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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 ?rst ?ow system con?g 
ured to convey a ?ow of a ?rst processing ?uid to a micro 
feature workpiece. The chamber further includes an electrode 
unit having an electrode and a second ?ow system con?gured 
to convey a ?ow of a second processing ?uid 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 ?rst and second processing ?uids. The 
nonporous barrier is con?gured to allow cations or anions to 
?ow through the barrier between the ?rst and second process 
ing ?uids. 
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CHAMBERS, SYSTEMS, AND METHODS FOR 
ELECTROCHEMICALLY PROCESSING 

MICROFEATURE WORKPIECES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation in part of US. 
application Ser. Nos.: (a) Ser. No. 10/729,349 ?led on Dec. 5, 
2003; (b) Ser. No. 10/729,357 ?led on Dec. 5, 2003; and (c) 
Ser. No. 09/872,151, ?led on May 31, 2001, Which is a con 
tinuation-in-part of US. application Ser. No. 09/804,697, 
?led on Mar. 12, 2001 and has issued has US. Pat. No. 
6,660,127, Which is a continuation in part of International 
Publication No. WO00/61498 ?led on Apr. 13, 2000 and 
published in the English language, Which claims the bene?t of 
US. Application No. 60/129,055, ?led 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 ?rst processing ?uid 
and a second processing ?uid. Additional aspects of this 
application are directed toWard electrochemical deposition 
chambers having (a) a barrier betWeen a ?rst processing ?uid 
and a second processing ?uid, and (b) a plurality of indepen 
dently operable electrodes in the second processing ?uid. 

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 ?oW of electroplating solution from a ?uid 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 ?uid ?oWs 
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 speci?c performance criteria. 
For example, many plating processes must be able to form 
small contacts in vias or trenches that are less than 0.5 pm 
Wide, and often less than 0.1 pm 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 ?lls the trenches from the bottom up. As such, 
maintaining the proper concentration of organic additives in 
the electroplating solution is important to properly ?ll 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 di?icult to control the concentration of 
organic additives and their associated breakdoWn products in 
the plating solution, Which can result in poor feature ?lling 
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 ?eld, 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 ?eld 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 con?guration/condition of the anode, the con 
?guration of the chamber, and other factors. HoWever, the 
current density pro?le on the plating surface can change 
during a plating cycle. For example, the current density pro 
?le typically changes during a plating cycle as material plates 
onto the seed layer. The current density pro?le can also 
change over a longer period of time because (a) the shape of 
consumable anodes changes as they erode, and (b) the con 
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centration of constituents in the plating solution can change. 
Therefore, it can be di?icult 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 bani 
ers to separate processing ?uids. 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 ?uids (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 ?uid. 

[0011] The chambers include a processing unit to provide a 
?rst processing ?uid to a Workpiece (i.e., Working electrode), 
an electrode unit for conveying a ?oW of a second processing 
?uid different than the ?rst processing ?uid, and an electrode 
(i.e., counter electrode) in the electrode unit. The chambers 
also include a nonporous barrier betWeen the ?rst processing 
?uid and the second processing ?uid. The nonporous barrier 
alloWs ions to pass through the barrier but inhibits nonionic 
species from passing betWeen the ?rst and second processing 
?uids. As such, the nonporous barrier separates and isolates 
components of the ?rst and second processing ?uids from 
each other such that the ?rst processing ?uid can have differ 
ent chemical characteristics than the second processing ?uid. 
For example, the ?rst processing ?uid can be a catholyte 
having organic additives and the second processing ?uid 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 ?oW 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 copper anodes, 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 ?uids 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 ?uids (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 ?uid. Addition 
ally, the independently operable electrodes provide better 
control of the electrical ?eld 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 
?rst processing ?uid to a Workpiece (i.e., Working electrode), 
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an electrode unit for conveying a ?oW of a second processing 
?uid different than the ?rst processing ?uid, and a plurality of 
electrodes (i.e., counter electrodes) in the electrode unit. The 
chambers also include a barrier betWeen the ?rst processing 
?uid and the second processing ?uid. The barrier can be a 
porous, permeable member that permits ?uid and small mol 
ecules to ?oW through the barrier betWeen the ?rst and second 
processing ?uids. Alternatively, the barrier can be a nonpo 
rous, semipermeable member that prevents ?uid ?oW 
betWeen the ?rst and second processing ?uids While alloWing 
ions to pass betWeen the ?uids. 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 ?rst and second processing ?uids from each 
other such that the ?rst processing ?uid can have different 
chemical characteristics than the second processing ?uid. For 
example, the ?rst processing ?uid can be a catholyte having 
organic additives and the second processing ?uid 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 ?eld to the Workpiece. Each electrode can have 
a current level such that the electrical ?eld generated by all of 
the electrodes provides the desired plating pro?le 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 ?eld and a barrier in the chamber Will 
provide a system that is signi?cantly more e?icient and pro 
duces signi?cantly better quality products. The system is 
more ef?cient because using one processing ?uid for the 
Workpiece and another processing ?uid for the electrodes 
alloWs the processing ?uids 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 ?uids and it consumes less constituents. The system pro 
duces better quality products because (a) using tWo different 
processing ?uids alloWs better control of the concentration of 
important constituents in each processing ?uid, 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 in accordance 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. 

