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(57) ABSTRACT 

Methods and systems for removing materials from microfea 
ture workpieces are disclosed. A method in accordance with 
one embodiment of the invention includes providing a micro 
feature workpiece having a substrate material and a conduc 
tive material that includes a refractory metal (e.g., tantalum, 
tantalum nitride, titanium, and/or titanium nitride). First and 
second electrodes are positioned in electrical communication 
with the conductive material via a generally organic and/or 
non-aqueous electrolytic medium. At least one of the elec 
trodes is spaced apart from the workpiece. At least a portion 
of the conductive material is removed by passing an electrical 
current along an electrical path that includes the first elec 
trode, the electrolytic medium, and the second electrode. 
Electrolytically removing the conductive material can reduce 
the downforce applied to the workpiece. 
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METHODS AND SYSTEMIS FOR REMOVING 
MATERALS FROMIMICROFEATURE 

WORKPIECES WITH ORGANIC AND/OR 
NON-AQUEOUSELECTROLYTIC MEDIA 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a divisional of U.S. application 
Ser. No. 10/933,053, filed Sep. 1, 2004, which is incorporated 
herein by reference in its entirety. 

TECHNICAL FIELD 

0002 The present invention relates generally to systems 
and methods for removing materials from microfeature work 
pieces with organic and/or non-aqueous electrolytic media. 

BACKGROUND 

0003 Microfeature workpieces and workpiece assemblies 
typically include a semiconductor material having features, 
Such as memory cells, that are linked with conductive lines. 
The conductive lines can beformed by first forming trenches 
or other recesses in the semiconductor material and then 
overlaying a conductive material (such as a metal) in and 
adjacent to the trenches. The conductive material adjacent to 
the trenches is then selectively removed to leave conductive 
lines or vias extending from one feature in the semiconductor 
material to another. 

0004 FIG. 1 is a partially schematic illustration of a por 
tion of a microfeature workpiece 10 having a conductive line 
formed in accordance with the prior art. The microfeature 
workpiece 10 includes an aperture or recess 16 in an oxide 
material 13. A barrier layer 14, formed from materials such as 
tantalum or tantalum compounds, is disposed on the micro 
feature workpiece 10 and in the aperture 16. A conductive 
material 15, such as copper, is then disposed on the barrier 
layer 14. The barrier layer 14 can prevent copper atoms from 
migrating into the Surrounding oxide 13. 
0005. In a typical existing process, two separate chemical 
mechanical planarization (CMP) steps are used to remove the 
excess portions of the conductive material 15 and the barrier 
layer 14 from the microfeature workpiece 10. In one step, a 
first slurry and polishing pad are used to remove the conduc 
tive material 15 overlying the barrier layer 14 external to the 
aperture 16, thus exposing the barrier layer 14. In a separate 
step, a second slurry and a second polishing pad are then used 
to remove the barrier layer 14 (and the remaining conductive 
material 15) external to the aperture 16. The resulting con 
ductive line 8 includes the conductive material 15 surrounded 
by a lining formed by the barrier layer 14. 
0006. One drawback with the foregoing process is that 
high downforces are typically required to remove copper and 
(particularly) tantalum from the microfeature workpiece 10. 
High downforces can cause other portions of the microfeature 
workpiece 10 to become dished, scratched or eroded, and/or 
can Smear structures in other parts of the microfeature work 
piece 10. A further drawback is that high downforces typi 
cally are not compatible with soft substrate materials. How 
ever, it is often desirable to use soft materials, such as ultra 
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low dielectric materials, around the conductive features to 
reduce and/or eliminate electrical coupling between these 
features. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a partially schematic, cross-sectional view 
of a portion of a microfeature workpiece having multiple 
conductive materials processed in accordance with the prior 
art. 

0008 FIGS. 2A-2D are partially schematic, cross-sec 
tional illustrations of a portion of a microfeature workpiece 
having conductive materials processed in accordance with an 
embodiment of the invention. 
0009 FIG. 3 is a partially schematic, cross-sectional view 
of a portion of a microfeature workpiece having conductive 
materials processed in accordance with another embodiment 
of the invention. 
0010 FIG. 4 is a partially schematic illustration of an 
apparatus for electrolytically, chemically-mechanically and/ 
or electrochemically-mechanically removing conductive 
materials from a microfeature workpiece in accordance with 
still another embodiment of the invention. 
0011 FIG. 5 is a partially schematic, isometric view of a 
portion of the apparatus shown in FIG. 4. 
0012 FIG. 6 is a partially schematic, isometric illustration 
of a portion of an apparatus for removing conductive materi 
als from a microfeature workpiece in accordance with yet 
another embodiment of the invention. 
0013 FIG. 7 is a schematic illustration of a rotary appa 
ratus for removing material from a microfeature workpiece in 
accordance with another embodiment of the invention. 
0014 FIG. 8 is a schematic illustration of a waveform for 
electrolytically processing a microfeature workpiece in 
accordance with still another embodiment of the invention. 

