1.5 APR 2005 1 OBJECT PLATI NG METHOD AND SYSTEM BACKGROUND OF THE

| NVENTI This application clainms priority of U S. Provisional Patent
Applicatfon No. 60/241,754, filed October 20, 2000, and U.S. Proyissaemags
Patent Application No. 5 60/254,361 filed Decenber 11, 2000 [entitled
"Object Plating Method and Systeni; inventors: Oivier J. Blachier, Frank
Jansen, Colin John D ckinson, and Peter M Pozniak]. Field

| nventi on The present invention relateslto a method and sysHmwﬂnﬂlW"nﬂmmn ng
objects. 10 Mdre particularly, the present invention relates a platr

met hod and system for substantially maintaining byproduct conc&ft%ations
and/ or plating conponent concentrations in a plating cell. An additional
aspect of the invention relates to the reuse of at |east sone plating
conmponents and the nonit orfPBECT PEATING MEHIOP ANDISYSTEMi ous subst ances.
15 Description of Related Art Sem conductor chips are typically

manuf actured in a process involving the plating of nmetal conponents onto

wafers. Due to a recent shif C i nt er connect technol ogy,

pl ati ng techni ques are bei ngéémgfﬁftrﬂﬂwﬁymm\'ers with cog%er
material. Current r platin [ oces , ~however equi re cos 20
consunabl e sub;taﬁﬁgggéﬁag%ﬁ'@f%‘g"oé' 3'?@% 5éqv§ﬁ|%qa¢ﬁia¥qng§ﬁpl| v Yof wast e
mat eri al -t hago/bdr, P48 filek GOt RY 2606 MhaRS 85 BRivisichal PIRAE ABDicEHY) Rgnment &

concerns. :
5 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.

10 More particularly, the present invention relates a plating method and system for
substantially maintaining byproduct 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
plating of metal components onto wafers. Due to a recent shift toward coppér
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

material that is costly to dispose and presents a number of environmental concerns.
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1 5 APR 2005 2 In one conventional copper plating technique, wafers are
prated in a cell filled wth plating substances including both inorganic
and orgar)li c additives. The inorganic additives include copper sdl¥ A?&,ZOOS
sul furic acid, water, and possibly hydrochloric acid. Generally, the
organic additives are categorized as either suppressors or 5 accel erators,
depending on their role in the electroplating process. As their names

i nply, suppressors act to inpede the depogition of netallic copper on the
cathodic surface, while accelerators enhance the deposition. Suppressors
can be further characterized as either carriers or levelers. The
suppressors are gdnenalcppventiopatmopper platirfgeteclanique, wafers laee plated infa celifileder s,
they forma nono-layer at the cathode which 10 offers a diffusion barrier
to cupric i odth Rlatingsubstanees ingludingi hothpinoeganicaandorrgarie @dditivésor THei inerggniai n
structure. Levelers are typically nultiple-charged and adhere S

pref er ent i al 1I3791YeRHINGIAS CORRE GMatey Bliurisacid. watek panbpassibhahstieehloricad. « hus
prevent overhanging at trench nouths..The large size of |evelers inpedes
their mgration into trenches, which in turn inpedes conformal filling and

dditives al so i ndraisele f ddaiib pediiihe 48 EDRUPER SRR SuoRbaiHy &
; K .
Functfonal orene e, “Aanang Rind: R A ungticatbppliy Bifesdias B aHER

promot i ng de%SlyPélfdp?@stsb%&rﬂ&imﬁé?{éftﬁQU)@( éityon%fge@ang}?%agnqm odidNi S

|l eads to a 20 uniformy snooth, well-textured ( fi1nish.

Accordi ngly, safs&d, Whitt @tselératoreehBahce!thé BEPERIIO Sipphédsaht eelesStuRMEd N a
pl ati ng process, organic additives break down, with the accelerators

general | y t ecHanagterioed aeakhataaniarobelevalprsll The sippresidpiy £6 SRhSrally Poldmeric
sinplified approach, it has been estimated that at | east one comercially
avai | abl e pl autfagants5 InNPR @B0Bf carriers, they form a mono-layer at the cathode which
10  offers a diffusion barrier to cupric ions, and en'ﬁances cathodic polarization needed
for fine grain structure. Levelers are typically multiple-charged and adhere
preferentially 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 aflows 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. 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 availabie plating



3 chem stry has accel erator agents with a stoichionetric breakdown rate
estimated at 2ng/anp-hr while its suppressor agents break down at] & APRt g5
of 10ng/ &np-hr. Since organic materials break down during plating, a
substantially continuous plating process requires sonme way of controlling.
|'evel s of the organic additives in the 5 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 sinplest approach to
controlling levels of organic additives and their byproducts involves
batch processing where a plating cell is initially filled with fresh

pl ati ng substdme¥siryding aecelerater agentsawidh a stoishiometds braakidown naterestimites diecone
10 unacceptabl e., Then, the entire contents of the cell are drained and the
cel | is refil4TeHampduwhiqits guppresser goantshyeademalcette Thi@mglemarhr es | ar ge
guantities of waste, which nust be treated because the waste contains
relatively | arge anobunts of copper and acid. Since this batch processing

d have di ol he, chemistry of. the plating bath,
humber of notent | SSF Srapus AT bRl ey platingy syl corfinane

di d wit ' { trolling. i
add 1 ves and i RarroRss FEREE soB W dr BRRGRRS BYE8 of B drBany Hr v Bafe
approach. 4 n phltingebmaireaditoneficngis Jﬁsf‘e%*}o%ﬁfrbﬂﬁe le%HBS&ﬁpé@%Pg{sgh%a}r?e .

continuously added to the plating cell at a continuous

portion of tlyeneatsddy & rabuf of HelBrosiiswnofdhdbraficddaivehe cell at a .
constant flow rate 20 and then di sposed w thout being reused. Al though this

approach is slightly nore sophisticated than the batch approach, both
met hods | ead to substantially the same anount of waste generated over

time. For exanpl e Thelsemplestapbrazichuasbetraling ldvels anggakic @aditiles ahdvfeg” to 25
cc/wafer at high wafer plating rates. In addition, while 1 5 APR 2005 4 the
bl eed and f e&8UPTaEGS Htynives batchemosassingheod atplaing@eli aninitiait filedsathcirehed
with the break down of the orq_ani c additives, it does not conpletely
remove t hem p%ﬂag substances and plating of wafers 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 substances. 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 chemistry 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 constan.t 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 the same
amount of waste generated over time. For example, the amount of waste could |

range from 10 cc/iwafer to 25 cc/wafer at high wafer plating rates. In addition, while



only dilutes them sonmewhat to a generally steady-state concentration. Over
a‘period, of tinme, the accunul ation of the byproducts requires a cor}pl ete
dr ai ni ng)of the 5 plating cell and subsequent refilling. In |i ghl5o°F Re pngs
f-oregoing, there is a need in the art for inproving plating nethods and
systens. SUMVARY OF THE | NVENTI ON Accordi ngly, the present invention is
directed to a nethod and systemthat 10 nmay substantially obviate one or
more of the limitations of the related art4 In particular, the present
invention is directed to nethods and systens that have particular

advant ages associated with the plating of copper onto wafers. The

i nvention, i nthetbieadrayuidesd appnoseh dbesveveve soowel af thecartadinbats gysatibteg with a
wi de variety of different substances onto a wide variety of different

obj ects. For BgaNpakedowmnef the srganissaedditivien\ibdndsorot complbtdlye rarsaa them, phdit i ng
objects with Ig, I n one aspect, the invention includes a nethod of

pl ati ng obj ectdy ditfesiem spipewiatde asiearialy sisagystateceneentsationp| Qyargperiod
substances are .added to a plati cell. Objects are placed in the plating
cell and pl at‘gfd"ﬁ‘%%?%%ccﬁf'ﬁ‘ﬁ?tWS Oggﬁ t?yﬂf‘P%{{C&fJeSHf%?:? gomplete draiingef the om t he
plating cell. _Used npl ating substances, including at |east one 20 byproduct,
are drai n?d f?lé{%nq %e@ aﬁ’f‘aftuﬁﬁ%qu@é’i Te?'ﬁ'ﬂg' | east one aspect associated with the
pl ati ng of the objects is nonitored. Based on the at | east one nonitored
aspect, the flowrate of the plating substances added to the plating cell

and/or the flowr t I t r aj t he
plating cell are ggﬁggggéﬁgaorg@ﬁ%ﬁg%%éygnﬁﬁé’@n@@%ﬁtﬁ?&['nﬁiéé\ﬁgq é’éﬁ lF%e of the
met hod, at | aasthoesandyptadyct of at | east one of the plating substances
is created during the object plating, and the nonitored aspect is related
to the creation of the at |east one byproduct. The flow rate adjustnent(s)
substantially maintain(s) a concentration of the at |east one byproduct 5

in the plating cell below a prSLNMEARNWOH THE/RVENTION

Accordingly, the present invention is directed to a 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 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
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 adde.d 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 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.



I'n another preferred practice of the nmethod, the anobunt of at |east one
cbrrponen's of the plating substances is reduced during the plating pprhh{ms
objects, 'and the nonitored aspect is related to the reduction in anount of
the at |east one conponent of the plating substances during the plating.
The flow rate adjustnent(s) 10 substantially maintain(s) a concentration of
the at | east one conponent in the plating_cell above a predeterm ned

| evel. In yet another aspect of the net hoa, the used plating substances are
processed to convert at |east part of the used plating substances into

reusabl e plating  substances, The reusable plating substances are added to
the plating cel . A8"GREeHRA praciice efdpe methag, pt lensirarisl hypedrustof dtieast bhe

nunber of objegts plate in the plating cell, the tine el apsed during the
pl ating of t]ﬁ’gﬁ‘gﬁi' !ﬂgss,”(gél?PP%%F C&%ﬁ%ﬁs fyring,the obiectplating. iapdithe menggredppl i ed

duri th i i td l,. h | at i t , th

alrjnr):Jz'? of eagilatééaétdl?%nre?)a?écgt@bﬁgg aéﬁegaé'ggféﬁﬂle%?%s Pﬁ%gy@'@%"l?, ' Jﬂg%gwggm OCS:‘J r pul sg
o ; ! ey ' o oh

Dl at1 ng 20 corjvSeneils) SebeiciiaRl Aellidinis) SEREC Aluhlin Bl R IRAT 658 varapialtor

plating 20 cell, tenpéerature
material pl alele@mthlel 8060 Sredbfimfle8fdld cal conductivity of the

material plated on the objects, the <concentration of carbon in the

material plated om hiehetirerhed ordticd 88fRnahoY She ahickf & AiddWphd {1 enches

of the objects, and the chem cal conposition o e plating su nces. 25

I'n anot her medrhpehent obthdiphingGubbianBesis @8dudeB \WBRAG Mo pidfind SR ng‘éts, and
byproduct of at |east one of the plating substances 1s Creat e8 uring the
pl ati ng of t e rodfitecedsaspbchisABRIE05hé rdduetibrpinainidigit sEPetaNERoné Nc! udi ng
the at | east one byproduct, are drained fromthe plating cell. The used
pl ati ng substRe@Enhpkthgplatingsubstencesndiriagdbe biatisg. Shertlowfratbkejusthemtegst
one byproduct .and thereby create purified plating substances. At |east one
conponent? ss%mt'ﬁ@ﬁmﬂl"%/ nisha cpagantiatien pf theiat ipastirse coTopanenbincthe glaing

m xt ure of SGﬁIIa%ti ng su(?%t anceg. The m xture of plating substances is
passed i nto ThepraaRIGILanined 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 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

20 cell, tgmperature 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.



to thereby reuse the purified plating substances. In one aspect, the at

| €ast on? byproduct includes organic material, and the nethod {srlﬁ@?U

i ncludes’nonitoring the I evel of organic material in the purified pla QEg
substances. 10 In another aspect, the |level of organic material in the

m xture of plating substances is nonitored. In addition, the nmethod coul d
further conprise adjusting, based on the nonitored |evel of organic
material, the anobunt of the at |east one ﬁonponent conbined with the
purified plating substances. 15 In yet another aspect, the m xture of

pl ati ng substances is passed into a storage tank, and the m xture in the
storage t ank Usgd piating skledancesdiscludingike aHeastonel bypefdust, gentirainegtfeam e | n
still another aspect,_nultiple plating cells are provided and a separate
storage t ankPla&nggelbcThe usedhlatingeubrtapres are purifed ﬂgfe@%qvp@ lepist sprag i9h the

fsﬂL:sth SLL i 1 FE B ANeBeLRl 2 er D ate Pl pafing %%Egaéﬁteg 3?@@%%}5%& s
B ommon. Lontatsppagit i idndnGERES e RiRT plos §TEEndeR f RichiG a3 A" or obe.
The puri f%' ”Elaﬂﬁggl%s"l‘%éés' %E%%{eg%f L tsu%@ﬁn?%s fs!dats&%dnﬂgo fh@%)l%ﬁwgtdrierl{g

pl ati ng 25 substances wth activa car bon, ering e use

subst ances wd fhefdby!r8Gsd the YoBfidP Hanes cgedi um conpound, filtering the
used plating substg{nces Wi ?)E a )ﬂgmlt?S APchg'OS particle renoval filter,

exposi ng the usedipbsd astbct WRS hABSQDNEBYBIddUaVihALE&Ss briglhit matBfal AMPthehe
used pl ating substances, exposing the usSed plating substances to at | east

one cheni cal nethalf faither incibéésanoeitormgdhél RgassTiongaridiMatsiabinithabuffied plating
substances. In the preferred enbodi nent, the purifying includes renoving
subst ant i al | gukgtangskat i ng

