
1 September 2006  WO 03/076134 PCT/US03/06373 METHODS AND APPARATUS FOR
ELECTROCHEMICAL-MECHANICAL  PROCESSING OF MICROELECTRONIC WORKPIECES
CROSS-REFERENCE TO RELATED APPLICATION(S) [0001] The present application is
a continuation-in-part of U.S. Application No.  09/651,779, filed August
30, 2000 and entitled "Methods and Apparatus for  Removing Conductive
Material from a Microelectronic Substrate;" U.S. Application  No.
09/888,084, filed June 21, 2001, and entitled "Methods and Apparatus for
Electrical, Mechanical and/or Chemical Removal of Conductive Material from
a  Microelectronic Substrate;" and U.S. Application No. 09/887,767, filed
June 21,  2001, and entitled "Microelectronic Substrate Having Conductive
Material With  Blunt-Cornered Apparatus, and Associated Methods for
Removing Conductive  Material;" all of which are herein incorporated in
their entirety by reference. TECHNICAL FIELD [00027 The following
disclosure relates to methods and apparatuses for plating  and removing
materials from microelectronic workpieces using electrochemical- mechanical
processes. BACKGROUND  [0003] Microelectronic workpieces typically include
a substrate that has a plurality  of components, such as memory cells, that
are interconnected with conductive  lines and other features. The
conductive lines can be formed by forming trenches  or other recesses in
the workpiece and then depositing a conductive material or  other compound
in the trenches. The overburden of the conductive materials,  which is the
portion of the conductive material above the trenches, is then  removed to
leave discrete lines of conductive material in the trenches. 1 1 September
2006  WO 03/076134 PCT/US03/06373 [00041 Electrochemical processes have
been used to both deposit and remove  metal layers. A typical
electrochemical plating process involves depositing a seed  layer onto the
surface of the workpiece using chemical vapor deposition (CVD),  



physical vapor deposition (PVD), or other suitable processes. After forming
the  seed layer, a blanket layer or patterned layer of metal is plated onto
the  workpiece by applying an appropriate electrical potential between the
seed layer  and an electrode in the presence of an electroprocessing
solution (e.g., an  electrolytic solution). For most metals, a cathode is
coupled to the seed layer and  an anode is immersed in the
electroprocessing solution to establish an electrical  field between the
seed layer and the anode. [00051 Electroprocessing techniques have also
been used to remove metal layers  from microelectronic workplaces. For
example, an anode can be coupled to a  metal layer on a workpiece and a
cathode can be immersed in an electrolytic  solution to remove metal from
the surface of the workpiece. In another example,  an alternating current
can be applied to a conductive layer through an electrolyte  to remove
portions of the metal. For example, Figure 1 illustrates a conventional
apparatus 60 for removing metal using an alternating current that includes
a first  electrode 20a and a second electrode 20b coupled to a current
source 21. The  first electrode 20a is attached directly to a metallic
layer 11 on a semiconductor  substrate 10, and the second electrode 20b is
at least partially immersed in a  liquid electrolyte 31 disposed on the
surface of the metallic layer 11. The second  electrode 20b, for example,
can be moved downwardly until it contacts the  electrolyte 31. A barrier 22
protects the first electrode 20a from directly  contacting the electrolyte
31. The current source 21 applies alternating current to  the substrate 10
via the first electrode 20a, the second electrode 20b, and the  electrolyte
31 to remove conductive material, from the metallic layer 11. The
alternating current signal can have a variety of wave forms, such as those
disclosed by Frankenthal et al., "Electroetching of Platinum in the
Titanium- Platinum-Gold Metallization on Silicon Integrated Circuits" (Bell
Laboratories),  which is incorporated herein in its entirety by reference.
-2 1 September 2006  WO 03/076134 PCT/US03/06373 [00053 One drawback with
the system shown in Figure 1 is that it may not be  possible to remove
material from the conductive layer 11 in the region where the  



first electrode 20a is attached to the substrate 10 because the barrier 22
prevents  the electrolyte 31 from contacting the substrate 10 in this
region. Alternatively, if  the first electrode 20a is a consumable
electrode in contact with the electrolyte,  the electrolytic process can
degrade the first electrode 20a. Still a further  drawback is that the
electrolytic process may not uniformly remove material from  the substrate
10. For example, discrete areas of residual conductive material  having no
direct electrical connection to the first electrode 20a (e.g., "islands")
may develop in the conductive layer 11. The discrete areas of residual
conductive material can interfere with the formation and/or operation of
the  conductive lines, and it may be difficult to remove such residual
material with the  electrolytic process unless the first electrode 20a is
repositioned to be coupled to  such "islands." [0007] One approach to
mitigate some of the foregoing drawbacks is to attach a  plurality of first
electrodes 20a around the periphery of the substrate 10 to  increase the
uniformity with which the conductive material is removed. However,
discrete areas of residual conductive material may still remain despite the
additional number of electrodes that contact the substrate 10. Another
approach  is to form the electrodes 20a and 20b from an inert material,
such as carbon, so  that the barrier 22 is not required. Although this
allows more area of the  conductive layer 11 to be in contact with the
electrolyte 31, inert electrodes may  not be as effective as more reactive
electrodes (i.e., consumable electrodes) at  removing the conductive
material. As a result, inert electrodes may still leave  residual
conductive material on the substrate 10. [00083 Figure 2 shows another
approach to mitigate some of the foregoing  drawbacks in which two
substrates 10 are partially immersed in a vessel 30  containing the
electrolyte 31. The first electrode 20a is attached to one substrate  10
and the second electrode 20b is attached to the other substrate 10. An
advantage of this approach is that the electrodes 20a and 20b do not
contact the  -3 1 September 2006  WO 03/076134 PCT/US03/06373 electrolyte.
However, islands of conductive material may still remain after the  



electrolytic process is complete, and it may be difficult to remove
conductive  material from the points at which the electrodes 20a and 20b
are attached to the  substrates 10. [00091 International Application
PCT/US00/08336 (published as WO/00/59682)  discloses an apparatus having a
first chamber for applying a conductive material  to a semiconductor wafer,
and a second chamber for removing conductive  material from the
semiconductor wafer by electropolishing or chemical-mechanical  polishing.
The second chamber includes an anode having a paint roller  configuration
with a cylindrical mechanical pad that contacts both an electrolyte  bath
and the face of the wafer as the anode and the wafer rotate about
perpendicular axes. A cathode, which can include a conductive liquid
isolated  from the electrolytic bath, is electrically coupled to an edge of
the wafer. One  drawback with this device is that it, too, can leave
islands of residual conductive  material on the wafer. [0010). Another
existing device is disclosed in U.S. Patent No. 6,176,992 B1  owned by
Nutool of California. This patent discloses an electrochemical- deposition
machine having a first electrode contacting a processing side of a  wafer,
a polishing pad engaging another portion of the processing side of the
wafer, and a second electrode underneath the polishing pad. An electrolyte
is  passed through the polishing pad in contact with the first electrode,
the second  electrode, and the face of the wafer. During a plating cycle, a
direct current is  passed through the first and second electrodes to plate
metal ions onto the face  of the wafer. During a deplating/planarizing
cycle, the polarity of the direct current  is switched to deplate metal
from the wafer while the polishing pad rubs against  the face of the wafer.
[0011[ One concern of the device disclosed in U.S. Patent No. 6,176,992 is
that  the deplating/planarizing cycle may remove material much faster at
the perimeter  of the wafer than at the center of the wafer. More
specifically, as the  deplating/planarizing cycle progresses, the
overburden across the wafer becomes  -4 1 September 2006  WO 03/076134
PCT/US03/06373 



