
WO 2004/098829 PCT/US2004/012765 SYSTEMS AND METHODS
FOR MECHANICAL AND/OR CHEMICAL- MECHANICAL POLISHING
OF MICROFEATURE WORKPIECES  TECHNICAL FIELD [0001) The
present invention relates to systems and methods for
polishing  microfeature workpieces. In particular, the
present invention relates to  mechanical and/or
chemical-mechanical polishing of microfeature
workpieces with  workpiece carrier assemblies that
include piezoelectric members. BACKGROUND  [00021
Mechanical and chemical-mechanical planarization
processes (collectively,  "CMP") remove material from
the surface of microfeature workpieces in the
production of microelectronic devices and other
products. Figure 1 schematically  illustrates a rotary
CMP machine 10 with a platen 20, a carrier head 30,
and a  planarizing pad 40. The CMP machine 10 may also
have an under-pad 25  between an upper surface 22 of
the platen 20 and a lower surface of the  planarizing
pad 40. A drive assembly 26 rotates the platen 20
(indicated by arrow  F) and/or reciprocates the platen
20 back and forth (indicated by arrow G). Since  the
planarizing pad 40 is attached to the under-pad 25,
the planarizing pad 40  moves with the platen 20
during planarization. 100031 The carrier head 30 has a
lower surface 32 to which a microfeature  workpiece 12
may be attached, or the workpiece 12 may be attached
to a resilient  pad 34 under the lower surface 32. The
carrier head 30 may be a weighted, free- floating
wafer carrier, or an actuator assembly 36 may be
attached to the carrier  head 30 to impart rotational
motion to the microfeature workpiece 12 (indicated by
arrow J) and/or reciprocate the workpiece 12 back and
forth (indicated by arrow I). WO 2004/098829
PCT/US2004/012765  [0004] The planarizing pad 40 and a
planarizing solution 44 define a planarizing medium
that mechanically and/or chemically-mechanically
removes material from  



the surface of the microfeature workpiece 12. The
planarizing solution 44 may be  a conventional
CMP.slurry with abrasive particles and chemicals that
etch and/or  oxidize the surface of the microfeature
workpiece 12, or the planarizing solution  44 may be a
"clean" nonabrasive planarizing solution without
abrasive particles.  In most CMP applications,
abrasive slurries with abrasive particles are used on
nonabrasive polishing pads, and clean nonabrasive
solutions without abrasive  particles are used on
fixed-abrasive polishing pads. [00051 To planarize the
microfeature workpiece 12 with the CMP machine 10, the
carrier head 30 presses the workpiece 12 facedown
against the planarizing pad  40. More specifically,
the carrier head 30 generally presses the microfeature
workpiece 12 against the planarizing solution 44 on a
planarizing surface 42 of  the planarizing pad 40, and
the platen 20 and/or the carrier head 30 moves to rub
the workpiece 12 against the planarizing surface 42.
As the microfeature  workpiece 12 rubs against the
planarizing surface 42, the planarizing medium
removes material from the face of the workpiece 12.
[0006] The CMP process must consistently and
accurately produce a uniformly  planar surface on the
workpiece to enable precise fabrication of circuits
and  photo-patterns. A nonuniform surface can result,
for example, when material from  one area of the
workpiece is removed more quickly than material from
another  area during CMP processing. To compensate for
the nonuniform removal of  material, carrier heads
have been developed with expandable interior and
exterior  bladders that exert downward forces on
selected areas of the workpiece. These  carrier heads,
however, have several drawbacks. For example, the
typical  bladder has a curved edge that makes it
difficult to exert a uniform downward  force at the
perimeter. Moreover, conventional bladders cover a
fairly broad area  of the workpiece, thus limiting the
ability to localize the downward force on the
workpiece. Furthermore, conventional bladders are
often filled with compressible  air that inhibits
precise control of the downward force. In addition,
carrier heads  



