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such as wet baths used in processing, and pertains nore particularly to

i nstrunmentation for sanpling such systens, processing such sanples for

anal ysis, and presenting the processed sanples to anal ytical equipnent for
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In the present apptication analysis of I'T qui bat h contal ni ng processing
sol uti ons syseahns, sudhrasmet daitks praiciepsoargsing, amd pedemd ustropantmulafiact uri ng i s

used as a specific exaqple, ut the u%es of the ins runept are not limted
to this to instrumentation for sampling such systems, processing such samples for

analysis, and presenting the processed samples to analytical equipment for

15  measurement, in an automated fashion unattended for extended time periods.
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09/015,4609, filed January 29, 1998, also incorporated in its entirety by
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bearing S/N 60/264748, now U. S. Serial No. 10/004,627 filed December 4,

25 2001, which 1s also incorporated herein in its entirety by reference.
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10 exenpl ary application. The nmethod and apparatus of the present invention
are applicable in many areas, such as environnental, nedical,

phar macewD®al096946 ndustri al processing and ot her rel ated aaod/usnz/edoat ed
fields. In a preferred enbodi nent the2system of the invention uses a
nodified formof Isotope Dilution Mass Spectronetry (I DMS), known to the
inventors 15 as Speciated Isotope Dilution Mass Spectronetry (SIDMS). The
exenplary nethod is an el enental and speciation threshold neasurenent
method that is optimzed for quality assurance at and near instrunental
detection limts. The threshold nmeasurenent nethod is automated for

unat t ended operation, and dﬁgg&:&gs;agl g RLOCESS, At nospheric Pressure
I nterface, Mass Spectroneter | P- APl - M5 apparatus is
designed for identification and quantification of elemental contaninants
or conpounds and species in fluids, and in the exenplary case, liquid

sol utions. Mass SHHsfveRdan iplatsispedifenlydoievirumentation sashling ghedss t he

vl s of chgnanpres fRRRELRTARS hiabat aPlind BebPRE sl i ol o

ot her sol veniostaandat[ceagmaiﬁad caﬁcewa’ahorasf spec@'ﬁsga&led-lﬁmeﬂﬁmkenm&m
spectroneters ty i c Sper ated and regularly calibrated by
experi enced HeCHh i’féon afﬁ F@ 05 1guidrsfhs coptamyng W‘Héssi,%rﬁoéﬂvanéf

appl i cati ons;guf e} m t he Mass
Spect ronet er S\/\oﬁ*gblge&]h%iﬁéygg%m rgk hgiﬁgglg‘g%%g@éﬁén uggs fenote 30
operation, apecifid ekzkmplejlmtkhmas obthe Mgstruardt apeoalinded & thiver i n hostile
envi ronnents, or vvhere] human_i nt e aéti n must be m nimzed, anong ot hers.

VO 03/ 008946*Per)ansennlication T rrthod gadiapnasps o e PriscRigpYantiaR 7Bn wher ei n
ar ound- t he- gh,ggkible Hﬂﬁ&ﬁ}ﬁﬂ%ds&ﬁ%feﬁwd]ﬂnéxﬁalhfngﬁﬁ'c%l LAREal S that of

contani nati on-nonitoring and control for wet rocessing’in
manuf act ur i ngdustrial peowemmg anthiberaelatadradsinrejated fields. are a variety of

processes in sem ondu to fac in erein wafers in cess nust

be i mrersed and t e{l}T‘EP‘%ﬁ %ﬁﬁgge@l?%ﬁ‘e igyent) Oé‘dﬁ?%@moﬂgl?gr ali zi ng,

etching and fbhg olué@%pelmldtm Mﬁ&@@@%&r&ﬁetml dREdw 10RO HivRfol | NY,
ritica

vari ous types of contam nation, are a c i ssue, in partl cul ar
cont am dati &8 &pympﬁdtla;c&quea]@éutlon Mass Spectrometry (SIDMS). The exemplary

method is an elemental and speciation threshold measurement method that is
optimized for quality assurance at and near instrumental detection limits. The
threshold measurement method is automated for unattended operation, and
describes an In-process, Atmospheric Pressure Interface, Mass Spectrometer
20  (IP-API-MS). The IP-API-MS apparatus is designed for identification and
quantification of elemental contaminants or compounds and species in fluids,
and in the exemplary case, liquid solutions.
Mass Spectrometry instrumentation is frequently used as the technique
of choice in measuring parts-per-billion (ppb) and sub-ppb levels of elements
25 and compounds in aqueous and other solutions of other solvents and reagents,
as well as in gases. However, mass spectrometers typically must be operated
and regularly calibrated by experienced technicians. There are, however, a
wide variety of applications wherein continuous and unattended operation of
the Mass Spectrometer would be highly desirable. These cases include remote
30  operation, around the clock monitoring, and operation either in hostile

environments, or where human interaction must be minimized, among others.



matter, as even very tiny particles may be |larger than device and
connection 10 geonetry in various stages of manufacture. At |least partly
for this weasomas rigid clean-room environnent is absol uPelryusnzcsogsary,
and m nimal human interaction is highly desirable. Because of this,

devel opment and inplenmentation of real time, in-situ sensors into clean
room processes is considered by nmany to be one of the top five defect
reduction challenges in the 15 future of the industry. For further
information regardi ng defect reduction in this industry, the article from
| nt er nati onal TeéhegoodexRoplerd pn pplicaSemixtersiu etoand-tHS86ciEdi t i on: Def ect
Reduction, Senmtec Ayst.in. TX,..1999, . (pg. .270), is i.ncorporated herein by
ref er ence. ?ﬂ%?eéﬁg(?gmﬁ#ﬂ?n%’ts hly 38%1@}’&%5 g@@éﬁ%ﬂﬁ?@ﬂ%@"?ﬂ@“ﬁ’é@& which is
not or i ousl y aN@tbmthdd @ wéttbatiBrodédsingdf nhdhuPiclfingif tRCCHIRIHdaoHnat t ended
operation for wet bath contam nation and constituent nonitoring, apparatus
nmust be devéldygler There argw variciy pbpaeressed inpsemisnindoctoconsifattiusng

concentrati i hre evel accurately and without the need
to co rrpe%s a?@ %F%rri Wltagegén{nt 658§6e5§ E@J S E%én’é?m%fs%dr ?%‘f%ea%%@é%‘r‘avseﬁ% P8 nst runent
drift. Quants tletniog ehirelsisgidhaid i theyiké.hen be 25 obtained w thout the

need for traditional calibration once the threshold | evel has been
exceeded. Prior aRthecxpmplentsspmiqondnsippmanuipgiyring) ariousepesos br at i on

standards t . ' I Lating instr nt response to
. t .
concentrati g%n glﬁlﬂﬁ%t% g‘%ﬁ? égt!ida LS%LA grPB%ﬁIE%r% Oﬁéﬁh@ﬁr%%& garﬁg@ﬁtet o determ ne
t he concent nattenmns eferBGery tikin @uricka mpyets: laket fHahdbice ahd bomdetiyh cur ve of
this sort is illustrated as Fig. 1 in this specification (curve A). Prior

art techhi q8EYMERDY Horanplg Figsescignapuéactyrgs dit deast partly, forithisreaspat r esponse
drifts or t bSh_ SRR i f 3/ CT/ US02/ 18023
4 differ encggi{(ﬁcuta%eﬁ)r?nht?rl cegﬁﬁggﬁgﬁoqg%%ﬁg%? 13’ \é%gg&g%pn%ﬁgérﬂvass

spect r onet ensgerattygi sdlighty desuiblen Bagelsernd dssrdevelopmenteand especi al |y
susceptible. t rapi.d dr.i f} . ca,usi.ngs a change in the calibration response
2 shown i niTEPIEmeREtioR GF fral e, T} SpaiFR g FirEn FOEUPOEFH 18 need f or
frequent cabédiddredBsmahfto B¢ SndofMRE 19 five ReEd: ?édﬁ%gorpé’ha@l%?gersiiﬁﬂ%ed

technicians. In calibration procedures, a considerable effort nust be nade
to mat chS5 future of the industry. For further information regarding defect reduction in

this industry, the article from International Technology Roadmap for
Semiconductors 1999 Edition: Defect Reduction, Sematech, Austin TX, 1999,

(pg- 270), is incorporated herein by reference. There are many other
references supporting this need, which is notoriously well-known in the art.

20 In order to accomplish unattended operation for wet bath
contamination and constituent monitoring, apparatus must be developed that
will automatically monitor constituent concentrations at their threshold level,
accurately and without the need to compensate for inevitable systematic errors
associated with instrument drift. Quantitation of concentration may then be

25  obtained without the need for traditional calibration once the threshold level
has been exceeded.

