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(57) ABSTRACT 

In one embodiment, a pad assembly for electro-processing a 
substrate is provided which includes a first conductive layer 
having a working Surface to contact the Substrate during a 
polishing process, an intermediate layer coupled to the first 
conductive layer, wherein the intermediate layer contains a 
plurality of perforations, channels, or combinations thereof, 
which have diameters within a range from about 0.5 mm to 
about 10 mm, and a second conductive layer coupled to the 
intermediate layer, wherein the second conductive layer has a 
plurality of independently electrically biasable Zones and is 
configured to be coupled with a power delivery arrangement. 
The intermediate layer may contain a polymer material Sup 
port disk, a backing layer, or combinations thereof. Generally, 
the first conductive layer, the second conductive layer, and the 
intermediate layer are adhered or secured together and 
removable as a unitary replaceable body. 

SUPPORT 
CIRCUITS 

138 

    

  

    

    

  



Patent Application Publication Oct. 16, 2008 Sheet 1 of 8 US 2008/0254713 A1 

136 SY, SA 22 2 

"NASSISSI:SE4s 
S2% 22 A. & 120 12á-ST,5LESSA S. 1 1 4 2-Yeez7272/7tzitz777 1/777/7ZZ 

110 116 
128 PN-142 

124 ( 112 
U 

58 144 1 156 138 
118 

146 

FIG. 1A 

  



Patent Application Publication Oct. 16, 2008 Sheet 2 of 8 US 2008/0254713 A1 

210 

KZZZZZZZZZZZZZ2 

29:47A2E7Ge. NN222222222221S NSSSN N3 2N NS NNNNNNNNN 
L X S. 

2N 
NN-HT ra s 

NSN 

N y 

C. d 236 

FIG. 1B 

  

  

  

  

  



Patent Application Publication Oct. 16, 2008 Sheet 3 of 8 US 2008/0254713 A1 

FIG. 2 

  



Patent Application Publication Oct. 16, 2008 Sheet 4 of 8 US 2008/0254713 A1 

TO 
POWER 
SOURCE 

FIG. 3 

  



Patent Application Publication Oct. 16, 2008 Sheet 5 of 8 US 2008/0254713 A1 

190 

192b 
1018 

1016 V3 1016 1014 

1010 

160 Z Z Z -Herr % W 2 / 1 

FIG. 4 

  



Patent Application Publication Oct. 16, 2008 Sheet 6 of 8 US 2008/0254713 A1 

630 

622 

616 

620 

FIG. 5A 

605 622 

604 

680 

730 

720 

720 

720 

FIG. 5B 

705 720 

704 

780 
FIG. 5 

  



Patent Application Publication Oct. 16, 2008 Sheet 7 of 8 US 2008/0254713 A1 

DESIRED 
REMOVAL 
RATE 900 

FIG. 6A 

DISTANCE FROM CENTER 
OF MATERALLAYER 

902 
DESIRED 
REMOVAL 
RATE 

F.G. 6B 

DISTANCE FROMCENTER 
OF MATERALLAYER 

FIG. 6 



Patent Application Publication Oct. 16, 2008 Sheet 8 of 8 US 2008/0254713 A1 

1124 1128 1138 

FIG. 7 

  



US 2008/0254713 A1 

PADASSEMBLES FOR 
ELECTROCHEMICALLY ASSISTED 

PLANARIZATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. Ser. No. 
1 1/425,339 (APPM/007187.C2), filed Jun. 20, 2006, which is 
a continuation of U.S. Ser. No. 11/048,117 (APPM/007 187. 
C1), filed Feb. 1, 2005, and issued as U.S. Pat. No. 7,070,475, 
which is a continuation of U.S. Ser. No. 10/244,688 (APPM/ 
007187), filed Sep. 16, 2002, and issued as U.S. Pat. No. 
6.848,970, which are hereinincorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003 Embodiments of the present invention relate to a 
method and apparatus for planarizing a surface and, more 
particularly, to a method of controlling the removal rate of 
material in electrochemically assisted chemical mechanical 
polishing (ECMP). 
0004 2. Background of the Related Art 
0005 Sub-quarter micron multi-level metallization is one 
of the key technologies for the next generation of ultra large 
scale integration (ULSI). The multilevel interconnects that lie 
at the heart of this technology require planarization of inter 
connect features formed in high aspect ratio apertures, includ 
ing contacts, vias, lines and other features. Reliable formation 
of these interconnect features is very important to the Success 
of ULSI and to the continued effort to increase circuit density 
and quality on individual Substrates and die. 
0006. In the fabrication of integrated circuits and other 
electronic devices, multiple layers of conducting, semicon 
ducting, and dielectric materials are deposited on or removed 
from a Surface of a Substrate. Thin layers of conducting, 
semiconducting, and dielectric materials may be deposited by 
a number of deposition techniques. Common deposition tech 
niques in modern processing include physical vapor deposi 
tion (PVD), also known as sputtering, chemical vapor depo 
sition (CVD), plasma-enhanced chemical vapor deposition 
(PECVD), and electrochemical plating (ECP). 
0007 As layers of materials are sequentially deposited 
and removed, the uppermost Surface of the Substrate may 
become non-planar across its Surface and require planariza 
tion. "Planarizing a surface, or “polishing a surface, is a 
process where material is removed from the surface of the 
Substrate to form a generally even, planar Surface. Planariza 
tion is useful in removing undesired Surface topography and 
Surface defects, such as agglomerated materials, crystal lat 
tice damage, Scratches, and contaminated layers or materials. 
Planarization is also useful in forming features on a substrate 
by removing excess deposited material used to fill the features 
and to provide an even Surface for Subsequent levels of met 
allization and processing. 
0008 Chemical mechanical polishing (CMP) is a com 
mon technique used to planarize substrates. CMP utilizes a 
chemical composition, typically a slurry or other fluid 
medium, for selective removal of material from substrates. In 
conventional CMP techniques, a pad is moved relative to the 
substrate by an external driving force. The CMP apparatus 
effects polishing or rubbing movement between the surface of 
the Substrate and the polishing pad while dispersing a polish 
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ing composition to effect chemical activity and/or mechanical 
activity and consequential removal of material from the Sur 
face of the substrate. 
0009. One material increasingly utilized in integrated cir 
cuit fabrication is copper due to its desirable electrical prop 
erties. However, copper has its own special fabrication prob 
lems. Copper material is removed at different removal rates 
along the different Surface topography of the Substrate Sur 
face, which makes effective removal of copper material from 
the substrate surface and planarity of the substrate surface 
difficult to achieve. For example, in one common non-unifor 
mity pattern, copper may be removed slower or faster at the 
edge and the center of the Substrate when compared to an 
intermediate region of the Substrate. 
0010. One solution for polishing a material such as copper 

is by using electrochemical mechanical polishing (ECMP) 
techniques. ECMP techniques remove conductive material 
from a substrate surface by electrochemical dissolution while 
concurrently polishing the Substrate with reduced mechanical 
abrasion compared to conventional CMP processes. The elec 
trochemical dissolution is performed by applying an electri 
cal bias between an electrode and a substrate surface to 
remove conductive materials from a Substrate Surface into a 
Surrounding electrolyte. During electrochemical dissolution, 
the Substrate typically is placed in motion relative to a pol 
ishing pad to enhance the removal of material from the Sur 
face of the substrate. In one embodiment of an ECMP system, 
the electrical bias is applied by a ring of conductive contacts 
in electrical communication with the Substrate Surface in a 
Substrate Support device. Such as a Substrate carrier head. In 
other ECMP systems, a bias is applied between an electrode 
and conductive pad that is in contact with the Substrate Sur 
face. Unfortunately, these conventional ECMP systems fail to 
provide an ECMP method for polishing a substrate that deliv 
ers a uniform or predictable polishing rate (i.e., providing a 
rate of material removal that can be controlled) across the 
surface of the substrate. 
0011. As a result, there is a need for a method of control 
ling the rate of material removal during ECMP. 

