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1 Title of Invention
(]

' CARRIER HEAD WITH A VIBRATION REDUCTION FEATURE
FOR A CHEMICAL MECHANICAL POLISHING SYSTEM

i

i

D

Claims

C

1. A carrier head for positioning a substrate on a polishing surface, comprising:

a housing connectable to a drive shaft 1o rotate therewith;

a base;

a detachable plate removably mounted to the housing;

a gimbal mechanism connecting the housing to the base to permit the bhase to
move with respect to the housing such that the base remains substantially parallel to
the polishing surface; and

a fiexible membrane defining 2 mounting surface for the substrate.

2. The carrer head of claim 1, wherein the detachable plate is manually
removable.
a The carrier head of claim 1, wherein the detachable plate provides additional

weight to the carrier head.

4, . The carrier head of claim 1, wherein the gimbal mechanism comprises a
dampening ring configured to dampen the vibrations generated while polishing the
substrate.

5, The carrier head of ¢laim 1, wherein the gimbal mechanism comprises:

a rod slidably disposed in a vertical passage in the housing; and

a ring integrally connected to the rod, the ring defining a lower ring portion
and an upper ring portion, the upper ring partion being made of a lighter material
than the lower ring portion.

G. The carrier head of claim 1, wherein the gimbal mechanism comprises:

a rod slidably disposed in a vertical passage in the housing;

a ring integrally connected to the rod, the ring defining a lower ring portion
and an upper ring portion; and

a dampening ring placed in between the lower ring portion and the upper ring

—m —m ~—m =@ ™~ @ @ @ @ @ @ @ @ ™@ o™@ oM™@o&E s & /& /s /s /s /&, /e, /& /e /e /e /e /e /e e e e e e
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7. The carrier head of claim 1, further comprising a loading mechanism

connecting the housing to the base to apply a downward pressure to the base.

8. The carrier head of claim 1, further comprising a retaining ring connected to

the base and surrounding the flexible membrane.

9. A carrier head for positioning a substrate on a polishing surface, comprising:
a housing connectable to a drive shait to rotate therewith;

a base;
a flexible membrane defining a mounting surface for the substrate; and
a gimbal mechanism connecting the housing to the base to permit the base to
move with respect to the housing such that the base remains substantially parallel to
the polishing surface, the gimbal mechanism comprising:
a rod slidably disposed in a vertical passage in the housing; and
a ring integrally connected to the rod, the ring defining a lower ring
portion and an upper ring portion, the upper ring portion being made of a
lighter material than the lower ring portion.

10. The carrier head of claim 9, wherein the gimbal mechanism further comprises
a dampening ring configured to dampen the vibrations generated while polishing the

substrate.

11.  The carrier head of claim 9, wherein the gimbal mechanism further comprises
a dampening ring placed in between the lower ring portion and the upper ring
portion.

12.  The carrier head of claim 9, further comprising a detachable plate removably
mounted on the housing.

13. A carrier head for a chemical mechanical polishing apparatus, comprising:

a housing connectable to a drive shaft 1o rolate therewith;
a loading mechanism connecting the housing to a base to permit vertical

movement of the base relative to the housing; and
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a detachable plate removably mounted on the housing.

14. The carrier head of claim 13, wherein the detachable plate is manually

removable.

15.  The carrier head of ciaim 13, wherein the detachable plate provides additional

weight to the carrier head.

16. The carrier head of claim 13, further comprising a gimbal mechanism having
a dampening ring configured to dampen the vibrations generated while polishing a

substrate.

17.  The carrier head of ciaim 13, further comprising a gimbal mechanism having
a dampening ring placed in between the lower ring portion and the upper ring

portion.

18. The carrier head of claim 13, further comprising a gimbal mechanism having
a rod slidably disposed in a vertical passage in the housing; and a ring integrally
connected to the rad, the ring defining a lower ring portion and an upper ring portion,
the upper ring portion being made of a lighter material than the lower ring portior.

