METHCOD AND APPARATUS FOR PLATI NG SCOLUTI ON ANALYSI S AND
CONTROL CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
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Provi sional Application Serial No. 61/012,998 filed
Decenber 12, 2007 and entitled "Method and Apparat us
for Plating Solution Analysis and Control," the
content of which is incorporated by reference herein
inits entirety. TECHNI CAL FI ELD The present invention
is related to the analysis and control of a plating
solution. Mre s ifically, the present invention
provi des an iMEﬂ“ h‘béPéRe\ ¥OR PLABING

anal yzi ng bot hS&lgé"ﬁIQNa*iHAhﬁSdSIAMDi%Niah@bnent s in
a plating solution and for adjusting the
concentrations of those conponents to optim ze the
physical attributes of a plated filmwhile achieving
ot BROSSHEFEBENGE T RFIAFRERARPhIGATIONSvast e and
chem cal usage. BACKGROUND ART Copper filns are

| ner eagiolyoeaRdigthd e BETERE BFEHALPSIARDI6ESioRaI 2
repl acenen or 2l un1nun1|n th rication of

eI Acpbhctamh SeonbNot ®17812, 98 filed Deeinbemal® 2607 hnd entitled

preci ate that copper conductors have a variety,
bertieiod and ARPArE 7 mmgéaﬁawemalws S onRl e content

su degr ades
deéfggfcpg ldc&)ﬁ&aﬁefh?ﬁ%’é ert éelggllglttg \t%@ﬁ%g'pl i cation of
copper conductors includes certain dr awbacks, one of
which is a decreased adhesion to dielectric filns

whi ch are enpl oyed to separate conducting paths within
t g e aINEORF UpIFY pdevi ces. The reduced adhesion of
copper to certain dielectric materials can lead to new.
failure nmechani snms which reduce the utility of

copper J@ﬁm@trlgveré@ye& reatpd toythe gaglysis andentral of a plating
nz%noelg o(%aa ree sﬁe?%fgzgg v ctﬁg p{egexﬁsﬁ\?)e%hg}l b%ﬂnc\’gstaﬁlﬁ%g}lﬁ%ﬁ%qethod
M hhd@ipafdugd fb@ aﬁﬁl?ﬂhg lEBth&ﬁ @it aﬁcﬁﬂlel/ﬂllﬁ&loﬁ%ﬁﬁfonents in a
conducting filnms 1s to coat the copper surface or
suplating soltion aathfogadiusting Hie copewitiaipnsefithpgg components to

optimize the physical attributes of a plated film while achieving other useful

objectives such as minimizing waste and chemical usage.

BACKGROUND ART

Copper films are increasingly employed in semiconductor devices as a
replacement for aluminum in the fabrication of electrical conductors. Skilled
artisans will appreciate that copper conductors have a variety of benefits
including higher conductivity and reduced susceptibility to electromigration
(which degrades device reliability). Nevertheless, the application of copper
conductors includes certain drawbacks, one of which is a decreased adhesion to
dielectric films which are employed to separate conducting paths within the
semiconductor devices. The reduced adhesion of copper to certain dielectric

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



hi gher adhesion to dielectric materials. One proposed
techni que i nvol ves the el ectrol ess plating of cobalt
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application of a dielectric film The el ectrol ess

pl ati ng process involves placing a sem conduct or .
desandactgrsg esngeiay a5 aew idedestan magﬁrwl%ﬁrﬁ IFqdygedsia) ageqcdation
whj el Lvel ' . @)1 exposed copper
né?ﬁFaoﬁ¥§%5§% °§g§§9§§#5$§%ﬁ§}% an?gﬂasking steps or
application of external electrical currents. The .
pl at i n@ns oathodof miigating tsi prablews agfocintegiawitie cepner conducting
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such as conposition, conductivity, thickness, and

gr dectradesspdatingef chbalohmgsira phosphute (§ oY R)x antg thegloppérdim
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or betiapPliStiondita GeBuRbIT e d T TolsEs BAEPRES Y olves
10 %cingg%hh‘nmotnﬁﬂ&éﬁ &icd SR AR Rabridstioh iR Slatih@Solution

tungstén ions, and sodi um hypophosphite is enpl oyed as

a whichaelettvelptemshe thesCeWRtai axipnsed avpper Mgl onlyzandgloes
chemi cal. di net hyl am ne borane (DMAB) is.enployed as a
R A TTIE G PG NS OL BRI oA RO G GO gRs The
' oglﬁtin% ycﬁhﬁ‘&#sy& conitEn MR A Pbdri AARBinbRAnEhR i@ t&¥iponents
plating on the copper surface. After initiation,

f uwhivhnntesdtot nueleatcthe dssipalr filimadrdycalbye @ giowth b as teeproduce

DMAB. and. by hypophosphite ians, ich alsq participate
i ndestred pRyieal e chamicalproreTtiFoTE aéF%’E‘PP%BP‘gt‘ﬁOH%‘}CUVItY=

mefalbQNsnd aﬁ1§héhh99 sol ution receive el ectrons
a

froman éxtern power supply and are chem cally
reduced to netallic form In electroless plating, the

reduci Hyord eempdnel aplatisg pplutier fasyhe electeqlessindating of CoWP,

R rob AT B AR S4B Bl i

anfhngQate@sleeplolBE aPP S&irbe forttnRiens 9 hidd ediom hypog')_fllosphite is
deconposition. Ctric acid can further act as a p

ad¢mplozed aDusquies fon@hewmbosistqontrigng tanss The @aganimehemieal

the plating sol uti .consuned and .waste praoducts..

e i rael (DR ABY iy SHRRE a5 tedtcify de gt or g foing the

S O dHalt AN d G@HEStentibRN U By i IR theMNAIBinst@fés A nfetal alloy plating

concentration levels it is .
on the copper surface. After initiation, further reduction occurs partially by
action of the DMAB and by hypophosphite ions, which also participate in the
reactions. In conventional electroplating, metal ions in a plating solution receive
electrons from an external power supply and are chemically reduced to metallic
form. In electroless plating, the reducing electrons are supplied by the chemical
reducing agent. A complexing agent such as citric acid may be employed to

stabilize metal ions in solution and to reduce the possibility of spontaneous

decomposition. Citric acid can further act as a pH adjuster.

During the deposition process, reactants in the plating solution are
consumed and waste products may accumulate. In order to ensure that the
plating solution constituents remain within desirable concentration levels it is

necessary to measure and adjust the component concentrations. One approach,



necessary to nmeasure and adj ust the conponent
concentrations. One approach, known to those skilled in
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perform conventional chemcal titrations to determ ne

t he concentrations of the E)Catl ng bath constituents.

di knayvmtierthegs sd<dlqdnn shewprivtacake 8 sample of the Esla%%wﬂaﬁad
tedi pus. Anot her S
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by the titration process. Finally, the titration
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t i tifraidrOstofdsO.C BRmalIY,! ﬁh&\htrﬁfbﬁ pRcesesspiallptondieted away from
chem cal conponent inhibits or alters the quantitative

dethemrogeas ¢mmcntmerfemmﬁb@ﬁlem@essmtu@ rrgcgsy Addiionally,
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ba&l’fé‘énwﬁ%nff%ﬁé?ﬁhﬁnbﬂs sy fltersthe qhhxarrsﬂi\reu det&hiihffonndf other
(CVS) technique has been discussed as a nethod to
anedmpenegtsgani ¢ conponents in a cobalt tungsten
phosphi de (CoWP) electroless plating solution. Qher

articl %tlél@%’ﬁl R RPuBHOARDE EnitYr 10 RoSPKIORGRPME have

techni ques tor a determnation of the concentration of
nep@posednsethodsafoptaitral of slnbtnbhessrplatﬂagfmﬁhs dﬁn‘tevcampbpy cyclic

has al so been given nention as poteptially ap cabl e

t ove! F?én%ﬁFtFBPInﬁd%XfS)é qighas b 1SS rﬁ%th §Ip analyze
el |

PSR ot L S e i B00K ki
pl sdlutien. b@ther edinles bhverisd shgyested V- f/rso,pecardéemlﬁé teetiniques for

t eachi ng. of how these anal ytjcal techniques may be
c ofBftRERINAGRN elthe copgeatatiaheiapetations i a glafiRg a%lug% Raman

L A
Combhﬂbmﬁg oft difénﬁéatsd)]lngoﬁmmﬂlzeﬁmm tleettoless pratiys Skilled artlsans
measur enent and control _of the &I ating . solution pH i

coWti arRRrregipte What ﬁff§1§é‘@t lﬁé@éﬁ%‘l ef theserachaiques foplating bath
d I t
SRR Rk AR o o
aginlapibenombhledandipm@gmetatel y equal to logi O] H3O+],
ere

Specifically, methods are needed for using quantitative results obtained
from these systems for the real-time or near real-time control of the plating bath.
Further, a means of measurement and control of the plating solution pH in
combination with spectroscopic techniques would advance the art. Skilled
artisans recognize that pH is a measure of the hydronium ion (H30+)
concentration in solution; pH is approximately equal to log;o[H;0+], where

[H30+] is the hydronium 1on concentration in moles per liter of solution.



[H3O+] is the hydroniumion concentration in noles per
liter of solution. Therefore, what is needed is an
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concentrations of chem cal constituents in a plating
bath. In particular, a systemis needed which conbi nes
t he capbdrefore,ivémt isfnagdeckisranimpee ved aneadp £ rmeasuiipg and

organi ¢. constituents d netal s..i 0 ' at h,
oA flingeogespiaBip o e Spi ol A Rind S
Wi St BN 2 dpstdrRfis Mdekied hetH ddentRhealthdgapabllities oNgétbimiaitig the
concentrations so as to produce plated filns having

demincerttitatiophgEorganic gaustiskrnts and mplelspe the plgtingrbath, as'well as a

measur enent s sh d be | argel.y i maune.fram. rix ..

ef PERHE %f%e Bﬁo‘{#éﬂe Blﬁg’?%g %tgi%ﬁlamg%lﬁ'g%ﬁoétal ve ng{hs? _o?tfng bath
t i dRistittbRr cbaterdiRti6RAR & to§rbdick PRut& fimetavigadesirhbie
control of the plating bath. SUMVARY OF THE | NVENTI ON

Thatyeicakedschionies] pepartiast Tha meaasurpmests shoyld be dargely immune

which presents a meth and an apparat.us, for sanplin
bR sers By Sholis agratedB asBPRe bRy Bin ER ity ©
of b RLreNQiHO bihidR RedPXinteitsroPbf the pRititigibath. i nput

mani f ol d and conveying the solution to a flow cell

havi ng a Raman spectroneter and a visible [ight
spectroneter (VIS). The sanple is additionally

conveyed to a pH probe. The Raman spectroneter is

capaMMARY OFTHRIevENTIOgS Ur enent of mul tiple
organi c conmponents, and is used in a particular

enbodi t of e esent invention.for .the, .

et or i WP GFestheal HETT LM HEPIsSiTA e ERARich presents

c I - Ut Qi :
AR R o kg PR LA YA rhratively
mesusall anewtt of platingsghubion by amgaos efia solstiarhinpst manifold and

hypophaosphi te, phosphjte, borate, tungstate, and qther,

i oq%wmgggwsi%l%ota %‘?}Eh*’é’h‘b& %R@@ﬁgép@ftmw&r&pﬁaﬁwlble
f or . i bla

A e R e e

c OhieeR4man spEctromes0 isutapable of kmadtanens meagurenentiodfmultipie

are not limted to, copper, nickel, cobalt, jron,
palTBARIF GRTPARRIH RBY § IR paRhicHI3F 6%@0%&%@6 present

hy, Cé}{llo‘ﬁ%} &é%ﬁ{htti]%?toif.ﬁﬂnétﬁ miHfe ﬁd?@neodIfNI' concentration

solution, and optionally incorporates a tenperature

seinghe platingsalbtien.cAddieloaliygnise Rimihspeptibitiers varebeanployed

with the plating bath tenperature. A contro] sxstem i
for the measurement of inorganic components such as hypophosphite, phosphite,
borate, tungstate, and other ions responsive to the wavelength range of operation
for the instrument. The visible light (VIS) spectrometer is used for
determination of the metals concentration in solution. These ions may include,

but are not limited to, copper, nickel, cobalt, iron, palladium, and platinum.

