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OBJECT PLATING METHOD AND SYSTEM

BACKGROUND OF THE INVENTION

This application claims priority of U.S. Provisional Patent Application No.
60/241,754, filed Qctober 20, 2000, and U.S. Provisional Patent Application No.
60/254,361 filed December 11, 2000 [entitied "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.
More particularly, the present inventipn relates a plating method and sys'tem.for
substantially maintainiﬁg byproduct c.oncentrations 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 rhaferial in

various substances.

Description of Related Art

Semiconductor chips are typically manufactured in a process involving the
plating of metal components onto wafers. Due to a recent shift toward copper
intefconne'ct technology, plating techniques are being developed for plating wafers
with copper material. Current copper plating proceéses, however, require costly |
consumable substances and generate a relatively significant amqunt of waste

material 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 inciuding 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

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. Supp_ressors can be further
characterized as either carriers or levelers. The éuppressors are generally polymeric
surfactants. In the case of carriers, they form a mono-layer at the cathode whibh
offers a diffusion barrier to cupric ions, and en'r;ances cathodic po_larizatién needed
for fine grain structure. Levelers are typically multiple-charged and adhere
pre-ferentially to highly charged areas such as corners and edges, and thus prevent
overhanging at trench mouths. The large size of levelers impedes their migration into
trenches, which in turn impedes conformal filling and allows for better bottom-up
filling.

As mentioned above, organic additives also include accelerators. Thesé |
substances are usuélly unsaturated compounds containing a polar sulfuf, oxygen, or
nitrogen functional group. They adsorb strdngly and uniformly on seed surfaces,
promoting dense nucleation and, consequently growth of fine grains. This leads to a
uniformly smooth, well-textured (i;e. bright) 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




10

15

20

chemistry has accelerator agents with a stoichiometric breakdown rate estimated at

2mglanip—hr while its suppressor agents break down at a rate of 10mg/amp-hr.

Since organic mateﬁals break down during plating, a substantially continuous
plating process réquires some way of controlling levels of the organic additives in the
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 controlling levels of organic additives and their
byproducts involves batch processing where a plating cell is initially filled with fresh
plating substances and plating of wafers continues until the results become
unacceptable. Then, the entire contents of the cell are drained and the cell is refilled
agéin with fresh plating substances. This génerates large quantities of waste, which-
must be treated becausé the waste contains relatively lérge amounts of copper and
acid. Since this batch processing does not have direct contrb_l over the chemistry of
the plating bath, a number of potentially. reusable components from the drained cell

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, frés_.h plating
substances are continuously added to the plating cell at a continuous flow rate while
a portion of the contents are continuously draiﬁed fromthe cellata constanf flow rate
and then disposed without being reused. Although this approach is slightly more
sophisticated than the batch approach, both methods lead to substantially the séme

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 therﬁ somewhat to a generally steady-state concentration. Over a period
of time, the accumulation of the byproducts requires a complete draining of the

pléting 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 a method and system that
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 wafefs. 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 -
present invention could be used for plating objects with gold. |

In one aspect,. the invention includes a method of plating objecfs. in one
method according to the invention, plating substances are added to a plating cell.
Objects are placed in the plating cell and plated in the plating .cell. Plated objects are
removed from the-plating cell. Used plating substances, including at leastone
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 least one byproduct of at least one
of the plating substances is created during the object plating, and-the monitored
asp'ecf is related to the creation of the at least one byproduct. The flow rate |
adjustment(s) subs‘t_antially maintain(é,) a cohcentration of the at least one byproduct
in the plating cell b'el.ow a predetérmihed level. _

In another préferred 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 subétances during the plati.ng. The flow rate adjustment(s)
substantially maintain(s) a concentration of the ét least oné component in the plétirig
cell above a predetermined level. | |

In yet another aspect of the method, the used plating substances are
processed to convert at least pért of the used plating substances into reusable plating
substances. The reusable plating substances are added to the pIating cell.

. The monitored aépect is preferably chosen from the number of obj'ects plated
in the plating cell, the time elapsed durir'ig the plating of the objects, current density
and/or electrical energy .applfed during thé_platin‘g, idle time elapsed when the pl'at'ing'
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
celi, temperature of the plating cell, the deposition rate of material plated-on the
objects, the electrical conducti\)ity 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.
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 pléting substances, including the at least one byproduct, are drained from the
plating cell. The used plating substances are purified to remove at least sore of the
at least one byproduct and thereby creéte purified plating substancés. At least one
component is combined with the purified plating substances to create a _rriixture of
plating substances. The mixture of plating substances is passed into the plating cell
to thereby reﬁse 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. |

In another aspect, 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.