19. A carrier head for a chemical mechanicai polishing apparatus, comprising:
a housing connectable 1o a drive shaft to rotate iherewith;
a base; and
a gimbal mechanism connecting the housing to the base fo permit the base to
move vertically with respect to the housing, the gimbal mechanism comprising:
a rod slidably disposed in a vertical passage in the housing; and
a ring infegrally connected to the rod, the ring defining a lower ring
portion and an upper ring portion, the upper ring portion being made of a
lighter material than the lower ring portion; and
a flexible membrane connected 1o the base, the flexible membrane defining a

mounting surface for a substrale.
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20. The carrier head of claim 19, wherein the gimbal mechanism further
comprises a dampening ring configured to dampen the vibratiens generated while
polishing the substrate.

21. The carrier head of claim 18, wherein the gimbal mechanism comprises a
dampening ring placed in between the lower ring portion and the upper ring portion.

22.  The carrier head of claim 19, further comprising a detachable plate removably

mounted to the housing.

C

3 Detailed Description of Invention
0
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BACKGROUND OF THE INVENTION

Field of the invention

poo1]  The invention generally relates to a carrier head utilized during cherical
mechanicat polishing of substrates.

Description of the Related Art

[poo2] Integrated circuits are typically formed on substrates, particularly silicon
wafers, by the sequential deposition of conductive, semiconductive or insulative
layers. After each layer is deposited, the layer is eiched to create circuitry features.
As a series of layers are sequentially deposited and etched, the outer or uppermost
surface of the substrate, i.e., the exposed surface of the substrate, becomes
increasingly non-planar. This non-planar outer surface presents a problem for the
integrated circuit manufacturer. If the outer surface of the substrate is non-planar,
then a photoresist layer placed thereon is also non-planar. A photoresist layer is
typically patterned by a photolithographic apparatus that focuses a light image onto
the photoresist. If the outer surface of the substrale is sufficiently non-planar, then
the maximum height difference between the peaks and valleys of the outer surface
may exceed the depth of focus of the imaging apparatus, and it will be impossible 1o
properly focus the light image ontc the outer substrate surface. Therefore, thereis a
need to periodically planarize the substrate surface to provide a substantially planar

layer susrface.

{0003} Chemical mechanical polishing (CMP) is one accepted method of
planarization. This planarization method typically requires that the substrate be
mounted to a carrier or polishing head. The exposed surface of the substrate is then
placed against a rotating polishing pad. The carrier provides a controllable load, /.e.,
pressure, on the substrate to press it against the polishing pad. In addition, the
carrier may rotate to provide additional motion between the substrate and polishing
pad. A polishing slurry, including an abrasive and at least one chemically-reactive
agent, may be distributed over the polishing pad to provide an abrasive chemical
solution at the interface between the pad and substrate.
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[ooo4]  Typically, the carrier head is used to remove the substrate from the
polishing pad after the polishing process has been completed. The substrate is
vacuum-chucked to the underside of the carrier head. When the carrier head is
retracted, the substrate is lifted off the polishing pad.

[0005] One problem that has been encouniered in CMP is that during the course
of polishing the wafer, vibrations of both high and low frequencies are produced,
causing various problems associated with manufacturing efficiency and incremental
increase in operafing costs. High frequency vibrations (»250 Hz and <20 kHz)
produced during polishing may present environmental, healih and safety issues,
while low frequency vibrations (<250 Hz) produced during polishing present may
present refiability issues. For instance, the vibrations produced may cause gimbal
screws to loosen, leading to slipped wafers. In addition, the polishing induced
energy transmitted between the components in the carrier head may create
resonance and amplification response that produce an inordinate amount of sound.
The polishing induced energy may further cause refative bending movament within

the polishing system.

[0o0s] A consideration in solving the problems associated with vibrations is
developing a solution that is bolh cost efiicient and ergonomically plausible, while
still adhering to the established regulatory standards of the workplace.

