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ELASTIC MEMBRANE AND SUBSTRATE HOLDING APPARATUS 

 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

 The present invention relates to an elastic membrane for use in a substrate holding 5 

apparatus of a polishing apparatus.  Further, the present invention relates to a substrate 

holding apparatus having such an elastic membrane. 

Description of the Related Art: 

 A polishing apparatus for performing CMP has a polishing table that supports the 

polishing pad thereon, and a substrate holding apparatus for holding a substrate, such as 10 

wafer.  The substrate holding apparatus may be called a top ring or a polishing head.   

When the substrate is polished using such polishing apparatus, the substrate holding 

apparatus holds the substrate and presses it against the polishing surface of the polishing pad 

at a predetermined pressure, while the polishing table and the substrate holding apparatus are 

moved relative to each other to bring the substrate into sliding contact with the polishing 15 

surface to thereby polish a surface of the substrate. 

 During polishing of the substrate, 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 force 

applied to each portion of the wafer.  Thus, in order to make the pressing force against the 20 

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. 

 Such a substrate holding apparatus has, for example, a head body for pressing the 

substrate against the polishing surface of the polishing pad, said elastic membrane secured to 25 

the head body, a mounting member for securing the elastic membrane to the head body, and 

a retaining ring surrounding a substrate held by the head body through the elastic membrane.  

When the elastic membrane is secured by the mounting members, at least one pressure 
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chamber is formed by the elastic membrane.  Such an elastic membrane is consumable, and 

thus regularly requires maintenance and/or replacement thereof.  Therefore, the elastic 

membrane is configured to be detachable to the head body by use of the mounting members. 
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 However, the elastic membrane is typically made of materials, such as rubber, 10 

which are not only flexible but also highly adhesive.  Therefore, when a worker secures the 

elastic membrane to the head body through the mounting members, a portion of the elastic 

membrane may be in close contact with the head body and/or the mounting member, making 

it difficult to properly secure the elastic membrane to the head body.  More specifically, if a 

portion (or a plurality of portions) of the elastic membrane is in close contact with the head 15 

body and/or the mounting members, the close-contacted portion(s) may cause other portions 

of the elastic membrane to be pulled, resulting in varying a degree of deformation of the 

elastic membrane in a circumferential direction.  In other words, the elastic membrane 

secured to the head body may be distorted unevenly in the circumferential direction thereof. 

 When polishing of the substrate is performed, fluid having a predetermined 20 

pressure is supplied into the pressure chamber formed by the elastic membrane.  Thus, if 

the degree of deformation of the elastic membrane in the circumferential direction varies, the 

elastic membrane may not be evenly inflated, result in lowering a uniformity of polishing 

rate in a circumferential direction of the substrate. 

 If, in order to prevent the above-mentioned problems, a worker to secure the elastic 25 

membrane to the head body tries to eliminate variation in the degree of deformation of the 

elastic membrane in the circumferential direction, burden and labor of the worker increases 

and it takes a long time to secure the elastic membrane to the head body. 
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SUMMARY OF THE INVENTION 

 It is therefore an object of the present invention to provide an elastic membrane 

capable of being easily secured to a head body of a substrate holding apparatus while 

inhibiting variation of a degree of deformation of the elastic membrane in a circumferential 5 

direction.  Further, it is another object of the present invention to provide a substrate 

holding apparatus including such elastic membrane. 

 In an embodiment, 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; and an edge circumferential wall extending 10 

from a peripheral edge of the contact portion, wherein the edge circumferential wall includes 

an edge-circumferential-wall lip portion sandwiched between a head body of the substrate 

holding apparatus and an edge mounting member for securing the edge circumferential wall 

to the head body, and the edge-circumferential-wall lip portion has at least a part of a surface 

thereof roughened.. 15 

 In an embodiment, the edge circumferential wall has an edge-circumferential-wall 

body which extends from the contact portion and is connected to the edge-circumferential-

wall lip portion, and a contact surface of the edge-circumferential-wall body with the edge 

mounting member also is roughened. 

 In an embodiment, the elastic membrane further comprises at least one inner 20 

circumferential wall which is located radially inwardly of the edge circumferential wall and 

extends from the contact portion, wherein the inner circumferential wall has an inner-

circumferential-wall lip portion sandwiched between the head body and an inner mounting 

member for securing the inner circumferential wall to the head body, and the inner-

circumferential-wall has at least a part of a surface thereof roughened. 25 

 In an embodiment, the inner circumferential wall has an inner-circumferential-wall 

body which extends from the contact portion and is connected to the inner-circumferential-

wall lip portion, and a contact surface of the inner-circumferential-wall body with the inner 
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mounting member also is roughened. 

 In an embodiment, an entire surface of the elastic membrane is roughened. 

 In an embodiment, there is provided a substrate holding apparatus, comprising: an 

elastic membrane that forms at least one pressure chamber for pressing a substrate; a head 

body to which the elastic membrane is secured; and at least one mounting member for 5 

securing the elastic membrane to the head body, wherein the elastic membrane includes: a 

contact portion to be brought into contact with the substrate for pressing the substrate against 

a polishing pad; and an edge circumferential wall extending from a peripheral edge of the 

contact portion, the edge circumferential wall includes an edge-circumferential-wall lip 

portion sandwiched between the head body and an edge mounting member which is one of 10 

at least one mounting member, and the edge-circumferential-wall lip portion has at least a 

part of a surface thereof roughened.. 

 In an embodiment, a surface of the edge mounting member is covered with a 

friction-reducing film. 

 In an embodiment, there is provided a substrate holding apparatus, comprising: an 15 

elastic membrane that forms at least one pressure chamber for pressing a substrate; a head 

body to which the elastic membrane is secured; and at least one mounting member for 

securing the elastic membrane to the head body, wherein the elastic membrane includes: a 

contact portion to be brought into contact with the substrate for pressing the substrate against 

a polishing pad; and an edge circumferential wall extending from a peripheral edge of the 20 

contact portion, the edge circumferential wall includes an edge-circumferential-wall lip 

portion sandwiched between the head body and an edge mounting member which is one of 

at least one mounting member, and a surface of the edge mounting member and/or a surface 

of the head body facing to the edge-circumferential-wall lip portion is roughened. 

 In an embodiment, there is provided an elastic membrane for use in a substrate 25 

holding apparatus, comprising: a contact portion to be brought into contact with a substrate 

for pressing the substrate against a polishing pad; and an edge circumferential wall extending 

from a peripheral edge of the contact portion, wherein the edge circumferential wall has an 
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edge-circumferential-wall lip portion formed in an upper portion thereof, which is 

sandwiched between a head body of the substrate holding apparatus and an edge mounting 

member for securing the edge circumferential wall to the head body; the edge-

circumferential-wall lip portion includes a plurality of edge-circumferential-wall projections 

which are fitted into first recesses formed in the edge mounting member and/or second 5 

recesses formed in the head body; and the edge-circumferential-wall projections are arranged 

at equal intervals along a circumferential direction of the edge circumferential wall. 

 In an embodiment, the edge-circumferential-wall projections are vertical edge 

projections that protrude from an upper surface or a lower surface of the edge-

circumferential-wall lip portion. 10 

 In an embodiment, the edge-circumferential-wall projections are lateral edge 

projections that protrude from a tip of the edge-circumferential-wall lip portion in a radial 

direction of the edge circumferential wall. 

 In an embodiment, some of the edge-circumferential-wall projections are vertical 

edge projections that protrude from an upper surface or a lower surface of the edge-15 

circumferential-wall lip portion, and the rest of the edge-circumferential-wall projections are 

lateral edge projections that protrude from a tip of the edge-circumferential-wall lip portion 

in a radial direction of the edge circumferential wall. 

 In an embodiment, the elastic membrane further comprises at least one inner 

circumferential wall which is located radially inwardly of the edge circumferential wall and 20 

extends from the contact portion, wherein the inner circumferential wall has an inner-

circumferential-wall lip portion formed at an upper portion thereof, which is sandwiched 

between the head body and an inner mounting member for securing the inner circumferential 

wall to the head body, the inner-circumferential-wall lip portion has a plurality of inner-

circumferential- wall projections which are fitted into third recesses formed in the edge 25 

mounting member and/or forth recesses formed in the head body, and the inner-

circumferential-wall projections are arranged at equal intervals along a circumferential 

direction of the inner circumferential wall. 
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 In an embodiment, the inner-circumferential-wall projections are vertical inner 

projections that protrude from an upper surface or a lower surface of the inner-

circumferential-wall lip portion. 

 In an embodiment, the inner-circumferential-wall projections are lateral inner 

projections that protrude from a tip of the inner-circumferential-wall lip portion in a radial 5 

direction of the inner circumferential wall. 

 In an embodiment, some of the inner-circumferential-wall projections are vertical 

inner projections that protrude from an upper surface or a lower surface of the inner-

circumferential-wall lip portion, and the rest of the inner-circumferential-wall projections are 

lateral inner projections that protrude from a tip of the inner-circumferential-wall lip portion 10 

in a radial direction of the inner circumferential wall. 