DETAILED DESCRIPTION 

0015 The present invention is directed toward methods 
and systems for removing material from microfeature work 
pieces by electrochemical-mechanical polishing (ECMP). A 
method in accordance with one aspect of the invention 
includes providing a microfeature workpiece having a Sub 
strate material and a conductive layer positioned adjacent to a 
surface of the substrate material, with the conductive layer 
including at least one of a refractory metal and a refractory 
metal compound. The method can further include disposing a 
generally organic and/or generally non-aqueous electrolytic 
medium in contact with the conductive layer, and positioning 
first and second electrodes in electrical communication with 
the conductive layer, with at least one of the electrodes being 
spaced apart from the workpiece. The method can still further 
include removing at least a portion of the conductive layer by 
passing an electrical current along an electrical path that 
includes the first electrode, the electrolytic medium, and the 
second electrode. 

0016. In further embodiments of the invention, both the 
first and second electrodes can be spaced apart from the 
microfeature workpiece. The electrolytic medium can be 
selected to include methanol or another alcohol. The electro 
lytic medium can further include a corrosion inhibitor, 
NHCl, CuCl2, K-Succinate, NHa-Succinate, ammonium 
acetate and/or hydrogen fluoride. The conductive layer can 
include a barrier layer deposited beneath a blanket layer (e.g., 
a copper or a copper compound blanket layer), and the 
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method can include removing at least part of the blanket layer 
before removing the barrier layer. The portion of the barrier 
layer can be removed with or without contact between the 
barrier layer and a polishing pad material. 
0017. Another embodiment of the invention is directed to 
a system for removing material from a microfeature work 
piece. The system can include a workpiece Support config 
ured to carry a microfeature workpiece at a workpiece loca 
tion, first and second electrodes positioned proximate to the 
workpiece Support with at least one of the electrodes spaced 
apart from the workpiece location, and a polishing medium 
positioned at least proximate to the workpiece location. At 
least one of the polishing medium and the workpiece Support 
can be movable relative to the other, and the polishing 
medium can include a polishing pad material and an electro 
lytic medium. The electrolytic medium can be generally 
organic and/or generally non-aqueous, and can include a sol 
vent and an electrolyte. In further embodiments, the electro 
lytic medium can include methanol or another alcohol, and 
the electrolytic medium can be approximately 99% or more 
organic, and/or 90% or more non-aqueous. The system can 
also include an electrical current Source coupled to the first 
and second electrodes. 

0018. As used herein, the terms “microfeature workpiece' 
or “workpiece” refer to substrates on and/or in which micro 
electronic devices are integrally formed. Typical microde 
vices include microelectronic circuits or components, thin 
film recording heads, data storage elements, microfluidic 
devices, and other products. Micromachines and microme 
chanical devices are included within this definition because 
they are manufactured using much of the same technology 
that is used in the fabrication of integrated circuits. The sub 
strates can be semiconductive pieces (e.g., doped silicon 
wafers or gallium arsenide wafers), nonconductive pieces 
(e.g., various ceramic Substrates) or conductive pieces. In 
Some cases, the workpieces are generally round, and in other 
cases the workpieces have other shapes, including rectilinear 
shapes. Several embodiments of systems and methods for 
removing material from microfeature workpieces via electro 
chemical-mechanical polishing (ECMP) are described 
below. A person skilled in the relevant art will understand, 
however, that the invention may have additional embodi 
ments, and that the invention may be practiced without sev 
eral of the details of the embodiments described below with 
reference to FIGS 2A-8. 