-2 WO 2004/098829 PCT/US2004/012765 with multiple
bladders form a complex system that is subject to
significant  downtime for repair and/or maintenance,
causing a concomitant reduction in  throughput. BRIEF
DESCRIPTION OF THE DRAWINGS [0007] Figure 1 is a
schematic cross-sectional side view of a portion of a
rotary  planarizing machine in accordance with the
prior art. [0008] Figure 2 is a schematic
cross-sectional view of a system for polishing a
microfeature workpiece in accordance with one
embodiment of the invention. [0009] Figure 3 is a
schematic cross-sectional view taken substantially
along line  A-A of Figure 2. [0010] Figure 4A is a
schematic top planform view of a plurality of
piezoelectric  members arranged concentrically in
accordance with an additional embodiment of  the
invention. [0011] Figure 4B is a schematic top
planform view of a plurality of piezoelectric  members
arranged in a grid in accordance with an additional
embodiment of the  invention. DETAILED DESCRIPTION  A.
Overview [0012] The present invention is directed to
methods and systems for mechanical  and/or
chemical-mechanical polishing of microfeature
workpieces. The term  "microfeature workpiece" is used
throughout to include substrates in or on which
microelectronic devices, micro-mechanical devices,
data storage elements, and  other features are
fabricated. For example, microfeature workpieces can
be  semiconductor wafers, glass substrates, insulated
substrates, or many other types  of substrates.
Furthermore, the terms "planarization" and
"planarizing" mean  either forming a planar surface
and/or forming a smooth surface (e.g.,  



"polishing"). Several specific details of the
invention are set forth in the following  description
and in Figures 2-4B to provide a thorough
understanding of certain  -3 WO 2004/098829
PCT/US2004/012765  embodiments of the invention. One
skilled in the art, however, will understand  that the
present invention may have additional embodiments, or
that other  embodiments of the invention may be
practiced without several of the specific  features
explained in the following description. [0013] One
aspect of the invention is directed to a method for
polishing a  microfeature workpiece having a
characteristic. In one embodiment, the method
includes determining a status of the characteristic of
the microfeature workpiece  separate from the
polishing cycle and moving a carrier head and/or a
polishing  pad relative to the other to rub the
microfeature workpiece against the polishing  pad
after determining the status of the characteristic of
the microfeature  workpiece. The carrier head also
carries a plurality of piezoelectric members.  The
method further includes applying pressure against a
back side of the  microfeature workpiece in response
to the determined status of the characteristic  by
energizing at least one of the piezoelectric members.
Determining the status  of the characteristic can
include determining a surface contour or a thickness
of a  layer of the microfeature workpiece, and the
status of the characteristic can be  determined with a
metrology tool. The piezoelectric members can be
arranged in  a grid, concentrically, or in another
pattern in the carrier head. [0014] In another aspect
of this embodiment, the status is a first status and
the  workpiece is a first workpiece. In this aspect,
the method further includes  determining a second
status of the characteristic of the first microfeature
workpiece after applying pressure against the first
microfeature workpiece and  determining a first status
of the characteristic of a second microfeature
workpiece.  The second microfeature workpiece is
different than the first microfeature  



workpiece. The method further includes moving the
carrier head and/or the  polishing pad relative to the
other to rub the second microfeature workpiece
against the polishing pad after determining the first
status of the characteristic of  the second
microfeature workpiece. As the workpiece rubs against
the pad,  pressure is applied against a back side of
the second microfeature workpiece by  energizing at
least one of the piezoelectric members in response to
the  -4 WO 2004/098829 PCT/US2004/012765 determined
first status of the characteristic of the second
microfeature workpiece  and the difference between a
desired status and the determined second status of
the characteristic of the first microfeature
workpiece. [0015] Another aspect of the invention is
directed to a system for polishing a  microfeature
workpiece having a characteristic. In one embodiment,
the system  includes a workpiece carrier assembly
configured to carry the microfeature  workpiece, a
plurality of piezoelectric members carried by the
workpiece carrier  assembly, a polishing pad
positionable under the workpiece carrier assembly for
polishing the microfeature workpiece, a tool for
determining a status of the  characteristic of the
microfeature workpiece, and a controller operably
coupled to  the workpiece carrier assembly, the
piezoelectric members, the polishing pad, and  the
tool. The controller can have a computer-readable
medium containing  instructions to perform one of the
above-mentioned methods. B. Polishing Systems [0016]
Figure 2 is a schematic cross-sectional view of a
system 100 for polishing a  microfeature workpiece 112
in accordance with one embodiment of the invention.
The system 100 includes a CMP machine 110 (a portion
of which is shown), a  controller 160 (shown
schematically) operably coupled to the CMP machine
110,  and a metrology tool 170 (shown schematically)
operably coupled to the controller  160. In the system
100, the metrology tool 170 determines the thickness
of film(s)  