very thin such that a significant voltage drop occurs between the perimeter
and  the center of the wafer. This voltage drop causes more material to
deplate from  the perimeter of the wafer than from the center of the wafer.
Additionally, the  direct current can form a passivation layer on the
surface of the metal layer that  exacerbates the voltage drop. This
phenomena is particularly problematic for  processing large wafers (e.g.,
300 mm) because the large diameter of these  wafers produces a larger
voltage drop. Therefore, it would be desirable to more  uniformly remove
material from the face of the wafer. SUMMARY  [0012] The present invention
is directed towards methods and apparatuses for  electrochemical-mechanical
processing of microelectronic workpieces. The term  "microelectronic
workpiece" is used throughout to include a workpiece formed  from a
substrate upon which and/or in which microelectronic circuits or many
other components are fabricated (e.g., data storage elements, interconnect
features, transistors, and/or micro-mechanical elements, etc.). One
embodiment  of an electrochemical processing apparatus in accordance with
the invention  comprises a workpiece holder configured to receive a
microelectronic workpiece,  a workpiece electrode, a first remote
electrode, and a second remote electrode.  The workpiece electrode is
configured to contact a processing side of the  workpiece when the
workpiece is received in the workpiece holder. The first and  second remote
electrodes are spaced apart from the workpiece holder. The  apparatus can
also include an AC power supply, a DC power supply, and a  switching
assembly. The switching assembly is coupled to the workpiece  electrode,
the first remote electrode, the second remote electrode, the AC power
supply, and the DC power supply. In operation, the switching assembly
selectively couples the AC power supply and/or the DC power supply to any
combination of the workpiece electrode, the first remote electrode, and/or
the  second remote electrode. -5 1 September 2006  WO 03/076134
PCT/US03/06373 [0013] A different embodiment of the apparatus also includes
a mechanical  



medium between the workpiece holder and the first and second remote
electrodes. The mechanical medium, for example, can comprise a first pad
carried by the first electrode and a second pad carried by the second
electrode.  In other embodiments, the mechanical medium comprises a pad
carried by a  rotating platen or a stationary table. The mechanical medium
can be a non- abrasive pad or a fixed-abrasive pad used in
chemical-mechanical planarizing  processes. [0014] In another embodiment,
the apparatus further comprises a moveable  remote electrode assembly
spaced apart from the workpiece holder. The first and  second remote
electrodes are carried by the electrode assembly, and the  mechanical
medium comprises a first polishing pad carried by the first remote
electrode and a second polishing pad carried by the second remote
electrode.  The moveable electrode assembly can move relative to the
workpiece holder to  (a) rub the first and second polishing pads across the
face of the workpiece and  (b) position the first and second remote
electrodes relative to discrete regions on  the surface of the workpiece.
[0015] The workpiece holder can comprise a substrate carrier having a chuck
configured to hold the workpiece so that the processing side of the
workpiece  faces upward. In an alternate embodiment, the workpiece holder
comprises a  substrate carrier having a chuck configured to hold the
workpiece so that the  processing side faces downward. In either
embodiment, the workpiece holder can  include a drive assembly coupled to
the substrate carrier to move the substrate  carrier in addition to, or in
lieu of, moving the first and second remote electrodes  relative to the
workpiece. In still another embodiment, the workpiece electrode is  carried
by the workpiece holder so that the workpiece electrode contacts the seed
layer or another type of layer on the processing side of the workpiece when
the  workpiece is received in the holder. [0016] In another embodiment, the
apparatus includes a controller coupled to the  switching assembly. The
controller comprises a computer having a computer- -6 1 September 2006  WO
03/076134 PCT/US03/06373 



operable medium containing instructions to operate the switching assembly
for  controlling the application of a direct current; an alternating
current, and/or a  mechanical abrasive to the workpiece. More specifically,
the controller causes  the switching, assembly to apply direct current,
alternating current, and/or a  mechanical medium to the workpiece either
concurrently or at distinct stages  throughout a processing cycle to plate,
deplete, and/or mechanically remove  material from the processing side of
the workpiece. One embodiment of a method  executed by the
computer-operable medium comprises contacting a processing  side of the
workpiece with an electrolytic solution, and applying a direct electrical
current to the workpiece electrode and at least the first remote electrode.
In this  embodiment, the workpiece electrode and the first remote electrode
create an  electrical field in the electrolytic solution. This embodiment
of the method further  includes applying an alternating current to the
first remote electrode and the  second remote electrode either while the
direct current is applied to the workpiece  electrode or after terminating
the direct current. The method further includes  contacting the processing
side of the workpiece with the mechanical medium at  least while applying
the alternating current to the first and second remote  electrodes. [0017)
The invention can also include several additional or different embodiments
of methods for electrochemically and/or mechanically processing the
workpiece.  In one embodiment, the direct current is applied to the
workpiece electrode and  the first remote electrode during a discrete
plating stage, and then only the  alternating current is applied to the
first and second remote electrodes while  rubbing the mechanical medium
against the processing side of the workpiece  during a discrete
deplating/planarizing stage. The direct current is accordingly  terminated
at the end of the plating stage and before the deplating/planarizing  stage
in this particular embodiment. An alternate embodiment includes rubbing
the mechanical medium against the processing side of the workpiece while
applying the direct current to the workpiece electrode and the first remote
electrode. In still another alternate embodiment, the direct current is
applied to  -7 1 September 2006  



WO 03/076134 PCT/US03/06373 the workpiece electrode and the first remote
electrode while concurrently applying  the alternating current to the first
and second remote electrodes, and while  concurrently rubbing the
mechanical medium against the workpiece. Additionally,  the dwell time of
the first and second remote electrodes over discrete regions of  the
workpiece can be varied while applying the alternating current to remove
more  material from selected areas of the workpiece. The dwell time of the
first and  second remote electrodes, for example, can be increased over
regions of the  wafer that have a thicker overburden of the conductive
material to more uniformly  remove the overburden. BRIEF DESCRIPTION OF THE
DRAWINGS [00181 Figure 1 is a side elevational view of an apparatus for
removing conductive  material from a microelectronic workpiece in
accordance with the prior art. [0019] Figure 2 is a side elevational view
of another apparatus for removing  conductive material from a plurality of
microelectronic workpieces in accordance  with the prior art. [00201 Figure
3 is a side elevational view of an apparatus for electrochemical-
mechanical processing of microelectronic workpieces in accordance with an
embodiment of the invention. Selected components in Figure 3 are shown
schematically. [00211 Figures 4A - 4C are side cross-sectional views of
remote electrode  assemblies for use with electrochemical-mechanical
apparatuses in accordance  with several embodiments of the invention.
Several components of the remote  electrode assembly are shown
schematically in these figures. [00221 Figures 5A - 5E are side
cross-sectional views of remote electrode  assemblies for use with
electrochemical-mechanical apparatuses in accordance  with several
embodiments of the invention. Several components of the remote  electrode
assembly are shown schematically in these figures. [0023] Figure 6 is a
side cross-sectional view of an apparatus for
electrochemically-mechanically processing microelectronic workpieces in  -8
t 



1 September 2006  WO 03/076134 PCT/US03/06373 accordance with another
embodiment of the invention. Selected components are  also shown
schematically in Figure 6. [00241 Figure 7 is a side cross-sectional view
of a workpiece holder and a remote  electrode assembly for use with
electrochemical-mechanical apparatuses in  accordance with certain
embodiments of the invention. DETAILED DESCRIPTION [00251 The present
disclosure describes several methods and apparatuses for  removing
materials from microelectronic workpieces used in the fabrication of
semiconductor devices, micro-mechanical devices, and other types of
devices.  Many specific details of certain embodiments of the invention are
set forth in the  following description and in Figures 3-7 to provide a
thorough understanding of  these embodiments. One skilled in the art,
however, will understand that the  present invention may have additional
embodiments, or that the invention may be  practiced without several of the
specific details described below. [00261 Figure 3 illustrates an embodiment
of an electrochemical-mechanical  (ECM) apparatus 100 for processing a
microelectronic workpiece 110 in  accordance with an embodiment of the
invention. The ECM apparatus 100 can  be used to plate a layer 111 of
material on a processing side 113 of the workpiece  110 and/or remove
material from the layer 111. The ECM apparatus 100 can use  various
combinations of DC power, AC power, and mechanical abrasion to form
conductive lines or other features on the workpiece 110. [0027] The ECM
apparatus 100 includes a workpiece holder 120 that is  configured to
receive the workpiece 110 and hold it in a desired position. The  workpiece
holder 120 can comprise a substrate carrier 121 having a chuck that  holds
the workpiece 110 so that the processing side 113 can face upward or
downward. In the embodiment shown in Figure 3, the workpiece holder 120 is
a  substrate carrier 121 having a chuck configured to hold the workpiece
110 so that  the processing side 113 faces upward. The workpiece holder 120
can be  stationary to hold the workpiece 110 in a fixed position, or it can
be coupled to a  -9 



