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STORAGE TANK FOR PROCESS LIQUIDS WITH 
A REDUCED AMOUNT OF BUBBLES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to the ?eld 
of fabrication of integrated circuits, and, more particularly, 
to manufacturing processes involving the application of 
process liquids, such as plating solutions, onto the surface of 
a substrate. 

[0003] 2. Description of the Related Art 

[0004] In an integrated circuit, a huge number of circuit 
elements, such as transistors, capacitors, resistors and the 
like, are formed in or on an appropriate substrate, usually in 
a substantially planar con?guration. In many stages of the 
manufacturing process, liquids, such as de-ioniZed Water, 
speci?c chemicals, slurries and the like, have to be supplied 
to process tools so as to provide these process liquids to the 
substrate to accomplish a process under consideration. One 
important process stage during the formation of integrated 
circuits represents the ?eld of forming metal-containing 
regions on a substrate by Wet chemical processes, such as 
plating. Due to the large number of circuit elements and the 
required complex layout of the integrated circuits, generally, 
the electrical connection of the individual circuit elements 
may not be established Within the same level on Which the 
circuit elements are manufactured but requires one or more 
additional “Wiring” layers, also referred to as metalliZation 
layers. These metalliZation layers generally include metal 
lines, providing for the inner-level electrical connection, and 
also include a plurality of inter-level connections, also 
referred to as vias, Wherein the metal lines and vias may also 
be commonly referred to as interconnects. Furthermore, the 
connection of the integrated circuit or portions thereof to the 
periphery is usually established by a plurality of contact 
pads, Which in sophisticated devices bear so-called solder 
bumps, enabling a direct connection With corresponding 
areas of a package substrate by means of re?oWing the 
solder bumps. 

[0005] TWo frequently used techniques for depositing a 
metal on a substrate are electroplating and electroless plat 
ing. In the process of electroless plating metals onto a 
substrate surface that may have formed thereon circuit 
elements and a patterned dielectric or a photo-resist layer, a 
catalytic material may be formed prior to bringing the 
metal-containing solution into contact With the substrate 
surface. In the electroplating process, a current distribution 
layer is required to electrically connect the speci?ed sub 
strate regions that are intended to receive a metal With an 
external current source so that the metal-containing solution 
contacting the speci?ed regions may be reduced and depos 
ited as a metal. Typically, the plating process is conducted in 
a plating tool comprising a plating chamber in Which the 
substrate is brought into contact With the plating solution. 
Although simple bath reactors may be used for this purpose, 
it turns out that, for sophisticated applications, a fountain 
type reactor is the preferred tool for plating metal onto a 
substrate. Generally, a fountain-type plating tool comprises 
a process chamber and separated therefrom a storage tank 
containing the plating solution, Which is conveyed via a 
conduit system to the process chamber. In the process 
chamber, the plating solution is applied to the substrate, 
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Which is placed With its receiving surface so as to face the 
electrolyte stream, Wherein the excess solution is re-circu 
lated to the storage tank. As in many other situations 
requiring a Well-de?ned application of a process liquid onto 
a substrate surface, a non-uniform distribution of the process 
liquid across the substrate surface may remarkably affect the 
result of the process under consideration. In the case of the 
plating process, the resulting uniformity of the metal layer 
deposited and/or the quality thereof may signi?cantly 
depend on hoW the plating solution is applied to the sub 
strate. 

[0006] For instance, bubbles in the plating solution have 
been identi?ed as a substantial source of failures for inte 
grated circuits, since the presence of a bubble in the solution 
stream may prevent or reduce the deposition of metal in 
bubble-containing areas of the substrate surface, thereby 
resulting in an erroneous chip or a premature failure of the 
integrated circuit. Furthermore, the presence of bubbles in 
the plating solution may lead to an increased oxidation of 
sensitive additives included in the plating solution, thereby 
changing the performance of the plating solution and thus 
affecting the entire plating process. Hence, the presence of 
bubbles in process liquids, especially in plating solutions, 
may represent a serious issue in terms of production yield 
and device reliability. In particular, the loss of per se 
functional devices in a late manufacturing stage, such as the 
formation of solder bumps, may drastically contribute to the 
production costs. 

[0007] In vieW of the above-explained situation, a need 
exists for ef?cient means that enable preventing or at least 
signi?cantly reducing the presence of bubbles in storage 
tanks and/or supply lines for process liquids. 

