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TI TLE OF THE | NVENTI ON Measuring Additive Concentration In An El ecroplating
Bat h CROSS- REFERENCE TO RELATED APPLI CATI ONS Not Applicabl e STATEMENT
REGARDI NG WERA4PY SPONSORED RESEARCH OR DEVELOPMENT Not APBFUSSMIoES?
BACKGROUND OF THE | NVENTI ON The phenonenal, growt h exhi bited by the

sem conduct or industry over the past three1 ‘decades has been due in large
part to the ability of manufacturers to provide a 25-30% per year cost

reduction per function thr oughou{?gt'_‘@n@?w n i nnovati on, device
architecture 'shrinks', wafer si éﬁeld | mpr.ovenment -have
been sone of the factors enabling this renmarkabl e performance. According to
the 1997 Edition of Measuting AdditiveiGuicentratign IRduuBigeroplatingathc onduct or s
(NTRS), published by the Sem conductor |ndustry Association, the |argest
contribution to producti vi ty growth over the next three deV| ce ganeratlons
will be decreased feature size; this dinensional scali ng i'ncredsés ¥the
packing. density of transistors per square centimeter in an integrated

circui't. Conplexity of integrated circuits and resul ting nmanuf act: urisng
chal | enges escal ate as CROSS‘REFERENCEX0 RELATEB APPLICATIONSI onal
mat eri al s t echhol ogi es and desi gn approach S ﬁém projected to i-ncrease
manuf act uri ng conplexity to the poi ntN costs of fabrication or
-2 - deleterious effects on yield and reI tability offset the benefits of
di mensi onal scal i ng.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR

DEVELOPMENT

Not Applicable

BACKGROUND OF THE INVENTION
The phenomenal growth exhibited by the seinicondizétot induSﬂ‘}"oV& the past three
decades has been due in large part to the.abili.ty af manufacturers to pravide a 25-30% per
year cost reduction per function throughout this penod Design umovauon, dewce -
' architecture shnnks wafer size increases, and yleld improvement have been some of the
factors enabling this remarkable performance. According to the 1997 Edition of the National
Technology Roadmap for Semiconductors (NTRS), published by the Seiniconductor Industry
Association, the largest contribution to productivity growth over the mext three device
generations will be decreased feature size; this dimensional 'scaling increases the packing
density of transistors per square centimeter in an integrated circuit.
Complexity of integrated circuits and resulting manufacturing challenges escalate as
feature sizes decrease. Use of conventional materials techﬁologies and design approaéhes arm .

projected to increase manufacturing complexity to the point where the costs of fabrication or



Anong the nost significant factors in determ ning device size and chip
performance for the next technol ogy generations, with transistor gate sizes

starting imately 180 nm and di m ni shing to sub-10 ' , are
t he structa{ﬁlpgggB’Z%é materials enployed for signal transm ss%&ﬁ%%’g%irom
the active device regions. Jobally referred to as 'interconnect, these
processes already represent nore than half o he fabrication process budget

for | eadi ng-edge m croprocessors. Interconnect architecture inprovenents
now rank anong the nost intense areas of sem conductor process and

I nt egrati evel nt. .. I [ Ci i . :
fores eeabage%ﬂf’ﬁsr é)&e%@ g?ﬁ?aﬁg ’@@Qﬁﬁ é%%?%%%@g{ﬁ? g? ié%eﬁ%g)g%f gscfjrn{'% tures
anticipated to see rapid adoption js the replacenent. of al um num and :
tungsten si gnaARQngi8emost ssmﬁcm;t WI%\&W&%@WP Qfrnance .
departure from conventional practice, where netals are typically vacuum.’
deposi t edfinjthe pext: teclinodpgyr gehenations; avithotransistoy @atessites tanting, abappreximatehn 180 -
copper interconnect will likely be introduced using electroplating or

el ectrochgi g@d diigRehins ©NsubE00) nid'Widess afe. thelstrabtufes 2ad htetials simployed fonve
shown to be well matched to the demands.of Danmascene processes, the

processes fg;]%t ut&?é‘xﬁis QW Q)eeagd aﬂ,gﬁt ?ges'%tﬁgedeg}'cgrfe%iﬁgt r(ggbamg et t1p08s

i ndustry £ orm copper I nterconne ough el eCtroplating has |ong been
enpl oyed gs _a fundanental step.in.fabrication of i Level .printed, circuit
boards, apBIETERRFE,gEe BROEESPesAlTeaty F@r"tsﬁr‘%?rf’%ﬁl- "%7 ﬁnﬁt}d&,%ﬁ%ﬁ&g&
features is relatively recent and poses further additional problens,
i ncl udi ng ferrleadingedgmmicroprocessersnipterconnsst srehitegture iTaRIOYERFTHE NAY 1BRi Among
conposition. Electroplating is a conplex process involving multiple
i ngr edi entlge nibst igtepdeabiteny off afeticonduetdr -prddess and riptegration dewelbpmbnt, and are
concentration of several of the ingredients be kept within close
anticipated to remain so for the foreseeable future.
~ One of the enhancements to interconnect structures anticipated to see rapid adoption
is the replacement of aluminum and tungsten signal transmission lines by lower-resistance
copper. In a departure from conventional practice, where metals are typically vacuum
deposited by sputtering or heterogeneous vapor/solid biphase reactions, copper interconnect .
will Iikely be introduced using electroplating or electrochemical deposition (ECD) processes,
which feasibility studies have shown to be well matched to the demands of Damascene
processes, the processes that have now been adopted by the microelectronic fabrication
industry to form copper interconnects.
Though electroplating has long been employed as a fundamental step in fabrication of
multilevel printed circuit boards, application of electroplating to fill sub-micron interconnect
features is relatively recent and poses fiirther additional problems, including the need for

more stringent control of electroplating bath composition.

Electroplating is a complex process involving multiple ingredients in the plating bath.



tolerances in order to obtain a high quality deposit In some cases,

chem cal anal ysis of individual solution constituents can be nmade regularly
(such as pﬂnhéﬁgﬁﬁbnent for acid content), and additions nageTAssshBskds I €d.
However, other addition agents such as brighteners, |eveling agents,
suppressants, etc., together with inpurities, cannot be individually

anal yzed on an economcal or tinely basis b§'a commerci al plating shop.
Their operating concentration is low and their quantitative analysis is
conplicatgd,amd_subject to error. VWen using an el ectroplating bath, the
abi |ty tdtAbimpertant that: the: soncentmtioncefnsaysral iofrthe dngredientsf be kept withimelosé ng
uni form and reproduci bl e deposit properties. In sem conductor and

m cr oel ecttolerancescimpnieerto obtaih iachighanalityt depotit. B Soifié GastRd CHERMRROLRYAbF -
properties of the copper filnms are of principal inportance in determ ning

I the Danaarars Rty Colfitich cah: kiate rgtfnl) Fubh oo REC mocBleEhnefl BEGRIFC
coposi t p BRHDy B Shiilons s b BGRARE Siondiie plfos At sbstg suchas sapismis on

of the el ﬁCt opl ati.ng bath. O particul ar inportance is nmeasurenent and
control o e‘ﬁi‘@gﬁgﬁt&rsﬂ’mﬁce o ripRRtE Vithhinanvrities,\cannat beoindividually adelyzed t
properties through adsorption onto and desorption fromthe cathode surface
during pl ®ni Ay, ecfuowicalngr ttireelgt basisityn & aomnedkcialo PlatingC @ghomNThe#® operating
nucl eation and growth sites. These conpounds are typically delivered as

mul ti - comamuhﬁmsha@%adtﬁmﬁﬁaﬁeaaﬁmﬁ%ﬁﬂgié&laﬁg i sub %ﬁ)];er{tﬂe nost

i mportant functions of the additive packages is T oW ng

power of the el 1,00 qadne | af,j ve, hnsensitivity of platjin
rate to variat iﬁ%{ ﬁ%@ataﬁo& cE llgﬂlﬁ&tbragﬁngqet 3" ZEEF 09s n?%t%va‘f'@r “Bng‘-’h-bg@r
in the vicinity.of .surface irrggularjities, The throw ng power of the

el ectrol ylcgmﬁgéugn A% jaokey actor In”ensuring uniform and reproducible deposit properties. In

semiconductor and microelectronic component applicationé, the electronic and moxjpho}bgical

properties of the copper films are of principal importance in determining ﬁgal device
performance and reliability. The stability of later processes in the Damascene patterning flow
depend on repeatable mechanical properties including modulus, .ductility, hardness, and
surface texture. All of these deposit pmperﬁes are controlled or strongly influenced by the -
composition of the electroplating bath,

Of particular importance is measurement and control of proprietary organic
comnpounds which serve to modify the deposit properties through adsorption onto and
desorption from the cathode surface during plating, affecting the diffilsion rate of copper
cations to nucleation and growth sites. These compounds are typically delivered as multi-
component packages from plating chemistry vendors. One of the most important fiinctions of
the additive packages is to influence the throwing power of the electroplating bath: the

relative insensitivity of plating rate to variations in cathodic current density across the wafer



effect on the cross-wafer uniformty of plated filin thickness and the
success wWith which ultrafine trenches and vias (holes) are filled w thout

i ncl uded sm voi ds. Organic additives have al so been shown to have
dramatic e ecl’% n mechanical filmproperties. Detection aRGT/US99/09659
quantification of these-inportant bath constituents is conplicated by the
fact that they are effective at very low copcentrations in the electrolyte,
at several ppmor less. Plating bath analysis for mcroelectronic
applications is strongly driven by the need to linmt variability and

ne mot ot e MG e A e BRA ik ATHE BuSvinRHe i SE R iRaRInG AL AR T
ekan | ohaleef Su bt SRR AN et Aok bl e °r”su§f—”r5%é{aﬁbhhieﬂ s

not al ways constant with time or with bath use. Consequently, the
concent r atulwafingf trepches ragd edas ﬁdw) sara dfilled: withbuty inchided seamis tdrevoids: eOrgamct he
bath eventual |y di m nishes or increases to a level when it is out of the )
accept abl eddiives Hage alsaren shbwhe BRI drainati€ QRea8 lordAREhdric] Ifilin Brtpefiies. -
range, the quality of the netal deposit suffers and the deposit may be dull

coneoquonabas el aats &hr%%r%é%‘é‘f’r i 3] s EfRREARH B4, oy fot

| evel i ng t hod, for .eval uat theygu |It¥l of .an el ectrog@gtl ng

batr 1 o0t EETRE effekaisat vy 46w daten ol AL Svem Pt

patent). In accordance with the procedures of the Tench patent, the
potential of a Rigtingbath analysiy fonmicrocectronie prplicatiansgsteo drivenhst the seed ol e,

including a netal plating range and a netal stripping range, for at |east
two bat hs livhit kvaciabilip} ahd ngaingain devicavieldsh tiadeih neaivitbnaned lofvéptingizefl process or
concentration of -5- brightener is to be evaluated. The integrated or
peak curr quakarkktérs! O ridthdd fbr BRrdIBR#buch ingredients in an electroplating bath is to make
regular additions of particular ingredients based upon empirical rules established by
experience. However, depleigion of particular ingredients ie not always constant with time or
with bath use. Consequently, the concentration of the ingredients is ot actually known and
the level in the bath eventually diminishes or increases to a level where it is out of the
acceptable range tolerance. If the additive content goes too far out of range, the quality of the
metal deposit suffers and the deposit may be dull in appearance and/or brittle or powdery in
structure. Other possible consequences include low throwing power and/or plati:ig folds with
bad leveling.
A common method for evaluating the quality of an electroplating bath is disclosed in
Tench U.S. Pat. No. 4,132,605 (hereafter the Tench patent). In accordance with the
procedures of the Tench patent, the potential of a working electrode 10 is swept through a

voltammetric cycle, including a metal plating range and a mefal stripping range, for at least

two baths of known plating quality and an additional bath whose quality or concentration of



stripping range is correlated with the quality of the bath of known
quality. The integrated or peak current utilized to strip the netal in the
"bat h of un?"r%%fﬁﬁ‘gal ity is conpared to the correl ati on and PCITAUSbS659/
evaluated. In a preferred enbodi nent of said patent, the potential of an
inert working electrode 10 is swept by a function generator through the
voltanmetric cycle. An auxiliary electrode 20 inmmersed in the plating bath
is coupled in series with a function generator and a coul onmeter to neasure
the chargeg fromthe working electrode 10 during the stripping portion of
the cycl eﬁ’qﬁm‘?ﬂﬁbﬁﬁﬂrﬁﬁnﬂ watedh o The antegratpdsen peaky cumsent etilized cduring: thet metal
descri bed by Tench and Wiite, in the J. Electrochem Soc., "Electrochenical
Sci ence arstripping range s/ Correlgted Mithithe Gality. of 8kl b8B 41 khewr ghality. Theinfspratsd or -
publication). In accordance with the Tench publication, contani‘hant - buil dup

In the CoRpgk chtrght Milizealth salf B! Metal 1 GRPPAR ot URRAIWA QHaNLH!E cBpPatelUS the

I nt ﬁ’ref erﬁs with brightener analysis. Tlr]g Tench publi Ca‘t-l-'on-.]'E eac sdt hat:
et hod AATGEeh MO 15 ESTENALD, U b prdEited HuboinBif dfca ity gndtemal”

appropriate netal plating, tal .stripping, cleaning, and equilibrium
pot enti al ﬁmﬁqrﬁsga?@gg&%ge 15 §W™ # Sunetion enerator through: thevoltammetric
reproduci bl e state. Stated ot herw se, where the process of the Tench patent
i nvol ves ayclentAmeamibiary oilecinode 20i immersed i thevgleting baiht is-@dplediinaseries- with000
nV versus a working el ectrode and back over a period of about 1 mnute, the