1 September 2006  WO 03/076134 PCT/US03/06373 drive system 122 to rotate or
translate the workpiece 110 (shown by arrows A and  B). [00281 The ECM
apparatus 100 also includes a workpiece electrode 130 that is  configured
to contact the processing side 113 of the workpiece 110 when the  workpiece
110 is received in the workpiece holder 120. The workpiece electrode  130
can be carried by the workpiece holder 120. In an alternate embodiment, the
workpiece electrode 130 can be carried by a support (not shown) separate
from  the workpiece holder 120. The workpiece electrode 130 can be a ring
type  contact or plurality of point contacts that contact the periphery of
the workpiece  110. Many suitable workpiece electrodes for providing
electrical current to the  face layer 111 are known in the electrochemical
plating arts. The workpiece  electrode 130 is generally made from a metal
that can be immersed in or coated  by an electrochemical processing
solution.- In operation, the workpiece electrode  130 provides an anodic or
cathodic charge to the face layer 111 on the workpiece  110 depending upon
the particular process and application. [00293 The ECM apparatus 100 can
further include a remote electrode assembly  140 separate from the
workpiece electrode 130. In one embodiment, the remote  electrode assembly
140 has a plurality of remote electrodes 142 that are  supported by an
electrode carrier 144. The remote electrode assembly 140 can  include a
single remote electrode 142 or a plurality of discrete remote electrodes.
In the embodiment shown in Figure 3, the remote electrode assembly 140
includes a first remote electrode 142a and a second remote electrode 142b
spaced apart from the first remote electrode 142a. The remote electrodes
142  are also spaced apart from the workpiece holder .120 so that the
remote  electrodes 142 do not contact the face layer 111 during a
processing cycle. [00303 The remote electrode assembly 140 can also include
a drive assembly 146  that moves the electrodes 142 relative to the
workpiece 110 for controlling the  elevation (indicated by arrow "F'),
rotation (indicated by arrow "G"), and/or  translation of the electrodes
(indicated by arrow "H"). In other embodiments, the  remote electrode
assembly 140 is stationary and does not necessarily include a  



-10 1 September 2006  WO 03/076134 PCT/US03/06373 drive assembly 146. When
the remote electrode assembly 140 remains  stationary, the drive system 122
associated with the workpiece holder 120 can  provide relative motion
between the workpiece 110 and the electrodes 142. [0031] The ECM apparatus
100 also includes a mechanical medium 150 between  the workpiece holder 120
and the remote electrodes 142 for mechanically  abrading the workpiece 110.
In the particular embodiment shown in Figure 3, the  mechanical medium 150
includes a first polishing pad 152a attached to an end of  the first remote
electrode 142a and a second polishing pad 152b attached to the  end of the
second remote electrode 142b. The mechanical medium 150 can be a
non-abrasive element without abrasive particles or an abrasive element with
fixed-abrasive particles. Additionally, the mechanical medium 150 can have
a  patterned surface with discrete raised features or grooves, or it can be
substantially flat. The surfaces of the planarizing pads 152a-b can define
a  bearing surface 153 for contacting the face layer 111. Suitable types of
mechanical media 150 that can be attached to the remote electrodes 142 are
manufactured by 3M Corporation of St. Paul, Minnesota and Rodel Corporation
of  Delaware. [0032] The workpiece holder 120, the workpiece electrode 130,
and the remote  electrode assembly 140 can be. positioned in a vessel 160
that contains an  electrochemical processing solution 161. In alternate
embodiments, the  electrochemical processing solution 161 can be dispensed
onto the workpiece  110 using a nozzle or other type of device similar to
the dispensing devices used  to deposit planarizing solutions onto
polishing pads in chemical-mechanical  planarizing procedures. The vessel
160 is accordingly not necessary for such  alternate embodiments. The
electrochemical processing solution 161 can be a  liquid or a gel with a
composition that plates and/or deplates material from the  face layer 111
on the workpiece 110. The electrochemical processing solution  161, for
example, can be an electrolyte having metal ions and other constituents
that are suitable for plating the metal ions onto a metal face layer 111.
For  



-11 1 September 2006  WO 03/076134 PCT/US03/06373 example, the
electrochemical processing solution 161 can have metal ions to  plate
platinum, tungsten, gold, copper or other metals onto the face layer 111.
[0033] The ECM apparatus 100 plates, deplates, and/or mechanically removes
material from the face layer 111 on the workpiece 110. The workpiece
electrode  130 and at least one of the remote electrodes 142 are in
electrical communication  with the electrochemical processing solution such
that an electrical current flows  through the face layer 111 when there is
an electrical potential between the  workpiece electrode 130 and either of
the remote electrodes 142. A separate  current can also flow through the
face layer 111 when there is an electrical  potential between the first
remote electrode 142a and the second remote  electrode 142b. The ECM
apparatus 100 can accordingly include a DC power  supply 172, an AC power
supply 174, and a switching assembly 180. The  switching assembly 180 is
coupled to the workpiece electrode 130, the remote  electrodes 142, the DC
power supply 172, and the AC power supply 174. In  operation, the switching
assembly 180 selectively couples or decouples the DC  power supply 172
and/or the AC power supply 174 with selected combinations of  the
electrodes 130 and 142 to plate and/or remove material from the workpiece
110. [0034) The ECM apparatus 100 can further include a controller 190
having a  computer-operable medium that contains instructions to operate
the switching  assembly 180. The controller 190 can also be operatively
coupled to the DC  power supply 172 and the AC power supply 174 to adjust
the electrical  parameters of the current applied to the workpiece
electrode 130 and the remote  electrodes 142. The computer-operable medium
can be software or hardware  that (a) causes the switching assembly 180 to
selectively couple the DC power  supply 172 and the AC power supply 174 to
selected combinations of the  workpiece electrode 130 and/or the remote
electrodes 142, and/or (b) causes the  controller 190 to press the
mechanical medium 150 against the surface of the face  layer 111. For
example, the computer-operable medium in the controller contains  



instructions to control the switch assembly 180, the DC power supply 172,
AC  -12 1 September 2006  WO 03/076134 PCT/US03/06373 power supply 174, the
drive assembly 146, and the drive system 122 to plate  material onto the
face layer 111 and/or deplate/planarize the face layer 111. [00351 An
embodiment of a method effectuated by the instructions contained in  the
computer-operable medium includes a discrete plating stage and a discrete
deplating/planarizing stage separate from the plating stage. The computer-
operable medium in the controller 190 initiates the plating stage of this
embodiment by contacting the processing side 113 of the workpiece 110 with
the  electrochemical processing solution 161 and applying a direct
electrical current to  the workpiece electrode 130 and at least one of the
remote electrodes 142. The  processing side 113 of the workpiece 110 can be
brought into contact with the  electrochemical processing solution 161 by
filling the vessel 160 with the solution  161 or by dispensing the solution
161 directly onto the face layer 111. The direct  electrical current can be
applied to the workpiece electrode 110 by coupling the  workpiece electrode
130 to one terminal of the DC power supply 172 and coupling  one or both of
the remote electrodes 142 to the other terminal of the DC power  supply
172. The AC power supply 174 can be decoupled from the remote  electrodes
142 and the workpiece electrode 130 so that only the direct current is
applied to the workpiece 110 during the plating stage of this particular
embodiment. In most embodiments for plating a metal onto the face layer
111,  the workpiece electrode 130 is a cathode and the remote electrodes
142 are  anodes. The polarity, however, can be switched for plating other
types of  materials such that the workpiece electrode 130 is an anode and
the remote  electrodes 142 are cathodes. [00361 After a sufficient amount
of material is plated onto the face layer 111, the  computer-operable
medium in the controller 190 initiates the deplating/planarizing  stage by
decoupling the DC power supply 172 from the workpiece electrode 130  and
the remote electrodes 142. The controller 190 also causes (a) the switch
assembly 180 to couple the AC power supply 174 to the first and second
remote  



