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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 menebfar use in a substrate holding
apparatus of a polishing apparatus. Further, tkegept invention relates to a substrate
holding apparatus having such an elastic membrane.

Description of the Related Art:

A polishing apparatus for performing CMP has aghahg table that supports the
polishing pad thereon, and a substrate holding rapmafor holding a substrate, such as
wafer. The substrate holding apparatus may bectall top ring or a polishing head.
When the substrate is polished using such poliskipgaratus, the substrate holding
apparatus holds the substrate and presses it atienmlishing surface of the polishing pad
at a predetermined pressure, while the polishibig @nd the substrate holding apparatus are
moved relative to each other to bring the subsirdte sliding contact with the polishing
surface to thereby polish a surface of the sulestrat

During polishing of the substrate, if a relativessing force applied between the
wafer and the polishing surface of the polishingd ganot uniform over the entire surface of
the wafer, insufficient polishing or excessive gling would occur depending on a force
applied to each portion of the wafer. Thus, ineoid make the pressing force against the
wafer uniform, the substrate holding apparatusahpessure chamber defined by an elastic
membrane at a lower part thereof. This pressumenblr is supplied with a fluid, such as
air, to press the wafer through the elastic mengvéth a fluid pressure.

Such a substrate holding apparatus has, for egkampgiead body for pressing the
substrate against the polishing surface of thesipioly pad, said elastic membrane secured to
the head body, a mounting member for securing ldstie membrane to the head body, and
a retaining ring surrounding a substrate held byhisad body through the elastic membrane.

When the elastic membrane is secured by the mguntiembers, at least one pressure
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chamber is formed by the elastic membrane. Sueheatic membrane is consumable, and
thus regularly requires maintenance and/or replaoernthereof. Therefore, the elastic
membrane is configured to be detachable to the hedylby use of the mounting members.
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However, the elastic membrane is typically madematerials, such as rubber,
which are not only flexible but also highly adhesiv Therefore, when a worker secures the
elastic membrane to the head body through the nmmuntembers, a portion of the elastic
membrane may be in close contact with the head aondior the mounting member, making
it difficult to properly secure the elastic memleda the head body. More specifically, if a
portion (or a plurality of portions) of the elastitembrane is in close contact with the head
body and/or the mounting members, the close-cadambrtion(s) may cause other portions
of the elastic membrane to be pulled, resultingarying a degree of deformation of the
elastic membrane in a circumferential directiom other words, the elastic membrane
secured to the head body may be distorted uneirettig circumferential direction thereof.

When polishing of the substrate is performed,dflliaving a predetermined
pressure is supplied into the pressure chamberefibiny the elastic membrane. Thus, if
the degree of deformation of the elastic membrartiee circumferential direction varies, the
elastic membrane may not be evenly inflated, raauibwering a uniformity of polishing
rate in a circumferential direction of the subgtrat

If, in order to prevent the above-mentioned pnolslea worker to secure the elastic
membrane to the head body tries to eliminate vanah the degree of deformation of the
elastic membrane in the circumferential directiomden and labor of the worker increases

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

It is therefore an object of the present inventiorprovide an elastic membrane
capable of being easily secured to a head body sdibstrate holding apparatus while
inhibiting variation of a degree of deformationtbé elastic membrane in a circumferential
direction. Further, it is another object of theegamt invention to provide a substrate
holding apparatus including such elastic membrane.

In an embodiment, there is provided an elastic bmare for use in a substrate
holding apparatus, comprising: a contact portiobedyrought into contact with a substrate
for pressing the substrate against a polishing gradian edge circumferential wall extending
from a peripheral edge of the contact portion, wimethe edge circumferential wall includes
an edge-circumferential-wall lip portion sandwicHeetween a head body of the substrate
holding apparatus and an edge mounting membeetarisg the edge circumferential wall
to the head body, and the edge-circumferentialdipatiortion has at least a part of a surface
thereof roughened..

In an embodiment, the edge circumferential wadl &da edge-circumferential-wall
body which extends from the contact portion andoisnected to the edge-circumferential-
wall lip portion, and a contact surface of the edgeumferential-wall body with the edge
mounting member also is roughened.

In an embodiment, the elastic membrane furtherprizes at least one inner
circumferential wall which is located radially inwity of the edge circumferential wall and
extends from the contact portion, wherein the inciecumferential wall has an inner-
circumferential-wall lip portion sandwiched betweabe head body and an inner mounting
member for securing the inner circumferential wall the head body, and the inner-
circumferential-wall has at least a part of a stefénereof roughened.

In an embodiment, the inner circumferential wals lan inner-circumferential-wall
body which extends from the contact portion andoisnected to the inner-circumferential-

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

In an embodiment, an entire surface of the elastimbrane is roughened.

In an embodiment, there is provided a substradingapparatus, comprising: an
elastic membrane that forms at least one prestimlmer for pressing a substrate; a head
body to which the elastic membrane is secured; anlgast one mounting member for
securing the elastic membrane to the head bodytewhthe elastic membrane includes: a
contact portion to be brought into contact with shibstrate for pressing the substrate against
a polishing pad; and an edge circumferential wetbrding from a peripheral edge of the
contact portion, the edge circumferential wall intds an edge-circumferential-wall lip
portion sandwiched between the head body and a& mdgnting member which is one of
at least one mounting member, and the edge-cirecentfal-wall lip portion has at least a
part of a surface thereof roughened..

In an embodiment, a surface of the edge mountiegnioer is covered with a
friction-reducing film.

In an embodiment, there is provided a substradingapparatus, comprising: an
elastic membrane that forms at least one prestiamlmer for pressing a substrate; a head
body to which the elastic membrane is secured; anlgast one mounting member for
securing the elastic membrane to the head bodytewhthe elastic membrane includes: a
contact portion to be brought into contact with shibstrate for pressing the substrate against
a polishing pad; and an edge circumferential wetbrding from a peripheral edge of the
contact portion, the edge circumferential wall intds an edge-circumferential-wall lip
portion sandwiched between the head body and a& mdgnting member which is one of
at least one mounting member, and a surface adbe mounting member and/or a surface
of the head body facing to the edge-circumferemiall lip portion is roughened.

In an embodiment, there is provided an elastic bmare for use in a substrate
holding apparatus, comprising: a contact portiobedyrought into contact with a substrate
for pressing the substrate against a polishing gradian edge circumferential wall extending

from a peripheral edge of the contact portion, wimethe edge circumferential wall has an
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edge-circumferential-wall lip portion formed in ampper portion thereof, which is
sandwiched between a head body of the substratngapparatus and an edge mounting
member for securing the edge circumferential wall the head body; the edge-
circumferential-wall lip portion includes a plutgliof edge-circumferential-wall projections
which are fitted into first recesses formed in #dge mounting member and/or second
recesses formed in the head body; and the edgevdecential-wall projections are arranged
at equal intervals along a circumferential direttid the edge circumferential wall.

In an embodiment, the edge-circumferential-walbjgutions are vertical edge
projections that protrude from an upper surface aolower surface of the edge-
circumferential-wall lip portion.

In an embodiment, the edge-circumferential-walbjgutions are lateral edge
projections that protrude from a tip of the edgetenferential-wall lip portion in a radial
direction of the edge circumferential wall.

In an embodiment, some of the edge-circumferemtdl projections are vertical
edge projections that protrude from an upper serfac a lower surface of the edge-
circumferential-wall lip portion, and the rest betedge-circumferential-wall projections are
lateral edge projections that protrude from a fithe edge-circumferential-wall lip portion
in a radial direction of the edge circumferentialiw

In an embodiment, the elastic membrane furtherprizes at least one inner
circumferential wall which is located radially inwity of the edge circumferential wall and
extends from the contact portion, wherein the inciecumferential wall has an inner-
circumferential-wall lip portion formed at an uppeortion thereof, which is sandwiched
between the head body and an inner mounting meimbgsecuring the inner circumferential
wall to the head body, the inner-circumferentialiig portion has a plurality of inner-
circumferential- wall projections which are fittéko third recesses formed in the edge
mounting member and/or forth recesses formed in hbad body, and the inner-
circumferential-wall projections are arranged atiagdgintervals along a circumferential

direction of the inner circumferential wall.
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In an embodiment, the inner-circumferential-walbjpctions are vertical inner
projections that protrude from an upper surface aolower surface of the inner-
circumferential-wall lip portion.

In an embodiment, the inner-circumferential-watbjpctions are lateral inner
projections that protrude from a tip of the innecumferential-wall lip portion in a radial
direction of the inner circumferential wall.

In an embodiment, some of the inner-circumferémial projections are vertical
inner projections that protrude from an upper s@far a lower surface of the inner-
circumferential-wall lip portion, and the rest b&tinner-circumferential-wall projections are
lateral inner projections that protrude from adfgghe inner-circumferential-wall lip portion
in a radial direction of the inner circumferentiall.

