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ADAPTABLE ELECTROCHEMICAL PROCESSING 
CHAMBER 

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 on Apr. 13, 1999, all of Which are 
herein incorporated by reference. Additionally, this applica 
tion is related to the folloWing: 

[0002] (a) US. patent application entitled “TRANS 
FER DEVICES FOR HANDLING MICROELEC 
TRONIC WORKPIECES WITHIN AN ENVIRON 
MENT OF A PROCESSING MACHINE AND 
METHODS OF MANUFACTURING AND USING 
SUCH DEVICES IN THE PROCESSING OF 
MICROELECTRONIC WORKPIECES,” ?led con 
currently, 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 WORK 
PIECES,” ?led concurrently, and identi?ed by Per 
kins Coie Docket No. 29195.8153US01; 

[0004] (c) US. patent application entitled “DIS 
TRIBUTED POWER SUPPLIES FOR MICRO 
ELECTRONIC WORKPIECE PROCESSING 
TOOLS,” ?led concurrently, and identi?ed by Per 
kins Coie Docket No. 29195.8155US00; 

[0005] (d) US. patent application entitled “APPA 
RATUS AND METHODS FOR ELECTROCHEMI 
CAL PROCESSING OF MICROELECTRONIC 
WORKPIECES,” ?led concurrently, and identi?ed 
by Perkins Coie LLP Docket No. 29195.8158US00; 

[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 
concurrently, and identi?ed by Perkins Coie Docket 
No. 29195.8154US00; 

[0007] US. Patent Applications entitled “TUN 
ING ELECTRODES USED IN A REACTOR FOR 
ELECTROCHEMICALLY PROCESSING A 
MICROELECTRONIC WORKPIECE,” ?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 Per 
kins Coie Docket Nos. 29195.8157US02 and 
29195.8157US03. 

[0008] All of the foregoing US. Patent Applications in 
paragraphs (a)-(f) above are herein incorporated by refer 
ence. 

TECHNICAL FIELD 

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

[0010] Microelectronic devices, such as semiconductor 
devices and ?eld ernission displays, are generally fabricated 
on and/or in rnicroelectronic Workpieces using several dif 
ferent 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 subjected to etching and/or polishing proce 
dures (i.e., planariZation) to remove a portion of the depos 
ited conductive layers for forming electrically isolated con 
tacts and/or conductive lines. 

[0011] Plating tools that plate metals or other materials on 
the Workpieces are becoming an increasingly useful type of 
processing rnachine. Electroplating and electroless plating 
techniques can be used to deposit copper, solder, perrnalloy, 
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 deposi 
tion (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 Work 
piece is then cleaned, etched and/or annealed in subsequent 
procedures before transferring the Workpiece to another 
processing rnachine. 

[0012] FIG. 1 illustrates an embodiment of a single-Wafer 
processing station 1 that includes a container 2 for receiving 
a How 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 Workpiece 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 electroplating solution is an elec 
trolyte that conducts electrical current betWeen the anode 4 
and the cathodic seed layer on the surface of the Workpiece 
5. Therefore, ions in the electroplating solution plate the 
surface of the Workpiece 5. 

[0013] The plating machines used in fabricating rnicro 
electronic devices rnust 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 urn Wide, and are 
desirably less than 0.1 urn Wide. The plated metal layers 
accordingly often need to ?ll vias or trenches that are on the 
order of 0.1 urn 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 elec 
troplating solution at the surface of the Workpiece. This 
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parameter is generally in?uenced by the velocity of the ?oW 
of the electroplating 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 
Workpiece. Referring to FIG. 1, existing plating tools gen 
erally 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 produces 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 localiZed 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 aper 
tures have been used in plate-type diffusers, these diffusers 
may not provide adequate uniformity for the precision 
required in many current applications. 