0019. One approach for addressing some of the drawbacks 
described above with reference to FIG. 1 is to remove con 
ductive materials from the microfeature workpiece with elec 
trolytic processes. Accordingly, a Voltage is applied to the 
conductive material in the presence of an electrolytic liquid to 
remove the conductive material. However, many existing 
electrolytic liquids cannot simultaneously remove copper and 
tantalum, once the tantalum barrier layer has been exposed. 
Accordingly, chemical-mechanical planarization (CMP) 
techniques are typically used to remove the exposed tantalum 
barrier layer and the adjacent copper material. However, this 
approach typically re-introduces the high downforces that the 
initial electrolytic process was intended to avoid. The follow 
ing disclosure describes methods and apparatuses for over 
coming this drawback. 
0020 FIG. 2A is a partially schematic, cross-sectional 
side view of a microfeature workpiece 210 prior to electro 
lytic processing in accordance with an embodiment of the 
invention. In one aspect of this embodiment, the microfeature 
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workpiece 210 includes a substrate material 213, such as an 
oxide (e.g., silicon dioxide) or a low dielectric constant mate 
rial (e.g., borophosphate silicon glass or tetraethylorthosili 
cate). The substrate material 213 can include a substrate 
material surface 217 having a recess or aperture 216 formed 
by conventional processes, including selective etch pro 
cesses. A first conductive material 218 is disposed on the 
substrate material 213 and can form a barrier layer 214 along 
the walls of the recess 216. A second conductive material 209, 
such as a blanket fill material, can be disposed on the first 
conductive material 218 to form a fill or blanket layer 219. In 
one embodiment, the first conductive material 218 can 
include a refractory metal, e.g., tantalum or a tantalum com 
pound, including tantalum nitride (TaN). The second con 
ductive material 209 can include copper or copper alloys, 
including alloys that have at least 50% copper. In other 
embodiments, these conductive materials can include other 
elements or compounds. For example, the first conductive 
material 218 can include titanium or a titanium compound, 
including titanium nitride (TiN). Many if not all of the points 
described below in the context of tantalum-containing first 
conductive materials 218 can also apply to titanium-contain 
ing first conductive materials, and first conductive materials 
218 containing other refractory metals and/or refractory 
metal compounds. In any of these embodiments, the first 
conductive material 218 and the second conductive material 
209 can collectively define a conductive portion 211 of the 
microfeature workpiece 210. 
0021. To forman isolated conductive line within the recess 
216, the first conductive material 218 and the second conduc 
tive material 209 external to the recess 216 are typically 
removed. In one embodiment, the second conductive material 
209 is removed using a CMP process. In other embodiments, 
an electrochemical-mechanical polishing (ECMP) process or 
an electrolytic process is used to remove the second conduc 
tive material 209. An advantage of electrolytic and ECMP 
processes is that the downforce applied to the microfeature 
workpiece 210 during at least Some phases of processing can 
be reduced or in some cases eliminated. 

0022 FIG. 2B illustrates, in a split view, portions of both 
a CMP and an ECMP system for removing an initial portion 
of the second conductive material 209 from the workpiece 
210. For purposes of illustration, portions of both systems are 
shown in FIG. 2B removing material from a single workpiece 
210. In most embodiments, one system or the other is selected 
to remove the initial portion of the second conductive material 
209 from a given workpiece 210. A CMP system 260a in 
accordance with one embodiment of the invention includes a 
polishing medium 285a having a polishing pad material 283a 
and a polishing liquid 284 in contact with the second conduc 
tive material 209. The polishing liquid 284 can include a 
conventional slurry (e.g., having a Suspension of abrasive 
elements), or the abrasive elements can be fixedly embedded 
in the polishing pad material 283a. As the polishing medium 
285a and the workpiece 210 move relative to each other, an 
initial portion of the second conductive material 209 is 
removed to expose the first conductive material 218. 
(0023. An ECMP system 260b in accordance with an 
embodiment of the invention includes a polishing medium 
285b having at least two electrodes 220 (two are shown in 
FIG. 2B as a first electrode 220a and a second electrode 
220b), separated by an insulator 222. The electrodes 220 can 
be coupled to an electrical power Source 221, for example, a 
variable signal transmitter or a DC power source. The polish 
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ing medium 285b can further include a polishing pad material 
283b, which contacts the second conductive material 209 of 
the workpiece 210. In another embodiment, the polishing pad 
material 283b can extend between the electrodes 220a and 
220b to replace the insulator 222, while providing the same 
insulative function. In either embodiment, a first electrolytic 
medium 231a (e.g., an electrolyte-containing liquid or gel) 
can be disposed between the electrodes 220 and the second 
conductive material 209. In a particular embodiment, the first 
electrolytic medium 231 a can include phosphoric acid. The 
first electrolytic medium 231 a can form part of an electrically 
conductive path that also includes the first electrode 220a, the 
second electrode 220b, and optionally the second conductive 
material 209. 

