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(57) ABSTRACT 

An apparatus and method for electrochemical processing of 
microelectronic workpieces in a reaction vessel. In one 
embodiment, the reaction vessel includes: an outer container 
having an outer wall; a distributor coupled to the outer con 
tainer, the distributor having a ?rst outlet con?gured to intro 
duce a primary ?ow into the outer container and at least one 
second outlet con?gured to introduce a secondary ?ow into 
the outer container separate from the primary ?ow; a primary 
?ow guide in the outer container coupled to the distributor to 
receive the primary ?ow from the ?rst outlet and direct it to a 
workpiece processing site; a dielectric ?eld shaping unit in 
the outer container coupled to the distributor to receive the 
secondary ?ow from the second outlet, the ?eld shaping unit 
being con?gured to contain the secondary ?ow separate from 
the primary ?ow through at least a portion of the outer con 
tainer, and the ?eld shaping unit having at least one electrode 
compartment through which the secondary ?ow can pass 
while the secondary ?ow is separate from the primary ?ow; an 
electrode in the electrode compartment; and an interface 
member carried by the ?eld shaping unit downstream from 
the electrode, the interface member being in ?uid communi 
cation with the secondary ?ow in the electrode compartment, 
and the interface member being con?gured to prevent 
selected matter of the secondary ?ow from passing to the 
primary ?ow. 



Patent Application Publication Sep. 11, 2008 Sheet 1 0f 9 US 2008/0217166 A9 

i’i/Vkijwi i 

7 

t f 

// 
V '6 

Ff . 1 (Prigr Art) 



Patent Application Publication Sep. 11, 2008 Sheet 2 0f 9 US 2008/0217166 A9 

i. Q ?g 
Ail 

4‘ m 

-nl 
avméx ,1 I/ I4 

} 

@...i.\ I WM.“ 11 

1001 

1 ., 4I // 

I» w 1 

,2 (I I’ (I 
(I 



Patent Application Publication Sep. 11, 2008 Sheet 3 0f 9 US 2008/0217166 A9 

/ / *%'\204 % / 
% Z ‘ 

L é/////////////////////////4 
Fig. 3 



Patent Application Publication Sep. 11, 2008 Sheet 4 0f 9 US 2008/0217166 A9 

200 \‘ A 

202 700d 

532d 

5320 
527 

5321) 
5320 

5 I 600d 
5 I 0c 

5100 
5200 600b 

5201) 224 
5000 

520d ~ 

A 210 

Fig. 4 



Patent Application Publication Sep. 11, 2008 Sheet 5 0f 9 US 2008/0217166 A9 

I I I {7}»500 

| 1 : |£| 
| 6+: 

314 A 1 1 1 l 

5l2a\ ) [322 LA: : I 
3121» - I | ' kh 

3126‘ ‘i\ I : I 312d o m | : 

&k\\ 0 0 ~ \ \ . 
340 m 

332 334 350 340 

F2 

320 \300 

I 
A 

A 
3720 542 342 

3721: \ / 1 

3120 
512d 

332 



Patent Application Publication Sep. 11, 2008 Sheet 6 0f 9 US 2008/0217166 A9 

A 3120 
3I2b \ '1 

5,26‘ \ 
312d 0 ‘ 

M Q ~ 
344/ i 344 

332 ' 334 

\300 

A 

Fig. 5a 

A 3120 

3121, \ \ 
312d . ‘I \ 

\\\\\\ 335 ‘j | 232 326 
334 

\sao 
l 
A 



Patent Application Publication Sep. 11, 2008 Sheet 7 0f 9 US 2008/0217166 A9 

mm 

// 

"mmmum 
% 

204 

4 ._ K////////, 

mg. 6 



Patent Application Publication Sep. 11, 2008 Sheet 8 0f 9 US 2008/0217166 A9 

730 700 

710 

Fig. 7A 

710x .720 

752 7501, 754 
Fig. 7B 





US 2008/0217166 A9 

APPARATUS AND METHODS FOR 
ELECTROCHEMICAL PROCESSSING OF 
MICROELECTRONIC WORKPIECES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 09/804,697, entitled “SYSTEM FOR 
ELECTROCHEMICALLY PROCESSING A WORK 
PIECE,” ?led on Mar. 12, 2001; Which is a continuation of 
International Application No. PCT/US00/10120, ?led on 
Apr. 13, 2000, in the English language and published in the 
English language as International Publication No. WO00/ 
61498, Which claims the bene?t of Provisional Application 
No. 60/129,055, ?led onApr. 13, 1999, all ofWhich are herein 
incorporated by reference. Additionally, this application is 
related to the folloWing: 

[0002] (a) US. patent application entitled “TRANSFER 
DEVICES FOR HANDLING MICROELECTRONIC 
WORKPIECES WITHIN AN ENVIRONMENT OF A 
PROCESSING MACHINE AND METHODS OF 
MANUFACTURING AND USING SUCH DEVICES 
IN THE PROCESSING OF MICROELECTRONIC 
WORKPIECES,” ?led on Jun. 1, 2001, and identi?ed by 
Perkins Coie LLP Docket No. 29195.8153US00; 

[0003] (b) US. patent application entitled “INTE 
GRATED TOOLS WITH TRANSFER DEVICES FOR 
HANDLING MICROELECTRONIC WORKPIECES,” 
?led on Jun. 1, 2001, and identi?ed by Perkins Coie 
Docket No. 29195.8153US01; 

[0004] (c) US. patent application entitled “DISTRIB 
UTED POWER SUPPLIES FOR MICROELEC 
TRONIC WORKPIECE PROCESSING TOOLS,” ?led 
on Jun. 1, 2001, and identi?ed by Perkins Coie Docket 
No. 29195.8155US00; 

[0005] (d) US. patent application entitled “ADAPT 
ABLE ELECTROCHEMICAL PROCESSING 
CHAMBER,” ?led on Jun. 1, 2001, and identi?ed by 
Perkins Coie LLP Docket No. 29195.8156US00; 

[0006] (e) US. patent application entitled “LIFT AND 
ROTATE ASSEMBLY FOR USE IN A WORKPIECE 
PROCESSING STATION AND A METHOD OF 
ATTACHING THE SAME,” ?led on Jun. 1, 2001, and 
identi?ed by Perkins Coie Docket No. 
29195.8154US00; 

[0007] (f) US. patent applications entitled “TUNING 
ELECTRODES USED IN A REACTOR FOR ELEC 
TROCHEMICALLY PROCESSING A MICROELEC 
TRONIC WORKPIECE,” one ?led on May 4, 2001, and 
identi?ed by US. application Ser. No. 09/849,505, and 
tWo additional applications ?led on May 24, 2001, and 
identi?ed separately by Perkins Coie Docket Nos. 
29195.8157US02 and 29195.8157US03. 

[0008] All of the foregoing U. S. patent applications in para 
graphs (a)-(f) above are herein incorporated by reference. 

TECHNICAL FIELD 

[0009] This application relates to reaction vessels and 
methods of making and using such vessels in electrochemical 
processing of microelectronic Workpieces. 
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BACKGROUND 

[0010] Microelectronic devices, such as semiconductor 
devices and ?eld emission displays, are generally fabricated 
on and/or in microelectronic Workpieces using several differ 
ent 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 Work 
pieces during deposition stages. The Workpieces are then 
typically subject to etching and/or polishing procedures (i.e., 
planariZation) to remove a portion of the deposited conduc 
tive layers for forming electrically isolated contacts and/or 
conductive lines. 

[0011] Plating tools that plate metals or other materials on 
the Workpieces are becoming an increasingly useful type of 
processing machine. Electroplating and electroless plating 
techniques can be used to deposit copper, solder, permalloy, 
gold, silver, platinum and other metals onto Workpieces for 
forming blanket layers or patterned layers. 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 methods. 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 Workpiece is then 
cleaned, etched and/or annealed in subsequent procedures 
before transferring the Workpiece to another processing 
machine. 

