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OBJECT PLATING METHOD AND SYSTEM 

BACKGROUND OF THE INVENTION 

This application claims priority ·of U.S. Provisional Patent Application No. 

601241,754, filed October 20, 2000, and U.S. Provisional Patent Application No. 

s 60/254,361 filed December 11, 2000 [entitled "Object Plating Method and System"; 

inventors: Olivier J. Blachier, Frank Jansen, Colin John Dickinson, and Peter M. 

Pozniak]. 

Field of the Invention 

The present invention relates to a method and system for plating objects. 

10 More particularly, the present invention relates a plating method and system for 

substantially maintaining bY,product concentrations and/or plating component 

concentrations in a plating cell. An additional aspect of the invention relates to the 

reuse of at least some plating components and the monitoring of organic material in 

various substances. 

15 Description of Related Art 

Semiconductor chips are typically manufactured in a process involving the 

plc;iting of metal components onto wafers. Due to a recent shift toward copper 

interconnect technology, plating techniques are being developed for plating wafers 

with copper material. Current copper plating processes, however, require costly 

20 consumable substances and generate a relatively significant amount of waste 

mate.rial that is costly to dispose and presents a number of environmental concerns. 
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In one conventional copper plating technique, wafers are plated in a cell filled 

with plating substances including both inorganic and organic additives. The inorganic 

additives include copper sulfate, sulfuric acid, water, and possibly hydrochloric acid. 

Generally, the organic additives are categorized as either suppressors or 

s accelerators, depending on their role in the electroplating process. As their names 

imply, suppressors act to impede the deposition of metallic copper on the cathodic 

surface, while accelerators enhance the deposition. Suppressors can be further 

characterized as either carriers or levelers. The suppressors are generally polymeric 

surfactants. In the case of carri~rs. they form a mono-layer at the cathode which 

10 offers a diffusion barrier to cupnc ions, and enhances cathodic p_olarization needed 

for fine grain structure. Levelers are typically multiple-charged and adhere 

preferentially to highly charged areas su~h as corners and edges, and thus prevent 

overhanging at trench mouths. Tne large size of levelers impedes their migration into 

trenches, which in tum impedes conformal filling and allows for better bottom-up 

15 filling. 

As mentioned above, organic additives also include accelerators. These 

substances are usually unsaturated compounds containing a polar sulfur, oxygen, or 

nitrogen functional group. They adsorb strongly and uniformly on seed surfaces, 

promoting dense nucleation and, consequently growth of fine grains. This leads to a 

20. uniformly smooth, well-textured (i.e. briglit) finish. Accordingly, accelerators are often 

referred.to as brighteners 

During a plating process, organic additives break down, with the accelerators 

generally tending to break down more rapidly than suppressors. In a simplified 

approach, it has been estimated that at least one commercially available plating 

-· ... -· 
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chemistry has accelerator agents with a stoichiometric breakdown rate estimated at 

2mg/amp-hr while its suppressor agents break down at a rate of 1 Omg/amp-hr. 

Since organic materials break down during plating, a substantially continuous 

plating process requires some way of controlling levels of the organic additives in the 

s plating cell. In addition, there is a need to control the levels of byproducts that are 

generated as a result of the breakdown of the organic additives. 

The simplest approach to controlting levels of organic additives and their 

byproducts involves batch processing where a plating cell is initially filled with fresh 

plating substances and plating of wafe~ continues until the results become 

10 unacceptable. Then, the entire contents of the cell are drained and the cell is refilled 

again with fresh plating s~bstances. This generates large quantities of waste, which· 

must be treated because the waste contains relatively large amounts of copper and 

acid. Since this batch processing does not have direct control over the cherr:iistry of 

the plating bath, a number of potentially. reusable components from the drained cell 

15 are disposed without being reused. 

Another approach to controlling organic additives and their byproducts is 

referred to as the "bleed and feed" approach. In bleeding and feeding, fresh plating 

substances are continuously added to the plating cell at a continuous flow rate while 

a portion of the contents are continuously drained from the cell at a constant flow rate 

20 and then disposed without being reused. Although this approach is slightly more 

sophisticated than the batch approach, both methods lead to substantially th_e same 

amount of waste generated over time. For example. the amount of waste could 

range from 10 cc/wafer to 25 cc/wafer at high wafer plating rates. In addition, while 
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the bleed and feed approach does remove some of the contaminants associated with 

the break down of the organic additives, it does not completely remove them, and 

only dilutes them somewhat to a generally steady-state concentration. Over a period 

of time, the a~umulation of· the byproducts requires a complete draining of the 

5 plating cell and subsequent refilling. 

In light of the foregoing, there is a need in the art for improving plating 

methods and systems. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to ~ method and system that 

10 may substantially obviate one or more of the limitations of the related art. In 

particular; the present invention is directed to methods and systems that have 

particular advantages associated with the plating of copper onto wafers. The 

invention, in its broadest sense, however, could be used for plating of a wide variety 

of different substances onto a wide variety of different objects. For example, the . 

15 present invention could be used for plating objects with gold. 

In one aspect, the invention includes a method of plating objects. In one 

method according to the invention, plating substances ·are added to a plating cell. 

Objects are placed in the plating cell an_d plated in the plating cell. Plated objects are 

removed from the plating cell. Used plating substances, including at least one 

20 byproduct, are drained from the plating cell. At least one aspect associated with the 

plating of the objects is monitored. Based on the at least one monitored aspect, the 

flow rate of ·the plating substances added to the plating cell and/or the flow rate of the 

used plating substances drained from the plating cell are adjusted. 
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In one preferred practice of the method, at le.ast one byproduct of at least one 

of the plating substances is created during the object plating, and·the monitored 

aspect is related to the creation of the at least one byproduct. The flow rate 

adjustment(s) substantially maintain(s) a concentration of the at least one byproduct 

5 in the plating cell below a predetermined level. 

In another preferred practice of the method, the amount of at least one 

component of the plating substances is reduced during the plating of the objects, and 

the monitored aspect is related to the reduction in amount of the at least one 

component of the plating substances during the plating. The flow rate adjustment(s) 

10 substantially maintain(s) a concentration of the at least one component in the plating 

cell above a predetermined level. 

In yet another aspect of the method, the used plating substances are 

processed to convert at least part of the used plating substances into reusable plating 

substances. The reusable plating substances are added to the plating cell. 

15 The monitored aspect is preferably chosen from the number of objects plated 

in the plating cell, the time elapsed during the plating of the objects, current density 

and/or electrical energy applied during the. plating, idle time elapsed ~hen the plating 

does not occur, the amount of agitation of substances in the plating cell, the amount 

of pulse plating occurring during the plating, temperature of substances in the plating 

20 celi, temperature of the plating cell, the deposition rate of material plated on the 

objects, the electrical conductivity of the material plated on the objects, the 

concentration of carbon in the material plated on the objects, the. degree of void-free 

plating in trenches of the objects, and the chemical composition of the plating 

substances. 

25 In another method according to the present invention, at least one byproduct 

of at least one of the plating substances is created during the plating of the objects. 
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Used plating substances, including the at least one byproduct, are drained from the 

plati~g cell. The used plating substances are purified to remove at least some of the 

at least one byproduct and thereby create purified plating substances. At least one 

component is combined with the purified plating substances to create a _mixture of 

5 plating substances. The mixture of plating substances is passed into the plating cell 

to thereby reuse the purified plating substances. 

