
US 20020084183A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0084183 A1 

Hanson et al. (43) Pub. Date: Jul. 4, 2002 

(54) APPARATUS AND METHOD FOR 

(76) 

(21) 

(22) 

(62) 

(51) 

ELECTROCHEMICALLY PROCESSING A 
MICROELECTRONIC WORKPIECE 

Inventors: Kyle M. Hanson, Kalispell, MT (US); 
Scott Grace, Kalispell, MT (US); Matt 
Johnson, Kalispell, MT (US); Ken 
Gibbons, Kalispell, MT (US) 

Correspondence Address: 
PERKINS COIE LLP 
PATENT-SEA 
PO. BOX 1247 
SEATTLE, WA 98111-1247 (US) 

Appl. No.: 10/059,907 

Filed: Jan. 29, 2002 

Related US. Application Data 

Division of application No. 09/531,828, ?led on Mar. 
21, 2000, now patented. 

Publication Classi?cation 

(52) US. Cl. ................................. .. 204/224 R; 204/275.1 

(57) ABSTRACT 

A reactor for use in electrochemical processing of a micro 
electronic workpiece is set forth and described herein. The 
apparatus comprises one or more walls de?ning a processing 
space therebetween for containing a processing ?uid The 
processing space includes at least a ?rst ?uid ?ow region and 
a second ?uid ?ow region A?rst electrode is disposed in the 
processing ?uid of the ?rst ?uid ?ow region while a second 
electrode, comprising at least a portion of the microelec 
tronic workpiece, is disposed in the processing ?uid of the 
second ?uid ?ow region. Fluid ?ow within the ?rst ?uid 
?ow region is generally directed toward the ?rst electrode 
and away from the second electrode while ?uid ?ow within 
the second ?uid ?ow region is generally directed toward the 
second electrode and away from the ?rst electrode Depend 
ing on the particular electrochemical process that is to be 
executed, the ?rst electrode may constitute either an anode 
or a cathode in the electrochemical processing of the micro 
electronic workpiece The foregoing reactor architecture is 
particularly useful in connection with electroplating of the 
microelectronic workpiece and, more particularly, in elec 

Int. Cl.7 ........................... .. C25D 17/00; C25F 7/00; troplating operations that employ a consumable anode, such 
C25B 9/00 as a phosphoriZed copper anode. 
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APPARATUS AND METHOD FOR 
ELECTROCHEMICALLY PROCESSING A 
MICROELECTRONIC WORKPIECE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not Applicable 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] The present invention is directed to an apparatus 
for electrochemically processing a microelectronic Work 
piece. More particularly, the present invention is directed to 
a reactor assembly for electrochemically depositing, elec 
trochemically removing and/or electrochemically altering 
the characteristics of a thin ?lm material, such as a metal or 
dielectric, at the surface of a microelectronic Workpiece, 
such as a semiconductor Wafer. For purposes of the present 
application, a microelectronic Workpiece is de?ned to 
include a Workpiece formed from a substrate upon Which 
microelectronic circuits or components, data storage ele 
ments or layers, and/or micro-mechanical elements are 
formed. 

[0004] Production of semiconductor integrated circuits 
and other microelectronic devices from Workpieces, such as 
semiconductor Wafers, typically requires formation and/or 
electrochemical processing of one or more thin ?lm layers 
on the Wafer. These thin ?lm layers are often in the form of 
a deposited metal that is used, for eXample, to electrically 
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. 

[0005] The microelectronic manufacturing industry has 
applied a Wide range of thin ?lm layer materials to form such 
microelectronic structures. These thin ?lm materials include 
metals and metal alloys such as, for eXample, nickel, tung 
sten, tantalum, solder, platinum, copper, copper-Zinc, etc., as 
Well as dielectric materials, such as metal oXides, semicon 
ductor oXides, and perovskite materials. 

[0006] A Wide range of processing techniques have been 
used to deposit and/or alter the characteristics of such thin 
?lm layers. These techniques include, for eXample, chemical 
vapor deposition (CVD), physical vapor deposition (PVD), 
anodiZing, electroplating, and electroless plating. Of these 
techniques, electrochemical processing techniques (i.e., 
electroplating, anodiZing, and electroless plating) tend to be 
the most economical and, as such, the most desirable. Such 
electrochemical processing techniques can be used in the 
deposition and/or alteration of blanket metal layers, blanket 
dielectric layers, patterned metal layers, and patterned 
dielectric layers. 

[0007] One of the process sequences used in the micro 
electronic manufacturing industry to deposit a metal onto 
semiconductor Wafers is referred to as “damascene” pro 
cessing. In such processing, holes, commonly called “vias”, 
trenches and/or other micro-recesses are formed onto a 
Workpiece and ?lled With a metal, such as copper and/or a 
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copper alloy. In the damascene process, the Wafer is ?rst 
provided With a metallic seed layer Which is used to conduct 
electrical current during a subsequent metal electroplating 
step. If a metal such as copper is used, the seed layer is 
disposed over a barrier layer material, such as Ti, TiN, etc. 
The seed layer is a very thin layer of metal, such as copper, 
gold, nickel, palladium, etc., Which can be applied using one 
or more of several processes. The seed layer is formed over 
the surface of the semiconductor Wafer, Which is convoluted 
by the presence of the vias, trenches, or other recessed 
device features. 

[0008] A metal layer is then electroplated onto the seed 
layer in the form of a blanket layer. The blanket layer is 
plated to form an overlying layer, With the goal of providing 
a metal layer that ?lls the trenches and vias and eXtends a 
certain amount above these features. Such a blanket layer 
Will typically have a thickness on the order of 10,000 to 
15,000 angstroms (1-15 microns). 
[0009] After the blanket layer has been electroplated onto 
the semiconductor Wafer, eXcess metal material present 
outside of the vias, trenches, or other recesses is removed. 
The metal is removed to provide a resulting pattern of metal 
layer in the semiconductor integrated circuit being formed. 
The eXcess plated material can be removed, for eXample, 
using chemical mechanical planariZation. Chemical 
mechanical planariZation is a processing step Which uses the 
combined action of a chemical removal agent and an abra 
sive Which grinds and polishes the eXposed metal surface to 
remove undesired parts of the metal layer applied in the 
electroplating step. 
[0010] The electroplating of the semiconductor Wafers 
takes place in a reactor assembly. In such an assembly, an 
anode electrode is disposed in a plating bath, and the Wafer 
With the seed layer thereon is used as a cathode. Only a 
loWer face of the Wafer contacts the surface of the plating 
bath. The Wafer is held by a support system that also 
conducts the requisite electroplating poWer (e.g. cathode 
current) to the Wafer. 