SUMMARY OF THE INVENTION 

[0008] Generally, the present invention is directed to a 
technique that signi?cantly reduces the amount of bubbles 
existing or created in a storage tank for a process liquid, such 
as a plating solution required for the Wet chemical deposi 
tion of metal layers or metal regions on a substrate. The 
present invention provides a storage tank having at least an 
inlet area and an outlet area and takes advantage of the fact 
that a liquid ?oW Within the storage tank may be guided 
betWeen the inlet area and the outlet area in such a manner 
that the probability for conveying bubbles from the inlet area 
to the outlet area is signi?cantly reduced. 

[0009] According to one illustrative embodiment of the 
present invention, a storage tank for a process liquid com 
prises an inlet area for receiving the process liquid and an 
outlet area that is connectable to a supply line. Furthermore, 
a barrier is provided that has an upper portion and a loWer 
portion, Wherein the loWer portion faces the bottom of the 
storage tank. The barrier is disposed betWeen the inlet area 
and the outlet area and de?nes, With its loWer portion, an 
opening near the bottom of the storage tank to provide ?uid 
communication betWeen the inlet area and the outlet area. 

[0010] According to still another illustrative embodiment 
of the present invention, a plating tool comprises a process 
chamber con?gured to receive and support a substrate. The 
plating tool further comprises a supply line and a discharge 
line, Wherein the supply line is con?gured to convey a 
plating solution to the substrate and the discharge line is 
con?gured to remove excess plating solution from the 
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process chamber. Additionally, the plating tool comprises a 
storage tank including an inlet area connected to the dis 
charge line and an outlet area connected to the supply line. 
Moreover, a barrier is provided that has an upper portion and 
a loWer portion, Wherein the loWer portion faces the bottom 
of the storage tank. The barrier is disposed betWeen the inlet 
area and the outlet area and de?nes, With its loWer portion, 
an opening near the bottom portion so as to provide ?uid 
communication betWeen the inlet area and the outlet area. 

[0011] According to still a further illustrative embodiment 
of the present invention, a method of operating a storage 
tank for a process liquid comprises supplying the process 
liquid to an inlet area of the storage tank and generating a 
liquid How to an outlet area via a communicating opening 
that is disposed in the vicinity of the bottom of the storage 
tank so as to substantially prevent bubbles from moving into 
the outlet area. 

[0012] In other embodiments of the present invention, the 
storage tank comprises a second barrier having an upper 
portion and a loWer portion, Wherein the loWer portion is 
connected to the bottom of the storage tank and the upper 
portion forms a second opening to provide a ?uid ?oW path 
betWeen the inlet area and the outlet area. 

[0013] In other particular embodiments of the present 
invention, the inlet area comprises an inlet line having an 
end portion, Wherein a height position of an opening of the 
end portion terminating into the inlet area is adjustable With 
respect to a liquid level in the inlet area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The invention may be understood by reference to 
the folloWing description taken in conjunction With the 
accompanying draWings, in Which like reference numerals 
identify like elements, and in Which: 

[0015] FIG. 1 schematically shoWs a storage tank having 
an inlet area and an outlet area according to illustrative 

embodiments of the present invention; and 

[0016] FIGS. 2a-2c schematically shoW a storage tank or 
portions thereof that is connected to a plating tool in 
accordance With further illustrative embodiments of the 
present invention. 

[0017] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof have been shoWn by Way of example in the draWings 
and are herein described in detail. It should be understood, 
hoWever, that the description herein of speci?c embodiments 
is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] Illustrative embodiments of the invention are 
described beloW. In the interest of clarity, not all features of 
an actual implementation are described in this speci?cation. 
It Will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation 
speci?c decisions must be made to achieve the developers’ 
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speci?c goals, such as compliance With system-related and 
business-related constraints, Which Will vary from one 
implementation to another. Moreover, it Will be appreciated 
that such a development effort might be complex and 
time-consuming, but Would nevertheless be a routine under 
taking for those of ordinary skill in the art having the bene?t 
of this disclosure. 