The pH probe measures hydronium ion concentration (pH) of the plating
solution, and optionally incorporates a temperature sensor to enable correlations
of the pH measurements with the plating bath temperature. A control system
makes additions of any of a plurality reagent chemicals and deionized (DI) water

“to the plating solution on the basis of the measurements made by the Raman

spectrometer, the VIS spectrometer, and the pH probe. The control system



makes additions of any of a plurality reagent
chem cal s and deionized (D) water to the plating

W@ 009075885 on t he basis of the neasurenents nmadeCbHysS100&013660
Raman spectroneter, the VIS spectroneter, and the pH

probe. The control systenmenpl oys. a nmethod for .
ad¢roBloyhg megidfgr adiustineinsingaddiions &0 maptajp dgupper plating

pl ati.n t] jtion and vol une. BRI EF
Dﬁ&ﬁf%ﬁ%‘é@'f%m&g%' Fig. 1 is an apparatus for
sanpling a plating bath according to an exenplary

enbodi nent of the present invention. Fig. 2 is an
exenpl ary bl ock di agram of an el ectrol ess plating

SYBRIEF K SORIPTIORAOE MERSRASPinGgVent i on. Fig. 3A

is agra representation titrati on response
data showi ng a change in pH as a result of adding
5 dei oni zEig. { Bt 3n enpaeatug or sgophng 2 plafipg pathpcgorgng to an
el ectrol ess WPB sal.ution. Fig..3Bis a graphica
r eﬁ’feé%pgwgmbé’ l%?nttoi?{}}ea‘%rlesoeﬁlt lrné’grb%%née data showing a
change in pH as a result of adding a solution of
t et r ameFlyy R inamerdmplatyydoakxdidgraiiifiam)elactrotesd plating system
milliliter (nL) of electroless CoWPB solution. Fig. 3C
i swglcﬁ‘r”é‘g‘ﬁ%%‘? PFESERIGEETRI on of titration response
data showing a resulting solution pH as a result of
addi ng RigS0AUL b @raphicadreprédehtation bMitraidnuesppnsotataishowing a
acid to a 100 mlliliter (mL) of electrol ess CoW,B
10 sothange in pltiag 2 rgmltiof addigealsitnized (PEHWatskler L0 mililifer (mL) of

titrati.on ns ata showing a resulting solution
pI—FIS%r%{eSrSe(Esoﬁ\?? oSP?“é‘g’ai ng a solution of one Molar (IM

sol ution of dinmethylam ne borane (DVAB) to a 100 _
mlliliFe3Bnt) gepheabrprasketsBorColitBitmnl raspionse data ghowing a

is .a graphj.cal representation of enerj ¢ respanse
t ofeae FEpbtaRp resbhataiome oy of i b abTagman
EXRIRbALY Qbm@mrat 100%hil Bl ®PLHL) mlé&g@g c%_aotrmlalsaruﬁeﬁ.

when t he sorbance of a solution in em ca

deliver¥.unit ( ~has a high val ue. )
ig. 3C is a graphical representation of titration response data showing a

15
resulting solution pH as a result of adding a solution of one Molar (1M) solution

of citric acid to a 100 milliliter (mL) of electroless CoWPB solution.

Fig. 3D is a graphical representation of titration response data showing a
resulting solution pH as a result of adding a solution of one Molar (1M) solution
20  of dimethylamine borane (DMAB) to a 100 milliliter (mL) of electroless
CoWPB solution.

Fig. 4 is a graphical representation of a generic response for a chemical

titration.

Fig. 5 illustrates an exemplary flowchart for a solution dosing calculation
25  when the absorbance of a solution in a chemical delivery unit (CDU) has a high

value.

Fig. 6 illustrates an exemplary flowchart for a solution dosing calculation

when the absorbance of a solution in a chemical delivery unit has a low value.



Fig. 6 illustrates an exenplary flowhart for a
sol ution dosing cal cul ati on when the absorbance of a

w@elnissss in a chem cal delivery unit has a | oRCT/US2008/013660
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value.Fig. 7 illustrates an exenplary flowhart for a
sol ution dosing cal cul ation when a solution in

.a .
cheni caFigd@lillusinetes apiexemplaryfloy eharidfiora selpigndasing grlgplation

( B) caongentrat,i H L) e :

1 Bhetaraopan rad bishe gefverd bl A by REFRG bBlake
a mm%ﬁonéﬁkﬂatd@ﬁ.y unit. DETAILED DESCRI PTION OF THE
I NVENTI Wth reference to Fig. 1, an exenplary

enbodi ngnt _of the present. i nyention.co i.ses .

ol ut | ofs SRSt BaXEORERO SRHisEl iof ASeIkbBt Ferdrmicimep
2 sAliiddfopBRhégict dedlery’uil. ural ity of process
soﬁﬂtion tSbes 128, eacﬁn€? whi ch include a throttling
val ve 130 are coupled to the solution manifold 110.
The process solution tubes 120 may each, in turn, be
coupled to any of a plating bath having a plating

Sopti QALED DEFCRIENRON GF THENRYENFIONdei oni zed (D)

wat er (not shown to avoid obscuring the present

i nventign). The reagent chem cal sources and. dei oni zed
(D1 eGP saRssiiy Sk 1y B o bR D R osent
e solhﬂof'i1 Qarﬁﬁ(lﬁ'l;%ﬂrﬁrc)énﬁgp%'afﬁﬁg 10% inth@ing a

present i nvention, the reagent chem cal sources

| nedlutiken wianigs1HI @ niAnstutmitpofpro SR luticn tutics 12@; edch af which
solution of tetranmethyl amonpi um hydroxide (. d

a wsludeaghrotthing xplve Aaxe@o%up cddpghe %Oé}ﬁgjgltfaﬁm}cgﬁ 501 0. the

(i .00 ~

onB S5 oEOESERTA0 Aoy uFfbe soupleqioany ofaplaing bath
Skhdviggla plating asiativh, I reageppelemiiedlgotifoed, aad deionzey (DI) water

pl ati ng sol utions are avail able which contain various
i oot sShavhto ayeid ebsgumg hsiressnt imkentiony ¢ lBs rgsentwhemisal

f o R Lt
P30 0BT BDEH e DEYLA L B 0 BR b
ar ¢hepdeglsW | | recogni ze that other conponents, such as

a punping means (not shown), nay be incorporated into

AR TN R R

}og&dﬁiiéﬁlisBﬂrcl@@in'ﬂludI'ﬂlﬁn@th?l‘éﬁﬁﬁe B&thid (DM ABYDSIFricl&3d, MBsb1ution
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 specific 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



used either for conveying process chenicals into or
out of the solution manifold 110, as indicated by

wW@eonssssh Fig. 1. The solution manifold 110 fREUS2908013660
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as neans for introducing process chemcals into the
plating _bath and for drawi ng a sanple of the platin

( 19
soP&lPVoAn iy ey anpriany crbadameritod thw%%lW§P§9n, flee pating bath
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present the pla _
apgpostifBtaty 90 dillilt@ss and the sanple of the plating
solution is approximately 20 mlliliters. A first

' . | t he.
Srari no dBRUEBE FPerRBRdS Sl oty S R Gofthe bliging
f | oMts] frorh e so‘futh%rflithi%lld: lq?té% 8 gﬁgx SANBIETA (idloR li%@lo

is coupled to the ow ce I's responsive
t htpecioproetet (\GlS) dA0 of campiedap timoflew well 450 audiss responsive to the

ion.. Th isible li t t V. .150
opiPsp BBy o oot RsSerist s TLSTHETT LP I B R
k nﬂ)@ﬂtr&ﬁet%h@@l@? $k0 bp&dtes By 38t MsbrptibA @dih%?&gﬁghgésh%h

enbodi ment of the present invention, the _
s pewwoteshese skitleg)in Hg0art. sincancaxempiary einbpdisient ofthe present

oyt g3 SSbR b S Bt (F1S) 1806xd Fremativalargihen
r aRBRh ufillSeseMigs ieﬁﬁttff@\fﬁ&ﬁr@@ﬁp Qf atlgﬁ% éc{xﬁ&t to%a%fnleeng

di ode (LED) is in the green portion-o e Vi S
s pabsorbangenntarspacifia weivelegpth refige: ditgeenafsibe tvaedangth of the light

b Ee s M MEE R Raroh el B Voo pBeaug) with &
Whiy Ve 14Hot & Z8nSPEEseEE mﬁiﬁ?ﬂ&%&y hwnﬁfoggf[ét}g bind 540

wavel engt hs, 1ncludi ng engt s out si e visible
r anrgemetens. 0D ther embodimenesyfahspresent inventied aetppssible which
different ions. Additionally, it is possible to use
motEIZE SRSFUOMSIs apeAURE Alchthervavislengths siagluding meateicagths
S ; c § L: 1 wWth.a
i Bl E361 (ARG LB BocHagintife B1F VI BPabtdh s
( LADitiasally, itighdssibdeitooeseinsorg tieatdke spedtiotmdterdn tikdipressnt
canpared wi th conventional (e.g., incandescent) =
sdg{?‘?’é’é’}% %H‘EE] thed Saey SHW%@FW&U%{—%«}S pePriated | withya spesifigeion.
as a lower cost in conparison with | aser sources. An

| npor t amh adddntdgl Wi ehedligHt Renitting Mo RNLED) 39 a HgBOQ Uk is

sufficient optical power to penetrate the plating

s dreaterpticgqutpw ds gomipared avithi ¢dnvappmat (eag. cincandescent)
sources, and longer lifetime and reliability, as well as a lower cost in comparison
with laser sources. An important attribute of the light emitting diode is sufficient
optical power to 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 through a solution sample and is given by the formula: Abs = 2 -



that solutions having different netal ions will vary
in optical properties (in particular, absorbance

waQ e00803s8smvel engt h) and that selection of diffRPECEOB2008/013660
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wavel ength (i.e., different color) light sources for
the visible Iiagb spectronmeter (M'S) 160 wi ||

PoLENEs), 7 L 1€EP It 4] g ' béle. oW or
i glhgmgko?} n%roe ](Z(S%T )Tr}?"oﬁ’%{l ur% g%lvtgl ﬁggﬁgg%ﬁ?e{eﬁ%negt s made
by the visible Iight spectrometer (VIS) 160 .is usually
eXFASEENCEH s pasositesk With a ighsnneentration of iofisn selutipnys)
is related to the percentage of the spectroneter |ight
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solution sanple and is given by the fornmula: Abs = 2
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I'n an exenpl ary enbodi ment of the present invention,
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output which is responsive to the concentration of the
di interavypioa wif irdrdved hgly. wigka cherdicalrtypisalhsinyplvies amecatdrat e

Do PR B LS Brganap B bR Grsp] Ghifjona states,
| ik (A REble 18 MistitahRh BethtRAlopdnid MBiceale!typds B @h Bssis of

mol ecul ar vi brations. Because. vari ous organic .
nmovaeldneth herves rdsfonee elraractérintias.i dhad, Retranepectiascopy 1s

ossi bl e to distinguish. between organic | ecul.e types
OrTEEIRESALY & YBReNRY Tt dhelsay and epmetengih choser for
c rkﬂj’e?zﬁioﬁ%%l bESed THHRcrilABObSEREET 5123k RYeifeals even if a

responsive to a variety of organic Chem cals, and the
wepletadingofrorgios elerhionls apeprasandom arsiyglesampid t o
di scrim nate between organic chemcals even if a

I g . y . i nal
e e, T by REG 30 EorERuET Ry HIRpP R Albok el
NUteem tofthéseGRINied Ul shekdi Vot evdr WS eosdtiukctionlin 4h éltenplary
art. However, the construction in an exenplary

erfyokndimpnt affthe presqit axiention HAAEINOTP 4s$0 BHDERIAC § yohung of

m g?)ilmo%ere&li}[e%l il t%fe 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'ample tube 140C is coupled to the pH probe 180 and conveys the sample of the



solution required to fill the cell. The small vol une
i s advantageous to mnimzing the production of

W@ beairssBs wast e and to reduce the cost of chenPCHU52008/013660
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potentially lost to the sanpling process
addi ti onal advantage is potenti al I faster san'p ‘%%%
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re r sen Ive Sa

S&!’éﬂhﬂe bEipe plAB tfaquwhﬁza i b&séd whe ﬂbbv &80 S0and t]depH probe

probe 180. 'Fhe sanple of the plating solution fromt

s 01 86 inay bersgit IﬂﬁP@mltmﬂm mtifaRUsEy nﬂwé gkiphpd ariisans W&I also
I e.tu

é%/Cé%}e @mt Ph = g(geng' tugﬁéogﬁp tﬁ“eeljl W &%Pbﬁ? ?1{&]%1& g?f pII)-]IObe 180

pr &}Q%oﬂs%le Wbﬁélxaﬂi;ﬂé( ltH@ﬁHEprGH)egI@ mﬁﬁB@%’rﬁﬂgﬂ@ad 1 ﬁrbl&neasure
hydr oni um i on concentration (p of the sagg)
t hthe gamyplesiféhe mg@naaﬂml@rsb@:f@wdh@aartl@letlmaSE I@rtb@)@owmll

gSOC %%(f ﬁ%léal y,?.Hsléa n@ssﬁﬁl@ ﬁtﬁ%%e%r%g élr%gJ %’elfs%r rlé%enﬂ'lg

rm%nkiﬁemttm ietbld pgﬁtfs emoaﬁetaqvbs) 160 S tolteedRambin sans
will recognize that the sanple of the plating bath

whipshtromeigassdd to the flow cell 150 and the pH probe
180 may be sent intermttently or continuously. Those

skilled ' 0 ha@he Se18RB B6HA Parledhpbt QihiRErciall
confi gurrrgﬂﬂg S ofmtdheagll ow cell 150 and ‘the pH prrcglbg

188vailnkle powsehkimwiFor theseaskpll e, intthearp I—[rmddbeonltawraughnlg@
confi ure to first meas e of t