In one aspect, the at least one byproduct includes organic material, and the 

method further includes monitoring the level of organic material in the purified plating 

substances. 

Io In another a~pect, the level of organic material in the mixture of plating 

substances is monitored. 

In addition, the method could further comprise adjusting, based on the 

monitored level of organic material, the- amount of the at least one component 

combined with the purified plating substances. 

15 In yet another aspect, the mixture of plating substances is passed into a 

storage tank, and the mixture in. the storage tank is monitored to determine the level 

of organic material. 

. In still another aspect, multiple plating cells are provided and a separate . 

storage tank is associated with each of the plating cells. The method further includes 

20 monitoring organic material in each storage tank substantially simultaneously. The 

organic material in each storage tank is preferably monitored via a separate sensing 

probe.in each storage-tank and a common controller receiving a respective sign~I 

from each sensing probe. 

The purifying preferably includes at least one of filtering the used plating 

25 substances with activated carbon, filtering .the used plating substances with at least 

one ion exchange medium compound, filtering the used plating substances with a 
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particle removal filter, exposing the used plating substances to ultraviolet light, 

heating .the used plating substances, exposing the used plating substances to at least 

one chemical oxidizing substance, and degassing the used plating substances. In 

· the preferred embodiment, the purifying includes removing substantially all plating 

5 substances containing organic material, and the at least one component includes 

organic material. 

In a further aspect of the invention, each object is a wafer configured to be a . 

component of a semiconductor, and each wafer is plated with copper. 

· The invention also includes a syst~m for use in plating objects. In one aspect, 
. . 

10 the system is configured to.be used with a plating cell configured to plate objects. 

The plating cell is associated with means for adding plating substances to the plating 

cell, and means for draining used plating substances from the plating eell. The 

system includes at least one monitor configured· to monitor at least one aspect . 

associated with the plating of the objects. A controller is in electrical communication 

15 with the.monitor. The controller is configured to control at least one of the adding 

means ·and the draining· means, based·on said at least one monitored aspect, to 

adjust at least one of the flow rate of the plating substances added to the plating cell, 

and the flow rate ·of the used plating substances drained from the plating cell. 

· In one aspect of the system, the used plating substances include at least one · 

20 . byproduct of at least one of the plating substances, and the byproduct is created 

during plati,ng of the objects in the plating cell. The monitored aspect is related to the 

~reation of the at least one byproduct, and the flow rate adjustment(s) provided by the 

controller substantially maintain(s) a concentration of the at least one byproduct in the 

plating cell below a predetermined level. 

25 In another aspect of the system, the amount of at least one component of the 

plating substances is reduced during plating of objects in the plating cell. The 
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monitored aspect is related to the reduction in amount of the at least one component 

of the plating sul:>stances during the plating~ and the flow rate adjustment(s) provided 

by the controller substantially maintain(s) a concentration of the at least one 

component in the plating cell above a predetermined level. 

5 The adding means and/or the draining means could include at least one of a 

pump and a floW control valve. The controller is preferably .configured to control the 

pump{s) and/or flow control valve{s). 

The system could further include a processing unit configured to convert at 

least part of the used plating substances into reusable plating substances, the 

10 reusable plating substances being reused in the plating cell. 

The monitor is preferably configured to monitor at least one of the number of 

objects plated in the plating cell, the time elapsed during the plating of the ·objects, 

current density and/or electrical energy applied during the plating, idle time elapsed 

when the plating does not occur, the amount of agitation of substances in the plating 

15 cell, the amount of pulse plating occurring during the plating, temperature of 

substances in the plating cell; temperature of the plating cell, the deposition rate of 

material plated on the objects, the electrical conductivity of the material plated on the 

objects, the concentration of carbon in the material .plated on the objects, the degree 

of void-free plating in trenches of the objects, arid the chemical composition of the 

20 plating substances. 

Another aspect of the invention involves a system including a purifier and a 

component combiner. The purifier is configured to purify the used plating substances 

to remove ·at least some of the at least one byproduct and thereby create purified 

plating substances. The component combiner is configured to combine at least one 

25 component with the purified plating substances to create a mixture of plating 
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substances. The mixture of plating substances is passed into the plating cell to 

thereby reuse the purified plating substances. 

In an additional aspect, the system includes a purified substance monitor 

configured to monitor the level of organic material in the purified plating substances. 

5 · Another aspect includes a mixture monitor configured to monitor the level of 

organic material in the mixture of plating substances. 

Preferably, the system further comprises a controller in electrical 

communication with the monitor. The controller controls the component combiner •. 

. based on the monitored level of organic material, to adjust the amount of the at least 

10 one component combined with the purified plating substances. 
. . 

In one other aspect, the system includes probes configured to be positioned in . 

separate storage tanks so that organic material in separate tanks can be monitored 

sep~rately, .and a common controller receiving a respective signal from each sensing 

probe: 

15 In an even f~rther aspect, the purifier is configured to provide at least one of 

filtering the used plating substances with activated carbon, filtering the used plating 

substances with at least one ion exchange medium compound, filtering the used 

plating substances with a particle removal filter, exposing the used plating . . 

substances to ultraviolet light, heating the used plating substances, exposing the 

'20 · used plating substances to at least one chemical oxidizing substance, and degassing 

the used plating substances. 

Another aspect relates to a structural arrangement and/or a plating method, 

wherein the following equation is satisfied: 

Cb.~= Cb,t0 + (t2-t1) x ( mb -11b • dVP · C b,u) 
v 
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wherein 

Cb, 12 = byproduct concentration at time t2, 
Cb, 11 = byproduct concentration at time t1 , 
Cb, to = initial plating solution byproduct concentration, 

5 V = volume of plating substances in at least one of the plating cell and a 
storage tank associated with the plating cell, 

mb = mass rate of byproduct build up, 
dVP =liquid flow rate through the purifier, and 
'llb = byproduct removal efficiency of the purifier. 

10 A further aspect.relates to~ structural arrangement and/or plating method, 

wherein the following equation is satisfied: 

Ce,12 = Ce.ro + {t2-t1) X {Ve ·g·dt- me - he· dVp · C e,11) 
v (t2-t1) 

wherein 

c e, 12 = component concentration at time t2, 
15 Ce.u =component concentration at time t1, 

Ce. ro = initial plating solution component concentration, 
Ve= flow rate of component introduction, 
q =component density, . 
dt = time interval of component introduction, 

20 me = mass rate of component consumption during the plating, and 
'Ile = component removal efficiency of the purifier. 

25 

It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 

explanation of the invention as claimed. 

BRIEF DESCRIPTION OF IHE DRAWINGS 

The accompanying drawings are included to provide a further understanding 

of the invention and are incorporated in and constitute a part of this. specification. 

The drawings illustrate an embodiment of the invention and, together with the 

description, serve to explain the principles of the invention. In the drawings, 
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Fig. 1 is a schematic view of an object plating system in accordance with an 

embodiment of the invention wherein broken lines represent electrical 

interconnecti9ns and unbroken lines represent fluid couplings; and 

Fig. 2 is a schematic view of a controller shown in Fig. 1 associated with a 

s · plurality of probes monitoring conditions in separate storage tanks. · 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Reference will now be made in detail to the present preferred embodiment of 

the invention, an example of which is illustrated in th~ accompanying drawings. 