[0019] The present invention Will noW be described With 
reference to the attached ?gures. Although the various 
regions and structures of a semiconductor device are 
depicted in the draWings as having very precise, sharp 
con?gurations and pro?les, those skilled in the art recogniZe 
that, in reality, these regions and structures are not as precise 
as indicated in the draWings. Additionally, the relative siZes 
of the various features and doped regions depicted in the 
draWings may be exaggerated or reduced as compared to the 
siZe of those features or regions on fabricated devices. 
Nevertheless, the attached draWings are included to describe 
and explain illustrative examples of the present invention. 
The Words and phrases used herein should be understood 
and interpreted to have a meaning consistent With the 
understanding of those Words and phrases by those skilled in 
the relevant art. No special de?nition of a term or phrase, 
i.e., a de?nition that is different from the ordinary and 
customary meaning as understood by those skilled in the art, 
is intended to be implied by consistent usage of the term or 
phrase herein. To the extent that a term or phrase is intended 
to have a special meaning, i.e., a meaning other than that 
understood by skilled artisans, such a special de?nition Will 
be expressly set forth in the speci?cation in a de?nitional 
manner that directly and unequivocally provides the special 
de?nition for the term or phrase. 

[0020] As previously explained, the presence of bubbles in 
process liquids, especially in plating solutions, may lead to 
signi?cantly reduced production yields. Hence, considerable 
efforts are made so as to substantially prevent the generation 
of bubbles and/or to remove existing bubbles prior to 
providing the process liquid to the substrate. In some con 
ventional process tools, such as in lithography tools, certain 
types of ?lters and active de-gasing elements are used Which 
may consume considerable space and Which may also be 
relatively expensive While at the same time requiring a 
moderately high amount of maintenance. Contrary to these 
conventional methods for removing bubbles from a storage 
tank, the present invention relies on the fact that a ?uid ?oW 
path Within a storage tank may be established that substan 
tially avoids the formation of bubbles and also results in the 
removal of already existing bubbles in the process liquid. 
With reference to FIGS. 1 and 2a-2c, further illustrative 
embodiments of the present invention Will noW be described 
in more detail. 

[0021] FIG. 1 schematically shoWs a storage tank 100 that 
is con?gured to contain a speci?ed process liquid, such as a 
plating solution for a desired metal or metal-containing 
compound as may be required for forming metalliZation 
layers, solder bumps and the like. The storage tank 100 
comprises an inlet area 110 and an outlet area 120. The outlet 
area 120 may be con?gured so as to be connectable to a 
supply line 121, Which may in turn be connected to a pump 
122. The inlet area 110 may comprise one or more inlet lines 
111a, . . . 111c, each having respective end portions 112 With 
an opening 113 terminating in the inlet area 110. The outlet 
area 120 and the inlet area 110 are substantially separated by 
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a barrier 130 having an upper portion 131 and a lower 
portion 132. The loWer portion 132 includes or forms at least 
one opening 133 near a bottom 101 of the storage tank 100 
that provides a ?uid ?oW path, denoted by 150, betWeen the 
inlet area 110 and the outlet area 120. The at least one 
opening 133 may be provided in the form of a gap betWeen 
the bottom 101 of the storage tank 110 and the barrier 130, 
or the at least one opening 133 may be provided in the form 
of one or more distinct openings formed in the loWer portion 
132 in the vicinity of the bottom 101. In this respect, the 
terms “in the vicinity” and “near” are to be understood such 
that the opening 133 is located in the loWer half and 
preferably in the loWer quarter and more preferably in the 
loWer 10 percent With respect to a height 102 of the storage 
tank 100. In one particular embodiment, the opening 133 
forms the only ?uid ?oW path betWeen the inlet area 110 and 
the outlet area 120. The barrier 130 may be comprised of any 
appropriate material, such as metal With or Without an 
appropriate coating, plastic materials, and the like, Wherein, 
preferably, at least the surface of the barrier 130 is substan 
tially inert With respect to the process liquid to be contained 
in the storage tank 100. 

