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THREE-ZONE CARRIER HEAD AND FLEXIBLE MEMBRANE

TECHNICAL FIELD

The present disclosure relates to a carrier head for chemical mechanical polishing.

BACKGROUND

Integrated circuits are typically formed on substrates, particularly silicon wafers, by the
sequential deposition of conductive, semiconductive or insulative layers. One fabrication step
involves depositing a filler layer over a non-planar surface and planarizing the filler layer. For
certain applications, the filler layer is planarized until the top surface of a patterned layer is
exposed. A conductive filler layer, for example, can be deposited on a patterned insulative layer
to fill the trenches or holes in the insulative layer. 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. For other
applications, such as oxide polishing, the filler layer is planarized until a predetermined thickness
is left over the non-planar surface. In addition, planarization of the substrate surface is usually
required for photolithography.

Chemical mechanical polishing (CMP) is one accepted method of planarization. This
planarization method typically requires that the substrate be mounted on a carrier head. The
exposed surface of the substrate is typically placed against a rotating polishing pad. The carrier
head provides a controllable load on the substrate to push it against the polishing pad. A
polishing liquid, such as a slurry with abrasive particles, is typically supplied to the surface of the
polishing pad. For polishing of a metal layer on a substrate, e.g., a copper layer, the slurry can

be acidic.

SUMMARY
The technology node for 150 mm (also termed “6 inch”) diameter substrates continues to
improve. This generates a need to improve CMP process capability to comply with the ever
more stringent requirements for within wafer and wafer-to-wafer uniformity. Although multi-

zone carrier heads have been used for larger substrates, e.g., 200 mm and 300 mm diameter
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substrates, the smaller size of the carrier head for the 150 mm diameter substrate can pose form
factor difficulties.

In one aspect, a flexible membrane for a carrier head of a chemical mechanical polisher
includes a main portion, an annular outer portion, and exactly three annular flaps to divide a
volume above the main portion into a plurality of chambers when the flexible membrane is
secured to a carrier head. The main portion has a lower surface to provide a substrate-mounting
surface, and the substrate mounting surface has a radius R. The annular outer portion extends
upwardly from an outer edge of the main portion and has a lower edge connected to the main
portion and an upper edge. The three annular flaps include a first annular flap joined to an inner
surface of the main portion at a radial position between 75% and 95% of R, a second annular flap
joined to the annular outer portion at a position between the lower edge and the upper edge, the
second annular flap extending inwardly from the annular outer portion, and a third annular flap
joined to the upper edge of the annular outer portion, the third annular flap extending inwardly
from the annular outer portion.

In another aspect, a chemical mechanical polishing head includes a base assembly, a
retaining ring secured to the base assembly, and a flexible membrane as described above secured
to the base assembly.

Implementations of any of the aspects may include one or more of the following features.
The substrate mounting surface may have a radius of about 75 mm. The first annular flap may
be joined to the main portion about 10 mm from the outer edge of the main portion. The first
annular flap may be joined to the main portion at a radial position between 85% and 90% of R.
The first annular flap may include a horizontally extending section and a vertically extending
section connecting the horizontally extending section to the main portion. A notch may be
formed at a junction between the horizontally extending section and the vertically extending
section. The horizontally extending section may have a smaller thickness than the vertically
extending section. Each of the flaps may have a thickness smaller than a thickness of the main
portion. The annular outer portion may include a body having a thickness greater than a
thickness of the main portion. A notch may be formed in an interior surface of the body of the
annular outer portion at a junction of the body and the main portion. An outer surface of the
body may have a recess between a lower edge and an upper edge of the body. The outer surface

of the body between the recess and the lower edge may be a single vertical surface. The outer
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surface of the body between the recess and the upper edge may be a single vertical surface. The
outer surface of the body between the recess and the lower edge may be laterally aligned with the
outer surface of the body between the recess and the upper edge.

Implementations can include one or more of the following advantages. Within wafer and
wafer-to-wafer uniformity can be improved, and the improvement can be extended to 150 mm
diameter substrates.

The details of one or more implementations are set forth in the accompanying drawings
and the description below. Other aspects, features, and advantages will be apparent from the

description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 is a schematic cross-sectional view of a carrier head for a chemical mechanical
polishing apparatus.
FIG. 2 is an enlarged view of the right hand side of the carrier head of FIG. 1.

FIG. 3 is a schematic cross-sectional view of a membrane from the carrier head of FIG. 1.

DETAILED DESCRIPTION

During a polishing operation, one or more substrates can be polished by a chemical
mechanical polishing (CMP) apparatus that includes a carrier head 100. A description of a CMP
apparatus can be found in U.S. Patent No. 5,738,574.

