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(57) Abstract: A method and apparatus for chemical mechanical polishing of substrates, and more particularly a method and ap-
paratus related to a carrier had for use in chemical mechanical polishing is provided. In one embodiment the carrier head assembly
comprises a base assembly for providing support to the substrate, a flexible membrane mounted on the base assembly having a
generally circular central portion with a lower surface that provides a substrate mounting surface, and a plurality of independently
pressurizable chambers formed between the base assembly and the flexible membrane, comprising an annular outer chamber and a
non-circular inner chamber, is provided.
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POLISHING HEAD ZONE BOUNDARY SMOOTHING

BACKGROUND OF THE INVENTION

Field bf the Invention

[0001] Embodiments of the present invention generally relate to chemical
mechanical polishing of substrates, and more particularly to a carrier head for use in

chemical mechanical polishing.

Description of the Related Art

[0002] In the semiconductor manufacturing industry, planarization is a process of
removing material from a substrate for smoothing a surface of the substrate, thinning
an exposed layer, or exposing layers beneath the surface of the substrate.
Substrates typically undergo planarization after one or more deposition processes
builds layers of material on the substrate. In one such process, openings are
formed in a field region of the substrate and filled with metal by a plating process
such as electroplating. The metal fills the openings to create features, such as wires
or contacts, in the surface. Although it is desired that the openings be filled with
metal only to the level of the surrounding substrate, deposition occurs on the field
region as well as the openings. This extra unwanted deposition must be removed,

and planarization is the method of choice for removing the excess metal.

[0003] Chemical Mechanical Planarization (CMP) is one of the more common
types of planarization processes. A substrate is mounted on a carrier head or
polishing head and scrubbed with an abrésive pad or web. The substrate may be
rotated against a web as the web is translated linearly beneath the substrate, or the
substrate may be rotated against a pad while the pad is also rotated in the same or
opposite direction, translated linearly, translated in a circular motion, or any
combination of these. An abrasive composition is frequently added to the scrubbing
pad to accelerate material removal. The composition typically contains abrasive
materials to scour the substrate, and chemicals to dissolve material from the
substrate surface. In the case of Electro-Chemical Mechanical Planarization, a
voltage is also applied to the substrate to accelerate removal of material by

electrochemical means.
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[0004] Some carrier heads include a flexible membrane with a mounting surface
that receives a substrate. A chamber behind the flexible membrane is pressurized
to cause the membrane to expand outwardly and apply a load to the substrate.
Many carrier heads also include a retaining ring that surrounds the substrate, e.g., to
hold the substrate in the carrier head beneath the flexible membrane. Some carrier
heads include multiple chambers to provide different pressures to different regions

of the substrate.

[0005] An objective of CMP is to remove a predictable amount of material while
achieving uniform surface topography both within each wafer and from wafer to

wafer when performing a polishing process.

[0006] Therefore, there is a need for improved methods and apparatus for

polishing substrates.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present invention generally relate to chemical
mechanical polishing of substrates, and more particularly to a carrier head for use in
chemical mechanical polishing. In one embodiment a carrier head assembly
capable of rotation about a centerline for chemical mechanical polishing of a
substrate is provided. The carrier head assembly comprises a base assembly for
providing support to the substrate, a flexible membrane mounted on the base
assembly having a circular central portion with a lower surface that provides a
substrate mounting surface, and a plurality of independently pressurizable chambers
formed by the volume between the base assembly and the flexible membrane

comprising an annular outer chamber and a non-circular inner chamber.

[0008] In another embodiment a carrier head assembly capable of rotation about
a centerline for chemical mechanical polishing of a substrate is provided. The
carrier head assembly comprises a base assembly for providing support to the
substrate, a flexible membrane mounted on the base assembly having a generally
circular central portion with a lower surface that provides a substrate mounting

surface, and a plurality of independently pressurizable chambers formed by the
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volume between the base assembly and the flexible membrane comprising an

annular outer chamber and a non-concentric inner chamber.