Tench publfuietionogenittregnd! 4 Cowlloinetir itd/meak@ie B Shatks fivim thdRoMkiig electdode 10
seconds to plate, + 200 nV for a tinme sufficient to strip, + 1,600 nV to

cl ean for ﬁﬁﬁ : f onds to equilibrate, all potentials
reference toggﬂi%?@igggg%dgr%ﬁ%%ﬁctrode, after which the cycle is

repeated until fhe -6- differenc etween sucgessive resylts, a | ' t.hin
a predet enni ne Wwvmmt%@ém%%ﬂpﬁ in the ‘Teach patent is escribed gy\%ench
and White, in the J. Electrochem. Soc., “Electrochemical Science and Technology”, April,

1985, pp. 831-834 (hereafter the Tench publication). In accordance with the Tench
publication, contaminant buildup in the copper plating bath affects the copper deposition rate
and thus interferes with brightener analysis. The Tench publication teaches that rather than
continuous sweep cycle utilized in the above-referenced patent, a method be used involving
sequentially pulsing the electrode between appropriate meta! plating, metal stripping, |
cleaning, and equilibrium potentials whereby the electrode surface is maintained in a clean
and reproducible state. Stated otherwise, where the process of the Tench patent involves a
continuous voltammetric sweep between about -600 mV and + 1,000 mV versus a working
electrode and back over a period of about 1 minute, the Tench publication pulses the
potential, for example at -250 mV for 2 seconds to plate, + 200 mV for a time sufficient to
strip, + 1,600 mV to clean for seconds, + 425 mV for 5 seconds to equilibrate, all potentials

referenced to a saturated Calomel electrode, after which the cycle is repeated umtil the



2% of one anot her. - -

- The procedure of the Tench publication provides sone inprovenent over the
procedur e q{,ogjgg nch patent, but during continuous use of an

el ectropl ati ngbath and fol | owi ng successive anal ysis, contaRCRAFPYOWE | d up
on the electrodes and analysis sensitivity is lost. Further, as the present
i nventor has found, such procedures frequently fail when applied to certain
used bath. The inability to accurately neasure additive concentrations in
such used baths effectively reduces the life tine of the bath and increases

the cost aggRGi-a: ' L-0G " : €, sem.conductor i nt egrated
circuits Z‘% m g‘%ggﬁ%’ag{' ?%%e%ﬁ%%ﬁse%?éﬁm%egﬁ 6&%&9? e&gn?%%wxé)m
| NVENTI G\lué t hod f or .nmeasuring a target .constituent of an electroplating.
sol ution ﬁ’:%%ﬁa’é‘f @t roanal ytical techni‘que is set forth in whkeh?t he.
el ectropl ating solution includes one or nmpre constituents whose by-products
skew an i niti al The gsooedurel of dbe (Fench t publinatiome prpyides psomed improveiient over . the .
el ectroanalytical technique. The method conprises a first step in which an-
el ect r oanaprstédnid 'offths Teadte Phtefity B diink dntinddS tuse %F&i'blé@&&dplﬁﬁﬁ%?%hﬁ:' aed
I'n The

by providing an energy input to a pair of electrodes disposed:

el ect ropl ag, Qn'r?qo{:' | ergy. LRRUL: 4 0.0 k- Iy Of odes i3 .-

provi ded ?%Flaat esgé%&gv%}%g et rﬁg }ré?rse%gleﬂrll dpogz%orﬂ%eese%%h’g:&%%gg 3’"’?3(%'
period in which.the el ectyoanalytical, nmeasure t cycle reaghes_a )

st eady- st at LRSI 1o tn%"ﬁtﬁeraass ?@ﬁ‘ﬁ%ﬂf‘vi"ﬁ%’p‘,’g‘;ﬂ% é’é‘ihrmﬁ%r‘??ﬁ frequently fail
measur erent of .the energy..out put of the el ectroanalytical technique is

t aken af t eWhem capplied ttpogertain t vsed| bathers uThaeinabilific|te” Aeduratelyc megsurheadditive
steady-state condition. The el ectroanal ytical neasurement is then used to
det er m ne amcentratiohs ixf suchaistdibaths effostivielyt redades ithie Lifectigé of tHeOpdth tahd Gncreases
solution. An automatic dosing system

the cost associated with producing, for example, semiconductor integrated circuits and

)

microelectronic components.



that includes the foregoing nethod and/ or one or nore known

el ectroanal ytical techniques in a close-loop systemis also set forth.

-8 - BRI EFWDBGGRI4PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NGSpErgisp®oskss S a
di agram of an exenplary analytical cell used to inplenment an

el ectroanal yti cal neasurement of a an electroplating bath constituents.
Figures 2 and 3 are graphs illustrating the’/tnpl enentati on of a CVS
measurenent process. Figure 4 is a graph illustrating the differences in
the electrical response of a new el ectroplating bath and an old

el ectropl ating bath. ‘Fi gure BRIEFSUMMARY OF THEANVIBNTHON ect r oanal yt i cal
measur enent taken in accordance wth one enbodi nent of the present

i nvention. Figure 6 is an exenplary calibration graph that nmay be used to -
determ ne the concentration of an electroplating bath constituent, such as
a suppressor, b S Lt . i aur e. 5
Figure 7 is a g%glg%hﬁjf%srg?%t ng%eﬁ%@p&é‘i Bglaﬂég?‘%:% ﬁ\ﬁ/igglrégﬁugfsf '%lr?%an
measur enmenj st aken, dur i an. el egt r,oanal yti cal ;nasfyirenent process. Figure
8 e a or SlsAUPAEISIcRLEr RS Aok dpEth B e, e\ pleEpPIAng O IO ADEIRasS GRS 7
that assists in reducing the effect of the different variables on the
nmeasur enemorel gonstitentgwkose by<preducthekewt ancinttiab clectticalgesponse to ar cravgy itiputof
of a dosing systemthat uses an el ectroanal ytical technique as part of a

f eedback e sctrobmalytidal ertldiqes) ©lThet nuthad i cogapdised avi filst astémr @etwhich an
constituent.

electroanalytical measurement cycle of the target constituent is initiated by providing an

energy input to a pair of electrodes disposed in the electroplating solution. The energy input
to the pair of electrodes is provided for at least a predeteni:;ined time period corresponding to
a ﬁmé period in which the electroanalytical measurement-- cycle reaches a steady-state .
condition. In a subsequent step, an electroanalyﬁcal meaéurement of the energy output of the
electroanalytical technique is taken after the electroénalyﬁcal measurement cycie has reached
the steady-state condition. The electroanalytical measurement is then used to determine an
amount of the target constituent in the electroﬁlating solution. An automatic dosing system
that includes the foregoing method and/or one or more knowﬁ eleétroanalyticél techniqﬁes in

a close-loop system is also set forth.



-9- DETAILED DESCRIPTION OF THE I NVENTION In order to conprehend the
present invention, an understanding of the various. techniques suitable for
anal yzi ng a0 s,% %ﬁ% oplating bath is helpful. To this end, a description of
certain el eep g i ng bath anal ysis techni ques are set for (PETAISSHE6HR t h
several problens with these techni ques that have been identified and
addressed by the inventors. A nmmjor cat egor y of instrunmental analysis
suitable for nmonitoring an electroplating bath is electroanal ysis. The

el ectroanal yti cal nethods use el ectrical l'y conductive probes, called

el ectrodes, to make el ectrlcaiéI aYely b @B%}EI bé&iéﬁfél ng sol ution..
The el ectrodes are used in co i{ ] d Tectroni c devi ces
to which they are attached to nea ﬁrameter of the .
el ectropl ati ng solution. The measured paraneter is related to the type and
guantity of additives in the electroplating solution. Faradaic

el ectroanalysis is attractive-as an-invest+i-gatizve analyti:cal -mét hod
principally becPigare Whis ai diagtautiofdan s‘ex&lhp]g_g} Q8 Eﬁ&j]eéd]] Gi9éd Q@tﬂ:ﬂﬁlédeaﬂfaﬂ he -
bat h sarrpl e under applied electrical stinmukus; e rreasured r-esponses are-

rel ated i nejaetfdan depogﬁ?ﬂmeﬁ&&%ﬁ?wg ’Batl‘i’% uence the quality

of the netal I on process its roana SIS urther offers the

opportunity to chanl rocess
aﬁg the i mYI uenct t?t HH%EWBB% JS?P B# ¢§S egsrement
suppression and accel er at| on. Gener ally stat ed eI ect roanal yti cal’ ret hods
are divi defoP¥80 cat egori es according to the eI ectric paraneters that are
measured. The maj or el ectroanal ytical methods include potentionmetry,.
anperonetry, coFigurst 4ietargraply dlustrating the diffecknpes ir thgrcledisigal respdnsoof anew Y.

The nanes of the nethods reflect the measured electric property or its
units. electroplating bath and an old electroplating bath.

I:'igure 5 is a graph illustrating an electroanalytical measuxemeﬁt taken iﬁ;ccordance
with one embodiment of the present invention. | | - .

Figure 6 is an exemplary calibration graph that may be used to determme the
concentration of an electroplating bath constituent, such as a suppressor, based on a
measurementsuchasmeonetakeninFigureS.- - -

Figure 7 is a graph illustrating the offect of different variables on measurements taken
during an electroanalytical measurement process.

Figure 8 is a graph illustrating a normalized curve based on the data of Figﬁre 7 that
assists in reducing the effect of the different variables on the measurement data.

Figure 9 is a schematic block diagram of one embodiment of a dosing system that
uses an electroanalytical technique as part of a feedback process to replenish an electrbplating

bath with a target constituent.



-10- Potentionetry neasures electric potential (or voltage) while
naintainingva constant (normally nearly zero) electric current between the
el ectrodes. try monitors electric current (anperes) PORiIRBeESIEL Y
measur es conductance (the ability of a solution to carry an electric
current). Voltannetry is a technique in mhigh the potential is varied in a
regul ar manner while the current is nonitoréd. Pol arography is a subtype of
voltammetty that utilizes a liquid nmetal electrode. Coul onetry is a nethod
that nmonitors the quantity of electricity. (coul onbs) that are consuned
during an el ectrochenical reaction involving the analyte. As wll becone
apparent, the present invention is suitable for use in connection with al
of these el ectroanal yti cal DESAILED. DESCRIBIIONOETHE INVENTION ry) i nvol ves
the investigation of the current which develops in an el ectrocheni cal cel
as a consequence of applied potential hetween a working and auxiliary
el ectrode pair, with the potential nmeasured against a sui'table reference

el ectrode. Fi guneofies 16 onipihena@eBhresenti invéiof] Af" @lichindnd OF he il
in practicing the present invention.” Three el ectrodes, a-worki ng. el ectrode

égt hag)é: : 't%hcﬁ*] re ggé%ce 2&1& rog&ﬁ%ﬁﬁﬁ%ﬁhﬁ% flé;'lgarrpl e, enlg’nggﬁ%g%# 2

doubl e Ju i on, o at rat ectrode (S The k| n trode
10, for e #ﬁé’ Wé?ﬁc B%%ms%tc%%\ plgng g

rrercury el ectrode (DVE) , hang| ng nmercury drop el ectrode (HIVDE) rrercury
thin fil mwitkthesetechnignasithat have beeniidentified|and addrassedhy the inmentoss. ei t her
stationary or of a rotating disc electrode (RDE) configuration. Wile the
mer cury- based  ehanjopdstegory fof rinsthensathl amebgie suitabile $or mvaitofing bn Glsttioplating
periodically 'renewed' to offer imunity to drift.in el ectrochem cal '

respanses 1 af Rkl HR"AESdaaFHENYEMEANHid LRRRickRy FondbliRRSHbbes,

bui l d-up or smutt | nert
called electrodes, to make electrical contact with the electroplating solution. The electrodes

are used in conjunction with electric or electrqnic devices to which they are attached to
measure an electrical parameter of the electroplaﬁng solution. The measured ﬁarameter is
related to the type and quantity of additives in the electroplating solution. .
Faradaic electroanalysis is attractive as an investigative analyﬁcai method pﬁncipall&
because what is studied is the electrochernical activity of the bath sarnple under applied
electrical stimulus; the measured responses are related in a fundamental way to the properties
which influence the quality of the metal deposition process itself. Electroanalysis further
offers the opportunity to study the mechanisms and kinetics of the plating process, and the
influences the various bath components exert on plating rate suppression and acceleration.
Generally stated, electroanalytical methods are divided into categories according to
the electric parameters that are measured, The major electroanalytical methods include
potentiometry, amperometry, conductometry, voltammetry (and polarography), and

coulometry. The names of the methods reflect the measured electric property or its units,