Wherever possible, the same reference numbers are used ih the drawings and the 

10 description to refer to the same or like parts. 

In accordance with the invention, there is provided an object plating system. 

As shown in Fig.1, a preferred embodiment of the object plating system includes a 

plating cell 10, a draining unit 12, a purifier 14, a component combiner 16, a storage 

tank 18, and an adding uriit·20. As explciined in more detail below, this arrangement 

15 allows for recycling and reuse of substances during plating. 

The plating cell 10 could be configured like any number of different 

conventional plating cells arranged to plate, onto objects, metal and/or other material 

initially present in plating substances contained in the plating cell 10. In the preferred 

practice .of the present invention, the plating cell 10 is configured to plate copper onto 

20 wafers used for the fabrication of semiconductors. For example, the plating cell 10 

could include an anode 11 and wafers placed into the plating cell 10 could act as 

cathodes. Preferably, the anode 11 is formed of high purity, solid copper containing 

no more than about 20 mg/I of sulfur, selenium, sodium, and phosphorous, either 

individually or in combination. 
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The.plating cell 10 is preferably in direct flow communication with the storage 

tank 18 so that when the storage tank 18 is filled with plating substances (as it 

normally is during plating of objects in the cell 10), the addition of any further plating 

substances to the storage tank 18 causes flow of plating substances from the tank 18 

5 to the cell 10 at substantially the same flow rate plating substances were added to the 

tank 18, and the removal of any plating substances from the tank 18 causes flow of 

plating substances from the cell :t 0 to the tank 18 at substantially the same flow rate 

plating substances were removed from the tank 18. The flow communication 

between the ptating cell 1 O and the storage tank 18 is also preferably configured so 

10 that the cell 10 and the tank 18 contain substantially the same concentrations of the 

plating substance components and byproducts of the plating substance. 

. The platirig cell 10 and the storage tank 18 could contain plating substances 

including both organic and inorganic substances. During the plating in the plating cell 

10, one or more byproducts of the plating substances are created and the amount of· 

15 one or more components in the plating substances becomes reduced. The draining 

unit 12, which .is preferably in direct flow communication with the. storage tank 18, 

removes, from the storage tank 18 and plating cell 10, used plating substances 

including the byproducts. These used plating substances are then passed to the 

purifier 14, which is preferably configured to remove one or more of the byproducts 

20 from the u~ed plating substances. 

The purifier 14 could use any known technology for removing byproducts from 

the used plating substances. In the preferred embodim.ent, the purifier 14 is 

preferably configured to provide filtering of the used plating substances with activated 

carbon, filtering ·of the used plating substances with at least one ion exchange 

25 medium compound, filtering the used plating substances with a particle removal filter, 

exposure of the used plating substances to ultraviolet light (pulsed and/or unpulsed 
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light}, heating of the used plating substances, exposure of the used plating 

substances to at least one chemical oxidizing substance, and/or degassing of the 

used plating substances. When more than one.byproduct removal method is utilized, 

the used plating substances could be sequentially treated by passing them through 

5 multiple, series-connected, treatment devices, each providing one or more of the 

byproduct removal methods, for example. 

In one preferred practice of the invention, the purifier 14 is arranged to 

remove at least substantially all organic substances present in the used plating 

substances. In another preferred practice of the invention, the purifier 14 removes 

10 -only select types of organic substances. The purifier 14 could also be configured to 

remove some select types of inorganic substances. For example, the purifier 14 

could be configured to remove HCI. 

The purifier 14 is associated with the component combiner 16 to provide a 

processing unit that converts the used -plating substances into reusable plating 

15 substances capable of being used in the plating cell 10. When the purifier 14 has 

removed one or more byproducts, the resulting purified plating components pass to 

the component combiner 16, which is configured to add one or more components to 

the purified plating substance and thereby create a mixture of plating substances. 

The component combiner 16 could be configured like any conventional 

20 structure used to combine constituent ingredients to form plating substances. For 

example, the component combiner 16 could be a device that is sometimes referred to 

as a "doser". In one preferred embodiment, the component combiner 16 is 

configured like the mixing apparatus described in application Serial No. 09/512,752, 

filed February 25, 2000, the disclosure of which is incorporated herein by reference. 

25 Preferably, the combiner 16 adds at least one or more organic materials to the 

purified plating substances passing from the purifier 14. In addition, the combiner 16 
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could be configured to add one or more types of inorganic sub~tances, such as HCI, 

copper, H2S04, and/or H20, for example. 

When the combiner 16 has formulated the mixture of plating substances, the 

adding unit 20 preferably_ passes this mixture into the storage tank 18, which causes 

5 flow of plating substances from the storage tank 18 to the plating cell 10. During the 

continue~ plating of objects in the cell 10, the plating substance mixture added via the 

adding unit 20 is used for plating in the cell 10. 

The preferred embodiment of the system preferably includes a controller 22 in 

electrical communication with the draining unit 12, the adding unit 20, and the 

10 component combiner 16. As schematically shown in Fig. 1, the controller 22 is also 

in electrical communication with a plating aspect monitor 24, a purified substance 

monitor 26, and a mixture monitor 28. 

The plating aspect monitor 24 is preferably configured to monitor one or more 

aspects associated with the plating of objects in the plating cell 10. The monitored 

15 aspect is preferably related to the creation of at least one byproduct during plating 

and/or the reduction in amount of at least one component of the plating ~ubstances 

during the plating. For example, the plating aspect monitor 24 is preferab!Y 

configured to monitor at least one of the number of objects plated in the plating cell, 

the time elapsed during the plating of the objects, current density and/or electrical 

20 en~rgy applied during the .plating, idle time elapsed when the plating does not occur, 

the amount of agitation of substances in the plating cell, the amount of pulse plating 

occurring during the plating, temperature of substances in the plating cell, 

temperature of the plating cell, the deposition rate of material plated on the objects, 

the electrical conductivity of the material plated on the objects, the concentration of 

25 carbon in the material plated on the objects, the degree of void-free plating in 

trenches of the objects, and the chemical composition of the plating substances. The 
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monitoring of one or more of these aspects provides an indication of the condition of 

the plating substances in the plating cell 10. 

Based on information provided by the plating aspect monitor 24, the controller 

22 controls the adding unit 20 and/or the draining unit 12 to adjust at least one of the 

5 flow rate of the mixture of plating substances being added to the storage tank 18 and 

the plating cell 10 via the adding unit 20 and the flow rate of used plating substances 

being drained from the storage tank 18 and the plating cell 10 via the draining unit 12. 

Preferably, this controlling substantially maintains a concentration of at least one 

byproduct in the plating cell 1 O below a predetermined level. The controlling also 

10 preferably acts to substantially maintain a concentration of at least one component 

(i.e., one or more organic components and, possibly, also one or more inorganic 

components) in the plating cell 10 above a predetermined level. 

In the preferred embodiment, the adding unit 20 and the draining unit 12 

include any type of conventional structure for providing variable rate fluid flow. For 

15 example, the adding unit 20 and draining unit 12 could each include a variable rate 

flow .pump and/or a variable rate flow valve. Many other types of alternative 

arrangements are also possible. 

