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(57) ABSTRACT 

Afacility for selecting and re?ning electrical parameters for 
processing a microelectronic workpiece in a processing 
chamber is described. The facility initially con?gures the 
electrical parameters in accordance with either a mathemati 
cal model of the processing chamber or experimental data 
derived from operating the actual processing chamber. After 
a workpiece is processed with the initial parameter con?gu 
ration, the results are measured and a sensitivity matrix 
based upon the mathematical model of the processing cham 
ber is used to select new parameters that correct for any 
de?ciencies measured in the processing of the ?rst work 
piece. These parameters are then used in processing a second 
workpiece, which may be similarly measured, and the 
results used to further re?ne the parameters. 
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TUNING ELECTRODES USED IN A REACTOR 
FOR ELECTROCHEMICALLY PROCESSING A 

MICROELECTRONIC WORKPIECE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
US. patent application Ser. No. 09/849,505, ?led May 4, 
2001, Which claims the bene?t of US. Provisional Patent 
Application No. 60/206,663, ?led May 24, 2000, and Which 
is a continuation-in-part of International Patent Application 
No. PCT/US00/10120, ?led Apr. 13, 2000, designating the 
United States and claiming the bene?t of US. Provisional 
Patent Application Nos. 60/182,160, ?led Feb. 14, 2000, 
60/143,769, ?led Jul. 12, 1999, and 60/129,055, ?led Apr. 
13, 1999; and this application claims the bene?t of provi 
sional application No. 60/206,663, ?led May 24, 2000; the 
disclosures of each of Which are hereby expressly incorpo 
rated by reference in their entireties. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to the ?eld of 
automatic process control, and, more particularly, to the ?eld 
of controlling a material deposition process. 

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. Patterning provides selec 
tive deposition of a thin layer and/or removal of selected 
portions of these added layers. Doping of the semiconductor 
Wafer, or similar microelectronic Workpiece, is the process 
of adding impurities knoWn as “dopants” to selected por 
tions of the Wafer to alter the electrical characteristics of the 
substrate material. Heat treatment of the microelectronic 
Workpiece involves heating and/or cooling the Workpiece to 
achieve speci?c process results. Chemical mechanical pol 
ishing 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 one or more 
of the foregoing 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, 
Inc., of Kalispell, Mont., includes a plurality of microelec 
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tronic Workpiece processing stations that are serviced by one 
or more Workpiece transfer robots. Several of the Workpiece 
processing stations utiliZe a Workpiece holder and a process 
boWl or container for implementing Wet processing opera 
tions. Such Wet processing operations include electroplating, 
etching, cleaning, electroless deposition, electropolishing, 
etc. In connection With the present invention, it is the 
electrochemical processing stations used in the LT-210CTM 
that are noteWorthy. Such electrochemical processing sta 
tions 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 electrochemical processing stations 
include a Workpiece holder and a process container that are 
disposed proximate one another. The Workpiece holder and 
process container are operated to bring the microelectronic 
Workpiece held by the Workpiece holder into contact With an 
electrochemical processing ?uid disposed in the process 
container. When the microelectronic Workpiece is positioned 
in this manner, the Workpiece holder and process container 
form a processing chamber that may be open, enclosed, or 
substantially enclosed. 

[0007] 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. 

[0008] 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. 

[0009] Electropolishing of metals at the surface of a 
Workpiece involves the removal of at least some of the metal 
using an electrochemical process. The electrochemical pro 
cess is effectively the reverse of the electroplating reaction 
and is often carried out using the same or similar reactors as 
electroplating. 
[0010] AnodiZation typically involves oxidiZing a thin 
?lm layer at the surface of the Workpiece. For example, it 
may be desirable to selectively oxidiZe certain portions of a 
metal layer, such as a Cu layer, to facilitate subsequent 
removal of the selected portions in a solution that etches the 
oxidiZed material faster than the non-oxidiZed material. 
Further, anodiZation may be used to deposit certain materi 
als, such as perovskite materials, onto the surface of the 
Workpiece. 



US 2006/0000716 A1 

[0011] As the size of various microelectronic circuits and 
components decreases, there is a corresponding decrease in 
the manufacturing tolerances that must be met by the 
manufacturing tools. In connection With the present inven 
tion as described below, electrochemical processes must 
uniformly process the surface of a given microelectronic 
Workpiece. Further, the electrochemical process must meet 
Workpiece-to-Workpiece uniformity requirements. 
[0012] Electrochemical processes may be conducted in 
reaction chambers having either a single electrode or mul 
tiple electrodes. Where a single-electrode reaction chamber 
is used, improving the level uniformity achieved by the 
process often involves manual trial-and-error modi?cations 
to the hardWare con?guration of the reaction chamber. For 
example, operators of the process may experiment With 
repositioning or reorienting the electrode, the Workpiece, or 
a baffle separating the electrode from the Workpiece, or may 
modify aspects of a ?uid ?oW Within the reaction chamber 
in attempts to improve the level uniformity achieved by the 
process. 