0024. In operation, an initial portion of the second con 
ductive material 209 can be removed from the workpiece 210 
(a) electrolytically via the current supplied by the power 
source 221, and/or (b) chemically/mechanically as a result of 
both the chemical interaction between the first electrolytic 
medium 231a and the second conductive material 209, and 
the contact and relative motion between the polishing pad 
material 283b and the workpiece 210. The ECMP system 
260b can be operated in different manners, depending on the 
nature of the workpiece 210 and/or the desired processing 
parameters. For example, the ECMP system 260b can be 
operated to remove material via only chemical-mechanical 
polishing by not activating the electrodes 220, or the ECMP 
system 260b can be operated to remove material via only 
electrolytic action by activating the electrodes 220 but not 
contacting the workpiece 210 with the polishing pad material 
283b. The ECMP system 260b can remove material via 
ECMP by both activating the electrodes 220 and contacting 
the workpiece 210 with the polishing pad material 283b. Any 
of the foregoing processes can be conducted at least until the 
initial portion of the second conductive material 209 is 
removed to expose the first conductive material 218. 
0025 FIG. 2C illustrates the ECMP system 260b posi 
tioned to remove the exposed first conductive material 218 in 
accordance with an embodiment of the invention. In one 
aspect of this embodiment, the first electrolytic medium 231a 
described above with reference to FIG. 2B is replaced with a 
second electrolytic medium 231b having a different compo 
sition. Accordingly, the first electrolytic medium 231 a can be 
removed during a flushing or rinsing operation. The second 
electrolytic medium 231b can include a corrosion inhibitor 
that inhibits removal of the remaining second conductive 
material 209 in the recess 216. An advantage of this feature is 
that the second conductive material 209 in the recess 216 is 
less likely to become “dished' or otherwise removed in a 
non-uniform fashion, and is more likely to remain flush and 
level with the surrounding material. In other embodiments 
(for example, when dishing is not of particular concern), the 
second electrolytic medium 231b can have the same compo 
sition as the first electrolytic medium 231a. 
0026. The second electrolytic medium 231b can have a 
generally organic (i.e., carbon-containing) composition. For 
example, the second electrolytic medium 231b can include 
methanol, ethanol, or another alcohol as a solvent. When the 
first conductive material includes tantalum, the second elec 
trolytic medium can further include NHCl, CuCl, ammo 
nium acetate, and/or other monovalence organic salts. These 
compounds can be particularly Suitable in cases where the 
first conductive material 218 includes tantalum or tantalum 
nitride, the second conductive material 209 includes copper 
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and/or a copper compound, and the removal process need not 
remove the first conductive material 218 more rapidly than 
the second conductive material 209 (and in fact may remove 
the second conductive material 209 more rapidly). In other 
embodiments, the second electrolytic medium 231b can 
include NHa-Succinate, K-Succinate and/or other monova 
lence Succinate salts. These compounds can be particularly 
suitable in cases where it is desirable to remove the second 
conductive material 209 more rapidly than the first conduc 
tive material 218. When the first conductive material 218 
includes tantalum nitride, the second electrolytic medium 
231b can include hydrogen fluoride in an alcohol or another 
organic solvent. An advantage of hydrogen fluoride is that it 
can remove tantalum nitride at a more rapid rate than copper. 
In one aspect of either embodiment, the second electrolytic 
medium 231b can be at least approximately 99% organic 
(e.g., it can contain at least 99% organic constituents, rather 
than non-carbon-containing constituents, by Volume). 
0027. The second electrolytic medium 231b can also be 
generally non-aqueous. For example, when the second elec 
trolytic medium 231b includes hydrogen fluoride, the overall 
composition of the second electrolytic medium 231b can be 
about ten percent aqueous or less. When the second electro 
lytic medium includes other constituents (e.g., NHCl, 
CuCl2, ammonium acetate, NHa-Succinate, and/or K-Succi 
nate), the overall composition of the second electrolytic 
medium 231b can be about one percent aqueous or less. 
0028. One feature of an embodiment of the foregoing sys 
tem is that the generally organic (and/or non-aqueous) second 
electrolytic medium 231b can remove the first conductive 
material 218 from the workpiece 210 without requiring high 
downforces even if (in some cases) higher downforces are 
used to remove the initial portion of the second conductive 
material 209. For example, when the first conductive material 
218 includes tantalum or tantalum nitride, the downforce 
applied to the workpiece 210 while the first conductive mate 
rial 218 is being removed can be from about 1.0 psi to zero psi. 
In one particular embodiment, the downforce can range from 
about 0.25 psi to about 0.1 psi or less, and in another particular 
embodiment, the downforce can be about 0.1 psi or less. By 
contrast, the typical downforce used to remove the first con 
ductive material in conventional processes is generally from 
about 2.0 psi to about 5.0 psi. Because the downforce is 
reduced to such low levels, (a) the likelihood for dishing the 
second conductive material 209 remaining in the recess 216 
can be reduced or eliminated, and/or (b) the likelihood for 
scratching or otherwise damaging the Substrate material 213 
when the overlying first conductive material 218 is removed 
can also be reduced or eliminated. 