[0009] In yet another embodiment a flexible membrane for coupling with a base
assembly of a chemical mechanical polishing carrier head assembly is provided.
The flexible membrane comprises a central portion having an inner surface and an
outer surface that provides a mounting surface for a substrate, an annular perimeter
portion that extends away from the mounting surface for coupling with the base
assembly, and one or more non-circular inner flaps that extend from the inner
surface of the central portion, wherein the one or more non-circular inner flaps are
configured for coupling with the base assembly to divide the volume between the

membrane and the base assembly into independently pressurizable chambers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0011] FIG. 1A is a schematic view of a polishing profile of a substrate after a

prior art chemical mechanical polishing process;

[0012] FIG. 1B is a schematic view of a polishing profile of a substrate after a
chemical mechanical polishing process performed with previously known carrier

heads and polishing techniques;

[0013] FIG. 2 is a cross sectional view of one embodiment of a carrier head
assembly;
[0014] FIG. 3 is a cross-sectional top view of one embodiment of a flexible

membrane of the carrier head assembly of FIG. 2 taken along line 3-3 of FIG. 2;
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[0015] FIG. 4 is a schematic view of a polishing profile of a substrate after a
chemical mechanical polishing process performed with a carrier head assembly and

polishing techniques according to embodiments described herein;

[0016] FIG. 5 is a cross sectional view of another embodiment of a carrier head

assembly;

[0017] FIG. 6 is a cross-sectional top view of one embodiment of the carrier head
assembly of FIG. 5 taken along line 6-6 of FIG. 5;

[0018] FIG. 7 is a schematic view of a polishing profile of a substrate after a
chemical mechanical polishing process performed with a carrier head assembly and

polishing techniques according to embodiments described herein;

[0019] FIG. 8 is a cross sectional top view of another embodiment of a carrier

head assembly;

[0020] FIG. 9 is a cross sectional top view of another embodiment of a carrier

head assembly; and

[0021] FIG. 10 is a cross sectional view of one embodiment of a carrier head

assembly.

[0022] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. Itis
contemplated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0023] Embodiments of the present invention generally relate to chemical
mechanical polishing of substrates, and more particularly to a carrier had for use in

chemical mechanical polishing.

[0024] FIG. 1A is a schematic view of a polishing profile 100 of a substrate after a

typical chemical mechanical polishing process. FIG. 1B is a schematic view of a

4
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polishing profile 108 of a substrate after another typical chemical mechanical
polishing process using known carrier heads and polishing techniques. FIG. 1A
demonstrates a typical substrate polishing profile 100 for a two pressure concentric
circular zone carrier head where the center zone 102 of the substrate polishes at a
faster rate than the edge zone 104 of the substrate. In order to compensate for the
polishing profile 100 that is center fast as shown in FIG. 1A, the typical response is
to apply higher pressure to the edge zone 104 which shifts the profile of the edge
zone 104 downward, as shown in FIG. 1B, matching the average thickness between
the edge zone 104 and the center zone 102. However, applying higher pressure to
the edge zone 104 results in a sharp boundary transition 106 between the center
zone 102 and the edge zone 104. As shown in FIG. 1B, the sharp boundary
transition 106 or “pressure spike” produces unintended non-uniformities in the
polishing profiles. Thus it is desirable to reduce or eliminate these sharp boundary

transitions to provide a more uniform polishing profile.

[0025] The sharp boundary transition 106 may be reduced or eliminated by
taking advantage of the rotation of the substrate relative to the carrier head
membrane to create smoother boundary transitions. Altering the pressure zone
location and/or geometry of the pressure zone in the carrier head assembly helps
achieve a smoother boundary transition. As discussed herein, the non-uniform
rotational motion of the substrate relative to the membrane of the carrier head
assembly will average out sharp boundary transitions. In one embodiment, at least
one pressure zone in the carrier head assembly is non-circular. Non-circular is
defined as not having the shape or form of a circle. As the substrate slips and
rotates about the non-circular pressure zone, the sharp boundary transition between
the pressure zones is averaged out resulting in a smoother zone boundary
transition. Non-circular shaped zones including ovals, triangles, squares, and stars
have a similar effect on the zone boundary transition. In another embodiment, at
least one pressure zone is positioned off-center or non-concentric relative to a
centerline of the membrane or axis of rotation of the carrier head. The sharp
boundaries may be smoothed out by relying on the substrate rotation relative to the

membrane.
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[0026] While the particular apparatus in which the embodiments described herein
can be practiced is not limited, it is particularly beneficial to practice the
embodiments in a REFLEXION® CMP system, REFLEXION® LK CMP system, or a
MIRRA MESA® system sold by Applied Materials, Inc., Santa Clara, Calif.
Additionally, CMP systems available from other manufacturers may also benefit from
embodiments described herein. A description of a suitable CMP apparatus can be
found in United States Patent No. 5,738,574. Embodiments described herein may

also be practiced on overhead circular track polishing systems.