In an embodiment, there is provided a substradingapparatus, comprising: an
elastic membrane that forms at least one prestiamlmer for pressing a substrate; a head
body to which the elastic membrane is secured; @nléast one mounting member for
securing the elastic membrane to the head bodygivhiie elastic membrane comprises the
above-described elastic membrane.

According to the present invention, as compardl thie case where the surface of
the edge-circumferential-wall lip portion is notughened, a contact area of the edge-
circumferential-wall lip portion with the edge maing member and/or a contact area of the
edge-circumferential-wall lip portion with the headdy are reduced. As a result, the
elastic membrane is inhibited from being in closatact with the edge mounting member
and/or the head body. Accordingly, the elastic im@me can be smoothly and easily
moved with respect to the edge mounting memberoaridé head body, so that the elastic
membrane can be easily secured to the head bodly inhibiting the variation in the degree
of deformation of the elastic membrane in the oirfarential direction.

Further, according to the present invention, tastie membrane is secured to the
head body in a state where the plurality of edgasoiferential-wall projections arranged at

equal intervals along the circumferential directafrihe edge circumferential wall are fitted
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into the first recesses and/or the second reces3égrefore, the elastic membrane can be
secured to the head body while inhibiting the deftion of the elastic membrane in the
circumferential direction to the minimum. Furtheten the elastic membrane is secured
to the head body through the mounting member, lin@lly of edge-circumferential-wall
projections serves as guides with respect to tteel Heody and/or the edge mounting

member. Accordingly, the elastic membrane caralséyesecured to the head body.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing a polishing apparatu®aiing to an embodiment;

FIG.2 is a schematic cross-sectional view showipglishing head according to an
embodiment;

FIG. 3 is an enlarged cross-sectional view showlipgrt of the elastic membrane
shown in FIG. 2;

FIG. 4 is an enlarged cross-sectional view showirey vicinity of the second
mounting ring shown in FIG. 2;

FIG. 5 is a view showing a roughened surface énetige-circumferential-wall lip
portion of the elastic membrane;

FIG. 6 is a view showing roughened surfaces ofeflastic membrane according
another embodiment;

FIG. 7 is a view showing roughened surfaces ofeflastic membrane according
still another embodiment;

FIG. 8 is a view showing a roughened surface efelastic membrane according
still another embodiment;

FIG. 9 is a schematic cross-sectional view oftifestrate holding device according
to another embodiment;

FIG. 10 is an enlarged cross-sectional view shgwanportion of the elastic
membrane shown in FIG. 9;

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

FIG. 12 is a cross-sectional view taken alongAng in FIG. 9;

FIG. 13 is an enlarged cross-sectional view of thenity of the edge
circumferential wall in the elastic membrane acowdo another embodiment;

FIG. 14 is a bottom view of the elastic membrdmas in FIG. 13;

FIG. 15 is an enlarged cross-sectional view shgwvilme vicinity of the edge
circumferential wall of the elastic membrane actwdo still another embodiment; and

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

elastic membrane according to still another embedim

DESCRIPTION OF EMBODIMENTS

Embodiments will be described below with referetacthe drawings.

FIG. 1 is a view showing a polishing apparatuetiog to an embodiment. As
shown in FIG. 1, the polishing apparatus includgsobishing table 18 for supporting a
polishing pad 19, and a substrate holding appafafos holding a wafer W as an example
of a substrate and pressing the wafer W againgpdhghing pad 19 on the polishing table
18. In the following description, the substratédivy apparatus 1 will be referred to as a
"polishing head 1".

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

The polishing head 1 includes a head body 2 fesging the wafer W against the
polishing surface 19a, and a retaining ring 3 faining the wafer W therein so as to

prevent the wafer W from slipping out of the paighhead 1. The polishing head 1 is
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coupled to a head shaft 27, which is vertically alne relative to a head arm 64 by a
vertically moving mechanism 81. This vertical mment of the head shaft 27 causes the
entirety of the polishing head 1 to move upward donward relative to the head arm 64
and enables positioning of the polishing head 1.rotAry joint 82 is mounted to an upper
end of the head shaft 27.

The vertically moving mechanism 81 for elevatimgl dowering the head shaft 27
and the polishing head 1 includes a bridge 84 ibtably supports the head shaft 27
through a bearing 83, a ball screw 88 mounted éohttidge 84, a support pedestal 85
supported by support posts 86, and a servomotan@ihted to the support pedestal 85.
The support pedestal 85, which supports the seri@mm0, is fixedly mounted to the head
arm 64 through the support posts 86.

The ball screw 88 includes a screw shaft 88a eoufd the servomotor 90 and a
nut 88b that engages with the screw shaft 88a. HEa&l shaft 27 is vertically movable
together with the bridge 84. When the servomofois&et in motion, the bridge 84 moves
vertically through the ball screw 88, so that tkadhshaft 27 and the polishing head 1 move
vertically.

The head shaft 27 is coupled to a rotary sleevayGbkey (not shown). A timing
pulley 67 is secured to a circumferential surfadcbe rotary sleeve 66. A head motor 68 is
fixed to the head arm 64. The timing pulley 6€asipled through a timing belt 69 to a
timing pulley 70, which is mounted to the head mé@® When the head motor 68 is set in
motion, the rotary sleeve 66 and the head shadr@Totated together with the timing pulley
70, the timing belt 69, and the timing pulley 67ug rotating the polishing head 1. The
head arm 64 is supported by an arm shaft 80, whicbtatably supported by a frame (not
shown). The polishing apparatus includes a cdetrdD for controlling devices including
the head motor 68 and the servomotor 90.

The polishing head 1 is configured to be abledlw hthe wafer W on its lower
surface. The head arm 64 is configured to betalghevot on the arm shaft 80. Thus, the

polishing head 1, when holding the wafer W onatsdr surface, is moved from a position
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at which the polishing head 1 receives the wafdo\& position above the polishing table 18
by a pivotal movement of the head arm 64.

Polishing of the wafer W is performed as followdhe polishing head 1 and the
polishing table 18 are rotated individually, whitee polishing liquid Q is supplied from the
polishing liquid supply nozzle 25, located above golishing table 18, onto the polishing
pad 19. In this state, the polishing head 1 iscled to a predetermined position (i.e., a
predetermined height) and then presses the wafagaMst the polishing surface 19a of the
polishing pad 19. The wafer W is placed in slidawgntact with the polishing surface 19a
of the polishing pad 19, so that a surface of taemWV is polished.

Next, an example of the configuration of the pgohg head 1 will be described
with reference to FIG.2. FIG.2 is a schematic ssectional view showing the polishing
head (substrate holding apparatus) 1 according @rdodiment. As shown in FIG. 2, the
polishing head 1 includes the head body 2 for prgshe wafer W against the polishing
surface 19a (see FIG. 1), and the retaining rimgr&nged so as to surround the wafer W.
The retaining ring 3 is coupled to the head bodyn#, the head body 2 and the retaining ring
3 are rotatable in unison by the rotation of thachehaft 27. Further, the head body 2 and
the retaining ring 3 are configured to move up @n in unison with the head shaft 27 by
actuating the vertical movement mechanism 81 (4€e E). The head body 2 is, for
example, made of resin, such as engineering plastic PEEK),

The retaining ring 3 is arranged so as to surrdhacklastic membrane 10 secured
to the head body 2, and the wafer W held by the beay 2 through the elastic membrane
10. This retaining ring 3 retains the wafer W éierso as to prevent the wafer W from
slipping out of the polishing head 1 during polghof the wafer W..

The elastic membrane 10, which is brought intdainvith a back surface of the
wafer W (i.e., a surface at an opposite side ofstiméace to be polished), is secured to a
lower surface of the head body 2. This elastic brame 10 has a lower surface which
serves as a substrate holding surface 10a. Tisdcetaembrane 10 has a plurality of

annular circumferential walls 30, 31, 32, and Ri(fcircumferential walls in FIG. 2), and

10
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these circumferential walls 30 to 33 are concedtyi@rranged.

In this embodiment, the polishing head 1 has tvaumting members 45, 47 for
securing the elastic membrane 10 to the head bodyrBe two mounting members 45, 47
are mounting rings having a substantially annulaaps, respectively. In the following
description, the mounting member 45 may be refeiwems a “first mounting ring 45", and
the mounting member 47 may be referred to as afiseamounting ring 47".

Upper ends of the circumferential walls 30 to 83secured to the lower surface of
the head body 2 through the two mounting rings 4%, More specifically, the first
mounting ring 45 secures the upper ends of thermiferential walls 30 and 31 to the lower
surface of the head body 2, and the second mounitiggl7 secures the upper ends of the
circumferential walls 32 and 33 to the lower suefat the head body 2. These mounting
rings 45 and 47 are detachably secured to thebwhd?2 by fasteners (not shown), such as
screws, respectively. Therefore, when the fastesrer released, the mounting rings 45 and
47 are separated from the head body 2, wherebglédséic membrane 10 can be removed
from the head body 2.

The circumferential walls 30 to 33 define fourgmere chambers: a circular central
pressure chamber 16a located at a center of tisticelmembrane 10, an annular edge
pressure chamber 16d located at the outermostgpaitie elastic membrane 10, and
intermediate pressure chambers 16b, and 16c¢ lobategten the central pressure chamber
16a and the edge pressure chamber 16f.