0029. In a particular embodiment for which the first con 
ductive material 218 includes tantalum nitride, the polishing 
pad material 283b can contact the first conductive material 
218 with a vanishingly small downforce. In still another 
embodiment, the polishing pad material 283b can be out of 
contact with the workpiece 210 (as indicated by dashed lines 
in FIG. 2C) or eliminated entirely (as indicated by phantom 
lines in FIG.2C). In either embodiment, most or all of the first 
conductive material 218 external to the recess 216 can be 
removed with little or no contact between the polishing pad 
material 283b and the first conductive material 218. In some 
cases, small amounts of residual first conductive material 218 
remaining after the electrolytic process described above can 
be removed by very light contact, provided by the polishing 
pad material 283b or another device (e.g., a brush). 
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0030. Another feature of the foregoing embodiments is 
that one or more of the constituents of the second electrolytic 
medium 231b can preferentially remove the first conductive 
material 218. For example, when the first conductive material 
218 includes tantalum, and the second conductive material 
209 includes copper, both disposed in a tetraethylorthosili 
cate (TEOS) substrate material 213, the second electrolytic 
medium 231b can include K-succinate in methanol, which 
can remove tantalum approximately twice as fast as it 
removes copper, and can remove little or no TEOS. Accord 
ingly, the second electrolytic medium 231b can remove the 
first conductive material 218 without dishing the second con 
ductive material 209 and/or without scratching the substrate 
material 213. It is believed that one explanation for the fore 
going behavior is that the second electrolytic medium 231b 
forms a stable copper-organic complex or other low solubility 
copper-organic compound at the interface between the copper 
and the electrolytic medium 231b. Accordingly, the second 
electrolytic medium 231b passivates the copper while retain 
ing electrolytic properties. The copper-organic complex can 
be stable in the solid phase, and can have a limited or Zero 
solubility in the second electrolytic medium 231b. The pro 
cess performed by the second electrolytic medium 231b is 
therefore unlike that of typical passivating agents, including 
BTA, which are generally ineffective in a non-aqueous solu 
tion, and/or are not stable in the presence of an external 
electrical current. 

0031 Yet another feature of an embodiment of the second 
electrolytic medium 231b is that, whether it is generally 
organic, generally non-aqueous, or both, it can effectively 
remove tantalum and tantalum compounds at rates higher 
than those available with conventional methods, and/or with 
downforces lower than those associated with conventional 
methods. It is believed that at least one mechanism by which 
embodiments of the second electrolytic medium 231b 
achieve this result is by reducing and/or eliminating the pas 
Sivation of tantalum into tantalum oxide (TaO). 
0032. In any of the foregoing embodiments, the first con 
ductive material 218 and the second conductive material 209 
external to the recess 216 can be removed to produce a micro 
feature workpiece 210 having an embedded conductive struc 
ture 208, as shown in FIG. 2D. In one embodiment, the 
conductive structure 208 can include a conductive line and in 
other embodiments, conductive structure 208 can include a 
via or other feature in the microfeature workpiece 210. In any 
of these embodiments, the foregoing processes can provide a 
conductive structure 208 having a smooth external surface 
207 that includes smooth external surface portions for both 
the first conductive material 218 and the second conductive 
material 209. 

0033. In the embodiments described above with reference 
to FIGS. 2A-2D, both the first and second electrodes 220a, 
220b are spaced apart from the microfeature workpiece 210 
as they remove conductive materials from the microfeature 
workpiece 210. An advantage of this arrangement is that the 
conductive material removal process can be relatively uni 
form. Another advantage of this arrangement is that it reduces 
the direct, physical contact with the workpiece 210 as the 
conductive materials are removed. In other embodiments, one 
or more of the electrodes 220 can be positioned in direct 
contact with the microfeature workpiece 210. For example, as 
shown in FIG.3, a first electrode 320a can be positioned in a 
spaced-apart orientation relative to the microfeature work 
piece 210, and a second electrode 320b can be connected to a 
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rear surface of the microfeature workpiece 210. A conductive 
path 308 (e.g., an internal via) between the rear surface and 
the conductive portion 211 of the microfeature workpiece can 
complete the circuit between the electrodes 320a, 320b, 
allowing the signal transmitter 221 to remove conductive 
material in a manner generally similar to that described 
above. 
0034 FIGS. 4-8 illustrate apparatuses for electrolytically, 
chemically-mechanically, and/or electrochemically-me 
chanically removing material from microfeature workpieces 
to perform the processes described above with reference to 
FIGS. 2A-3. For purposes of illustration, the apparatuses are 
shown supporting the microfeature workpiece 210 face-down 
against an upwardly facing polishing pad. In other embodi 
ments, the relative positions and orientations of the work 
piece 210 and the polishing pad can be reversed, as shown in 
FIGS 2B-3. 