 In an embodiment, there is provided a substrate holding apparatus, comprising: an 

elastic membrane that forms at least one pressure chamber for pressing a substrate; a head 

body to which the elastic membrane is secured; and at least one mounting member for 

securing the elastic membrane to the head body, wherein the elastic membrane comprises the 15 

above-described elastic membrane. 

 According to the present invention, as compared with the case where the surface of 

the edge-circumferential-wall lip portion is not roughened, a contact area of the edge-

circumferential-wall lip portion with the edge mounting member and/or a contact area of the 

edge-circumferential-wall lip portion with the head body are reduced.  As a result, the 20 

elastic membrane is inhibited from being in close contact with the edge mounting member 

and/or the head body.  Accordingly, the elastic membrane can be smoothly and easily 

moved with respect to the edge mounting member and/or the head body, so that the elastic 

membrane can be easily secured to the head body while inhibiting the variation in the degree 

of deformation of the elastic membrane in the circumferential direction.  25 

 Further, according to the present invention, the elastic membrane is secured to the 

head body in a state where the plurality of edge-circumferential-wall projections arranged at 

equal intervals along the circumferential direction of the edge circumferential wall are fitted 
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into the first recesses and/or the second recesses.  Therefore, the elastic membrane can be 

secured to the head body while inhibiting the deformation of the elastic membrane in the 

circumferential direction to the minimum.  Further, when the elastic membrane is secured 

to the head body through the mounting member, the plurality of edge-circumferential-wall 

projections serves as guides with respect to the head body and/or the edge mounting 5 

member.  Accordingly, the elastic membrane can be easily secured to the head body.   

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 FIG. 1 is a view showing a polishing apparatus according to an embodiment; 

 FIG.2 is a schematic cross-sectional view showing a polishing head according to an 10 

embodiment; 

 FIG. 3 is an enlarged cross-sectional view showing a part of the elastic membrane 

shown in FIG. 2; 

 FIG. 4 is an enlarged cross-sectional view showing the vicinity of the second 

mounting ring shown in FIG. 2; 15 

 FIG. 5 is a view showing a roughened surface in the edge-circumferential-wall lip 

portion of the elastic membrane; 

 FIG. 6 is a view showing roughened surfaces of the elastic membrane according 

another embodiment; 

 FIG. 7 is a view showing roughened surfaces of the elastic membrane according 20 

still another embodiment; 

 FIG. 8 is a view showing a roughened surface of the elastic membrane according 

still another embodiment; 

 FIG. 9 is a schematic cross-sectional view of the substrate holding device according 

to another embodiment; 25 

 FIG. 10 is an enlarged cross-sectional view showing a portion of the elastic 

membrane shown in FIG. 9; 

 FIG. 11 is an enlarged cross-sectional view of the vicinity of the second mounting 
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ring shown in FIG. 9; 

 FIG. 12 is a cross-sectional view taken along line A-A in FIG. 9; 

 FIG. 13 is an enlarged cross-sectional view of the vicinity of the edge 

circumferential wall in the elastic membrane according to another embodiment; 

 FIG. 14 is a bottom view of the elastic membrane shown in FIG. 13; 5 

 FIG. 15 is an enlarged cross-sectional view showing the vicinity of the edge 

circumferential wall of the elastic membrane according to still another embodiment; and 

 FIG. 16 is an enlarged schematic view showing the edge circumferential wall of the 

elastic membrane according to still another embodiment. 
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DESCRIPTION OF EMBODIMENTS 

 Embodiments will be described below 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 15 

of a substrate and pressing the wafer W against the polishing pad 19 on the polishing table 

18.  In the following description, the substrate holding apparatus 1 will be referred to as a 

"polishing head 1". 

 The polishing table 18 is coupled via a table shaft 18a to a table motor 29 disposed 

below the polishing table 18, so that the polishing table 18 is rotatable about the table shaft 20 

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. 25 

 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 
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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 upward and downward 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. 5 

 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 10 

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 15 

vertically. 

 The head shaft 27 is coupled to a rotary sleeve 66 by a key (not shown).  A timing 

pulley 67 is secured to a circumferential surface of the rotary sleeve 66.  A head motor 68 is 

fixed to the head arm 64.  The timing pulley 67 is coupled through a timing belt 69 to a 

timing pulley 70, which is mounted to the head motor 68.  When the head motor 68 is set in 20 

motion, the rotary sleeve 66 and the head shaft 27 are rotated together with 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 devices including 

the head motor 68 and the servomotor 90. 25 

 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, when holding the wafer W on its lower surface, is moved from a position 
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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, located above the polishing table 18, onto the polishing 5 

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, an example of the configuration of the polishing head 1 will be described 10 

with reference to FIG.2.  FIG.2 is a schematic cross-sectional view showing the polishing 

head (substrate holding apparatus) 1 according to an embodiment.  As shown in FIG. 2, the 

polishing head 1 includes the head body 2 for pressing the wafer W against the polishing 

surface 19a (see FIG. 1), and the retaining ring 3 arranged so as to surround the wafer W.  

The retaining ring 3 is coupled to the head body 2, and the head body 2 and the retaining ring 15 

3 are rotatable in unison by the rotation of the head shaft 27.  Further, the head body 2 and 

the retaining ring 3 are configured to move up and down in unison with the head shaft 27 by 

actuating the vertical movement mechanism 81 (see FIG. 1).  The head body 2 is, for 

example, made of resin, such as engineering plastic (e.g., PEEK), 

 The retaining ring 3 is arranged so as to surround the elastic membrane 10 secured 20 

to the head body 2, and the wafer W held by the head body 2 through the elastic membrane 

10.  This retaining ring 3 retains the wafer W therein so as to prevent the wafer W from 

slipping out of the polishing head 1 during polishing of the wafer W.. 

 The elastic membrane 10, which is brought into contact with a back surface of the 

wafer W (i.e., a surface at an opposite side of the surface to be polished), is secured to a 25 

lower surface of the head body 2.  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 30, 31, 32, and 33 (four circumferential walls in FIG. 2), and 
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these circumferential walls 30 to 33 are concentrically arranged. 

 In this embodiment, the polishing head 1 has two mounting members 45, 47 for 

securing the elastic membrane 10 to the head body 2.  The two mounting members 45, 47 

are mounting rings having a substantially annular shape, respectively. In the following 

description, the mounting member 45 may be referred to as a "first mounting ring 45", and 5 

the mounting member 47 may be referred to as a "second mounting ring 47". 

 Upper ends of the circumferential walls 30 to 33 are secured to the lower surface of 

the head body 2 through the two mounting rings 45, 47.  More specifically, the first 

mounting ring 45 secures the upper ends of the circumferential walls 30 and 31 to the lower 

surface of the head body 2, and the second mounting ring 47 secures the upper ends of the 10 

circumferential walls 32 and 33 to the lower surface of the head body 2.  These mounting 

rings 45 and 47 are detachably secured to the head body 2 by fasteners (not shown), such as 

screws, respectively.  Therefore, when the fasteners are released, the mounting rings 45 and 

47 are separated from the head body 2, whereby the elastic membrane 10 can be removed 

from the head body 2. 15 

 The circumferential walls 30 to 33 define four pressure chambers: a circular central 

pressure chamber 16a located at a center of the elastic membrane 10, an annular edge 

pressure chamber 16d located at the outermost part of the elastic membrane 10, and 

intermediate pressure chambers 16b, and 16c located between the central pressure chamber 

16a and the edge pressure chamber 16f.   20 

 These pressure chambers 16a to 16d 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 16d through respective fluid lines 73 extending to the respective 

pressure chambers 16a to 16d from the pressure regulator 65.  The pressure regulator 65 is 

connected to a controller 40, so that pressures in the four pressure chambers 16a to 16d can 25 

be independently adjusted.   

 Further, the pressure regulator 65 can create a negative pressure in the pressure 

chambers 16a to 16d.  Thus, in the polishing head 1, pressing forces applied to the wafer W 
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can be adjusted at respective zones of the wafer W by adjusting pressures of the fluid 

supplied to the respective pressure chambers 16a to 16d 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 like.  5 

Such elastic membrane 10 has not only flexibility but also high adhesiveness.  The 

respective pressure chambers 16a to 16d 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 16d. 

 Next, the elastic membrane 10 shown in FIG. 2 will be described in more detail.  10 

FIG. 3 is an enlarged cross-sectional view showing a part of the elastic membrane shown in 

FIG. 2.  More specifically, FIG. 3 illustrates a schematic cross-section of a half of the 

elastic membrane 10 divided by a vertical plane containing a central axis CL of the elastic 

membrane 10.  FIG. 4 is an enlarged cross-sectional view showing the vicinity of the 

second mounting ring 47 shown in FIG. 2 (i.e., the vicinity of an edge circumferential wall 15 

described later). 

 The elastic membrane 10 shown in FIG. 3 has a circular contact portion 11 which 

can be brought into contact with the back surface of the wafer W, and the four 

circumferential walls 30 to 33 which are coupled to the contact portion 11.  The contact 

portion 11 is brought into contact with the back surface of the wafer W to press the wafer W 20 

against the polishing pad 19.  Specifically, a lower surface of the contact portion 11 serves 

as the above-mentioned substrate holding surface 10a.  The annular circumferential walls 

30 to 33 extend upwardly from an upper surface of the contact portion 11. 