electrodes 142a and 142b, and/or (b) the drive assembly 146 to press the
bearing  surfaces 153 of the polishing pads 152a-b against the surface of
the face layer  -13 1 September 2006  WO 03/076134 PCT/US03/06373 111. The
controller 190 can also cause the drive assembly 146 and/or the drive
system 122 to impart relative motion between the workpiece 110 and the
electrode assembly 140 to rub the polishing pads 152a-b across the surface
of  the face layer 111. [00371 In one embodiment of the
deplating/planarizing stage, the alternating  current is applied to the
first and second remote electrodes 142a-b while the  mechanical medium 150
rubs against this surface. The alternating current  between the first and
second remote electrodes 142a-b is expected to alter the  surface of the
face layer 111 so that it becomes easier to remove mechanically.  The
alternating current, for example, oxidizes the surface of platinum, copper,
and  other metals to form a surface stratum that is more susceptible to
mechanical  abrasion. The alternating current may also deplate material
from certain types of  face layers. As a result, material is removed from
the surface of the face layer  111 during the deplating/planarizing stage
because of the electrochemical  interaction between the electrochemical
processing solution 161 and the face  layer 111 induced by the alternating
current, and also because of the mechanical  abrasion caused by the
mechanical medium 150. [0038[ Another embodiment of a method effectuated by
the instructions contained  in the computer-operable medium of the
controller 190 includes concurrently  performing plating and
deplating/planarizing by applying a direct electrical current  to the
workpiece electrode and to at least one of the first and second remote
electrodes, and simultaneously applying an alternating current to the first
and  second remote electrodes. This embodiment can also include moving at
least  one of the microelectronic workpiece and/or the remote electrode
assembly 140  relative to each other while applying the direct current and
the alternating current  to mechanically abrade material from the surface
of the workpiece 110. In this  embodiment, the alternating current can be
significantly less than the direct  



current such that the direct current in effect carries the alternating
current. The  remote electrode assembly 140 and the workpiece 110 can
remain stationary  during this process, or at least the remote electrode
assembly 140 or the  -14 i; 1 September 2006  WO 0 3/0 76 1 3 4
PCT/US03/06373 workpiece 110 can move relative to the other to position the
remote electrodes  142 relative to the surface of the face layer 111. For
example, the remote  electrodes 142 can have a higher dwell time over
selected regions of the  workpiece 110 as explained in more detail below.
[0039] The computer-operable medium of the controller 190 can also contain
instructions to cause mechanical removal of material from the face layer
111 at  various stages of a processing cycle. For example, the controller
190 can instruct  the drive assembly 146 to press the bearing surfaces 153
of the polishing pads  152a-b against the face layer 111 either while (a) a
direct current is applied to the  workpiece electrode 130 and the remote
electrodes 142 to plate material onto the  workpiece 110, (b) an
alternating current is applied to the first and second remote  electrodes
142a-b, or (c) no electrical current is applied to any of the workpiece
electrode 130, the first remote electrode 142a, or the second remote
electrode  142b. As such, a chemical-mechanical planarizing process using
only the  chemistry in the electrochemical processing solution 161 and the
mechanical  medium 150 can be performed with or without electrical
processing of the face  layer 111. [0040] In a further embodiment of the
method, the dwell time of the remote  electrode assembly 140 can be
adjusted so that the remote electrodes 142 are  juxtaposed to a first
region of the processing side 113 for a different period of time  than a
second region. For example, when the thickness of the face layer 111 is
greater at the perimeter of the workpiece 110 than at the center, the
electrode  assembly 140 can have a higher dwell time over the perimeter
than the center  during the deplating/planarizing stage to remove more
material from the  workpiece. The dwell time of the electrode assembly 140
during the  



deplating/planarizing stage is typically higher over areas of the workpiece
where  the face layer 111 is thicker. It will be appreciated that the dwell
time of the  remote electrode assembly 140 can be uniform across the face
of the workpiece  110, or it can vary according to other parameters in
other embodiments of the  invention. -15 1 September 2006  WO 03/076134
PCT/US03/06373 [00411 Several embodiments of the ECM apparatus 100 are
expected to provide  highly planar surfaces on the workpiece 110. By
applying an alternating current  to the remote electrodes 142 and rubbing
the mechanical medium 150 against the  face layer 111, the primary factors
driving the removal of material from the face  layer 111 are (a) the
oxidation of the material at the surface of the face layer 111,  and (b)
the mechanical removal of the oxidized material. Moreover, because the
electrical current is applied to the face layer 111 via remote electrodes
142 that  do not contact the face layer 111, the remote electrodes 142 can
be moved  relative to the workpiece 110 (or the workpiece 110 can be moved
relative to the  electrodes 142) to avoid producing a consistent voltage
drop across the face layer  111 as the overburden of the face layer becomes
very thin toward the end of the  deplating/planarizing cycle. This is
expected to provide a highly planar surface on  the face layer 111.  [00421
Figures 4A-4C illustrate several different remote electrode assemblies that
receive gases generated during the electrochemical-mechanical processes and
conduct the gases away from the microelectronic workpiece 110 and/or the
remote electrodes. Referring to Figure 4A, one embodiment of an ECM
apparatus  200 includes a remote electrode assembly 240a having first and
second remote  electrodes 242a and 242b carried by an electrode carrier
244. The remote  electrode assembly 240 can further include a mechanical
medium 250 (identified  as a first mechanical medium 250a adjacent to the
first remote electrode 242a and  a second mechanical medium 250b adjacent
the second remote electrode 242b).  In one aspect of this embodiment, the
mechanical medium 250 can be a generally  non-porous material that covers
less than the entire downwardly facing surface of  



each of the remote electrodes 242a-b. An exposed surface 245 of each of the
remote electrodes 242a-b accordingly faces the workpiece 110 directly.
These  exposed surfaces 245 can include channels 247 defined by channel
surfaces 248  to collect and conduct gases away from the region proximate
to the workpiece 110  and/or the remote electrodes 242a-b. -16 1 September
2006  WO 03/076134 PCT/US03/06373 [0043] In a further aspect of this
embodiment, the remote electrodes 242a-b can  be separated from each other
by a gap 249 that can reduce or eliminate direct  electrical coupling
between the remote electrodes 242a-b. As a result, the  electrical current
flows from one of the remote electrodes 242a or 242b through  the
conductive material 111 of the microelectronic substrate 110 and then to
the  other of the remote electrodes 242a or 242b. Furthermore, the gap 249
can  operate in addition to, or in lieu of, the channels 247 to conduct the
gases away  from the electrodes 242a-b and/or the microelectronic workpiece
110. In still a  further aspect of this embodiment, the electrode carrier
244 can rotate (indicated  by arrow "G") at a rate sufficient to force the
gases radially outwardly by  centrifugal force. [00441 Another feature of
the ECM apparatus 200 shown in Figure 4A is that the  type and placement of
the mechanical media 250a-b can control the electrical  coupling between
the remote electrodes 242a-b and the microelectronic  workpiece 110. For
example, the mechanical media 250a-b can be generally  non-porous pads such
that only the exposed portion of the electrodes 242a-b are  electrically
coupled to the workpiece 110 via the electrochemical processing  solution
161. In an alternate embodiment, the mechanical media 250a-b can be  porous
or partially porous pads to allow some electrical coupling between the
remote electrodes 242a-b and the workpiece 110 in regions where the
mechanical  media 250a-b are interposed between the workpiece 110 and the
electrodes  242a-b. The degree of electrical coupling through the
mechanical media 250a-b  can be less than the degree of the electrical
coupling between the exposed  portions of the electrodes 242a-b and the
workpiece 110. 



