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(57) ABSTRACT 

Chambers, systems, and methods for electrochemically pro 
cessing microfeature workpieces are disclosed herein. In one 
embodiment, an electrochemical deposition chamber 
includes a processing unit having a first flow system config 
ured to convey a flow of a first processing fluid to a micro 
feature workpiece. The chamber further includes an electrode 
unit having an electrode and a second flow system configured 
to convey a flow of a second processing fluid at least proxi 
mate to the electrode. The chamber further includes a nonpo 
rous barrier between the processing unit and the electrode 
unit to separate the first and second processing fluids. The 
nonporous barrier is configured to allow cations or anions to 
flow through the barrier between the first and second process 
ing fluids. 
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CHAMBERS, SYSTEMS, AND METHODS FOR 
ELECTROCHEMICALLY PROCESSING 
MCROFEATURE WORKPIECES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation in part of U.S. 
application Ser. Nos.: (a) Ser. No. 10/729,349 filed on Dec. 5, 
2003; (b) Ser. No. 10/729,357 filed on Dec. 5, 2003; and (c) 
Ser. No. 09/872,151, filed on May 31, 2001, which is a con 
tinuation-in-part of U.S. application Ser. No. 09/804,697. 
filed on Mar. 12, 2001 and has issued has U.S. Pat. No. 
6,660,127, which is a continuation in part of International 
Publication No. WO00/61498 filed on Apr. 13, 2000 and 
published in the English language, which claims the benefit of 
U.S. Application No. 60/129,055, filed on Apr. 13, 1999. All 
of the foregoing are incorporated herein by reference. 

TECHNICAL FIELD 

0002 This application relates to chambers, systems, and 
methods for electrochemically processing microfeature 
workpieces having a plurality of microdevices integrated in 
and/or on the workpiece. The microdevices can include Sub 
micron features. Particular aspects of the present invention 
are directed toward electrochemical deposition chambers 
having nonporous barriers to separate a first processing fluid 
and a second processing fluid. Additional aspects of this 
application are directed toward electrochemical deposition 
chambers having (a) a barrier between a first processing fluid 
and a second processing fluid, and (b) a plurality of indepen 
dently operable electrodes in the second processing fluid. 

BACKGROUND 

0003 Microelectronic devices, such as semiconductor 
devices, imagers, and displays, are generally fabricated on 
and/or in microelectronic workpieces using several different 
types of machines (“tools'). Many such processing machines 
have a single processing station that performs one or more 
procedures on the workpieces. Other processing machines 
have a plurality of processing stations that perform a series of 
different procedures on individual workpieces or batches of 
workpieces. In a typical fabrication process, one or more 
layers of conductive materials are formed on the workpieces 
during deposition stages. The workpieces are then typically 
Subject to etching and/or polishing procedures (i.e., pla 
narization) to remove a portion of the deposited conductive 
layers for forming electrically isolated contacts and/or con 
ductive lines. 

0004 Tools that plate metals or other materials on the 
workpieces are becoming an increasingly useful type of pro 
cessing machine. Electroplating and electroless plating tech 
niques can be used to deposit copper, solder, permalloy, gold, 
silver, platinum, electrophoretic resist and other materials 
onto workpieces for forming blanket layers or patterned lay 
ers. A typical copper plating process involves depositing a 
copper seed layer onto the Surface of the workpiece using 
chemical vapor deposition (CVD), physical vapor deposition 
(PVD), electroless plating processes, or other suitable meth 
ods. After forming the seed layer, a blanket layer or patterned 
layer of copper is plated onto the workpiece by applying an 
appropriate electrical potential between the seed layer and an 
anode in the presence of an electroprocessing Solution. The 
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workpiece is then cleaned, etched and/or annealed in Subse 
quent procedures before transferring the workpiece to 
another processing machine. 
0005 FIG. 1 illustrates an embodiment of a single-wafer 
processing station 1 that includes a container 2 for receiving 
a flow of electroplating solution from a fluid inlet 3 at a lower 
portion of the container 2. The processing station 1 can 
include an anode 4, a plate-type diffuser 6 having a plurality 
of apertures 7, and a workpiece holder 9 for carrying a work 
piece 5. The workpiece holder 9 can include a plurality of 
electrical contacts for providing electrical current to a seed 
layer on the surface of the workpiece 5. When the seed layer 
is biased with a negative potential relative to the anode 4, it 
acts as a cathode. In operation, the electroplating fluid flows 
around the anode 4, through the apertures 7 in the diffuser 6, 
and against the plating Surface of the workpiece 5. The elec 
troplating solution is an electrolyte that conducts electrical 
current between the anode 4 and the cathodic seed layer on the 
surface of the workpiece 5. Therefore, ions in the electroplat 
ing solution plate the surface of the workpiece 5. 
0006 The plating machines used in fabricating microelec 
tronic devices must meet many specific performance criteria. 
For example, many plating processes must be able to form 
Small contacts in Vias or trenches that are less than 0.5 um 
wide, and often less than 0.1 um wide. A combination of 
organic additives such as “accelerators.”“suppressors, and 
“levelers' can be added to the electroplating solution to 
improve the plating process within the trenches so that the 
plating metal fills the trenches from the bottom up. As such, 
maintaining the proper concentration of organic additives in 
the electroplating Solution is important to properly fill very 
Small features. 

0007 One drawback of conventional plating processes is 
that the organic additives decompose and break down proxi 
mate to the Surface of the anode. Also, as the organic additives 
decompose, it is difficult to control the concentration of 
organic additives and their associated breakdown products in 
the plating solution, which can result in poor feature filling 
and nonuniform layers. Moreover, the decomposition of 
organic additives produces by-products that can cause defects 
or other nonuniformities. To reduce the rate at which organic 
additives decompose near the anode, other anodes such as 
copper-phosphorous anodes can be used. 
0008 Another drawback of conventional plating pro 
cesses is that organic additives and/or chloride ions in the 
electroplating solution can alter pure copper anodes. This can 
alter the electrical field, which can result in inconsistent pro 
cesses and nonuniform layers. Thus, there is a need to 
improve the plating process to reduce the adverse effects of 
the organic additives. 
0009 Still another drawback of electroplating is providing 
a desired electrical field at the surface of the workpiece. The 
distribution of electrical current in the plating solution is a 
function of the uniformity of the seed layer across the contact 
Surface, the configuration/condition of the anode, the con 
figuration of the chamber, and other factors. However, the 
current density profile on the plating Surface can change 
during a plating cycle. For example, the current density pro 
file typically changes during a plating cycle as material plates 
onto the seed layer. The current density profile can also 
change over a longer period of time because (a) the shape of 
consumable anodes changes as they erode, and (b) the con 



US 2009/011.4533 A9 

centration of constituents in the plating solution can change. 
Therefore, it can be difficult to maintain a desired current 
density at the surface of the workpiece. 

SUMMARY 

0010. The present invention is directed, in part, toward 
electrochemical deposition chambers with nonporous barri 
ers to separate processing fluids. The chambers are divided 
into two distinct systems that interact with each other to 
electroplate a material onto the workpiece while controlling 
migration of selected elements in the processing fluids (e.g., 
organic additives) from crossing the barrier to avoid the prob 
lems caused when organic additives are proximate to the 
anode and when bubbles or other matter get into the process 
ing fluid. 
0011. The chambers include a processing unit to provide a 

first processing fluid to a workpiece (i.e., working electrode), 
an electrode unit for conveying a flow of a second processing 
fluid different than the first processing fluid, and an electrode 
(i.e., counter electrode) in the electrode unit. The chambers 
also include a nonporous barrier between the first processing 
fluid and the second processing fluid. The nonporous barrier 
allows ions to pass through the barrier but inhibits nonionic 
species from passing between the first and second processing 
fluids. As such, the nonporous barrier separates and isolates 
components of the first and second processing fluids from 
each other such that the first processing fluid can have differ 
ent chemical characteristics than the second processing fluid. 
For example, the first processing fluid can be a catholyte 
having organic additives and the second processing fluid can 
be an anolyte without organic additives or a much lower 
concentration of Such additives. 

0012. The nonporous barrier provides several advantages 
by Substantially preventing the organic additives in the 
catholyte from migrating to the anolyte. First, because the 
organic additives are prevented from being in the anolyte, 
they cannot flow past the anode and decompose into products 
that interfere with the plating process. Second, because the 
organic additives do not decompose at the anode, they are 
consumed at a much slower rate in the catholyte so that it is 
less expensive and easier to control the concentration of 
organic additives in the catholyte. Third, less expensive 
anodes, such as pure copperanodes, can be used in the anolyte 
because the risk of passivation is reduced or eliminated. 
0013 The present invention is also directed toward elec 
trochemical deposition chambers with (a) a porous and/or 
nonporous barrier between processing fluids to mitigate or 
eliminate the problems caused by organic additives, and (b) 
multiple independently operable electrodes to provide and 
maintain a desired current density at the surface of the work 
piece. These chambers are also divided into two distinct sys 
tems that interact with each other to electroplate a material 
onto the workpiece while controlling migration of selected 
elements in the processing fluids (e.g., organic additives) 
from crossing the barrier to avoid the problems caused by the 
interaction between the organic additives and the anode and 
by bubbles or particulates in the processing fluid. Addition 
ally, the independently operable electrodes provide better 
control of the electrical field at the surface of the workpiece 
compared to systems that have only a single electrode. 
0014. The chambers include a processing unit to provide a 

first processing fluid to a workpiece (i.e., working electrode), 
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an electrode unit for conveying a flow of a second processing 
fluid different than the first processing fluid, and a plurality of 
electrodes (i.e., counter electrodes) in the electrode unit. The 
chambers also include a barrier between the first processing 
fluid and the second processing fluid. The barrier can be a 
porous, permeable member that permits fluid and Small mol 
ecules to flow through the barrier between the first and second 
processing fluids. Alternatively, the barrier can be a nonpo 
rous, semipermeable member that prevents fluid flow 
between the first and second processing fluids while allowing 
ions to pass between the fluids. The barrier may also comprise 
a member having porous areas and nonporous areas. The 
barrier of these embodiments separates and/or isolates com 
ponents of the first and second processing fluids from each 
other such that the first processing fluid can have different 
chemical characteristics than the second processing fluid. For 
example, the first processing fluid can be a catholyte having 
organic additives and the second processing fluid can be an 
anolyte without organic additives or with a much lower con 
centration of such additives. 