- 11 - RDE-type working electrodes with Pt, Pd, Ir, or Rh surfaces are nost
often enployed in systens dedicated to plating bath analysis for

conveni enceygpde/syget em set -up, nmai ntenance, and waste handl i Eg?’“g%ﬁ@rﬁ 1
illustrates use of an RDE-type electrode in which relative ' gvveen
the working electrode 10 and the bath is established by a notor (5) that
rotates the working electrode 10. Electricajgcontact.to the working

el ectrode 10 is nmade by, for exanple, slip brushes. Voltametric cycles can
be specified to provide in-situ cleaning of the RDE surface, and anal ytical

met hods arm&m%eﬁuf% BieBirHotdhial i- w‘Bile aiai(ﬂmhxgm%én @
el ectrode surface State over tiirre. Potent| ry I's conducted 1n I entlgal

appar at us =\n t he vvorkl d_auxili

el ectr odesne%g%e&égeh#?éwg‘pﬁgbwg’%g ?’pmﬂm &?a? g q.‘l'gglﬂt to
control an electroni¢c potentiostat (7) which controls the energy input _ -~
bet ween t HANREHR). fgndvndemeinymeanres ronduatance(theahiity of %aqlamtomrrymelecmc

| aboratory testing of the nethod, instrunentation such as a Pine

| nstr umantcaumt)ewbitmxmtryumdalechxﬁl;ﬂa:nnwhiohrthe@tenuhl magaried msmtkgulds mnyna'
sui tabl e program the energy input sequences may be applied to the working

el ectrode wiile iﬁe%uﬁeﬁ:ﬁyﬁmﬁfmrw@amgﬁghym bbbl vBlAhinedy Bit afli2és ¥ liquid

recorder to graphically di splay the anges in energy output versus tlne

;glrlg\?\npgg escrm :égﬁbgﬁlopﬁ E%%(%eglg&&wmf’iﬁre_ 0 coﬂl{yp eleéft&fnwpo?enfla:
of cur Y et BHCHE YA o HoFoRp e e”%‘%@“%ﬁrﬁa&ﬁ (bl picine °

output). The nost widely applied el ectroanal ytical technique for gl ating
bat h anal yappsrent ther preséniginventienmiet sujtablgi for oye|inccomectiomewith allsofi heseng
(CVS) or a closely related

electroanalytical methods. The

Voltammetry (or amperometry) involves the investigation of the current which
develops in an electrochemical cell as a consequenéé of applied potential between a working
and auxiliary electrode pair, with the potential measured against a suitable reference
electrode. Figure 1 shows the schematic wiring diagl'am' for a device useful in practicing the
present invention. Three electrodes, a working electrode 10, auxiliary electrode 20, and a
reference electrode 30, are immersed in a bath cell 40. The reference electrode 30 ma;y, for
example, be a Ag/AgC1 double junction or Saturated Calome! Electrode (SCE). The working
elecirode 10, for example, may be one of several types, including the dropping mercury
electrode (DME), hanging mercury drop electrode (HMDE), mercury thin film electrodes
(MTFE), or an inert electrode which may be either stationary or of a rotating disc electrode
(RDE) configuration. While the mercury-based electrodes offer the advantage of a surface
that can be periodically ‘renewed' to offer immunity to drift in electrochemical responses

associated with changes in surface conditions (e.g., deposit build-up or smutting), inert



-12 - variant Cyclic Pulsed Voltammetric Stripping (CPVS) representing
common net hods. Both techni ques depend on controlling the voltage between
t he wor ki n¥VQ¥%784%de 10 and auxiliary el ectrode 20 with th®Qraiseswissst at
such that the working electrode 10 is cycl ed between cathodi c and anodic
potentials while in contact with the el ectrcipl ating solution. A netal film
Is alternately -reduced on the working el ectlrode 10 surface and
subsequent|ly stripped by anodi c dissolution. The potentiostat cycle is
defined so _that the current can be integrated over tine during the .
Stri ppi ng REARAYRS, WarkiaE.eIrgiredaswith RaPh.ok, o Rbiriaees i BOgHafgecnployed in
coul onbs transferred during the tine required for conplete film" -~

di ssol ut i apsterhlaledivatedeioiplatitigr bath |apalysik for convenichee o bystem satup, t maiafenaneen| -
stripped (and therefore to the anount initially deposited) by-Faraday's

| aws.: . The 258 i RSN JPighfe MANLstAkRCuIesR RDRypeectitlledn whish shiafived
during filmdeposition because the stripping charge'is | ess sensitive to

changi ng r A [ I )aﬁ]"a't
char gi ng %@fl rr%%?’l%%ur rg@}%@%ﬁg@%& ?@ﬁ?ﬁé ih)ltgrsgt er-)eis%e?gﬁf%ﬁ%‘?@?\?s
advant ages of nitaqring a ocess, whj ¢ roceeds to,a I | - def ,med

endpoi nt . Ttates weﬁpn&skm% {0, Blesisic ?cgwﬁt% mﬂ@%@%&%@&"&ﬁé made by,
extremely sensitive to variations in electroplating bath conposition and,
not i nci defot esample,rslipshmshesn{Voltanumetiio oxclencan besspeeified taprovide in-sibudleaning:nt
care is taken in nmethods devel opnent and neasurenent technique - if, for

i nst ance, ofl the RIDE Gffate, GadCilytichl Midthods ey kildvan vilich edifimike ithe difhehce of
be held relatively constant - then stripping voltammetry can be enpl oyed to

; . . . . ‘ ) d
generat e %%ﬁ%h%#é%ﬁg%%i%ﬁrgﬂg %}}s@be 8&@%&%# PBienfiRAbYY EScondictBs i idBRtaf

toyieldre _ ation of analyte conposition. In CVS
analysis, JoBeraR S Bvaiion™F' e Sollife biled B Wiiting Cund"Suitilty' i8S

required to maintain a forced current.

A computer (6) is used to control an electronic potentiostat (7) which controls the
energy input between the working electrode 10 and the reference electrode 30. For laboratory
testing of the method, instrumentation such as a Pine Instruments potentiostat under IBM
computer control may be used. Using a suitable program, the energy input sequences may l;e '
applied to the working electrode 10. The output of the device can also be p_lotted on an X-Y
recorder to graphically. display the changes in energy output versus time for each step. The
terms “energy input” and “energy output” in the following description of the methods will
refer to control of the potential (energy inpuf) while monitoring current density (energy
output), or control of current density (energy input) while monitoring potential (energy
output).

The most widely applied electroanalytical technique for plating bath analysis is

stripping voltammetry, with Cyclic Voltammetric Stripping (CVS) or a closely related



-13 - electrode 20 is swept at a constant rate between user-defined lints.
The vol tage sweep may be repeated several tines per analysis cycle, with

t he wor ki ng‘,&iﬁ'ﬁy ode 10 alternating between film deposition and

stri pping, un ® repeatabl e current vs. voltage response PSTHSPUI%EI. The
pl ot showi ng current as-the dependent variable over the traversed potenti al
range is termed a voltanimogram and providgs a kind of 'fingerprint' of
the el ectrochem cal response of the el ectrggsati ng bath. An exanmple of a
vol tammogram for an acid copper electrolyte of specific conmposition is
shown as Figure Wt regi ONSqaSS0Ci w t h tal filmdeposit)on
2nd st 11 porgnh Soste Phibed YoumnreRS s ERpRE CBYS) fircheng corbing bR, Bot
during anal ysi:s, the area of the current peak associated with stripping is -
pr opor t i orte¢hniques dependrangenirgllingthe eoliage betwesn éh%wegmgjelmd&tliocﬂndimﬂm

el ectrolyte conposition... CPVS differs in that the potential between .
wor ki ng el dlextrode 201 &rithnilie spoténitiostyt shchcthat diee ROrking rikitrode10 isvayicled baween . .
at-a constant rate, but rather stepped between discrete values while the )
pul se W difeidiceafd anbic piihtialk Whild @/ confit dith%éélmp(dﬂﬂgssoﬁﬁoﬂ;A,rﬁéwlm& -

deposition) or maintained until endpoint is achieved (during stripping). A

typi cal pr.Qc ; for a |Sql § ' o - :
wrki ng o BATPoLT SRy BLeS youffepkate, fo RARHS 440 Bupbifenty dhifbedby,
a few seconds, followed by a few seconds,at V~-gw~t . Metal i s deposited on
the el ect ra@dicslissolitionqEhé prientiostat s %%P%W?&F.Wﬁ%‘r?@ﬂ?&dme feg over
di ssolved at Vip until all the netal. is renoved (i.e., stripping current is
ext i ngui sHindy dufing thenstepping iperiodyfalloming guantificatitar ¢f e telrstric ehasge inyconiensbs of
the cycle yields a neasure of charge, which as before is directly

proport i ongdnsfedreltNduriig! @8 tithe réquived SBO SbinpRieafilin [dissoluibh NThe! ichirge d8 tdirgcetly
preci se control of the deposition pulse wdth, the anount of netal

5o AP IBESUSE g P B b s kol Wi

deposited) by Faraday's laws. The stripping charge is monitored rather than the charge

2= 2

transferred during film deposition because the stripping charge is less sensitive to changing
electrode surface state and less influenced by factors such as charging and impurity currents,
Empirically, too, there are inherent advantages of monitoring a process which proceeds to a
well-defmed endpoint. |

The current/voltage/time relationship during analysis is exiremely sensitive to
variations in electroplating bath composition and, not incidentally, measurement conditions
such as temperature. If sufficient care is taken in methods development and measurement
technique - if, for instance, all component concentrations other than the one of interest can be
held relatively constant - then stripping voltammetry can be employed to generate calibration
curves with which subsequent analyses can be compared to yield reasonably -accurate
quantification of analyte composition.

In CVS analysis, the potential between the working electrode 10 and auxiliary



- 14- electrolyte. Although the voltanetric stripping techniques are of
potential utility in quantitating a nunber of plating bath conponents, in
practice t WO npst often enployed for evaluatin g | evel BCTUS9/8ps5S C
addi tives such as suppressing and brighteni ng agents. -A nunber of
calibration nethods have been proposed for devel oping correl ati ons bet*een
stripping charges and concentration of plati*hg bath species; several have
reportedly been put into practice with good results. The present inventors
have recogpi ze at one of the nost .problenmatic_shqrtcon ngs_ of

vol t ammet @"H&%&S dpEWept gt  canstant Jate; hefween user-defingd limits. e voltage gweep may
effects'. Many plating bath conponents and their breakdown products can.

di spl ay cdevrzpeatedi sevaral: timeh qrer cnhalysist eycle; twitin the Iveorkingt électeddei ppialtgmating ge
responses can be anbi guous if several constituents have undergone . S -

S} 9Nt 11 calbetve@nCRIB deposinon BAA Geigpiul ol O0HpLitabIL duireh vEL T61dge 1685duB s
| “ e

el ectroplating solutions (such as those available from Enthone-- O

present i icﬁ{i‘gn ga{ht !4 Hﬁﬁ&i Imﬁl'
bri ght ene?‘ﬁgﬁ%%ﬂg anﬁ Eéea S Eomeidﬁggdr%ggﬁ%bgggy%?%duct S @
measured using the CGVS techni que, ejther, thegse, by-products .or exces .
Curt et anfangE Rt a YIRS, R BAvidcs Adand,of EDEABHEE, o5 e S rochegical
bui | dup of pseudo-suppressor introduces substantial errors in the CVS

anal ysi s esposssy ofi theglsetreplating  hatho fAns examnie ofra veltammiogrene dor as acidecopper
present inventors have found, the reason for this erroneous result from CVS

I's that t hiecuobde bfispecific pampositior iscsionin ¥s Fipare 2, with thetrbgibny adsbéiatel rwith
10- 20 seconds of deposition. Mre particularly, the inventors have found

ne e HAdtin AR SIRIRPOSRHCHe T RS el ol
during analysis the area of the current peak associated with stripping is proportional to the
stripping charge and, therefore, o variation in the electrolyte composition.

CPVS differs in that the potential between working electrode 10 and auxiliary
electrode 20 is not swept over a range at.a constant rate, but rather stepped between discrete
values while the pulse width .at each voltage is either. held to fixed times (e.g., during
deposition) or maintained until endpoint is achieved (during stripping). A typical process °
sequence for CPVS analysis is shown in Figure 3. The working electrode 10 is first cleaned at
a high anodic potential (Veay ) for a few seconds, followed by a few seconds at Vequitiveration -
Metal is deposited on the electrode surface during a cathodic pulse V e then anodically
dissolved at Vi, until all the metal is removed (i.e., stripping current is extinguished).