[0027] FIG. 2 is a cross sectional view of one embodiment of a carrier head
assembly 200. The carrier head assembly 200 is generally configured to hold a
substrate 10 during polishing or other processing. In a polishing process, the carrier
head assembly 200 may hold the substrate 10 against a polishing pad 201
supported by a rotatable platen assembly 202 and distribute a downward pressure

across a back surface 12 of the substrate 10.

[0028] The carrier head assembly 200 includes a base assembly 204 (which may
be coupled directly or indirectly with a rotatable drive shaft 205), a retaining ring 210,
and a flexible membrane 208. The flexible membrane 208 extends below and is
coupled with the base assembly 204 to provide multiple pressurizable chambers,
including a non-circular inner chamber 212a and an adjacent outer chamber 212b.
Passages 214a and 214b are formed through the base assembly 204 to fluidly
couple the chambers 212a and 212b, respectively to pressure regulators in the
polishing apparatus. Although FIG. 2 illustrates two pressurizable chambers, the
carrier head assembly 200 could have any number of chambers, for example, three,

four, five, or more chambers.

[0029] Although not shown, the carrier head assembly 200 can include other
elements, such as a housing that is securable to the drive shaft 205 and from which
the base 204 is movably suspended, a gimbal mechanism (which may be
considered part of the base assembly) that allows the base assembly 204 to pivot, a
loading chamber between the base 204 and the housing, one or more support
structures inside the chambers 212a and 212b, or one or more internal membranes

that contact the inner surface of the flexible membrane 208 to apply supplemental
6
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pressure to the substrate. For example, the carrier head assembly 200 can be
constructed as described in U.S. Patent No. 6,183,354, issued February 6, 2001, or
in U.S. Patent No. 6,422,927, issued July 23, 2002, or in U.S. Patent No. 6,857,945,
issued February 22, 2005.

[0030] The flexible membrane 208 may be hydrophobic, durable, and chemically
inert in relation to the polishing process. The flexible membrane 208 can include a
central portion 220 with an outer surface that provides a mounting surface 222 for a
substrate, an annular perimeter portion 224 that extends away from the mounting
surface 222 for connection to the base assembly 204, and one or more non-circular
inner flaps 228 that extend from the inner surface 226 of the central portion 220 and
are connected to the base 204 to divide the volume between the flexible membrane
208 and the base 204 into the independently pressurizable non-circular inner
chamber 212a and the outer annular chamber 212b. In one embodiment, the non-
circular inner flaps 228 and the annular perimeter portion 224 are concentric relative
to a centerline 234 of the carrier head assembly 208. In one embodiment, the non-
circular inner flaps 228 and the annular perimeter portion 224 are concentric relative
to a center of the flexible membrane 208. An outer edge 230 of the flap 228 may be
secured to the base 204 by an annular clamp ring 215 (which may be considered
part of the base 204). An outer edge 232 of the annular perimeter portion 224 may
also be secured to the base 204 by annular clamp ring 216 (which also may be
considered part of the base 204), or the end of the perimeter portion may be
clamped between the retaining ring and the base. Although FIG. 2 illustrates one
flap 228, the carrier head assembly 200 could have multiple flaps corresponding to

the number of desired pressurizable chambers.

[0031] FIG. 3 is a cross-sectional top view of one embodiment of a flexible
membrane 208 of the carrier head assembly 200 of FIG. 2 taken along line 3-3 of
FIG. 2. The non-circular inner chamber 212a is formed by the non-circular inner flap
228. The concentric outer chamber 212b is bordered by the non-circular inner flap
228 and the annular perimeter portion 224 of the flexible membrane 208. Each
chamber 212a, 212b is individually pressurizable to the same or different pressures.