These pressure chambers 16a to 16d are in fluidntmication with a pressure
regulator 65 via the rotary joint 82, so that adfl(e.g., air) is supplied into the respective
pressure chambers 16a to 16d through respectivklithes 73 extending to the respective
pressure chambers 16a to 16d from the pressurat@g65. The pressure regulator 65 is
connected to a controller 40, so that pressuréseifiour pressure chambers 16a to 16d can
be independently adjusted.

Further, the pressure regulator 65 can creategatine pressure in the pressure

chambers 16ato 16d. Thus, in the polishing headeksing forces applied to the wafer W
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can be adjusted at respective zones of the wafdsyVedjusting pressures of the fluid
supplied to the respective pressure chambers 16&ddormed between the head body 2
and the elastic membrane 10.

The elastic membrane 10 is made of a highly steondydurable rubber material,
such as ethylene propylene rubber (EPDM), polyarethrubber, silicone rubber, or the like.
Such elastic membrane 10 has not only flexibiliyt also high adhesiveness. The
respective pressure chambers 16a to 16d are fundlted to a pressure relief mechanism
(not shown), which can establish a fluid commumicabetween the atmosphere and these
pressure chambers 16a to 16d.

Next, the elastic membrane 10 shown in FIG. 2 lélldescribed in more detail.
FIG. 3 is an enlarged cross-sectional view showipgrt of the elastic membrane shown in
FIG. 2. More specifically, FIG. 3 illustrates ahematic cross-section of a half of the
elastic membrane 10 divided by a vertical plangainimg a central axis CL of the elastic
membrane 10. FIG. 4 is an enlarged cross-sectiaeal showing the vicinity of the
second mounting ring 47 shown in FIG. 2 (i.e.,\tlenity of an edge circumferential wall
described later).

The elastic membrane 10 shown in FIG. 3 has alaircontact portion 11 which
can be brought into contact with the back surfatethe wafer W, and the four
circumferential walls 30 to 33 which are coupledtte contact portion 11. The contact
portion 11 is brought into contact with the backate of the wafer W to press the wafer W
against the polishing pad 19. Specifically, a Ios@face of the contact portion 11 serves
as the above-mentioned substrate holding surfage 1Dhe annular circumferential walls
30 to 33 extend upwardly from an upper surfacé@icontact portion 11.

The circumferential wall 33 is an outermost ciréerantial wall and extends
upwardly from a peripheral edge of the contactiportll. In this specification, the
circumferential wall 33 is referred to as an "edgeumferential wall 33". Further, in this
specification, each of the circumferential wallsiehhare arranged radially inwardly of the

edge circumferential wall 33, is referred to asnén circumferential wall”. In the
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embodiment shown in FIG. 3, the three circumfeatmialls 30, 31 and 32 are configured as
the inner circumferential walls, respectively. e following description, the
circumferential wall 30 may be referred to as astfinner circumferential wall 30", the
circumferential wall 31 may be referred to as adsel inner circumferential wall 31", and
the circumferential wall 32 may be referred to d&h&rd inner circumferential wall 33".
The number of inner circumferential walls is nahited to the illustrated example. For
example, the elastic membrane 10 may have thecdgenferential wall 33 and one inner
circumferential wall, or may have the edge circuenfigial wall 33 and two or more inner
circumferential walls.  Further, the elastic memieral0 may have only edge
circumferential wall 33 without having inner circterential wall.

The edge circumferential wall 33 has an edge-gifetential-wall body 33a
extending from the contact portion 11, and an egigeinmferential-wall lip portion 33b
coupled to the edge-circumferential-wall body 33l the embodiment shown in FIG.3, the
edge-circumferential-wall body 33a extends from toatact portion 11 upwardly in a
vertical direction, and the edge-circumferentialla portion 33b extends from a tip of the
edge-circumferential-wall body 33a in a horizordakection. The edge-circumferential-
wall body 33a extends in an annular manner ardoedéntral axis CL (i.e., over the entire
circumference of the contacting portion 11), anel ¢alge-circumferential-wall lip portion
33b extends in a flange shape over the entirerofierence of the edge-circumferential-wall
body 33a. The edge-circumferential-wall lip panti®3b has a seal projection 33c formed
in a lower surface thereof. The seal projectioni83ormed in the lower surface of the tip
portion of the edge-circumferential-wall lip porti®@3b, and extends in an annular manner
over the entire circumference of the edge-circuenieal-wall lip portion 33b.

Further, the edge circumferential wall 33 may haviéap 33d extending from a
point of connection between the edge-circumferemtzdl body 33a and the edge-
circumferential-wall lip portion 33b. The flap 38dtends over the entire circumference of
the edge circumferential wall 33. The flap 33dudes a flap body 145 having an inverted

U-shaped cross section, and a flap lip portion &4&nding horizontally from a tip of the
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flap body 145. The flap lip portion 146 is sandved between the head body 2 and the
retaining ring 3 (see FIG. 4).

As shown in FIG. 4, the edge-circumferential-wigllportion 33b is a part of the
edge circumferential wall 33 which is sandwichetieen the second mounting ring 47 and
the head body 2. Therefore, the edge-circumfedenall lip portion 33b is formed in a
top portion of the edge circumferential wall 33 lexiing the flap 33d. In other words, the
edge-circumferential-wall lip portion 33b is contezt to an upper end of the edge-
circumferential-wall body 33a. When, in a stateemehthe edge-circumferential-wall lip
portion 33b is sandwiched between the head bodyd2te second mounting ring 47, the
second mounting member 47 is secured to the hahd2by fasteners (not shown), such as
screws, the edge circumferential wall 33 is sectetthe head body 2. Accordingly, the
second mounting ring 47 serves as an edge mountiember for securing the edge
circumferential wall 33 to the head body 10.

The second mounting ring 47 is formed with a seaéss 55 into which the seal
projection 33c is fitted. The seal recess 55 iimém over the entire circumference of the
second mounting ring 47, corresponding to the geajection 33c. When the edge
circumferential wall 33 is secured to the head Hadye seal projection 33c is fitted into the
seal recess 55. In this state, when the secondtingumember 47 is secured to the head
body 2 using fasteners (not shown), the seal gioje83c is pressed against the seal recess
55 to thereby seal a gap between the second mguign47 and the edge-circumferential-
wall lip portion 33b.

The third inner circumferential wall 32 also hathimd inner-circumferential-wall
body 32a extending from the contact portion 11, antlird inner-circumferential-wall lip
portion 32b connected to the third inner-circuntiéed-wall body 32a. The third inner-
circumferential-wall body 32a also extends in anuder manner around the central axis CL,
and the third inner-circumferential-wall lip pomnid®2b extends in a flange shape over the
entire circumference of the third inner-circumfdig@nawall body 32a. The third inner-

circumferential-wall body 32a is constructed ofirasiined portion 130 extending diagonally
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upward and inwardly in a radial direction from tt@ntact portion 11, a horizontal portion
131 connected to the inclined portion 130 and ekteninwardly in the radial direction, and
a vertical portion 132 connected to the horizomaition 131 and extending from the
horizontal portion 131 vertically. The third inrgrcumferential-wall lip portion 32b is
connected to a tip of the vertical portion 132 laé third inner-circumferential-wall body
32a, and extends horizontally outwardly in a radiggction from this tip. The third inner
circumferential wall 32 also has a seal projec8@n formed in an annular manner over the
entire circumference of the third inner-circumfdi@nwall lip portion 32b.

The third inner-circumferential-wall lip portion2B is a part of the third inner
circumferential wall 32 which is sandwiched betwéa® second mounting ring 47 and the
head body 2, and formed in a top portion of theltimner circumferential wall 32. In other
words, the third inner-circumferential-wall lip pion 32b is connected to a tip of the third
inner-circumferential-wall body 32a. The secondunting ring 47 serves as the edge
mounting member with respect to the above-descrédulgk circumferential wall 33, and
serves as an inner mounting member with respetietehird inner circumferential wall 32
for securing the third inner circumferential waR & the head body 2. Therefore, the
second mounting member 47 also has a seal recessnddd in correspondence with the
seal projection 32c of the third edge circumfesdntiall 32. The seal recess 54 is formed
over the entire circumference of the second mogntmember 47. When the second
mounting member 47 is secured to the head bodyfadtgners (not shown), the third inner-
circumferential-wall lip portion 32b is sandwichiedtween the head body 2 and the second
mounting ring 47, so that the third inner circurefdral wall 32 is secured to the head body
2. Further, the seal projection 32b of the thimder circumferential wall 32 is pressed
against the seal recess 54 to thereby seal a gapdrethe second mounting ring47 and the
third inner-circumferential-wall lip portion 32b.

