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ABSTRACT
FLEXTBLE MEMBRANE FOR CARRIER HEAD

A carrier head that has a base assembly, a retaining ring assembly, a carrier ring,
and a flexible membrane is described. The flexible membrane has a main portion and an
outer annular portion, wherein a junction between the main portion and the outer annular
portion comprises a peripheral edge hinge and an annular recess above the hinge along

the outer wall of the outer annular portion.

FIGURE 5
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Flexible Membrane for Carrier Head

BACKGROUND
[0001] This invention relates generally to chemical mechanical polishing of
substrates, and more particularly to a carrier head for use in chemical mechanical
polishing.
[0602] An integrated circuit is typically formed on a substrate by the sequential
deposition of conductive, semiconductive or insulative layers on a silicon substrate. One
fabrication step involves depositing a filler layer over a non-planar surface, and
planarizing the filler layer until the non-planar surface is exposed. For example, a
conductive filler Jayer can be deposited on a patterned insulative layer to fill the trenches
or holes in the insulative layer. The filler layer is then polished until the raised pattern of
the insulative layer is exposed. After planarization, the portions of the conductive layer
remaining between the raised pattern of the insulative layer form vias, plugs and lines that
provide conductive paths between thin film circuits on the substrate. In addition,
planarization is needed to planarize the substrate surface for photolithography.
[0003] Chemical mechanical polishing (CMP) is one accepted method of
planarization. This planarization method typically requires that the substrate be mounted
on a carrier or polishing head of a CMP apparatus. The exposed surface of the substrate
is placed against a rotating polishing disk pad or belt pad. The polishing pad can be either
a standard pad or a fixed-abrasive pad. A standard pad has a durable roughened surface,
whereas a fixed-abrasive pad has abrasive particles held in a containment media. The
carrier head provides a controllable load on the substrate to push it against the polishing
pad. The carrier head has a retaining ring which holds the substrate in place during
polishing. A polishing liquid, such as a slurry, including at least one chemically-reactive

agent and abrasive particles, is supplied to the surface of the polishing pad.

SUMMARY
[0004] On one aspect, a retaining ring assembly is described. The retaining ring
assembly has a flexible membrane shaped to provide an annular chamber and an annular
retaining ring positioned beneath the flexible membrane. The flexible membrane has
concentric inner and outer side walls, annular concentric rims extending horizontally from
the top edge of the inner and outer side walls, an annular lower surface, and two annular

concentric projections extending downwardly from the annular lower surface. The
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annular retaining ring has an inner surface configured to circumferentially surround the
edge of a substrate to retain the substrate, a lower surface configured fo contact a
polishing pad, an annular upper surface, and two annular concentric recesses in the
annular upper surface. The annular concentric projections of the flexible membrane are
sized to fit into the annular concentric recesses of the annular retaining ring.

[0005] Implementations of the invention may include one or more of the
following features. The concentric inner and outer side walls of the flexible membrane
may have curved portions extending below the upper annular surface of the retaining ring.
The annular concentric rims and the annular concentric projections of the flexible
membrane may be thicker than the inner and outer side walls. The annular lower surface
of the flexible membrane may have a plurality of circular holes, each circular hole
positioned between the two annular concentric projections extending downwardly from
the annular lower surface. The annular upper surface of the retaining ring may have a
plurality of cylindrical recesses, each cylindrical recess positioned between the two
annular concentric recesses, allowing the flexible membrane to be secured to the retaining
ring with fasteners. The flexible membrane may be clamped to a carrier head. The
flexible membrane may be formed of an elastic material, such as silicone. The annular
retaining ring may have an annular lower portion, an annular upper portion, and a
bonding layer between the upper and lower portions. The annular lower portion of the
retaining ring may have a plurality of grooves. The annular upper portion of the retaining
ring may have an annular lip along its outer surface, wherein the annular lip has a
horizontal lower surface, a vertical outer surface, and a non-horizontal upper surface. The
annular upper portion of the retaining ring may have a lower annular surface and an upper
annular surface, wherein the lower annular surface is wider than the upper annular
surface.

[0006] In another aspect, a retaining ring is described. The retaining ring includes
an annular ring having an inner surface configured to circumferentially surround the edge
of a substrate to retain the substrate, a lower surface configured to contact a polishing
pad, an annular upper surface, two annular concentric recesses in the annular upper
surface, and a plurality of cylindrical recesses, each cylindrical recess positioned between
the two annular concentric recesses.

[0007] Implementations of the invention may include one or more of the

following features. The annular ring may have an annular lower portion with the lower
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surface and an annular upper portion with the upper surface, the upper portion and lower
portion may be formed of different materials, and the upper portion may be joined to the
lower portion, e.g., by 2 bonding layer. The annular lower portion may have a projection
extending into a corresponding recess in the upper portion, and the projection may extend
along the inner surface of the retaining ring. The upper portion may be harder than the
lower portion. A lower annular surface of the retaining ring may be wider than an upper
annular surface of the retaining ring. The lower surface may include a plurality of
grooves extending from the inner surface to an outer surface. An outer surface of the
retaining ring may have an annular lip. The annular lip may have a horizontal lower
surface and a sloped upper surface. The outer surface may be recessed above the annular
lip. The inner surface may include a region that is tapered inwardly from bottom to top.
[0008] In another aspect, a flexible membrane for applying a load to a retaining
ring is described. The flexible membrane includes concentric inner and outer side walls
to surround an annular chamber, annular concentric rims extending horizontally from the
top edge of the inner and outer side walls, an annular lower surface connected to the side
wall, and two annular concentric projections extending downwardly from the annular
lower surface.

[0009] Implementations of the invention may include one or more of the
following features. The concentric inner and outer side walls of the flexible membrane
may have curved portions extending below the annular lower surface. The annular
concentric rims and the annular concentric projections of the flexible membrane may be
thicker than the inner and outer side walls. The annular lower swface of the flexible
membrane further may include a plurality of holes, e.g., circular holes, each hole
positioned between the two annular concentric projections. The holes may be spaced at
equal angular infervals around the lower surface. The flexible membrane is formed of an
elastic material, e.g., silicone.

[0010] In another aspect, a carrier ring is described. The carrier ring includes an
annular ring having an inner surface configured to circumferentially surround a retaining
ring, a lower surface configured to contact a polishing pad, and an upper surface
configured to be attached to a carrier head. The inver surface includes a first region
adjacent the lower surface with a smaller inner diameter than a second region of the inner

surface adjacent and above the first region.