[0013] In a multiple-electrode reaction chamber, tWo or 
more electrodes are arranged in some pattern. Each of the 
electrodes is connected to an electrical poWer supply that 
provides the electrical poWer used to execute the electro 
chemical processing operations. Preferably, at least some of 
the electrodes are connected to different electrical nodes so 
that the electrical poWer provided to them by the poWer 
supply may be provided independent of the electrical poWer 
provided to other electrodes in the array. 

[0014] Electrode arrays having a plurality of electrodes 
facilitate localiZed control of the electrical parameters used 
to electrochemically process the microelectronic Workpiece. 
This localiZed control of the electrical parameters can be 
used to provide greater uniformity of the electrochemical 
processing across the surface of the microelectronic Work 
piece When compared to single electrode systems Without 
necessitating hardWare changes. HoWever, determining the 
electrical parameters for each of the electrodes in the array 
to achieve the desired process uniformity can be problem 
atic. Typically, the electrical parameter (i.e., electrical cur 
rent, voltage, etc.) for a given electrode in a given electro 
chemical process is determined experimentally using a 
manual trial and error approach. Using such a manual trial 
and error approach, hoWever, can be very time-consuming. 
Further, the electrical parameters do not easily translate to 
other electrochemical processes. For example, a given set of 
electrical parameters used to electroplate a metal to a thick 
ness X onto the surface of a microelectronic Workpiece 
cannot easily be used to derive the electrical parameters used 
to electroplate a metal to a thickness Y. Still further, the 
electrical parameters used to electroplate a desired ?lm 
thickness X of a given metal (e.g., copper) are generally not 
suitable for use in electroplating another metal (e.g. plati 
num). Similar de?ciencies in this trial and error approach are 
associated With other types of electrochemical processes 
(i.e., anodiZation, electropolishing, etc.). Also, this manual 
trial and error approach often must be repeated in several 
common circumstances, such as When the thickness or level 
of uniformity of the seed layer changes, When the target 
plating thickness or pro?le changes, or When the plating rate 
changes. 
[0015] In vieW of the foregoing, a system for electro 
chemically processing a microelectronic Workpiece that can 
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be used to automatically identify electrical parameters that 
cause a multiple electrode array to achieve a high level of 
uniformity for a Wide range of electrochemical processing 
variables (e.g., seed layer thicknesses, seed layer types, 
electroplating materials, etc.) Would have signi?cant utility. 

SUMMARY 

[0016] In the folloWing, a facility for automatically iden 
tifying electrical parameters that produce a high level of 
uniformity in electrochemically processing a microelec 
tronic Workpiece is described. Embodiments of this facility 
are adapted to accommodate various electrochemical pro 
cesses; reactor designs and conditions; plating materials and 
solutions; Workpiece dimensions, materials, and conditions, 
and the nature and condition of existing coatings on the 
Workpiece. Accordingly, use of the facility may typically 
result in substantial automation of electrochemical process 
ing, even Where a large number of variables in different 
dimensions are present. Such automation has the capacity to 
reduce the cost of skilled labor required to oversee a 
processing operation, as Well as increase output quality and 
throughput. Additionally, use of the facility can both stream 
line and improve the process of designing neW electroplating 
reactors. 

[0017] In one exemplary embodiment, the facility is 
embodied in a processing container for electrochemically 
processing a microelectronic Workpiece. The processing 
container includes a principal ?uid ?oW chamber. At differ 
ent elevations in the principal ?uid ?oW chamber, a number 
of concentric anodes are disposed so as to place the con 
centric anodes at different distances from a microelectronic 
Workpiece under process. The processing container further 
includes a controller that is con?gured to deliver through 
each of the concentric anodes a current that is both (a) based 
upon a current delivery through the concentric anode to 
process an earlier-processed microelectronic Workpiece and 
(b) selected to produce a more uniform processing of the 
Workpiece under process then the processing of the earlier 
processed microelectronic Workpiece. 