on the workpiece 112 or another characteristic of the
workpiece 112. The  metrology tool 170 transmits the
data to the controller 160, which uses the data to
control the CMP machine 110 during polishing of the
workpiece 112. [0017] In the embodiment shown in
Figure 2, the CMP machine 110 includes a  platen 120,
a workpiece carrier assembly 130 over the platen 120,
and a  planarizing pad 140 coupled to the platen 120.
The workpiece carrier assembly  130 can be coupled to
an actuator assembly 131 (shown schematically) to move
the workpiece 112 across a planarizing surface 142 of
the planarizing pad 140. In  the illustrated
embodiment, the workpiece carrier assembly 130
includes a head  132 having a support member 134 and a
retaining ring 136 coupled to the support  -5 WO
2004/098829 PCT/US2004/012765 member 134. The support
member 134 can be an annular housing having an  upper
plate coupled to the actuator assembly 131. The
retaining ring 136 extends  around the support member
134 and projects toward the workpiece 112 below a
bottom rim of the support member 134. [0018] In one
aspect of this embodiment, the workpiece carrier
assembly 130  includes a chamber 114 in the head 132
and a plurality of piezoelectric members  150
(identified individually as 150a-c) in the chamber
114. Figure 3 is a  schematic cross-sectional view
taken substantially along line A-A of Figure 2.
Referring to Figures 2 and 3, in the illustrated
embodiment, the piezoelectric  members 150 are
arranged concentrically within the chamber 114. For
example,  a first piezoelectric member 150a has an
outer diameter D, (Figure 3) at least  approximately
equal to the inner diameter of the chamber 114, a
second  piezoelectric member 150b has an outer
diameter D2 (Figure 3) at least  approximately equal
to the inner diameter of the first piezoelectric
member 150a,  and a third piezoelectric member 150c
has an outer diameter D3 (Figure 3) at  least
approximately equal to the inner diameter of the
second piezoelectric  



member 150b. In other embodiments, the piezoelectric
members 150 can be  spaced apart from each other. For
example, the outer diameter D2 of the second
piezoelectric member 150b can be less than the inner
diameter of the first  piezoelectric member 150a. In
additional embodiments, such as those described  below
with reference to Figures 4A and 4B, the piezoelectric
members may have  different shapes and/or
configurations. [0019] Referring to Figure 2, in the
illustrated embodiment, the piezoelectric  members 150
have an outer wall 152 (identified individually as
152a-c), an inner  wall 153 (identified individually
as 153a-b) opposite the outer wall 152, an upper  wall
154 (identified individually as 154a-c), and a lower
wall 155 (identified  individually as 155a-c) opposite
the upper wall 154. The head 132 has a surface  115
that abuts the upper wall 154 of the piezoelectric
members 150. Accordingly,  when the piezoelectric
members 150 are energized, the members 150 expand
downwardly away from the surface 115 in the direction
D. The expansion of the  -6 WO 2004/098829
PCT/US2004/012765  piezoelectric members 150 exerts a
force against the workpiece 112. For  example, in
Figure 2, the first piezoelectric member 150a is
energized and exerts  a force F against a perimeter
region of the workpiece 112. In additional
embodiments, the piezoelectric members 150 can be
energized together or  individually. [0020) The
workpiece carrier assembly 130 further includes a
controller 180  operably coupled to the piezoelectric
members 150 to selectively energize one or  more of
the piezoelectric members 150. More specifically, the
controller 180 can  provide a voltage to the
piezoelectric members 150 through an electrical
coupler  158. The electrical coupler 158 can include
small wires that are attached to the  piezoelectric
members 150. The controller 180 accordingly controls
the position  and magnitude of the force F by
selecting the piezoelectric member(s) 150 to  