[00451 Figure 4B illustrates another embodiment of the ECM apparatus 200
that  includes a remote electrode assembly 240b having first and second
remote  electrodes 242a-b, and an electrode carrier 244 carrying the first
and second  remote electrodes 242a-b. The ECM apparatus 200 in this
embodiment can also  include first and second mechanical media 250a-b
carried by respective first and  second remote electrodes 242a-b. Each of
the mechanical media 250a-b is a  -17 1 September 2006  WO 03/076134
PCT/US03/06373 . porous pad that includes pores 251 and passages 252
extending from the pores  251 upwardly to the remote electrodes 242a-b. The
remote electrodes 242a-b  can include downwardly facing channels 247 in
fluid communication with the  passages 252. Accordingly, the passages 252
can allow gases to rise from the  workpiece 110 and through the mechanical
medium 250 where they are collected  in the channels 247. Additionally,
when the passages 252 are filled with the  solution 161, the passages 252
can provide an electrical link between the  electrodes 242a-b and the
workpiece 110. [0046] Figure 4C illustrates another embodiment of the ECM
apparatus 200  having a remote electrode assembly 240c including first and
second remote  electrodes 242a-b and corresponding first and second
mechanical media 250a-b.  In one aspect of this embodiment, the mechanical
media 250a-b can be porous to  conduct gas bubbles away from the workpiece
110. Another aspect of this  embodiment can include downwardly facing
channels 247 in the electrodes  242a-b to collect and conduct the gas
bubbles away from the electrodes 242a-b.  The remote electrode assembly
240c can also include an electrode carrier 244  having canted lower
surfaces 270 that orient the passages 247 at a selected  angle of
inclination. In one aspect of this embodiment, a downwardly facing  surface
272 of each of the electrodes 242a-b is also inclined. The angle of
inclination can be shallow to reduce the difference in distance between the
workpiece 110 and the electrodes 242a-b from the center of the electrode
assembly 240c to the outer periphery. In alternate embodiments, the
inclination  angle can be steep to deliberately reduce the electrical
coupling between the  



perimeter of the electrodes 242a-b and the workpiece 110. In a further
embodiment, the channels 247 can be inclined upwardly (shown in Figure 4C),
although a lower surface of the electrodes 242a-b can be horizontal
(indicated in  dashed lines in Figure 4C by reference number 245). [0047j
Figures 5A-5E illustrate several remote electrode assemblies 340 for use
with ECM apparatuses in accordance with additional embodiments of the
invention. Referring to Figure 5A, this figure illustrates an embodiment of
a  -is 1 September 2006  WO 03/076134 PCT/US03/06373 remote electrode
assembly 340 comprising an electrode carrier 341, first and  second remote
electrodes 342a-b carried by the electrode carrier 341, and a  mechanical
medium 350 carried by the first and second remote electrodes  342a-b. The
mechanical medium 350 can include a plurality of regions 352a-d  that have
different electrical characteristics. For example, the regions 352b-d can
be disposed annularly around a central region 352a in one embodiment, or in
other embodiments the regions can have other patterns or arrangements
(e.g., a  grid). The regions 352a-d can have different dielectric constants
and/or  conductivities to vary the degree of electrical coupling between
the remote  electrodes 342a-b and the workpiece 110 spatially across the
face layer 111.  Accordingly, the impedance of the circuit(s) formed by the
remote electrodes  342a-b and the face layer 111 can vary over the surface
of workpiece 110 to  provide a variation in the rate at which material is
electrically removed or  otherwise altered. Alternatively, the spatially
varied electrical characteristics can  correct for factors that would
otherwise result in spatially non-uniform material  removal rates (e.g., a
consistent difference in the relative velocity between the  workpiece 110
and the mechanical medium 350). [00481 Figure 5B illustrates a remote
electrode assembly 340 having a porous  mechanical medium 350 in accordance
with another embodiment of the invention.  In one aspect of this
embodiment, the mechanical medium 350 can include pores  353 and passages
354 in which the processing solution 161 can be contained to  electrically
couple the remote electrodes 342a-b to the face layer 111 of the  



workpiece 110. In a further aspect of this embodiment, the porosity of the
mechanical medium 350 can vary in a continuous manner from one region to
another. For example, the porosity can decrease in a radially outward
direction to  reduce the electrical coupling at the perimeter of the
workpiece 110. In other  embodiments, the porosity can change in other
manners to provide a different  level of electrically coupling over
different portions of the workpiece 110. [0049] Figure 5C illustrates a
remote electrode assembly 340 that includes a  mechanical medium 350 having
three concentric regions 355a-c that each have a  -19 1 September 2006  WO
03/076134 PCT/US03/06373 different porosity. For example, a first region
355a can have a first uniform  porosity throughout the first region 355a, a
second region 355b can have a  second porosity that is uniform throughout
the second region 355b, and a third  region 355c can have a third porosity
that is uniform throughout the third region  355c. In one aspect of this
embodiment, the porosity of the mechanical medium  350 can decrease in a
radial outward direction, or in other embodiments the  porosity can change
in other manners. In still further embodiments, the  mechanical medium 350
can have more or fewer than the three distinct regions  355a-c. [0050]
Figure 5D illustrates a remote electrode assembly 340 having a mechanical
medium 350 with porous and non-porous regions in accordance with another
embodiment of the invention. For example, the mechanical medium 350 can
include a central porous region 356a and a outer non-porous region 356b.
The  outer non-porous region 356b can be positioned concentrically about
the central  porous region 356a. Accordingly, the remote electrodes 342a-b
can be  electrically coupled with the workpiece 110 only in the central
region of the remote  electrode assembly 340, and the mechanical medium 350
can mechanically  remove material over a larger contact area. Figure 5E
illustrates an alternate  arrangement in which the remote electrode
assembly 340 includes a mechanical  medium 350 having uniform porosity. The
mechanical medium 350 can be  attached to a mask 357 that prevents or at
least limits electrical coupling between  



the remote electrodes 342a-b and the workpiece 110 in regions where the
mask  357 is interposed between the workpiece 110 and the electrodes
342a-b. [0051] Figure 6 is a cross-sectional side elevational view of an
ECM processing  apparatus 600 for electrochemical-mechanical processing the
microelectronic  workpiece 110 in accordance with another embodiment of the
invention. Several  components of the ECM processing apparatus 600 are
shown schematically in  Figure 6, and components with like reference
numbers refer to like components in  Figures 2-6. In one aspect of this
embodiment, the ECM processing apparatus  600 has a platen or table 610, a
workpiece carrier assembly 620, a workpiece  -20 1 September 2006  WO
03/076134 PCT/US03/06373 electrode 630 carried by the workpiece carrier
assembly 620, and a remote  electrode assembly 640 having remote electrodes
642a-b carried by the table  610. The ECM processing apparatus 600 can also
include a mechanical medium  650 carried by the table 610. A drive system
612 rotates (arrow G) and/or  reciprocates (arrow H) the table 610, and a
drive assembly 622 can rotate (arrow  1) or translate (arrow J) the
workpiece carrier 620. The movement of the table 610  and the workpiece
carrier 620 can be coordinated to press the processing side  113 of the
workpiece 110 against a bearing surface 653 of the mechanical  medium 650.
[00521 During a processing cycle, one or more processing solutions 660 can
be  deposited onto the bearing surface 653 of the mechanical medium 650.
The  mechanical medium 650 and the processing solution 660 are selected to
provide  the appropriate electrical, chemical and mechanical
characteristics for processing  the workpiece 110. For example, the
mechanical medium 650 can be a fixed- abrasive polishing pad or a
non-abrasive pad. The processing solution 660 can  be an electrolytic
solution for plating or deplating material from the workpiece 110,  and/or
a planarizing solution for chemically and/or mechanically removing
material from the workpiece 110. The processing solution 660 can
accordingly  include an electrolyte and/or abrasive particles, as well as
chemicals that are  selected to perform particular reactions with the
workpiece 110. 