0015 The multiple electrodes in this aspect of the inven 
tion can be controlled independently of one another to tailor 
the electrical field to the workpiece. Each electrode can have 
a current level such that the electrical field generated by all of 
the electrodes provides the desired plating profile at the sur 
face of the workpiece. Additionally, the current applied to 
each electrode can be independently varied throughout a plat 
ing cycle to compensate for differences that occur at the 
surface of the workpiece as the thickness of the plated layer 
increases. 

0016. The combination of having multiple electrodes to 
control the electrical field and a barrier in the chamber will 
provide a system that is significantly more efficient and pro 
duces significantly better quality products. The system is 
more efficient because using one processing fluid for the 
workpiece and another processing fluid for the electrodes 
allows the processing fluids to be tailored to the best use in 
each area without having to compromise to mitigate the 
adverse effects of using only a single processing Solution. As 
Such, the tool does not need to be shut down as often to adjust 
the fluids and it consumes less constituents. The system pro 
duces better quality products because (a) using two different 
processing fluids allows better control of the concentration of 
important constituents in each processing fluid, and (b) using 
multiple electrodes provides better control of the current den 
sity at the surface of the workpiece. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a schematic diagram of an electroplating 
chamber in accordance with the prior art. 
0018 FIG. 2A schematically illustrates a system for elec 
trochemical deposition, electropolishing, or other wet chemi 
cal processing of microfeature workpieces in accordance 
with one embodiment of the invention. 

0019 FIG. 2B schematically illustrates a system for elec 
trochemical deposition, electropolishing, or other wet chemi 
cal processing of microfeature workpieces in accordance 
with another embodiment of the invention. 

0020 FIGS. 3A-3H graphically illustrate the relationship 
between the concentration of hydrogen and copper ions in an 
anolyte and a catholyte during a plating cycle and while the 
systems of FIGS. 2A and 2B are idle in accordance with one 
embodiment of the invention. 
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0021 FIG. 4 is a schematic isometric view showing cross 
sectional portions of a wet chemical vessel inaccordance with 
another embodiment of the invention. 

0022 FIG. 5 is a schematic side view showing a cross 
sectional, side portion of the vessel of FIG. 4. 
0023 FIG. 6 is a schematic view of a wet chemical vessel 
in accordance with another embodiment of the invention. 

0024 FIG. 7 is a schematic view of a wet chemical vessel 
in accordance with another embodiment of the invention. 

0.025 FIG. 8 is a schematic view of a wet chemical vessel 
in accordance with another embodiment of the invention. 

0026 FIG. 9 is a schematic top plan view of a wet chemi 
cal processing tool in accordance with another embodiment 
of the invention. 

0027 FIG. 10A is an isometric view illustrating a portion 
of a wet chemical processing tool in accordance with another 
embodiment of the invention. 

0028 FIG. 10B is a top plan view of a wet chemical 
processing tool arranged in accordance with another embodi 
ment of the invention. 

0029 FIG. 11 is an isometric view of a mounting module 
for use in a wet chemical processing tool in accordance with 
another embodiment of the invention. 

0030 FIG. 12 is cross-sectional view along line 12-12 of 
FIG. 11 of a mounting module for use in a wet chemical 
processing tool in accordance with another embodiment of 
the invention. 

0031 FIG. 13 is a cross-sectional view showing a portion 
of a deck of a mounting module in greater detail. 

DETAILED DESCRIPTION 

0032. As used herein, the terms “microfeature workpiece' 
or “workpiece” refer to substrates on and/or in which 
microdevices are formed. Typical microdevices include 
microelectronic circuits or components, thin-film recording 
heads, data storage elements, microfluidic devices, and other 
products. Micromachines or micromechanical devices are 
included within this definition because they are manufactured 
using much of the same technology as used in the fabrication 
of integrated circuits. The Substrates can be semiconductive 
pieces (e.g., silicon wafers or gallium arsenide wafers), non 
conductive pieces (e.g., various ceramic Substrates), or con 
ductive pieces (e.g., doped wafers). Also, the term electro 
chemical processing or deposition includes electroplating, 
electro-etching, anodization, and/or electroless plating. 
0033 Several embodiments of electrochemical deposition 
chambers for processing microfeature workpieces are par 
ticularly useful for electrolytically depositing metals or elec 
trophoretic resist in or on structures of a workpiece. The 
electrochemical deposition chambers in accordance with the 
invention can accordingly be used in Systems with wet chemi 
cal processing chambers for etching, rinsing, or other types of 
wet chemical processes in the fabrication of microfeatures in 
and/or on semiconductor Substrates or other types of work 
p1eces. 

0034 Several embodiments of electrochemical deposition 
chambers and integrated tools in accordance with the inven 
tion are set forth in FIGS. 2A-13 and the corresponding text to 
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provide a thorough understanding of particular embodiments 
of the invention. A person skilled in the art will understand, 
however, that the invention may have additional embodi 
ments or that the invention may be practiced without several 
of the details of the embodiments shown in FIGS. 2A-13. 

A. EMBODIMENTS OF WET CHEMICAL 
PROCESSING SYSTEMS 

0035 FIG. 2A schematically illustrates a system 100 for 
electrochemical deposition, electropolishing, or other wet 
chemical processing of microfeature workpieces. The system 
100 includes an electrochemical deposition chamber 102 
having a head assembly 104 (shown schematically) and a wet 
chemical vessel 110 (shown schematically). The head assem 
bly 104 loads, unloads, and positions a workpiece W or a 
batch of workpieces at a processing site relative to the vessel 
110. The head assembly 104 typically includes a workpiece 
holder having a contact assembly with a plurality of electrical 
contacts configured to engage a conductive layer on the work 
piece W. The workpiece holder can accordingly apply an 
electrical potential to the conductive layer on the workpiece 
W. Suitable head assemblies, workpiece holders, and contact 
assemblies are disclosed in U.S. Pat. Nos. 6.228,232, 6,280, 
583; 6,303,010; 6,309,520; 6,309,524; 6,471,913; 6,527,925; 
and 6,569,297; and U.S. patent application Ser. Nos. 09/733, 
608 and 09/823,948, all of which are hereby incorporated by 
reference in their entirety. 
0036) The illustrated vessel 110 includes a processing unit 
120 (shown schematically), an electrode unit 180 (shown 
schematically), and a nonporous barrier 170 (shown sche 
matically) between the processing and electrode units 120 
and 180. The processing unit 120 is configured to contain a 
first processing fluid for processing the microfeature work 
piece W. The electrode unit 180 is configured to contain an 
electrode 190 and a second processing fluid at least proximate 
to the electrode 190. The second processing fluid is generally 
different than the first processing fluid, but they can be the 
same in Some applications. In general, the first and second 
processing fluids have some ions in common. The first pro 
cessing fluid in the processing unit 120 is a catholyte and the 
second processing fluid in the electrode unit 180 is an anolyte 
when the workpiece is cathodic. In electropolishing or other 
deposition processes, however, the first processing fluid can 
be an anolyte and the second processing fluid can be a 
catholyte. 

0037. The system 100 further includes a first flow system 
112 that stores and circulates the first processing fluid and a 
second flow system 192 that stores and circulates the second 
processing fluid. The first flow system 112 may include a first 
processing fluid reservoir 113, a plurality of fluid conduits 
114 to convey a flow of the first processing fluid between the 
first processing fluid reservoir 113 and the processing unit 
120, and a plurality of components 115 (shown schemati 
cally) in the processing unit 120 to convey a flow of the first 
processing fluid between the processing site and the nonpo 
rous barrier 170. The second flow system 192 may include a 
second processing fluid reservoir 193, a plurality of fluid 
conduits 185 to convey the flow of the second processing fluid 
between the second processing fluid reservoir 193 and the 
electrode unit 180, and a plurality of components 184 (shown 
schematically) in the electrode unit 180 to convey the flow of 
the second processing fluid between the electrode 190 and the 
nonporous barrier 170. The concentrations of individual con 
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stituents of the first and second processing fluids can be 
controlled separately in the first and second processing fluid 
reservoirs 113 and 193, respectively. For example, metals, 
Such as copper, can be added to the first and/or second pro 
cessing fluid in the respective reservoir 113 or 193. Addition 
ally, the temperature of the first and second processing fluids 
and/or removal of undesirable materials or bubbles can be 
controlled separately in the first and second flow systems 112 
and 192. 

0038. The nonporous barrier 170 is positioned between 
the first and second processing fluids in the region of the 
interface between the processing unit 120 and the electrode 
unit 180 to separate and/or isolate the first processing fluid 
from the second processing fluid. For example, the nonporous 
barrier 170 inhibits fluid flow between the first and second 
flow systems 112 and 192 while selectively allowing ions, 
Such as cations and/or anions, to pass through the barrier 170 
between the first and second processing fluids. As such, an 
electrical field, a charge imbalance between the processing 
fluids, and/or differences in the concentration of substances in 
the processing fluids can drive ions across the nonporous 
barrier 170 as described in detail below. 