[0015] Existing plating tools are typically optimiZed for 
use With a single siZe of Workpiece. Hence, the anode 4 and 
the diffuser 6 Will have a siZe and shape Which is speci?c to 
a particular siZe of Workpiece. Using an anode 4 and diffuser 
6 designed for one siZe of Workpiece to process a differently 
siZed Workpieces 5 Will yield inconsistent results. For 
example, a semiconductor Wafer having a 150 mm diameter 
is small enough to ?t in a processing station 1 designed for 
a 200 mm diameter Wafer. Even if the Workpiece holder 9 
Were modi?ed to hold a 150 mm Wafer, hoWever, the ?oW 
patterns and electric ?eld characteristics of the anode 4 and 
diffuser 6 designed for a 200 mm Wafer Would yield an 
uneven plating layer on the smaller 150 mm Wafer. 

[0016] As a result, adapting a processing station 1 to 
handle a differently siZed Workpiece 5 typically Will require 
substantial modi?cation. This Will usually include replacing 
at least the anode 4 and diffuser 6. Replacing these parts is 
frequently more dif?cult and time consuming than the 
simple schematic diagram of FIG. 1 Would imply. This 
requires stocking separate supplies of differently-sized 
anodes. If the anodes 4 are consumable, replacing them is 
complicated by the fact that they require maintenance of a 
passivated ?lm layer for consistent operation. As a conse 
quence, manufacturers typically optimiZe the processing 
station to process a single siZe Workpiece and leave it 
unchanged. If the manufacturer Wishes to produce tWo 
different siZes of Workpieces, the manufacturer Will com 
monly purchase an entirely separate processing machine so 
that each machine need only handle one siZe. 

SUMMARY OF THE INVENTION 

[0017] Various embodiments of the present invention pro 
vide electrochemical processing chambers and methods 
enabling a single electrochemical processing chamber to be 
used to treat different Workpieces. Many of these embodi 
ments permit a user to process different Workpieces (e.g., a 
200 mm semiconductor Wafer and a 300 mm semiconductor 
Wafer) in the same electrochemical processing chamber. For 
example, a processing chamber of the invention can include 
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a virtual electrode unit de?ning virtual electrodes. Simply by 
replacing one virtual electrode unit for another in such an 
embodiment, the effective electrical ?eld in the processing 
chamber can be modi?ed. A further embodiment of the 
invention incorporates a virtual electrode unit in a ?eld 
shaping unit Which also includes one or more Walls de?ning 
a separate compartment for each electrode. If so desired, 
such a ?eld shaping unit may be replaced as a unit, further 
simplifying modi?cation of the processing chamber. Certain 
embodiments of the invention provide methods Which capi 
taliZe on the ease of replacing the virtual electrode units to 
thereby alter the electrical ?eld in an electrochemical pro 
cessing chamber to meet the processing needs for different 
Workpieces. 
[0018] One embodiment of the invention provides a 
method of modifying an electrochemical processing cham 
ber from a ?rst con?guration for treating a ?rst Workpiece to 
a second con?guration for treating a different second Work 
piece. The processing chamber initially includes a reaction 
vessel having a plurality of electrodes positioned in electri 
cally separate electrode compartments and a ?rst virtual 
electrode unit. The ?rst virtual electrode unit de?nes a ?rst 
set of virtual electrodes adapted for treating the ?rst Work 
piece, each of the virtual electrodes being in ?uid commu 
nication With one of the electrode compartments. The 
method includes providing a second virtual electrode unit 
Which de?nes a second set of virtual electrodes adapted for 
treating the second Workpiece. The relative positions of the 
virtual electrodes in the ?rst set differ from the relative 
positions of the virtual electrodes in the second set. The ?rst 
virtual electrode unit is replaced With the second virtual 
electrode unit, thereby modifying an effective electric ?eld 
of the electrochemical processing chamber for treatment of 
the second Workpiece Without necessitating modi?cation of 
the electrodes. This can extend the functionality of a pro 
cessing line, enabling a manufacturer to readily process 
different types of Workpieces in the same processing cham 
ber rather than purchase a separate processing line dedicated 
to each type of Workpiece. 