[00531 The ECM processing apparatus 600 can also include the switch
assembly  180, the DC power supply 172, the AC power supply 174, and the
controller 190.  The workpiece electrode 630 and the remote electrodes
642a-b are coupled to  the switch assembly 180 for selectively applying a
direct current and/or an  alternating current to the various electrodes.
The electrochemical processing  apparatus 600 shown in Figure 6 can
accordingly perform many of the same  methods described above with
reference to Figure 3. [0054[ Figure 7 is a side elevational view of an
embodiment of the ECM  processing apparatus 600 explained above showing a
portion of the apparatus in  greater detail. In one aspect of this
embodiment, the ECM apparatus 600 can  -21 1 September 2006  WO 03/076134
PCT/US03/06373 further include a plurality of first and second remote
electrodes 642a-b beneath,  and/or integrated with, the mechanical medium
650. For example, the remote  electrodes 642a-b can be arranged in pairs
and carried by the table 610. Each of  the remote electrodes 642a-b can
have a surface 643 facing toward the  microelectronic workpiece 110, and
each of the remote electrodes 642a-b can be  adjacent to a divider 644 that
electrically isolates the first and second electrodes  642a-b from one
another. The first and second electrodes 642a-b can also be  divided into
discrete groups by a plurality of fluid conduits 663 through which the
processing solution 661 can flow to the bottom surface of the mechanical
medium  650. The mechanical medium 650 can accordingly have pores or
passages (not  shown in Figure 7) through which the processing solution 661
can flow to the  bearing surface 653. The mechanical medium 650 can also
include a plurality of  channels 654 at the bearing surface 653 that (a)
transport the processing solution  661 across the surface of the mechanical
medium 650, and (b) collect and move  gas bubbles away from the workpiece
110. [0055] Referring still to Figure 7, the ECM processing apparatus 600
can  optionally include a non-contact energy source 699 that is proximate
to the  processing solution 661 during a processing cycle. The non-contact
energy  source 699 can be an ultrasonic energy emitter that transmits
ultrasonic energy  



into the processing fluid 661. It is expected that imparting ultrasonic
energy to the  processing solution 661 will increase the rate and/or the
efficiency at which gas  bubbles are removed from the region proximate to
workpiece 110. [00561 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. -22 E 1
September 2006  CLAIMS 1 An apparatus for electrochemical-mechanical
processing of microelectronic  workpieces, comprising: a workpiece holder
configured to receive a microelectronic workpiece; a workpiece electrode
configured to contact a processing side of the  workpiece when the
workpiece is received in the workpiece holder; a first remote electrode and
a second remote electrode, the first and  second remote electrodes being
spaced apart from the workpiece  holder; a mechanical medium having a
bearing surface facing the workpiece  holder and a backside facing the
first and second remote  electrodes; a switching assembly coupled to the
workpiece electrode, the first remote  electrode, and the second remote
electrode; an AC power supply electrically coupled to the switching
assembly to be in  electrical communication with the first and second
remote electrodes  via the switching assembly forming a closed circuit; and
a DC power supply electrically coupled to the switching assembly to be in
electrical communication with the workpiece electrode at one  polarity and
at least one of the first and second remote electrodes at  an opposite
polarity via the switching assembly. 



2. The apparatus of claim 1 wherein the workpiece electrode is carried  by
the workpiece holder. 3. The apparatus of claim 1 wherein: the workpiece
electrode is carried by the workpiece holder; and the first remote
electrode and the second remote electrode are carried by a  remote
electrode assembly separate from the workpiece holder. 23 0 1 September
2006  4. The apparatus of claim 1 wherein: the workpiece holder comprises a
substrate carrier having a chuck  configured to hold the workpiece so that
the processing side faces  downward and a drive assembly coupled to the
substrate carrier to  move the substrate carrier; and the workpiece
electrode is carried by the workpiece holder.  5. The apparatus of claim 1
wherein: the workpiece holder comprises a substrate carrier having a chuck
configured to hold the workpiece so that the processing side faces  upward
and a drive assembly coupled to the substrate carrier to  move the
substrate carrier; and the workpiece electrode is carried by the workpiece
holder. 6. The apparatus of claim 1, further comprising an electrode
assembly  spaced apart from the workpiece holder, and wherein the first
remote electrode  and the second remote electrode are carried by the
electrode assembly. 7. The apparatus of claim 1 wherein: the apparatus
further comprises a moveable electrode assembly spaced  apart from the
workpiece holder, the electrode assembly being  moveable relative to the
workpiece holder; and the first remote electrode and the second remote
electrode are carried by  the electrode assembly. 8. The apparatus of claim
1 wherein: the apparatus further comprises a moveable electrode assembly
spaced  apart from the workpiece holder, the electrode assembly being  



moveable relative to the workpiece holder; the first remote electrode and
the second remote electrode are carried by  the electrode assembly; and 24
I September 2006  the mechanical medium comprises a first polishing pad
carried by the first remote electrode and a second polishing pad carried by
the second  remote electrode. 9. The apparatus of claim 1 wherein:  the
apparatus further comprises a table; the mechanical medium comprises a
polishing pad carried by the table; the workpiece holder is positioned over
the polishing pad, and the  workpiece electrode is carried by the workpiece
holder; and the first remote electrode and the second remote electrode are
carried by  the table. 10. The apparatus of claim 1, further comprising a
controller having a  computer operable medium containing instructions to
operate the apparatus  according to a process comprising (a) contacting the
processing side of the  microelectronic workpiece with an electrochemical
processing solution, (b)  applying a direct electrical current to the
workpiece electrode and at least one of  the first remote electrode and/or
the second remote electrode while the workpiece  contacts the
electrochemical processing solution, (c) applying an alternating
electrical current to at least one of the first remote electrode and/or the
second  remote electrode while the workpiece contacts the electrochemical
processing  solution, and (d) pressing the processing side of the workpiece
against the  mechanical medium at least while applying the alternating
current. 11. The apparatus of claim 1, further comprising a controller
having a  computer operable medium containing instructions to operate the
apparatus  according to a process comprising (a) contacting the processing
side of the  microelectronic workpiece with an electrochemical processing
solution, (b)  applying a direct electrical current to the workpiece
electrode and at least one of  the first remote electrode and/or the second
remote electrode while the workpiece  



contacts the electrochemical processing solution, (c) applying an
alternating  electrical current to the first remote electrode and the
second remote electrode  while the workpiece contacts the electrochemical
processing solution, and (d)  25 0 1 September 2006  pressing the
processing side of the workpiece against the mechanical medium at least
while applying the alternating current. 12. The apparatus of claim 1,
further comprising a controller having a  computer operable medium
containing instructions to operate the apparatus  according to a process
comprising (a) contacting the processing side of the  microelectronic
workpiece with an electrochemical processing solution, (b)  applying a
direct electrical current to the workpiece electrode and at least one of
the first remote electrode and/or the second remote electrode while the
workpiece  contacts the electrochemical processing solution, (c) applying
an alternating  electrical current to the first remote electrode and the
second remote electrode  while applying the direct electrical current. 13.
The apparatus of claim 1, further comprising a controller having a
computer operable medium containing instructions to operate the apparatus
according to a process comprising (a) contacting the processing side of the
microelectronic workpiece with an electrochemical processing solution, (b)
applying a direct electrical current to the workpiece electrode and at
least one of  the first remote electrode and/or the second remote electrode
while the workpiece  contacts the electrochemical processing solution, (c)
applying an alternating  electrical current to the first remote electrode
and the second remote electrode  while the workpiece contacts the
electrochemical processing solution, (d) pressing  the processing side of
the workpiece against the mechanical medium at least  while applying the
alternating current, and (e) moving the at least one of the  workpiece
and/or the first and second remote electrodes so that the first and the
second remote electrodes have a higher dwell time at a first region of the
workpiece than at a second region. 14. An apparatus for
electrochemical-mechanical processing of  microelectronic workpieces,
comprising: 