energize and varying the voltage. In one embodiment,
the controller 180 can  include an IC controller chip
and a telematics controller to receive wireless
signals  from the controller 160. In other
embodiments, the controllers 160 and 180 can
communicate through wired, infrared, radio frequency,
or other methods. In  additional embodiments, the
controller 160 can operate the piezoelectric members
150 directly without interfacing with the controller
180. [0021] The workpiece carrier assembly 130 can
further include a flexible member  190 that encloses
the chamber 114 and separates the lower wall 154 of
the  piezoelectric members 150 from the workpiece 112.
The flexible member 190 can  be silicone or any other
suitable material that protects the piezoelectric
members  150 during polishing and prevents the
planarizing solution 42 (Figure 1) from  entering the
chamber 114. In other embodiments, the head 132 can
include  additional membranes between the
piezoelectric members 150 and the workpiece  112.
[00221 The metrology tool 170 measures the status of a
characteristic of the  workpiece 112 before polishing
so the data can be used to provide a planar  surface
on the workpiece 112 during polishing. For example,
the metrology tool  170 can measure the thickness of a
layer of the workpiece 112 at several sites.  -7 WO
2004/098829 PCT/US2004/012765 After determining the
status of the characteristic of the workpiece 112, the
metrology tool 170 provides the data to the controller
160. The controller 160 can  be an automated process
controller that uses the data in controlling the
polishing  cycle. More specifically, the controller
160 can use the data to determine the  position and
strength of the forces required to provide a generally
planar surface  on the workpiece 112. For example, if
the metrology tool 170 determines that a  layer at a
perimeter region of the workpiece 112 has a greater
thickness than at a  center region of the workpiece
112, the controller 180 can energize the first  



piezoelectric member 150a to exert the force F against
the perimeter region of the  workpiece 112 during
polishing. The metrology tool 170 can determine the
status  of the characteristic before and/or after the
workpiece 112 is attached to the  workpiece carrier
assembly 130. Suitable devices include metrology tools
manufactured by Nova Measuring Instruments Ltd. of
Israel and other similar  devices. In additional
embodiments, tools other than metrology tools can be
used  to determine the status of a characteristic.
[0023] In one aspect of this embodiment, the metrology
tool 170 also determines  the status of the
characteristic of the workpiece 112 after polishing.
Measuring  the status of the characteristic after
polishing allows the controller 160 to  determine if
the post-polishing status of the characteristic is the
desired status.  For example, the controller 160 can
determine if the surface of the workpiece 112  is
sufficiently planar and/or if a layer of the workpiece
112 has a desired  thickness. Moreover, measuring the
status of the characteristic after polishing  allows
the controller 160 to track the wear of the retaining
ring 136, the  planarizing pad 140, a conditioning
stone (not shown), and/or other components  of the CMP
machine 110. For example, the controller 160 can track
the wear of  the CMP machine 110 by determining the
difference between a projected status of  the
characteristic and the determined status of the
characteristic of a workpiece at  the end of the
polishing cycle. The wear of the CMP machine 110
affects the  polishing of the workpiece and
consequently there can be a difference between  the
projected and determined statuses of the
characteristic of the workpiece at the  -8 WO
2004/098829 PCT/US2004/012765 end of the polishing
cycle. Accordingly, tracking the difference between
the  projected and determined statuses over a series
of workpieces allows the  controller 160 to determine
wear in the CMP machine 110. [0024] The controller 160
can adjust the polishing parameters, including the  



applied forces, when polishing subsequent workpieces,
based on the difference  between the projected status
and the determined status of the characteristic of the
previous workpiece to compensate for wear in the CMP
machine 110 or other  factors. For example, if after
polishing the thickness of a layer of a workpiece is
greater than the projected thickness, the controller
160 can adjust the applied  forces, the dwell time, or
other polishing parameters to increase the material
removed from subsequent workpieces. In additional
embodiments, the system  100 may not include a
metrology tool 170 and the controller 160 can adjust
the  polishing parameters, including the applied
forces, based upon an expected  status of the
characteristic of the workpiece 112. In other
embodiments, the  system 100 can include a sensor to
monitor the planarity of the workpiece surface  during
polishing, In such embodiments, the controller 160 can
adjust the  polishing parameters, including the
applied forces, based upon the monitored  planarity of
the workpiece. C. Other Configurations of
Piezoelectric Members (0025] Figures 4A and 4B are
schematic top planform views of several
configurations of piezoelectric members for use with
workpiece carrier assemblies  in accordance with
additional embodiments of the invention. For example,
Figure  4A illustrates a plurality of arcuate
piezoelectric members 250 arranged generally
concentrically in a plurality of rings 251 (identified
individually as 251 a-d). Each  ring 251 is divided
into generally equally sized piezoelectric members
250. In  other embodiments, the piezoelectric members
250 can be arranged differently.  For example, each
piezoelectric member can be spaced apart from the
other  piezoelectric members. 100261 Figure 4B is a
schematic top planform view of a plurality of
piezoelectric  members 350 in accordance with another
embodiment of the invention. The  -9 WO 2004/098829
PCT/US2004/012765 