10 In another aspect, the level of organic material in the mixture of plating
substances is monitored.

In addition, tﬁe 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 signal
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



5 substances containing organic material, and the at | east one conponent

i ncludes, organic material. In a further aspect of the inventio eﬂ,gh

obj ect |§ a wafer configured to be a conponent of a sem conduc'?‘()‘l5 ?1”5

each wafer is plated with copper. The invention also includes a system for

use in plating objects. In one aspect, 10 the systemis configured to be

used with a plating cell configured to pl zte objects. The plating cell is

associated with neans for adding plating Substances to the plating cell,

and neans for draining used plating substances fromthe plating cell. The

system i ncl ude | east_one nonitor confl ured to nonitor at |east one

aspect assoe?%f"@demot’ﬂ fitRe expaing thegised iplatipg substances te ytaviglgtdight s i n

el ectrical ﬁe the nonitor. The ¢ drfgnt rol | er | S confl gur ed
a

to conéI rol I eaﬁ%QB‘P?‘E%U%%n%a eXposing thepse atH}gaﬁ‘ﬁt?F %?n%t Eb"‘*féised
fate of ihe §ﬁ§ﬁ‘ﬁﬁ%%'u A6 SAaREGbos bPoat ot kS bEN g Y ow "
rate of the y %el%'rr%ﬁ'éﬁ%o%ﬂﬁéﬁc}a{ﬁﬁgﬁu ﬁfr@ ﬂgggéé l%mc}vfhﬁcﬁ%lbgfghg%lyfagl éJ z%tmI n one

aspect of the system the use ances | ne
bypr oduct sof s@starRas coRBfhi orbaﬁlc%ﬁéhsﬂ%Mé%@l@%@ﬁ@n@é@nﬂ&%npma uggyct i S

created during plating of the objects in the plating cell. The nonitored
aspect is rebmfafid rhétetite creation of the at |east one byproduct , and the
flow rate adjustnment(s) provided by the controller substantially
mai nt ai n(s) a conbeafurther aspeat of the imientiemsdach pbjebyisraodaret corfighid topeat i Ng
cell below a predeterm ned level. 25 In another aspect of the system the
amount of at corapaiend nta semponduttonand kech whter isygatedivéthanoppsr. i s reduced
during plating of objects in the plating cell. The 1 5 APR 2005 s nonitored
aspect is r el at ed Th® InvRetioneelee inciides B syatsmior use inrlating dbjents. loramecasppdnent
of the pl g supbst ances durlng the plating, and the flowrate
adj ust me ?‘ ﬁﬁ\?ﬂﬂ'@&"”fb@”r?ﬂéﬁ %H?‘?%Wl“é? iBgcatheprfiguiediaintataiohiests- a
concent ratl on. h | east to ﬁ n;)onent in the rPl at i n% cell above a
pr edet er mi ne ¢ B@ g c |s associated wit ans for adding plating substa ces 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 oné 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 plating of the objects in the plating cell. The monitoréd aspect is related to the

creation 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



5 The addi ng neans and/or the draining neans could include at |east one of
a “punp and a flow control valve. The controller is preferably qgnkp;ggﬁogd
to control the punp(s) and/or flow control valve(s). The system coul
further include a processing unit configured to convert at |east part of
t he used plating substances into reusable plating substances, the 10
reusabl e plating substances being reused in the plating cell. The nonitor
is preferably configured to nonitor at | e8st one of the nunber of - obj ects
plated in the plating cell, the tine elapsed during the plating of the
objects, current density and/or electrical energy applied during the

pl ating, idl éantaedaspgsids relaledrio thecreglictionrig acthoest ofdbe atleast, orniehmngpoment  of
agitation of substances in the plating 15 cell, the anount of pul se plating
occurring duff g RiangRubstanges deinsdhaplatiog.cind the fewantecdiustmeniés)piratider
cell, terrpergt re of 1ihe Iati,nl? cell, the deposition rate of material

pl ated on t h&Y 8 stt@ller sibstantialy, meiptain(sha Gengeptralionef theat leaskeneal pl at ed

h bj . [ f I h ial pl d h
obj cct s, _the anpehetR i ReGERaRZBae e BREAAMAIBRIT of the 0bj ects, and-
th hem cal Lij i : t f
he i nventy on' | nvar Sacanodyed BrerdirthEbidind BT BETE iR Ml SRR = °

combi ner.  Thgupgrdnl Lo E?rﬂﬁtelélgé{r e LOntRlfeH E{Pé%%ﬁ.'auby@ég\rﬁgbfehitB%Bﬁﬁla%émces

to renpve at | east sone o t | east one erepy create

purified platmpes)eHBRr #6WBntrdiRRIvejponent conbiner is configured to
conbi ne at | east one 25 conponent with the purified plating substances to

create a mxture Gheplystehéuld RIrthERNA0ES adrsedash %ﬁ%onﬂ%ﬁe&ﬂd(édﬂv@rt%ft

plating substances is passed into the plating cell to thereby reuse the
purified pl atdasppartibSthances plating aobsigbesiittd abusabpasibting fidssrebgé ncl udes a
purified substance nonitor configured to nonitor the level of organic
mat eri al i tevsaplgrplatingcupstancemgbaing stusad @sthe phatingaeher aspect incl udes a
m xture nonitor configured to nonitor the |evel of
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 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 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, and 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



organic material in the mxture of plating substances. Preferably, the
system fﬁjrt her conprises a controller in electrical comunicati gﬁ Wﬂ& %dshe
nonitor.’The controller controls the conponent conbiner, based e
Aonitored | evel of organic material, to adjust the anmount of the at | east
10 one conponent conmbined with the purified plating substances. In one
ot her aspect, the systemincludes probes configured to be positioned in
separate storage tanks so that organic nalerial in separate tanks can be
nonitored separately, and a conmon controller receiving a respective
signal fromeach sensing probe. 15 In an even further aspect, the purifier
i s confi gur eBulstansesy iThe mixtureeefqtlatimgesubstanted iseaissey inteethasdatinglcatl kng
substances wi th activated carbon, filtering the used plating substances
with at | easteERy reuse hedhuified plation swhstangesund, filtering the used plating
substances with a particle renmoval filter, exposing the used plating

9t 894 ides

subst ances to ul t 537 8fditional gspect tha systgmi adpifigdisHpstanes Menides,
exposi ng the 2(} used pl at.ti nﬁE%Ubeit ances, to at | east one chem cal oxidizing
subst ance, afd degAsiMY" Ot HE 'BER 4" pioaricigpietipldn Hiscukiiedpiating subsipecas-

I | at | hod ' h
ol Fow ngequat | o eetafieef AERREES Rt nefindy Bhhgedf ehnon GGREL 1 )
V15 APR 20 ; F trati t ti t2,
Co. . = bypr oqoee RASHETIE Rt o oA AT T IPT 21 bl Bt ng

sol ution byproduchrdiaiasRineals@h ultndr conifidets RhuBld'ih Bt ances in at
east one of the plating cell and a storage tank associated wth the
pl ating cel | 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 separéte tanks can be monitored
separately, and a common controller receiving a respective signal from each sensing
probe.

15 In an even further 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 platiﬁg substances.

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

wherein the following equation is satisfied:

Core=Cpp +(12-t)x(m, -y - dVv, - Cypu)
V



Mo = mass rate of byproduct build up, dVP = liquid flow rate through the
purifier, and rlb = byproduct renoval efficiency of the purifi1 Aﬁ%%@
further aspect relates to a structural arrangenent and/or pl ati% thod,
wherein the following equation is satisfied: CC. t2=Cc,to{ t2-t1l x(V~ qdt -
nt - hc - dvp - Cct,) wherein V (t2-t1l) Cc, t2 = conmponent concentration
at tinme t2, 15 Cc. t, = conponent concentration at tine tl, CC, to =
initial plating solution conponent concedfration, Vc = flow rate of
conponent introduction, g = conponent density, dt = time interval of
conmponent introduction, 20 ne = mass rate of conponent consunption during
the plating, WB8BI" tic = conponent renoval efficiency of the purifier. It is
to be understood that both the foregoing general description and the

fol | owi ng det ai | €8 dESRMPrsiuchponmentraticengtitiare/t2, and are i ntended to provide
further expl anat®an =diypréduct careebirativnest tiskeaiined. 25 BRI EF DESCRI PTI ON OF
THE DRAW NGS The @s eanipitialylatgngdiolution pypaidect donkestedioho provi de a furt her
under st andi ng . OfV Ehwelunme eftlating subdtantes inat0s206aé 8ftheIblang @ePRRliat ute a
part of this specifi castoage tarkessdeiatdngs thelpifingakes, an enmbodi ment of -t he

i nvention and, tayeteasswatelofbpproddestild Rbi on, serve to explain the
principles of thedV rvikjuid fow rdtd tHroggHitha\WuReier, add > APR 2Mb 11 Fig. 1 is a
schematic view ofn,anbysbasct réth@lal BEICRIE) 8fthk puAf&GOr dance with an

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

wherein the following equation is satisfied:

CC,(Z = CC.'O + !t2 _t1 , X (_\_/9 'gdt - mc - hC ° de ° C C.t1)
v (©2-11)
wherein

C. . = component concentration at time t2,
15 C .« = component concentration at time t1,

C.. o = initial plating solution component concentration,
V. = flow rate of component introduction,
q = component density,

dt = time interval of component introduction,

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

Itis 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.

25 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,



enbodi ment of the invention wherein broken |ines represent electrical

i nterconpections and unbroken lines represent fluid couplings; j 2
is a schgmati c view of a controller shown in Fig. 1 associated ﬁ?ﬁ?ﬁamﬁs
plurality of probes nonitoring conditions in separate storage tanks.

DESCRI PTI ON OF THE PREFERRED EMBODI MENT Reference will now be nade in
detail to the present preferred enbodi nent of the invention, an exanple of
which is illustrated in the acconpanying Hr awi ngs. Werever possible, the
same reference nunbers are used in the drawings and the 10 description to
refer to the same or |ike parts. In accordance with the invention, there is
provi ded an obj ectFigl bisiaksheatie view okansihiaoh platingsystam imapcasdancessdth an
enbodi ment of the object plating systemincludes a plating cell 10, a

dr ai ni ng uni te"lbgd'rae%&? fhe igyentign whierginpenkentinesrapresent elgctrigalst or age  t ank

18, and an a?%ie%g uni.t 20.  As ngl ined in nore detail below, this

ar r angenent PMavEiops And Wpbre 'h@f‘eér{ﬁp'?eéﬁ‘étef"’dﬁc%‘%%%ﬁé‘és during plating.
The plating cell I e configured |[ke a nunper  of different
conventional pl at ?Fqn%%églalcgghsm?g%é'g 938 Cﬁf‘k?@?r sgﬁ‘f"B U jge&ta§§°%?‘zl‘”'t5r?d/ or

ot her nategi ttbf & &ﬁ{eg,t o ye | es contained in the
plating cell %hlu(gé ?Ef %Iﬁgg%r@?’grr dCdng'rt'ghﬂnc%%g alfé)%é?%feet%gﬁ?. i nvention, the
plating cell 10 is configured to plate copper onto 20 wafers used for the
fabrication of sem conductors. For exanple, the plating cell 10 could

include an anode 11 andDEBCRIFTIDNGEGHEPREFERREIPEMBDIIRIENTO coul d act as
cat hodes. Preferably, thé anode IT TS5 formed of gt purrty,” solid copper

contai ning no noReférbace alloislv EOMaBE in @dtaibtd tht bresefl raidBd SABbHMenfSd
phosphorous, either individually or in conbination. 1 5 APR 2005 12

The. pl ati ng & invaBionsapexdreplalof which islilustedted Inohe eEdMIpaBAig Gawikdsh t he
storage tank 18 so that when the storage tank 18 is filled with plating
subst ances ( ¥4hareverpepsiblel heisamenefarengs ratritveys afe odxdanttise Hrawinys arel the 10)

the addition of any further platin
5(9 descrl%ti n to refer to thpe same gr 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 unit 20. As explained in more detail below, this arrangement

15 allows for recycling and reuse of substances during plating.