SUMMARY OF THE INVENTION 

0012 Aspects of the invention generally provide a method 
for polishing a material layer using electrochemical deposi 
tion techniques, electrochemical dissolution techniques, pol 
ishing techniques, and/or combinations thereof. In one aspect 
of the invention, the polishing method comprises separately 
applying a plurality of biases between a material layer and a 
plurality of Zones of an electrode. The electrode is generally 
a counter-electrode to the material layer and may comprise a 
plurality of conductive elements separated by a dielectric 
material. 
0013 The determination of the separate biases comprises 
determining a time that at least one portion of the material 
layer is associated with each of the Zones of the counter 
electrode. A polishing program used to polish the material 
layer encodes, for example, a sequence of relative positions or 
relative motion between the counter-electrode and the mate 
rial layer. Based upon the polishing program, an algorithm 
may be used to calculate a time period that a point on the 
material layer is associated with each of the Zones of the 
counter-electrode. The bias applied to the Zones of the 
counter-electrode may be selected to match a desired material 
removal profile. The desired removal profile may be, for 
example, a uniform profile, i.e., one that does not vary across 
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the surface to be polished. Alternatively, the removal profile 
may be non-uniform, so as to, for example, compensate for a 
Substrate or material layer that is uneven. 
0014. An optimization, Such as a statistical optimization 
may be performed to determine the optimal bias that should 
be associated with each Zone of the counter-electrode. The 
optimization may be performed in order to Substantially 
match the desired removal profile. The biases to be applied to 
each Zone of the counter-electrode may be selected using a 
relationship. Such as a pre-determined relationship, between 
bias applied to the material layer and the rate of material 
removal from the material layer. 
0015. In one aspect, a method is provided for processing a 
Substrate including disposing a Substrate containing a con 
ductive material layer in a process apparatus comprising an 
electrode having a plurality of Zones, moving the Substrate 
relative to the plurality of Zones with at least one portion of the 
Substrate passes through more than one Zone of the plurality 
of Zones, applying a bias to each of the plurality of Zones, 
wherein the bias to each of the plurality of Zones is modified 
by the time that the at least one portion of the substrate layer 
is associated with more than one Zone of the electrode, and 
removing conductive material from the conductive material 
layer. 
0016. In another aspect, a method is provided for process 
ing a Surface of a material layer including disposing a Sub 
strate containing a conductive material layer in a process 
apparatus comprising an electrode having a plurality of Zones 
and a polishing pad having a plurality of Zones corresponding 
to the plurality of Zones of the electrode, providing relative 
motion between the polishing pad and the Substrate, and 
separately applying a plurality of biases between the plurality 
of Zones of the polishing pad and the plurality of Zones of the 
counter-electrode, wherein the plurality of biases removes 
conductive material from the conductive material layer at a 
rate that varies for each of the plurality of Zones of the pol 
ishing pad. 
0017. In another aspect, a method of polishing a surface of 
a material layer comprises providing relative motion between 
the material layer and a counter-electrode. The material layer 
is contacted with a polishing pad. During at least a portion of 
the relative motion, a plurality of biases is separately applied 
between a material layer and a plurality of Zones of an elec 
trode. The determination of the separate biases comprises 
determining a distribution of times that at least one portion of 
the material layer is associated with each of the Zones of the 
counter-electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. A more particular description of the invention, 
briefly summarized above, may be had by reference to the 
embodiments thereof that are illustrated in the appended 
drawings. It is to be noted, however, that the appended draw 
ings illustrate only typical embodiments of this invention and, 
therefore, are not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 
0.019 FIG. 1A is a sectional view of one embodiment of a 
processing cell that may be used to practice embodiments 
described herein; 
0020 FIG. 1B is a sectional view of another embodiment 
of a processing cell that may be used to practice embodiments 
described herein; 
0021 FIG. 2 is a bottom view of a counter-electrode that 
may be used to practice embodiments described herein; 
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0022 FIG. 3 is a bottom perspective view of one embodi 
ment of a polishing pad that may be used to practice embodi 
ments described herein; 
0023 FIG. 4 is a sectional view of a process cell depicting 
a material layer being polished using embodiments of the 
invention described herein; 
(0024 FIG. 5A-5B are top perspective views of a substrate 
having a material layer thereon, wherein the material layer 
may be polished in order to develop a relationship between 
removal rate and applied bias, consistent with embodiments 
described herein; 
(0025 FIGS. 6A-6B depict two different removal rate pro 
files that may be generated using embodiments described 
herein; and 
0026 FIG. 7 is a schematic, cross-sectional view of a 
material layer that may be polished using embodiments 
described herein. 
0027. To facilitate understanding, identical reference 
numerals have been used, wherever possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0028 FIG.1.A depicts a sectional view of one embodiment 
of a process cell 100 in which at least one or more processes 
including plating and polishing, or combinations thereofmay 
be practiced. The process cell 100 may be used to practice 
electrochemical mechanical polishing (ECMP). ECMP 
should be broadly construed and includes, but is not limited 
to, planarizing a Substrate by the application of electrochemi 
cal activity or a combination of both electrochemical and 
mechanical activity to remove material from a Substrate Sur 
face. The process cell 100 may be used to polish a substrate 
through an anodic dissolution process. In an anodic dissolu 
tion process, an anodic bias is applied to the Substrate, directly 
orindirectly, resulting in removal of conductive material from 
a Substrate Surface into a surrounding electrolyte. The process 
cell 100 may also be used to electrochemically deposit mate 
rial onto a substrate. The electrochemical deposition may be 
concurrent with the application of various forms of activity 
used to polish the substrate. The concurrent activity may be 
electrochemical activity, mechanical activity, or a combina 
tion of both electrochemical and mechanical activity, Such as 
are used in an electrochemical mechanical plating process 
(ECMPP). 
0029. The process cell 100 generally includes a basin 
assembly 152 and a polishing head 106. A substrate 104 may 
be retained in the basin assembly 152 during processing in a 
face-up (e.g., backside down) orientation. An electrolyte is 
flowed over a feature side 138 (surface) of the substrate 104 
during processing. The polishing head 106 is placed in con 
tact with the substrate 104, and the polishing head 106 and the 
substrate are moved relative to each other to provide a pol 
ishing motion. The polishing motion generally comprises at 
least one motion defined by an orbital, rotary, linear or cur 
Vilinear motion, or combinations thereof, among other 
motions. The polishing motion may be achieved by moving 
either or both of the polishing head 106 and the basin assem 
bly 152. 
0030 The basin assembly 152 generally includes a basin 
102 having a substrate support or carrier 116 disposed 
therein. The carrier 116 generally supports the substrate 104 
within the basin 102 during processing. The basin 102 is 
generally non-electrically conductive and can be a bowl 
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shaped member made of a plastic Such as fluoropolymers, 
TEFLONR polymers (e.g., polytetrafluoroethylene— 
PTFE), perfluoroalkoxy resin (PFA), polyethylene-based 
plastics (PE), sulfonated polyphenylether sulfones (PES), or 
other materials that are compatible or non-reactive with elec 
trolyte compositions that may be used in electroplating or 
electropolishing. The basin 102 generally includes sidewalls 
108 and a bottom 110 that generally defines a container or 
electrolyte cell in which a conductive fluid such as the elec 
trolyte can be confined. The bottom 110 generally includes a 
drain 142 to facilitate removal of fluids from the bottom of the 
basin 102, while the sidewalls 108 generally include an outlet 
140 to facilitate removal of excess electrolyte from the basin 
102 during processing. 
0031. The basin 102 may be stationary or be driven to 
provide at least a portion of a relative motion between the 
substrate 104 and the polishing head 106. In the embodiment 
depicted in FIG. 1A, an optional shaft 112 is coupled to the 
bottom 110 of the basin 102 and is coupled to a drive system 
(not shown) to provide the basin 102 with a rotary, orbital, 
Sweep motion or a motion comprising combinations thereof, 
among other motions. The shaft 112 additionally provides a 
conduit for ground leads 144 and other control or Supply lines 
to be routed into or out of the basin 102. In embodiments 
wherein the basin 102 is rotated by the shaft 112, the drain 142 
may also be routed through the shaft 112. 
0032. A spacer 114 is disposed on the bottom 110 of the 
basin 102. The spacer 114 is typically annular in form and is 
comprised of a material compatible with process chemistries. 
In one embodiment, the spacer 114 is fabricated from the 
same material as the basin 102. The spacer 114 may option 
ally be fabricated with the basin 102 as a single member from 
a unitary mass of material. 
0033. The carrier 116 is generally disposed in the basin 
102 and supported by the spacer 114. The carrier 116 is 
typically fabricated from a dielectric material Such as a poly 
mer or a ceramic material. The carrier 116 generally includes 
a first side 118 and a second side 120. The first side 118 
includes a flange 122 substantially circumscribing a project 
ing center section 124. The flange 122 is disposed on the 
spacer 114 and supports the carrier 116 above the bottom 110 
of the basin 102. The center section 124 projects into the open 
area defined within the spacer 114 to locate the carrier 116 
within the basin 102 and prevent movement of the carrier 116 
during processing. 
0034. The second side 120 of the carrier 116 includes a 
projecting Support Surface 126 that extends towards the top of 
the basin 102. The support surface 126 generally supports the 
substrate 104 during processing. The support surface 126 
includes at least one vacuum port 132 formed therein and 
coupled to a vacuum passage 128 disposed through the carrier 
116. The vacuum passage 128 is fluidly coupled through the 
shaft 112 to a vacuum source 146. Vacuum, drawn through the 
vacuum port 132, retains the substrate 104 on the support 
Surface 126 during processing. Optionally, the Support Sur 
face 126 may include topography that enhances the distribu 
tion of vacuum between the substrate 104 and support surface 
126 so that the substrate 104 is uniformly pulled towards the 
carrier 116. 
0035. A plurality of lift pins 154 (only one is shown for 
clarity) is disposed through respective holes formed through 
the carrier 116. A lift plate 156 disposed between the carrier 
116 and the chamber bottom 110 is coupled to an actuator rod 
158. The actuator rod 158 is routed through the shaft 112 to a 
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lift mechanism (not shown). The lift mechanism may be 
actuated to move the rod 158 and lift plate 156 towards the 
carrier 116. The lift plate 156 contacts the pins 154 and causes 
the pins 154 to extend above the support surface 126 of the 
carrier 116, thus placing the Substrate 104 in a spaced-apart 
relation relative to the carrier 116 that facilitates access to the 
substrate 104 by a substrate transfer device (not shown). 
0036 An annular retaining ring 130 is generally disposed 
on the flange 122 of the carrier 116. The retaining ring 130 
generally Snugly circumscribes and extends above a plane of 
the Support Surface 126. The thickness of the retaining ring 
130 is configured so that a top surface 136 of the retaining ring 
130 is substantially co-planar (i.e., within about +1 mil) with 
the feature side 138 of the substrate 104 to be processed. The 
sidewalls 108 generally extend above the retaining ring 130 to 
define a processing area 150. The outlet 140 is typically 
located in the sidewall 108 near the elevation of the top 
surface 136 of the retaining ring 130 to allow the removal of 
electrolyte from the processing area 150 during or after pro 
cessing. During processing, the outlet 140 is closed and the 
basin 102 is substantially full of electrolyte. 
0037. The top surface 136 of the retaining ring 130 is 
typically fabricated from a material that does not adversely 
affect the polishing head 106 which may periodically contact 
the top surface 136. In one embodiment, the retaining ring 
130 is fabricated from a material compatible with processing 
chemistries, for example, a thermoplastic Such as polyphe 
nylene sulfide (PPS) among other polymers. The retaining 
ring 130 may be grounded by the ground lead 144 that is 
routed out of the process cell 100 through the shaft 112. If the 
retaining ring 130 is a thermoplastic or other dielectric, there 
is no need to ground it since it is an electrical insulator. 
0038 Alternatively, the ring 130 may be metallic to pro 
mote uniformity across the wafer (particularly at the edge of 
the Substrate). For example, an ungrounded copper retaining 
ring 130 may be used that has the same potential as the 
Substrate during processing. 
0039. The polishing head 102 generally includes a pad 
160, an optional membrane 162, a support disk 164 and a 
counter-electrode 166 coupled to a housing 168. The pad 160 
is generally exposed at the bottom of the polishing head 102 
and contacts the Substrate 104 and, in some embodiments, the 
retaining ring 130 during processing. The pad 160 may have 
one or more conductive elements formed therein. The mem 
brane 162 is sandwiched between the pad 160 and the support 
disk 164. The counter-electrode 166 is disposed between the 
support disk 164 and the interior of the housing 168. The pad 
160, membrane 162, disk 164 and the counter-electrode 166 
are permeable, perforated, or contain passages formed there 
through that allow the electrolyte to flow into and out of the 
polishing head 102. 
0040. The polishing head 106 may be stationary or driven 
to provide at least a portion of the relative motion between the 
substrate 104 and the polishing head 106. In the embodiment 
depicted in FIG. 1A, the housing 168 is coupled to a drive 
system (not shown) by a column 170. The drive system moves 
the column 170 thereby providing the polishing head 106 
with a rotary, orbital, Sweep motion or a motion comprising 
combinations thereof, among other motions. The column 170 
additionally provides a conduit for electrical leads and other 
control or Supply lines to be routed into or out of the polishing 
head 106. 
0041. The housing 168 is generally fabricated from a rigid 
material compatible with process chemistries. The housing 
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168 generally includes a top 178 which is coupled to the 
column 170 and sides 180 extending therefrom. The sides 180 
typically are coupled to the Support disk 164, enclosing the 
counter-electrode 166 within the housing 168. A plurality of 
spacing members (not shown) generally extend from the top 
178 into the interior of the housing 168. The spacing members 
keep the counter-electrode 166 in a spaced-apart relation 
relative to the top 178. The spacing members generally sup 
port the counter-electrode 166 in an orientation parallel to the 
surface of the substrate 104. The spacing members are con 
figured to allow fluids to move laterally within the housing 
168. 