[0018] In another exemplary embodiment, the facility 
electroplates the material on a microelectronic Workpiece. 
The facility introduces at least one surface of the microelec 
tronic Workpiece into an electroplating bath. The facility 
provides a plurality of anodes in the electroplating bath, 
spaced at different distances from the surface of the micro 
electronic Workpiece that is to be electroplated. For each of 
the anodes, the facility induces an electrical current betWeen 
the anode and the surface of the microelectronic Workpiece. 
The induced electrical current is (a) based on an electrical 
current induced betWeen the anode and a previously elec 
troplated microelectronic Workpiece and (b) selected to 
improve on an electroplating result achieved for the previ 
ously electroplated microelectronic Workpiece. 

[0019] In a further exemplary embodiment, the facility 
performs a sensitivity analysis of the electroplating that is a 
basis for selecting the induced electric currents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a process schematic diagram shoWing 
inputs and outputs of the optimiZer. 

[0021] FIG. 2 is a process schematic diagram shoWing a 
branched correction system utiliZed by some embodiments 
of the optimiZer. 
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[0022] FIG. 3 is schematic block diagram of an electro 
chemical processing system constructed in accordance With 
one embodiment of the optimiZer. 

[0023] FIG. 4 is a ?oWchart illustrating one manner in 
Which the optimiZer of FIG. 3 can use a predetermined set 
of sensitivity values to generate a more accurate electrical 
parameter set for use in meeting targeted physical charac 
teristics in the processing of a microelectronic Workpiece. 

[0024] FIG. 5 is a graph of a sample J acobian sensitivity 
matriX for a multiple-electrode reaction chamber. 

[0025] FIG. 6 is a spreadsheet diagram shoWing the neW 
current outputs calculated from the inputs for the ?rst 
optimiZation run. 

[0026] FIG. 7 is a spreadsheet diagram shoWing the neW 
current outputs calculated from the inputs for the second 
optimiZation run. 

[0027] FIG. 8 is a schematic diagram of one embodiment 
of a process container that may be used in the reactor 
assembly shoWn in FIG. 3, and includes an illustration of the 
velocity ?oW pro?les associated With the How of the pro 
cessing ?uid through the reactor chamber. 

[0028] FIGS. 9 and 10 illustrate one embodiment of a 
complete processing chamber assembly that may be used in 
connection With the present invention. 

[0029] FIGS. 11 and 12 are cross-sectional vieWs of 
computer-generated velocity ?ow contours of the processing 
chamber embodiment of FIGS. 9 and 10. 

[0030] FIGS. 13 and 14 illustrate a modi?ed version of 
the processing chamber of FIGS. 9 and 10. 

[0031] FIGS. 15 and 16 illustrate tWo embodiments of 
processing tools that may incorporate one or more process 
ing stations that are constructed and operate in accordance 
With the teachings of the present invention. 

DETAILED DESCRIPTION 

[0032] A facility for automatically selecting an d re?ning 
electrical parameters for processing a microelectronic Work 
piece (“the optimizer”) is disclosed. In many embodiments, 
the optimiZer determines process parameters affecting the 
processing of a round Workpiece as a function of processing 
results at various radii on the Workpiece. In some embodi 
ments, the optimiZer adjusts the electrode currents for a 
multiple electrode electroplating chamber, such as multiple 
anode reaction chambers of the Paragon tool provided by 
Semitool, Inc. of Kalispell, Mont., in order to achieve a 
speci?ed thickness pro?le (i.e., ?at, convex, concave, etc.) 
of a coating, such as a metal or other conductor, applied to 
a semiconductor Wafer. The optimiZer adjusts electrode 
currents for successive Workpieces to compensate for 
changes in the thickness of the seed layer of the incoming 
Workpiece (a source of feed forWard control), and/or to 
correct for non-uniformities produced in prior Wafers at the 
anode currents used to plate them (a source of feedback 
control). In this Way, the optimiZer is able to quickly achieve 
a high level of uniformity in the coating deposited on 
Workpieces Without substantial manual intervention. 

[0033] The facility typically operates an electroplating 
chamber containing a principal ?uid ?oW chamber, and a 
plurality of electrodes disposed in the principal ?uid ?oW 
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chamber. The electroplating chamber typically further con 
tains a Workpiece holder positioned to hold at least one 
surface of the microelectronic Workpiece in contact With an 
electrochemical processing ?uid in the principal ?uid ?oW 
chamber, at least during electrochemical processing of the 
microelectronic Workpiece. One or more electrical contacts 
are con?gured to contact the at least one surface of the 
microelectronic Workpiece, and an electrical poWer supply is 
connected to the one or more electrical contacts and to the 

plurality of electrodes. At least tWo of the plurality of 
electrodes are independently connected to the electrical 
poWer supply to facilitate independent supply of poWer 
thereto. The apparatus also includes a control system that is 
connected to the electrical poWer supply to control at least 
one electrical poWer parameter respectively associated With 
each of the independently connected electrodes. The control 
system sets the at least one electrical poWer parameter for a 
given one of the independently connected electrodes based 
on one or more user input parameters and a plurality of 
predetermined sensitivity values; Wherein the sensitivity 
values correspond to process perturbations resulting from 
perturbations of the electrical poWer parameter for the given 
one of the independently connected electrodes. 