[0011] Implementations of the invention may include one or more of the
following features. The lower surface may have a smaller inner diameter than the upper
surface. An outer surface of the carrier ring may have a recess adjacent the lower surface.
The recess may include a horizontal lower surface, a vertical surface, and a sloped section
connecting the horizontal lower surface and the vertical surface. The vertical surface may
extend from the lower surface to the sloped section. The recess may define an annular
step in the outer surface, and the annular step may have a second vertical surface
extending from the lower surface and a second horizontal lower surface connecting the
vertical surface and the second vertical surface. An inner diameter edge and an outer
diameter edge of the upper surface may be rounded. A plurality of cylindrical recesses
may be formed in the upper surface. The plurality of cylindrical recesses may be spaced
at equal angular intervals around the upper surface. The lower surface may include a
plurality of grooves extending from the inner surface to an outer surface. The carrier ring
may be a single unit made of the same material, e.g., plastic. The carrier ring may
include an annular upper portion having the upper surface and an anmular lower portion
having the lower surface, with the lower portion joined to the upper portion. The annular
upper portion and the annular lower portion of the carrier ring may be are formed of
different materials, for example, the upper portion may be formed of a metal and the
lower portion may be formed of a plastic, e.g., a polyamidimid. A bonding layer may
connect the upper portion and the lower portion. The annular lower portion may include
an annular projection extending into an annular recess in the upper portion, and the
annular projection may extend along the inner surface. The recess may define a horizontal
upper surface, an inside wall and a rounded edge between the horizontal upper surface
and the inside wall. The inner surface may have an inwardly protruding step adjacent the
lower surface. The step may have a vertical inner wall and a horizontal upper surface.
The inner surface may be tapered inwardly from bottom to top above the an inwardly
profruding step, The carrier ring may have an inwardly protruding lip adjacent the upper
surface. The lip may have a vertical inner wall and rounded portions along its upper and
lower edges. The inner surface may be tapered inwardly from top to bottom below the
lip.

[0012] In another aspect, a carrier ring is described. The carrier ring has an
annular upper portion configured to be positioned beneath a base and an annular lower

portion. The carrier ring is configured to circumferentially surround a retaining ring and
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has a lower surface configured to contact a polishing pad. The annular upper portion has
rounded portions along the edge of its upper surface and its inner and outer diameters.
The annular lower portion has a recess along its outer diameter and a lower surface with a
smaller inner diameter than the upper surface of the annular upper portion.

[0013] Implementations of the invention may include one or more of the
following features. The carrier ring may be attached to a base. The carrier ring may be
configured to not contact the edge of a substrate. The annular upper portion may have a
plurality of cylindrical recesses on its upper surface. The annular lower portion may have
a plurality of grooves. The annular upper portion and the annular lower portion of the
carrier ring may be a single unit made of the same material, such as plastic. The annular
lower portion may inciude an annular step protruding outwardly from the recess along its
outer diameter. The annular step may have a horizontal lower surface. The widest
portion of the annular step as measured along a radial cross section of the annular lower
portion may be at the uppermost edge of the annular step. The annular upper portion and
the annular lower portion may be made of different materials with a bonding layer
between the two portions. The annular upper portion may have a recess in its lower
surface along its inner diameter, and the annular lower portion may have an annular
projection protruding upwardly from its upper surface along its inner diameter, wherein
the projection is sized to fit into the recess. The recess along the inner diameter of the
annular upper portion may have a horizontal upper surface and a rounded portion along
the inside wall. The annular upper portion may have an inwardly protruding lip along the
inner diameter of its upper surface, wherein the lip may have a vertical inner wall and
rounded portions along its upper and lower edges.

[0014] In another aspect, a flexible membrane is described. The flexible
membrane has a main portion with a lower surface to provide a substrate-mounting
surface, and an outer annular portion extending from the outer edge of the main portion.
The juncture between the main portion and the outer annular portion has a peripheral edge
hinge and an annular recess above the hinge along the outer wall of the outer annular
portion. The peripheral edge hinge has rounded inner and outer surfaces and is
configured to be compliant.

[0015] Implementations of the invention may include one or more of the
following features. The outer annular portion may have an annular recess along its outer

wall and an annular step protruding inwardly along its inner wall. The annular recess



may allow the annular portion to flex. The annular step may have non-horizontal upper
and lower surfaces. The flexible membrane may have two annular flaps connected to the
outer annular portion. The two annular flaps connected to the outer annular portion may
have a horizontal portion extending inwardly and a thick rim. The rim may be configured
to be secured to a base assembly. The upper annular flap may have a narrower horizontal
portion than the lower annular flap. A plurality of concentric annular flaps may be
connected to the main portion to divide a volume above the main portion into a plurality
of chambers when the flexible membrane is secured to a carrier head. For example, the
flexible membrane may have four concentric annular flaps connected to the main portion.
The innermost concentric annular flap connected to the main portion may have a
horizontal portion extending outwardly, a thick rim along the outer edge of the horizontal
portion, and an annular angled portion joined between the main portion and the horizontal
portion. The annular angled portion may have a larger radius at its juncture with the main
portion than at its juncture with the horizontal portion. The three outermost concentric
armular flaps connected to the main portion may each have a vertical portion extending
from the main portion, a horizontal portion extending from the vertical portion, and a
thick rim along the outer edge of the horizontal portion, wherein the thick rim may be
secured to a base assembly. The horizontal portion may have a smaller thickness than the
vertical portion of at least one of the three outermost concentric annular flaps connected
to the main portion. The second and third outermost concentric annular flaps connected
to the main portion may have a ratio of length of horizontal portion to length of vertical
portion between about 1.5 and 2.0. At least one of the three outermost concentric annular
flaps connected to the main portion may include a notch at the juncture between the
horizontal portion and the vertical portion. The notch may allow the horizontal portion to
flex vertically. At least one of the concentric annular flaps may include a notch at the
juncture with the main portion. The notch may reduce compressions in the main portion.
A first of the plurality of concentric annular flaps may include a laterally extending
section and a vertically extending section connecting the laterally extending section to the
main portion and a second of the plurality of concentric annular flaps may include a
laterally extending section and a diagonally extending section connecting the laterally
extending section to the main portion. The first of the plurality of concentric annular
flaps may be an outermost flap, and the second of the plurality of concentric annular flaps

may be an innermost flap.