0042. The counter-electrode 166 and the substrate 104 
define a region between which electrical biases (e.g., poten 
tial differences) are established. The biases may be applied 
between the counter electrode 166 and the pad 160 that is 
placed in contact with a material layer that is formed on the 
substrate 104. The pad 160 may be at least partially conduc 
tive and may act as an electrode in combination with the 
Substrate 104 during electrochemical processes, such as an 
electrochemical mechanical plating process (ECMPP), 
which includes electrochemical deposition and chemical 
mechanical polishing, or electrochemical dissolution. The 
counter-electrode 166 may be an anode or cathode depending 
upon the positive bias (anode) or negative bias (cathode) 
applied between the counter-electrode 166 and the pad 160. 
0043. For example, when depositing material from an 
electrolyte onto the substrate surface, the counter-electrode 
166 acts as an anode and the Substrate Surface and/or the pad 
160 acts as a cathode. A reaction takes place at the cathode 
causing material to deposit on the Substrate Surface. When 
removing material from a Substrate surface, the counter-elec 
trode 166 functions as a cathode and the substrate surface 
and/or conductive pad 160 acts as an anode. The removal may 
result from material on the Substrate Surface dissolving into 
the Surrounding electrolyte due to the application of the elec 
trical bias. 

0044) The electrolyte within the basin 102 is maintained at 
a level that ensures that the lower surface of the counter 
electrode 166 is immersed in the electrolyte during process 
ing. The counter-electrode 166 is permeable to the electrolyte 
and gases, and can be a plate-like member, a plate having 
multiple holes formed therethrough or a plurality of counter 
electrode pieces disposed in a permeable membrane or con 
tainer. 

0045. The counter-electrode 166 typically is comprised of 
the material to be deposited or removed, such as copper, 
aluminum, gold, silver, tungsten and other materials which 
can be electrochemically deposited on the substrate 104. For 
electrochemical removal processes, such as anodic dissolu 
tion, the counter-electrode 166 may include a non-consum 
able electrode of a material other than the deposited material, 
Such as platinum for copper dissolution. The non-consumable 
electrode is used in planarization processes combining both 
electrochemical deposition and removal. 
0046 FIG. 2 shows a bottom view of a counter-electrode 
166 consistent with embodiments of the invention described 
herein. The counter-electrode has a surface 890 that generally 
is positioned to face the surface 138 of the material layer 105 
to be polished. The counter-electrode 166 may be character 
ized as having a plurality of distinct Zones. Three Zones, an 
outer Zone 824, an intermediate Zone 826, and an inner Zone 
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828 are shown by way of example in FIG. 2 (the Zones 824, 
826,828 are separated by Zone boundaries 880 that are shown 
in phantom in FIG. 2). 
0047. Each Zone of the counter-electrode 166 generally 
comprises at least one conductive element (three conductive 
elements 850, 852,854 are shown by way of example in FIG. 
2) that is electrically isolated from the conductive elements in 
the other Zones. Each conductive element may be, for 
example, a ring or a radially-oriented conductive element. 
Alternatively, other shapes and orientations, such as linear, 
curved, concentric, involute curves or other shapes and ori 
entations are possible for the conductive elements. The con 
ductive elements may be of Substantially equal sizes and 
shapes from one Zone to the next, or the sizes and shapes may 
vary depending upon the particular Zone of concern. So that 
the Zones may be separately biased, the conductive elements 
are separated by insulating material Such as a Solid, liquid, or 
gaseous (e.g., air) dielectric material, or combinations 
thereof. The counter electrode 166 may have perforations 860 
therethrough to facilitate the flow of electrolyte through the 
counter-electrode 166. 
0048 Referring again to FIG. 1A, the support disk 164 is 
perforated or permeable to the electrolyte and gases. The 
support disk 164 is made from a material compatible with the 
electrolyte that would not detrimentally affect polishing. The 
support disk 164 may be fabricated from a non-electrically 
conductive polymer, for example fluoropolymers, 
TEFLONR polymers (e.g., polytetrafluoroethylene— 
PTFE), perfluoroalkoxy resin (PFA), polyethylene-based 
plastics (PE), sulfonated polyphenylether sulfones (PES), 
high density polyethylene (HDPE), ultra-high molecular 
weight (UHMW) polyethylene, or other materials that are 
compatible or non-reactive with electrolyte compositions that 
may be used in electroplating or electropolishing. The Sup 
port disk 164 is typically secured in the housing 168 of the 
polishing head 106 using adhesives, fasteners or other devices 
or methods that substantially ensure the parallelism of the 
support disk 164 and the carrier 116. The support disk 164 
may be spaced from the counter-electrode 166 to provide a 
wider process window, thus reducing the sensitivity of depos 
iting material and removing material from the Substrate Sur 
face to the counter-electrode 166 dimensions. 