As shown in FIG. 3, the first inner circumferehtiaall 30 has the same shape as
the third inner circumferential wall 32, and thea®d inner circumferential wall 31 differs

from the shape of the third inner circumferentiallwd2 only in that a second inner-
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circumferential-wall lip portion 31b extends inwlrh the radial direction not outwardly in
the radial direction. More specifically, the fiisiner circumferential wall 30 has a first
inner-circumferential-wall body 30a extending fréine contact portion 11 upwardly, and a
first inner-circumferential-wall lip portion 30b woected to the first inner-circumferential-
wall body 30a, and the second inner circumferenvall 31 has a second inner-
circumferential-wall body 31a extending from theiaxt portion 11 upwardly, and a second
inner-circumferential-wall lip portion 31b connedtéo the second inner-circumferential-
wall body 31a. The first inner-circumferential-Wdlody 30a and the second inner-
circumferential-wall body 31a extend in an annutzanner around the central axis CL,
respectively. The first inner-circumferential-wéijp portion 30b is formed in a flange
shape over the entire first inner-circumferentiallwbody 30a, and the second inner-
circumferential-wall lip portion 31b is formed in flange shape over the second inner-
circumferential-wall body 31a.

The first inner-circumferential-wall body 30a ienstructed of an inclined portion
110 extending diagonally upward and inwardly imdial direction from the contact portion
11, a horizontal portion 111 connected to the macliportion 110 and extending inwardly in
the radial direction, and a vertical portion 112mected to the horizontal portion 111 and
extending from the horizontal portion 111 vertigall The second inner-circumferential-
wall body 31a is constructed of an inclined porti®0 extending diagonally upward and
inwardly in a radial direction from the contact fam 11, a horizontal portion 121 connected
to the inclined portion 120 and extending inwarmtlythe radial direction, and a vertical
portion 122 connected to the horizontal portion Htl extending from the horizontal
portion 121 vertically.

Further, the first inner circumferential wall 38sha seal projection 30c formed in
an annular manner over the entire circumferenddefirst inner-circumferential-wall lip
portion 30b, and the second inner circumferentall 81 has a seal projection 31c formed in
an annular manner over the entire circumferentkeo$econd inner-circumferential-wall lip

portion 31b.
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The first mounting ring 45 serves as an inner rtingrmember for securing the
first inner circumferential wall 30 and the secamder circumferential wall 31 to the head
body 2 (see FIG. 2). The first mounting ring 48oahas two seal recesses into which the
seal projection 30c of the first inner circumferaintvall 30 and the seal projection 31c of
the second inner circumferential wall 31 are fittespectively. These seal recesses also are
formed over the entire circumference of the firsbumting ring 45. When the first
mounting ring 45 is secured to the head body 2guisisteners (not shown), the first inner-
circumferential-wall lip portion 30b and the secander-circumferential-wall lip portion
31b are sandwiched between the head body 2 aridstheounting ring 45, so that the first
inner circumferential wall 30 and the second irciEmumferential wall 31 are secured to the
head body 2. Further, the seal projection 30deffirst inner circumferential wall 30 is
pressed against one seal recess, and at the saedtte seal projection 31c of the second
inner circumferential wall 31 is pressed againstdther seal recess. Thus, a gap between
the first mounting ring 45 and the first inner-aineferential-wall lip portion 30b is sealed,
and at the same time, a gap between the first nmguning 45 and the second inner-
circumferential-wall lip portion 31b is sealed.

As described above, the elastic membrane has nigtflexibility but also high
adhesiveness. Therefore, when the elastic memhfaiseto be secured to the head body 2
through the mounting rings, 45, 47, a portion (orplarality of portions) of the
circumferential walls 30 to 33 of the elastic meam@ 10 may be in close contact with the
head body 2 and/or the mounting rings 45, 47. his ¢ase, the close-contacted portion(s)
occurring in the elastic membrane 10 may cause ptirdons of the elastic membrane to be
pulled, resulting in varying a degree of defornmatiof the elastic membrane in a
circumferential direction. In particular, when teédge circumferential wall located at the
outermost part of the elastic membrane 10 is isectmntact with the head body 2 and/or the
second mounting ring 47, the variation in the degredeformation of the elastic membrane
10 in the circumferential direction becomes large.

Therefore, in this embodiment, at least a portdnthe surface of the edge-
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circumferential-wall lip portion 33b is roughenadth that the edge-circumferential-wall lip
portion 33b of the edge circumferential wall 33 caove smoothly with respect to the head
body 2 and/or the second mounting ring 47. FIG. &view showing a roughened surface
in the edge-circumferential-wall lip portion 33btoe elastic membrane 10. In FIG. 5, the
roughened surface of the edge-circumferential-liyafortion 33b is illustrated with a thick
line.

As used herein, "roughening of the surface” mefmming a plurality of
protrusions and/or a plurality of recesses on tikase. The protrusions and/or the
recesses may be regularly arranged on the surdaceay be irregularly (or randomly)
arranged. The protrusions and the recesses hgnahape. For example, the protrusions
and the recesses may have a hemispherical shammical shape, a pyramid shape, a
cylindrical shape, a prismatic shape, or the likeach protrusion and each recess have any
height (i.e., a distance from the surface to tipeabthe protrusion), and any depth (i.e., a
distance from the surface to the bottom of the s®&cerespectively. For example, the
protrusion may be a fine protrusion having a heggtgbout 1Qum, and the recess may be a
fine recess having a depth of abouih@®

A method of roughening the surface of the elastembrane 10 also is freely-
selected. For example, various surface treatmsuotd) as sandblasting, wet blasting, or
roughing treatment using a tool such as a file, @applied to the surface of the elastic
membrane 10 to be roughened.

However, the elastic membrane 10 is typically fedniby curing a rubber material
poured into a molding die. Therefore, one of tieeamentioned surface treatments, such
as sandblasting, may be applied to an inner sudhttee molding die corresponding to the
surface of the elastic membrane 10 to be roughenadthis case, by simply removing the
elastic membrane 10 from the molding die, it isside to obtain the elastic membrane 10 in
which the roughened surface is formed at a degpasition. Accordingly, the elastic
membrane with the roughened surface formed at és&redl position can be easily and

inexpensively manufactured. In one embodiment,itimer surface of the molding die
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corresponding to the surface of the elastic menabi#hto be roughened may be subjected
to so-called "texturing treatment”.

In the embodiment shown in FIG. 5, the entireaafof the edge-circumferential-
wall lip portion 33b is roughened. More specifigalthe entire surface of the edge-
circumferential-wall lip portion 33b including arpper surface, a lower surface, and a
connecting surface connecting the upper surfade tivé lower surface is roughened. The
edge-circumferential-wall lip portion 33b has ttealsprojection 33c in the lower surface
thereof, and thus a surface of the seal proje@8aralso is roughened.

In one embodiment, instead of roughening the ensurface of the edge-
circumferential-wall lip portion 33b, at least atpaf the surface of the edge-circumferential-
wall lip portion 33b may be roughened. For exampidy upper surface or lower surface
of the edge-circumferential-wall lip portion 33b ynhe roughened. Alternatively, the
upper surface and the lower surface of the edgeraiierential-wall lip portion 33b except
the seal projection 33c may be roughened.

Roughening of the surface of the edge-circumfeaewall lip portion 33b enables
a contact area of the edge-circumferential-walptyption 33b with the head body 2 and/or a
contact area of the edge-circumferential-wall liprtion 33b with the second mounting
member 47 to be reduced, as compared with a caseewvithe surface of the edge-
circumferential-wall lip portion 33b is flat withbwnevenness. As a result, even though
the elastic membrane 10 has a high adhesivenessde-circumferential-wall lip portion
33b is prevented from be in close contact withhbéad body 2 and/or the second mounting
member 47. Therefore, the elastic membrane 1(easmoothly and easily moved with
respect to the head body 2 and/or the second mguntember 47, so that the elastic
membrane 10 can be easily secured to the headZoadiyle inhibiting the variation in the
degree of deformation of the elastic membrane 1Bartircumferential direction.

Although, in the embodiment shown in FIG. 5, thaeface of the edge-
circumferential-wall lip portion 33b is roughendide present invention is not limited to this

embodiment. Hereinafter, embodiments of the elasg@mbrane 10, in which the surface
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of the edge-circumferential-wall lip portion 33b a®ll as surfaces of other parts are
roughened, will be described. Structures of thes#odiments, which will not be
specifically described, are the same as those efattove-described embodiment, and
duplicate explanations will be omitted.

FIG. 6 is a view showing roughened surfaces ottastic membrane 10 according
another embodiment. In FIG. 6 also, the roughenefhces of the elastic membrane 10 is
illustrated with thick lines.

In the embodiment shown in FIG. 6, the entireaaeafof the edge-circumferential-
wall lip portion 33b as well as an inner circumferal surface of the edge-circumferential-
wall body 33a are roughened. The inner circumteaensurface of the edge-
circumferential-wall body 33a is a surface whiclni€lose contact with or may be in close
contact with an outer circumferential surface @ siecond mounting ring 47, when securing
the elastic membrane 10 to the head body 2. Tdrereroughening of the inner
circumferential surface of the edge-circumferentiall body 33a also enables the edge-
circumferential-wall body 33a to be prevented frbeing in close contact with the second
mounting ring 47. As a result, the edge-circumfgat-wall body 33a can be smoothly and
easily moved with respect to the second mounting 4i7, so that the elastic membrane 10
can be easily secured to the head body 2 whilditiig the variation in the degree of
deformation of the elastic membrane 10 in the onfewential direction.