SO aH e arwophie EabpiRs! pLE abOBR sttonaht pBirebs feo in
156h ¢ grﬂilﬁﬂy%ﬁﬁ;oh}fneﬂth kive gﬂ?@sceﬁl Riventich ptolideg s t%ﬁ@F&I gnal

flow c for presenting sanples to the visible

S pespomsivette the tvmis‘)erallﬁr@ oﬁthzb sampldef tRaplanng pelotmmni’her

170. The pH probe e sel ec dfroma varlety

ofteEIPﬁWé‘I‘rélsﬁnP méY/ ?F%IB oé’e RuruEst d\ﬂﬂatl‘%lstlﬁ

sk [
arenererh by B dour ko Rl ot P8y BN Chiter B b khods

t hienqwhh forsikileedBfisang.  Signebsefigmh dieyvisibledtbhrepectrometdn€VIS) 160,

present invention provides a tenperature Si

I
r e@smasaép%rq%ert Eifoandthemdl probe f 80 atersed ?%ﬁ:améating =
Pleﬂggﬁq%hweh&& foir hg opﬁr%&%?e%%ﬁs %&?{ﬁh% %‘%eﬁfods that will be

enpl oyed to correc variratirons 1 n
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



measur enent which occur as a result of varying sanple

tenperature by nethods known to skilled artisans.
wee@gnarssi romthe visible |ight spectronmeter (RACBYUSDHOEL13660

t he Raman spectroneter 170, and the pH probe 180 are

used for cal cul ating repl eni shment val ues for.

pr thediare hieressichemicalsrals agmitisd ﬁ%fl}?osegltloﬁa{{lal}mt]$ Tjg through
e . | o e ot W
B o B B M P i 1AM

pl adilfiéh &Y tl20mRYdeangNowdyr the disthange f e pbrtionvafithe plating
The el ectrol ess plating system 200 corrg{i sea g
chegtiden agiadicptedy Cotretivell thaspluipnamamizgld A §0.48F BrqcEss,

The .chenj cal lLiver | I | S \Vi st
5 oneo PALREE LAT sbi B iBiiard b fEvil S 0k ofterls €2

vabw&niz;a(bohﬁotmteﬁmm,i on nmanifold 110. In a further

enbodi ment, the chem cal delivery unit 210 is coupl ed

by t t 120,t t.h j .
o 1ot 1S et amale b S TatA RS pecpe bubi O uieOt40e, B ppisa
120, hfe e RDCAUROMW Bell @so,rt_ﬁémi\éibmnghtt @Eﬁ&hﬂ%t&ggxg o,

sanple fromthe chem cal delivery uni 0 and
entiel Ransansgpeonangteo t Ay snd theuytH probediBe sho@n imFige? azs a

10 5ol wieb i ianmeaoudy o s&erhed Bl RR R FE above.
delainVeRiidut $Pnbl 1%&9,th@_§isiblrﬂéiii§tﬁts99ctkﬂne@érrd(m) 040 &ea VIS signal

figure.” Process chemcals are adnmitted to the sol ution
mahné 23Q) rdspOnsive ougmetal pineacentatioh ip theqeatengsssllutianosample,

S, S A b R B BG4 b
ggFi%{lﬁrfr&ﬁ tﬂé"ﬁ%rﬁ!ér?iﬂeegoﬁleieytl Y®Bn %FRM' stHaffine 240, responsive

ectively, olution manifold 110,  the process
15 sotad dimrethyliramehidPaned DM ABg concessatxinaingble platiog sélutign

val ves 130 conprise a cheni cal ntrol syste 20. The
fi ?ag?plgavr?aplﬁsﬁlepo%armwee%rﬂ@egeé&iﬁﬁp @s&gv%olﬁqﬁ@é 1 AgEutput
th [ : I

Vi SR SR B Bo Lo LG 18 T 25ofiapdnifie o the
s ppHtofolmeplating sduti@nshnigie, dolbles dizepH Btdbs HEMo the dentroll&
are configured and_ function _anal ogously as._descri bed

i n2PQf rchpcal eontia) signal bus/8 coupley thesontralles o0 te them
20thghéf.{]ig%@oﬁtré%%gge@%trometer (VIS) 160 on a VIS
a )

sign i ne responsive to a netal ion

concentration in the plating solution sanple,
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
25  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
30  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

10
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controller 260. An output signal fromthe Raman
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responsive to a di net hyl am ne borane ( DVAB)
concentration in the plating solution sanple, couples
t hersated shrepbing vdmes, selenqgid vialyes. s oghenmeshs & vapong e flow

ou . oS : t [ o 180 pn.a pH out put
o1 GpficF; RBELugHRREARRPHBAF IR R o8P ittty o
S Ohighs @I g FRAP bEranReuPERS ds VOlLEtRE 6PRadBlow @atbd6r total fluid

controller 260. A chem cal control signal bus 270
cotipluasst ke eentallst R&P npg@omprista perserdl campotsn(RGQ), a

S he cont rnpl 6 ilizes t.he visibl

" Bioehede [0e EOMARELCR & el biokBfimgtlE e il frpoa),
s pecstherrb glan@hiitidéitlestr @i Hevidd AThd eheRtit A BRI R bus 270
signal to conpute any additions of the process

chiwy barsererpldlisseeta corirgfwirdseopinay ppejatsolsing any of @ plurality

maj [ he desired at kng. sol.ution co sition, b

et PR S s PR B A e B BRTR Py BBgmel tAN,
SerREN3a, MdwatletyviatioAiHeRlof S haBRoRalRy, thedtrodbr 36 Pmay
chem cal control signal bus 270 to the chem ca

comchige maass émnregding depeny fanprovidbsgedatint pi outpht deyicefsuch
throttling val ves 130, thereby perform ng desired
pr%scae%lgn%%e%pég’l?eré%ti ih]ogﬁi and plating bath

di scharges. Skilled artisans will recognize that a
variety of well-known nethods are available to

configure the chemcal control system 220, the

co e i cal control signal bus

2 .e@éjf?é&éﬁﬁ%%?g?ﬁy’cﬁé%@al control system 220 may
utilize pneumaticallyoperated throttling valves,

sol enoi Bxgmplaesmebpdoionestablshisg drormaiataming thehentéravation of
of .fluids., The chem cal contyol. system.220. also .. .

| k6 BPRLCRRARER e sP TR he pla e selutioh Wi irable fimits
aswHPhWBE bderiBEd. MRSthe i RUsHI s &S flow, ¥vBlgehbdi gg%sa?f

vol unmes. The controller 260 may conprise a per

c orgpepusatiqnP@)ill be ipradpcedireplerishgitconputations end A6%G3
a fielﬁ Erogrammble gate array (FPGA), or other

pr& e el ectronic device. The chem cal control

signal bus 270 may be a series of discrete control

Wi res, Replemiyhmaercaimputisiongreiéito @h addibiol'ofbhé ¥r Mbre chemical
wel | - known serial and parallel data transfer protocols

suOltoas (9 prodHes a pleppg 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.

11
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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,rept., 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

12




repl eni shment sol ution vol unmes of each chem ca
originate froma single source, and therefore have the
wa@2000/0z88Tentrati ons. Thus, for exanple, the PCT/US2008/013660
concentration of dinethlyam ne borane solution, CDVAB
Pl., is applicable to both dosing and replenlshnent
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plating bath is inportant to the conputation o f the
relative, & &B@Jﬂ?oﬁ%lf%ler@?e@%%tﬁﬂr stes TIAH,
and repfgxl?ésﬁﬁ?. 1l£:a|lg g 3 I's graphi cal v

r epitrissid, aind ®@MAH on the pdf 6£x scutiorf ofi2l¢ctuese IGoWRBIsplution
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10 o| {soptainpg sokabvipaesisn ?1051#10(%%2?%? Pi?rieg 1 @bﬂbﬁ}std%temlned by the
tu .
o FRR b RRATRNAEAILE, 1RO RPIFed #1%us) By RFLRHEE B3y 4,
ska gtedicaitiationa @saphyw bharrgeﬁmpHnns@retsentEd by MpH, caangmrelratezd to a
titration graph, a change in

represente D pH
ca?mﬂg@ 1 e yosHNg {tig Oéﬁéﬁbléwpﬁ).‘/taﬂgl% Feon %‘il’ég 651Pg8K-
v
LoV s OB ANV o R S s
15 o T™AR, @h&fﬁo(icalDM(AlBJtanoﬂm oﬁM%-bH@fhrsbmnambdth@MhB
and DI on the pH o f a solution bath can b e expressed
b gxrrawsed Bvﬂaﬁ/\tgHeWm%ﬁwna €©DpH--CVMS( 1) VchuU
>Cpg + DVAB + pH ,adj . + DI Dp HD = Vpi KD 1 (2) V
CDU,orig+VDMAB+VpH adj . + VCVvs L T DvAB
,repl v, Dp DVAB - 77 7.7 177- DVAB )

V.
_ CMs
ApH s = vV vV vV v Kems
cpUorig T YDMAB t VpH adj. T Vi
Vv
20 ApH p, = Dl Kp;
Veou orig + Vomas + Vpr adi. T Yoms
Vo
_ MAB ,repl
ApH pyas = v v v v K pmas
cbUorig T VpHadj. T Yoms + Vi
\V4 .
_ pH ,adj.
ApH pH,adj. — KpH ,adj .

Vepu orig + Vems + Vomas + Vi

25

In formulae (1) - (4), the values ApHcms, ApHpi, ApHpmas, and
A pHpn a4j, represent the changes in a solution pH resulting from the additions of

CMS, DI, DMAB, and pH adjuster solutions, respectively. The volumes of these
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(4), the values Dp HCMs, Dp HD, Dp H DVAB, and
DpHpH, adj, represent the changes in a sol ution pH

r esalniionaslditioinarn gespaetivelbiévs, YoicKBvamiand Myag;» adArpH
adj ust [olal Ny : v f

e B3¢ bt dihe b SAREH G co@Rel HURRREDK D g,
V 2MAB,, 3 Ndte WRS1GisHs of tingiraion ragiohscplbtsee g Ktk aqj., and
dosi ng and repl eni shnent _contexts. The values KD, K
DMEByAmPEY Rp BSGEHRINGR dronhEigs) ByetB.@nd Bhoreppaciyely o fimilar

re nse e :
oo SRR B ePysa oM pis g oy Mol in Bine
Si piickédsed (elg. aCMS) bp hidtBod¥anoba tdelidse ekilledin thichey:

chem cal s commonly enpl oyed in plating processes

(e.g., .met.hods kn to those skilled in the .
bt Thahe by R T OaR Rl ke BORo] e R uh Bfopertes
t hg, Rk 3bIuREs PR RERAL LTI Sinll Abdd¥6antes HME plating bath
concentrations, pH and absorbances of the plating
bathenobadsi cals: p , _ VcDU ,opg C DMAB ,CDU + DVAB C
DMAB , -,. VcDU ,opg + VpH >atjj + V DMAB + V CVS + V
DI PH'CDU = PH CDU ,opg + DpH DVMAB + DpH pH adj +

DpH CMS + DpH DI (7). ' CDU = CDU , opg, .+ + V pH , adj
+ DVAB DI (q%l wh¥rm G Ohes +?¥pﬂ:ec£€m@the
target cotédtVativon for +DVAB inv sehgt j.opvin the
cheni cal delivery u(’rrq)iut'on‘iCDLB N re\gwessentl)g t he
target absorbance for the solution in the CDU and pH
CDU represents the target pH for the solution in the
CDU. The, val ue V &durephesentsst ¥ caiediaed vol ume of

sol uti of*¢wv Thig CDU af{,er allyadditiens are made.

Since the cDU he¥ %efinPH#& vol B 'i t™°s nélessary to
performall conputations so as to achi eve a vol une of
sol ution which does not

PH'cpy = PH cpu orig + APH pmas + APH py g5 + APH s + ApH

' —
V'eou = Vepu orie + Vems + Vo ag. T Vomas + Vo

where C pmag.cou represents the target concentration for DMAB in the solution
in the chemical delivery unit (CDU), A’CDU 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 cpy 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 ¢cpy 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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exceed the CDU capacity. If the conputed additions to
the CDU exceed its capacity, a portion of any existing

W@ 00907885 i n the CDU nmay be drained so as to ardii/Esm08/013660
the desired volunme V CDU after the additions are
conpl ete. Dependi ng upon the condition of the platjng
bapdrtiewputhrencases, eheh eping ¢ Hiffasent mathede! calpphttonnyili o be
dosi ng,_and repl eni shnent vol unes i s changed.
In%?FgP%ﬂlar, three cases, each having a different
met hod of cal culation will now be described: Case i :

VI S Absor ban€esewif t hélSsAbsarbaeeiofi therrolutioy in shehCHRY is high:
Conput e Voi . dose, VoMAB. dose, and V p H adj, ,dose Case
ii: VIS Absorbance dfoTiie g’BI’deff’i oRMABHose B dj-©s¢| ow;
Comput e VcM5 VOMAB. dose, V p H ,ad] ,dose Case iii:

5 DMAB concent Cagd io¢n i VIS ABsdchisce ©f Hieggolutionnp theCBEMS, low:
Voi . dose. V p H ,adj ,dose In practice, _the dosing and
repl eni shnment calcul%wmm%%véme\ﬁ9ﬂ@9®ﬁéﬁﬂﬁbwwalI t hree
cases; once the conputations are conplete, the actua
val ues used {gge 0S| DM AR doRRAtrEdSITRE CDU & Highect ed
froma conparison of the three sets of results.