0039. In contrast to porous barriers, such as filter media, 
expanded Teflon (Goretex), and fritted materials (glass, 
quartz, ceramic, etc.), the nonporous barrier 170 inhibits non 
ionic species, including Small molecules and fluids, from 
passing through the barrier 170. For example, the nonporous 
barrier 170 can be substantially free of open area. Conse 
quently, fluid is inhibited from passing through the nonporous 
barrier 170 when the first and second flow systems 112 and 
192 operate at typical pressures. Water, however, can be trans 
ported through the nonporous barrier 170 via osmosis and/or 
electro-osmosis. Osmosis can occur when the molar concen 
trations in the first and second processing fluids are Substan 
tially different. Electro-osmosis can occur as water is carried 
through the nonporous barrier 170 with current carrying ions 
in the form of a hydration sphere. When the first and second 
processing fluids have similar molar concentrations and no 
electrical currentis passed through the processing fluids, fluid 
flow between the first and second processing fluids is sub 
stantially prevented. 

0040 Moreover, the nonporous barrier 170 can be hydro 
philic so that bubbles in the processing fluids do not cause 
portions of the barrier 170 to dry, which reduces conductivity 
through the barrier 170. Suitable nonporous barriers 170 
include NAFION membranes manufactured by DuPont(R), 
IonacR) membranes manufactured by Sybron Chemicals Inc., 
and NeoSepta membranes manufactured by Tokuyuma. 

0041) When the system 100 is used for electrochemical 
processing, an electrical potential can be applied to the elec 
trode 190 and the workpiece W such that the electrode 190 is 
an anode and the workpiece W is a cathode. The first and 
second processing fluids are accordingly a catholyte and an 
anolyte, respectively, and each fluid can include a solution of 
metal ions to be plated onto the workpiece W. The electrical 
field between the electrode 190 and the workpiece W may 
drive positive ions through the nonporous barrier 170 from 
the anolyte to the catholyte, or drive negative ions in the 
opposite direction. In plating applications, an electrochemi 
cal reaction occurs at the microfeature workpiece W in which 
metal ions are reduced to form a solid layer of metal on the 
microfeature workpiece W. 
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0042. In electrochemical etching and other electrochemi 
cal applications, the electrical field may drive ions the oppo 
site direction. 

0043. One feature of the system 100 illustrated in FIG. 2A 
is that the nonporous barrier 170 separates and isolates the 
first and second processing fluids from each other, but allows 
ions to pass between the first and second processing fluids. As 
such, the fluid in the processing unit 120 can have different 
chemical characteristics than the fluid in the electrode unit 
180. For example, the first processing fluid can be a catholyte 
having organic additives and the second processing fluid can 
be an anolyte without organic additives or a much lower 
concentration of Such additives. As explained above in the 
Summary section, the lack of organic additives in the anolyte 
provides the following advantages: (a) reduces by-products 
of decomposed organics in the catholyte; (b) reduces con 
Sumption of the organic additives; (c) reduces passivation of 
the anode; and (d) enables efficient use of pure copperanodes. 

0044) The system 100 illustrated in FIG. 2A is also par 
ticularly efficacious in maintaining the desired concentration 
of copper ions or other metalions in the first processing fluid. 
During the electroplating process, it is desirable to accurately 
control the concentration of materials in the first processing 
fluid to ensure consistent, repeatable depositions on a large 
number of individual microfeature workpieces. For example, 
when copper is deposited on the workpiece W. it is desirable 
to maintain the concentration of copper in the first processing 
fluid (e.g., the catholyte) within a desired range to deposit a 
suitable layer of copper on the workpiece W. This aspect of 
the system 100 is described in more detail below. 

0045. To control the concentration of metal ions in the first 
processing solution in Some electroplating applications, the 
system 100 illustrated in FIG. 2A uses characteristics of the 
nonporous barrier 170, the volume of the first flow system 
112, the volume of the second flow system 192, and the 
different acid concentrations in the first and second process 
ing Solutions. In general, the concentration of acid in the first 
processing fluidis greater than the concentration of acid in the 
second processing fluid, and the Volume of the first process 
ing fluid in the system 100 is greater than the volume of the 
second processing fluid in the system 100. As explained in 
more detail below, these features work together to maintain 
the concentration of the constituents in the first processing 
fluid within a desired range to ensure consistent and uniform 
deposition on the workpiece W. For purposes of illustration, 
the effect of increasing the concentration of acid in the first 
processing fluid will be described with reference to an 
embodiment in which copper is electroplated onto a work 
piece. One skilled in the art will recognize that different 
metals can be electroplated and/or the principles can be 
applied to other wet chemical processes in other applications. 

0046 FIG. 2B schematically illustrates a system 100a for 
electrochemical deposition, electropolishing, or other wet 
chemical processing of microfeature workpieces in accor 
dance with another embodiment of the invention. The system 
100a is similar to the system 100 shown in FIG. 2A, and thus 
like reference numbers refer to like components in FIGS. 2A 
and 2B. The system 100a includes an electrochemical depo 
sition chamber 102 having ahead assembly 104 (shown sche 
matically) and a wet chemical vessel 110a (shown schemati 
cally). The head assembly 104 loads, unloads, and positions a 
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workpiece W or a batch of workpieces at a processing site 
relative to the vessel 110a as described above with reference 
to FIG. 2A. 

0047 The illustrated vessel 110a includes a processing 
unit 120a (shown schematically), an electrode unit 180a 
(shown schematically), and a barrier 170a (shown schemati 
cally) between the processing and electrode units 120a and 
180a. The processing unit 120a of the illustrated embodiment 
includes a dielectric divider 142 projecting from the barrier 
170a toward the processing site and a plurality of chambers 
130 (identified individually as 130a-b) defined by the dielec 
tric divider 142. The chambers 130a-b can be arranged con 
centrically and have corresponding openings 144a–b proxi 
mate to the processing site. The chambers 130a-b are 
configured to convey a first processing fluid to/from the 
microfeature workpiece W. The processing unit 120a, how 
ever, may not include the dielectric divider 142 and the cham 
bers 130, or the dielectric divider 142 and the chambers 130 
may have other configurations. 

0048. The electrode unit 180a includes a dielectric divider 
186, a plurality of compartments 184a–b defined by the 
dielectric divider 186, and a plurality of electrodes 190a and 
190b disposed within corresponding compartments 184a-b. 
The compartments 184a–b can be arranged concentrically 
and configured to convey a second processing fluid at least 
proximate to the electrodes 190a-b. As noted above, the sec 
ond processing fluid is generally different than the first pro 
cessing fluid, but they can be the same in some applications. 
In general, the first and second processing fluids have some 
ions in common. The first processing fluid in the processing 
unit 120a is a catholyte and the second processing fluid in the 
electrode unit 180a is an anolyte when the workpiece is 
cathodic. In electropolishing or other deposition processes, 
however, the first processing fluid can be an anolyte and the 
second processing fluid can be a catholyte. Although the 
system 100a shown in FIG. 2B includes two concentric elec 
trodes 190a-b, in other embodiments, systems can include a 
different number of electrodes and/or the electrodes can be 
arranged in a different configuration. 

0049. The system 100a further includes a first flow system 
112a that stores and circulates the first processing fluid and a 
second flow system 192a that stores and circulates the second 
processing fluid. The first flow system 112a may include (a) 
the first processing fluid reservoir 113, (b) the plurality of 
fluid conduits 114 to convey the flow of the first processing 
fluid between the first processing fluid reservoir 113 and the 
processing unit 120a, and (c) the chambers 130a-b to convey 
the flow of the first processing fluid between the processing 
site and the barrier 170a. The second flow system 192a may 
include (a) the second processing fluid reservoir 193, (b) the 
plurality offluid conduits 185 to convey the flow of the second 
processing fluid between the second processing fluid reser 
voir 193 and the electrode unit 180a, and (c) the compart 
ments 184a–b to convey the flow of the second processing 
fluid between the electrodes 190a-band the barrier 170a. The 
concentrations of individual constituents of the first and sec 
ond processing fluids can be controlled separately in the first 
and second processing fluid reservoirs 113 and 193, respec 
tively. For example, metals, such as copper, can be added to 
the first and/or second processing fluid in the respective res 
ervoir 113 or 193. Additionally, the temperature of the first 
and second processing fluids and/or removal of undesirable 
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materials or bubbles can be controlled separately in the first 
and second flow systems 112a and 192a. 

0050. The barrier 170a is positioned between the first and 
second processing fluids in the region of the interface 
between the processing unit 120a and the electrode unit 180a 
to separate and/or isolate the first processing fluid from the 
second processing fluid. For example, the barrier 170a can be 
a porous, permeable membrane that permits fluid and Small 
molecules to flow through the barrier 170a between the first 
and second processing fluids. Alternatively, the barrier 170a 
can be a nonporous, semipermeable membrane that prevents 
fluid flow between the first and second flow systems 112 and 
192 while selectively allowing ions, such as cations and/or 
anions, to pass through the barrier 170a between the first and 
second processing fluids, as described above with respect to 
the nonporous barrier 170 shown in FIG. 2A. In either case, 
the barrier 170a restricts bubbles, particles, and large mol 
ecules Such as organic additives from passing between the 
first and second processing fluids. 

0051) When the system 100a is used for electrochemical 
processing, an electrical potential can be applied to the elec 
trodes 190a-band the workpiece W such that the electrodes 
190a-bare anodes and the workpiece W is a cathode. The first 
and second processing fluids are accordingly a catholyte and 
an anolyte, respectively, and each fluid can include a solution 
of metalions to be plated onto the workpiece W. The electrical 
field between the electrodes 190a-b and the workpiece W 
may drive positive ions through the barrier 170a from the 
anolyte to the catholyte, or drive negative ions in the opposite 
direction. In plating applications, an electrochemical reaction 
occurs at the microfeature workpiece W in which metal ions 
are reduced to form a solid layer of metal on the microfeature 
workpiece W. In electrochemical etching and other electro 
chemical applications, the electrical field may drive ions the 
opposite direction. 

