

FIG. 19A is a schematic view showing a modified example of the positioning
mechanisms 100a and 100b shown in FIG. 18A. TFIG. 19B is a cross-sectional view
taken along line D-D of FIG. 19A. The elastic membrane 10 shown in FIG. 19B has
four inner circumferential walls 14a, 14b, 14c and 14d configured as slope
circumferential walls, and these four inner circumferential walls 14a, 14b, 14c and 14d
are coupled to four coupling rings 23a, 23b, 23c and 23d. For the sake of the
explanation, in the positioning mechanism 100a, the first engagement projection 108 is
referred to as a first engagement projection 108a, the first engagement recess 110 is
referred to as a first engagement recess 110a, the second engagement projection 109 is
referred to as a second engagement projection 109a, and the second engagement recess
112 is referred to as a second engagement recess 112a. Similarly, in the positioning
mechanism 100b, the first engagement projection 108 is referred to as a first engagement
projection 108b, the first engagement recess 110 is referred to as a first engagement
recess 110b, the second engagement projection 109 is referred to as a second engagement
projection 109b, and the second engagement recess 112 is referred to as a second
engagement recess 112b.

In the embodiment shown in FIGS. 19A and 19B, the relative positions between
the first coupling ring 23a, the second coupling ring 23b and the third coupling ring 23c
are fixed by the positioning mechanism 100a. More specifically, the positioning
mechanism 100a comprises a first engagement projection 108a and a second engagement
projection 109a projecting respectively from the inner circumferential surface and the
outer circumferential surface of the ring vertical portion 50 of the intermediate coupling

ring 23 (i.e., the second coupling ring 23b), a first engagement recess 110a formed in the
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outer circumferential surface of the ring vertical portion 50 of the inner-side coupling ring
23 (i.e., the first coupling ring 23a) and engaged with the first engagement projection
108a, and a second engagement recess 112a formed in the inner circumferential surface of
the ring vertical portion 50 of the outer-side coupling ring 23 (i.e., the third coupling ring
23c) and engaged with the second engagement projection 109a.

The relative positions between the second coupling ring 23b, the third coupling
ring 23c and the fourth coupling ring 23d are fixed by the positioning mechanism 100b.
The second engagement projection 109a of the positioning mechanism 100a serves as a
first engagement projection 108b of the positioning mechanism 100b. Similarly, the
second engagement recess 112a of the positioning mechanism 100a serves as a first
engagement recess 110b of the positioning mechanism 100b.  As shown in FIG. 19B, the
second engagement projection 109b of the positioning mechanism 100b is formed on the
outer circumferential surface of the third coupling ring 23c as the intermediate coupling
ring, and the second engagement recess 112b is formed in the inner circumferential
surface of the fourth coupling ring 23d as the outer-side coupling ring.

The relative positions between the four coupling rings 23a, 23b, 23¢ and 23d can
be fixed by the positioning mechanisms 100a and 100b shown in FIGS. 19A and 19B.
As a result, the burden of the worker who performs maintenance or replacement of the
elastic membrane 10 can be reduced. Further, when the elastic membrane 10 is attached
to the head body 2, the first coupling ring 23a, the second coupling ring 23b, the third
coupling ring 23¢ and the fourth coupling ring 23d can be prevented from being damaged.

In this manner, the inner-side coupling ring 23, the intermediate coupling ring 23
and the outer-side coupling ring 23 which are fixed in relative positions by the positioning
mechanisms 100a and 100b can be arbitrarily selected from the plural coupling rings 23
arranged sequentially in a radial direction of the elastic membran¢ 10.

FIG. 20A is a schematic view showing positioning mechanisms according to still
another embodiment, and corresponds to a view showing five coupling rings 23a, 23b,

23c, 23d and 23e which hold the elastic membrane 10 shown in FIG. 5 as viewed from
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above. In FIG. 20A, the above shaft portion 76 is shown by an imaginary line (dotted
line). FIG. 20B is a cross-sectional view taken along line E-E of FIG. 20A. In FIG.
20B, not only the five coupling rings 23a, 23b, 23¢, 23d and 23e, but also the carrier 43 is
shown. The coupling rings 23a to 23e shown in FIGS. 20A and 20B have the same
configuration as the coupling rings 23a to 23e shown in FIG. 5 except for positioning
mechanisms 100¢ and 100d described below.