0035 FIG. 4 schematically illustrates an apparatus 460 for 
electrolytically, chemically-mechanically and/or electro 
chemically-mechanically polishing the microfeature work 
piece 210 in accordance with an embodiment of the invention. 
In one aspect of this embodiment, the apparatus 460 has a 
support table 480 with a top-panel 481 at a workstation where 
an operative portion “W of a polishing pad 483 is positioned. 
The top-panel 481 is generally a rigid plate to provide a flat, 
Solid Surface to which a particular section of the polishing pad 
483 may be secured during polishing. The polishing pad 483 
can have a relatively soft composition which, together with 
the relatively low down force described above, can reduce the 
likelihood for scratching the workpiece 210 and/or removing 
material from the workpiece 210 in a non-uniform manner. In 
one embodiment, the polishing pad 483 can include a Poli 
texTM pad, available from Rohm and Haas of Phoenix, Ariz., 
and in other embodiments, the polishing pad 483 can include 
other relatively soft pads available from other sources. 
0036. The apparatus 460 can also have a plurality of rollers 
to guide, position and hold the polishing pad 483 over the 
top-panel 481. The rollers can include a supply roller 487a, 
idler rollers 487b, guide rollers 487c, and a take-up roller 
487d. The supply roller 487a carries an unused or preopera 
tive portion of the polishing pad 483, and the take-up roller 
487d carries a used or postoperative portion of the polishing 
pad 483. Additionally, the idler rollers 487b and the guide 
rollers 487c can stretch the polishing pad 483 over the top 
panel 481 to hold the polishing pad 483 stationary during 
operation. A motor (not shown) drives at least one of the 
supply roller 487a and the take-up roller 487d to sequentially 
advance the polishing pad 483 across the top-panel 481. 
Accordingly, clean preoperative sections of the polishing pad 
483 may be quickly substituted for used sections to provide a 
consistent Surface for polishing and/or cleaning the microfea 
ture workpiece 210. 
0037. The apparatus 460 can also have a carrier assembly 
490 that controls and protects the microfeature workpiece 
210 during polishing. The carrier assembly 490 can include a 
workpiece holder 492 to pick up, hold and release the micro 
feature workpiece 210 at appropriate stages of the polishing 
process. The carrier assembly 490 can also have a support 
gantry 494 carrying a drive assembly 495 that can translate 
along the gantry 494. The drive assembly 495 can have an 
actuator 496, a drive shaft 497 coupled to the actuator 496, 
and an arm 498 projecting from the drive shaft 497. The arm 
498 carries the workpiece holder 492 via a terminal shaft 499 
such that the drive assembly 495 orbits the workpiece holder 
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492 about an axis E-E (as indicated by arrow “R”). The 
terminal shaft 499 may also rotate the workpiece holder 492 
about its central axis F-F (as indicated by arrow “R”). 
0038. The polishing pad 483 and a polishing liquid 484 
define a polishing medium 485 that electrolytically, chemi 
cally-mechanically, and/or electro-chemically-mechanically 
removes material from the surface of the microfeature work 
piece 210. In some embodiments, the polishing pad 483 may 
be a nonabrasive pad without abrasive particles, and the pol 
ishing liquid 484 can be a slurry with abrasive particles and 
chemicals to remove material from the microfeature work 
piece 210. In other embodiments, the polishing pad 483 can 
be a fixed-abrasive polishing pad in which abrasive particles 
are fixedly bonded to a suspension medium. To polish the 
microfeature workpiece 210 with the apparatus 460, the car 
rier assembly 490 can position the microfeature workpiece 
210 with a process surface of the workpiece 210 at a work 
piece location in contact with the polishing liquid 484. 
Optionally the carrier assembly 490 can also press the micro 
feature workpiece 210 against a polishing surface 488 of the 
polishing pad 483. The drive assembly 495 then orbits the 
workpiece holder 492 about the axis E-E and optionally 
rotates the workpiece holder 492 about the axis F-F to trans 
late the substrate 210 across the polishing surface 488. As a 
result, the abrasive particles and/or the chemicals in the pol 
ishing medium 485 and/or electrolytic action remove mate 
rial from the surface of the microfeature workpiece 210 in a 
chemical and/or chemical-mechanical and/or electrochemi 
cal-mechanical polishing process. 
0039. During ECMP processing, the polishing liquid 484 
can include an electrolyte which can be pre-mixed in the 
polishing liquid 484 or stored in an electrolyte Supply vessel 
430 and delivered with a conduit 437, as described in greater 
detail below with reference to FIG. 5. In either embodiment, 
the apparatus 460 can further include a current supply 421 
coupled to electrodes positioned proximate to the polishing 
pad 483. 
0040 FIG. 5 is a partially exploded, partially schematic 
isometric view of a portion of the apparatus 460 described 
above with reference to FIG. 4. In one aspect of the embodi 
ment shown in FIG. 5, the top-panel 481 houses a plurality of 
electrode pairs, each of which includes a first electrode 520a 
and a second electrode 520b. The first electrodes 520a are 
coupled to a first lead528a and the second electrodes 520 bare 
coupled to a second lead 528b. The first and second leads 
528a and 528b are coupled to the current supply 421 (FIG. 4). 
In one aspect of this embodiment, the first electrodes 520a 
can be separated from the second electrodes 520b by an 
electrode dielectric layer 529a that includes TeflonTM or 
another suitable dielectric material. The electrode dielectric 
layer 529a can accordingly control the volume and dielectric 
constant of the region between the first and second electrodes 
520a and 520b to control the electrical coupling between the 
electrodes. 