In yet another_aspect, the mixture of plating substances is _passed into a
storage tank, and the mixture in the sforage tank is monitored to determine the level
of organic material. | | | | |

In still another aspect, multiple plating cells are provided and a'separate .
storage tank ié associated with each of tﬁe plating cells. The method fufther includes
mdnito_ring organic materiél in each stqfage tank substantially simultaneously. The
ofganic material in each .storage' tank is preferably mpnitoréd via a separate sensing
ﬁrob'ejn each storage tank and a com_rhon bbntroller receiving a respective signal
from each sensing probe. |

The purifying preferably 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 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 préferred embodiment, the purifying includes removing substantially all plating

substances containing organic material, and the at least one component includes
organic material. |
In a further aspect of the invention, eéch'object is a wafer configured to be a.
component ofa semibqnductor, and each wafer is plafed with copper.
"The in_\iention also includes a system for use in plating objects. In one aspect,
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 cell. 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
with the monitor. The controller is configured to control at least one of the adding
méans -and the draining means, based'én said at least one monitored aspect, to
adjust at least one of tﬁe flow rate of the plating substances added to the platihg 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.-

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

during plating of the objects in the plating cell. The monito‘réd aspect is related to the
creation of the at least one byproduct, énd 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.

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 oﬁe component
of the plating substances 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 céll above a predetermined level. _

The adding means and/or the draining means could include at least one of a
pump and a flow control valve. The controlier is preferably configured to control the
pump(s) and/or flow control valve(s). |

o The system could further include a processing unit configured to convert at
least part of the used plating substahces into reusable plating substances, the
reusable plating substances being reused in the plating cell.

The monitor is preferably co-nﬁgured to monitor at least one of the number of
objects plated in the plating cell, fhe time elapsed during the platfng 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 éubstances in the plating
cell, the émount of pulse plating occurring during the plating, temperature of
substances in the plating cell, temperafure of .the plating cell, the deposition rate of
material plated on the objects the electrical conductivity of the matenal plated on the
objects, the ooncentratlon of carbon in the material plated on the objects, the degree
of void-free plating in trenches of the objects, and the chemical oomposition of the
platir-ig 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

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.

Another aspect inclﬁdes 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 éleétrical

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

one component combined with the purified plating substances.

In one other aspect, tﬁe system includes probes configured to be positioned in
separate storage tanks so that organic material in separéte tanks can be monitored
s'epgrately, and a common controller receiving a respective signal from each sensing
pr_obe.- | | |

Inan even further aspect, the purifier is conﬁgured to provide at least one of
filtering the used plating substances with acti\)ated carbon, filtering the used plating
substances with at least one ion exchange medium compound, filtering the used
plating substances with a parﬁ_cle 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.

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

wherein the following equation is satisfied:

Che=Chpuo "’ﬁtz\'l"__ﬂ)x(mb My dV, - Cuy)
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wherein

C,.» = byproduct concentration at time 12,

Cy.u = byproduct concentration at time t1,

C, 0 = 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,

m, = mass rate. of byproduct build up, '

dV, = liquid flow rate through the purifier, and

)» = byproduct removal efficiency of the purifier.

A further aspect relates to a structural arrangement and/or plating method,
wherein the following equation is satisfied:

Cen=Cent (2-t1) X (V,-qdt- m, -he-dV, - C )
Vv (t2-t1) -

wherein

C..r = component concentration at time {2,

C..u = component concentration at time t1,

C .. = initial plating solution component concentration,

V. = flow rate of component introduction,

q = component density, _

dt = time interval of component introduction,

m, = mass rate of component consumption during the plating, and
1. = component removal efficiency of the purifier.

It is to be understood that both the foregoing general description and the
following detailed deséription are exemplary, and are intended to provide further

explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE 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.
interconnections and unbroken lines repl;esent fluid couplings; and

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

“ plurality of probes monitoring conditions in separate storage tanks.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referenoe.will now be made in detail to the present preferred embodiment of
the invention, an example of which is iliustrated in the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and the
description to refer to the same or like parts. |

In accordance with the invention, there is provided an object ﬁlating system.
As shown in Fig.1, a preférred 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 unit 20. As explained in more detail below, this arrangement
allows for recycling and reuse of substances during plating.