[0012] 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. 

[0013] The plating machines used in fabricating microelec 
tronic devices must meet many speci?c performance criteria. 
For example, many processes must be able to form small 
contacts in vias that are less than 0.5 um Wide, and are desir 
ably less than 0.1 um Wide. The plated metal layers accord 
ingly often need to ?ll vias or trenches that are on the order of 
0.1 pm Wide, and the layer of plated material should also be 
deposited to a desired, uniform thickness across the surface of 
the Workpiece 5. One factor that in?uences the uniformity of 
the plated layer is the mass transfer of electroplating solution 
at the surface of the Workpiece. This parameter is generally 
in?uenced by the velocity of the ?oW of the electroplating 
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solution perpendicular to the surface of the workpiece. 
Another factor that in?uences the uniformity of the plated 
layer is the current density of the electrical ?eld across the 
surface of the Wafer. 

[0014] One concern of existing electroplating equipment is 
providing a uniform mass transfer at the surface of the Work 
piece. Referring to FIG. 1, existing plating tools generally use 
the diffuser 6 to enhance the uniformity of the ?uid ?oW 
perpendicular to the face of the Workpiece. Although the 
diffuser 6 improves the uniformity of the ?uid ?oW, it pro 
duces a plurality of localiZed areas of increased ?oW velocity 
perpendicular to the surface of the Workpiece 5 (indicated by 
arroWs 8). The localiZed areas generally correspond to the 
position of the apertures 7 in the diffuser 6. The increased 
velocity of the ?uid ?oW normal to the substrate in the local 
iZed areas increases the mass transfer of the electroplating 
solution in these areas. This typically results in faster plating 
rates in the localiZed areas over the apertures 7. Although 
many different con?gurations of apertures have been used in 
plate-type diffusers, these diffusers may not provide adequate 
uniformity for the precision required in many current appli 
cations. 

[0015] Another concern of existing plating tools is that the 
diffusion layer in the electroplating solution adjacent to the 
surface of the Workpiece 5 can be disrupted by gas bubbles or 
particles. For example, bubbles can be introduced to the plat 
ing solution by the plumbing and pumping system of the 
processing equipment, or they can evolve from inert anodes. 
Consumable anodes are often used to prevent or reduce the 
evolvement of gas bubbles in the electroplating solution, but 
these anodes erode and they can form a passivated ?lm sur 
face that must be maintained. Consumable anodes, moreover, 
often generate particles that can be carried in the plating 
solution. As a result, gas bubbles and/ or particles can ?oW to 
the surface of the Workpiece 5, Which disrupts the uniformity 
and affects the quality of the plated layer. 

[0016] Still another challenge of plating uniform layers is 
providing a desired electrical ?eld at the surface of the Work 
piece 5. 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, 
and the con?guration of the chamber. HoWever, the current 
density pro?le on the plating surface can change. For 
example, the current density pro?le typically changes during 
a plating cycle because plating material covers the seed layer, 
or it can change over a longer period of time because the shape 
of consumable anodes changes as they erode and the concen 
tration 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 5. 

SUMMARY 

[0017] The present invention is directed toWard reaction 
vessels for electrochemical processing of microelectronic 
Workpieces, processing stations including such reaction ves 
sels, and methods for using these devices. Several embodi 
ments of reaction vessels in accordance With the invention 
solve the problem of providing a desired mass transfer at the 
Workpiece by con?guring the electrodes so that a primary 
?oW guide and/or a ?eld shaping unit in the reaction vessel 
direct a substantially uniform primary ?uid ?oW toWard the 
Workpiece. Additionally, ?eld shaping units in accordance 
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With several embodiments of the invention create virtual elec 
trodes such that the Workpiece is shielded from the electrodes. 
This alloWs for the use of larger electrodes to increase elec 
trode life, eliminates the need to “burn-in” electrodes to 
decrease doWntime, and/or provides the capability of 
manipulating the electrical ?eld by merely controlling the 
electrical current to one or more of the electrodes in the 

vessel. Furthermore, additional embodiments of the invention 
include interface members in the reaction vessel that inhibit 
particulates, bubbles and other undesirable matter in the reac 
tion vessel from contacting the Workpiece to enhance the 
uniformity and the quality of the ?nished surface on the 
Workpieces. The interface members can also alloW tWo dif 
ferent types of ?uids to be used in the reaction vessel, such as 
a catholyte and an anolyte, to reduce the need to replenish 
additives as often and to add more ?exibility to designing 
electrodes and other components in the reaction vessel. 

[0018] In one embodiment of the invention, a reaction ves 
sel includes an outer container having an outer Wall, a ?rst 
outlet con?gured to introduce a primary ?uid ?oW into the 
outer container, and at least one second outlet con?gured to 
introduce a secondary ?uid ?oW into the outer container 
separate from the primary ?uid ?oW. The reaction vessel can 
also include a ?eld shaping unit in the outer container and at 
least one electrode. The ?eld shaping unit can be a dielectric 
assembly coupled to the second outlet to receive the second 
ary ?oW and con?gured to contain the secondary ?oW sepa 
rate from the primary ?oW through at least a portion of the 
outer container. The ?eld shaping unit also has at least one 
electrode compartment through Which the secondary ?oW can 
pass separately from the primary ?oW. The electrode is posi 
tioned in the electrode compartment. 

[0019] In a particular embodiment, the ?eld shaping unit 
has a compartment assembly having a plurality of electrode 
compartments and a virtual electrode unit. The compartment 
assembly can include a plurality of annular Walls including an 
inner or ?rst annular Wall centered on a common axis and an 

outer or second annular Wall concentric With the ?rst annular 
Wall and spaced radially outWard. The annular Walls of the 
?eld shaping unit can be positioned inside of outer Wall of the 
outer container so that an annular space betWeen the ?rst and 
second Walls de?nes a ?rst electrode compartment and an 
annular space betWeen the second Wall and the outer Wall 
de?nes a second electrode compartment. The reaction vessel 
of this particular embodiment can have a ?rst annular elec 
trode in the ?rst electrode compartment and/ or a second annu 
lar electrode in the second electrode compartment. 

[0020] The virtual electrode unit can include a plurality of 
partitions that have lateral sections attached to corresponding 
annular Walls of the electrode compartment and lips that 
project from the lateral sections. In one embodiment, the ?rst 
partition has an annular ?rst lip that de?nes a central opening, 
and the second partition has an annular second lip surround 
ing the ?rst lip that de?nes an annular opening. 

[0021] In additional embodiments, the reaction vessel can 
further include a distributor coupled to the outer container and 
a primary ?oW guide in the outer container. The distributor 
can include the ?rst outlet and the second outlet such that the 
?rst outlet introduces the primary ?uid ?oW into the primary 
?oW guide and the second outlet introduces the secondary 
?uid ?oW into the ?eld shaping unit separately from the 
primary ?oW. The primary ?oW guide can condition the pri 
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mary ?oW for providing a desired ?uid ?oW to a workpiece 
processing site. In one particular embodiment, the primary 
?oW guide directs the primary ?oW through the central open 
ing of the ?rst annular lip of the ?rst partition. The secondary 
?oW is distributed to the electrode compartments of the ?eld 
shaping unit to establish an electrical ?eld in the reaction 
vessel. 