0049. In one embodiment, the support disk 164 includes a 
plurality of perforations or channels (not shown) formed 
therein. The size and density of the channels are selected to 
provide uniform distribution of the electrolyte through the 
support disk 164 to the substrate 104. In one aspect, the 
Support disk 164 includes channels having a diameter 
between about 0.5 mm and about 10 mm. The channels may 
have a density between about 30% and about 80% of an area 
of the support disk 164 that faces the substrate 104. A channel 
density of about 50% has been observed to provide electrolyte 
flow with minimal detrimental effects to polishing processes. 
Generally, the channels of the support disk 164 and the pad 
160 may be aligned to provide for sufficient mass flow of 
electrolyte through the support disk 164 and the pad 160 to the 
Substrate Surface. 
0050. To facilitate control of polishing uniformity, a 
microprocessor controller 194, as shown in FIG. 1A may be 
electrically coupled to the various components of the process 
cell 100. The controller 194 comprises a central processing 
unit (CPU) 244, a memory 242, and support circuits 246 for 
the CPU 244. The CPU 244 may be one of any form of general 
purpose computer processor that can be used in an industrial 
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setting for controlling various process equipment and Sub 
processors. The memory 242 is coupled to the CPU 244. The 
memory 242, or computer-readable medium, may be one or 
more of readily available memory Such as random access 
memory (RAM), read only memory (ROM), floppy disk, hard 
disk, or any otherform of digital storage, local or remote. The 
support circuits 246 are coupled to the CPU 244 for support 
ing the processor in a conventional manner. These circuits 
include cache, power Supplies, clock circuits, input/output 
circuitry and Subsystems, and the like. A polishing process is 
generally stored in the memory 242 as a software routine. The 
software routine may also be stored and/or executed by a 
second CPU (not shown) that is remotely located from the 
hardware being controlled by the CPU 244. 
0051. The software routine is executed after the substrate 

is positioned in the process cell 100. The software routine 
when executed by the CPU 244, transforms the general pur 
pose computer into a specific purpose computer (controller) 
194 that controls the chamber operation such that the etching 
process is performed. Although the process of the present 
invention is discussed as being implemented as a Software 
routine, some of the method steps that are disclosed therein 
may be performed in hardware as well as by the software 
controller 194. As such, the invention may be implemented in 
Software as executed upon a computer system, inhardware as 
an application specific integrated circuit or other type of 
hardware implementation, or a combination of Software and 
hardware. 

0052. The membrane 162 is generally permeable, thereby 
allowing the electric field lines, electrolyte and other liquids 
and gases to pass therethrough. The membrane 162 generally 
prevents particles or sludge released from the counter-elec 
trode 166 from passing through the electrolyte and contacting 
the substrate 104. The membrane 162 is typically fabricated 
from a porous ceramic or polymer that is compatible with 
process chemistries and does not increase the cell resistance. 
For example, a spun-bonded polyolefin (such as TYVEKR, 
available from E.I. DuPont de Nemours, Inc., of Wilmington, 
Del.) may be used. 
0053. The pad 160 can be a pad, a web or a belt of material, 
which is compatible with the fluid environment and the pro 
cessing specifications. In the embodiment depicted in FIG. 
1A, the pad 160 is circular inform and is adhered or otherwise 
retained to the membrane 162 at the bottom of the polishing 
head 106 opposite the housing 168 of the polishing head 106. 
The pad 160 may include one or more conductive elements 
(not shown in FIG. 1A) for contacting the feature side 138 of 
the material layer 105 during processing. A backing material 
(not shown) may be disposed between the membrane 162 and 
the pad 160 to tailor the compliance and/or durometer of the 
pad 160 during processing. Examples of a conductive pad that 
may be adapted to benefit from the invention are disclosed in 
U.S. Ser. No. 10/033,732, filed Dec. 27, 2001, and issued as 
U.S. Pat. No. 7,066,800, which paragraphs 41-157, as filed, 
which are herein incorporated by reference to the extent not 
inconsistent with the claimed aspects and description herein. 
0054 FIG. 3 depicts a bottom perspective view of one 
embodiment of a pad 400 that may be used to practice 
embodiments described herein. The pad 400 is a conductive 
pad comprising a body 406 having a polishing Surface 402 
adapted to contact the Substrate while processing. The pol 
ishing surface 402 has a plurality of conductive elements 414, 
each of which may be formed within a pocket 404 within the 
polishing surface 402. The conductive elements 414 gener 
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ally have a contact surface 408 that extends above a plane 
defined by the polishing surface 402. The contact surface 408 
is typically compliant to maximize electrical contact with the 
Substrate without Scratching. During polishing, the Substrate 
generally provides a bias force that urges the contact Surface 
408 into a position co-planar with the polishing surface 402. 
0055. The body 406 is generally permeable to the electro 
lyte by a plurality of perforations 410 such as channels or 
apertures formed therein. The plurality of perforations 410 
allow electrolyte to flow through the body 406 and contact the 
Surface of the Substrate during processing. The perforations 
410 formed in the conductive pad 400 may include apertures, 
channels, or holes in the body 406. The aperture size and 
density is selected to provide uniform distribution of electro 
lyte, as well as current distribution, through the conductive 
pad 400 to a substrate surface. 
0056. The body 406 of the conductive pad 400 is generally 
made of a dielectric material. Examples of materials suitable 
for use in the body 406 include conventional polishing mate 
rials typically comprised of polymeric materials, such as 
polyurethane, polycarbonate, polyphenylene sulfide (PPS), 
or combinations thereof, and other polishing materials. Such 
as ceramic material, used in polishing Substrate surfaces. A 
conventional polishing media typically comprises polyure 
thane and/or polyurethane mixed with fillers. Conventional 
polishing media that may be used includes the Freudenberg 
FX9 pad, which is commercially available from Freudenberg 
& Company of Weinheim, Germany or the IC-1000 pad, 
commercially available from Rodel, Inc., of Phoenix, Ariz. 
Other conventional polishing materials, such as a layer of 
compressible material, for example felt leeched in urethane as 
in a Suba IV polishing pad commercially available from 
Rodel, Inc., of Phoenix, Ariz., may also be utilized for the 
body 406. 
0057 The pockets 404 generally are configured to retain 
the conductive elements 414 while processing, and accord 
ingly may vary in shape and orientation. In the embodiment 
depicted in FIG. 5, the pockets 404 are grooves of rectangular 
cross section and are disposed across the polishing Surface 
402 coupling two points on the perimeter of the conductive 
pad 160. Alternatively, the pockets 404 (and conductive ele 
ments 414 disposed therein) may be disposed at irregular 
intervals, be orientated radially, perpendicular and may addi 
tionally be linear, curved, concentric, involute curves or other 
orientation. 
0.058 Typically, the conductive elements 414 may include 
conductive polymers, polymer composites with conductive 
materials, conductive metals or polymers, conductive fillers, 
graphitic materials, or conductive doping materials, or com 
binations thereof. The conductive elements 414 generally 
have a bulk resistivity or a bulk surface resistivity of about 10 
S2-cm or less. 
0059. The pad 400 may be characterized as having a plu 
rality of distinct Zones such as an outer Zone 424, an interme 
diate Zone 426, and an inner Zone 428. The Zones may corre 
spond in shape and size to the Zones of the counter-electrode 
166. Each Zone may comprise at least one conductive element 
414. The Zones 424 may have linear boundaries 430, as 
depicted in FIG. 2. Alternatively, the Zones 424 may have 
radial boundaries 430, or boundaries 430 with other geom 
etries. 