As shown in FIG.6, a surface of the third innecamferential-wall lip portion 32b
of the third inner circumferential wall 32 may lmighened. In the embodiment shown in
FIG.6, the entire surface of the third inner-ciréerantial-wall lip portion 32b is roughened.
In one embodiment, instead of roughening the ensiveface of the third inner-
circumferential-wall lip portion 32b, at least arpaf the surface of the third inner-
circumferential-wall lip portion 32b may be rougken For example, only an upper
surface or a lower surface of the third inner-améerential-wall lip portion 32b may be
roughened, or the upper surface and the lowercaudhthe third inner-circumferential-wall

lip portion 32b except the seal projection 32c imayoughened.
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Further, an inner circumferential surface and aterocircumferential surface of the
vertical portion 132 of the third inner-circumfeti@hwall body 32a may be roughened.
The inner circumferential surface of the verticabrtipn 132 of the third inner-
circumferential-wall body 32a is a surface whiclnig€lose contact with or may be in close
contact with the head body 2, when securing th&tielamembrane 10 to the head body 2.
The outer circumferential surface of the verticadrtipn 132 of the third inner-
circumferential-wall body 32a is a surface whiclni€lose contact with or may be in close
contact with the second mounting member 47, wheuars®y the elastic membrane 10 to the
head body 2. Therefore, roughening of the inneruniferential surface and the outer
circumferential surface of the third inner-circunefetial-wall body 32a also enables the
third inner-circumferential-wall body 32a to be y@ated from being in close contact with
the head body 2 and the second mounting ring 47s aAresult, the third inner-
circumferential-wall body 32a can be smoothly aadilg moved with respect to the head
body 2 and the second mounting member 47, soltbatlastic membrane 10 can be easily
secured to the head body 2 while inhibiting theatamn in the degree of deformation of the
elastic membrane 10 in the circumferential directio

FIG. 7 is a view showing roughened surfaces ottastic membrane 10 according
to still another embodiment. In FIG. 7 also, tleughened surfaces of the elastic
membrane 10 are illustrated with thick lines.

In the embodiment shown in FIG.7, the entire srfaf the edge-circumferential-
wall lip portion 33b and the entire surface of thied inner-circumferential-wall lip portion
32b as well as the entire surface of the firstirareumferential-wall lip portion 30b and the
entire surface of the second inner-circumferemt@l- lip portion 31b are roughened.
Although, in the example illustrated, the surfackshe first inner-circumferential-wall lip
portion 30b, the second inner-circumferential-wgdl portion 31b, and the third inner-
circumferential-wall lip portion 32b are roughenegspectively, the present invention is not
limited to the embodiment. For example, any onetvas surface of the first inner-

circumferential-wall lip portion 30b, the seconahén-circumferential-wall lip portion 31b,
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and the third inner-circumferential-wall lip pomi@2b may be roughened. Further, similar
to the edge-circumferential-wall lip portion 33bdathe third inner-circumferential-wall lip
portion 32b described above, at least a part ofitsteinner-circumferential-wall lip portion
30b, and at least a part of the second inner-ciiexgmntial-wall lip portion 31b may be

roughened.

According to the embodiment shown in FIG. 7, & fnner-circumferential-wall
lip portion 30b and the second inner-circumferdmt@ll lip portion 31b can be smoothly
and easily moved with respect to the head body doarthe first mounting ring 45.
Therefore, the variation in the degree of deforomaf the elastic membrane 10 in the
circumferential direction can be further inhibiteshd thus the elastic membrane 10 can be

more easily secured to the head body 2

As shown by the thick two-dot chain line in FIGan inner circumferential surface
and an outer circumferential surface of the vdrtipartion 112 of the first inner-
circumferential-wall body 30a may be roughened, amdnner circumferential surface and
an outer circumferential surface of the verticalrtipa 122 of the second inner-
circumferential-wall body 31a may be roughened. rtHan, the inner circumferential
surface of the edge-circumferential-wall body 38#he edge circumferential wall 33 may
be roughened, and the inner circumferential surdackthe outer circumferential surface of
the vertical portion 132 of the third inner-circieréntial-wall body 32a may be roughened.

The inner circumferential surface of the vertipaktion 112 of the first inner-
circumferential-wall body 30a and the outer circerahtial surface of the vertical portion
122 of the second inner-circumferential-wall bodya3are surfaces which are in close
contact with or may be in close contact with thachéody 2, when securing the elastic
membrane 10 to the head body 2. The outer ciraemial surface of the vertical portion
112 of the first inner-circumferential-wall body&@nd the inner circumferential surface of
the vertical portion 122 of the second inner-cirtenential-wall body 31a are surfaces
which are in close contact with or may be in closetact with the first mounting member

45, when securing the elastic membrane 10 to thd bedy 2. Therefore, roughening of
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the inner circumferential surface and the outerucirferential surface of the vertical portion
112 of the first inner-circumferential-wall body &0and the inner circumferential surface
and the outer circumferential surface of the valtiportion 122 of the second inner-
circumferential-wall body 31a enables the firstarnircumferential-wall body 30a and the
second inner-circumferential-wall body 31a to bevpnted from being in close contact with
the head body 2 and the second mounting ring 47s aAresult, the first inner-
circumferential-wall body 30a and the second irsieramferential-wall body 31a can be
smoothly and easily moved with respect to the Hemly 2 and the first mounting ring 45,
so that the elastic membrane 10 can be more easilyed to the head body 2 while further
inhibiting the variation in the degree of deforroatiof the elastic membrane 10 in the
circumferential direction.

FIG. 8 is a view showing a roughened surface & dhastic membrane 10
according to still another embodiment. In FIGI®athe roughened surface of the elastic
membrane 10 is illustrated with a thick line. e embodiment shown in FIG.8, the entire
surface of the elastic membrane 10 is roughenedth Nis structure also, the elastic
membrane 10 can be smoothly and easily moved w#pect to the head body 2 and the
mounting rings 45, 47, so that the elastic membdfhean be easily secured to the head
body 2 while inhibiting the variation in the degrefedeformation of the elastic membrane
10 in the circumferential direction. Further, ®inthe entire surface of the elastic
membrane 10 is roughened, the surface treatmeahedadlastic membrane 10 can be easily
performed, resulting in manufacturing the elastiembrane 10 inexpensively. For
example, the entire inner surface of the moldirgfdi manufacturing the elastic membrane
10 may be subjected to surface treatment, suchratbkasting, wet blasting, or roughening
using a tool such as a file, so that the moldirgadin be easily manufactured and thus the
elastic membranes 10 can be manufactured inexgynsiv

Further, the surfaces of the first mounting rigashd/or the second mounting ring
47 may be covered with a friction-reducing film.n this specification, the "friction-

reducing film" is a general term for a film madeafow-friction material, and the "low-
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friction material" means a material whose coeffitief friction with respect to the elastic
membrane 10 is smaller than that of the materighefmounting ring 45, 47 (mounting
member) and the material of the head body 2. ®Weflliction material is not particularly
limited as long as the coefficient of friction witlespect to the elastic membrane 10 is
smaller than that of the materials of the mountmgmbers 45, 47 and the head body 2, but
is, for example, a fluororesin, such as Teflonigteged trademark).

Such friction-reducing film may be formed in thetiee surfaces of the mounting
rings 45, 47, or may be formed in only surfacesctvhare in contact with, or may be in
contact with the elastic membrane 10. The frictieducing film effectively reduces the
close contact of the elastic membrane 10 with tbamting rings 45, 47 and the head body
2, whereby each of the lip portions 30b, 31b, 33# of the elastic membrane 10 can be
smoothly and easily moved with respect to the mogmings 45, 47.

In the embodiments described above, a part ouralpy of parts of the surface of
the elastic membrane 10, or the entire surfacdektastic membrane 10 is roughened to
reduce the contact area between the elastic memlimand the head body 2, and/or the
contact area between the elastic membrane 10 anchdlinting rings 45, 47. With this
structure, the elastic membrane 10 can be smowotbiyed with respect to the head body 2
and the mounting rings 45, 47. However, the sdfeetecan be obtained by roughening of
surfaces of the mounting rings 45, 47, or surfac¢éhe head body 2 facing the elastic
membrane 10.