[ooo7y  Accordingly, a need exists for a chemical mechanical polishing apparatus
that optimizes polishing throughput while minimizing vibrations during the course of

polishing the wafer.

SUMMARY OF THE INVENTION

[0008] Embodiments of the present invention are generally directad to a carrier
head for positioning a substrate on a polishing surface. In one embodiment, the
carrier head includes: a housing connectable to a drive shaft to rotate therewith; a
base: a detachable plate removably mounted on top of the housing: a gimbal
mechanism connecting the housing 1o the base to permit the base 1o move with
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respect to the housing such that the base remains substantially paralie! 1o the
polishing surface; and a flexible membrane defining a mounting surface for the

substrate,

[goog]  Another embodiment of the present invention is directed to a cartrier head
for positioning a substrate on a polishing surface. The carrier head includes: a
housing connectable to a drive shaft to rotate therewith; a base; a gimbal
mechanism connecting the housing to the base to permit the base to move with
respect io the housing such that the base remains substantially paralle! to the
polishing surface. The gimbal mechanism includes: a rod slidably disposed in a
vertical passage in the housing; and a ring integrally connected io the rod. The ring
defines a lower ring portion and an upper ring portion. The upper ring portion is
made of a lighter material than the lower ring portion. The carrier head further

includes a flexible membrane defining a mounting surface for the substrate.

[0010]  Another embodiment of the present invention is directed to a carrier head
for a chemical mechanical polishing apparatus. The apparatus includes: a housing
connectable to a drive shaft to rotate therewith; a loading mechanism connecling the
housing to a base to permit vertical movernent of the base relative 1o the housing;
and a detachable plate removably mounted on the housing.

oo11]  Yet another embodiment of the present invention is directed to carrier
head for a chemical mechanical polishing apparatus. The apparatus includes: a
housing connectable to a drive shaft 1o rotate therewith; a loading mechanism
connecting the housing 1o a base to permit vertical movement of the base relative to
the housing; and a gimbal mechanism connecting the housing to the base 10 permit
the base to move with respect to the housing such that the base remains
substantially parallel to a polishing surface associated with the cherical mechanical
palishing apparatus. The gimbal mechanism includes a dampening ring contigured
to dampen vibrations generated while polishing the substrate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

joo20]  The present invention is directed to various embodiments of a carrier head
for a chemical machanical polishing apparatus. In one aspect, the carrier head
includes a detachable plate mounted 10 a housing portion of the carrier head. More
specifically, the detachable plate is mounted on top of a housing plate defined by the
housing. The detachable plate provides the additional weight necessary for
reducing the vibrations and noise generated while the substrate is being polished.
In one embodiment, the detachable plate is manually removable such that no lifting

equipment is required for removing the detachable plale. As a result of the
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additional welght provided by the detachable plate, the gimbal mechanism may be
configured to be of a lesser weight. For instance, the upper portion of the gimbal
ring may be made of a material lighter than the lower portion of the gimbai ring. In
one embodiment, the upper portion of the gimbal ring is made of a material that
reduces the energy created when the CMP system reaches resonance frequency.
In one aspect of the invention, a dampening ring is placed in between the lower
portion of the gimbal ring and the upper portion of the gimbal ring to dampen the
vibraticns generated during the polishing process.

[0021] Embodiments of the present invention may be used with a variety of
chemical mechanical polishing (CMP) system, including the CMP system configured
for polishing 200 mm substrates and the CMP apparatus configured for polishing
300 mm substrates, such as, the REFLEXION™ CMP systern available from Applied
Materials, Inc., of Santa Clara, California. lllustratively, an exploded perspective
view of a chemical mechanical polishing apparatus 20 in accordance with an
embodiment of the invention is ilustrated in Figure 1. The chemical mechanical
polishing (CMP) apparatus 20 is configured to polish one or more substrates 10. A
description of similar CMP systems may be found in U.S. Patent No. 5,738,574 and
U.S. Patent No. 6,156,124, the entire disclosures of which are incorporated herein
by reference.