The integration of the current during the stripping pulse of the cycle yields a measure
of charge, which as before is directly proportional to the moles of film deposited atvplaw.
With sufficiently precise control of the deposition pulse width, the amount of metal deposited

(and subsequently stripped at Vi, can be correlated through calibration to the makeup of the



- 15 - conditions. Rather, the normally used scan rate is 100 nV/ sec giVing
a total netal deposition tine of less than 5 seconds. Figure 4 is a pl ot of
a used andwosmsheiph wit h. apoi maty the same anount of suppre'[;c:@ﬁ#% g%

Note that at a tinme of 5 seconds, the current exhibited by 0 Bath i s
much l-ess than that of the new bath. This difference is m stakenly neasired
by the CVS nethod as extra suppressor. Framghe foregoing analysis, the
present inventors have recogni zed that,. as steady- state conditions are
approached (e.g., at t = 15 seconds), the two currents approach the sane
val ue. Bas#sttofyté.hi s recognition, a new nethod is set forth that correctiy
elimnates the error due to this current tranS| ent suppression. The net hod

el ect ropl at ﬁép%fé?ﬁ%ﬂt‘%er AR Apbhg el 7 S R el B b,

for an extend f _time since the copponents (e.g., ressor) ma
be accur atym %ﬁs&flﬁi&gﬂgg °B¥8EF%WH@°@%£€WM&&& ¥ @Fffoﬁ'leﬁﬂ‘l%ﬂﬂg ie'

in prior addl tive measurenent techniques. Generally stat ed t he inventive
anal ysi s tlevslhiofuerganie additives mheaSnmmpdesSIyxgemsbbnglyemegFugeqtsesAmKwtoﬂ he
anal ytical nmeasurenents are taken as the particul ar techni que achi eves or

appr oachesalibiation dytethdds Gave beér ipopostd oP| develBhing Usdirel 4IRS wwseﬂ Belppii:
but are not limted to the followi ng: 1. Chronoanperonetry; 2.

ot 15 s hugs Ehi oncentiphn | pXall PR ko ac%ﬁ"a?fe‘aﬁ“eq@f‘%%%ﬁ@h a

pause in tph !Pcl at{hng%odeg ﬁn S0 as to approach st eady

D

The present inventors have recognized that one of the most problematic shortcomings
of voltammetric analyses are their sensitivities to so-called 'matrix effects’. Many plating bath
components and their breakdown products can display convoluted electrochemical
interactions, hence the stripping charge responses can be ambiguous if several constituents
have undergone significant concentration change simultaneously. N

With respect to certain electroplating solutions (such as those available from Enthone-.
OMI), the present inventors have recognized that the organic component used as the
brightener is consumed and breaks down into reaction by-products. As measured usiﬁg the
CVS technique, either these by-products or excess surfactant (which builds up with time) act
as a pseudo-suppressor. The buildup of pseudo-suppressor introduces substantial errors in
the CVS analysis whereby an excess amount of suppressor is indicated. As the present
inventors have found, the reason for this erroneous result from CVS is that the used bath
responds differently than a new bath for the first 10-20 seconds of deposition. More
particularly, the inventors have found that the current transient is suppressed. CVS interpret;

this as plating bath suppression because the CVS technique never reaches steady-state



-16- state; 5. Miltiple or single linear sweeps that are perforned at
a slowrate and then calibrated versus organic concentration; and 6. Cyclic
Pul se Vol t IHAEYFIP4%t r i ppi ng where the plating tine is increaBENUSIABESS O
approach steady-state. Although any of the foregoing anal ysis techniques
are suitable for use in accordance with the_teachings of the present

I nvention, the foll ow ng discussion wll ceh®er on a ‘'speci fic enbodi nent of
t he techni que using chronoanperonetry (CA) neasurenents. The advantage of
t he CA technique over the knovvn CVS_ t echni que is the fact that it neasures
at' st eadycongi Cléﬁﬂé Qrimadly 31sod poan gate iy 1 Mﬁw@wgmm&mﬁhdwmm

performed using a serl es of basi ¢ steps, sone of which are optional,

i ncl udi ng: tishe ofiese thahiSepcondsA Rigurt s 8 photlof iuséd 018 waw bisth (Wit w&hinate? the
Perform ng CA analysis on a bath sarrpl e (repeats wi'th dil utlon 82 tltr‘atlon

as will besa%ﬁ%aﬂn&ﬁ&ﬁfb.%ﬂ'!s Fin @20 NOR3hat at e}g@ﬁ‘dsd
steps 1 and 2 to mat he tlc%lly cal cuI ateat e rate’ su pres“saoﬁ teh'i)y

ol i nea 1 ofe 28Ryt 10k B Bl 0 R ﬁ?%i@@%@ﬁ%'&%?ﬁ”s' stk S,samd

chr onoanpey one i ncl udes the follow n -17-
P by the C\)‘s method as extra suppressor. g

From the foregoing analysis, the present inventors have recognized that, as steady-
state conditions are approached (e.g., at t = 15 seconds), the two currents approach the same
value. Based on this recognition, a new method is set forth that correctly eliminates the error
due to this current transient suppression. The method can measure suppressor in used
electroplating baths as well as new electroplating baths ther.eby facilitating use of the
electroplating bath for an extended period of time since the components (e.g., suppressor)
may be accurately measured and dosed during this extended period of time unlike in prior
additive measurement techniques.

Generally stated, the inventive analysis techniques set forth herein modify existing
techniques so that the analytical measurements are taken as the particular technique ac;hieves
or approaches a steady-state condition, Examples of such techniques include, but are not
limited to the following:

1. Chronoamperometry;

2. Chronopotentiometry;

3. Cyclic Voltammetry Stripping (CVS) where the scan rate is substantially reduced so as to
approach steady-state;

4. CVS with a pause in the plating region so as to approach steady

L



steps: STEP NUMBER ENERGY | NPUT DESCRI PTI ON

1.6V for 5 seconds hi gh oxi dation step 2 0.5 V for 150
seconds el ectrode with copper 3 V for 30 sec

., WO RR Oa pp
| ow oxidation zét*gp/ stabilize electrode 4 +0 Om sec
establ.ish equilibrium @QCCP [err]+0.062V 5 : - 0. 25 \

for 60 nmeasure the current after seconds _q¢. . about 60
seconds have el apsed The potential s Iisteé are relative to a Ag-Agd
el ectrode. An exanple CA analysis is shown in Figure 5 where the nmeasured
pararreter Lf.current at a user specified time. For the exanples disclosed

her ei n, e ¢current is rreasured at about 60 seconds. The calibration curve
rrentloned instep.l. above,c rrp ses a series of CA plotg. of known
concent r adi o e (P iflear | Swaeps ¢ cfiatys & f (PerforBied r-at ¢ ' slow’

concentratlon as_shown in Fi gure 6. Wile this method may be used to .‘.:-
corr el at etateipnd then calitrated vensasiotgaric concentration; and ', | < i's- i APEr P ENE SO keep
vari abl es such as_ tenperature, reference electrode calibration, etc. ”

const ant Bowﬂwms%nmﬁywp@ whkfeothe platifl§ eieek #\incroaes ¥oias R dppFoadh e
illustrated in Figure 7. The optional next step is to mathematically

cal cul ateg_ggkgy e of suppression by taking the It deriyvative. of the data
shown in Figure 7. This calculated data is shown in Figure 8 and

Although any of the foregoing analysis techniques are suitable for use in accordance
with the teachings of the present invention, the following discussion will center on a specific
embodiment of the technique using chronoamperometry (CA) measurements. The advantage
of the CA technique over the known CVS technique is the fact that it measures at’steady-
state.

Suppressor analysis using chronoamperometry can be performed usingi"a series of

basic steps, some of which are optional, including:

1. Generating a CA amalysis calibration curve (optional);

2. Performing CA analysis on a bath sample (repeats with dilution & titration, as will
be set foﬁh below, are optional);

3. Using the data obtained in steps 1 and 2 to mathematically calculate the rate of
suppression {optional); and

4. Calculating the amount of suppression using a user defined logic routine.

A preferred manner of executing the chronoamperometry includes the following



PCr 1US99/ 09659 -18- has the advantage of mnim zing the influences of

vari abl es such as tenperature and el ectrode cali bration.
WOMIE4® t aken and/or take data in such a way so tRCAVUSIR@9ESIOUNt
in the bath can be calculated. Six nethods are set forth
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+0.062 V for 15 sec

establish equilibrium @ OCP
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CA @ -025 V for 60
seconds

measure the curent after
about 60 seconds have
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The potentials listed are relative to a Ag-AgCl electrode.

An example CA analysis is shown in Figure 5 where the measured parameter is

current at a user specified time. For the exémples disclosed herein, the current is measured at

about 60 seconds.

The calibration curve mentioned in step 1 above comprises a series of CA plots of

known concentration where the measurable is ploited as a function of concentration as shown

in Figure 6. While this method may be used to correlate suppressor concentration versus

current, it is important to keep variables such as temperature, reference electrode calibration,

etc. constant to reduce errors. Potential errors induced by such variabies are illustrated in

Figure 7.

The optional next step is to mathematically calculate the rate of suppression by taking

the 1* derivative of the data shown in Figure 7. This calculated data is shown in Figure 8 and

L e



-19- illustrative and further steps nmay be added (e.g., for electrode
condito as required, chem cal volunes may be changed, etc. Also, it wll
be recogni mggfmjgthe foll owi ng net hods may be conbi ned with one anot her.
3E; . EXEMPLARY METHCD | I n RCTBISAYPRSE wi t h
the first exenpl ary method in which no titration is used, current or sone
other aspect of the CA plot is related to ggcalibration curve. To this end,
the foll ow ng process steps may be inplenented: 1. Renove an anount of
el ectroplating bath (i.e., 50 ms) fromthe el ectroplating reactor,

Perform a %ﬁgga Utﬁin?tﬁlzﬁﬁge e p
ensuring th%\t t he meaSurenment 1s tEéen uér?llg'!'rﬁsf;lto @ prsgglgga\sé as p’ép?ﬁr@ ant

appr oaches %’?‘Prea y steady-state (e.g., by u5| ng the preferred process.
steps set QF fll a3, Conpare the resulting neasurenent with the

calibration curve to determ ne the amount of additive (i.e., suppr essant )
in the bath. Exmmﬁmaelﬂelthemqgmﬁaheﬂﬂatlnlﬂmhsmwm;hasﬂm)l e
process to inplenent However, a disadvantage of -this approach is the -fact )

that it- ramuunésf&mm&etmmenmlhaﬂhlﬁermmwursmmethods%e set}Edvill Réf¥in to ~
METHOD || The second exenpl ary method involves concentration St ation

i ngth | SSor asthetltrant To
usi ngt heu ze¥gin o6 ifﬂmfmﬁziaskfa@m gichiR0hm gadnfehs THEP A

this end, | I owi ng process st
' I Use no titration - relate cutrent or some aspect of the CA plot to a calibration

curve;
H. Concentration titration using the unknown bath as the diluent and suppressor
as the titrant;
L. Concentration titration using diluted unknown bath as the diluent and
suppressor as the titrant;
IV. Concentration titration using Virgin Make-Up solution (VMS) as the diluent
and the unknown bath as the titrant; |
V. Concentration titration using linear slope analysis and suppfeééof or plating
bath as the titrant and VMS or plating bath as the diluent; and |
VI Dilution Titration using the undiluted, unknown bath as the diluent and VMS
(with or without carrier) as the titrant. |
In the foregoing descriptions, the term “concentration titration” refers to 2 method that
measures a response in an electroplating bath with increasing concentration of the suppressor,
and the term "dilution titration" refers to a method that measures a response with decreasing
suppressor concentration. Exemplary steps for executing these methods using, for example?

an Enthone based chemistry, are described below. These exemplary steps or "recipes” are



may be inplenented: 1. Renove an anount of electroplating bath (i.e., 50
ms) fromthe electroplating reactor, 2. Performa CA neasurenent using the
el ectropl awpr?&’sﬁ%f?h renoved in Step 1, ensuring that the neRCRUSHSOHES9 S
taken during the CA process as it approaches or reaches a steady-state
(e.g., by using the preferred process steps set forth above); 3. Add 5% -

25% (0. 0075 - 0.0375 m s) suppressor; Pdform a CA neasurenent usi ng the
sol ution forned in Step 3, ensuring that t he neasurenent is taken during
the CA pr s as roaches or. reaches a ste state by using

t he prefe BY%@Eéﬁgﬁ & piicRsmay ﬁ%ﬁacﬁ -Tog, e?ﬁé‘ﬁé%tm gning) 4s dequiced,

necessary to generate a slope, or to otherw se gat her enough ‘data to answer

a | ogic cchemicakvolames may be iehangedc etet r aAlson itbwilb be treeoghkaedethit tife folowheg -
the neasurenent results obtained during one or nore cycles of"Steps 3 and 4

to the camsticisintay tgonthineiwhthl onéanothérat e t he concentratlon based on the
conparison nade in Step 6. One advantage of Exerrpl ary "Met*fiod -1 24 st hat =t he

titration does not require either AE carrier syringe or a VM5 Syringe. - °
However, it has been found that the accuracy of this -21- netdhad-

decreases at h sor concentrations. This is due to the
fact that the WL&%M@% this particular Enthone chem stry. -
EXEMPLARY METHOD 111 The third exenplary method invol ves concentration
titration usinénaererdance with thefirss axemplaly methodin which anititeation is msed pasrent oS
the titrant. To this end, the follow ng process
some other aspect of the CA plot is related to a calibration curve, To this end, the following
- process steps may be implemented:
1. Remove an amount of electroplating bath (i.e., 50 mls) from the electroplating
reactor;
2. Perform a CA measurement using the electroplating bath removed in Step 1,
- ensuring that the measurement is taken during the CA process as it approaches or
reaches a steady-state (e.g., by using the preferred process steps set forth above);

3. Compare the resulting measurement with the calibration curve to determine the

amount of additive (i.e., suppressant) in the bath,

Exemplary Method I is advantageous in that it is a very simple process to implement.
However, a disadvantage of this approach is the fact that it requires a predetermined

calibration curve.