Prior art calibration techniques typically use calibration standards to
generate a calibration curve relating instrument response to concentration of
standards. Such a calibration curve is used to determine the concentration of

30 unknown samplés. A typical calibration curve of this sort is illustrated as Fig.
1 in this specification (curve A). Prior art techniques do not yield accurate

results if the instrument response drifts or there is a response shift caused by a



the matrices of the sanple and standard, to ensure ionization efficiencies,
i oni zati on suppression, or enhancenents remain constant between a sanple
and the swerndaoa46 Vi scosity differences between the sanpl @Can$oyise2xt andar d
10 matrices may al so cause unequal indtrument responses associated, for
exanple, with changing sanple introduction rates, and are inevitable in
real - world situations. Matrix effects altering solution viscosity or
ionization efficiency can result in calibration changes such as shown in
Fig. 1 (curve. Q Cearly, in order to achieve full-tine, real-tine,

measur ement dHFEeRSGHD HiFraATIes behvesn estendind pod a samnpler Masen of mai ntenance, a

met hod and %&%g{eﬁ%&\ﬁt&al%%@ 'irpéﬂcqq’geatsﬂx%h‘xeﬂfée5&%@@%}1&2&%@% {iﬁ]%r -art

requirenents. I'nventors have choseh an f a known
techni que f tr rapohdré,i cagsinghichargeiio thef dabibrativa Sesppret 4GSk 4 Yn Rgagur enent s.
The known technigque_is |Isotppe Dilution ss_Spectronetry, hereinafter 20
IDVS. In | ,W%ﬁg §"‘a‘ﬁ’e‘§p esiits 112 st fondeinant sehbratiany YaEeur ri ng

i sotope §at hggndily ReR8MLE 8 b¥pdlchc&l RBBNLSng FOr exanple, it is well-known
that the averagé atom c nass of copper (Cu) in the natural state is

63. 546, consi st imgaldfratigopropakiré? a @8886dertble @fR%orand b6 4ndd2 76 naitcl30. 8% Very
general | y speaki a mn n _ana is, for Cu content is required, one
Pokes 25" Db W Ohely 8T ciatiata S o oRpriey cfimeratfp e w th an

enriched siapsaiod apbrkdion &aé‘ﬂHAHcéneﬂﬂQ%Iﬁﬂhic%h!st){ntdﬁét'};vg&ﬁﬂtsalg% ope ratio

than the naturally-occurring ratio, introduces the spiked sanple to a nass

spect r onet epnd thendandardr ¥éscpsity didkrancesbetwssn thet jamphe bk the ttddaids ot opes.
The neasure t i oi to differ fromthe naturally-occurri rati o and
the st a?nbc;ar %F ag%?eﬁe%? rags’g i 573N n?qrugin PRETHEN s (B R ‘i‘sﬁ?mﬂtﬁ‘émr}grg t he
quantity of ekdipleS withrhngif@sithple iaRedidion Garee tantyar® indviigh18 Bh k&1 sol ut i on,
one can calculate the single unknown, that being the concentration of Cu
in the origWeald sifgatioss. \Wagly b9 ealfoneusgptias yEgosity pDNBnizitiora f or m

roun 52 SPEELALED Aok aRgy by GroBSS, sSREELATFY s RSERAEDLS! S O
5,414, 259, Cisatlydivandep o 1Q0&Evet fallitime ntdrtiméjonedsdreMenKivitstitomunzih D, and
I ncor porlé’:l t egntgr%gr?tiionn .or; cia{igra?lgé io%?rtla){ntg%{ance, a method and apparatus must be
provided that overcomes these prior-art requirements.
The present inventors have chosen an enhancement of a known
technique for achieving calibration-free mass spectrometry measurements.
The known technique is Isotope Dilution Mass Spectrometry, hereinafter
20 IDMS. In IDMS, one takes advantage of well-known, naturally-occurring
1sotope ratios in essentially all elements. For example, it is well-known that
the average atomic mass of copper (Cu) in the natural state is 63.546,
consisting of isotopes 62.9396 at 69.2% and 64.9276 at 30.8%. Very
generally speaking, assuming an analysis for Cu content is required, one takes
25  asample of the solution to be analyzed, spikes the sample with an enriched
standard solution having a substantially different isotope ratio than the
naturally-occurring ratio, introduces the spiked sample to a mass spectrometer,
and records the measured mass ratio between the isotopes. The measurement
is going to differ from the naturally-occurring ratio and the standard spike
30  ratio, and from the measured ratio, knowing the quantity of the original

sample, and the quantity of the spike solution, one can calculate the single

unknown, that being the concentration of Cu in the original sample.



5 reference. The teaching in the referenced patent describes both the
general (previously known) and the special (patented) technique as adapted
for the wogBnwMmnt in enbodi ments of the present inventi @cT/UShB1s2are a
consi der abl e nunber of other availabl & references describing |IDV5, anong
them 10 Fassett, J. D., Paulsen, P. J. Isotope-dilution mass spectronetry
for accurate elenental analysis, Anal. Chem (1989) 61 643A - 649A

Rott mann, L., Heumann, K. G, Devel opnent of an on-line |Isotope 15 Dilution
Technique with HPLG/ I CP-M5 for the accurate determ nation of el enental
speci es. Freseni udPNS, maformdgmenin as Spogated dsopeilotton Magseunann, K. G,

Rot t mann, L. : Lati ' i quj .

Chr omat ogr ap‘lsl@%é?%gﬁ g#,’l }\aeer\%ﬁfg%{ﬁ)[%d d§ E?g? %h@g 8%/&8%@1% (%g%r?b(ﬁq Wass 20

Spect r onet r yenablin@dethil iANUSRat<Bp St AR59(i8924M Yy 4.3995 13hyentoassett, J. D.
and Ki ngsto H. term nati on of Nano ram Quantities of Vanadiumin
Bi ol ogi cal ggf)&(?{dgﬂf- g'%gsg%‘t » B9 1EFTBATS eI I iy pRtiraliton Mass |

Spect romef r yr\i | i i 5) 57
2474- 2478, arle;ﬂr%?bev\hoﬂi?lg %&é&?ferfg{igé%ge?%%cgg pﬁte%?gllheﬁcﬁl%t Ote}} trh ggﬁ{‘%f%gt y by
reference. | fpreviduslpknappandiie specinh@athidd) edhaiqtie aamaphadtfoeme! oyi ng t he
patented 30 techni ques of .the abgve-referenced patent to Kingston is an
excel I'ent fi%‘fmg?rgﬂn eF‘?PQ[‘BF&FFp‘Tﬁ%%PW@mHWeDP?%, real -ti ne mass

spectrometry anal Yaérs afRf a édndiddrab®YRineiR of Biter PMfabfer}Qfe? dkE many other

chal l enges in sanple collection, sanple handling, sarrpe1 e spi ki ng,

dilution, codasedbingdn¥ Srampngthess: areas to acconplish such a robust

measur enpnt and control system'in real applications, 35 such as in wet-bath

anal ysi s"'i n seni conduct or manufacturing, which has been WO 03/ 006946

PCT/ US02/ 18023 FafsetielJecb ¢ dpagseAN PeXE MRbaipl-dBbh CRhds0BpdcRbnflf§ CEd LI Ny t he

appar atus and pB&BRESIenRintdl RRAIDESSHRY. G&%QI?&??GI‘@Q§KJ@9%]—€5T| y needed is
Wor

a nodul ar system for deploynment 1'n real - appl ications, which provides

for all of theﬂo?t%a%i CLS., (ﬁeuﬁ]%%,l ?{.C@.,l 5%%181r>'ment of an on-line Isotope

15 Dilution Technique with HPT.C/ICP-MS for the accurate determination of
elemental species. Fresenius J. Anal. Chem., (1994) 350 221-227. ‘

Heumann, K. G., Rottmann, L., Vogl, J., Elemental Speciation with Liquid
Chromatography-Inductively Coupled Plasma Isotope Dilution Mass
20 Spectrometry. J. Anal. Atom. Spectro. (1994) 9 1351-1355.

Fassett, J. D. and Kingston, H. M., Determination of Nanogram Quantities

of Vanadium in Biological Material by Isotope Dilution Thermal
lonization Mass Spectrometry With Ion Counting Detection, Anal. Cherm.,
25 (1985) 57 2474-2478,

all of which are incorporated herein in their entirety by reference.

It will be apparent to the skilled artisan that employing the patented
30 techniques of the above-referenced patent to Kingston is an excellent first step
in accomplishing full-time, real-time mass spectrometry analysis of fluid
systems, but that there are many other challenges in sample collection, sample
handling, sample spiking, dilution, control, and many other areas to
accomplish such a robust measurement and control system in real applications,

35  such as in wet-bath analysis in semiconductor manufacturing, which has been



5 flowrate mani pulation with extrene accuracy, sanple alteration and
preparation, extrenely accurate spiking, sanple introduction to anal yti cal
systens (Wags/ospectronetry), information gathering and co®cmaisoaisoan, on-

| i ne cl eaning and purgi ng between sanple collection, and overall control
anong other things; and it is to apparatus and nethods for acconplishing i0
these ends reliably and efficiently that the follow ng enabling
descriptions of such a systemis devoted. Sunmary of the Invention 15 In a
preferred enbodi nent of the present invention an analytical apparatus to
moni t or f 1 ui glepjest asram axemplapy ppiditaticn fpdesiribgngthe lappesttue aed mestiodact i on
nodul-e havi n‘%ﬁ r aw anyl e reservoir connected by input fluid conduit to

i ndi vi dual oRed® SFER 8P systens, to extract raw sanples for analysis

fromsaid fluid sygeeiledRhceied B aSnomilds@in BPdMEHh&R it fafiONP! i SiNg
additive materials to nodify the extracted raw sanples prior to analysis,

an anal yt i caVodégpplicationg, sde¢hprouides sl of twologisties of sapplecalleutiegnpl es i n

an ordered s : j.he _concentration of at |east one

consti tuesgt @?‘”éﬁ‘%ﬁ"% aﬁ%f‘%&p‘grﬁ% ?%{#,Hﬁ? F%%uﬁﬁcp{a?ﬂ?&?ﬁtlﬁéﬁe&ﬁtb%%ﬁ s for

transf erri ngprephrdiich, tehtromely dcb@rattiipiiihg, GampRARRS @IS tGRthIRicaPPUt er i zed
control and 25 managenent systemto nanage operations of conponent nodul es

and devi ces, SYSEmRP @Sy esshomgiy), yiipenationszgitheriag anv comppaication, ons f ur t her

n es, &% _ a
cxiracti on o Q5afh nd e T e Mg PR ETE o AT B0R  on of 11 ui as

to the anal yimord ottievihgs; @it isitepppiramng and matRly férGatomssshides on a

conti nuous basis over,agl ural cycles. 30 In sone cases there are a plurality
of extratli offesroends adlichbsynd effigigntly that the fellewipgenabling descintionapfty of fl uid
systens. Al sg;chh SOHE €A jhe fluid systens are wet baths in a

processi ng en\?ihro mentl, an ethe extracted fluids are WO 03/ 006946

PCT/ US02/ 18023 7 liquids. In sonme nore particular cases the processing

environnment is a fabrication system (fa evoted to sem conduct or
integrated circuit (1C manuf amgy.—"m—“g@ﬁ%&%%odi ments of the
i nvention the nodification nodules -