[0011] Several technical problems must be overcome in 
designing reactors used in the electrochemical processing of 
microelectronic Workpieces, such as semiconductor Wafers. 
One such problem relates to the formation of particulates 
contamination, gas bubbles, etc, that form at the surface of 
the anode (or, in the case of anodiZation, both the cathode 
and anode) during the electrochemical process. Although 
such problems eXist in connection With the Wide range of 
electrochemical processes, the discussion beloW focuses on 
those problems associated With electroplating a metal onto 
the surface of the microelectronic Workpiece. 

[0012] Generally stated, electroplating occurs as a result 
of an electrochemical reduction reaction that takes place at 
the cathode, Where atoms of the material to be plated are 
deposited onto the cathode by supplying electrons to attract 
positively charged ions. The atoms are formed from ions 
present in the plating bath. In order to sustain the reaction, 
the ions in the plating bath must be replenished. Replenish 
ment is generally accomplished through the use of a con 
sumable anode or through the use of an external chemical 
source, such as a bath additive, containing the ions or an 
ion-forming compound. 
[0013] As the thin ?lm layer is deposited onto the cathode, 
a corresponding electrochemical oxidation reaction takes 
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place at the anode. During this corresponding electrochemi 
cal reaction, byproducts from the electrochemical reaction, 
such as particulates, precipitates, gas bubbles, etc, may be 
formed at the surface of the anode. Such byproducts may 
then be released into the processing bath and interfere With 
the proper formation of the thin-?lm layer at the surface of 
the microelectronic Workpiece. Furthermore if these byprod 
ucts are alloWed to remain present in the processing ?uid at 
elevated levels near the anode, they can affect current ?oW 
during the plating process and/or affect further reactions that 
must take place at the anode if the electroplating is to 
continue. For example, if copper concentrations are alloWed 
to increase excessively, copper sulfate Will precipitate due to 
the common ion effect. In order to reduce and or eliminate 
this problem, electrolyte ?oW near the anode is maintained 
at a suf?cient level to alloW mixing of the dissolved species 
in the electrolyte. 

[0014] Such byproducts can be particularly problematic in 
those instances in Which the anode is consumable. For 
example, When copper is electroplated onto a Workpiece 
using a consumable phosphoriZed copper anode, a black 
anode ?lm is produced. The presence and consistency of the 
black ?lm is important to ensure uniform anode erosion. 
This oxide/salt ?lm is fragile, hoWever As such, it is possible 
to dislodge particulates from this black ?lm into the elec 
troplating solution. These particulates can then potentially 
be incorporated into the deposited ?lm With the undesired 
consequences. 

[0015] One technique for limiting the introduction of 
particulates and/or precipitates produced at the anode into 
the plating bath, has been to enclose the anode in an anode 
bag. The anode bag is typically made of a porous material, 
Which generally traps larger siZe particulates Within the 
anode bag, While alloWing smaller siZe particulates to be 
released external to the bag and into the plating bath. As the 
features of the structures and devices formed on the micro 
electronic Workpiece decrease in siZe, hoWever, the perfor 
mance of the structures and devices may be degraded by 
even the smaller siZe particulates. Furthermore, While the 
use of an anode bag Will restrict the larger particulates from 
traveling toWard the cathode and contaminating the plating 
surface or affecting the plating process taking place at the 
cathode, the anode bag Will also trap the larger particulates 
Within the proximity of the anode creating elevated levels of 
these byproducts, Which may limit the forWard electro 
chemical reaction taking place at the anode. Still further, the 
larger particulates can eventually block the porous nature of 
the anode bag and ultimately restrict even the regular ?uid 
?oW. 

[0016] The present inventors have recogniZed the forego 
ing problems and have developed a method and apparatus 
that assists in isolating byproducts that form at an electrode 
of an electrochemical processing apparatus to prevent them 
from interfering With the uniform electrochemical process 
ing of the Workpiece. 

BRIEF SUMMARY OF THE INVENTION 

[0017] A reactor for use in electrochemical processing of 
a microelectronic Workpiece is set forth and described 
herein. The apparatus comprises one or more Walls de?ning 
a processing space therebetWeen for containing a processing 
?uid. The processing space includes at least a ?rst ?uid ?oW 
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region and a second ?uid ?oW region. A ?rst electrode is 
disposed in the processing ?uid of the ?rst ?uid ?oW region 
While a second electrode, comprising at least a portion of the 
microelectronic Workpiece, is disposed in the processing 
?uid of the second ?uid ?oW region. Fluid ?oW Within the 
?rst ?uid ?oW region is generally directed toWard the ?rst 
electrode and aWay from the second electrode While ?uid 
?oW Within the second ?uid ?oW region is generally directed 
toWard the second electrode and aWay from the ?rst elec 
trode. Depending on the particular electrochemical process 
that is to be executed, the ?rst electrode may constitute 
either an anode or a cathode in the electrochemical process 
ing of the microelectronic Workpiece. The foregoing reactor 
architecture is particularly useful in connection With elec 
troplating of the microelectronic Workpiece and, more par 
ticularly, in electroplating operations that employ a consum 
able anode, such as a phosphoriZed copper anode. 

[0018] In accordance With one embodiment of the inven 
tion, the reactor comprises at least one pressure drop mem 
ber disposed in the processing ?uid of the processing space 
in an intermediate position betWeen the ?rst and second ?uid 
?oW regions and the ?rst and second ?uid ?oW regions are 
adjacent one another. 

[0019] The pressure drop member may comprise a per 
meable membrane that is disposed over an open end of a cup 
assembly Wherein the membrane is permeable to at least one 
of the ionic species in the processing ?uid. The cup assembly 
may comprise an electrode housing assembly having an 
inverted u-shaped lip, and an outer cup assembly. In accor 
dance With a further enhancement of this embodiment, the 
cup assembly further includes at least one outlet tube having 
an opening, Which extends into the space Within the inverted 
u-shaped lip of the electrode housing assembly. The outlet 
tube provides a path for processing ?uid, gas bubbles, and 
particulates to exit the cup assembly, While the pressure drop 
member restricts movement of the same into the second ?uid 
?oW region of the cup assembly. 