[0022]  According to the invention, the CMP apparatus 20 includes a lower
machine base 22 with a table top 23 mounted on the CMP apparatus 20 and a
removable upper outer cover {not shown). The table top 23 supports & series of
polishing stations 25a, 25b, and 25¢, and a transfer station 27. The transfer station
27 forms a generally square arrangement with the three polishing stations 25a, 250,
and 25c. The transfer station 27 performs multiple functions of receiving individual
substrates 10 from a loading apparatus (not shown), washing the substrates, loading
the substrates inio the carrier heads, receiving the substrates frorn the carrler heads,
washing the substrates again, and finally transferring the substrates back to the
loading apparatus.

[0023]  Each polishing station 25a-25¢ includes a rotatable platen 30 on which is
piaced a polishing pad 32. The platen 30 is preferably a rotatable aluminum or
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stainless steel plate connected by a stainless steel platen drive shaft (not shown) to
a platen drive motor {also not shown), For most polishing processes, the drive
motor rotates the platen 30 at about thirty to two-hundred revoiutions per minute,

although lower or higher rotational speeds may be used.

[0o24] The polishing pad 32 may be a composite material with a roughened
polishing surface. The polishing pad 32 may be attached to the platen 30 by a
pressure-sensitive adhesive layer. The polishing pad 32 may have a fifty mil, thick
hard upper layer and a fifty mil. thick softer lower layer. The upper layer is
preferably a material composed of polyurethane mixed with other fillers. The lower
layer is preferably a material composed of compressed felt fibers leached with
urethane. A common two-layer polishing pad, with the upper layer composed of IC-
1000 and the lower layer composed of SUBA-4, is available from Rodel, Inc.,
located in Newark, Del. (IC-1000 and SUBA-4 are product names of Redel, Inc.).

(oa2s] Each polishing station 25a-25¢ may furlher include an associated pad
conditioner apparatus 40. Each pad conditioner apparatus 40 has a rotatable arm
42 holding an independently rotating conditioner head 44 and an associated
washing basin 46. The conditioner apparatus 40 maintains the condition of the
polishing pad so that it will effectively polish any substrate pressed against it while it

is rotating.

[0028] A slurry 50 containing a reactive agent (e.g., deionized water for oxide
polishing), abrasive particles {e.g. silicon dioxide for oxide polishing) and a
chemically-reactive catalyzer (e.g., potassium hydroxide for oxide polishing), is
supplied to the surface of polishing pad 32 by a slurry supply tube 52. Sufficlent
siurry 50 is provided to cover and wet the entire polishing pad 32. Two or more
intermediate washing stations 55a and 55b are positioned between neighboring
polishing stations 25a, 25b and 25¢. The washing stations 55a and S5b rinse the
substrates 10 as they pass from one polishing station to another.

[0027] A rotatable muiti-head carousel 60 is positioned above the lower machine
base 22, The carousel 60 is supported by a center post 62 and is rotated thereon
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about a carousel axis 64 by a carousel motor assembly (not shown) located within
the base 22. The center post 62 supports a carousel support plate 66 and a cover
68. J

[o28]  The multi-head carousel 80 includes four carrier head systems 70a, 70b,
70c, and 70d. Three of the carrier head systems receive and hold substrates and
polish them by pressing them against the polishing pad 32 on the platen 30 of the
polishing stations 25a-25c. One of the carner head systems receives a substrate
from and delivers the substrate to the transfer station 27. The four carrier head
systems 70a-70d are mounted on the carousel support plate 66 at equal angular
intervals about the carousel axis 64. The center post 62 allows the carousel motor
o rotate the carousel support plate 65 and to orbit the carrier head systems 70a-

70d, and the substrates attached thereto, about the carousel axis 64.