[0016] In another aspect, a flexible membrane is described that hasa main portion
with a lower surface to provide a substrate-mounting surface, an outer annular portion
extending from the outer edge of the main portion, and a plurality of concentric annular
flaps connected to the main portion to divide a volume above the main portion into a
plurality of chambers when the flexible membrane is secured to a carrier head. A first of
the plurality of concentric annular flaps includes a laterally extending section and a
vertically extending section connecting the laterally extending section to the main portion,
and a second of the plurality of concentric annular flaps includes a laterally extending
section and a diagonally extending section connecting the laterally extending section to
the main portion

[0017] Implementations of the invention may include one or more of the
following features. The first of the plurality of concentric annular flaps can be an
outermost flap. The second of the plurality of concentric annular flaps can be an
innermost flap. The laterally extending section can have a smaller thickness than the
vertically extending section of the first of the plurality of concentric annular flaps. A
ratio of length of the laterally extending section to length of the vertically extending
section of the first of the plurality of concentric annular flaps can be between about 1.5
and 2.0.

[0018] In another aspect, the invention is directed to a carrier head for chemical
mechanical polishing of a substrate having a front surface, a back surface and an edge.
The carrier head has a base assembly, an annular retaining ring positioned beneath the
base assembly, a first flexible membrane shaped to provide an annular chamber
positioned beneath the base assembly and above the annular retaining ring, a carrier ring
circumferentially surrounding the retaining ring and configured to contact a polishing
pad, and a second flexible membrane, wherein the volume between the base assembly and
the second flexible membrane forms six pressurizable chambers. The annular retaining
ring has two annular concentric recesses in an annular upper surface, a lower surface
configured to contact z polishing pad, and an inner surface configured to
circumferentially surround the edge of a substrate to retain the substrate. The first
flexible membrane has two annular concentric projections extending downwardly from an
annular lower surface, wherein the annular concentric projections are sized to fit into the
annular concentric recesses of the annular retaining ring. The carrier ring has an annular

upper portion and an annular lower portion, wherein the lower portion has a recess along
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its outer diameter. The second flexible membrane has a main portion with a lower
surface to provide a substrate-mounting surface and an outer annular potion extending
from the outer edge of the main portion, wherein a juncture between the main portion and
the outer annular portion comprises a peripheral edge hinge and an annular recess above
the hinge along the outer wall of the outer annular portion. The peripheral edge hinge has
rounded inner and outer surfaces and is configured to be compliant.

[0019] Implementations of the invention may include one or more of the
following features. The carrier head may further include a housing portion to be secured
to a drive shaft, wherein the base assembly may be connected to the housing portion. The
carrier ring may be configured to apply a downward pressure to a polishing pad. The
downward pressure applied by the carrier ring may be greater than the downward
pressure applied by the retaining ring. The carrier ring may be formed of a more rigid
material than the retaining ring. The grooves in the annular lower portion of the carrier
ring may be at least as wide as the grooves in the annular lower portion of the retaining
ring. The carrier head may have a coating comprised of aluminum. The second flexible
membrane may have a plurality of annular flaps, where at least one of the annular flaps
may include a notch positioned and configured to reduce downward load transmitted from
at least one of the chambers through the at least one of the annular flaps to the main
portion of the membrane so as to reduce compressions in the main portion. The second
flexible membrane may have a plurality of annular flaps, where at least one of the annular
flaps may include a notch adapted to allow the at least one of the annular flaps to flex
when the pressure is unequal in adjacent pressurizeable chambers.

[0020] In another aspect, a carrier head for chemical mechanical polishing of a
substrate on a polishing pad is described. The carrier head has a base, an annular
retaining ring and a carrier ring. The retaining ring has an inner surface configured to
circumferentially surround the edge of a substrate to retain the substrate, an outer surface,
and a lower surface to contact a polishing pad. The carrier ring has an inner surface
circumferentially surrounding the retaining ring, an outer surface, and a lower surface to
contact a polishing pad. The lower surface of the retaining ring has a plurality of grooves
extending from the inner surface of the retaining ring to the outer surface of the retaining
ring, the lower surface of the carrier ring has a plurality of grooves extending from the

inner surface of the carrier ring to the outer surface of the carrier ring, and the plurality of



grooves in the lower surface of the cawtier ring are wider than the plurality of grooves in
the lower surface of the retaining ring.

[0021] Implementations of the invention may include one or more of the
following features. The carrier head may include a substrate backing member having a
substrate mounting surface, and a load from the substrate mounting surface on the
substrate, a load from the retaining ring on the polishing pad and a load from the carrier
ring on the polishing pad may be independently adjustable. The substrate backing’
member may include a flexible membrane. The plurality of grooves in the lower surface
of the carrier ring may be about twice as wide as the plurality of grooves in the lower
surface of the retaining ring. The plurality of grooves in the lower surface of the carrier
ring may be aligned with the plurality of grooves in the lower surface of the retaining
ring.

[0022] The details of one or more embodiments of the invention are set forth in
the accompanying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
[0023] FIG. 1 shows a schematic cross-sectional view of a carrier head according
to the present invention.
[0024] FIG. 2A is a top view of one implementation of a retaining ring.
[0025] FIG. 2B is a bottom view of one implementation of a retaining ring.
[0026] FIG. 2C is a cross-sectional view of one implementation of a retaining
ring.
[0027] FIG. 2D is a cross-sectional view of another implementation of a retaining
ring.
[0028] FIG 3Ais a top view of one implementation of a flexible membrane.,
[0029] FIG. 3B is a cross-sectional view of one implementation of a flexible
membrane.
[0030] FIG. 4A is a top view of one implementation of a carrier ring.
[0031] FIG. 4B is a bottom view of one implementation of a carrier ring.
[0032] FIG. 4C is a cross-sectional view of one implementation of a carrier ring.
[0033] FIGS. 4D and 4F are a cross-sectional views of other implementations of a
carrier ring.



[0034] FIGS. 4E, 4G and 4H are a cross-sectional views of implementations of a

unitary carrier ring.

[0035] FIG.S is a partial cross-sectional view of a flexible membrane.

[0036} FIG. 6 is a bottom view of a cartier head.

[0037] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION

[0038] Referring to FIG. 1, a substrate 10 will be polished by a chemical

mechanical polishing (CMP) apparatus that has a carrier head 100. A description of a
CMP apparatus may be found in U.S. Patent No. 5,738,574, the entire disclosure of which
is incorporated herein by reference.