a workpiece holder configured to receive a microelectronic workpiece; a
workpiece electrode configured to contact a processing side of the
workpiece when the workpiece is received in the workpiece holder;  26  1
September 2006  a first remote electrode and a second remote electrode,
wherein the first and second remote electrodes are juxtaposed to the
workpiece  holder to be spaced apart from the processing side of the
workpiece  when the workpiece is received in the workpiece holder; an AC
power supply; a DC power supply; and a switching assembly coupled to the
workpiece electrode, the first remote  electrode, the second remote
electrode, the AC power supply, and  the DC power supply, wherein the
switching assembly includes at  least a first configuration and a second
configuration, and wherein in  the first configuration, the DC power supply
is coupled to the  workpiece electrode and the first remote electrode while
the AC  power supply is simultaneously coupled to the first and second
remote electrodes, and wherein in the second configuration, the DC  power
supply is connected to the workpiece electrode and both the  first and
second remote electrodes while simultaneously the AC  power supply is
coupled to the first and second remote electrodes. 15. The apparatus of
claim 14 wherein the workpiece electrode is  carried by the workpiece
holder, and wherein the apparatus further comprises a  mechanical medium
having a bearing surface facing the workpiece holder and a  backside facing
the first and second remote electrodes. 16. The apparatus of claim 15
wherein: the workpiece electrode is carried by the workpiece holder; and
the first remote electrode and the second remote electrode are carried by
an electrode assembly separate from the workpiece holder. 17. The apparatus
of claim 15, further comprising an electrode  assembly spaced apart from
the workpiece holder, and wherein the first and  



second remote electrodes are carried by the electrode assembly. 27  1
September 2006  18. The apparatus of claim 15 wherein: the apparatus
further comprises a moveable electrode assembly spaced  apart from the
workpiece holder, wherein the electrode assembly is  moveable relative to
the workpiece holder; and the first and second remote electrodes are
carried by the electrode  assembly. 19. The apparatus of claim 15 wherein:
the apparatus further comprises a moveable electrode assembly spaced  apart
from the workpiece holder; the first and second remote electrodes are
carried by the electrode  assembly; and the mechanical medium comprises a
first polishing pad carried by the first  remote electrode and a second
polishing pad carried by the second  remote electrode. 20. The apparatus of
claim 15 wherein:  the apparatus further comprises a table; the mechanical
medium comprises a polishing pad carried by the table; the workpiece holder
is positioned over the polishing pad, and the  workpiece electrode is
carried by the workpiece holder; and the first and second remote electrodes
are carried by the table. 21. An apparatus for electrochemical-mechanical
processing of  microelectronic workpieces, comprising: a workpiece holder
configured to receive a microelectronic workpiece; a first electrode
configured to contact a processing side of the workpiece  when the
workpiece is received in the workpiece holder; a second electrode and a
third electrode, the second and third electrodes  being remote electrodes
that are spaced apart from the workpiece  holder; a mechanical medium
between the workpiece holder and each of the  



second and third electrodes; 28  1 September 2006  an AC power supply; a DC
power supply; and a switching assembly coupled to the first electrode,
second electrode, third  electrode, AC power supply, and the DC power
supply, wherein the  switching assembly includes at least three
configurations  comprising: a first configuration, wherein the DC power
supply is disconnected  from the workpiece electrode and the first and
second remote  electrodes while the AC power supply is coupled to the first
and second remote electrodes; a second configuration, wherein the DC power
supply is coupled to  the workpiece electrode and both the first and second
remote  electrodes while the AC power supply is disconnected from  the
first and second remote electrodes; a third configuration, wherein the DC
power supply is coupled to the  workpiece electrode and both the first and
second remote  electrodes while simultaneously the AC power supply is
coupled to the first and second remote electrodes. 22. The apparatus of
claim 21 wherein the first electrode is carried by  the workpiece holder.
23. The apparatus of claim 21 wherein: the first electrode is carried by
the workpiece holder; and the second and the third electrodes are carried
by an electrode assembly  separate from the workpiece holder. 24. The
apparatus of claim 21 wherein: the workpiece holder comprises a substrate
carrier having a chuck  configured to hold the workpiece so that the
processing side faces  downward and a drive assembly coupled to the
substrate carrier to  move the substrate carrier; and 



the first electrode is carried by the workpiece holder.  29 0 1 September
2006  25. The apparatus of claim 21 wherein: the workpiece holder comprises
a substrate carrier having a chuck  configured to hold the workpiece so
that the processing side faces  upward and a drive assembly coupled to the
substrate carrier to  move the substrate carrier; and the first electrode
is carried by the workpiece holder. 26. The apparatus of claim 21, further
comprising an electrode  assembly spaced apart from the workpiece holder,
and wherein the second and  the third electrodes are carried by the
electrode assembly. 27. The apparatus of claim 21 wherein: the apparatus
further comprises a moveable electrode assembly spaced  apart from the
workpiece holder; and the second and the third electrodes are carried by
the electrode assembly.  28. The apparatus of claim 21 wherein: the
apparatus further comprises a moveable electrode assembly spaced  apart
from the workpiece holder; the second and the third electrodes are carried
by the electrode assembly;  and the mechanical medium comprises a first
polishing pad carried by the  second electrode and a second polishing pad
carried by the third  electrode. 29. The apparatus of claim 21 wherein:
the apparatus further comprises a table; the mechanical medium comprises a
polishing pad carried by the table; the workpiece holder is positioned over
the polishing pad, and the first  electrode is carried by the workpiece
holder; and the second and the third electrodes are carried by the table.
30 0 1 September 2006  



30. The apparatus of claim 21, further comprising a controller having a
computer operable medium containing instructions to operate the apparatus
according to a process comprising (a) contacting the processing side of the
microelectronic workpiece with an electrolytic solution, (b) applying a
direct  electrical current to the first electrode and at least one of the
second and/or the  third electrodes while the workpiece contacts the
electrolytic solution, (c) applying  an alternating electrical current to
at least one of the second and/or the third  electrodes while the workpiece
contacts the electrolytic solution, and (d) pressing  the processing side
of the workpiece against the mechanical medium at least  while applying the
alternating current. 31. The apparatus of claim 21, further comprising a
controller having a  computer operable medium containing instructions to
operate the apparatus  according to a process comprising (a) contacting the
processing side of the  microelectronic workpiece with an electrolytic
solution, (b) applying a direct  electrical current to the first electrode
and at least one of the second and/or the  third electrodes while the
workpiece contacts the electrolytic solution, (c) applying  an alternating
electrical current to the second and the third electrodes while the
workpiece contacts the electrolytic solution, and (d) pressing the
processing side  of the workpiece against the mechanical medium at least
while applying the  alternating current. 32. The apparatus of claim 21,
further comprising a controller having a  computer operable medium
containing instructions to operate the apparatus  according to a process
comprising (a) contacting the processing side of the  microelectronic
workpiece with an electrolytic solution, (b) applying a direct  electrical
current to the first electrode and at least one of the second and/or the
third electrodes while the workpiece contacts the electrolytic solution,
(c) applying  an alternating electrical current to the second and the third
electrodes while  applying the direct electrical current. 33. The apparatus
of claim 21, further comprising a controller having a  computer operable
medium containing instructions to operate the apparatus  31  1 September
2006  



according to a process comprising (a) contacting the processing side of the
microelectronic workpiece with an electrolytic solution, (b) applying a
direct  electrical current to the first electrode and at least one of the
second and/or the third electrodes while the workpiece contacts the
electrolytic solution, (c) applying  an alternating electrical current to
the second and the third electrodes while the  workpiece contacts the
electrolytic solution, (d) pressing the processing side of  the workpiece
against the mechanical medium at least while applying the  alternating
current, and (e) moving the at least one of the workpiece and/or the
second and third electrodes so that the second and the third electrodes
have a  higher dwell time at a first region of the workpiece than at a
second region. 34. An apparatus for electrochemical-mechanical processing
of  microelectronic workpieces, comprising: a workpiece holder configured
to receive a microelectronic workpiece; a workpiece electrode configured to
contact a processing side of the  workpiece when the workpiece is received
in the workpiece holder; a first remote electrode and a second remote
electrode, the first and  second remote electrodes being spaced apart from
the workpiece  holder; a mechanical medium between the workpiece holder and
each of the first  and second remote electrodes; an AC power supply; a DC
power supply; and a switching assembly coupled to the workpiece electrode,
first remote  electrode, second remote electrode, AC power supply, and the
DC  power supply; and a controller coupled to the switching assembly, the
controller including a  computer operable medium containing instructions to
operate the  switching assembly according to a process including (a)
coupling the  workpiece electrode and at least one of the first and second
remote  electrodes to the DC power supply via the switching assembly, and
(b) coupling the first and second remote electrodes to the AC power  supply
via the switching assembly. 