[0019] In more particular aspects of this embodiment, the 
electrode compartments may be de?ned by a plurality of 
Walls coupled to the ?rst virtual electrode unit, With the 
Walls and the ?rst virtual electrode unit de?ning a ?rst ?eld 
shaping unit. With such a ?eld shaping unit, replacing the 
?rst virtual electrode unit may comprise removing the ?rst 
?eld shaping unit as a unit. The second virtual electrode unit 
may also include a plurality of Walls coupled thereto to 
de?ne a second ?eld shaping unit, enabling the second ?eld 
shaping unit to be installed as a unit. In a further embodi 
ment, the ?rst con?guration of the processing chamber 
includes a ?rst contact assembly adapted to support the ?rst 
Workpiece in a predetermined position With respect to the 
?rst set of virtual electrodes. This enables treatment of the 
?rst Workpiece by de?ning an electrical potential betWeen 
the electrodes and the ?rst Workpiece. The ?rst contact 
assembly may also be replaced With a second contact 
assembly adapted to support the second Workpiece and the 
second Workpiece may be treated by de?ning an electrical 
potential betWeen the electrodes and the second Workpiece. 

[0020] Another embodiment of the invention provides a 
method of effectuating electrochemical treatment of differ 
ent ?rst and second Workpieces. This method includes 
providing an initial electrochemical processing chamber and 
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a second virtual electrode unit. The initial processing cham 
ber includes a reaction vessel having a plurality of electrodes 
in electrically separate electrode compartments and a ?rst 
virtual electrode unit de?ning a ?rst set of virtual electrodes. 
The second virtual electrode unit is adapted to de?ne a 
second set of virtual electrodes, With relative positions of the 
virtual electrodes of the second virtual electrode unit being 
different from relative positions of the virtual electrodes of 
the ?rst virtual electrode unit. Auser is instructed to treat the 
?rst Workpiece With the initial processing chamber; to 
replace the ?rst virtual electrode unit With the second virtual 
electrode unit, thereby modifying the initial electrochemical 
processing chamber by repositioning the virtual electrodes; 
and to treat the second Workpiece With the modi?ed elec 
trochemical processing chamber. 

[0021] An alternative embodiment of the invention pro 
vides a method of effectuating assembly of an electrochemi 
cal processing chamber. In this method, a reaction vessel is 
provided, the reaction vessel having an outer Wall and a 
plurality of electrodes, adjacent electrodes being spaced 
from one another to de?ne a Wall-receiving space therebe 
tWeen. A replaceable ?rst ?eld shaping unit is provided, the 
?rst ?eld shaping unit having a Wall adapted to be received 
in the Wall-receiving space betWeen the electrodes and a ?rst 
virtual electrode unit coupled to the Wall. The ?rst virtual 
electrode unit de?nes a ?rst set of virtual electrodes having 
prede?ned relative positions. A second ?eld shaping unit is 
provided, the second ?eld shaping unit having a Wall 
adapted to be received in the Wall-receiving space betWeen 
the electrodes and a second virtual electrode unit coupled to 
the Wall. The second virtual electrode unit de?nes a second 
set of virtual electrodes having prede?ned relative positions. 
At least one functional characteristic of the ?rst ?eld shaping 
unit is identi?ed and at least one functional characteristic of 
the second ?eld shaping unit is identi?ed. The identi?ed 
functional characteristic of the ?rst ?eld shaping unit is 
different from the identi?ed functional characteristic of the 
second ?eld shaping unit, enabling a user to select betWeen 
the ?rst and second ?eld shaping units to adapt the reaction 
vessel to treat a selected type of Workpiece. 

[0022] As noted above, other aspects of the invention 
provide electrochemical processing chambers. One such 
embodiment includes a reaction vessel, an electrode in an 
interior of the reaction vessel, and a ?rst virtual electrode 
unit. The ?rst virtual electrode unit de?nes a ?rst virtual 
electrode in ?uid communication With the electrode. The 
?rst virtual electrode unit is exchangeable for a second 
virtual electrode unit, Without necessitating modi?cation of 
the electrode, to adapt the processing chamber for treating a 
different Workpiece. Such an adaptable processing chamber 
permits a manufacturer signi?cant ?exibility in producing a 
variety of products With minimal doWntime. 