Preferably, the controller 22 adjusts the adding unit 20 and/or the draining unit 

12 such that the flow rate(s) prior to the adjustment and the flow rate(s) after the 

20 adjustment are different from one another and greater than zero. In other words, the 

flow rate adjustment preferably takes place while used plating substances continue to 

be removed via the draining unit 12 and while the mixture of plating substances 

continue. to be added via the adding unit 20. 

As mentioned above, the system also preferably includes a purified substance 

25 monitor 26 and a mixture monitor 28. The purified substance monitor 26 is preferably 

configured to monitor levels of materials that are intended to be removed ·by the 



.. t 

16 

purifier 14, and the mixture monitor 28 is preferably configured to monitor levels of 

materials that are_ intended to be added via the component combiner 16. Based on 

data provided by the monitors 26 and 28, the controller 22 preferably controls the 

component combiner 16 to adjust the amount of one or more components being 

5 added by the combiner 16. 

For example, when the purifier 14 is configured to remove at least one organic 

substance and the component combiner 16 is configured to combine at least one 

organic component to formulate a mixture, the monitors 26 and 28 are preferably 

configured to monitor the amount of organic material in the purified substance and 

10 the plating substance mixture, respectively. 

In the preferred embodiment, the mixture monitor 28 is a probe configured to 

measure the concentration of both organic material and inorganic material, the probe 

being configured to be positioned in storage tank 18. For example, the mixture 

monitor 28 could be a conventional monitor sometimes referred to as an RTA probe, 

15 which is. configured to be positioned in the storage tank 18. In a preferred 

embodiment of the invention shown in Fig. 2, a plurality of monitors 28a, 28b, and 

28c, like the monitor 28 of Fig. 1, could each be positioned in a respective storage 

tank 18a, 18b, 18c each associated with a separate respective plating cell (not 

shown). Each of the monitors 28a, _28b,.and 28c could provide data to the controller 

20 22 so that the organic material (and; optionally, also the inorganic material) in the 

storage tanks 18a, 18b, 18c can be monitored simultaneously. 

Alternative arrangements are, of course, possible. For example, the system 

could have a single purifier arranged to remove.at least one byproduct from used 

plating substances remov~d frorri a plurality of different plating cells. In addition, the 

-25 combiner could be configured to formulate plating mixtures used in a plurality of 

different plating cells. 
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As shown in Fig. 1, the plating system also preferably includes a supplier 30 

configured to supply fresh, virgin plating substances to the plating cell 10, via the 

component combiner 16, adding unit 20, and storage tank 18, when the plating cell 

10 is in need of filling at the beginning of a plating procedure and, optionally, also 

s during a plating procedure. Before passing from the component combiner 16, the 

fresh plating substances flowing from the supplier 30 preferably pass through an ion 

removing unit 32 configured to remove one or more predetermined types of free ions 

from the fresh plating substances. When the system is used for copper plating, the 

ion removing u·nit 32 is preferably configured to remove free sodium and sulfur ions .• 

10 and more preferably configured to remove any free ions except for carbon, oxygen, 

and hydrogen. ions. The supplier 30 and/or the ion removing unit 32 could be 

controlled by the controller 22, for example. 

Preferred methods for plating wafers with copper are discussed below with 

reference to Figs. 1 and 2. Although the invention is described in connection with 

15 copper plating of wafers, it should be understood that the invention in its broadest 

sense is not so limited. Certain aspects of the invention may be used for plating 

many different types of objects with many different types of materials, regardless of 

whether they are related to the field of semiconductor5 and/or copper plating. In 

addition, aspects of the method could be practiced with structure different from that 

20 shown in Figs. 1 and 2. 

Initially, the supplier 30 adds fresh plating substances to the plating cell 10 via 

the ion removing unit 32, component combiner 16, adding unit 20, and storage tank 

18. The ion removing unit 32 preferably removes one ot more types of free ions, 

such as free ions of sodium and sulfur, from the plating substances. Preferably, the 

25 plating substances include organic and inorganic substances typically used for 

plating of wafers with copper. 
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Unplated wafers are placed in the plating cell 10 and copper is plated on the 

wafers in-any known manner. As the plating process continues, copper plated wafers 

are removed from the plating cell 10 and additional unplated wafers are added to the 

cell 10. The copper plating causes at least some of the organic components of the 

s plating substances to create byproducts, such as short-chain polyethylene glycols. 

The copper plating also causes a depletion in the amount of certain components in 

the plating substances, such as HCI and/or accelerators. 

An amount of used plating substances is drained froin the plating cell 10 via 

the storage tank 18 and the draining unit 12, preferably in a continuous manner, 

10 substantially throughout the entire plating process. The purifier 14 preferably purifies 

the used plating substances by removing at least some or substantially all of the 

organic materials, including the byproducts generated during plating. For example, 

the purifier 14 could remove short-chain polyethylene glycols. In addition, the purifier 

14 could also remove some inorganic materials, such as HCI, for example. 

15 The purified substance monitor 26 monitors the level of organic materials 

contained in the purified substances and the information from the monitor 26 is 

communicated to the controller 22. Based on the information from the purified 

substance monitor 22, the controller 22 controls the component combiner 16 to 

combine an amount of one or more components to the purified substance and 

20 thereby create a mixture of plating substances. For example, the component 

combiner 16 coul<;J add components such as HCI and/or accelerators. 

The adding unit 20 passes the resulting mixture of plating substances into the 

storage tank 18, where the mixture monitor 28 monitors the amount of organic 

material in the mixture. This mixture passes into the plating cell 10 to thereby reuse 

25 at least some of the substances that were originally present in the cell 10. Preferably, 

the adding unit 20 operates to add the mixture of plating substances to the storage 
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tank 18 and the plating cell 10 in a continuous manner throughout substantially the 

entire plating process. Optionally, if desired during the ·plating process, the supplier 

30 could also add to the plating cell 10 (via the combiner 16, adding unit 20, and tank 

18) an amount of fresh, virgin plating substances that have not been recycled. 

5 The controller 22 obtains information from the mixture monitor 28 and 

preferably uses this information to control the component combiner 16. For example, 

if the mixture monitor 28 detects a relatively high (or low) level of organic material, the 

controller 22 could adjust the component combiner.16 to add less (or more) 

components containing organic material. In addition, if the purified substance monitor 

10 26 detects a relatively high level of organic material that is being removed by the 

purifier 14, the controller 22 could adjust the component combiner 16 to add less 

components containing organic material. The controller 22 could also control the 

supplier ~O. 

While wafers are being plated in the plating_ cell 10, the plating aspect monitor 

15 24 monitors one or more aspects associated with the plating. As mentioned above~ 

t~e monitored aspect is related to the creation of at least one byproduct in the plating 

cell 10 and/or the reduction in amount of one or more components of the plating 

substances in the plating cell 10. Based on the aspect(s) monitored by the monitor· 

24, the controller 22 preferably controls the draining unit 12 to adjust the flow rate of 

20 used plating substances being removed from the storage tank 18 and the plating cell 

10 and/or controls the adding unit 20 to adjust the flow rate of plating substance 

mixture being added to the storage tank 18 and the plating cell 10. The flow rate 

adjustment preferably maintains a concentration of one or more byproducts in the 

plating cell 10 below a predetermined amount and/or maintains· a concentration of at 

25 least one component in the plating cell 10 above a predetermined amount. 
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For example, when the aspect monitor 24 detects an aspect related to the 

increased amount of a byproduct capable of being removed by the purifier 14, the 

controller 22 could control the draining unit 12 to increase the flow rate of used 

plating substances being removed from the storage tank 18 and the plating cell 10, 

5 and/or.control the adding unit 20to increase the flow rate of plating substance 

mixture being added to the storage tank 18 and the plating cell 10. Such flow rate 

adjustment could decrease the concentration of the byproduct in the plating cell 1 O in 

a relatively automatic and rapid manner. 