15 In a preferred embodiment of the present invention an analytical
apparatus to monitor fluid systems is provided, comprising at least one
extraction module having a raw-sample reservoir connected by input fluid
conduit to individual ones of said fluid systems, to extract raw samples for
analysis from said fluid systems, one or more modification modules

20  comprising additive materials to modify the extracted raw samples prior to
analysis, an analytical device to receive at least a portion of said raw samples
in an ordered sequence, and to determine concentration of at least one
constituent of said sample portion, fluid-handling apparatus for transferring
fluid through the analytical apparatus, and a computerized control and

25  management system to manage operations of component modules and devices,
and to report analytical results. The apparatus is further characterized in that
the control and management system coordinates extraction of raw samples,
modification as needed, introduction of fluids to the analytical device, and
reporting of analytical results on a continuous basis over plural cycles.

30 In some cases there are a plurality of extraction modules associated
one-to-one with a like plurality of fluid systems. Also in some cases the fluid

systems are wet baths in a processing environment, and the extracted fluids are



5 conprise chemcals for altering pH of extracted |liquids. The anal yti cal
device nmay be a nass spectroneter, and further conprise an ionization
appar at uswbas/ooa9apori zi ng and ionizing liquids prior to i®RCrasorisoan to the
mass spectroneter. In sone preferred @nbodi nents analysis is based on
isotopic ratio, the one or nore nodification nodul es conprise isotope
dilution nodules for 10 introducing isotope mxtures to liquids in the
system and the isotope mxtures are in a ratio not naturally occurring.
There nmay also be a plurality of extraction nodules and a plurality of

nodi fi cat i onliqidul lasomatresreiparticnler £asgs the mamﬂil%mggn‘alpqmnm isa conpri ses one
or nore m xe ving..t wo nor.e uts swi t chi ng

val ves bet Wetrélﬁmf%onngotuﬁn e(éoo dav?tﬁdl[o Hﬂgosmﬁ“fitof e%%e C}{g‘flgagand wherein the
control and maha@atemns. systemcycles the switching valves and causes
novenment of liquids, and of materials fromthe nodification nodules, to

m x sel ected |i quincomg empbasiments elithearemitign she modificaeonmadilesat i on

dul | f f th 20
Comr | se Contie aueiscoh AR RTbt Sl AT AR Rl PR g one

out put condumnby bk tofust b@ec&@ﬂﬂtﬂrtarﬂ&hﬁﬁer&foﬁ@lﬂgednicﬂn@l’u@iﬂaﬁﬁarﬁt@ﬁ féram nar flow
and substantial djrection change tao influence mxing. In these and ot her

enbodi nent s YZ}PQHF%%QW@HB@%W@FPT t%nfrﬁéucéwn|t%§setmbﬁsép@mom% on nodul e
may be connected a Ie val ve,
25 to draw a rel a{rfs\(/)gn vﬁgﬁgﬁhl {%Bt%ﬁ%&%ﬁzss%draﬁfgggtb%s gﬁ’g\%(ﬁa{mg?@% b omthe
fluid syst emmnnmlmmﬂlﬁyatmnnmmﬂestmmmse isesopre\ddiution frodptesff@r r ed

enbodi ments the. raw sanple reser\{m r.i.s verti cal l‘i: oriented and the

condui t Y oniP{IREVSHRS Isgiops MuXHEEs e ligrids i thesppient apdtheisdepepixtustich t hat a
liquid sarml&eqlﬁemldrmtqlaaﬁlyac%ﬁﬁ{n\go'fhe% a6 bR a P fover the sanple.
Ther e my be a cover - gas source connecte to the sarrp e reservoir

through a r esmtastign mpéubbland g plwrdity of mpdofidatien anoclolesy wiyasinakeflusl-r aw sanpl e
in the reserv0| and |trorﬁen isS a referred cover gas. W) 03/006946

PCT/ US02/ 1801%](1 18 pRparalPy SOTHPHISES PBF PEROEHBGH HAMRS PYEPENPE BPWSr i nge
connect ed byto drdtoRtyietndls i R@ Watvel Betisen SRIRbAIIELERI MO dpuititodnd1ei ght on

the reservoir to

15 mixers, and wherein the control and management system cycles the switching
valves and causes movement of liquids, and of materials from the modification
modules, to mix selected liquids with selected materials from the modification
modules.

In embodiments of the invention individual ones of the mixers

20 comprise conduit junctions having two or more input conduits feeding one
output conduit, with the conduit paths arranged to provide for laminar flow
and substantial direction change to influence mixing. In these and other
embodiments the raw-sample reservoir in the at least one extraction module
may be connected to a vacuum apparatus through a remotely-operable valve,

25  to draw arelative vacuum in the reservoir to draw material from the fluid
system connected by conduit to the reservoir. In preferred embodiments the
raw-sample reservoir is vertically-oriented and the conduit from the wet-bath
enters at a height on the reservoir such that a liquid sample drawn into the
reservoir may have a gas gap over the sample. There may be a cover-gas

30 source connected to the sample reservoir through a remotely-operable valve to
provide a cover gas over a raw sample in the reservoir, and nitrogen is a

preferred cover gas.



enter beneath the surface of a sanple in the reservoir, such that

w thdrawi ng a plunger of the syringe by a precise distance draws a precise
vol ume ofwODha/006ws 5 sanple in the reservoir into the syri mga/USIHEB0syri nge
in these enbodi ments conprises a pluBger driven by the control and
managenent system through a precision translation nechanism enabling
preci sion volune control, and the control and managenent system may be
enabled to vary rate of plunger translation. In sonme cases the precision
transl ati on mechani sm conprises a 10 precision stepper notor. The syringe
is preferably confecttad Rrﬁﬁeaaéﬁmmhme@gthmys g wymngsicogneciddy t o t he

i nt er nedi at I . I i.r.and . to.. an out.put conduit to
provi de t heqgﬁgggg%{evégﬁgﬁg%stzl%p%ﬁ[eég%&o\é&teal }%ﬁ%ﬁto g t%?res?rﬁ%l?g%al ytical

appar at us. |entsdreeairitediunfod of 4 fuapde iistha rédetioly, E@sahmolithdaMmeet ed t hrough
15 additional, valves to the syringe to the rawsanple reservoir, to a
source of  fRIHREH ﬁ’gﬂ}q YUPEsbY  resiss dishange i mpresise velumepfihemaver - gas
source, and : ' ' t lek traction
ol o may. e P G R erolaptoTHE Ara®, TS Tk ERE el dhuddiiefif 2

enbodi nent s @impirises & pluagei difvenridithé chrdto] anémanfigeniat dBtamdirbigtad i on modul es
are chem cal_ al.teratign.nodul es. conpr.i si n(% at. | east one chem.cal reservoir
havi ng a soIRfF?lﬁlﬂngﬁ‘aI‘%?té%‘} @ETIVHFM'QQHH@(}’ tHEmm ¥alumegontroh apdihst us for
provi di ng paidnt8 i SR anal yti cal
apparatus. The ag%ladrjlglﬁisg%?%?! %%%%?ﬁg%@ﬁ?‘gdﬁs of Ia?%(g{%gﬁﬁ%{i on conprises
a syringe cdmslatien. bysdmg easeeidic aresitantansiation ndvhambmronpkis®s reservoir in
a manner, to enter tg neat h ttohe,ntl?urface.of fol lfti on in.the reservoir, such
that wit¥dr A AY°R %PB?{QIB? b TRRYTUSF IS RFSIERPLY, cmseted dhrgrgh afiwee-dr aws a
preci se vol ungy shitdthes eabeHd 88 itermiddats hafiuaad tHe%%ﬁ%Y&ﬂeﬁeﬂv&} gnd i Syringe.
Further, the syringe nmay conprise a plunger driven by the control and
managenent s%ﬂsct@?ﬁttcﬁfl@uéw riope diegiresise yalnsk aanple trethiendliesrntsefiabl i ng 30
preci si on V%é’ﬁﬁalgt?&tlﬁfﬁar t@_gai n, the control and managenent system nay be
enabled to vary rate o p?uriger translation, in sonme cases through use of a
preci si on st epperlnoieembiiNSHOMRES6 aPWEL S8R /1Ed2Rect&l through

15 additional valves to the syringe to the raw-sample reservoir, to a source of

flushing liquids, to a second vacuum source, to a cover-gas source, and to a
drain line, such that the elements of the extraction module may be flushed and
cleaned between sample cycles.
In some embodiments of the invention individual ones of the

20 modification modules are chemical alteration modules comprising at least one
chemical reservoir having a solution of precisely compounded chemicals and
apparatus for providing portions of the solution to other elements of the
analytical apparatus. The apparatus for providing portions of the solution
comprises a syringe connected by intermediate conduit to the chemical

25  reservoir in a manner to enter beneath the surface of solution in the reservoir,
such that withdrawing a plunger of the syringe by a precise distance draws a
precise volume of the sotution in the chemical reservoir into the syringe.
Further, the syringe may comprise a plunger driven by the control and
management system through a precision translation mechanism, enabling

30 precision volume control. Again, the control and management system may be
enabled to vary rate of plunger translation, in some cases through use of a

precision stepper motor.