 The circumferential wall 33 is an outermost circumferential wall and extends 

upwardly from a peripheral edge of the contact portion 11.  In this specification, the 25 

circumferential wall 33 is referred to as an "edge circumferential wall 33".  Further, in this 

specification, each of the circumferential walls which are arranged radially inwardly of the 

edge circumferential wall 33, is referred to as "inner circumferential wall".  In the 
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embodiment shown in FIG. 3, the three circumferential walls 30, 31 and 32 are configured as 

the inner circumferential walls, respectively.  In the following description, the 

circumferential wall 30 may be referred to as a "first inner circumferential wall 30", the 

circumferential wall 31 may be referred to as a "second inner circumferential wall 31", and 

the circumferential wall 32 may be referred to as a "third inner circumferential wall 33".  5 

The number of inner circumferential walls is not limited to the illustrated example.  For 

example, the elastic membrane 10 may have the edge circumferential wall 33 and one inner 

circumferential wall, or may have the edge circumferential wall 33 and two or more inner 

circumferential walls.  Further, the elastic membrane 10 may have only edge 

circumferential wall 33 without having inner circumferential wall. 10 

 The edge circumferential wall 33 has an edge-circumferential-wall body 33a 

extending from the contact portion 11, and an edge-circumferential-wall lip portion 33b 

coupled to the edge-circumferential-wall body 33a.  In the embodiment shown in FIG.3, the 

edge-circumferential-wall body 33a extends from the contact portion 11 upwardly in a 

vertical direction, and the edge-circumferential-wall lip portion 33b extends from a tip of the 15 

edge-circumferential-wall body 33a in a horizontal direction.  The edge-circumferential-

wall body 33a extends in an annular manner around the central axis CL (i.e., over the entire 

circumference of the contacting portion 11), and the edge-circumferential-wall lip portion 

33b extends in a flange shape over the entire circumference of the edge-circumferential-wall 

body 33a.  The edge-circumferential-wall lip portion 33b has a seal projection 33c formed 20 

in a lower surface thereof.  The seal projection 33c is formed in the lower surface of the tip 

portion of the edge-circumferential-wall lip portion 33b, and extends in an annular manner 

over the entire circumference of the edge-circumferential-wall lip portion 33b. 

 Further, the edge circumferential wall 33 may have a flap 33d extending from a 

point of connection between the edge-circumferential-wall body 33a and the edge-25 

circumferential-wall lip portion 33b.  The flap 33d extends over the entire circumference of 

the edge circumferential wall 33.  The flap 33d includes a flap body 145 having an inverted 

U-shaped cross section, and a flap lip portion 146 extending horizontally from a tip of the 
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flap body 145.  The flap lip portion 146 is sandwiched between the head body 2 and the 

retaining ring 3 (see FIG. 4). 

 As shown in FIG. 4, the edge-circumferential-wall lip portion 33b is a part of the 

edge circumferential wall 33 which is sandwiched between the second mounting ring 47 and 

the head body 2.  Therefore, the edge-circumferential-wall lip portion 33b is formed in a 5 

top portion of the edge circumferential wall 33 excluding the flap 33d.  In other words, the 

edge-circumferential-wall lip portion 33b is connected to an upper end of the edge-

circumferential-wall body 33a.  When, in a state where the edge-circumferential-wall lip 

portion 33b is sandwiched between the head body 2 and the second mounting ring 47, the 

second mounting member 47 is secured to the head body 2 by fasteners (not shown), such as 10 

screws, the edge circumferential wall 33 is secured to the head body 2.  Accordingly, the 

second mounting ring 47 serves as an edge mounting member for securing the edge 

circumferential wall 33 to the head body 10. 

 The second mounting ring 47 is formed with a seal recess 55 into which the seal 

projection 33c is fitted.  The seal recess 55 is formed over the entire circumference of the 15 

second mounting ring 47, corresponding to the seal projection 33c.  When the edge 

circumferential wall 33 is secured to the head body 2, the seal projection 33c is fitted into the 

seal recess 55.  In this state, when the second mounting member 47 is secured to the head 

body 2 using fasteners (not shown), the seal projection 33c is pressed against the seal recess 

55 to thereby seal a gap between the second mounting ring 47 and the edge-circumferential-20 

wall lip portion 33b. 

 The third inner circumferential wall 32 also has a third inner-circumferential-wall 

body 32a extending from the contact portion 11, and a third inner-circumferential-wall lip 

portion 32b connected to the third inner-circumferential-wall body 32a.  The third inner-

circumferential-wall body 32a also extends in an annular manner around the central axis CL, 25 

and the third inner-circumferential-wall lip portion 32b extends in a flange shape over the 

entire circumference of the third inner-circumferential-wall body 32a.  The third inner-

circumferential-wall body 32a is constructed of an inclined portion 130 extending diagonally 
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upward and inwardly in a radial direction from the contact portion 11, a horizontal portion 

131 connected to the inclined portion 130 and extending inwardly in the radial direction, and 

a vertical portion 132 connected to the horizontal portion 131 and extending from the 

horizontal portion 131 vertically.  The third inner-circumferential-wall lip portion 32b is 

connected to a tip of the vertical portion 132 of the third inner-circumferential-wall body 5 

32a, and extends horizontally outwardly in a radial direction from this tip.  The third inner 

circumferential wall 32 also has a seal projection 32c formed in an annular manner over the 

entire circumference of the third inner-circumferential-wall lip portion 32b. 

 The third inner-circumferential-wall lip portion 32b is a part of the third inner 

circumferential wall 32 which is sandwiched between the second mounting ring 47 and the 10 

head body 2, and formed in a top portion of the third inner circumferential wall 32.  In other 

words, the third inner-circumferential-wall lip portion 32b is connected to a tip of the third 

inner-circumferential-wall body 32a.  The second mounting ring 47 serves as the edge 

mounting member with respect to the above-described edge circumferential wall 33, and 

serves as an inner mounting member with respect to the third inner circumferential wall 32 15 

for securing the third inner circumferential wall 32 to the head body 2.  Therefore, the 

second mounting member 47 also has a seal recess 54 formed in correspondence with the 

seal projection 32c of the third edge circumferential wall 32.  The seal recess 54 is formed 

over the entire circumference of the second mounting member 47.  When the second 

mounting member 47 is secured to the head body 2 by fasteners (not shown), the third inner-20 

circumferential-wall lip portion 32b is sandwiched between the head body 2 and the second 

mounting ring 47, so that the third inner circumferential wall 32 is secured to the head body 

2.  Further, the seal projection 32b of the third inner circumferential wall 32 is pressed 

against the seal recess 54 to thereby seal a gap between the second mounting ring47 and the 

third inner-circumferential-wall lip portion 32b. 25 

 As shown in FIG. 3, the first inner circumferential wall 30 has the same shape as 

the third inner circumferential wall 32, and the second inner circumferential wall 31 differs 

from the shape of the third inner circumferential wall 32 only in that a second inner-
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circumferential-wall lip portion 31b extends inwardly in the radial direction not outwardly in 

the radial direction.  More specifically, the first inner circumferential wall 30 has a first 

inner-circumferential-wall body 30a extending from the contact portion 11 upwardly, and a 

first inner-circumferential-wall lip portion 30b connected to the first inner-circumferential-

wall body 30a, and the second inner circumferential wall 31 has a second inner-5 

circumferential-wall body 31a extending from the contact portion 11 upwardly, and a second 

inner-circumferential-wall lip portion 31b connected to the second inner-circumferential-

wall body 31a.  The first inner-circumferential-wall body 30a and the second inner-

circumferential-wall body 31a extend in an annular manner around the central axis CL, 

respectively.  The first inner-circumferential-wall lip portion 30b is formed in a flange 10 

shape over the entire first inner-circumferential-wall body 30a, and the second inner-

circumferential-wall lip portion 31b is formed in a flange shape over the second inner-

circumferential-wall body 31a. 

 The first inner-circumferential-wall body 30a is constructed of an inclined portion 

110 extending diagonally upward and inwardly in a radial direction from the contact portion 15 

11, a horizontal portion 111 connected to the inclined portion 110 and extending inwardly in 

the radial direction, and a vertical portion 112 connected to the horizontal portion 111 and 

extending from the horizontal portion 111 vertically.  The second inner-circumferential-

wall body 31a is constructed of an inclined portion 120 extending diagonally upward and 

inwardly in a radial direction from the contact portion 11, a horizontal portion 121 connected 20 

to the inclined portion 120 and extending inwardly in the radial direction, and a vertical 

portion 122 connected to the horizontal portion 121 and extending from the horizontal 

portion 121 vertically. 