[0039] The carrier head 100 includes a housing 102, a base assembly 104, a
gimbal mechanism 106 (which may be considered part of the base assembly 104), a
loading chamber 108, a retaining ring assembly including a retaining ring 200 and a first
flexible membrane 300 shaped to provide an annular chamber 350, a carrier ring 400,
and a substrate backing assembly 110 which includes a second flexible membrane 500
that defines a plurality of pressurizable chambers. Other features of the carrier head
described for a similar carrier head may be found in U.S. Patent Application Publication
No. 2006/0154580, the entire disclosure of which is incorporated herein by reference.
[0040] The housing 102 can generally be circular in shape and can be connected
to a drive shaft to rotate therewith during polishing. There may be passages (not
illustrated) extending through the housing 102 for pneumatic control of the carrier head
100. The base assembly 104 is a vertically movable assembly located beneath the housing
102. The gimbal mechanism 106 permits the base assembly 104 to gimbal relative to the
housing 102 while preventing lateral motion of the base assembly 104 relative to the
housing 102. The loading chamber 108 is located between the housing 102 and the base
assembly 104 to apply a load, i.e., a downward pressure or weight, to the base assembly
104. The vertical position of the base assembly 104 relative to a polishing pad is also
controlled by the loading chamber 108. The substrate backing assembly 110 includes a
flexible membrane 500 with a lower surface 512 that can provide a mounting surface for
a substrate 10.

[0041) Referring to FIGS. 2A-3B, a substrate 10 can be held by a retaining ring
assembly clamped to a base assembly 104. The retaining ring assembly can be

constructed from a retaining ring 200 and a flexible membrane 300 shaped to provide an
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annular chamber 350. The retaining ring 200 can be positioned beneath the flexible
membrane 300 and configured to be secured to the flexible membrane 300.

[0042] As shown in FIG. 2A-2C, the retaining ring 200 has an inner surface 231
and a lower surface 232, The inner surface 231 can be configured to circumferentially
surround the edge of a substrate 10 to retain the substrate during polishing. The lower
surface 232 of the retaining ring 200 can be brought into contact with a polishing pad,
The retaining ring 200 has an annular upper surface that can have two annular concentric
recesses 233. These annular concentric recesses 233 can be sized to interlock with a
flexible membrane 300 positioned above the retaining ring 200.

[0043] The retaining ring 200 can be constructed from two rings, a lower annular
portion 234 and an upper annular portion 235. The lower portion 234 can be formed of a
material which is chemically inert in a CMP process, such as a plastic, e.g.,
polyphenylene sulfide (PPS). The lower portion should also be durable and have a low
wear rate. In addition, the lower portion should be sufficiently compressible so that
contact of the substrate edge against the retaining ring does not cause the substrate to chip
or crack. On the other hand, the lower portion should not be so elastic that downward
pressure on the retaining ring causes the lower portion to extrude into the substrate
receiving recess. The lower portion of the retaining ring can have an inner diameter just
larger than the substrate diameter, e.g., about 1-2 mm larger than the substrate diameter,
so as to accommodate positioning tolerances of the substrate loading system. The
retaining ring can have a radial width of about half an inch.

[0044] The upper portion 235 of the retaining ring 200 can be formed of a
material that is more rigid than the lower portion 234. The rigid material can be a metal,
e.g., stainless steel, molybdenum, or aluminum, or a ceramic, e.g., alumina, or other
exemplary materials.

[0045] When the two rings 234, 235 of the retaining ring are joined, the upper
surface of the lower portion 234 is positioned adjacent to the lower surface of the upper
portion 235. The two rings generally have substantially the same dimensions at the inner
and outer diameters on their adjacent surfaces such that the two rings 234, 235 form a
flush surface where the two rings 234, 235 meet when they are joined.

[0046) The two annular portions can be attached with a bonding layer 236
between their adjacent surfaces. The bonding layer 236 between the two rings can

prevent trapping of slurry in the retaining ring. The bonding layer can be made of an
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adhesive material, such as a slow-curing or a fast-curing epoxy. High temperature epoxy
resists degradation of the bonding layer 236 due to high heat during the polishing process.
In certain implementations, the epoxy includes polyamide and aliphatic amines.

[0047] The upper surface of the upper portion 235 can include cylindrical recesses
or holes 212 with screw sheaths (not shown) to receive fasteners, such as bolts, screws, or
other hardware, for securing the retaining ring 200 to the flexible membrane 300
positioned above it. The holes 212 can be evenly spaced around the retaining ring and are
positioned between the two annular concentric recesses 233.

[0048] In some implementations, the retaining ring 200 has one or more shurry
transport channels 222 formed in the lower surface 232. The slurry transport channels
extend from the inner diameter to the outer diameter of the lower portion 234 for allowing
shury to pass from the exterior to the interior of the retaining ring during polishing. The
shurry transport channels 222 can be evenly spaced around the retaining ring. Each slury
transport channel 222 can be offset at an angle, e.g., 45°, relative to the radius passing
through the channel. The channels can have a width of about 0.125 inches.

[0049] In some implementations, the retaining ring 200 has one or more through
holes that extend through the body of the retaining ring from the inner diameter to the
outer diameter for allowing fluid, e.g., air or water, to pass from the interior to the
exterior, or from the exterior to the interior, of the refaining ring during polishing. The
through-holes can extend through the wpper portion 235. The through holes can be evenly
spaced around the retaining ring.

[0050] In some implementations, the upper portion 235 of the retaining ring can
have a lip 237 along its outer surface 238. The lip can have a horizontal lower surface, a
vertical outer surface, and a sloping, non-horizontal upper swrface. The lip 237 can
provide a hard stop for the retaining ring against the top inner edge of the carrier ring 400
as the retaining ring wears during substrate polishing.

[0051] In some implementations, the outer surface 238 of the upper portion 235
can form a recess 246 above the lip 237 (the portion of the outer surface above the lip is
recessed relative to the portion of the outer surface below the lip). This recess 246
provides space for the side walls 324 of the flexible membrane 300 to roll when the
chamber 350 is evacuated.

[0052) In some implementations the upper portion 235 of the retaining ring can be

wider at its lower surface than its upper surface. For example, the inner surface 231 can
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have a tapered region 240 sloped inwardly (i.e., having decreasing diameter) from top to
bottom below a vertical region 242. The tapered region 240 can be adjacent the lower
surface of the upper portion 235. The inner surface of the lower portion 234 can be
vertical. As the lower portion of the retaining ring wears during substrate polishing, the
narrower upper inner surface of the retaining ring prevents wear on an adjacent flexible
membrane that provides a substrate-mounting surface. In addition, in some
implementations, the entire outer surface of the retaining ring can be coated with a non-
stick coating, e.g., paryiene.

[0053] In some implementations, shown in FIG. 2D, the upper surface of the
lower portion 234 has a projection 244 that extends into a corresponding recess in the
lower surface of the upper portion 235. The projection 244 can be annular, e.g.,
extending around the retaining ring, and can be positioned at the inner surface of the
retaining ring to provide a step-like feature. The bonding layer 236 can extend along the
outer vertical wall of the projection 244. In operation, this step feature transfers shear
force on the lIower portion 234 from the polishing pad into a lateral force on the vertical
wall 230 of the projection 244 and a compressive force on the associated portion of the
bonding layer 236. The tapered region 240 is illustrated as part of the upper portion 235
adjacent the projection 244, but the tapered region 240 could be part of the lower portion
234, e.g., the inner surface of the projection 244 could be tapered.