More specifically, instead of roughening each ipog of the elastic membrane 10
shown by thick lines and two-dot chain lines in BI& to 7, the surfaces of the mounting
rings 45, 47 and the surfaces of the head bodyi@gahese portions are roughened. In
this case, the entire surface of the elastic memebrED is a flat surface without any
protrusions and/or recesses. Roughening of thiacas of the mounting rings 45, 47
and/or the surfaces of the head body 2 is perforinead surface treatment, such as,
sandblasting, wet blasting, or roughening usingah such as a file, for example. In one

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

Next, another example of configuration of the glalg head 1 will be described
with reference to FIG. 9. FIG. 9 is a schematassrsectional view of the polishing head
(substrate holding device) 1 according to anotmebagliment. FIG. 10 is an enlarged
cross-sectional view showing a portion of the @astembrane shown in FIG. 9. More
specifically, FIG. 10 illustrates a schematic crssstion of a half of the elastic membrane
10 divided by the vertical plane containing thetcdraxis CL of the elastic membrane 10.
FIG. 11 is an enlarged cross-sectional view of wtomity of the second mounting ring
shown in FIG. 9, and FIG. 12 is a cross-sectiomalvvaken along line A-A in FIG. 9.
Structures of this embodiment, which will not beegfically described, are the same as
those of the above-described embodiments, andodiglkexplanations will be omitted.

In this embodiment, the edge-circumferential-wgdl portion 33b of the edge
circumferential wall 33 has a plurality of edgesamferential-wall projections 33e
protruding radially inwardly from the tip (innercumferential end) thereof. As shown in
FIG. 12, the edge-circumferential-wall lip portiBBb according to this embodiment has six
edge-circumferential-wall projections 33e arrangetl equal intervals along the
circumferential direction of the edge circumferahtvall 33. Each edge-circumferential-
wall projections 33e has an arc shape as viewkdriaontal cross-section as shown in FIG.
12, and protrudes radially inwardly and horizogtadf the edge-circumferential-wall lip
portion 33b from the tip of the edge-circumferdntall lip portion 33b. In the following
description, the edge-circumferential-wall projesti33e protruding radially of the edge-
circumferential-wall lip portion 33b may be refatn® as a "lateral edge projection 33e".

As shown in FIGS. 11 and 12, the second mountimg47 has a plurality (six in
FIG. 12) of recesses 60 formed in correspondentie eeich of the edge projections 33e.
These recesses 60 have a shape corresponding ttaténal edge projections 33e,
respectively, and are arranged at equal intentalgyahe circumferential direction of the
second mounting ring 47.

When the elastic membrane 10 is secured to thebhady 2 through the mounting
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rings 45, 47, the lateral edge projections 33eigealin the edge-circumferential-wall lip
portion 33b of the edge circumferential wall 33 fitted into the recesses 60 formed in the
second mounting ring 47. In this state, the seenadnting ring 47 is secured to the head
body 2 by fasteners (not shown), such as a sceetheteby secure the edge circumferential
wall 33 to the head body 2. More specificallythe state where the plurality of lateral
edge projections 33e arranged along the circuntiatetirection of the edge circumferential
wall 33 are fitted into the recesses 60 formedhm second mounting ring 47, the edge
circumferential wall 33 is secured to the head bddigrough the second mounting ring 47.
Accordingly, the edge circumferential wall 33 cam $ecured to the head body 2 while
inhibiting the deformation of the edge circumferantwall 33 in the circumferential
direction to the minimum.

Further, when the elastic membrane 10 is secarédet head body 2 through the
mounting rings 45, 47, the plurality of edge-cirdarential-wall projections 33e serves as
guides with respect to the second mounting ring 4iherefore, the elastic membrane 10
can be easily secured to the head body 2. In dalerasily insert the lateral edge
projections 33e into the recesses 60, the latelge grojections 33e preferably have a
tapered shape whose cross-sectional area gradealgases towards the tip thereof.

Although, in the embodiment shown in FIGS. 11 d&] the six lateral edge
projections 33e and the six recesses 60 corresppnidi each of these lateral edge
projections 33e are provided, the number of latedge protrusions 33e and the number of
recesses 60 are not limited to this example. Tineber of lateral edge projections 33e and
the number of recesses 60 are freely-selectechgsa® they are arranged at equal intervals
in the circumferential direction of the edge cirdarantial wall 33. It is preferred that the
number of lateral edge projections 33e and the eumifrecesses 60 are in the range of 2 to
8. Furthermore, although each lateral edge piojexB3e has a tapered shape in a vertical
cross-sectional view shown in FIG. 11 and has arslaape in the horizontal cross-sectional
view shown in FIG. 12, the shape of the laterakgoigjection 33e also is not limited to this

example. For example, the lateral edge proje@®® may have a rectangular shape or a
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triangular shape as viewed in the vertical crosticse It is preferred that the lateral edge
projections 33e are rotationally symmetrical with tentral axis CL as an axis of symmetry
(see FIG. 12).

As shown in FIGS. 10 and 11, the third inner-ainéerential-wall lip portion 32b
of the third inner circumferential wall 32 may hawelurality of inner-circumferential-wall
projections 32d protruding radially outward andibamtally of the inner circumferential
wall 32 from the tip (outer circumferential endgtéof. In the following description, the
inner-circumferential-wall projection 32d protrudinradially of the third inner
circumferential wall 32 may be referred to as &t inner projections 32d".

The third inner-circumferential-wall lip portior2B according to this embodiment
has a plurality of lateral inner projections 32damged at equal intervals along the
circumferential direction of the third inner circterential wall 32. Similarly to the lateral
edge projections 33e, the number of lateral inngjeptions 32d is freely-selected as long as
they are arranged at equal intervals in the cirevential direction of the third inner
circumferential wall 32, and is preferably in tlage of 2 to 8. Further, the shape of the
lateral inner projection 32d also is freely-seldcteimilarly to the lateral edge projection
33e. Each lateral inner projections 32d preferdidg a tapered shape whose cross-
sectional area decreases toward the tip thereofis preferred that the lateral inner
projections 32d are rotationally symmetrical whk tentral axis CL as an axis of symmetry.

The second mounting ring 47 has a plurality ofesses 62 formed in
correspondence with each of lateral inner projasti®2d. When the elastic membrane 10
is secured to the head body 2 through the mountigg 45, 47, the plurality of lateral inner
projections 32d arranged along the circumferentlidection of the third inner
circumferential wall 32 are fitted into the recess62 formed in the second mounting ring 47,
and in this state, the third inner circumferentrall 32 is secured to the head body 2 through
the second mounting ring 47.

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

circumferential-wall lip portion 32b in addition tte lateral edge projections 33e of the
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edge-circumferential-wall lip portion 33b, resutfim enabling the variation in the degree of
deformation of the elastic membrane 10 in the omewential direction to be more
effectively inhibited.

Further, as shown by the dotted lines in FIG.tA® first inner-circumferential-wall
lip portion 30b of the first inner circumferentiakall 30 and the second inner-
circumferential-wall lip portion 31b of the secoimher circumferential wall 31 also may
have a plurality of lateral inner projections 3@d,d protruding radially from their tips,
respectively. The lateral inner projections 30dthad first inner-circumferential-wall lip
portion 30b protrude radially outward and horiztptérom the tip of the first inner-
circumferential-wall lip portion 30b, and the latkinner projections 31d of the second inner
circumferential wall lip portion 31b protrude raltlfanward and horizontally from the tip of
the second inner-circumferential-wall lip portiobb3 The lateral inner projections 30d of
the first inner-circumferential-wall lip portion Bhave the same structure as the lateral inner
projections 32d of the third inner-circumferential lip portion 32b. The lateral inner
projections 31d of the second inner-circumferentiall lip portion 31b have the same
structure as the lateral inner projections 32dhefthird inner circumferential wall 32, except
that a protruding direction thereof is differerdrfr the lateral inner projections 32d.

The first mounting ring 45 has a plurality of reses formed in correspondence
with the lateral inner projections 30d of the firsher-circumferential-wall lip portion 30b,
and a plurality of recesses formed in corresporeleriih the lateral inner projections 31d of
the second inner-circumferential-wall lip portiodb3 When the elastic membrane 10 is
secured to the head body 2 through the mountirgs @b, 47, the plurality of lateral inner
projections 30d arranged along the circumferediralction of the first inner circumferential
wall 30, and the plurality of lateral inner projecis 31d arranged along the circumferential
direction of the second inner circumferential vadllare respectively fitted into the plurality
of recesses formed in the first mounting ring 48d an this state, the first inner
circumferential wall 30 and the second inner cirferential 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-circuntiéeg-wall lip portion 33b, each of
the first inner-circumferential-wall lip portion BPthe second inner-circumferential-wall lip
portion 31b, and the third inner-circumferentialivlipg portion 32b may have lateral inner
projections 30d, 31d, and 32d. In one embodimamy, one or two of the first inner-
circumferential-wall lip portion 30b, the seconahén-circumferential-wall lip portion 31b,
and the third inner-circumferential-wall lip pomio32b may have the lateral inner
projections. With such a configuration, the véaoiatin the degree of deformation of the
elastic membrane 10 in the circumferential direct@an be more effectively inhibited.
Further, the lateral inner projections 30d of thist finner-circumferential-wall lip portion
30b and the lateral inner projection 31d of theoedanner-circumferential-wall lip portion
31b serve as guides with respect to the first mogiming 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 shgwvilme vicinity of the edge
circumferential wall 33 in the elastic membraneatfording to another embodiment. FIG.
14 is a bottom view of the elastic membrane 10 shiowFIG. 13. In FIG. 14, each of lip
portions 30b to 33b of the circumferential walls 8033 are extracted and illustrated.
Structures of this embodiment, which will not beegfically described, are the same as
those of the above-described embodiments, andodiglkexplanations will be omitted.