piezoelectric members 350 are arranged in a grid with
a plurality of rows R1-R10  and a plurality of columns
C1-C10. in the illustrated embodiment, the
piezoelectric  members 350 proximate to the perimeter
have a curved side corresponding to the  curvature of
the chamber 114 (Figure 2) in the workpiece carrier
assembly 130  (Figure 2). In additional embodiments,
the size of each piezoelectric member can  decrease to
increase the resolution. In other embodiments, the
piezoelectric  members can be arranged in other
configurations, such as in quadrants or in a  single
circle. [0027] One advantage of the polishing systems
of the illustrated embodiments is  the ability to
apply highly localized forces to a workpiece in
response to a pre- determined characteristic of the
workpiece. This highly localized force control
enables the CMP process to consistently and accurately
produce a uniformly  planar surface on the workpiece.
Moreover, the system can also adjust the  applied
forces and polishing parameters to account for wear of
the CMP machine.  Another advantage of the illustrated
workpiece carrier assemblies is that they are  simpler
than existing systems and, consequently, reduce
downtime for  maintenance and/or repair and create
greater throughput. 10028) From the foregoing, it will
be appreciated that specific embodiments of the
invention have been described herein for purposes of
illustration, but that various  modifications may be
made without deviating from the spirit and scope of
the  invention. Accordingly, the invention is not
limited except as by the appended  claims. -10 WO
2004/098829 PCT/US2004/012765 CLAIMS  I/We claim: [Cl]
1. A method for polishing a microfeature workpiece
having a  characteristic, the method comprising: 



determining a status of the characteristic of the
microfeature workpiece  separate from the polishing
cycle; moving at least one of a carrier head and a
planarizing medium relative to  the other after
determining the status of the characteristic of the
microfeature workpiece, the carrier head carrying a
plurality of  driving members; and applying pressure
against a back side of the microfeature workpiece in
response to the determined status of the
characteristic by controlling  at least one of the
plurality of driving members. [c2) 2. The method of
claim 1 wherein determining the status of the
characteristic comprises determining a surface contour
of the microfeature  workpiece. [c3] 3. The method of
claim 1 wherein determining the status of the
characteristic comprises determining a thickness of a
layer of the microfeature  workpiece. [c4] 4. The
method of claim I wherein determining the status of
the  characteristic comprises determining the status
of the characteristic with a  metrology tool. -11 WO
2004/098829 PCT/US2004/012765 [c5] 5. The method of
claim 1 wherein the status comprises a first status
and the microfeature workpiece comprises a first
microfeature workpiece, and  wherein the method
further comprises: determining a second status of the
characteristic of the first microfeature  workpiece
after applying pressure against the first microfeature
workpiece; determining a first status of the
characteristic of a second microfeature  workpiece,
the second microfeature workpiece being different than



