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(57) ABSTRACT 

A reactor for electrochemically processing at least one 
surface of a microelectronic workpiece is set forth. The 
reactor comprises a reactor head including a workpiece 
support that has one or more electrical contacts positioned to 
make electrical contact With the microelectronic Workpiece. 
The reactor also includes a processing container having a 
plurality of noZZles angularly disposed in a sideWall of a 
principal ?uid ?oW chamber at a level Within the principal 
?uid ?oW chamber beloW a surface of a bath of processing 
?uid normally contained therein during electrochemical 
processing. A plurality of anodes are disposed at different 
elevations in the principal ?uid ?oW chamber so as to place 
them at difference distances from a microelectronic Work 
piece under process Without an intermediate diffuser 
betWeen the plurality of anodes and the microelectronic 
Workpiece under process. One or more of the plurality of 
anodes may be in close proximity to the Workpiece under 
process. Still further, one or more of the plurality of anodes 
may be a virtual anode. The present invention also related to 
multi-level anode con?gurations Within a principal ?uid 
?oW chamber and methods of using the same. 
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FIG. 1B 
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FLOW VELOCITY COMPONENTS NORMAL TO WAFER 

FIG. 2 
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FIG. 3B 
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FIG. 4 
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FIG. 6 
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SYSTEM FOR ELECTROCHEMICALLY 
PROCESSING A WORKPIECE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of prior 
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 in turn claims priority to the folloWing three 
US Provisional Applications: U.S. Ser. No. 60/129,055, 
entitled “WORKPIECE PROCESSOR HAVING 
IMPROVED PROCESSING CHAMBER”, ?led Apr. 13, 
1999; US. Ser. No. 60/143,769, entitled “WORKPIECE 
PROCESSING HAVING IMPROVED PROCESSING 
CHAMBER”, ?led Jul. 12, 1999; US. Ser. No. 60/182,160 
entitled “WORKPIECE PROCESSOR HAVING 
IMPROVED PROCESSING CHAMBER”, ?led Feb. 14, 
2000. The entire disclosures of all three of the prior appli 
cations, as Well as International Publication No. WO00/ 
61498, are incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] The fabrication of microelectronic components 
from a microelectronic Workpiece, such as a semiconductor 
Wafer substrate, polymer substrate, etc., involves a substan 
tial number of processes. For purposes of the present appli 
cation, a microelectronic Workpiece is de?ned to include a 
Workpiece formed from a substrate upon Which microelec 
tronic circuits or components, data storage elements or 
layers, and/or micro-mechanical elements are formed. There 
are a number of different processing operations performed 
on the microelectronic Workpiece to fabricate the microelec 
tronic component(s). Such operations include, for example, 
material deposition, patterning, doping, chemical mechani 
cal polishing, electropolishing, and heat treatment. 

[0004] Material deposition processing involves depositing 
or otherWise forming thin layers of material on the surface 
of the microelectronic Workpiece (hereinafter described as, 
but not limited to, a semiconductor Wafer). Patterning pro 
vides removal of selected portions of these added layers. 
Doping of the semiconductor Wafer, or similar microelec 
tronic Workpiece, is the process of adding impurities knoWn 
as “dopants” to the selected portions of the Wafer to alter the 
electrical characteristics of the substrate material. Heat treat 
ment of the semiconductor Wafer involves heating and/or 
cooling the Wafer to achieve speci?c process results. Chemi 
cal mechanical polishing involves the removal of material 
through a combined chemical/mechanical process While 
electropolishing involves the removal of material from a 
Workpiece surface using electrochemical reactions. 

[0005] Numerous processing devices, knoWn as process 
ing “tools”, have been developed to implement the forego 
ing processing operations. These tools take on different 
con?gurations depending on the type of Workpiece used in 
the fabrication process and the process or processes 
executed by the tool. One tool con?guration, knoWn as the 
LT-210CTM processing tool and available from Semitool, 
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Inc., of Kalispell, Mont., includes a plurality of microelec 
tronic Workpiece processing stations that utiliZe a Workpiece 
holder and a process boWl or container for implementing 
%% et processing operations. Such Wet processing opera 
tions include electroplating, etching, cleaning, electroless 
deposition, electropolishing, etc. In connection With the 
present invention, it is the electrochemical processing sta 
tions used in the LT-210CTM that are noteWorthy. Such 
electrochemical processing stations perform the foregoing 
electroplating, electropolishing, anodiZation, etc., of the 
microelectronic Workpiece. It Will be recogniZed that the 
electrochemical processing system set forth herein is readily 
adapted to implement each of the foregoing electrochemical 
processes. 