[



steps may be inplenented: 1. Renove an anount of electroplating bath (i.e.,
10 mMs) fromthe electroplating reactor, 2. Add an anount of VMS (40 ns) +
100% (0. 4 wpdo/a784e’ i er to the amount of el ectroplating bat hpﬁwyﬁ Step
1; 3. Performa CA nmeasurenent using the solution forned in )
ensuri-ng that the measurenent is taken during the CA process as it
approaches or reaches a steady-state (e.g.,2¢ay using the preferred process
steps set forth above); 4. Add 5% - 25% (0.0075 - 0.0375 m's) suppressor,

5. Performa CA neasurenent using the solution formed in Step 4, ensuring

t hat the neasurmgppmymw fng the CA process as it approaches or -
reaches a steady-state (e.g., by usr ng the preferred process steps set

forth-above); 4 3 ess 0, per at.e: g, sl

to otherw se ggﬁ?ep?eggﬁr%ﬁg am’t“ @@y %? a‘éa/ Y@%‘ %h ?“&H’@
concentratign b the haeee ); are the rreasurerrent
results o WPFES?‘E@}E?EW TSt 5end, thefoHowingibracess steps
cal i bration curve and . Calculate the concentration based on the

compar i sonnmbkaimmm@ﬂ. Exenpl ary Method 111 exhibits an increased.-
accuracy over Exenplary Method Il by diluting the electroplating bath
sanple to the nore accurate end of the calibration curve EXEPLARYMETHOD |V
The fourth exenpl ary met hod i nvol ves concentration titration using Virgin

Make-Up (VVB) as § hepetlidv SR anitfiflt §£QedtRpTRAR bRA (e 250 WhE) frbln RE blectOplkiiis®

end, the follow ng process

reactor;

2. Petform a CA measurement using the electroplating bath removed in Step 1,
ensuring that the measurement is taken during the CA process as it approaches or
reaches a steady-state (e.g., by using the preferred process steps set ferth above);
3. Add 5% - 25% (0.0075 - 0.0375 mls) suppressor;

4, Perform a CA measurement using the solution formed in Step 3,-ensuring that
the measurement is taken during the CA process as it approaches or reaches a
steady-state (e.g., by using the preferred process steps set forth above);

5. Repeat Steps 3 and 4 as necessary to generate a slope, or to otherwise éather
enough data to answer 2 logic criteria (e.g., is the concentration below the "knee");
6. Compare the measurement results obtained during one or more cycles of Steps
3 and 4 to the calibration curve; and

7. Calculate the concentration based on the comparison made in Step 6.

One advantage of Exemplary Method II is that the titration does not require either AE

carrier syringe or a VMS Syringe. However, it has been found that the accuracy of this



steps may be inplenented: 1. Renove an anount of electroplating bath (i.e.,
10 mMs) fromthe electroplating reactor; 2. Mx a solution of VM5 (40 m s)
+ 100% (0. WAPY§7548. Perform a CA neasurement using the sol upctyosfompeged i n
Step 2, ensuring that the nmeasurenment is taken during the CA process as it
approaches or reaches a steady-state (e.g.,_ by using the preferred process
steps set forth above); 4. Add a quantity ol the unknown bath renoved in
Step 1 (10-25%of the initial VMS volune (4 - 10 mMs) ) to VM5, 5. Perform
a CA neasurenent using the solution fornmed in Step 4, ensuring that the
neasur enedtethed degreases|at high initial sypppesserceancentrations,p Fhisaistdne torthe dact Ithat the.
steady-state (e.g., by using the preferred process steps set forth above);
-23- 6. Rajupetdeitcases withethis partivaldr[Enthoneichétisant curve is generated- 7. . .
Conpare the curve generated in Steps 4-6 to a calibration cre to calculate
Cal cul ate the constituent concentration. It should be noted that the
accuracy of Exenplary Method IV will decredse significantly i*f the bath

solution i s toG.gh THOD V The fifth exenplary mnet hod

i nvol ves conce%ﬁgw;ﬁm ing using linear slope analysis. To this

end, the follow_ng process steps may be inmplenented: 1. Renove an_ anpunt of

el ect rdpl at i ng Bt third exemplary,imsthed jnvelves coesntrgtion titratione yeingthe diluted
unknown bath as the diluent and suppressor as the titrant, To this end, the following process

steps may be implemented:

1. Remove an amount of electroplating bath (i.e., 10 mls) from the electroplating
reactor;
2. Add an amount of VMS (40 mls) + 100% (0.4 mls) carrier to the amount of .

. electroplating bath removed in Step 1; .

3. Perform a CA measurement using the solution formed in Step 2, ensuring that .
the measurement is taken during the CA process as it approaches or.reaches a |
steady-state (e.g., by using the preferred process steps set forth above);

4. Add 5% - 25% (0.0075 - 0.0375 mls) suppressor;

- 5. Perform a CA measurement using the solution formed in Step 4, ensuring that
the measurement is taken during the CA process as it approaches or reaches a
steady-state (e.g., by using the preferred process steps set forth above);

6. Repeat Steps 4 and 5 as necessary to generate a slope, or to otherwise gather

enough data to answer a logic criteria (e.g., is the concentration below the "knee");



2. Provide a solution of VM5 (50 ms) + 100% (O 5 nls); 3. Performa CA
measurenment using the solution formed in Step 2, ensuring that the

measur enen d,z,g‘.,g&en during the CA process as it approachesygflgﬁagzo(‘ég S a

st eady-state ., by using the preferred process steps se ove);
4. Add an amount of the electroplating bath renoved in Step 1 to the
solution forned in Step 2; 5. Performa CAzgeasurenent using the solution
formed in Step 4, ensuring that the neasurenent is taken during the CA
process as it approaches or reaches a steady-state (e.g., by using the

preferred proces S7.5C8Rput the thedsienitd® ¥édhits GhtaifiélfidriligZoniot e 89S ofi Refshe
solution (0.015 - 0.037 ms); PCT/ US991 09659 -24"- 7. Performa CA

measur enent usi ng 0, ' orned in,Step 6, ensuring that the
measurenent is ta‘ké&f%ff’r*‘%%é "ﬁ%@@gs as it approaches or reaches a
steady-state (e.g., by using the preferred pré6cess steps set forth above);
8. Repeat Steps 65-afdiculateshgeoncentration hasadan thesemparisey madg i Step 7usi ng a.
linear fit or other appropriate curve, calcul ate the anmount of the
suppressor in the unknown el ectroplating bath. This exenplary .met hod wor k3
well in those instances in which a |inear region may be obtained.

Addi tional |y, Exem\pRey MéthddCHI EXiRbits &tiricRiaddd RBufaky YPerIMEbmpiary! MBthod 1B by €SS -
dependent on bath carrier solution than the foregol ng exenpl afy met hods:

EXENPL ARl e S B T bl B P A Sk 21"

and conprises

EXEMPLARY METHOD 1V
The fourth exemplary method involves concentration titration using Virgin Make-Up
(VMS) as the diluent and the unknown .bath as the titrant. To this end, the following process
" steps may be implemented:

1. Remove an amount of electroplating bath (i.e., 10 mls) from the electroplating
reactor;
2. Mix a solution of VMS (40 mls) + 100% (0.4 mls); -
3. Perform a CA measurement using the solution formed in Step 2, ensuring ﬁat
the measurement is taken during the CA process as it approaches or reaches a
steady-state (e.g., by using the preferred process steps set forth above);
4. Add a quantity of the unknown bath removed in Step 1 (10-25% of the initial
VMS volume (4 - 10 mls) ) to VMS;
5. Perform a CA measurement using the solution formed in Step 4, ensuring that
the measurement is taken during the CA process as it approaches or reaches a

steady-state (e.g., by using the preferred process steps set forth above);



CA test on the unknown bath, dividing the unknown bath by diluting it with
Virgin Make-Up Sol ution (VMS), perform ng another CA test, conparing the
measur abl e"‘(ﬂ%ﬁ"ﬁ”l ogic criteria (e.g., matching the cal i br ®dTawssesosese or
until a specific delta change has occurred, etc.). To this end, the

foll ow ng process steps may be inplenmented: 1. Renove an anmount of

el ectroplating bath (i.e., 40 nls) from t K3l ectroplating reactor, 2.
Perform a CA neasurenent using the solution formed in Step 1, ensuring that-
t he neasurenent i aken _durin he .CA process as it approaches or reaches
a steady-state (eg' .?P%S@ﬁ‘ﬁﬁg‘i%émﬁ’r.%%ﬁﬁ'éatwléﬁﬂ ®Ps -set forth
above); 3. Add 10 - 20% (4 - 8m corresponding carrier~(0.04-0.08 m s)
to the unknown elBcCompgedhe durvelgereeatédinStepsdi6 e a salibrafion olrve tocdlindite 3,
ensuri ng that the neasurenment is taken it approaches ofF ‘Fféaches a h

st eady-state (e. oCalcllliteuhié Eshstient contéhtaBeye) ;. 5. Calcul ate the sl ope of
Steps 2 and 4; - 6. Conpare with a logic slope wth tH&€alibration - t
curve);, 7. Repeat steps 3-5 on the degree of resolution is achieved. '
Exenplary Method VI is adv relatively easy to inplenment-.Eurther, the nethod

can be repeategge, of .the cal.ihration curve is_reached thereby providing for
a W de sensiti ggﬁ@‘gﬁob‘?é’g u&%rfhemml@‘m%%dtbé will decrease

i croel ectroni cs faves toward wi despread use of
significantly if the bath solution is too dilute

EXEMPLARY METHOD V
The fifth exemplary method involves conqcnu'ation titration using usil;g linear slope
analysis. To this end, the following process steps may be implemehted:
1. Remove an amount of electroplating bath (i.e., 10 mls) from the §lecu'op1aﬁng
. ..reactor; .

2. Provide a solution of VMS (50 mls) + 100% (0. 5 mis); s
3. Perform a CA measurement using the solution formed in Step 2, ensuring that |
the measurement is taken dm'ing-the CA process as it approaches or reaches a
steady-state (e.g., by using the preferred process steps set forth above);
4. Add an amount of the electroplating bath removed in Step 1 to the solution
formed in Step 2;
5. Perform a CA measurement using the solution formed in Step 4, ensuring that
the measurement is taken during the CA process as it approaches or reaches a
steady-state (e.g., by using the preferred process steps set forth above);

6. Add 10-25% suppressor to the solution (0.015 - 0.037 mils);



el ectroplating, particularly of mcro- creased need for higy accurate

dosi ng systens that replenish the varielectroplating bath. To this end,
dosi ng syst q{s o4)gnsge been devel op plating tools that are used at

i croel ectronic fabrlcatlon facilities , however, execute t F&THFIPNYS?
function using open-loop, predeterplenish the electroplatlng bat h
constituents based on enperically detsytens, ﬁ% be suitable for certain
PCTUS99/ 09659 -26- el ectropl ati ng processes, but becone |ess viable as new
devi ce requirenents inpose nDre ri gorous standards on the make-up of the

el ectropl ating bath. pM¥tgn I

constituents may bZ' obt ai ne usli ng a g‘hsulgirlt1 @é&lﬁmﬁﬁﬁa%t%é mtgﬁ%nt
f eedback to ascert n t he_ proper tJt ééa bat h constituyents.

exenpl ary feedback 3!75’65'{%‘? i‘?er SH0GESS 35 1f, gprroas %’@H@Wﬁa the.
dosi ng system shown &eneral ly at 100 includes a.central processor 105 A
that is used to cofeady-stalede.gp by asing tke profarsd aricesostepsisebfonthtabové)pl | awi:ng..
functions: 1) extract a sanple of the electroplating bath that is to be

anal yzed; 2) execuBe RapeatSeaps6amd tpigenicrateladf@RifenRnpurveandl ect ropl ati.ng
bath sanple; 3) calcul ate the armunt of the electroplating bath constituent

present in the sanpl ¢ Sfoth riafe dulGe 8&&?&{&?@%&,}; G the

t echni que; and 4) use the resu t| ng cafculfation to control

the supply of an ag‘gﬁg% ? he gonsti tuent, 1.0 | enish the el ectroplating
bath, raising the C ulg&]f ?@W eﬁ HE'{’ {’ﬁtgpredeterm'ned | evel i l-n
order to executeg_the fore oi n functlons the central processor 105 is
connected to i ntEHBEtempl Werk TRl intheseinstansas w which adinestvegion may be

the and systens. A bath
obtained. Additionally, it does not require a calibration curve and, further, is less dependent

on bath carrier solution than the foregoing exemplary methods.