[0034] For eXample, although the present invention is 
described in the context of electrochemical processing of the 
microelectronic Workpiece, the teachings herein can also be 
eXtended to other types of microelectronic Workpiece pro 
cessing. In effect, the teachings herein can be eXtended to 
other microelectronic Workpiece processing systems that 
have individually controlled processing elements that are 
responsive to control parameters and that have interdepen 
dent effects on a physical characteristic of the microelec 
tronic Workpiece that is processed using the elements. Such 
systems may employ sensitivity tables or matrices as set 
forth herein and use them in calculations With one or more 
input parameters sets to arrive at control parameter values 
that accurately result in the targeted physical characteristic 
of the microelectronic Workpiece. 

[0035] FIG. 1 is a process schematic diagram shoWing 
inputs and outputs of the optimiZer. FIG. 1 shoWs that the 
optimiZer 140 uses up to three sources of input: baseline 
currents 110, seed change 120, and thickness error 130. The 
baseline currents 110 are the anode currents used to plate the 
previous Wafer or another set of currents for Which plating 
thickness results are knoWn. For the ?rst Workpiece in a 
sequence of Workpieces, the baseline currents used to plate 
the Wafer are typically speci?ed by a source other than the 
optimiZer. For eXample, they may be speci?ed by a recipe 
used to plate the Wafers, or may be manually determined. 

[0036] The seed change 120 is the difference betWeen the 
thickness of the seed layer of the incoming Wafer 121 and 
the thickness of the seed layer of the previous plated Wafer 
122. The seed change input 120 is said to be a source of 
feed-forWard control in the optimiZer, in that it incorporates 
information about the upcoming plating cycle, as it re?ects 
the measurement the Wafer to be plated in the upcoming 
plating cycle. Thickness error 130 is the difference in 
thickness betWeen the previous plated Wafer 132 and the 
target thickness pro?le 131 speci?ed for the upcoming 
plating cycle. The thickness error 130 is said to be a source 
of feedback control, because it incorporates information 
from an earlier plating cycle, that is, the thickness of the 
Wafer plated in the previous plating cycle. 
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[0037] FIG. 1 further shows that the optimizer outputs 
neW plating charges 150 for each electrode in the upcoming 
plating cycle, expressed in amp-minute units. The neW 
plating charges output is combined With a recipe schedule 
and a current Waveform 161 to generate the currents 162, in 
amps, to be delivered through each electrode at each point 
in the recipe schedule. These neW currents are used by the 
plating process to plate a Wafer in the next plating cycle. In 
embodiments in Which different types of poWer supplies are 
used, other types of control parameters are generated by the 
optimiZer for use in operating the poWer supply. For 
example, Where a voltage control poWer supply is used, the 
control parameters generated by the optimiZer are voltages, 
expressed in volts. The Wafer so plated is then subjected to 
post-plating metrology to measure its plated thickness 132. 

[0038] While the optimiZer is shoWn as receiving inputs 
and producing outputs at various points in the processing of 
these values, it Will be understood by those in the art that the 
optimiZer may be variously de?ned to include or exclude 
aspects of such processing. For example, While FIG. 1 
shoWs the generation of seed change from baseline Wafer 
seed thickness and seed layer thickness outside the opti 
miZer, it is contemplated that such generation may alterna 
tively be performed Within the optimiZer. 

[0039] FIG. 2 is a process schematic diagram shoWing a 
branched correction system utiliZed by some embodiments 
of the optimiZer. The branched adjustment system utiliZes 
tWo independently-engageable correction adjustments, a 
feedback adjustment (230, 240, 272) due to thickness errors 
and a feed forWard adjustment (220, 240, 271) due to 
incoming seed layer thickness variation. When the anode 
currents produce an acceptable uniformity, the feedback 
loop may be disengaged from the transformation of baseline 
currents 210 to neW currents 280. The feed forWard com 
pensation may be disengaged in situations Where the seed 
layer variations are not expected to affect thickness unifor 
mity. For example, after the ?rst Wafer of a similar batch is 
corrected for, the feed-forWard compensation may be dis 
engaged and the corrections may be applied to each sequen 
tial Wafer in the batch. 