 Further, the first inner circumferential wall 30 has a seal projection 30c formed in 

an annular manner over the entire circumference of the first inner-circumferential-wall lip 25 

portion 30b, and the second inner circumferential wall 31 has a seal projection 31c formed in 

an annular manner over the entire circumference of the second inner-circumferential-wall lip 

portion 31b. 
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 The first mounting ring 45 serves as an inner mounting member for securing the 

first inner circumferential wall 30 and the second inner circumferential wall 31 to the head 

body 2 (see FIG. 2).  The first mounting ring 45 also has two seal recesses into which the 

seal projection 30c of the first inner circumferential wall 30 and the seal projection 31c of 

the second inner circumferential wall 31 are fitted respectively.  These seal recesses also are 5 

formed over the entire circumference of the first mounting ring 45.  When the first 

mounting ring 45 is secured to the head body 2 using fasteners (not shown), the first inner-

circumferential-wall lip portion 30b and the second inner-circumferential-wall lip portion 

31b are sandwiched between the head body 2 and the first mounting ring 45, so that the first 

inner circumferential wall 30 and the second inner circumferential wall 31 are secured to the 10 

head body 2.  Further, the seal projection 30c of the first inner circumferential wall 30 is 

pressed against one seal recess, and at the same time, the seal projection 31c of the second 

inner circumferential wall 31 is pressed against the other seal recess.  Thus, a gap between 

the first mounting ring 45 and the first inner-circumferential-wall lip portion 30b is sealed, 

and at the same time, a gap between the first mounting ring 45 and the second inner-15 

circumferential-wall lip portion 31b is sealed.  

 As described above, the elastic membrane has not only flexibility but also high 

adhesiveness.  Therefore, when the elastic membrane 10 is to be secured to the head body 2 

through the mounting rings, 45, 47, a portion (or a plurality of portions) of the 

circumferential walls 30 to 33 of the elastic membrane 10 may be in close contact with the 20 

head body 2 and/or the mounting rings 45, 47.  In this case, the close-contacted portion(s) 

occurring in the elastic membrane 10 may cause other portions of the elastic membrane to be 

pulled, resulting in varying a degree of deformation of the elastic membrane in a 

circumferential direction.  In particular, when the edge circumferential wall located at the 

outermost part of the elastic membrane 10 is in close contact with the head body 2 and/or the 25 

second mounting ring 47, the variation in the degree of deformation of the elastic membrane 

10 in the circumferential direction becomes large. 

 Therefore, in this embodiment, at least a portion of the surface of the edge-
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circumferential-wall lip portion 33b is roughened such that the edge-circumferential-wall lip 

portion 33b of the edge circumferential wall 33 can move smoothly with respect to the head 

body 2 and/or the second mounting ring 47.  FIG. 5 is a view showing a roughened surface 

in the edge-circumferential-wall lip portion 33b of the elastic membrane 10.  In FIG. 5, the 

roughened surface of the edge-circumferential-wall lip portion 33b is illustrated with a thick 5 

line. 

 As used herein, "roughening of the surface" means forming a plurality of 

protrusions and/or a plurality of recesses on the surface.  The protrusions and/or the 

recesses may be regularly arranged on the surface, or may be irregularly (or randomly) 

arranged.  The protrusions and the recesses have any shape.  For example, the protrusions 10 

and the recesses may have a hemispherical shape, a conical shape, a pyramid shape, a 

cylindrical shape, a prismatic shape, or the like.  Each protrusion and each recess have any 

height (i.e., a distance from the surface to the top of the protrusion), and any depth (i.e., a 

distance from the surface to the bottom of the recess), respectively.  For example, the 

protrusion may be a fine protrusion having a height of about 10 μm, and the recess may be a 15 

fine recess having a depth of about 10 μm. 

 A method of roughening the surface of the elastic membrane 10 also is freely-

selected.  For example, various surface treatments, such as sandblasting, wet blasting, or 

roughing treatment using a tool such as a file, may be applied to the surface of the elastic 

membrane 10 to be roughened. 20 

 However, the elastic membrane 10 is typically formed by curing a rubber material 

poured into a molding die.  Therefore, one of the afore-mentioned surface treatments, such 

as sandblasting, may be applied to an inner surface of the molding die corresponding to the 

surface of the elastic membrane 10 to be roughened.  In this case, by simply removing the 

elastic membrane 10 from the molding die, it is possible to obtain the elastic membrane 10 in 25 

which the roughened surface is formed at a desired position.  Accordingly, the elastic 

membrane with the roughened surface formed at the desired position can be easily and 

inexpensively manufactured.  In one embodiment, the inner surface of the molding die 
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corresponding to the surface of the elastic membrane 10 to be roughened may be subjected 

to so-called "texturing treatment". 

 In the embodiment shown in FIG. 5, the entire surface of the edge-circumferential-

wall lip portion 33b is roughened.  More specifically, the entire surface of the edge-

circumferential-wall lip portion 33b including an upper surface, a lower surface, and a 5 

connecting surface connecting the upper surface with the lower surface is roughened.  The 

edge-circumferential-wall lip portion 33b has the seal projection 33c in the lower surface 

thereof, and thus a surface of the seal projection 33c also is roughened. 

 In one embodiment, instead of roughening the entire surface of the edge-

circumferential-wall lip portion 33b, at least a part of the surface of the edge-circumferential-10 

wall lip portion 33b may be roughened.  For example, only upper surface or lower surface 

of the edge-circumferential-wall lip portion 33b may be roughened.  Alternatively, the 

upper surface and the lower surface of the edge-circumferential-wall lip portion 33b except 

the seal projection 33c may be roughened. 

 Roughening of the surface of the edge-circumferential-wall lip portion 33b enables 15 

a contact area of the edge-circumferential-wall lip portion 33b with the head body 2 and/or a 

contact area of the edge-circumferential-wall lip portion 33b with the second mounting 

member 47 to be reduced, as compared with a case where the surface of the edge-

circumferential-wall lip portion 33b is flat without unevenness.  As a result, even though 

the elastic membrane 10 has a high adhesiveness, the edge-circumferential-wall lip portion 20 

33b is prevented from be in close contact with the head body 2 and/or the second mounting 

member 47.  Therefore, the elastic membrane 10 can be smoothly and easily moved with 

respect to the head body 2 and/or the second mounting member 47, so that the elastic 

membrane 10 can be easily secured to the head body 2 while inhibiting the variation in the 

degree of deformation of the elastic membrane 10 in the circumferential direction. 25 

 Although, in the embodiment shown in FIG. 5, the surface of the edge-

circumferential-wall lip portion 33b is roughened, the present invention is not limited to this 

embodiment.  Hereinafter, embodiments of the elastic membrane 10, in which the surface 
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of the edge-circumferential-wall lip portion 33b as well as surfaces of other parts are 

roughened, will be described.  Structures of these embodiments, which will not be 

specifically described, are the same as those of the above-described embodiment, and 

duplicate explanations will be omitted. 

 FIG. 6 is a view showing roughened surfaces of the elastic membrane 10 according 5 

another embodiment.  In FIG. 6 also, the roughened surfaces of the elastic membrane 10 is 

illustrated with thick lines. 

 In the embodiment shown in FIG. 6, the entire surface of the edge-circumferential-

wall lip portion 33b as well as an inner circumferential surface of the edge-circumferential-

wall body 33a are roughened.  The inner circumferential surface of the edge-10 

circumferential-wall body 33a is a surface which is in close contact with or may be in close 

contact with an outer circumferential surface of the second mounting ring 47, when securing 

the elastic membrane 10 to the head body 2.  Therefore, roughening of the inner 

circumferential surface of the edge-circumferential-wall body 33a also enables the edge-

circumferential-wall body 33a to be prevented from being in close contact with the second 15 

mounting ring 47.  As a result, the edge-circumferential-wall body 33a can be smoothly and 

easily moved with respect to the second mounting ring 47, so that the elastic membrane 10 

can be easily secured to the head body 2 while inhibiting the variation in the degree of 

deformation of the elastic membrane 10 in the circumferential direction. 

 As shown in FIG.6, a surface of the third inner-circumferential-wall lip portion 32b 20 

of the third inner circumferential wall 32 may be roughened.  In the embodiment shown in 

FIG.6, the entire surface of the third inner-circumferential-wall lip portion 32b is roughened.  

In one embodiment, instead of roughening the entire surface of the third inner-

circumferential-wall lip portion 32b, at least a part of the surface of the third inner-

circumferential-wall lip portion 32b may be roughened.  For example, only an upper 25 

surface or a lower surface of the third inner-circumferential-wall lip portion 32b may be 

roughened, or the upper surface and the lower surface of the third inner-circumferential-wall 

lip portion 32b except the seal projection 32c may be roughened.  
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 Further, an inner circumferential surface and an outer circumferential surface of the 

vertical portion 132 of the third inner-circumferential-wall body 32a may be roughened.  

The inner circumferential surface of the vertical portion 132 of the third inner-

circumferential-wall body 32a is a surface which is in close contact with or may be in close 

contact with the head body 2, when securing the elastic membrane 10 to the head body 2.  5 

The outer circumferential surface of the vertical portion 132 of the third inner-

circumferential-wall body 32a is a surface which is in close contact with or may be in close 

contact with the second mounting member 47, when securing the elastic membrane 10 to the 

head body 2.  Therefore, roughening of the inner circumferential surface and the outer 

circumferential surface of the third inner-circumferential-wall body 32a also enables the 10 

third inner-circumferential-wall body 32a to be prevented from being in close contact with 

the head body 2 and the second mounting ring 47.  As a result, the third inner-

circumferential-wall body 32a can be smoothly and easily moved with respect to the head 

body 2 and the second mounting member 47, so that the elastic membrane 10 can be easily 

secured to the head body 2 while inhibiting the variation in the degree of deformation of the 15 

elastic membrane 10 in the circumferential direction. 