0041. The electrodes 520a and 520b can be electrically 
coupled to the microfeature workpiece 210 (FIG. 4) by the 
polishing pad 483. In one aspect of this embodiment, the 
polishing pad 483 is saturated with an electrolytic liquid 531 
supplied by the supply conduits 437 through apertures 538 in 
the top-panel 481 just beneath the polishing pad 483. Accord 
ingly, the electrodes 520a and 520b are selected to be com 
patible with the electrolytic liquid 531. In an another arrange 
ment, the electrolytic liquid 531 can be supplied to the 
polishing pad 483 from above (for example, by disposing the 
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electrolytic liquid 531 in the polishing liquid 489, rather than 
by directing the electrolytic liquid upwardly through the pol 
ishing pad 483). Accordingly, the apparatus 460 can include a 
pad dielectric layer 529b positioned between the polishing 
pad 483 and the electrodes 520a and 520b. When the pad 
dielectric layer 529bis in place, the electrodes 520a and 520b 
can be isolated from physical contact with the electrolytic 
liquid 531 and can accordingly be selected from materials 
that are not necessarily compatible with the electrolytic liquid 
531. 

0042 FIG. 6 is an isometric view of a portion of an appa 
ratus 660 having electrodes 620 (shown as a first electrode 
620a and a second electrode 620b), and a polishing medium 
685 arranged in accordance with another embodiment of the 
invention. In one aspect of this embodiment, the polishing 
medium 685 includes polishing pad portions 683 that project 
beyond the electrodes 620a and 620b. Each polishing pad 
portion 683 can include a polishing surface 688 and a plural 
ity of flow passages 686 coupled to a fluid source (not shown 
in FIG. 6) with a conduit 637. Each flow passage 686 can have 
an aperture 682 proximate to the polishing surface 688 to 
provide an electrolytic liquid 631 proximate to an interface 
between the microfeature workpiece 210 and the polishing 
surface 688. In one aspect of this embodiment, the pad por 
tions 683 can include recesses 681 surrounding each aperture 
682. Accordingly, the electrolytic liquid 631 can proceed 
outwardly from the flow passages 686 while the microfeature 
workpiece 210 is positioned directly overhead and remains 
spaced apart from the electrodes 620. In other embodiments, 
the polishing pad portions 683 can be applied to other elec 
trodes, such as those described above with reference to FIGS. 
4 and 5 to provide for mechanical as well as electromechani 
cal material removed. 