[0022] During operation of the storage tank 100, a speci 
?ed process liquid 140 may be ?lled into the tank 100 so as 
to provide a desired liquid level in the tank 100. In one 
embodiment, the liquid level and/or the height position of 
the openings 113 of the inlet lines 111a, . . . , 111c is selected 

so that the openings 113 are immersed into the process liquid 
140 With a speci?ed distance to the liquid surface. For 
instance, if the process liquid 140 is supplied to the tank 100 
via the inlet lines 111a, . . . 111c, a corresponding control 

lable pump (not shoWn) may be provided so as to control the 
amount of liquid supplied to the inlet area 110 in conformity 
With the liquid volume discharged by the supply line 121 to 
maintain a substantially constant liquid level Within the tank 
100. To this end, the storage tank 100 may contain a level 
detector (not shoWn) con?gured to provide a level dependent 
signal to the controllable pump source in the inlet lines 111a, 
. . . 111c. During the intake of the liquid 140 by the inlet lines 
111a, . . . 111c, bubbles generated anyWhere during the 
transport of the liquid 140 may be released through the 
openings 113, Wherein at least moderately large bubbles may 
immediately contact the surface of the liquid 140 and thus 
may be effectively removed. Moreover, by separating the 
inlet area 110 from the outlet area 120 by means of the 
barrier 130, Which provides a ?uid ?oW path through the at 
least one opening 133 in the vicinity of the bottom 101, ?uid 
How of the liquid 140 is forced doWn to the opening 133, as 
indicated by the arroW 150, and thus moves against the 
direction of buoyancy of the bubbles, thereby signi?cantly 
reducing the probability for conveying bubbles from the 
inlet area 110 to the outlet area 120 through the at least one 
opening 133. Hence, the process liquid 140 may be provided 
to any process tool With a signi?cantly reduced amount of 
bubbles. Moreover, the simplicity of the con?guration of the 
storage tank 100 results in loW cost installation, i.e., mount 
ing the barrier 130, and provides a substantially mainte 
nance-free operation, eXcept for the usual maintenance peri 
ods as are required for conventional storage tanks. 

[0023] In other embodiments in Which the liquid level of 
the process liquid 140 may change during operation, a 
corresponding height adjustment member may be provided 
for the inlet lines 111a, . . . 111c so as to enable a prede?ned 

distance of the openings 113 With respect to the liquid 
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surface of the liquid 140. Corresponding eXamples for a 
height adjustment member Will be described in detail With 
reference to FIG. 2b. The provision of a height adjustment 
member enables a substantially constant effect in removing 
bubbles in the inlet lines 111a, . . . 111c, and/or substantially 
avoids the generation of neW bubbles upon supplying the 
liquid 140 to the inlet area 110. 

[0024] FIG. 2a schematically depicts a plating tool 260 
including process chambers 261a, 261b connected to respec 
tive supply lines 262a, 262b and respective discharge lines 
211a, 211b. The process chambers 261a, 261b may be 
con?gured in the form of a fountain-type plating tool in 
Which a substrate may be held in place so as to receive 
plating solution delivered by the supply lines 262a, 262b. 
The plating tool 260 may further comprise a manifold 263, 
Which is connected With its output side to the supply lines 
262a, 262b, and Which is connected With its input side to a 
supply line 221 including a pump 222. Moreover, a ?lter 223 
may be provided Within the supply line 221. The plating tool 
260 further comprises a storage tank 200, Which in one 
embodiment (not shoWn) may have substantially the same 
con?guration as previously described With reference to FIG. 
1. In the embodiment shoWn, the storage tank 200 comprises 
an inlet area 210 and an outlet area 220 With a ?rst barrier 
230 disposed betWeen the inlet area 210 and the outlet area 
220. The ?rst barrier comprises an upper portion 231 and a 
loWer portion 232, Wherein the loWer portion 232 includes 
or de?nes at least one opening 233 for providing a ?uid ?oW 
path from the inlet area 210 to the outlet area 220. Regarding 
the number and location of the at least one opening 233 and 
regarding the con?guration of the ?rst barrier 230, substan 
tially the same criteria apply in this case as previously 
described With reference to the barrier 130 depicted in FIG. 
1. The storage tank 200 further comprises a second barrier 
270 disposed betWeen the ?rst barrier 230 and the outlet area 
220, Wherein the second barrier comprises a loWer portion 
272 and an upper portion 271 including or forming an 
opening 273 so as to provide a ?uid ?oW path from the inlet 
area 210 to the outlet area 220 via an intermediate area 215. 