[0006] In accordance With one con?guration of the 
LT-210CTM tool, the electroplating stations include a Work 
piece holder and a process container that are disposed 
proximate one another. The Workpiece holder and process 
container are operated to bring the microelectronic Work 
piece held by the Workpiece holder into contact With an 
electroplating ?uid disposed in the process container to form 
a processing chamber. Restricting the electroplating solution 
to the appropriate portions of the Workpiece, hoWever, is 
often problematic. Additionally, ensuring proper mass trans 
fer conditions betWeen the electroplating solution and the 
surface of the Workpiece can be dif?cult. Absent such mass 
transfer control, the electrochemical processing of the Work 
piece surface can often be non-uniform. This can be par 
ticularly problematic in connection With the electroplating of 
metals. Still further, control of the shape and magnitude of 
the electric ?eld is increasingly important. 

[0007] Conventional electrochemical reactors have uti 
liZed various techniques to bring the electroplating solution 
into contact With the surface of the Workpiece in a controlled 
manner. For example, the electroplating solution may be 
brought into contact With the surface of the Workpiece using 
partial or full immersion processing in Which the electro 
plating solution resides in a processing container and at least 
one surface of the Workpiece is brought into contact With or 
beloW the surface of the electroplating solution. 

[0008] Electroplating and other electrochemical processes 
have become important in the production of semiconductor 
integrated circuits and other microelectronic devices from 
microelectronic Workpieces. For example, electroplating is 
often used in the formation of one or more metal layers on 
the Workpiece. These metal layers are often used to electri 
cally interconnect the various devices of the integrated 
circuit. Further, the structures formed from the metal layers 
may constitute microelectronic devices such as read/Write 
heads, etc. 

[0009] Electroplated metals typically include copper, 
nickel, gold, platinum, solder, nickel-iron, etc. Electroplat 
ing is generally, effected by initial formation of a seed layer 
on the microelectronic Workpiece in the form of a very thin 
layer of metal, Whereby the surface of the microelectronic 
Workpiece is rendered electrically conductive. This electro 
conductivity permits subsequent formation of a blanket or 
patterned layer of the desired metal by electroplating. Sub 
sequent processing, such as chemical mechanical planariZa 
tion, may be used to remove unWanted portions of the 
patterned or metal blanket layer formed during electroplat 
ing, resulting in the formation of the desired metalliZed 
structure. 
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[0010] Electropolishing of metals at the surface of a 
Work-piece involves the removal of at least some of the 
metal using an electrochemical process. The electrochemical 
process is effectively the reverse of the electroplating reac 
tion and is often carried out using the same or similar 
reactors as electroplating. 

[0011] Existing electroplating processing containers often 
provide a continuous ?oW of electroplating solution to the 
electroplating chamber through a single inlet disposed at the 
bottom portion of the chamber. One embodiment of such a 
processing container is illustrated in FIG. 1A. As illustrated, 
the electroplating reactor, shoWn generally at 1, includes a 
electroplating processing container 2 that is used to contain 
a ?oW of electroplating solution provided through a ?uid 
inlet 3 disposed at a loWer portion of the container 2. In such 
a reactor, the electroplating solution completes an electrical 
Circuit path betWeen an anode 4 and a surface of Workpiece 
5, Which functions as a cathode. 

[0012] The electroplating reactions that take place at the 
surface of the microelectronic Workpiece are dependent on 
species mass transport (e. g., copper ions, platinum ions, gold 
ions, etc.) to the microelectronic Workpiece surface through 
a diffusion layer (a.k.a. mass transport layer) that forms 
proximate the microelectronic Workpiece’s surface. It is 
desirable to have a diffusion layer that is both thin and 
uniform over the surface of the microelectronic Workpiece if 
a uniform electroplated ?lm is to be deposited Within a 
reasonable amount of time. 

[0013] Even distribution of the electroplating solution 
over the Workpiece surface to control the thickness and 
uniformity of the diffusion layer in the processing container 
of FIG. 1A is facilitated, for example, by a diffuser 6 or the 
like that is disposed betWeen the single inlet and the Work 
piece surface. The diffuser includes a plurality of apertures 
7 that are provided to disburse the stream of electroplating 
?uid provided from the processing ?uid inlet 3 as evenly as 
possible across the surface of the Workpiece 5. 