0043 FIG. 7 is a partially schematic, cross-sectional side 
elevational view of a rotary apparatus 760 for mechanically, 
chemically and/or electrolytically processing the microfea 
ture workpiece 210 in accordance with another embodiment 
of the invention. In one aspect of this embodiment, the appa 
ratus 760 has a generally circular platen or table 780, a carrier 
assembly 790, a polishing pad 783 positioned on the table 
780, and a polishing liquid 784 on the polishing pad 783. The 
polishing pad 783 can be a fixed abrasive polishing pad or, 
alternatively, the polishing liquid 784 can include slurry hav 
ing a suspension of abrasive elements and the polishing pad 
783 can be a non-abrasive pad. A drive assembly 795 rotates 
(arrow “G”) and/or reciprocates (arrow “H”) the platen 780 to 
move the polishing pad 783 during planarization. Accord 
ingly, the motion of the microfeature workpiece 210 relative 
to the polishing pad 783 can include circular, elliptical, 
orbital, precessional or non-precessional motions. 
0044) The carrier assembly 790 controls and protects the 
microfeature workpiece 210 during the material removal pro 
cess. The carrier assembly 790 typically has a substrate 
holder 792 with a pad 794 that holds the microfeature work 
piece 210 via suction. A drive assembly 796 of the carrier 
assembly 790 typically rotates and/or translates the substrate 
holder 792 (arrows “I” and “J” respectively). Alternatively, 
the substrate holder 792 may include a weighted, free-floating 
disk (not shown) that slides over the polishing pad 783. 
0045. To remove material from the microfeature work 
piece 210 with the apparatus 760 in one embodiment, the 
carrier assembly 790 positions the microfeature workpiece 
210 and (optionally) presses the microfeature workpiece 210 
against a polishing surface 788 of the polishing pad 783. The 
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platen 780 and/or the substrate holder 792 then move relative 
to one another to translate the microfeature workpiece 210 
across the polishing surface 788. As a result, the abrasive 
particles in the polishing pad 783 and/or the chemicals in the 
planarizing liquid 784 remove material from the surface of 
the microfeature workpiece 210. 
0046. The apparatus 760 can also include a current source 
721 coupled with leads 728a and 728b to one or more elec 
trode pairs 770 (one of which is shown in FIG. 11). The 
electrode pairs 770 can be integrated with the platen 780 in 
generally the same manner with which the electrodes 520a 
and 520b (FIG.5) are integrated with the top panel 581 (FIG. 
5). Alternatively, the electrode pairs 770 can be integrated 
with the polishing pad 783. In either embodiment, the elec 
trode pairs 770 can include electrodes having shapes and 
configurations generally similar to any of those described 
above with reference to FIGS. 3-6 to electrolytically remove 
conductive material from the microfeature workpiece 210. 
0047. The foregoing apparatuses described above with 
reference to FIGS. 4-7 can be used to electrolytically, chemi 
cally-mechanically and/or electrochemically-mechanically 
process the microfeature workpiece 210. When the appara 
tuses are used to electrolytically or electrochemically-me 
chanically process the microfeature workpiece 210, they can 
provide a varying electrical current that passes from the elec 
trodes, through the conductive material of the microfeature 
workpiece 210 via the electrolytic liquid. For example, as 
shown in FIG. 8, the apparatus can generate a high-frequency 
wave 804 and can superimpose a low-frequency wave 802 on 
the high-frequency wave 804. In one aspect of this embodi 
ment, the high-frequency wave 804 can include a series of 
positive or negative Voltage spikes contained within a square 
wave envelope defined by the low-frequency wave 802. Each 
spike of the high-frequency wave 804 can have a relatively 
steep rise-time slope to transfer charge through the dielectric 
material to the electrolytic liquid, and a more gradual fall 
time slope. The fall-time slope can define a straight line, as 
indicated by high-frequency wave 804, or a curved line, as 
indicated by high-frequency wave 804a. In other embodi 
ments, the high-frequency wave 804 and the low-frequency 
wave 802 can have other shapes depending, for example, on 
the particular characteristics of the dielectric material and the 
electrolytic liquid, the characteristics of the microfeature 
workpiece 210, and/or the target rate at which conductive 
material is to be removed from the microfeature workpiece 
210. 
0048. The voltage applied to the workpiece 210 can be 
selected based on the material removed from the workpiece 
210. For example, when removing tantalum from the work 
piece 210, the current can be applied at a potential of 7.8 volts 
rms. When tantalum nitride is removed from the workpiece 
210, the current can be applied at a potential of about 15 volts 
rms. In both embodiments, the workpiece 210 can be rotated 
at a speed of about 30 RPM. 
0049. The methods described above with reference to 
FIGS. 2A-3 may be performed with the apparatuses described 
above with reference to FIGS. 4-8 in a variety of manners in 
accordance with several embodiments of the invention. For 
example, in one embodiment, a single apparatus can be used 
to remove the initial quantity of the second conductive mate 
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rial 209 via CMP and then the first and second conductive 
materials 218, 209 simultaneously via ECMP. Alternatively, 
one apparatus can initially remove the second material 209 
(e.g., via CMP) and the same or another apparatus can Sub 
sequently remove both the first and second conductive mate 
rials 218, 209 via ECMP. In either embodiment, the liquid 
used during ECMP of the first conductive material 218 can be 
generally organic, which can significantly reduce (or elimi 
nate) the downforce applied to the microfeature workpiece 
210 during electrolytic processing. 
0050. From the foregoing, it will be appreciated that spe 
cific embodiments of the invention have been described 
herein for purposes of illustration, but that various modifica 
tions may be made without deviating from the spirit and scope 
of the invention. For example, methods and features shown 
and/or described in the context of certain embodiments of the 
invention can be eliminated, combined or re-ordered in other 
embodiments. Accordingly, the invention is not limited 
except as by the appended claims. 

I/We claim: 
1. A system for removing material from a microfeature 

workpiece, comprising: 
a workpiece Support configured to carry a microfeature 

workpiece with a process surface of the microfeature 
workpiece at a workpiece location; 

first and second electrodes positioned proximate to the 
workpiece Support, at least one of the first and record 
electrodes being spaced apart from the workpiece loca 
tion; and 

a polishing medium positioned at least proximate to the 
workpiece location, at least one of the polishing medium 
and the workpiece support being movable relative to the 
other, the polishing medium including a polishing pad 
material and an electrolytic medium, the electrolytic 
medium being generally organic, generally non-aque 
ous or both generally organic and generally non-aque 
ous, the electrolytic medium including: 
a solvent; and 
an electrolyte. 

2. The system of claim 1, further comprising a corrosion 
inhibitor that at least inhibits corrosion of at least one of 
copper and a copper compound. 

3. The system of claim 1, further comprising an electrical 
current source coupled to the first and second electrodes, the 
electrical current Source being configured to pass a varying 
electrical current through the first and second electrodes. 

4. The system of claim 1 wherein the electrolytic medium 
includes methanol. 

5. The system of claim 1 wherein the electrolytic medium 
includes an alcohol. 

6. The system of claim 1 wherein the electrolytic medium 
is about 90% or more non-aqueous. 

7. The system of claim 1 wherein the electrolytic medium 
includes a corrosion inhibitor. 

8. The system of claim 1 wherein the electrolytic medium 
is approximately 99% or more organic. 

9. The system of claim 1, wherein the electrolytic medium 
includes at least one of NHCl, CuCl2, ammonium acetate, 
NH-succinate, K-succinate and HF. 
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