0.052 The first electrode 190a provides an electrical field 
to the workpiece W at the processing site through the portion 
of the second processing fluid in the first compartment 184a 
of the electrode unit 180a and the portion of the first process 
ing fluid in the first chamber 130a of the processing unit 120a. 
Accordingly, the first electrode 190a provides an electrical 
field that is effectively exposed to the processing site via the 
first opening 144a. The first opening 144a shapes the electri 
cal field of the first electrode 190a to create a “virtual elec 
trode' at the top of the first opening 144a. This is a “virtual 
electrode” because the dielectric divider 142 shapes the elec 
trical field of the first electrode 190a So that the effect is as if 
the first electrode 190a were placed in the first opening 144a. 
Virtual electrodes are described in detail in U.S. patent appli 
cation Ser. No. 09/872,151, incorporated by reference above. 
Similarly, the second electrode 190b provides an electrical 
field to the workpiece W through the portion of the second 
processing fluid in the second compartment 184b of the elec 
trode unit 180a and the portion of the first processing fluid in 
the second chamber 130b of the processing unit 120a. 
Accordingly, the second electrode 190b provides an electrical 
field that is effectively exposed to the processing site via the 
second opening 144b to create another “virtual electrode.” 
0053. In operation, a first current is applied to the first 
electrode 190a and a second current is applied to the second 
electrode 190b. The first and second electrical currents are 
controlled independently of each other such that they can be 
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the same or different than each other at any given time. Addi 
tionally, the first and second electrical currents can be 
dynamically varied throughout a plating cycle. The first and 
second electrodes accordingly provide a highly controlled 
electrical field to compensate for inconsistent or non-uniform 
seed layers as well as changes in the plated layer during a 
plating cycle. 

0054. In addition to the benefits of having multiple inde 
pendently operable electrodes, the system 100a is expected to 
have similar benefits as the system 100 described above with 
respect to separating the first processing fluid from the second 
processing fluid. As explained above, for example, the lack of 
organic additives in the anolyte provides the following advan 
tages: (a) reduces by-products of decomposed organics in the 
catholyte; (b) reduces consumption of the organic additives; 
(c) reduces passivation of the anode; and (d) enables efficient 
use of pure copper anodes. The system 100a illustrated in 
FIG. 2B is also expected to be particularly efficacious in 
maintaining the desired concentration of copper ions or other 
metal ions in the first processing fluid for the reasons 
described in more detail below. 

B. OPERATION OF ELECTROCHEMICAL 
DEPOSITION SYSTEMS 

0055 FIGS. 3A-3H graphically illustrate the relationship 
between the concentrations of hydrogen and copper ions in 
the anolyte and catholyte for the systems 100 and 100a during 
a plating cycle and during an idle period. The following 
description regarding FIGS. 3A-3H, more specifically, 
describes several embodiments of operating the system 100 
shown in FIG. 2A for purposes of brevity. The operation of 
the anolyte and catholyte in the system 100a can be substan 
tially similar or even identical to the operation of these fea 
tures in the system 100. As such, the following description 
also applies to the system 100a shown in FIG. 2B. 
0056 FIGS. 3A and 3B show the concentration of hydro 
gen ions in the second processing fluid (anolyte) and the first 
processing fluid (catholyte), respectively, during a plating 
cycle. The electrical field readily drives hydrogen ions across 
the nonporous barrier 170 (FIG. 2A) from the anolyte to the 
catholyte during the plating cycle. Consequently, the concen 
tration of hydrogen ions decreases in the anolyte and 
increases in the catholyte. As measured by percent concen 
tration change or molarity, the decrease in the concentration 
of hydrogen ions in the anolyte is generally significantly 
greater than the corresponding increase in the concentration 
of hydrogen ions in the catholyte because: (a) the Volume of 
catholyte in the illustrated system 100 is greater than the 
Volume of anolyte; and 
0057 (b) the concentration of hydrogen ions in the 
catholyte is much higher than in the anolyte. 

0.058 FIGS. 3C and 3D graphically illustrate the concen 
tration of copper ions in the anolyte and catholyte during the 
plating cycle. During the plating cycle, the anode replenishes 
copper ions in the anolyte and the electrical field drives the 
copper ions across the nonporous barrier 170 from the anolyte 
to the catholyte. 
0059. The anode replenishes copper ions to the anolyte 
during the plating cycle. Thus, as shown in FIG. 3C, the 
concentration of copper ions in the anolyte increases during 
the plating cycle. Conversely, in the catholyte cell, FIG. 3D 
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shows that the concentration of copper ions in the catholyte 
initially decreases during the plating cycle as the copper ions 
are consumed to form a layer on the microfeature workpiece 
W. 

0060 FIGS. 3E-3H graphically illustrate the concentra 
tion of hydrogen and copper ions in the anolyte and the 
catholyte while the system 100 of FIG. 2A is idle. For 
example, FIGS. 3E and 3F illustrate that the concentration of 
hydrogen ions increases in the anolyte and decreases in the 
catholyte while the system 100 is idle because the greater 
concentration of acid in the catholyte drives hydrogen ions 
across the nonporous barrier 170 to the anolyte. FIGS. 3G and 
3H graphically illustrate that the concentration of copper ions 
decreases in the anolyte and increases in the catholyte while 
the system 100 is idle. The movement of hydrogen ions into 
the anolyte creates a charge imbalance that drives copper ions 
from the anolyte to the catholyte. Accordingly, one feature of 
the illustrated embodiment is that when the system 100 is idle, 
the catholyte is replenished with copper because of the dif 
ference in the concentration of acid in the anolyte and 
catholyte. An advantage of this feature is that the desired 
concentration of copper in the catholyte can be maintained 
while the system 100 is idle. Another advantage of this feature 
is that the increased movement of copper ions across the 
nonporous barrier 170 prevents saturation of the anolyte with 
copper, which can cause passivation of the anode and/or the 
formation of salt crystals. 
0061 The foregoing operation of the system 100 shown in 
FIG. 2A occurs, in part, by selecting Suitable concentrations 
of hydrogen ions (i.e., acid protons) and copper. In several 
useful processes for depositing copper, the acid concentration 
in the first processing fluid can be approximately 10 g/l to 
approximately 200 g/l, and the acid concentration in the sec 
ond processing fluid can be approximately 0.1 g/l to approxi 
mately 1.0 g/l. Alternatively, the acid concentration of the first 
and/or second processing fluids can be outside of these 
ranges. For example, the first processing fluid can have a first 
concentration of acid and the second processing fluid can 
have a second concentration of acid less than the first concen 
tration. The ratio of the first concentration of acid to the 
second concentration of acid, for example, can be approxi 
mately 10:1 to approximately 20,000:1. The concentration of 
copper is also a parameter. For example, in many copper 
plating applications, the first and second processing fluids can 
have a copper concentration of between approximately 10 g/1 
and approximately 50 g/l. 

0062 Although the foregoing ranges are useful for many 
applications, it will be appreciated that the first and second 
processing fluids can have other concentrations of copper 
and/or acid. 

0063. In other embodiments, the nonporous barrier can be 
anionic and the electrode can be an inert anode (i.e. platinum 
or iridium oxide) to prevent the accumulation of sulfate ions 
in the first processing fluid. In this embodiment, the acid 
concentration or pH in the first and second processing fluids 
can be similar. Alternatively, the second processing fluid may 
have a higher concentration of acid to increase the conduc 
tivity of the fluid. Copper salt (copper sulfate) can be added to 
the first processing fluid to replenish the copper in the fluid. 
Electrical current can be carried through the barrier by the 
passage of sulfate anions from the first processing fluid to the 
second processing fluid. Therefore, Sulfate ions are less likely 
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to accumulate in the first processing fluid where they can 
adversely affect the deposited film. 

0064. In other embodiments, the system can electrochemi 
cally etch copper from the workpiece. In these embodiments, 
the first processing solution (the anolyte) contains an electro 
lyte that may include copper ions. During electrochemical 
etching, a potential can be applied to the electrode and/or the 
workpiece. An anionic nonporous barrier can be used to pre 
vent positive ions (such as copper) from passing into the 
second processing fluid (catholyte). Consequently, the cur 
rent is carried by anions, and copper ions are inhibited from 
flowing proximate to and being deposited on the electrode. 
0065. The foregoing operation of the illustrated system 
100 also occurs by selecting suitable volumes of anolyte and 
catholyte. Referring back to FIG. 2A, another feature of the 
illustrated system 100 is that it has a first volume of the first 
processing fluid and a second Volume of the second process 
ing fluid in the corresponding processing fluid reservoirs 113 
and 193 and flow systems 112 and 192. The ratio between the 
first volume and the second Volume can be approximately 
1.5:1 to 20:1, and in many applications is approximately 2:1, 
3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. The difference in 
Volume in the first and second processing fluids moderates the 
change in the concentration of materials in the first processing 
fluid. For example, as described above with reference to 
FIGS. 3A and 3B, whenhydrogenions move from the anolyte 
to the catholyte, the percentage change in the concentration of 
hydrogen ions in the catholyte is less than the change in the 
concentration of hydrogen ions in the anolyte because the 
volume of catholyte is greater than the volume of anolyte. In 
other embodiments, the first and second volumes can be 
approximately the same. 