The plating celt 10 could be configured like any number of different
conventional plating cells arranged to plate, onto dbjects, 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 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.



substances to the storage tank 18 causes flow of plating substances from
the tank 18 5 to the cell 10 at substantially the sane flow rate p#’ﬁtidgg
subst ancks were added to the tank 18, and the renoval of any 5I5af‘ &0
substances fromthe tank 18 causes flow of plating substances fromthe
Cell 10 to the tank 18 at substantially the sane flow rate plating
substances were renoved fromthe tank 18. The fl ow conmuni cati on between
the plating cell 10 and the storage tank 118 is al so preferably configured
so 10 that the cell 10 and the tank 18 contain substantially the sane
concentrations of _the plating substance qonPonents and byproducts of the
pl ati ng subst anceThePiatiag gelhi @ isgreferabiviin diregt iavecanauaisationwith the sterapg

Cubst ances. BIRAGONa! e A gtarnes kBt kg il Piafbs srancer (e o
b duct f th | at i bst . LN f 15
of ‘mor e corpbEH s Gl AR e B 5 LR e Radib &1 ARG NbaCPiaiN ni ng
mor e compdfid Ry S pRaleRe e
Uank 15, " enide T feliticior By o Euaes B SRR SRt ol ndenGie” °°

pl ating subsiARees) 1%2%6@@?@“}‘@?%%%;#% p%&l@?étﬁtﬁf‘r&egl L34St Rshances

are then passed to t puritier onfrgured to

remove one ofanRaBEafd tHehBmayar I AHg biating Qubdtamtesitont 8RAaRk 28 thGsessUlRt@nces.
The purifier.14 could use any known technol ogy for renoving byproducts from

the used pl aplathgy sudssdrrias #om the dehaops eectanie ds atbusbtarially thelanplfidy fs 14
is preferably configured to provide filtering of the used plating

subst ances wplating@sibstariced wetardrmaovedffrdnb e tagk 8. The flogednmph@ticatignsubst ances
with at | east one ion exchange 25 medi um conmpound, filtering the used

pl ati ng subsbetwees thd plating eeir 10 andthestaragé tank|18ds also@xefosabiyecanfiguted sosed

pl ating substances to ultraviolet light (pulsed and/or unpulsed 1 5 APR
2005 13 |10ghthat theecelli1Agndrthe kank ibecbnidinsibriantially thersame cenceotatianseff thehe
used plating substances to at |east one chem cal oxidizing substance,

and/ or degasBiPHRP Bibstance ceawenpNtsENAPYRIASYEE N Ehe plgtngsybstadcehan one

byproduct r e”‘)"‘?" THEEB?.Hg Iccgll !IJ (5 Ia}\clj ﬁ%détorage 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 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
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



the used plating substances could be sequentially treated by passing_t hem

t hr ough mul tiple, series-connected, treatnent devices, each priovi Rn@mbne

or nore of the byproduct renoval nethods, for exanple. In one preferred

practice of the invention, the purifier 14 is arranged to renove at | east

substantially all organic substances present in the used plating

subst ances. I n another preferred practice of the invention, the purifier 14

renoves 10 only sel ect types of organic $lbstances. The purifier 14 coul d

al so be configured to renbve sone select types of inorganic substances.

For exanple, the purifier 14 could be configured to renove HCl. The

purifier 14 light)absatmigadf ¢tk wsedplating substaooen expeavne nkthelBed platingvi de a

processing unit that converts the used plating substances into reusable

pl ating 15 sibstangesto alderdiione chemisahexidizing substance, pndior degassing ofdhe Wien

the purifier 14 has renoved one or nore byproducts, the resulting purified

pl ati ng conpéitdiiatingsubstapces. nWhes mesn tan AeRYPHRIuChiemayr| rthod ig Biizedur ed

to add one or nor onents to the purified plating supstance and

ther aby _or eahe esPRITD SUGRaRe cony e Sbbantalk vBefke Bhaes o be B VAR, 16

coul d be cgonfi U(ed li ke an& ﬁonVQntio al 20 shructgre used to cpﬂgine

constituent THYPEAPEIEEYEer GG @?%@ev GBsTENFERVIIRG PNe L OIFP & "he

conmponent cqg&ﬁ&ﬁkﬁ &Eﬁheﬁﬂﬁﬁakpgx$ﬁ@ﬁthat is sonetines referred to as a
0

"doser”. In e preferred e 1 ment’, e conponent conbiner 16 is

configured like t e : s | l4sGat.i I al No.
061515782, 111 el et eiarieABEALtSe UPNEREHAR tne Bufi? 43E phifloeettd
“incor por at edrefRBIdN It §IRiseArtBRLall Grgamit 8lBstaRdes prédtht FPMBIREH pﬂa@in?dds at

| east one or nore organic materials to the purified plating substances

passi ng fronmsubseangus.i fri iotHet.préfBrrad idctionof thb enveatidi, mies pddict 13 réRBv@H05 14
could be configured to add one or nore types of inorganic substances, such

as HCl, 1looppdy seletI¢pes cirualganic sidStarfces. Ehapplifier Woenldidiso be cbnfigered® has
formul ated the m xture of plating substances, the
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 componént 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



adding unit 20 preferably passes this mxture into the storage tank 18,

whi ch causes 5 flow of plating substances fromthe storage tank S&PRo208he
plating tell 10. During the continued plating of objects in the cell 10,
the plating substance m xture added via the adding unit 20 is used for
plating in the cell 10. The preferred enbodi nent of the system preferably
includes a controller 22 in electrical comunication with the draining
unit 12, the adding unit 20, and the 1o &bnponent conbi ner 16. As
schematically shown in Fig. 1, the controller 22 is also in electrical
comuni.cation with a plating aspect nonitor 24, a purified substance

moni tor 26, cull lbe configuresl towdid tooe o? thord hypeplolinorganicspbstancesistich a2 HGls
preferably configured to nonitor one, or nore aspects associated with the
pl ati ng of otgppet,41,50,tdna/qrItRO; fog exainplel0. The nonitored 15 aspect is
preferably related to the creation of at |east one byproduct during plating
and/ or the reductWoanithe egrakingr 6t hag forraulated dhe mbdviss ofatingsubstanesatheng
substances during the plating. For exanple, the plating, aspect. nonitor 24
i s pref er abl 3Ading,pait g preferablly Rassasdhis XU isto HrSQIpde f?%kﬂ&mgwh&@ua%i ects

SIRISRRI NG AR R R R R R
D o1, 0 s RS BEAASO o 0P ARG DS Wb USSR o

occurring duga%%mg%@gs%gg%réﬁga% U @f substances in the plating

cell, tenpera the pl at cell, the deposition rate of materi al

plated on the obj ¢6d SrefertdiferRbSfhEhRIthe QRMIA biatbiablydhcllifés FBd@Fdial 22lmt ed

on the objects, the concentration of 25 carbon in the material plated on

the obj ect s, elbbificslRBFARIMIat¥R With fth@8rali] iMO12, the ba@RE DA 20 arfdwRe Obj ect s,
and the chem cal conposition of the plating substances. The 1 5 APR 2005 15

moni t ori n@ oforpehedt carmbire0fs. t ResehenstieatySshowdMh a5 1athel cuthitrolidri22ris afsot he
condition of the plating substances in the plating cell 10. Based on
i nformati on ipretedtited cihrpmuhieatidrawitmg plsipe @spens mdnitor 24},a purfied substendeer
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 aspectis preferébly 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 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 energy applied during the plating, idl_e time elapsed when the plating does not occur,
| the amount of agitation of substances in the plating cell, the amount of pulsé 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

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



22 controls the adding unit 20 and/or the draining unit 12 to adjust at
| east ong of the 5 flowrate of the mxture of plating substanfzﬁsﬁw
added to’the storage tank 18 and the plating cell 10 via the add rf“ 20
and the flow rate of used plating substances being drained fromthe
storage tank 18 and the plating cell 10 via the draining unit 12.
Preferably, this controlling substantially maintains a concentration of at
| east one byproduct in the plating cell 1{0 bel ow a predeterm ned | evel.
The controlling also 10 preferably acts to substantially maintain a
concentration of at |east one conponent (i.e., one or nore organic
conponent s dnenitoppg of eng or mbrpofdhesenaspesiseprovidegyamindicatiompithe wbaditiomot he
plating cell 10 above a predeterm ned |level. In the preferred enbodi nent,
the addi ng (f¢ Plating suestancesdn heplalinagelt012 i ncl ude any type of _
conventi onal st ru%ure forr?URr oviding variable rate fluid flow. For 15

n

exanpl e, the addifRredondnfagnation riewisd Ry thewlatingaspeg! moaitrs 24 Hiel cparolier

i abl f and/ i,abl e, f | h
vari able 1A e TRt Sl P S AL O YA A oL

troll i ddi ng. i 0 d/. dr.ai nj it, .12 h
cont ol f Soudha 5 R Ml e AR B e 60 P Bk o ey
the 20 adj : b f : o
(e 20,2013 gRaing ey 1 LShetale O 20530 A5 cABY, BLadlgind dpdegece. |
bl ati ng_SUDKRRLABING NohTHHE stétag LrliOMPARANYIpthE ol 9V (A8 diihg I 380

while the m xture of plating substances continue™to be ad vi a“the addi ng

unit 20. As Preferatiyanis 2BASling SidbsBHthB ainkinds ebsderlrblion BCAtUEHRS oAe puri fi ed
substance 25 nmonitor 26 and a mi xture nonitor 28. The purified substance

moni tor 26 ibyppdeteindke platicgoéll tlubeldwtzopratsteimined kwel. sTiaf canoling alsd t hat
are intended to be renoved by the 1 5 APR 2005 16 purifier 14, and the

m xt ure bbnipreferadly acs pr sfbstarialy mamtaigarcedcdrdrationiof ar lehst\opkescoafponamtt er i al s
that are intended to be added via the conponent conbiner 16. Based on data
provi ded by (keommai moresorganigiedmpanenth and apussivlyl, elso2bepr afiare élgrganiont r ol s
the 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 systém also preferably includes a puriﬂéd 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



conmponent conbi ner 16 to adjust the amount of one or nore conponents being
5-added by the conbiner 16. For exanple, when the purifier 14 Ir’r%ﬁ %pﬁf' ured
to renove at | east one organic substance and the conponent co er is
configured to conbine at | east one organic conponent to fornulate a

m xture, the nonitors 26 and 28 are preferably configured to nonitor the
anmount of organic material in the purified substance and 10 the pl ating
substance m xture, respectively. In the p‘tﬁeferred enbodi ment, the m xture
nonitor 28 is a probe configured to neasure the concentration of both
organic material and inorganic material, the probe being configured to be
posi tioned i Rudfiesildgend tekmixBire Foniternxihip Ipegfetably ganfiguned to memiteolevelg ot oul d
be a conventional npnitor sonetines referred to as an RTA probe, 15 which

i s confi gur eMaeiakethabaretintsnden torbe #rdesivir Higecomparentgronmtingr 16: dasedan

enbodi nent of, the inveption shown_in Fig. 2, a pluralit noni tors 28a,
S8b. and " 268ataRrRUIEEY HiSmearoas gnd efgne poteBlel B2esctrdly GRdel BRed  n
respective storage ;tank.18 18 c_each sociated with a separate
Foapect  ve pPATPHLET SPMbiTE 6 14 Adlhat hE aBRnLAT PR Rusip ciPbondus BB 2
28c coul d prQyi . controller 20 22 so that the organic materi al
(and, opt isongw%?b}gﬁ‘tsegcoﬁé&epﬁgfgani c material) in the storage tanks 18a,

180, 180 oan be MRRE LRl SR (BREANS! 4 s bR o/ Endi b M REEPONCoREe ©f

course, possible. rexanp stem co ave a sin puri fier
arranged to EgHERfce?ind tﬁé%}bnﬁ_ﬂﬁerﬂ%ﬁ%ﬂ%‘?ﬁsfﬁ %Hﬁﬁié?e‘sé to {&bﬁibir@atﬁéﬁ%’i bAACES

renoved froma plurality of different plating célls. In addition, the .25

conbi ner coubthapi copRfdn@Ht RdoirRulaterdmildire, thb atdrtBrs26<anl 28 atsrefdrabl
plurality of different plating cells. 1 5 APR 2005 17 As shown in Fig. 1,

t he plating sysfigeredioInonitoe i albyntiof otgatizsmatesialdip theepurdied substhhcriand! t o
supply fresh, virgin plating substances to the plating cell 10, via the
conponentlOcoMsi platingl@ bstaide myjxture, re@ctivlyd st or age tank 18, when the
plating cell 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, 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 cells. In addition, the

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

different plating cells.



10 is in need of filling at the beginning of a plating procedure and,
optional |y, also 5 during a plating procedure. Before passing frogppe
conponent conbiner 16, the fresh plating substances flowi ng fromthe
supplier 30 preferably pass through an ion renoving unit 32 configured to
remove one or nore predeterm ned types of free ions fromthe fresh plating
subst ances. When the systemis used for cgpper plating, the 1ion renoving
unit 32 is preferably configured to renove free sodi umand sul fur ions, 10
and nore preferably configured to renove any free ions except for carbon,
oxygen, and hydrggen ions. The sgfpjier 30 and/or the ion renoving unit 32
coul d be control REENBYNHEIGe drihe Hatips systemralso prefarale inchides @rsuealierdOhods

for plati f it h i bel ow with ref Fi gs.
1 and 2. A NEGH e STREURERDAoh Balad Slelentas BmRalinaisohiDivia 08 copper
lating of ' be, pinder.ss ood he, | ion in i
br aadest sengd e boRBfb Tor BftRARCHR Bha sRfiad 4B BEM BB TleR Sy be
d for plagg 1 , Dt Wi i 1§
of mat or i 51 o ° Fag AR 8L R B GRuoRERRS R, SAteGB et ol DS ATy YRS

sem condugct Oﬂﬁir@@bﬁfin%‘ﬁ%%ur@ Herd}8-pabing A tﬁEQBmg?ﬁ&ﬁ%Bgﬁmertlaeth et hod

could be practiced with structure different fromth own In Figs. 1

and 2. Initi ﬁééWplaﬁrﬁ@sWob@ﬂo@@ng&%tﬁef%élé&'%tdr%rmﬁés%ﬁﬁ%gF\‘é?g&?

plating cell 10 via the ion renoving unit conponernt conbi nér ,

addi ng .uni t 2novérerurst 32 egdigumsikto rdMovd bee bomoreireYétagminBd typde obfreé Rinabl y
renoves one or nore types of free ions, such as free ions of sodium and

sul fur, fronfromdhefrash piatisy bstsdamoes. VWhieat the abstym it hee®for pbpisr pativghitances
include organi c and inorgani c substances typically used for plating of
waf ers with ©9Fp@eving ubit ARks pEbgahly configuaedtd ramiore frearsediphraretisiilfor tone,
plating cell 10 and copper is plated on the wafers in any known manner. As
the platilfy PAbEEEPrediiablygesliguses rriemevanay fipafienssexcaptdor earbomdxygem t he
pl ati ng cell 1(? and addi ti anaI unipl ated wafers are added to the
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 semiconductors and/or copper plating. In
addition, aspects of the method could be practiced with structure different from that
20 shownin 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 or 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.