The positioning mechanism 100c shown in FIGS. 20A and 20B has a position
alignment member 115a fixed to the lower surface of the carrier 43 of the head body 2.
The position alignment member 115a has a flange portion 160 formed at its upper end
portion, and a lower engagement projection 161 formed at its lower end portion. Further,
the positioning mechanism 100c comprises an inner-side step portion 116 formed on the
outer circumferential surface of the ring vertical portion 50 of the inner-side coupling ring
23 and engaged with the flange portion 160, an outer-side step portion 117 formed on the
inner circumferential surface of the ring vertical portion 50 of the outer-side coupling ring
23 and engaged with the flange portion 160, and an engagement recess 118 formed in the
upper surface of the ring vertical portion 50 of the intermediate coupling ring 23 and
engaged with the lower engagement projection 161.

As shown in FIG. 20B, when the lower engagement projection 161 of the
position alignment member 115a is engaged with the engagement recess 118 of the fourth
coupling ring (intermediate coupling ring) 23d, the flange portion 160 of the position
alignment member 115a is engaged with the inner-side step portion 116 of the third
coupling ring (inner-side coupling ring) 23¢ and the outer-side step portion 117 of the
fifth coupling ring (outer-side coupling ring) 23e. With this configuration, the relative
positions between the third coupling ring 23c, the fourth coupling ring 23d and the fifth
coupling ring 23e can be fixed.

In FIG. 20A, a positioning mechanism 100d for fixing the relative positions
between the first coupling ring 23a, the second coupling ring 23b and the third coupling

ring 23¢ by a position alignment member 115b having the same configuration as the
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position alignment member 115a is also shown. The positioning mechanism 100d has
the same configuration as the positioning mechanism 100a shown in FIG. 18B, and will
not be described in duplication.

In this manner, the relative positions between the first coupling ring 23a, the
second coupling ring 23b, the third coupling ring 23c, the fourth coupling ring 23d and
the fifth coupling ring 23e can be fixed by the two positioning mechanisms 100c and
100d shown in FIG. 20A. As a result, the burden of the worker who performs
maintenance or replacement of the elastic membrane 10 can be reduced. Further, when
the elastic membrane 10 is attached to the head body 2, the first coupling ring 23a, the
second coupling ring 23b, the third coupling ring 23c, the fourth coupling ring 23d and
the fifth coupling ring 23e can be prevented from being damaged.

FIG. 21 is a schematic view showing a modified example of the positioning
mechanisms 100c and 100d shown in FIG. 20A. The relative positions between the four
coupling rings 23a, 23b, 23¢ and 23d can be fixed by the positioning mechanism 100c and
100d shown in FIG. 21. The four inner circumferential walls 14a, 14b, 14c and 14d (not
shown) configured as the slope circumferential walls are coupled to the four coupling
rings 23a, 23b, 23c and 23d shown in FIG. 21.

The positioning mechanism 100c shown in FIG. 21 fixes the relative positions
between the second coupling ring 23b, the third coupling ring 23¢ and the fourth coupling
ring 23d by the position alignment member 115a (see FIG. 20B). In the positioning
mechanism 100c, the second coupling ring 23b is an inner-side coupling ring, the third
coupling ring 23c¢ is an intermediate coupling ring, and the fourth coupling ring 23d is an
outer-side coupling ring. The positioning mechanism 100d fixes the relative positions
between the first coupling ring 23a, the second coupling ring 23b and the third coupling
ring 23c by the position alignment member 115b having the same configuration as the
position alignment member 115a. In the positioning mechanism 100d, the first coupling
ring 23a is an inner-side coupling ring, the second coupling ring 23b is an intermediate
coupling ring, and the third coupling ring 23c is an outer-side coupling ring.
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The relative positions between the four coupling rings 23a, 23b, 23¢ and 23d can
be fixed by the positioning mechanisms 100¢ and 100d shown in FIG. 21. As a result,
the burden of the worker who performs maintenance or replacement of the elastic
membrane 10 can be reduced. Further, when the elastic membrane 10 is attached to the
head body 2, the first coupling ring 23a, the second coupling ring 23b, the third coupling
ring 23¢ and the fourth coupling ring 23d can be prevented from being damaged.