C. EMBODIMENTS OF ELECTROCHEMICAL 
DEPOSITIONVESSELS 

0.066 FIG. 4 is an isometric view showing cross-sectional 
portions of a wet chemical vessel 210 in accordance with 
another embodiment of the invention. The vessel 210 is con 
figured to be used in a system similar to the systems 100 and 
100a (FIGS. 2A and 2B) for electrochemical deposition, elec 
tropolishing, anodization, or other wet chemical processing 
of microfeature workpieces. The vessel 210 shown in FIG. 4 
is accordingly one example of the type of vessel 110 or 110a. 
As such, the vessel 210 can be coupled to a first processing 
fluid reservoir (not shown) so that a first flow system (partially 
shown as 212a-b) can provide a first processing fluid to a 
workpiece for processing. The vessel 210 can also be coupled 
to a second processing fluid reservoir (not shown) so that a 
second flow system (partially shown as 292a-b) can conveya 
second processing fluid proximate to an electrode(s). 
0067. The illustrated vessel 210 includes a processing unit 
220, a barrier unit 260 coupled to the processing unit 220, and 
an electrode unit 280 coupled to the barrier unit 260. The 
processing unit 220, the barrier unit 260, and the electrode 
unit 280 need not be separate units, but rather they can be 
sections or components of a single unit. The processing unit 
220 includes a chassis 228 having a first portion of the first 
flow system 212a to direct the flow of the first processing fluid 
through the chassis 228. The first portion of the first flow 
system 2.12a can include a separate component attached to the 
chassis 228 and/or a plurality of fluid passageways in the 
chassis 228. In this embodiment, the first portion of the first 
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flow system 2.12a includes a conduit 215, a first flow guide 
216 having a plurality of slots 217, and an antechamber 218. 
The slots 217 in the first flow guide 216 distribute the flow 
radially to the antechamber 218. 
0068. The first portion of the first flow system 2.12a further 
includes a second flow guide 219 that receives the flow from 
the antechamber 218. The second flow guide 219 can include 
a sidewall 221 having a plurality of openings 222 and a flow 
projector 224 having a plurality of apertures 225. The open 
ings 222 can be vertical slots arranged radially around the 
sidewall 221 to provide a plurality of flow components pro 
jecting radially inwardly toward the flow projector 224. The 
apertures 225 in the flow projector 224 can be a plurality of 
elongated slots or other openings that are inclined upwardly 
and radially inwardly. The flow projector 224 receives the 
radial flow components from the openings 222 and redirects 
the flow through the apertures 225. It will be appreciated that 
the openings 222 and the apertures 225 can have several 
different configurations. For example, the apertures 225 can 
project the flow radially inwardly without being canted 
upwardly, or the apertures 225 can be canted upwardly at a 
greater angle than the angle shown in FIG. 4. The apertures 
225 can accordingly be inclined at an angle ranging from 
approximately 0-45°, and in several specific embodiments 
the apertures 225 can be canted upwardly at an angle of 
approximately 5°-25°. 
0069. The processing unit 220 can also include a field 
shaping module 240 for shaping the electrical field(s) and 
directing the flow of the first processing fluid at the processing 
site. In this embodiment, the field shaping module 240 has a 
first partition 242a with a first rim 243a, a second partition 
242b with a second rim 243b, and a third partition 242c with 
a third rim 243c. The first rim 243a defines a first opening 
244a, the first rim 243a and the second rim 243b define a 
second opening 244b, and the second rim 243b and the third 
rim 243c define a third opening 244c. The processing unit 220 
can further include a weir 245 having a rim 246 over which 
the first processing fluid can flow into a recovery channel 247. 
The third rim 243c and the weir 245 define a fourth opening 
244d. The field shaping module 240 and the weir 245 are 
attached to the processing unit 220 by a plurality of bolts or 
screws, and a number of seals 249 are positioned between the 
chassis 228 and the field shaping module 240. 
0070 The vessel 210 is not limited to having the field 
shaping unit 240 shown in FIG. 4. In other embodiments, field 
shaping units can have other configurations. 
0071 For example, a field shaping unit can have a first 
dielectric member defining a first opening and a second 
dielectric member defining a second opening above the first 
opening. The first opening can have a first area and the second 
opening can have a second area different than the first area. 
The first and second openings may also have different shapes. 
0072. In the illustrated embodiment, the first portion of the 

first flow system 212a in the processing unit 220 further 
includes a first channel 230a in fluid communication with the 
antechamber 218, a second channel 230b in fluid communi 
cation with the second opening 244b, a third channel 230c in 
fluid communication with the third opening 244c, and a 
fourth channel 230d in fluid communication with the fourth 
opening 244d. The first portion of the first flow system 212a 
can accordingly convey the first processing fluid to the pro 
cessing site to provide a desired fluid flow profile at the 
processing site. 
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0073. In this particular processing unit 220, the first pro 
cessing fluid enters through an inlet 214 and passes through 
the conduit 215 and the first flow guide 216. The first pro 
cessing fluid flow then bifurcates with a portion of the fluid 
flowing up through the second flow guide 219 via the ante 
chamber 218 and another portion of the fluid flowing down 
through the first channel 230a of the processing unit 220 and 
into the barrier unit 260. The upward flow through the second 
flow guide 219 passes through the flow projector 224 and the 
first opening 244a. A portion of the first processing fluid flow 
passes upwardly over the rim 243a, through the processing 
site proximate to the workpiece, and then flows over the rim 
246 of the weir 245. Other portions of the first processing 
fluid flow downwardly through each of the channels 230b-d 
of the processing unit 220 and into the barrier unit 260. 

0074 The electrode unit 280 of the illustrated vessel 210 
includes a container 282 that houses an electrode assembly 
and a first portion of the second flow system 292.a. The illus 
trated container 282 includes a plurality of dividers or walls 
286 that define a plurality of compartments 284 (identified 
individually as 284a-d). The walls 286 of this container 282 
are concentric annular dividers that define annular compart 
ments 284. However, in other embodiments, the walls can 
have different configurations to create nonannular compart 
ments and/or each compartment can be further divided into 
cells. The specific embodiment shown in FIG. 4 has four 
compartments 284, but in other embodiments, the container 
282 can include any number of compartments to house the 
electrode(s). The compartments 284 can also define part of 
the first portion of the second flow system 292a through 
which the second processing fluid flows. 

0075) The vessel 210 can further include at least one elec 
trode disposed in the electrode unit 280. The vessel 210 
shown in FIG. 4 includes a first electrode 290a in a first 
compartment 284a, a second electrode 290b in a second 
compartment 284b, a third electrode 290c in a third compart 
ment 284c, and a fourth electrode 290d in a fourth compart 
ment 284d. The electrodes 290a-d can be annular or circular 
conductive elements arranged concentrically with one 
another. In other embodiments, the electrodes can be arcuate 
segments or have other shapes and arrangements. Although 
four electrodes 290 are shown in the illustrated embodiment, 
other embodiments can include a different number of elec 
trodes, including a single electrode, two electrodes, etc. 

0076). In this embodiment, the electrodes 290 are coupled 
to an electrical connector system 291 that extends through the 
container 282 of the electrode unit 280 to couple the elec 
trodes 290 to a power supply. The electrodes 290 can provide 
a constant current throughout a plating cycle, or the current 
through one or more of the electrodes 290 can be changed 
during a plating cycle according to the particular parameters 
of the workpiece. Moreover, each electrode 290 can have a 
unique current that is different than the current of the other 
electrodes 290. The electrodes 290 can be operated in DC, 
pulsed, and pulse reverse waveforms. Suitable processes for 
operating the electrodes are set forth in U.S. patent applica 
tion Ser. Nos. 09/849,505; 09/866,391; and 09/866,463, all of 
which are hereby incorporated by reference in their entirety. 

0077. The first portion of the second flow system 292.a 
conveys the second processing fluid through the electrode 
unit 280. More specifically, the second processing fluid enters 
the electrode unit 280 through an inlet 285 and then the flow 
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is divided as portions of the second processing fluid flow into 
each of the compartments 284. The portions of the second 
processing fluid flow across corresponding electrodes 290 as 
the fluid flows through the compartments 284 and into the 
barrier unit 260. 

0078. The illustrated barrier unit 260 is between the pro 
cessing unit 220 and the electrode unit 280 to separate the first 
processing fluid from the second processing fluid while 
allowing individual electrical fields from the electrodes 290 
to act through the openings 244a-d. The barrier unit 260 
includes a second portion of the first flow system 212b, a 
second portion of the second flow system 292b, and a non 
porous barrier 270 separating the first processing fluid in the 
first flow system 212 from the second processing fluid in the 
second flow system 292. 

0079. The second portion of the first flow system 212bis in 
fluid communication with the first portion of the first flow 
system 2.12a in the processing unit 220. The second portion of 
the first flow system 212b includes a plurality of annular 
openings 265 (identified individually as 265a-d): adjacent to 
the nonporous barrier 270, a plurality of channels 264 (iden 
tified individually as 264a-d) extending between correspond 
ing annular openings 265 and corresponding channels 230 in 
the processing unit 220, and a plurality of passageways 272 
extending between corresponding annular openings 265 and 
a first outlet 273. As such, the first processing fluid flows from 
the channels 230a-d of the processing unit 220 to correspond 
ing channels 264a-d of the barrier unit 260. After flowing 
through the channels 264a-d in the barrier unit 260, the first 
processing fluid flows in a direction generally parallel to the 
nonporous barrier 270 through the corresponding annular 
openings 265 to corresponding passageways 272. The first 
processing fluid flows through the passageways 272 and exits 
the vessel 210 via the first outlet 273. 

0080. The second portion of the second flow system 292b 
is in fluid communication with the first portion of the second 
flow system 292a in the electrode unit 280. The second por 
tion of the second flow system 292b includes a plurality of 
channels 266 (identified individually as 266a-d) extending 
between the barrier 270 and corresponding compartments 
284 in the electrode unit 280 and a plurality of passageways 
274 extending between the nonporous barrier 270 and a sec 
ond outlet 275. As such, the second processing fluid flows 
from the compartments 284a-d to corresponding channels 
266a-d and against the nonporous barrier 270. The second 
processing fluid flow flexes the nonporous barrier 270 toward 
the processing unit 220 so that the fluid can flow in a direction 
generally parallel to the barrier 270 between the barrier 270 
and a surface 263 of the barrier unit 260 to the corresponding 
passageways 274. The second processing fluid flows through 
the passageways 274 and exits the vessel 210 via the second 
outlet 275. 