[0025] It should be noted that the opening 273 is to be 
considered to include any physical opening formed in the 
upper portion 271 and also includes an opening that is 
formed by a reduced height of the second barrier 270 With 
respect to a desired liquid level 274, irrespective of Whether 
a liquid 240 is actually contained in the tank 200 or not. 
Hence, an “effective” vertical siZe of the at least one opening 
273 is de?ned by the con?guration of the upper portion 271 
and the liquid level 277. In one particular embodiment, the 
second barrier 270 is con?gured such that the opening 273, 
in the form of one or more openings in the above-de?ned 
sense, provides the only ?uid ?oW path from the interme 
diate area 215, de?ned by the ?rst barrier 230 and the second 
barrier 270, to the outlet area 220. Thereby, the vertical siZe 
of the opening 273 may be selected such that any bubbles in 
the liquid 240 ?oWing through the opening 273 become 
effectively in contact With the surface of the liquid 240, 
thereby removing bubbles from the liquid 240. In one 
particular embodiment, the opening 273 is, at least partially, 
formed by a gap betWeen a corresponding end portion of the 
upper portion 271 and the desired liquid level 274, thereby 
providing an increased probability for any bubbles to contact 
the surface of the liquid 240 during liquid ?oW through the 
opening 273. 
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[0026] In other embodiments (not shown), tWo or more 
intermediate portions 215 may be provided in that sequen 
tially a ?rst barrier 230 having an opening 233 at the loWer 
portion 232 and a second barrier 270 having an opening 273 
in the upper portion 271 are arranged so as to de?ne a 
substantially ZigZagging ?oW path from the inlet area 210 to 
the outlet area 220. In this Way, the capability for bubble 
removal may be increased compared to that of a single 
intermediate area 215 as shoWn in FIG. 2a. 

[0027] During the operation of the plating tool 260, the 
liquid 240 may be supplied With the desired liquid level 274 
to the tank 200 via the discharge lines 211a, 211b or any 
other liquid supply lines (not shoWn). Thereafter, the pump 
222 is activated to provide a stream of liquid 240 via the 
supply line 221, the manifold 263, and the supply lines 262a, 
262b to the process chambers 261a, 261b. Excess liquid that 
is not consumed during the plating process in the process 
chambers 261a, 261b is discharged via the discharge lines 
211a, 211b and is supplied to the inlet area 210 via the 
openings 213, Which are adjusted in height so as to be 
maintained beloW the desired liquid level 274. As previously 
discussed With reference to FIG. 1, the discharge lines 211a, 
211b may have respective end portions 212 having a bent 
area, Which is, in one particular embodiment, provided in a 
substantially U-shaped con?guration. Bubbles of moderate 
siZe created during the transport of the liquid 240 from the 
process chambers 216a, 216b to the inlet area are effectively 
removed due to the close proximity of the position of the 
openings 213 With respect to the liquid surface. Moreover, 
the generation of further bubbles during the discharge of the 
liquid 240 into the inlet area 210 is effectively suppressed. 
Since the ?uid ?oW path from the inlet area 210 to the 
intermediate area 215 is substantially determined by the 
opening 233, the probability for conveying bubbles Within 
the liquid stream is signi?cantly reduced as the bubbles tend 
to rise to the surface. Thereafter, the liquid stream is forced 
to move upWards since the ?uid ?oW path from the inter 
mediate area 215 to the outlet area 220 is substantially 
determined by the opening 273, Wherein remaining bubbles 
are effectively brought into contact With the liquid surface, 
thereby further removing bubbles from the liquid stream. 
Finally, the liquid 240 is sucked into the supply line 221 in 
the vicinity of the bottom of the tank 200, thereby further 
reducing the probability for conveying any remaining 
bubbles, since the bubbles Will preferably remain at the 
surface of the liquid 240. Hence, the liquid 240 is supplied 
to the process chambers 261a, 261b With a signi?cantly 
reduced amount of bubbles, thereby providing an enhanced 
quality of plated metal regions due to the lack of bubbles on 
the substrate surface. Moreover, the reduced amount of 
bubbles in the supply line 221, the manifold 263, and the 
supply lines 262a, 262b causes a reduction in any adverse 
reactions of additives included in the liquid 240 so that the 
stability of the plating process is enhanced. As previously 
pointed out, the ef?ciency in removing bubbles may even be 
increased by providing tWo or more intermediate portions 
215 so that any bubbles moving With the liquid stream are 
forced to periodically move to the liquid surface and move 
against their oWn buoyancy to the bottom of the tank 200. 