I n sone enbodi nents the syringe is connected through a three-way swtching
valve to the conduit to the chemcal reservoir and to an output conduit to
provi de tWe opoe®itce vol unme sanple to other el enments of thecTarsat/ygoezal
apparatus. Further, the portions provPded to other el enents nmay be 5

provi ded through a m xer having two or nore inputs to one output, with one
i nput connected to the chem cal alteration nodule and another connected to
anot her nodule in the anal ytical apparatus. In these cases individual ones
of the m xers conprise conduit junctions having two or nore input conduits
feedi ng one out puln smdemnbodimehts thehwyringe thiohngachtrarghanged-woy provi de for
10 lam nar flow and substantial .directi onsﬁhange to influence mxing. In

sonme pref er r SRS Ul it e spnduiidoithy ehsnyiea! Tessiols anddP 2BREPUG! the | sot ope
dil ut'on modubeiGORR SR SRS PREHAL APSHEASEIUAL br 60Nt 1 ni ng 2

m xture of isotopes of a specie to be | uat ed m xture of isotopes at
a ratio not amuiymnaahpmramssu?urthwg Jthapattienhpohaied soother gementdeay bgor t i on of

the 15 mxture t el ene s. of, the anal tlcal ar The mechani sm
for provi di R iBIggh STRHAS BRI Ty U PIo5E RIS T i connect od by
i nter nedi at ejanEWHHeckQ 14 e ch&ﬁkapﬁte&ﬁfo%rmmme hed Mﬂ?er%l?lﬁﬁe%?e% gf the

mxture in the reservoir, such that w thdrawi ng a plunger of the syringe

by a preci seanathegtmodde m&ﬂ@n@}’mﬁé@wﬂmlhﬂrﬁbeﬁtﬁfcasdsendwmw@es oft he isotope
reservoir into the 20 syr andthes rin rls pl unger

i ven by t nCGBEFGPTIHTE® SR ELiRe: bUPERTY AF BHeH RCBEH bn

translation i@%ﬁb@mn%mut;ﬁﬂa&hduﬁngwnﬁnwwman pék UfBngnb rp£=>clwdé°iroselnger
translation may be varied, and nay be through use of a precision stepper

mot or . | 0 palaniigen Bew end awbstantialgljiertigechange Enmdenss meiingugh a t hr ee- way 25
swi t ching val ve tg%gﬁ B%?%dten%b%d* he%té gptﬁugfi’r%egxﬁ ne{nhv vrlduqzimd tq’tﬁm out put

conduit to provi e precise vo of the

anal ytical appapeatiubon atvduleseonpridd ameaspasmisaeple fe@ex@bh@bnt@hﬁ@@t s may be
provided through a m xer having two or nore inputs to one output, with one

i nput conne@@é‘é!“i @flﬁqf@p%s}grﬁswlegweewﬂqa&@ HsdoParg Al isgivpenda connected to
anot her 30 mpgill G0 é&ﬁ gllcr%ﬁ%ons QB%B%B’:‘& prb{?ﬂle Y g@i{?&n s of the

m xers conprise conduit jun aVI ng two or I nput conduits
feedi ng ofe otk toWEhGINDOEBNE tRECIHAUBD2] 4 §G2Bus. The mechanism for
providing portions of the solution may comprise a syringe connected by
intermediate conduit to the isotope reservoir below a surface of the mixture in
the reservoir, such that withdrawing a plunger of the syringe by a precise
distance draws a precise volume of the mixture in the isotope reservoir into the
20  syringe, and the syringe may comprise a plunger driven by the control and
management system through a precision translation mechanism, enabling
precision volume control. Plunger translation may be varied, and may be
through use of a precision stepper motor.
In particular cases the syringe is connected through a three-way
25  switching valve to the conduit to the isotope reservoir and to an output conduit
to provide the precise volume sample to other elements of the analytical
apparatus, and the portions provided to other elements may be provided
thrbugh a mixer having two or more inputs to one output, with one input
connected to the chemical alteration module and another connected to another
30  module in the analytical apparatus. Individual ones of the mixers comprise

conduit junctions having two or more input conduits feeding one output



10 conduit, with the conduit paths arranged to provide for lam nar flow and
substantial direction change to influence m xing. In sone enbodi nents the

i sot ope rwOa@BMidMe contains an isotope mxture in a sol veRCTASoz1®pRCi ficC
concentration, and further conprises ® 5 solvent reservoir in addition to
the at |east one isotope reservoir, the solvent reservoir containing the
sol vent common to the isotope mxture in the isotope reservoir, and still
further conprising a system of syringes, connecting conduits and m xers,
enabling portions of the isotope mxture to be diluted to |esser

concent r at i aoadiigfvittethbebndifppaths aiﬁnllgbd)td)}brbe'fdeédnelﬁmﬁﬁa‘is flolv 4dde anal ytical 10
apparatus. In sorTe cases the isotope reservoir holds an isotope mxture in

a concent réPPﬁﬁ“}fﬂdTGﬁmChﬁ%%ﬁtB ‘F‘WC?)HEX‘H%{ lion parts of the mixture
(I'ppm, and the ﬁ%ﬁﬁ%odﬁﬂéﬂtsn@l@%sot ﬂQoﬁﬂﬂQl‘éhtl&tg[ga? m xtures

enabl es dilution of six orders of to one part trillion
(1ppt). In srpsd:ur[enm;aemﬂbadlatmsp@lﬁmmwrawnoﬁmhﬁmhﬁgemmami ses i ndi vi dual

15 syringes e havi n such .t hat t hdr awi, n | unger of the
Syri %ge y asogvreBE{eéFéWﬁ‘?éIE 3%&%0 1ioat&g et oBf %Sé?%&rﬁﬁ’?’é"%‘ii ?V p?(t u?e inthe

i sot ope reseaeyRidir b@ﬁtanidg%wdwaﬂ@omm B ESOp SR X thR 1Hrthé’r°58toB¥ the
contr ol and management yst emth I’OUQ a pr eci SI on transl ati on nechani sm

enabl i ng prressrsdiorang gtill derthen nemptising ady st qﬁrsmmwsmnncml ati on mechani sm

Pﬁél \2/?dﬁglrrprér?§§ulgsr &dﬁ%{%ﬁ?@é’gg Bﬂﬂﬁoﬂé(’g%fﬁ?‘? i P |t‘?1gb8q‘§g‘gt(bonnect ed by

sw tchi ng vakyescdRehtfiflions Befdte beiRthDvideddo BiéLElembAN o theBmaliiegl € out put,
such that, with one syringe holding a precise volunme of an isotope m xture

at a firl§t copewhisr 48 Fome args thedeionrl r@yworrg@kﬂﬁﬁmstﬁgp%lm%umm@l se vol ume

f th I h I
creatos an 1Brahitith 371 A P RAS e B RphtBe SRR ot T W0t ea

concentr at i ahe kpsan b gytiriges; copmeang cahdudis 288 nikRredicnhbleedilitions one
syringe. In another aspect of the present invention, in an analytical

appar at us t ¢ SUleRHfim Qﬁmtpij‘aﬁ’ifaleﬂ?‘s‘tﬂlﬁﬁﬁ lipp glppBbar at us havi ng modul es for
extracting sanpl &g, op B8 bh%bMthdRAns ARk 8t s 80GhYHE thdififusamP! es for

concentration of
15  syringes each having a plunger, such that withdrawing the plunger of the

syringe by a precise distance draws a precise volume of the mixture in the
1sotope reservoir into the syringe. The plunger may be driven by the control
and management system through a precision translation mechanism, enabling
precision volume control, and the precision translation mechanism may

20  comprise a precision stepper motor.

In certain embodiments individual ones of the syringes in the system of
syringes are connected by switching valves to individual inputs to a mixer
having a single output, such that, with one syringe holding a precise volume of
an isotope mixture at a first concentration and a second syringe holding a

25  precise volume of the solvent, driving the plungers of the two syringes
simultaneously creates an isotope mixture at the single output of a precise
expected concentration less than the concentration of the mixture in the one
syringe.

In another aspect of the present invention, in an analytical apparatus to

30  monitor liquid systems, the apparatus having modules for extracting samples,
modifying the samples, and analyzing the samples for concentration of

specific constituents, an extraction module is provided comprising a raw



specific constituents, an extraction nodule is provided conprising a raw WO
03/ 006946 PCT/ US02/ 18023 11 sanple reservoir connected by input fluid
condui t twoionddesiselual ones of said |iquid systens, a vacROMUSOUISHE3
connected to the raw sanple reservoirll through a renotel y-controll able
valve, to draw raw sanples into the reservoir, and a syringe connected by
internmedi ate conduit through a switching valve to 5 the sanple reservoir at
a height on the reservoir to enter beneath the surface of a sanple in the
reservoir, and to an ejection conduit, such that withdraw ng a plunger of
the syringe ymplegesssy@pcensetan by e Risihegndat ite ndidiluptenes ofisasl r aw  sanpl e
in the reservairyd t I iately .switching the val ve
and ext endi ngﬁthLdeé}}Sfeﬁjﬁggrgacg]j}ﬁ{élc{bgﬁ%eh%gg?cg%?gogﬂé(153[\"(1 ?T%'X}flﬁ Fgﬁa’ﬁmt he ejection 10

condui t. In prehgh s ecmeslyodinmelltise ohlvee dxw rac timpleshEdR rbdtevdiaw sanpl e
reservoir is vgrti cally-oriented and the conduit fromthe liquid systens
enters at a2ReRFRINGHCoREcted by mpgmediate sondyiithroueh g gwitckingrlsede awn i nt o
the reseryoir - , rther be a
cover - gas” souy aJERUENBirR S HURR B e ooy P fer PRGN RS