To provide a further example, when the aspect monitor 24 detects an aspect · 

1 o related to the decrease of a component being added by the component combiner 16, 

the controller 22 could control the draining· unit 12 to increase the flow rate of used 

plating substances being removed from the storage tank 18 and the plating cell 10, 

and/or control the adding unit 20 to increase the flow rate of plating substance 

mixture being added to the storage tank and the plating cell 10. Such_flow rate 

15 adjustment could increase the amount of the component in the plating cell 10 in a 

relatively automatic and rapid manner; 

The controller 22 could control the draining unit 12 and adding unit 20 to each 

provide flow rates ranging from about 5 ml/min to about 25 ml/min, for example. 

In addition to controlling the draining unit 12 and adding unit 20 based on the 

20 information from the aspect monitor 24, the controller 22 could also control the 

combiner 16, based on this information, to add more or less or a particular 

component related to the aspect being monitored. 

Other ways of practicing various aspects of the method are also possible. For 

example, the flow rate adjustment of the draining unit 12 andfor adding unit 20 could 

25 also be used in a plating· process that does not involve a purifier 14 and/or 

component combiner 16. 
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In one example of a preferred practice of the present. invention, where copper 

material is plated on wafers in the plating cell 10, the system and method maintain 

concentrations such that, the plating cell's plating substances include copper (Cu++) at 

a concentration of about 17 g/I, H2S04 at a concentration of about 200 g/I, chloride 

5 (Cl") at a concentration of about 30 mg/I, one or more suppressors at a concentration 

of about 18 ml/I, and/or one or more accelerators at a concentration of about 1 ml/I, 

for example. 

The controller 22 could be configured in many different ways to maintain the 

concentration of one or more byproducts in the plating cell 10 below a predetermined 

1 o level and/or maintain the concentration of one or more plating substance components 

above a predetermined level. For example, the controller 22 could be configured to 

maintain byproduct concentration such that the following equation is satisfied: 

Cb,t2 = Cb~to + (t2-t1) X ( mb -1lb • dVP · C b,11) 
v 

wherein 

15 Cb, 12 = byproduct concentration at time t2, in mg per liter, for example; 
Cb, u = byproduct concentration at time t1, in mg per liter, for example; 
C.b:to = initial plating solution byproduct concentration, in mg per liter, 

for example; 
V = volume of plating substance~ in the storage tank 18 andfor plating 

20 cell 10, in liters, for example; 
mb = mass rate of byproduct build up, in mg per minute, for example; 
dVP =liquid flow rate through the purifier 14, in liters per minute, for 

example (i.e., the flow rate provided by draining unit 12); and 
1lb = byproduct removal efficiency of the purifier 14. 

25 For example, the controller 22 could also be configured to maintain component 

concentration such that the following equation is satisfied: 

Ce,t2 = Cc,t0 + (t2-t1) x (Ve ·q·dt- me - he· dVP · C e:,u) 
v (t2-t1) 
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wherein 

Cc, 12 =component concentration at timet2, in mg per liter, for example; 
C c:. 11 = component concentration at time t1, mg per liter, for example; 
Cc '° = initial plating solution component concentration, in mg per liter, for 

5 · example; · 
Ve= flow rate of component introduction, in liters per minute, for example 

(from combiner 16); 
q = component density, in mg per liter, for example; 
dt = time interval of component dosing by the combiner 16, for continuous 

10 flow, dt = t2-t1; 
me= mass rate· of component consumption during the plating process, in 

mg per minute, for example; and 
he = component removal efficiency of the purifier ·14. 

The controller 22 preferably determines byproduct concentrations Cb and 

15 component concentrations Cc based on input from the plating aspect monitor 24 

and/or the mixture monitor 28. The controller 22 preferably determines the volume V 

based on input from one or more level detectors (not shown), such as ultrasonic level 

detectors. 

After determining byproduct and component concentrations, the control~er 22 

20 preferably determines the purifier flow rate, component introduction flow rate, and 

time interval for component dosing to establish target concentrations for byproducts 

and components. The mass rate of byproduct buildup, mb, and mass rate of 

component consumption, me, are preferably calculated by temporarily setting the 

purifier flow rate and component introduction flow rate to zero and then monitoring 

25 the rate of rise (or faU) in concentrations. 

This wiil determine me. The value formbwill be assumed to be equivalent to 

me in a first approximation. (In practice, mb <me because of the drag-in process of 

organic additiv~s into the deposited film). Then, a maximum allowable byproduct 

value (Cb. J. and dV P are preferably calculated .. 
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The above equations are preferably used such that the concentration output 

at time t2 will be used in the next iteration as the concentration at t1 to allow 

sequential use of the equations and software control. 

The above-mentioned equations allow. mass rate of byproduct build up to be 

5 calculated without additional input variables and organic purifier feed rate to be 

dynamically adjusted to provide faster control to the set point concentration. This 

could enable lower plating bath volumes to be used successfully s·o that much faster . 

response can be implemented with the confidence of satisfactory contamination 

control. 

IO The system and method according to the invention could provide several 

advantages over previous modes of plating bath management. For example, by 

selectively stripping at least some amount of the organic ~omponents and then 

replacing them, cleaner and more repeatable bath chemistry can be maintained. By 

establishing a closed loop for solution regeneration, costly treatment of waste copper 

15 and acid can preferably be eliminated. Finally, the continuous purification of the 

regenerated chemistry can ultimately result in an optimized process control for the 

plating tool manufacturer and the end user. Of course, many aspects of the invention 

could be practiced without necessarily accomplishing one or more of these 

advantages. 

20 It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure and· methodology of the present invention 

without departing from the scope or spirit of the invention. In view of the foregoing, it 

is intended that the present invention cover modifications and variations of this 

invention provided they fall within the scope of the following claims and their 

25 equivalents. 
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WHAT IS CLAIMED IS: 

1. A method of plating objects, the method comprising: 

adding plating substances to a plating cell; 

placing objects in the plating cell; 
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. plating the objects in the plating cell, wherein at least one byproduct of at feast 

5 one of the platif"!g substances is created during the plating; 

removing th~ plated objects from the plating cell; 

draining used plating substances from the plating cell, the used plating 

substances including the at least one byproduct; 

mo~itoring at ·least one aspect associated with the plating of the objects, the 

1 o aspect being related to the creation of the at least one byproduct; and 

adjusting, based on said at least one monitored aspect, at least one of 

the flow rate of the plating substances added to the platfng cell, and 

the flow rate of the used plating substances drained from the plating cell, 

to substantially maintain a concentration of the at least one byproduct in the plating 

15 cell below a predetermined level. 