In this manner, the inner-side coupling ring 23, the intermediate coupling ring 23
and the outer-side coupling ring 23 which are fixed in relative positions by the positioning
mechanisms 100c and 100d can be arbitrarily selected from the plural coupling rings 23
arranged sequentially in a radial direction of the elastic membrane 10.

In the above-described embodiments, at least two adjacent inner circumferential
walls 14 of the plural inner circumferential walls 14 are configured as slope
circumferential walls inclined radially inwardly. The inner circumferential walls 14
other than the inner circumferential walls 14 configured as the slope circumferential walls
have an arbitrary shape. For example, as shown FIG. 9, the inner circumferential walls
14d and 14e may be configured as the slope circumferential walls, and the inner
circumferential walls 14a to 14c other than the inner circumferential walls 14d and 14e
may be configured as the inner circumferential walls each having the slope portion 57
inclined radially inwardly from the contact portion 11 and the horizontal portion 58
extending horizontally from the slope portion 57. Although not shown in the drawing,
in the elastic membrane 10 shown in FIG. 9, the inner circumferential wall 14b may be
configured as an inner circumferential wall having a slope portion inclined radially
outwardly from the contact portion 11, and a horizontal portion extending horizontally in
a radially outward direction from the slope portion.

The above description of embodiments is provided to enable a person skilled in
the art to make and use the preseﬁt invention. Moreover, various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic principles

and specific examples defined herein may be applied to other embodiments. Therefore,
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the present invention is not intended to be limited to the embodiments described herein

but is to be accorded the widest scope as defined by limitation of the claims.
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What is claimed is:
1. Asubstrate holding apparatus comprising:
an elastic membrane that forms a plurality of pressure chambers for pressing a
substrate; and
a head body to which the elastic membrane is coupled;
wherein the elastic membrane comprises:
a contact portion to be brought into contact with the substrate for
pressing the substrate against a polishing pad;
an edge circumferential wall extending upwardly from a peripheral edge
of the contact portion; and
a plurality of inner circumferential walls arranged radially inwardly of
the edge circumferential wall and extending upwardly from the contact portion to the
head body;
wherein at least two adjacent inner circumferential walls of the plurality of inner
circumferential walls comprise slope circumferential walls inclined radially inwardly; and
the slope circumferential walls are inclined radially inwardly in their entirety

from their lower ends to upper ends, and extend upwardly.

2. The substrate holding apparatus according to claim 1, wherein the slope

circumferential walls extend substantially parallel to each other.

3. The substrate holding apparatus according to claim 1, wherein one of the

slope circumferential walls is arranged adjacent to the edge circumferential wall.

4. A substrate holding apparatus comprising:

an elastic membrane that forms a plurality of pressure chambers for pressing a

substrate; and
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a head body to which the elastic membrane is coupled;
wherein the elastic membrane comprises:
a contact portion to be brought into contact with the substrate for
pressing the substrate against a polishing pad;
an edge circumferential wall extending upwardly from a peripheral edge
of the contact portion; and
a plurality of inner circumferential walls arranged radially inwardly of
the edge circumferential wall and extending upwardly from the contact portion;
wherein at least two adjacent inner circumferential walls of the plurality of inner
circumferential walls comprise slope circumferential walls inclined radially inwardly; and
the slope circumferential walls are inclined radially inwardly in their entirety
from their lower ends to upper ends, and extend upwardly, and
wherein the head body comprises at least one coupling ring to which the elastic
membrane is coupled;
the coupling ring comprises a ring vertical portion and a ring slope portion which
is inclined radially outwardly from the ring vertical portion and extends downwardly; and
the ring slope portion has an inner circumferential surface and an outer

circumferential surface to limit a deformation of the slope circumferential wall.