[0014] Although substantial improvements in diffusion 
layer control result from the use of a diffuser, such control 
is limited. With reference to FIG. 1A, localiZed areas 8 of 
increased ?oW velocity normal to the surface of the micro 
electronic Workpiece are often generated by the diffuser 6. 
These localiZed areas generally correspond to the position of 
apertures 7 of the diffuser 6. This effect is increased as the 
diffuser 6 is moved closer to the Workpiece. 

[0015] The present inventors have found that these local 
iZed areas of increased ?oW velocity at the surface of the 
Workpiece affect the diffusion layer conditions and can result 
in non-uniform deposition of the electroplated material over 
the surface of the Workpiece. Diffuser hole pattern con?gu 
rations also affect the distribution of the electric ?eld since 
the diffuser is disposed betWeen the anode and Workpiece, 
and can result in non-uniform deposition of the electroplated 
material. In the reactor illustrated in FIG. 1A, the electric 
?eld tends to be concentrated at localiZed areas 8 corre 
sponding to the apertures in the diffuser. These effects in the 
localiZed areas 8 are dependent on diffuser distance from the 
Workpiece and the diffuser hole siZe and pattern. 

[0016] Another problem often encountered in electroplat 
ing is disruption of the diffusion layer due to the entrapment 
and evolvement of gasses during the electroplating process. 
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For example, bubbles can be created in the plumbing and 
pumping system of the processing equipment. Electroplating 
is thus inhibited at those sites on the surface of the Work 
piece to Which the bubbles migrate. Gas evolvement is 
particularly a concern When an inert anode is utiliZed since 
inert anodes tend to generate gas bubbles as a result of the 
anodic reactions that take place at the anode’s surface. 

[0017] Consumable anodes are often used to reduce the 
evolvement of gas bubbles in the electroplating solution and 
to maintain bath stability. HoWever, consumable anodes 
frequently have a passivated ?lm surface that must be 
maintained. They also erode into the plating solution chang 
ing the dimensional tolerances. Ultimately, they must be 
replaced thereby increasing the amount of maintenance 
required to keep the tool operational When compared to tools 
using inert anodes. 

[0018] Another challenge associated With the plating of 
uniform ?lms is the changing resistance of the plated ?lm. 
The initial seed layer can have a high resistance and this 
resistance decreases as the ?lm becomes thicker. The chang 
ing resistance makes it dif?cult for a given set of chamber 
hardWare to yield optimal uniformity, on a variety of seed 
layers and deposited ?lm thicknesses. 

[0019] In vieW of the foregoing, the present inventors have 
developed a system for electrochemically processing a 
microelectronic Workpiece that can readily adapt to a Wide 
range of electrochemical processing requirements (e.g., seed 
layer thicknesses, seed layer types, electroplating materials, 
electrolyte bath properties, etc.). The system can adapt to 
such electrochemical processing requirements While concur 
rently providing a controlled, substantially uniform diffusion 
layer at the surface of the Workpiece that assists in providing 
a corresponding substantially uniform processing of the 
Workpiece surface (e.g., uniform deposition of the electro 
plated material). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1A is schematic block diagram of an immer 
sion processing reactor assembly that incorporates a diffuser 
to distribute a ?oW of processing ?uid across a surface of a 
Workpiece. 
[0021] FIG. 1B is a cross-sectional vieW of one embodi 
ment of a reactor assembly that may incorporate the present 
invention. 

[0022] FIG. 2 is a schematic diagram of one embodiment 
of a reactor chamber that may be used in the reactor 
assembly of FIG. 1B and includes an illustration of the 
velocity ?oW pro?les associated With the ?oW of processing 
?uid through the reactor chamber. 

[0023] FIGS. 3A-5 illustrate a speci?c construction of a 
complete processing chamber assembly that has been spe 
ci?cally adapted for electrochemical processing of a semi 
conductor Wafer and that has been implemented to achieve 
the velocity ?oW pro?les set forth in FIG. 2. 

[0024] FIGS. 6 and 7 illustrate tWo embodiments of 
processing tools that may incorporate one or more process 
ing stations constructed in accordance With the teachings of 
the present invention. 