jocz29] Each carrier head system 70a-70d includes a polishing or carrier head
100. Each carrier head 100 independently rotates about its own axis and
independently laterally oscillates in a radial slot 72 formed in the carousel support
plate 66. A carrier drive shaft 74 connects a carrier head rotation motor 76 to the
carrier head 100 (shown by the removai of one-quarter of cover 68). Each head 100
therefore has one carrier drive shaft 74 and one motor 76,

[0030] Referring now o Figure 2, a schematic top view of the carousel 60 with
the upper housing 68 removed in accordance with an embodiment of the invention is
illustrated. As shown in Figure 2, the carouse! support plate 86 supports the four
carrier head syslems 70a-70d. The carousel support plate 66 includes four radial
slots 72, generally extending radially and oriented 30 degree apart. The four radial
slots 72 may either be close-ended (as shown} or open-ended. The top of support
piate 66 supporis four slotted carrier head support slides 80. Each slide 80 aligns
along one of the radial slots 72 and moves freely along a radial path with respect to
the carousel support plate 66. Two linear beating assemblies bracket each radial
slct 72 to support each slide 80.

[0031]  As shown in Figures 2 and 3, each linear bearing assembly includes a rail
82 fixed to the carousel support plate 66, and two hands 83 (only one of which is
illustrated in Figure 3) fixed fo the slide 80 to grasp the rail 82. Two bearings 84
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separate each hand 83 from the rail 82 {0 provide free and smooth movement
therebetween. Thus, the linear bearing assembiies permit the slides 80 to move
freely along the radial slots 72.

foo32] A bearing stop 85 anchored to the outer end of one of the rails 82
pravents the slide 80 from accidentally caming off the end of the rails. One of the
arms of each slide 80 contains an unillustrated threaded receiving cavity or nut fixed
1o the slide near its distal end. The threaded cavity or nut receives a worm-gear
lead screw 86 driven by a slide radial oscillator motor 87 mounted on the carousel
support plate 66. When the motor 87 turns the lead screw 86, the slide 80 moves
radially. The four motors 87 are independently operable to independently move the
four slides along the radial slots 72 in the carousel support plate 66.

[0033] A carrier head assembly or system, each including a carrier head 100, a
cammier drive shaft 74, a carrier motor 76, and a surrounding non-rotating shaft
housihg 78, is fixed to each of the four slides. The drive shaft housing 78 holds the
drive shaft 74 by paired sets of lower ring bearings 88 and a set of upper ring
bearings 89.

[0e34] A rotary coupling 90 at the top of drive motor 76 couples three or more
fluld lines 92a, 92b and 92c io three or more channels 94a, 94b and 94g,
respectively, in the drive shaft 74. Three vacuum or pressure sources, such as
pumps, venturis or pressure regulators (hereinafter collectively referred to simply as
"pumps") 93a, 93b and 93c may be connecied to fluid lines 92a, 92b and 92¢,
respectively, Three pressure sensors or gauges 96a, 96b and 96¢ may be
connected to fluid lines 82a, 82b and 92c¢, respectively. Controllable valves 98a,
98b and 98¢ may be connected across the fluid lines between pressure gauges 96a,
96b and 96¢ and pumps 93a, 93b and 93¢, respectively. Pumps 93a-83¢, pressure
gauges 96a-96¢ and valves 98a-88c may be appropriately connected to a general-
purpase digital compuler 99, The computer 9 may operate pumps 93a-93c, as
describad in more detail below, o pneumatically power the carrier head 100 and to
vacuum-chuck a substrate to the bottom of the carrier head 100. In addition, the
computer 99 may operate the valves 98a-98c and monitor the pressure gauges 96a-
96¢ 1o sense the presence of the substrate in the camer head.
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peas]  During actual polishing, three of the carrier heads, e.g., those of carrier
head syslems 70a-70c¢, are positioned at and above respective polishing stations
25a-25¢c. The carrier head 100 lowers a substrate 10 into contact with the polishing
pad 32, and the slurry 50 acts as the media for chemical mechanical polishing of the

substrate or wafer.