Although the non-circular inner chamber 212a is described as an oval inner

7
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chamber, it should be understood that other non-circular chambers may be used to

reduce the sharp transition boundary between a center zone and an edge zone.

[0032] FIG. 4 is a schematic view of a polishing profile 410 of a substrate after a
chemical mechanical polishing process performed with a carrier head assembly and
polishing techniques according to embodiments described herein. The polishing
profile 410 shows a center zone 402, an edge zone 404, and a transition zone 412
positioned between the center zone 402 and the edge zone 404. A comparison of
the polishing profile 108 of FIG. 1B with the polishing profile 410 of FIG. 4 shows
that the sharp boundary transition 106 of FIG. 1B is replaced by a smoother
transition zone 412 between the center zone 402 and the edge zone 404 thus
reducing or eliminating the sharp boundary transition present in prior art polishing

processes.

[0033] With reference to FIG. 2, FIG. 3, and FIG. 4, the non-circular inner
chamber 212a has a minor axis 304 and a major axis 308. As the carrier head
assembly 200 rotates, the substrate remains stationary relative to the flexible
membrane 208; however, the substrate occasionally slips relative to the flexible
membrane 208 as shown by arrow 310. The transition zone 412 is created as the
substrate slips across the area in between the minor axis 304 and the major axis
308 essentially creating the transition zone 412 bordered by an inner transition
boundary 420 and an outer transition boundary 422 that is not fixed. As the
substrate 10 slips relative to the carrier head assembly 200 the oval zone slips
across the substrate. The center zone 402 of the substrate is exposed to a constant
pressure regardless of slippage between the substrate and the flexible membrane
and the transition zone 412 of the substrate is occasionally exposed to the area

between the minor axis 304 and the major axis 308 of the oval.

[0034] FIG. 5 is a cross sectional view of another embodiment of a carrier head
assembly 500. The carrier head assembly 500 contains an “off-set” or “non-
concentric” inner chamber 512a. In one embodiment, the non-concentric inner
chamber 512a is non-concentric relative to a centerline 534 of the carrier head
assembly 500. In one embodiment, the non-concentric inner chamber 512a is non-

concentric relative to a center of the flexible membrane 508. The carrier head
8
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assembly 500 includes a base assembly 504 (which may be coupled directly or
indirectly with a rotatable drive shaft 205), a retaining ring 510, and a flexible
membrane 508. The flexible membrane 508 extends below and is coupled with the
base assembly 504 to provide multiple pressurizable chambers, including a non-
concentric inner chamber $12a having an annular shape and an annular outer
chamber 512b. Passages 514a and 514b are formed through the base assembly
504 to fluidly couple the chambers 512a and 512b, respectively to pressure
regulators in the polishing apparatus. Although FIG. 5 illustrates two pressure
chambers, the carrier head assembly 500 could have any number of chambers, for

example, three, four, five, or more chambers.

[0035] The flexible membrane 508 may be hydrophobic, durable, and chemically
inert in relation to the polishing process. The flexible membrane 508 can include a
central portion 520 with an outer surface that provides a mounting surface 522 for a
substrate, an annular perimeter portion 524 that extends away from the polishing
surface for connection to the base assembly 504, and one or more annular inner
flaps 528 that extend from an inner surface 526 of the central portion 520 of the
flexible membrane 508 and are connected to the base 504 to divide the volume
between the flexible membrane 508 and the base assembly 504 into the
independently pressurizable non-concentric inner chamber 512a and the annular
outer chamber 512b. An outer edge 530 of the flap 528 may be secured to the base
assembly 504 by an annular clamp ring 515 (which may be considered part of the
base assembly 504). An outer edge 532 of the annular perimeter portion 524 may
also be secured to the base 504 by an annular clamp ring 516 (which also may be
considered part of the base 504), or the outer edge 532 of the annular perimeter
portion 524 may be clamped between the retaining ring 510 and the base assembly
504. Although FIG. § illustrates one flap 528 the carrier head assembly 500 could

have two or more flaps.