[0023] An electrochemical processing chamber of another 
embodiment includes a reaction vessel having an inner 
surface and a ?rst Wall spaced from the inner surface of the 
reaction vessel. The ?rst Wall, Which may be formed of a 
dielectric material, electrically separates a ?rst electrode 
compartment, Which receives a ?rst electrode, from a second 
electrode compartment, Which receives a second electrode. 
A ?rst virtual electrode unit, Which may comprise a dielec 
tric material, de?nes a ?rst virtual electrode in ?uid com 
munication With the ?rst electrode compartment. The ?rst 
virtual electrode unit also de?nes, in part, a second virtual 

Jul. 21, 2005 

electrode in ?uid communication With the outer electrode 
compartment. The ?rst virtual electrode unit is exchangeable 
for a second virtual electrode unit, Without necessitating 
modi?cation of the electrodes, to adapt the processing 
chamber for treating a different Workpiece. Avoiding the 
need to modify the electrodes in this fashion alloWs a 
manufacturer to adapt this embodiment to be used With 
different Workpieces quickly and Without need for a separate 
inventory of different electrodes for each type of Workpiece 
to be produced. 

[0024] Yet another embodiment of the invention provides 
an electrochemical processing chamber including a reaction 
vessel and a replaceable ?eld shaping unit. The reaction 
vessel includes a vessel Wall and ?rst and second electrodes, 
the ?rst electrode being spaced radially inWardly of the 
second electrode. The ?eld shaping unit includes a ?rst Wall, 
Which electrically separates a ?rst electrode compartment 
Within Which the ?rst electrode is positioned, from a second 
electrode compartment Within Which the second electrode is 
positioned. The ?eld shaping unit also includes a virtual 
electrode unit including a dielectric ?rst partition coupled to 
the ?rst Wall. The ?rst partition de?nes a ?rst virtual 
electrode in ?uid communication With the ?rst electrode 
compartment and de?nes, in part, a second virtual electrode 
in ?uid communication With the second electrode compart 
ment. The replaceable ?eld shaping unit is removable from 
the reaction vessel as a unit Without necessitating modi? 
cation of the reaction vessel. If so desired, the ?rst ?eld 
shaping unit of this embodiment may include a plurality of 
concentric Walls electrically separating a plurality of con 
centric electrode compartments. The ?eld shaping unit may 
also comprise a plurality of partitions and de?ne a plurality 
of virtual electrodes, With a separate virtual electrode in ?uid 
communication With each of the electrode compartments. 
The unit-based approach to modi?cation afforded by this 
embodiment can ease transition from one type of Workpiece 
to another. 

[0025] An electrochemical processing system in accor 
dance With one additional embodiment of the invention 
includes a reaction vessel, a replaceable ?rst ?eld shaping 
unit and a replaceable second ?eld shaping unit. The reac 
tion vessel includes an outer Wall and a plurality of annular 
electrodes spaced from one another to de?ne annular Wall 
receiving spaces therebetWeen. The ?rst ?eld shaping unit 
includes a plurality of concentric Walls and a ?rst virtual 
electrode unit. The Walls may be positioned With respect to 
one another to be received in the Wall-receiving spaces 
betWeen the electrodes to de?ne a plurality of concentric 
electrode compartments. The ?rst virtual electrode unit may 
be coupled to the Walls adjacent their upper edges and 
adapted to abut the outer Wall of the reaction vessel adjacent 
the upper edge thereof. The ?rst virtual electrode unit 
de?nes a ?rst set of discharge openings having prede?ned 
relative positions, each of the discharge openings of the ?rst 
set being adapted for ?uid communication With one of the 
electrode compartments, With each discharge opening of the 
?rst set de?ning a position of an virtual electrode. The 
replaceable second ?eld shaping unit is much like the ?rst 
?eld shaping unit, but has a second set of discharge openings 
With relative positions differing from the relative positions 
of the discharge openings of the ?rst set. The ?rst ?eld 
shaping unit and the second ?eld shaping unit are each 
adapted for installation in and removal from the reaction 
vessel as a unit. Providing such a reaction vessel and 
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different ?eld shaping units allows a manufacturer to con 
?gure the electrochemical processing system to meet current 
production needs With a minimum of dif?culty and Wasted 
workpiece-dependent components. 