[0025] FIGS. 8 and 9 are a cross-sectional vieWs of 
illustrative velocity ?oW contours of the processing chamber 
embodiment of FIGS. 6 and 7. 
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[0026] FIGS. 10 and 11 are graphs illustrating the manner 
in Which the anode con?guration of the processing chamber 
may be employed to achieve uniform plating. 

[0027] FIGS. 12 and 13 illustrate a modi?ed version of 
the processing chamber of FIGS. 6 and 7. 

[0028] FIGS. 14 and 15 illustrate tWo embodiments of 
processing tools that may incorporate one or more process 
ing stations constructed in accordance With the teachings of 
the present invention. 

SUMMARY OF THE INVENTIONS 

[0029] A reactor for electrochemically processing at least 
one surface of a microelectronic Workpiece is set forth. The 
reactor comprises a reactor head including a Workpiece 
support that has one or more electrical contacts positioned to 
make electrical contact With the microelectronic Workpiece. 
The reactor also includes a processing container having a 
plurality of noZZles angularly disposed in a sideWall of a 
principal ?uid ?oW chamber at a level Within the principal 
?uid ?oW chamber beloW a surface of a bath of processing 
?uid normally contained therein during electrochemical 
processing. A plurality of anodes are disposed at different 
elevations in the principal ?uid ?oe chamber so as to place 
them at different distances from a microelectronic Workpiece 
under process Without an intermediate diffuser betWeen the 
plurality of anodes and the microelectronic Workpiece under 
process. One or more of the plurality of anodes may be in 
close proximity to the Workpiece under process. Still further, 
one or more of the plurality of anodes may be a virtual 
anode. The present invention also relates to multi-level 
anode con?gurations Within a principal ?uid ?oW chamber 
and methods of using the same. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] Basic Reactor Components 

[0031] With reference to FIG. 1B, there is shoWn a reactor 
assembly 20 for electroplating a microelectronic Workpiece 
25, such as a semiconductor Wafer. Generally stated, the 
reactor assembly 20 is comprised of a reactor head 30 and 
a corresponding reactor base, shoWn generally at 37 and 
described in substantial detail beloW, in Which the electro 
plating solution is disposed. The reactor of FIG. 1B can also 
be used to implement electrochemical processing operations 
other than electroplating (e.g., electropolishing, anodiZation, 
etc.). 
[0032] The reactor head 30 of the electroplating reactor 
assembly may comprised of a stationary assembly 70 and a 
rotor assembly 75. Rotor assembly 75 is con?gured to 
receive and carry an associated microelectronic Workpiece 
25, position the microelectronic Workpiece in a process-side 
doWn orientation Within a container of reactor base 37, and 
to rotate or spin the Workpiece While joining its electrically 
conductive surface in the plating circuit of the reactor 
assembly 20. The rotor assembly 75 includes one or more 
cathode contacts that provide electroplating poWer to the 
surface of the microelectronic Workpiece. In the illustrated 
embodiment, a cathode contact assembly is shoWn generally 
at 85 and is described in further detail beloW. It Will be 
recogniZed, hoWever, that backside contact may be imple 
mented in lieu of front side contact When the substrate is 
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conductive or When an alternative electrically conductive 
path is provided betWeen the back side of the microelec 
tronic Workpiece and the front side thereof. 

[0033] The reactor head 30 is typically mounted on a 
lift/rotate apparatus Which is con?gured to rotate the reactor 
head 30 from an upWardly-facing disposition in Which it 
receives the microelectronic Workpiece to be plated, to a 
doWnWardly facing disposition in Which the surface of the 
microelectronic Workpiece to be plated is positioned so that 
it may be brought into contact With the electroplating 
solution in reactor base 37, either planar or at a given angle. 
Arobotic arm, Which preferably includes an end effector, is 
typically employed for placing the microelectronic Work 
piece 25 in position on the rotor assembly 75, and for 
removing the plated microelectronic Workpiece from Within 
the rotor assembly. The contact assembly 85 may be oper 
ated betWeen an open state that alloWs the microelectronic 
Workpiece to be placed on the rotor assembly 75, and a 
closed state that secures the microelectronic Workpiece to 
the rotor assembly and brings the electrically conductive 
components of the contact assembly 85 into electrical 
engagement With the surface of the microelectronic Work 
piece that is to be plated. 