2. The method of claim 1, wherein the adjusting includes both adjusti':lg the flow 

rate of the plating substances added to the plating cell and adjusting the flow rate of 

the used plating substances drained from the plating cell. 

3. The method of claim 1, wherein the adjusting includes adjusting the flow rate 

of the plating substances from at least a first rate to a second rate, wherein the first 

and second rates are greater than zero. 

4. The method of claim 1, wherein the adjusting includes adjusting the flow rate 

of the used plating substances from at least a first rate to a second· rate, wherein the 

first and second rates are greater than zero. 

5. The method of claim 1, wherein the plating substances include organic 

substances and inorganic substances, and.wherein said at least one byproduct is 

created from at least one of the organic substances. 
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6. The method of claim 1, wherein both the adding of the plating substances and 

the draining of the used plating substances occur during substantially all of the plating 

of the objects. 

7. The method of claim 1, further comprising processing the used plating 

substances to convert at least part of the used plating substances into reusable 

plating substances, and adding the reusable plating substances to the plating cell. 

8. The method of claim 1, further comprising disposing of the used plating 

substances without reusing the used plati11g substances. 

9. The method of claim 1, wherein the plating substances include copper and 

wherein the objects are plated with copper. 

10. The method of claim 1, wherein each of the objects is a wafer configured to 

be a component of a semiconductor. 

11. The method of claim 1, wherein said at least one monitored aspect is chosen 

from the number of objects plated in the plating cell, the time elapsed during the 

plating of the objects, current density applied during the plating, electrical energy 

applied during the plating, idle time elapsed when the plating does not occur, the 

5 amount of agitation of substances in the plating cell, the amount of pulse plating 

occurring during the plating, temperature of substances in the plating ·ceu. 

temperature of the plating cell, the deposition rate of material plated on the objects; 

the electrical conductivity of the material plated on the objects, the concentration of 

carbon in the material plated on the objects, the degree of void-free plating in 

10 trenches of the objects, and the chemical ·composition of the plating substances. 

12. A method of plating objects, the method comprising: 

adding plating substances to a plating cell; 

placing objects in the plating cell; 
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plating the objects in the plating cell, wherein the amount of at least one 

5 component of the plating substances is reduced during the plating of the objects; 

removing the plated objects from the plating cell; 

draining used plating substances from the plating cell; 

monitoring at least one aspect associated with the plating of the objects, the 

aspect being related to the reduction in amount of the at least one component ·Of the 

10 plating substances during the plating; and 

adjusting, based on said at least one monitored aspect, at least one of 

the flow rate of the plating substances added to -the plating cell, and 

the flow rate of the used plating substances drained from the plating cell, 

to substantially maintain a concentration of the at least one component in the plating 

15 cell above a predetermined level. 

13. · The method of claim 12, wherein the adjusting includes both adjusting the flow 

rate of the plating substances added to the plating cell and adjusting the flow rate of 

the used plating substances drained from the plating cell. 

14. The method of claim 12, wherein the adjusting includes adjusting the flow rate 

of the plating substances from at least a first rate to a second rate, wherein the first 

and. second rates are greater than zero. 

15. · The method of claim 12, wherein the adjusting includes adjusting -the flow rate 

of the used ·plating substances from at least a first rate to a second rate, wherein the 

first and second rates are greater than zero. 

16. The method of claim 12, wherein the plating substances include organic 

substances and inorganic substances, and wherein said at least one component is at 

least part of at least one of the organic substances. 

17. The method of claim 12, wherein both.the adding of the plating substances 

and the draining of the used plating substances occur during substantially all of the 

plating of the objects. 
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18. The method of claim 12. further comprising processing the used .plating 

substances to convert at least part of the .used plating· substances into reusable 

plating substances, and adding the reusable plating substances to the plating cell. 

19. The method of claim 12, further comprising disposing of the used plating 

substances without reusing the used pla.ting .substances. 

20. The method of claim 12, wherein the plating substances include copper and 

wherein the objects are plated with copper. 

21. The method of claim 12, wherein each of the objects is a wafer. 

22. The method of claim 12, wherein each of the objects is a wafer configured to 

be a component of a semiconductor. 

23. The method of claim 12, wherein said at least one monitored aspect is c~osen 

from the number of obj~cts plated in the plating cell, the time elapsed during the 

plating of the objects, current density applied during the plating, electrical energy 

applied during the plating, idle time elapsed when the plating does not occur. the 

5 amount of agitation of substances in the plating cell~ the amount of pulse plating 

occurring during the plating, temperature of substanees in the plating cell, 

temperature of the plating cell, the deposition rate of material plated on the objects, 

the electrical conductivity of the material plated on· the objects, the concentration of 

carbon in the material plated on the objects, the degree of void-free plating in 

1 o trenches of the objects, and the chemical composition of the plating substances. 

24. A method of plating objects, the method comprising: 

adding plating substances to a plating cell; 

placing objects in the plating cell; 

plating the objects in the plating cell, wherein at least one byproduct of at least 

5 one. of the plating substances is created during the plating; 
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removing the plated objects from the plating cell; 

draining used plating substances from the plating cell, the used plating 

substances including the at least one byproduct; 

purifying the used plating substances to remove at least some of the at least 

10 one byproduct and thereby create purified plating substances; 

combining at least one component with the purified plating substances to 

create a mixture of plating substances; and 

passing the mixture of plating substances into the plating cell to thereby reuse 

the purified plating substances. 

25. The· method of claim 24, wherein the plating substances include organic 

substances and inorg~nic substances, and wherein said at least one qyproduct is 

created from at. least one of the organic substances. 

26. The method of claim 25, wherein the at least one byproduct includes organic 

material, and wherein the method further comprises monitoring the level of organic 

material in the purified plating substances. 

27. The method of claim 26, wherein the at least one component includes organic 

material, and wherein the method further comprises adjusting, based on the 

monitored level of organic material, the amount of the at least one component 

combined with the purified plating substances. 

28. The method of claim 27, wherein the method further comprises monitorin~ the 

level of organic material in the mixture of plating substances, and adjusting, based on 

the monitored· 1evel of organic material in the mixture, the amount of the at least one 

component' combined with the purified plating substances. 

29. The method of claim 25, wherein the at least one component includes organic 

material, and Wherein the method further comprises monitoring the level of organic 

material in the mixture of plating substances. 
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30. The method of claim 29, wherein the method further comprises adjusting, 

based on the monitored level of organic material in the mixture, the amount of the at 

least one component combined with the purified plating substances. 

31. The method of claim 29, wherein the method further comprises passing the 

mixture of plating substances into a storage tank in flow communication with the 

plating cell,. and wherein the mixture in the storage tank is monitored to determine the 

level of organic material. 

32. The method of claim 31, wherein.multiple plating cells are provided and a 

separate storage tank is associated with each of the plating cells, and wherein the 

method further comprises monitoring organic material in each storage tank 

substantially simultaneously. 

33. The method of claim 32, wherein the organic material in each storage tank is 

monitored via a separate-sensing probe in each storage tank and a common 

controller receiving a respective signal from each sensing probe. 

34. The method of claim 25, wherein the purified plating substances include at 

least a substantial portion of the inorganic substances. 