0081. The nonporous barrier 270 is disposed between the 
second portion of the first flow system 212b and the second 
portion of the second flow system 292b to separate the first 
and second processing fluids. The nonporous barrier 270 can 
be a semipermeable membrane to inhibit fluid flow between 
the first and second flow systems 212 and 292 while allowing 
ions to pass through the barrier 270 between the first and 
second processing fluids. As explained above, the nonporous 
barrier 270 can also be cation oranion selective and accord 
ingly permit only the selected ions to pass through the barrier 
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270. Because fluids are inhibited from flowing through the 
nonporous barrier 270, the barrier 270 is not subject to clog 
ging. 

0082 Electrical current can flow through the nonporous 
barrier 270 in either direction in the presence of an electro 
lyte. For example, electrical current can flow from the second 
processing fluid in the channels 266 to the first processing 
fluid in the annular openings 265. Furthermore, the nonpo 
rous barrier 270 can be hydrophilic so that bubbles in the 
processing fluids do not cause portions of the barrier 270 to 
become dry and block electrical current. The nonporous bar 
rier 270 shown in FIG. 4 is also flexible to permit the second 
processing fluid to flow from the channels 266 laterally (e.g., 
annularly) between the barrier 270 and the surface 263 of the 
barrier unit 260 to the corresponding passageway 274. The 
nonporous barrier 270 can flex upwardly when the second 
processing fluid exerts a greater pressure against the barrier 
270 than the first processing fluid. 

0083) The vessel 210 also controls bubbles that are formed 
at the electrodes 290 or elsewhere in the system. For example, 
the nonporous barrier 270, a lower portion of the barrier unit 
260, and the electrode unit 280 are canted relative to the 
processing unit 220 to prevent bubbles in the second process 
ing fluid from becoming trapped against the barrier 270. As 
bubbles in the second processing fluid move upward through 
the compartments 284 and the channels 266, the angled ori 
entation of the nonporous barrier 270 and the bow of the 
barrier 270 above each channel 266 causes the bubbles to 
move laterally under the barrier 270 toward the upper side of 
the surface 263 corresponding to each channel 266. 
0084. The passageways 274 carry the bubbles out to the 
second outlet 275 for removal. 

0085. The illustrated nonporous barrier 270 is oriented at 
an angle a of approximately 5. In additional embodiments, 
the barrier 270 can be oriented at an angle greater than or less 
than 5° that is sufficient to remove bubbles. The angle a, 
accordingly, is not limited to 5'. In general, the angle a should 
be large enough to cause bubbles to migrate to the high side, 
but not so large that it adversely affects the electrical field. 
0.086 An advantage of the illustrated barrier unit 260 is 
that the anglea of the nonporous barrier 270 prevents bubbles 
from being trapped against portions of the barrier 270 and 
creating dielectric areas on the barrier 270, which would 
adversely affect the electrical field. In other embodiments, 
other devices can be used to degas the processing fluids in lieu 
of or in addition to canting the barrier 270. As such, the 
nonporous barrier 270 need not be canted relative to the 
processing unit 220 in all applications. 

0087. The spacing between the electrodes 290 and the 
nonporous barrier 270 is another design criteria for the vessel 
210. In the illustrated vessel 210, the distance between the 
nonporous barrier 270 and each electrode 290 is approxi 
mately the same. For example, the distance between the non 
porous barrier 270 and the first electrode 290a is approxi 
mately the same as the distance between the nonporous 
barrier 270 and the second electrode 290b. Alternatively, the 
distance between the nonporous barrier 270 and each elec 
trode 290 can be different. In either case, the distance between 
the nonporous barrier 270 and each arcuate section of a single 
electrode 290 is approximately the same. The uniform spac 
ing between each section of a single electrode 290 and the 
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nonporous barrier 270 is expected to provide more accurate 
control over the electrical field compared to having different 
spacings between sections of an electrode 290 and the barrier 
270. Because the second processing fluid has less acid, and is 
thus less conductive, a difference in the distance between the 
nonporous barrier 270 and separate sections of an individual 
electrode 290 has a greater affect on the electrical field at the 
workpiece thana difference in the distance between the work 
piece and the barrier 270. 
0088. In operation, the processing unit 220, the barrier unit 
260, and the electrode unit 280 operate together to provide a 
desired electrical field profile (e.g., current density) at the 
workpiece. The first electrode 290a provides an electrical 
field to the workpiece through the portions of the first and 
second processing fluids that flow in the first channels 230a, 
264a, and 266a, and the first compartment 284a. Accord 
ingly, the first electrode 290a provides an electrical field that 
is effectively exposed to the processing site via the first open 
ing 244a. The first opening 244a shapes the electrical field of 
the first electrode 290a according to the configuration of the 
rim 243a of the first partition 242a to create a “virtual elec 
trode' at the top of the first opening 244a. This is a “virtual 
electrode” because the field shaping module 240 shapes the 
electrical field of the first electrode 290a so that the effect is as 
if the first electrode 290a were placed in the first opening 
244a. Virtual electrodes are described in detail in U.S. patent 
application Ser. No. 09/872,151, which is hereby incorpo 
rated by reference. Similarly, the second, third, and fourth 
electrodes 290b-d provide electrical fields to the processing 
site through the portions of the first and second processing 
fluids that flow in the second channels 230b, 264b, and 266b, 
the third channels 230c, 264c, and 266C, and the fourth chan 
nels 230d, 264d, and 266d, respectively. Accordingly, the 
second, third, and fourth electrodes 290b-d provide electrical 
fields that are effectively exposed to the processing site via the 
second, third, and fourth openings 244b-d, respectively, to 
create corresponding virtual electrodes. 
0089 FIG. 5 is a schematic side view showing a cross 
sectional side portion of the wet chemical vessel 210 of FIG. 
4. The illustrated vessel 210 further includes a first interface 
element 250 between the processing unit 220 and the barrier 
unit 260 and a second interface element 252 between the 
barrier unit 260 and the electrode unit 280. In this embodi 
ment, the first interface element 250 is a seal having a plural 
ity of openings 251 to allow fluid communication between the 
channels 230 of the processing unit 220 and the correspond 
ing channels 264 of the barrier unit 260. The seal is a dielec 
tric material that electrically insulates the electrical fields 
within the corresponding channels 230 and 264. Similarly, 
the second interface element 252 is a seal having a plurality of 
openings 253 to allow fluid communication between the 
channels 266 of the barrier unit 260 and the corresponding 
compartments 284 of the electrode unit 280. 
0090 The illustrated vessel 210 further includes a first 
attachment assembly 254a for attaching the barrier unit 260 
to the processing unit 220 and a second attachment assembly 
254b for attaching the electrode unit 280 to the barrier unit 
260. The first and second attachment assemblies 254a-b can 
be quick-release devices to securely hold the corresponding 
units together. For example, the first and second attachment 
assemblies 254a–b can include clamp rings 255a-b and 
latches 256a-b that move the clamp rings 255a-b between a 
first position and a second position. As the latches 256a-b 
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move the clamp rings 255a-b from the first position to the 
second position, the diameter of the clamp rings 255a-b 
decreases to clamp the corresponding units together. Option 
ally, as the first and second attachment assemblies 254a-b 
move from the first position to the second position, the attach 
ment assemblies 254a–b drive the corresponding units 
together to compress the interface elements 250 and 252 and 
properly position the units relative to each other. Suitable 
attachment assemblies of this type are disclosed in detail in 
U.S. Patent Application No. 60/476,881, filed Jun. 6, 2003, 
which is hereby incorporated by reference in its entirety. In 
other embodiments, the attachment assemblies 254a–b may 
not be quick-release devices and can include a plurality of 
clamp rings, a plurality of latches, a plurality of bolts, or other 
types of fasteners. 
0091) One advantage of the vessel 210 illustrated in FIGS. 
4 and 5 is that worn components in the barrier unit 260 and/or 
the electrode unit 280 can be replaced without shutting down 
the processing unit 220 for a significant period of time. The 
barrier unit 260 and/or the electrode unit 280 can be quickly 
removed from the processing unit 220 and then a replacement 
barrier and/or electrode unit can be attached in only a matter 
of minutes. This significantly reduces the downtime for 
repairing electrodes or other processing components com 
pared to conventional systems that require the components to 
be repaired in situ on the vessel or require the entire chamber 
to be removed from the vessel. 

0092 An alternate embodiment of the barrier unit 260 can 
include a porous barrier instead of the nonporous barrier 270 
shown and described above with reference to FIGS. 4 and 5. 
Such a porous barrier can generally separate the first and 
second flow systems, but the porous barrier generally allows 
some fluid to flow between the first and second flow systems. 

