METHOD AND APPARATUS FOR PLATI NG SCLUTI ON ANALYSI S AND CONTROL

CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clains the
benefit of United States Provisional Application Serial No. 61/012, 998
filed Decenber 12, 2007 and entitled "Method and Apparatus for Plating
Solution Analysis and Control,"” the content of which is incorporated by
reference herein in its entirety. TECHNI CAL FI ELD The present
invention is related to the analysis and control of a plating solution.
More specifically, the present invention provides an inproved nethod and
apparatus for analyzing both organic and netallic ion conponents in a

pl ati ng solution and for adjusting the concentrations of those conponents
to optim ze the physical attributes of a plated fil mwhile achieving other
useful objectives such adETHONANDAPPARATEGIFORBRATJINGusage. BACKGROUND

ART Copper filns are SOIEESN ANAL ¥SES AYPACONTROL conduct or devi ces as
a replacenent for alumnumin the fabrication of electrical conductors.
Skilled artisans will appreciate that copper conductors have a variety of

benefits including higher conductivity and reduced susceptibility to
el ectromi gr at i GROQSHREFERENCE TS BELAJED APPEKCATIONS Nevert hel ess, the
application of copper conductors includes certain drawbacks, one of which

is a decreased adhegis@pplicatish @higsid KenéfitloT®/nbd Statea Peovisiglabyed to separate
conducting paths within the senm conductor devices, The redﬁced adhesi on of

d d
copper to cert APplicatien Berial Neo. 6012998 ided Berembeil % d0Wetpdreatilett ¢ nechani sns
whi ch reduce tRgmbd hid XpRatEORPPlating SNISGT Rhadysi SHRKUnfb], Yhd oMy
dielectric materials are introduced in associ a¥| on with advanced
seni conduct or pf wiel isiingprpaabhby edgrence hereindp éis petitilyd of mnitigating the
probl ens associated with copper conducting filnms is to coat the copper
surface or surfaces with an additional material having higher adhesion to
dielectric materials. One proposed technique involves the elcctrol ess
pl ati ng of cob osphide (CoWP) onto the copper filmbefore
application of %ﬁ%ﬁ%?ﬁfﬁl | m The el ectrol ess plating process involves
pl aci ng a sem conductor device undergoing fabrication into a plating
sol uti on whi ch sel &be presdnyingerpioniis wlatddeo Gr\aRalysis enpenndd! efoppatimgret al onl y,
and does not r ire.an SKi [ i.cati
el ectrical cur rgog#fos? . @?{é Sﬁgﬁaﬁg t@%ﬁﬁ%?@ﬁv%@%pg%ﬁrgoe?%%% %rﬁé%aﬁﬁ%@é%ni c and
i nor gani ¢ chemugkdppaane doremblszing both orgiheraad imetadlinioa lcempenchtsendesired film
and cause its alr owt h _sp as :fo RY oduce desired Fh tshcal and cpem' cal
properties suchades sobuaand fgs £ EORPPIHAUORST LEROFESEMPANHESIP i n
structure. optliliz@ R pBYAEHD h@riktiesd R IpBhddmSWhil dchitvinglotiehgsedliect r ol ess
pl ati ng of CoV\PI,)‘ cobalt chloride or cobalt sulfate is enployed as a source
for cobalt i ongbiediygs snehmepgmigies Vastemd dhgsisabissage-sour ce for tungsten
i ons, and sodi um hypophosphite is enpl oyed as a source for
phosphor us-contai ning ions. The organic chem cal di nethyl am ne borane
(DMAB) is enployed as a reducing agent for reducing the cobalt and tungsten
ions. Typically, i\jytiates the netal alloy plating on the copper
surface. Afterﬁﬁrél{?gﬁ%%ither reduction occurs partially by action of
the DMAB and by hypophosphite ions, which also participate in the
reactions. |n convERPRESAANS EF drcreasmrlyempipyedin misapductprfeyicss 2%4 ng sol uti on
receive el eC”PéIirB] c%rh%ﬁf&%%i}a%’lﬂ't eHNcht HEL 86t f'c&h'&@ctfh@.e@kﬁ@h' y reduced
to metallic for n electroless plating, the reducing electrons are
suppl i ed by t hertishemit abpredata than gorpgestindugtors bayd aydnsty efdendfitsuch as citric
acid may be enpl oyed . ,tq stahilize tal ions in.sol.utjion and to reduce the
possibility Oppnézg%img&“@gﬁgo E%tbvﬁ%'c?gﬁ fei%S%?d S&S%ept{?t@ﬁ%(:t? iegté%mﬁgﬁart‘toﬂer act as a
le adj uster. (whic}&i%grm; tifiecedenaslity). Aevertel &S,Sthe ﬁmiliﬁhbiﬁﬁcﬁ'cbﬁpe; he pl ating
solution arc consuned and waste products may accunulate. |n order to ensure
that the pl ati ANWUEPTHINGAdE SFAR Fiad, ks it 1Y AR P ACQIEASed siegion to

concentration LRLER filhswhidhGEESRAbYed!t séRASIER BN he AN Sithid\@e COMPONeNt
concentrations. One approach, o
semiconductor devices. The reduced adhesion of copper to certain dielectric

materials can lead to new failure mechanisms which reduce the utility of copper



known to those skilled in the art, is to take a sanple of the plating bath
and perform conventional chemcal titrations to determne the
concentrations of the plating bath constituents. A disadvantage to this
approach is that it is slow and tedi ous. Another disadvantage is that the
titration results in a significant amount of waste generation and a need
for supplying additional chem cals needed by the titration process.

Finally, the tidntadibresPécR§Ss né'® dieydirivahdtyrigodie intioaaced Wayssbeiaiont he process
equi pnent performng the electroless plating process. Additionally, matrix
effects may cowfthad@nesdsemicopductesprosessinedechnploghi ch t he presence of one
chem cal conponent inhibits or alters the quantitative determ nation of

ot her conponents. One me#ibll bEm@iatifg the petdlgmstassocatddonich dopped doaductiog t hose
skilled in the_art have proposed pethods, for . ontr&xl. of electroless plating
bat hs. For exafigsds to£oa0Ap FPPGLIYr ﬁ%?rrﬁuﬁfa%efl"‘i“%‘ﬁflﬁ& e M iaViNg has been

di scussed as anigRirhakksiod (G BRIKER AN, CORQIBRRENeshriquedn cdRlilie t ungst en
phosphi de (CoWP) el ectrol ess gl ating solution. Qther articles_have al so

suggest ed UV- vilecteglpse pletirgofsiobalt binpsierorhospids (Co Wdtostiha serpshiilt t he
concentration I j Ln M RE 1 R%g SPegbivescopy has
al so been gi veﬁéf%gﬁb@%ﬁllgrgéfpdo@%%@gﬂlj{)} g}pl)%%cabl ep_taé ecm)ni toring of
chemi cal sol ut platisg aisénhic@reliciondeli@atndelzeing fabriastiongntoSlpldtinggokution sans wi | |
appreciate that,effective utilizati of these techni.gu f l.ating bath
control woul d Bgﬁéfﬁfwfv?lgrﬁe%os&@@ﬁidfog’gp P%Sé%‘%s%‘gc"é’g grh%%%tﬁgg 39 ‘%crlfgefyt i cal

t echni ques mayndhigeqi@@hNedskamtsteR vk applicatbn of exterpeledtfitat alrgnts. Miehods ar e
needed for using quantjtative results obtained from ghese s}xgstems for the
real -time or nRAHNgWHUOPiTRCARRIPION obprapis apf HOTEAGICAFRICaIFPRETYS a4 means
of measurenment wand i GAALHOhuQbatd M dBRHIINE af@EdsS ROgBHH &b £eFTBioaadd on Wi th
spectroscopi c techni ques would advance the art. Skilled artisans recognize
that pH is a néwied physicatand chyuicalmrepariiesu¢bHsGempeBtee AeRERGH. i n sol uti on;
pH i s approxi nptely e l .. o[ H30+], where [H30-1-] is the hydronium
i on concent ratrr?%ér?lmixsﬁ’ %I%é%ﬂg@c l%le't er of solution. Therefore, what is
needed is an inproved neans for neasuring and controlling concentrations of
chemical constit uektaneiexaraplppae plagnpealption far the plepteqlesy platige SPWH i s needed

whi ch conbi nes filig FRAGDL a'oi)mffsmaie a@@ﬁ,ﬁfopwésragsomg fSGUBEaMhakbARS Of
d neta he" p I

organi c constituents an s int ating bath, as well as a neasure
of the pH of thegpitais anplipat s asotrcadt hinggerf ions, ahd sadiyny hyephpdphite isg bat h
constituent concentrations s? ag tp$ @r odL{c.%. pl.ggseq.hgi 1I[msi Qggrinrégl desirabl e
physi cal and cHBRPER B 8PE&F t9 Lo PYRESTRL et s "SRGETT DE™“Ar gel y i nune
frommatrix ef figets/latde bérand @MABY Alegnpldyed acOrgdaciag baeat for sddacinhg thene
interval to enable real-tine or_near real-tim,e_(l:ont ol ?flf‘ he gl ating bath.

SUMMARY OF THESIURAVERgriuogpten ions. Fypcady,fBe BYAR indtigesdne metel phpymidngr esent

i nvention whi chy, Pl@Ssit SurficBEARCCInARHoR TP Aliatith Jclirs pawRIy B @ pl ating
bath by drawi ng a conparatively snmall anount of plating solution by nmeans

of a sol ution kationtof e ¥ 4Band e hyprphesphitg ianhevigeh use patieipataifthew cel |

havi ng a Ranan r 5 Lsible |] 8 d S.. The
canpl'e s add ITOEp SrEhEuBRY ek mclstiths RRPHMAARN Blon (ol | TP
capabl e of si nelkétame fiom diBasuiad pewer supplynahd amplckemicgiiynieduced npmeliics, and i s

used in a particul ar enbodi nent of the .present inventi for .the

det ermination 8 di?ﬁﬁﬁm?%fwnﬁgn%d{‘%ﬁgu‘(‘m%m&%W@émpﬁﬁgi%ESﬁhei Femigal b) ati ng
sol ution. Addi tddadiag hgent. t N@olRpIRINg 3P&HE bEATE LRYic &30mRAg besmpRy&altof or t he
measur enent of i norgani c conponents such as hypophosphite, phosphite,
borate, tungst selizametabionein sphiien pedigordics Erctrest HENAIFBIEHEPYS r ange of
operation for h8nbBshi N gcldichn ththdilat & h@ifadfiler) Spectrometer i s used
for determ nation 8 the netals concentration in solution. These ions may
i nclude, but are ngot limted to, copper, nickel, cobalt, iron, palladium
and platinum DufFﬂ%thﬁlquﬂSBlﬁ’é‘m’é%%Feé‘gaﬁ?&@ﬁ pg’ﬁpgéﬂ“t&%‘ﬁﬁnt ration (pH)
of the platingcsRhMbd 4 wRARDBMI O AbuhDER! RPbALLER AsiréHeMat ure sensor
to enable correlations of the pH nmeasurenents with the plating bath

t enper at ure. Aplebng sadtionyrensitvanisdemaimavithin destralle conpgntsftion Igyelsrbisi ty r eagent

The moasur onent & Raneom ke ek b bRt Rlbl ST BRGE. T and

the pH probe. The control system enploys a nethod for adjusting dosing
additions to maintain a proper plating s»lution conposition and vol une.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is an apparatus for sanpling
a plating bath according to an exenpl ary enbodi nent of the present
i nvention. Fig. 2 is an exenplary bl ock diagram of an el ectrol ess

pl ati ng systemwhich utilizes the present invention.



Fig. 3Ais a graphical representation of titration response data show ng a
change in pH as a result of adding deionized (D) water to 100 mlliliter
(m.) of electroless CoWPB sol uti on. Fig. 3B is a graphica
representation of titration response data showing a change in pH as a
result of adding a solution of tetranethyl anmmoni um hydroxide (TMAH) to a
100 mlliliter (m) of electroless CoWPB sol ution. Fig. 3Cis a

graphi cal reprggRnta i si@fied ih e, @no t&s RRNESle datha pitiagbay addr esul ti ng
solution pH as a result of adding a solution of one Ml ar lé%q’\%}'t ol ution of
t

citric acid topaforpGomyentipnal ghemigaktijratims & daigrppedhe CoRGHpEL Dn.

Fig. 3Dis a g J n [ ol thik abbrBAEH I € HRACH &S ISR Showi ng a
resul ting sol uél%gﬁg%ﬁl%%%ghﬁgu%?k%wgg ? ng 1a %%rl ut_ilon, of one Mdlar (1M

sol ution of di weichy| Amithe dizedantagé DVKBYhet tiragion GultH infaisignfigant amount f

el ectrol ess CoWPB sol uti on. ig. 4.1s a.qraphi r tion of a
generic res pon‘\élgwq‘siergegeréﬁﬁ%}ﬁngél ne?‘ii F)Ir g‘t‘ap&]\r}g ad%lt%ngilf‘?‘a&?églsﬂ%%aegﬁj ?g%egs an
exenpl ary f| owgtadioh pkexkssa Famliyfthotitrslidvaipagessab opicatly condwitedawviefratbsor bance
of a solution in a chem cal deljvery unit %CDLpl‘)1 has a hi gh.val je.

Fig. 6 illustr%eEEcsTs caYBmertReroMigEMitAcirpigss PEWEPIREEh HEHNG Eal cul ati on
when the absorhangerRfts tha§ebitbiufithé Ardichpestessah vaRdh tHepisendt bf dirs a | ow

val ue. Fig. 7 illuStrates an exenplary flowhart for_a solution

dosi ng cal cul aghedrcalpemnpanerighiibitoer altarsdheqanitatiye drrminetion pithethas a hi gh
di met hyl am ne p(ﬁ{‘a@o@lg «t DMAB) concentrati on. Fig. 8 illustrates an
exenpl ary flowchart ¥3r a sol ution repl eni shnent cal cul ation for a chem cal
delivery unit. DETAI LED DESCRI PTI ON OF THE | NVE ngIal. Wth reference
to Fig. 1, an exenPrislss idiadscaubbisations tappiar o wesscliedyr i a¥dnpri ses a
sol ution sanpl {n@ﬂos@@%e%@g R oRIN B Ak 15O Plali AEbARY. Hor Bxagi1élal 9itigTani f ol d
110. A plurality of process solution tubes 120, each of which include a
throttling val vatai@oicestéppina (S1Ved tachnighehasbeen distusied b p sicghottg analyze process
sol ution tubes he 1n.tur I -afing bath
having a pl ati %%%gg”%%(?%%,&s %Jég%bﬁ e gﬁﬁggq%ﬂgggﬁ%@??%%%ﬁ esgg%hz d (D)
wat er (not showstution. @tivdrdrtzhs huvd digp dulggespridSiénts spenrmistdapartechniques foeagent

chem cal sourcesg and deionized (DI).water are collectively referred to

bel ow as proced S EHUMCR° ?h_e Conce“tr'i)‘tﬁ’né’ﬁ "@Wéﬁ@p%ﬂ%ftﬁ? _ %Phe present
i nvention, thesjegmgenty uheRrb 6&dn SR ESSioh B@%}&&Qiaﬂyﬁﬁilmﬂlam fae borane
(DMAB), citric acid, a solution of tetranethyl amuoni um hydroxide (TMAH),
and a sol uti onmesitRrHigHf seeneied] splutiprsdilized inglackplessgiating Skilled grtisgigst at e

| uti , dW - - Al PG d i i . Skilled
sol ution), and,RhgsPReFOMS SRR \thggldn%?heéfteghn %J!%O Apnabde) - Skille

artisans will appreciate that a variety o atin ons are avail able
whi ch cont ai n vantiobwsuld bassfit &ooredeatailel teactong plew thase dfhkytich] sechisigihesns whi ch

foll ow are notmi n})endeﬁnédo ﬁe Itilm'rt(*' ng to a specific solution or
conbi nati on of "§OPUTTOHEC *HASER'EKT 1 ed artisans will recognize that other

conponents, such as a_ punping neans (not shown), may be incorporated into
t he sol ution sanpl Seryifzaly. cesthads pregispdaddeiusineonantiabyegesults obangd| e

he sol uti on ¢ . 0 _ -
ci reul ation of wBr9RES 3 FARTLPRL R DRRL ARG BAL ocHIGALAGEES ool uti on

tubes 120 nmay beé use conveyl ng process C nto or out of
t he sol uti on miwrthal dmtdB,of agasunchaa tsticdmyrobefrtbanslating delwgionlpH ikhe sol uti on

mani fol d 110 funct.ions as neans for, introduci rocess c jcals into the
bl'ati ng bat h aFETBIG G G et et aPinde R aROIFT r om t he
plating bath fg#is@Raépghiss thitpHR BedsadedE the hydronium ion (H;0+)

concentration in solution; pH is approximately equal to log;o[H30+], where

[H30O+] is the hydronium ion concentration in moles per liter of solution.