[0022] In the operation of one embodiment, the primary 
?oW can pass through a ?rst ?oW channel de?ned, at least in 
part, by the primary ?oW guide and the lip of the ?rst partition. 
The primary ?oW can be the dominant ?oW through the reac 
tion vessel so that it controls the mass transfer at the Work 
piece. The secondary ?oW can generally be contained Within 
the ?eld shaping unit so that the electrical ?eld(s) of the 
electrode(s) are shaped by the virtual electrode unit and the 
electrode compartments. For example, in the embodiment 
having ?rst and second annular electrodes, the electrical 
effect of the ?rst electrode can act as if it is placed in the 
central opening de?ned by the lip of the ?rst partition, and the 
electrical effect of the second electrode can act as if it is 
placed in the annular opening betWeen the ?rst and second 
lips. The actual electrodes, hoWever, can be shielded from the 
Workpiece by the ?eld shaping unit such that the siZe and 
shape of the actual electrodes does not affect the electrical 
?eld perceived by the Workpiece. 

[0023] One feature of several embodiments is that the ?eld 
shaping unit shields the Workpiece from the electrodes. As a 
result, the electrodes can be much larger than they could 
Without the ?eld shaping unit because the siZe and con?gu 
ration of the actual electrodes does not appreciably affect the 
electrical ?eld perceived by the Workpiece. This is particu 
larly useful When the electrodes are consumable anodes 
because the increased siZe of the anodes prolongs their life, 
Which reduces doWntime for servicing a tool. Additionally, 
this reduces the need to “bum-in” anodes because the ?eld 
shaping element reduces the impact that ?lms on the anodes 
have on the shape of the electrical ?eld perceived by the 
Workpiece. Both of these bene?ts signi?cantly improve the 
operating ef?ciency of the reaction vessel. 

[0024] Another feature of several embodiments of the 
invention is that they provide a uniform mass transfer at the 
surface of the Workpiece. Because the ?eld shaping unit sepa 
rates the actual electrodes from the effective area Where they 
are perceived by the Workpiece, the actual electrodes can be 
con?gured to accommodate internal structure that guides the 
?oW along a more desirable ?oW path. For example, this 
alloWs the primary ?oW to ?oW along a central path. More 
over, a particular embodiment includes a central primary ?oW 
guide that projects the primary ?oW radially inWard along 
diametrically opposed vectors that create a highly uniform 
primary ?oW velocity in a direction perpendicular to the sur 
face of the Workpiece. 

[0025] The reaction vessel can also include an interface 
member carried by the ?eld shaping unit doWnstream from 
the electrode. The interface member can be in ?uid commu 
nication With the secondary ?oW in the electrode compart 
ment. The interface member, for example, can be a ?lter 
and/ or an ion-membrane. In either case, the interface member 
can inhibit particulates (e.g., particles from an anode) and 
bubbles in the secondary ?oW from reaching the surface of the 
Workpiece to reduce non-uniformities on the processed sur 
face. This accordingly increases the quality of the surface of 
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the Workpiece. Additionally, in the case of an ion-membrane, 
the interface member can be con?gured to prevent ?uids from 
passing betWeen the secondary ?oW and the primary ?oW 
While alloWing preferred ions to pass betWeen the ?oWs. This 
alloWs the primary ?oW and the secondary ?oW to be different 
types of ?uids, such as a catholyte and an anolyte, Which 
reduces the need to replenish additives as often and adds more 
?exibility to designing electrodes and other features of the 
reaction vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic diagram of an electroplating 
chamber in accordance With the prior art. 

[0027] FIG. 2 is an isometric vieW of an electroprocessing 
machine having electroprocessing stations for processing 
microelectronic Workpieces in accordance With an embodi 
ment of the invention. 

[0028] FIG. 3 is a cross-sectional vieW of an electropro 
cessing station having a processing chamber for use in an 
electroprocessing machine in accordance With an embodi 
ment of the invention. Selected components in FIG. 3 are 
shoWn schematically. 

[0029] FIG. 4 is an isometric vieW shoWing a cross-sec 
tional portion of a processing chamber taken along line 4-4 of 
FIG. 8A. 

[0030] FIGS. 5A-5D are cross-sectional vieWs of a dis 
tributor for a processing chamber in accordance With an 
embodiment of the invention. 

[0031] FIG. 6 is an isometric vieW shoWing a different 
cross-sectional portion of the processing chamber of FIG. 4 
taken along line 6-6 of FIG. 8B. 

[0032] FIG. 7A is an isometric vieW of an interface assem 
bly for use in a processing chamber in accordance With an 
embodiment of the invention. 

[0033] FIG. 7B is a cross-sectional vieW of the interface 
assembly of FIG. 7A. 

[0034] FIGS. 8A and 8B are top plan vieWs ofa processing 
chamber that provide a reference for the isometric, cross 
sectional vieWs of FIGS. 4 and 6, respectively. 

DETAILED DESCRIPTION 

[0035] The folloWing description discloses the details and 
features of several embodiments of electrochemical reaction 
vessels for use in electrochemical processing stations and 
integrated tools to process microelectronic Workpieces. The 
term “microelectronic Workpiece” is used throughout to 
include a Workpiece formed from a substrate upon Which 
and/or in Which microelectronic circuits or components, data 
storage elements or layers, and/or micro-mechanical ele 
ments are fabricated. It Will be appreciated that several of the 
details set forth beloW are provided to describe the folloWing 
embodiments in a manner suf?cient to enable a person skilled 
in the art to make and use the disclosed embodiments. Several 
of the details and advantages described beloW, hoWever, may 
not be necessary to practice certain embodiments of the 
invention. Additionally, the invention can also include addi 
tional embodiments that are Within the scope of the claims, 
but are not described in detail With respect to FIGS. 2-8B. 
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[0036] The operation and features of electrochemical reac 
tion vessels are best understood in light of the environment 
and equipment in Which they can be used to electrochemically 
process Workpieces (e.g., electroplate and/or electropolish). 
As such, embodiments of integrated tools With processing 
stations having the electrochemical reaction vessels are ini 
tially described With reference to FIGS. 2 and 3. The details 
and features of several embodiments of electrochemical reac 
tion vessels are then described With reference to FIGS. 4-8B. 

[0037] A. Selected Embodiments of Integrated Tools With 
Electrochemical Processing Stations 

[0038] FIG. 2 is an isometric vieW of a processing machine 
100 having an electrochemical processing station 120 in 
accordance With an embodiment of the invention. A portion of 
the processing machine 100 is shoWn in a cut-aWay vieW to 
illustrate selected internal components. In one aspect of this 
embodiment, the processing machine 100 can include a cabi 
net 102 having an interior region 104 de?ning an interior 
enclosure that is at least partially isolated from an exterior 
region 105. The cabinet 102 can also include a plurality of 
apertures 106 (only one shoWn in FIG. 1) through Which 
microelectronic Workpieces 101 can ingress and egress 
betWeen the interior region 104 and a load/unload station 110. 

[0039] The load/unload station 110 can have tWo container 
supports 112 that are each housed in a protective shroud 113. 
The container supports 112 are con?gured to position Work 
piece containers 114 relative to the apertures 106 in the cabi 
net 102. The Workpiece containers 114 can each house a 
plurality of microelectronic Workpieces 101 in a “mini” clean 
environment for carrying a plurality of Workpieces through 
other environments that are not at clean room standards. Each 
of the Workpiece containers 114 is accessible from the interior 
region 104 of the cabinet 102 through the apertures 106. 

[0040] The processing machine 100 can also include a plu 
rality of electrochemical processing stations 120 and a trans 
fer device 130 in the interior region 104 of the cabinet 102. 
The processing machine 100, for example, can be a plating 
tool that also includes clean/etch capsules 122, electroless 
plating stations, annealing stations, and/or metrology sta 
tions. 

[0041] The transfer device 130 includes a linear track 132 
extending in a lengthWise direction of the interior region 104 
betWeen the processing stations. The transfer device 130 can 
further include a robot unit 134 carried by the track 132. In the 
particular embodiment shoWn in FIG. 2, a ?rst set of process 
ing stations is arranged along a ?rst roW Rl-Rl and a second 
set of processing stations is arranged along a second roW 
R2R2. The linear track 132 extends betWeen the ?rst and 
second roWs of processing stations, and the robot unit 134 can 
access any of the processing stations along the track 132. 