[0028] It should be appreciated that the shape of the ?rst 
and second barriers 230 and 270 may be selected as is 
deemed appropriate for manufacturing the barriers 230, 270 
and mounting the same Within the storage tank 200. For 
instance, any support members may be formed, integrally or 
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separately, on the barriers or may be attached thereto as is 
required for reliably ?xing the barriers 230, 270. Moreover, 
the shape of the barriers may be selected in vieW of criteria 
such as reduced ?oW resistance, bubble trapping capability 
and the like. For instance, side Walls of the barriers may be 
slanted With respect to the ?uid ?oW path and edges de?ning 
the openings 233 and 273 may be rounded to reduce the How 
resistance and to reduce the formation of a turbulent ?oW. In 
other examples, overhanging areas may be provided at the 
?rst and second barriers 230, 270, preferably in the vicinity 
of the respective openings 233, 273 so as to trap residual 
bubbles. 

[0029] In some embodiments, screen-like elements (not 
shoWn) may be provided at the opening 233 and/or 273, 
Wherein the siZe of individual screen elements is selected so 
as substantially prevent the passage of bubbles of a pre 
de?ned siZe. In some embodiments, the liquid level 274 may 
be maintained substantially constant by continuously sup 
plying additional liquid 240 to the tank 200, thereby com 
pensating the amount of liquid consumed during the plating 
process in the process chambers 261a, 261b. To this end, an 
additional storage tank (not shoWn) may be provided and 
may be connected to the storage tank 200, preferably to the 
inlet area 210, Wherein a controllable pump in combination 
With a level detector (not shoWn) may enable an appropriate 
control of supply of additional liquid 240. In other embodi 
ments, corresponding height adjustment members may be 
provided for the end portions 212 and/or the ?rst barrier 230 
and/or the second barrier 270, as described With reference to 
FIGS. 2b and 2c so as to adapt the bubble removing effect 
to a varying liquid level 274. 

[0030] FIG. 2b schematically illustrates a portion of the 
inlet area 210 according to further illustrative embodiments 
of the present invention. As shoWn, the inlet area 210 
comprises the discharge lines 211a, 211b and 211c, Wherein 
the end portions 212 of the lines 211a, 211b include a bent 
portion so as to form a substantially U-shaped con?guration, 
or a siphon-like con?guration. The discharge line 211c may 
comprise an end portion 212 having a non-siphon-like 
con?guration, such as a substantially linear con?guration, in 
the vicinity of the output opening 213. The end portions 212 
of the discharge lines 211a, . . . 211c further comprise 

?exible portions 214, for example in the form of a belloW 
like portion or in the form of a ?exible hose that alloWs itself 
to be readily bent in any required fashion. Moreover, the 
inlet area 210 further comprises a height adjustment member 
216 including a ?oating body 217 and a support member 
218. The support member 218 may be attached to the 
?oating body 217 and to the end portion 212 so as to 
maintain a Well-de?ned distance 202 betWeen the opening 
213 and the liquid level 274. In one particular embodiment, 
the support member 218 is con?gured such that the distance 
202 may be readily adapted to any desired value prior to 
?lling the storage tank 200 With the liquid 240. After having 
adjusted the distance 202, the ?oating body 217 insures that 
the desired distance 202 is substantially maintained during 
the operation of the storage tank 200, irrespective of a 
changing liquid level 274. Hence, the discharging of the 
liquid 240 into the inlet area 210 may be performed in 
accordance With the prede?ned distance 202, Wherein the 
distance 202 may be selected equally or differently for 
different discharge lines 211a, . . . 211c. For instance, the 
liquid 240 may represent a composition of different mate 
rials, Wherein one or more of these materials may be 
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delivered by some of the discharge lines 211a, . . . 211c, 

Wherein a difference in viscosity and/or pressure and/or 
amount may require a different distance 202 With respect to 
the liquid level 274 of the composite liquid 240. In other 
embodiments, When the discharge lines supply the excess 
plating solution from the process chambers 261a, 261b to 
the inlet area 210, different process recipes in the individual 
process chambers may require the discharge of process 
liquid under quite different circumstances. For example, a 
large amount of excess liquid may be discharged by one of 
the discharge lines compared to other discharge lines, or the 
amount and/or the siZe of bubbles created in one process 
chamber may signi?cantly differ from other process cham 
bers, thereby also requiring a different setting of the distance 
202. In some embodiments, a guide member 219 may be 
provided, for instance in the form of correspondingly dimen 
sioned baf?es, so as to restrict the lateral movement of the 
?oating body 217, thereby also stabiliZing the lateral posi 
tion of the end portions 212 and thus of the openings 213 of 
the respective discharge lines 211a, . . . 211c. Hence, a 

simple means for adjusting the height 202 is provided, 
Wherein substantially no maintenance is required for the 
height adjustment member 216, as this member may be 
manufactured by durable materials, such as metal, coated 
metal, plastic materials and the like. 