[0020] A method for processing a microelectronic Work 
piece is also set forth. In accordance With one embodiment 
of the method, a processing space containing processing 
?uid is divided into at least a ?rst ?uid ?oW region and a 
second ?uid ?oW region. A ?rst electrode is located Within 
the processing ?uid of the ?rst ?uid ?oW region and a second 
electrode comprising at least a portion of the microelectronic 
Workpiece is located Within the processing ?uid of the 
second ?uid ?oW region. A ?uid How of the processing ?uid 
is generated Within the ?rst ?uid ?oW region that is generally 
directed toWard the ?rst electrode and generally aWay from 
the second electrode While a ?uid How of the processing 
?uid Within the second ?uid ?oW region is generated that is 
generally directed toWard the second electrode and generally 
aWay from the ?rst electrode. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0021] FIG. 1 illustrates a cross sectional side vieW of a 
plating reactor in accordance With the present invention. 

[0022] FIG. 2 illustrates an isometric vieW of a conically 
shaped frame of a pressure drop member for use in the 
plating reactor illustrated in FIG 1. 

[0023] FIG. 3 illustrates an isometric vieW of the pressure 
drop member including the conically shaped frame, illus 
trated in FIG. 2, and a membrane attached thereto. 
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[0024] FIG. 4 illustrates an enlarged cross-sectional vieW 
of a portion of the plating reactor illustrated in FIG. 1. 

[0025] FIG. 5 illustrates an isometric vieW of one example 
of a ?eld shaping element for use in the plating reactor 
illustrated in FIG. 1. 

[0026] FIG. 6 illustrates an isometric vieW of another 
example of a ?eld shaping element for use in the plating 
reactor illustrated in FIG. 1. 

[0027] FIG. 7 illustrates an enlarged cross-sectional vieW 
of a portion of the plating reactor illustrated in FIG. 1, With 
the ?eld shaping elements illustrated in FIGS. 5 and 6 
similarly shoWn. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] FIG. 1 illustrates a cross-sectional side vieW of a 
reactor, shoWn generally at 10, for electrochemical process 
ing of a microelectronic Workpiece in accordance With one 
embodiment the present invention. In the particular embodi 
ment of the invention shoWn here, the reactor is adapted for 
electrochemical deposition of a metal, such as copper or 
copper alloy, on the surface of the microelectronic Work 
piece. Accordingly, the folloWing description includes 
express references to elements used in such electrochemical 
deposition processes. It Will be recogniZed, hoWever, that the 
reactor architecture is suitable for a Wide range of electro 
chemical processing operations including, for example, 
anodiZation of a surface of the Workpiece. 

[0029] The reactor 10 has a reactor head assembly 20 that 
assists in supporting the Workpiece during processing, and a 
corresponding processing space in the form of a reactor 
boWl assembly 30. Reactor boWl assembly 30 includes one 
or more Walls that de?ne a processing space that contains a 
processing ?uid, as Will be set forth in further detail beloW. 
This type of reactor assembly is particularly suited for 
effecting electroplating of semiconductor Wafers or like 
Workpieces, in Which the Wafer is electroplated With a 
blanket or patterned metallic layer. 

[0030] The reactor head assembly 20 and the reactor boWl 
assembly 30 of the illustrated embodiment may be moved 
relative to one another. For example, a lift and rotate 
mechanism, not shoWn, may be used in conjunction With the 
head and boWl assemblies 20, 30 to drive the reactor head 20 
in a vertical direction With respect to the reactor boWl 
assembly 30 and to rotate the reactor head assembly 20 
about a horiZontally disposed axis. By lifting and rotating 
the reactor head assembly 20, a Workpiece 45, such as a 
semiconductor Wafer, may be moved betWeen a load posi 
tion that alloWs the Workpiece 45 to be placed upon the head 
assembly 20, and a processing position in Which at least a 
portion of the Workpiece 45 is brought into contact With 
processing ?uid in the processing space of the reactor boWl 
assembly 30. When the Workpiece is in the processing 
position, it is generally oriented With the process side doWn 
Within the processing space. When the Workpiece 45 is in the 
load position, the Workpiece 45 is generally exposed outside 
of the reactor boWl assembly 30 With the process side 
directed upWard, for loading and unloading by, for example, 
a robotic Wafer transfer mechanism. One example of a 
suitable lift and rotate mechanism is described in connection 
With US. patent application Ser. No. 09/351,980, ?led Jul. 
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12, 1999, entitled “Lift and Rotate Mechanism for Use in a 
Workpiece Processing Apparatus”, the disclosure of Which is 
incorporated herein by reference. 

[0031] Preferably, the reactor head assembly 20 includes a 
stationary assembly 50 and a rotor assembly 55 The rotor 
assembly 55 is con?gured With one or more structures that 
serve to support the Workpiece and to rotate the Workpiece 
45 about a generally vertical axis during, for example, 
Workpiece processing. 
[0032] In the reactor embodiment of FIG. 1, the Work 
piece 45 is held in place, With respect to the rotor assembly 
55 by contact assembly 60. In addition to holding the 
Workpiece 45 in place, the contact assembly 60 may include 
one or more electrical contacts that are disposed to engage 
the Workpiece 45 for applying electrical poWer used in the 
electrochemical processing operation. One embodiment of a 
contact assembly is described in detail in connection With 
US. patent application Ser. No. 09/386,803, ?led Aug. 31, 
1999, entitled “Method and Apparatus for Processing the 
Surface of a Microelectronic Workpiece”, the disclosure of 
Which is incorporated herein by reference. It Will be recog 
niZed, hoWever, that other contact architectures, such as 
discrete ?nger contacts or the like, are also suitable depend 
ing on the desired electrochemical processing that is to take 
place in the reactor 10. One J-hook design described in 
connection With US. patent application Ser. No. 08/680, 
057, ?led Jul. 15, 1996, entitled “Electrode Semiconductor 
Workpiece Holder”, the disclosure of Which is similarly 
incorporated herein by reference. 

[0033] During processing, the Workpiece 45 is brought 
into contact With processing ?uid located Within the reactor 
boWl assembly 30. In the illustrated embodiment, reactor 
boWl assembly 30 comprises a reactor base assembly 65 
that, in turn, includes process cup assembly 75 and an 
electrode housing assembly 70. The process cup assembly 
75 includes a plurality of Wall structures that de?ne a 
processing space therebetWeen. The electrode housing 
assembly 70 is located Within the process cup assembly 75 
and includes therein an electrode 105 used in electrochem 
nical processing of a Workpiece 45. 