[0040] FIG. 3 is schematic block diagram of an electro 
chemical processing system constructed in accordance With 
one embodiment of the optimiZer. FIG. 3 shoWs a reactor 
assembly 20 for electrochemically processing a microelec 
tronic Workpiece 25, such as a semiconductor Wafer, that can 
be used in connection With the present invention. Generally 
stated, an embodiment of the reactor assembly 20 includes 
a reactor head 30 and a corresponding reactor base or 
container shoWn generally at 35. The reactor base 35 can be 
a boWl and cup assembly for containing a How of an 
electrochemical processing solution. The reactor 20 of FIG. 
3 can be used to implement a variety of electrochemical 
processing operations such as electroplating, electropolish 
ing, anodiZation, etc., as Well as to implement a Wide variety 
of other material deposition techniques. For purposes of the 
folloWing discussion, aspects of the speci?c embodiment set 
forth herein Will be described, Without limitation, in the 
context of an electroplating process. 

[0041] The reactor head 30 of the reactor assembly 20 can 
include a stationary assembly (not shoWn) and a rotor 
assembly (not shoWn). The rotor assembly may be con?g 
ured to receive and carry an associated microelectronic 
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Workpiece 25, position the microelectronic Workpiece in a 
process-side doWn orientation Within reactor container 35, 
and to rotate or spin the Workpiece. The reactor head 30 can 
also include one or more contacts 85 (shoWn schematically) 
that provide electroplating poWer to the surface of the 
microelectronic Workpiece. In the illustrated embodiment, 
the contacts 85 are con?gured to contact a seed layer or other 
conductive material that is to be plated on the plating surface 
microelectronic Workpiece 25. It Will be recogniZed, hoW 
ever, that the contacts 85 can engage either the front side or 
the backside of the Workpiece depending upon the appro 
priate conductive path betWeen the contacts and the area that 
is to be plated. Suitable reactor heads 30 With contacts 85 are 
disclosed in US. Pat. No. 6,080,291 and US. application 
Ser. Nos. 09/386,803; 09/386,610; 09/386,197; 09/717,927; 
and 09/823,948, all of Which are expressly incorporated 
herein in their entirety by reference. 

[0042] The reactor head 30 can be carried by a lift/rotate 
apparatus that rotates the reactor head 30 from an upWardly 
facing orientation in Which it can receive the microelectronic 
Workpiece to a doWnWardly facing orientation in Which the 
plating surface of the microelectronic Workpiece can contact 
the electroplating solution in reactor base 35. The lift/rotate 
apparatus can bring the Workpiece 25 into contact With the 
electroplating solution either coplanar or at a given angle. A 
robotic system, Which can include an end effector, is typi 
cally employed for loading/unloading the microelectronic 
Workpiece 25 on the head 30. It Will be recogniZed that other 
reactor assembly con?gurations may be used With the inven 
tive aspects of the disclosed reactor chamber, the foregoing 
being merely illustrative. 

[0043] The reactor base 35 can include an outer over?oW 
container 37 and an interior processing container 39. A How 
of electroplating ?uid ?oWs into the processing container 39 
through an inlet 42 (arroW I). The electroplating ?uid ?oWs 
through the interior of the processing container 39 and 
over?oWs a Weir 44 at the top of processing container 39 
(arroW The ?uid over?oWing the Weir 44 then passes 
through an over?oW container 37 and exits the reactor 20 
through an outlet 46 (arroW O). The ?uid exiting the outlet 
46 may be directed to a recirculation system, chemical 
replenishment system, disposal system, etc. 

[0044] The reactor 20 also includes an electrode in the 
processing container 39 to contact the electrochemical pro 
cessing ?uid (e.g., the electroplating ?uid) as it ?oWs 
through the reactor 20. In the embodiment of FIG. 3, the 
reactor 20 includes an electrode assembly 50 having a base 
member 52 through Which a plurality of ?uid ?oW apertures 
54 extend. The ?uid ?oW apertures 54 assist in disbursing 
the electroplating ?uid ?oW entering inlet 42 so that the How 
of electroplating ?uid at the surface of microelectronic 
Workpiece 25 is less localiZed and has a desired radial 
distribution. The electrode assembly 50 also includes an 
electrode array 56 that can comprise a plurality of individual 
electrodes 58 supported by the base member 52. The elec 
trode array 56 can have several con?gurations, including 
those in Which electrodes are disposed at different distances 
from the microelectronic Workpiece. The particular physical 
con?guration that is utiliZed in a given reactor can depend on 
the particular type and shape of the microelectronic Work 
piece 25. In the illustrated embodiment, the microelectronic 
Workpiece 25 is a disk-shaped semiconductor Wafer. 
Accordingly, the present inventors have found that the 




