D. ADDITIONAL EMBODIMENTS OF 
ELECTROCHEMICAL DEPOSITION VESSELS 

0093 FIG. 6 is a schematic view of a wet chemical vessel 
310 in accordance with another embodiment of the invention. 
The vessel 310 includes a processing unit 320 (shown sche 
matically), an electrode unit 380 (shown schematically), and 
a barrier 370 (shown schematically) separating the process 
ing and electrode units 320 and 380. The processing unit 320 
and the electrode unit 380 can be generally similar to the 
processing and electrode units 220 and 280 described above 
with reference to FIGS. 4 and 5. For example, the processing 
unit 320 can include a portion of a first flow system to convey 
a flow of a first processing fluid toward the workpiece at a 
processing site, and the electrode unit 380 can include at least 
one electrode 390 and a portion of a second flow system to 
convey a flow of a second processing fluid at least proximate 
to the electrode 390. The barrier 370 can be a nonporous 
barrier or a porous barrier. 
0094) Unlike the vessel 210, the vessel 310 does not 
include a separate barrier unit but rather the barrier 370 is 
attached directly between the processing unit 320 and the 
electrode unit 380. The barrier 370 otherwise separates the 
first processing fluid in the processing unit 320 and the second 
processing fluid in the electrode unit 380 in much the same 
manner as the nonporous barrier 270. Another difference with 
the vessel 210 is that the barrier 370 and the electrode unit 380 
are not canted relative to the processing unit 320. 
0.095 The first and second processing fluids can flow in the 
vessel 310 in a direction that is opposite to the flow direction 
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described above with reference to the vessel 210 of FIGS. 4 
and 5. More specifically, the first processing fluid can flow 
along a path F from the barrier 370 toward the workpiece and 
exit the vessel 310 proximate to the processing site. The 
second processing fluid can flow along a path F from the 
barrier 370 toward the electrode 390 and then exit the vessel 
310. In other embodiments, the vessel 310 can include a 
device to degas the first and/or second processing fluids. 
0096 FIG. 7 schematically illustrates a vessel 410 having 
a processing unit 420, an electrode unit 480, and a barrier 470 
canted relative to the processing and electrode units 420.and 
480. This embodiment is similar to the vessel 310 in that it 
does not have a separate barrier unit and the barrier 470 can be 
nonporous or porous, but the vessel 410 differs from the 
vessel 310 in that the barrier 470 is canted at an angle. Alter 
natively, FIG. 8 schematically illustrates a vessel 510 includ 
ing a processing unit 520, an electrode unit 580, and a barrier 
570 between the processing and electrode units 520 and 580. 
The vessel 510 is similar to the vessel 410, but the barrier 570 
and the electrode unit 580 are both canted relative to the 
processing unit 520 in the vessel 510. 

E. EMBODIMENTS OF INTEGRATED TOOLS 
WITH MOUNTING MODULES 

0097 FIG. 9 schematically illustrates an integrated tool 
600 that can perform one or more wet chemical processes. 
The tool 600 includes a housing or cabinet 602 that encloses 
a deck 664, a plurality of wet chemical processing stations 
601, and a transport system 605. Each processing station 601 
includes a vessel, chamber, or reactor 610 and a workpiece 
support (for example, a lift-rotate unit) 613 for transferring 
microfeature workpieces W into and out of the reactor 610. 
The vessel, chamber, or reactor 610 can be generally similar 
to any one of the vessels described above with reference to 
FIGS. 2A-8. The stations 601 can include spin-rinse-dry 
chambers, seed layer repair chambers, cleaning capsules, 
etching capsules, electrochemical deposition chambers, and/ 
or other types of wet chemical processing vessels. The trans 
port system 605 includes a linear track 604 and a robot 603 
that moves along the track 604 to transport individual work 
pieces W within the tool 600. The integrated tool 600 further 
includes a workpiece load/unload unit 608 having a plurality 
of containers 607 for holding the workpieces W. In operation, 
the robot 603 transports workpieces W to/from the containers 
607 and the processing stations 601 according to a predeter 
mined workflow schedule within the tool 600. For example, 
individual workpieces W can pass through a seed layer repair 
process, a plating process, a spin-rinse-dry process, and an 
annealing process. Alternatively, individual workpieces W. 
may not pass through a seed layer repair process or may 
otherwise be processed differently. 

0098 FIG. 10A is an isometric view showing a portion of 
an integrated tool 600 in accordance with an embodiment, of 
the invention. The integrated tool 600 includes a frame 662, a 
dimensionally stable mounting module 660 mounted to the 
frame 662, a plurality of wet chemical processing chambers 
610, and a plurality of workpiece supports 613. The tool 600 
can also include a transport system 605. The mounting mod 
ule 660 carries the processing chambers 610, the workpiece 
supports 613, and the transport system 605. 

0099] The frame 662 has a plurality of posts 663 and 
cross-bars 661 that are welded together in a manner known in 
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the art. A plurality of outer panels and doors (not shown in 
FIG. 10A) are generally attached to the frame 662 to form an 
enclosed cabinet 602 (FIG.9). The mounting module 660 is at 
least partially housed within the frame 662. In one embodi 
ment, the mounting module 660 is carried by the cross-bars 
661 of the frame 662, but the mounting module 660 can 
alternatively stand directly on the floor of the facility or other 
Structures. 

0100. The mounting module 660 is a rigid, stable structure 
that maintains the relative positions between the wet chemical 
processing chambers 610, the workpiece supports 613, and 
the transport system 605. One aspect of the mounting module 
660 is that it is much more rigid and has a significantly greater 
structural integrity compared to the frame 662 so that the 
relative positions between the wet chemical processing cham 
bers 610, the workpiece supports 613, and the transport sys 
tem 605 do not change over time. Another aspect of the 
mounting module 660 is that it includes a dimensionally 
stable deck 664 with positioning elements at precise locations 
for positioning the processing chambers 610 and the work 
piece supports 613 at known locations on the deck 664. In one 
embodiment (not shown), the transport system 605 is 
mounted directly to the deck 664. In an arrangement shown in 
FIG. 10A, the mounting module 660 also has a dimensionally 
stable platform 665 and the transport system 605 is mounted 
to the platform 665. The deck 664 and the platform 665 are 
fixedly positioned relative to each other so that positioning 
elements on the deck 664 and positioning elements on the 
platform 665 do not move relative to each other. The mount 
ing module 660 accordingly provides a system in which wet 
chemical processing chambers 610 and workpiece Supports 
613 can be removed and replaced with interchangeable com 
ponents in a manner that accurately positions the replacement 
components at precise locations on the deck 664. 

0101 The tool 600 is particularly suitable for applications 
that have demanding specifications which require frequent 
maintenance of the wet chemical processing chambers 610, 
the workpiece support 613, or the transport system 605. A wet 
chemical processing chamber 610 can be repaired or main 
tained by simply detaching the chamber from the processing 
deck 664 and replacing the chamber 610 with an interchange 
able chamber having mounting hardware configured to inter 
face with the positioning elements on the deck 664. Because 
the mounting module 660 is dimensionally stable and the 
mounting hardware of the replacement processing chamber 
610 interfaces with the deck 664, the chambers 610 can be 
interchanged on the deck 664 without having to recalibrate 
the transport system 605. This is expected to significantly 
reduce the downtime associated with repairing or maintain 
ing the processing chambers 610 so that the tool 600 can 
maintain a high throughput in applications that have stringent 
performance specifications. 

0102 FIG. 10B is a top plan view of the tool 600 illustrat 
ing the transport system 605 and the load/unload unit 608 
attached to the mounting module 660. 
0103) Referring to FIGS. 10A and 10B together, the track 
604 is mounted to the platform 665 and in particular, inter 
faces with positioning elements on the platform 665 so that it 
is accurately positioned relative to the chambers 610 and the 
workpiece supports 613 attached to the deck 664. The robot 
603 (which includes end-effectors 606 for grasping the work 
piece W) can accordingly move the workpiece W in a fixed, 
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dimensionally stable reference frame established by the 
mounting module 660. Referring to FIG. 10B, the tool 600 
can further include a plurality of panels 666 attached to the 
frame 662 to enclose the mounting module 660, the wet 
chemical processing chambers 610, the workpiece Supports 
613, and the transport system 605 in the cabinet 602. Alter 
natively, the panels 666 on one or both sides of the tool 600 
can be removed in the region above the processing deck 664 
to provide an open tool. 

F. EMBODIMENTS OF DIMENSIONALLY 
STABLE MOUNTING MODULES 

0.104 FIG. 11 is an isometric view of a mounting module 
660 configured in accordance with an embodiment of the 
invention for use in the tool 600 (FIGS. 9-10B). The deck 664 
includes a rigid first panel 666a and a rigid second panel 666b 
superimposed underneath the first panel 666a. The first panel 
666a is an outer member and the second panel 666b is an 
interior member juxtaposed to the outer member. Alterna 
tively, the first and second panels 666a and 666b can have 
different configurations than the one shown in FIG. 11. A 
plurality of chamber receptacles 667 are disposed in the first 
and second panels 666a and 666b to receive the wet chemical 
processing chambers 610 (FIG. 10A). 
0105 The deck 664 further includes a plurality of posi 
tioning elements 668 and attachment elements 669 arranged 
in a precise pattern across the first panel 666a. The position 
ing elements 668 include holes machined in the first panel 
666a at precise locations, and/or dowels or pins received in 
the holes. The dowels are also configured to interface with the 
wet chemical processing chambers 610 (FIG. 10A). For 
example, the dowels can be received in corresponding holes 
or other interface members of the processing chambers 610. 
In other embodiments, the positioning elements 668 include 
pins, such as cylindrical pins or conical pins, that project 
upwardly from the first panel 666a without being positioned 
in holes in the first panel 666a. The deck 664 has a set of first 
chamber positioning elements 668a located at each chamber 
receptacle 667 to accurately position the individual wet 
chemical processing chambers at precise locations on the 
mounting module 660. The deck 664 can also include a set of 
first Support positioning elements 668b near each receptacle 
667 to accurately position individual workpiece supports 613 
(FIG. 10A) at precise locations on the mounting module 660. 
The first support positioning elements 668b are positioned 
and configured to mate with corresponding positioning ele 
ments of the workpiece supports 613. The attachment ele 
ments 669 can be threaded holes in the first panel 666a that 
receive bolts to secure the chambers 610 and the workpiece 
supports 613 to the deck 664. 
0106 The mounting module 660 also includes exterior 
side plates 670a along longitudinal outer edges of the deck 
664, interior side plates 670b along longitudinal inner edges 
of the deck 664, and endplates 670c attached to the ends of the 
deck 664. The transport platform 665 is attached to the inte 
rior side plates 670b and the end plates 670c. The transport 
platform 665 includes track positioning elements 668c for 
accurately positioning the track 604 (FIGS. 10A and 10B) of 
the transport system 605 (FIGS. 10A and 10B) on the mount 
ing module 660. For example, the track positioning elements 
668c can include pins or holes that mate with corresponding 
holes, pins or other interface members of the track 604. The 
transport platform 665 can further include attachment ele 
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ments 669, such as tapped holes, that receive bolts to secure 
the track 604 to the platform 665. 
0107 FIG. 12 is a cross-sectional view illustrating one 
suitable embodiment of the internal structure of the deck 664, 
and FIG. 13 is a detailed view of a portion of the deck 664 
shown in FIG. 12. The deck 664 includes bracing 671, such as 
joists, extending laterally between the exterior side plates 
670a and the interior side plates 670b. The first panel 666a is 
attached to the upper side of the bracing 671, and the second 
panel 666b is attached to the lower side of the bracing 671. 
The deck 664 can further include a plurality of throughbolts 
672 and nuts 673 that secure the first and second panels 666a 
and 666b to the bracing 671. As best shown in FIG. 13, the 
bracing 671 has a plurality of holes 674 through which the 
throughbolts 672 extend. The nuts 673 can be welded to the 
bolts 672 to enhance the connection between these compo 
nentS. 