35. The method of claim 24, wherein the purifying includes at least one of filtering 

the used plating substances with. activated carbon, filtering the used plating 

substances with at least one ion exchange medium compound, filtering the plating 

substances with a particle- removal filter, exposing the used plating substances to 

5 ultraviolet light, heating the used plating substances. exposing the used plating 

substances to at least one chemical oxidizing substance, and degassing the used 

plating substances. 

36. The method of claim 25, wherein the purifying includes removing substantially 

all plating substances containing organic material, and wherein the at least one 

component includes organic material. 
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37. The method of claim 24, wherein the method further comprises: 

monitoring at .least one aspect associated with the plating of the objects, the 

aspect being related to the creation of the at least one byproduct; and 

adjusting, based on said at least one monitored aspect, at least one of 

s the flow rate of the plating substances added to the plating cell, and 

the flow rate of the used plating substances drained from the plating cell, 

to substantially maintain a concentration of the at least one byproduct in the plating 

cell below a predetermined level. 

38. The method of claim 24, wherein both the adding of the plating substances 

and the draining of the ~sed plating substances occur during substantially all of the 

plating of the objects. 

· 39. The method of claim 24, wherein the plating substances include copper and 

wherein the objects are plated with copper. 

40. The method of claim 24, wherein each of the objects is a wafer. 

41. The method of claim 24, wherein each of the objects is a wafer configured to 

be a component of a semiconductor. 

42. The method of ·claim 24, wherein the purifying also includes removing 

HCI from the used plating substances and wherein the combining includes adding 

HCI to the purified plating substances. 

43; The method of claim 24, further comprising adding. fresh plating 

suQstances to the plating cell and removing at least predetermined types of free ions 

from the fresh plating substances. 

44. A system for use with a plating celf·configured to plate objects, the plating cell 

being associated with means for adding plating substances to the plating cell, and 
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means for draining used plating substances from the plating cell, the used plating 

substances including at least one byproduct of at least one of the plating substances, 

5 the byproduct.being created during plating of the objects in the plating.cell, the 

system comprising: 

at least one monitor configured to monitor at least one aspect associated with 

the plating of the objects, the aspect being related to the creation of the at least one 

byproduct; and 

10 a controller in electrical communication with the monitor, the controller being 

configured to control at least one of the adding means and the draining means, based 

on said at least one monitored aspect, to adjust at least one of 

the flow rate of the plating substances added to the plating cell, and 

the flow rate of the used plating substances drained from the plating cell, 

15 to substantially maintain a concentration of the at least one byproduct in the plating 

cell below a predetermined level. 

45. The system of claim 44, wherein the adding means includes at least one of a 

pump and a flow control valve, and wherein the controller is configured to control said 

at least one of the pump and the flow control valve to adjust the flow rate of plating 

substances added to the plating cell. 

46. The system of claim 44, wherein the draining means includes at least one of a 

pump and a flow control valve, and wherein the controller is configured to control said 

at least one of the pump and the flow control valve to adjust the flow rate of used 

plating suqstances drained from the plating cell. 

47. The system of claim 44, wherein the controller is configured to control both 

the adding means and the draining means. 

48. The system of claim 47, wherein the controller is configured to control both 

the adding means and the draining means such _that both the adding of the plating 

substances and the draining of the used plating substances occur during 

substantially the entire time when objects are plated in the plating cell. 
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49. The system of claim 44, further comprising a processing unit configured to 

convert a.t least part of the used plating substances into reusable plating substances, 

the reusable plating substances being reused in the plating cell. 

50. The system of claim 44, wherein said at least one monitor is configured to 

monitor at least one of the number of objects plated in the plating cell, the time 

elapsed during the plating of the objects, current density applied during the plating, 

electrical energy applied during the plating, idle time elapsed when the plating does 

5 not occur, the amount of agitation of substances in the plating cell, the amount of 

pulse plating occurring during the plating, temperature of substances in the plating 

cell, temperature of the plating cell, the deposition rate of material plated on the 

objects, the electrical conductivity of the material plated on the objects, the 

concentration of carbon in the material plated on the objects, the degree of void-free 

1 o plating in trenches of the objects, and the chemical composition of the plating 

substances. · 

51. A system for use with a plating cell configured to plate objects, the plating cell 

being associated with means for adding plating substances to the plating cell, the 

· amount of at least one component of. the plating substances being reduced during 

plating of objects in the plating cell, and means for draining used plating substances 

5 from the plating cell, the system comprising: 

at le~st one monitor configured to monitor at least one aspect associated with 

the plating· of lhe objects, the aspect being related to the reduction in amount of the at 

least one component of the plating substances during the plating; and 

a controller in electrical communication with the monitor, the controller being 

10 configured to control at least one of the adding means and the draining means, based 

on said at least one monitored aspect, to adjust at least one of 

the flow rate of the plating substances added to the plating cell, and 

the flow rate of the used plating substances drained from the plating cell 

to substantially maintain a concentration of the at least one component in the plating· 

15 cell above a predetermined level. 
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52. The system of claim 51, wherein the adding means includes at least one of a 

pump and a flow control valve, and wherein the controller is configured to control said 

at least one of the pump and the flow control valve to adjust the flow rate of plating 

substances added to the plating cell. 

53. The system of claim 51, wherein the draining means includes at least one of a 

pump and a flow control valve, and wherein the controller is configured to control said 

at least one of the pump and the flow control valve to adjust the flow rate of used 

plating substances drained from the plating cell. 

54. The system of claim 51, wherein the controller is configured to control both 

the adding means and the draining means. 

55. The system of claim 54, wherein the controller is configured to control both 

the adding means and the draining means such that both the adding of the plating 

substances and the draining of the used plating substances occur during 

substantially the entire time when objects are plated in the plating cell. 

56. The system of claim 51, further comprising a processing unit configured to 

. convert at least part of the used plating substances into reusable plating substances, 

the reusable plating substances being reused in the plating cell. 

57. The system of claim51, wherein said at least one monitor is configured to 

monitor at least one of the nu~ber of objects plated in the plating cell, the time 

elapsed during the plating of the objects, current density applied during the plating, 

electrical energy applied during the plating, idle time elapsed when the plating does 

5 · not occur, the amount of agitation of substances in the plating cell, the .amount of 

pulse plating occurring during the plating, temperature of substances in the plating 

cell, temperature of the plating cell, the deposition rate of material plated on the 

objects, the electrical conductivity of the material plated on the objects, the 

concentration of carbon in the material plated on the objects, the degree of void-free 
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10 plating in trenches of the objects, and the chemical composition of the plating 

substances. 

58. A system for use with a plating cell configured to plate objects, the plating cell 

being associated with means for adding plating substances to the plating cell, and 

means for draining used plating substances from the plating cell, the used plating 

substances including at least one byproduct. of at least one of the plating substances, 

s · the.byproduct being created during plating of the object~ .in the plating cell, the 

system comprising: 

a purifier configured to purify the used plating substances to remove at least 

some of the at least one byproduct and thereby create purified plating substances; 

and 

1 O a component combiner configured to combine at least one component with 

the purified plating substances to create a mixture of plating substance~. the mixture 

of plating substances being passed into the plating cell to thereby reuse the purified 

plating substances. 

59. The system of claim 58, wherein the plating substances include organic 

substances and inorganic substances, and said at least one byproduct includes 

organic material, and wherein the purifier is configured to remove at least some 

substances including organic material. 