[0036] FIG. 6 is a cross-sectional top view of one embodiment of the carrier head
assembly 500 of FIG. 5 taken along line 6-6 of FIG. 5. In one embodiment, the non-
concentric inner chamber 512a is off-set relative to the center of the flexible

membrane 508. The non-concentric inner chamber 512a is formed by the annular

9
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shaped inner flap 528. The outer chamber 512b is bordered by the annular shaped
inner flap 528 and the annular perimeter portion 524 of the flexible membrane 508.
Each chamber 512a, 512b is individually pressurizable to the same or different

pressures.

[0037] FIG. 7 is a schematic view of a polishing profile 700 of a substrate after a
chemical mechanical polishing process is performed using the carrier head
assembly 500 and polishing techniques described herein. The polishing profile 700
shows a center zone 702, an edge zone 704, and a transition zone 706 located
between the center zone 702 and the edge zone 704. A comparison of the polishing
profile 700 of FIG. 7 with the polishing profile 108 of FIG. 1B shows that the sharp
boundary transition 106 of FIG. 1B is replaced by the smoother transition zone 706
thus reducing or eliminating the sharp boundary transition present in prior art
polishing processes. An inner transition boundary 708 and an outer transition
boundary 710 define the transition zone 706. The center zone 702 is exposed to a
portion of the inner chamber 512a throughout the polishing process and areas
defined by the transition zone 706 are periodically exposed to the inner chamber

512a during the polishing process.

[0038] FIG. 8 is a cross sectional top view of another embodiment of a carrier
head assembly 800. The carrier head assembly 800 comprises a star-shaped inner
chamber 812a and an outer circular chamber 812b. The star shaped inner chamber
812a is formed by a star-shaped flap 828. The outer circular chamber 812b is
bordered by the star-shaped flap 828 and an annular perimeter portion 824 of a
flexible membrane 808. Each chamber 812a, 812b is individually pressurizable to
the same or different pressures. In operation, a center portion 830 of the star-
shaped zone formed by the star-shaped flap 828 remains in contact with an area of
the backside of the substrate throughout the polishing process while the points 832
of the star-shaped zone formed by the star-shaped flap 828 contact different areas

of the substrate periodically throughout the polishing process.

[0039] FIG. 9 is a cross sectional top view of another embodiment of a carrier
head assembly 900. The carrier head assembly 900 comprises a triangular

chamber 912a and an outer circular chamber 912b. The triangular chamber 912a is
10
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formed by a star-shaped flap 828. The outer circular chamber 912b is bordered by
the triangular-shaped flap 928 and by an annular perimeter portion 924 of a flexible
membrane 908. Each chamber 912a, 912b is individually pressurizable to the same
or different pressures. In operation, a center portion 930 of the triangular-shaped
zone 928 remains in contact with an area of the backside of the substrate
throughout the polishing process while the points 932 of the triangular shaped zone
928 contact different areas of the backside of the substrate periodically throughout

the polishing process.

[0040] Certain embodiments described herein that have non-circular, non-
concentric, and/or complex inner reliefs may also include a load transferring material
such as, for example, a foam material, as a means of delivering an asymmetric
pressure profile to the substrate. As it is compressed, the load transferring material
transfers the load to the substrate. In certain embodiments, the load transferring
material may be used in conjunction with the flexible membranes described herein.
In certain embodiments, the load transferring material may be used in lieu of the
flexible membranes described herein where the load transferring material is
designed so it performs similarly to the asymmetric flexible membranes described

herein.

[0041] In certain embodiments, the load transferring material can be a visco-
elastomer with little or no memory so as to provide good load transferring
characteristics. In certain embodiments, the load transferring material can be
memory foam having a higher density that is temperature sensitive. In certain
embodiments, the load transferring material can be memory foam having a lower
density that is pressure-sensitive. In certain embodiments, the load transferring
material can be a soft polymeric material, such as a polyvinylchloride (PVC).
Alternatively, the load transferring material can be a hard polymer, such as a mixture
of polyphenylenesulfide (PPS), carbon fibers and polytetrafluoroethylene (PTFE,
e.g., Teflon®, available from E.l. Dupont), e.g., with 55%/35%/10% by weight. Other
possible load transferring materials include but are not limited to styrene-maleic
anhydride (SMA), polystyrene, polypropylene, polyurethane (thermoset),

polyethylene, polyvinyl chloride, and acrylonitrile butadiene styrene.