[0054] The retaining ring 200 and a flexible membrane 300 together form the
retaining ring assembly. The flexible membrane 300 is configured to be clamped above
to a base assembly 104 and secured below to an annular retaining ring 200, providing an
annular chamber 350 above the retaining ring. When the annular chamber 350 is
pressurized, the flexible membrane provides an independently controllable load on the
retaining ring. The load on the retaining ring provides a load to a polishing pad.
Independent loading on the retaining ring can allow consistent loading on the pad as the
ring wears. Positioning the flexible membrane between the retaining ring and the carrier
head can reduce or eliminate the impact of carrier distortion on the retaining ring which
occurs when the ring is directly secured to the carrier head. The elimination of this carrier
distortion reduces the uneven wear on the retaining ring, reduces process variability at the
substrate edge, and enables lower polishing pressures to be used, increasing ring lifetime.
[0055] As shown in FIG.S 3A-3B, the flexible membrane 300 has concentric inner

and outer side walls 324. The flexible membrane 300 can have a pair of annular rims 322
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extending horizontally and inwardly from the top edge of the side walls 324. The flexible
membrane can be clamped to a base assembly 104 with a clamp ring positioned below the
annular rims 322 of the flexible membrane. Additionally, the flexible membrane 300 has
a lower surface. There can be two annular concentric projections 326 extending
downwardly from the annular lower surface of the flexible membrane. These annular
concentric projections 326 can be sized to fit into the annular concentric recesses 233 in
the top surface of the retaining ring 200 positioned below the flexible membrane.

[0056] The flexible membrane 300 of the retaining ring assembly can be formed
of a material that is elastic, allowing the membrane to flex under pressure. The elastic
material can include silicone and other exemplary materials,

[0057] The lower surface of the flexible membrane can include circular holes 312.
The circular holes 312 can be positioned between the two annular concentric projections
326 and can be evenly spaced around the lower surface of the flexible membrane. The
circular holes 312 can accommodate fasteners, such as bolts, screws, or other hardware,
for securing the flexible membrane 300 to the retaining ring 200. In some
implementations, to secure the flexible membrane 300 to the retaining ring 200, an
adhesive, e.g., Loctite, is placed in the recesses 212, and one-way screws are inserted
through the holes 312 in the flexible membrane 300 into the receiving recesses 212.
Thus, the flexible membrane 300 can be effectively permanently joined to the retaining
ring 200.

{0058] In some implementations, the concentric inner and outer side walls 324 of
the flexible membrane 300 can wrap around below to form a lower surface with curved
portions 328. When the flexible membrane is secured to a retaining ring 200, the curved
portions 328 can extend below the upper surface of the retaining ring. The curved
portions 328 provide a rolling hinge that permits the bottom of the flexible membrane to
move up and down in response to pressurization or evacuation of the chamber 350
without substantial bulging of the side walls 324 . In some embodiments, the annular
rims 322 can be thicker than the side walls 324 of the flexible membrane. The annular
concentric projections 326 can also be thicker than the side walls 324,

[0059] While the retaining ring 200 is configured to retain a substrate 10 and
provide active edge process control, the carrier ring 400 provides positioning or
referencing of the carrier head to the surface of the polishing pad. In addition, the carrier

ring 400 contacts and provides lateral referencing of the retaining ring 200. The carrier
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ring 400 is configured to circumferentially surround a retaining ring 200. Like the
retaining ring, the lower surface 433 of the carrier ring 400 can be brought into contact
with a polishing pad.

[0060] As shown in FIG. 4A-4C, the carrier ring 400 can have an annular upper
portion 431 and an annular lower portion 432. The upper portion 431 can be positioned
beneath a base assembly 104 and can have rounded portions along the inner and outer
diameters of its upper surface 434. The inner diameter of the section of the lower portion
432 that contacts the retaining ring 200 is just larger than the outer diameter of the
associated portion of the retaining ring; if the retaining ring is about half an inch wide,
then the inner diameter of the carrier xing will be about an inch larger than the substrate,
for example, an inner diameter of about 13 inches for a 300 mm (12 inch) substrate,
[0061] The lower portion 432 can have a recess 441 along its outer diameter 440,
The recess 441 can be defined by a vertical surface 442 extending from the bottom
surface 433, a horizontal surface 443 extending from the outer diameter 440, and a sloped
surface 444 connecting the vertical surface 442 to the horizontal surface 443. The widest
part of the sloping portion, as measured along a radial cross section, can be at the
uppermost edge of the sloping surface 444. The lower portion 432 can have a rounded
portion along the edge of the outer diameter 440 and the horizontal surface 443.

[0062] As shown in FIG. 4D, in some implementations, the recess 441 is further
defined by an annular step 435b protruding outwardly. The annular step 435b can have a
horizontal lower surface, a sloped surface, and a rounded portion along the edge of the
two surfaces. The widest portion of the annular step 435b, as measured along a radial
cross section of the lower portion 432, can be at the uppermost edge of the annular step
435Db.

[0063] In some implementations, as shown in FIG. 4C, the carrier ring has an
inwardly protruding step in the lower portion 432 along the inner surface 430. In other
implementations, as shown in FIG. 4E, the carrier ring has an inner surface 430 which is
not perpendicular, as represented by the dashed line in FIG. 4E, to the lower surface 433
of the carrier ring (although FIG. 4E and illustrates a single-piece ring, the sloped inner
surface could be applicable to a two-part ring as shown in FIGS. 4C and 4D). The inner
surface 430 can incline outwardly from top to bottom, with the region of the inner surface
430 adjacent the lower surface 433 being inclined. The smaller inner diameter adjacent

the lower surface 433 (whether due to the bump or inclined surface) relative to higher
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regions of the inner surface allows the carrier ring to laterally reference the retaining ring
200, and provides for consistency in the location of contact between the retaining ring and
the carrier ring, even as the carrier ring wears during polishing of the substrate. In
addition, placement of the feature at the bottom of the carrier ring can prevent torquing of
the retaining ring when the retaining ring contacts the carrier ring. In some
implementations, the lower surface 433 of the lower portion 432 has a smaller inner
diameter than the upper surface 434 of the upper portion 431.