Referring to FIGS. 1 and 2, an exemplary carrier head 100 includes a housing 102, a base
assembly 130 that is vertically movable relative to the housing 102, a pressurizable chamber 104
between the housing 102 and the base assembly 130 that controls the vertical position or
downward pressure on the base assembly 130, a flexible membrane 120 secured to the base
assembly 130 with a bottom surface that provides a mounting surface for the substrate 10, a
plurality of pressurizable chambers 122 between the membrane 120 and the base assembly 130,
and a retaining ring 110 secured near the edge of the base assembly 130 to hold the substrate 10
below membrane 120. The housing 102 can be secured to a drive shaft, and the drive shaft can
rotate and/or translate the carrier head across a polishing pad.

The retaining ring 110 may be a generally annular ring secured at the outer edge of the

base assembly 130, e.g., by screws or bolts that extend through aligned passages in the base
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assembly 130 into the upper surface of the retaining ring 110. An inner surface of the retaining
ring 110 defines, in conjunction with the lower surface of the flexible membrane 120, a substrate
receiving recess. The retaining ring 110 prevents the substrate from escaping the substrate
receiving recess. The retaining ring 110 can include a lower portion 112 and an upper portion
114 that is more rigid than the lower portion 112. The lower portion 112 can be a plastic, such as
polyphenylene sulfide (PPS) or polyetheretherketone (PEEK). The lower portion 112 can be
substantially pure plastic (consist of plastic), e.g., no non-plastic fillers. The upper portion 114
can be a metal, e.g., stainless steel.

A pressure controller can be fluidly connected to the chamber 104 though a passage in
the housing 102 and/or base assembly 130 to control the pressure in the chamber 104 and thus
the position of and/or downward pressure on the base assembly 130, and thus the retaining ring
110. Similarly, pressure controllers can be fluidly connected to the chambers 122 though
passages 108 in the housing 102 and/or base assembly 130 to control the pressures in the
chambers 122 and thus the downward pressures of the flexible membrane 120 on the substrate.

Alternatively, the base assembly 130 and the housing 102 could be combined into a
single part (with no chamber 122 and the base assembly 130 not vertically movable relative to
the housing 102). In some of these implementations, the drive shaft can be raised and lowered
to control the pressure of the retaining ring 110 on the polishing pad. In another alternative, the
retaining ring 110 can be movable relative to the base assembly 130 and the carrier head 100 can
include an internal chamber which can be pressurized to control a downward pressure on the
retaining ring, e.g., as described in U.S. Patent No. 7,699,688, which is incorporated by
reference.

The flexible membrane 120 can be a silicone membrane. The flexible membrane can
include multiple flaps 124 that divide the volume between the flexible membrane 120 and the
base assembly 130 into individually controllable chambers. The ends of the flaps 124 can be
attached to the base assembly 130, e.g., clamped to the base assembly 130.

An annular external ring 126 can be inset into a recess in the outer surface of the outer
perimeter portion of the flexible membrane 120. An annular internal ring 128 can abut the inner
surface of the outer perimeter portion of the flexible membrane 120. The external ring 126 and

internal ring 128 increase the rigidity of the perimeter portion of the flexible membrane 120.
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This can permit pressure in an upper chamber of the multiple chambers to be transmitted through
the perimeter portion to the substrate.

The end of each flap can be clamped between clamps 132. The various clamps can be a
substantially pure plastic, e.g., polyetheretherketone (PEEK), or polyphenylene sulfide (PPS), a
composite plastic, e.g., a glass filled PPS or glass-filled PEEK, or a metal, e.g., stainless steel or
aluminum.

A gimbal mechanism 136 (which can be considered part of the base assembly 130)
permits the base assembly 130 to slide vertically relative to the housing 102 while restricting
lateral motion of the base assembly 130. A cover 138, e.g., formed of semi-crystalline
thermoplastic polyester based on polyethyleneterephthalate (PET-P), e.g., ErtalyteTM, can be
draped over the outer side of the base assembly 130 to prevent contamination from slurry from
reaching the interior of the carrier head 100.

Together, the gimbal mechanism 136, various clamps 132, and cover 138, can be
considered to provide the base assembly 130.

Referring to FIGS. 2 and 3, in some implementations the membrane includes exactly
three flaps, including an inner flap 124a, a middle flap 124b, and an outer flap 124c, which
define three chambers 122a, 122b and 122c. The first chamber 122a is a generally circular
chamber located within the innermost flap 124a. The second chamber 122b is an annular
chamber surrounding the first chamber 122a, and is defined by the volume between the
innermost flap 124a and the middle flap 124b. The third chamber 122¢ can be positioned above
the second chamber 122b, and is defined by the volume between the middle flap 124b and the
outer flap 124c.