32  I September 2006  35. An apparatus for electrochemical-mechanical
processing of  microelectronic workpieces, comprising: a workpiece holder
configured to receive a microelectronic workpiece; a workpiece electrode
configured to contact a processing side of the  workpiece when the
workpiece is received in the workpiece holder; a first remote electrode and
a second remote electrode, the first and  second remote electrodes being
spaced apart from the workpiece  holder; a mechanical medium between the
workpiece holder and each of the first  and second remote electrodes; a
switching assembly coupled to the workpiece electrode, first remote
electrode, and second remote electrode; an AC power supply electrically
coupled to the switching assembly to be in  electrical communication with
the first and second remote electrodes  forming a closed circuit; and a DC
power supply electrically coupled to the switching assembly to be in
electrical communication with the workpiece electrode at one  polarity and
at least one of the first and second remote electrodes at  an opposite
polarity via the switching assembly. 36. An apparatus for
electrochemical-mechanical processing of  microelectronic workpieces,
comprising: a workpiece holder configured to receive a microelectronic
workpiece; a workpiece electrode carried by the workpiece holder, the
workpiece  electrode being configured to contact a processing side of the
workpiece when the workpiece is received in the workpiece holder; a
material removal device including an electrode assembly facing the
workpiece holder, a first remote electrode carried by the electrode
assembly, a second remote electrode carried by the electrode  assembly, and
a mechanical medium carried by the first and second  remote electrodes,
wherein the first and second remote electrodes  



are spaced apart from the workpiece holder; an AC power supply; 33 0 1
September 2006  a DC power supply; and a switching assembly coupled to the
workpiece electrode, first remote  electrode, second remote electrode, AC
power supply, and the DC  power supply, wherein the switching assembly
includes at least  three configurations comprising: a first configuration,
wherein the DC power supply is disconnected  from the workpiece electrode
and the first and second remote  electrodes while the AC power supply is
coupled to the first  and second remote electrodes; a second configuration,
wherein the DC power supply is coupled to  the workpiece electrode and both
the first and second remote  electrodes while the AC power supply is
disconnected from  the first and second remote electrodes; a third
configuration, wherein the DC power supply is coupled to the  workpiece
electrode and both the first and second remote  electrodes while
simultaneously the AC power supply is  coupled to the first and second
remote electrodes. 37. An apparatus for electrochemical-mechanical
processing of  microelectronic workpieces, comprising: a workpiece holder
configured to receive a microelectronic workpiece; a workpiece electrode
carried by the workpiece holder, the workpiece  electrode being configured
to contact a processing side of the  workpiece when the workpiece is
received in the workpiece holder; a material removal device including an
electrode assembly facing the  workpiece holder, a first remote electrode
carried by the electrode  assembly, a second remote electrode carried by
the electrode  assembly, and a mechanical medium carried by the first and
second  remote electrodes, wherein the electrode assembly is moveable to  



move the first and second remote electrodes relative to the  workpiece
holder; an AC power supply; a DC power supply; and 34 0 1 September 2006  a
switching assembly coupled to the workpiece electrode, first remote
electrode, second remote electrode, AC power supply, and the DC  power
supply, wherein the switching assembly includes at least two
configurations comprising: a first configuration, wherein the DC power
supply is coupled to the  workpiece electrode and the first remote
electrode while the  AC power supply is coupled to the first and second
remote  electrodes; a second configuration, wherein the DC power supply is
coupled to  the workpiece electrode and the second remote electrode  while
simultaneously the AC power supply is coupled to the  first and second
remote electrodes. 38. A method of electrochemical-mechanical processing of
microelectronic workpieces, comprising: contacting a processing side of a
microelectronic workpiece with an  electrolytic solution; applying a direct
electrical current to a workpiece electrode contacting the  processing side
of the workpiece and a first remote electrode  spaced apart from the
processing side of the workpiece, the  workpiece electrode and the first
remote electrode being in electrical  communication with the electrolytic
solution; applying an alternating current to the first and second remote
electrodes,  also spaced apart from the processing side of the workpiece,
thereby forming a closed circuit, the first and second remote  electrodes
being in electrical communication with the electrolytic  solution; and 



contacting the processing side of the workpiece with a mechanical medium
at least while applying the alternating current to the first and second
remote electrodes. 35  1 September 2006  39. A method of
electrochemical-mechanical processing of  microelectronic workpieces,
comprising: contacting a processing side of a microelectronic workpiece
with an  electrolytic solution; applying a direct electrical current to a
workpiece electrode contacting the  processing side of the workpiece and at
least one of a first remote  electrode and/or a second remote electrode
spaced apart from the  processing side of the workpiece, the workpiece
electrode, the first  remote electrode, and the second remote electrode
being in  electrical communication with the electrolytic solution; applying
an alternating current to the first and second remote electrodes  forming a
closed circuit; and contacting the processing side of the workpiece with a
mechanical medium  at least while applying the alternating current to the
first and second  remote electrodes. 40. A method of
electrochemical-mechanical processing of  microelectronic workpieces,
comprising: contacting a processing side of a microelectronic workpiece
with an  electrolytic solution; applying a direct electrical current to a
workpiece electrode in contact with  the processing side of the workpiece
and at least one of a first  remote electrode and/or a second remote
electrode, wherein the  workpiece electrode, the first remote electrode,
and the second  remote electrode are in electrical communication with the
electrolytic  solution; and applying an alternating current to the first
and second remote electrodes,  thereby forming a closed circuit, while
applying the direct current to  



the workpiece electrode and at least one of the first remote  electrode
and/or a second remote electrode. 36 0 1 September 2006  41. A method of
electrochemical-mechanical processing of  microelectronic workpieces,
comprising: contacting a processing side of a microelectronic workpiece
with an  electrolytic solution; applying a direct electrical current to a
workpiece electrode contacting the  processing side of the workpiece and at
least one of a first remote  electrode and a second remote electrode spaced
apart from the  processing side of the workpiece and simultaneously
applying an  alternating current to the first and second remote electrodes,
thereby forming a closed circuit, wherein the workpiece electrode,  the
first remote electrode, and the second remote electrode are in  electrical
communication with the electrolytic solution; and moving at least one of
the microelectronic workpiece and/or the first and  second remote
electrodes relative to each other while applying the  direct current and
the alternating current so that the first and second  remote electrodes
have a higher dwell time at a first region of the  workpiece than at a
second region of the workpiece. 42. A method of electrochemical-mechanical
processing of  microelectronic workpieces, comprising: contacting a
processing side of a microelectronic workpiece with an  electrolytic
solution; applying a direct electrical current to a workpiece electrode
that is in  contact with the processing side of the workpiece and at least
one of  a first remote electrode and a second remote electrode, the
workpiece electrode, the first remote electrode and simultaneously
applying an alternating current to the first and second remote  electrodes,
forming a closed circuit, wherein the second remote  electrode are in
electrical communication with the electrolytic  



solution; and moving at least one of the microelectronic workpiece and/or
the first and  second remote electrodes relative to each other while
applying the  direct current and the alternating current so that the first
and second  37 0 1 September 2006  remote electrodes have a higher dwell
time at regions of the  workpiece having a thicker layer of a plated
material. 38  4 