[0064] The carrier ring can be attached to a base assembly 104. Generally, the
carrier ring is configured to surround a refajning ring 200 and not to contact the edge of a
substrate 10. The upper portion 431 of the carrier ring 400 can include cylindrical
recesses or holes 412 with screw sheaths (not shown) to receive fasteners, such as bolts,
screws, or other hardware, for securing the carrier ring 400 to a base assembly 104. The
holes 412 can be evenly spaced around the carrier ring. In some implementations, the
holes 412 do not extend over the horizontal surface 433 of the recess 441, For example,
as shown in FIG. 4F, the holes can be located entirely above the flat lower surface 433.
Additionally, one or more alignment features, such as apertures or projections (not
shown), can be located on the top surface 434 of the upper portion 431. If the carrier ring
has an alignment aperture, the base assembly 104 can have a corresponding pin that mates
with the alignment aperture when the base assembly 104 and carrier ring are properly
aligned.

[0065] In some implementations, the carrier ring 400 has one or more through
slurry transport channels 422 on the bottom surface 433 that extend from the inner
diameter to the outer diameter of the lower portion 432 for allowing slurry to pass from
the exterior to the interior of the carrier ring during polishing. The channels 422 can be
evenly spaced around the carrier ring. Each slurry transport channel 422 can be offset at
an angle, e.g., 45°, relative to the radius passing through the channel. Referring to FIG. 6,
the carrier ring channels 422 can be aligned with the retaining ring channels. In some
embodiments, the carrier ring channels 422 are wider than the retaining ring channels
222, allowing slurry to pass more freely to the interior of the retaining ring 200. For
example, the carrier ring channels 422 can have a width of about 0.25 inches.

[0066] In some implementations, the carrier ring 400 has one or more through
holes that extend from the inner diameter to the outer diameter for allowing slurry or air

to pass from the interior to the exterior, or from the exterior to the interior, of the carrier
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ring during polishing. The through-holes can extend through the upper portion 431. The
through holes can be evenly spaced around the carrier ring. In some implementations,
there are through holes in the carrier ring but not in the retaining ring. Thus, fluid, e.g.,
water from a cleaning system, that is sprayed through the through holes in the carrier ring
will be flushed downward along the outer surface of the retaining ring, thus clearing the
space between the carier ring and retaining ring. In other implementations, there are
through holes in both the carrier ring but not in the retaining ring, and the through holes
are aligned so that fluid will pass through both the carrier ring and the retaining ring. In
such implementations, the through holes through the carrier ring 400 can be the same
width or wider than the through holes through the retaining ring 200. In some
implementations (see FIG. 1), through holes 450 are formed through a portion of the
housing 102 that surrounds the retaining ring, rather than through the carrier ring itself.
[0067] Returning to FIG. 4A-4C, in some implementations, the upper portion 431
can have an inwardly protruding lip 439 along its inner surface 430, where the lip has a
vertical inner wall and rounded portions along its upper and lower edges. The protruding
lip 439 can have an inner diameter equal to or less than the inner diameter of the step 432.
The lip 439 can provide a hard stop to engage the lip 237 to prevent overextension of the
retaining ring 200. In some implementations, as shown by FIG. 4G, the carrier ring 400
includes both a inclined inner surface and an inwardly protruding lip 439. In some other
implementations, as shown by FIG. 4H, the inner surface of the carrier ring 400 has both
an inwardly protruding step at the lower portion 432 and 2 sloped inner surface that is
inclined outwardly from bottom to top.
[0068] In some implementations, shown in FIG. 4C, the upper portion 431 and the
‘lower portion 432 of the carrier ring are made of different materials. The upper portion
431 can be formed of a material that is more rigid than the lower portion 432, The rigid
material can be a metal, e.g., stainless steel, molybdenum, or aluminum, or a ceramic,
e.g., alumina, or other exemplary materials. The lower portion 432 can be formed of a
material which is chemically inert in a CMP process, such as a plastic, e.g.,
polyetheretherketone (PEEK), carbon filled PEEK, Teflon® filled PEEK, polyamidimid
(PAI), or a composite material,
[0069] When the two portions 431, 432 of the carrier ring are joined, the upper
surface of the lower portion 432 is positioned adjacent to the lower surface of the upper

portion 431. The two portions generally have substantially the same dimensions at the
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inner and outer diameters on their adjacent surfaces such that the two portions 431, 432
form a flush surface where the two portions 431, 432 meet when they are joined. The two
annular portions can be attached with a bonding layer 436 between their adjacent
surfaces.

[0070] The lower portion 432 can have a step feature 438. The step feature 438
projects vertically from the lower portion 432 info a corresponding recess 437 in the
upper portion 431. The step feature 438 is an annular step adjacent to the inner diameter
of the carrier ring 400. The step feature 438 extends upwardly from a horizontal portion
of the lower ring 432. The step feature 438 shares the inner diameter wall of the lower
ring’s horizontal portion. The recess 437 in the upper portion 431 corresponds to the step
feature 438, so that when the lower portion 432 and upper portion 431 are brought
together, the step feature 438 fits into the recess 437 of the upper portion 431. The recess {
437 can have a horizontal upper surface and a vertical inner wall with a rounded portion.
In some implementations, the step 438 is only at the inner diameter of the lower ring 432
and is not at the outer diameter. That is, the carrier ring 400 may have no other step and
corresponding recess features other than the step 438 and recess 437 at the inner diameter
of the carrier ring. In some implementations, the bonding layer 436 may extend to the
surface of the step 438 in the recess 437 of the carrier ring.

[0071] Shear force generated during rotation of the carrier ring exerts force on a
horizontal bonding layer. In carrier ring 400, the step feature 438 transfers shear force
into compressive force on the bonding layer 436 along the vertical inner wall of the step
feature 438. The transfer of shear force to compressive force on the bonding layer 436
reduces the likelihood of delamination of the lower portion 432 from the upper portion {
431 that can occur in carrier rings without a step feature. Also, the lateral forces produced
by the horizontal motion of the carrier ring relative to the polishing pad as the carrier ring
is pressed down against the polishing pad is transferred from the lower portion 432 to the
base of the upper portion 431. In addition, the vertical inner wall provides a greater
bonding area for the bonding layer 436 because of the increase of surface area in the
interface. The larger bonding area also reduces the likelihood of delamination of the
lower portion 432 from the upper portion 431. Further, the bonding layer 436 along the
vertical inner wall absorbs stress resulting from uneven thermal expansion between

material in the upper portion 431 (e.g., a rigid material such as stainless steel) and
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material in the lower portion 432 (e.g., a less rigid or more compliant material such a
PEEK. composite).