[0042] FIG. 3 illustrates an embodiment of an electro 
chemical-processing chamber 120 having a head assembly 
150 and a processing chamber 200. The head assembly 150 
includes a spin motor 152, a rotor 154 coupled to the spin 
motor 152, and a contact assembly 160 carried by the rotor 
154. The rotor 154 can have a backing plate 155 and a seal 
156. The backing plate 155 can move transverse to a Work 
piece 101 (arroW 7) betWeen a ?rst position in Which the 
backing plate 155 contacts a backside of the Workpiece 101 
(shoWn in solid lines in FIG. 3) and a secondposition in Which 
it is spaced apart from the backside of the Workpiece 101 
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(shoWn in broken lines in FIG. 3). The contact assembly 160 
can have a support member 162, a plurality of contacts 164 
carried by the support member 162, and a plurality of shafts 
166 extending betWeen the support member 162 and the rotor 
154. The contacts 164 can be ring-type spring contacts or 
other types of contacts that are con?gured to engage a portion 
of the seed-layer on the Workpiece 101. Commercially avail 
able head assemblies 150 and contact assemblies 160 can be 
used in the electroprocessing chamber 120. Particular suit 
able head assemblies 150 and contact assemblies 160 are 
disclosed in US. Pat. Nos. 6,228,232 and 6,080,691; and US. 
application Ser. Nos. 09/385,784; 09/386,803; 09/386,610; 
09/386,197; 09/501,002; 09/733,608; and 09/804,696, all of 
Which are herein incorporated by reference. 

[0043] The processing chamber 200 includes an outer 
housing 202 (shoWn schematically in FIG. 3) and a reaction 
vessel 204 (also shoWn schematically in FIG. 3) in the hous 
ing 202. The reaction vessel 204 carries at least one electrode 
(not shoWn in FIG. 3) and directs a ?oW of electroprocessing 
solution to the Workpiece 101. The electroprocessing solu 
tion, for example, can ?oW over a Weir (arroW F) and into the 
external housing 202, Which captures the electroprocessing 
solution and sends it back to a tank. Several embodiments of 
reaction vessels 204 are shoWn and described in detail With 
reference to FIGS. 4-8B. 

[0044] In operation the head assembly 150 holds the Work 
piece at a Workpiece-processing site of the reaction vessel 204 
so that at least a plating surface of the Workpiece engages the 
electroprocessing solution. An electrical ?eld is established 
in the solution by applying an electrical potential betWeen the 
plating surface of the Workpiece via the contact assembly 160 
and one or more electrodes in the reaction vessel 204. For 
example, the contact assembly 160 can be biased With a 
negative potential With respect to the electrode(s) in the reac 
tion vessel 204 to plate materials onto the Workpiece. On the 
other hand the contact assembly 160 can be biased With a 
positive potential With respect to the electrode(s) in the reac 
tion vessel 204 to (a) de-plate or electropolish plated material 
from the Workpiece or (b) deposit other materials (e.g., elec 
trophoric resist). In general, therefore, materials can be 
deposited on or removed from the Workpiece With the Work 
piece acting as a cathode or an anode depending upon the 
particular type of material used in the electrochemical pro 
cess. 

[0045] B. Selected Embodiments of ReactionVessels for us 
in Electrochemical Processing Chambers 

[0046] FIGS. 4-8B illustrate several embodiments of reac 
tion vessels 204 for use in the processing chamber 200. As 
explained above, the housing 202 carries the reaction vessel 
204. The housing 202 can have a drain 210 for returning the 
processing ?uid that ?oWs out of the reaction vessel 204 to a 
storage tank, and a plurality of openings for receiving inlets 
and electrical ?ttings. The reaction vessel 204 can include an 
outer container 220 having an outer Wall 222 spaced radially 
inWardly of the housing 202. The outer container 220 can also 
have a spiral spacer 224 betWeen the outer Wall 222 and the 
housing 202 to provide a spiral ramp (i.e., a helix) on Which 
the processing ?uid can ?oW doWnWard to the bottom of the 
housing 202. The spiral ramp reduces the turbulence of the 
return ?uid to inhibit entrainment of gas ses in the return ?uid. 

[0047] The particular embodiment of the reaction vessel 
204 shoWn in FIG. 4 can include a distributor 300 for receiv 
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ing a primary ?uid ?oW PP and a secondary ?uid ?oW F2, a 
primary ?oW guide 400 coupled to the distributor 300 to 
condition the primary ?uid ?oW PP, and a ?eld shaping unit 
500 coupled to the distributor 300 to contain the secondary 
?oW F2 in a manner that shapes the electrical ?eld in the 
reaction vessel 204. The reaction vessel 204 can also include 
at least one electrode 600 in a compartment of the ?eld shap 
ing unit 500 and at least one ?lter or other type of interface 
member 700 carried by the ?eld shaping unit 500 doWnstream 
from the electrode. The primary ?oW guide 400 can condition 
the primary ?oW Fp by projecting this ?oW radially inWardly 
relative to a common axis A-A, and a portion of the ?eld 
shaping unit 500 directs the conditioned primary ?oW Fp 
toWard the Workpiece. In several embodiments, the primary 
?oW passing through the primary ?oW guide 400 and the 
center of the ?eld shaping unit 500 controls the mass transfer 
of processing solution at the surface of the Workpiece. The 
?eld shaping unit 500 also de?nes the shape the electric ?eld, 
and it can in?uence the mass transfer at the surface of the 
Workpiece if the secondary ?oW passes through the ?eld 
shaping unit. The reaction vessel 204 can also have other 
con?gurations of components to guide the primary ?oW PP 
and the secondary ?oW F2 through the processing chamber 
200. The reaction vessel 204, for example, may not have a 
distributor in the processing chamber, but rather separate ?uid 
lines With individual ?oWs can be coupled to the vessel 204 to 
provide a desired distribution of ?uid through the primary 
?oW guide 400 and the ?eld shaping unit. For example, the 
reaction vessel 204 can have a ?rst outlet in the outer con 
tainer 220 for introducing the primary ?oW into the reaction 
vessel and a second outlet in the outer container for introduc 
ing the secondary ?oW into the reaction vessel 204. Each of 
these components is explained in more detail beloW. 

[0048] FIGS. 5A-5D illustrate an embodiment of the dis 
tributor 3 00 for directing the primary ?uid ?oW to the primary 
?oW guide 400 and the secondary ?uid ?oW to the ?eld 
shaping unit 500. Referring to FIG. 5A, the distributor 300 
can include a body 310 having a plurality of annular steps 312 
(identi?ed individually by reference numbers 312a-d) and 
annular grooves 314 in the steps 312. The outermost step 
3 12d is radially inWard of the outer Wall 222 (shoWn in broken 
lines) of the outer container 220 (FIG. 4), and each of the 
interior steps 312a-c can carry an annular Wall (shoWn in 
broken lines) of the ?eld shaping unit 500 in a corresponding 
groove 314. The distributor 300 can also include a ?rst inlet 
320 for receiving the primary ?oW PP and a plenum 330 for 
receiving the secondary ?oW F2. The ?rst inlet 320 can have 
an inclined, annular cavity 322 to form a passageWay 324 
(best shoWn in FIG. 4) for directing the primary ?uid ?oW Fp 
under the primary ?oW guide 400. The distributor 300 can 
also have a plurality of upper ori?ces 332 along an upper part 
of the plenum 330 and a plurality of loWer ori?ces 334 along 
a loWer part of the plenum 330. As explained in more detail 
beloW, the upper and loWer ori?ces are open to channels 
through the body 3 10 to distribute the secondary ?oW F2 to the 
risers of the steps 312. The distributor 300 can also have other 
con?gurations, such as a “step-less” disk or non-circular 
shapes. 
[0049] FIGS. 5A-5D further illustrate one con?guration of 
channels through the body 310 of the distributor 300. Refer 
ring to FIG. 5A, a number of ?rst channels 340 extend from 
some of the loWer ori?ces 334 to openings at the riser of the 
?rst step 312a. FIG. 5B shoWs a number of second channels 
342 extending from the upper ori?ces 332 to openings at the 
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riser of the second step 312b, and FIG. 5C shoWs a number of 
third channels 344 extending from the upper ori?ces 332 to 
openings at the riser of the third step 3120. Similarly, FIG. 5D 
illustrates a number of fourth channels 346 extending from 
the loWer ori?ces 334 to the riser of the fourth step 312d. 