The plating cell 10 could be conﬁgured like any number of different
cpnvéntionél plating cells arranged to plate, onto objects, metal and/or other material
inftially- 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
waférs used for the fabrication of semiconductors. For example, the plating cell 10
could include an anode 11 and Wafers placed -into the blating cell 10 could act as
cathodes. Preferably, the anode 11 is formed of high purity, solid copper containing
no more than about 20 mg/l of sulfur, selenium',. sodium, and phosphorous, either

individually or in combination.
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The plating cell 10 is preferably in direct flow cbmmunication 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 platihg
substances to the storage tanl_( 18 causes flow of plating substances from the tank 18
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
blating substances from the cell 10 to the tank 18 at substantially the same flow rate
plating substances were removed from the tank 18. The flow communication
between the plating cell 10 and the storage tank 18 is also preferably configured so
that the cell 10 and the tank 18 contain substantially the same concentrations of the
plating substance components and bypfoducts of the plating substance.

. The plating cell 10 and the storage tank 18 c;ould contain plating substances
including both organic and inorganic substances. During the plating in the plating cell
10, one or more byproducts of thé plating substances are created and the amount of
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 prefera'bly configured to remove one or more of the byproducts
from the used platirig substances. .

The purifier 14 could use any known technology for removing byproducts from
the used plating substances. In the preferred embodiment, 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
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 leas.t one chemical oxidizing substance, andlor 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
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 subétantially all organic substances present in the used plating

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

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 thét converts the used plating substances into reusable plating

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

_removed one or more byproducis, the resulting purified plating components pass to

the component combiner 16, which is conﬁgu_red 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

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.

Preferably, the combiner 16 adds at least one of 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 substances, such as HCI,
copper, H,SO,, and/or H,0, for example.

| When‘ the combiner 16 has fomnulated the mixture of plating substances, the
adding unit 20 preferably passes this mixture into the storage tank 18, which causes
flow of plating substances from the storage tank 18 to the plating cell 10. During the
continued plating of objeds 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 inciudes_ a controller 22 in
electrical comniunication with the draining unit 12, the adding unit 20, and the
componént 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 objécts in the plating cell 10. The monitored
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 substances
during the plating. For example, the plating aspect monitor 24 is preferably
configured to morﬁtor 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, id!e tfme 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 déposition 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. The
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monitoring of one of 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 .Ieast one of the
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 condentration of at least one
byproduct in the plating cell 10 below a predetermi_hed level. The controlling also
preferably acts to substantially maintain a concentration of at least one component
(i.e., one or mo:;e organic components and, possibly, also one or more inorganic
components) in the plating cell 10 above a bredetermined Ievél.

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
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
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
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
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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
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 ié configured to combine at least one
organic component to formulate a mixture, the monitors 26 and 28 are pfeférably
configured to. monitor the amount of organic material in the puriﬁed.subst-ance and
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,
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, 180 each associated with a separate respective plating cell (not
shown). Each of the monitors 28a, 28b, and 28c could provide data to the controller
22 so that the organic material (and, optionally, also the inorganic material) in the
storage tanks 18a; 18b, 1éc 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 removed from a plurality of different plating cellé. In addition, the
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 preferab.ly 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
during a plating procedure. Before passing from the component cqmbiner 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
ijon removing unit 32 is preferably configured to remove free sodium and sulfur ions,
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 controlier 22, for example.

Preferred methods for plating wéferé with copper aré discussed below with
reference to Figs. 1 and 2. Although the invention is described in connection with
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 semiconductors and/or copper plating. In
addition, aspects of the method could be practiced with structure different from that
shown in Figs. 1 and 2. | )

l-nifially, 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 témk
18. The ion removing unit 32 preferably removes one or more types of free ions,
s-uéh as free ions of sodium and sulfur, from the plating substances. Preferably, the
plating substances include organic and inorganic substances typically used for

plaﬁng of wafers with copper.




10

15

- 20

18

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
plating substances to create byproducts, such as short-chain polyethylene glycols.
The copper platihg .also causes a depletion in the amount of certain components in
the plating substances, such as HCl and/or accelerators.

An amount-of used plating substances is drained from the plating cell 10 via
the storage tank 18 and the draining unit 12, preferably in a continuous manner,
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—chéin polyethylene glycols. In addition, the puriﬁer
14 could also remove some indrganic materials, such as HCI, for example.

The purified substance monitor 26 monitors the level of organic materials_
contained in the purified substénces and the information from the monitor 26 is
communicatgd 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
thereby create a mixture of plating substances. For' éxample, the component
combiner 16 could add components such as HCI andlor.accelerators.

The adding unit 20 passés the resulting mixture of plating s_ubstances 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 operaies 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, ihe 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.

_ 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 thé_ corﬁponent combiner 16 to add less (or mOre)
components containing organic material. In addition, if the purified substance monitor
26 detects a relatively high level of organic materfal that is being rémoved by the
purifier 14, the controller 22 could adjust the component c_ombiner 16 to add less
components containing organic material. The controller 22 could also control the
supplier 30.