 FIG. 7 is a view showing roughened surfaces of the elastic membrane 10 according 

to still another embodiment.  In FIG. 7 also, the roughened surfaces of the elastic 

membrane 10 are illustrated with thick lines. 

 In the embodiment shown in FIG.7, the entire surface of the edge-circumferential-20 

wall lip portion 33b and the entire surface of the third inner-circumferential-wall lip portion 

32b as well as the entire surface of the first inner-circumferential-wall lip portion 30b and the 

entire surface of the second inner-circumferential-wall lip portion 31b are roughened.  

Although, in the example illustrated, the surfaces of the first inner-circumferential-wall lip 

portion 30b, the second inner-circumferential-wall lip portion 31b, and the third inner-25 

circumferential-wall lip portion 32b are roughened, respectively, the present invention is not 

limited to the embodiment.  For example, any one or two surface of the first inner-

circumferential-wall lip portion 30b, the second inner-circumferential-wall lip portion 31b, 
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and the third inner-circumferential-wall lip portion 32b may be roughened.  Further, similar 

to the edge-circumferential-wall lip portion 33b and the third inner-circumferential-wall lip 

portion 32b described above, at least a part of the first inner-circumferential-wall lip portion 

30b, and at least a part of the second inner-circumferential-wall lip portion 31b may be 

roughened.   5 
 According to the embodiment shown in FIG. 7, the first inner-circumferential-wall 

lip portion 30b and the second inner-circumferential-wall lip portion 31b can be smoothly 

and easily moved with respect to the head body 2 and/or the first mounting ring 45.  

Therefore, the variation in the degree of deformation of the elastic membrane 10 in the 

circumferential direction can be further inhibited, and thus the elastic membrane 10 can be 10 

more easily secured to the head body 2 

 As shown by the thick two-dot chain line in FIG. 7, an inner circumferential surface 

and an outer circumferential surface of the vertical portion 112 of the first inner-

circumferential-wall body 30a may be roughened, and an inner circumferential surface and 

an outer circumferential surface of the vertical portion 122 of the second inner-15 

circumferential-wall body 31a may be roughened.  Further, the inner circumferential 

surface of the edge-circumferential-wall body 33a of the edge circumferential wall 33 may 

be roughened, and the inner circumferential surface and the outer circumferential surface of 

the vertical portion 132 of the third inner-circumferential-wall body 32a may be roughened.   

 The inner circumferential surface of the vertical portion 112 of the first inner-20 

circumferential-wall body 30a and the outer circumferential surface of the vertical portion 

122 of the second inner-circumferential-wall body 31a are surfaces which are in close 

contact with or may be in close contact with the head body 2, when securing the elastic 

membrane 10 to the head body 2.  The outer circumferential surface of the vertical portion 

112 of the first inner-circumferential-wall body 30a and the inner circumferential surface of 25 

the vertical portion 122 of the second inner-circumferential-wall body 31a are surfaces 

which are in close contact with or may be in close contact with the first mounting member 

45, when securing the elastic membrane 10 to the head body 2.  Therefore, roughening of 
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the inner circumferential surface and the outer circumferential surface of the vertical portion 

112 of the first inner-circumferential-wall body 30a, and the inner circumferential surface 

and the outer circumferential surface of the vertical portion 122 of the second inner-

circumferential-wall body 31a enables the first inner-circumferential-wall body 30a and the 

second inner-circumferential-wall body 31a to be prevented from being in close contact with 5 

the head body 2 and the second mounting ring 47.  As a result, the first inner-

circumferential-wall body 30a and the second inner-circumferential-wall body 31a can be 

smoothly and easily moved with respect to the head body 2 and the first mounting ring 45, 

so that the elastic membrane 10 can be more easily secured to the head body 2 while further 

inhibiting the variation in the degree of deformation of the elastic membrane 10 in the 10 

circumferential direction. 

 FIG. 8 is a view showing a roughened surface of the elastic membrane 10 

according to still another embodiment.  In FIG. 8 also, the roughened surface of the elastic 

membrane 10 is illustrated with a thick line.  In the embodiment shown in FIG.8, the entire 

surface of the elastic membrane 10 is roughened.  With this structure also, the elastic 15 

membrane 10 can be smoothly and easily moved with respect to the head body 2 and the 

mounting rings 45, 47, so that the elastic membrane 10 can be easily secured to the head 

body 2 while inhibiting the variation in the degree of deformation of the elastic membrane 

10 in the circumferential direction.  Further, since the entire surface of the elastic 

membrane 10 is roughened, the surface treatment of the elastic membrane 10 can be easily 20 

performed, resulting in manufacturing the elastic membrane 10 inexpensively.  For 

example, the entire inner surface of the molding die for manufacturing the elastic membrane 

10 may be subjected to surface treatment, such as sandblasting, wet blasting, or roughening 

using a tool such as a file, so that the molding die can be easily manufactured and thus the 

elastic membranes 10 can be manufactured inexpensively.   25 

 Further, the surfaces of the first mounting ring 45 and/or the second mounting ring 

47 may be covered with a friction-reducing film.  In this specification, the "friction-

reducing film" is a general term for a film made of a low-friction material, and the "low-
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friction material" means a material whose coefficient of friction with respect to the elastic 

membrane 10 is smaller than that of the material of the mounting ring 45, 47 (mounting 

member) and the material of the head body 2.  The low-friction material is not particularly 

limited as long as the coefficient of friction with respect to the elastic membrane 10 is 

smaller than that of the materials of the mounting members 45, 47 and the head body 2, but 5 

is, for example, a fluororesin, such as Teflon (registered trademark). 

 Such friction-reducing film may be formed in the entire surfaces of the mounting 

rings 45, 47, or may be formed in only surfaces which are in contact with, or may be in 

contact with the elastic membrane 10.  The friction-reducing film effectively reduces the 

close contact of the elastic membrane 10 with the mounting rings 45, 47 and the head body 10 

2, whereby each of the lip portions 30b, 31b, 32b, 33b of the elastic membrane 10 can be 

smoothly and easily moved with respect to the mounting rings 45, 47. 

 In the embodiments described above, a part or a plurality of parts of the surface of 

the elastic membrane 10, or the entire surface of the elastic membrane 10 is roughened to 

reduce the contact area between the elastic membrane 10 and the head body 2, and/or the 15 

contact area between the elastic membrane 10 and the mounting rings 45, 47.  With this 

structure, the elastic membrane 10 can be smoothly moved with respect to the head body 2 

and the mounting rings 45, 47.  However, the same effect can be obtained by roughening of 

surfaces of the mounting rings 45, 47, or surface of the head body 2 facing the elastic 

membrane 10. 20 

 More specifically, instead of roughening each portions of the elastic membrane 10 

shown by thick lines and two-dot chain lines in FIGS. 5 to 7, the surfaces of the mounting 

rings 45, 47 and the surfaces of the head body 2 facing these portions are roughened.  In 

this case, the entire surface of the elastic membrane 10 is a flat surface without any 

protrusions and/or recesses.  Roughening of the surfaces of the mounting rings 45, 47 25 

and/or the surfaces of the head body 2 is performed by a surface treatment, such as, 

sandblasting, wet blasting, or roughening using a tool such as a file, for example.  In one 

embodiment, the surface of the mounting rings 45, 47 and the surfaces of the head body 2 
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may be subjected to the texturing treatment to thereby be roughened. 

 Next, another example of configuration of the polishing head 1 will be described 

with reference to FIG. 9.  FIG. 9 is a schematic cross-sectional view of the polishing head 

(substrate holding device) 1 according to another embodiment.  FIG. 10 is an enlarged 

cross-sectional view showing a portion of the elastic membrane shown in FIG. 9.  More 5 

specifically, FIG. 10 illustrates a schematic cross-section of a half of the elastic membrane 

10 divided by the vertical plane containing the central axis CL of the elastic membrane 10.  

FIG. 11 is an enlarged cross-sectional view of the vicinity of the second mounting ring 

shown in FIG. 9, and FIG. 12 is a cross-sectional view taken along line A-A in FIG. 9.  

Structures of this embodiment, which will not be specifically described, are the same as 10 

those of the above-described embodiments, and duplicate explanations will be omitted. 

 In this embodiment, the edge-circumferential-wall lip portion 33b of the edge 

circumferential wall 33 has a plurality of edge-circumferential-wall projections 33e 

protruding radially inwardly from the tip (inner circumferential end) thereof.  As shown in 

FIG. 12, the edge-circumferential-wall lip portion 33b according to this embodiment has six 15 

edge-circumferential-wall projections 33e arranged at equal intervals along the 

circumferential direction of the edge circumferential wall 33.  Each edge-circumferential-

wall projections 33e has an arc shape as viewed in horizontal cross-section as shown in FIG. 