EXEMPLARY METHOD VI
The sixth exemplary method involves dilution fitration and comprises performing a
CA test on the unknown bath, dividing the unknown bath by diluting it with Virgin Make-Up
Solution (VMS), performing another CA test, comparing the measurable with a logic criteria
(e.g., matching the calibration curve or until a specific delta change has occurred, etc) To
this end, the following process steps may be implemented:
1. Remove an amount of electroplating bath (i.e., 40 mls) from the electroplating
reactor,
2. Perform a CA measurement using the solution formed in Step 1, ensuring that
the measurement is taken during the CA process as it approaches or reaches a

steady-state (e.g., by using the preferred process steps set forth above);



sanpl e extraction unit 110 is cognected for control by the central
processor 105. The bath sanpl e e.tractlon un|t 1 IS connected to receive
electrodwgﬁﬁﬁﬁ“%olutlon al ong Il‘e 120 f rifed még?ncipal el ectropl ating
bath 115 in response to control |gnals/connands received fromthe central
processor 105 al ong connunlcatlo link 125. In response to su¢h control

si gnal s/ commands, the bath sanp#l e extraction unit 110 provides the bath
sanple to either an electroanalylis unit 130 or to an optlonah Aitration.

system 135. BOtﬁn’%@ a {51 S LU tﬂ'&‘ié dge optional titration
system 135 dre ‘flqlhz&% 2 "‘ icisai Qﬁe Central procegsor 105. The
central processor 105 coordi nat e the act ivities of the el Qa_nal ysi.s

unit 130 and t imishte theusknovayglecth Stepdiecut e the désired el
techni que. The el ectroanal ytlcal 8t echni que can be any of tHh
can.bg.-one or. nprierfimtd GAnessmefenediniSep3ensutingthsed hergiln. The

central processor 105 that acquij§es’ tHe“réqui'site data bas gn the
el ect.roanal yti g D}eﬁﬁﬁéﬁ;&i{%ﬁﬁmﬂ e fipryach ached Sireadhes ar ot her W:gd detenni ne in
a rel ative manner the concentrat pr of -t he* 'p'l ating bath cons

uent. Based
on this cal cul ati qn/ det Al Ok g t rocessor 105#4i rects one or
nor e- constltuen"‘%eag ss?aﬁ F :23 ssgﬁizfg&to p|)0\F/)| de the necesdary anount of
the constituent (or. anou t of so i on, coptai ning the constify
el ectropl at i ng habaiculass the flope ¢ a t@?ﬁ% ‘{] f eedback cont rok;{proc
wi |l be recognized that the i nve {ive eI ectrognal ytical techfiqu
descri bed aboves.cGompareiwithl aclogictof lopewthﬁhﬂmhb"@% aut ons ;
conpl etely automatic manner. Dosr ng system 100 is nerely p
illustrative, y&kvé)ovel nanner ig »Whl ch to inplenent one o
and/ or inventive electroanal yticgf techniques described above | Nuirer ous

modi fi cati ons WVRQ&a{T&&fsst-?oL'&?e' 80P 181U i ABhTéveOU! dera ;:__

ti'Ganal ytial”
#nown tlq or

Exemplary Method VI is ady relatively easy to implement.

Further, .the method can be repeateginge of the calibration curve is

8
ﬁ';

4
reached thereby providing for a wide 3 ensmwty and resojution.

AUTOMATIC DOSING SYS{.

As the microelectronics fajyes toward widespread use of

§\

electroplating, particularly of mxcro- creased need for highly accurate

dosing systems that replenish the van electroplaung bath. To this end,
dosing systems have been develop foplating tools that are used at
microelectronic fabrication faclhtlesj_ , however, execute the dosing

function using open-loop, predeterbplenish the electroplating bath

constituents based on emperically detgstems may be suitable for certain

o
k2




fromthe basic teachings thereof. Al though the present invention has been
described in substantial detail with reference to one or nore specific
enmbodi nrent wo ¢9xs® of skill in the art to the the the wll bes @/Kﬁsihat
changes may be made thereto without departing fromthe scope and spirit of
the invention as set forth in the appended cl ai ns. 1. (Amrended) A

met hod for nmeasuring a target constituent -@-an el ectroplating solution
usi ng - a plating and/or stripping electroanal ytical technique, the

el ectropl ating solution including one or nore constituents whose

by- pr oductelectrisplating provesses,| bu/betome 168 Visble 8§ hewnicvite RGRIMAANS dmposeSmered)y
I nput of the el ectroanal ytical technique, the nmethod conprising the steps

of : initi qgﬁe%s%@mgﬁw‘%%@%?*%% ytical neasurenment cycle:

for neasur the target c ue ovi'ding{afl]-- electrical
energy input. tq.at |east a pail of .elect.rodes disposed in the, . . -
el ectropl at i ng%:dﬂﬁeu?clc ?e ?(ﬂgm(i Ibgﬁi ﬂ}ecgllag%gptg\ycq potp dni%be (Fhigineg using a
el ectrodes, .being provided to either plate or strip a netal to or from at

| east one dosingsystemdhatemnloysiroeasurement: fredback te dsnepaini the prapenguandity ofla bath ~
corresponding to a tine period beyond which effects of the by-products on

the pl ati rgustituatts.i Apiex@nplavytfeaiback dodisz systdny i illadtratedda Fige'¥ Ay sHowvma K
negligi bl e taking an el ectroanal yti cal neasurenent of the energy output of

t ngiﬁms {dggsggl_ sieff)|shbA Hahétifly 3t tx@b, iddfudes GOEdneal bR Esdot TO5PRA A ubidSto
control the operations necessary to perform the following functions: 1) extract a sample of the
electroplating bath that is to be analyzed; 2) execute an electroanalytical technique on the
electroplating bath sample; 3) calculate the amount of the electroplating bath constituent
present in the sample based on the results of the electroanalytical technique; and 4) use the
resulting calculation to automatically control the supply of an amount of the constituent to
replenish the electroplating bath, raising the constituent concentration to a predetermined
level.

In order to execute the foreéoing functions, the central processor 105 is connected to
interact with and exchange information with a number of units the and systems. A bath
sample extraction unit 110 is connected for control by the central processor 105. The bath
sample extraction unit 110 is connected to receive electroplating solution along line 120 from
the principal electroplating bath 115 in response to control signals/commands received from
the central processor 105 along communication link 125. In response to such control
signals/commands, the bath sample extraction unit 110 provides the bath sample to either an

electroanalysis unit 130 or to an optional titration system 135.

Both the electroanalysis unit 130 and the optional titration system 135 are under the



using the el ectroanal ytical neasurenent to determ ne an anount of the

t ar get cong{ ituent in the electroplating solution. Page 2 2. A

met hod as MEPMEH% n claim | wherein the el ectroanal yti cal PCEAISAH/00659
conprises cyclic pulsed voltamretric stripping. 3. A met hod as cl ai ned
in claim | wherein the el ectroanal yti cal t%chni gue conprises cyclic

vol tanmmetric stripping. 4. A method as-@’aimed in claim 1 wherein the
el ectroanal ytical technique conprises chronoanperonetry. 5. A method as
clainmed in claj 1 wherein the el ectroanal ytical technique conprises,

chr onopot &R8 tthg; ceniral procgssog d f3yg The central presesser épéicﬁpl%lﬂm%i agtivities of -
el ectroanal ytical technique conprises |inear sweeps of the energy i nput
that are pbe tlectomalysisamitl 130 avalttitratior sytem 135! tolexe¢utel thecdesired ebsetromialytidabn
of the target constituent. 7. A nethod as claimed in claim | whereih

the targete@mifiel TR életUARAlYEES techiiqRB ca B anyDf the kowlR .
in claim 1 wherein the el ectroanal ytical techhique conprises:-titratron.: 9.

A met hod 3ag, ' h D s [ ectroplating solution is used
as the di @3n%ﬂ§%gf%§’@%§‘%&’§ﬁ§‘[ﬁgﬁﬂ%%g¢E‘J"‘ﬁ%‘ed as-the titramt:. 10. A
met hod as claingd in claim8 V\,herﬁi n_a virgin make-up .of the el ectroplating
sol ution is usetheasentral processor A0y that acquires ofhe, deqisits| date ohased @Bedhes

the titrant. 11. (Aménded) A nmethod for measuring a suppressor
electroanalytical technique to directly calculate or otherwise determine in a relative manner .

- the concentration of the plating bath constituent. Based on this calculation/determination, the
central processor 105 directs one or more constituent dosing supply units 140 to provide the
necessary amount of the constituent (or amount of solution containing the constituent) to the
electroplatiﬁg bath 115, thus completing the feedback control process. . =

It will be recognized that the inventive electroanalytical techniques described above
can be implemented-in a manual, semi-automatic, or completely automatic manner. Dosing
system 100 is merely provided as an illustrative, yet novel manner in which to implement one
or more known and/or inventive electroanalytical techniques described above.

Numerous modifications may be made to the foregoing system. without debarting
from the basic teachings thereof. Although the present invention has been described in
substantial detail with reference to one or more specific embodiments, those of skill in the art
to the the the will recognize that changes may be made thereto without departing from the

scope and spirit of the invention as set forth in the appended claims.



of an electroplating solution using a netal plating and/or stripping

el ectroanal ytical technique, the electr W sob4tion | ncl udi ng one or
nor e Paowo 98/58529St i t uents whose by- pf d8lR S8bpe 4B eBlisy PCT/US99/09659
pseudo- suppressor during an initial ele¢tricaEMACEY i npup of the

el ectroanal ytical technique to thereby generate 'suppr essor
measurenents, the nethod conprising the stepg-of: initiating plating and/or
stripping el ectroanal ytical nmeasurenent .cycle to neasure the suppressor by
providing an electrical energy input to at |east one pair of electrodes

di sposed in the electroplating solution, ¢hapaRectrical energy .input to the
pair of electrodes being provided to either plate or strip a netal to or
fromat |east one of the electrodes for at |east a predeterm.ned ting
period corresponding to a tine period neasurenent cycle reaches a

st eady-state ,beyond.which.effects of th seudo- suppregsor._ are negligi bl e;
Laking an dt cASRARILIOR F1eEUing 2 MEAITFEARL OF p tree CORBTAAR OF 6 HlecRPIBtAE 7~
el ectroanal ytical technique after the predetermned time period; using the
el ect r oanal ytSobutionusing ancslestroanaiytinal tﬁbﬁ'éq'ﬁ% the electroplatingselution inghiding onscdrt o
determ ne an amount of the suppressor in the electroplating solution. 12.

A nethod as charetotistittents whose bylprodticts siiewv dnfigitial eleétiiosiresponiem anledeipyi que

input of the electroanalytical technique, the method comprising the steps of: - -

initiating an electroanalytical measurement cycle of the target constituent by providing an
energy input to at least a pair of electrodes disposed in the electroplating solution, the
energy input to the pair of electrodes being provided for at least a predetermined time
period corresponding to a time period in which the analytical measurement cycle
reaches a steady-state condition;

taking an electroanalytical measurement _of' the energy output of the electroanalytical
technique after the analytical measurement cycle has reached the steady-state
condition;

using the electroanalytical measurement to determine an amount of the target constituent in

the electroplating solution.

2. A method as claimed in claim 1 wherein the electroanalytical technique comprises cyclic

pulsed voltammetric stripping.

3. Amethod as claimed in claim 1 wherein the electroanalytical technique comprises cyclic

voltammetric stripping.
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conprises cyclic pulsed voltametric stripping. 13. A nmet hod as cl ai med
in claim rein the: eI ‘ect r.oanal y]tHl&egHEEEcmsi BEmy Lonprises cyclic
vol t anmet ﬁ% 4%?9[)[” ng. -14. " A met hdd as pEmiggeg | N cf ai MPCT/USONRWSRI n t he

el ectroanal yti cal technlque corr’p-r|sed y. 15. A net hod as
claimed in claim 11 wherein the eIectroaquyticaf t echni que conpri ses
chronopotenti onetry. Page 4 16. od as clained in claim 11
wherein the el ectroanal ytical technique conprises |inear sweeps of the
energy input that are perforned at a slow rate and then calibrated versus
concentration of the target constituent. 17. (Amrended) A net.hod for

a target constituent of an el ectroplating solution using an

el ect roarfhl s metwodas slaimer ia claimcl whersintbp plectroppaly§iraltecmiquecomprises one or -
nore. constituents whose by-products skew an initial electrical response to
an energy i cheohomhpérometryectroanal ytical technique, the method conprising
the steps of: a) renoving an anount of electroplat1ng sol uti’dn-from - an
el ectropl.ating.reactor; b) executing a netal plating and/or stripping

el ectroanal ytical techni que nmeasurenent using the el ectroplating solution

ol oot r oari JrTRAPd AT ERP T B tﬂﬂ&ﬁ@?“‘ﬁ:ﬁ Ky B %‘ﬁ%ﬁ? RS has

been provided for a predeterm ned period of tinme
nopotentiometry.

6. A method as claimed in claim 1 wherein the clectroanalytical technique comprises linear
sweeps of the energy input that are performed at a slow rate and then calibrated versus

concentration of the target constituent.
7. A method as claimed in claim 1 wherein the target constituent comprises a suppressor.

- 8. - A method as claimed in claim 1 wherein the electroanalytical technique comprises

titration.

9. A method as claimed in claim 8 wherein the electroplating solution is used as the diluent

and the target constituent is used as the titrant.

10. A method as claimed in claim 8 wherein a virgin make-up of the electroplating solution is

used as the diluent and the electroplating solution is used as the titrant.
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beyond which effects of the-by-products on the corresponding plating or
stripping portion of the electroanal yticaltechnique are negligible c)
conmparing t WO 9wsysds i ng neasukepent Wi { rve pbnfiss ) ne
an anmount of the target consti'tuentkn I%Nﬁ soFut [ on.,&{fgg. A
met hod as clainmed in claim 17 whereind cal- techni que

conprises cyclic pul sed vol tammetti c 'stri ppBbg. 19. A net hod as cl ai ned
in claim 17 wherein the el ectroanal ytical technique conprises cyclic
vol tammetric stripping. Page 5 20. A nmethod as clainmed in claim 17

wher ei n t hd1eAendthabfon bydcuting a treatunémertt of @ Sipresser of WnEHTPRADERbRiion 2ding
A nethod as claimed in claim 17 wherein the el ectroanal ytical technique”

ComPL! 5%, S RO S ko e 1 FEIAB] 05 it A

wherein the electroan onprises [1near sweeps of the i
energy input th r r f.or ne t .a slow. rate and then-calibrated versus*#
concentrat i Oncog?t%@ﬁrg?y@%e&y-%ﬁg% ot gn inifia: el%"tR 058 10 30 NFRHIPH f| 4 m
17 wherein the target constituent conprises a suppressor. 24. (Arended)’ A )

met hod neasurthf glegireanalysical dephnique te thereby seneratecmonepisSuPPRESIOD Measuramests, g
an el ectroanal ytical technique, the electroplating solution including one

or nore constthe mefticd colnpsisingyhgstepboft s
initiating an electroanalytical measurement cycle to measure the suppressor by providing an
-energy input to at least one pair of electrodes disposed in the electroplating solution,

the energy input to the pair of electrodes being provided for at least a predetermined
time period corresponding to a time period in which the analytical measurement cycle
reaches a steady-state condition;

taking an electroanalytical measurement of the energy output of the electroanalytical
technique after the analytical measurement cycle has reached the: steady-state
condition;

using the electroanalytical measurement to determine an amount of the suppressor in the -

electroplating solution.