[0034] Generally stated, the processing space Within the 
process cup assembly 75 includes at least tWo process ?uid 
?oW regions. The ?rst ?uid ?oW region is proximate the 
upper end and interior to the electrode housing assembly 70 
While the second ?oW region includes the region at the upper 
end of processing cup 75 proximate Workpiece 45. As Will 
be explained in further detail beloW, processing ?uid How in 
the ?rst ?uid ?oW region is generally directed toWard the 
interior of the electrode housing assembly 70 and, more 
particularly, toWard a surface of the electrode 105, and 
generally aWay from the Workpiece 45. In contrast, the How 
of processing ?uid in the second ?uid ?oW region is gen 
erally directed toWard the Workpiece 45 and generally aWay 
from electrode 105. One arrangement of structures that can 
be used to accomplish this ?uid ?oW pattern is described in 
detail beloW. 

[0035] The electrode housing assembly 70 of the illus 
trated embodiment includes a housing member 72, Which is 
generally boWl shaped and includes an end that is open 
toWard the Workpiece 45. A pressure drop member 90 is 
disposed over the open end of the housing member 72. The 
pressure drop member 90 assists in dividing the processing 
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space into the aforementioned ?rst ?uid ?oW region 95 and 
second ?uid ?oW region 100. 

[0036] The housing member 72 may have a lip 80 located 
at the opening or the rim thereof that extends radially 
inWards and then doWnWard toWard the base of the assem 
bly. The lip 80 may have a cross section in the shape of an 
inverted “u” that de?nes a space 85 located therein, Which 
extends around the circumference of the electrode housing 
assembly 70. The lip 80 may serve as the locus of the 
engagement betWeen the housing member 72 and the pres 
sure drop member 90. Together, the housing member 72 and 
pressure drop member 90 de?ne an interior electrode cham 
ber in Which electrode 105 is disposed. 

[0037] The pressure drop member 90 may be conically 
shaped, and have an apex oriented so as to extend doWnWard 
into the interior electrode chamber. To this end, the pressure 
drop member 90 may comprise a conically shaped frame 
110, and a permeable membrane 115 that is ?xed With the 
surface of the conically shaped frame 110. The conically 
shaped frame 110 is particularly illustrated in FIG. 2 While 
the conically shaped frame 110 With the membrane 115 ?xed 
thereto is particularly illustrated in FIG. 3. The membrane 
115 may be ?uid permeable or only permeable to at least one 
of the ionic species in the processing ?uid. In this latter 
instance, the reactor may be augmented With separate inlets 
and outlets respectively associated With each of the ?uid 
?oW regions. 

[0038] FIG. 2 is an isometric vieW of the conically shaped 
frame 110 of the pressure drop member 90. The conically 
shaped frame 110 includes a continuous circular base mem 
ber 120, and a plurality of ribs 125 Which extend betWeen the 
circular base member 120 and the point 130 of the conical 
shape. In the frame 110 at the place Where the point 130 of 
the conical shape Would be located, the conically shaped 
frame 110 includes a circular opening 135. The opening 135 
in the frames avoids a large area near the point 130 of the 
conical shape, Which might otherWise trap ?uid and/or 
substantially restrict ?uid or current ?oW. 

[0039] Located around the circumference of the circular 
base member 120 of the conically shaped frame 110 is a 
protrusion 140, Which extends outWard from the circular 
base member 120 and is adapted for engaging a groove 145 
located in the inverted u-shaped lip 80 of the electrode 
housing assembly 70 (shoWn more clearly in FIG. 4). 

[0040] FIG. 3 is an isometric vieW of the pressure drop 
member 90, including the conically shaped frame 110 illus 
trated in FIG. 2, With the membrane 115 attached thereto. 
The membrane 115 may be comprised of a plastic ?lter type 
media, or other media that at least partially restricts the How 
of processing ?uid ?oW therethrough. The membrane 115 
also assists in preventing larger siZe particulates, precipi 
tates, and/or gas bubbles from crossing the pressure drop 
member 90 and entering the second ?uid ?oW region. 

[0041] The membrane 115 is preferably formed into a 
conical shape, by cutting a triangular pie-shaped notch in the 
membrane material. The resulting edges formed by the 
triangular shaped notch may then be joined and held 
together With, for example, a single ultrasonic Weld seam 
150. The membrane 115 is then attached to the conical 
shaped frame 110 using a similar ultrasonic Weld along the 
ribs 125 and the continuous perimeter of the circular base 
member 120. 
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[0042] The circular base member 120, ribs 125 and mem 
brane 115 are preferably formed from polypropylene, poly 
ethylene, polyvinylidene ?uoride, or other ?uorocarbon type 
plastic. Such plastics are generally chemically inert With 
respect to the processing Which is likely to take place in the 
plating reactor 10. 

[0043] In an alternative embodiment, the pressure drop 
membrane is formed from a suf?ciently resilient membrane 
Which does not require an underlying frame structure. 

[0044] Further alternative embodiments include the pres 
sure drop member being formed from a pressed disk of 
porous ceramic or porous glass. 

[0045] Referring back to FIG. 1, the plating reactor 10 
further includes a ?uid inlet 155 located Within a riser tube 
160 near the bottom of the cup assembly 65 for receiving 
processing ?uid. The processing ?uid is generally received 
from a ?uid reservoir located external to the plating reactor 
10. 

[0046] The processing ?uid received via the ?uid inlet 155 
initially enters the second ?uid ?oW region 100 of the cup 
assembly 65 via the space 165 formed betWeen the electrode 
housing assembly 70 and the process cup assembly 75. The 
processing ?uid generally folloWs a How corresponding to 
the direction of arroWs illustrated in FIG. 1. While in the 
second ?uid ?oW region 100, the processing ?uid comes into 
contact With the Workpiece 45 When in a processing position. 

[0047] By placing the anode 105 in the ?rst ?uid ?oW 
region 95 Within the electrode housing assembly 70 and 
having the processing ?uid enter the cup assembly 65 via the 
second ?uid ?oW region 100, the anode 105 is isolated from 
the ?uid ?oW When the processing ?uid initially enters the 
cup assembly 65. Correspondingly, the processing ?uid does 
not directly impinge upon the anode 105, Which may be a 
consumable anode. As a result the useful life of the anode 
105 is prolonged. 