[0034] It Will be recogniZed that other reactor assembly 
con?gurations may be used With the inventive aspects of the 
disclosed reactor chamber, the foregoing being merely illus 
trative. 

[0035] Electrochemical Processing Container 

[0036] FIG. 2 illustrates the basic construction of process 
ing base 37 and a corresponding computer simulation of the 
?oW velocity contour pattern resulting from the processing 
container construction. As illustrated, the processing base 37 
generally comprises a main ?uid ?oW chamber 505, an 
antechamber 510, a ?uid inlet 515, a plenum 520, a ?oW 
diffuser 525 separating the plenum 520 from the antecham 
ber 510, and a noZZle slot assembly 530 separating the 
plenum 520 from the main chamber 505. These components 
cooperate to provide a ?oW of electrochemical processing 
?uid (here, of the electroplating solution) at the microelec 
tronic Workpiece 25 that has a substantially radially inde 
pendent normal component. In the illustrated embodiment, 
the impinging ?oW is centered about central aXis 537 and 
possesses a nearly uniform component normal to the surface 
of the microelectronic Workpiece 25. This results in a 
substantially uniform mass ?uX to the microelectronic Work 
piece surface that, in turn, enables substantially uniform 
processing thereof. 

[0037] Notably, as Will be clear from the description 
beloW, this desirable ?oW characteristic is achieved Without 
the use of a diffuser disposed betWeen the anode(s) and 
surface of the microelectronic Workpiece that is to be 
electrochemically processed (e.g. electroplated). As such, 
the anodes used in the electroplating reactor can be placed 
in close proximity to the surface of the microelectronic 
Workpiece to thereby provide substantial control over local 
electrical ?eld/current density parameters used in the elec 
troplating process. This substantial degree of control over 
the electrical parameters alloWs the reactor to be readily 
adapted to meet a Wide range of electroplating requirements 
(e.g., seed layer thickness, seed layer type, electroplated 
material, electrolyte bath properties, etc.) Without a corre 
sponding change in the reactor hardWare. Rather, adapta 
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tions can be implemented by altering the electrical param 
eters used in the electroplating process through, for example, 
softWare control of the poWer provided to the anodes. 

[0038] The reactor design thus effectively de-couples the 
?uid ?oW from adjustments to the electric ?eld. An advan 
tage of this approach is that a chamber With nearly ideal ?oW 
for electroplating and other electrochemical processes (i.e., 
a design Which provides a substantially uniform diffusion 
layer across the microelectronic Workpiece) may be 
designed that Will not be degraded When electroplating or 
other electrochemical process applications require signi? 
cant changes to the electric ?eld. 

[0039] The foregoing advantages can be more greatly 
appreciated through a comparison With the prior art reactor 
design illustrated in FIG. 1A. In that design, the diffuser 
must be moved closer to the surface of the Workpiece if the 
distance betWeen the anode and the Workpiece surface is to 
be reduced. HoWever, moving the diffuser closer to the 
Workpiece signi?cantly alters the How characteristics of the 
electroplating ?uid at the surface of the Workpiece. More 
particularly, the close proximity betWeen the diffuser and the 
surface of the Workpiece introduces a corresponding 
increase in the magnitude of the normal components of the 
How velocity at local areas 8. As such, the anode cannot be 
moved so that it is in close proximity to the surface of the 
microelectronic Workpiece that is to be electroplated Without 
introducing substantial diffusion layer control problems and 
undesirable localiZed increases in the electrical ?eld corre 
sponding to the pattern of apertures in the diffuser. Since the 
anode cannot be moved in close proximity to the surface of 
the microelectronic Workpiece, the advantages associated 
With increased control of the electrical characteristics of the 
electrochemical process cannot be realiZed. Still further, 
movement of the diffuser to a position in close proximity 
With the microelectronic Workpiece effectively generates a 
plurality of virtual anodes de?ned by the hole pattern of the 
diffuser. Given the close proximity of these virtual anodes to 
the microelectronic Workpiece surface, the virtual anodes 
have a highly localiZed effect. This highly localiZed effect 
cannot generally be controlled With any degree of accuracy 
given that any such control is solely effected by varying the 
poWer to the single, real anode. A substantially uniform 
electroplated ?lm is thus dif?cult to achieve With such a 
plurality of loosely controlled virtual anodes. 