cell 10. The copper plating causes at |east sone of the organic conponents
of- the 5 plating substances to create byproducts, such as short{GharR 2005
ponethyVene glycols. The copper plating al so causes a depletion in the
anount of certain conmponents in the plating substances, such as HCl and/or
accel erators. An amount of used plating substances is drained fromthe
plating cell 10 via the storage tank 18 _and the draining unit 12,
preferably in a continuous nmanner, 10 suﬂgtantially t hroughout the entire-
pl ating process. The purifier 14 preferably purifies the used plating
substances by renoving at |east sone or substantially all of the organic

mat eri al s, i ncl ud¥yPRjaiedavalersrareplaced iethepiatid cglit P agd seare g Platast onethgnyl e,
Lhe b 11 Srvaity B R e s EnaB Yo Lonlne 0o stk 38t "
o gam o bt F IpT0ved i fialhl BLER Bod Bl RSP ERBAAES 70 RO BPBa i on
it or i on G109 el ppEPIEY GRIEY ot Babiontolr hEbHEANC ComptRBfy Aind 0°
component & tAoTREAURIHCES TPt Bl o Brddicisf SIH AF - GRY Boly Oy RIS gBcoldD 2

pl ati ng substm&ésper grlaﬁn@é@a%@sest A8eMOIBARY ameamitifeFtaiho gntagkl

conponents such as HCI and/or accel erators. The adding unit 20 passes the

resul ting mi e piingfsubstahder) saerbas ATEasd/bndceeldhgtorsst or age tank 18, where
the m xture nonitor 28 nonitors the anmount of organic material in the

m xture. This m xAunamopassfasedplating lsabsthaddsrig dexhdd fiénttioe platingbsll t@viae 25
at least some of the substances that were originally present in the cel
10. Pr ef er abthg storageetaml diSrapduthé drakiing pait 42 cyetesabiylih a bentmugusimanoér, pl at i ng
substances to the storage 1 5 APR 2005 19 tank 18 and the plating cell 10
in a contlionusibstantiathethraughsutthe entireuiatingrarpegsisy Tha@uritien 14 erefarably pyrifies
process. Optionally, if desired during the plating process, the sugplier
30 coul d al sheaged P@t'ﬁaéu%ta@qeﬁdﬁvcrémovme 3t {Fagt saee ebaysiantialsall gtifng uni t
20, and tank . e . . .

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 could 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 hixture monitor 28 monitors the amount of organic
material in the mixture. This mixture passes into the plating cell 10 to thereby reuse

25 atleast 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



18) an amount of fresh, virgin plating substances that have not been
recycled, 5 . The controller 22 obtains information fromthe i xt BrAPR 2005
moni tor P8 and preferably uses this information to control the conmponent
conmbi ner 16. For exanple, if the mxture nonitor 28 detects a relatively
high (or low) |evel of organic material, the controller 22 coul d adjust
t he conponent conbiner 16 to add |less (or nore) conponents containing
organic material. In addition, if the purl®ied substance monitor 10 26
detects a relatively high |level of organic material that is being renoved
by the purifier 14, the controller 22 could adjust the conponent conbi ner
16 to add | etwk 18@nddhe ptading oelt H0 im angodtingans manaerthraughodteibstantiallylther 22
could also control the supplier 30. Wiile wafers are being plated in the
plating cel | enige platieg preaeisag Ontippally, rdesitesrduring tiplating piocess ke Spplien e
aspects associated with the platin As mentioned above, the nonitored

aspect is reP@reddasaaid teteuplrtng gé" H (Macthetcopinesy By adieg unih2Q.[aadgeRk i ng
Sl ating - sublPAT BN & HeSh BTt soPeinces Bat hate nelbRSgeaRY

i d.b h i 2 | | 2 f bl v | h
raining Gt 15 160 ialef £2 ebRsifBhbgiastrorf Rt i drenlit bl ances
bei . . t j |
Cont ol o hePreipratl s BiSERAMaUGN hlthe BfRoBhe Afindifer 16, b Bdin e,
m xture bei ngyadgaghrk®nd fer g%leét%g,&é %iv@@a@@g@ )AL bp&g%ﬁﬂclméltgrial:rthé

flow rate adjustnent pre mal nt al ns centration one or nore

byproducts i Borthfler 22 bl adfel the E8ripBheNY Aniirki Q685 BHA RchsqBPMBEe)aNd/ or
mai ntai ns a concentration of at 25 | east one conponent in the plating cell

10 above a peedpdmintd cedainitgwidanid nfateNaR AU, FiHe gurHeD lsabstahe mbhitor
aspect nonitor 24 detects an aspect related to the 1increased anount of a

bypr oductlocap@dbtectsia tedativglyrdgioleee dfprddmic pateribl tbat id beirghremogediby tHd er 22
could control the draining unit 12 to increase the flow rate of used
pl ating subsD@[ﬁiﬁeé%@'ﬁrmgntf@lleoﬁéd:omdcaﬂiuﬂhé\esmmm@@nt eorrbingr thtd adddess at i ng
cell 10, 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
15 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
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
rﬁixture being added to the storage tank 18 and the plati.ng 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.



5 and/or control the adding unit 20 to increase the flowrate of plating
substance m xture being added to the storage tank 18 and the pl ﬁ%l m(ﬁgl
10. Such)flow rate adj ust mrent coul d decrease the concentration

byproduct in the plating cell 10 in a relatively automatic and rapid
manner. To provide a further exanple, when the aspect nonitor 24 detects an
aspect 10 related to the decrease of a cgnponent bei ng added by the
conponent conbi ner 16, the controller 22°%o0ul d control the draini ng unit
12 to increase the flow rate of used plating substances being renoved from
the storage tank 18 and the plating cell 10, and/or control the adding
unit 20 to increa$ér examplpoxhemthe aspept raeniteg 24 detactmareaspeck related tetheg added

to the storag_g:tank and the Iatlkr;% cell 10. Such flow rate 15 a@ ust nent
coul d i ncr eaf¥43569 2MAYRE ol byRTedvd casalia of being FRmeyesk bynthe perifierid. the a

lativel h | | d | th
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of practicing various aspects o net hod are al sO possi

exanpl e, t healjusttmentceuld diebial® e éﬁncbh@atﬁfnadf@hélgydiwﬁct ithe g RAdbRY
unit 20 could 25 also be used in a plating process that does not involve a

purifier 14 anelatively agtoprtieahd eapidimzmined6. | 21 1 5 APR 2005 In one exanple
of a preferred practice of the present invention, where copper material is
pl ated on wafers iTn provdeh didrthey egamble]l @heh ke aap&t:elmibastm‘ Heddtents BRiaspest n
concentrations such that, the plating cell's plating substances incl ude
copper (@@") rejated 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
15 adjustment could increase the amount of the component in the plating cell 10in 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 co'ntroller 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 précticing various aspects of the method are also possible. For
example, the flow rate adjustment of the draining unit 12 aﬁd/,or adding unit 20 could

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

component combiner 16.



a concentration of about 17 g/l, H2SO4 at a concentration of about 200 g/l,
chloride,5 (Cl-) at a concentration of about 30 ng/l, one or nnﬁggAW?Zmﬁ
suppressbrs at a concentration of about 18 m /I, and/or one or re
accelerators at a concentration of about 1 m /I, for exanple. The
controller 22 could be configured in many different ways to nmaintain the
concentration of one or nore byproducts bp the plating cell 10 below a
predetermned 10 |evel and/or maintain the concentration of one or nore
pl ati ng substance conponents above a predeterm ned | evel. For exanple, the
controller 22 cou | Itain byproduct concentration such
that the fol | owi ng%ergﬁeét%ﬁ@ié?tggg{%rgefdi ‘gg{;&&g‘if{‘}?_ S8t ijvgnbiop jwhere copper

x( mb- 11b- dVRGAtekibDi ' 12 = C ration at tinme
Co g pare s PERE Sefbet b e fiayhd cp PBhE St ARERRILE AR o
time t1, in copcpetrations Slich fHat, tRXBRBAG cell'<piRling Qubstdrieks iftlyde! c%ﬁeF@%eC?f‘“ Yt!on
byproduct concentration, in ng per liter, ftor exanple; &': u 09

pl ating subsa eormestration dfeabstbTRgE H, 80 al8 consirbttion 8t attdit 280 ghSHioddd i N
liters, for exanple; Mo = mass rate of byproduct build up, in ng per
mnute, for EXhata egncedivition dfiahout3d ngil; orat @ rhivecuPPresbersiitia doneéntiationi N
liters per mnute, for exanple (i.e., the flowrate provided by draining
unit 12); arff abpu1&mily prd/aucne pemoreadcoeferatorseat@ycavicehtrationusfiabbet 1 A, 25
For exanple, the controller 22 could also be configured to maintain
conponent dene@mrlat i on such that the foll owi ng equation is satisfied:

CC, Q =CC. t o+ t2-t11hx(K,-th- nc - h,; dvPCc.t,) V (t2-tl1l) 1 5 APR 2005 22
e 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
10 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:

Coe=Chp + (t2-t)x(m, “Mp dV, - Cyu)
\%

wherein

15 C..12 = byproduct concentration at time t2, in mg per liter, for example;
C,« = byproduct concentration at time t1, in mg per liter, for example;
C, 0 = initial plating sotution byproduct concentration, in mg per liter,
for example;
V = volume of plating substances in the storage tank 18 and/or plating
20 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
Ny = 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:

Cc,tz = Cc.to + (t2—t1)X (_l/c 'Q‘dt- me - hc ' dvp -C c.t1)
\% (t2-t1)




wherein 5 10 cc, tz = conponent concentration at tinme t2, in ng per liter,
for exanple; Cc,t1l = conponent concentration at tinme t1, ng per1biARR 2006 or
exanple;! Cc,to = initial plating solution conponent concentration, in ng
per liter, for exanple; V, = flowrate of conponent introduction, in
liters per mnute, for exanple (fromconbiner 16); q = conponent density,
in nmg per liter, for exanple; dt = tinme interval of conponent dosing by the
combi ner 16, for continuous flow, dt = t2 -t1; me = mass rate of conponent
consunption during the plating process, in ng per mnute, for exanple; and
he = conponewhetettimoval efficiency of the purifier 14. The controller 22
preferably determ nes byproduct concentrations Cb and 15 conponent
concentrations C ¢ _hasesmpshdnfBsticehtration Aeinke &, im@gPepater, foPérdngdle;24 and/ or
the mxture noni t@r ZBcomPéheh®Brichtrfior?at tneie of liEet RF Bkamplet he vol une
V based on input cf‘ [ PR plfin biBtibE¥Shp SR ESRIehtrhfia, i R it seh as

ul trasoni g | evel e ter determ ning byproduct an conmponent

e
concentrati ons, tbe—?lgﬂtrémf% gg AQnRSRIRERh MBS THORS 1drdfapifld 1 7

fl ow rate, corrponent | Hﬁw | ow rat e, me interval for
corrponen: do?l'lhngwgts tmilgﬂ,q?i} fo?tek%%ﬁlefor byproducts and
conponent s e S tﬂrﬁbq

conponentjgconsunpt | oHFn er a ﬁd%f et eg' t@ahpﬁjzrcgﬁtﬁrﬁ'y Setting
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determne m. The val uB'%Rf MBU; ? t@ be equivalent to
h, = component removale |C|encyo he purifier 14.

The controller 22 preferably determines byproduct concentrations C,, and
15 component concentrations C . based on input from the plating aspect monitor 24
and/or the mixture monitor 28. The controllér 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 concentratiohs, the controller 22
20 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 consumption, m,, are preferably calculated by temporarily settiﬁg the
purifier flow rate and component introduction flow rate to zero and then monitoring
25 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
organic additives into the deposited film). Then, a maximum allowable byproduct

value (C, ) and dV, are preferably calculated.



m in a first approximation. (In practice, nb<nt because of the drag—in
process gf' organic additives into the deposited film. Then, a rteiARR 05
al | owabl € byproduct value (C b, t) and dVp are preferably calculated. 1 5
APR 2005 23 The above equations are preferably used such that the
concentration output at tinme 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-nentioned equati ons al®ow nass rate of bypr oduct build
up to be 5 calculated without additional input variables and organic
purifier feed rate to be dynamcally adjusted to provide faster control to
the set point condB8AEPAYS ealatipRs are pisfaraphe Hegst sudhdnelrthe cansentration Autpst unes
to be used succes ullt}/ so that much faster response can be inplenented
with the confltBatewdibeyuseddn tha rax iterghemas e saprenteaiionabt! tor@lowhe syst em
and net hod accordi.n he invention could Er ovi de several advantages

to
over previ ouSEHTLE ‘ﬁlt"&‘? PIHRUBAT AN RN NRERERPIO!For exanpl e, by

I i vel i PR I f th [ ONE d
Then ropl hcing ¢ ABACCRrIRAToNREERrE Y aloudnats B bt reuhy B bec
mai nt ai ned, @chulgﬁe#i%{%ﬁhé&ﬂﬁcﬁwa anggt rigB88 ah& %{riia(?\licu&%r%gr ﬁ%gq%%rtgtb'eon’
costly treatnment of waste copper and acid C pr'etf erabl’y be el'i'm nat ed.