12. A method as claimed in claim 11 wherein the electroanalytical technique comprises cyclic

pulsed voltammetric stripping.

13. A method as claimed in claim 11 wherein the electroanalytical technique comprises cyclic

voltammetric stripping.
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skew an initial electrical response to: g 1 tH t he

el ect r oanal y‘ghg,?) Jiechni que, - the: et hod CTMrS@EBQ"&ShBE&\t bps of 1 a)

renovi ng an AP4df el ect ropkating soljuti onREPIAGERN el eft r ROBUSINPI6S9
reactor; b) executing a netal plating andror stripprmg—eftectroanal yti cal

t echni que neasurenent process using the electyoplating fba* solution
renoved in Step a, ensuring that the neasurérent is taken during the

el ectroanal yti cal technique neasurenent process after plating or stripping

power has b ed for a red period of time beyond which
ef fects of ?ﬁé%ﬁ%’%ﬁ ft?yﬁ‘f"@ ﬁ&‘eﬁ'ﬁ" e@}:}mi;l{qqomrﬁg_s

portion of the electroanalyvtlcal techni que are negllglble Page 6 c)
addi ng an anowironpamperemeltyget constituent to the anpunt of electroplatlng
bath; d) executing an el ectroanal ytical technique neasur errent process usi ng
the electroplating bath of Step c, ensuring that the neasurenent is taken
during the el ectroanal ytical technique measurenment process as it approaches
or reaches S S t
gencrat e a o7 op S Mol in HRRPTH Withobl @B SIcEr AR R R REGR %g.s&c
criteria; ar| the measur enment results obt ai ned during one or nore
cycl es of Steﬁ§§Q? WO calibration curve;, and .

16. A method as claimed in claim 11 wherein the electroanalytical technique comprises linear
sweeps of the energy input that are performed at a slow rate and then calibrated versus

concentration of the target constituent.

17. A method for executing a measurement of a target constituent of an electroplating
solution using an electroanalytical technigue, the electroplating solution including one or
more constituents whose by-products skew an initial electrical response to an energy
input of the electroanalytical technique, the method comprising the steps of: |

a) removing an amount of electroplating bath from an electroplating reactor;

b) eiecuﬁng an electroanalytical technique measurement using the electroplating bath
removed in Step a, ensuring that the measurement is taken during the electroanalytical
technique process as it approaches or reaches a steady-state;

¢) comparing the resulting measurement with a calibration curve to determine an amount of

the target constituent in the electroplating bath.
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g) calculating the amount of the target constituent based on the conparison
made in Step f. 25. Amethod as ctgd aim 24 wherein the

el ect r oanalwgigggdsed €Chni que corrprl S Tﬁbﬁcsmﬂpm§gﬂgu I ta ('? Stri gpi ng.
26. A method as clained. in claim: ~wherpei-n: 4he el'ectroan %{’. PApes
techni que conprises cyclic vol tanmet’ -+ PREAG- 27 A net hod as
clainmed in claim24 wherein the el ectroanalyii cal t echni que conpri ses

chronoanperonetry. 28. A nmethod as clainmed in claim24 wherein the

el ectroanal ytical technique conprises chronopotenti orret ry 29 A et hod
as cl ai medig, '}\ﬁieﬁioﬁ‘a%lﬂiﬁédﬁﬂd?m}rhﬂﬁﬁ&%rtﬂé‘&@é 219k i SofmBHEls cﬁr c
linear sweeps of the energy input that are per at a s i

then calibrate ersus centration of the target const i tuent 30.

met hod as cl & Wﬁ%ﬁ] rein the target constituent conprises a
suppressor. Page 7 31. (Amended) A nethod for a neasurenent measuri ng
a target constituent of an electroplating solution using plating and/ or
stripping el ectroanal ytical technique, the el ectroplating solution -

i ncl udi ng mmmeﬂiMrascmnnednm}amebﬂemtm/elpcmnﬂyﬂcakMuewmpnﬁs cychc -
el ectrical response to an energy input of the electroanalytical technique,
the method cQigRhinfdeRst ifig.eps of: a) renoving an anount of elegtroplating -
solution from an el ectroplating reactor;

20. A method as claimed in claim 17 wherein the electroanalytical technique comprises

chronoamperometry.

21. A method as claimed in claim 17 wherein the electroanalytical technique comptises

chronopotentiometry.

22. A method as claimed in claim 17 wherein the electroanalytical technique comprises linear
sweeps of the energy input that are performed at a slow rate and then calibrated versus

concentration of the target constituent.

23. A method as claimed in claim 17 wherein theé target constituent comprises a suppressor.

24, A method for executing a measurement of a target constituent of an electroplating

solution using an electroanalytical technique, the electroplating solution including one or

e
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b) addi ng an anount of virgin make-u

sol ution R’g %@ anount of el ectropl Tﬁ§I gg%m&&tﬂ& in Step a; c)
execut i ng EOAETAP pl ati ng and/ or stk L&Gﬂﬁoanal yti c&cm?ﬁﬁe
measur ement process using the el ectropl ati ng so f.ormed in Step b,
ensuring that the neasurenent is takén dug ng the el ectroanal yti cal

t echni que neasurenent process after pl ati & or stripping power has been
provi ded for a predeterm ned period of time beyond which effects of the
by- products onthe i n | at] .tr' Ln ortion of the

el ect r oanal A% %E&‘F@ﬁ'ﬁ B‘T"g § g‘}&f g%‘%ﬁ?gﬁﬁ‘[‘fmhe
t ar get constltuent to the am)unt of electroplating solutiton; e) executing a
net al pl at i pubekthe elestrpanghiticyl teshniqueoths methadcamp mﬁqa@?ﬁeﬁaur-emnt
process using the electroplating solution of Step d, ensuring that the
nMeasur ened) remevihg ke amdunti afglectreplatiwgbath Soal attéletatoplaﬁnglt'ew; nmeasur.enment
process after plating or stripping power has been provided for. a

Do cs o A€l bl th lawfeblohrbosds ubig U elBeiplary i { e
h I, bl .P 8 f
E\ggeglsglrjs ?""que IS{fp ¥ ' a&@}tb[e %?FW@P&P@% %1ﬁg£§mﬁ Faﬁcqﬁﬂay?%a]answer

a logic criteriga,;
‘technique measurement process as it approaches or reaches a steady-state;

el ectropl ating

c) adding an amount of the target constituent to the amount of electroplating bath; . - .

d) executing an electroanalytical technique measurement process using the electroplating bath
of Step c, ensuring that the measurement is taken during the electroanalytical technique
measurement process as it approaches or reaches a steady-state;

e) repeating Steps ¢ and d as necessary to generate a slope, or to otherwise gather enough data

to answer a logic criteria;

f) comparing the measurement results obtained during one.or more cycles of Steps ¢ and d to |

a calibration curve; and

g) calculating the amownt of the target constituent based on the comparison made in Step f.

25. A method as claimed in claim 24 wherein the electroanalytical technique comprises cyclic

pulsed voltammetric stripping.

26. A method as claimed in claim 24 wherein the electroanalytical technique comprises cyclic

voltammetric stripping.
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g) conparing the neasurenent results obtained during one or nore cycles of
Steps d and e to a calibratjon curve;--and h) cal cul ating the am)unt of the
t ar get constmg;msdgased on 't he conparl S m;mﬁgan@ ‘BPE fgﬁ%[ﬁggéod
as clainmed in claim31 wherein the el ectlk oanal [ que

cyclic pul sed vol tamretric stripping. 3 ainmed i-n claim3l
wherein the el ectroanal ytical technique conmzises cyclic voltametric
stripping. 34. A nmethod as clainmed in claim 31 wherein the

el ectroanal yti cal techni que conprises chronoanperonetry. 35. A nmet hod as
clainmed in 27.2A meBiodwul elaihed infaifl Brivhéereirthy Ek@t?&anh?ﬁbd]'téﬁlﬁl 83 és
chronopotenti onetry. 36. A nethod as clainmed in claim 31 erei

el ectroanal ytighadn gﬁ?%hﬁ#g conprises |linear sweeps of the energy. anut _
that are perforne 3 w rate and then calibrated versus concentration

of the target constituent. 37. A nethod as clained.in claim31l wherein. -
the target constituent conprises a suppressor. 38. (Arrended) A et hbi:F for
measuring a target constituent of an electroplating solution using an

el ect r oanal 38-iA methodas slaimed intdlaim24-wherein the elegiroaphlytical technixjuetomprisess: or
nore constituents whose by-products Page 9 skew an initial electrical
response to t ehionopotentistheryoet hod conprising the steps of:

29. A method as claimed in claim 24 wherein the electroanalytical technique comprises linear
sweeps of the energy input that are performed at a slow rate and then calibrated versus -

concentration of the target constituent.

30. A method as claimed in claim 24 wherein the target constituent comprises a suppressor.
31. A method for executing a measurement of a target constituent of an electroplating -
solution using an electroanalytical technique, the electroplating solution including one or
more constituents whose by-products skew an initial electrical response to an eneréy
input of the electroanalytical technique, the method comprising the steps of:
a) removing an amount of electroplating bath from an electroplating reactor;
b) adding an amount of virgin make-up solution of the electroplating solution to the amount
of electroplating bath removed in Step a;
¢) executing an electroanalytical technique measurement process using the electroplating bath
formed in Step b, ensuring that the measurement is taken during the electroanalytical

technique measurement process as it approaches or reaches a steady-state;
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a) renoving an anount of electroplating solution from an electroplating
reactor; h) providing.an amount of VipHg g p tion; c) executing a
metal pl at‘%’ﬂa”é?f’d?or stripping. el ect r'oanajm%? nhi que PEHUSAYOAERI
process using the virgi-n make:up soltstion |_in Sep b, ensuring that
the measurerment is taken during the electr 531_nal ytical technique neasurenent
process after plating or stripping Dower has been provided for a

predet erm ned period of time beyond which effects of the by-products on the
correspondi ng.pl atin r.strippin ortion of the electrpanalytical

t echni que%#‘ﬁ‘gﬂ efg*f‘ﬂﬁ%fﬁgﬂﬁﬂﬂ%%@ﬁwmt eqtop ,It}éﬁ;ng sof uti on
removed in Step b to the virgin make-up solution formed in Step b; e)

execut'i ngelexeciting aul ehectiognalytivebtechniquepeasyrement progessaising the klectropiatingbath

L

measur ement process using the el ectroplating solution of Step d, ‘ensuri.ng

that the. meafStedrhsiring!thitale ledsufandnb i tetenciuting e olbdtfoahalytiohltbdhntque
measur enent process after plating or stripping power has BTeen :ipr'ovi ded for

-edet 'xﬂ%n@ﬁ{' 'ﬁ%p?ﬂféﬂé Y Gitbs &f Siapf- the by- duct s .
?hgrgo'rerg;g]on I ng SF%%%% strippl gé’ porti g’rf'&-%gyt e el égt?‘r'igafri[aﬂqy?icc; o
t echni Lqgi bl e.f ti St d t
gencr at'e. D TEReSBE Sigbe 350 e Ae AR Sey B Bt e F5 0.0 PR ARpetcroggh data

criteria; g) conparing the neasurenment results obtained during one or nore’
cycl es of -St eptp answana OZICCTHERA| i br ati on curve; and h) calculating the
anount of the target constituent based on the

g) comparing the measurement results obtained during one or more cycles of Steps d and e to

a calibration curve; and

h) calculating the amount of the target constituent based on the comparison made in Step g.
32. A method as claimed in claim 31 wherein the electroanalytical technique comprises cyclic
pulsed voltammetric stripping. -

33. A method as claimed in claim 31 wherein the electroanalytical technique comprises cyclic

voltammetric stripping.

34. A method as claimed in claim 31 wherein the electroanalytical technique comprises

chronoamperometry.

35. A method as claimed in claim 31 wherein the electroanalytical technique comprises

chronopotentiometry.
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conparison nmade in Step g. Page 10 39. A method as clainmed in claim
38 wherein the electroanajytlcal t cyclic pul sed

vol t anmet weo seikTsiepi ng. 407 A e T8 SﬁEﬁl HAYEEENA ci a Mpc3Rysbhesesd N the
el ectroanal yti cal techni que coppri es CYRBPLACBDbI t ametric stripping. 41.

A nmethod as clainmed in clairm 38 wh the erectroanal ytical technique
conpri ses chronoanperonetry. 42. A nmethggas clained in claim 38 wherein
t he el ectroanal ytical technique conprises chronopotentionetry. 43. A

met hod as claimed in claim38 wherein the el ectroanal ytical technique
conprises |linear sweeps of the energy input-that are-perforned.at a slow
rate and then calibrated versus concentration of the target constituent.