Conpari son of the remwpuwe Wicls, Vaheow Vaads.eal y one

cal cul ati on nmet hod produces non-negative val ues for
all dosing volunes. The other two nethods of
calculation will produce one or nore negative results
for the dosing additions. In selecting fromthe three

10 set s of I praciiqes therdosing and senlenishynem Cﬁggwlp%ar@mecfﬁﬁ@ed for
ar elected, and the result vieldi N
ot HES i inonty B febfitint =¥ RrPhe i pudaedlel sed for
apResaRy Al RpRAKACAL dr8 Belbated &) GLotparidh ofthehfeeass of
conditions Is easily identified. For each case above,

a respltp dremparisos @f the resulisipillshew thefronlyengiesd¢Hatiaaethod

repl eni shnment vol u c ti.ons:, 1. cula dosj

voPiomees ordieat i TP i BbuERatudies  ShE @t fuERBRE: of
15 t OcAelIbSdn WEpDalicd drRioririore Mgt resulls F6:0@E d¥sihpadditiohs. In

DMAB concentration, absorbance, and pH) 2. Calcul ate

r egdleatingropo therthrseistts ofi cesy s ithesegedulingoim neghtivaevalymes are
| efc’e?ected, 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

20  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
25 _ than the difference between normal and add values in the CDU,
using the replenishment solution to make up the difference, i.e., so

as to satisfy the formula:

Vdosing T Vreplenish = VDU norm — VDU add

where: Vosing 15 the volume of dosing solution added, the dosing

15



than the difference between normal and add val ues in
the CDU, using the replenishnment solution to make up
W b@giIsBer ence, i.e., so as to satisfy the forP@TIUS2008/013660
Vdosi ng + Vrepl eni sh = VcDU. norm - VcDU. add where: V
sng is the volune of dosing solution added, the
dosi ngSol ut i OHLBHMIPSISHI o6l 08 gose)/VBMamkos.eand Vo adj. dose;
VoMAB. dose. ,y,and ' . \Vrepjenish i
volumeof - ourerir-ShhenicThy efRBRslEER! Siyiph adde, Re
repl eni sh W%p&ﬁisbﬁbﬁﬁ&ﬁf@rdoﬁlgﬁgin B &PV ems repls Vi repl, and
VCcMs, repi, VDl repi, and VPH adj ,rePi , VcDU normis
the target sBinatiror Naumels the taigetepiytion valuvesD, the §DU and
the m ni nrumgol uti. vl u in,the . Case {.,,Dosing
> when VJS Abs\z‘f%’zi‘??cl gmenrgeéﬁg?qssoll—\ftboﬁl ‘ﬂ%ﬁurﬁe P’e@grd&%lé'e to
Fig. 5, a flowhart for a dosing cal cul ati on when the
absorbance of a solution in a chem cal delivery unit
(CDU) is high begins with a high VIS dosing start
bl 3 i | ahbon.:Epr this case,
hi gﬁ&aﬁg’%&sgﬁ’é}ﬁ??ﬁ%ﬁ%ﬁ%{%ﬁ ?bedgglg{’)o or greater
than a val ue of one (AcbDu.oig ~1). Afirst DVAB
dosi ng Voithreerencsdr Fig 4, e dlopiehars for adasingealailation when the

VMR 50060 P 8 AN Biqen e Sebig i
10 i ghigh WISMosifig @Gzt Block S0LRY the EME oafddhtNonCIRr (8§ b&ke high
CDU DVAB, repl . (10) The dosing vol ume VOMAB. dose i s

paghsetbanesis approximptelyt equpl tadjrigseater thiosi wjue of emee(Aposl =

506, whj ¢h t H ' r dosi ng vol ume
oprt i P DR RPN s e Bl s compRtspd doSipk iume v
- UMY, 2Ebrdds® tNe YorRulf! + DI + i )

v _ F(AD +CH)-GBA
DMAB ,dose — GE

_ CpmaB cpu (Vepu,orig Acpu,orig + Voms Acwms )~ Acpu Cpmas,cou Vepu orig

Acpu CpMAB, repl .
15 (10)

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

2(Kpy +Kp +Q)

A%

pH ,dose =

iJ(SKpH —2BK b, = 8K py —QB)” —4(K ,y +Kpy + Q)[K p, (B8 +B?) — (52 +5B)]
2(K,y +Kp +9)
20 11

In formula (11) the following substitutions (using the variables

summarized in Table I) have been made to simplify the format of the equation:

A+f

16



+ /(dK pH - 2bK D, - dK D, - W) 2 -4(K pH + K DI +

W[K D (bd + b2 ) - Wd2 + db)] 2(KpH+ KD + W (
wdagoobrsssdrmul a ( 11) the foll owi ng substit utiPCEUS2008/013660

(using the variables summarized in Table I) have been

made to sinplif¥}the format o f the equation: _ DVAB

VPMAB |, gpsédirB)Gy, P - v DVMAB ,dose \ ->) ~ DMVAB

,dose + CDU ,6pg ( W¥AByese | _ &t (15) Since formula (

11) contains a conputation of a square root, two

nathenat'gQ) solutiqps of the equation are possible.

The result IDéIaEIidqaeg+t oDy .oriegat i ve mat hemati cal sol ution

is rejected. If both mathematical solutions are

positive _therlgyger value is chosen. Conputation

proceeds to a DI dosing vol une bl ock 508 which uses

the conputed val ues VDVAB, dose and VpH dose to conpute

a DI dosineg femulagl Nsondose aoymtatione flacquire réot; twi a:

= di d .V , Al , O -
S R soRonBoF tisaaNgiom afp ot e st il
C ahedakiat nfithdn@itictPsoRution 19 e  BEtedr Ff%%ﬁrsmﬁlﬂlﬁﬁia{i&z{l %51u%i01tl%aere

vol ume check bl ock 510 which checks whether any o
CaBestiived # largey valyenisschovenviEonipstetiaPptodesisto am ddBing

dos LS. negative |f any of the voluynmes are

neécglfl %n\7eb, oK TRV HER 8ﬁesﬁﬁ‘6g@8ﬂge@ Jalpps ¥pmprgjor @d VpH,dose 10

coeaibat a®I ddkhiekohde W.L0 L BHBAL o GofoRRUt Al on as

invalid. If all "dosing vol'unmes are positive,

cal cul ation proceeds to a first maxi mum dosing vol une

check bIVon,kpseSTﬁT/\me,kuj.;adaeecks whet her the addition of
10 t he totaly,dosi ngAvoI ume_(,VOMAB, dose + VpH, dose + VDi

dose) wid Y Cotiese EA6RU ptse” Aol _GRU sol utign vol une

above a value V My,; If V MAX | 8"Ex8eded! *e£¥cuti on

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
Vo dose> and Vpjqose ) is negative. If any of the volumes are negative, calculation
proceeds to first reject computation block 512 which rejects the computation as
15 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 (Vpmag dose + VpH,dose 7 Vbldose) Will increase the total
CDU solution volume above a value Vyax. If Vpmax is exceeded, execution
proceeds to a first CDU drain block 516 which causes the CDU to partially drain.
20 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 Viyax. Removal of solution from the CDU alters the starting
condition for the dosing computation. Therefore, execution is reset to the high

VIS dosing start block 502.

25 If Vimax 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 (Vpmas,dose + Vit dose T Vi dose) 1S less

17

(13)

(14)
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(16)



proceeds to a first CDU drain bl ock 516 which causes
the CDU to partially drain. One nethod for selecting

wWQ b@oanssnt of solution to be drai ned from t heP@DUS1088/013660

10

15

20

25

to renove a quantity of solution equal to the anmount
by which the_total dosing vol une exceeds V

MAX -
Re B0 &1 VodIme Yt M818TE ¥ um 16 Rerolumeg, ayhiely whemaddedde thegarting
copehrt i . 0si ng ation. ) e
R
50%oluhfe of shi¥on lin tHeeCTIOYeffige waditiohs bdvoale duceskryd I theitstal

not exceeded, the conputation proceeds to a first .
mi APy AyBieriy iraten ianchewkthp celewlataspigepeds te BdiRiscalculation
wh rol | ~dos] VDVAB,dose + , do

+ %h}?lgtoesﬂgc% ?(feglget §ﬁ%ay°3%¢{g§n¥£¥ﬁwsm \,Q"”Vli‘ﬁ‘é ragé{sﬂ‘)l{ﬂ% ¢

| sready 6druise in vdHitNing@utashdeditiohs th theSCRUL iTNhe@B¥dl dosing
sol ution volune VCDU, 0 g, exceeds V CDU ADD > the )
i KoM keshiihesi Ve additiomal splutian is reayired ByttheCBbly Execution
be [ tod : feshhe. t ot al . dosi ng
ol e e e OB R b tod 2l g oR S

pr epimikhinient ealéiulitidn, bfintethdisito Be eRpIRIneH Furlthe? ClelSR0.

The dosi ng vol unes VPH, dose, d Voi.dose are ready for

use in controlling solution additions to the CDU. |f

the total dosing volune is less than V MN ,

addi tional solution is required by the CDU Execution

pr Dosiegsvitea ¥ STabsaibaep e ODINFAB cal cul ation bl ock

522, which perfornms a repl eni shnment cal cul ati on, by

met hodst: lLained further, .bel pw. Dosi ng. when
WS abs BT S b, gk PR Riing ol Biof ghenghe
a 4dsomnhed of £ lutwortias dHenkedl Aulivdry anit \ODU) idRw begins with a

absorbance of a solution in a chem cal delivery unit

( Cow) VIsdosing Herg blesk G0 Homthe desivg Saldelstiony Eorathis dabeddw

602. far the dosing calculation.. For this case ow

oo sp et S LPRRuERERaR £ Ruuc Bhate [epiiome o oeecond
( ACMIS @osittg vohlme HlotR@ B3¢ ofrliiated Q%o@ﬂlg%htﬁﬂ@VBh?&%,sefs&%ording
conputes a dosing vol une VOMAB. dose, according to the

f oerthe formpla: ¢ * DVAB , CDU (VeDU opg + V p H >adj + V
CMs) - CDMAB,CDU CDU , opg DVAB , dose "~ DVMAB , repl

~ DVAB , CDU ¢

vDMAB ,dose =

(17)

omaB cpU (Vepu orig + Vo agi + Vems ) = Comas cou Veou Jorig

C bMaB rept . — C'bmaB cpU
In the evaluation of formula (17), the second DMAB dosing volume
block 604 makes use of the simplifying assumptions:

Veou,oig T Vems >> Vo a;

VCDU ,orig + VDMAB ,dose >> VpH ,adj

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

formula (17), which is therefore simplified to:

4
C DMAB ,CDU (VCDU ,orig + VCMS ) -C DMAB ,CDU VCDU ,orig

VDMAB ,dose. —

'
C DMAB repl . — C DMAB ,CDU

18



(17) In the evaluation of formula (17), the second
DVAB dosi ng vol unme bl ock 604 nakes use of the

wa@eplo7$8ys ng assunptions: V C DU. opg + V CVS "PEPHSZII8/013660
(18) VcDU .opg + VDVA B d ose " V pHrad] (19)
Formul ae (18) allows the volune of pH adjuster .
sol ut i offomputRsionProgTesses o  BFsHMS dasiyg volumerplpck 606, which

therefore. si L 0. Vv . .vcDU opg +
vorenp feEa BOTRRUOMER, f G sesSdink U g ity 25 )

DMVAB , repl DMAB , CDUConput ati on progresses to a first

CVB dosi ng @ ek 606, Wi i eonniitescry SpYichg o 21
volXows e M5 dose accor di ng Tp the formirar v _ A CDU ( (21)
VQDU , opg + VpH , adj + DMAB ', ¥yl ‘%CD-UCDU ,ong M DU

,opg , VCM5 ,dose ~L L " "' ACMS A CDU The

assunpt Masasinptiensuvf fAemulad)(18)whd((19) araapplégd®yi thd fipst CMS

the first CMVMS dosing volunme bl ock 606, sinplifying the
5 caries;nawl@meﬁéwkoé(?é sim)ifiing dhe G lation pesforged éw’o k 606 to

: ' ( cDU .opg + DVAB ,repl ) ~ A CDU ,ong CDU
,03193%11%

&ose - 7; 1 >ACVs A CDU The dosi ng
cal culation for Case ii now progresses to a second pH

adj uster dosi ng WOIEVBuQeK +60RuasWhi 8 Bt AksiRSorit NEDU orig 29
val ues VodWRBosel 03 . o_ngu ed—fTom fornul ae (22)
(20) and (22) respectively to &&fputéPlhe pH adj uster

dosi ng vol une Vph. adj .dose based upon the relation: D

H . _ DThe dosing calculation for Case ii now progresses to a second pH
adjuster dosing volume block 608, which uses the values Vpmap dose and Vcwms,dose
10  computed from formulae (20) and (22) respectively to compute the pH adjuster

dosing volume Vh adj,dose based upon the relation:

\Y K .
. CMS “CMS
PH'cpu “PHepu, orig = 2
Oné VCDU ,orig + vDMAB ,dose . + VpH ,adj .,dose ( 3)

VbomaB Kpmas
vCDU ,orig +V +V

+

CMS pH ,adj .,dose
VpH ,adj .K pH

+Vems Y DMAB, dose

+

Vepu,orig * VeMs

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

can be neglected, simplifying the expression to:

VCMS K CMS

1 —_
PH'cou —PH cpy orig = v v
CDU,orig T VY DMAB dose.