the first microfeature workpiece; moving at least one
of the carrier head and the planarizing medium
relative  to the other after determining the first
status of the characteristic of  the second
microfeature workpiece; and applying pressure against
a back side of the second microfeature  workpiece by
controlling at least one of the plurality of driving
members in response to the determined first status of
the  characteristic of the second microfeature
workpiece and the  difference between a desired status
and the determined second  status of the
characteristic of the first microfeature workpiece.
[c6] 6. The method of claim I wherein applying
pressure against the  microfeature workpiece comprises
applying pressure against the workpiece to  provide a
desired status of the characteristic of the workpiece.
[c7] 7. The method of claim I wherein: determining the
status of the characteristic comprises determining the
status of the characteristic in a first region; and
applying pressure against the microfeature workpiece
comprises applying  pressure against the back side of
the microfeature workpiece in the  first region. -12
WO 2004/098829 PCT/US2004/012765 [c8] S. The method of
claim 1 wherein the plurality of driving members are
arranged concentrically, and wherein applying pressure
against the microfeature  workpiece comprises
controlling at least one of the concentrically
arranged driving  members. [c9] 9. The method of claim
1 wherein the plurality of driving members are
arranged in a grid, and wherein applying pressure
against the microfeature  workpiece comprises
controlling at least one of the driving members
arranged in  



the grid. [CIO] 10. The method of claim 1, further
comprising: determining a second status of the
'characteristic of the microfeature  workpiece after
applying pressure against the microfeature  workpiece;
and tracking the difference between a desired status
and the second status of  the characteristic of the
microfeature workpiece to determine wear in  at least
one of the planarizing medium, the carrier head, and a
conditioning stone. [c11] 11. The method of claim 1
wherein: determining the status of the characteristic
comprises determining a thick  area and a thin area on
the microfeature workpiece; and applying pressure
against the back side comprises applying a first
pressure  at the thick area of the microfeature
workpiece and a second  pressure at the thin area of
the microfeature workpiece, wherein the  second
pressure is different than the first pressure. ------
------ -13 WO 2004/098829 PCT/US2004/012765 [c12] 12.
The method of claim 1 wherein applying pressure
against the back  side comprises: arranging the at
least one driving member in a first position to exert
a first  pressure against the back side of the
microfeature workpiece; and  moving the at least one
driving member from the first position to a second
position to exert a second pressure against the back
side of the  microfeature workpiece. [c13] 13. The
method of claim 1 wherein the driving members comprise
a  plurality of piezoelectric members, and wherein
controlling at least one of the  driving members
comprises energizing at least one of the piezoelectric
members. 



[c14] 14. A method of polishing a microfeature
workpiece having a region with  a predetermined status
of a characteristic, the method comprising: moving at
least one of a carrier head and a planarizing medium
relative to  the other, the carrier head carrying a
plurality of piezoelectric  members; and providing a
desired status of the characteristic in the region of
the  microfeature workpiece by energizing at least one
of the plurality of  piezoelectric members based on
the predetermined status of the  characteristic to
exert a force against a back side of the microfeature
workpiece, wherein the predetermined status of the
characteristic is  obtained separate from the
polishing cycle. [c15] 15. The method of claim 14
wherein the region comprises a first region,  wherein
the at least one of the plurality of piezoelectric
members comprises a first  piezoelectric member, and
wherein the method further comprises: determining a
status of the characteristic of a second region of the
microfeature workpiece, the second region being
different than the  first region; and -14 WO
2004/098829 PCT/US2004/012765 providing a desired
status of the characteristic in the second region of
the  microfeature workpiece by energizing a second
piezoelectric  member based on the determined status
of the characteristic of the  second region, the
second piezoelectric member being different than  the
first piezoelectric member. [c16] 16. The method of
claim 14 wherein the plurality of piezoelectric
members are arranged concentrically, and wherein
providing the desired status of  the characteristic
comprises energizing at least one of the
concentrically arranged  piezoelectric members. 



[c17) 17. The method of claim 14 wherein the plurality
of piezoelectric  members are arranged in a grid, and
wherein providing the desired status of the
characteristic comprises energizing at least one of
the piezoelectric members  arranged in the grid. [c181
18. The method of claim 14 wherein providing the
desired status of the  characteristic comprises:
arranging the at least one piezoelectric member in a
first position to exert a  first force against the
back side of the microfeature workpiece; and  moving
the at least one piezoelectric member from the first
position to a second position to exert a second force
against the back side of the  microfeature workpiece.
[c19] 19. The method of claim 14 wherein providing the
desired status of the  characteristic comprises
energizing at least one of the plurality of
piezoelectric  members based on a predetermined wear
of at least one of the carrier head, the  planarizing
medium, and a conditioning stone. -15 WO 2004/098829
PCT/US2004/012765 [c20] 20. A method for polishing a
plurality of microfeature workpieces,  comprising:
determining a first status of a characteristic of a
first microfeature  workpiece; moving at least one of
a carrier head and a planarizing medium relative to
the other, the carrier head having a plurality of
driving members;  controlling at least one of the
plurality of driving members to apply pressure against
a back side of the first microfeature workpiece in
response  to the determined first status of the
characteristic of the first  microfeature workpiece;
determining a second status of the characteristic of
the first microfeature  