below. In this exenplary enbodi rent of the present invention, the plating
bath volune is approximately 8 liters and the sanple of the plating
solution is approximately 20 mlliliters. A first sanple tube 140A is
used to convey a sanple of the plating solution fromthe solution manifold
110 to a flow cell 150. A visible light spectroneter (M'S) 160 is coupled
to the flow cell 150 and is responsive to the concentration of one or nore
metal ions in SOl uireflfor, Wifar W ritbddaSs bl o R G PMP RisubiNE Bd 160 operat es
by Iight absorption, using techniques well known to those skilled in the
art. I'n an exeopiraltiyz emoetdiatiensofchemicel qonssisesnis in apkang Bah. {the visible |ight
spectroneter (VILS), 160 is a co redal g r Whi I E§%§ | i ght
enitting diodémvféb?a&?“?“ﬂ?%e?ag%ﬁ$@gnpgﬁﬁggsu g“ﬁ@?%?ggﬁgg in ggspecific
wavel engt h r anggcentixgor BF 550 covastialeats ghdimetalstii éhelplaying bathi as welbasdi ode ( LED)

is in the green portion of the visible spectr w th. a wavel e of range
of between appPeRWHEE QIGYWGQMﬁ%Qa& g‘tlgﬂl&&’gg%%ﬁ al&edwgtﬂéer pslsmﬁrt%y

enbodi ment s of ;ohHRuddk ESRBtratiBY LI s @ prRLLccHPAEd b hating editablei ze _
spectroneters operating at other wavel engths, including wavel engt hs outside

the visible ramyecaliand efregieal PES’_PB’éie?-eE‘ERJ‘H%qSVémPWS shaplg bepigelyimpue o ent

| ons. Addi Ui oMl Yoayrdd offelsRAT SRl FopePaud 3 BRIpEraliMAPsiRBAimORGaRSL er 10 the
present invention, such t%at each spectronmeter used is associated with a
speci fic ion. enable realtimachy acer agpd-tiofe cohieollof Higtplasing bathng di ode (LED) as a

| ight source is greater optical output as conpared with conventional (e.g.,
i ncandescent) sources, and longer lifetine and reliability, as well as a

| ower cost in conparison with |aser sources. An inportant attribute of the
light emttin i i | ¢l i cal power to penetrate the plating
sol ution. Ski %@ﬁ%@%ﬁw Wegbaﬁgg ate that solutions having different
metal ions will vary in optical properties (in particular, absorbance
versus wavel engt h) Tmet nehdst haye besntringrin the peiiseritenentionbieh ergens ¢i . e. |
different color).light sources.for the visihle.ld : . (VI'S) 160
w |l potential ff“lyth%%%“gﬁ“tapa?r%%‘ P for%%%rﬁélim&na %?ti"%ﬁgthr#@%g{m@gﬁ%g{l@ggﬁg%f
interest. The wHlipuiouaf oftpieingBalutioe bemeamsmfideolbijort ingputvnaiifoldearidi ght

spectrometer (VIS) 160 is usually expressed_jin terns of absorbhapce. The
absor bance ( ADROPVEYAng 18 sladpnig affoyy ??E’rhé@ﬁgégém&f‘ S???E‘O@B@E?’}dgarr@flg |'i ght

source (the tr@gmge%&@faa@%(b\ﬁ@. IHRIsaR E%&ﬂ&idmbﬂﬁ&ﬂﬂﬂeﬁﬁ@h%HipﬁébeSa_rTm e and
is given by the fornula; s - 2 - EOO‘I ogio(%) =logio(-). Typically, a
hi gh val ue of BisRantrarspectiometer is ¢agebladt simplrpgpysiasrewpmert of sxddrlat ed with a

hi gh concentrat i orn ' [ IO - ﬁﬁ{m{ﬁé topeter 170 is
al so coupl ed ?‘gg%ﬁ%gﬁ%’\?lvg%é’laﬁdi%% }nnp%arrlmél}(aér%ﬁﬁgry e ogﬁ:sﬁ%nt of the
present i nventineention fiw tRadaermipeion oddmstedrylabiife brasnea(PMAB) cakenmtion e '

emtting at 785 nanometers. At this elengt h he Raman spectrometer is
responsi ve to PR iitﬂf@tsﬁ{}’l%‘gﬂ‘i 2}85’15‘8?‘3&2%18#35"%%S%ch?rinﬁtﬁr %a(‘i’l%ﬁtl ﬁoyggrrpl e, and
produces an oufoptHe mdakiGBmbd of BRHPQNARI détpbents Hcl SV IeSBHHaap iGN pladsplitee

di net hyl am ne borane. Skilled artisans will appreciate that, Ranan

spect roscopy opfERtgtteRgsfaie, erbotheripns iespopeY e fodhe Brvalengthaares ot pRFralitier e t he
interaction of fof pehigdiSthehd. %vﬂiﬁl@li@ut?bﬂ?s?&hoﬁ%% tAlsky/rdrnvol ves ol ecul ar
vi brations. Because various organi c nol ecul es have different vibrational
states, it is ¢rpewittien pbthdimstalhepucertiraben insehition.glhgse iams mayundudeypes on t he
basi s of vvave! t?urt]g}ehno\/ﬁrrn%gg to, ce:'\gpD 20 %?ckglh%b%ﬁ}i%n' ggﬂiaﬁﬁmh-m&'él’a}imn
spectroscopy is responsive to a variety or’ organi ¢ chiem tals, and the

wavel engt h chosen for operation nmay be used to discrimnate between organic
chenical's even if alhsiplkpiobg Vleéﬂureé%g@ﬁp@“b'ﬁ’éﬁ?@ﬁm%atlﬁﬁép%)rféfst%ﬁla‘iﬁfg a single
sanpl e. - £ - i I of

t echni ques kno;&nmiog’ twoog)g&galy% ﬁ%ﬁ@%&{ﬁ%&g%&u@%&é@g ,gﬂgltbﬂere%é%%g?ﬁcti on in
an exenpl ary eofishelpereaswémetiewph eegiating hetiiemparatue. Alvoseel sygems t o
mnimze a volu of .sol ution required to fi.ll.the Il .. T mal | vol une
i s advant ageou@gleeS aﬂﬁhﬁ??ﬁ ia%of%%uba?‘gycfﬁ%%efl{)cr? e’é‘fcacshaé‘ﬁm%S‘é’P‘zﬁgg?@Wé’Lea to
reduce the costo thd plafieisohaios op dhetkisalf the nheasidrehents adsaybk Raghapr ocess. An
addi tional advantage is potentially faster mrrpéi nﬂ] tines bg/ reducti on of
the anount of PEFHANS thEMIS sRrstropatep 3hth By PHRIEOE nEhecapirolsysteger to obtain
a representative sanple of the plating bath. A second sanpl e tube
140B couples the flow cell 150 to a pH probe 180. The sanple of the plating
solution fromthe solution mani fold 110 4vhi ch was conveyed by the first
sanpl e tube 140A to the flow cell 150 is further conveyed by the second
sanpl e tube 140B to the pH probe 180 which provides a signal responsive to
t he hydroniumion concentration (pH) of the sanple. A third sanple tube
140C is coupled to the pH probe 180 and conveys the sanple of the plating



The pH probe 180 nmay be selected froma variety of commercially available
sources known to those skilled in the art. In addition to providing a
signal which is responsive to the pH of the plating solution, the pH probe
180 in an exenpl ary enbodi nent of the present invention provides a
tenperature signal responsive to the tenperature of the sanple of the

pl ati ng solution. The tenperature signal may be enployed to correct for
variations in {hg0aH FaRHRIH1LintHGhe ALHHns A mainti@SAblopaf platiiyyi g sanpl e
t enperature by thods known to skilled artisans. Signals fromthe visible
| i ght spect r onslwioncomgysitigandtvebinRaman spect roneter 170, and the pH probe
180 are used for calculating- replenishnent values for the process

chemi cals according to nethods that will be explained in detail bel ow.
Attention is now directed to Fig. 2, an exenplary enbodi nent of an

el ectrol ess pl gi,l ' e present invention. The

el ectrol ess pl gﬂ‘ﬁg"mﬁgg’ @g%ﬁrl??gg“g?%ﬁgm cal delivery unit 210
having a plating solution. The chem cal delivery unit 210 is coupled by at
| east one process s%'gultlis@haPHﬁb%uslfQOsqﬁa\}mE@Pb‘f‘“ﬂ&%@ibtaﬁ%n%%ﬂ% 130 to the
sol ution manif - j t, the chem cal delivery unit
210 is coupled ey pga\%ge%éégiérgg@%gg}{% tr?sgﬁm?ﬁggggﬁlzo to the solution manifold
110 to enable a first process sol ution.tube %%10 to act as a source for
removing a pl ating B8 1B R*EBRIPY L1k disrareo il aless Rty i ¢ 210 and
to enable a segQpd wAlALE BRHreRhUbhl@fofube 120 to act as a return for a
portion of the plating solution sanple and for process chem cal adm ssion
to the chem cal deljvery. unit 210, as indicat.ed.by arrows on the figure.
Process chenicals ar' '{a%l‘?iatﬁr@?‘cta re?‘f?ée”éagpﬂtoghﬁg%?r{?sfp(‘]?sc?v@?oshf’mn&?gh a
plurality of pgQRaess piPis el drub@isg d&Bnid&d (DIpWwetat ©d oo Aflladi(ihipopl process
solution tube 120 may be enployed for the discharge of a portion of the

pl ati ng sol uti &actepdest RgWER wiutionp| | ectively, the solution manifold 110, the
process solution tubes 120, and their associated throttling val ves 130
conprise a chen cal FigOB 5@l graphsdabiepet@éhtation of titrdilvd rédposde daarghbeingube 140A,
the second sanpl e tube 140B, the third sanple tube 140C, the flow cell 150,
the visible |igHrssidtt ssghgtuiotadqiag a sglgtion ofdetramathy! BB Phet er 170, and

the pH probe 1 @h%ﬂxﬂ@&xo@ﬁﬁﬁn&%ﬂ grEiecoadd oW éditidnal ogously as
described in reference to Fig. 1, above. An output signal fromthe visible

| i ght spectroneter (VIS). 160 on VIS signal. .line 230, r nsive to a
netal ion concent raélg 154 & 1“6F'§PTeﬁﬂ‘t3§g’PL?tfflgﬁlo§dﬁ?PE§e c@%ﬂ%@é@gt%e vi si bl e
l'i ght spect r onrk@fing ¥1SlonEPast dresulCoARL b 861uREDof N8 MelbUM)SbEtiah from the
Raman spectroneter 170 on a Raman signal |ine 240, responsive to a

di met hyl ani ne plfitisacidinpsHo E@Hh@ﬁﬁlﬁg}?f(?F?CIfﬂle’ést@%Pﬁtsplﬁﬂo%ol ution sanpl e,
coupl es the Ranman spectroneter 170 to the controller 260. An output signal
f][omht heI pH pr obeI 18Q. 3Misa gafrpmw mpfﬁs&itgfbﬁlofkiirﬂtﬁorﬂ’gﬂzonﬁmm'ﬁmgd o thleI pH
of the plating solution sanple, caouples the pH probe 180 t he controller
260. A chenmi cal®S¥HRg Fptiay aﬂaqsﬂét%?églegaﬁw@gor?ﬁﬁone RRAIRBSOBEGR o ¢ he
chem cal cont r@di%&%ﬁmimrane (DMABJ¥ aCi00 tilit@(m2HOr dibdilolekes the visible
i ght spectroneter (VIS) output signal, the Raman spectroneter output
signal, and theopHByobienout put signal to conmpute any additions of the
process chem cals and di scharge of the plating solution to maintain the
desired plating sol i PR 2GRAABRS] febRBentdon Feh BOSic r&pbie €Y el bel ow. The
controller 260 sends a plurality of control signals by neans of the
chemical contrbifat¥ignal bus 270 to the chenical control system 220 to open
and close the plurality of throttling valves 130, thereby performng
desired process chepigcailluagiéstanersmpnad; fvadhan gorlabfutidh doding giculatioki | | ed
artisans will recognize that varjiety of well-known hods are avail abl e
to configure tH erbﬁ%&ﬁﬁ?étfan&eo?f?arsﬁ utigp & @ phesyippl dFll‘lV&%WH%Lﬁ)g?aS?@fﬁ,h and the
chem cal contrg}usignal bus 270. For exanple, the chem cal control system
220 may utilize pneunatically operated throttling valves, solenoid valves,
or other means for yaryi the flow of fluids.. The chem cal control system
220 may al so i ncor p%‘lga%/gﬂ%éaé?fsanf%?mﬁ]éa’s VYcrl?&’%ffcl"rlf‘i S&‘%‘&P?ﬂ%’i‘%@i"%@ﬂ as
volumetric or omestht hBswrbantest oltidhah a thdmical delkwemeenit TRQ 160RARE! | er 260
may conprise a personal conputer (PC), a programable |ogic controller
(PLC), a field programmabl e gate array (FPGA), or other progranmabl e

el ectroni c device. The chem cal control %ignal bus 270 may be a series of
di screte control wires, or may operate using any of a plurality of

wel | -known serial and parallel data transfer protocols such as Ethernet,
CAN, RS-232, and wireless variations thereof Additionally, the controller
260 may include neans for recording data or for providing data to an out put



Parameter Sinplified Fornmula Paraneter Description VCDU,orig A Oiginal CDU
sol ution volunme CDMAD, CDU B Origi nal CDU DMAB concentration Vcns C
Repl eni shnent vol une from CVS

Fig. 7 illustrates an exemplary flowchart for a solution dosing calculation
when a solution in a chemical delivery unit has a high dimethylamine borane

(DMAB) concentration.

Fig. 8 illustrates an exemplary flowchart for a solution replenishment

calculation for a chemical delivery unit.

DETAILED DESCRIPTION OF THE INVENTION

With reference to Fig. 1, an exemplary embodiment of the present
invention comprises a solution sampling and control apparatus 100 including a
solution manifold 110. A plurality of process solution tubes 120, each of which
include a throttling valve 130 are coupled to the solution manifold 110. The
process solution tubes 120 may each, in turn, be coupled to any ofa plating bath
having a plating solution, reagent chemical sources, and deionized (DI) water
(not shown to avoid obscuring the present invention). The reagent chemical
sources and deionized (DI) water are collectively referred to below as process

chemicals.

In an exemplary embodiment of the present invention, the reagent
chemical sources include dimethylamine borane (DMAB), citric acid, a solution
of tetramethyl ammonium hydroxide (TMAH), and a solution containing cobalt
ions, tungsten ions (i.e., a tungstate solution), and phosphorous-containing ions
(e.g., hypophosphite). Skilled artisans will appreciate that a variety of plating
solutions are available which contain various ions, alone or in combination. The
discussions which follow are not intended to be limiting to a sbeciﬁc solution or
combination of solutions. Those skilled artisans will recognize that other
components, such as a pumping means (not shown), may be incorporated into
the solution sampling and control apparatus 100 in order to enable circulation of
process chemicals and the plating bath. The process solution tubes 120 may be
used either for conveying process chemicals into or out of the solution manifold
110, as indicated by arrows in Fig. 1. The solution manifold 110 functions as
means for introducing process chemicals into the plating bath and for drawing a

sample of the plating solution from the plating bath for analysis, to be explained



Acou,oris D Original CDU absorbance CDVAB, supply E DVAB concentration
(applicable to dosing and repl eni shnment) CDVAH CDU F Target CDU DVAB
concentration A CDU G Target CDU absorbance Acns H

below. In this exemplary embodiment of the present invention, the plating bath
volume is approximately 8 liters and the sample of the plating solution is

approximately 20 milliliters.