[0050] The particular embodiment of the channels 340-346 
in FIGS. 5A-5D are con?gured to transport bubbles that col 
lect in the plenum 330 radially outWard as far as practical so 
that these bubbles can be captured and removed from the 
secondary ?oW F2. This is bene?cial because the ?eld shaping 
unit 500 removes bubbles from the secondary ?oW F2 by 
sequentially transporting the bubbles radially outWardly 
through electrode compartments. For example, a bubble B in 
the compartment above the ?rst step 312a can sequentially 
cascade through the compartments over the second and third 
steps 312b-c, and then be removed from the compartment 
above the fourth step 312d. The ?rst channel 340 (FIG. 5A) 
accordingly carries ?uid from the loWer ori?ces 334 Where 
bubbles are less likely to collect to reduce the amount of gas 
that needs to cascade from the inner compartment above the 
?rst step 312a all the Way out to the outer compartment. The 
bubbles in the secondary ?oW F2 are more likely to collect at 
the top of the plenum 330 before passing through the channels 
340-346. The upper ori?ces 332 are accordingly coupled to 
the second channel 342 and the third channel 344 to deliver 
these bubbles outWard beyond the ?rst step 312a so that they 
do not need to cascade through so many compartments. In this 
embodiment, the upper ori?ces 332 are not connected to the 
fourth channels 346 because this Would create a channel that 
inclines doWnWardly from the common axis such that it may 
con?ict With the groove 314 in the third step 3120. Thus, the 
fourth channel 346 extends from the loWer ori?ces 334 to the 
fourth step 312d. 

[0051] Referring again to FIG. 4, the primary ?oW guide 
400 receives the primary ?uid ?oW Fp via the ?rst inlet 320 of 
the distributor 300. In one embodiment, the primary ?oW 
guide 400 includes an innerbaf?e 410 and an outer baf?e 420. 
The inner baf?e can have a base 412 and a Wall 414 projecting 
upWard and radially outWard from the base 412. The Wall 414, 
for example, can have an inverted frusto-conical shape and a 
plurality of apertures 416. The apertures 416 can be holes, 
elongated slots or other types of openings. In the illustrated 
embodiment, the apertures 416 are annularly extending radial 
slots that slant upWard relative to the common axis to project 
the primary ?oW radially inWard and upWard relative to the 
common axis along a plurality of diametrically opposed vec 
tors. The inner baf?e 410 can also includes a locking member 
418 that couples the inner baf?e 410 to the distributor 300. 

[0052] The outer baf?e 420 can include an outer Wall 422 
With a plurality of apertures 424. In this embodiment, the 
apertures 424 are elongated slots extending in a direction 
transverse to the apertures 416 of the inner baf?e 410. The 
primary ?oW Fp ?oWs through (a) the ?rst inlet 320, (b) the 
passageWay 324 under the base 412 ofthe innerbaf?e 410, (c) 
the apertures 424 of the outer baf?e 420, and then (d) the 
apertures 416 of the inner baf?e 410. The combination of the 
outer baf?e 420 and the inner baf?e 410 conditions the direc 
tion of the ?oW at the exit of the apertures 416 in the inner 
baf?e 410. The primary ?oW guide 400 can thus project the 
primary ?oW along diametrically opposed vectors that are 
inclined upWard relative to the common axis to create a ?uid 
?oW that has a highly uniform velocity. In alternate embodi 
ments, the apertures 416 do not slant upWard relative to the 
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common axis such that they can project the primary ?oW 
normal, or even downward, relative to the common axis. 

[0053] FIG. 4 also illustrates an embodiment of the ?eld 
shaping unit 500 that receives the primary ?uid ?oW Fp doWn 
stream from the primary ?oW guide 400. The ?eld shaping 
unit 500 also contains the second ?uid ?oW F2 and shapes the 
electrical ?eld Within the reaction vessel 204. In this embodi 
ment, the ?eld shaping unit 500 has a compartment structure 
With a plurality of Walls 510 (identi?ed individually by ref 
erence numbers 510a-d) that de?ne electrode compartments 
520 (identi?ed individually by reference numbers 520a-d). 
The Walls 510 can be annular skirts or dividers, and they can 
be received in one of the annular grooves 3 14 in the distributor 
300. In one embodiment, the Walls 510 are not ?xed to the 
distributor 300 so that the ?eld shaping unit 500 can be 
quickly removed from the distributor 300. This alloWs easy 
access to the electrode compartments 520 and/or quick 
removal of the ?eld shaping unit 500 to change the shape of 
the electric ?eld. 

[0054] The ?eld shaping unit 500 can have at least one Wall 
510 outWard from the primary ?oW guide 400 to prevent the 
primary ?oW Fp from contacting an electrode. In the particu 
lar embodiment shoWn in FIG. 4, the ?eld shaping unit 500 
has a ?rst electrode compartment 520a de?ned by a ?rst Wall 
510a and a second Wall 510b, a second electrode compart 
ment 520b de?ned by the second Wall 5101) and a third Wall 
51 00, a third electrode compartment 520c de?ned by the third 
Wall 5100 and a fourth Wall 510d, and a fourth electrode 
compartment 520d de?ned by the fourth Wall 510d and the 
outer Wall 222 of the container 220. The Walls i 510a-d of this 
embodiment are concentric annular dividers that de?ne annu 
lar electrode compartments 520a-d. Alternate embodiments 
of the ?eld shaping unit can have Walls With different con 
?gurations to create non-annular electrode compartments 
and/or each electrode compartment can be further divided 
into cells. The second-fourth Walls 510b-d can also include 
holes 522 for alloWing bubbles in the ?rst-third electrode 
compartments 520a-c to “cascade” radially outWard to the 
next outWard electrode compartment 520 as explained above 
With respect to FIGS. 5A-5D. The bubbles can then exit the 
fourth electrode compartment 520d through an exit hole 525 
through the outer Wall 222. In an alternate embodiment, the 
bubbles can exit through an exit hole 524. 

[0055] The electrode compartments 520 provide electri 
cally discrete compartments to house an electrode assembly 
having at least one electrode and generally tWo or more elec 
trodes 600 (identi?ed individually by reference numbers 
600a-d). The electrodes 600 can be annular members (e.g., 
annular rings or arcuate sections) that are con?gured to ?t 
Within annular electrode compartments, or they can have 
other shapes appropriate for the particular Workpiece (e.g., 
rectilinear). In the illustrated embodiment, for example, the 
electrode assembly includes a ?rst annular electrode 60011 in 
the ?rst electrode compartment 52011, a second annular elec 
trode 60019 in the second electrode compartment 520b, a third 
annular electrode 6000 in the third electrode compartment 
5200, and a fourth annular electrode 600d in the fourth elec 
trode compartment 520d. As explained in Us. application 
Ser. Nos. 60/206,661, 09/845,505, and 09/804,697, all of 
Which are incorporated herein by reference, each of the elec 
trodes 600a-d can be biased With the same or different poten 
tials With respect to the Workpiece to control the current 
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density across the surface of the Workpiece. In alternate 
embodiments, the electrodes 600 can be non-circular shapes 
or sections of other shapes. 