Final Iy, thedgmithicanyCssiusied {of proabis et cohis to 'ir?&fél%gﬁﬁ f%ﬁgséhgrlaiiéa.r%a&an

ultimately result in an optim zed process contro ating tool

manuf act ur er ceuld ehbisle fsWkripfeting Hath ¥heSto haBYePsiREESsTuIRfsolthSt DM fistedn
could be practiced wi thout necessarily acconplishing oné or nore of these

advant ages. Bpbhsercdr bdinmigpantedinithahd berfidlentd bil Lisfadtorfeotaiiridiigh vari ous
nodi fications and variations can be nade to the structure and net hodol ogy

of the presenontrabventi on w thout departing fromthe scope or spirit of the
invention. In view of the foregoing, it is intended that the present
i nventi ont%cover ndtesyetam andsmathdd aaedrding dmthedfiveritios 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 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 thé 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.



i nvention provided they fall within the scope of the follow ng clains and
their 25 equivalents. 1 5 APR 2005 24 WHAT IS CLAIMED I S: 1. A ggtgod of

pl ati ng objects, the nmethod conprising: adding plating substaﬂ APR 78
plating cell; placing objects in the platingscell; 5 plating the objects
in the plating cell, wherein at | east one byproduct of at |east one of the
pl ati ng substances is created during the plating; renoving the plated

obj ects froMHABISHCHAIMIED S | ; drai ning used plating substances fromthe
plating cell, the used plating substances including the at |east one

byproduct ; 10 noAimethddmjpketing ekjedts, direemathpe comprisingci at ed with the plating of
the objects, the aspect being related to the creation of the at |east one
byproduct; and a@qdirg Piatng buksdancea te aipthtiag celbast one nonitored aspect, at
| east one of the flowrate of the plating substances added to the plating
cell from at | eaplacioae@bjegtsdn thy platirg celhan zero to another rate greater than
zero, and 15 the flow rate of the used plating substances drained fromthe
pl atisng cel | fr dvating the ebisets ghiemdating gelbavharein labileastane hypraduct ¢fart laast e
greater than zero, to substantially maintain a concentration of the at
| east one bygnesdthetplatingsHestaricas ismgeated duripgitheplatingpr edet er mi ned | evel . 20 2.
The nmethod of claim1, wherein the adjusting includes both adjusting the
flow rate of thensviagithgriatedsbigats&emdbelplatinacalhe pl ating cell and
adjusting the flowrate of the wused platinﬁ substances drained fromthe
pl ating cel|. 25drainingwedriaigsibstances from the plating cell, the used plating
substances including the at least one byproduct;
10 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 from at least one rate
greater than zero to another rate greater than zero, and
15 the flow rate of the used plating substances drained from the plating cell from at
least one rate greater than zero to another rate greater than zero, to substantially
maintain a concentration of the at least one byproduct in the plating cell below a

predetermined level.
20 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.

25



3. The method of claim1l1, wherein the plating substances include organic
subst ances and inorganic substances, and wherein said at |east ong ApR 2005
byproduct is created fromat |east one of the organic substances. 5 4. The
met hod of claim 1, wherein both the adding obsthe plating substances and
the draining of the used plating substances occur during substantially all
of the plating of the objects. 5. The nethod of claim1, further
conpri si ng Pr ocessThegmethed s eldim1awhergirsth patingessibstdbcasoinclade erganid | east
part of the used plating substances into reusable plating substances, and
addi ng t he substentaseanglirarganic subldstanaes; @pd whetelresaid attiéasyonebyprodiict iFleesated hod
of claim1, further conprising disposing of the used plating substances
wi t hout reuUgimgt lenet areeef the atdaniy sstngeses. 15 7. The nethod of claim 1,
wherein the plating substances include copper and wherein the objects are
plated with copper. 8. The nethod of claim11, wherein each of the objects
is a wafer configured to 20 be a conponent of a sem conductor. 9. The
met héd of ct.ai m 1, Thehmetkiod of glaim 4t whergit bath éhenadding okthie adgiipgtsubstanbes en
from the nunber of objects plated in the plating cell, the tinme el apsed
during t he gridthemigeinihgofithe udgidadating scibstanees okeus duynggyiisiandiatiuall ofthe he
pl ating, electrical energy applied during the 25 plating, idle tine
el apsed whematingeofdhawobiegtsdoes not occur, anount of agitation of substances
in the plating cell, anmount of pulse plating occurring during the plating,
tenperature of substances in the plating cell, tenperature of the plating
cell, the 1 5 APR 2005 26 deposition rate of material plated on the
obj ects, tHe el ethhe methiod obelajonct, furtheycanfpriging eracassingtheitusatl piating Isebstédrjcest s,
concentration of carbon in nmaterial plated on the objects, the degree of
voi dif ree phapnvert dt leastpancithe used platingstbetences inta teushlkle plabing sulbstarngsosi ti on
of the plating substances.

and adding the reusable plating substances to the plating cell.

6. The method of claim 1, further comprising disposing of the used plating substances
without reusing the used plating substances.

15
7. The method of claim 1, wherein the plating substances include copper and

wherein the objects are plated with copper.

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

20 be a component of a semiconductor.

9. 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
25 plating, idle time elapsed when the plating does not occur, amount of agitation of
substances in the plating cell, amount of pulse plating occurring during the plating,

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



5 10. A nethod of plating objects, the nmethod conprising: adding plating
substances to a plating cell; placing objects in the plating ce]I:Jh; P%ﬂlhﬂ ng
the objects in the plating cell, wherein the amount of at |east ‘0 @
conmponent of the plating substances is reducee during the plating of the
objects; renoving the plated objects fromthe plating cell; draining used
pl ati ng substances fromthe plating cell; nonitoring at |east one aspect
associ at ed depositierhtedfanaterip! pfatedm tbé pbiects, the Blechricabspelattivitgiofignatetiat ed t o
the reduction in amount of the at |east one conponent of the plating
subst ances mlated oy thérebjektst icagcerdrationdf carbomin, mbtesialdblaled smihe afectsethet one
noni t ored aspect, at |east one of the flowrate of the plating substances
added t o t Hiegrsefivaig-frasl tlatihg dntrenchee abthe ehiectsaped Hreechiemical hempesitian oft o
another rate greater than zero, and 20 the flow rate of the used plating
subst ances the alatied sebstanceise pl ating cell fromat |east one rate greater
than zero to another rate greater than zero, to substantially maintain a
concéntration of the at | east one conponent in the plating cell above a
predeterm ned level. 25 11. The nethod of claim 10, wherein the adjusting

i ncl udes BB h ad} onethiod@f plating shjests, thet metbpd coropising i ng subst ances added to
the plating cell and adjusting the flowrate of the used plating

subst ances dr ai rastdlirfa pltindheuhstancende aeldtingell, APR 2005 27 12. The net hod of
claim 10, wherein the plating substances include organic 5 substances and

i nor gani ¢ subst dn@@rg opjrats\ihdreplatinge’ll at | east one conponent is at |east
part of at |east one of the organic substances. 13. The nethod of claim 10,
wher ei n bot h t hePlatingithgyokiects ndheplatinarrgll vhesein eamayntiof at least one

10 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,
15 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 from at least one rate greater than zero
to another rate greater than zero, and
20 the flow rate of the used plating substances drained from the plating cell from at
least one rate greater than zero to another rate greater than zero, to
substantially maintain a concentration of the at least one component in the plating cell

above a predetermined level.

25 11. The method of claim 10, 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.



the draining of the used plating substances occur during substantially all
of the plating of 10 the objects. 14. The nmethod of claim 10, fgrAﬁherm
conpri sing processing the used plating substances to convert at Ieasg Eart
of the used plating substances into reusabl ey7plating substances, and

addi ng the reusable plating substances to the plating cell. 15 15. The

nmet hod of claim 10, further conprising disposing of the used plating
substances w thout reusing the used plating substances. 16. The method of
claim 10, wherein the plating substances include copper and 20 wherein the
objects are plated with copper. 17. The method of claim 10, wherein each of
the objects is a wafer. 18. The nethod of claim 10, wherein each of the
objects is a wafer configured to be a 25 conmponent of a sem conductor. 1 5
APR 2005 28 19. The nethod of claim 10, wherein said at | east one nonitored
aspect i s Tthoseithé methadhoé claiont® whefeirobg platig plbataecksiimcludesorgdrid | ng cel |,
the tinme elapsed during the plating of the objects, current density

appl ised dursubgtan¢as guidandrga)ic slbstancéss ahd wherepysamigh leastbnechoripagert fiscatpdast | ng,
idle tine el apsed when the plating does not occur, anmount of agitation 5 of
subst ances patt dflatlepstaniersf theairganicsubstancest pul se pl ati ng occurring during
the plating, tenperature of substances in the plating cell, tenperature of
the plating cell, the deposition rate of material plated on the objects,
the electrical conductivity of material plated on the objects,
concentratith of cHrewvathod ofcizier iCaiwherenthsth tha atiting olthe plating substadeey @w of
void-free plating in trenches of the objects, and the chem cal conposition
of the pl atthagralingefidee usrsziatingGubstamass lvockraitiring subistagtialyjad of the platiegmgt hod
conprising: adding plating substances to a plating cell; placing objects
in tWe plattheagbissts. ;

14. The method of claim 10, further comprising processing the used piating
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.

15
15. The method of claim 10, further comprising disposing of the used plating
substances without reusing the used plating substances.
16. The method of claim 10, wherein the plating substances include copper and
20 wherein the objects are plated with copper.

17. The method of claim 10, wherein each of the objects is a wafer.

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

25 component of a semiconductor.



15 plating the objects in the plating cell, wherein at | east one byproduct
of at least one of the plating substances is created during theqm ApR g5
renoving the plated objects fromthe plating cell; draining used plating
substances fromthe plating cell, the used pbating substances including
the at | east one byproduct; 20 puri fying the used plating substances to
renove at | east sone of the at |east one byproduct and thereby create
purified pl'@ing sUlssmathodof cleionid nvhegeinisaidesd sasbore monipwedaspat ish t he
purified plating substances to create a mxture of plating substances; and
passi ng t hehoien fiew the nynben of pbisgtsslatad ésthe piading isell, gheatima glapsed duting ther eby
reuse 25 the purified plating substances 1 5 APR 2005 29 wherein the

pl ati ng sulMatageétheiabisctsdeurtangdensdy sppliet dndrastha pibting @legticaenesgyianpliet es,
and wherein said at | east one byproduct is created fromat |east one of

t he or gani dusingtheairting, idighimediansed whemthemlating gperyndt pedun.damorietms agitation
substantially all plating substances 5 containing organic material, and
wher €i n t heofatibstaneas ibiike plotinm Aelhtameiylt @ipulse PRANG eccumingeduring thexdating, met hod
of plating objects, the nmethod conprising addi ng plating substances to a
pl ating celtﬁmp&r@tum afcsungtanessde the plating isell, tﬁnmeratgre@gthe plqslnapelh@wade@oabtPrect S
inthe plating cell, wherein at |east one byproduct of at |east one of the
pl ating s ulystezf ewmteriabplated on die ehirdts et dlectifsiaaedndystiviteafomateagiak tates pa thed
objects fromthe plating cell; draining used plating substances fromthe

pl ating ceIqueotﬂwéol]%%ragq)fh@fqagboé‘ufbﬂ%(ﬁ@é@ate%’”ltmvbﬁﬁtﬁ@Qmr%ﬁ0fIVét§!sffeeone

bypr oduct; pur| fying the used plati ng{ substances to renopve at |east sone of
the at | easqat@gén trenches of the objects, and the chemical composition of the plating

10 substances.

20. A method of plating objects, the method comprising:
adding plating substances to a plating cell;
placing objects in the plating cell;
15 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;
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;
20 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 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

25 the purified plating substances



byproduct and thereby create purified plating substances; conbini ng at

| east one conponent with the purified plating substances to creat’ed #PR 2005
m xture of plating substances; and 20 passing the m xture of plating
substances into the plating cell to thereby pgeuse the purified plating
substances, wherein the plating substances include organi c substances and

i norgani ¢ substances, and wherein said at | east one byproduct is created
from at | east onwhefein e pletinmsihstances irofudesorogahie sebstantss artd ihergshicone
byproduct includes organic material, and 25 wherein the nethod further
conpri ses ravbpstaoces@ndhwhdreinedaichét leasiamedypeadeict iglcréated from gileastioed opl at i ng
substances. 1 5 APR 2005 30 22. The nethod of claim 21, wherein the at

| east one dbepaganic sibstansgssanst ganic material, and wherein the nethod
further conprises adjusting, based on the nonitored |evel of organic
materi al, the anwhateinthetmeifing inelades emovingrapbstantially @Hipiatiod swhstanaelse
purified plating substances. 5 23. The nethod of claim 22, wherein the

met hdd f ur t99BtIRIBGPFIASIEMAEHRIt 8] whereindhe phigast ape companent ingludasiaiganiey t he
m xture of plating substances, and adjusting, based on the nonitored |evel
of organic MaeERkal in the mixture, the amount of the at |east one
conponent conbined with the purified plating substances. 10 24. The net hod
of claim 20, wherein the at |east one conmponent includes organic nmaterial,
and wherein the nmethod further conprises nonitoring the |evel of organic
materi al i % he Aimathgdofplating abiesiy) thaipetheheamprising: 25. The met hod of cl ai m
24, wherein the nethod further conprises adjusting, based on the nonitored
| evel of organi caddinaplatng supstances iq s plgting cellhe anount of the at |east one

conponent conbined with the purified plating substances.
10 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;
removing the plated objects from the plating cell;
draining used plating substances from the plating cell, the used plating substances
15 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 component with the purified plating substances to create a
mixture of plating substances; and
20 passing the mixture of plating substances into the plating cell to thereby reuse the
purified plating substances,
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, wherein the at least one byproduct includes organic material, and
25 wherein the method further comprises monitoring the level of organic material in

the purified plating substances.