A first sample tube 140A is used to convey a sample of the plating
solution from the solution manifold 110 to a flow cell 150. A visible light
spectrometer (VIS) 160 is coupled to the flow cell 150 and is responsive to the
concentration of one or more metal ions in solution. The visible light
spectrometer (VIS) 160 operates by light absorption, using techniques well
known to those skilled in the art. In an cxemplary embodiment of the present
invention, the visible light spectrometer (VIS) 160 is 2 commercial instrument
which utilizes a light emitting diode (LED) as a light source to measure
absorbance in a specific wavelength range. The emission wavelength of the light
emitting diode (LED) is in the green portion of the visible spectrum with a
wavelength of range of between approximately 490 nanometers and 540
nanometers. Other embodiments of the present invention are possible which
utilize spectrometers operating at other wavelengths, including wavelengths
outside the visible range, in order to be responsive to a variety of different ions.
Additionally, it is possible to use more than one spectrometer in the present

invention, such that each spectrometer used is associated with & specific ion.

An advantage of the light emitting diode (LED) as a light source is
greater optical output as compdred with conventional (e.g., incandescent)
sources, and longer lifetime and reliability, as well as a lower cost in comparison
with laser sources. An important attribute of the light emitting diodc is sufficient
optical power 10 penetrate the plating solution. Skilled artisans will appreciate
that solutions having different metal ions will vary in optical properties (in
particular, absorbance versus wavelength) and that selection of different
wavelength (i.e., different color) light sources for the visible light spectrometer
(VIS) 160 will potentially benefit discrimination of the metal ion or ions of
interest. The output of the measurements made by the visible light spectrometer
(VIS) 160 is usually expressed in terms of absorbance. The absorbance (Abs) Is
related to the percentage of the spectrometer light source (the transmittance, %T)

which passes thraugh a solution sample and is given by the formula: Abs =2 -



CVB absorbance plicou,oris I J Oiginal CDU pH Target CDU pH pH CDU
VCMVS, repl .  Repl eni shment CVMS (chem cal makeup sol ution) vol unme VCMVS, dase
Dosing CM5 (chem cal makeup sol ution) vol une

logo(%T) = logxo(%/g);of). Typically, a high value of absorbance (i.e., low
0
transmittance) is associated with a high concentration of ions in solution.

A Raman spectrometer 170 is also coupled to the flow cell 150. In an
exemplary embodiment of the present invention, the Raman spectrometer 170
has an optical source emitting at 785 nanometers. At this wavelength, the
Raman spectrometer is responsive to the dimethylamine borane in the plating
solution sample, and produces an output which is responsive to the concentration
of the dimethylamine borane. Skilled artisans will appreciate that Raman
spectroscopy operates in the infrared portion of the spectrum, where the
interaction of infrared light with a chemical typically involves molecular
vibrations. Because various organic molecules have different vibrational states,
it is possible to distinguish between organic molecule types on the basis of
wavelength versus response characteristics. Thus, Raman spectroscopy is
responsive to a variety of organic chemicals, and the wavelength chosen for
operation may be used to discriminate between organic chemicals even if a

plurality of organic chemicals are present in a single sample.

The flow cell 150 construction may follow any number of techniques
known to those skilled in the art. However, the construction in an exemplary
embodiment of the present invention is chosen so as to minimize a volume of
solution required to fill the cell. The small volume is advantageous to
minimizing the production of chemical waste and to reduce the cost of chemicals
potentially lost to the sampling process. An additional advantage is potentially
faster sampling times by reduction of the amount of solution that must be
pumped into the cell in order to obtain a representative sample of the plating

bath.

A second sample tube 140B couples the flow cell 150 to a pH probe 180.
The sample of the plating solution from the solution manifold 110 which was
conveyed by the first sample tube 140A to the flow cell 150 is further conveyed
by the second sample tube 140B to the pH probe 180 which provides a signal
responsive to the hydronium ion concentration (pH) of the sample. A third

s‘amp]e tube 140C is coupled to the pH probe 180 and conveys the sample of the



VDVAB, repl . Repl eni shnent DVAB vol une VDmAn. dase Dosing DVAB vol une
Vpu, adi . . rept Repl eni shnent pH adj uster vol unme VpH, adj., dose Dosing pH
adj uster volune VDI, repl.

plating solution out of the pH probe. The sample may be discarded as waste or
may be returned to the plating bath. Skilled artisans will recognize that the
sample of the plating bath which is passed to the flow cell 150 and the pH probe
180 may be sent intermittently or continuously. Those skilled artisans will also
appreciate that other configurations of the flow cell 150 and the pH probe 180
are possible. For example, the pH probe 180 may be configured to first measure
the sample of the plating solution before the sample is passed to the flow cell
150. Additionally, it is possible to utilize separate flow cells for presenting
samples to the visible light spectrometer (VIS) 160 and to the Raman

spectrometer 170.

The pH probe 180 may be selected from a variety of commercially
available sources known to those skilled in the art. In addition to providing a
signal which is responsive to the pH of the plating solution, the pH probe 180 in
an exemplary embodiment of the present invention provides a temperature signal
responsive to the temperature of the sample of the plating solution. The
temperature signal may be employed to correct for variations in the pH
measurement which occur as a result of varying sample temperature by methods
known to skilled artisans. Signals from the visible light spectrometer (VIS) 160,
the Raman spectrometer 170, and the pH probe 180 are used for calculating =
replenishment values for the process chemicals according to methods that will be

explained in detail below.

Attention is now directed to Fig. 2, an exemplary embodiment of an
electroless plating system 200 according to the present invention. The
electroless plating system 200 comprises a chemical delivery unit 210 having a
plating solution. The chemical delivery unit 210 is coupled by at least one
process solution tube 120 having a throttling valve 130 to the solution manifold
110. In a further embodiment, the chemical delivery unit 210 is coupled by two
process solution tubes 120 to the solution manifold 110 to enable a first process
solution tube 120 to act as a source for removing a plating solution sample from
the chemical delivery unit 210 and to enable a second process solution tube 120
to act as a return for a portion of the plating solution sample and for process

chemical admission to the chemical delivery unit 210, as indicated by arrows on



Repl eni shnent dei oni zed (D) water volunme VDI, dosc Dosing deionized (D)
wat er volunme V CDU Target solution volunme in CDU VCDU,add M ni mum CDU
solution volune; (nmust add additional solution to CDU if reached) Table I
In Table I, the abbreviation CDU refers to a chemical delivery unit, and
the abbreviation CMS refers a chem cal nmakeup sol ution having a target
conposition for a plating bath. In the exenplary enbodi nent, the chem cal

makeup sol ut i Offeifsufeh @GR hEmicals aftPidaittddaBshe sblitibhefanifbld 130kisoughpt s " dose
and "rept" are enployed to clarify the volune and use_ of ﬁ%particul ar

solution in a dpkiraidy ofiprecspd shitioniwhes [2baitindeated: |4 pdHLONALRIRERSAr y
enbodi ment, dogi g, 3 h%%asmesen%?cgjed lt%di%arﬁ@'&)f‘ﬁ?&ﬁ@ﬁ o£the Blatihem cal
e source, n t

originate froma sing erefore have the sane concentrations.
Thus, for exanplejontaséndicuie @otledtively, e selitiat hanifold b, Bermaersssol ut i on,

Commi .repi., is _applica t 9 both dosi d repl eni At .conmput ati ons.
A pl ating bat h® lﬁtfop"ttﬁ SB%@@P&&‘?&‘?%&@C 3&03@9‘? %a?\peéggg?wgustﬁﬁst en phosphi de
(CoWP) conpri sggenfital QotkveBystmt 2280l utions: el ectrol ess CoWPB sol ution as a

The first sample tube 140A, the second sample tube 140B, the third
sample tube 140C, the flow cell 150, the visible light spectrometer (VIS) 160,
the Raman spectrometer 170, and the pH probe 180 shown in Fig. 2 are
configured and function analogously as described in reference to Fig. 1, above.
An output signal from the visible light spectrometer (VIS) 160 on a VIS signal
line 230, responsive to a metal ion concentration in the plating solution sample,
couples the visible light spectrometer (VIS) 160 to a controller 260. An output
signal from the Raman spectrometer 170 on a Raman signal line 240, responsive
to a dimethylamine borane (DMAB) concentration in the plating solution
sample, couples the Raman spectrometer 170 to the controller 260. An output
signal from the pH probe 180 on a pH output signal line 250, responsive to the
pH of the plating solution sample, couples the pH probe 180 to the controller
260. A chemical control signal bus 270 couples the controller 260 to the

chemical control system 220.

The controller 260 utilizes the visible light spectrometer (VIS) output
signal, the Raman spectrometer output signal, and the pH probe output signal to
compute any additions of the process chemicals and discharge of the plating
solution to maintain the desired plating solution composition, by methods to be
explained below. The controller 260 sends a plurality of control signals by
means of the chemical control signal bus 270 to the chemical control system 220
to open and close the plurality of throttling valves 130, thereby performing
desired process chemical additions and plating bath discharges. Skilled artisans
will recognize that a variety of well-known methods are available to configure
the chemical control system 220, the controller 260, and the chemical control

signal bus 270.

For example, the chemical control system 220 may utilize pneumatically
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source for netal ions, tetramethyl ammonium hydroxide (TMAH) as a pH
adjuster, citric acid as a conpl exi ng agent and pH adj uster, dinethylam ne
borane (DVMAB) as a reducing agent, and deionized (D) water. (In the

di scussions to foll ow below, the chem cal solutions will be referred to by
t he abbreviations as defined above.) The influence of each of these

chem cal solutions on the pH of the plating bath is inportant to the

conput ation of obdifed BktlingQalved, YOMBRi@Tall ACo IR EahSIoPe8YRY HOfowlosi ng and
repl eni shnent . Figure 3 i's graphical representation of the effects of

DI water, TMAHof @yids. j ThegbemicalnentrohaxBen 220 may plso dfcorworast mepnsronf

el ectrol ess Co ] | Y Q8 ous, and
boron ions), a@g g?g#ﬁ?ﬁﬁ@”@%ﬂ?ﬁgkﬁg?ﬁgﬁggﬁcéﬁg%¥§§f$?@?fﬁ?1Qﬁﬂf nown to
skill ed arti sangdum.tFPherooheslien@60 tnay Eorgprisé a parsgieh esmputer arfl’ca,ta on gr ﬁph, ?
change in pH, represented by A be rel at ed a_chan n,the vol ume
ratio of a sol Bﬁogrc?ﬁlwﬁegloglf’ ﬁ%ﬁfﬁf?h??&a}o%gﬂ%&?mﬁ%%e ‘Kray%&) ¢é\)ﬁ ng the
exanpl e of Fi gor dthertph@ritihhbie Beer@acHevde. Theckehferl 6atrot Sighilivae 370l VAH,
citric acid, DMAB, and DI on the pH of a solution bath can be expressed by

the fol | owi ng FaY haif 8&ies pffiscrets comre! pires, onpray pRASEIe ARPE piy ofaplutalins OV K
DI K (1) (2) §£8Bdell-kbwn serial and parallel data transfer protocols such as Ethernet, CAN,

RS-232, and wireless variations thereof. Additionally, the controller 260 may
include means for recording data or for providing data to an output device such

as a monitor or printer (not shown).

Methods for Plating Solution Control

Exemplary methods for establishing and maintaining the concentration of
the chemical components comprising the plating solution within desirable limits
will now be described. In the discussions to follow, two general types of
computations will be introduced, replenishment computations and dosing

computations.

Replenishment computations refer to an addition of one or more chemical
solutions to produce a plating bath in the chemical delivery unit (CDU) meeting
a set of target values. Dosing computations refer to an addition of one or more
chemical solutions to adjust the plating bath composition when the plating bath
drifts from the target values. Conceptually, replenishment is employed to create
or add to a plating bath while dosing compensates for the consumption of
chemical species lost during a plating process. A goal of the replenishment and
dosing computations is to give an accurate plating bath composition with a
minimal number of calculations, thus avoiding trial-and-error iterations which

may allow the plating process to go out of control.

To further facilitate the discussions below, several parameters will be

introduced; these are summarized in Table I, below.
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VCDU , odgVDVABVpH , adj . VDI VO v CDU = = 7 , ori gvVDVABVpH , adj VCVS
VDMVAB, r epl
Parameter Simplified | Parameter Description
Formula
Vepu orig A Original CDU solution volume
Cpbmas,cpy B Original CDU DMAB concentration
Vewms C Replenishment volume from CMS
Acpu,orig D Original CDU absorbance
ComaB,supply E DMAB concentration (applicable to
dosing and replenishment)
C pmAB.CDU F Target CDU DMAB concentration
A cpu G Target CDU absorbance
Acwms H CMS absorbance
PHcbu orig I Original CDU pH
pH cou J Target CDU pH
Vems repl. Replenishment CMS (chemical
makeup solution) volume
Vems,dose Dosing CMS (chemical makeup
solution) volume
VDMAB,repl. Replenishment DMAB volume
VDMAB dose Dosing DMAB volume
Vo adi. repl. Replenishment pH adjuster volume
V pH,adi. dose Dosing pH adjuster volume
VDirepl. Replenishment deionized (DI) water
volume
Vbidose Dosing deionized (DI) water volume
V cpu Target solution volume in CDU
Vebuadd Minimum CDU solution volume;
(must add additional solution to CDU
if reached)
Tablel

In Table I, the abbreviation CDU refers to a chemical delivery unit, and

the abbreviation CMS refers a chemical makeup solution having a target

composition for a plating bath. In the exemplary embodiment, the chemical

makeup solution is the source for metal ions. Further the subscripts “dose” and

“repl.” are employed to clarify the volume and use of a particular solution in a

dosing or replenishment context. (In this exemplary embodiment, dosing and

replenishment solution volumes of each chemical originate from a single source,

and therefore have the same concentrations. Thus, for example, the

concentration of dimethlyamine borane solution, Cpmas repl.» 1S applicable to both

dosing and replenishment computations.

A plating bath for the electroless deposition of cobalt tungsten phosphide

(CoWP) comprises five chemical solutions: electroless CoWPB solution as a




VCDU ,orig -1- VpH ,adj. + VCM5 + VO1 VpH ,adj . DVAB K pH , adj
,ori gvCvs + VDMAB + V01

source for metal ions, tetramethyl ammonium hydroxide (TMAH) as a pH
adjuster, citric acid as a complexing agent and pH adjuster, dimethylamine
borane (DMAB) as a reducing agent, and deionized (DI) water. (In the
discussions to follow below, the chemical solutions will be referred to by the
abbreviations as defined above.) The influence of each of these chemical
solutions on the pH of the plating bath is important to the computation of the

relative volumes of the chemicals needed for dosing and replenishment.

Figure 3 is graphical representation of the effects of DI water, TMAH,
citric acid, and DMAB on the pH of a solution of electroless CoWPB solution
(containing cobalt, tungsten, phosphorous, and boron ions), as determined by the
method of chemical tifration, known to skilled artisans. With reference to Fig. 4,
a generic titration graph, a change in pH, represented by ApH, can be related to a
change in the volume ratio of a solution by a linear function having a slope K.
Following the example of Fig. 4, the influence each of the chemical solutions
TMAH, citric acid, DMAB, and DI on the pH of a solution bath can be

expressed by the following formulae:

VCMS

ApH =
CMS
Vepuorig T VoMae + Vpradi. T Vi

KCMS

VD]

Veou orig + Vomas + Verag. + Vous

ApHp, = Ko

A%
_ DMAB ,repl
ApH pyap = v v v v K pmas
cpUorig T VpHadi. T Yems T Vi
Vv .
- pH,adj.
ApH pH,adj. = KpH adj.