12, and protrudes radially inwardly and horizontally of the edge-circumferential-wall lip 

portion 33b from the tip of the edge-circumferential-wall lip portion 33b.  In the following 20 

description, the edge-circumferential-wall projection 33e protruding radially of the edge-

circumferential-wall lip portion 33b may be referred to as a "lateral edge projection 33e". 

 As shown in FIGS. 11 and 12, the second mounting ring 47 has a plurality (six in 

FIG. 12) of recesses 60 formed in correspondence with each of the edge projections 33e.  

These recesses 60 have a shape corresponding to the lateral edge projections 33e, 25 

respectively, and are arranged at equal intervals along the circumferential direction of the 

second mounting ring 47. 

 When the elastic membrane 10 is secured to the head body 2 through the mounting 
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rings 45, 47, the lateral edge projections 33e provided in the edge-circumferential-wall lip 

portion 33b of the edge circumferential wall 33 are fitted into the recesses 60 formed in the 

second mounting ring 47.  In this state, the second mounting ring 47 is secured to the head 

body 2 by fasteners (not shown), such as a screw, to thereby secure the edge circumferential 

wall 33 to the head body 2.  More specifically, in the state where the plurality of lateral 5 

edge projections 33e arranged along the circumferential direction of the edge circumferential 

wall 33 are fitted into the recesses 60 formed in the second mounting ring 47, the edge 

circumferential wall 33 is secured to the head body 2 through the second mounting ring 47.  

Accordingly, the edge circumferential wall 33 can be secured to the head body 2 while 

inhibiting the deformation of the edge circumferential wall 33 in the circumferential 10 

direction to the minimum. 

 Further, when the elastic membrane 10 is secured to the head body 2 through the 

mounting rings 45, 47, the plurality of edge-circumferential-wall projections 33e serves as 

guides with respect to the second mounting ring 47.  Therefore, the elastic membrane 10 

can be easily secured to the head body 2.  In order to easily insert the lateral edge 15 

projections 33e into the recesses 60, the lateral edge projections 33e preferably have a 

tapered shape whose cross-sectional area gradually decreases towards the tip thereof. 

 Although, in the embodiment shown in FIGS. 11 and 12, the six lateral edge 

projections 33e and the six recesses 60 corresponding to each of these lateral edge 

projections 33e are provided, the number of lateral edge protrusions 33e and the number of 20 

recesses 60 are not limited to this example.  The number of lateral edge projections 33e and 

the number of recesses 60 are freely-selected as long as they are arranged at equal intervals 

in the circumferential direction of the edge circumferential wall 33.  It is preferred that the 

number of lateral edge projections 33e and the number of recesses 60 are in the range of 2 to 

8.  Furthermore, although each lateral edge projections 33e has a tapered shape in a vertical 25 

cross-sectional view shown in FIG. 11 and has an arc shape in the horizontal cross-sectional 

view shown in FIG. 12, the shape of the lateral edge projection 33e also is not limited to this 

example.  For example, the lateral edge projection 33e may have a rectangular shape or a 
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triangular shape as viewed in the vertical cross-section.  It is preferred that the lateral edge 

projections 33e are rotationally symmetrical with the central axis CL as an axis of symmetry 

(see FIG. 12). 

 As shown in FIGS. 10 and 11, the third inner-circumferential-wall lip portion 32b 

of the third inner circumferential wall 32 may have a plurality of inner-circumferential-wall 5 

projections 32d protruding radially outward and horizontally of the inner circumferential 

wall 32 from the tip (outer circumferential end) thereof.  In the following description, the 

inner-circumferential-wall projection 32d protruding radially of the third inner 

circumferential wall 32 may be referred to as a "lateral inner projections 32d". 

 The third inner-circumferential-wall lip portion 32b according to this embodiment 10 

has a plurality of lateral inner projections 32d arranged at equal intervals along the 

circumferential direction of the third inner circumferential wall 32.  Similarly to the lateral 

edge projections 33e, the number of lateral inner projections 32d is freely-selected as long as 

they are arranged at equal intervals in the circumferential direction of the third inner 

circumferential wall 32, and is preferably in the range of 2 to 8.  Further, the shape of the 15 

lateral inner projection 32d also is freely-selected, similarly to the lateral edge projection 

33e.  Each lateral inner projections 32d preferably has a tapered shape whose cross-

sectional area decreases toward the tip thereof.  It is preferred that the lateral inner 

projections 32d are rotationally symmetrical with the central axis CL as an axis of symmetry. 

 The second mounting ring 47 has a plurality of recesses 62 formed in 20 

correspondence with each of lateral inner projections 32d.  When the elastic membrane 10 

is secured to the head body 2 through the mounting rings 45, 47, the plurality of lateral inner 

projections 32d arranged along the circumferential direction of the third inner 

circumferential wall 32 are fitted into the recesses 62 formed in the second mounting ring 47, 

and in this state, the third inner circumferential wall 32 is secured to the head body 2 through 25 

the second mounting ring 47. 

 The elastic membrane 10 has the lateral inner projections 32d of the third inner-

circumferential-wall lip portion 32b in addition to the lateral edge projections 33e of the 
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edge-circumferential-wall lip portion 33b, resulting in enabling the variation in the degree of 

deformation of the elastic membrane 10 in the circumferential direction to be more 

effectively inhibited. 

 Further, as shown by the dotted lines in FIG. 10, the first inner-circumferential-wall 

lip portion 30b of the first inner circumferential wall 30 and the second inner-5 

circumferential-wall lip portion 31b of the second inner circumferential wall 31 also may 

have a plurality of lateral inner projections 30d, 31d protruding radially from their tips, 

respectively.  The lateral inner projections 30d of the first inner-circumferential-wall lip 

portion 30b protrude radially outward and horizontally from the tip of the first inner-

circumferential-wall lip portion 30b, and the lateral inner projections 31d of the second inner 10 

circumferential wall lip portion 31b protrude radially inward and horizontally from the tip of 

the second inner-circumferential-wall lip portion 31b.  The lateral inner projections 30d of 

the first inner-circumferential-wall lip portion 30b have the same structure as the lateral inner 

projections 32d of the third inner-circumferential-wall lip portion 32b.  The lateral inner 

projections 31d of the second inner-circumferential-wall lip portion 31b have the same 15 

structure as the lateral inner projections 32d of the third inner circumferential wall 32, except 

that a protruding direction thereof is different from the lateral inner projections 32d. 

 The first mounting ring 45 has a plurality of recesses formed in correspondence 

with the lateral inner projections 30d of the first inner-circumferential-wall lip portion 30b, 

and a plurality of recesses formed in correspondence with the lateral inner projections 31d of 20 

the second inner-circumferential-wall lip portion 31b.  When the elastic membrane 10 is 

secured to the head body 2 through the mounting rings 45, 47, the plurality of lateral inner 

projections 30d arranged along the circumferential direction of the first inner circumferential 

wall 30, and the plurality of lateral inner projections 31d arranged along the circumferential 

direction of the second inner circumferential wall 31 are respectively fitted into the plurality 25 

of recesses formed in the first mounting ring 45, and in this state, the first inner 

circumferential wall 30 and the second inner circumferential wall 31 are secured to the head 

body 2 through the first mounting 45. 
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 In this manner, in addition to the edge-circumferential-wall lip portion 33b, each of 

the first inner-circumferential-wall lip portion 30b, the second inner-circumferential-wall lip 

portion 31b, and the third inner-circumferential-wall lip portion 32b may have lateral inner 

projections 30d, 31d, and 32d.  In one embodiment, any one or two of the first inner-

circumferential-wall lip portion 30b, the second inner-circumferential-wall lip portion 31b, 5 

and the third inner-circumferential-wall lip portion 32b may have the lateral inner 

projections.  With such a configuration, the variation in the degree of deformation of the 

elastic membrane 10 in the circumferential direction can be more effectively inhibited.  

Further, the lateral inner projections 30d of the first inner-circumferential-wall lip portion 

30b and the lateral inner projection 31d of the second inner-circumferential-wall lip portion 10 

31b serve as guides with respect to the first mounting ring 45, so that the elastic membrane 

10 can be more easily secured to the head body 2. 

 FIG. 13 is an enlarged cross-sectional view showing the vicinity of the edge 

circumferential wall 33 in the elastic membrane 10 according to another embodiment.  FIG. 

14 is a bottom view of the elastic membrane 10 shown in FIG. 13.  In FIG. 14, each of lip 15 

portions 30b to 33b of the circumferential walls 30 to 33 are extracted and illustrated.  

Structures of this embodiment, which will not be specifically described, are the same as 

those of the above-described embodiments, and duplicate explanations will be omitted. 

 The edge-circumferential-wall lip portion 33b of the edge circumferential wall 33 

shown in FIGS. 13 and 14 has a plurality (six in FIG. 14) of edge projections 33e' protruding 20 

downwardly from a lower surface thereof.  In the following description, the edge projection 

33e' protruding downwardly from the lower surface of the edge-circumferential-wall lip 

portion 33b may be referred to as a "vertical edge projection 33e'". 