[0072] In some implementations, e.g., shown in FIGS. 4E, 4G and 4H, the upper
portion 431 and the lower portion 432 of the carrier ring comprise a single unit made of
the same material. The unitary carrier ring can be formed of a material which is
chemically inert in a CMP process, such as a plastic, e.g., polyetheretherketone (PEEK),
carbon filled PEEK, Teflon® filled PEEK, polyamidimid (PAI), or a composite material.
[0073] While the retaining ring 200 is configured to circumferentially surround
the edge of a substrate 10 to retain the substrate, a flexible membrane 500 provides a
surface 512 to mount the substrate 10. FIG. 5 shows a partial cross-sectional view of a
flexible membrane 500, where only one-half of the cross section of the generally
symmetric flexible membrane is shown.

[0674] As shown in FIG. 5, the flexible membrane 500 can have a generally flat
main portion 510 and an outer annular portion 520. The main portion 510 provides a
substrate-mounting surface 512. The outer portion 520 extends from the outer edge of the
main portion 510. The juncture between the main portion 510 and the outer annular
portion 520 can have a peripheral edge hinge 530 and an annular recess 532, located
above the hinge 530 along the outer wall of the outer annular portion 520. The peripheral
edge hinge 530 can have rounded portions along its inner and outer surfaces. The
peripheral edge hinge 530 and the annular recess 532 can be configured to be compliant,
improving the symmetry of loading on the periphery of the substrate 10.

[0075] The outer annular portion 520 can have an annular recess 522 along its
outer wall, which is configured to allow the outer annular portion 520 to flex. The outer
annular portion 520 can also have an annular step 524 protruding inwardly along its inner
wall. The annular step 524 can have non-horizontal (i.e., sloping) upper and lower
surfaces.

[0076] In some implementations, the flexible membrane 500 can have several
annular flaps. The main portion 510 can have four concentric annular flaps 516. The
outer annular portion 520 can have a pair of annular flaps 526. The annular flaps 526
connected to the outer annular portion 520 can have a horizontal portion 540 extending
inwardly with a thick rim 550. The thick rims 550 can be configured to be secured to a
base assembly 104. As shown in FIG. 5, the upper annular flap can have a horizontal

portion which is narrower (i.e., does not extend as far inwardly) than the lower armular
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flap. In some embodiments, the outer annular portion 520 can have an annular triangular
portion, and the horizontal portions 540 of the pair of annular flaps 526 can be connected
to the outer annular portion 520 through the vertices of the annular triangular portion.
[0077] The innermost concentric annular flap 516 connected to the main portion
510 can include a horizontal portion extending outwardly with a thick rim, which can be
configured to be secured to a base assembly 104, and an annular angled portion 560. The
annular angled portion 560 can be joined between the main portion 510 and the horizontal
portion of the annular flap 516. The annular angled portion 560 can have a larger radius
at its juncture with the main portion 510 than at its juncture with the horizontal portion.
[0078] The three outermost concentric annular flaps 516 connected to the main
portion 510 can include a vertical portion 570 extending from the main portion 510, and a
horizontal portion extending from the vertical portion 570 with a thick rim along the outer
edge of the horizontal portion, which can be configured to be secured to a base assembly
104. In some embodiments, the horizontal portion of a conceniric annular flap 516 can
have a smaller thickness than the vertical portion 570 of the concentric annular flap. In
some implementations, the second and third outermost concentric annular flaps 516 can
have a ratio of length of horizontal portion to length of vertical portion 570 between about
1.5 and 2.0, such as about 1.66.

[0079] In some implementations, an annular flap 516, 526 can have one or more
indentations or notches (i.e., an annular recess). A concentric annular flap 516 can have a
notch 580 at the juncture between its horizontal portion and its vertical portion 570. The
notch 580 can allow the horizontal portion of the concentric annular flap 516 to flex
vertically. A concentric annular flap 516 can have a notch 590 at its juncture with the
main portion 510. The notch 590 can be configured to reduce compressions in the main
portion 510.

[0080] In another aspect of the invention, as shown in FIG. 1, a carrier head for
CMP can include a base assembly 104, an annular retaining ring 200 positioned beneath
the base assembly 104 and configured to circumferentially surround the edge of a
substrate 10 to retain the substrate, a first flexible membrane 300 shaped to provide an
annular chamber 350 positioned beneath the base assembly 104 and above the annular
retaining ring 200, a carrier ring 400 circumferentially surrounding the retaining ring 200,

and a second flexible membrane 500 providing a substrate-mounting surface, wherein the
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volume created between the base assembly 104 and the second flexible membrane 500
forms six pressurizable chambers.

[0081] The pressurizable chambers can be formed by clamping the second
flexible membrane 500 to the base assembly 104 with a plurality of concentric clamp
rings. The chambers can be configured to be successively narrower, from the innermost
chamber to the outermost chamber. The second. outermost chamber, which is partially
defined by the peripheral edge hinge 530, is narrowly configured to provide beiter edge
control during polishing of the substrate.

[0082] Each chamber can be fluidly coupled by passages (not shown) through
the base assembly 104 and housing 102 to an associated pressure source, such as a pump
or pressure or vacuum line. There can be one passage for the annular chamber 350 of the
first flexible membrane 300, one passage for the loading chamber 108, and one passage
for each of the six pressurizable chambers between the base assembly 104 and the second
flexible membrane 500, for a total of eight passages. One or more passages from the base
assembly 104 can be linked to passages in the housing 102 by flexible tubing that extends
inside the loading chamber 108 or outside the carrier head 100. Pressurization of each
chamber, and the force applied by the associated segment of the main portion 510 of the
flexible membrane 500 on the substrate 10, can be independently controlled. This permits
different pressures to be applied to different radial regions of the substrate during
polishing, thereby compensating for non-uniform polishing rates. In addition, the
pressure on the retaining ring 200 can be varied independently of the pressure in the
chambers defined by the membrane 500 using chamber 350, and the pressure on the
carrier ring 400 can be varied relative to the pressures on the retaining ring 200 and in the
chambers defined by the membrane 500 using the loading chamber 108.

[0083] A number of embodiments of the retaining ring 200, first flexible
membrane 300, the carrier ring 400, and the second flexible membrane 500, as described
above, can be implemented in the carrier head.

[0084)] Generally, the carrier head can further comprise a housing 102 connected
to the base assembly 104 and configured to be secured to a drive shaft. The carrier head
can be coated with a material, e.g., aluminum, PEEK, or a composite material. The
carrier ring 400 of the carrier head can apply a downward pressure to a polishing pad. In
some embodiments, the downward pressure applied by the carrier ring 400 is greater than

the downward pressure applied by the retaining ring 200. The carrier ring 400 can be
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formed of a more rigid material than the retaining ring 200, resulting in the carrier ring
wearing at a lower rate than the retaining ring. The widths of the retaining ring 200 and
the carrier ring 300 can be varied to adjust process results. In particular, the polishing
profile on the substrate edge can be altered by changing the width and pressure to each
ring.