[0048] In connection With the electrode housing assembly 
70, the plating reactor includes a ?uid outlet tube 165. The 
?uid outlet tube 165 has an opening 170, Which extends into 
the space 85 formed Within the inverted u-shaped lip 80 of 
the electrode housing assembly 70. The addition of process 
ing ?uid into second ?uid ?oW region 100 via the ?uid inlet 
155 and the exit of ?uid from the ?rst ?uid ?oW region 95 
via the opening 170 in the ?uid outlet tube 165, creates a 
pressure differential betWeen the ?rst ?uid ?oW region 95 
and the second ?uid ?oW region 100 in Which the pressure 
in the ?rst ?uid ?oW region 95 is loWer than the pressure in 
the second ?uid ?oW region 100. In the upper region of the 
reactor, ?uid Will ?oW from the second ?uid ?oW region 100 
into the ?rst ?uid ?oW region 95 through the pressure drop 
member 90 in an attempt to equaliZe pressure betWeen the 
regions. 

[0049] The pressure drop member 90 provides some resis 
tance to the How of ?uid across the semi-porous membrane 
115. As such, the pressure equalizing How of processing 
?uid is someWhat restricted. Restricting the How of ?uid 
across the pressure drop member 90 has several effects. For 
example, the How of process ?uid across the pressure drop 
member 90 is distributed more evenly along the surface of 
the pressure drop member 90. Further, the restricted ?oW 
facilitates generation of a pressure differential betWeen the 
?rst ?uid ?oW region 95 and the second ?uid ?oW region 
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100. Because the pressure in the second ?uid ?oW region 
100 is maintained at a level that is slightly higher than the 
pressure in the ?rst region, ?uid ?oW from the ?rst ?uid ?oW 
region 95 into the second ?uid ?oW region 100 across the 
pressure drop member 90 is unlikely. This pressure differ 
ential, in turn, effectively restricts passage of any byproducts 
formed at electrode 105 during the electrochemical reaction 
to an area Within the ?rst ?uid ?oW region 95 and assists in 
preventing such byproducts from reaching the surface of the 
Workpiece 45. Rather, the byproducts generated Within ?uid 
?oW region 95 can be directed from the processing space 
through the ?uid outlet tube 165. Such an arrangement 
alloWs for separate processing of the processing ?uid over 
?oWing Weir 180 and ?uid exiting ?uid outlet 165. Special 
?ltering or processing of the processing ?uid exiting the ?rst 
?uid ?oW may be employed to particularly remove any of 
the unWanted byproducts before the processing ?uid is 
mixed and/or processed With the processing ?uid over?oW 
ing Weir 180 for recirculation to the plating reactor 10 via the 
?uid inlet 155. As a result, exposure of the Workpiece 45 to 
potentially harmful byproducts produced at the electrode 
105 is substantially limited and/or can more easily be 
controlled using the illustrated reactor architecture. 

[0050] Since the pressure drop member 90 is conically 
shaped and extends doWnWard into the electrode housing 
assembly 70, it has a surface at the interior electrode 
chamber that is oriented at an angle. The angle at Which the 
surface of the pressure drop member is de?ned so that the 
highest point of the pressure drop member 90 is proximate 
to the u-shaped lip 80 of the electrode housing assembly 70. 
The angled surface of the pressure drop member directs any 
particulates, precipitates or gas bubbles formed at the elec 
trode 105 aWay from the center of the electrode housing 
assembly toWard the periphery and into the space 85 Within 
the u-shaped lip 80 of the electrode housing assembly 70. 
Not only does the angled surface of the pressure drop 
member move the byproducts aWay from the center of the 
processing area Where they can otherWise adversely affect 
uniform current ?oW, the pressure drop member also assists 
in driving the byproducts toWard the opening 170 of the ?uid 
outlet tube 165. Eventually the particulates, precipitates 
and/or gas bubbles exit the cup assembly 65 along With the 
processing ?uid via ?uid outlet tube 165. This is more 
clearly shoWn in connection With FIG. 4. 

[0051] FIG. 4 illustrates an enlarged cross-sectional vieW 
of an upper portion of the electrode housing assembly 70 of 
FIG. 1. More particularly, it illustrates the portion of the 
reactor boWl assembly 30 at Which the pressure drop mem 
ber 90 engages the u-shaped lip 80 of the electrode housing 
assembly 70, and also illustrates the ?uid outlet tube 165 and 
the opening 170 that facilitates ?uid communication With the 
space 85 de?ned by the u-shaped lip 80. One example of the 
potential direction of ?uid ?oW exiting the ?rst region 95 via 
the ?uid outlet tube 165 is illustrated by arroW 175. 

[0052] Speci?cally, the ?uid pressure at the opening 170 
and inside the ?uid outlet tube 165 is loWer than the ?uid 
pressure located elseWhere in the cup assembly 65. This is 
due in part to the opening 170 of the ?uid outlet tube 165 
being beloW the overall level of the processing ?uid. As a 
result of the loWer pressure proximate the opening 170 of the 
?uid outlet tube 165, ?uid Will migrate toWards the opening 
165 from elseWhere in the cup assembly. More speci?cally, 
the ?uid from the ?rst region Will generally migrate toWards 
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the space 85 Within the U-shaped lip 80, Which extends 
circumferentially around the outer perimeter of the cup 
assembly 65, proximate the opening 170 The ?uid then 
enters the tube 165 via the opening 170 and exits the reactor 
boWl assembly 30. 

[0053] Although the ?uid ?oW from the ?rst ?uid ?oW 
region 95 to the second ?uid ?oW region 100 is restricted, 
charged particles required for electrochemical processing of 
the Workpiece 45 can still ?oW from the ?rst ?uid ?oW 
region 95 to the second ?uid ?oW region 100 across the 
pressure drop member 90, as charged particles Will ?oW 
independent of the ?uid ?oW. This is possible if the particles 
are suitably charged and are siZed appropriately to make it 
through the pressure drop barrier. 

[0054] In addition to ?uid outlet tube 165, the processing 
?uid can further exit the cup assembly 65 via an over?oW 
Weir 180 located at the lip of the Wall of the process cup 
assembly 75. The processing ?uid, Which has over?oWed the 
over?oW Weir 180, can then be drained via a cup drain valve 
185 located near the bottom of the reactor boWl assembly 30. 