As shown in FIG. 3, the flexible membrane 120 can have a generally flat main portion
140 and an annular outer portion 150. The lower surface of the main portion 140 provides a
substrate-mounting surface 142. The lower edge of the outer portion 150 is joined to the outer
edge of the main portion 140.

The inner annular flap 124a is joined to the upper surface of the main portion 140 of the
flexible membrane 120. Thus, the downward pressure on an inner circular portion 144 of the
substrate mounting surface 142, located within the region where the inner annular flap 124a is
connected to the main portion 140, is controlled primarily by the pressure in the first chamber

122a (see FIG. 2). On the other hand, the downward pressure on an outer annular portion 146 of
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the substrate mounting surface 142, located between where the inner annular flap 124a is
connected to the main portion 140 and the annular outer portion 150 is controlled primarily by
the pressure in the second chamber 122b (see FIG. 2).

The inner flap 124a can be joined to the inner surface of the main portion 140 at a radial
position between 75% and 95%, e.g., between 80% and 85%, of the radius of the substrate
mounting surface 142. For polishing of a 150 mm diameter substrate, the substrate mounting
surface 142 (and the main portion 140) can have a radius of about 75 mm. The inner flap 124a
can be connected to the main portion 140 at about 10 mm from the edge of the substrate
mounting surface. Thus, the inner circular portion 144 can have a radius of about 65 mm, and
the outer annular portion 146 can have a width of about 10 mm.

The inner annular flap 124a can include a vertical portion 160 extending upwardly from
the main portion 140, and a horizontal portion 162 extending horizontally from the upper edge of
the vertical portion 160. The horizontal portion 162 can extend inwardly (toward the center of
the carrier head) from the vertical portion 160. The end of the horizontal portion 162 can have a
thick rim portion 164 which can be configured to fluidly separate the chambers 122a, 122b when
secured to a base assembly 130. For example, assuming the horizontal portion 162 extends
inwardly from the vertical portion 160, the thick rim portion 164 can be located at the inner edge
of the horizontal portion 162.

In some implementations, the horizontal portion 162 of the inner annular flap 124a can
have a smaller thickness than the vertical portion 160. In some implementations, a ratio of the
length of the horizontal portion 162 to the length of vertical portion 160 is between about 1.5 and
2.0, such as about 1.66. In some implementations, the vertical portion 160 of the inner annular
flap 124a can have a smaller thickness than the main portion 140 of the flexible membrane.

In some implementations, an indentation or notch 166 is formed in the vertical portion
160 of the inner annular flap 124a. The notch 166 can be positioned at the inside corner of the
juncture between the horizontal portion 162 and its vertical portion 160. The notch 166 can
allow the horizontal portion of the concentric annular flap 124a to flex vertically. However,
other positions are possible, e.g., in the middle of the vertical portion 160 or at the junction of the
vertical portion 160 to the main portion 140.

The outer portion 150 of the flexible membrane 120 includes a body 152 that extends

upwardly from the outer edge of the main portion 140. The body 152 can be thicker than the
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main portion 140 of the flexible membrane 120. A recess 154 can be formed in the inner surface
of the body 152 at the juncture between the body 152 and the main portion 140. This recess 154
can permit the body 152 to pivot more freely relative to the main portion 140.

The annular outer portion 150 can have an annular recess 156 along its outer wall. The
annular external ring 126 (see FIG. 2) can be inset into the recess 156. The portion 172 of the
outer surface of the body between the recess 156 and the lower edge can be laterally aligned with
the portion 174 of the outer surface of the body between the recess 156 and the upper edge

The middle annular flap 124b can extend horizontally inward from the annular outer
portion 150, e.g., from the inner surface of the body 152. The thickness of the middle flap 124b
can be the same as the horizontal portion 162 of the inner flap 124a. The middle flap 124b can
be connected to the body 152 at the widest point of the body 152. The inner edge of the middle
flap 124b can have a thick rim portion 164 which can be configured to fluidly separate the
chambers 122b, 122c when secured to a base assembly 130.

In some implementations, a recess 158 is formed in the inner surface of the body 152 at
the juncture between the middle flap 124b and the body 152. The internal ring 128 (see FIG. 2)
can abut the outer portion 150 with flanges that extend into the recess 154 and the recess 158.

The outer flap 124¢ can extend inwardly from the upper edge of the annular outer portion
150. The thickness of the outer flap 124c can be the same as the horizontal portion 162 of the
inner flap 124a. The inner edge of the outer flap 124c can have a thick rim portion 164 which
can be configured to fluidly separate the third chamber 122¢ from the environment outside the
carrier head when secured to a base assembly 130.