[0026] Still another embodiment of the invention provides 
an electrochemical processing chamber including a reaction 
vessel having an interior; an electrode received in the 
interior of the reaction vessel; a ?rst virtual electrode unit 
and a ?rst contact assembly. The ?rst virtual electrode unit, 
Which may comprise a dielectric material, de?nes a ?rst 
virtual electrode in ?uid communication With the electrode. 
The ?rst contact assembly is adapted to support a Workpiece 
in a predetermined position With respect to the ?rst virtual 
electrode. The ?rst contact assembly is exchangeable for a 
second contact assembly and the ?rst virtual electrode unit 
is exchangeable for a second virtual electrode unit, Without 
necessitating modi?cation of the electrode, to adapt the 
processing chamber for treating a differently-sized Work 
piece. Providing exchangeable contact assemblies and 
exchangeable virtual electrode units in accordance With this 
embodiment extends functionality of the processing cham 
ber Without requiring complex, time-consuming changes to 
sWitch from one siZe of Workpiece to another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a schematic diagram of an electroplating 
chamber in accordance With the prior art. 

[0028] 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. 

[0029] 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. 

[0030] FIG. 4 is a schematic cross-sectional vieW of an 
electrochemical processing chamber in accordance With one 
embodiment of the invention. 

[0031] FIG. 5 is a schematic cross-sectional vieW of the 
electrochemical processing chamber of FIG. 4 modi?ed to 
process a differently-sized Workpiece. 

[0032] FIG. 6 is an isometric vieW shoWing a cross 
sectional portion of a processing chamber taken along line 
6-6 of FIG. 10A. 

[0033] FIGS. 7A-7D are cross-sectional vieWs of a dis 
tributor for a processing chamber in accordance With an 
embodiment of the invention. 

[0034] FIG. 8 is an isometric vieW shoWing a different 
cross-sectional portion of the processing chamber of FIG. 6 
taken along line 8-8 of FIG. 10B. 

[0035] FIG. 9A is an isometric vieW of an interface 
assembly for use in a processing chamber in accordance 
With an embodiment of the invention. 

[0036] FIG. 9B is a cross-sectional vieW of the interface 
assembly of FIG. 9A. 

[0037] FIGS. 10A and 10B are top plan vieWs of a 
processing chamber that provide a reference for the isomet 
ric, cross-sectional vieWs of FIGS. 6 and 8, respectively. 
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[0038] FIG. 11 is an isometric vieW schematically shoW 
ing removal of a ?eld shaping unit from the processing 
chamber of FIG. 6. 

[0039] FIG. 12 is an isometric vieW similar to FIG. 6, 
shoWing a cross-sectional portion of a processing chamber 
modi?ed in accordance With another embodiment of the 
invention. 

[0040] FIG. 13 is a schematic cross-sectional vieW of the 
electroprocessing station of FIG. 3 modi?ed to process a 
differently-sized Workpiece. 

DETAILED DESCRIPTION 

[0041] 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 embodi 
ments. 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 additional embodiments that are Within the 
scope of the claims, but are not described in detail With 
respect to FIGS. 2-13. 

[0042] 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 electrochemi 
cally process Workpieces (e.g., electroplate and/or elec 
tropolish). As such, embodiments of integrated tools With 
processing stations having the electrochemical reaction ves 
sels are initially described With reference to FIGS. 2 and 3. 
The details and features of several embodiments of electro 
chemical reaction vessels and methods for adapting the 
vessels to process different types of Workpieces are then 
described With reference to FIGS. 4-13. 

[0043] A. Selected Embodiments of Integrated Tools With 
Electrochemical Processing Stations 

[0044] 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 cabinet 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. 