[0055] In the embodiment illustrated in FIG. 1, the reactor 
boWl assembly 30 further provides for one or more mount 
ing connections adapted for receiving one or more ?eld 
shaping elements at the internal surface thereof near the lip 
of the Wall of the process cup assembly 75. More speci? 
cally, in the preferred embodiment the mounting connec 
tions include one or more generally horiZontal grooves 190 
extending around the circumference of the Wall at different 
elevations. 

[0056] Field shaping elements provide for ?uid and/or 
current shaping or tailoring. The ?eld shaping elements 
mounted in one of the loWer generally horiZontal grooves 
190 further from the Workpiece 45 provides for more global 
shaping or tailoring of the ?oW of processing ?uid and 
current, While ?eld shaping elements mounted in one of the 
higher horiZontal grooves 190 closer to the Workpiece 45 
provide for ?uid and current shaping in connection With a 
more speci?c point on the Workpiece 45. 

[0057] In accordance With one embodiment used in the 
electroplating of copper onto the surface of the Workpiece, 
a consumable phosphoriZed copper anode and tWo ?eld 
shaping elements are used. The ?eld shaping elements 
include a loWer ?eld shaping element 195 or diffuser plate 
(illustrated in FIG. 5) and an upper ?eld shaping element 
200 or shield (illustrated in FIG. 6). 

[0058] FIGS. 5 and 6 are isometric vieWs of tWo embodi 
ments of ?eld shaping elements 195, 200 that may be used 
in the reactor 10. The ?eld shaping elements 195, 200 
generally each comprise a single plate of material having 
one or more openings through Which plating ?uid and/or 
current is enabled to ?oW. Depending on the opening pattern 
a more controlled distribution of plating ?uid and current 
across the surface of the Workpiece 45 can be achieved. 
Although each of these elements is illustrated to include 
peripherally disposed notches, such notches are optional but 
may be used to assist in securing the respective elements in 
place Within the reactor assembly in cooperation With other 
corresponding structures. 

[0059] FIG. 5 illustrates a ?rst of the tWo preferred ?eld 
shaping elements 195 that may be concurrently used in the 
reactor boWl assembly 30. The ?rst ?eld shaping element 
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195 includes a plurality of openings 205 arranged approxi 
mately in a grid like pattern. However, a spiral pattern may 
also be used. In at least one of the preferred embodiments, 
the ?rst ?eld shaping element 195 is positioned in one of the 
loWer horiZontal grooves 190. 

[0060] FIG. 6 illustrates a second of the tWo preferred 
?eld shaping elements 200 that may be used along With the 
?rst ?eld shaping element 195 illustrated in FIG. 5. The 
second ?eld shaping element 200 preferably includes a 
single larger opening 210 approximately centered in the ?eld 
shaping element 200. The second ?eld shaping element 200 
directs the processing ?uid and electrical current aWay from 
the edge of the Workpiece 45. In at least one embodiment, 
the second ?eld shaping element 200 may be positioned 
proximate to the Workpiece 45 in one of the higher hori 
Zontal grooves 190. 

[0061] Examples of ?eld shaping elements or diffuser 
plates, including diffuser plates having alternative opening 
patterns, are further described in connection With US. patent 
application Ser. No. 09/351,864, ?led Jul. 12, 1999, entitled 
“Diffuser With Spiral Opening Pattern for Electroplating 
Reactor Vessel”, the disclosure of Which is incorporated 
herein by reference. 

[0062] FIG. 7 illustrates an enlarged cross-sectional vieW 
of a portion of the plating reactor illustrated in FIG. 1, 
further illustrating one particular embodiment Where the 
?eld shaping elements 195 and 200, illustrated in FIGS. 5 
and 6, are each present in one of the plurality of horiZontal 
grooves 190 for receiving a ?eld shaping element Speci? 
cally, FIG. 7 illustrates the ?eld shaping element 200 or 
shield (illustrated in FIG. 6) in one of the higher horiZontal 
grooves, and the ?eld shaping element 195 or diffuser plate 
(illustrated in FIG. 5) in one of the loWer horiZontal grooves 

[0063] Use of the present invention in an electroplating 
process is not only envisioned With respect the plating of 
copper onto a Workpiece using a consumable phosphoriZed 
anode, but is further envisioned as having utility in any 
electroplating process Where there is a desire to limit expo 
sure of the cathode/Workpiece to the products produced at 
the anode. For example, the above noted electroplating 
process is further envisioned as having utility in connection 
With a process for plating nickel onto a Workpiece using a 
consumable nickel sulfur anode, and a process for plating 
solder onto a Workpiece using a consumable tin lead anode, 
or for anodic processing of a Workpiece, in Which gas is 
produced at the cathode. 

[0064] Numerous modi?cations may be made to the fore 
going system Without departing from the basic teachings 
thereof. Although the present invention has been described 
in substantial detail With reference to one or more speci?c 
embodiments, those of skill in the art Will recogniZe that 
changes may be made thereto Without departing from the 
scope and spirit of the invention as set forth in the appended 
claims. 

What is claimed is: 
1. A reactor for use in electrochemical processing of a 

microelectronic Workpiece, the apparatus comprising. 

one or more Walls de?ning a processing space therebe 
tWeen for containing a processing ?uid; 

a ?rst ?uid ?oW region in the processing space; 
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a ?rst electrode disposed in the processing ?uid of the ?rst 
?uid ?oW region; 

a second ?uid ?oW region in the processing space, 

a second electrode disposed in the processing ?uid of the 
second ?uid ?oW region, the second electrode com 
prisingt at least a portion of the microelectronic Work 
piece, ?uid ?oW Within the ?rst ?uid ?oW region being 
generally directed toWard the ?rst electrode and aWay 
from the second electrode, ?uid ?oW Within the second 
?uid ?oW region being generally directed toWard the 
second electrode and aWay from the ?rst electrode. 

2. A reactor as claimed in claim 1 Wherein the ?rst 
electrode comprises an anode in the electrochemical pro 
cessing of the microelectronic Workpiece. 

3. A reactor as claimed in claim 1 Wherein the ?rst 
electrode comprises a cathode in the electrochemical pro 
cessing of the microelectronic Workpiece. 