[0031] FIG. 2c schematically shoWs a portion of the 
storage tank 200 according to further illustrative embodi 
ments of the present invention. In the embodiments depicted 
in FIG. 2c, the second barrier 270 comprises a ?exible 
portion 275 at the loWer portion 272 so as to alloW a 
movement of the second barrier 270 at least in the vertical 
direction. For instance, the ?exible portion 275 may be 
provided in the form of a belloW-like con?guration, or the 
?exible portion 275 may be provided by any type of ?exible 
material that may be readily bent so as to provide a certain 
movability, at least in the vertical direction. Aheight adjust 
ment member 216a is attached to the second barrier 270 by 
means of a corresponding support member 218a. The height 
adjustment member 216a comprises a ?oating body 217a 
that is designed to provide a suf?cient buoyancy With respect 
to the liquid 240 so as to be able to support the second barrier 
270, thereby maintaining substantially constant the vertical 
position and thus the “effective” vertical siZe of the opening 
273 With respect to the liquid level 274. By means of the 
height adjustment member 216a, the vertical siZe 202a of 
the opening 273 de?ned by the second barrier 270 and the 
liquid level 274 may be adjusted in any desired value and 
may be maintained substantially constant at this desired 
value during the operation of the storage tank 200 in a 
similar Way as is described With reference to FIG. 2b. If a 
plurality of second barriers 270 is provided, the individual 
dimensions 202a may be adjusted in any desired fashion so 
as to increase the ef?ciency in reducing the amounts of 
bubbles provided to the plating tool 260. 

[0032] In other embodiments, the ?rst barrier 230 may 
comprise a height adjustment member 216b including a 
support member 218b coupled to the ?rst barrier 230 and an 
adjustment screW 217b that is con?gured to enable, in 
combination With the support member 218b, a vertical 
motion of the ?rst barrier 230 upon rotating the screW 217b. 
In this Way, the vertical siZe 202b of the opening 233 may 
be adjusted in conformity With process requirements. 
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[0033] It should be noted that the embodiments described 
With reference to FIGS. 1 and 2a-2c may readily be 
combined in any appropriate manner so as to enhance the 
ef?ciency in suppressing bubbles in the process liquid 
supplied to a process tool, such as the plating tool 260. 

[0034] As a result, the present invention provides highly 
ef?cient means for removing bubbles in a storage tank by 
controlling the ?uid ?oW path Within the storage tank by 
means of at least one barrier so as to suf?ciently suppress the 
migration of bubbles from an inlet area to an outlet area of 
the storage tank. By means of at least one further barrier, the 
liquid stream is forced to ?oW at least partially in the vicinity 
of the liquid surface so as to signi?cantly increase the 
probability for bubbles to come into contact With the surface, 
and thus to be removed from the liquid stream. In particular 
embodiments, the supply of liquid into the inlet area of the 
storage tank is accomplished such that the liquid is dis 
charged into the inlet area closely beneath the liquid surface. 
Although a high ef?ciency in bubble removal is obtained, 
substantially no additional maintenance is required, contrary 
to conventional bubble removal means With active compo 
nents such as active de-gasing elements. Moreover, the 
usage of expensive ?lter elements may be signi?cantly 
reduced or rendered completely obsolete by the storage tank 
con?guration according to the present invention. 

[0035] The particular embodiments disclosed above are 
illustrative only, as the invention may be modi?ed and 
practiced in different but equivalent manners apparent to 
those skilled in the art having the bene?t of the teachings 
herein. For example, the process steps set forth above may 
be performed in a different order. Furthermore, no limita 
tions are intended to the details of construction or design 
herein shoWn, other than as described in the claims beloW. 
It is therefore evident that the particular embodiments dis 
closed above may be altered or modi?ed and all such 
variations are considered Within the scope and spirit of the 
invention. Accordingly, the protection sought herein is as set 
forth in the claims beloW. 