The edge-circumferential-wall lip portion 33b betedge circumferential wall 33
shown in FIGS. 13 and 14 has a plurality (six i@ FL4) of edge projections 33e' protruding
downwardly from a lower surface thereof. In thibokwing description, the edge projection
33e' protruding downwardly from the lower surfadetlte edge-circumferential-wall lip
portion 33b may be referred to as a "vertical quggection 33e™.

The plurality of vertical edge projections 33& arranged at equal intervals in the
radial direction of the edge circumferential wall. 3 The second mounting ring 47 has a
plurality of recesses 60 formed in correspondendd whe plurality of vertical edge
projections 33e'. Similarly to the lateral edgejgctions 33e, the number of vertical edge

projections 33e' and the number of recesses 60reet/-selected as long as they are
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arranged at equal intervals in the circumferemtigdction of the edge circumferential wall
33, and are preferably in the range of 2 to 8,eetbely. Furthermore, the shape of the
vertical edge projection 33e' also is freely-seldcsimilarly to the lateral edge projections
33e. It is preferred that each vertical edge ptiges 33e' has a tapered shape whose
cross-sectional area decreases toward the tipofhee FIG. 13), and has an arc shape as
viewed in the horizontal cross-section (see FIG. 1&urthermore, it is preferred that the
plurality of vertical edge projections 33e' areatimnally symmetrical with the central axis
CL as an axis of symmetry.

In this embodiment also, the edge circumferentiall 33 is secured to the head
body 2 through the second mounting ring 47 in testdere the plurality of vertical edge
projections 33e' arranged along the circumferediraktion of the edge circumferential wall
33 are fitted into the recesses 60 formed in thersk mounting ring 47.  Accordingly, the
edge circumferential wall 33 can be secured to ltead body 2 while inhibiting the
deformation of the edge circumferential wall 33tie circumferential direction to the
minimum. Further, when the elastic membrane 1€e@ired to the head body 2 through
the mounting rings 45, 47, the plurality of vertiedge projections 33e' serve as guides with
respect to the second mounting ring 47. Accorglintlle elastic membrane 10 can be
easily secured to the head body 2. In this mantier, edge-circumferential-wall
projections may protrude downwardly from the lowarface of the edge-circumferential-
wall lip portion 33b, such as the vertical edgggmtions 33e".

As shown in FIGS. 13 and 14, the third inner-ainéerential-wall lip portion 32b
of the third inner circumferential wall 32 may ha&eplurality (six in FIG. 14) of inner
projections 32d' protruding downwardly from a lowsenface thereof. In the following
description, the inner projection 32d' protrudirayvdwardly from the lower surface of the
third inner-circumferential-wall lip portion 32b mee referred to as a "vertical inner
projection 32d™.

The plurality of vertical inner projections 32dearranged at equal intervals along

the circumferential direction of the third innemrotimferential wall 32. The second
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mounting ring 47 has a plurality of recesses 6théat in correspondence with the plurality
of vertical inner projections 32d'. Similarly tbet vertical edge projections 33e', the
number of vertical inner projections 32d' and thenber of recesses 62 also is freely-
selected as long as they are arranged at equadalstén the circumferential direction of the

third inner circumferential wall 32, and are prafdy in the range of 2 to 8, respectively.
Furthermore, the shape of the vertical inner ptigjec32d' also is freely-selected, similarly

to the vertical edge projections 33e'. It is pref@ that the vertical inner projection 32d'
has a tapered shape whose cross-sectional aresasiestoward the tip thereof (see FIG.
13), and has an arc shape as viewed in horizamtsg-section (see FIG. 14). Furthermore,
it is preferred that the plurality of vertical inmgrojections 32d' are rotationally symmetrical
with the central axis CL as an axis of symmetry.

As shown by the dotted lines in FIG. 14, the firster-circumferential-wall lip
portion 30b of the first inner circumferential walD and the second inner-circumferential-
wall lip portion 31b of the second inner circumfeial wall 31 also may have a plurality of
vertical inner projections 30d', 31d"' protrudingwasavardly from their lower surfaces,
respectively. The vertical inner projections 30dthe first inner-circumferential-wall lip
portion 30b and the vertical inner projections 3ifdhe second inner-circumferential-wall
lip portion 31b have the same configuration asvéréical inner projections 32d' of the third
inner-circumferential-wall lip portion 32b.  Althgh not shown, the first mounting ring 45
has a plurality of recesses formed in corresporederiih the vertical inner projections 30d'
of the first inner-circumferential-wall lip portioBOb, and a plurality of recesses formed in
correspondence with the vertical inner projecti®hd’ of the second inner-circumferential-
wall lip portion 31b.

In this manner, in addition to the edge-circuntiéeg-wall lip portion 33b, each of
the first inner-circumferential-wall lip portion BPthe second inner-circumferential-wall lip
portion 31b, and the third inner-circumferentialivi@ portion 32b may have the vertical
inner projections 30d', 31d', and 32d". In one@dfithent, any one or two of the first inner-

circumferential-wall lip portion 30b, the seconahén-circumferential-wall lip portion 31b,
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and the third inner-circumferential-wall lip pomio32b may have the vertical inner
projections. With such a configuration, the vaoiatin the degree of deformation of the
elastic membrane 10 in the circumferential directcan be more effectively inhibited.
Furthermore, the vertical inner projections 30dtte# first inner-circumferential-wall lip
portion 30b and the vertical inner projection 3ifdhe second inner-circumferential-wall lip
portion 31b serve as guides with respect to trst firounting ring 45, so that the elastic
membrane 10 can be more easily secured to theboelyd®.

FIG. 15 is an enlarged cross-sectional view shgwvitme vicinity of the edge
circumferential wall 33 of the elastic membraneat@ording to still another embodiment.
Structures of this embodiment, which will not beegfically described, are the same as
those of the embodiments shown in FIGS. 13 andahtl,duplicate explanations will be
omitted.

The edge-circumferential-wall lip portion 33b betedge circumferential wall 33
shown in FIG. 15 has a plurality of vertical edgejgctions 33e" protruding upwardly from
an upper surface thereof. In this embodiment &t&oplurality of vertical edge projections
33e" are arranged at equal intervals along theurtiferential direction of the edge
circumferential wall 33. The head body 2 has aglly of recesses 61 formed in
correspondence with the vertical edge projecti@es.3

In this embodiment, the edge circumferential \88llis secured to the head body 2
through the second mounting ring 47 in a state avhbe plurality of vertical edge
protrusions 33e" arranged along the circumferediraction of the edge circumferential
wall 33 are fitted into the recesses 61 formedhétead body 2. In this case also, the edge
circumferential wall 33 can be secured to the Heatly 2 while inhibiting the deformation
of the edge circumferential wall 33 in the circurefdial direction to the minimum.
Further, when the elastic membrane 10 is securéietbead body 2 through the mounting
rings 45, 47, the plurality of vertical edge prdi@as 33e" serve as guides with respect to the
head body 2. Accordingly, the elastic membranedObe easily secured to the head body

2. In this manner, the edge-circumferential-wadlj@ctions may protrude upwardly from
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the upper surface of the edge-circumferential-i@lportion 33b, such as the vertical edge
projections 33e".

As shown in FIG. 15, the third inner-circumferahivall lip portion 32b of the
third inner circumferential wall 32 also may hawtical inner projections 32d" protruding
from an upper surface thereof. The head body 2ahalsrality of recesses 63 formed in
correspondence with the vertical inner projecti@2sl”. Although not shown, the first
inner-circumferential-wall lip portion 30b of thest inner circumferential wall 30 and the
second inner-circumferential-wall lip portion 31ktlee second inner circumferential wall 31
also may have vertical inner projections protrudiogn their top surfaces, respectively. In
this case, the head body 2 has a plurality of ssse$ormed in correspondence with the
vertical inner projections of the first inner-ciraterential-wall lip portion 30b and the
vertical inner projections of the second innerwinéerential-wall lip portion 31b. In one
embodiment, any one or two of the first inner-angerential-wall lip portion 30b, the
second inner-circumferential-wall lip portion 31dnd the third inner-circumferential-wall
lip portion 32b may have the vertical inner praas.

With this configuration also, the variation in ttiecumferential deformation of the
elastic film 10 can be effectively inhibited. Fwetmore, the vertical inner protrusions of
the first inner-circumferential-wall lip portion BGand the vertical inner protrusions of the
second inner-circumferential-wall lip portion 31lls@aserve as guides with respect to the
head body 2, so that the elastic film 10 can biyesecured to the head body 2.