26. A nmethod of plating objects, the nmethod conprising: 20 adding plating
substances to a plating cell; placing objects in the plating cell ;1 $lApRI 2@
the objects in the plating cell, wherein at |east one byproduct of at |east
one of the plating substances is created dusdng the plating; renoving the
pl ated objects fromthe plating cell; 25 draining used plating substances
fromthe plating _cell, the used plating substances including the at |east
one byprodwé®; 1THe mpiRodghdaimi2lpwhereipithryatilenst ensgprroaentinslusied staanices t o
renove at |east sonme of the at |east one byproduct and thereby create
purified plmaterg anshrheieio de mebadfutthagcamprisesiadiusing, kasap ondhre monitored he
purified plating substances to create a mxture of plating substances; and
5 passi ng t'eeel ﬁ?@(gml@rr@&ﬂgu thejanpust of shexaideast one epmpsaep canbingdowith theo
thereby reuse the purified plating substances, wherein the at |east one
conponent iMEfigd etatiog gobstanerst eri al, and wherein the nmethod further
conprises nonitoring the level of organic material in the m xture of

pl ati®ng substances, 10 wherein the nethod further conprises passing the
m xture of plating substances into a storage tank in flow comunication
with the p|£}-i ngl eeNethod o claim i wherein thexpethed fuithen somptisgsaganiteing the
nonitored to determ ne the |evel of organic material. 27. The method of
clai m 26, VR ef odric rafsrial ip themixyre-efirfading sebsiinees. Ged adiketing. kassdoaihke 15
storage tank i s associated with each of the plating cells, and wherein the
met hod f ur tRMOEESHBYS! Sleodnimmatsrialinthe mbdwecthpramepntaf et legstPngt or age t ank
substantially sinmultaneously. 28. The nethod of claim 27, wherein the
organi c mtm%“eﬂhc%@ﬂe%m%ﬁ'gﬁep‘fréﬁﬁ plafingguRsiANeas: ed via a separate
sensliong probe in each storage tank and a common controller

24, The method of claim 20, 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.

15 25. The method of claim 24, 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.

26. A method of plating objects, the method comprising:
20 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;
removing the plated objects from the plating cell;
25 draining used plating substances from the plating cell, the used plating substances

including the at least one byproduct;



receiving a respective signal fromeach sensing probe. 29. The net hod of
claim 20, wherein the purified plating substances include at | eastl |aAPR 2005
substantial portion of the inorganic substances. 25 30. The nmethod of claim
20, wherein the purifying includes at |east gne of filtering the used

pl ati ng substances with activated carbon, filtering the used plating
substances 1 5 APR 2005 32 5 10 with at | east one ion exchange nedi um
conpound, filtepurifgng the yskdpliating subblancasde remavelat leastsameiot the at leastaae filter,
exposi ng the used plating substances to ultraviolet light, heating the
used pl at i Rypredust anthibersby eregtegiurfied Miating substanicas;i ng subst ances to at | east
one chem cal oxidizing substance, and degassing the used plating

subst ances. 31. cqmbining@hlegstene eprapenepbwithvine perified platingreubistacéatotcraste a
conprises: nonitoring at |east one aspect associated with the plating of

t he obj ect gixtyreef pletinacsubptencey; ansl ated to the creation of the at |east one
byproduct; and adjusting, based on said at | east one nonitored aspect, at

| east’ one of t heasdingthe mixtwe 6f plating spbstenaey inte ihetriatioe celltd theretyseusedhe| at i ng
cell, and the flow rate of the used plating substances drained fromthe

pl ating ceburifiedpiptisg pastancesal |y maintain a concentration of the at |east
one byproduct in the plating cell below a predetermned |level. 15 32. The
met hod of cl ai mwpereinife atipastigpe romprneatasudps erganicengieraljang whetein thaces and
the draining of the used plating substances occur during substantially all
of the pl amefpddgrther RrMpyises tositorng theripel pqraanic wategaldn e PUXturges pleting t he

pl ati ng substances include copper and 20 wherein the objects are pl ated
wi th coppepubstenceshe net hod of clai m 20, wherein each of the objects is a

waf er .
10 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.

27.  The method of claim 26, wherein multiple plating cells are provided and a separate
15 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.

28. The method of claim 27, wherein the organic material in each storage tank is
20 monitored via a separate sensing probe in each storage tank and a common controller

receiving a respective signal from each sensing probe.

29. The method of claim 20, wherein the purified plating substances include at least a
substantial portion of the inorganic substances.
25
30. The method of claim 20, wherein the purifying includes at least one of filtering

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



35. The nmethod of claim 20, wherein each of the objects is a wafer
configured to be a 25 conponent of a sem conductor. 36. The net hbé AR 2005
claim 20, wherein the purifying also includes renoving 1 5 APR 2005 33 HC
fromthe used plating substances and wherei n3i he combi ni ng i ncl udes addi ng
HCl to the purified plating substances. 37. The nethod of claim 20, further
conprising adding fresh plating 5 substances to the plating cell and

renovi ng awith atdsast pnedat examangel megjes cahpdurek filteying the phating Isebstaecds withat i ng
substances. 38. A systemfor use with a plating cell configured to plate
obj ect's, taparfitlatremgvadilter, esposgng tressed platidg\siibstaneaste ultcaviokd dghtchegakiag | ng
substances to the plating cell, and 10 neans for draining used plating
subst anceghé nsed platingsiubstanegsceiposing e used glatina substancesitesat iaasktend ehelmicdil ng  at
| east one byproduct of at |east one of the plating substances, the

bypr oduct dxisizing substaneel and degassirigdhe nspdaflatingesubbiances in the plating cell,
the system conprising: at |east one nonitor configured to nonitor at |east
one aspect associated with 15 the plating of the objects, the aspect being
related to the creation of the at |east one %/ product; and a controller in
el ect ri cal3%comuni T mnethodiof klaim @0nwhéreiy the meshedbfurther ¢Q§'ﬂprﬂ§@|5hg confi gured
to control at |east one of the adding neans and the drai ning neans, based
on said at |east onenitpgng aideast one pepact associatgdvdth tha platingsaf thenebjedts, 2 t he
flowrate of the plating substances added to the plating cell fromat | east
one rat e apeettbeingtrelated iethe creptiamofthe At leagt engbyiedict, ®hdn zero, and the flow
rate of the used plating substances drained fromthe plating cell, from at
| east one rate gr e2ddiusiting, ipased-ar %pid @ leasbeneenonitares agpecita feastene of rediowt o
substantially maintain a concentration of the at |east one byproduct in
the 19l ating cel | betenfthe patingrseiisteesasiadded fodthe 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.

15 32. The method of claim 20, 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.

33. The method of claim 20, wherein the plating substances include copper and
20 wherein the objects are plated with copper.

34, The method of claim 20, wherein each of the objects is a wafer.

35. The method of claim 20, wherein each of the objects is a wafer configured to be a
25 component of a semiconductor.

36. The method of claim 20, wherein the purifying also includes removing



1 5 APR 2005 34 39. The system of claim 38, wherein the addi ng neans

i ncludes at |east one of a punp and a flow control valve, and wher$iARPRt 885
controller is configured to control said at |east one of the punp and the
flow control valve to adjust the flow rate ofsplating substances added to
the plating cell. 5 40. The system of claim 38, wherein the draining nmeans
i ncludes at | east one of a punp and a flow control valve, and wherein the
control | erHCIsrarotte gsedaulating subistancks aad dhewin theasmbinieg kiudee apgdimg HTId t he
flow control valve to adjust the flow rate of used plating substances

dr ai ned f rtotthea paifiedatiating ssibklancdd 41. The system of claim 38, wherein the
controller is configured to control both the adding neans and the draining
means. 42. The system of claim 38, wherein the controller is configured to
control both the 15 adding neans and the draining nmeans such that both the
addi ng of 3he plTdieimatheididisiam @0 sfudinet comerisingaddinygfresh pidtieg used pl ati ng
subst ances occur during substantially the entire tine when objects are

pl at 6d i n suhstapdestto tgp pating.celd 8nd Enovigst Eastgireddtarminedi@ypdsiof frieefons dopt | Si ng
a processing unit configured to 20 convert at |east part of the used

pl ati ng subsfrasic etingsobstanesbl e pl ati ng substances, the reusable plating

subst ances being reused in the plating cell. 44. The system of claim 38,
wherein said at |east one nonitor is configured to nonitor at |east one of
t he nunber of objects plated in the plating cell, the time el apsed during

25 the pl @8.ng of system fospee with a platingeall carfigsiradto piatd dkiects) dhe pigtingteell péiagi ng,
el ectrical energy applied during the plating, idle tinme el apsed when the
pl ati ng dassogiated vith meana fasadding platingy$ubstances tofthesplbtinganetieandi n t he pl ati ng
cell, amount of pulse plating occurring during the 1 5 APR 2005 35
10 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,
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
15 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
20 the flow rate of the plating substances added to the plating cell from at least one
rate greater than zero to another rate greater than zero, and
the flow rate of the used plating substances drained from the plating cell,
from at least one rate greater than zero to another rate greater than zero, to substantially

maintain a concentration of the at least one byproduct in the plating cell below a

25 predetermined level.



plating, tenperature of substances in the plating cell, tenperature of the
plating cell, the deposition rate of material plated on the obj ecs PRt je5
el ectrical conductivity of naterial plated on the objects, concentration
of carbon in material plated on the objects, 34he degree of void-free
plating in trenches of the objects, and the chem cal conposition of the

pl ati ng 5 substances. 45. A systemfor use with a plating cell configured
to pl ate dif.ect sThe bystgrhaf clagn 88/ Whergin thg addingmesnednaludds atdeass oheof addi ng
pl ati ng substances to the plating cell, the anount of at |east one
conponent mfmp &rd piflawiaegtrelnsitea ane svhisedimther asatrober islaenfigyresl ttdontroligaiadf
objects in the plating cell, and neans for draining used plating substances
fromthe 3gileast ong of dhd pummandsipe fleancendipbralys tagdjugtthé few rate ofplatingi t or
configured to nmonitor at | east one aspect associated with the plating of

t he obj ectstibstaneessgdrs togbe pptinglcgtled to the reduction in anmount of the at

| east one conponent of the plating substances during the plating;, and 15 a
controller in electrical comrunication with the nonitor, the controller
being configured to control at |east one of the adding neans and the

dr ai ni ng réans, Thesweteoyefsiging 38.avhdreinthe drrieingmeandinelddessaidenst oneoofadj ust  at

| east one of the flow rate of the plating substances added to the plating
cel | fromrump arda flewecontrak vl @nd sheraiathezcontrolier ianenflavred tetaontyokseidr t han
zero, and 20 the flowrate of the used plating substances drained fromthe
pl ati ng cedtieast enapfdhe pusesandiie fiew centipl valvesto adivgtthe Bew rate obitsed Iptatingat e
greater than zero, to substantially maintain a concentration of the at

| east one tHFiFOAhdrained frem heplpting callel | above a predeternined level. 25
46. The system of claim 45, wherein the adding neans includes at |east one
of al%punp and a flow control valve, and wherein the controller is
configured to control said at |east one 1 5 APR 2005 36 of the punp and the
f1 ow cont rél- val W 2yStearipiLaainm 3 whegsin F’f@tfé’ntwu%llsafiqnﬁgu@d&F%iﬁ@égo'fadh%d to

the plating cell. o
adding means and the draining means.

42. The system of claim 38, wherein the controller is configured to control both the
15 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.

43, The system of claim 38, further comprising a processing unit configured to
20 convert at least part of the used plating substances into reusable plating substances, the

reusable plating substances being reused in the plating cell.

44, The system of claim 38, 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
25 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, amount of

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



47. The system of claim45, wherein the draining means includes at |east
one of a 5 punp and a flow control valve, and wherein the controlqgenpks 005
configured to control said at |east one of the punp and the flow contro
valve to adjust the flow rate of used pl ati ngssubstances drained fromthe
plating cell. 48. The system of claim45, wherein the controller is
configured to control both 10 the addi ng neans and the drai ning neans. 49.
The syst emlatingctemiperdttre oftsebstancedshie theoplating detirtemperatuné oighe pidtiigocaliother ol
both the adding neans and the draining neans such that both the addi ng of
t he pl ati rippositidrsiatnd esateraliplated odrtlee ohjends, de ¢lbatricat eshdatibvty of) nsatdriat plateds
occur during substantially 15 the entire tinme when objects are plated in

t he pl ati rp tbebbjectS0 coridestrationtod parbbn ol mataridbylatéd pb ke objawty) tHesdeggeecof
processing unit configured to convert at |east part of the used plating
subst ancesvoidifree pletirgniblteenphes ofrilge shibsts sancidthe chéreicalr enrgmisition pf thiei phaging

subst ances being reused in the plating cell. 20 51. The system of claim 45,
wher 6i n sauthstncésast one nonitor is configured to nonitor at | east one of
t he nunber of objects plated in the plating cell, the tine elapsed during

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

el ectrical energy applied during the plating, idle tine el apsed when the

pl ati ng do¥s 25 Aeysteudenysearithunplatiig eajii woafigued tf plstetrbiexts; ¢ platinghelipl at i ng
cell, amount of pulse plating occurring during the plating, tenperature of
subst ancegding asseciplest Wittymeand for addipe plating sulstanche to thepldting celtlthe t he
deposition rate of material plated on the objects, the electrical

conduct i viangowtt ofl atfeagtRn2 @OGPETentaf thei pdtingl saibstancas hielireg reljieart dyring plating
concentration of carbon in material plated on the objects, the degree of
voi dWf r ee qflohjectsdn the plating cele endmeamssfoojainingsised platingsibstasoesc fromctbeposi ti on
of the plating substances. 5 52. A systemfor use with a plating cell

conf i gur eddlatingtelt, ghebydemsompiisingl ati ng cel | being associated with neans

for adding plati n? substances to the plating cell, and neans for
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

15 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 from at least one

rate greater than zero to another rate greater than zero, and

20 the flow rate of the used plating substances drained from the plating cell
from at least one rate greater than zero to another rate greater than zero, to
substantially maintain a concentration of the at least one component in the plating

cell above a predetermined level.