Veou orig + Vems + Vomas + Vo

In formulae (1) - (4), the values ApHCMS, ApHD[, APHDMAB, and
A pHpuag), represent the changes in a solution pH resulting from the additions of

CMS, DI, DMARB, and pH adjuster solutions, respectively. The volumes of these
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In fornmulae (1) - (4), the val ues Apiicms, A HH



___ p-DVAB, and Plipli,adj, represent the changes in a solution pH
resulting fromthe additions of CV5, DI, DVMAB, and pH adjuster solutions,
respectively. The volunes of these solution additions are, respectively,
Vavis, VimVDMB, and VpH,adj and are applicable to both dosing and
repl eni shnment contexts. The values KD, KDVAB7 and KpH, adj are the sl opes
of the titration response plots, e.qg., KEA KpHadj,, and KomAu may be

ascertained frQmifon@dditidns ardBespBileBDVESS W86 WM&, ¥nd Bjuli;| add drkt ration plots
may be derived for other chem cals comonly enpl Oﬁd In plating processes
%V

(e.g., CMB) byanmiitshirte boHodesingand rrptsaishrientceptexts. Thevaivas Ko, KomasThe
fol lowng formylge relatg, El&;eg%rfth\éq{éﬂﬁﬁm e ongpﬁoﬂ,l ag! ﬁ&, ﬁall,ar}., Ripperties to
H, “and "absor e pPaf

the vol umes, concefffations, pH, ances of t it ng bath
cheni cal s: VCXbyarmay € d304Bine CDOMVINBACI BIAR 3D repietiyeyCIUMV@DU , urig A

CDU ,orig + VCMB A C CDU, Vi rig VpH ..adj VDVAB + A+ .1 PH. CDU =
P CDU | or 1 g AR SRR by eryas B ot P so By Snleld B e o g
VCVS + Vpl |, agliocestes (MABMSYBY (rbthodb &ndviolMAB skiledl inape @sent s the tar get
concentration for DMAB in the solution in the chem cal delivery unit (CDU),

A CDD represents t t et ab hO0 and
pflicDu represent shﬁﬁefg@%?”éé?or%ﬁ{a?gg&? ﬁ%géstg 13’? i %g{ﬁ%%hagﬁé%%?&f@val ue
Vapu r epr esent ® the deemes doncehtranieng pHs adddbisaxbarncas ¢fitbe pllihghdtler al | addi ti ons
are made. Since the CDU has a finite volunme, it is necessary to performall
comput ati ons sPFUAY achi eve a vol une of sol ution which does not exceed
the CDU capacity. |If the conputed additions to the CDU exceed its capacity,
a portion of any existing solution in the CDU may be drained so as to

achi eve the desired vol ume VcDwaftercshe add Vion< arng conplete.

Lorig

Dependi ng upon the @ma&,t&wﬁwmﬂw—@ri n the COUY) the
met hod for conputing the dosi r§Vard rebla@énlgﬁﬁ‘l@nt vYfume® i s changed. In

Vepu orig Acpu orig + Voms Aoums ©6)
Vepu orig + Voragi. + Vomas + Vems + Vi

' —
ACDU -

PH'cpy = PH cpu orig + APH pmas + APH py ngi. + ApPH cys +ApH p; (7)
V'eou = Vepu orig T Vems + Vorag. + Vomas + Vo (3

where C'DMAB,CDU represents the target concentration for DMAB in the solution
in the chemical delivery unit (CDU), A cpu represents the target absorbance for
the solution in the CDU and pH cpy represents the target pH for the solution in
the CDU. The value V’CDU represents a desired volume of solution in the CDU
after all additions are made. Since the CDU has a finite volume, it is necessary
to perform all computations so as to achieve a volume of solution which does not
exceed the CDU capacity. If the computed additions to the CDU exceed its
capacity, a portion of any existing solution in the CDU may be drained so as to

achieve the desired volume V ¢py after the additions are complete.

Depending upon the condition of the plating bath solution in the CDU,

the method for computing the dosing and replenishment volumes is changed. In
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particular, three cases, each having a different nethod of calculation wll
now be descri bed: Case i:VIS Absorbance of the solution in the CDU is high:

conput e VD4dose, VDMAD, dose, and VpH,arb ,dase Case ii: VIS Absorbance of
the solution in the CDUis |ow. conpute VCNI'S, VDMAB, doses Vpfl, adj., dose
Case iii: DMAB concentration in the CDU is high: conpute VCMS, VD1, dose)

VpHadj . , dose In practice, the dosing and repl eni shnent cal cul ati ons

are performed fof.all ntdl6Rs CAGESviRNCAIHERR kAR RbicoRtowal gewibt et e, the
actual val ues used for dosing and repl eni shnent are selected froma

conpari son of ddseriteliree sets of results. Conparison of the results will
show that only one cal cul ati on net hod produces non-negative val ues for al

dosi ng vol umes. The ot hefast wo netshasksrbahcelddltitdboditionin thieldDistdgice one or
nore negative results for the dosin? additions. In selecting fromthe three
sets of results, those resultiﬁ@nﬂﬁfﬂ%gawiVéwvd%wﬁﬁivﬁﬁéﬂwejected, and the
result yielding all positive dosing volunes is chosen for control. Thus,

t he appropriate conput atG@aiif or VEBWbsgibaace «felie olutionacdsCIdmdbwi ons i s
easily identified. For each case above, tmo-pa&; procedure is enpl oyed
for the dosing and replenishnedP“ﬂHFﬂﬁ@“gXWbﬁﬁﬁri6%@#“*. Cal cul at e dosing
volunmes (i.e., determne the chem cal volunes needed to adjust the solution
in the CDU to target valGmssiif:orDEMEBcawetetion axtho@Dlalsdeghbance, and pH) 2.
Cal cul ate repl enish volumes if the goiingvsolu ion volune is less than the
di fference between normal and afFRH LS I Athe PEEI™ usi ng t he
repl eni shnent solution to make up the difference, i.e., so as to satisfy
the formul a: Vvdosing Vrepl enish = VCDU, norrn VCDU, add where: Vd",,n8 is the
vol une of dosing solution added, the dosing solution conprising VCMVS, dose,
VDI, dosc, VDNMAB, dOoSg.pracibél thdsidgdiand eipfeRishment calculations are performed for

all three cases; once the computations are complete, the actual values used for
dosing and replenishment are selected from a comparison of the three sets of
results. Comparison of the results will show that only one calculation method
produces non-negative values for all dosing volumes. The other two methods of
calculation will produce one or more negative results for the dosing additions. In
selecting from the three sets of results, those resulting in negative volumes are
rejected, and the result yielding all positive dosing volumes is chosen for control.
Thus, the appropriate computation for any given set of process conditions is
easily identified. For each case above, a two-part procedure is employed for the

dosing and replenishment volume computations:

1. Calculate dosing volumes (i.e., determine the chemical volumes
needed to adjust the solution in the CDU to target values for

DMAB concentration, absorbance, and pH)

2. Calculate replenish volumes if the dosing solution volume is less
 than the difference between normal and add values in the CDU,
using the replenishment solution to make up the difference, i.c., so

as to satisfy the formula:
Vdosing T Vreplenish = VepU,norm — VDU add

where: Vosing is the volume of dosing solution added, the dosing
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Vrepl enish is the volune of replenishment solution added, the replenishnment
sol ution conprising VDMAB, repl , VCM5,repl, VDI ,repl, and Votadi ,repl.;
VcDp, normis thc target solution volune in the CDU, and Ve.DuAdd is the

m ni mum sol ution volune in the CDU. Case 1: Dosing when VIS Absorbance in
CDU is High Wth reference to Fig. 5, a flowhart for a dosing

cal cul ati on when the absorbance of a solution in a chem cal delivery unit
(CDY is high begins w Liuad¥abrVind VIOSLAOVALAT Vo bLack 883 for, Lhe dosing
cal cul ation. For this case, high abSorbance S approxiately equal to or
greater than a val ue of Vemeis(iAthy, vohing of 13plenishfienstohbivnBddrdstheg vol une bl ock

504 conputes a dosing v >cordi ng to,the fgrmul a;, VDVAB
"dose GE C DMAB , CDU (V%Bwsgﬁ%ﬁ%&%%,ﬁg?ﬁn %&g’”ﬂ%ﬁﬁo‘{c e PIRRE CDU VCDU
,orig A CDU COMAE , r eplVpuad )V cpu nom is TiegargesoRgiol 0bluie inv/aelniosedi s passed
next to a first pH adjusfer dosing. vol une bl ock 506 which a conputes a pH
adj ust er dosi ng \F/)ol ume SP%‘S‘é%}Eég'Sirﬂ?IHQOIP%OQYPé“’F%%‘F §bu. 213KDE
+81(01 +120-61( PH V pH ,dose2(K + K01 +Q 11(8K PH - 213K - 51( - 1492
-4(K11 +K1 + OAK (138 +132) - c2(52 +6)] 2(KpH +Km + sz) In formula (11)
the follow ng substitutions (using the variables sumarized in Table 1)

have been made Cuse i DoBhk bvich Des 11056BhnRTin CBU £3HBH 1 ON:

With reference to Fig. 5, a flowchart for a dosing calculation when the
absorbance of a solution in a chemical delivery unit (CDU) is high begins with a
high VIS dosing start block 502 for the dosing calculation. For this case, high
absorbance is approximately equal to or greater than a value of one (Acou,orig =
~1). A first DMAB dosing volume block 504 computes a dosing volume
VDMAB,dose, according to the formula:

v _ F(AD+CH)-GBA
DMAB ,dose — GE

_ Cowmas,cou (Vepu,orig Acpu orig + Voms Acms ) =~ Acpu Comas,cou Vepu orig

Acpu CDMAB repl .
(10)

The dosing volume Vpumag dose is passed next to a first pH adjuster dosing
volume block 506 which a computes a pH adjuster dosing volume Vg gose
according to the formula:

2(Kpy +Kp +Q)

v

pH ,dose =

+J(8KpH ~2BK o 8K —OQB)’ ~4(K g +Kp + Q)[K 5 (BS +B?) ~ (8? +5p)]
- ‘ 2(K y +Kp +Q)

11)
In formula (11) the following substitutions (using the variables
summarized in Table I) have been made to simplify the format of the equation:
o = K DMAB VDMAB ,dose (12)

A+B
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K DVAB V DMAB ,dose A(D -G " 13 =(13) Gv DVAD ,dose 8 .--(14) VDVAB , dose
4- VCDU ,orig f2=J -1-a(1b) Since formula (11) contains a
conput ati on of a square root, two nathematical solutions of the equation
are possible. The result leading to a negative mathematical solution is
rejected. If both mathematical solutions are positive, the larger value is
chosen. Conputation proceeds to a DI dosing volune bl ock 508 which uses the
conput ed val ues VDVAB. dpge @nd VpH, dose to conpute a DI dosing vol une
Vrdose accordi ng t oBt ¥omAdRbse , dose = - VpH , adj ., dose VCDU(13drig (
ACDU ,orig-ADU) , , DVAB , doseVpH , ad] ., dose The dosi ng
calculation for Case i now progresses to a first volunme check bl ock 510

whi ch checks whet heP =aYyumaefuost We/Gagg i dosing vol umes (VDMAB, d0", (14)
1, d05e, and Vndose ) is negative. If any of the volunmes are negative,

cal cul ation proceed§2L9_jﬂI§t reject conputation block 512 which retﬁﬁts
the conputation as invalid. If all dosing volunes are positive, cal ation
proceeds to a first maxi mum dosi ng vol ume cheek bl ock 514 which checks

whet her the addi ti obings formelaf bl abntdivs 2 nempwhtioms f @ VDM b $&o VpH, dose

VDI, dose) will _j I ut i vol ume oy.e val ue VmAX.

If VMAX is exc3§g§§§§§§%%@$¥%§%gFégﬁﬁﬁgg%"%S?FrgkeﬁfﬂfgﬁﬁP%gﬁ1ock 516

whi ch causes t hega@Bintthepatidal slldtionds sejaeted Ofbottem hithenfitival SktRes hieg t he
amount of solution t e drajned fromthe CDU is to renpve a quantity of

sol uti on equal p?sétwtehtg‘e 2%?59(%“8% PrPEh OmPufagen progesds ngggbﬁ?ﬁ%g exceeds VMAX.

Renoval of sol uslums bfoc B8 WRickiksahd @nfputddSafba V] 1, SRV Li. ol or the
dosi ng conputation. Therefore, execution is reset to the h|g% VI S dosi ng
start bl ock 50%°mpute a DI dosing volume Vpy 405 according to the formula:

Vo dose = B- VpH ,adj ..dose

_ VCDU Jorig (ACDU orig ACDU ) v vV (16)
= T VDMAB ,dose — VY pH adj.dose

ACDU

The dosing calculation for Case i now progresses to a first volume check
block 510 which checks whether any of the Case i dosing volumes (Vpmag.doses
Voidoses and Vpraose ) is negative. If any of the volumes are negative, calculation
proceeds to first reject computation block 512 which rejects the computation as
invalid. If all dosing volumes are positive, calculation proceeds to a first
maximum dosing volume check block 514 which checks whether the addition of
the total dosing volume (Vpma,dose + ViH,dose T Vbl dose) Will increase the total
CDU solution volume above a value Vyax. If Vimax is exceeded, execution
proceeds to a first CDU drain block 516 which causes the CDU to partially drain.
One method for selecting the amount of solution to be drained from the CDU is
to remove a quantity of solution equal to the amount by which the total dosing
volume exceeds Vyax. Removal of solutionv from the CDU alters the starting
condition for the dosing computation. Therefore, execution is reset to the high

VIS dosing start block 502.

If Vmax in the dosing volume check block 514 is not exceeded, the
computation proceeds to a first minimum dosing volume check block 518 which

checks whether the total dosing volume (VbMaB,dose T Viptidose T Vbidose) 15 less
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If VmAX in the dosing volune check block 514 is not exceeded, the
conputation proceeds to a first m ninum dosi ng vol unme check bl ock 518 which
checks whether the total dosing volune (VDMAusi ose Vpu, dose + Voi,dose) is
less than a volume VM N where Vmrry is a volunme, which when added to the
starting CDU sol ution volunme VcDuArig, exceeds VcDo.neo, the m ni num
perm ssi bl e volune of solution in the CDU before additions becone
necessary. lithe total dosing volune is greater than Vnpl, the cal cul ation
proceeds to a first calculation conplete block 520. The dosi ng vol unes
VDMVABase, VpH, doce7 and V onpse arc ready for use in controlling solution
additions to the CDU. If the total dosing volune is less than V MN,
addi ti onal sol uti @gn tﬁohﬁnﬁﬂ“@&ﬁ\%chy\'m:ms a@BlUmCBde@lthOﬁd#ﬂ(%@ééBmﬂb a first
repl eni shnent cal n bl ock,522, rf jsprent

y nEBHGR R g SAeE VB PRy B

cal cul ation, X bel ow ng \\%ten VIS
absor bance in CPUvolmmtoﬂm!unon mthe\ﬂl}lhb'?fe@e‘#@méb@tcsmwifessﬁw tlFEIB hart for a

dosing cal cul atiop { é?rﬂgﬁ ok ﬁcm*bhlbﬂoeé%diﬂaa&irﬂhﬁmlﬂah del i very
unit (CDU) is Iowﬁm%um%%pﬁ S dgsm start bl og )9602 for the

dosi ng cal cul atii ommsﬂlm blpek 55’;-0055‘?3“051"5\)(P15‘B§50Y%h‘185é rosg A0 RIRER1 y | ess
than aval ue of ONE.gARY &k iPEMBolfing dolutioRadRDAND HAPE difshertgtabdskivgre bI ock 604

conput es a dosi ng vol ume Vpwade, accor dasp =
(17) C DVAB CDU ( VRIBING is 1655 fhgn X “EH“@F‘P%‘“{}@%“‘)“"@%@U %&@ & J Tong C
DVA13.repl . C DMf}fécm*oal' st rcplcnishmhrhealemaionlhbcbﬂ’oﬂhlﬂopmf@has5( 17), the

second DVAB dosi ng ol ne bl o 6Q4 fying
assunptions: Vcenu, "’F l%mq’d"(n?é??t&l E’S’%“eﬁq\/ %‘wdpchpH adj (19)

Forrmul ae (18) all ows the vol ume of pH adj uster solution to be |gnored in
forrnula (17), whimekng shémeiSadhesréerge inpCPViisdawt o:

With reference to Fig. 6, a flowchart for a dosing calculation when the
absorbance of a solution in a chemical delivery unit (CDU) is low begins witha
low VIS dosing start block 602 for the dosing calculation. For this case, low
absorbance is approximately less than a value of one (Acpu.orig<~1)- A second
DMAB dosing volume block 604 computes a dosing volume Vpman dose,

according to the formula:

C'omas cou (Veou aig + Voradi + Vems ) ~Comas cnu Veou ong
VDMAB Jdose =

1Y)

]
Comas gl . — C'DMAR CDY

In the evaluation of formula (17), the second DMAB dosing volume

block 604 makes use of the simplifying assumptions:

Veou oig + Vems > Ve adi (18)

. 19
Vepu.oig + Vomas dese >> Virag (19)

Formulae (18) allows the volume of pH adjuster solution to be ignored in

formula (17), which is therefore simplified to:

C' DMAB CDU (VCDU ,orig + VCMS ) -C DMAR CDU VCDU Lorig (20)

V =
DMAB dosc. C DMAB sepl . ~ C'DMAB LLDU
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VDMAI | COVAB, CD1.1 (VCD1J ,orig VCMs ) C DMVAIlI ,CDI 1,oryg CDVAB J- Ppl DVAB
, CDI'l (20) Conmput ation progresses to a first CMS dosing vol une bl ock
606, which conmputes a dosing vol une VCMS, dose according to the fornul a:

A CDU (VCDU ,orig VpH ,adj . VDVAB ,repl . ) Acno ,orig VCDD ,orig VCV5
,dose ACVM5 -A' 0 The assunptions of formulae (18) and (19) are
applied by the first CM5 dosing volune block 606, sinmplifying the

cal cul ati on perfor 1@&)5((6%;@{&}1, orig
VDVAB , repl . Cwnwat%%%éggstggmg%hi@%%@gﬁn& CDU The dosi ng
cal cul ati on focon@mm aldosmgwwlpmg«fc@s&eswttomdlag wabofedmpla: adj ust er dosing

vol ume bl ock 608, which uses the values VDVAB, dose and Vcns, dose conput ed

fromformulae (20) and 22)(vyespeciivel v 1w conpujeathe phy uster d05| ng
vol une Voi, adj Vdnsg.basetd ”3;(“ SR e ’i‘ad%/, DM/\QnQ}; B o cﬁ&“o 21)

CMS CDU

The assumptions of formulae (18) and (19) are applied by the first CMS
dosing volume block 606, simplifying the calculation performed by block 606 to

the following:

A'cou (Vepu org + VoMas srept .) ~ Acou org YCDU orig 22
Vems dose = A A (22)
cMs ~ A cpu
The dosing calculation for Case ii now progresses to a second pH
adjuster dosing volume block 608, which uses the values VpmaB,dose and Voms,dose

computed from formulae (20) and (22) respectively to compute the pH adjuster

dosing volume Vg a4j,dosc based upon the relation:

Vs K
‘ _ cms Kems

PH'cpy PHepuy,orig =¥ — v

CDU ,orig DMAB ,dose.

* VpH ,adj ., dose (23)

VbmaB ¥ puvas

Vepu arig * Vems Y,

+
pH ,adj .,dose

VpH ,adj .KpH

+Vems *VYDMAB, dose

+

VCDU ,orig

The volume of pH adjuster in the denominator portions of formula (23)

can be neglected, simplifying the expression to:

VCMS K CMS

1 —
PH'cpy —PH cou jorig = v v
CDU.orig T Y DMAB dose.

+ VDMAB dose K DMAB (24)

Veou g + Vous
Vv

+ pH ,adj ., dose K pH

Vepu orig + Vems +V DMAB dose.

After appropriate rearrangement, formula (24) can be solved for
Voh,adjdose: Once the dosing volume of pH adjuster is determined, the dosing
volumes for DMAB and CMS are re-evaluated to improve the accuracy of the
calculation. The value for Vpp agj,dose i passes to a first recomputed DMAB

dosing volume block 610 which re-computes and updates the DMAB dosing
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Cvs CVMs PH 1CDU +PH CDU ,v CDU ,o0rig VDVAB ,dose. + VpH ,adj .,dose VDVAB
KDVMAB VCDU , orig + VCMS VpH ,adj ., dose VpH ,adj VCDU ,orig + VCMS 4 V
DVAB , dose The vol une of pH adjuster in the denom nator portions of
formula (23) can be neglected, sinplifying the expression to: \ /enms K cns
PH ' COO -PH COO 'ong VCDU .orig + VDVAB, duse VDVAB ,dose K DVAB VCDU ,orig
+ VCMS VpH , adj ., dose K pH '

volume Vpumag.dose according to formula (17). In this case, the pH adjuster
dosing volume is utilized in the computation and is not ignored. Computation
proceeds to a first recomputed CMS dosing volume block 612 which re-
computes and updates the CMS dosing volume Vcums dose according to formula
(23). Again, Vn.adjdoses the pH adjuster dosing volume, is utilized in the

computation and is not ignored.

The dosing calculation for Case ii now progresses to a second volume
check block 614 which determines whether any of the Case ii dosing volumes
(VDMAB,doses VpH,dose> and VDl dose ) are negative. If any of the volumes are
negative, calculation proceeds to second reject computation block 616 which
rejects the computation as invalid. If all dosing volumes are positive, calculation
proceeds to a second maximum dosing volume check block 618 which checks
whether the addition of the total dosing volume (VpmaB,dose + VpH.dose T VD1 dose)
will increase the total CDU solution volume above the value Vpax. If Vimax is
exceeded, execution proceeds to a second CDU drain block 620 which causes the
CDU to partially drain. One method for selecting the amount of solution to be
drained from the CDU is to remove a quantity of solution equal to the amount by
which the total dosing volume exceeds Vpax. Removal of solution from the
CDU alters the starting condition for the dosing computation. Therefore,

execution is reset to the low VIS dosing start block 602.

If Vuax in the second maximum dosing volume check block 618 is not
exceeded, the computation proceeds to a second minimum dosing volume check
block 622 which checks whether the total dosing volume (VpmaBb,dose + VpH,dose
Vbldose) 18 less than the volume V. If the total dosing volume is greater than
Vm, the ;:alculation proceeds to second calculation complete block 624. The
dosing volumes VpmAB doses VpH,dose> and Vi dose are ready for uée in controlling
solution additions to the CDU. If the total dosing volume is less than Vi,
additional solution is required by CDU. Execution proceeds to a second
replenishment calculation block 626, which performs a replenishment

calculation, by methods to be explained further, below.
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VCDU , aris + VCVS +V DVAB dose After appropriate rearrangenent,
formula (24) can be solved for Vph, adj, duse Once the dosing vol une of pH
adj uster is determ ned, the dosing volunmes for DMAB and CMS are
re-evaluated to i nprove the accuracy of the cal culation. The val ue for
Vphadj ,do" is passes to a first reconputed DVMAB dosi ng vol une bl ock 610

whi ch re-conputes and updates the DVAB dosing vol ume Vonku, dose according
oo ormua I hoghfuhbh DaFES Soudelifiabll AEHEEHHOS N0 Vol ume 15 ulilized i
the conputation a utati on proceeds to a first

reconput ed CMS dosing vol unme bl ock 612 V\:hl ch re-conputes an dates the
CMB dosi ng vol une \WiBAefereesto s ig? HeW e N ‘?C(S?@ cale '@%\?thg% Yadj , dose,

the pH adj UStebW@'c&QeM?JtHH%fabauwd thiaZ8Ehich dehferg QAPEBY) RMi@nd | s not
i gnor ed. dosing calculation for Case ii now pr ogr esses to a

second vol une b¢%®kw11th olbigh ®MARKgng slatt blogk ﬁ%f%ﬁ@tqﬁ?é‘ﬂgaﬁﬂju ffon: fr Case i i
dosi ng vol unes,(V I f any of
t he vol unes ar gﬂ née%éé;t% |hg%sﬁM'ﬁ\éom["g%§§ng{r§g8§£%s tte(% %:tgrn %?gjt‘léeﬁéfogonput ation
bl ock 616 whi chs neljheMblar (GmAgggrpuﬂetﬁmm §sir|1rrgvsajlthmaslsxﬁmaidn thatsi ng vol unes

are positive, | cul ation i ng vol unme check
bl ock 618 whi cHD¥MEEkS va?‘?ég ﬁSMsH’Z’S‘&éaP %?°8g7p?80‘fl%'f %ﬁaésm%ng vol ume
(VonmAs, dose + Vthne%gS}{QIacd&a@gtwﬂelfom;{ ease the total CDU sol ution
vol une above the value VWmAX. |If VmAX is exceeded, execution proceeds to a

second CDU drain bl ock 62Q] V\:hl ct}\ cause§\; he,CDU to partially drain. One
met hod for selecting ezaﬁﬁfﬁﬂf%_(ﬁiﬁm_m.l_ﬁh_ﬂblbe drained fromthe @3 is
to renmove a quantity of s¥kwiint ¥gual +Mems K/ mnount by which the total
dosi ng vol une exceeds VmAX. Renoval of solution fromthe CDU alters the
starting condition for the dosing conmputation. Therefore, execution is
reset to the IS’\IR} Iagerdrgaérirar?&m&gav bl ock 602. If VmAX in the second
maxi mrum dosi ng vol ume check bl ock 618 is not exceeded, the conputation
proceeds to a second m ni wmmﬁ&g%gky% ebr%ggcb,l,,gsc&uaﬂ whi ch ch&ﬁ%
whet her the total dbfswngsevm urme (Vonpa dose AF vpuhdose + VDI, dose) | ess
than the volume Vi N. If the total dOEWPgCWoCﬁFFre is greater than Vm N, the
cal cul ati on proceeds to second cal cul ati on conpl ete bl ock 624. The dosing
vol unes VDmAp, dose, CMmbhtdmfrq)rogegteMaia,ﬁi@tsl}ﬂ c&&mgwemdye Hlak 2A0§ewhiohcont rol |i ng
solution additions to the CDU. lf the total ?‘E%% %Wllaurre is less than

VM N, addi ti onSPMRYFLA Fo5HE Ve lums Ve eﬁﬂ}m’éﬁﬂ‘ O 8n proceeds to a
second repl eni shnment cal cul ati on bl whi ch perfornms a repl eni shnent
cal cul ation, by net Qods t o he_expl alﬁae‘d pecdu bel ow. . Dosi ng whepmAHVAB
concentration i n CDU™M§®Hi'gh VCDU orig WVLN . F ef BR@NGe 46 Rig. 7, a flowchart
for a dosing calcul ation when the DVMAB concentration of a soI ution in a
chem cal delivery un|t (CDU) is high begins with a high DVAB dosing start
bl ock 702 for h salssrll1 ?I culation. For this case, a high DVAB
concentration |s prox I IYet & ely greater than a value of 45 mlli-Molar
(Comm ang> -0.45mV). Starting with an assunption that VomAn, dose = 0,
second CMS dosing volume bl ock 704 conputes a dosing vol une Vcns40",
according to the foriemb a: Vous.awhitofpiast & Ypearrangi ng gi ves: emvcDU (23U
CDM AB , CDU

By rearranging formula (27) with the assumption of formula (28), and
applying the value of Vemp dose cOmputed by block 704 the volume Vpj gose 1S

computed as:

VCDU ,orig C DMAB,CDU — C DMAB ,CDU (VCDU ,orig + VCMS ,dose )
VD! dose = ] (29)

C DMAB ,CDU

The dosing calculation for Case iii now progresses to a second pH

adjuster dosing volume block 708, which uses the values Vs, dose and Vi gose
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Vs , dose cACDU CDVAB , CDU ) DMAB , CDU Acnrs Comput ati on progresses to
a first DI dosing volume block 706, which conputes a dosing volune Vni,dose
beginning with the fornula: C DMAB ,CDU VC DU ,orig + VpH ,adj. + VCMVS

, dose + V01 , dose using the assunption: VCDU VCM5 , dose VO1 dose >> VpH

, adj . By rearranging fornula (27) with the assunption of formla
(28), and applying the val ue of VcroDAO" conputed by bl ock 704 the vol une

Vndost is conputed as: VDI dose = VCDU ,urig C DM AB , CDU C DVAB , CDU (VCDU
,orig VCMs ,dose) C DVAB , CDU (29)

computed from formulac (26) and (29) respectively to compute the pH adjuster
dosing volume Vpudi.dose based upon the relation:

VCMS KCMS

pPH cpu — PH cou otg T
Veou .oig + Vordoe + ViH ad.dose

VDI K DI

V(‘:DU Lorig + VCMS + VpH.adj .dose

-+

(30

+ VpH Ladj K pH

VCDU .orig + VCMS + VDl.dosc

The volume of pH adjuster in the denominator portions of formula (30)

can be neglected, simplifying the expression to:

. VoK
PH opy — PH cpu orig CMS ™ CMS

Vepu oris T Vi dose

V, K
+ Dl.dose ™ DI

; 31
Veou orig T Vs dose 1)

- VpH .adj .,dose K pH

Veou oig T Vs gose T Vbldose

After appropriate rearrangement, formula (31) can be solved for
Vonaddose: Once the dosing volume of pH adjuster is determined, the dosing
volumes for DMAB and CMS are re-evaluated to improve the accuracy of the |
calculation. The value for Vo egdox is passed to a second recomputed CMS
dosing volume block 710 which re-computes and updates the CMS dosing
volume Vs anse According to formula (26). In this case, the pH adjuster dosing
volume is utilized in the computation and is not ignored. Computation proceeds
to a first recomputed D1 dosing volume block 712 which re-computes and
updates the DI dosing volume Vpi,dosc according to formula (29). Again, the pH

adjuster dosing volume is utilized in the computation and is not ignored.

The dosing calculation for Case iii now progresses to a third volume
check block 714 which checks whether any of the Case iii dosing volumes
(VDMAB dose, VpH,dases 81 Vi dose ) are negative. If any of the volumes are

negative, calculation proceeds to a third reject computation block 716 which
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The dosing calculation for Case iii now progresses to a second pH adj uster
dosi ng vol une bl ock 708, which uses the val ues VClI AS, dose and Vot , dose
computed from fornulae (26) and (29) respectively to conpute the pH

adj uster dosing volume V pil"sli.dose based upon the relation: PHCU - PH
CDU .orig Vovis K ens VCDU ,orig VO1 , doseVpH.,dosc VIMK DI

rejects the computation as invalid. Ifail dosing volumes are positive, calculation
procecds to a third maximum dosing volume check block 718 which checks
whether the addition of the 1otal dosing volume (VpmaBdese + VpH.dose  Viidose)
will increase the total CDU solution volume above the value Vuax. !f Vuax is
exceeded, execution proceeds to a third CDU drain block 720 which causes the
CDU to partially drain. One method for selecting the amount of solution to be
drained from the CDU is to remove a quantity of solution equal to the amount by
which the total dosing volume exceeds Vmax. Removal of solution from the
CDU alters the starting condition for the dosing computation. Therefore,

execution is reset to the high DMAB dosing start block 702.

If Viax in the third maximum dosing volume check block 718 is not
exceeded, the computation proceeds 10 a third minimum dosing volume check
block 722 which checks whether the total dosing volume (Vpman dose + Vpli.dose +
Vpidosc) is less than the volume V. Ifthe total dosing volume is greater than
Vum, the calculation proceeds to a third calculation complete block 724. The
dosing volumes Vomag oser Vpitdoses and Vi dose are ready for use in controlling
solution additions to the CDU. If the total dosing volume is less than Vi,
additional solution is required by CDU. Execution procceds to a third
replenishment calculation block 726, which performs a replenishment

calculation, by methods to be explained further, below.

Replenishment Calculations

In this exemplary embodiment of the present invention, if any of the
dosing caleulations for Cases i, i, or iii (described above) require 2
corresponding replenishment computation, the replenishment volumes arc¢

determined by the following method, described with reference to Fig. 8.