[0085] In some embodiments, the retaining ring 200 can have slots or through
holes, as indicated by the dashed lines in FIG.1, that extend from the inner surface 231 to
the outer surface 238 of the retaining ring 200 for allowing fluid to pass from the interior
to the exterior, or from the exterior to the interior, of the ring. These slots can align with
slots in the carrier head 100 and can provide a means to wash excess shuty from the
interior of the refaining ring 200.

[0086] In some implementations, having notches 580, 590 in a concentric annular
flap 516 of the second flexible membrane 500 can improve polishing uniformity. A
potential advantage of notches is to improve polishing uniformity when there is unequal
pressure in adjacent chambers. Specifically, when there is unequal pressure in adjacent
chambers, the pressure in the high pressure chamber tends to bow the separating flap into
the low pressure chamber. The bowing of the separating flap can lead to regions of
compression in the main portion 510 adjacent to the separating flap, resulting in an
unintended pressure distribution and non-uniform polishing. However, having a notch
590 at the junction between the main portion 510 and a vertical portion 570 makes the
annular flap 516 more flexible at the juncture. This reduces compression in the main
portion 510 when the flap bends due to unequal pressure, thereby improving polishing
uniformity. A notch 590 can be adapted to allow the concentric annular flap 516 to flex
when the pressure is unequal in adjacent pressurizeable chambers on both sides of the
concentric annular flap 516. Furthermore, notches 580, 590 can be positioned and
configured to reduce downward load transmitted from at least one of the pressurizable
chambers through the concentric annular flap 516 to the main portion 510 so as to reduce
compressions in the main portion 510.

[0087] A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. For example, several of the
concentric annular flaps 216 of the second flexible membrane can have an annular angled

portion 560 instead of an annular vertical portion 570. In addition, notches may be
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located in the middle of a vertical portion 570, at a juncture with the annular angled
portion 560, or at the juncture between a horizontal portion 540 and a rim 550.

Accordingly, other implementations are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A flexible membrane, comprising:

a main portion with a lower surface to provide a substrate-mounting surface;

an outer annular portion extending from an outer edge of the main portion,
wherein a juncture between the main portion and the outer annular portion comprises a
peripheral edge hinge and an annular recess above the hinge along the outer wall of the
outer annular portion, the peripheral edge hinge having rounded inner and outer surfaces
and configured to be compliant; and

two annular flaps connected to the outer annular portion to divide a volume above
the main portion into a plurality of chambers when the flexible membrane is secured to a
carrier head;

wherein the two annular flaps connected to the outer annular portion comprise a
horizontal portion extending inwardly and a thick rim, the rim configured to be secured to
a base assembly, wherein the two annular flaps include an upper annular flap and a lower
annular flap and the upper annular flap has a narrower horizontal portion than the lower

annular flap.

2. A flexible membrane, comprising:

a main portion with a lower surface to provide a substrate-mounting surface;

an outer annular portion extending from an outer edge of the main portion,
wherein a juncture between the main portion and the outer annular portion comprises a
peripheral edge hinge and an annular recess above the hinge along the outer wall of the
outer annular portion, the peripheral edge hinge having rounded inner and outer surfaces
and configured to be compliant; and

a plurality of concentric annular flaps connected to the main portion to divide a
volume above the main portion into a plurality of chambers when the flexible membrane
is secured to a carrier head;

wherein a first of the plurality of concentric annular flaps includes a laterally
extending section and a vertically extending section connecting the laterally extending

section to the main portion and a second of the plurality of concentric annular flaps
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includes a laterally extending section and a diagonally extending section connecting the

laterally extending section to the main portion.

3. The flexible membrane of claim 6, wherein the first of the plurality of concentric

annular flaps is an outermost flap.

4. The flexible membrane of claim 6, wherein the second of the plurality of

concentric annular flaps is an innermost flap.

5. The flexible membrane of claim 5, wherein an innermost concentric annular flap
of the plurality of concentric flaps comprises a horizontal portion extending outwardly, a
thick rim along the outer edge of the horizontal portion, the thick rim configured to be
secured to a base assembly, and an annular angled portion joined between the main
portion and the horizontal portion, wherein the annular angled portion has a larger radius

at its juncture with the main portion than at its juncture with the horizontal portion.

6. The flexible membrane of claim 5, wherein an outermost concentric annular flap
of the plurality of concentric flaps comprises a vertical portion extending from the main
portion, a horizontal portion extending from the vertical portion, and a thick rim along the
outer edge of the horizontal portion, the thick rim configured to be secured to a base

assembly.

7. A fiexible membrane, comprising:

a main portion with a lower surface to provide a substrate-mounting surface;

an outer annular portion extending from an outer edge of the main portion,
wherein a juncture between the main portion and the outer annular portion comprises a
peripheral edge hinge and an annular recess above the hinge along the outer wall of the
outer annular portion, the peripheral edge hinge having rounded inner and outer surfaces

and configured to be compliant; and
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a plurality of concentric annular flaps connected to the main portion to divide a
volume above the main portion into a plurality of chambers when the flexible membrane
is secured to a carrier head,

wherein an outermost concentric annular flap of the plurality of concentric flaps
comprises a vertical portion extending from the main portion, a horizontal portion
extending from the vertical portion, and a thick rim along the outer edge of the horizontal
portion, the thick rim configured to be secured to a base assembly and wherein the

horizontal portion has a smaller thickness than the vertical portion.

8. The flexible membrane of claim 10, wherein a ratio of length of the horizontal

portion to length of the vertical portion is between about 1.5 and 2.0.

9. The flexible membrane of claim 6, wherein the second of the plurality of
concentric annular flaps includes a notch at the juncture between the laterally extending

section and the vertically extending lateral section.

10. A flexible membrane, comprising:

a main portion with a lower surface to provide a substrate-mounting surface;

an outer annular portion extending from an outer edge of the main portion,
wherein a juncture between the main portion and the outer annular portion comprises a
peripheral edge hinge and an annular recess above the hinge along the outer wall of the
outer annular portion, the peripheral edge hinge having rounded inner and outer surfaces
and configured to be compliant; and

a plurality of concentric annular flaps connected to the main portion to divide a
volume above the main portion into a plurality of chambers when the flexible membrane
is secured to a carrier head,

wherein at least one of the concentric annular flaps includes a notch at the

juncture with the main portion.
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