5. The substrate holding apparatus according to claim 4, wherein a tip end of
the ring slope portion is positioned below an intermediate point of the slope

circumferential wall.

6. The substrate holding apparatus according to claim 4, wherein a seal groove
is formed in an outer circumferential wall of the ring slope portion and extends over an
entire circumference of the outer circumferential surface of the ring slope portion;

an upper end of the slope circumferential wall comprises a seal projection

configured to be fitted into the seal groove; and
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the seal projection is pressed against the seal groove to seal a gap between the

coupling ring and the slope circumferential wall.

7. The substrate holding apparatus according to claim 6,

wherein the at least one coupling ring comprises three coupling rings,

the substrate holding apparatus further comprises fixing members configured to
fix the two slope circumferential walls, which are the at least two adjacent inner
circumferential walls of the plurality of inner circumferential walls, to the three coupling
rings simultaneously;

the fixing member has a fixing member body and an elliptically shaped flange
projecting outwardly of the fixing member body;

the three coupling rings comprises an inner-side coupling ring, an outer-side
coupling ring, and an intermediate coupling ring sandwiched between the inner-side
coupling ring and the outer-side coupling ring and held by the inner-side coupling ring
and the outer-side coupling ring; and

an inner-side engagement groove and an outer-side engagement groove are
formed in the ring vertical portion of the inner-side coupling ring and the ring vertical
portion of the outer-side coupling ring, respectively, the flange of the fixing member
being engageable with the inner-side engagement groove and the outer-side engagement

groove.

8. The substrate holding apparatus according to claim 7, further comprising a
positioning mechanism configured to fix relative positions between the inner-side

coupling ring, the outer-side coupling ring and the intermediate coupling ring.

9. The substrate holding apparatus according to claim 8, wherein the
positioning mechanism comprises:

a rod-like member:
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a first insertion hole formed in the ring vertical portion of the inner-side coupling
ring and configured to allow the rod-like member to be inserted;

a second insertion hole formed in the ring vertical portion of the intermediate
coupling ring and configured to allow the rod-like member to be inserted; and

a third insertion hole formed in the ring vertical portion of the outer-side

coupling ring and configured to allow the rod-like member to be inserted.

10. The substrate holding apparatus according to claim 8, wherein the
positioning mechanism comprises:

a first engagement projection projecting from an inner circumferential surface of
the ring vertical portion of the intermediate coupling ring or an outer circumferential
surface of the ring vertical portion of the inner-side coupling ring;

a first engagement recess formed in the outer circumferential surface of the ring
vertical portion of the inner-side coupling ring or the inner circumferential surface of the
ring vertical portion of the intermediate coupling ring and being engageable with the first
engagement projection;

a second engagement projection projecting from the outer circumferential
surface of the ring vertical portion of the intermediate coupling ring or the inner
circumferential surface of the ring vertical portion of the outer-side coupling ring; and

a second engagement recess formed in the inner circumferential surface of the
ring vertical portion of the outer-side coupling ring or the outer circumferential surface of
the ring vertical portion of the intermediate coupling ring and being engageable with the

second engagement projection.

11. The substrate holding apparatus according to claim 10, wherein the first
engagement projection and the second engagement projection are formed on the inner
circumferential surface and the outer circumferential surface of the ring vertical portion of

the intermediate coupling ring, respectively;
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the first engagement recess is formed in the outer circumferential surface of the
ring vertical portion of the inner-side coupling ring; and
the second engagement recess is formed in the inner circumferential surface of

the ring vertical portion of the outer-side coupling ring.