In Fig. 8, computation begins at a replenishment computation start block
802, an entry point for the calculations to follow and progresses to a CMS
replenishment volume block 804 which computes a CMS replenishment volume

Veuis rept according to the formula:
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VCDU , orig VCVs Voft.adj dose(30) VpH ,udjK pH VCDU .orig VCMS VD1 dosc
The volune of pH adjuster in the denom nator portions of forrmula (30) can
be neglected, sinplifying the expression to: PH CDU - PH CDU ,ong Vcms K
ens VCDU ,orig V1 ,dose VDI,doss K DI (31) VCDU oHg VCS idosc

A.CDU Vrcpl . (32)

VCMS Jsrepl = A
CMS

where Vi is the total volume of replenishment solution determined from the
computations described above in the dosing calculations. Formula (32)
estimates the volume of CMS replenishment solution which must additionally

satisfy the relations:

' VCMS ,repl ACMS
Acpy = v v (33)
Vot adirept T VDMAB rept. T Voms rept + VDI rept
and
Vet = Voragi. + Vomas wept. T Vems + Vo (34)

The replenishment solution computation progresses to absorbance and
pH case selection block 806 which selects a further path for the replenishment
computation according to whether the CMS absorbance and pH are anticipated to
be relatively constant or varying as the other plating solution components are

added.

Case where CMS Absorbance and pH are Relatively Constant

If the CMS absorbance and pH are relatively constant, the replenishment
calculation proceeds to a DMAB replenish volume for constant parameter block
808A, a DI replenish volume for constant parameters block 810A, and a pH
adjuster replenish volume for constant parameters block 812A. These blocks
compute the replenishment volumes for DMAB, DI, and pH adjuster

replenishment solutions to satisfy the relation:

vrcpl .= VCMS,repI (1 + apH ,adj ., repl + aDl,repl + G pmas Jrepl ) (35)

where:

apH,adj ,repl VCMS,repl = va ,adj repl (363)
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Von .adj "dose K pH VCDU ,orig + VCM5 .dog + VDI. dosc After
appropriate rearrangenent, fornula (31) can be solved for Votddj Aitno. Once
t he dosi ng volune of pH adjuster is determ ned, the dosing volunes for DVAB
and CVS are re-evaluated to inprove the accuracy of the cal culation. The
value for V pli,adliclose is passed to a second reconputed CVMS dosi ng

vol unme bl ock 710 which re-conputes and updates the CMS dosing vol une

Vcnsi d"Fe according to forgul a (26),. In this case, the pH adjuster @g§)| ng
volume is utilized P"AMtEyes' CEYeErt at i BWRPH i s not ignored. Conputation
proceeds to a first reconmputed DI dosing volunme block 712 which re-conputes
and updates the DI dqsi ol ueey\fnjosc according to formula (29). @gain,
the pH adjuster dosi ﬁ‘g’“"cg Musr'f%'ui s l%J{’Erlgl ized in the conputation and is not

i gnor ed. The dosing calculation for Case iii _now progresses to a
third vol une check Wbitbcictupl implpmentiationeliReks\iRd+308A. BHA 3pd B he BR¥ RS i

dosi ng vol unes L negyasve_ I f any
of the vol urrese"a%@@@g%@#\e/lggp%gt%ﬁgﬁT%ﬂ&psyt%gggrgﬁtt%géoé@? ﬁ)lyr d rejb ect

conput ati on bl kodwiztbGkilad ettisanse Fectempleecaumgraiahsafoweraor theval i d. 1f al |
dosing volunes. are positive, calculation. i.rd. |, Jrum dosi ng
vol une check bfn&lﬁm%@ :fé 1°¢ Sié%?go%ug%hog% ﬁ'g(ﬁ%gg%g'??@g%mg?ﬂ tltﬁigﬁ%'(g?al

dosi ng vol une gAY Hidhose bYpidpgsktofindGaKuid whith simutareassdy sdtisfytaot al  CDU
solution volune above the value 'linply. |f VmAXx is exceeded, execution
proceeds to a PHf ‘Hy‘éﬁﬂ’fﬂéﬁ"&}“ﬁalﬁlﬂ&i’dﬁgﬁéaﬂ#??ﬂﬁ“@ﬁﬁses the CD') to partially
drain. One nethod for selecting the anount of solution to be drained from
the CDU i s to renovene theimpientskmerit vobimes iVans.aqVah, .4.apit Veusapoandt by whi ch

the total dosi vol une exceeds \Wr Rermoval .qf sol uti from.t.he CDU
alters the st a%WRjepbad%‘?r??”g?fidtPS?t%g‘eygg'i%ﬁée%sg%eﬁ? ‘é?q}“c'}%@“’?'h%re ce#“c?ﬁe,
execution is rgaRtesied td hRphhghmENRBIcdRESN@nFll@AE blobk 8TK afdthe | f VMAX
in the third maxi mum dosi ng vol ume cheek bl ock 718 js not. exceeded, the
conput ati on pr HREBHEmey volings A rﬁi‘qﬁfﬁ{l‘t‘ﬁed’bg‘?‘?‘@ll%lsat‘i@%h RS QR 722 whi ch
checks whet her gy total dosing vol ume (Voi dAtuose + VpaduSe Vi Dliidose) is
| ess than the volune VM N. If the total dosing volune is greater than VI A%
the cal cul ation proceeds to a third cal culation conplete block 724. The
dosi ng vol unmes VDVA13, dese, VpHitto6e, and Vta, aohe are ready for use in
controlling solution additions to the CDU. |lithe total dosing volune is

| ess t han VmlNCasawkdre ONVES Aborbitriconnd pHraeeWuryggr by CM  Executi on proceeds
to a third repl enishnment cal cul ati on bl ock 726, which perforns a

repl eni shment cal cujratd @s a@%rﬂ@k@%ﬁs‘pfg ﬁr_eh@rﬁﬁ@?thl%ir&ﬂéhigl"h'ﬁénb@lleulﬁ%lnow-

Repl eni shment Cal cul ati ons . i s exenplary enbodi nent_of the
present i nvent pseeds fo aRMAS raplraishioeiuiy wigh elratonsippebinck 48R PL i | or

iii (described [ ke r i r el -gonput at i on,
-t he repl eni shné%?e%\gsgl)vﬁﬁleﬁgqgﬁgn%e@grsrr%%?lgg;ag)k/%gwoﬁl%s\?\n&%mnnét od, descri bed
wi t h ref er ence vblameivgth &Bitration slop¢ blobk §12B8, Treemgutiatcompuiseeplersshatent

repl eni shnment conput at i tart bl gck. 802 n entry int faor .thc

cal cul ations t 8CHBFP &NbﬁéﬁpﬁgénggégjuftSr fgp%wgﬁrpgwglﬁﬁgwr{gmﬂs\fyo fire bl ock
804 whi ch conpwdigna CMS repl eni shnent vol une Vens, ,to according to the
formula: VCMS | repl

VDMAB Lrepl C DMAB ,repl . (37)

C =
DMAB ,CDU v v v vV
pH ,adj ..repl F Vpmas Jrepl . F Veus Lrepl l D1 ,rep!

The DMAB replenish volume with titration slope block 808B computes

the DMAB replenishment volume from the formula:

Y, _ C DMAB ,CDU Vrepl . 38
DMAB jrepl . — C ( )
DMAB rep! .

The following relations are then used by blocks 810B and 812B to
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AV CDUrept (32) ACVMS where Vrep, is the total volunme of

repl eni shnent

solution determ ned fromthe conputations descri bed above in the dosing
cal culations. Formula (32) estimates the vol une of CMS repl eni shnent

solution which nust additionally satisfy the relations: VCVS ,rep

"CM VpH , adj "rept VDVAD ,rep! VCVS ,repl VDI ,rep! and Vrep'

for the repleni

ACMS A

= VpH , adj VDVAB
,repl VCVs + VDI The repl eni shnment sol uti on conputation progresses

t o absor bance g@ﬁﬁgg?%ggﬁ%ﬁ§%%¥%%9§€%%?%#HgngMhLCh'SeleCtS a further path

P&t her the CMB absor bance

g as the other

and pH are anticipated to be rel atively, congtant var
p c ﬁ&ﬁdﬂfgj X/ %IPH + Q/I’DMAB ,rep>l/. DMAB ,repl .

plating sol uti qp conpgrents ! pH 2dj. (39)
cou repl . VD[ Vrepl . VpH adj . Vrepl . VDMAB srepl .
Vieot. = Vouadi. ¥ Vomas sept . ¥ Voms + Vo (40)
In formula (39), the varying pH and absorbance of the chemical makeup
solution (CMS) is included by means of the titration slopes:
Kp = ol (412)
cpu
K'DMA g = AC—MS_K_M (41b)
Acpy
. AcusK -
K Hadi, — CMS. pH ,adj. (41C)
Acpy

These titration slopes have been discussed above with reference to Figs. 3
and 4. In the actual implementation, blocks 804, 808B, 810B, and 812B may be
executed in a different sequence or may be solved simultaneously by methods

known to skilled artisans.

Once the replenishment volumes Vs repl, Vi, adj.reply VeMSrepl, and
Vomas.rept are computed to satisfy the total replenishment volume Ve, execution
progresses to a replenishment calculation complete block 814, and the
replenishment volumes are ready for use in controlling solution additions to the

CDU.

In the foregoing specification, the present invention has been described
with reference to specific embodiments thereof. It will, however, be evident to a
skilled artisan that various modifications and changes can be made thereto
without departing from the broader spirit and scope of the present invention as
set forth in the appended claims. For example, although the apparatus and
method of the present invention is described primarily in reference to the
electroless depoéition of cobalt tungsten phosphide, skilled artisans will

appreciate that the present invention may also be applied to the electroless
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Case where CM5 Absorbance and pH are Rel atively Constant If the CVS
absorbance and pH are relatively constant, the replenishnent cal cul ation
proceeds to a DVAB repl eni sh volunme for constant paraneter bl ock 808A, a D
repl eni sh volune for constant paraneters bl ock 810A, and a pH adjuster

repl eni sh volune for constant paraneters block 812A. These bl ocks conmpute
the repleni shment volumes for DVAB, DI, and pH adjuster replenishment

solutions 1o sabioshiy bhenEAh LA 10 YiBRls and SV kb ufedully, 20l |

, ad] r ep! a MOtheephemi@\Vfﬁrqcespé whert DVAResiradpto detddhinertepl VCVS | r epI =

VDI , rep! lon, blocks 804, 808A 810A and
B12A oy be exEXITPREMPRSS Wt 8P RCBHALR CRTBe ARy A G sert

si mul t aneousl y irbysdl@ioRO G5r kaae, b @pazific dntfddiidnt SARS prefedk i ¥R Bay
commercial software for the inplenmentation of spreadsheet conputations

frequent |y i ncBF poeitialy anplipd &%@Wl@s&@@%ofmkelwhe@nm%%%f}w to find
sol uti ons whi clyesiARibBBRRNE hlypo%ﬂBépﬂtyw%ulﬁlb'érﬁ’lgnyd o mto@ﬁmh%@k

requi rements and constraint$ pPent shient - vol ures

Vens, ito, VpH, reddfing pgeph avOvEcepfation nfinivBiids ieglutinevaddrbumetsuted sat i sfy

repl eni shrent CorSeneno i Byl DBy SRy Wl BRI Aehene vol umes
are ready for alsserption cehdr mabk kdsp@lsmltmthemﬁbkaﬁdnstIIGﬁSpédDﬁdahenﬁmJ Case where

CMS Absorbance ,and pH are CMS absorbance and pH are
varying, the rSBPES §Wn%‘i’f9fd§‘ﬁ{>é6‘?3‘? Teé?fdf)‘l@c?@g@?trfﬁbveda%m%a? &pl eni SE vol ume

with a titrati eRukliepenkd. ock 808B, a DI replenish volume with titration

sl ope bl ock 810B, a pH adjuster replenish volume with a titration sl ope

bl ock 812B. These bl ocks conpute repl eni shnent volunes for DVAB, DI, and pH
adj uster replenishnment solutions to satisfy the relation: C DMAB ,CL)U, V
pH ,adj .,replVDVAB ,repl .VCM5 ,repl VIM,repl
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The DVAB repl enish volunme with titration slope bl ock 808B conputes the DVAB
repl eni shnent volune fromthe fornmula: VDVAB ,repl . = CIDVAB , CDU Vrepl
(37) DVAB , repl . The following relations are then used by bl ocks 810B
and 812B to conpute the repl eni shnent volunmes VDLrepi and VpH. adj.,repl:
pH CDU = pH CM5 VDl K D VpH ,adj Kil VDVAB ,repl .K DVAB ,repl

CLAIMS
What is claimed is:

1. A system uscd in electroless plating of metallic compounds, the system

comprising:

a sampling system configured 16 measure components of a plating solution, the
plating solution having a reducing agent, & pH adjusting agent, and at
lcast onc metal in solution, the sampling system further configured to
divert a portion of the plating solution to a Raman spectrometer to
measurc a concentration of the reducing agent, the sampling system also
diverting a portion of the plating solution to a visible light spectrometer
(VIS) to measure a concentration of at least one metal in solution, the
sampling system further diverting a portion of the plating solution to a
pH probe to measure a pH level of the plating solution;

a control system configured to replenish any of the reducing agent, the pH
adjusting agent, and at least one metal in solution on the basis of the
measurements made by the Raman spectrometer, the visible light

spectrometer, and the pH probe.

2. The system of claim 1, wherein the reducing agent is dimethylamine borane
(DMAB), the pH adjusting agent is any of citric acid and tetramethyl
ammonium hydroxide, and the metal in solution is any of cobalt and

tungsten.

3. The system of claim 1, wherein the Raman spectrometer utilizes a 785
nanometer wavelength light source and the visible light spectrometer
(VIS) utilizes a green light source having a wavelength approximately

between 490 nanometers and 540 nanometers.
4, The system of claim 1, wherein the pH probe incorporates a temperature

sensor to enable determination of and correction for variations in pH
measurements as a function of temperature.
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- Vrepl . VDI VreplViati ,adjVrepl . VDVAB ,repl VETO = pu , adj. VDVAB

,replvV.s VDI In formula (39), the varying pH and absorbance of the
chem cal makeup solution (CMS) is included by nmeans of the titration
slopes: _ Acnms KD A CDU Acns K pH ,adj KpH,adj . = A CDU These

titration sl opes have been di scussed above with reference to Figs. 3 and 4.
In the actual inplenentation, blocks 804, 808B, 810B, and 812B may be
executed in a different sequence or nay be sol ved sinmultaneously by mnethods
known to skilled arti sans. Once the repl eni shnent vol unes VCMVS, rep
VpH, adj.,repl, VCM5 repl, and VDMAB,repl are conputed-to satisfy the tot al
repl eni shrent vol ljﬁﬁ‘hé/fy@(pin ofelwcumhommghmnfe@swnt erepties &) pddinesaht

. cal cul ation conplete bl o e@ﬁ%&eﬁnﬂe E@gcgﬁsﬁﬁg %ﬁmﬂkaﬂgﬁ&m&ﬁ j@re ready for

use in controlling sol tion he foregoi ng
speci fication, the pr emmonnfrtmﬁlpwlvha@'%‘ééﬁ*?“élé‘slbfw'ﬁé‘@ SQREM 42f erence to

speci fic embodi ment s tEgg&@Q&M&%é bnd ttyquﬁaamonbmemﬁemnameamy. Il ed
artisan that various fications and Bg’s can gazde thereto wi thout

departing fromthe br oaﬁb‘?‘f@iﬂ"?ti"ﬁ%ﬂ?ﬁ‘“@&?ﬂﬁés f"’etarf@tpﬁ‘fné it invention as set
forth in the appended cl ai ns. For exanple, although t he apparatus and
net hod of the present invention

escrib nce to the
el ectrol ess deposi® iR 8’(5’83‘1’?‘!"{5}& B %ospﬁmeg Joyuklb{]l %glgérq?l sans will
appreciate that the preaggisingnvention may al so be applied to the

el ectrol ess depOSItl@ﬁg%s&a‘h‘f"‘e‘mﬁﬁﬁhéh 5 miaS Trggﬂ%%&cggﬁh@@m,{gol of

el ectropl ating soluty em cal processes where it is
desirable to deterni nesdlisenchassobrige Pﬁfhsp'etfngbe‘!-‘hﬂfbt}cg@m‘@ dicatonREthsl | i ¢

conponent s si mul t aneoug|,y oAl B&ESHar le&t@néf?éwﬁdtﬁa 1a:lr'r@rsommrrpl e a speCI fic
enbodi nent  of the present 1nvention may ene?

i cial 1¥ % to
el ectrol ess pl ati reRastanspeskemetpifoafigyraddo ("‘F\FF’P""P‘WG‘B‘W‘Q g’s%g n8 3ghodi nent
hypophosphite woul d be; ,pﬂgpbgy,egdsdunmpl ace of DMAB as a reducing agent, and a
concentration of ni ckel 1ons in solution woul d e rrtaasu[u(iali”w%fi absor pti on,

using a wavel engt ha PHPIRRG earfigured toimsasurg 3 Rhlevel SERE platag g
absorption meter V‘@&n&&%ﬁ?@&}ﬁﬂgt{r@dEoQJtﬂlE‘EQhélmsdﬁe‘embmﬂ&'meThﬁblspgﬂl fication and

drawi ngs are, accordingly, L9 bg cegarded L0 aLd bl SLEBINGRAper than 2

dosing additions of a chemical makeup solution, the reducing agent, a pH
adjusting solution, and deionized (DI) water to the plating solution, the
dosing additions functioning to replace plating solution coniponents
diminished by a plating process, the controller further configured to
determine replenishment additions of the chemical makeup solution, the
reducing agent, the pH adjusting solution, and deionized (DI) water to the
plating solution, the replenishment additions functioning to maintain a

target volume of the plating solution.