[0040] With reference again to FIG. 2, electroplating 
solution is provided through inlet 515 disposed at the bottom 
of the base 37. The ?uid from the inlet 515 is directed 
therefrom at a relatively high velocity through antechamber 
510. In the illustrated embodiment, antechamber 510 
includes an acceleration channel 540 through Which the 
electroplating solution ?oWs radially from the ?uid inlet 515 
toWard ?uid ?oW region 545 of antechamber 510. Fluid ?oW 
region 545 has a generally inverted U-shaped cross-section 
that is substantially Wider at its outlet region proximate ?oW 
diffuser 52S than at its inlet region proximate channel 540. 
This variation in the cross-section assists in removing any 
gas bubbles from the electroplating solution before the 
electroplating solution is alloWed to enter the main chamber 
505. Gas bubbles that Would otherWise enter the main 
chamber 505 are alloyed to exit the processing base 37 
through a gas outlet (not illustrated in FIG. 2, but illustrated 
in the embodiment shoWs in FIGS. 3-5) disposed at an upper 
portion of the antechamber 510. 
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[0041] Electroplating solution Within antechamber 510 is 
ultimately supplied to main chamber 505. To this end, the 
electroplating solution is ?rst directed to How from a rela 
tively high-pressure region 550 of the antechamber 510 to 
the comparatively loWer-pressure plenum 520 through ?oW 
diffuser 525. NoZZle assembly 520 includes a plurality of 
noZZles or slots 535 that are disposed at a slight angle With 
respect to horiZontal. Electroplating solution exits plenum 
520 through noZZles 535 With ?uid velocity components in 
the vertical and radial directions. 

[0042] Main chamber 505 is de?ned at its upper region by 
a contoured sideWall 560 and a slanted sideWall 565. The 
contoured sideWall 560 assists in preventing ?uid ?oW 
separation as the electroplating solution exits noZZles 535 
(particularly the uppermost noZZle(s)) and turns upWard 
toWard the surface of microelectronic Workpiece 25. Beyond 
breakpoint 570, ?uid ?oW separation Will not substantially 
affect the uniformity of the normal ?oW. As such, sideWall 
565 can generally have any shape, including a continuation 
of the shape of contoured sideWall 560. In the speci?c 
embodiment disclosed here, sideWall 565 is slanted and, as 
Will be explained in further detail beloW, is used to support 
one or more anodes. 

[0043] Electroplating solution exits from main chamber 
505 through a generally annular outlet 572. Fluid exiling 
outlet 572 may be provided to a further exterior chamber for 
disposal or may be replenished for recirculation through the 
electroplating solution supply system. 

[0044] The processing base 37 is also provided With one or 
more anodes. In the illustrated embodiment, a principal 
anode 580 is disposed in the loWer portion of the main 
chamber 505. If the peripheral edges of the surface of the 
microelectronic Workpiece 25 extend radially beyond the 
extent of contoured sideWall 560, then the peripheral edges 
are electrically shielded from principal anode 580 and 
reduced plating % ill take place in those regions. As such, a 
plurality of annular anodes 585 are disposed in a generally 
concentric manner on slanted sideWall 565 to provide a How 
of electroplating current to the peripheral regions. 

[0045] Anodes 580 and 585 of the illustrated embodiment 
are disposed at different distances from the surface of the 
microelectronic Workpiece 25 that is being electroplated. 
More particularly, the anodes 580 and 585 are concentrically 
disposed in different horiZontal planes. Such a concentric 
arrangement combined With the vertical differences alloW 
the anodes 580 and 585 to be effectively placed close to the 
surface of the microelectronic Workpiece 25 Without gener 
ating a corresponding adverse impact on the How pattern as 
tailored by noZZles 535. 

[0046] The eifect and degree of control that an anode has 
on the electroplating of microelectronic Workpiece 25 is 
dependent on the effective distance betWeen that anode and 
the surface of the microelectronic Workpiece that is being 
electroplated. More particularly, all other things being equal, 
an anode that is effectively spaced a given distance from the 
surface of microelectronic Workpiece 25 Will have an impact 
on a larger area of the microelectronic Workpiece surface 
than an anode that is effectively spaced from the surface of 
microelectronic Workpiece 25 by a lesser amount. Anodes 
that are effectively spaced at a comparatively large distance 
from the surface of microelectronic Workpiece 25 thus have 
less localiZed control over the electroplating process than do 
