0060. One or more connectors 412 couple the conductive 
elements 414 to the potentiostat or power source 190 to elec 
trically bias the conductive elements 414 while processing. 
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Each Zone may have at least one connector 412 in communi 
cation with the power source 190. The connectors 412 are 
generally wires, tapes or other conductors compatible with 
process fluids or having a covering or coating that protects the 
connector 412 from the process fluids. The connectors 412 
may be coupled to the conductive elements 414 by Soldering, 
Stacking, brazing, clamping, crimping, riveting, fastening, 
conductive adhesive or by other methods or devices. 
Examples of materials that may be utilized in the connectors 
412 include insulated copper, graphite, titanium, platinum, 
gold, and HASTELLOY(R) among other materials. The con 
nectors 412 may be coated with, for example, a polymer. In 
the embodiment depicted in FIG. 3, one connector 412 is 
coupled to each conductive element 414 at the perimeter of 
the conductive pad 400. Alternatively, the connectors 412 
may be disposed through the body 406 of the conductive pad 
400. 

0061. To facilitate control of polishing uniformity, the 
microprocessor controller 194, as shown in FIG. 1A may be 
electrically coupled to the counter-electrode 166 and the pad 
160. Software routines may be used to precisely control 
biases that are applied between the counter electrode 166 and 
the substrate 104 and/or the pad 160. 
0062. While the polishing apparatus described above in 
FIG. 1A depicts a “face-up' polishing apparatus, it is also 
within the scope of the invention to use a face-down polishing 
apparatus in which a substrate is Supported face down above 
a polishing pad. 
0063 FIG. 1B depicts a sectional view of one embodiment 
of a “face-down process cell 200. The process cell 200 
generally includes a basin 204 and a polishing head 202. A 
substrate 208 is retained in the polishing head 202 and low 
ered into the basin 204 during processing in a face-down (e.g., 
backside up) orientation. An electrolyte is flowed into the 
basin 204 and in contact with the substrate surface while the 
polishing head 202 places the substrate 208 in contact with a 
pad assembly 222. The substrate 208 and the pad assembly 
222 disposed in the basin 204 are moved relative to each other 
to provide a polishing motion (or motion that enhances plat 
ing uniformity). The polishing motion generally comprises at 
least one motion defined by an orbital, rotary, linear or cur 
Vilinear motion, or combinations thereof, among other 
motions. The polishing motion may be achieved by moving 
either or both of the polishing heads 202 and the basin 204. 
The polishing head 202 may be stationary or driven to provide 
at least a portion of the relative motion between the basin 204 
and the substrate 208 held by the polishing head 202. In the 
embodiment depicted in FIG. 1B, the polishing head 202 is 
coupled to a drive system 210. The drive system 210 moves 
the polishing head 202 with at least a rotary, orbital, sweep 
motion or combinations thereof. 

0064. The polishing head 202 generally retains the sub 
strate 208 during processing. In one embodiment, the polish 
ing head 202 includes a housing 214 enclosing a bladder 216. 
The bladder 216 may be deflated when contacting the sub 
strate to create a vacuum therebetween, thus securing the 
substrate to the polishing head 202. The bladder 216 may 
additionally be inflated to press the substrate in contact with 
the pad assembly 222 retained in the basin 204. A retaining 
ring 238 is coupled to the housing 214 and circumscribes the 
substrate 208 to prevent the substrate from slipping out from 
the polishing head 202 while processing. One polishing head 
that may be adapted to benefit from the invention is a TITAN 
HEADTM carrier head available from Applied Materials, Inc., 
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located in Santa Clara, Calif. Another example of a polishing 
head that may be adapted to benefit from the invention is 
described in U.S. Pat. No. 6,159,079, issued Dec. 12, 2001, 
which is incorporated herein by reference in its entirety. 
0065. The basin 204 is generally fabricated from a plastic 
such as fluoropolymers, TEFLONR polymers (e.g., polytet 
rafluoroethylene PTFE), perfluoroalkoxy resin (PFA), 
polyethylene-based plastics (PE), sulfonated polyphe 
nylether sulfones (PES), or other materials that are compat 
ible or non-reactive with electrolyte compositions that may be 
used in electroplating or electropolishing. The basin 204 
includes a bottom 244 and sidewalls 246 that define a con 
tainer that houses the pad assembly 222. 
0066. The sidewalls 246 include a port 218 formed there 
through to allow removal of electrolyte from the basin 204. 
The port 218 is coupled to a valve 220 to selectively drain or 
retain the electrolyte in the basin 204. 
0067. The basin 204 is rotationally supported above a base 
206 by bearings 234. A drive system 236 is coupled to the 
basin 204 and rotates the basin 204 during processing. A catch 
basin 228 is disposed on the base 206 and circumscribes the 
basin 204 to collect processing fluids, such as an electrolyte, 
that flow out of port 218 disposed through the basin 204 
during and/or after processing. 
0068 An electrolyte delivery system 232 is generally dis 
posed adjacent the basin 204. The electrolyte delivery system 
232 includes a nozzle or outlet 230 coupled to an electrolyte 
source 242. The outlet 230 flows electrolyte or other process 
ing fluid from the electrolyte source 242 to into the basin 204. 
During processing, the electrolyte generally provides an elec 
trical path for biasing the substrate 208 and driving an elec 
trochemical process to remove and/or deposit material on the 
substrate 208. Alternatively, the electrolyte delivery system 
may provide electrolyte through the bottom 244 of the pro 
cess cell and flow electrolyte through the pad assembly, 
including the dielectric insert 207, to contact the polishing 
pad and Substrate. 
0069. A conditioning device 250 may be provided proxi 
mate the basin 204 to periodically condition or regenerate the 
pad assembly 222. Typically, the conditioning device 250 
includes an arm252 coupled to a stanchion 254that is adapted 
to position and Sweep a conditioning element 258 across pad 
assembly 222. The conditioning element 258 is coupled to the 
arm 252 by a shaft 256 to allow clearance between the arm 
252 and sidewalls 246 of the basin 204 while the conditioning 
element 258 is lowered to contact the pad assembly 222. The 
conditioning element 258 is typically a diamond or silicon 
carbide disk, which may be patterned to enhance working the 
surface of the pad assembly 222 into a predetermined surface 
condition/state that enhances process uniformity. One condi 
tioning element 258 that may be adapted to benefit from the 
invention is described in U.S. Ser. No. 09/676,280, filed Sep. 
28, 2000, by Li et al., which is incorporated herein by refer 
ence to the extent not inconsistent with the claimed aspects 
and description herein. 
0070 A power source 224 is coupled to the pad assembly 
222 by electrical leads 212 (shown as 212A-B). The power 
source 224 applies an electrical bias to the pad assembly 222 
to drive an electrochemical process as described further 
below. The leads 212 are routed through a slip ring 226 
disposed below the basin 204. The slip ring 226 facilitates 
continuous electrical connection between the power Source 
224 and the pad assembly 222 as the basin 204 rotates. The 
leads 212 typically are wires, tapes or other conductors com 
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patible with process fluids or having a covering or coating that 
protects the leads 212 from the process fluids. Examples of 
materials that may be utilized in the leads 212 include insu 
lated copper, graphite, titanium, platinum, gold, and HAS 
TELLOY(R) materials among other materials. Coatings dis 
posed around the leads 212 may include polymers such as 
fluorocarbons, PVC, polyamide, and the like. 
0071. As the pad assembly 222 includes elements com 
prising both an anode and cathode of an electrochemical cell, 
both the anode and cathode may be replaced simultaneously 
by simply removing a used pad assembly 222 from the basin 
204 and inserting a new pad assembly 222 with fresh electri 
cal components into the basin 204. 
0072 The pad assembly 222 depicted includes a conduc 

tive pad 203 coupled to a backing 205. The backing 205 may 
be coupled to an electrode 209. Typically, the conductive pad 
203, the backing 205, and the electrode 209 are secured 
together forming a unitary body that facilitates removal and 
replacement of the pad assembly 222 from the basin 204. 
Typically, the conductive pad 203, the backing 205, and the 
electrode 209 are adhered or bonded to one another. Alterna 
tively, the conductive pad 203, the backing 205, and the 
electrode 209 may be coupled by other methods or combina 
tion thereof, including sewing, binding, heat staking, riveting, 
Screwing, and clamping among others. 
0073. The face-down polishing apparatus is more fully 
disclosed in commonly assigned U.S. Ser. No. 10/151,538, 
filed May 16, 2002, and published as US 2003-0213703, and 
which paragraphs 25-81, as filed, are incorporated herein by 
reference to the extent not inconsistent with the claimed 
aspects and description herein. Similarly to face-up polish 
ing, relative motion is provided between the substrate and the 
electrode and/or pad. 