7. The systcm of claim 6, wherein the pH probe incorporates a temperature

sensor.

8. The system of claim 6, wherein the chemical makeup solution is electroless
CoWPB solution, the reducing agent is dimethylamine borane (DMAB),
and the pH adjusting solution is any of tetramethy! ammonium hydroxide
(TMAM) and citric acid.
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CLAI M5 What is claimed is: 1. A systemused in electroless plating of
nmetal |l i c conmpounds, the system conprising: a sanpling systemconfigured to
nmeasure components of a plating solution, the plating solution having a
reduci ng agent, a pH adjusting agent, and at |east one nmetal in solution,
the sanpling systemfurther configured to divert a portion of the plating
solution to a Ranman spectroneter to neasure a concentration of the reducing
agent, the sanpling systemal so diverting a portion of the plating solution
to a visible light spectroneter (V1S) to neasure a concentration of at

| east one nmetal in solution, the sanpling systemfurther diverting a

portion of the platifgehsd dtopSitink@ contidtiers addeloting araspiendshaetH | evel of the
pl ati ng solution; a control stem conf.i gured.,t rel%Jsh any of the
59 b it isproffeortng

reduci ng agent, the pHePSEYS ?lﬁmtéﬂ&e‘ﬂlf'“""a methoff g e netal in solution
on the basis of th@cagmaguwamtgmxbmiﬁanbg/oftmldﬁamutmpe‘(mlﬁdm'@hshtthe

visible |ight spectroneter t glaimil,
wherei n the reduci ng aéfé?ﬁ'fd"i'ez éepcpﬂﬂpa%;n%%% %crg"e{)r{gh?aéyﬁn?éﬁlmetth adj usting

agent is any of ci tr| C platingkobuion;t et r anet hyl ammoni um hydr oxi de, and t he
netal in solution js thﬁ,]mg’?&&mﬁﬁlﬂhwaﬂ% Hhetrometed RRleRYBIEM of claim 1,

wherei n the Raman spec l1zes a 785 nanomeser wavel ength |ight
source and the visi bI e coricghmationletredyping egeniivheplatipg $91WIRR 5 green | ght

source having a W&L@n@tamﬁmrmhmtmgyolhﬁnw&pd-&ﬁotfbanorret ers and 540
nanoneters. 4. The systemof claim r obe lonconparates a

t enper at ur e sensorPft’de‘éﬁQ‘BI"é‘b!fétg@‘rar'i’?‘ﬁ‘?ﬁ"%H’eé?d“'éﬂ%iaﬁgtrcr@pgceﬁraonr?"’f of "variations
in pH measurenents as Q,Hflgugp&,lm(;gfom@nperature 5 The system of claim1,

wherein the control system operat e di n ks agent,
the pH adj usting a‘g’é}ﬁ’t‘““vaar'n‘ﬁ’?”ge ( cgﬂts %ﬁ@q gfhg in cm L#ﬁé%%?#%m% r

respective concentrati @ﬂ&ndm the plating soI ution are bel ow a set poi nt

val ue, and by the addit.i oanvc i ebel 9 i ﬁ\gg?cﬂt%)oﬂ‘@ﬁgﬁgh&g@i@%%tﬂe}lﬂtlﬁg

respective concent fAPY Ve a ol nt A system for
controlling the corrposwbhmm of a plating solution, the system conprising! a

visible |ight spect n%nﬁ%{ L v fogyé(,%ﬂ.ﬁ‘a&&m%%? HEibniZd (B SR & th€plaingt he

pl ati ng sol ution, ance o e plating solution being an
i ndi cation of the conc@n'tlm%ﬁ% of at |east one netal in the plating

sol uti on; computing a volume for a replenishment solution addition to the plating solution

when a total dosing volume is less than a minimum dosing volume.

10. The method of claim 9, further comprising computing a portion of the
plating solution to be drained when a total dosing volume comprising a
sum of the volume of the dosing addition of the reducing agent, the
volume of the dosing addition of the pH adjuster, and the volume of the
dosing addition of the deionized water exceeds 2 maximum dosing

volume.
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a Raman spectroneter configured to nmeasure a concentration of a reducing
agent in the plating solution; a pH probe configured to neasure a pH | evel
of the plating solution; and a controller configured to utilize the
measurenents of the visible Iight spectrometer, the Raman spectroneter, and
the pH probe to determ ne dosing additions of a chem cal makeup sol ution,
the reducing agent, a pH adjusting solution, and deionized (D) water to
the plating solution, the dosing additions functioning to replace plating
sol uti on conmponents di m nished by a plating process, the controller further
configured to determ ne repleni shnment additions of the chem cal makeup

sol ution, the reduci me ragksd of clathe9,piicath: usti ng sol ution, and dci oni zed (Dl)
water to the plating solution ther i " it J . ioning to
mai ntain a target tvcfeﬂﬁé°%?p‘?‘%&ﬁV%?'ﬁﬁé?gg?ss&g? g‘%n&g@taﬁﬁg‘n@?&? gar%E %)f cl ai m 6,
wherein the pH probe i theplapug @iution is basedpes wragy eonesapation forghe reglsingy st em of

claim6, wherein the chepical. WtBR) Lo @RtretiSn 6F tRE el RSB UaVIPB
solution, the reduci ngg%g?e'ﬁ?lbipgﬁ ?retuﬁy’laam nerblo?aneaéDMlA , an he pH

I t
adj usting solution is dosipegplutionof fiededyGing eI YDA/ BENADSYRANCE RIS  and
citric acid. 9. A nmethaghsabnapehmd d NgblaigR absodkhd@iof § cheanidl deleupg and
repl eni shnent chemcals to a plating solution, the nethod conpri sing:
measuring a visible |iiti®8bsor bance of the plating solution with a visible
| i ght spect r onet erhd epdFtanpiing the voIOME &k Kadingaidditbn aftthd wrhadjusome netal in
the plating solution; suri e ting solut] A - n
spectroneter to detern?ﬁ‘gm&t%@'geé ?qjglulg}%"n'sg?“%&]r%a %@?%gﬁbﬂﬁﬁﬂl n the
pl ati ng sol ution; neasphiingsohtipikridendic volumelobthy Hesingrgdision ofthordydingh a pH
probe; providing the via"si pl & | i ght absorbance, the reducing agent
concentration, and the Tﬁ‘-’l’ﬁevel to the controller; conmputing a volune for a
dosi ng addition ofth¢ $tep afedmpiting thegehme fas ardptingrdditiomgf dessnized 8?4? water

to the plating solution is based on the volume of the dosing addition of

the reducing agent and the volume of the dosing addition of the pH

adjuster.

]2. The method of ¢laim 9, further comprising:

selecting a 785 nanometer wavelength light source for use in the Raman
spectrometer,

selecting a green light source having a wavelength approximarcly between 490
nanometers and 540 nanometers for use in the visible light spectrometer
(VIS); and ‘

incorporating a temperature sensor in the pH probe to enable a determination of
and correction for variations in pH measurements as a function of

temperature.

13. The method of claim 9, further comprising:

sclecting the reducing agent to be a solution of dimethylamine borane (DMAB);

selecting the pM adjuster to be a solution of any of tetramethyl ammonium
hydroxide (TMAH) and citric acid; and

the chemical makeup solution is a solution of electroless CoWPB solution.
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conputing a volume for a dosing addition of a pH adjuster solution to the
pl ati ng sol ution; conputing a volune for a dosing addition of deionized
(D) water to the plating solution; and conputing a volune for a
repl eni shnent solution addition to the plating solution when a total dosing
volune is less than a m ni num dosing vol une. 10. The nethod of claim9,
further conprising conputing a portion of the plating solution to be

drai ned when a total dosing volune conprising a sumof the volune of the
dosi ng addition of the reducing agent, the volune of the dosing addition of
the pH adjuster, and the volume of the dosing addition of the deionized

wat er exceeds a maxi mum dosi ng volunme. 11. The nethod of claim9, wherein:

the step of conputj nﬂn{eFﬁ &d ¥4 Hﬁn% éonaonipfolalagd&d@lahd&aleﬁﬁshrhéhe reduci ng
agent to the pl atlng solutio ased_on, a ttggqget cancentration for the

reducing agent in the qhFmicilatp aiatipe SYOLhE BRERHIIHRIT'BH of the reducing

agent in a dosi ngﬁmuuagms@fﬁ; ntambfoqﬁu@dmewem sonmmw«hawmb@ lighyht
absor bance of the plating sol ut | .and a “é hghce of a

chenical nakeup sol uti®fe r%ﬁ?@'@tdg'ﬁnﬂf’e ‘i)°r?f) f“H’“o VO urre or a dosi ng
addi tion of the pH ad]]blatr@rsolﬁminutl on to the pl at| ng solution is based on a

t t pHvalue for th lquBniRd a t he d
hditi on of the r e s FlitEtolRgY B R RAR GubBB BRI LB TS oY

dosi ng addition of dei mnpea\eeltnc(nlblf)rmiattlwagw Hﬂhepb!"&%"h'@‘m&ol ution is based on

the volune of the g atity %l&r%i#u%a Ha@&R}anand the vol une of
the dosing additi o"ﬂeg%#lg ﬁggq%vu&cqr S’TSTeé] ; . egmet hod of .l ai Lg{hQ further

conprising: sel ectwwgillth‘SBS‘h‘arhléﬁ*FéPi?F %@Féﬁ‘@"c% EEREPIERTAER SPAWE yse i n

the Raman spectroneter; pH to the controller.

15. The method of claim 14 further comprising:

computing an estimated volume for a dosing addition of the reducing agent to
the plating solution;

computing an estimated volume for a dosing addition of a chemical makeup
solution to the plating solution;

computing a volume for a dosing addition of a pH adjuster solution;

computing a revised volume for the dosing addition of the reducing agent to the

A plating solution;

computing a revised volume for the dosing addition of the chemical makeup
solution to the plating solution; and

computing a volume for a replenishment solution addition 1o the plating solution

when a total dosing volume is less than a minimum dosing volume.
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selecting a green |ight source having a wavel ength approxi mately between
490 nanoneters and 540 nanonleters for use in the visible Iight
spectroneter (VIS); and incorporating a tenperature sensor in the pH probe
to enable a determ nation of and correction for variations In pH
measurenents as a function of tenperature. 13. The nethod of claim9,
further conprising: selecting the reducing agent to be a sol ution of

di met hyl am ne borane (DVAB); selecting the pH adjuster to be a solution of

cany of tetranmethyl amoni um hydroxide (TM AH) and citric acid; and the
chem cal mekeup solution is a solution of electroless CoWB solution. 14.

A met hod of operauis.p’ghoanamﬂtdfelhineYSWl&r@dd dosing and repl eni shment
chemcals to a pl g{e' nﬂ 8?94,“:{{“{.“0%(3 esFmthi?tJ] ﬁpm&lin%'ag(?nor{WEdu@ﬂ gd Vvisible

| i ght absor bance ron w ht spectroneter
to determine a concentargauulmn\cofanaﬁsomarsts bem@mtﬂaetqf’ﬁcecnﬁé"%l fofitheng sol uti on;

measuring the plating r%&!lc'ﬂ% gEhtYHtwplﬂm gmnsp@&,gglﬁgmnmmteqeddaher mne a
concentration of a reducin gent 1nt platin asuring a pH

| evel of the plating stgetkin BHOW&SH‘“EO"@W&Y%@@ gt aﬁHB\)’P s HFT he visible
light absorbance, the grauai ﬂﬂ(@@;ﬂ@ﬂﬁl(}@ﬂﬁﬁ@ﬁtfﬂ@kdﬂ@ﬂhn and the pHto the
controller. 15. The nethod of claim 14df g}r g n;Prad&'uQngoﬂﬁo{f\QH{ g an
estinmated vol une fl5steR 4 BRTRIYSEE PIIMBIGY §F “‘f‘ﬁ "FERY agent to the plating
sol ution; makeup solution to the plating solution is based on Ihc csumated volume

of the dosing addition of the reducing agent, the measured visible light

absorbance of the plating solution, a target value [or the visible light

absorbance of the plating solution, and a visible light absorbance of the

chemical makeup solution; and

the step of computing the volume for a dosing addition of a pH adjuster solution

is based on the measured valuc of the pH of the plating solution, a target

value for the pH of the plating solution, the estimated volume of the

dosing addition of the reducing agent, the estimated volume of the dosing

addition of the chemical makeup solution, and a set of titration constants.

17. The method of claim 15 wherein:

the step of computing the revised volume for the dosing addition of the reducing
agent to the plating solution is based on the target concentration for the
reducing agent in the plating solution, the concentration of the reducing
agent in a dosing solution of the reducing agent, the volume ofa
chemical makeup solution in the plating solution, and the volume of the
dosing addition of the pH adjuster solution; and

the method of computing the revised volume for the dosing addition of the
chemical makeup solution to the plating solution is based on the revised
volume of the dosing addition of the reducing agent, the measured visible
light absorbance of the plating solution, a target value for the visible light
absorbance of the plating solution, the visible light absorbance of the
chemical makeup solution, and the volume of the dosing addition of the

pH adjuster solution.
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conputing an estimted volune for a dosing addition of a chem cal makeup
solution to the plating solution; conputing a volune for a dosing addition
of a pH adjuster solution; conmputing a revised volunme for the dosing
addition of the reducing agent to the plating solution; conputing a revised
vol ume for the dosing addition of the chem cal makeup solution to the

pl ati ng solution; and conmputing a volune for a replenishnent sol ution
addition to the plating solution when a total dosing volunme is |less than a
m ni mrum dosi ng volume_ 16. The nmethod of claim 15 wherein: the step of
conputing the estimated volunme for a closing addition of the reduci ng agent
to the plating soligt fmétSoddTSREN 04) fiathtrapaetisignoceutingatrogionfobiret he reduci ng
agent in the plating sol ution, oncent rat i £ inRgnagent in a
dosi ng sol ution of thewW€§68?ﬂﬂﬁﬂégﬁﬁmgnﬁﬁ%a&%ﬁ&ﬁgﬂ%?ﬂgﬁgﬁﬁﬁ?ga nmakeup
solution in the plati ngmsefthobme dradositeaddition efarrpdveing gearh dheasliiat ed

vol unme for a dosing additjon . . k- WRIuiRlowh Hedmgt 0 the plating
solution is based on tﬂ#eadeoglflg%lﬁeog%\t/gpﬁ%gﬁéﬁﬁgﬁdgsi ng, additjon of the
reduci ng agent, the neadiiived! ¥¢hsiitabmpkesntoliig GBS 2 @BMUTHESB At i ng
solution, a target valyg,for the visible |ight absorbance of the plating
solution, and a visible ‘Ji ght absorbance of the chem cal makeup sol ution;
and the step of conputing the volune for a dosing addition of a pH adjuster
solution is based @nThbgcMERSAHIAE 1% utRerabmprsmgpH of the plating sol ution

a target value for the pHof the platin Lutio i at ed vol une of
the dosing additi oegfner&> P%’t&'ﬂ‘ﬂ"ﬁ‘daﬁ&%{’ ,ﬁg}tﬁ%umees ri'}ﬁg'?' etgéi\% ume of the

dosi ng addi tion of thegsghesha@atl nmakeup sol ution, and a set of titration
constants. selecting a green light source having a wavelength approximately between 490
nanometers and 540 nanometers for use in the visible light spectrometer
(VIS); and
incorporating a_temperature sensor in the pH probe to enable a determination of
and cortection for variations in pH measurements as a function of

temperature.