While wafers are being plated.in the plating. cell 10, the plating aspect monitor
24 monitors one or more aspects associated with the plating. As mentioned above,
the 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
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 6f plating substance
mixture being added to the storage tank 18 and the plati-ng cell 10. The flow rate
adjustfnent 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

least one component in the plating cell 10 above a predetermined amount.
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For exafnple, 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 cbntro_l 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 18 and the plating cell 10. Such flow rate
adjustment could decrease the concentration of the byproduct in the plating cell 10in
a relatively automatic and rapid manner.

To provide la further example, when the aspect moﬁitor 24 detects an aspect -
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 un-it 20 to increase the flow rate of plating substance
mixture being added to the storage tank and the plating cell 10. Such flow rate
adjustment could increase the amount of the component in the platiﬁg cell10ina
relatively automatic and rapid manner: |

The control!é_r 22 could control the draining unit 12 and adding unit 20 to each
provide flow rates ranging from about 5 mi/min to about 25 ml/min, for example.

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

.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 prz.acticing various aspects of the method are also possible. For
example, the flow rate adjustment of the draining unit 12 aﬁdl_or adding unit 20 could
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*™) ét
a concentration of about 17 g/l, H,SO, at a concentration of about 200 g/l, chloride
(CI) at a concentration of about 30 mg/l, one or more suppressors at a éoncenﬂaﬁon
of about 18 mllll, and/or one or more accelerators at a concentration of about 1 ml/,
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
level and/or maintain the éOncentration of one or more plating substance components
abpve a predetermined level. For example, the controller 22 could be configured to

maintain byproduct concentration such that the following equation is satisfied:
Coa=Cpup +({2~-1)x (M -1y dV, - Cyy)
Y

wherein

C.. = byproduct concentration at time t2, in mg per liter, for example;

C,.« = byproduct concentration at time t1, in mg per liter, for example;

C.:w = initial plating solution byproduct concentration, in mg per liter,
for example;

V = volume of plating substances in the storage tank 18 and/or plating
cell 10, in liters, for example; _

m, = mass rate of byproduct build up, in mg per minute, for example;

dV, = liquid flow rate through the purifier 14, in liters per minute, for
example (i.e., the flow rate provided by draining unit 12); and

T = byproduct removal efficiency of the purifier 14.

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

- concentration such that the following equation is satisfied:

Cc.tz = Cc.to + ﬁz"“) X ( Vc -q-dt - mg - hc - dvp -C 'c.,t1)
| - Y @2-1)
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wherein

C.. = component concentration at time 12, in mg per liter, for example;

C.. = component concentration at time t1, mg per liter, for example;

C..w = initial plating solution component concentration, in mg per liter, for
example; ' _

V. = 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
flow, dt = {2 -t1;

m. = mass rate of component consumption during the plating process, in -
mg per minute, for example; and

h. = component removal efficiency of the purifier 14.

The controller 22 preferably determines byproduct concentrations C, and
component concentrations C ;. based on input from the plating aspect monitor 24
and/or the mixture monitor 28. The controllér 22 prefefably 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 concentration;ls, the controller 22
preferably determines the pufiﬁer 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, m,, and mass rate of
component cdnsumption, m,, are preferably calculated by ternporarily settiﬁg the
purifier flow rate and component introduction flow rate to zero and then monitoring
the rate of rise (or fall) in concentrations. |

This will determine m.. The value for m, will be assumed to be equivalent to
m, in a first approximation. (In practice, m,<m,_ because of the drag-in process of
orgahic additives into the deposited film). Then, a maximum allowable Byproduct

value (C,, ) and dV, 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 equatiohs allow mass rate of byproduct build up to be
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 so that much faster

response can be implemented with the confidence of satisfactory contamination
control. '

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 components and then
replacing them, cleaner and more repeatable bath chemistry can be maintained. By
establishing a ciosed loop for solution regeneration, costly treatment of waste copper
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. |

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

equivalents.
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WHAT IS CLAIMED IS: -
1. A method of plating objects, the method comprising:

addihg 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 [east
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;

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

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.

2. The method of claim 1, 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.

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 plating 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 bbjects 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 ela'psed during the
plating of the objects, current density applied during the plating, electrical energy
applied during the plating, idle timé elapsed whén 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

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.