25 48. The system of claim 45, 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



draining used plating substances fromthe plating cell, the used plating
substances including at |east one byproduct of at |east one of thg AHRayind
subst ances, the byproduct being created during plating of the objects in
the plating cell, the system 10 conprising: 3@ purifier configured to
purify the used plating substances to renove at | east sone of the at | east
one byproduct and thereby create purified plating substances; and a
conponent of drbpurep aodtiie tew eantrad valyaite adivsitthe dawtraternf ptadinpsabstanedst h t he
purified plating substances to create a m xture of plating substances, the
m xt ur e ofaddsd o the platinadsdl ances bei ng passed into the plating cell to
thereby reuse the purified plating substances , wherein the plating
substances i nclude organi ¢ substances and i norganic substances, and said
at |east one byproduct includes organic material, and wherein the purifier
i s configuffed t dheeiysteg eficlaigzAdy wWhgiain tigisikaining &eans dalldes gt pagkenecof a
material. 20 53. A systemfor use with a plating cell configured to plate
obj edt s, tAvempaEnd 2 flgw centrol yalvagarebwhersiodneearirofipt ip carfiansed torcontilisaif @l at i ng
substances to the plating cell, and neans for draining used plating

subst ancededst one eftiee pirap Pdthe dpw contrab valeata agjuat theiove (atssefause@ platingic| udi ng at
| east one byproduct of at |east one of the plating substances, the

bypr oduct subgteneescdrakeddrogutheptionseling of the objects in the plating cell,
the system conprising: a purifier configured to purify the used plating
substances to renove at | east sone of the at |east one byproduct and
thereby create purified plati n% substances; and 1 5 APR 2005 38 a conponent
conbi ner hf i guf@RISYSEe dhsiake 48t whergisn thg genteeliep srranfiouiedrio cartrol gth f i ed

pl ati ng substances to create a m xture of plating substances, the m xture
of 1l ati rige deisg Mrans aneithe dAIIB@MERA%.0 the plating cell to thereby reuse
the purified plating substances, the systemfurther conprising a purified
substance nonitor configured to 5 nonitor the level of organic material in

the purified plating substances. 54. The system of claim 53, wherein the at
| east one 4orponk§tSYsteEn pieaimatsy heeein 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 substantiaily

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

50. The system of claim 45, 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.

20
51. The system of claim 45, 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

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



material, and wherein the system further conprises a controller in

el ectrical comunication with the nonitor, the controller controlS APR 2005e
conponent conbi ner, based 10 on the nonitored |l evel of organic material, to
adj ust the anmount of the at |east one conposent conbined with the purified
pl ati ng substances. 55. The system of claim54, further conprising a

m xture nonitor configured to nonitor the level of organic nmaterial in the
m xt ur e ofmaseral platedsarbibe ghieets, commentrationradicarben inomatesial platgd 06 thehabjentayponent
conbi ner, based on the nonitored | evel of organic material in the m xture,
t 0o adj ust thédrdegre®afitoidfrea plating inl teeshen nithe ejeotse and thendfiensdalwotmpositien
purified plating substances. 56. The system of claim52 wherein the at

| east one af$rpplating substdng@es organic 20 material, and wherein the system
further conprises a mxture nonitor configured to nonitor the |evel of
organic material in the mxture of plating substances. 57. The system of
claimb56, further conprising a controller configured to control the
conpdnent Fonbi Hesystaratosdsewith aplatinheal goeiipurasite plags okjegim thecplatingeell beéingn t he
m xture, to 25 adjust the amobunt of the at | east one conponent conbi ned

wi th the Rsspeiated withameans forpdding oding substarRs1ot® PetirkBcellThad syezne fierof
claimb56, wherein a storage tank is associated with the plating cell, and
wher ei n t Hisaifingtused phalingisobstaneesioens the platimecelbiife Yaadadating svwbsienees t he
concentration of both organic material and inorganic material, the probe
bei ng confingiifirgiatienst pre Ripseducikriatiepst onp of ke platige substaoces 59. The syst em of
claim58, further conprising a plurality of the probes configured to be
posi t i onedhg Ryrseqiist bRirg @?@iﬁgéér"’lgﬂﬁ&@g stf ?ﬁél?CtéHUg‘hP@tlmﬁﬁeé,rth%Mtwnsepar ate
tanks can be nonitored sinmultaneously. 10 60. The system of claim 59,
furtRer cHAPFIAMSINGG a common controller receiving a respective signal from

each sensing probe. i _ )
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
15 plating substances being passed into the plating cell to thereby reuse the purified plating
substances , 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.

20 53. 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, the byproduct
being created during plating of the objects in the plating cell, the system comprising:

25 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



61. The system of claim 52, wherein the purifier is configured to {)r ovi de
at least one of filtering the used plating substances with activat 8dAPR 2005
carbon, filtering the used plating 15 substances with at |east one ion
exchange medi um conpound, filtering the usedsplating substances with a
particle renoval filter, exposing the used plating substances to
ultraviolet light, heating the used pl ating substances, exposing the used
pl ati ng subst anceepnpenent tarskinermonfigivedriiccedmiing df leasipns sbspanerd withrtde
degassing the wused plating substances. 20 62. The system of claim52,
further cowfiedplating atbstanees toereatecmintxtiure obplatingisudtancesising morturatof| east one
aspect associated with the plating of the objects, the aspect being

rel at ed t olating sobsiandes heipg pasaeddnto theapiating gell toliiyerelydieuss thepdrifigdl pdatingnt r ol | er
in electrical conmunication with the nonitor, the controller being

conf i gur edsubstapoes, i system forker comerisifig 2 hwrifiad dubstance msiterrednfigueedoai ni ng
nmeans, based on said at |east one nonitored aspect, to adjust at |east one
of 155 APRhGQO6thgdevel eftpeganiconatedal én the pulifedplaling agbstansss.ances 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 |east
one byproduct in the plating cell below a predetermned level. 5 63. The

syst em of . ai mTBR, sysigm efedlaimdidp mhereaimtharat aastiene eampdnenpineluderjorgenic, t he
anode being forned of copper and containing no nore than about 20 ng/? of
at | east rmaterial apgmwhgrein $e systamfuriies spmorierssa comfeplieoinglactticans t her eof .
10 64. The system of claim52, further conprising an ion renmoving unit
conf i gur edcommunicaie with the|reepiter, fecagatrellentontigling thesoatronent sombiner, basad
pl ati ng substances added to the plating cell.

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

component combined with the purified plating substances.

55. The system of claim 54, further comprising a mixture monitor configured to monitor
the level of organic material in the mixture of plating substances, the controller controlling

15 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.

56. The system of claim 52 wherein the at least one component includes organic
20 material, and wherein the system further comprises a mixture monitor configured to monitor

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

57. The system of claim 56, further comprising a controller configured to control
the component combiner, based on the monitored level of organic material in the mixture, to
25 adjust the amount of the at least one component combined with the purified plating

substances.



65. The system of claimb52, wherein the purifier is also configured to
remove HClI. 15 66. A controller for use in a plating system V\/ner?i nAfga 'Eng
substances are added to a plating cell, objects are plated in thg pl at
ctell, at | east one byproduct is created during the plating, used plating
substances including the at | east one byproduct are drained fromthe
plating cell, and a purifier purifies the used plating substances to renove
at | east e of athexgyslegueficlain&tyhereidactoragestanicid adsndatey withethe pipting t he
objects in the plating cell, the controller conprising a configuration
wher ei n t rellf and whened bguaixiuem mositerdntiddeseripropelsontigured GbmedswrettPe t 1 x (b
- 11b dvp Cb, n) V 25 wherein tl =atinme, t2 =atinme after t1, Cbh, t2
= bypr oducienegi@sen efaotioeraanic matasiak gnd inorganipRategalsths padle bedglsonfiured to
byproduct concentration at tinme tl1, Cb, to = initial plating solution

bypr oduct ReRpsitippedinitisstorggetapl| une of pl ating substances in at | east one
of the plating cell and a storage tank associated with the plating cell,
mb= fass rate of byproduct build up, dVP = liquid flow rate through the
purifier, and rib = byproduct renoval efficienc?( of the purifier. 67. A
met hod of §8-at i nidedstypteataf clajinm &8 futhes gormpiaing apiwglity of the pentiea gonfiguteadrig be
substances to a plating cell; placing objects in the plating cell; plating
t he obj ect@smﬁn@ﬁé sppagterftPrags anksyechationganic matgdal inosrpataieiteokiican g at | east

monitored simultaneously.

10 60. The system of claim 59, further comprising a common controller receiving a

respective signal from each sensing probe.

61. The system of claim 52, wherein the purifier is configured to provide at least one of
filtering the used plating substances with activated carbon, filtering the used plating

15 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
used plating substances to at least one chemical oxidizing substance, and degassing the

used plating substances.

20
62. The system of claim 52, 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
25 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



one of the plating substances is created during the plating; renoving the
pl ated objects fromthe plating cell; 15 draining used plating sygsﬁﬁ?gig
fromthe plating cell, the used plating substances including the at t
one byproduct; and purifying the used platin gubstances inapurifier to
remove at |east sone of the at |east one byproduct and thereby create
purified plating,sybstances, erein the follow ng equation is satisfied:
20 Ch, t2 = Cb,F‘GEBWZ??P?%G(P%Qi%stawa@d%i tothe plgtingiselénd t 1 = a tine,
t2 = atine after t1, 25 b, t2 = byproduct concentration at tinme t2, C
b, t, = bypr oduc{heé'BWd%ﬁt‘J? theiusad piating stancescdrgineq fom theplatingicepl at i ng

sol ution byproduct. concentration, V = volunme of plating substances in at

| east one {stfsq%ﬁﬁanﬁjp& MAEAIR R conpeteation o Kisratdeast one byprodustde the plating cell
associated with thg ﬁlatiaq cell, nmb= mass rate of byproduct build up, dVP
= liquid fP%ﬁNﬁ%&W@ PYRrOGA '§¥%e purifier, and 'fib = byproduct renoval
efficjency of the purifier. 5 68. A controller for use in a plating system
wherel n plating substances are added to a plating cell, objects are plated

in the plating cell t |gast Qn roduct is created during the plating,
used pl ati %\% subi?%?‘yégeé“ Pﬁ%‘"@dﬁn@“gﬁoﬁlp”?'ﬁﬁﬁf‘ aB?P@JB"y‘P?B@H’&Q °§|L e drai ned

i ifi ifi ti tances to
]; ;ﬁgqvéh:t p{h%%bgg%g% @fn"%ecp cL>Jfr clo];;glné:?rang lcj:trarI\tLilnirQnS ng meoréJ %gn agou% 2IO rr]'rggg/’?S gf ast Ie?agt

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

10 64. The system of claim 52, further comprising an ion removing unit configured to
remove at least predetermined types of free ions from plating substances added to the

plating cell.

65. The system of claim 52, wherein the purifier is also configured to remove HCI.
15
66. 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
20 least one byproduct created during plating of the objects in the plating cell, the controller

comprising a configuration wherein the following equation is satisfied:

Cb,2= Cp, 1ot (12-41) X (My-1p - dVp -Cp, 1)
25 wherein Y

t1 = a time,

t2 = a time after t1,

C b, 2= byproduct concentration at time t2,



10 at | east one byproduct created during plating of the objects in the
plating cell, at |east one conponent is conbined with the purifieg M*R&tﬁulj‘g
substance to create a mxture of plating substances, and the m xture 0T2

pl ati ng substances is pass into the plating ke;tq , the controller

conprising a configuration wherein the follo g equation is satisfied: C
c, t2- C ,to+ t2 tl x LO - nD- he dvP Cc, ti) 15 V (t2-tl1l) wherein tl
= atinme, t2 = aCeiteP 35‘?'% Hetopncenteatip) g fEnedfls pl ati ng subst ances in at

| east one of the pI at | and a 20 storage tank associated with the
plating cell, bt“2" "E@r‘rﬁ%ﬁ@ﬂt”%%Q)‘)‘trpﬂ‘t"l’t&ﬁn%ﬁ”tﬁ“% t2, Cc,,, =
conponent conce tratj z%t time t1, to=initial plating solution
conponent concen ré’PuH}?O plé‘engzsqqs@ﬂP‘?sdt‘ét'BQStEWd%@i@t'ﬂgﬁ?H@éﬂt@:t| on, 25 q =
conmponent density, dt = t| me interval of component introduction, dVP =
liquid flow rate throughtofage tgok ?F?%‘ate%ﬁ’”hﬁ%@a?’@@?bf conponent
consunption during the platin and 1 5 APR 2005 39d hO = conponent renoval
efficl ency of th 5[]???%%‘?90 Produgt PHEIURY  pl ating obj ects, the method
conprising: adding_ Iatln substances to a plating cell; 5 placing objects
inthe plating c®YA T BF'&tﬂ g"d"“f%@”&!ﬂ*\e‘ﬁ?@“f'?‘ﬁt A’ pl ating cell, wherein at

| east one byproduct of at |east one of the plating substances is created
during the pl at i g’ PYRERBNGt igMPYR efficiansy ob B)ecrurifiet.r om t he pl ating cel | ;