r enot el y- operakingleial therdservpirparidde aa cpvion commitpveh thatraidampge i n t he

reservoir, a(%i t he é%er. a % preferably be nitrogen. In some
enbodi nent s FEREORXE FECTEOR HOGEPER BHEce JavtsgerredioYqlums of thegpinger wi t h
a precision tRpRl iAthORsPR6R b MR Gii ¥EDA Propricl _sr\ﬂ{chﬂ{gtdtpé% nagement

system enabling precision volunme contr e precision ansl ati on

mechani sm i s avdrxtendingheplingdrlsEsts therbmdisapntumesthronghitlabdjecticnr ans! at i on
rat es, eqﬁbl i ng v{ari ation of fluid transfer rate. In sonme cases a stepper
motor is fsed®™fHCsome embodiments there is a flush reservoir connected

through 25 addi tiIﬁ'ib?éfeﬂf@dé&ﬁﬁqdiﬂ;eﬁt@%f%éx@ﬂ@bioﬂﬁo@lﬁl@tﬁeaﬁ%ﬁ&mﬂl@ reservoir,
to a source of flushing liquids, to a second vacuum source, 'to a cover-gas

source, and treseavoitiisakeriicallyerientad and Hetconfieit Ebertbaliguidfsysthms entersact i on
ol Y. b6 RUSNESh 0 FPEH LR SPIBL b koD T Ssvec
may have a gas gap over the sample. There may further be a cover-gas source
15 connected to the sample reservoir through a remotely-operable valve to
provide a cover gas over a raw sample in the reservoir, and the cover gas may
preferably be nitrogen.
In some embodiments of the extraction module the syringe comprises a
plunger with a precision translation mechanism drivable by a control and
20  management system, enabling precision volume control. The precision
translation mechanism is controllable in these embodiments at variable
trapslation rates, enabling variation of fluid transfer rate. In some cases a
stepper motor is used.
In some embodiments there is a flush reseﬁoir connected through
25  additional valves to the syringe, to the raw-sample reservoir, to a source of
flushing liquids, to a second vacuum source, to a covér-gas source, and to a
drain line, such that the elements of the extraction module may be flushed and
cleaned between sample cycles.
In another aspect of the invention, in an analytical apparatus to monitor
30  liquid systems, the apparatus having modules for extracting samples,
modifying the samples, and analyzing the samples for concentration of

specific constituents, a chemical alteration module is provided, comprising a



30 liquid systens, the apparatus having nodul es for extracting sanpl es,

nodi fyi ng the sanpl es, and anal yzi ng the sanples for concentration of

speci fi c wongiadwent s, a chem cal alteration nodul e is pr@eirdsd/18eapri si ng
a | WD 03/006946 PCT/US02/18023 12 chemi cal reservoir having a solution of
preci sely conpounded chem cals, and apparatus for providing portions of
the solution to other elenents of the analytical apparatus. The apparatus
for providing portions of the solution nay conprise a syringe connected by
internedi ate conduit to the chemcal 5 reservoir in a manner to enter
beneat h t he dhenfied eesgfvogdiayingonsalutiontad presisedw odmpounded thenfiedls, wintthdr awi ng a

pl unger of the. s cise. di st.a ce dr reclt se volune of the
solution in atpﬁgr%ffefnﬁ? B%?Iv}lqné%g? s of tﬁ? g %HE(W)[ ?‘fgeéemefﬁ%mc ti‘?ri nge nay
conprise a pindRgiRkl dppuiang. arherapparatu@%ﬂﬂraﬁai@pmmm&mon%ay able by a
control and nmanagenent system enabling precision volunme 10 control, and

the rate of YEHNBEASYBAZOIonnpEed by aftemndiate eonsiuiitto e ohemhehi sm may  be
vari abl €5 e%?e!r{l&gm %Haﬁﬁér%' gtfer f)&i[ gthg[% %ﬁr%'e%fts?lﬁg&fg?{t}lﬁéegefvgge Oﬁﬁzgf eg

stepper notor is use erred I ent's

through a t muemmwlthﬂwmﬁga plingat ofthé Oyrirye tike digtahdediaeq cal
reservoir and to an output 15 conduit to _provide the greC|se vol une sanpl e

to other el é?fé‘ﬂﬁ"sV@fmleWéthea‘ﬁa}tWHB&e Aspusa ressrvoirinipdhe synegeThaspect  of
et ot o horinkl pBR SRR b 6RincBORONR HprclBion RRLAIR bibBiflupY o ore . Lhe
ng nodul e [ frodi

appar at us havi of Pextract ying The sanpl es,

and anal yzi ndyivabie ls}ampdmmlhnﬂmmgmmht a;tstem anﬁblﬂ& ;&Bﬁgbﬁlvcluﬁwnstl tuents, an
i sotope dilution i.fication rovi ded, . conp r| si.ng at | east one

i sot ope Yeserpgeh aegmeafam Hdrag ﬁi‘?& %%EBF ecisIgh fé?ﬂé?“&%’l mechagpmay o be
eval uat ed, tifieyMaktlbabhhe 'v§1‘?$tﬁiﬁe§fr§’tte b o il Al tPanBfR}. ﬁ&%@ké&é qoccurring, and

amechamsmto prOV|deaport|on of xture to ot enents of the
anal yti cal aqtbq:;meamsv;‘sorlgﬁse‘dhe mechani sm for providing portions of the

solution may co |s nectedb i nternedi ate conduit to the
at | east on)é Isg{) él’%{? @@nen%s tﬂe syringe is nnectedrineroug})athree-way

switching valve to the conduit to thé chemical reservoir and to an output
15 conduit to provide the precise volume sample to other elements of the
analytical apparatus.
In yet another aspect of the invention, in an analytical apparatus to
' monitor liquid systems, the apparatus having modules for extracting samples,
modifying the samples, and analyzing the samples for concentration of

20 specific constituents, an isotope dilution modification module is provided,
comprising at least one isotope reservoir containing a mixture of isotopes of a
specie to be evaluated, the mixture of isotopes at a ratio not naturally
occurring, and a mechanism to provide a portion of the mixture to other
elements of the analytical apparatus.

25 The mechanism for providing portions of the solution may comprise a
syringe connected by intermediate conduit to the at least one isotope reservoir
below a surface of the mixture in the reservoir, such that withdrawing a
plunger of the syringe by a precise distance draws a precise volume of the
mixture in the isotope reservoir into the syringe. The syringe may comprise a

30  plunger having a precision translation mechanism drivable by a control and

management system, enabling precision volume control, and the control and



bel ow a surface of the m xture in the reservoir, such that wthdraw ng a

pl unger of the syringe by a precise distance draws a precise volunme of the
m xt ur e iWOtb®0493®©t ope reservoir into the syringe. The syPCRgSOmesp2xonpri se
a 30 plunger having a precision transi3ati on mechani smdrivable by a control
and nmanagenent system enabling precision volune control, and the control
and WO 03/ 006946 PCT/ US02/ 18023 13 managenent system may be enabled to
vary rate of plunger translation, such as through a stepper notor. In sone
enbodi nents the syringe is connected through a three-way sw tching valve
to the conduRenagsmenlsysisnt Hpebe awblsddovaphitie of Mvngsutrpudlatiomssht 5 to

provi de theﬁ%rt%iug?a\é%w%&%ppl e to other elenents of the anal ytical
e i sgtope

appar at us. eservoir in preferred enbodi mrents contains an

i sotope mi xture Insomesphboditherns the syfiegd kicons@ndantough aditecang t he system
may further conprise a solvent reservoir in addition to the at |east one
i sot ope r esetWiEhmg valypstodhe canduit te thedseippe eseivalr andilp 2 awpwierpdeibnmon to

the i sotape FItOURE Hebrddlsd ifuh® OARAL 1§ GRS Ahrlnts BPfheAnaYBEAM Of syrl nges,

connecting corduits a m xers, n ortrons o I sot ope m xture
to be dil ut esbpamatise SHerisotopnessrvoiain prefrivdfenrbedhrémgcqrtans sleidotope ot her

el ements of the anal ytjcal = apparatus. In preferred enbodi pents of the

di | uti on nod@PFEUERR 2SelyERiAL 258 %B?IWenti%l%Fldgt S8 IS ure in a

concentrati Oébn?ris\]: al%fvten% ROUORE il MRS 131thd hOBast BAE fsﬁtogfs r%asgxgioﬁj xture

(I'ppm, and the system of syringes, connecting conduit nf xt ures
enabl es di | uthecolveldt rssexvar certanpg arselyent cobembn tothe ispédorie mturein i | | i on

(I'ppt). In preferred enbodi nents the ringes in the system of syringes 20
conpri sel4 nd‘ﬁ’@?ﬁ?ﬁ%e ?ﬁ?ﬁvﬂ’ée‘gl%@asé'ﬁte Qf%@n ‘gspf:?ﬂ?@&'i‘r}g %’%ﬂﬂﬁﬁéf wi t hdr awi ng
the plungermpgfer ,Eﬁa‘tﬁ%’}g'ﬁ&%n@)bf%&E&Gﬁéﬁiﬁh&tta'B@%ilﬂﬂ’eé\ﬁ@le@se?r eci se volume of

the mxture in the isotope reservoir into the syringe. The syringes my
conpri se eawmcentpitions beforelsimgpravisied ¢d sthonelemanis bathegmalyticlani sm dri vabl e
by the contraol managenment system enabling precision volune control, and
a 25 steppi nﬂ[’pﬁfﬁ I may be used in sone cases.