20. The method of claim 15, wherein:

the reducing agent is a solution of dimethylamine borane (DMAB);

the pH adjuster is any of a solution of tetramethyl ammonium hydroxide
(TMAH) and a solution of citric acid; and

the chemical makeup solution is a solution of electroless CoWPRB solution.
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17. The method of claim 15 wherein: the step of conputing the revised

vol unme for the dosing addition of the reducing agent to the plating
solution is based on the target concentration for the reducing agent in the
pl ating solution, the concentration of the reducing agent in a dosing
solution of the reducing agent, the volunme of a chem cal makeup solution in
the plating solution, and the volune of the dosing addition of theadjuster
solution; and the method of conputing the revised volune for the dosing
addi tion of the chem cal nakeup solution to the plating solution is based
on the revised volune of the dosing addition of the reducing agent, the
measur ed vi si bl e bj. gite nitkimaobasiael dpfurthdreompristigng sol ution, a target val ue

for the visible |ight .absorbance of t l.at LYY bl efiical liguyi Si bl e |ight
absor bance of the® £4 Tf%aﬁ‘foo%s%ﬁ u Ef(gorslf?'“g%@%e vol une of ui‘he dosi ng

addi tion of the pH adjsoBtiertogied pittingsolutiong. The met hod of claim 14, further
conprising comput 'c@n%u?iﬂ%% Jshxﬂﬁeﬁol&nﬁl?tb?&?Jﬁinggdcﬁﬁﬂn%'ﬁ@anii@ (0§ viterkned when a

total dosing vol uife conprising a sumo e volume of a dosing addition of
a reduci ng agent, the thopleing seittiefi dosi ng addi ti on of a pl-1 adjuster, and
the volune of a dg&j,mnagdglgg]@fbrgﬁoﬁ R@ifibCarla preddfustr hitivh toahe gattgeds a
maxi mum dosi ng vol une. 19. The method of claim 14 , further conprising:

sel ecting a 785 nanomelBfo%avel ength |ight source for use in the Raman
spectrometer; sel gehpliigg a rdisE@vblimgoi the desingeddition afgheechoviednesirerieh

approxi mately between 490 nanorneters and 540 nanoneters for use in the
visible |ight spectro "ﬁ‘f’“’( VIS); and incorporating a tenperature sensor in
the pH probe to eralphingadsised vlinat foothe désirarvdditon ofdeioniged (B waferte ati ons in
pH neasurenents as a féngﬁ{igqnsg%og,gir@erature. 20. The nethod of claim 15,

wherein: the reducing a sol ution of dinmethylani ne borane (DVAB);
computing a volume for a replenishment solution addition to the plating solution

when a total dosing volume is less than a minimum dosing volume.

22. The method of claim 21 wherein:
the step of computing an estimated volume for the dosing addition of a chemical
makeup solution to the plating solution is based on a target concentration
for the reducing agent in the plating solution, the measured concentration
of the reducing agent in the plating solution, the measured visible light
absorbance of the plating solution, a target value for the visible light
absorbance of the plating solution, and a visible light absorbance of the
chemical makeup solution;
the step of computing the estimated volume for a dosing addition of deionized
(DI) water to the plating solution is based on the estimated volume of the
dosing addition of the chemical makeup solution, the target concentration
for the reducing agent in the plating soiution, and the measured
concentration of the reducing agent in the plating solution; and
the step of computing the volume for a dosing addition of a pH adjuster solution
to the plating solution is based on the measured value of the pH of the
plating solution, a target value for the pH of the plating solution, the
estimated volume of the dosing addition of the deionized (D) water, the
cstimated volume of the dosing addition of the chemical makeup

solution, and a set of titration constants.
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the pH adjuster is any of a solution of tetramethyl ammoni um hydroxi de
(MAE) and a solution of citric acid; and the chem cal makeup solution is a
solution of electroless CoWPB solution. 21. The nmethod of claim 14,
further conprising: conputing an estimted volunme for a dosing addition of
a chem cal makeup solution to the plating solution; conputing an estinated
vol unme for a dosing addition of deionized (Dl1) water to the plating
solution; conputing a volunme for a dosing addition ola pH adjuster solution
to the plating solution; computing a revised volume for the dosing addition
of the chem cal makeup solution; conputing a revised volune for the dosing
addition of deionized (131) water to the plating solution; and conputing a

vol une for a repl efipRERMoaDOLK ANwRGEt i on to the plating solution when a
total dosing volune i1s [ess than a mni q]dosuﬁg X%LUPE'ﬁé?' Tq% met hod of
clai m 21 wher ei n: thelier gt opPaneamstissdyg v frdhs doEipe At AP oS P e “dosi ng
addi tion of a cheni calmdBleispution!shieoon the tdrdeecqubaitratioy fotheitedoring s based on

a target concentration for the reduci.ng.,agent | i Sokution, the
measur ed concentrati orf28H ”l{qulra{é%s&ﬁlhﬁgg’é’%‘r? gll|nJ'rc1’rlt0 %Jeagtﬁqﬂgﬁ’ﬁﬂg?g tﬁéi on, the
measur ed vi si bl e | i ghtagadidowhb alateg sofutio thepeasuiredgyisit¢ light arorbance gf et val ue

for the visible Iight AReolBRAGCne laydel k! HihddsiGe ighapibroaidibeaheVi i bI e
| i ght absorbance of the chém cal makeup solution; .
plating solution, the visible light absorbance of the chemical makeup

solution, and the volume of the dosing addition of the pH adjuster
solution; and

the step of computing the revised volume for the dosing addition of deionized
(DT) water to the plating solution is based on the revised volume of the
dosing addition of the chemical makeup solution, the targct concentration
for the reducing agent in the plating solution, the measured concentration
of the reducing agent in the plating solution, and the volume of the
dosing addition of the pH adjuster solution.

the step of computing the revised volume for the dosing addition of deionized
(DI) water to the plaling solution is based on the revised volume of the
dosing addition of the chemical makeup solution, the target concentration
for the reducing agent in the plating solution, the measured concentration
of the reducing agent in the plating solution, and the volume of the

dosing addition of the pH adjuster solution.

36



the step of computing the estimated volune for a dosing addition of

deioni zed (D) water to the plating solution is based on the estinated

vol une of the dosing addition of the chem cal nmakeup solution, the target
concentration for the reducing agent in the plating solution, and the
measured concentration of the reducing agent in the plating solution; and
the step of conputing the volunme for a dosing addition of a pH adjuster
solution to the plating solution is based on the neasured val ue of the pH
of the plating solution, a target value for the pH of the plating solution,
the estimated volunme of the dosing addition of the deionized (D) water,
the estinmated volunme of the dosing addition of the chem cal makeup
solution, and a se4. ,QEy:taintfoaédnoalh@g)mst@m:tosmon Tan elttieleveplhda solutigl, ai m 21,
wherein: the step of P np cgmtrpsclanrew sed volunme for the dosing addition
of the chem cal rnatkeupl NP hased on the target concentration for

t he reduci ng agent sarmplmg\mcmsddmdngrtmehuamnhpomdm@fﬂ\e& ddeps plgeent rat i on of

t he reducing agent in t l e |'ight
absor bance of the pl atsltorr}‘%'go?au%aiﬂ%% &Lﬁ&ﬁﬁ;a%&%ﬁ?ﬁ?&?rﬁ?ﬁ%ﬂ@ﬁa@l sible |ight
absor bance of the pl atfﬁ%!@@bmlﬂdwsamh@wwﬁi‘: eVvipiblgiseecupRYFYance of the
chem cal makeup sol Ut'rﬁégur@&daﬂs&%m%é@bm@sa&fpletphemdQﬁaﬂga;ﬂdgdobdt@n of the pH
adj uster solution; and the step of nputing the revised volune for the
dosi ng addition of del’ﬂ?ﬂs‘féai”("DP‘j’eﬁ\H{“‘eﬁamth pgﬁ'@“’pl ating solution is based on
the revised vol ung figs c&dﬁ@llé@n&hﬁb@foﬁﬁdﬂphﬂh@m dofing Mtnaiﬂemhmalthmkmglp sol uti on,
the target concentration for the red C|n n [ lution,

t he measur ed concentra?"?“éﬁ“ gqmqrﬁlévgpgr 28‘02%8?{?"%}3% t wpmﬁ'adt(ﬁlﬂﬁa{édl ution,
and the volune of the dﬂsadjgpuaglehmnoo,ranmﬁctlehecaprhialadp sdution, Bodlasingon. t he step
of conputing the revi sed, ed (D)
water to the plating SO u ?gﬁgﬁggcg {ogff "q‘%ﬁhe egg‘)?ﬁs&gdlg l}*r]fé;&oc?meﬁe dosi ng
addi ti on of the cheni cplhtingaskletign; sol uti on, the target concentration for the
reduci ng agent in réRA tihon of the
reduci ng agent i n"%%%“@#‘g‘ﬁﬁg“%o Sﬁ%:cgﬂmué"% th e&\&;}%%ﬁ;@@ﬂ;{?}e{aﬁuﬁéﬁdﬂgm ng
addition of the pH adj I?B‘F@Fhf@m soiytiom comppiging POrEgns(of Hie FRSHCIR PECPly | | | ng the

conposi tion of an el ecﬁéxﬁﬁz‘éaﬁ)}?k@{ef @QH%qubngQélut:&nh&d&}bﬁ&rﬁi&hlmafp' sing: a
sanpling nmeans for diverting a ortion of the electroless plating

solution to a Raman sp%&%"t"&#ﬁ’él"e‘!'ﬁ“‘?ﬁ"é M‘%"?IWH?&?ﬂﬁlwnﬁfarﬁﬁ reduci ng

agent in the sanple poﬁslmaoftﬁéklébwle&lﬂwnag@mﬁﬁhrameter to nmeasure an
absorbance of the sanple portion % 3 P robe to megsure a pH val ue
of the sanple por taldahverymeans raddmganyo the dosing sol uon volume and the

replenishment solution volume to the electroless plating solution.

25. The system of claim 24 wherein the first controller means selects a method
for computing the dosing solution volume on the basis of the absorbance
of the sample portion and the concentration of the reducing agent in the

sample portion.

26. The system of claim 24, wherein the second controller means selccts a
mcthod for computing the replenishment solution volume on the basis of
a pH change and an absorbance change in the chemical makeup solution
when the chemical makeup solution is subjected to additions of any of
deionized (DI) water, the pH adjusting solution, and the reducing agent.
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a first controller nmeans for conmputing a dosing solution volune, the dosing
sol ution conprising portions of the reducing agent, deionized (D) water, a
pH adj usting solution, and a chem cal nakeup sol ution, the dosing solution
vol une acting to naintain a target conposition of the electroless plating
solution; a second controller neans for conmputing a replenishnment sol ution
vol unme, the replenishment solution conprising portions of the reducing
agent, deionized (D) water, a pH adjusting solution, and a chem cal nakeup
solution, the repleni shnent solution volune acting to naintain a target

vol ume of the electroless plating solution; and a delivery neans for adding
“any of the dosing solution volune and the repl eni shnment solution volune to

the electrol ess phattpg,goh bfdan 242\ﬁ1eremﬁe R R Bt nsQiuﬁttH?lé’nﬂtherel n the

first controller means Selects a nethod for conputijn {} dgﬁ Eg sol ution
vol ume on the basis ofboﬂﬂé‘%’lﬂﬂﬁb’é’ﬁb@*&dﬁtsﬂ‘éﬁé’gﬁﬁ g‘é? FETEY t he

concentration of the ragk&imghaigide (TMAHYendsHwiphad.porti on. 26. The system
of claim 24, wherein the second controller neans selects a nethod for
conputing the repl eni shnent solution volunme on the basis of a pH change and
an absor bance chaageAlsyktdrMae¢h>emasla¢apmtk'guplusmthblsmwmrlﬁlhé cheni cal

makeup sol ution is_subject sl i Snbzed (D) water,
b jon Sdmp mlgrc?g? ?gﬁyhta €§ o(PlIl oﬂ%'@d‘ld gl@f @'_'illﬁ (D)

the pH adj usting &80T I ng ag e system of claim
24, wherein the reduci ngaakyeithty qfsmmsﬁéqlﬂwmmd%ﬂ%ﬁh@“mmcsa’r‘f the pH

adl usting solution is any of kgL aneifmelraiiRpiutdn died berfighed (olAH) and
citric acid. 28. A systemused to neasure a p|ati gg solution, the system

conprising: a solution sanpl |W§P'9&)‘ﬁé'r“'a?ﬂ*1§‘§g%‘!ﬂ°ﬁ§f‘“ sol ution manifold

including: a plurality of ﬁPs'i%ﬁ%&u&%hﬁléﬁﬂtﬂctsbleﬁomm.fdmlangtotdﬂmt| i ng
val ves with at | east one of the

cess sol uti es _confi to be
coupl ed to the plating sol uti%H tﬁ%{ t5&“’?‘!"‘:‘%’?cg'giln%'legwﬁ?ﬂvcy@éffgﬁ‘égpt o the
solution manifold and to a fIte&\blam{glsolutmefrdmmssolmmnmaeufoldbuethcﬂm gured to
convey a sanple of the plati nc%u;sol ution fromthe solution manifold to the
flow cell; ? ,
‘ a visible light spectrometer coupled to the flow cell and hgving a light source

configured to measure an absorbance of the plating solutiqn;

a Raman spectrometer coupled to the flow cell and having a light source
configured to measure a concentration of a component of the plating
solution; and

a second sample tube coupled to the flow cell and to a pH probe, the second
sample tube configured 10 convey the sample of the plating solution from
the flow cell to the pH probe, the pH probe configured to measure a pH

value of the plating solution.
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a visible light spectroneter coupled to the flow cell and having a |ight
source configured to neasure an absorbance of the plating solution; a Raman
spectroneter coupled to the flow cell and having a |ight source configured
to measure a concentration of a conponent of the plating solution; and a
second sanpl e tube coupled to the flow cell and to a pH probe, the second
sanpl e tube configured to convey the sanple of the plating solution from
the flowcell to the pH probe, the pH probe configured to neasure a pH
value of the plating solution. 2Q A nethod to conmpute a dosing sol ution
conposition, the nmethod conprising: sanpling an el ectrol ess plating
solution to determ ne a concentration of at |east one solution conptinent
and a visible |ight aksebbawmpuraldeaid odfution ddnpatitisretheadtnll conputing the
dosi ng sol ution conpositiqn when the at |east one sol ution conponent
exceeds a threshol d coff@®HP&tion, the first method including measuring the
el ectrol ess pl ati sgmpdiag et ¢lentroless Hatig Relmtion te detanine sstmegiragien et leasy a second
met hod of conputing th A Ut i n the visible |ight
absor bance exceeds a t%reg@ﬁ%‘?%ogﬁ&s%&{baggég?@ﬁ%"i&é’%g&g@ﬁet_h_od i ncl udi ng
nmeasuring the el estlectihes rspinethodef campuling 8 dagingsolution eqnpiogitipn yhgn the
spectrometer; and sel &id0Gngsdilioh dorfRhbiRexRbas ABMbIRGn e ARIRZANG SOl UL o
conposition when the visible T_l t absorbance is either equal to or |ess
than the threshol d abs®syasked indyding meepyingdheslsatraless PEEERS WY fng a pH

| evel of the el ectrol eggmddlspdetB@ets@! Ution with a pH probe.

selecting a second method of computing the dosing solution composition when
the visible light absorbance exceeds a threshold absorbance, the second
method including measuring the electroless plating solution with a
visible light spectrometer; and

selecting a third method of computing the dosing solution composition when the
visible light absorbance is either equal to or less than the threshold
absorbance, the third method including measuring a pH level of the

electroless plating solutian with a pH probe.
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