Method of Polishing 
0074. Using embodiments described herein, the polishing 
uniformity of an ECMP process may be improved by selec 
tively applying an electrical bias to individual Zones of a 
counter-electrode. Referring to FIG. 1A, the substrate 104 is 
transferred to the support surface 126 of the carrier 116 in a 
typical lift pin assisted transfer operation. The polishing head 
106 is lowered into the basin 102 to place the substrate 104 in 
contact with the pad 160 or at least proximate thereto. Elec 
trolyte is supplied to the basin 102 and to a level such that the 
electrolyte may contact the counter-electrode 166, and the 
pad 160. 
0075. The electrolyte used in processing the substrate 104 
can include metals such as copper, aluminum, tungsten, gold, 
silver, or other materials that can be electrochemically depos 
ited onto or electrochemically removed from the substrate 
104. Electrolyte solutions may include commercially avail 
able electrolytes. For example, in copper containing material 
removal, the electrolyte may include between about 2 and 
about 30% by volume or weight of sulfuric acid based elec 
trolytes orphosphoric acid based electrolytes, such as potas 
sium phosphate (KPO), phosphoric acid, or combinations 
thereof. Additionally, the invention contemplates using elec 
trolyte compositions conventionally used in electroplating or 
electropolishing processes. 
0076. The electrolyte may comprise one or more chelating 
agents, one or more corrosion inhibitors, and one or more pH 
adjusting agents. The chelating agents may include one or 
more groups selected from the group consisting of amine 
groups, amide groups, carboxylate groups, dicarboxylate 
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groups, tri-carboxylate groups, and combinations thereof, for 
example, ethylenediamine. The chelating agents may be 
present in a concentration between about 0.1% and about 
15% by volume or weight. 
0077. The one or more corrosion inhibitors may includean 
organic compound having azole groups, including benzotria 
Zole, mercaptobenzotriazole, and 5-methyl-1-benzotriazole. 
The electrolyte composition may include between about 
0.01% and about 2.0% by volume or weight of the organic 
compound having azole groups. 
0078. The pH adjusting agents that may be an acid, for 
example, acetic acid, citric acid, oxalic acid, phosphate-con 
taining components, a base. Such as potassium hydroxide 
(KOH), or combinations thereof, to provide a pH between 
about 3 and about 10. The electrolyte composition may 
include, for example, between about 0.2% and about 25% by 
Volume or weight of the one or more pH adjusting agents. The 
composition may further comprise up to 15% one or more 
additives selected from the following group: Suppressors, 
enhancers, levelers, inhibitors, brighteners, chelating agents, 
and stripping agents. An example of a suitable electrolyte is 
more fully described in U.S. Ser. No. 10/032,275, filed Dec. 
21, 2001, and issued as U.S. Pat. No. 6,899,804, which para 
graphs 14-40, as filed, are incorporated herein by reference to 
the extent not inconsistent with the claimed aspects and 
description herein. 
007.9 The electrolyte flow rate is typically constant, for 
example between about 0.1 gallons per minute (GPM) and 
about 20 GPM, but may vary according to the desires of the 
operator. Additionally, the invention contemplates that the 
electrolyte may be introduced from multiple inlets to provide 
variable electrolyte flow rates over portions of the substrate 
Surface. 