15 N VDMAB dose K DMAB (24)

Vepu oig + Vems
Vv

pH .adj ..dose K pH

+
Veou orig + Veums +V DMAB dose.

After appropriate rearrangement, formula (24) can be solved for
Viph,adj,dose. 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 Vi adj,dose 1S passes to a first recomputed DMAB

20  dosing volume block 610 which re-computes and updates the DMAB dosing

19



VCVMS KCMS p HCDUp HCDU, opg + v v (23) v CDU ,
opg + VDMAB , dose + v pH ,adj , dose v _ V DMAB K

WORrAB0SEDU , ong + V CM5 + V pH , ad]j ,dose V pPCT/EHS}008013660
pHYV CDU, opg + V CVMs + V DVMAB , dose The vol une of pH
adjuster in the denom nat or gortions of formul

23
carolymendolpaisetEcostingiq opmnnlg (L hle 1B tys 63s5; His B ?éJE‘:W)Sr

P H'CDU.- P. ; A 0 i
Vi B s T i s OBl Eomputfon
CDbkgeBés to @lYipstMEnp et EME t&sin@pelumerblédkes12 which re-
rearrangenent, fornul aéj ) can be sol ved for

24 ,
VPRomplites| arbupdaisdhe GMYidesingviBmENtems ospAgeariing todprmula

d i,ned, (£ he dogj . . ;
s SSL A VS oS RE 00 EABR. BIUAR e

cabgmbaﬁ{i@mandﬂgelovﬁgnuﬁgdf or VPh,adj ,dose is passes to
a first reconputed DMAB dosi ng vol ume bl ock 610 which

re-conmpyt es,_and at.es .t DMAB dosi ngvol une

VDNAG, 058 BB FHPRGUED S r it P AP RS P SerRdolume
t hen i AGIUGIAENhidR Ak emMRl WiBtheS atif dfl the €dsd 1 dbéiRg volumes
computation and is not ignored. Conputation proceeds

t o (Vpfiinst, Veeaapod 86 LMbacosigagves df ampobihe ykiugnes are

whi ch re conputes and updates. the CNV5 ' | :
10 /¢ ma&wgecagcg@%]o&i pﬁ@celegg Oﬁﬁmﬂl%re{egté ?qmg gﬁslﬁl)fp glo\c/lg 6lljgrsvh1ch

L/? F&Tj adi gfiic?zﬁﬁltpﬁtz{tilaﬁ R hadhust a1 d&gﬂ VWluted #@¥Bositive, calculation

I ze e conputation and Is not iIgnored. The
dogptargedsab aseatdridonafiounCdssing volnow chedoblesls €58 which checks
seconql v%l um(el, . :
whether the addition of the total dosing volume (VpmaB,dose + VpH,dose T VDl dose)

will increase the total CDU solution volume above the value Vpyax. If Vmax is
15  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 Vmax. Removal of solution from the

CDU alters the starting condition for the dosing computation. Therefore,

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

If Vmax 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 (VpmaB,dose T+ VpH,dose +
Vbidose) 18 less than the volume V. If the total dosing volume is greater than

25  Vmm, the calculation proceeds to second calculation complete block 624. The
dosing volumes VpMmaB,doses VpH,doses aNd Vpydose are ready for uée in controlling
solution additions to the CDU. If the total dosing volume is less than Vu,
additional solution is required by CDU. Execution proceeds to a second
replenishment calculation block 626, which performs a replenishment

30  calculation, by methods to be explained further, below.

20



check bl ock 614 which determ nes whether any of the
Case ii dosing volunes (VDVAB, dose, VpH, dCse, and

WO/DI09iTEses ) are negative. |If any of the vol uneRCEHDS2008/013660

negati ve, calcul ati on proceeds to second reject

conput ation block 616 which rejects the conputation as
i nDabing when BMABeenacgtrativr e SDIY & highi t i ve,

cal cul ation proceeds to a second maxi mum dosi ng vol unme
check  bigigkefek8nddtb Hig cha Flowv e rdter ddshiy @l dtiodnwigerf the
the total dosing volunme (VDWVAB, dose + VpH dose + =
VDDMisBepnedntiatiomof & asletioman a cheahicalBiglivery mnitd DL i high

or Bt e DVAR cepnearel ou BEESS iinar atisg. For

5 UheilOe! aphigﬁ‘ﬁl\'/[@'ﬂ %n@élﬂfdﬂion@%ﬂfsiiﬁﬁ@elir Bfcaf® himld Viue of
the amount oOf solution to b e drained fromthe CDU is
t 045 emibiv¥odard GCanh s &y> 6-0f45s0Vipt Sartingquith an essumptiambhatt
b y which the tot osi ng volu e ds V MAX - .
eVt oo GOEAAMS Bl NP Pk 4P computs A dpring
copghi 4 or [ ation. Therefore,
exgglhﬂeﬁcéssd“?tgggrg?% t?%:eecﬁgg?vti%i S dosing start bl ock
602. IfVMAX in the second maxi mum dosi ng vol une check
bl ock 618 is_n¥toexgeadedyi tth¥orsahpust at i on proceeds to
a second #Uni mam dosiyng vol ume chegk bl ock 622 which
checks whet her {He™ ot al" Hosi ng™vol fhe (VoMAB. dose +
VpH dose + Vowo se) is less than the volune VMLN. |If

10 t hevhicht #ier ckasianging @ivwese i s greater than V MN , the
cal cul ation proceeds to second cal cul ati on conpl ete
bl ock 624. The dosi ng .vol unes VDVAB, dose, VPH, dose,
and Voi . sC?"t%S ar eVe dubromasepis i Aont Folhi ooy Bol ut i on
addi tion “the CDU. If dosing volune is
less than V M N, additi ogjz;@'\é’gﬁﬁ%%g is required by
CDU. Execution proceeds to a second repl eni shnent
cal cul atoaputioalpréiéssesvu € firsp &1 dosing valunepihleck sbtysvitich
calculation, by nmethods to b e explained further,
befYRPHES 7 ARSIVE ¥Rl confeeimng VER tl?%fe(’@BBijaF s high
Wth reference to Fig. 7, a flowhart for a dosing
cal cul ati-on when_t he DVAEY aanggfiomat con o f a sol ution
in a chemMedlCblel iywery uniy (C I S hi begins with
a hi gh DMAB dosi ngwc§tué’ '} mbgll‘glcwaff"fsg?se tﬁgmddﬁs i ng

15 cal culation. For this case, a high DVAB concentration

I s approximately greater than a value o f
using the assumption:

Veou + Vems dose T Voidose >> Vo ad).

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

computed as:

VCDU ,orig C DMAB,CDU — C DMAB ,CDU (VCDU ,orig + VCMS ,dose )

VDI dose —

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 Vpj gose

21

(25)

(26)

27)

(28)

(29)



W@ 0004085888 ock 704 conputes a dosing vol une VcMCT/Usz9e8/013660

5

10

15

20

45 mlli-Mlar (C DMAB,o pg > ~0.45mM). Starting with
an assunption that V MAB dose 0 , second CMS dosi ng

according t o the fornmul a . VcDU opg CDU opg +
Cvs "-CMS V. CnDU ,o0 %r
wscomwecbfrpmmmhlaa@@ranfiéa raﬁmcm;elg M&npure é‘ml‘l/adl“éef

(OZQU) , V CMB , dose =

5‘0%@“@%@)@%%8 Bt g?l on progresses toafirst D

dosi ng vol une bl ock 706, which conputes a dosing

vol ume Voi , dose beginning with the MngKawsC DU , opg
C DVAB PEbopy €U copgrig PRy ad] - dose + D, dose
VC

usi ng the assunption: VcDU
;dose " V p H>ad] (28) By rearrangi rmula (27)

RU ONS 7, Dbdese + \Y ph.4dj ,dose

wWith the assunption o f fo# e
value o f VcMD, dose conput edVppy ohjgochWﬂ‘ﬁgq Y& avse
Voi . dose i s conputed as: , , ig C DVAB

,CDU ~ C pMAB , CDU(CDU opg + pMa$ se ) mV D

Case iii now progresses to a SBEGHE p

, dose - - . \ ) DMAB |, CDU\T/he dostg;caI gui/gltjjon for
,dose

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

can be neglected, simplifying the expression to:

VCMS I<CMS

PH cpy — PH cpu org v vV
CDU ,orig + DI, dose

VDI ,dose K DI

+
Vepu orig + Vs dose

VpH ,adj .,dose K pH

+
Vepu orig T Vems dose T Vb dose

After appropriate rearrangement, formula (31) can be solved for
Vphadjdose: 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,dosc s passed to a second recomputed CMS

dosing volume block 710 which re-computes and updates the CMS dosing

volume Vs dose 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 DI dosing volume block 712 which re-computes and

updates the DI dosing volume Vp;gose 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,doses VpH,dose» and Vpj dose ) are negative. If any of the volumes are

negative, calculation proceeds to block third reject computation block 716 which

22
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adj uster dosing volunme bl ock 708, which uses the
val ues VcMs. dose and Voi. doseconputed from fornul ae

W@ 2@p/023865 (29) respectively to conpute the pH BCj/US1088/013660

dosi ng vol une Vph, adj , dose based upon the rel ation:

" 1.1 VcMBCMB P n CDU ~ P n CDU , opg CDU ,o0pg + DI .

doﬂs@ctsrthprqonm}atloa@s envahdx Iﬂelblosxngwluta@arweﬁ}svwhulaﬁon

e dj
dggogéqcﬁzto \9% c?{;g IB?XI ni @oélrg g&r_hﬁ%g&godg%%n\gpgh checks
po Wh@Rs tr@fadﬁmomdfahe( > desing bsmﬂ%q'%ﬁ Ghee -iSVpipJoge ﬂw@gose)
the expression to: - u n_u cMs K P1

opgnld:mgreasp thestol CDHHselutipn Voluweabwe @Dwah@p\émx iV Vmax is

e f4Her
apprgta el plhegiuni g Gy arfgBpeR T Biah ey the
f oCDlPky pait 1al &Rin. Q)ﬁ@m%ﬂﬁ)dd‘@ﬁédl&tlﬁg kheEn@int PFsolution to be
adj ust er eterm ned, the dosing volunmes for DMAB

andraing fmre theCBhis @ rendoves quapHB RS sphéloa@aualat@yh%mount by

the c lE‘S | alr(goé% ? Vaé%% gs‘?g{wﬁg {}%ﬁ“’o"al ﬁgluklﬁx}%%%?&l%

WnUﬁU hRerS GWEd48Rg 306UiHEA Brahe 6kn ]ﬂﬁﬁﬂld’iﬁ Pithefor:,
VcMB. dose according to fornula (26 In this case, the

10 pHexatjution e reski$o ty high DAABsloging|stareldorin 79he

15

20

25

30

conputation and is not ignored. Conputation proceeds

to a finggsy,r ﬁlot'ﬂmﬂlﬁfjm%mqﬁﬁ'degng’gl)fﬁ% deOE K106 21 9 £

re- conput es an

exceeded, the computation proceeds to a third minimum dosing volume check
block 722 which checks whether the total dosing volume (VpmaB,dose T VpH,dose T+
Vbldose) 18 less than the volume V. If the total dosing volume is greater than
Vum, the calculation proceeds to a third calculation complete block 724. The
dosing volumes VDMAB,doses VpH,doses aNd Vpy 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 proceeds 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 ariy of the
dosing calculations for Cases i, ii, or iii (described above) require a
corresponding replenishment computation, the replenishment volumes are

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

Vewms rept according to the formula:
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updates the DI dosing volunme VD, dose according to
formula (29). Again, the pH adjuster dosing volune is

W@R0000Zz885 i n t he conputation and i s not i gnor eRCT/Uk208/013660

dosing cal culation for Case iii now progresses to a
third volunme check block 714 which checks whether any
of the Case iii dQg|Ng,vol unes (VoMAB. dose, VpH, dose,

and Voi .Yoses) =are,megati ve. If any of the vol umes are (32)
negative, cal cul at ﬁ&ﬁ‘spr oceeds to block third reject
comput ation bl ock 716 whichrejects the conputation as

| nwaetedV, ) {s tBE totSlohitEe ¥PIpEREhATeRt fASHdH d&ermined from the
cal cul ation &rﬁoceeds to a second maxi mum dosi ng vol unme

cheempeiatens desgribd abave hrethk dosihg chlewlatibes. dodinuila(32pf
the total,.dosin V B, dose + VPH, dose, +, ...
VoA iRt SO e bl B e Soignaep ot Fut ¢4sitipmally