 The plurality of vertical edge projections 33e' are arranged at equal intervals in the 

radial direction of the edge circumferential wall 33.  The second mounting ring 47 has a 25 

plurality of recesses 60 formed in correspondence with the plurality of vertical edge 

projections 33e'.  Similarly to the lateral edge projections 33e, the number of vertical edge 

projections 33e' and the number of recesses 60 are freely-selected as long as they are 
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arranged at equal intervals in the circumferential direction of the edge circumferential wall 

33, and are preferably in the range of 2 to 8, respectively.  Furthermore, the shape of the 

vertical edge projection 33e' also is freely-selected, similarly to the lateral edge projections 

33e.  It is preferred that each vertical edge projections 33e' has a tapered shape whose 

cross-sectional area decreases toward the tip thereof (see FIG. 13), and has an arc shape as 5 

viewed in the horizontal cross-section (see FIG. 14).  Furthermore, it is preferred that the 

plurality of vertical edge projections 33e' are rotationally symmetrical with the central axis 

CL as an axis of symmetry. 

 In this embodiment also, the edge circumferential wall 33 is secured to the head 

body 2 through the second mounting ring 47 in a state where the plurality of vertical edge 10 

projections 33e' arranged along the circumferential direction of the edge circumferential wall 

33 are fitted into the recesses 60 formed in the second mounting ring 47.  Accordingly, the 

edge circumferential wall 33 can be secured to the head body 2 while inhibiting the 

deformation of the edge circumferential wall 33 in the circumferential direction to the 

minimum.  Further, when the elastic membrane 10 is secured to the head body 2 through 15 

the mounting rings 45, 47, the plurality of vertical edge projections 33e' serve as guides with 

respect to the second mounting ring 47.  Accordingly, the elastic membrane 10 can be 

easily secured to the head body 2.  In this manner, the edge-circumferential-wall 

projections may protrude downwardly from the lower surface of the edge-circumferential-

wall lip portion 33b, such as the vertical edge projections 33e'. 20 

 As shown in FIGS. 13 and 14, the third inner-circumferential-wall lip portion 32b 

of the third inner circumferential wall 32 may have a plurality (six in FIG. 14) of inner 

projections 32d' protruding downwardly from a lower surface thereof.  In the following 

description, the inner projection 32d' protruding downwardly from the lower surface of the 

third inner-circumferential-wall lip portion 32b may be referred to as a "vertical inner 25 

projection 32d'". 

 The plurality of vertical inner projections 32d' are arranged at equal intervals along 

the circumferential direction of the third inner circumferential wall 32.  The second 
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mounting ring 47 has a plurality of recesses 62 formed in correspondence with the plurality 

of vertical inner projections 32d'.  Similarly to the vertical edge projections 33e', the 

number of vertical inner projections 32d' and the number of recesses 62 also is freely-

selected as long as they are arranged at equal intervals in the circumferential direction of the 

third inner circumferential wall 32, and are preferably in the range of 2 to 8, respectively.  5 

Furthermore, the shape of the vertical inner projection 32d' also is freely-selected, similarly 

to the vertical edge projections 33e'.  It is preferred that the vertical inner projection 32d' 

has a tapered shape whose cross-sectional area decreases toward the tip thereof (see FIG. 

13), and has an arc shape as viewed in horizontal cross-section (see FIG. 14).  Furthermore, 

it is preferred that the plurality of vertical inner projections 32d' are rotationally symmetrical 10 

with the central axis CL as an axis of symmetry. 

 As shown by the dotted lines in FIG. 14, the first inner-circumferential-wall lip 

portion 30b of the first inner circumferential wall 30 and the second inner-circumferential-

wall lip portion 31b of the second inner circumferential wall 31 also may have a plurality of 

vertical inner projections 30d', 31d' protruding downwardly from their lower surfaces, 15 

respectively.  The vertical inner projections 30d' of the first inner-circumferential-wall lip 

portion 30b and the vertical inner projections 31d' of the second inner-circumferential-wall 

lip portion 31b have the same configuration as the vertical inner projections 32d' of the third 

inner-circumferential-wall lip portion 32b.  Although not shown, the first mounting ring 45 

has a plurality of recesses formed in correspondence with the vertical inner projections 30d' 20 

of the first inner-circumferential-wall lip portion 30b, and a plurality of recesses formed in 

correspondence with the vertical inner projections 31d' of the second inner-circumferential-

wall lip portion 31b. 

 In this manner, in addition to the edge-circumferential-wall lip portion 33b, each of 

the first inner-circumferential-wall lip portion 30b, the second inner-circumferential-wall lip 25 

portion 31b, and the third inner-circumferential-wall lip portion 32b may have the vertical 

inner projections 30d', 31d', and 32d'.  In one embodiment, any one or two of the first inner-

circumferential-wall lip portion 30b, the second inner-circumferential-wall lip portion 31b, 
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and the third inner-circumferential-wall lip portion 32b may have the vertical inner 

projections.  With such a configuration, the variation in the degree of deformation of the 

elastic membrane 10 in the circumferential direction can be more effectively inhibited.  

Furthermore, the vertical inner projections 30d' of the first inner-circumferential-wall lip 

portion 30b and the vertical inner projection 31d' of the second inner-circumferential-wall lip 5 

portion 31b serve as guides with respect to the first mounting ring 45, so that the elastic 

membrane 10 can be more easily secured to the head body 2. 

 FIG. 15 is an enlarged cross-sectional view showing the vicinity of the edge 

circumferential wall 33 of the elastic membrane 10 according to still another embodiment.  

Structures of this embodiment, which will not be specifically described, are the same as 10 

those of the embodiments shown in FIGS. 13 and 14,, and duplicate explanations will be 

omitted. 

 The edge-circumferential-wall lip portion 33b of the edge circumferential wall 33 

shown in FIG. 15 has a plurality of vertical edge projections 33e'' protruding upwardly from 

an upper surface thereof.  In this embodiment also, the plurality of vertical edge projections 15 

33e'' are arranged at equal intervals along the circumferential direction of the edge 

circumferential wall 33.  The head body 2 has a plurality of recesses 61 formed in 

correspondence with the vertical edge projections 33e''. 

 In this embodiment, the edge circumferential wall 33 is secured to the head body 2 

through the second mounting ring 47 in a state where the plurality of vertical edge 20 

protrusions 33e'' arranged along the circumferential direction of the edge circumferential 

wall 33 are fitted into the recesses 61 formed in the head body 2.  In this case also, the edge 

circumferential wall 33 can be secured to the head body 2 while inhibiting the deformation 

of the edge circumferential wall 33 in the circumferential direction to the minimum.  

Further, when the elastic membrane 10 is secured to the head body 2 through the mounting 25 

rings 45, 47, the plurality of vertical edge projections 33e'' serve as guides with respect to the 

head body 2.  Accordingly, the elastic membrane 10 can be easily secured to the head body 

2.  In this manner, the edge-circumferential-wall projections may protrude upwardly from 
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the upper surface of the edge-circumferential-wall lip portion 33b, such as the vertical edge 

projections 33e''. 

 As shown in FIG. 15, the third inner-circumferential-wall lip portion 32b of the 

third inner circumferential wall 32 also may have vertical inner projections 32d'' protruding 

from an upper surface thereof.  The head body 2 has a plurality of recesses 63 formed in 5 

correspondence with the vertical inner projections 32d''.  Although not shown, the first 

inner-circumferential-wall lip portion 30b of the first inner circumferential wall 30 and the 

second inner-circumferential-wall lip portion 31b of the second inner circumferential wall 31 

also may have vertical inner projections protruding from their top surfaces, respectively.  In 

this case, the head body 2 has a plurality of recesses formed in correspondence with the 10 

vertical inner projections of the first inner-circumferential-wall lip portion 30b and the 

vertical inner projections of the second inner-circumferential-wall lip portion 31b.  In one 

embodiment, any one or two of the first inner-circumferential-wall lip portion 30b, the 

second inner-circumferential-wall lip portion 31b, and the third inner-circumferential-wall 

lip portion 32b may have the vertical inner projections. 15 

 With this configuration also, the variation in the circumferential deformation of the 

elastic film 10 can be effectively inhibited.  Furthermore, the vertical inner protrusions of 

the first inner-circumferential-wall lip portion 30b and the vertical inner protrusions of the 

second inner-circumferential-wall lip portion 31b also serve as guides with respect to the 

head body 2, so that the elastic film 10 can be easily secured to the head body 2. 20 

 FIG. 16 is an enlarged schematic view showing the edge circumferential wall 33 of 

the elastic membrane 10 according to still another embodiment.  Structures of this 

embodiment, which will not be specifically described, are the same as those of the above-

described embodiments, and duplicate explanations will be omitted. 