67. A method of plating objects, the method comprising:
10 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;
removing the plated objects from the plating cell:
15 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,

wherein the following equation is satisfied:

20 Chru=Chpt (t2-t1) x ( Mp-mb - dVp -Ch o)
\Y%
wherein
t1 = a time,

t2 = a time after t1,
25 C b, 2 = byproduct concentration at time t2,
C u, u = byproduct concentration at time t1,
C b, 10 = initial plating solution byproduct concentration,

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



draining used plating substances fromthe plating cell, the used pI ating

10 substances including the at | east one byproduct; and puri fyi np gﬁfd
pl ati ng substances in a purifier to renove at |east sone of the I"e

one byproduct and thereby create purified pl |ng subst ances, conbl ni ng at
| east one conponent with the purified plating “substances to create a

m xture of plating substances; and 15 passing the m xture of plating

subst ances Pnto tﬁe pl afOrRpetank as%ﬁ‘@*%‘i‘ W‘t'E‘H'tﬁFPléﬁ'rPQ)W”ng equation is
satisfied: CU CO,to+ t2-t1 x - nmc- he dvP Cc, t,) V (t2-t1)
Waerein 20 25 t 1M Rap$ ﬁ%eotfﬁypmgut:ti%'défpt er t1, V = volunme of plating
substances in at | east one of the plating cell and a storage tank

associ ated with f¥e™ Bﬂ‘éﬂglﬂﬁy@@l"hm% the purifigsn@shent concentration at time
t2, C,,,, = conponent concentration at tinme t1l, Cc, to = initial plating
sol ution corrponem = hyreqshict rmmeyal effigieneyof gie purifierof conponent

I ntroduction, g = conponent density, 1 5 APR 2005 39e dt = tinme interval of
conponent introduction, dVP = liquid flowrate through the purifier, nD=
mass rate of conponent consunption during the plating, and h, = corrponent
removal ef$$.ci enéycoptrolierfor pee infg piating 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
10 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:

Cet2” Copot (12-t1) x (Vq.dt - me- he- dVp- Ce 1)

15 \ (t2-t1)
wherein

t1

a time,

t2

a time after t1,

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

C¢, 12= component concentration at time t2,

C.u = component concentration at time t1,

C., .= initial plating solution component concentration,

V. = flow rate of component introduction,
25 g = component density,

dt = time interval of component introduction,

dVp = liquid flow rate through the purifier,

m.= mass rate of component consumption during the plating, and



5 10 70. The nethod of claim 20, wherein the used plating substances are
purified in a purifier and wherein the foll ow ng equatlon IS sath&ﬂPRcmog
Cb,t2=Cb,to+ t2-t1 x(nb-Tlb.dVPCaa) V whereintl = atine, t2 = a tine
after t1, Cb, t2 = byproduct concentration at tlrre t2, Chb, tt =
byproduct concentration at tirre t1, 15 C b, t¥d& initial pl ating sol ution
byproduct concentration, V = vo ge Iatl ng substances in at |east one
of the plating cachaWBan”tsfﬁB}Oé{a ff'&'ﬁ!@ hg&ﬁ@%ﬂrﬁﬁfwth the plating cell,
nmb= mass rate of byproduct build up, dVP = liquid flow rate through the
purifier, and 20 rlb = byproduct renoval efficiency of the purifier.f25d71.
The nmet hod_of clai m 20, rei.n the used Iatlng substances are purified in
a purlfleﬁé)and r@drf’f\fl’\ﬁ ”9%9‘? e}}?d'” ?qnﬁﬂ'i's'ﬂg satisfied: Ct2= Cc,to+
t2-t1 x Lvc q d (t2-t1) wherelnt1=at|rre t2

= atinme after tidd"W pJatgngﬁyﬁganesﬁpgtquqég €elbst ances in at |east one of the

pl at If g cell andplacn%g gbjects in tge pla‘?ng 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;
removing the plated objects from the plating cell;
draining used plating substances from the plating cell, the used plating
10 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 the purified plating substances to
create a mixture of plating substances; and
15 passing the mixture of plating substances into the plating cell, wherein the following
equation is satisfied:

Cc, t2= Cc,tO+ (t2't1) X (Vc q- dt -Mg- hc : dVP ' Cc, t1)
Y (t2-t1)

Wherein

20 t1

a time,

t2 = a time after t1,

V = volume of plating substances in at least one of the plating celland a
storage tank associated with the plating cell,
C., t2= component concentration at time t2,
25 C..u = component concentration at time t1,
C., = initial plating solution component concentration,
V. = flow rate of component introduction,

g = component density,



Storage tank associated with the plating cell, Cc, t2= conponent
concentration at tinme t2, C,,,t, = conponent concentration at tifrF APk 2005
CO,,0=initial plating solution conmponent concentration, 5 Vc = flowr P
of conponent introduction, q = conponent densidyy, dt = tine interval of

conponent introduction, dVP =1liquid flowrate through the purifier, nt=
mass rate of corr$o_n nt .consufrrgti on during the plating, and h, = 10
conponent renovalt efFeIMERE) ObsopRNEN, INtIOAUEtion7s  The et hod of cl ai m 21,

wherein the used pl at.ing_,subs ces.are purified in a purifier and wherein
the foll ow ng eqﬂQﬁThﬂu'ggog’dﬁfe?gfoé’(@% BE”%?E' Cb,to+ t2-t1 x (nb - rib dva
Can) 15V whereintl = a.tine t2 = a ti after ti, b, t2 =
byproduct concentFalidy e tqfﬁgn}pznen%ota:swgﬁ?n guﬁ'yﬂrté&?g?t'%rﬂf%f‘féti on
at tinme tl, Cbh, to = irﬂi tial Iplfﬁt'i n%/asf;)I ution byproduct concentration, V =
vol une of pl ati ngPERRLFROOVALEIUGENGLAL thg QUMEETt he plating cell and a
storgge tank associated wth the plating cell, nb= nmass rate of byproduct
build up, 25 dVP = liquid flowrate through the purifier, and rib

=bypr oduct _r enoval eff,icjen f the ifier. 73. The method of claim 21,
wherei n t h&%used ?H'teh?é’ %G%P%Hcﬂgerﬁﬁéhﬁﬂﬁ?q Plaing sHbEtancepRre 005 39g

purified in a purifier and wherein the following equation is satisfied:

C b,t2 = Cb'qo"' 12 - t1) x ( Mp-1Np dVe 'Cb.ﬂ)
A%

10 wherein
t1 = a time,
t2 = a time after t1,

C b, 2 = byproduct concentration at time t2,
C v, 1 = byproduct concentration at time t1,
15 C b, 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

20 Ny = byproduct removal efficiency of the purifier.

71. The method of claim 20, wherein the used plating substances are purified in a

purifier and wherein the following equation is satisfied:

C c, 2" Cc,to"‘ #2-t1) x (V. g- dt - me- he- dVp- Cc,t1)

25 \ (t2-t1)
wherein
t1 = a time,
t2 = a time after t1,

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



purifier and wherein the follow ng equation is satisfied: 5 10 15 C t2-
C,to+ (t2-tl) x gdt - nO - h, dvP Cc, ti) V (t2-tl1l) Werein StﬂPR: [ﬂs
time, t2 = atine after t1l, V = volune of plating substances in al Ieaslz
one of the plating cell and a storage tank associated with the plating
cell, Cc, t2= conponent concentration at timert2, Cc, t1l = conponent
concentration at tine tl1, Cc,to= initial plating solution conponent
concentration, sWlage tdrRwissedigteaiwitiaRPPRAING ceMt roducti on, g = conponent
density, dt = time interval of conponent introduction, dVp = 1liquid flow
rate through the pysd torBpondmcomeestrafid® abfimeo@ponent consunption during
the plating, and hO= conponent renoval efficiency of the purifier. 20 74.
A nethod of pl atd,ng=wohewhent idheempitindatamensi si ng:  adding pl ating
substances to a plating cell; placing objects in the plating cell; plating
the objects in tdgIhidliphding ebiltiondbeigdnent@onés@atiopne byproduct of at | east
one of the plating substances is created during the plating; 25 renoving

the gl ated obj eop s figwrate becohpéndid it®ductish, ai ni ng used pl ating substances
fromthe plating cell, the used plating substances including the at |east
one byproduct; q=component density,

dt = time interval of component introduction,

dV, = liquid flow rate through the puirifier,

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

10 component removal efficiency of the purifier.

72, The method of claim 21, wherein the used plating substances are purified in a

purifier and wherein the following equation is satisfied:

Chu=Chiot 2t X (My-1p- dVp -Ch )
15 Vv
wherein

t1 = a time,

t2

a time after t1,
C b, 2 = byproduct concentration at time t2,
20 C v, 1 = byproduct concentration at time t1,
C b, 10 = 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,
my= mass rate of byproduct build up,
25 dV, = liquid flow rate through the purifier, and

Ne =-byproduct removal efficiency of the purifier.

73. The method of claim 21, wherein the used plating substances are purified in



purifying the used plating substances in a purifier to renove at least 1 5
APR 2005 39h sone of the at | east one byproduct and thereby cr eatled APR 2005
purified plating substances; conbining at | east one conponent with the
purified plating substances to create a mxtaygge of plating substances; and
passing the m xture of plating substances into the plating cell to thereby
reuse 5 the, urifi%d | ati ng substances, wherein the follow ng equation is
sati sfi ed: Purfepand yhe ,%84“ IRg equatipp Is satigfied:qgvp . C b tt) V wherein 10
tl =atin, t2 =atin after t1l, Cb, t2 = byproduct concentration at
time t2, Cb, tt = byproduct concentration at tinme t1, Cb, to =initial

pl ati ng sol uti on_byproduct concentration, 15 V = volune of plating
substances in at Cleaasteané2-Eh X Merec8VP- Gndd a  storage tank

associ ated with the plating’cel (2-thb= mass rate of byproduct build up, dvp
= liquid flow ra®ef8f ough the purifier, and rlb = byproduct renoval
efficiency of the purifier. 20 75. A nmethod of plating objects, the nethod
conpri si ng: addﬂnﬁ "’bF'H’ﬁ-ng substances to a plating cell; placing objects
inthe plating cell; plating the objects in the plating cell, wherein at

| east one bypr odifcT %F‘”}ﬁ af"gééi' 25 one of the plating substances is

created during t\l)(i \}2)|u%;[ei oqgfating substances in at least one of the plating cell and a

storage tank associated with the plating cell,

10 C., 12= component concentration at time t2,
C.u = component concentration at time t1,
C. .= initial plating solution component concentration,
V. = flow rate of component introduction,
q = component density,

15 dt = time interval of component introduction,
dV, = liquid flow rate through the puirifier,
m.= mass rate of component consumption during the plating, and h.=

component removal efficiency of the purifier.

20 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
one of the plating substances is created during the plating;
25 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 in a purifier to remove at least



renmoving the plated objects fromthe plating cell; draining used plating

substances fromthe plating cell, the used plating substances irich JMRNP05

the at | east one byproduct; 1 5 APR 2005 39i purifying the used plating

substances in a purifier to renove at | east me of the at |east one

byproduct and thereby create purified plating substances; conbining at

| east one congogﬁnt ith the purified plating substances to create a
PYNG

m xture ofS 2t (B3t AfcRProdicard hesaly igeate purisa Riptingotubsianeesig
substances into theb'ﬁ" at i E’I% cell to ther e'l,t?/ reuse the purified plating
subst ances, wher €MPIDRE 8 SRERASRPRANEDT Wi the Rubfied platind substances 1q greate- t 1
x LVO g dt gt rrOf-laQe dVvP CC,_,l% V (t2-t1) 10 Wereintl = atine, t2 =
a tinme aft@MPtyre qfplatngsyhatansesnpadi ng substances in at |east one of the
plating cell and a .stprage tank assocjated with the plating cel/l, 15 Cc,
t 2= conponent co%acsémgrtﬁ?P%ﬁur&tor}tﬁlq%@gtsﬁbga'&e,st'mtoih%B'ﬁﬂfﬁ.)ﬂw%‘ﬂ'tm RRTERNIqUSEi on at
time t1,  ta.= in.tial plating solution conponent concentration, V, =
f1 ow™r at qu]e p&:‘B%‘{)’ﬁI@h’i’g Wﬂs&%ﬁﬁﬁ'ﬂ on, g = conponent density, 20 dt = tine
i nterval of conponent 'bn&)r oduction, dVP = liquid flowrate through the
purifier, mo= nadRereintae fylowkgraation S3EfiR% i on during the plating, and h,
conponent renpval efficiency of the purifier.
b2~ Cp,0+ (12-11) X (Mp-np - dVp -Cp, )
wherein
10 t1 = a time,
t2 = a time after t1,
C b, o = byproduct concentration at time t2,
C 1, u = byproduct concentration at time t1,
C b, 10 = initial plating solution byproduct concentration,
15 V = volume of plating substances in at least one of the plating cell and a
storage tank associated with the plating cell,
my= mass rate of byproduct build up,
dV, = liquid flow rate through the purifier, and

ns = byproduct removal efficiency of the purifier.

20
75. 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
25 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;
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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 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,

wherein the following equation is satisfied:

C c,t2= Cc,10+ (12-t1) x .(\_/c -gq-dt-mg-he- dVp- Cc. (1)
Vo (t2)

Wherein

t1

a time,

t2

a time after t1,

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

C., 12= component concentration at time t2,

C.u = component concentration at time t1,

C.,..= initial plating solution component concentration,

V. = flow rate of component introduction,

g = component density,

dt = time interval of component introduction,

dV, = liquid flow rate through the purifier,

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

component removal efficiency of the purifier.