[0056] Embodiments of the reaction vessel 204 that include 
a plurality of electrodes provide several bene?ts for plating or 
electropolishing. In plating applications, for example, the 
electrodes 600 can be biased With respect to the Workpiece at 
different potentials to provide uniform plating on different 
Workpieces even though the seed layers vary from one 
another or the bath(s) of electroprocessing solution have dif 
ferent conductivities and/or concentrations of constituents. 
Additionally, another the bene?t of having a multiple elec 
trode design is that plating can be controlled to achieve dif 
ferent ?nal ?ll thicknesses of plated layers or different plating 
rates during a plating cycle or in different plating cycles. 
Other bene?ts of particular embodiments are that the current 
density can be controlled to (a) provide a uniform current 
density during feature ?lling and/or (b) achieve plating to 
speci?c ?lm pro?les across a Workpiece (e.g., concave, con 
vex, ?at). Accordingly, the multiple electrode con?gurations 
in Which the electrodes are separate from one another provide 
several bene?ts for controlling the electrochemical process to 
(a) compensate for de?ciencies or differences in seed layers 
betWeen Workpieces, (b) adjust for variances in baths of elec 
troprocessing solutions, and/or (c) achieve predetermined 
feature ?lling or ?lm pro?les. 

[0057] The ?eld shaping unit 500 can also include a virtual 
electrode unit coupled to the Walls 510 of the compartment 
assembly for individually shaping the electrical ?elds pro 
duced by the electrodes 600. In the particular embodiment 
illustrated in FIG. 4, the virtual electrode unit includes ?rst 
fourth partitions 530a-530d, respectively. The ?rst partition 
530a can have a ?rst section 53211 coupled to the second Wall 
510b, a skirt 534 depending doWnWard above the ?rst Wall 
510a, and a lip 536a projecting upWardly. The lip 53611 has an 
interior surface 537 that directs the primary ?oW Fp exiting 
from the primary ?oW guide 400. The second partition 5301) 
can have a ?rst section 532!) coupled to the third Wall 5100 
and a lip 536b projecting upWard from the ?rst section 532b, 
the third partition 5300 can have a ?rst section 5320 coupled 
to the fourth Wall 510d and a lip 536c projecting upWard from 
the ?rst section 5320, and the fourth partition 530d can have 
a ?rst section 532d carried by the outer Wall 222 of the 
container 220 and a lip 536d projecting upWard from the ?rst 
section 532d. The fourth partition 530d may not be connected 
to the outer Wall 222 so that the ?eld shaping unit 500 can be 
quickly removed from the vessel 204 by simply lifting the 
virtual electrode unit. The interface betWeen the fourth parti 
tion 530d and the outer Wall 222 is sealed by a seal 527 to 
inhibit both the ?uid and the electrical current from leaking 
out of the fourth electrode compartment 520d. The seal 527 
can be a lip seal.Additionally, each of the sections 532a-d can 
be lateral sections extending transverse to the common axis. 

[0058] The individual partitions 530a-d can be machined 
from or molded into a single piece of dielectric material, or 
they can be individual dielectric members that are Welded 
together. In alternate embodiments, the individual partitions 
530a-d are not attached to each other and/or they can have 
different con?gurations. In the particular embodiment shoWn 
in FIG. 4, the partitions 530a-d are annular horizontal mem 
bers, and each of the lips 536a-d are annular vertical members 
arranged concentrically about the common axis. 
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[0059] The Walls 510 and the partitions 530a-d are gener 
ally dielectric materials that contain the second ?oW P2 of the 
processing solution for shaping the electric ?elds generated 
by the electrodes 600a-d. The second ?oW F2, for example, 
can pass (a) through each of the electrode compartments 
520a-d, (b) betWeen the individual partitions 530a-d, and 
then (c) upWard through the annular openings betWeen the 
lips 536a-d. In this embodiment, the secondary ?oW F2 
through the ?rst electrode compartment 520a can join the 
primary ?oW Fp in an antechamber just before the primary 
?oW guide 400, and the secondary ?oW through the second 
fourth electrode compartments 520b-d can join the primary 
?oW Fp beyond the top edges of the lips 536a-d. The ?oW of 
electroprocessing solution then ?oWs over a shield Weir 
attached at rim 538 and into the gap betWeen the housing 202 
and the outer Wall 222 of the container 220 as disclosed in 
International Application No. PCT/USOO/ l 01 20. The ?uid in 
the secondary ?oW F2 can be prevented from ?oWing out of 
the electrode compartments 520a-d to join the primary ?oW 
Fp While still alloWing electrical current to pass from the elec 
trodes 600 to the primary ?oW. In this alternate embodiment, 
the secondary ?oW F2 can exit the reaction vessel 204 through 
the holes 522 in the Walls 510 and the hole 525 in the outer 
Wall 222. In still additional embodiments in Which the ?uid of 
the secondary ?oW does not join the primary ?oW, a duct can 
be coupled to the exit hole 525 in the outer Wall 222 so that a 
return ?oW of the secondary ?oW passing out of the ?eld 
shaping unit 500 does not mix With the return ?oW of the 
primary ?oW passing doWn the spiral ramp outside of the 
outer Wall 222. The ?eld shaping unit 500 can have other 
con?gurations that are different than the embodiment shoWn 
in FIG. 4. For example, the electrode compartment assembly 
can have only a single Wall 510 de?ning a single electrode 
compartment 520, and the reaction vessel 204 can include 
only a single electrode 600. The ?eld shaping unit of either 
embodiment still separates the primary and secondary ?oWs 
so that the primary ?oW does not engage the electrode, and 
thus it shields the Workpiece from the single electrode. One 
advantage of shielding the Workpiece from the electrodes 
600a-d is that the electrodes can accordingly be much larger 
than they could be Without the ?eld shaping unit because the 
siZe of the electrodes does not have an effect on the electrical 
?eld presented to the Workpiece. This is particularly useful in 
situations that use consumable electrodes because increasing 
the siZe of the electrodes prolongs the life of each electrode, 
Which reduces doWntime for servicing and replacing elec 
trodes. 

[0060] An embodiment of reaction vessel 204 shoWn in 
FIG. 4 can accordingly have a ?rst conduit system for condi 
tioning and directing the primary ?uid ?oW Fp to the Work 
piece, and a second conduit system for conditioning and 
directing the secondary ?uid ?oW F2. The ?rst conduit sys 
tem, for example, can include the inlet 320 of the distributor 
300; the channel 324 betWeen the base 412 of the primary 
?oW guide 400 and the inclined cavity 322 of the distributor 
300; a plenum betWeen the Wall 422 of the outer baf?e 420 
and the ?rst Wall 51011 of the ?eld shaping unit 500; the 
primary ?oW guide 400; and the interior surface 537 of the 
?rst lip 53611. The ?rst conduit system conditions the direc 
tion of the primary ?uid ?oW Fp by passing it through the 
primary ?oW guide 400 and along the interior surface 537 so 
that the velocity of the primary ?oW Fp normal to the Work 
piece is at least substantially uniform across the surface of the 
Workpiece. The primary ?oW PP and the rotation of the Work 
piece can accordingly be controlled to dominate the mass 
transfer of electroprocessing medium at the Workpiece. 
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[0061] The second conduit system, for example, can 
include the plenum 330 and the channels 340-346 of the 
distributor 300, the Walls 510 of the ?eld shaping unit 500, 
and the partitions 530 of the ?eld shaping unit 500. The 
secondary ?oW F2 contacts the electrodes 600 to establish 
individual electrical ?elds in the ?eld shaping unit 500 that 
are electrically coupled to the primary ?oW F . The ?eld 
shaping unit 500, for example, separates the ind1vidual elec 
trical ?elds created by the electrodes 600a-d to create “virtual 
electrodes” at the top of the openings de?ned by the lips 
536a-d of the partitions. In this particular embodiment, the 
central opening inside the ?rst lip 536a de?nes a ?rst virtual 
electrode, the annular opening betWeen the ?rst and second 
lips 536a-b de?nes a second virtual electrode, the annular 
opening betWeen the second and third lips 536b-c de?nes a 
third virtual electrode, and the annular opening betWeen the 
third and fourth lips 536c-d de?nes a fourth virtual electrode. 
These are “virtual electrodes” because the ?eld shaping unit 
500 shapes the individual electrical ?elds of the actual elec 
trodes 600a-d so that the effect of the electrodes 600a-d acts 
as if they are placed betWeen the top edges of the lips 536a-d. 
This alloWs the actual electrodes 600a-d to be isolated from 
the primary ?uid ?oW, Which can provide several bene?ts as 
explained in more detail beloW. 