5 abeMpfy e rvalise: VMAX- | f VMAX is exceeded, execution

proceeds to a third CDU drain bl ock 720 whi ch causes
the CDU to partially drain. One nethod for selecting
the arm%g%)ozf sol ution t¥eMs«e Hrms ned fromthe CDU is
to renove guant ity of I tei opyequal  toythe anmount
by which the to{}}a*‘ldj%%si Xg’%%’fﬂne SRR P R
Renmoval o f solution fromthe CDU alters the starting
comad ti on for the dosing conputation. Therefore,
execution is reset to the high DVAB dosing start bl ock
702. If MAX(i n thethird } mum dosi ng vol une check
bl ock 71%/‘*! 3 rYI@’t"adé-ngt@Mé%i’rep'?%V%rﬁbggbti on proceeds to
a third m ninum dosi ng vol une check bl ock 722 whi ch

checks e tdnidififeri SbRliod 0o PthaEN HiTRrdsNMBELUABSCE and

VPH, dose + Voi,dose) is less than the“volunme V

(33)

(34)

10 | f pHivese sslextiod biichkB06oVhinkesélectga Gather pathaor te Meplenishrhent
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cal cul atj.on progceeds to, a thi cal cul ation conplete

bl 8‘812?‘%%9*1 #@r@ﬁ%rwﬁ%m gﬁ\%m,rme and,/piH, ae, apdicipated to

ange MphtiRSEondfafit SEAYink 88 tHESEhdr BIARI LRI WS ntBhUd

addi ti onsg,tso t he CDU. I% tﬁe totrg)l g‘%ssi ng 0voI ﬂﬁ% %kg{é

| esddeihan V MM, additional solution is required by

CDU. Execution proceeds to a third repl eni shnent

cal cul ation bl ock 726, which perfornms a repl eni shment

cal cul ation, by nethods to b e explained further,

bel ow. Repl eni shnent Cal cul ations In this exenplary

enbaey wkere MBS Allserbanse end pthareRélanively Comstgnto f t he

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:

Vrepl .= VCMS ,repl (1 + apH ,adj .,repl + Opj ,repl + G pmaB Jrepl ) (35)

where:

apH ,adj ,repl VCMS srepl = VpH ,adj ,rep! (363)
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dosing cal cul ations for Cases i, ii, or iii (described
above) require a correspondi ng repl eni shnent

W@ 9pHT®s3 on, the repl eni shment vol umes are dePE@r/bb19681013660

5
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by the followi ng nmethod, described with reference to
Fig. 8 In Fig. 8, conputation begins at a

repl eni StyvRBLpICOutALT Mdvabapt bl ock 802, an entry
point for the calculations to follow and progresses to
a CMS repl eni shment vgl ume bl ock 804 which conputes a 36
CVvB repl"em,'resh\fmmrepwc_rl peer)/CcMs. repi according to the (36¢)
formula: AArC pDUU v 1 r-,epl V,CM5 ,repl (32) CMS where

Vrepi i he t ot al f i 0 i

det or m elreRrf P8 iiiod bgRE sE SRR R0 AL 42D may be

t hexQekdng a Gaffeohiael@ite oF afafbeaolv3@ sinasltans®istsby hethods

vol une of CMS repl eni shnment sol ution which nust

adinewn tresKiNedsartisansy Fonhexana!atqograercighspfyasp forthe

VpH, adj + VDMAB re + /i +_.\VD . .
Ve Bl Catretiense CoMBuRP R R by Mbomorgts an iterative
abgglv&ankieh anbPémpRyed efiRdidlMiomlvatkh SafultaheqaRly satisfy a
selects a further path for the repl eni shnent

cophuialy pbmathsowtigaligquiteigigs Huk conpigaIys absor bance

and pH are anticipated to be relatively constant or

varyi ng LRV, GOURONeRL S, AlaRd
added. S gﬁﬁ&ﬁg@gﬁﬁcﬁ%@gﬁd&%gﬁgéﬁ% A g p IEIﬁ’aéTE plhgﬁgg [ p\? ely
CoNghant bfe conpu@idBoabsdy iantotl arplerpdiiname voleinet Vgl execution
constant, the repleni shnent cal cul ati roceeds, to a
DNA@&F@ﬁ?Séﬂiasrﬁplmﬁlefﬁﬁntrcgfcu wgtcamp?%%gféﬁgﬁig, 6&3&1&%

80 [ t

ol erhent SO 3y KR uheln CROSHAR' OB TRNEIORs o the
cofitant paraneters bl ock 812A. These bl ocks conpute

the repl eni shnment volunes for DMAB, DI, and pH
adj ust er

(36b)

Case where CMS Absorbance and pH are Varying

If the CMS absorbance and pH are varying, the replenishment calculation
proceeds to a DMAB replenish volume with a titration slope block 808B, a DI
replenish volume with titration slope block 810B, a pH adjuster replenish
volume with a titration slope block 812B. These blocks compute replenishment
volumes for DMAB, DI, and pH adjuster replenishment solutions to satisfy the

relation:

VDMAB repl C DMARB ,repl . (3 7)

C, =
DMAB ,CDU v v v v
pH ,adj .,repl I DMAB repl . I CMS ,repl l DI, repl

The DMAB replenish volume with titration slope block 808B computes
the DMAB replenishment volume from the formula:

C 'DMAB ,CDU Vrep] . (38)

Vomas epl . = C
DMAB ,repl .

The following relations are then used by blocks 810B and 812B to
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repl eni shment solutions to satisfy the relation: Vrepl
= CM .repl ( + apH,adj ,repl + a D ,repl + a DVAB

WO e@plo738y where: a pH ,ad] ,repl CM5 ,rep! = p&i/as}008/013660
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,repl (36a)a DVAB ,repl CMS ,repl DVMAB ,repl (36b) a
DI ,repl CMS ,repl =V DI ,repl 36c ) In the actual

i npempeigithe reptenisbmeak golgows Vaarandpng . and 812A maybe
executed in a different sequence or nmay be sol ved

si mul taneously by yetfhods 5 WnpwnKt g skiv A Kisaps.
Forpfbmnﬁlr-é{,c@pm-vrm% I d‘fm&r—tmw i he 0 o KRBT
i mpl enent ati on of "preddsheetr comptiedat i onerf .r_eﬁlwﬂ@,regl-

i ncorporates an iterative solver which can be enpl oyed
to find-ygol utions, whi i muly aul satisfy a

pl ural i tyrepE)'f rTﬁFﬁdé'rrayi%glﬁ ’rquqwgrreﬁ%g and
constraints. Once the repl eni shnent vol unes VCMS, rePi,
VpH, adjn foreia (395 v&Fing pANghdlébsBRE: 6faRE cRdiBical makeup
conputed to satisfy the total replenishnent vol une

Vr spJntion (M isorciyfied prBiwars eigha tifratinreslppdsirent

cal cul ation conplete block 814, and the repl eni shnent
vol unes are r&adQ/Kfor use in controlling solution
addi ti ofept o +HE-EBU. 15 Case where CMB Absor bance
andpH are Varyirgul f the CMS absorbance and pH are
varyi ng, the repleni shnment cal culation proceeds to a
DVAB repl eni sh yol with a titration slope bl ock
808B, anMArBeplﬁmgﬁ&@L umre with titration slope bl ock
810B, a pH adj ustégpgepl enish volune with a titration
sl ope bl ock 812B. These bl ocks conpute repl eni shnent

20 vol unes for tQIMAB DI, and pH adj uster repl eni shrent
sol utiofRs to sa 'C@ﬁ%pﬁhe- relation: ' _ DVAB ,repl C
DVAB , rept#¥-1 \ DMAB ,CDU - - - - - | ) v pH, adj

, repl v DVAB , repl v'ovs ,repl v DI ,repl The DVAB
replenish volume with titration slope block 808B
conput edhese 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 VeMs repls VpH, adj.repls VCMS repl, and
Vbmag,repi are computed to satisfy the total replenishment volume Viepl, €Xecution
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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the DMAB repl eni shnment volume fromthe formula: V- C
DVMAB ,CDU V repl Dv DVAB ,repl ~ \->) DVAB ,repl The

wo iobovisey) rel ati ons are then used by bl ocks 8SROBUS2008/013660
812B toconpute the replenishnent volunes VvV Di re m
and V PH, adj >repi: , VPH ,adj Kp

DI\/AE?OSft fjreﬂmwterpaéfnto sn%}yisﬂarmrmoﬂaplf cingrqplatmgrsolwnons

r ep {B\flﬁhérecqllem\}:a’_g ogkss\és 57%%&@& lrsedp&P F&bl%ﬁgz\{gﬁt{}%{e th\(e 2 %\/A B

| ncasmeﬁuhta)n(swbotht &gamaaua Aetalit edtpcRaaIsiankencohisly pesent
chem caI makeup solution (CVM5) is included by neans of

t hih ¢ pelptien. ofprexample, aspesific pnbedimentpf the presantanvention may

B, f 11 MAB.7~.1
5 gg?eﬁ%Mllaégéhm%qlW}a{lgg e)f nekwqu%%lf g%%) C:!t{%':’thls
t i h}fa’ﬁtﬂdhmlﬁddim%t hmhbgﬁmedw&nmé ehpRIYRY ¢ Plabdlof DMAB as a
reference to Figs. 3 an In the actual

i nfAderiBgRgeRtoRnd aammmtr@m' ofgude! iomg OBsolatmn wsml@ lmigxeasured
beﬁg?l?s%#getou éi,lﬁn aqx/avteﬁengfsﬂtm Wit 8 FiRible 11% spec rometer (q/ IS) or

absorption meter was responsive to the nickel ions. The specification and

10 drawings are, accordingly, to be regarded in an illustrative rather than a

restrictive sense.
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known to skilled artisans. Once the repl eni shnent

vol umes VCMS, rePi, VpH, adj ,repi VCM5, rePi, and
wWO/vB7388pi are conputed to satisfy the total PCT/US2008/013660

repl eni shnent volune Vrep i, execution progresses to a

repl eni shment cal cul ation coggl ete bl ock 814, and the

repl eni shnent vol unes are IMBor use in controlling

sokmu anaddigtii.ons to the CDU. In the foregoing

speci |cat|on the present invention has been
descri bed mﬁth reference to specific enbodi nents
thereof. It wl wever, b e evident to a skilled
ar {4 éaWS&eﬁla'eseéalP P’@B@Olﬁﬁﬁoﬁlﬂﬁl%‘?ﬁ oetslligrremplonndse shecsyatehe
gﬁn to wi t hout departing fromthe broader spirit
scope of the present invention as set forth in the

ap;i) eamisich godyafebconfiguredia iidaure 2binpokiéhls b1 epRARAEALHSN, the
and net hod of the gresent i nvention is descri bed

pri mar i Ppting selatien Baveg & sedusingaigent a oHeaslsusu:eg@gcm; o at

of cobalt, .t | 1 ed ar

appr eci !alt%set t%lgg’?&?qn 891?@@ e’ntﬁ FW@H&% BhtHh F%%O%"egured to
appl i eddﬁv@rthhfbrt@drﬁ@ﬁth@b&ﬁﬁ@@@l@ﬁbﬁ k@ﬁ‘R@fnaﬁts é’crtrometer to
materials, to analysis and control of electroplating

sol uti o’ﬂi@asué%él coRpepirpiign @ﬁibﬁf@&lbmaraews@essanmbng sysltem glso
ntra

desirab conc

or gani chlgﬁj(ﬁ%ﬁ% J|;%:gfce:to %le'ﬁtsg uélof‘ru? ?Xlﬁiﬁi‘ﬂg ! SPPERgter
in a sofwsi Qﬂmef@&e £¥ediRhRatich SR tdaki &e%&@ﬂn%ﬂltloﬁf the
the present invention nmay be beneficially applied t

el ect r otading|systemdugherrivdting piposisii afdéhd piaihg scblntlmhtosa

PR, | G SO B A OEE Sl

C onEitiol 8fstedn cOhfiglirék R repRARh laRy §P{hlétré&iﬁlﬂ§3é§eﬁt H
measur ed by absorption, using a wavel ength in whi c%

vi si bl eadjvsing agpretcambatécaet orfevinSial or sodltmr gt tlhelbamabéthe
was res onS| ve C i ons. The specif]j (iatl on
and dr ERBEerl madE By ety e namrieg drcatic s

i 11 ust repettyéinétes, Iaﬁa tKehﬁT fyeestrictive sense. CLAI M5
What is clainmed is: 1. A systemused in el ectrol ess

plating of netallic conpounds, the system conprising:
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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a sanpling systemconfigured to neasure conponents of
a plating solution, the plating solution having a