11
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[0042] FIG. 10 is a cross sectional view of one embodiment of a carrier head
assembly 1000. The carrier head assembly 1000 is similar to carrier head 200 of
FIG. 2 except for the addition of a load transferring material 1010 in the carrier head
assembly 1000 and modification of an annular clamping ring 1015. Although the
load transferring material 1010 is shown as positioned in between the annular
clamping ring 1015 and the flexible membrane 208, it should be understood that the
load transferring material 1010 may be positioned at any location in the carrier head
assembly 1000 where the load transferring material helps transfer a load to the
substrate. For example, in certain embodiments, the load transferring material may

be an integral part of the flexible membrane 208.

[0043] In certain embodiment, the thickness of the load transfer material may be
varied to provide optimum results in operating conditions that have different loading,
carrier head rotation speed, polishing pad rotation speed, load transferring material,

and so on.

[0044] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.

12
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Claims:

1. A carrier head assembly capable of rotation about a centerline for chemical
mechanical polishing of a substrate, comprising:

a base assembly configured to provide support for the substrate;

a flexible membrane mounted on the base assembly having a generally
circular central portion with a lower surface that provides a mounting surface for a
substrate; and

a plurality of independently pressurizable chambers formed between the base
assembly and the flexible membrane comprising:

an annular outer chamber; and

a non-circular inner chamber.

2. The carrier head assembly of claim 1, wherein the flexible membrane further
comprises at least one flexible flap secured to the base assembly to form the

plurality of independently pressurizable chambers.

3. The carrier head assembly of claim 1, wherein the flexible membrane further
comprises an oval-shaped flap secured to the base assembly to form the plurality of

independently pressurizable chambers.

4, The carrier head assembly of claim 1, wherein the flexible membrane further
comprises a triangular flap secured to the base assembly to form the plurality of

independently pressurizable chambers.

5. The carrier head assembly of claim 1, wherein flexible membrane further
comprises a star-shaped flap secured to the base assembly to form the plurality of
independently pressurizable chambers and wherein the non-circular inner chamber

is concentrically positioned relative to the annular outer chamber.

6. The carrier head assembly of claim 1, wherein the non-circular inner chamber

is positioned off-center relative to the centerline.

13
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7. The carrier head assembly of claim 7, wherein the non-circular inner chamber
is defined by a flap selected from the group comprising a star-shaped flap, a
triangular flap, and an oval flap, secured to the base assembly to form between the
base assembly and the flexible membrane into the independently pressurizable

chambers.

8. The carrier head assembly of claim 3, wherein the non-circular inner chamber

is concentrically positioned relative to the annular outer chamber.

9. The carrier head assembly of claim 4, wherein the non-circular inner chamber

is concentrically positioned relative to the annular outer chamber.

10. The carrier head assembly of claim 1, wherein the at least one or more

flexible flaps is secured to the base assembly by an annular clamp ring.

11.  The carrier head assembly of claim 10, wherein an annular perimeter portion
of the flexible membrane is secured to the base assembly by the annular clamp ring
and wherein the annular perimeter portion is clamped between a retaining ring and

the base assembly.

12. A flexible membrane for coupling with a base assembly of a chemical
mechanical polishing carrier head assembly, comprising:

a central portion having an inner surface and an outer surface that provides a
mounting surface for a substrate;

an annular perimeter portion that extends away from the mounting surface for
coupling with a base assembly; and

one or more non-circular inner flaps that extend from the inner surface of the
central portion, wherein the one or more non-circular inner flaps are configured for

coupling with the base assembly to form the independently pressurizable chambers.

14
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13.  The flexible membrane of claim 12, wherein the one or more inner flaps is

selected from a group comprising a star flap, a triangular flap, and an oval flap.

14. The flexible membrane of claim 12, wherein the one or more non-circular

inner flaps are non-concentric relative to the annular perimeter portion.

15.  The flexible membrane of claim 14, wherein the one or more inner flaps is

selected from a group comprising a star flap, a triangular flap, and an oval flap.

15
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