44, A Cfhefitd %ill] E? ;Eg g&th"&@ h‘gﬂ t

conpri sers@éamsuppr egégiraﬁﬁ %lﬁ#%l%%ﬁw& ay%@ﬁmsas géérhéle
constituent of an ectropl at i sol on,usi el roa tJ cal

t echni que, W@eﬁl@&?m@ﬁm tg%l mﬁéﬁ’iﬂﬁg @ngih%"gg@g‘?‘#s‘feﬁuﬁents ‘
whose by-products skew an initial eI ectrical response to an energy input of
t he el ect r oznndeptratier ofi the tanged Gonstitdent.net hod conprising the steps of: a) ~ -

renovi ng an anount of electroplating solution from an electroplating
reactor; b) providing an anount of virgin make-up solution;- . .

37. A method as claimed in claim 31 wherein the target constituent comprises a suppressor.

38. A method for executing a measurement of a target constituent o;f an electroplating
solution using an electroanalytical technique, the electroplating solution including one or
more constituents whose by-products skew an initial electrical response to an energy
input of the electroanalytical technique, the method comprising the steps of:

a) removing an amount of electroplating bath from an electroplating reactor;

b) providing an amount of v1rg1n make-up solution;

c) executing an electroanalytical technique measurement process using the virgin make-up
solution formed in Step b, ensuring that the measurement is taken duriné the
electroanalytical technique measurement process as it approaches or reaches a steady-
state;

d) adding an amount of the electroplating bath removed in Step b to the virgin make-up
solution formed in Step b;

€) executing an electroanalytical technique measurement process using the electroplating bath

of Step d, ensuring that the measurement is taken during the electroanalytical technique

measurement process as it approaches or reaches a steady-state;
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Cc) executing a netal plating and/op_stri pp| ng el ectroanal yti cal

t echni que nt process. using tMEHIS 69 e=1p solution fornmed in
Step b @g@giﬁﬁﬁmd) addi ng ‘an .anoufft of 0P eﬂ'@cﬁf&p at i rRFEHU9(0065
renoved in Step b to the virgi i nmake- p—s

f4AGEDf ormefl in Step b; e)
executing a netal plating and/qr stri ppi ng | ectTUamadyti cal techni que
measur enment process using thes el ect.ropl ati ng [ bath} solution of Step d,

ensuring that the measureneritis taken during the el ectroanal ytical

t echni que tin tri has

o oot DRSSk ARG Belblfl hetbtEe Do Wb ile eBhe B3 B e
by- products on the correspondlng plating or stripping portion of the

el ect r oanal yt i t0-ANSWEL M INGFLENEHA negl i gi bl e 3 adding an anount of the -
target constituent to the solution formed in Step d; g) executing Jan a
net al pl ag) coynpaningdhe sieasupgmment rgsits obtained dyting are amdxnlcyuks ofBteps, drmdfe to
process using the solution formed in of Step f, ‘énsuring ‘thattThe -

nmeasur enent i sgcAtRRicHEUrRg ahde el ectroanal yti c;al t echni que rreasurerrent

process after plating or stripping power has been provi‘ded for "5

Cor r espontl B p’?‘fnl% n%,g%*%’&%t"‘?. ke poret?*%%e‘{#eeﬁéﬁ% L naﬁ%@q%@%é’“ e

39. A method as claimed in claim 38 wherein the electroanalytical technique comprises cyclic

pulsed voltammetric stripping.

40. A method as claimed in claim 38 wherein the electroanalytical technigue compriseé cyclic

voltammetric stripping.

41. A method as claimed in claim 38 wherein the electroanalytical technique comprises

chronoamperometry.

42. A method as claimed in claim 38 wherein the electroanalytical technique comprises

chronopotentiometry.
43. A method as claimed in claim 38 wherein the electroanalytical technique comprises linear

sweeps of the energy input that are performed at a slow rate and then calibrated versus

conceniration of the target constituent.
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technique are negligible h) repeating Steps f and g to generate a

measur ement curve; i) calculating the aneurt—ef—the~-t 4 constituent

based on t o swsasser ement “curve obt ai ned i PHISSHEER. HAfs BEEN | P} 0S8 @sse
claimed in claim 45 wherein the el ect r.danal yREREACEDec hni- chue COnpri ses
cyclic pul sed vol tammetric stri pping. Z7 A netnod as claimed in claim
45 wherein the el ectroanal ytical techni que3gonprises cyclic voltametric
strippi ng. 48. A et hod -as clainmed in claim45 wherein the

y

el ectroanal ytical technique conprises chronoanperonetry. 49. A rret hod as
cl ai med" i d4cAanethetbasdisifmed in ¢l 84 %&feﬁﬂ!&ék&éﬁ%ﬁsﬁt@&ﬂ% gﬁs&c‘%{gﬁ
chronopotenti onetry. 50. A nethod as clained in claim45 where t e

el ectroanal ytical technique conprises |inear sweeps of the energy input
that are perforned at a slowrate and then calibrated versus concentration
of thetar t uent . nmet had as cl ai ped.i cIa|m45 wherein~
the target 9&&@9{@5%@3&%?%@%&6@% ?ém?th@menteg Platingst hod for
nmeasuring a target constituent of an el ectropl ati ng sol ut | on using an

el ect r oanal ytolution using asi sdesiroanalytice] technigiys, theiclegtroplating solution ingliiding eneeoror

nore constituents whose by-products skew an initial electrical response to
an energy i npote cohstithentewhosebyaproduyotd skatv dndsitial éle@ricdl kespalsdedinGasipy Si ng
the steps of: a) renoving an anount of electroplating solution from an

input of the electroanalytical technique, the method comprising the steps of:

a) removing an amount of electroplating bath from an eleétroplatiné reactor;

b) providing an amount of virgin make-up solution;

¢) executing an electroanalytical technique measurement process using the virgin make-up

solution formed in Step b, ensuring that the measurement is taken during the
electroanalytical technique measurement process as it approaches or reaches a steady-
state;

d) adding an amount of the electroplating bath removed in Step b to the virgin make-up

solution formed in Step b;

e) executing an electroanalytical technique measurement process using the elecu'oplating; bath
of Step d, ensuring that the measurement is taken during the electroanalytical technique
measurement process as it approaches or reaches a steady-state;

f) adding an amount of the target constituent to the solution formed in Step d;

g) executing an electroanalytical technique measurement process using the solution formed in
of Step f, ensuring that the measurement is taken during the electroanalytical technique

measurement process as it approaches or reaches a steady-state;

h) repeating Steps f and g to generate 2 measurement curve;
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el ectroplating reactor; b) providing an_anount of virgin nmake-up solution

C) executi el ectr.oanal yt.i cal_ techm : ; process using the
virgin nak@?{?g}}gﬁput_i‘ on f or?/reg in’Ste )WQEJ%&E;LE&H% unt BFT/YSIN6E9
make- up sol ution to -the.arbunt:.of el ebtropl Lol utijon removed in st ep
a; Page 13 e) executing a plating and/ 059_st ri ppi ng el ectroanal yti cal

t echni que neasurenent process using the el&ctroplating solution of Step d,
ensuring that the neasurenent is taken during the el ectroanal yti cal

t echni que,neasur.e t _proce ajter plating,or,strjppin ower has pegn

or ovi ded DOPISAASPEARE sRAFH 23 Ut e oBpsibiaRELiied G e FiearbrBmPiL susve pbisied
by- products on_the corresponding plating or stripping portion of the

el ectroanal yti E9tP Bchni que are negl i-gible f) cal culati.ng-the. s} qope of the
measurenents taken in Steps ¢ and d; g) conparing the neasurenent results
obtai ned during Step .f to a calibration .curve to calcul ate the anmount of

the target constituent. 53. A nethod as clai'med in cl'aim 52 Wherein the
21, ect 1 0angh yA felod BElimed i QAPAS FEECEUAL bEcRnaRH Q&iﬁ@ﬁ' tﬁfohgnﬁ' LyRRE NI
54. A nmethod as clainmed in claim- 52 \Ahereﬁﬁ"n t g?lect r oanal:y _”C%{éﬁﬂb

t echni que Q%qﬁ’sreh%ﬁ %X%Hcclvol.ﬁga}mret:r _i__(_: st_ri ppi ng..__.

- 47. A method as claimed in claim 45 wherem the electroanalytical technique comprises cyclic

voltammetric stripping.

48. A method as claimed in claim 45 wherein the electroanalytical technique comprises

chronoamperometry.

49. A method as claimed in claim 45 wherein the electroanalytical technique comprises

chronopotentiometry.
50. A method as claimed in claim 45 wherein the electroanalytical technique comprises linear
sweeps of the energy input that are performed at a slow rate and then calibrated versus

concentration of the target constituent.

51. A method as claimed in claim 45 wherein the target constituent comprises a suppressor.

e
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55. A nethod as clainmed in claimb52 wherein the el ectroanal yti cal

techni que conprises chronoanperonet y;-m A—pethod as clained in claim
52 wher ei nwigwy@kPct roanal ytical: te¢h é’EéBI’MSIm hron {_ai. E%J gg&try
57. A method as clained in c|aimi2. EﬁLACﬁhe el gct r oana éq

t echni que conprises |inear .sweeps of- “the energy—Tnpw that are perfornmed at
a slowrate and then calibrated versus conqgntratlon of the target
constituent. 58. A nmethod as claimed in claimb52 wherein the target
constituent conprises a suppr essor . Page 14 59. (Amended) An appar at us

for mai nt @hnARRethod fiP REutif; gng a a&tqgaan%rgeﬁdaﬁmﬁaﬁ%%ﬁ%ﬁe&o

el ectropl ati ng bath corrprl S e extraction unit connected to -

automati cal | y,renoved an ctro

ol ect r opl at | TRVCEeSe S R ik R tholiBid splyBPh Mbwting e o1 -
sanpl e obtai ned by the bath sanple extraction unit;, a constituent dosing*
suppl y unit WSRReBSEYCRts Whoss hydprogducts skewran igitial glec ?‘ﬁﬂd&@@éﬁ&%%ﬁy to-the
electroplating bath of the el ectroplating tool; a programmable control unit
connect ed tompumﬁtheebcmoanalyhcd)equub,ahhmﬁmﬂlcemmsmgdhe stepaoftt-for -
control of the extraction of the bath sanple fromthe electroplating bath

of the el &ér@@hﬁgw&nbmlofmﬁﬁigsbaq{ frb@nRidcopRtiRg feakRrl he -

el ectroanalysis unit, b) t

c) executing an electroanalytical technique measurement process using the virgin make-up
solution formed in Step 3, ensuring that the” measurement is taken during the
electroanalytical technique measurement process as it approaches or reaches a steady-
state;

d) adding an amount of virtual make-up solution of the electroplating bath to the amount of
electroplating bath removed in Step a;

e) executing an electroanalytical technique measurement process using the electfoplating bath
of Step d, ensuring that the measurement is taken during the electroanalytical technique
measurement process as it approaches or reaches a steady-state;

f) calculating the slope all of the measurements taken in Steps ¢ and d;

g) comparing the measurement results obtained during Step f to a calibration curve to

calculate the amount of the target constituent.

53. A method as claimed in claim 52 wherein the slectroanalytical technique comprises cyclic

puised veltammetric stripping.
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el ectroanal ysis unit to execute an el ect roanal yt I cal technique to determ ne
an anount tgg 5t“slrget cogstltuent ThisC R anpl e, and %the
constituent dosrng supply Gnit to p ov% d P T4ey99/09659
constituent to the el ectropl ati hy-blafs ofREFbEEQI ect r¢pl ati ng tool based on
t he amount of the target constltuent measur gd_ 1 T bat h sanpl e t hrough
the use of the el ectroanal ytical technique wherei n the pr ogr ammabl e control
unit controls the electroanalysis unit to execute a netal plating and/or

31 et T onnat & eRARHsRERin ARG Pigehlnd PekpoFATHER shdbblans oporiss vetic

process after ﬁl ating or, S,tl’l ppi ng power used by the el ectroanal yti cal

t echni que has” e&? PRIBEf or a predetermined period, of ti.pe.peyond which
effects of any by-products on the corresponding plating or stripping
portion of the electroanalytical technique. are.negligible...
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55. A method as claimed in claim 52 wherein the electroanalytical technique comprises

chronoamperometry.

56. A method as claimed in claim 52 wherein the electroanalytical technique comprises

chronopotentiometry.

57. A method as claimed in claim 52 wherein the electroanalytical technique comprises linear
sweeps of the energy input that are performed at a slow rate and then calibrated versus

concentration of the target-constituent.
58. A method as claimed in claim 52 wherein the target constituent comprises a suppressor.

§9. An apparatus for maintaining a concentration level of a target constituent of an
electroplating bath comprising:
a bath sample extraction unit connected to automatically removed an axﬁount of electroplating
bath from an electroplating tool;
an electroanalysis unit connected to receive the bath sample obtained by the bath sample

extraction unit;
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‘a constituent dosing supply unit connected to provide an amount of the target constituent to
the electroplating bath of the electroplating tool; 2 T e
a programmable control unit connected to communicate with a) the bath sample extracﬁq_# a-
- unit for control of the eXtraction of the bath sample from the electroplating bath of th; -
electroplating tool and supply of the bath sa:ﬁple to be electroanalysis unit, b) the
electroanalysis unit to execute an electroanalytical technique to determine an amount
of the target constituent in the bath sample, and c) the constituent dosing supply unit
to provide an amount of the target constituent to the electroplating bath of the

electroplating tool based on the amount of the target constituent measured in the bath

sample through the use of the electroanalytical technique.
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