What is claimed: 
1. A storage tank for a process liquid, comprising: 

an inlet area for receiving said process liquid; 

an outlet area connectable to a supply line; and 

a barrier having an upper portion and a loWer portion, the 
loWer portion facing a bottom of said storage tank, the 
barrier being disposed betWeen said inlet area and said 
outlet area, the loWer portion de?ning an opening near 
a bottom portion of said storage tank to provide ?uid 
communication betWeen said inlet area and said outlet 
area. 

2. The storage tank of claim 1, Wherein said inlet area 
comprises an inlet line end portion terminating into said inlet 
area. 

3. The storage tank of claim 2, further comprising a height 
adjustment member connected to said end portion and being 
con?gured to adapt a height of an outlet opening of said end 
portion to a liquid level in said inlet area. 

4. The storage tank of claim 2, Wherein said end portion 
includes a bent portion. 

5. The storage tank of claim 4, Wherein said bent portion 
has a substantially U-shaped con?guration. 
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6. The storage tank of claim 1, further comprising a 
second barrier having an upper portion and a loWer portion, 
the loWer portion connected to a bottom of said storage tank, 
said upper portion of said second barrier de?ning a second 
opening to provide ?uid ?oW path betWeen said inlet area 
and said outlet area. 

7. The storage tank of claim 6, further comprising a 
second height adjustment member coupled to said second 
barrier, the second height adjustment member being con?g 
ured to adapt a position of said second opening to a liquid 
level in said storage tank. 

8. The storage tank of claim 1 con?gured to contain a 
plating solution. 

9. A plating tool, comprising: 

a process chamber con?gured to receive and support a 

substrate; 
a supply line con?gured to convey a plating solution to 

said substrate; 

a discharge line con?gured to remove eXcess plating 
solution from said process chamber; and 

a storage tank including: 

an inlet area connected to said discharge line; 

an outlet area connected to said supply line; and 

a barrier having an upper portion and a loWer portion, 
the loWer portion facing a bottom of said storage 
tank, the barrier being disposed betWeen said inlet 
area and said outlet area and de?ning With its loWer 
portion an opening near the bottom to provide ?uid 
communication betWeen said inlet area and said 
outlet area. 

10. The plating tool of claim 9, Wherein said discharge 
line comprises an end portion terminating into said inlet 
area. 

11. The plating tool of claim 10, further comprising a 
height adjustment member connected to said end portion and 
being con?gured to adapt a height of an outlet opening of 
said end portion to a liquid level in said inlet area. 
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12. The plating tool of claim 10, Wherein said end portion 
includes a bent portion. 

13. The plating tool of claim 12, Wherein said bent portion 
has a substantially U-shaped con?guration. 

14. The plating tool of claim 9, further comprising a 
second barrier having an upper portion and a loWer portion, 
the loWer portion connected to a bottom of said storage tank, 
the second barrier forming With said upper portion a second 
opening to provide ?uid communication betWeen said inlet 
area and said outlet area. 

15. The plating tool of claim 14, further comprising a 
second height adjustment member coupled to said second 
barrier, the second height adjustment member being con?g 
ured to adapt a position of said second opening to a liquid 
level in said storage tank. 

16. A method of operating a storage tank for a process 
liquid, the method comprising: 

supplying said process liquid to an inlet area of said 
storage tank; and 

generating a liquid How to an outlet area via a commu 
nicating opening that is disposed in the vicinity of a 
bottom of said storage tank to substantially prevent 
bubbles from moving into said outlet area. 

17. The method of claim 16, further comprising adjusting 
a height of an opening of an inlet line terminating in said 
inlet area to be located a prede?ned distance beloW a liquid 
surface of said process liquid. 

18. The method of claim 17, further comprising forcing 
said liquid ?oW betWeen said inlet area and said outlet area 
to How partially at the vicinity of said liquid surface to 
further remove bubbles in said liquid ?oW. 

19. The method of claim 18, further comprising adjusting 
a distance of said liquid ?oW ?oWing at least partially in the 
vicinity of said liquid surface to a prede?ned value. 

20. The method of claim 16, Wherein said process liquid 
is supplied to a process chamber of a plating tool. 