FIG. 16 is an enlarged schematic view showingetige circumferential wall 33 of
the elastic membrane 10 according to still anotbebodiment. Structures of this
embodiment, which will not be specifically descdbare the same as those of the above-
described embodiments, and duplicate explanatidhiberomitted.

The edge circumferential wall 33 shown in FIG.H& an edge-circumferential-
wall body 33a extending diagonally upwardly frone tircumferential end of the contacting
portion 11, and an edge-circumferential-wall liprtmm 33b extending from a tip of the

edge-circumferential-wall body 33a. Although, ire tembodiments described above, the
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edge-circumferential-wall body 33a extends upwafdbyn the circumferential end of the
contacting portion 11 in the vertical directione thresent invention is not limited to these
embodiments. The shape of the edge-circumferamtihlbody 33a can be freely-selected,
and for example, the edge-circumferential-wall b88g may extend diagonally upward as
shown in FIG. 16.

Furthermore, the edge-circumferential-wall lip tmor 33b of the edge
circumferential wall 33 shown in FIG. 16 has thge@rojections 33e" protruding upwardly
from the upper surface thereof. However, as shbwithe dotted lines in FIG. 16, the
edge-circumferential-wall lip portion 33b may have edge projections 33e' protruding
downwardly from the lower surface of the edge-amérential-wall lip portion 33b, or
may have lateral edge projections 33e' protrudiamfthe tip of the edge-circumferential-
wall lip portion 33b in the radial direction.

Although not shown, the shapes of the inner-cifenemtial-wall bodies 30a, 31a,
and 32a of the inner circumferential walls 30, &id 32 also are freely-selected, and may
extend diagonally upwardly from the contacting jportL1, such as the edge circumferential
wall 33 shown in FIG. 16. Further, the shape$efihner-circumferential-wall bodies 30a,
3la, and 32a of the inner circumferential walls 30, and 32 may be the same as or
different from each other.

Although, in the embodiments described above etiige-circumferential-wall lip
portion 33b of the edge circumferential wall 33 hay of the lateral edge projection 33e,
the vertical edge projection 33e’, and the vertcige projection 33e", the present invention
is not limited to these embodiments. For exampbe, edge-circumferential-wall lip
portion 33b may have any two of the lateral edgejeptions 33e, the vertical edge
projections 33e' and the vertical edge project&8es’, or may have all of these projections
33e, 33e ', and 33e". Similarly, each of the mureumferential-wall lip portions 30b to
32b may have any two of the lateral inner projetiprotruding radially from the tip of each
of the inner-circumferential-wall lip portions 3Gb 32b, the vertical inner protrusions

protruding from the upper surface of each of tmerrcircumferential-wall lip portions 30b
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to 32b, and the vertical inner projections protngdirom the lower surface of each of the
inner-circumferential-wall lip portions 30b to 32k, may have all of these projections.

The previous description of embodiments is pravitteenable a person skilled in
the art to make and use the present invention. eda@r, various modifications to these
embodiments will be readily apparent to those etiih the art, and the generic principles
and specific examples defined herein may be apiether embodiments. Therefore, the
present invention is not intended to be limitethi® embodiments described herein but is to

be accorded the widest scope as defined by limitatf the claims.

35



10

15

20

25

What is claimed is:

1. An elastic membrane for use in a substratargkbparatus, comprising:

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

an edge circumferential wall extending from a mpeeral edge of the contact
portion,

wherein the edge circumferential wall includes eatge-circumferential-wall lip
portion sandwiched between a head body of the mbgtolding apparatus and an edge
mounting member for securing the edge circumfesewill to the head body, and

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

roughened.

2. The elastic membrane according to claim 1, eihethe edge circumferential
wall has an edge-circumferential-wall body whiclieexis from the contact portion and is
connected to the edge-circumferential-wall lip portand

a contact surface of the edge-circumferential-wallly with the edge mounting

member also is roughened.

3. The elastic membrane according to claim 1 durZher comprising at least one
inner circumferential wall which is located radyathwardly of the edge circumferential wall
and extends from the contact portion,

wherein the inner circumferential wall has an mtiecumferential-wall lip portion
sandwiched between the head body and an inner mgunember for securing the inner
circumferential wall to the head body, and

the inner-circumferential-wall has at least a p&# surface thereof roughened.

4. The elastic membrane according to claim 3, aihethe inner circumferential
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wall has an inner-circumferential-wall body whicktends from the contact portion and is
connected to the inner-circumferential-wall lip o, and
a contact surface of the inner-circumferentialhvisaldy with the inner mounting

member also is roughened.

5. The elastic membrane according to any of cldirttgough 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 peesshamber for pressing a
substrate;
a head body to which the elastic membrane is edcand
at least one mounting member for securing thdiel®mbrane to the head body,
wherein the elastic membrane includes:
a contact portion to be brought into contact i substrate for pressing
the substrate against a polishing pad; and
an edge circumferential wall extending from aigieral edge of the
contact portion,
the edge circumferential wall includes an edgedciferential-wall lip portion
sandwiched between the head body and an edge mgunémber which is one of at least
one mounting member, and
the edge-circumferential-wall lip portion has eadt a part of a surface thereof

roughened.

7. The substrate holding apparatus accordingaiondd, wherein a surface of the

edge mounting member is covered with a frictioruoayg film.

8. A substrate holding apparatus, comprising:
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an elastic membrane that forms at least one peesshember for pressing a
substrate;
a head body to which the elastic membrane is edcand
at least one mounting member for securing thdiel®embrane to the head body,
wherein the elastic membrane includes:
a contact portion to be brought into contact Wi substrate for pressing
the substrate against a polishing pad; and
an edge circumferential wall extending from aigieral edge of the
contact portion,
the edge circumferential wall includes an edgedcirferential-wall lip portion
sandwiched between the head body and an edge mgunémber which is one of at least
one mounting member, and
a surface of the edge mounting member and/orfacguof the head body facing to

the edge-circumferential-wall lip portion is rougled.

9. An elastic membrane for use in a substratarlpparatus, comprising:

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

an edge circumferential wall extending from a peeral edge of the contact
portion,

wherein the edge circumferential wall has an egiigeimferential-wall lip portion
formed in an upper portion thereof, which is sarmtiwd between a head body of the
substrate holding apparatus and an edge mountingbere for securing the edge
circumferential wall to the head body;

the edge-circumferential-wall lip portion includea plurality of edge-
circumferential-wall projections which are fittedto first recesses formed in the edge
mounting member and/or second recesses formed imeidd body; and

the edge-circumferential-wall projections are mgead at equal intervals along a
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circumferential direction of the edge circumferahivall.

10. The elastic membrane according to claim 9 reihdghe edge-circumferential-
wall projections are vertical edge projections thratrude from an upper surface or a lower

surface of the edge-circumferential-wall lip pantio

11. The elastic membrane according to claim 9 reihdghe edge-circumferential-
wall projections are lateral edge projections tpabtrude from a tip of the edge-

circumferential-wall lip portion in a radial diréah of the edge circumferential wall.

12. The elastic membrane according to claim 9, regthesome of the edge-
circumferential-wall projections are vertical edg®jections that protrude from an upper
surface or a lower surface of the edge-circumfeewall lip portion, and

the rest of the edge-circumferential-wall projeasi are lateral edge projections that
protrude from a tip of the edge-circumferentialiwi portion in a radial direction of the

edge circumferential wall.

13. The elastic membrane according to any ondaiins 9 through 12, further
comprising at least one inner circumferential walich is located radially inwardly of the
edge circumferential wall and extends from the acirportion,

wherein the inner circumferential wall has an mtiecumferential-wall lip portion
formed at an upper portion thereof, which is saoted between the head body and an inner
mounting member for securing the inner circumfeatmiall to the head body,

the inner-circumferential-wall lip portion has knality of inner-circumferential-
wall projections which are fitted into third recesformed in the edge mounting member
and/or forth recesses formed in the head body, and

the inner-circumferential-wall projections areaamged at equal intervals along a

circumferential direction of the inner circumferiahtvall.
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14. The elastic membrane according to claim 1&reih the inner-circumferential-
wall projections are vertical inner projectionsttheotrude from an upper surface or a lower

surface of the inner-circumferential-wall lip porii

15. The elastic membrane according to claim 1&reih the inner-circumferential-
wall projections are lateral inner projections th@abtrude from a tip of the inner-

circumferential-wall lip portion in a radial diréah of the inner circumferential wall.

16. The elastic membrane according to claim 13greih some of the inner-
circumferential-wall projections are vertical inn@ojections that protrude from an upper
surface or a lower surface of the inner-circumfeakmvall lip portion, and

the rest of the inner-circumferential-wall projens are lateral inner projections
that protrude from a tip of the inner-circumferahtvall lip portion in a radial direction of

the inner circumferential wall.

17. A substrate holding apparatus, comprising:

an elastic membrane that forms at least one peesshember for pressing a
substrate;

a head body to which the elastic membrane is edcand

at least one mounting member for securing thdiel®mbrane to the head body,

wherein the elastic membrane comprises the elagtimbrane according to any

one of claims 9 through 16.
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