workpiece after controlling at least one of
the,plurality of driving  members; determining a first
status of a characteristic of a second microfeature
workpiece, the second microfeature workpiece being
different than  the first microfeature workpiece;
moving at least one of the carrier head and the
planarizing medium relative  to the other; and
controlling at least one of the plurality of driving
members to apply pressure  against a back side of the
second microfeature workpiece in  response to the
determined first status of the characteristic of the
second microfeature workpiece and the difference
between a  desired status and the determined second
status of the  characteristic of the first
microfeature workpiece. [c21] 21. The method of claim
20 wherein determining the first and second  statuses
of the characteristic of the first microfeature
workpiece comprise  determining a surface contour of
the first microfeature workpiece. -16 WO 2004/098829
PCT/US2004/012765 [c22] 22. The method of claim 20
wherein determining the first and second  statuses of
the characteristic of the first microfeature workpiece
comprise  determining a thickness of a layer of the
first microfeature workpiece. (c23] 23. The method of
claim 20 wherein determining the first and second
statuses of the characteristic of the first
microfeature workpiece comprise  determining the first
and second statuses of the characteristic with a
metrology  tool.  [c24] 24. The method of claim 20,
further comprising tracking the difference  between a
desired status and the determined second status of the
characteristic  of the first microfeature workpiece to
determine wear in at least one of the  



planarizing medium, the carrier head, and a
conditioning stone. [c25] 25. The method of claim 20
wherein the plurality of driving members are  arranged
concentrically, and wherein controlling at least one
of the plurality of  driving members to apply pressure
against the first microfeature workpiece  comprises
controlling at least one of the plurality of
concentrically arranged  driving members. [c26) 26. A
method for polishing a microfeature workpiece having a
characteristic, the method comprising: determining a
status of the characteristic of the microfeature
workpiece  separate from the polishing cycle;
arranging a plurality of driving members in a carrier
head based on the  determined status of the
characteristic; monitoring the planarity of a surface
of the microfeature workpiece during  the polishing
cycle; and -17 WO 2004/098829 PCT/US2004/012765
rearranging at least some of the plurality of driving
members based on the monitored planarity of the
surface of the microfeature workpiece  during the
polishing cycle. [c27] 27. The method of claim 26
wherein: the plurality of driving members comprise a
first driving member; arranging the driving members
comprises arranging the first driving  member in a
first position to exert a first force on the
workpiece; and  rearranging the driving members
comprises moving the first driving member to a second
position to exert a second force on the  workpiece,
the first position being different than the second
position.  (c28] 28. The method of claim 26 wherein:
the plurality of driving members comprise a first
driving member; 



arranging the driving members comprises positioning
the first driving  member to exert a first pressure on
the workpiece; and rearranging the driving members
comprises positioning the first driving  member to
exert a second pressure on the workpiece, the first
pressure being different than the second pressure.
[c29] 29. A method for polishing a microfeature
workpiece having an  estimated surface contour, the
method comprising: arranging a .plurality of driving
members in a carrier head based on the  estimated
surface contour; monitoring the planarity of a surface
of the microfeature workpiece during  the polishing
cycle; and rearranging at least some of the plurality
of driving members based on the  monitored planarity
of the surface of the microfeature workpiece  during
the polishing cycle. -18 WO 2004/098829
PCT/US2004/012765  [c30] 30. The method of claim 29
wherein: the plurality of driving members comprise a
first driving member; arranging the driving members
comprises arranging the first driving  member in a
first position to exert a first force on the
workpiece; and  rearranging the driving members
comprises moving the first driving member to a second
position to exert a second force on the  workpiece,
the first position being different than the second
position.  [c31] 31. The method of claim 29 wherein:
the plurality of driving members comprise a first
driving member; arranging the driving members
comprises positioning the first driving  member to
exert a first pressure on the workpiece; and
rearranging the driving members comprises positioning
the first driving  