In some implementations, the surface 170 of the outer portion 150 extending between the
middle flap 124b and the outer flap 124c is slanted. This slanted surface 170 can provide a
triangular cross-section at the top of the outer portion 150.

When the third chamber 122c (see FIG. 2) is pressurized, pressure on the surface 170 is
transmitted through the body 152 to apply a pressure on an edge portion 148 substrate mounting
surface 142.

The present invention has been described in terms of a number of embodiments. The
invention, however, is not limited to the embodiments depicted and described. Rather, the scope

of the invention is defined by the appended claims.
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Claims

1. A flexible membrane (120) for a carrier head (100) of a chemical
mechanical polisher, the flexible membrane comprising:

a main portion (140) with a lower surface (510) to provide a substrate-
mounting surface (142), the substrate mounting surface having a radius R; and

an annular outer portion (150} extending upwardly from an outer edge of
the main portion (140), the anpular outer portion (150) having a lower edge con-
nected to the main portion (140) and an upper cdge;
characterized in that the flexible membrane comprises

exactly three annular flaps to divide a volume above the main portion into
a plurality of chambers when the flexible membrane (120) is secured to a carrier
head (100), the three annular flaps including

a first annular flap (124a) joined to an inner surface of the main
portion (140) at a radial position between 75% and 95% of R,

a second annular flap (124b) joined to the annular outer portion at a
position between the lower edge and the upper edge, the second annular flap
(124b) extending inwardly from the annular outer portion, and

a third annular flap (124c) joined to the upper edge of the annular
outer portion, the third annuiar flap (124c¢) extending inwardly from the annular

outer portion,

2. The flexible membrane (120) of claim I, wherein the substrate

mounting surface (142) has a diameter of about 150 mm.

3. The flexible membrane (120) of claim 2, wherein the first annular
flap (124a) is joined to the main portion about 10 mm from the cuter edge of the

main portion,
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4, The flexible membrane (120) of claim 2, wherein the first annular
flap (124a) is joined to the main portion (140) at a radial position between 85%
and 90% of R.

5. The flexible membrane (120) of claim 1, wherein the first annular
flap (124a) includes a horizontally cxtending section and a vertically extending

section connecting the horizontally extending section to the main portion (140).

6. The flexible membrane (120) of claim 5, comprising a notch (166)
at a junction between the horizontally extending section and the vertically extend-

ing section.

7. The flexible membrane (120) of claim 5, wherein the horizontally

extending section has a smaller thickness than the vertically extending section.

8. The flexible membrane (120) of claim 1, wherein each of the flaps

has a thickness smaller than a thickness of the main portion.

9. The flexible membrane (120) of claim 8, wherein the annular outer
portion comprises a body having a thickness greater than a thickness of the main

portion.

10.  The flexible membrane (120) of claim 1, comprising a notch (154)
in an interior surface of the body of the annular outer portion at a junction of the

body and the main portion.

11.  The flexible membrane of claim 10, comprising an annular recess
{156) in an outer surface of the body between a lower edge and an vpper edge of

the body.

12.  The flexible membrane (120) of claim 11, wherein the outer sur-
face of the body between the recess (156) and the lower edge is a single vertical

surface.

13.  The flexible membrane (120) of claim 12, wherein the outer sur-
face of the body between the recess (156) and the upper edge is a single vertical

surface.
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14.  The flexible membrane (120) of claim 13, wherein the outer sur-
face of the body between the recess (156) and the lower edge is laterally aligned

with the outer surface of the body between the recess (156) and the upper edge.

15. A chemical mechanical polishing head, comprising:
a base assembly (130);
a retaining ring secured to the base assembly (130); and
a flexible membrane (120) secured to the base assembly, the flexible
membrane including
a main portion {140) with a lower surface to provide a substrate-
mounting surface (142), the substrate mounting surface having a radius R, and
an annular outer portion (150) extending upwardly from an outer
edge of the main portion, the annular outer portion (150) having a lower edge
connected to the main portion (140) and an upper edge,
characterized in that the flexible membrane comprises
exactly three annular flaps to divide a volume above the main por-
tion (140) into a plurality of chambers when the flexible membrane (120) is se-
cured to a carrier head (100), the three annular flaps including

a first annular flap (124a) joined to an inner surface of the
main portion at a radial position between 75% and 95% of R,

a second annular flap (124b) joined to the annular outer
portion at a position between the lower edge and the upper edge, the second annu-
lar flap (124b) extending inwardly from the annular outer portion, and

a third annular flap (124c) joined to the upper edge of the
annular outer portion, the third annular flap (124c) extending inwardly from the

annular outer portion.