4. A reactor as claimed in claim 1 Wherein a single ?uid 
inlet provides processing ?uid to both the ?rst and second 
?uid ?oW regions 

5. A reactor as claimed in claim 1 and further comprising 
at least one pressure drop member disposed in the process 
ing ?uid of the processing space in an intermediate position 
betWeen the ?rst and second ?uid ?oW regions. 

6. A reactor as claimed in claim 1 Wherein the ?rst ?uid 
?oW region is adjacent the second ?uid ?oW region 

7. A reactor as claimed in claim 5 Wherein the ?rst ?uid 
?oW region is adjacent the second ?uid ?oW region 

8. Areactor for electrochemically processing a microelec 
tronic Workpiece comprising 

one or more Walls de?ning a processing space therebe 
tWeen for containing a processing ?uid, 

a microelectronic Workpiece support including one or 
more conductive members disposed to electrically con 
tact the microelectronic Workpiece to provide electrical 
poWer for electrochemical processing of the microelec 
tronic Workplace, the microelectronic Workpiece sup 
port being disposed to bring at least one portion of the 
microelectronic Workpiece into contact With the pro 
cessing ?uid, 

at least one electrode disposed in contact With the pro 
cessing ?uid in the processing space, the at least one 
electrode being spaced from the microelectronic Work 
piece and positioned to provide electrical poWer for 
electrochemical processing of the microelectronic 
Workpiece, 

at least one processing ?uid inlet disposed to provide a 
How of the processing ?uid into the processing space, 

at least one processing ?uid outlet disposed to provide a 
How of the processing ?uid from the processing space, 
the at least one processing ?uid outlet being positioned 
Within the processing space to direct at least a portion 
of the How of the processing ?uid about the at least one 
electrode and aWay from the microelectronic Work 
piece as the How exits from the processing space. 

9. A reactor as claimed in claim 8 Wherein the at least one 
electrode comprises an anode in the electrochemical pro 
cessing of the microelectronic Workpiece. 

10. Areactor as claimed in claim 8 Wherein the at least one 
electrode comprises a cathode in the electrochemical pro 
cessing of the microelectronic Workpiece. 
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11. A reactor is claimed in claim 8 and further comprising 
at least one permeable membrane disposed betWeen the 
microelectronic Workpiece support and the at least one 
electrode 

12. Areactor as claimed in claim 1 Wherein the at least one 
permeable membrane is disposed betWeen a ?rst ?uid ?oW 
region of the processing space and a second ?uid ?oW region 
of the processing space 

13. A reactor as claimed in claim 12 Wherein the at least 
one processing ?uid inlet is disposed in the ?rst ?uid ?oW 
region. 

14. A reactor as claimed in claim 13 Wherein the at least 
one processing ?uid outlet is disposed in the second ?uid 
?oW region. 

15. A reactor as claimed in claim 12 Wherein the at least 
one processing ?uid outlet is disposed in the second ?uid 
?oW region 

16. A reactor as claimed in claim 15 and further compris 
ing a further processing ?uid outlet disposed in the second 
?uid ?oW region proximate the microelectronic Workpiece 

17. A reactor as claimed in claim 8 and further comprising 
a further processing ?uid outlet disposed proximate the 
microelectronic Workpiece 

18 A reactor as claimed in claim 12 Wherein the ?rst and 
second ?uid ?oW regions are adjacent one another 

19. A reactor as claimed in claim 8 and further comprising 

a cup disposed in the processing space, the cup assembly 
including an open end that opens toWard the micro 
electronic Workpiece, 

a pressure drop member disposed over the open end of the 
cup, the at least one electrode being disposed in an 
interior chamber de?ned by at least the cup and the 
pressure drop member. 

20. A reactor as claimed in claim 19 Wherein the pressure 
drop member comprises a permeable membrane having a 
conical shape With an apex directed toWard the interior 
chamber 

21. A reactor as claimed in claim 19 Wherein the at least 
one processing ?uid outlet is disposed to exhaust processing 
?uid from the interior chamber. 

22. A reactor as claimed in claim 8 Wherein the one or 
more Walls de?ning the processing space form a cup having 
an open upper end 

23. A reactor as claimed in claim 22 and further compris 
ing a head assembly including the microelectronic Work 
piece support, the head assembly being movable With 
respect to the open upper end of the cup betWeen a Work 
piece loading position and a Workpiece processing position 

24. A reactor is claimed in claim 8 Wherein the micro 
electronic Workpiece support is rotatable to facilitate rota 
tion of the microelectronic Workpiece during electrochemi 
cal processing thereof 

25. A reactor is claimed in claim 23 Wherein the head 
assembly comprises a rotor motor that is connected to the 
microelectronic Workpiece support to rotate the microelec 
tronic Workpiece during electrochemical processing thereof 

26. A reactor for electrochemically processing a micro 
electronic Workpiece comprising 

one or more Walls de?ning a processing space for con 
taining a processing ?uid, the one or more Walls 
forming a processing cup having an open top; 
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a microelectronic Workpiece support including one or 
more conductive members disposed to electrically con 
tact the microelectronic Workpiece to provide electrical 
poWer for electrochemical processing of the microelec 
tronic Workpiece, the microelectronic Workpiece sup 
port being disposed proximate the open top of the 
processing cup to bring at least one portion of the 
microelectronic Workpiece into contact With the pro 
cessing ?uid for electrochemical processing, 

an electrode housing disposed in the processing cup and 
having an end that opens toWard the microelectronic 
Workpiece support, 

a pressure drop member disposed over the open end of the 
electrode housing, 

at least one electrode disposed in an interior region of the 
electrode housing; 

at least one processing ?uid inlet disposed exterior to the 
interior region of the electrode housing to provide a 
?oW of the processing ?uid into the processing space; 

at least one processing ?uid outlet in ?uid communication 
With the interior region of the electrode housing to 
generate a ?oW of the processing ?uid through the 
pressure drop member and into the interior region of 
the electrode housing. 

27. A reactor as claimed in claim 26 Wherein the at least 
one electrode comprises an anode in the electrochemical 
processing of the microelectronic Workpiece. 

28. A reactor as claimed in claim 26 Wherein the at least 
one electrode comprises a cathode in the electrochemical 
processing of the microelectronic Workpiece. 

29. A reactor as claimed in claim 26 Wherein the at least 
one processing ?uid outlet draWs at least a portion of the 
?oW of the processing ?uid about the at least one electrode 
as the processing ?uid exits from the interior region. 