[0035] The substrate 10 is fypically subjected to multiple polishing steps,
including a main polishing step and a final pclishing step. For the main polishing
step, usually performed at stalion 25a, the carrier head 100 may apply a force of
approximately four to ten pounds per square inch (psi) to the substrate 10. At
subsequent stations, the carrier head 100 may apply more or less force. For
example, for a final polishing step, usually performed at station 25c, the carrier head
100 may apply a force of about three psi. The cartier motor 78 rotates the carrier
head 100 at about thirty to two-hundred revolutions per minute. The platen 30 and
the carrier head 100 may rotate at substantially the same rate.

100371  Generally, the carrier head 100 holds the substrate 10 against the
polishing pad 32 and evenly distributes a force across the back surface of the
substrate 10. The carrier head 100 also transfers the tcrque frorn the drive shaft to
the substrate 10 and ensures that the substrate 10 does not slip from beneath the
carrier head 100 during polishing.

[0038] Referring now to Figure 4, a side perspective view of the carrier head 100
in accordance with an embodiment of the invention is illustrated. The carrier head
100 includes a housing 102, a defachable plate 105, a base 104, a gimbal
mechanism 108, a loading mechanism 108, a retaining ring 110, and a substrate
backing assembly 112. A more detailed description of a similar carrier head may be
found in U.S. Pat. No. 5,957,751, the entire disclosure of which is hereby
incorporated by reference.

[0039]) The housing 102 is connected to the drive shaft 74 to rotate therewith
about an axis of rotation 107, which is substantially perpendicular io the surface ot
the polishing pad 32. The housing 102 is generally circular in shape 1o correspond
1o the circular configuration of the substrale 10 to be polished. The housing 102
includes an annular housing plate 120. A detachable piate 105 is mounted on top of
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the housing plate 120 to reduce the vibrations associated with polishing by
increasing the inertia of the carrier head 100. The detachable plate 105 has a
generally ring-shaped body. The weight of the detachable plate 105 may vary in
accordance to the carrier head 100 or the substrate 10. In one embodiment, the
detachable plate 105 weighs about 25 pounds. The additional weight provided by
the detachable plate 105 allows a wider process operating range for key polishing
parameters, such as, head/platen rotation speed, down force, and siurry flow rate.

[0040] The detachable plate 105 may also be easily removed without the
assistance of lifting equipment. In one embodiment, the upper surface of the
housing plate 120 is shaped so as to conform to the shape of the bottomn surface of
the detachable plate 105. That is, the housing plate 120 defines a groove 121
{(shown in Figure 5) on its upper surface configured to receive the detachable plate
105. In another embodiment, three high spots are defined on the top surface of the
housing plate 120 for seating the detachable plate 105. Two holes 123 are defined
on the upper surface of the detachable plate 105 for receiving fastening means. The
detachabie plate 105 may be attached to the housing plate 120 by varicus fastening
means, such as, bolts. The detachable plate 105 may also be formed of any
material that provides weight, such as, stainless steel or tungsten. Alternatively, the
detachable plate 105 may be coated with a polymer-type material, such as, Hatar™
to prevent metal to metal contact, to avoid slurry adhesion, and to provide high
surface lubricity. A top perspective view of the detachable plate 105 is illustrated in
Figure 5.

[0041] Referring back to Figure 4, the housing 102 further includes a generally
cylindrical housing hub 122, which defines an upper hub portion 124 and a lower
hub portion 126. The housing plate 120 surrounds the lower hub portion 126. Both
the housing plate 120 and the housing hub 122 may be formed of stainless stee! or
alurminum.