In preferred embodiments of the dilution module the isotope reservoir
15  holds an isotope mixture in a concentration of 1 part isotope in one mﬂlion
parts of the mixture (1ppm), and the system of syringes, connecting conduits
and mixtures enables dilution of six orders of magnitude to one part per
trillion (1ppt).

In preferred embodiments the syringes in the system of syringes

20  comprise individual syringes each having a plunger, such that withdrawing the
plunger of the syringe by a precise distance draws a precise volume of the
mixture in the isotope reservoir into the syringe. The syrjnges may comprise
each a plunger having a precision translation mechanism drivable by the
control a management system, enabling precision volume control, and a

25  stepping motor may be used in some cases.

In some embodiments of the isotope dilution module individual ones of
the syringes in the system of syringes are connected by switching valves to
individual inputs to a mixer having a single output, such that, with one syringe
holding a precise volume of an isotope mixture at a first concentration and a

30  second syringe holding a precise volume of the solvent, driving the plungers

of the two syringes simultaneously creates an isotope mixture at the single



In sonme enbodi ments of the isotope dilution nodul e individual ones of the
syringes in the system of syringes are connected by switching valves to

i ndi vi duawoioajpoyse t o a m xer having a single output, suchPCRAiS2/veh one
syringe holding a precise volunme of ®n isotope mxture at a first
concentration and a 30 second syringe holding a precise volune of the

sol vent, driving the plungers of the two syringes sinultaneously creates
an isotope mxture at the single WO 03/006946 PCT/US02/18023 14 out put of
a preci se expected concentration |l ess than the concentration of the

m xture in ohpudnba piecisagapecied spacenirabion dess dbgpdbe cafcentgiqrafdbat i nventi on
a nethod for_. nitqiin fluid systens for concentration of selected
species is 595 rﬁgﬁ,eggﬁﬁPFthg the 5 steps of (a) drawi ng raw sanpl es of

the fluid systemgygBeapihcedatpedBof the fredtntlifASHiofAEn AN fR MibrtoliAgEr VoI I
connected by input fluid conduit to individual ones of the flurd systens;

(b) nodi fyi dbyd pestenasios sepsieatiatinn efcgloctedspegios ivpratdes, comprisivatheor nor e
nodi ficatio X e J i ons,.of . i fied sanples
o an andl yeiGant (gl iR Sdtelds TRANMN SrueBPbis- 08ub B o1 °F e

sel ect ed spaedsesndawt fignple adsyitvotralonaeiddiey input fhiidfcenddtho indidtiairent s of t he
nmet hod, in step éa), there are a plurality of extraction nodules

associ at ed GWes pothgAEudipstenss; (haodifipgiherywsamplegby addidiopek. Al so in step

(a), raw sanpl 13t Gﬁg‘%i)fegrﬂﬁ{@%%tﬁﬁfﬁoﬁ 1}4%3?)3%3{7{'8{}& thihsfrdd! 0C€SSi Ng

envi ronment ;" an e extracte s are n-sone preferred cases
the 15 wet bhaitisnsarfendaifidtssamples to anmanalyticad tdevick adudi (dpddtammitinigt ( f ab)
devoted to semnmi conductor integrated ci LCUH (1 ?) manuf acturi ng. | n many
cases i 0t h&OReIfHGHoN Pﬁﬂﬂ@tsascfegwe%dmt g 4h3lgtical dewet o fppicisred by addi ng
chem cals f ' : b | y..cases the
anal yti cal ev@ggﬁ%gygf%?gt%%&ég %%ﬁé%%%ﬁgaphﬁlyioggé ’ ur{lher step for
20 vapori zi ngodnieb dseotiaed gnd-togonedsitiprilie pluralitytof dautdyistemst AAlkdhian mass

spectroneter, sone preferred enbodi anal ysis i s based on isotopic
oti o and SFE € SHblss el agp ST BFC DD B OISR ARBRSHEE N xt ur e Lo a
l'iquid sanpl@yirBnmbiteaid/ ik @RAradiOEIhids hRAR TS LTHkEBe bibfaré@ddses gt natural ly
occurring. In sone cases additions are nade to sanple volunmes by a fluid
handl i ng5sy sresaths are baths in a semiconductor fabrication unit (fab) devoted to
semiconductor integrated circuit (IC) manufacturing.
In many cases in the method, in step (b), modification is accomplished
by adding chemicals for altering pH of extracted liqﬁids. Also in many cases
the analytical device is a mass spectrometer, and there is a further step for
20  vaporizing and ionizing liquids prior to introduction to the mass spectrometer.
| In some preferred embodiments analysis is based on isotopic ratio, and
there is a further step for introducing an isotope mixture to a liquid safnple in
the system, the isotope mixtures in a ratio not naturally occurring. In some
cases additions are made to sample volumes by a fluid handling system
25  through one or more mixers having two or more inputs to one output, the
fluid-handling system switching valves between the modules and the inputs to
the mixers.
In some embodiments of the mixers are implemented as conduit
junctions having two or more input conduits feeding one output conduit, with
30  the conduit paths arranged to provide for laminar flow and substantial
direction change to influence mixing. Also in some embodiments, in step (a),

samples are drawn into the raw-sample reservoir by opening a valve to a



25 through one or nore m xers having two or nore inputs to one output, the
fluid-handling systemsw tching val ves between the nodul es and the inputs
to the nveoaB®coer sone enbodi nents of the mixers are i nplPEFAISIE]BI2D
conduit junctions having two or norelsi nput conduits feeding one out put
conduit, with 30 the conduit paths arranged to provide for |amnar flow
and substantial direction change to influence mixing. Also in sone

enbodi ments, in step (a), sanples are drawn into the raw sanple reservoir
by opening a valve to a WD 03/006946 PCT/ US02/ 18023 15 vacuum appar at us
connect ed t ovachemrapparinsicpnnettesdip tle mmserediat drowingzcuslative maduuen inrthser voir to

draw material fromthe fluid system caonnegted b onduit to the reservoir.
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into the sanplgvéieSH thedd smbtdihmib eNBRdaP ek ibBidiAN SRFRIGuIESSHYLI I as 5 a

vertically-oriented container with conduit fromthe wet-bath entering at a
hei ght on t hrayvadeipvks sammewseroirekeimplamentingsthe daw-samplegesepiar a0l une in

h [ L s b ' izned..b -
connect od 1 o Ve AR Ral R R B R SN Vel ve, and

the cover gasigann therdbtvbR@Bove dRvElNmpichhaidera eaRsldivoRMSniher e my be a
further step for drawing a portion of a raw sanple fromthe sanple
reservoir vigsavey  Thgsasceriast eympiptained bt eeieatzes svwersameded te r aw

sanpl e reseryoi I: t { ' r beneath the surface
of a sanple t;ﬁg S%%glterrgss? g‘?‘*&‘gﬁ?“%@&cﬁ%&f’ﬁeﬁf %&lgrg hfgrvtad&ehgn%atﬁe ﬁ?‘(ﬁgégf‘ “Bt the
syringe by aeiaogae di stance draws a precise volune of the raw 15 sanple

in the reservoir into_the syringe. In these enbqodi nents the syringe my be
oper at ed'%y a pl ulgdefeged seRodimcatighers Maehs s fusther pigp &raawing anechani sm

enabl ing pregi 8,08y wg@_%neagpfo%e gﬁltﬁpfe*}gm&} g@g&gﬁég@@ﬁ&&&% may be

controlled to control r anster. 1 ST on traXsIation
mechani sm neintetmapintesenduip toeih $avo ammpleppervoinitarheigin dn tiad @s@boir k@ns! at i on

is 20 then controlled by controlling the stepping rate of the nmotor. In
some enbodi nf‘éﬁffr?eae%ﬂﬂ%%’ i3y © a?%%quﬁh‘g'Fée%P‘F%?W_ MY ghdIRBIngsy i nge i s
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15  sample in the reservoir into the syringe. In these embodiments the syringe

may be operated by a plunger driven through a precision translation

mechanism, enabling precision volume control. Further, plunger translation

may be controlled to control rate of fluid transfer. The precision translation

mechanism may comprise a precision stepper motor, and rate of translation is
20  then controlled by controlling the stepping rate of the motor.

In some embodiments a portion of a raw sample withdrawn into the
syringe is ejected to other elements through a three-way switching valve
connected to an output conduit. There may further be steps for flushing and
cleaning the reservoir and the syringe, by operating valves connecting both to

25  asource of cleaning liquid, to a second vacuum source, to a cover-gas source,
and to a drain line, and operating these elements to draw cleaning liquid into
and through the elements, and then ejecting the cleaning liquid to drain.

In preferred embodiments of the method, in step (b), chemicals are
added in solution to samples from chemical alteration modules comprising at

30  least one chemical reservoir having a solution of precisely compounded
chemicals and apparatus for providing portions of the solution to the samples.