[0062] An additional embodiment of the processing cham 
ber 200 includes at least one interface member 700 (identi?ed 
individually by reference numbers 700a-d) for further condi 
tioning the secondary ?oW P2 of electroprocessing solution. 
The interface members 700, for example, can be ?lters that 
capture particles in the secondary ?oW that Were generated by 
the electrodes (i.e., anodes) or other sources of particles. The 
?lter-type interface members 700 can also inhibit bubbles in 
the secondary ?oW F2 frompassing into the primary ?oW Fp of 
electroprocessing solution. This effectively forces the 
bubbles to pass radially outWardly through the holes 522 in 
the Walls 510 of the ?eld shaping unit 500. In alternate 
embodiments, the interface members 700 can be ion-mem 
branes that alloW ions in the secondary ?oW F2 to pass through 
the interface members 700. The ion-membrane interface 
members 700 can be selected to (a) alloW the ?uid of the 
electroprocessing solution and ions to pass through the inter 
face member 700, or (b) alloW only the desired ions to pass 
through the interface member such that the ?uid itself is 
prevented from passing beyond the ion-membrane. 

[0063] FIG. 6 is another isometric vieW of the reaction 
vessel 204 of FIG. 4 shoWing a cross-sectional portion taken 
along a different cross-section. More speci?cally, the cross 
section ofFIG. 4 is shoWn in FIG. 8A and the cross-section of 
FIG. 6 is shoWn in FIG. 8B. Returning noW to FIG. 6, this 
illustration further shoWs one embodiment for con?guring a 
plurality of interface members 700a-d relative to the parti 
tions 530a-d of the ?eld shaping unit 500. A ?rst interface 
member 70011 can be attached to the skirt 534 of the ?rst 
partition 530a so that a ?rst portion of the secondary ?oW F2 
?oWs past the ?rst electrode 60011, through an opening 535 in 
the skirt 534, and then to the ?rst interface member 70011. 
Another portion of the secondary ?oW F2 can ?oW past the 
second electrode 600!) to the second interface member 7001). 
Similarly, portions of the secondary ?oW F2 can ?oW past the 
third and fourth electrodes 600c-d to the third and fourth 
interface members 700c-d. 

[0064] When the interface members 700a-d are ?lters or 
ion-membranes that alloW the ?uid in the secondary ?oW F2 to 
pass through the interface members 700a-d, the secondary 
?oW F2 joins the primary ?uid ?oW Fp. The portion of the 
secondary ?oW F2 in the ?rst electrode compartment 520a can 
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pass through the opening 535 in the skirt 534 and the ?rst 
interface member 70011, and then into a plenum betWeen the 
?rst Wall 510a and the outer Wall 422 of the baf?e 420. This 
portion of the secondary ?oW F2 accordingly joins the pri 
mary ?oW PP and passes through the primary ?oW guide 400. 
The other portions of the secondary ?oW F2 in this particular 
embodiment pass through the second-fourth electrode com 
partments 520b-d and then through the annular openings 
betWeen the lips 536a-d. The second-fourth interface mem 
bers 700b-d can accordingly be attached to the ?eld shaping 
unit 500 doWnstream from the second-fourth electrodes 
600b-d. 

[0065] In the particular embodiment shoWn in FIG. 6, the 
second interface member 70019 is positioned vertically 
betWeen the ?rst and second partitions 530a-b, the third inter 
face member 7000 is positioned vertically betWeen the second 
and third partitions 530b-c, and the fourth interface member 
700d is positioned vertically betWeen the third and fourth 
partitions 530c-d. The interface assemblies 710a-d are gen 
erally installed vertically, or at least at an upWardly inclined 
angle relative to horizontal, to force the bubbles to rise so that 
they can escape through the holes 522 in the Walls 510a-d 
(FIG. 4). This prevents aggregations of bubbles that could 
potentially disrupt the electrical ?eld from an individual elec 
trode. 

[0066] FIGS. 7A and 7B illustrate an interface assembly 
710 for mounting the interface members 700 to the ?eld 
shaping unit 500 in accordance With an embodiment of the 
invention. The interface assembly 710 can include an annular 
interface member 700 and a ?xture 720 for holding the inter 
face member 700. The ?xture 720 can include a ?rst frame 
730 having a plurality of openings 732 and a second frame 
740 having a plurality of openings 742 (best shoWn in FIG. 
7A). The holes 732 in the ?rst frame can be aligned With the 
holes 742 in the second frame 740. The second frame can 
further include a plurality of annular teeth 744 extending 
around the perimeter of the second frame. It Will be appreci 
ated that the teeth 744 can alternatively extend in a different 
direction on the exterior surface of the second frame 740 in 
other embodiments, but the teeth 744 generally extend around 
the perimeter of the second frame 740 in a top annular band 
and a loWer annular band to provide annular seals With the 
partitions 536a-d (FIG. 6). The interface member 700 can be 
pressed betWeen the ?rst frame 730 and the second frame 740 
to securely hold the interface member 700 in place. The 
interface assembly 710 can also include a top band 750a 
extending around the top of the frames 730 and 740 and a 
bottom band 750!) extending around the bottom of the frames 
730 and 740. The top andbottom bands 750a-b can be Welded 
to the frames 730 and 740 by annular Welds 752.Additionally, 
the ?rst and second frames 730 and 740 can be Welded to each 
other by Welds 754. It Will be appreciated that the interface 
assembly 710 can have several different embodiments that are 
de?ned by the con?guration of the ?eld shaping unit 500 
(FIG. 6) and the particular con?guration of the electrode 
compartments 520a-d (FIG. 6). 

[0067] When the interface member 700 is a ?lter material 
that alloWs the secondary ?oW P2 of electroprocessing solu 
tion to pass through the holes 732 in the ?rst frame 730, the 
post-?ltered portion of the solution continues along a path 
(arroW Q) to join the primary ?uid ?oW Fp as described above. 
One suitable material for a ?lter-type interface member 700 is 
POREX®, Which is a porous plastic that ?lters particles to 
prevent them from passing through the interface member. In 
plating systems that use consumable anodes (e.g., phospho 
riZed copper or nickel sulfamate), the interface member 700 
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can prevent the particles generated by the anodes from reach 
ing the plating surface of the Workpiece. 

[0068] In alternate embodiments in Which the interface 
member 700 is an ion-membrane, the interface member 700 
can be permeable to preferred ions to alloW these ions to pass 
through the interface member 700 and into the primary ?uid 
?oW Fp. One suitable ion-membrane is NAFION® per?uori 
nated membranes manufactured by DuPont®. In one appli 
cation for copper plating, a NAFION 450 on-selective mem 
brane is used. Other suitable types of ion-membranes for 
plating can be polymers that are permeable to many cations, 
but reject anions and non-polar species. It Will be appreciated 
that in electropolishing applications, the interface member 
700 may be selected to be permeable to anions, but reject 
cations and non-polar species. The preferred ions can be 
transferred through the ion-membrane interface member 700 
by a driving force, such as a difference in concentration of 
ions on either side of the membrane, a difference in electrical 
potential, or hydrostatic pressure. 