foog21 The base 104 is a generally ring-shaped body located beneath the
housing 102, and more specifically, the housing plate 120. The base 104 may be
formed of a rigid material such as aluminum, stainless steel or fiber-reinforced

plastic.
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[0043] The gimbal mechanism 106 permits the base 104 to move with respect to
the housing 102 so that the base 104 may remain substantially parallel with the
surface of the polishing pad 32. Specifically, the gimbal mechanism 106 permits the
base 104 to move vertically, i.e., along the axis of rotation 107, and to pivot, i.e., to
rotate about an axis parallel to the surface of the polishing pad 32, with respect to
the housing 102. However, the gimbal mechanism 106 prevents the base 104 from
moving laterally, i.e., along an axis parallel to the polishing pad 32, with respect to
the housing 102. The gimbal mechanism 106 is unloaded; that is, no downward
pressure is applied from the housing 102 through the gimbal mechanism 106 to the
base 104. However, the gimbal mechanism 106 can transfer any side load, such as
the shear force created by the friction between the substrate 10 and palishing pad
32, to the housing 102.

[op44] The gimbal mechanism 106 includes a gimbal rod 180 and a ring 182,
which defines an upper gimbal ring portion 183 and a lower gimbal ring portion 181.
The upper gimbal ring portion 183 is attached to the housing plate 120 and the lower
gimbal ring portion 181. The gimbal rod 180 and the lower gimbal ring portion 181
may be formed of rigid materials, such as stainless steel or aluminum. However, the
upper gimbal ring portion 183 may be made of a light matenal, such as, plastic or
fiber-reinforced plastic. Alternately, the upper gimbal ring portion 183 may be
formed of a hard plastic, such as DELRIN ™, available from Dupont of Wilmington,
Delaware, or af a laminate of glass fibers and epoxy resin, such as G10. [n one
embodiment, the upper gimbal ring portion 183 is made of a material that reduces
the energy created when the CMP system reaches resonance frequency. The
gimbal mechanism 106 may further include a dampening ring 184 (shown in Figure
6} placed in between the upper gimbal ring portion 183 and the lower gimbal ring
portion 181. The dampening ring 184 is configured to dampen the high frequency
vibrations induced during polishing. In one embodiment, the dampening ring 184 is
a rubber gasket. An exploded perspective view of the gimbal mechanism 106 in
accordance with an embodiment of the invention is illustrated in Figure 6. In another
aspect, O-rings 198 may he set into recesses in the lower hub portion 126 to provide
a seal between the gimbal rod 180 and the lower hub portion 126.

[0045]  The loading mechanism 108 is positioned between the housing 102 and
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the base 104 to apply a load, i.e., a downward pressure, to the base 104. In this
regard, the veriical position of the base 104 relative to the housing 102 is conirolled
by the Ioading mechanism 108. As shown in Figure 4, the loading mechanism 108
includes a chamber 200 located between the housing 102 and the gimbal 106.

[0oas]  The chamber 200 is formed by sealing the lower hub pertion 126 to the
housing plate 120. The chamber 200 may be sealed by various means known by
one of ordinary skilled in the art. The chamber 200 may be connected to the pump
93a (see Figure 3) via the fiuid line 92a, the rotary coupling 90, the channel 94a in
the drive shaft 74, and a passage (not shown) in the housing 102. Fluid or gas,
such as air, may be pumped into and out of the chamber 200 to control the load
applied to the base 104. If the pump 93a pumps fluid into the chamber 200, the
volume of the chamber 200 will increase and the base 104 will be pushed
downwardly. On the other hand, if the pump 93a pumps fluid out of chamber 200,
the volume of chamber 200 will decrease and base 104 will be pulled upwardly.

{00477 The relgining ring 110 is secured at the outer edge of base 104. The
retaining ring 110 is a generzlly annular ring having a substantially flat bottom
surface. When fluid is pumped into the chamber 200 and the base 104 is pushed
downwardly, the retaining ring 110 is also pushed downwardly 1o apply a load to the
pofishing pad 32. An inner surface 232 of retaining ring 110 defines, in conjunction
with mounting surface 274 of flexible membrane 118, a substrate receiving recess
234. The retaining ring 110 prevents the substrate 10 from escaping the receiving
recess 234 and transfers the lateraf load from the substrate 10 to the base 104. The
retaining ring 110 is made of a hard plastic or a ceramic material. In one
embodiment, the retaining ring 110 may be secured to the base 104 by, for example,
bolts 240 (only one is shown in this cross-sectional view).