 The edge circumferential wall 33 shown in FIG. 16 has an edge-circumferential-25 

wall body 33a extending diagonally upwardly from the circumferential end of the contacting 

portion 11, and an edge-circumferential-wall lip portion 33b extending from a tip of the 

edge-circumferential-wall body 33a.  Although, in the embodiments described above, the 
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edge-circumferential-wall body 33a extends upwardly from the circumferential end of the 

contacting portion 11 in the vertical direction, the present invention is not limited to these 

embodiments.  The shape of the edge-circumferential-wall body 33a can be freely-selected, 

and for example, the edge-circumferential-wall body 33a may extend diagonally upward as 

shown in FIG. 16. 5 

 Furthermore, the edge-circumferential-wall lip portion 33b of the edge 

circumferential wall 33 shown in FIG. 16 has the edge projections 33e'' protruding upwardly 

from the upper surface thereof.  However, as shown by the dotted lines in FIG. 16, the 

edge-circumferential-wall lip portion 33b may have the edge projections 33e' protruding 

downwardly from the lower surface of the edge-circumferential-wall lip portion 33b, or  10 

may have lateral edge projections 33e' protruding from the tip of the edge-circumferential-

wall lip portion 33b in the radial direction. 

 Although not shown, the shapes of the inner-circumferential-wall bodies 30a, 31a, 

and 32a of the inner circumferential walls 30, 31, and 32 also are freely-selected, and may 

extend diagonally upwardly from the contacting portion 11, such as the edge circumferential 15 

wall 33 shown in FIG. 16.  Further, the shapes of the inner-circumferential-wall bodies 30a, 

31a, and 32a of the inner circumferential walls 30, 31, and 32 may be the same as or 

different from each other. 

 Although, in the embodiments described above, the edge-circumferential-wall lip 

portion 33b of the edge circumferential wall 33 has any of the lateral edge projection 33e, 20 

the vertical edge projection 33e', and the vertical edge projection 33e'', the present invention 

is not limited to these embodiments.  For example, the edge-circumferential-wall lip 

portion 33b may have any two of the lateral edge projections 33e, the vertical edge 

projections 33e' and the vertical edge projections 33e'', or may have all of these projections 

33e, 33e ', and 33e''.  Similarly, each of the inner-circumferential-wall lip portions 30b to 25 

32b may have any two of the lateral inner projections protruding radially from the tip of each 

of the inner-circumferential-wall lip portions 30b to 32b, the vertical inner protrusions 

protruding from the upper surface of each of the inner-circumferential-wall lip portions 30b 
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to 32b, and the vertical inner projections protruding from the lower surface of each of the 

inner-circumferential-wall lip portions 30b to 32b, or may have all of these projections. 

 The previous description of embodiments is provided to enable a person skilled in 

the art to make and use the present invention.  Moreover, various modifications to these 

embodiments will be readily apparent to those skilled in the art, and the generic principles 5 

and specific examples defined herein may be applied to other embodiments.  Therefore, 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. 

 

10 



 

36 

What is claimed is: 

 

 1. 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; and 5 

 an edge circumferential wall extending from a peripheral edge of the contact 

portion,  

 wherein the edge circumferential wall includes an edge-circumferential-wall lip 

portion sandwiched between a head body of the substrate holding apparatus and an edge 

mounting member for securing the edge circumferential wall to the head body, and 10 

 the edge-circumferential-wall lip portion has at least a part of a surface thereof 

roughened. 

 

 2. The elastic membrane according to claim 1, wherein the edge circumferential 

wall has an edge-circumferential-wall body which extends from the contact portion and is 15 

connected to the edge-circumferential-wall lip portion, and 

 a contact surface of the edge-circumferential-wall body with the edge mounting 

member also is roughened. 

 

 3. The elastic membrane according to claim 1 or 2, further comprising at least one 20 

inner circumferential wall which is located radially inwardly of the edge circumferential wall 

and extends from the contact portion,  

 wherein the inner circumferential wall has an inner-circumferential-wall lip portion 

sandwiched between the head body and an inner mounting member for securing the inner 

circumferential wall to the head body, and  25 

 the inner-circumferential-wall has at least a part of a surface thereof roughened. 

 

 4. The elastic membrane according to claim 3, wherein the inner circumferential 
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wall has an inner-circumferential-wall body which extends from the contact portion and is 

connected to the inner-circumferential-wall lip portion, and 

 a contact surface of the inner-circumferential-wall body with the inner mounting 

member also is roughened. 

 5 

 5. The elastic membrane according to any of claims 1 through 4, wherein an entire 

surface of the elastic membrane is roughened. 

 

 6. A substrate holding apparatus, comprising: 

 an elastic membrane that forms at least one pressure chamber for pressing a 10 

substrate; 

 a head body to which the elastic membrane is secured; and 

 at least one mounting member for securing the elastic membrane to the head body,  

 wherein the elastic membrane includes: 

  a contact portion to be brought into contact with the substrate for pressing 15 

the substrate against a polishing pad; and 

  an edge circumferential wall extending from a peripheral edge of the 

contact portion,  

 the edge circumferential wall includes an edge-circumferential-wall lip portion 

sandwiched between the head body and an edge mounting member which is one of at least 20 

one mounting member, and 

 the edge-circumferential-wall lip portion has at least a part of a surface thereof 

roughened. 

 

 7. The substrate holding apparatus according to claim 6, wherein a surface of the 25 

edge mounting member is covered with a friction-reducing film. 

 

 8. A substrate holding apparatus, comprising: 
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 an elastic membrane that forms at least one pressure chamber for pressing a 

substrate; 

 a head body to which the elastic membrane is secured; and 

 at least one mounting member for securing the elastic membrane to the head body,  

 wherein the elastic membrane includes:  5 

  a contact portion to be brought into contact with the substrate for pressing 

the substrate against a polishing pad; and 

  an edge circumferential wall extending from a peripheral edge of the 

contact portion, 

 the edge circumferential wall includes an edge-circumferential-wall lip portion 10 

sandwiched between the head body and an edge mounting member which is one of at least 

one mounting member, and  

 a surface of the edge mounting member and/or a surface of the head body facing to 

the edge-circumferential-wall lip portion is roughened. 

 15 

 9. 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; and 

 an edge circumferential wall extending from a peripheral edge of the contact 

portion,  20 

 wherein the edge circumferential wall has an edge-circumferential-wall lip portion 

formed in an upper portion thereof, which is sandwiched between a head body of the 

substrate holding apparatus and an edge mounting member for securing the edge 

circumferential wall to the head body; 

 the edge-circumferential-wall lip portion includes a plurality of edge-25 

circumferential-wall projections which are fitted into first recesses formed in the edge 

mounting member and/or second recesses formed in the head body; and 

 the edge-circumferential-wall projections are arranged at equal intervals along a 
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circumferential direction of the edge circumferential wall. 

 

 10. The elastic membrane according to claim 9, wherein the edge-circumferential-

wall projections are vertical edge projections that protrude from an upper surface or a lower 

surface of the edge-circumferential-wall lip portion. 5 

 

 11. The elastic membrane according to claim 9, wherein the edge-circumferential-

wall projections are lateral edge projections that protrude from a tip of the edge-

circumferential-wall lip portion in a radial direction of the edge circumferential wall. 

 10 

 12. The elastic membrane according to claim 9, wherein some of the edge-

circumferential-wall projections are vertical edge projections that protrude from an upper 

surface or a lower surface of the edge-circumferential-wall lip portion, and  

 the rest of the edge-circumferential-wall projections are lateral edge projections that 

protrude from a tip of the edge-circumferential-wall lip portion in a radial direction of the 15 

edge circumferential wall. 

 

 13. The elastic membrane according to any one of claims 9 through 12, further 

comprising at least one inner circumferential wall which is located radially inwardly of the 

edge circumferential wall and extends from the contact portion,  20 

 wherein the inner circumferential wall has an inner-circumferential-wall lip portion 

formed at an upper portion thereof, which is sandwiched between the head body and an inner 

mounting member for securing the inner circumferential wall to the head body,  

 the inner-circumferential-wall lip portion has a plurality of inner-circumferential- 

wall projections which are fitted into third recesses formed in the edge mounting member 25 

and/or forth recesses formed in the head body, and 

 the inner-circumferential-wall projections are arranged at equal intervals along a 

circumferential direction of the inner circumferential wall. 
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 14. The elastic membrane according to claim 13, wherein the inner-circumferential-

wall projections are vertical inner projections that protrude from an upper surface or a lower 

surface of the inner-circumferential-wall lip portion. 

 5 

 15. The elastic membrane according to claim 13, wherein the inner-circumferential-

wall projections are lateral inner projections that protrude from a tip of the inner-

circumferential-wall lip portion in a radial direction of the inner circumferential wall. 

 

 16. The elastic membrane according to claim 13, wherein some of the inner-10 

circumferential-wall projections are vertical inner projections that protrude from an upper 

surface or a lower surface of the inner-circumferential-wall lip portion, and 

 the rest of the inner-circumferential-wall projections are lateral inner projections 

that protrude from a tip of the inner-circumferential-wall lip portion in a radial direction of 

the inner circumferential wall. 15 

 

 17. A substrate holding apparatus, comprising: 

 an elastic membrane that forms at least one pressure chamber for pressing a 

substrate; 

 a head body to which the elastic membrane is secured; and 20 

 at least one mounting member for securing the elastic membrane to the head body,  

 wherein the elastic membrane comprises the elastic membrane according to any 

one of claims 9 through 16. 

 

25 