Chemicals are drawn from the chemical reservoir for addition to samp.lg:g



connected to an output conduit. There may further be steps for flushing and
cleaning the reservoir and the syringe, by operating val ves connecting both
to 25 a swOremoie cl eaning liquid, to a second vacuum SOUPCE/USI18923
cover-gas source, and to a drain |in®, and operating these elenents to
draw cleaning liquid into and through the elenments, and then ejecting the
cleaning liquid to drain. In preferred enbodi nents of the nethod, in step
(b), chemicals are added in solution to sanples fromchem cal alteration
modul es conprising at 30 |east one chem cal reservoir having a solution of
preci sely cmfs&nﬁgnehyeﬁém&eeﬂ@n@m@ﬂbwé@rmed@temndpﬁmxmwhgmmlti ons of the

solution to . ] r f.r .t he chem cal reservoir
for additi on}ep%vélg%% %}%Qgg%ggé%gﬁﬁ&%%/o 15@5 on %%%F%SFQPEDI y by a
syringe connaecheiht byithidriveingreghaiger efthesyringedytheecibediseate dm@sarvoir in a
manner to enter. beneath the surface of solution in the reservoir, such
that wit hdr aRiEFge olpme d dhe sofutionan dhe shegucal pesgrvgpapiodhe grieancEhadr aws a

preci se vol - of. j j I: rvalr-into the syringe.
e 5 sy ngurs iRy bh AR By hl o i b TR MR b DL o

preci si on t raaslaivh emechadbanémmbling pabisiongropree taitoh, andlihwmtcont rol , and the
rate of plunger translation may be varied, varying thereby the rate of
liquid nov WQTtPPHgla%‘PIé’@ia%PBNX‘P?‘ﬁH%W&%% fre g}?afﬁfqe%hﬁlﬁiﬁl be driven by a

preci sion %gpﬁﬁént.nﬁ@ﬁm?%@n'ﬁlaﬁﬁaﬁ& RE aﬁfshf"ﬁilaf gpﬂﬂ’vm ?81343?% cals are

provi ded by operating a ee-way switching valve co 0t he conduit
to the chem gepperemdorvoir and to an output conduit. Portions provided to

ot her el ements may, be praqvided thyough m xer havi | WO Or .nmore inputs to
one out plt , with K8 ™ PrejreCoptreiEns chemiaSarrneriaPd by CBPaEREA rodul e and
anot her conngedeelay SvitchiASPAIHEEorFREY B 1hR cbhGuiARdahy tin@bal3RRAFAL US-

| ndi vi dual ones of the mXers may be formed of conduit junctions having
two or nore dmpotancuiphbiconduite dirtnensomeyideliomiber ctamtmit maybe h t he condui t
pat hs arran erdVltép rovi,de fi)(()rr Iaairri nar fl ow. . agg subst@,[nt{(al. di rection )
change to i nfLYERd HP&}? fgg rkl §8§1§W88§3§ e g%PB%g R YiPDes pr ovi ded
fromone or #puEcoAdedtsdioe chirhidhll 3t ARE thh R £ A UnbHeP Bortecle@dSt One
i sotope reservoir containing a . o
15  another module in the analytical apparatus. Individual ones of the mixers may
be formed of conduit junctions having two or more input conduits feeding one
output conduit, with the conduit paths arranged to provide for laminar flow
and substantial direction change to influence mixing.
In some cases the isotope mixture is provided from one or more
20  isotope dilution modules comprising at least one isotope reservoir containing a
mixture of isotopes of a specie to be evaluated, the mixture of isotopes ata
ratio not naturally occurring, through a mechanism to provide a portion of the
mixture to other elements of the analytical apparatus. Further, the portions of
the solution may be provided via a syringe connected by intermediate conduit
25  to the isotope reservoir below a surface of the mixture in the reservoir, such
that withdrawing a plunger of the syringe by a precise distance draws a precise
volume of the mixture in the isotope reservoir into the syringe. Further the
syringe in preferred embodiments is operated by a plunger driven through a
precision translation mechanism, enabling precision volume control, and the

30  conirol and management system is enabled to vary rate of plunger translation.

In some cases a precision stepper motor drives the translation mechanism.



m xture of isotopes of a specie to be evaluated, the m xture of isotopes at
a ratio not naturally occurring, through a nechanismto provide a portion
of the mvetlawesdt® ot her el ements of the anal ytical appar @cwgaisoFwsoeher, the
portions of the solution may be provilded via a syringe connected by
internedi ate conduit 25 to the isotope reservoir below a surface of the

m xture in the reservoir, such that w thdrawi ng a plunger of the syringe
by a precise distance draws a precise volunme of the mxture in the isotope
reservoir into the syringe. Further the syringe in preferred enbodi nents
is operated by a JplseRyembodiners thesyiage is coppestddshongk palmst-atyon mechani sm

enabl i ng pr es(\:xi/iﬁ:ih?nn ya?%egtgg}flé: %ﬂ%lﬁlglgrx t}{%?gor;té?e:&eg&vgﬁ %(’i %l ana&q%mga eipg nt system

is enabled to vary ra ion. N sone tase reci sion

st epper not ab pisvidetetphecides @hshatimle i@ othanéismenty\or (he/MHeKA44 PCT/ US02/ 18023
17 In some enbodi ments the syringe_is connected through a three-way
swi t chi ng vaapparates, erfbthe REisms Preyideddo jodist slsaneptssse prsividedibropgh an out put

conduit o ' LS =3 3 of the
anal yt i cal - ESLhafak Wy BERBIARRNC ISR, GRFR. FhIniiR (BLRIRINS D0 Lre
provi ded t hrihe@dotepealihtisg mddais and ahvthepimpnbeoamedtpditosariothed Awdaletiput , with
one input connected to the isg,to e dilution podul e and anot her i nput
connect ed t dhgAsaliasal apRasptEs-iRdividyal %api%heéaaxe%%ﬁ%}f%& plemgied Pyual ones

of the m xer i mg%%g}xn &gﬁﬁgmig 4 %.fﬂ@ ]Q;Zdﬂ' two or nore

i nput condui%%gqﬁggg}cﬁgﬂ%ﬁe t put c%n t,C I\}\?tﬁ t%e c%n ur't paths arranged
to provi de famdhanwitathefdonduiapaths &farget) $¢ protvidel fodianswdriflow aange t o

i nfl uence m xi ng. .l.n_.sone gverﬂgodi rtths i sat ope m xtures are provided in

differentd cOWREERERILICEROT SARBES WP IREICHtHF HiEng an isotope m xture in a
sol vent at a  Spef firfe SAUREALISILRReXRG iSpARRATARRRYGIT , and di uting

portions of that mxture with solvent froma solvent' reservoir, the
sol vent r eseronotmtraiontieneld piymaBitaimag oo ksotope wEimro i 2 eolvémd al 8ot ope ni xture

connoct| no. SBFBRRSn R E B0 ta bRl SR BrBYLBR e o7t oS
to be dil ut egittArel visIs &ilvERMOENA Kl éReserddf Blesobehii@sdveiy cé@siniy ot her

el enents of the anal ytical apparatus. In a particular case the Isotope
r eser voi ¥5 hothgsokygnj @(mr@mtﬁmsm@einﬁxglre in the isotope reservoir, doing the

dilution through a system of syringes, connecting conduits and mixers,
enabling portions of the isotope mixture to be diluted to lesser concentrations
before being provided to other elements of the analytical apparatus. Ina
particular case the isotope reservoir holds an isotope mixture in a

20  concentration of 1 part isotope in one million parts of the mixture (1ppm), and
the system of syringes, connecting conduits and mixtures enables dilution of
six orders of magnitude to one part per trillion (1ppt).

Preferably, individual syringes in the system of syringes are operated

by a plunger, such that withdrawing the plunger of the syringe by a precise

25  distance draws a precise volume of the mixture in the isotope reservoir into the
syringe. Further, the plunger of an individual syringe may be driven through a
precision translation mechanism, enabling precision volume control. In some
cases a stepper motor is used. Individual ones of the syringes in the system of
syringes are connected preferably by switching valves to individual inputs to a

30  mixer having a single output, such that, with one syringe holding a precise
volume of an isotope mixture at a first concentration and a second syringe

holding a precise volume of the solvent, driving the plungers of the two



20 concentration of 1 part isotope in one mllion parts of the m xture

(I ppm, and the system of syringes, connecting conduits and m xtures
enabl es dwbuwsioar4®©f six orders of magnitude to one part pem/usH2/kdoedOn

(I ppt). Preferably, individual syringe8s in the system of syringes are
operated by a plunger, such that w thdrawi ng the plunger of the syringe by
a precise 25 distance draws a precise volune of the mxture in the isotope
reservoir into the syringe. Further, the plunger of an individual syringe
may be driven_through a precision translation nmechani sm enabling

preci si on vOYTNESs siHtliappous|yrrezpean iselens mixiytess dog sipgle ontputofiss ed.

| ndi vi dual i i . SV re connected
preferably g{&%g\%@{(ﬁﬁ?ﬁg&éﬁﬁgﬁ? I(l)églS %}g‘?\}ﬁ%gﬁﬁ%@%ﬂl s&f%%é}g&%‘g%rlﬁ xer having a
si ngl e out ptite,orssghnghat, with one syringe holding a precise volune of an

i sotope mxture at a fiirSt %?né:entrati on and a second syringe holding a
preci se vol ume of PRBOGREYS A ¢ %RIFWB@VF%%FWQW%I?M&@%% WD 03/ 006946

PCT/ US024 18023, 43 1R fitsPERR aSaplih 8 ORAHS YproVRIRE Shefih 53%3519301%%151‘ xture at
the single output of a precise expected concentration ss than the
concent r at i @mdifathdmanbxdrame, amd cankentortions ymalympd . antl neperieddiment s of t he
present invention tad;@ﬂt ip enapling detail 5 below, for the first tine a
sanpl i ng sySYEHUCES BN QYR Ehas Ssanpl es from fluid baths may be drawn,
and concentrations anal yzed and reported, on a continuous and fully
automated basis. Brief description of the Drawings 10 Fig. | is an

exenpl ary graph show ng cal i Brigfidescriptioneef the Drawimgss spectronetry
instrum; t, and how the curves may change under various circunstances.
Fig. 2 is a block diagramillustrating, at an abstract |evel, an exenplary
15 apparatus in @&fg. aribedeeiplagfgrigheshpaseoulibkaiioatuhes forfd Mass3 iS a bl ock
diagramillustrating. in nore detail a nodular instrunent after the
abstract no8Rctrgmetry gnstment, gnd hoy dhecwsresanay Flange sadevatiprust rati ng an

extraction Egggﬂhsqal{cregm

Fig. 2 is a block diagram illustrating, at an abstract level, an exemplary

H
53

15  apparatus in an embodiment of the present invention.
Fig. 3 is a block diagram illustrating in more detail a modular
instrument after the abstract model of Fig. 2.
Fig. 4 is a schematic diagram illustrating an extraction module from
Fig. 3 in expanded detail.
20 Fig. 5 is a schematic diagram illustrating a chemical introduction unit
from Fig. 3 in expanded detail.
Fig. 6 is a schematic diagram illustrating a dilution module unit from
Fig. 3 in expanded detail.
Fig. 7 is a block diagram of a control system used in an embodiment of

25  the present invention.