[0025] 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 ofa 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 ofa 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-?lm recording 
heads, data storage elements, micro?uidic devices, and other 
products. Micromachines or micromechanical devices are 
included within this de?nition 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 
pieces. 

[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 con?gured 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 US. 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 US. 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 con?gured to contain a 
?rst processing ?uid for processing the microfeature work 
piece W. The electrode unit 180 is con?gured to contain an 
electrode 190 and a second processing ?uid at least proximate 
to the electrode 190. The second processing ?uid is generally 
different than the ?rst processing ?uid, but they can be the 
same in some applications. In general, the ?rst and second 
processing ?uids have some ions in common. The ?rst pro 
cessing ?uid in the processing unit 120 is a catholyte and the 
second processing ?uid in the electrode unit 180 is an anolyte 
when the workpiece is cathodic. In electropolishing or other 
deposition processes, however, the ?rst processing ?uid can 
be an anolyte and the second processing ?uid can be a 
catholyte. 
[0037] The system 100 further includes a ?rst ?ow system 
112 that stores and circulates the ?rst processing ?uid and a 
second ?ow system 192 that stores and circulates the second 
processing ?uid. The ?rst ?ow system 112 may include a ?rst 
processing ?uid reservoir 113, a plurality of ?uid conduits 
114 to convey a ?ow of the ?rst processing ?uid between the 
?rst processing ?uid reservoir 113 and the processing unit 
120, and a plurality of components 115 (shown schemati 
cally) in the processing unit 120 to convey a ?ow of the ?rst 
processing ?uid between the processing site and the nonpo 
rous barrier 170. The second ?ow system 192 may include a 
second processing ?uid reservoir 193, a plurality of ?uid 
conduits 185 to convey the ?ow of the second processing ?uid 
between the second processing ?uid reservoir 193 and the 
electrode unit 180, and a plurality of components 184 (shown 
schematically) in the electrode unit 180 to convey the ?ow of 
the second processing ?uid between the electrode 190 and the 
nonporous barrier 170. The concentrations of individual con 
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stituents of the ?rst and second processing ?uids can be 
controlled separately in the ?rst and second processing ?uid 
reservoirs 113 and 193, respectively. For example, metals, 
such as copper, can be added to the ?rst and/or second pro 
cessing ?uid in the respective reservoir 113 or 193. Addition 
ally, the temperature of the ?rst and second processing ?uids 
and/or removal of undesirable materials or bubbles can be 
controlled separately in the ?rst and second ?oW systems 112 
and 192. 

[0038] The nonporous barrier 170 is positioned betWeen 
the ?rst and second processing ?uids in the region of the 
interface betWeen the processing unit 120 and the electrode 
unit 180 to separate and/or isolate the ?rst processing ?uid 
from the second processing ?uid. For example, the nonporous 
barrier 170 inhibits ?uid ?oW betWeen the ?rst and second 
?oW systems 112 and 192 While selectively alloWing ions, 
such as cations and/ or anions, to pass through the barrier 170 
betWeen the ?rst and second processing ?uids. As such, an 
electrical ?eld, a charge imbalance betWeen the processing 
?uids, and/ or differences in the concentration of substances in 
the processing ?uids can drive ions across the nonporous 
barrier 170 as described in detail beloW. 

[0039] In contrast to porous barriers, such as ?lter media, 
expanded Te?on (Goretex), and fritted materials (glass, 
quartz, ceramic, etc.), the nonporous barrier 170 inhibits non 
ionic species, including small molecules and ?uids, from 
passing through the barrier 170. For example, the nonporous 
barrier 170 can be substantially free of open area. Conse 
quently, ?uid is inhibited from passing through the nonporous 
barrier 170 When the ?rst and second ?oW systems 112 and 
192 operate at typical pres sures. 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 ?rst and second processing ?uids 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 ?rst and second 
processing ?uids have similar molar concentrations and no 
electrical current is passed through the processing ?uids, ?uid 
?oW betWeen the ?rst and second processing ?uids is sub 
stantially prevented. 