12. A method of plating objects, the method comprising:
add'ing plating substances to a plating cell;
placing objects in the plating cel;
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plating the objects in the plating cell, wherein the amount of at least one
component of the plating substances is reduced during the plating of the objects;

removing the plated objects from the plating celi;

draining used plating substances from the plating cell;

monitoring' at least one aépect associated with the plating of the objects, the
aspect being related to the reduction in amount of the at least one component of the
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

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, wherem the adjusting includes adjusting the flow rate
of the platlng 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 plating 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 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
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 ooncentratioh 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.

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
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
one byproduct and thereby create purified plating substances;
combining at least one compdnent with the purified plating substances to
create a mixture of plating substances; and
| passing the mixture of plating substanées 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 inorganic substances, and wherein said at least one byproduct 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 monitoring the
level of organic material in the mixture of plating substances, and 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.

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 eaéh 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 puﬁfied 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 cbmpound, filtering the plating
substances with a 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.

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
5 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 used 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 hethod 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
HCl from the used plating substances and wherein the combining includes adding
HCl to the purified plating substances. |

43.  The method of claim 24, further comprising adding fresh plating
- substances 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 cell-configured to plate objects, the plating cell
being associated with means for adding plating substances to the plating cell, and
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substances including at least one byproduct of at least one of the plating substances,
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

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, baéed
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 byproduct in the plating

cell below a predetermined level.

45.  The system of claim 44, wherein the adding means includes at leastone ofa
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 |
pdmp 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. '

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

the reusable plating substances being reused in the plating cell.

50. The syétem 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 densify applied during the plating,

' electrical energy 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 carbon in the material plated on the objects, the degree of void-free
plating in trenches of the objects, and the chemical cbmposition of the plating
substances. |

-61. 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
from 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 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
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 concentratfon of the at least one component in the plating
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 claim-51, wherein said at least one monitor is configured to
monitor at least one of the number of objects plated fn the plating cell, the time
elapsed during the plaﬁng of the objects, current denisity applied during the plating,
.electrical energy 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 carbon in the material plated on the objects, the degree of void-free
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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 a{ least one byproduct of at least one of the plating substances,

- the-byproduct being created during plating of the objects 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

a component combiner configured to combine at least one component with
the purified plating substances to create a mixture of plating substances, 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 corﬁponent 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

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 componeht 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. '

63. The system of claim 58, wherein the at least one component includes organic
material, and wherein the system further comprises a mixture monitor configured 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 ih 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
substances to hltraviolet light, heating the used piating substances, exposing the




I

N R

10

5

36

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
byproduct; and

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,
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 piating 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 HCIL.

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 purifies the used plating substances to
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: '

Cpe=Chp +(2-t)x(m, -, - dV,- Cp 1)
\

wherein

10 C, 2 = byproduct concentration at time t2,
Cy.11 = byproduct concentration at time t1,
C, 10 = initial plating solution byproduct concentration,
V= volurhe_ of plating substances in at least one of the plating cell and a
storage tank associated with the plating cell,
15 m, = mass rate of byproduct build up,
dV, = liquid flow rate through the purifier, and
N = byhroduct removal efficiency of the purifier.

74. 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 thé plating cell;

draining used plating substances from the plating cell, the used plating
substances including the at least one byproduct; and

purifying the uséd 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:

Cpre=Cpp +{2-t)x(my, -7y -dV, - Cypy)
Vv
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C,.« = byproduct concentration at time t2,

C,.u = byproduct concentration at time t1,

C,.1 = 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,

m, = mass rate of byproduct build up,

dV, = liquid flow rate through the purifier, and

N = byprbduct 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
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 é configuration wherein the following
equation is satisfied:

Cc'|2= Cc'm"" (t2—'t1)X(\/c°q°dt" mc “hc " de' Cc'“)
Vv (t2-t1)

wherein
C.. = component concentration at time t2,
C. 1 = component concentration at time t1,
C..v = initial plating solution component concentration,
V, = flow rate of component introduction,
g = component density, |
dt = time interval of component introduction,
m, = mass rate of component consumption during the plating, and
h, =.component removal efficiency of the purifier.
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76. A method of plating objects, the method comprising:

adding plating substances to a plating cell;

placing objects in the plating cell;

blating the objects in the plating cell, wherein at least one byproduct of at least
one of the plating substances is created during the plating;

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

combining at least one component with thg 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:

Cee=Cept (2-t)x(V,-gdt- m -h,- dVy-Cou)
. \' (t2-t1)

wherein

Ce= éomponent concentratfon at time t2,

C .1 = component concentration at time t1,

C..p = initial plating solution component conceritration,

V. = flow rate of component introduction,

g = component density,

dt = time interval of component introduction,

m. = mass rate of component consumption during the plating, and
h. = component removal efficiency of the purifier.