[0069] Using an ion-membrane that prevents the ?uid of the 
electroprocessing solution from passing through the interface 
member 700 alloWs the electrical current to pass through the 
interface member While ?ltering out particles, organic addi 
tives and bubbles in the ?uid. For example, in plating appli 
cations in Which the interface member 700 is permeable to 
cations, the primary ?uid ?oW Fp that contacts the Workpiece 
can be a catholyte and the secondary ?uid ?oW F2 that does 
not contact the Workpiece can be a separate anolyte because 
these ?uids do not mix in this embodiment. A bene?t of 
having separate anolyte and catholyte ?uid ?oWs is that it 
eliminates the consumption of additives at the anodes and 
thus the need to replenish the additives as often. Additionally, 
this feature combined With the “virtual electrode” aspect of 
the reaction vessel 204 reduces the need to “burn-in” anodes 
for insuring a consistent black ?lm over the anodes for pre 
dictable current distribution because the current distribution 
is controlled by the con?guration of the ?eld shaping unit 
500. Another advantage is that it also eliminates the need to 
have a predictable consumption of additives in the secondary 
?oW F2 because the additives to the secondary ?oW F2 do not 
effect the primary ?uid ?oW Fp When the tWo ?uids are sepa 
rated from each other. 

[0070] From the foregoing, it Will be appreciated that spe 
ci?c embodiments of the invention have been described 
herein for purposes of illustration, but that various modi?ca 
tions may be made Without deviating from the spirit and scope 
of the invention. Accordingly, the invention is not limited 
except as by the appended claims. 

1-90. (canceled) 
91. A reactor for electrochemical processing of microelec 

tronic Workpieces, comprising: 

a reaction vessel; 

a ?rst electrode compartment and a second electrode com 
partment concentric With the ?rst electrode compart 
ment, Wherein the ?rst and second electrode compart 
ments are in the reaction vessel; 

a ?rst electrode in the ?rst electrode compartment and a 
second electrode in the second electrode compartment; 

a dielectric section extending laterally inWard into the reac 
tion vessel to shield at least a portion of a Workpiece 
from an electrical ?eld produced by at least one of the 
electrodes; and 
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an interface member in the reaction vessel betWeen the 
dielectric section and at least one of the ?rst and second 
electrodes, Wherein the interface member is con?gured 
to prevent selected matter in the processing ?uid from 
passing to the Workpiece. 

92. The reactor of claim 91 Wherein the interface member 
comprises an ion-membrane through Which selected ions can 
pass. 

93. The reactor of claim 92 Wherein the ion-membrane 
comprises a per?uoronated membrane. 

94. The reactor of claim 91 Wherein the interface member 
comprises a ?lter. 

95. The reactor of claim 94 Wherein the ?lter comprises a 
porous member. 

96. The reactor of claim 91 Wherein the ?rst electrode 
comprises a ?rst annular conductive member and the second 
electrode comprises a second annular conductive member, 
and Wherein the ?rst annular conductive member is the inner 
most electrode in the reaction vessel. 

97. The reactor of claim 91 Wherein the dielectric section 
comprises a ?rst lateral dielectric section of a ?eld shaping 
unit in the reaction vessel, and the ?rst lateral dielectric sec 
tion of the ?eld shaping unit is positioned over the ?rst elec 
trode. 

98. The reactor of claim 97 Wherein the ?eld shaping unit 
further comprises a second lateral dielectric section posi 
tioned over the second electrode. 

99. The reactor of claim 91 Wherein the dielectric section is 
positioned over an outer concentric electrode. 

100. A reactor for electrochemically processing a micro 
electronic Workpiece, comprising: 

a reaction vessel having a Workpiece processing Zone; 

a ?rst electrode compartment in the reaction vessel beloW 
the processing Zone; 

a second electrode compartment in the reaction vessel 
beloW the processing Zone and concentric With the ?rst 
electrode compartment; 

a dielectric section extending radially inWard into the reac 
tion vessel; 

an interface member in the reaction vessel con?gured to 
prevent selected matter from passing from the electrode 
compartments to the processing Zone; and 

a ?rst electrode in the ?rst electrode compartment and a 
second electrode in the second electrode compartment. 

101. The reactor of claim 100 Wherein the interface mem 
ber comprises an ion-membrane through Which selected ions 
can pass. 

102. The reactor of claim 101 Wherein the ion-membrane 
comprises a per?uoronated membrane. 

103. The reactor of claim 100 Wherein the interface mem 
ber comprises a ?lter. 

104. The reactor of claim 103 Wherein the ?lter comprises 
a porous member. 

105. The reactor of claim 100 Wherein the ?rst electrode 
comprises a ?rst annular conductive member and the second 
electrode comprises a second annular conductive member, 
and Wherein the ?rst annular conductive member is the inner 
most electrode in the reaction vessel. 

106. The reactor of claim 100 Wherein the dielectric section 
comprises a ?rst lateral dielectric section of a ?eld shaping 
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unit in the reaction vessel, and the ?rst lateral dielectric sec 
tion of the ?eld shaping unit is positioned over the ?rst elec 
trode. 

1 07. The reactor of claim 106 Wherein the ?eld shaping unit 
further comprises a second lateral dielectric section posi 
tioned over the second electrode. 

1 08. The reactor of claim 100 Wherein the dielectric section 
is positioned over an outer concentric electrode. 

109. A reactor for electrochemical processing of micro 
electronic Workpieces, comprising: 

a reaction vessel having a Workpiece processing Zone; 

a ?rst electrode compartment in the reaction vessel located 
beloW the processing Zone; 

a second electrode compartment in the reaction vessel 
located beloW the processing Zone and concentric With 
the ?rst electrode compartment; 

a ?rst electrode in the ?rst electrode compartment and a 
second electrode in the second electrode compartment; 

a dielectric section extending laterally inWard into the reac 
tion vessel; and 

an ion-membrane in the reaction vessel betWeen the pro 
cessing Zone and at least one of the ?rst and second 
electrodes, Wherein the ion-membrane is con?gured 
such that selected ions can pass through the ion-mem 
brane. 

110. The reactor of claim 109 Wherein the ion-membrane 
comprises a per?uorinated membrane that is permeable to 
copper ions. 

111. The reactor of claim 109 Wherein the ion-membrane is 
impermeable to processing ?uid. 

1 12. A reactor for electrochemically processing microelec 
tronic Workpieces, comprising: 

a reaction vessel having a Weir; 

a ?rst electrode compartment and a second electrode com 
partment concentric With the ?rst electrode compart 
ment, Wherein the ?rst and second electrode compart 
ments are in the reaction vessel and beloW the Weir; 

a ?rst electrode in the ?rst electrode compartment and a 
second electrode in the second electrode compartment; 

a ?eld shaping unit in the reaction vessel con?gured to 
obstruct at least a portion of a Workpiece at the Weir from 
at least a portion of at least one of the ?rst and second 
electrodes; and 

an interface member in the reaction vessel betWeen the 
Weir and at least one of the ?rst and second electrodes, 
Wherein the interface member is con?gured to prevent 
selected matter in the processing ?uid from passing to 
the Weir. 

1 13. A reactor for electrochemically processing microelec 
tronic Workpieces, comprising: 

a reaction vessel having a Workpiece processing Zone; 

a plurality of electrode compartments in the reaction vessel 
and beloW the processing Zone; 

a ?rst electrode in one of the electrode compartments and a 
second electrode in another of the electrode compart 
ments; 
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means for shaping an electrical ?eld in the reaction Vessel means for preventing selected matter in the processing 
by shielding at least a portion of a Workpiece at the ?uidfronipassing fromthe ?rst and secondelectrodes to 
Workpiece processing Zone from at least a portion of an the processing Zone, 
electrical ?eld generated by at least one of ?rst electrode 
and/or the second electrode; and * * * * * 