WO 29073885 agent, a pH adjusting agent, and at PEEES20081¢13660
metal in solution, the sanpling systemfurther
configured to dlvert a portion of the platin %bﬁtion
toSaTgQﬁﬁfﬁ@ pEelein rtewé?retrbthﬁeaetmléyee@cﬂ%@ﬁt% gny of

the redyc t 1iR9
a porti glr? %’ ?’%’ep%epgitu?n ﬁ%g‘%l 1ﬁ‘%ng3e¥1 g agm\?lﬁisﬁﬁgtlﬂe\f?& '
spect r osRh8sn {f hed) resPediivad suiicentrali@izde e ;ﬂhﬂmgtsahﬁtlcat are

| east one netal in solution, the sanpling sys

f ur t her belower &etmgntavat}tﬂ endhy e atdﬁélomotitdiewgl@é@ﬁ watet if any
PH P aPaiel 3TN GyBeHubiY RlabBle & BpRhALITG

solutloﬂ Tem con gure repleni sh any
of the reducing agent the pH adjusting agent, and at

| east one netal in solution on the basis of th

neés dr st r gerteolliyg theecormesition pé emﬂ%mtse}utlmh@e system
visible |light. spectroneter, and the pH probe. 2. The
systentS? gﬁ%?%tl wherein the reduci ng agent is

di geidbit ashipebredmaer ddAMEBed tb hgcapile adjabsdrbate ety plating
any of citric acid and tetranmet hyl anmoni um hydr oxi de,

and t hesmum, thma@@mampmf the plaipg splusien AFingandndication of the
tungst en. em of cIa e Ranan
cgptrmqnl ?tsz/aZi agt eta 1nt %BIV\'H V\g%lflu&]ﬂ

spectroﬁ%t 5URANOTE ength i

SOHRGfad @ﬁeitf&lé(érsdohhguﬂeﬂ I nesfife h cofRhehtidnd S reducmg agent
utilizes a green |light source having a wavel ength

apprOX|naﬁem%ﬂm@ﬁﬂb@wn490 nanoneters and 540
st em of

nano erej the

o BRE ks potienteto P bt i Sl gHFs Saftubhe

deh @61k cOfi Rfre@idpchitARE HRE ik &urdrénty 6f tha visle hlgHt pH
measurenents as a function of tenperature.5. The

system s}tectrlomemr,lthe Rtaemeusrzeqttoenqt@nmd)the spiﬂspreht: tpdetenmie

by addi duci n ent

agont . Arat o ST @R D el pedR o pm

respect Lyj ﬁSWIJﬂaBﬁ@H‘éohﬁed t]?l% Rlafdritd %eﬁﬁhﬁﬂg SHMRITE the

bel ow a setp0|nt val ue, e addition of

dei oni z dds1(1@a()dmm$}eﬁunctioramg/to replace plating solution components
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 system of claim 6, wherein the pH probe incorporates a temperature

S€nsor.

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 tetramethyl ammonium hydroxide

(TMAH) and citric acid.

29



of their respective concentrations is above a setpoint
value. 6. A systemfor controlling the conposition of

w@2@barisey sol ution, the system conprising: a RCBEURI08/013660
| i ght spectroneter configured to neasure an absorbance

of the plating solution, the absorbance of the plating
s of.uti roethpé pheparrtingisrrallshtaddidesing snd aerlpshentof

at | east, one tal i - ' | ut i on; Raman
spectroH%PEFﬂé‘%?P8ﬁ$%39@88%§§§ﬁ%3ﬁ§‘%%ﬁ@%ﬁ??ation of

a mesiieinBa \agBRtlighhabddebaptabf Mg piaingtsolutionavifith pisiielight
configured to neasure a pH |l evel of the plating )
sol ut i ospectipaieter todetemrine p cergenirgiioel atdeast png mgtal Higthe

measurenents af ..the visible [ight spectroneter, the
Raman sg§5P$8ﬁ§P%9 and the pH probe to determne

dogieRgirmg dhd plaisg §luforc WaiiaRdmArBdpettora et iol dblerntifea
reduci ng agent, a pH adjusting solution, and deionized
(D) watacentmatiomeof[sl rgdiding agsnbiir ta plating sgbdiong

additions f tion repl ace at | ol ution

comsttenzs mif e BEplink SERAPT NIt B e

C oﬁ‘rbﬁzfdiﬁ%ﬂlefv%ibl@ ighfbHauELdhd Rd0EhE El?éﬂﬁ @oncentration, and the
S

repl eni shment additions of the chem cal makeup

sol ut i opH leved to thdigontiglleryent , the pH adj usti ng
| utian, dei.oni zed .wat to, th | at.i .
s ordbp e U FE ot M fhe b B G A paine

mai nt ai gylatd@r get vol une of the plating solution. 7.

The systemof claim6, wherein the pH probe _

i nconpoing aelame dopredesing addseonsefra plg adjpster sglytiemiathe plating
cl ai m 6, V\ger.ei n the chem cal makeup solution is

el ect r of¥LUOBL\WPB sol ution, the reducing agent is

di gghpwiat Wuke feneddSiPRIditiNeF deishidd ﬁ%’” Watek BPthe plating
solutions any of tetranethyl anmmoni um hydroxi de
(TMAH) seldtign;tanidc acid. 9. A nethod of operating a

controller tq add dosing.and repleni shment chemcals . .

QUM BHE PTG dot DreP PO ipat RO BLHBITE] fghe Plating Solution

measuri Red e dlap h@s_ih$ 05iunRas RsP RS Ainih(f Rsftel Viume.

solution wth a visible |ight

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 a maximum dosing

volume.
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spectroneter to determi ne a concentration of at |east

one netal in the plating solution; neasuring the
WEk@vomgssol uti on with a Raman spectronet er toPCT/US2008/013660

determ ne a concentration of a reducing agent in the

pl ati ng solution; nmeasuring a pH |level of the plating

sol Ut Temmethod of clsim S sthereinr ovi di ng the visible |ight

absor bance, the reducin ent ¢ tratd
R e e
dosi ng afqlitingsofftions bakd Wal GrgRoesticeiteatidnefoptiatredi@ing
sol ution; conputing a volune for a dosi ng addi tion of

@

a pH adpgent ar the plamigsalutions heonseairatiog of sheredyeing agent in a

conputing.a vglunme for a dosing additi.on 0 i ani
(o1 v ST ot B ry SR PO By SRoRBnEE Br e
vol une fRking s6188b1ind ARBEbleSht Absarbaadélbf 4 Bfernhioaltrigkeup

pl ating sol ution when the total dosing volune is |ess
t han a sdlnfieym dosi ng vol une. 10. The nethod of claim

9, further conprisging.conputing.a partion of the.

ol eileg Spler b s BATEF il dniitabe ms jngeer

vol une caed & S phtiti BbRtioh iEbAsEd BB tabet J1E vAIAS if61he
addi tion of the reducing agent, the volune of the _
dosi ng pltng sontiof anden pid vadiire pethe dapsidg aiditipoof the rgfucing
t he dosig%%_aq%giti on of the deionized water exceeds a

maxi munf&osi vol une. 11. The nethod of claim9,

WheleQtdp: oficBmpaitiRR tHf v HAAR Wr d\Ebstlaeadd Rl ghnaT deRini2d4DF) Water
addition of the reducing agent to the plating solution

i s basetb tha piatingrsgkitioo anbasad pathaovolime of He dosthgrddigion of
agent in th | ati ng spl ution, oncentr at.j.on t
A Suei niheirptiing bechPaying yobiie 5 62 065G hRliliSH aBinsH

agent, Lhgsyi sible Iight absorbance of the plating

sol ution,” and a visible |light absorbance of a chem cal
makeup sol ution;

12. The method of claim 9, further comprising:

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

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 correction for variations in pH measurements as a function of

temperature.

13. The method of claim 9, further comprising:

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

selecting the pH 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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the step of conmputing the volunme for a dosing addition

of the pH adjuster solution to the plating solution is
whamen7is8s a target pH value for the plating soP@I/Us2908/013660

and on the volunme of the dosing addition of the

reduci ng agent; and the step of conputing the volune

for a dosing addition of deionized (D) water to the

plating solutikon i.s base vol jng
ot RanE B PSP G5 Bl e R S0 G e R
dosi ng aglghithlefo @blating sphdtiasj ths bthodlcdmpHstngret hod of

claim9, further conprising: selecting a 785 nanometer
wamehemigels visigletlighy absesbange ofithe plaiingselutiongyith a visible light

ibieliab ghese! __ !
el ongrasamsREyT frafy®adb el rbr ATAE e BT e

540 nangmhgg&uﬁ@ﬁ; use in the visible |ight

spectroneter (VIS); and incorporating a tenperature
sensasuring thhplaprg pelotien withedfddnan speeleomaeter odaterming a

and correction.for. variations.in,pH asurenents as a
funct i oﬁowmlr%f'fﬁle?fftrﬁp‘é‘?mﬁggenﬁ'%thgr@%%&SSIZu%(E,[)F aim 9,

f UR{eRRIHng APH 1V NEE the la@iﬁglsﬂmtibﬂﬁliﬁl%gf’@eémt to be

a solution of dinethylam ne borane ( , selecting

t hproyiingithestisbletlighbabsarore ithoredu¢ing agensconeeniranien; lapd the

anmoni u%ﬂéﬁ%ﬁ{ﬁnﬂ%ﬂlgmm and citric acid; and the

chemi ca tion is a solution of electroless
CoWPB sol ution.14. A nmethod of operating a controller
to add dosing and repl eni shnment chemcals to a plating
soll it Theynethod afetdimd dcfontber eompyisingeasuri ng a vi si bl e

l/: (Pr%p Pr}sgpaalg asgc eéeglivro 'Pfg? g(l?raat @%g@f@bﬁfﬁg&éﬁ\é }elauging agent to the

concent patiheRoAfioRt | east one netal in the plating
sol ution; neasuring the plating solution with a Ranman
S pewtpwiteg arestimatket vedurne éora dosing addition of the 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
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 to the plating solution

when the total dosing volume is less than a minimum dosing volume.
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concentration of a reducing agent in the plating

sol ution; neasuring a pH level of the plating solution
wWowRaob/0zsspiH probe; and providing the visible |iPgtt/US2008/013660

absor bance, the reducing agent concentration, and the

pH to the controller. 15. The nmethod of claim 14

fulQ h&he m@tﬁ@ﬂloiphgﬂ 1§ohslieinng an esti mated vol une for

1 teg%)facg%l:g%u{lg hhe festilGt td%%ﬂﬁé%ﬁ)rg%g{ngfagdftgﬁ a)q Il § feﬁgcing

an es

addl ti ongentt td the p@dﬁﬁ@s@ﬂ,ﬂtlomﬁued Sﬂ|alﬂirlg9trbdneeﬂti'aﬂon for the
plating sol ution; conputing a volume for a dosin

addi t i oredoeing ag@pta@ }hml@tpngqghmqn@ﬁ cowﬁggttuprh@f tge reducmg
revised _vol ume for the.do t n
ag\éln? t Sé/etnﬁgl %fio%ng@o T ?f {9 read%gn% ggntoand a%lﬁlﬁggish g

a revi

vol une El@ermlt:mna&ap@@m@aﬂhﬁ t}ferpmfngtsbmtmem cal makeurJ
solution to the plating solution; and conputing

vothgrstepfafcomputipg gei @hmfﬁﬁ vobirae fas @@mgtadéﬁlwd)fttbrechemlcal

P R st Ind BRGHE Db SR ¥Aed RISl Boled B 1ume

15 wher gf fhe dobifig ati&RioRof RMRGIdINDadene tﬁ@hieﬁirﬁﬂvfﬁbﬂdlmt
for a dosing adgltlon of the reducing agent to the

pl at i ngaksorbanceaf the péﬁimcsomoa, 3 trgps valpg dewthe visible fight

for the reduc p n 0

concent Pl%ﬁo%ﬁ? gf é’li]"}tgl&fe uﬁlé’n %ﬂg’:ﬁ Vl?‘ll??e fl%iggg F]drbance of the
sol uti oeh&»ﬁlcglnﬁag&?ggluﬂgnagent and a volune of a

chem cal nmakeup solution in the plating solution; the

st the stfp dfenpyuling thenwlese fore dasingoidditonfafia pH adigstegsolution
addi ti on ,of the.chem cal e i,on.to th

ot no e SeeTaas B e B B b g gion, p tareet
the dosifge ggidhé bebelﬁe plaging SoluGo) thedeintated Vistume of the
nmeasured visible |ight absorbance of the plating

sol ut i odesing adxhg@t of/thle weducorg agent, thesistimated; ygiume of the dosing
absor ban

l'i ght aB&gPB‘éH %‘e é%}?ép&qggﬁpgsﬂmwgk a g%loﬁxitrshc’)n 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 of a -
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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the step of conmputing the volunme for a dosing addition
of a pH adjuster solution is based on the neasured

wo 2000073885 t he pH of the plating solution, a tarPgBUS2008/013660
value for the pH of the plating solution, the

esti mated vol une of the dosing addition of the

r etficThgmathedof claa 1ds furthsr eeMpBIRHECTBPUNEA PYEPRGT the

addi tion _of the,. L cal . ' :

itr ot BROBe YR BB BuirR TR 18t 0 v lthe oRprisR
wher ei ngurh e thetvuaé of 9dpsihg B@ditibe of £idacitig \agentnthefvotume

t he dosing addition of the r_educir;lg agent to the . ..
pl at i ngoSafesingaddidomataptsdiusks andithevolumead frdosinggddition
for the peduci.ng agent .in.. ' t]

concent PEE PTG TAGp eafiubl xSl Afbhlifdolfbe Voline

sol ution of the reducing agent, the volune of a

chem cal nmakeup solution in the plating solution, and
t h9.vEheimsthet of istaimdi . fgrtherdiompsisings t he pH adj ust er

vordine®Ea Bnenabehy et SRAEI oL IS s Rifhen,

sol uti ogpde@tofmbrp! ating solution is based on the
revi sed volune of the dosing addition of the reducing
agssalecting aegreanalight seurge baving a Wayhlength spproxtetebsbetyeen 490

| ati | uti I f he .visible |iagh
Dby bonaRS R Sy RGP Sl
absor baW}St)Oindt he chem cal makeup sol ution, and the

vol ume of the dosing addition of the pH adjuster
soingoiporating.a Fmpenastitcgnssir ie theipH pepbefieiendbds a determination of