12.  The substrate holding apparatus according to claim 8, wherein the
positioning mechanism comprises:

a position alignment member fixed to a lower surface of the head body and
having a flange portion formed at an upper end portion thereof and an engagement
projection formed at a lower end portion thereof;

an inner-side step portion formed on the outer circumferential surface of the ring
vertical portion of the inner-side coupling ring and being engaged with the flange portion
of the position alignment member;

an outer-side step portion formed on the inner circumferential surface of the ring
vertical portion of the outer-side coupling ring and being engaged with the flange portion
of the position alignment member; and

an engagement recess formed in an upper surface of the ring vertical portion of
the intermediate coupling ring and being engaged with the engagement projection of the

position alignment member.

13. An elastic membrane for use in a substrate holding apparatus, and coupled
to a head body of the substrate holding apparatus comprising:

a contact portion to be brought into contact with a substrate for pressing the
substrate against a polishing pad;

an edge circumferential wall extending upwardly from a peripheral edge of the
contact portion; and

a plurality of inner circumferential walls arranged radially inwardly of the edge

circumferential wall and extending upwardly from the contact portion to the head body:
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wherein at least two adjacent inner circumferential walls of the plurality of inner
circumferential walls comprise slope circumferential walls inclined radially inwardly; and
the slope circumferential walls are inclined radially inwardly in their entirety

from their lower ends to upper ends, and extend upwardly.

14.  The elastic membrane according to claim 13, wherein the slope

circumferential walls extend substantially parallel to each other.

15. The elastic membrane according to claim 13, wherein one of the slope

circumferential walls is arranged adjacent to the edge circumferential wall.

16. A polishing apparatus comprising:

a polishing table for supporting a polishing pad; and

a substrate holding apparatus configured to press a substrate against the polishing
pad;

the substrate holding apparatus comprising an elastic membrane that forms a
plurality of pressure chambers for pressing the substrate, and a head body to which the
elastic membrane is coupled;

wherein the elastic membrane comprises:

a contact portion to be brought into contact with the substrate for pressing the
substrate against the polishing pad;

an edge circumferential wall extending upwardly from a peripheral edge of the
contact portion; and

a plurality of inner circumferential walls arranged radially inwardly of the edge
circumferential wall and extending upwardly from the contact portion to the head body;

wherein at least two adjacent inner circumferential walls of the plurality of inner
circumferential walls comprise slope circumferential walls inclined radially inwardly; and

the slope circumferential walls are inclined radially inwardly in their entirety
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from their lower ends to upper ends, and extend upwardly.

17. The polishing apparatus according to claim 16, wherein the slope

circumferential walls extend substantially parallel to each other.

18. A method for replacing an elastic membrane that is fixed to a head body of
a substrate holding apparatus and forms a plurality of pressure chambers for pressing a
substrate;
the elastic membrane comprising:
a contact portion to be brought into contact with the substrate for
pressing the substrate against a polishing pad;
an edge circumferential wall extending upwardly from a peripheral edge
of the contact portion; and
a plurality of inner circumferential walls arranged radially inwardly of
the edge circumferential wall and extending upwardly from the contact portion;
at least two adjacent inner circumferential walls of the plurality of inner
circumferential walls comprising slope circumferential walls inclined radially inwardly;
and
the slope circumferential walls being inclined radially inwardly in their
entirety from their lower ends to upper ends, and extending upwardly:
the head body comprising:
at least three coupling rings to which the elastic membrane is coupled,
the at least two slope circumferential walls being coupled to the at least three coupling
rings by fixing members;
the fixing member comprising:
a fixing member body; and
a flange projecting from the fixing member body and being engageable

with an inner-side coupling ring and an outer-side coupling ring of the at least three
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coupling rings;

the method comprising:

disengaging the flange from the inner-side coupling ring and the outer-side
coupling ring;

removing the elastic membrane from the at least three coupling rings;

preparing a new elastic membrane;

making the at least three coupling rings hold at least two slope circumferential
walls of the new elastic membrane; and

making the flange of the fixing member engage with the inner-side coupling ring

and the outer-side coupling ring to fix the new elastic membrane to the head body.

19. The elastic membrane according to claim 1, wherein the slope

circumferential walls are inclined radially inwardly in its entirety from its lower end to its

upper end at a predetermined angle.
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