60. The system of claim 59, further comprising a purified substance monitor 

configured to monitor the level of organic material in the purified plating substances. 

61. The system of claim 60, wherein the at least one component includes organic 

material, and wherein the system further comprises a controller in electrical 

communication with the monitor, the controller controlling the component combiner, 

based on the monitored level of organic material, to adjust the amount of the at least 

5 one component combined with the purified plating substances. 
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62. The system of claim 61, further comprising a mixture monitor configured to 

monitor the level of organic material in the mixture of plating substances, the 

controller controlling the component combiner, based on the monitored level of 

organic material in the mixture, to adjust the amount of the at least one component 

5 combined with the purified plating substances. 

63. The system of claim 58, wherein the at least one component includes organic 

material, and wherein the system further comprises a mixture monitor configur:ed to 

monitor the level of organic material in the mixture of plating substances. 

64. The system of claim 63, further comprising a controller configured to control 

the component combiner, based on the monitored level of organic material in the 

mixture, to adjust the amount of the at least one component combined with the 

purified plating substances. 

65.. The system of claim 63, wherein a storage tank is associated with the plating 

· cell, and wherein the mixture monitor includes a probe configured to measure the 

concentration of both organic material and inorganic material, the probe being 

configured to be positioned in the storage tank. 

66. The system of claim 65, further comprising a plurality of the probes configured 

to be positioned in separate storage tanks so that organic material in separate tanks 

can be monitored simultaneously. 

67. The system of claim 66, further comprising a common controller receiving a 

respective signal from each sensing probe. 

68. The system of claim 58, wherein the purifier is configured to provide at least 

one of filtering the used plating substances with activated carbon, filtering the used 

plating substances with at least one ion exchange medium compound, filtering the 

used plating substances with a particle removal filter, exposing the used plating 

5 substances to ultraviolet light, heating the used plating substances, exposing the 
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used plating substances to at least one chemical oxidizing substance, and degassing 

the used plating substances. 

69. The system of claim 58. further comprising: 

at least one monitor configured to monitor at least one aspect associated with 

the plating of the objects, the aspect being related to the creation of the at least one 

byproduqt; and 

s a controller in electrical communication with the monitor, the controller being 

configured to control at least one of the adding means and the draining means, based 

on said at least one monitored aspect, to adjust at least one of 

the flow rate of the plating substances added to the plating cell, and 

the flow rate of the used plating substances drained from the plating cell, 

10 to substantially maintain a concentration of the at least one byproduct in the plating 

cell below a predetermined level. 

70. The system of claim 58, further comprising an anode for the plating cell, 

the anode being formed of copper and containing no more than about 20 mg/? of at 

least one of sulfur, selenium, phosphorous, and combinations thereof. 

71. The system of claim 58, further comprising an ion removing unit 

configured to remove at least predetermined types of free ions from plating 

substances added to the plating cell. 

72. The system of claim 59, wherein the purifier is also configured to 

remove HCI. 

73. · A controller for use in a plating system wherein plating substances are added 

to a plating cell, objects are. plated in the .plating cell, at least one byproduct is created 

during the plating, used plating substances including the at least one byproduct are 

drained from the plating cell, and a purifier p~rifies the used plating substances to 

5 remove at least some of at least one byproduct created during plating of the objects 
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in the plating .cell, the controller comprising a configuration wherein the following 

· equation is satisfied: 

Cb,12 = Cb,t0 + (t2-t1) x ( mb -11b · dVP • C b.u) 
v 

wherein 

10 Cb, 12 =byproduct concentration at time t2, 

Cb, u = byproduct concentration at time t1, 

Cb, t0 = initial .plating solution byproduct concentration, 

V = volume of plating substances in at least one of the plati~g cell and a 

storage tank associated with the plating cell, 

15 mb =mass rate of byproduct build up, 

dVP =liquid flow rate through the purifier, and 

'llb = byproduct removal efficiency of the purifier. 

7 4. A method of plating objects, the method comprising: 

adding plating substances to a plating cell; 

placing objects in the plating cell; 

plating the objects in the plating cell, wherein at least one byproduct of at least 

5 one of the plating substances is created during the plating; 

.removing the plated objects from the plating cell; 

draining u_sed plating substances from the plating cell, the used plating 

substances including the at least one byproduct; and 

purifying the used plating substances in a purifier to remove at least some of 

10 the at least one byproduct and thereby create purified plating substances, 

wherein the following equation is satisfied: 

Cb, 12 = Cb, t0 + (t2 - t1) x ( mb - Tlb • dV P · C b, u) 
v 
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Cb, 12 = byproduct concentration at time t2, 

15 Cb, ,1 = byproduct concentration at time t1, 

Cb, to = initial plating solution byproduct concentration, 

V = volume of plating substances in at least one of the plating cell and a 

storage tank associated with the plating cell, 

mb =mass rate of byproduct build up, 

20 dVP =liquid flow rate through the purifier, and 

1lb = byproduct removal efficiency of the purifier. 

75. A controller for use in a plating system wherein plating substances are added . 

to a plating cell, objects are plated in the plating cell, at least one byproduct is created 

during the plating, used plating substances including the at least one byproduct are 

drained from the plating cell, a purifier purifies the used plating substances to remove · 

5 at least some of at least one byproduct created during plating of the objects in the 

plating cell, at least one component is combined with the purified plating substance to 

create a mixture of plating substances, and the mixture· of plating substances is pass 

into the plating· cell, the controller comprising a configuration wherein the following 

equation is satisfied: 

10 Cc.12 =Cc, to+ {t2-t1) X ('\lg ·q·dt- me - he· dVP · C c.11) 
v (t2-t1) 

wherein 

Cc, t2 = component concentration at time t2, 

Cc, ,1 = component concentration at time t1 , 

Cc. to = initial plating solution component concentration, 

15 Ve= flow rate of component introduction, 

q = component density, 

dt = time interval of component introduction, 

me = mass rate of component consumption during the plating, and 

he = component removal efficiency of the purifier. 



I lllllll llllll lllll lllll II llll 39 
* C L M S * 

76. A method of plating objects, the method comprising: 

adding plating substances to a plating cell; 

placing objects in the plating cell; 

plating the objects in the plating cell, wherein at least one byproduct of at least 

5 one of the plating substances is created during the plating; 

removing the plated objects from the plating cell; 

draining used plating substances from the plating cell, the used plating 

substances including the at least one byproduct; and 

purifying the used plating substances in a purifier to remove at least some of 

10 the at least one byproduct and thereby create purified plating substances, 

combining at least one component With the purified plating substances to 

create a mixture of plating substances; and 

passing the mixture of plating substances into the plating cell, 

wherein the following equation is satisfied: 

15 Ce,t2 = Ce,t0 + (t2- t1) x (Ve ·g·dt- me - he·. dVP · C e. 11 ) 

v (t2-t1) 

wherein 

Cc. t2 = component concentration at time t2, 

Ce. 11 = component concentration at time t1, 

Ce. io = initial plating solution component concentration, 

20 V c = flow rate of component introduction, 

q = component density, 

dt ::; time interval of component introduction, 

me = mass rate of component consumption during the plating, and 

he = component removal efficiency of the purifier. 