member to exert a second pressure on the workpiece,
the first  pressure being different than the second
pressure. [c32) 32. A system for polishing a
microfeature workpiece having a  characteristic and a
back side, the system comprising: a workpiece carrier
assembly configured to carry the microfeature
workpiece; a plurality of driving members carried by
the workpiece carrier assembly; a planarizing medium
positionable under the workpiece carrier assembly  for
polishing the microfeature workpiece; a tool for
determining a status of the characteristic of the
microfeature  workpiece; and a controller operably
coupled to the workpiece carrier assembly, the
plurality of driving members, the planarizing medium,
and the tool,  the controller having a
computer-readable medium containing  instructions to
perform a method comprising  -19 WO 2004/098829
PCT/US2004/012765  determining the status of the
characteristic of the microfeature workpiece separate
from the polishing cycle; moving at least one of the
workpiece carrier assembly and  the planarizing medium
relative to the other after  determining the status of
the characteristic of the  microfeature workpiece; and
applying pressure against the back side of the
microfeature  workpiece in response to the determined
status of the  characteristic by controlling at least
one of the plurality  of driving members. [c33] 33.
The system of claim 32 wherein the plurality of
driving members are  



arranged in a grid in the workpiece carrier assembly.
[c34] 34. The system of claim 32 wherein the plurality
of driving members are  arranged concentrically in the
workpiece carrier assembly. [c35] 35. The system of
claim 32 wherein the tool is configured to determine
the status of the characteristic of the microfeature
workpiece when the  microfeature workpiece is carried
by the workpiece carrier assembly. [c36] 36. The
system of claim 32 wherein the tool is configured to
determine  the status of the characteristic of the
microfeature workpiece before and/or after  the
microfeature workpiece is carried by the workpiece
carrier assembly. [c37] 37. The system of claim 32
wherein the tool is configured to determine a
thickness of a layer of the microfeature workpiece.
[c38] 38. The system of claim 32 wherein the tool is
configured to determine a  surface contour of the
microfeature workpiece. -20 WO 2004/098829
PCT/US2004/012765 [c39] 39. The system of claim 32
wherein the plurality of driving members  comprise a
plurality of piezoelectric members. [coo] 40. A system
for polishing a microfeature workpiece having a back
side  and a region with a predetermined status of a
characteristic, the system  comprising: a workpiece
carrier assembly configured to carry- the microfeature
workpiece; a plurality of piezoelectric members
carried by the workpiece carrier  assembly; a
planarizing medium positionable under the workpiece
carrier assembly  for polishing the microfeature
workpiece; a tool for determining a status of the
characteristic of the microfeature  workpiece; and 



a controller operably coupled to the workpiece carrier
assembly, the  plurality of piezoelectric members, the
planarizing medium , and the  tool, the controller
having a computer-readable medium containing
instructions to perform a method comprising  moving at
least one of the workpiece carrier assembly and  the
planarizing medium relative to the other; and
providing a desired status of the characteristic in
the region of the microfeature by energizing at least
one of the  plurality of piezoelectric members in
response to the  predetermined status to exert a force
against a back  side of the microfeature workpiece.
[c41] 41. The system of claim 40 wherein the plurality
of piezoelectric  members are arranged in a grid in
the workpiece carrier assembly. -21 WO 2004/098829
PCT/US2004/012765 [c42] 42. The system of claim 40
wherein the plurality of piezoelectric  members are
arranged concentrically in the workpiece carrier
assembly. [c43] 43. The system of claim 40 wherein the
tool is configured to determine  the status of the
characteristic of the microfeature workpiece when the
microfeature workpiece is carried by the workpiece
carrier assembly. [c44] 44. The system of claim 40
wherein the tool is configured to determine  the
status of the characteristic of the microfeature
workpiece before and/or after  the microfeature
workpiece is carried by the workpiece carrier
assembly. [c45] 45. The system of claim 40 wherein the
tool is configured to determine a  thickness of a
layer of the microfeature workpiece. [c46] 46. The
system of claim 40 wherein the tool is configured to
determine a  surface contour of the microfeature
workpiece. -22 