0080 FIG. 4 is a sectional view of the process cell 100 that 
may be used to practice a polishing method consistent with 
embodiments of the invention described herein. Referring to 
FIG. 4 and to FIG. 1A, the substrate 104 disposed on the 
substrate support 122 and the pad 160 may be moved (e.g., 
rotated, translated, orbited, etc.) relative to one another to 
polish the surface 138 of the substrate 104. The counter elec 
trode 166 is generally moved along with the pad 160. The 
counter electrode 166 comprises a plurality of Zones. An outer 
Zone 1014, an intermediate Zone 1016, and an inner Zone 
1018 are shown by way of example in FIG. 4. The counter 
electrode 166 has optional perforations 1010 formed there 
through. The counter-electrode 166 is positioned, for 
example, proximate to the pad 160 during polishing. 
I0081 Power from the potentiostat or power source 190 
may be applied to the pad 160 and the counter-electrode 166 
through electrical leads to provide a bias therebetween. Three 
leads 192a, 192b, 192c connected to the respective Zones 
1014, 1016, 1018 of the counter electrode 166 and the power 
source 190 are shown by way of example in FIG. 4. A lead 199 
is connected to the pad 160 through one or more conductive 
elements 1088 formed in the pad 160. Each conductive ele 
ment may have an individual lead and a series of conductive 
elements may be connected to the same lead as desired by the 
operator. The one or more conductive elements 1088 may 
have a surface that is Substantially coplanar with a polishing 
surface 1098 of the pad 160. While the description hereinfor 
the power source 190 indicates one power source, the inven 
tion contemplates that a plurality of power sources may be 
used including an individual power Source for each lead or 
conductive element in the processing cell 100, 200. 
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0082. The polishing motion may be applied before, after, 
or simultaneously with the application of the electrical bias. 
When contacting the surface 138 of the substrate 104, the pad 
160 typically applies a pressure of about 2 psi or less, such as 
between about 0.01 psi and about 0.5 psi, for example, about 
0.2 psi, to the substrate surface. The relative motion between 
the pad 160 and the substrate 104 may include rotational, 
linear or curvilinear motion, orbital motion or combinations 
thereof, among other motions. 
0083. In anodic dissolution, the bias may be applied to the 
counter-electrode 166, performing as a cathode, and the Sub 
strate 104 (as well as the conductive pad, for embodiments in 
which a conductive pad is used) performing as the anode. The 
application of the bias allows removal of deposited material 
from the Substrate Surface. In an exemplary polishing process, 
a first bias, V1 is applied via the potentiostat or power source 
190 between the outer Zone 1014 of the counter-electrode 
166, performing as a cathode, and the pad 160, performing as 
the anode. Similarly, a second bias, V2 is applied between the 
intermediate Zone 1016 of the counter-electrode 166 and the 
pad 160. A third bias, V3 is applied between the inner Zone 
1018 of the counter-electrode 166 and the pad 160. The appli 
cation of the first bias V1, the second bias V2, and the third 
bias V3 urges removal of material from the surface 138 of a 
material layer. Each bias V1,V2, and V3, may include the 
application of a voltage of about 10 volts or less to the surface 
138 of the Substrate 104. 
0084 Generally the bias is applied to provide a current 
density between about 0.1 milliamps/cm and about 50 mil 
liamps/cm, or between about 0.1 amps to about 20 amps for 
a 200 mm substrate. By varying the bias applied between each 
Zone of the counter electrode 166 and the substrate 104, the 
rate of material removal from the substrate surface 138 may 
be varied. For example, a bias of a voltage of about 15 volts or 
less, such as between 1 volt and 15 volts, including between 
about 2 and about 6 volts, to a surface of the substrate 104 may 
be used with the processes described herein for 200 mm and 
300 mm substrates. Additionally, each bias may be zero or 
“off” for a portion or all of a planarizing process. Further, the 
Voltages described herein may be the Voltages applied prior to 
any mechanical polishing and may be the Voltages applied 
during mechanical polishing as described as follows. 
0085. To facilitate the selection of appropriate values for 
V1,V2, and V3, a relationship between a rate of removal of 
material from the substrate surface 138 to be polished and a 
bias applied between the counter-electrode 166 and the sub 
strate surface is utilized. The relationship may be a math 
ematical or statistical relationship Such as a functional rela 
tionship. 
I0086. The relationship between removal rate and bias may 
be determined empirically, for example, by polishing a plu 
rality of test material layers 105 using a process cell such as 
the process cell 100. The test material layers 105 may be 
polished according to a specific set of instructions that is 
communicated via software to the controller 194. The con 
troller 194 relays the set of instructions to components of the 
process cell 100. The set of instructions may comprise pro 
viding relative motion between the pad 160 and the substrate 
104. The relative motion may be, for example, linear, rota 
tional, orbital, or combinations thereof. A test bias, V, is 
applied between the test material layer 105 and the counter 
electrode 166. The test bias, V, may be applied such that a 
Substantially uniform potential is generated across the 
counter electrode 166 with respect to the surface 138 to be 
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polished. The bias may be applied to the test material layer 
105 using, for example, a pad such as the pad 160 described 
above. 
I0087. For example, referring to FIG.5A, a top perspective 
view of a substrate 604 shows a first test material layer 605 
formed thereon. Similarly, FIG. 5B shows a second substrate 
704 having a second test material layer 705 formed thereon. 
The first test material layer 605 is polished by applying a first 
test bias Such as a uniform test bias across the test material 
layer 605 relative to the counter electrode 166. 
I0088. After polishing the test material layer 605 for a 
pre-determined period of time (a first polishing time), the 
substrate 604 is, for example, removed from the process cell 
100 and an amount of material removed from the test material 
layer 605 is then measured. The amount of material removed 
may be determined, for example, using conventional methods 
of measuring layer thicknesses, such as sheet resistance (RS) 
measurements. Alternatively, the amount of material 
removed may be measured using electron microscopy, or 
similar methods for analyzing thickness and composition of 
material layers. The material removal may be determined by 
measuring a thickness 680 of the test material layer 605 
before polishing and the thickness 680 after polishing. The 
thickness 680 may be measured at a first point 620. Additional 
thickness measurements of the first test material layer 605 
may be taken at one or more additional points 622 in order to 
obtain a statistically representative value for material 
removal. Alternatively, a property other than thickness may 
be measured. For example, a mass of material removed or a 
material removal rate may be measured directly or indirectly. 
The one or more additional points 622 on the test material 
layer 605 may be chosen such that the points lie within a 
region or Zone of the test material layer 605 that experiences 
a relatively uniform rate of polishing (material removal). For 
example, the first point 620 and the additional points 622 may 
be chosen such that they all lie in an intermediate region 616 
of the test material layer 605. Alternatively, the first point 620 
and the additional points 622 may be chosen such that they 
each are a distance from a center 630 of the test material layer 
605 that is substantially the same. A first rate of material 
removal may be determined by, for example, dividing mass or 
thickness of the material removed by the first polishing time. 
I0089. The second test material layer 705 may be polished 
using the same geometry and configuration of the cell 100 as 
for the polishing of the first test material layer 605. The 
second test material layer 705 may be polished by applying a 
second bias applied to the second test material layer 705. 
Thereafter, the step of determining material removal may be 
performed for one or more points 720 on the second test 
material layer 705. Furthermore, the process of determining 
removal rate may be repeated for additional test material 
layers (not shown), if desired. 
0090 The one or more points 720 on the test material layer 
705 may lie within a region such as an intermediate region 
716 of the material layer 105. The intermediate region 716 
may have a similar shape and define a similar range of dis 
tances from a center 730 of the material layer 705 as is defined 
by the intermediate region 616 with respect to the center 630. 
0091. By matching the material removal from each test 
material layer 605,705 with the corresponding bias applied to 
the test material layer, a relationship. Such as a mathematical 
relationship between rate of material removal and bias may be 
determined. The relationship thus determined may be rel 
evant for a specific configuration of the process cell 100, 
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including a specific polishing composition as well as specific 
composition of material layer. Therefore, the relationship 
between material removal and bias may be used to determine 
optimal bias Voltages to be applied when polishing a material 
layer using a process cell that has a similar geometry/polish 
ing composition to the process cell 100 used to polish the test 
material layers 605, 705. The relationship may be a linear 
relationship, an exponential relationship, or other mathemati 
cal relationship as determined between the rate of material 
removal and any applied bias. The mathematical relationship 
may also be modified or adjusted to compensate for any 
effects of the type, shape, geometry, or limitations of the 
processing cell on the processes being performed therein. 
0092 Referring again to FIG. 5, after determining the 
relationship between bias and rate of material removal, a set 
of biases V1,V2, V3 that may be desirably applied between 
the Zones 1014, 1016, 1018 of the counter-electrode 166 and 
the material layer 105 are determined. The set of desirable 
biases V1,V2, V3 may be selected in order to generate a 
pre-determined removal profile, i.e., generate a separate rate 
of material removal for different regions of the material layer 
105. For example, FIG. 6A shows one example of a removal 
profile 900 that may be desirably generated. The removal 
profile 900 is substantially uniform across the material layer 
105 to be polished (i.e., does not vary across surface 138 of 
the material layer 105, such as, for example, vary with a 
distance from a center such as the center 630 of the test 
material layer 105 shown in FIG. 4A). 
0093. In an alternative embodiment of the invention, as 
shown in FIG. 6B, the set of biases V1,V2, V3 are selected to 
generate a removal profile 902 that varies across the surface 
138 to be polished. The alternative embodiment depicted in 
FIG. 6B, may be employed, for example, in cases in which the 
surface 138 of the substrate 104 and/or material layer 105 is 
irregular (e.g., either the substrate 104 or the material layer 
105 is bowed, warped, uneven, not flat, or otherwise has a 
variable thickness). For example, FIG. 7 shows a cross-sec 
tional view of the substrate 104 having a material layer 1105 
formed thereon, wherein the material layer 1105 has a thick 
ness 1180 that varies substantially across the surface 1138 to 
be polished). By applying biases that generate the non-uni 
form removal profile 902, material can be removed more 
rapidly from, for example, an edge region 1124 of the mate 
rial layer 1105 than for a center region 1128. 
0094) For a known set of biases, V1,V2, V3 applied to 
Zones of the counter-electrode 166, a corresponding set of 
removal rates, R1, R2, R3, can be estimated, calculated, or 
modeled using the pre-determined relationship, between 
applied bias and removal rate. The removal rates R1, R2, R3, 
associated with the Zones of the counter-electrode 166 can be 
used to determine removal rates that will be experienced by 
the material layer to be polished. Optimal values for biases 
V1,V2, V3 can be determined using techniques described 
below. 
0095. The material layer 105 is polished, for example, by 
providing a pre-determined set of instructions to the compo 
nents of the process cell 100 using the controller 194. The 
predetermined set of instructions defines a specific sequence 
of relative motion between the pad 160 and the substrate 104. 
Using an appropriate algorithm, the location of any point on 
the material layer 105 as a function of time relative to the pad 
160 can be calculated. Furthermore, the amount of time that 
any point on the material layer 105 is associated with each 
Zone of the counter electrode 166 may also be determined by 
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the algorithm. Because each Zone of the pad 160 has a 
removal rate that is a function of the bias applied to that Zone, 
it can therefore be determined the amount of time that any 
point on the material layer 105 is associated with each 
removal rate. The removal rate for any point on the material 
layer 105 can then be calculated as, for example, as an average 
of the removal rates of each Zone, wherein the average is 
weighted by the amount or fraction of time that the point on 
the material layer 105 spends in each Zone. In general, the 
material layer 105 may be polished in the process cell 100 
used to polish the test material layers 605,705. Alternatively, 
the material layer 105 may be polished in a process cell 
having similar geometry (e.g., Substantially similar size and 
shape at the counter-electrode 166, a substantially similar 
distance between the counter-electrode 166 and the substrate 
104, and the like). 