[(0048] The substrate backing assembly 112 is located below the base 104, The
substrate backing assembly 112 includes a support structure 114 and a fiexible
membrane 118. The flexibie membrane 118 connects to and extends beneath the
support structure 114 to provide a mounting surface 274 for the substrate 10.

[0048] The support structure 114 includes a support plate 250, which may be a
generally disk-shaped rigid member. The support plate 250 may have a generally
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planar lower surface 256 and a plurality of apertures 260 extending vericaily
through the support plate 250 connecting the lower surface 256 to an upper surface
254, The support plate 250 may be formed of aluminum or stainless steel.

[0050] As mentioned above, the lower surface of the flexible membrane 118
provides the mounting surface 274 for the substrate 10. During polishing, the
substrate 10 Is positioned in the substrate receiving recess 234 with the backside of
the substrate 10 positioned against the mounting surface 274. In one embodiment,
the flexible membrane 118 is a circular sheet formed of a flexible and elastic
malerial, such as a high-strength silicone rubber. The flexible membrana 118 has a
protruding outer edge 270 that fits into a groove 262. The edge of flexible
membrane 118 is clamped between the base 104 and the housing plate 120. A
small aperture or plurality of apertures may be formed &t the approximate center of
membrane 118 1o sense the presence of the substrate. The apertures may be about

one to ten millimeters across.

[0051]  The flexible membrane 118 may adjust to & tilted polishing pad 32 without
deforming the portion of the membrane 118 near the edge of the substrate 10.
Consequently, the foad on the substrate 10 will remain uniform even if the polishing
pad 32 is tilted with respect to the carrier head 100. The flexible membrane 118
may also deform to match the backside of substrate 10. For example, if the
substrate 10 is warped, the flexible membrane 118 will, in effect, conform to the
contours of the warped substrate 10. Thus, the load on the substrale 10 will remain
uniform even if there are surface irregularities on the backside of the substrate 10.

[00521  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 ¢laims that

follow.

Brief Description of Drawings

0012]  So that the manner in which the recited embodiments of the present
invention are attained and can be understood in detail, a more particular description
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of the invention, briefly summarized above, may be had by reference fo the
embodiments thereof which are illustrated in the appended drawings.

(0013} It is to be noted, however, that the appended drawings illusirate 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 embodimenis,

po14]  Figure 1 is an exploded perspective view of a chemical mechanical
polishing apparatus in accordance with an embodiment of the present invention;

[oo1s]  Figure 2 is a schematic top view of a carousel, with the upper housing
removed, in accordance with an embodiment of the present invention,

[a016] Figure 3 is partially a cross-sectional view of the carousel of Figure 2
along line 3--3, and partially a schematic diagram of the pressure regulators used by
the CMP apparatus, in accordance with an embodiment of the present invention;

o017} Figure 4 is a side perspective view of a carrier head with a detachable
plate and a gimbal mechanism in accordance with an embodiment of the present
invention; -

joo18]  Figure 5 is a top exploded perspective view of the detachable plate in
accordance with an embodiment of the present invention; and

j0019] Figure 6 is an exploded perspective view of the gimbal mechanism in
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Abstract

C

E Embodiments of the present invention are directed to a carrier head for
[ positioning & subsirate on a polishing surface. The carrier head includes a housing
[ connectable to a drive shaft to rotate therewith; a base; a detachable plate
: removably mounted cn top of the housing; a gimbal mechanism connecting the
E housing to the base to permit the base to move with respect to the housing such that
. the base remains substantially parallel to the polishing surface; and a flexible
[

membrane defining a mounting surface for the substrate.
L,

2 Representative Drawing Fig. 1
]
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