30. A reactor as claimed in claim 26 Wherein at least a 
portion of the processing ?uid entering the processing space 
exits from the processing space through the open top of the 
processing cup 

31. Areactor as claimed in claim 26 Wherein the pressure 
drop member comprises a permeable membrane 

32. A reactor as claimed in claim 31 Wherein the perme 
able membrane is conical in shape having an apex directed 
toWard the interior region of the electrode housing 

33. Areactor as claimed in claim 26 Wherein the pressure 
drop member is conical in shape having an apex directed 
toWard the interior region of the electrode housing 

34. An apparatus for use in a reactor assembly used in 
electrochemical processing of a microelectronic Workpiece, 
the apparatus comprising: 

one or more Walls de?ning a processing space therebe 
tWeen for containing a processing ?uid, 

a pressure drop member disposed in the processing space 
to divide the processing space into at least a ?rst ?uid 
?oW region and a second ?uid ?oW region, the pressure 
drop member tacilitating, veneration of a pressure drop 
thereacross, ?uid ?oW during electrochemical process 
ing of the microelectronic Workpiece being from the 
second region into the ?rst region across the pressure 
drop member, 
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a microelectronic workpiece disposed for contact With 
processing ?uid in the second ?uid ?oW region, and 

an electrode located in the ?rst region of the processing 
space 

35. A reactor as claimed in claim 34 Wherein the at least 
one electrode comprises an anode in the electrochemical 
processing of the microelectronic Workpiece 

36. A reactor as claimed in claim 34 Wherein the at least 
one electrode comprises a cathode in the electrochemical 
processing of the microelectronic Workpiece 

37. An apparatus as claimed in claim 34 Wherein the 
pressure drop member comprises a permeable membrane 

38. An apparatus as claimed in claim 34 Wherein the ?rst 
and second ?uid ?oW regions are adjacent one another 

39. An apparatus for electrochemically processing a 
microelectronic Workpiece comprising 

means for containing a processing ?uid to form a pro 
cessing space, 

means for providing electrical contact to one or more 

surfaces of the microelectronic Workpiece to supply 
electrical poWer for electrochemical processing of the 
Workpiece, 

electrode means for supplying electrical poWer for elec 
trochemical processing of the microelectronic Work 
piece, 

means for providing a ?rst ?uid ?oW region and a second 
?uid ?oW region Within the processing space, the 
electrode means being disposed in the ?rst ?uid ?oW 
region, the means for providing electrical contact being 
disposed in the second ?uid ?oW region, processing 
?uid ?oW Within the ?rst ?uid ?oW region being 
generally directed toWard the electrode means and 
generally aWay from the means for providing electrical 
contact, processing ?uid ?oW Within the second ?uid 
?oW region being generally directed toWard one or 
more surfaces of a microelectronic Workipiece con 
tacted by the means for providing electrical contact and 
generally aWay from the electrode means 

40. An apparatus as claimed in claim 39 Wherein the at 
least one electrode comprises an anode in the electrochemi 
cal processing of the microelectronic Workpiece 

41 An apparatus as claimed in claim 39 Wherein the at 
least one electrode comprises a cathode in the electrochemi 
cal processing of the microelectronic Workpiece 

42. A method for electrochemically processing a micro 
electronic Workpiece comprising the steps of 

dividing a processing space containing processing ?uid 
into at least a ?rst ?uid ?oW region and a second ?uid 
?oW region, 

locating a ?rst electrode Within the processing, ?uid of the 
?rst ?uid ?oW region, locating a second electrode 
comprising at least a portion of the microelectronic 
Workpiece Within the processing ?uid of the second 
?uid ?oW region; 

generating a ?uid ?oW of the processing, ?uid Within the 
?rst ?uid ?oW region that is generally directed toWard 
the ?rst electrode and generally aWay from the second 
electrode, and 
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generating a ?uid ?oW of the processing ?uid Within the 
second ?uid ?oW region that is generally directed 
toWard the second electrode and generally aWay from 
the ?rst electrode 

43. A method as claimed in claim 42 and further com 
prising the step of providing a negative potential to the ?rst 
electrode With respect to the second electrode. 

44. A method as claimed in claim 42 and further com 
prising the step of providing a negative potential to the 
second electrode With respect to the ?rst electrode. 

45. A method as claimed in claim 42 Wherein the step of 
generating the ?uid ?oW of the processing ?uid Within the 
second ?uid ?oW region comprises the step of supplying 
processing ?uid from a ?uid reservoir into the second ?uid 
?oW region of the processing space 

46. A method as claimed in claim 42 Wherein the step of 
generating the ?uid ?oW of the processing ?uid Within the 
?rst ?uid ?oW region comprises the step of exhausting at 
least a portion of the processing ?uid from the ?rst ?uid ?oW 
region aWay from the processing space 

47. A method as claimed in claim 42 and further com 
prising the step of limiting the ?oW of processing ?uid from 
the second ?uid ?oW region into the ?rst ?uid ?oW region, 
thereby maintaining a pressure differential betWeen the ?rst 
?uid ?oW region and the second ?uid ?oW region 

48. A method as claimed in claim 47 Wherein the step of 
limiting the ?oW comprises the step of providing a perme 
able membrane betWeen the ?rst ?uid ?oW region and the 
second ?uid ?oW region 

49. An apparatus for use in electrochemical processing of 
a microelectronic Workpiece comprising 

a processing space containing processing ?uid, 

at least one ?uid inlet disposed to provide a ?oW of 
processing ?uid to the processing space, 

an electrode assembly disposed in the processing space 
comprising 

an electrode housing having an open end, 

a pressure drop member disposed over the open end of the 
electrode housing, the electrode housing and pressure 
drop member de?ning an interior electrode chamber, 

an electrode disposed in the interior electrode chamber, 

at least one ?uid outlet in ?uid communication With the 
interior electrode chamber to thereby draW a ?oW of 
processing ?uid through the pressure drop member and 
into the interior electrode chamber. 

50. An apparatus as claimed in claim 49 Wherein the 
pressure drop member comprises a permeable membrane. 

51. An apparatus as claimed in claim 50 and further 
comprising a membrane frame disposed over the open end 
of the electrode housing, the permeable membrane being 
connected to the membrane frame 

52. An apparatus as claimed in claim 49 Wherein the 
pressure drop member has a conical shape With an apeX 
directed toWard the interior electrode chamber. 