Exemplary Polishing Method 

0096. A counter-electrode such as the counter-electrode 
166 was divided into five Zones: an inner Zone, an inner 
central Zone, a central Zone, an outer-central Zone and an 
outer Zone (Z1, Z2, Z3, Z4, and Z5) respectively. The Zones 
were arranged in a concentric circular manner similar to the 
Zones depicted for the counter-electrode 166 shown in FIG.2. 
Each of the Zones was capable of receiving a separate bias 
with respect to a material layer to be polished. One hundred 
twenty one points, representing a broad sampling of various 
locations on the material layer were selected. A pre-deter 
mined set of instructions (i.e., a polishing program) that 
encoded a sequence of relative motion between the counter 
electrode 166 (as well as the pad 160) and the material layer 
105 was provided to controller 194. An algorithm based on 
the polishing program was used to determine the sequence of 
relative positions between the material layer 105 and the 
counter-electrode 166 as a function of time throughout the 
polishing process. The algorithm calculated the location of 
each point relative to the five Zones of the counter-electrode 
166 for each of a total of 2400 instants in time (time steps). 
The algorithm also calculated the number of time steps each 
point was associated with each of the five Zones (e.g., the 
number of times the point would be facing or under each of 
the Zones of the counter-electrode 166). Note that for embodi 
ments in which the process cell 100 comprises the pad 160, a 
point on the material layer 105 only experiences a bias when 
the point on the material layer 105 is facing a perforation 410 
in the pad 160. If the point is not facing a perforation 410 in 
the pad 160, no bias will be experienced by the point on the 
material layer 105. 
0097 Based upon the program to be used to polish the 
material layer, the algorithm determined that a first point in 
the center of the material layer was associated with Z2 for 
1080 time steps (i.e., 45% of the total number of time steps), 
associated with Z1, Z3, Z4, Z5 for 0 time steps, and associated 
with none of the Zones (i.e., the point was not under a perfo 
ration 1010 in the pad and therefore Zero bias was experi 
enced by the point) for the remaining 1320 time steps. There 
fore, for 45% of time, point A was associated with Z2, and the 
expected removal rate would be 0.45xR2. 
0098. From the algorithm it was further determined that a 
second point B, away from the center of the material layer) 
was associated with Z2 for 570 time steps (or 23.75% of the 
total number of time steps), associated with Z3 for 774 time 
steps (or 32.35% of the total number of time steps), and 
associated with no Zones (i.e., not under a perforation in the 
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pad) for 1056 time steps. The expected removal rate for point 
B is therefore given by an average of the removal rates for Z1. 
Z2, Z3, Z4, and Z5, weighted by the percentage of the time 
spent in each Zone. Expressed in mathematical terms, the 
expected removal rate for point B is given by the mathemati 
cal expression, 0.2375xR2+(0.3235XR3. 
0099. The algorithm further calculated the expected 
removal rate for the remainder of the 121 points on the mate 
rial layer in a similar manner. Specifically, for each point an 
expected removal rate was calculated as A1xR1+A2xR2+ 
A3xR3+A4XR4+A5XR5). A1, A2, A3, A4, and A5 are 
the percentage of times that the particular point was associ 
ated with the Zones Z1, Z2, Z3, Z4, and Z5 respectively. 
0100. The material layer to be polished had a non-uniform 
surface to be polished. In order to compensate for the non 
uniform surface 138, the desired removal profile was similar 
to the removal profile 902, shown in FIG. 7B. A least-squares 
regression was performed to optimize the values for R1, R2, 
R3, R4, and R5 such that the removal profile of the material 
layer 105 after polishing would closely match the desired 
removal profile. The optimal biases to be applied to each of 
the Zones were then determined using a pre-determined (lin 
ear) relationship between removal rate and bias (specifically 
bias in Volts equal removal rate in thousands of Angstroms per 
minute). The results of the regression and the assumption of 
the linear relationship between bias and removal rate yielded 
a value of V1 of 2.0222 volts, a value of V2 of 1.8569 volts a 
value of V3 of 2.0028 volts, and a value of V4 of 3.7397 volts 
a value of V5 of 6.7937 volts. The material layer 105 was 
polished using these biases and the resultant removal profile 
was similar to the desired removal profile. 
0101. While FIG. 5 depicts the use of the counter-elec 
trode 166 that is divided into three radial Zones, each of which 
may be separately biased with respect to the material layer 
105, other pad configurations are possible. The counter-elec 
trode 166 may be divided into Zones of any number greater 
than one. Similarly, the Zones of the counter-electrode 166 
need not be radial as depicted in FIG. 4. The Zones may be 
may be of any geometrical configuration, Such as, for 
example, linear sections. 
0102. Furthermore, in addition to the counter-electrode 
166, one or more reference electrodes may be used to apply 
the separate biases to the material layer 105. Examples of 
methods that may be used to apply a plurality of biases 
between one or more electrodes and a material layer to be 
polished are provided in commonly assigned U.S. Ser. No. 
10/244,697, filed Sep. 16, 2002, and issued as U.S. Pat. No. 
6,991,526, which is herein incorporated by reference to the 
extent not inconsistent with the claimed aspects and descrip 
tion herein. 

0103) While the method described above is discussed in 
the context of an ECMP process, the invention contemplates 
using the method in other fabrication processes involving 
electrochemical activity. Examples of Such processes using 
electrochemical activity include electrochemical deposition, 
which involves a pad 160 being used to apply a uniform bias 
to a Substrate Surface for depositing a conductive material 
without the use of a conventional bias application apparatus, 
Such as edge contacts, and electrochemical mechanical plat 
ing processes (ECMPP) that include a combination of elec 
trochemical deposition and chemical mechanical polishing. 
0104. While the foregoing is directed to various embodi 
ments of the invention, other and further embodiments of the 
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invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that follow. 
What is claimed is: 
1. A padassembly for electro-processing a substrate, com 

prising: 
a first conductive layer having a working Surface to contact 

a Substrate during a polishing process; 
an intermediate layer coupled to the first conductive layer, 

wherein the intermediate layer comprises a plurality of 
perforations, channels, or combinations thereof, and the 
perforations or channels have diameters within a range 
from about 0.5 mm to about 10 mm; and 

a second conductive layer coupled to the intermediate 
layer, wherein the second conductive layer has a plural 
ity of independently electrically biasable Zones and is 
configured to be coupled with a power delivery arrange 
ment. 

2. The pad assembly of claim 1, wherein the first conduc 
tive layer, the second conductive layer, and the intermediate 
layer are adhered or secured together and removable as a 
unitary replaceable body. 

3. The pad assembly of claim 1, wherein the first conduc 
tive layer comprises a dielectric body and at least one con 
ductive element. 

4. The padassembly of claim3, wherein the dielectric body 
comprises a polymeric material. 

5. The pad assembly of claim 4, wherein the polymeric 
material is selected from the group consisting of polyure 
thane, polycarbonate, polyphenylene Sulfide, polyethylene, 
and combinations thereof. 

6. The pad assembly of claim 4, wherein the polymeric 
material is a fluoropolymeric material. 

7. The pad assembly of claim 1, wherein the first conduc 
tive layer is at least one of permeable to electrolyte or contains 
perforations. 

8. The pad assembly of claim 1, wherein the first conduc 
tive layer further comprises a plurality of conductive elements 
adapted to deliver a current to the working Surface. 

9. The pad assembly of claim 8, wherein the first conduc 
tive layer comprises a dielectric body and the plurality of 
conductive elements are configured to be coupled with the 
power delivery arrangement. 

10. The pad assembly of claim 1, wherein the working 
Surface further comprises at least one of grooves, emboss 
ment, or other texturing formed therein. 

11. The pad assembly of claim 1, further comprising at 
least one contact element extending through the padassembly 
and adapted to deliver a current to the working Surface. 

12. The pad assembly of claim 1, wherein the intermediate 
layer comprises a polymer material Support disk, a backing 
layer, or combinations thereof. 

13. The pad assembly of claim 1, wherein the second 
conductive layer further comprises a plurality of concentric 
conductive elements. 

14. The pad assembly of claim 1, wherein the second 
conductive layer further comprises conductive elements com 
prising a material selected from the group consisting of cop 
per, graphite, titanium, platinum, and gold. 

15. A pad assembly for electro-processing a Substrate, 
comprising: 

a first conductive layer having a working Surface to contact 
a Substrate, wherein the first conductive layer comprises 
a dielectric body and at least one conductive element, 
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and the dielectric body comprises a polymeric material 
Selected from the group consisting of polyurethane, 
polycarbonate, polyphenylene Sulfide, polyethylene, 
fluoropolymeric material, and combinations thereof; 

a second conductive layer having a plurality of indepen 
dently electrically biasable Zones and is configured to be 
coupled with a power delivery arrangement; and 

an intermediate layer between and coupled with the first 
conductive layer and the second conductive layer, 
wherein the intermediate layer comprises a polymer 
material Support disk, a backing layer, or a combination 
thereof. 

16. The pad assembly of claim 15, wherein the first con 
ductive layer, the second conductive layer, and the interme 
diate layer are adhered or secured together and removable as 
a unitary replaceable body. 

17. The pad assembly of claim 15, wherein the intermedi 
ate layer comprises a plurality of perforations, channels, or 
combinations thereof, and. 

18. The padassembly of claim 17, wherein the perforations 
or channels have diameters within a range from about 0.5 mm 
to about 10 mm. 

19. The pad assembly of claim 15, wherein the first con 
ductive layer further comprises a plurality of conductive ele 
ments adapted to deliver a current to the working Surface. 

20. The pad assembly of claim 19, wherein the conductive 
elements are configured to be coupled with the power delivery 
arrangement. 

21. The pad assembly of claim 15, wherein the first con 
ductive layer is at least one of permeable to electrolyte or 
contains perforations. 
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22. The pad assembly of claim 15, further comprising at 
least one contact element extending through the padassembly 
and adapted to deliver a current to the working Surface. 

23. The pad assembly of claim 15, wherein the second 
conductive layer further comprises a plurality of concentric 
conductive elements. 

24. The pad assembly of claim 15, wherein the second 
conductive layer further comprises conductive elements com 
prising a material selected from the group consisting of cop 
per, graphite, titanium, platinum, and gold. 

25. A method of processing a Substrate Surface, compris 
1ng: 

disposing a substrate having a conductive material layer 
formed thereon within a process apparatus comprising 
an electrode having a plurality of Zones and a polishing 
pad having a plurality of Zones corresponding to the 
plurality of Zones of the electrode, wherein the polishing 
pad further comprises: 
a first conductive layer having a working Surface to 

contact the Substrate during a polishing process; 
an intermediate layer coupled to the first conductive 

layer, and 
a second conductive layer coupled to the intermediate 

layer, 
contacting the polishing pad and the Substrate; 
providing relative motion between the polishing pad and 

the substrate; and 
separately applying a plurality of biases between the plu 

rality of Zones of the polishing pad and the plurality of 
Zones of the electrode. 

c c c c c 