0108. The panels and bracing of the deck 664 can be made 
from stainless steel, other metal alloys, Solid cast materials, or 
fiber-reinforced composites. For example, the panels and 
plates can be made from Nitronic 50 stainless steel, Hastelloy 
625 steel alloys, or a solid cast epoxy filled with mica. The 
fiber-reinforced composites can include a carbon-fiber or 
Kevlar R) mesh in a hardened resin. The material for the panels 
666a and 666b should be highly rigid and compatible with the 
chemicals used in the wet chemical processes. Stainless steel 
is well-suited for many applications because it is strong but 
not affected by many of the electrolytic solutions or cleaning 
Solutions used in wet chemical processes. In one embodi 
ment, the panels and plates 666a-b and 670a-care 0.125 to 
0.375 inch thick stainless-steel, and more specifically they 
can be 0.250 inch thick stainless steel. The panels and plates, 
however, can have different thicknesses in other embodi 
mentS. 

0109 The bracing 671 can also be stainless steel, fiber 
reinforced composite materials, other metal alloys, and/or 
Solid cast materials. In one embodiment, the bracing can be 
0.5 to 2.0 inch wide stainless steel joists, and more specifi 
cally 1.0 inch wide by 2.0 inches tall stainless steel joists. In 
other embodiments the bracing 671 can be a honey-comb core 
or other structures made from metal (e.g., stainless steel, 
aluminum, titanium, etc.), polymers, fiber glass or other 
materials. 

0110. The mounting module 660 is constructed by assem 
bling the sections of the deck 664, and then welding or oth 
erwise adhering the end plates 670c to the sections of the deck 
664. The components of the deck 664 are generally secured 
together by the throughbolts 672 without welds. The outer 
side plates 670a and the interior side plates 670b are attached 
to the deck 664 and the end plates 670c using welds and/or 
fasteners. The platform 665 is then securely attached to the 
end plates 670c, and the interior side plates 670b. The order in 
which the mounting module 660 is assembled can be varied 
and is not limited to the procedure explained above. 
0111. The mounting module 660 provides a heavy-duty, 
dimensionally stable structure that maintains the relative 
positions between the positioning elements 668a–b on the 
deck 664 and the positioning elements 668c on the platform 
665 within a range that does not require the transport system 
605 to be recalibrated each time a replacement processing 
chamber 610 or workpiece support 613 is mounted to the deck 
664. The mounting module 660 is generally a rigid structure 
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that is sufficiently strong to maintain the relative positions 
between the positioning elements 668a-band 668c when the 
wet chemical processing chambers 610, the workpiece Sup 
ports 613, and the transport system 605 are mounted to the 
mounting module 660. In several embodiments, the mounting 
module 660 is configured to maintain the relative positions 
between the positioning elements 668a-band 668c to within 
0.025 inch. In other embodiments, the mounting module is 
configured to maintain the relative positions between the 
positioning elements 668a-b and 668c to within approxi 
mately 0.005 to 0.015 inch. As such, the deck 664 often 
maintains a uniformly flat Surface to within approximately 
0.025 inch, and in more specific embodiments to approxi 
mately 0.005-0.015 inch. 
0112 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, various aspects of any of the 
foregoing embodiments can be combined in different combi 
nations, or features such as the sizes, material types, and/or 
fluid flows can be different. Accordingly, the invention is not 
limited except as by the appended claims. 

1-48. (canceled) 
49. An electrochemical deposition chamber for depositing 

material onto microfeature workpieces, the chamber com 
prising: 

a processing unit including a first flow system configured to 
convey a flow of a first processing fluid to a microfeature 
workpiece at a processing site; 

an electrode unit including an electrode compartment and 
a second flow system separate from the first flow system, 
the second flow system being configured to convey a 
flow of a second processing fluid through the electrode 
compartment; 

a plurality of independent electrodes in the electrode com 
partment; and 

a barrier between the processing unit and the electrode unit 
to inhibit selected matter from passing between the first 
and second processing fluids. 

50. The chamber of claim 49 wherein: 

the electrodes comprise a first electrode and a second elec 
trode; and 

the electrode unit further comprises a dielectric divider 
between the first electrode and the second electrode. 

51. The chamber of claim 49 wherein: 

the electrodes comprise a first electrode and a second elec 
trode arranged concentrically with the first electrode: 
and 

the processing unit further comprises a field shaping mod 
ule, the field shaping module being composed of a 
dielectric material and having a first opening facing a 
first section of the processing site through which ions 
influenced by the first electrode can pass and a second 
opening facing a second section of the processing site 
through which ions influenced by the second electrode 
can pass. 
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52. The chamber of claim 49 wherein the barrier is a non 
porous barrier that prevents nonionic species from passing 
between the first and second processing fluids. 

53. The chamber of claim 49 wherein the barrier is a semi 
permeable barrier that allows either cations or anions to pass 
through the barrier between the first and second processing 
fluids. 

54. The chamber of claim 49 wherein the barrier is a semi 
permeable barrier that separates the flow of the first process 
ing fluid from the flow of the second processing fluid. 

55. The chamber of claim 49 wherein the barrier is a per 
meable barrier that permits fluid flow between the first and 
second processing fluids. 

56. The chamber of claim 49 wherein the barrier allows 
electrical current to pass therethrough in the presence of an 
electrolyte. 

57. The chamber of claim 49 wherein: 

the electrodes selectively induce corresponding electrical 
fields; and 

the processing unit further comprises a field shaping mod 
ule that shapes the electrical fields induced by the elec 
trodes. 

58. The chamber of claim 49 wherein: 

the electrodes comprise a first electrode and a second elec 
trode; and 

the electrode unit further comprises a first electrical con 
nector coupled to the first electrode and a second elec 
trical connector coupled to the second electrode, the first 
and second electrodes being operable independently of 
each other. 

59. The chamber of claim 49, further comprising: 
the first processing fluid, wherein the first processing fluid 

has a concentration of between approximately 10 g/land 
approximately 200 g/l of acid; and 

the second processing fluid, wherein the second processing 
fluid has a concentration of between approximately 0.1 
g/l and approximately 200 g/l of acid. 60. The chamber 
of claim 58 wherein the second processing fluid has a 
concentration of between approximately 0.1 g/l and 
approximately 1.0 g/l of acid. 

61. The chamber of claim 49, further comprising: 
the first processing fluid, wherein the first processing fluid 

has a first concentration of acid; and 

the second processing fluid, wherein the second processing 
fluid has a second concentration of acid, the ratio of the 
first concentration to the second concentration being 
between approximately 1:1 and approximately 
20,000:1. 
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62. The chamber of claim 49 wherein the barrier is canted 
relative to the processing unit to vent gas from the second 
processing fluid. 

63. The chamber of claim 49, further comprising a barrier 
unit coupled to the processing and electrode units, the barrier 
unit including the barrier. 64. The chamber of claim 49 
wherein: 

the barrier includes a first side and a second side opposite 
the first side; 

the first flow system is configured to flow the first process 
ing fluid at least proximate to the first side of the barrier; 
and 

the second flow system is configured to flow the second 
processing fluid at least proximate to the second side of 
the barrier. 

65. The chamber of claim 49 wherein the electrodes com 
prise a pure copper electrode. 

66. The chamber of claim 49 wherein the electrodes com 
prise a copper-phosphorous electrode. 

67. An electrochemical deposition chamber for depositing 
material onto microfeature workpieces, the chamber com 
prising: 

a head assembly including a workpiece holder configured 
to position a microfeature workpiece at a processing site 
and a plurality of electrical contacts arranged to provide 
electrical current to a layer on the workpiece; and 

a vessel including (a) a processing unit for carrying one of 
a catholyte and an anolyte proximate to the workpiece, 
(b) an electrode unit having a plurality of electrodes and 
being configured to carry the other of the catholyte and 
the anolyte at least proximate to the electrodes, and (c) a 
barrier between the processing unit and the electrode 
unit to separate the catholyte and the anolyte. 

68. The chamber of claim 67 wherein the barrier is a semi 
permeable barrier that allows either cations or anions to pass 
through the barrier between the first and second processing 
fluids. 

69. The chamber of claim 67 wherein the barrier is a per 
meable barrier that permits fluid flow between the catholyte 
and the anolyte. 

70. The chamber of claim 67 wherein the barrier is a non 
porous barrier that separates a flow of the catholyte and a flow 
of the anolyte. 

71. The chamber of claim 67 wherein: 

the electrodes comprise a first electrode and a second elec 
trode; and 

the electrode unit further comprises a dielectric divider 
between the first electrode and the second electrode. 

72-100. (canceled) 