[0040] Moreover, the nonporous barrier 170 can be hydro 
philic so that bubbles in the processing ?uids 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®, 
Ionac® 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 ?rst and 
second processing ?uids are accordingly a catholyte and an 
anolyte, respectively, and each ?uid can include a solution of 
metal ions to be plated onto the Workpiece W. The electrical 
?eld 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 ?eld 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 
?rst and second processing ?uids from each other, but alloWs 
ions to pass betWeen the ?rst and second processing ?uids. As 
such, the ?uid in the processing unit 120 can have different 
chemical characteristics than the ?uid in the electrode unit 
180. For example, the ?rst processing ?uid can be a catholyte 
having organic additives and the second processing ?uid 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 ef?cient use of pure copper anodes. 

[0044] The system 100 illustrated in FIG. 2A is also par 
ticularly e?icacious in maintaining the desired concentration 
of copper ions or other metal ions in the ?rst processing ?uid. 
During the electroplating process, it is desirable to accurately 
control the concentration of materials in the ?rst processing 
?uid 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 ?rst processing 
?uid (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 ?rst 
processing solution in some electroplating applications, the 
system 100 illustrated in FIG. 2A uses characteristics of the 
nonporous barrier 170, the volume of the ?rst ?oW system 
112, the volume of the second ?oW system 192, and the 
different acid concentrations in the ?rst and second process 
ing solutions. In general, the concentration of acid in the ?rst 
processing ?uid is greater than the concentration of acid in the 
second processing ?uid, and the volume of the ?rst process 
ing ?uid in the system 100 is greater than the volume of the 
second processing ?uid in the system 100. As explained in 
more detail beloW, these features Work together to maintain 
the concentration of the constituents in the ?rst processing 
?uid 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 ?rst 
processing ?uid 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 10011 for 
electrochemical deposition, electropolishing, or other Wet 
chemical processing of microfeature Workpieces in accor 
dance With another embodiment of the invention. The system 
10011 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 a head 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 11011 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 
18011. The processing unit 12011 of the illustrated embodiment 
includes a dielectric divider 142 projecting from the barrier 
170a toWard the processing site and a plurality of chambers 
130 (identi?ed individually as 130a-b) de?ned 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 
con?gured to convey a ?rst processing ?uid 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 con?gurations. 

[0048] The electrode unit 180a includes a dielectric divider 
186, a plurality of compartments 184a-b de?ned by the 
dielectric divider 186, and a plurality of electrodes 190a and 
19% disposed Within corresponding compartments 184a-b. 
The compartments 184a-b can be arranged concentrically 
and con?gured to convey a second processing ?uid at least 
proximate to the electrodes 190a-b. As noted above, the sec 
ond processing ?uid is generally different than the ?rst pro 
cessing ?uid, but they can be the same in some applications. 
In general, the ?rst and second processing ?uids have some 
ions in common. The ?rst processing ?uid in the processing 
unit 12011 is a catholyte and the second processing ?uid in the 
electrode unit 18011 is an anolyte When the Workpiece is 
cathodic. In electropolishing or other deposition processes, 
hoWever, the ?rst processing ?uid can be an anolyte and the 
second processing ?uid 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 con?guration. 

[0049] The system 100a further includes a ?rst ?oW system 
11211 that stores and circulates the ?rst processing ?uid and a 
second ?oW system 19211 that stores and circulates the second 
processing ?uid. The ?rst ?oW system 112a may include (a) 
the ?rst processing ?uid reservoir 113, (b) the plurality of 
?uid conduits 114 to convey the ?oW of the ?rst processing 
?uid betWeen the ?rst processing ?uid reservoir 113 and the 
processing unit 120a, and (c) the chambers 130a-b to convey 
the ?oW of the ?rst processing ?uid betWeen the processing 
site and the barrier 17011. The second ?oW system 192a may 
include (a) the second processing ?uid reservoir 193, (b) the 
plurality of ?uid conduits 185 to convey the ?oW of the second 
processing ?uid betWeen the second processing ?uid reser 
voir 193 and the electrode unit 180a, and (c) the compart 
ments 184a-b to convey the ?oW of the second processing 
?uid betWeen the electrodes 190a-b and the barrier 17011. The 
concentrations of individual constituents of the ?rst and sec 
ond processing ?uids can be controlled separately in the ?rst 
and second processing ?uid reservoirs 113 and 193, respec 
tively. For example, metals, such as copper, can be added to 
the ?rst and/or second processing ?uid in the respective res 
ervoir 113 or 193. Additionally, the temperature of the ?rst 
and second processing ?uids and/or removal of undesirable 
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materials or bubbles can be controlled separately in the ?rst 
and second ?oW systems 112a and 19211. 