PO . oltein] pipbe terendts a detcrmin
o be ara ratune e fafhs ho Rsevefubut e hiielengta

sum of {dge¥Ahi¢me of a dosing addition of a reducing
agent, the volune of a dosing addition of a pH
adjuster, and the volunme of a dosing addition of a

chem cal keu ol ution exceeds a maxi mum dosi ng
voi(g]n_iﬁ? E@nﬁloﬁﬁgcfﬁé‘?’ﬁ&wﬁre&q'ai m 14 , further _
COMRITE@IchE a2l RGlsoNBiod of ArmARYRARShordRY @ngH)h | i ght
source for use in the Raman spectroneter; selecting a
gr teerpH agyhstersioany ef haoluhon af wremktyharhmappmokydrakeley
bet vveen(,ﬁ%%H) and a solution of citric acid; and

the chemical makeup solution is a solution of electroless CoWPB solution.
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nanoneters and 540 nanoneters for use in the visible
i ght spectroneter (VIS); and incorporating a

WQ eopersBiire sensor in the pH probe to enabl e BCT/US2008/013660
determ nation of and correction for variations in pH
measurenents as a function of tenperature. 20. The
me2 ho@hemeghagl aficlaim gy Eprghes compasipgduci ng agent is a

sol uti on of di.ne I 1 N 0 ot

adfLpRing 4 %Sﬁlflnager%y‘z’ao ?8 E?Iibao%&g}% e ran(gtah{/iﬂ%ngm%kﬁ%
hydr oxi d8lufidiVidthe pdding sdRltiohj on of citric acid; and

t he chem cal rmkeu(g solution is a solution of

el eempufingsan GoiwRBdksilume dor, dosingaddiranrfdeimmizad{Dh water to
further co rii séonlgt; n(.:onputi ng an estimated vol une for
a dosi néhe {194 or% 8 a cheni cal makeup solution to the

Pl 8bmPetisod VblupiR: fof P aBsIAE Adifitn 654 pHRIRR eY 6blutien fdthe plating
dosi ng addition of deionized (D) water to the plating
sol ut i osoluttemputi ng a vol ume for a dosing addition of

a pH adjuster.solution.tg the.plat.i [.on;

c ORI A SR LB ok s 5t Rl BB D Bl ko
the chegpwabn;makeup sol ution; conputing a revised

vol ume for the dosing addition of deionized (D) water

t o compuinga ravised yblumefer thendpsingrasiditiongpfaleipnizedd Dowatgr to
repl eni shnent solution addition to the plating

sol uti oﬁh‘{/ﬁéﬁﬁng Wéutf%i’ﬁfl&ldosi ng volume is less than a

m BbﬂHﬁﬂiﬂ’%@if@lﬂm\é%Hﬁ'Fepl&ﬂshﬂéh@ sﬁﬁﬁ&%’dd}?ﬁoﬁioﬂhg})?atiﬁg solution
wherein: the step of conputing an estimted volunme for

t he dosiwhgnalkiiotal dasiog valuokeeisilesa thamegkmupmyol dasingvaleme.
the plating solution is based on a target

concentration for the reducing agent in the plating

sobyt TR mdihs seasH Edwasegent rati on of the reducing
agent in the plating solution, the neasured visible
| i ¢fietstep 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 solution, 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 (DI) water, the
estimated volume of the dosing addition of the chemical makeup

solution, and a set of titration constants.

35



absorbance of the plating solution, a target value for

the visible |ight absorbance of the plating solution,
w@eaoa7isssi bl e |i ght absorbance of the chem caPCTHE®0O$013660

solution; the step of conputing the estinmated vol une

for a dosing addition of deionized (D) water to the

plating solution is based on the estinmated vol une of

t hg, d ict he chem cal nmakeup sol ution,

thg3tg$é§%ﬂ%%%g§L %t(n1 FoF the reduci ng agent in the

pl fheistegp c&‘QJotﬂpuﬁﬁg tl@ﬁévf@&ﬁvcﬂﬁﬂ@%ﬂﬁe dosiag alditibh of ti¥f chemical

the reducing agent in the plating solution; and the

st ep of makayrugalwipn is baseag meﬁasgetaoamtrﬂgoaﬁmtm mdueing

a pH adj o tiaon e Iatln solton

based olﬁge?'h?n tr}rlé saﬁr §c§°1ug t% 1“? %Efnbcfent% 20Thp '?‘ f pglucing
sol uti ofAgendirt ﬁhégﬁtm‘g%buﬁloﬁ%e&ﬁ@sﬁéh ofsiB18 Eghl Asbidence of the
solution, the estimted volume of the dosing addition

of the Blsfisgrelation,mhy targat aplueforsthe yisibttedight anspibancef the

t he dosj | of. the e sol.ut.i o
and a sgggggg& {?al ev1sg)6%g§l£}r#n§o g%“"eﬂﬁheﬁﬁ ﬁalé?ark cup
cl ai m 24olutibreaed e ¥d1ems betheoskH grmaﬁﬂoﬁ%f&ﬁbepm QUjusRe
vol ume for the dosi ng addition of the chem cal nakeup

sol uti osplporaséd on the target concentration for the

reducj ent .in.the n ol uti.on

o SlPRIRBR kS oSy B Ee e 35 9Prine RS PRAT Hgonized

sol ut i o(DI) Wiger1® e H18Ehg/doritRIrSs 'bh&htonalaé Pe?v@s"éﬁ%hﬁﬁe bhhe

plating solution, the target value for the visib

| i ght a@@ﬁ@m&mteomf thheh@maa] mgkmplsututmn, thehwgvu csmbebmratlon
nce of the keu sol uti

light a r
e vor THRhORapTaE gt iy it o b Eion: e TSt GepEiration
sol ut i opf thamehut a%Eﬁﬁanfle SRR RS0, RRd ﬂf‘ev\»oi&ﬁe\f)@tﬂéﬁe

for the dosing addition of deioni zed (DI) water to the
pI at i ngdesengiaddation ef tbachbdglrstetrhelunlem sed voI ume of the
dition o

the c cal tlon t.he
S P 20 GEBREPRE T oY o YHOF deRJs ARG BSAHipRof fionized
plati ng(ﬁl?'v\}ﬁér(?@thetﬂ']ﬁl fo%qs B%Q%ﬂttﬁ@}évﬁ%d%l of the
reduci ng agent in the ating solution t he vol une
of t he dosing addition of the chemlcal 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.
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dosing addition of the pH adjuster solution. the step
of conputing the revised volune for the dosing

w@owon7ess of deionized (D) water to the platiPQI/US2008/013660
solution is based on the revised volunme of the dosing
addi tion of the chem cal nmakeup solution, the target
concentration for the reducing agent in the plating

ti . [ h [ :
2gan A st PEARUTRE AR CREERSA YT anglechp L el Rluion
dosi ng atdiykteancadipridigz:pH adj uster sol ution.24. A
system for control]ling the conposition of an )
el asupBlingmepnsior diyedBiaa sasmle perdion pf thesleasipbess platige a

li j ' I rtion of the
it G RN R R

t o neasudacmgegeadh thedangile poriidf, toetksibREpagestheteitoti@asure
sanple portion, to a visible spectroneter to neasure

an absopbabrosbasce phthesamplerqstien.iand to apdl prebe tomepsushe pH
to neasg&ge%fggngkﬁﬁ%gﬁoﬁhe sanpl e portion, a first
r

control | er neans onputing a dosing solution

v oh fir contiell el asdang f Qortiputing @ ABInE SoRE oR 9blunf) theQfostrze
reduci ng agent, deionized (D) water, a pH adjusting

sol ut i opPlubeRicemprEng pattionaRrEls redicing agent, dpienited (RY water,
solutio 117 ' to mai,ntain a.target .. .
conposi F PglﬁA gé ; lttlgégi&%gg’t b ae@semd'fagﬁqlfﬁu% g?elﬂ??lb _r‘i},le dosing
second gdlitiéOVdlemenRANS td MaineAIR Wrb&GothpoSitlod b @& troless
sol ution vol unme, the repleni shnment “sol uti on conpri sing

por t i onBlaBng selatiemiduci ng agent, dei onized (D) water

i USL,| | ut | heni.cal
& o il oy B 2 nfitng s GoHTH S ne be vplymen the
mai Nt ai fepfenisAh@at sda@diweorﬁﬁrigiﬂg?@ﬂﬁ%ﬁi 5%@%&&&%?4%&%

solution; and a delivery neans for adding any
dosi ng dapuizedPY svaterea aHAdjuséing eplution, sindrrthesidali hiakaup
volune tg the electroless plating solution. 25. The
ayst om St i BAREFERH Sl ThidRe Gei i maaprareeet
sel ect syglumRtoTesk dledraloRPMtnGoffiendasi N9 sol ution
volume on the basis of the absorbance

a delivery means for adding any of the dosing solution 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 selects a
method 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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of the sanple portion and the concentration of the

reduci ng agent in the sanple portion. 26. The system
w@Rooehzises 24, wherein the second control | er neRCHUS2008/013660

sel ects a nethod for conmputing the replenishment

solution volune on the basis of a pH change and an

absor bance change in the chem cal nakeup sol uti on when

P91 IRE G SREGHR 2Rt PecitBE SRR, BOARLMR Forane

wat ef , justin

sol utio SDMMD) drfdghé Eﬂtuaﬁmnggamioms anyhe t@ysnehylaimmonium
claim 24, wherein the reducing agent is dinethylam ne
bor ane hplmRdedRN A pagstritiy agsd.i ng sol ution is any of
tetranmet hyl ammoni um hydroxi de (TMAH) and citric acid.
28. A systemused to neasure a plating solution, the

SY 9B em $OIRRAT hsel A medsuzOh Wldtidig sSRMPh, the spdgalcainpsising:
having a solution manifold including: a plurality of
pr acelitios samplinganpatasss havingaisaletiarhnanifelf aeclydinges

with at least one of the ce sol ut i. t :
confi gur ed® Plblrag]éy 8§W|8 Fed SB %I%P R 3‘%6 P él%cllfé]dglgg &:ﬁt{ﬁ?x‘;‘%\{al\éensdw ith at
a first sanple fehdi®n6 0 leftodeds bdiBtiGiPlubtd eshfipardd ©olbd

and to a flowcell, the first sanple tube configured

to convey a sangiuplegftottheplpting salgtieslandi on fromt he

solution mapifold to.the flqw cell: a visi.ple |ight
spect r onet aeErS& B*HBH’IS g“tieocotuﬂleegft? ﬁi‘ﬁ ? gmonéﬂ%mﬁoé&/ Frﬁ% g)aa flow
l'i ght source cogdji efér@dt $atnpIBaDE cEnBEurad fEPENIBE & shhple of
the plating solution; a Raman spectroneter coupled to

the flow cel | athd plesinigrsglugionifipm thesahuionagarfifold, tethe flow
neasure a concenqitati on of a conponent of the plating
sol ution; and a° kcond sanpl e tube coupled to a flow

cehlyi@ing 1Rt $eblrbhRERPEupldEoSREAGY ERMRH BatbiHBa light source
configured to convey the sanple of the plating

sol ut i owoiifigured tvemédsore gedbisotbentde theiplatiopeolutibe; pH
D LU CEt o TRaLS B P LSl Bl LB P
composi thofeurtd'® MBIsORG: concentration of a component of the plating
solution; and
a second sample tube coupled to a flow cell and to a pH probe, the second
sample tube configured to 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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conprising: sanpling an el ectrol ess plating solution
to determ ne a concentration of at |east one solution
waeorponset and a visible |ight absorbance; sel PCT/URO&013660

first nethod of conputing the dosing sol ution

conposition when the at |east one sol ution conmponent
exéBedsmethpd teetropute e slosiagispition gompesiten,ithgmethodc ond

nmet hod of conputing the dosing solution conposition

when thgmypggﬁge | i ght absorbance exceeds a threshol d

absARBIAICA: ol8dfb] &S p&fitnigRBludioh b H&teABMB A% oREenEaON b Ndeast
t he dosing sol ution conposition when the visible |ight

absor bapgesalstien ¢dneponegtiand  visible ligg absdrhancehe
t hgquci%gllg% f?rgts r%%t%%g%? 'cdmputing the dosing solution composition when the
at least one solution component exceeds a threshold concentration;
selecting a second method of computing the dosing solution composition when
the visible light absorbance exceeds a threshold absorbance; 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.
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