[0045] 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 
cabinet 102. The Workpiece containers 114 can each house 
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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 acces 
sible from the interior region 104 of the cabinet 102 through 
the apertures 106. 

[0046] The processing machine 100 can also include a 
plurality of electrochemical processing stations 120 and a 
transfer 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 stations. 
[0047] 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 
processing stations is arranged along a ?rst roW Rl-R1 and 
a second set of processing stations is arranged along a 
second roW R2-R2. 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. 

[0048] 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 
Workpiece 101 (arroW T) 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 second position 
in Which it is spaced apart from the backside of the Work 
piece 101 (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 mem 
ber 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 available head assemblies 150 and contact 
assemblies 160 can be used in the electroprocessing cham 
ber 120. Particular suitable 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. 

[0049] 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 
housing 202. The reaction vessel 204 carries at least one 
electrode (not shoWn in FIG. 3) and directs a How of 
electroprocessing solution to the Workpiece 101. The elec 
troprocessing solution, 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. 4-12. 

[0050] In operation the head assembly 150 holds the 
Workpiece at a Workpiece-processing site of the reaction 
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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 elec 
trode(s) in the reaction 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 reaction vessel 204 to (a) de-plate or 
electropolish plated material from the Workpiece or (b) 
deposit other materials (e.g., electrophoric resist). In gen 
eral, therefore, materials can be deposited on or removed 
from the Workpiece With the Workpiece acting as a cathode 
or an anode depending upon the particular type of material 
used in the electrochemical process. 

[0051] B. Selected Embodiments of Reaction Vessels for 
use in Electrochemical Processing Chambers 

[0052] FIGS. 4, 5 and 13 schematically illustrate aspects 
of processing chambers 200 in accordance With certain 
embodiments of the invention. Several embodiments of 
reaction vessels 204 for use in processing chambers 200 are 
shoWn in more detail in FIGS. 6-12. 

[0053] The processing chamber 200 of FIG. 4 includes a 
reaction vessel 204 positioned beneath a contact assembly 
160. The contact assembly 160 carries a Workpiece 101 
Which may be brought into contact With the electroprocess 
ing solution in the reaction vessel 204. For ease of expla 
nation, FIG. 4 shoWs the contact assembly 160 and Work 
piece 101 spaced above the position they Would occupy With 
respect to the reaction vessel in processing the Workpiece. 

[0054] The reaction vessel 204 of FIG. 4 has a plurality of 
annular electrodes 600a-a' received therein. This particular 
embodiment employs four separate electrodes 600a-d, but it 
should be understood that any number of electrodes could be 
employed. While it is anticipated that there Will be at least 
one electrode, there can be more than the four electrodes 
shoWn in FIG. 4. The electrodes may be connected to a 
common poWer supply 610, or each of the electrodes 600 
may be provided With a separate poWer supply. FIG. 4 
shoWs a poWer supply 610 electrically coupled to the contact 
assembly and to a poWer supply controller 625, Which may 
independently control the poWer delivered to each of the 
electrodes 600a-d. In this fashion, a desired potential may be 
created betWeen the Workpiece 101 and each of the elec 
trodes 600. 

[0055] The electrodes 600 in FIG. 4 are housed in elec 
trically separate electrode compartments 520. These elec 
trode compartments 520 may be de?ned by a plurality of 
Walls 510 received in the interior of the reaction vessel 204. 
In particular, a ?rst electrode compartment 520a is de?ned 
by a ?rst Wall 510a and a second Wall 510b, a second 
electrode compartment 520b is de?ned by the second Wall 
510b and a third Wall 510c, a third electrode compartment 
520c is de?ned by the third Wall 510c and a fourth Wall 
510d, and a fourth electrode compartment 520d is de?ned by 
the fourth Wall 510a' and the outer Wall 222 of the reaction 
vessel 204. The Walls 510a-a' of this embodiment are con 
centric annular dividers that de?ne annular electrode com 
partments 520a-d. 
[0056] The processing chamber 200 also includes a virtual 
electrode unit 530 Which individually shapes the electrical 
