[0050] The barrier 17011 is positioned betWeen the ?rst and 
second processing ?uids in the region of the interface 
betWeen the processing unit 120a and the electrode unit 18011 
to separate and/or isolate the ?rst processing ?uid from the 
second processing ?uid. For example, the barrier 170a can be 
a porous, permeable membrane that permits ?uid and small 
molecules to ?oW through the barrier 170a betWeen the ?rst 
and second processing ?uids. Alternatively, the barrier 170a 
can be a nonporous, semipermeable membrane that prevents 
?uid ?oW betWeen the ?rst and second ?oW systems 112 and 
192 While selectively alloWing ions, such as cations and/or 
anions, to pass through the barrier 170a betWeen the ?rst and 
second processing ?uids, 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 
?rst and second processing ?uids. 

[0051] When the system 10011 is used for electrochemical 
processing, an electrical potential can be applied to the elec 
trodes 190a-b and the Workpiece W such that the electrodes 
190a-b are anodes and the Workpiece W is a cathode. The ?rst 
and second processing ?uids are accordingly a catholyte and 
an anolyte, respectively, and each ?uid can include a solution 
of metal ions to be plated onto the Workpiece W. The electrical 
?eld betWeen the electrodes 190a-b and the Workpiece W 
may drive positive ions through the barrier 17011 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 ?eld may drive ions the 
opposite direction. 

[0052] The ?rst electrode 190a provides an electrical ?eld 
to the Workpiece W at the processing site through the portion 
of the second processing ?uid in the ?rst compartment 18411 
of the electrode unit 180a and the portion of the ?rst process 
ing ?uid in the ?rst chamber 13011 of the processing unit 120a. 
Accordingly, the ?rst electrode 190a provides an electrical 
?eld that is effectively exposed to the processing site via the 
?rst opening 14411. The ?rst opening 144a shapes the electri 
cal ?eld of the ?rst electrode 19011 to create a “virtual elec 
trode” at the top of the ?rst opening 14411. This is a “virtual 
electrode” because the dielectric divider 142 shapes the elec 
trical ?eld of the ?rst electrode 190a so that the effect is as if 
the ?rst electrode 19011 were placed in the ?rst opening 14411. 
Virtual electrodes are described in detail in Us. patent appli 
cation Ser. No. 09/872,151, incorporated by reference above. 
Similarly, the second electrode 190!) provides an electrical 
?eld to the Workpiece W through the portion of the second 
processing ?uid in the second compartment 184!) of the elec 
trode unit 180a and the portion of the ?rst processing ?uid in 
the second chamber 130!) of the processing unit 120a. 
Accordingly, the second electrode 190!) provides an electrical 
?eld that is effectively exposed to the processing site via the 
second opening 144!) to create another “virtual electrode.” 

[0053] In operation, a ?rst current is applied to the ?rst 
electrode 190a and a second current is applied to the second 
electrode 19019. The ?rst 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 ?rst and second electrical currents can be 
dynamically varied throughout a plating cycle. The ?rst and 
second electrodes accordingly provide a highly controlled 
electrical ?eld 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 bene?ts of having multiple inde 
pendently operable electrodes, the system 10011 is expected to 
have similar bene?ts as the system 100 described above With 
respect to separating the ?rst processing ?uid from the second 
processing ?uid. 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 ef?cient 
use of pure copper anodes. The system 100a illustrated in 
FIG. 2B is also expected to be particularly ef?cacious in 
maintaining the desired concentration of copper ions or other 
metal ions in the ?rst processing ?uid 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 10011 during 
a plating cycle and during an idle period. The following 
description regarding FIGS. 3A-3H, more speci?cally, 
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 ?uid (anolyte) and the ?rst 
processing ?uid (catholyte), respectively, during a plating 
cycle. The electrical ?eld 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 signi?cantly 
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. 

[0058] 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 ?eld 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 3E 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 ?rst processing ?uid can be approximately 10 g/l to 
approximately 200 g/l, and the acid concentration in the sec 
ond processing ?uid can be approximately 0.1 g/l to approxi 
mately 1 .0 g/l . Alternatively, the acid concentration of the ?rst 
and/or second processing ?uids can be outside of these 
ranges. For example, the ?rst processing ?uid can have a ?rst 
concentration of acid and the second processing ?uid can 
have a second concentration of acid less than the ?rst concen 
tration. The ratio of the ?rst 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 ?rst and second processing ?uids can 
have a copper concentration of betWeen approximately 10 g/l 
and approximately 50 g/l. 

[0062] Although the foregoing ranges are useful for many 
applications, it Will be appreciated that the ?rst and second 
processing ?uids 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 ?rst processing ?uid. In this embodiment, the acid 
concentration or pH in the ?rst and second processing ?uids 
can be similar. Alternatively, the second processing ?uid may 
have a higher concentration of acid to increase the conduc 
tivity of the ?uid. Copper salt (copper sulfate) can be added to 
the ?rst processing ?uid to replenish the copper in the ?uid. 
Electrical current can be carried through the barrier by the 
passage of sulfate anions from the ?rst processing ?uid to the 
second processing ?uid. Therefore, sulfate ions are less likely 
