Description of the Preferred Embodiments

Overview
30
Speciated Isotope Dilution Mass Spectrometry (SIDMS), as described

in the 259 patent to Kingston referenced above, has been developed to assess



Fig. 3 in expanded detail. 20 Fig. 5is a schematic diagramillustrating a

chem cal introduction unit fromFig. 3 in expanded detail. Fig. 6 is a
schemat i cwoioago@nme i | | ustrating a dilution nodule unit fro®CTRISg2/1823 n
expanded detail. Fig. 7 is a block di®gram of a control systemused in an

enbodi mrent of 25 the present invention. Description of the Preferred
Enbodi nents Overview 30 Speciated |Isotope Dilution Mass Spectronetry
(SIDMS), as described i-n the 259 patent to Kingston referenced above, has
been devel oped to assess WO 03/ 006946 PCT/ US02/18023 19 the quantification
of species dhiTandEcaE of sppepsanshalen thew dransiarmstions &n SEMEet er ni ned

species is pricald y i LG . I I oducged to acconplish
such neasur }Qngﬁt iﬂnq%?e%g%gﬁsggéﬁﬁéAlﬁﬁtlé(?@@tc 8&%&8@ ?%({Jlsnlgrf R%eg\kﬂ and

speci fi cal | yacemaplisht sadh nieasurbients.nVhaspeoies bfimttrafies pavinegik@swal requently 5
mul tiple species sj %1' t aneousl i) are being created in solution and are not
previ ousl y cPé‘fléP?ﬁlﬁL*\ visyabigiego df ipimvenipnsthe labelsd spemes (freaventiyat ed f or

struct ur al iﬂ]?g%%?gsnsi@dﬁ%éoﬁxgl?gﬁei Sﬁig?r&fteé ﬂ%oﬂtﬁﬂ?ﬁ& ale %o‘?n and

speciation 1n irst es I N-process rough dynam c
equi | i bri umpresbedy dethedined irhcaanpositioncng Isexctng il Evadfiatedfoenr i ched st abl e

i sotope in real O tine.and.in-.process. .I.n the SIL.DVS nethod, as enabled in
enbodi nent s ® Cft“ﬁ’é "bf[PEg%I}ﬂn- ‘?"r\?gﬁf‘i‘tkﬂ?,ISBFlJ@e e&’&%éﬁ_‘fb?rfdsﬁi’e&‘ﬁf&% ended
operation ofinApmaRRRfiAt UstaBIfRALd Wbbcest BGHh At nﬂpeaphgsﬁﬁ#emnt al
concentration threshold levels, identify, an quantify el enental

cont ami nant ss@blighedpotingromaemplssingeslt phar tnricdied stableiikeodsintreadi t i onal | DVB

this matllaod enhan(ges and i nproves neasurenment at and near the detection
limt of redWSHEEFTREPErs. General |y, the apparatus in embodi nents of the

present inventi onpYRESIDVREncthédBs BRIMIQTinf ibokiin@tP6LHE phRARUr ement,  usi ng
an Atmos pherih\(f:ention, one may accomplish unattended operation of an apparatus that will
accurately monitor elemental concentration threshold levels, identify, and
quantify elemental contaminants or compounds and species in fluids. Unlike
1s  traditional IDMS this method enhances and improves measurement at and near
the detection limit of mass spectrometers.

Generally, the apparatus in embodiments of the present invention uses
the SIDMS method for In-process measurement, using an Atmospheric
Pressure Interface coupled to a Mass Spectrometer (IP-API-MS). The IP-API-

20  MS apparatus is designed for identification and quantification of elemental
contaminants or compounds and species in fluids without reliance upon a high
temperature argon plasma for equilibrium or requiring a high-pressure‘ liquid
chromatography HPLC separation step prior to measurement.

The instrument in its several embodiments described in enabling detail

25 below, and others within the spirit and scope of the invention, integrates
application flexibility and growth along with key attributes that must be
mcorporated to meet these needs. The instrument has multiple configurations.
These multiple configurations are to deal with gases and liquids. Within the
liquid analysis regime, the configurations accommodate ultra pure water

30 (UPW) and a broad assortment of acids and bases that are typically utilized in
manufacture of semiconductor devices, used as a particular example in this

specification, and also in other industrial applications.



Pressure Interface coupled to a Mass Spectroneter (IP-API-MS). The | P-API
20 M5 apparatus is designed for identification and quantification of

el enent alwomano@mé nant s or conpounds and species in flui dPCRitsho#023 el i ance
upon a high tenperature argon plasnme0for equilibriumor requiring a

hi gh-pressure liquid chromatography HPLC separation step prior to
measurenent. The instrunent in its several enbodinents described in
enabling detail 25 below, and others within the spirit and scope of the
invention, integrates application flexibility and growth along with key
attributes that nisembmslimentis by pederediguids, tnedtstihestutileedsn Eldetoi nst r ument
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bases that are typically utilized in manufacture of sem conductor devices,
used as a paimabledivaith eorsaspieaesipfantiasdwarpadiets harpplicationwaalsts. iAn ot her
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E|S- TtG:- VB) fmegaég@ﬁyaﬁ?rﬁn]‘assictammhf ﬁerpg.l’:S- per;}lri :_|CI ond(r\)/gt) range. tThe i
el ectro-spray is the interface, between the an conponents and is
operated!@n a non”}]&? msupmght R Ered eraboriments 4t ¢ormer-GontrpHed avithed

embodi Ment S S QMR 6 cEARE bRLrhAthal Wdiiodd¥er L4rfBtisRblutiby to change

oper ati onal condltl s for “various solution conpositions, conponent
anal yt es, ancbnogisgsinisoromponent anekytdsy aneittion Gonteqtuirahémsn and cheni cal

specl oo auan L SRLASn A Setiapsonebled . bil s, Sonligmatien, The
located in ClRFBuRAGH! The nst@meRCinWRlprORAEH cAbo@dfentsal abfifact AmACESS
equi pnent to be analyzed, and is inpllenmented in material s conpati bl e
15 configured to be located in close proximity to the wet bench or gas related
process equipment to be analyzed, and is implemented in materials compatible
with a clean room manufacturing environment. Some instruments in current
use, such as the inductively-coupled plasma mass spectrometers (ICP-MS), are
not compatible with clean room manufacturing environments that are
20 envisioned in this application.
The instrument in preferred embodiments of the present invention is
developed to operate unattended for long periods of time, maintaining high
degrees of reliability in accuracy and precision. This is accomplished by
relying on altered isotopic ratio measurements of elements, which minimizes
25  the use of calibration, and in many cases eliminates it entirely. Additionally,
the instrument will measure elements and molecules, along with species of
these components, providing data richness required by sophisticated
chemistries and evaluation tools.
A clear objective of instruments in preferred embodiments of the
30  present invention is to analyze all the elements in all the solutions used in
wafer manufacturing in near real time. In another embodiment the system of

the invention has an interface with an interpretive advisory information system



with a clean room manufacturing environnment. Sone instrunents in current
use, such as the inductively-coupled plasm mass spectroneters (I CP-M5),
are not woripatddiss e with cl ean room manuf acturi ng envi r oneEmGSOY/Isae3 are 20
envisioned in this application. The iXistrunment in preferred enbodi nents of
the present invention is developed to operate unattended for |ong periods
of time, maintaining high degrees of reliability in accuracy and
precision. This is acconplished by relying on altered isotopic ratio

neasurenments_of el ements, which mnimzes 25 the use of calibration, and in
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of the 30 present invention js to analyze all the elenents in all the
sol utions used i nlfh‘?/\%H lcﬁgtﬁﬁi‘sg?&ﬂlﬁl?r.ﬁﬁenl}lwvﬁg%‘?n oelgriops ﬁ%boﬁlﬂlea'ﬁ’ot her
enbodi ment  t vk et timt Bﬁal&ﬁ%@@lﬁéﬁ@aﬁﬁ&r&lﬂ%ﬂr 3 @JJ@%@T&‘}\' th an

interpretive advisory information system WO 037006946 | Us02/ 18023 21
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General |y, howeveln preferied efi®siinaddkembQuriaais Scamdeadei 50-s0@l el enent s
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nmeasur ement smigrelitghgeaniifiehoboluwion. Thecppiapietiog sapedniiaden sgediatt i on. The
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15 the final products. Additional chemical information will identify key chemical
complex ligands and compositions that are responsible for specific chemical

reaction events and enable precise optimization of chemical conditions.

Abstract Description of Instrument

20
Fig. 2 is a block diagram illustrating, at an abstract level, an exemplary
apparatus in an embodiment of the present invention, related, where
appropriate, to monitoring of wet baths in semiconductor manufacturing as a
specific example of application.
25 In Fig. 2, sample reservoirs 201 represents one or more reservoirs for

holding sample solutions prior to pre-processing, spike mixing, and analysis.
Fig. 2 1s an abstract model, and does not show detail such as apparatus for
pulling sample from the processing baths that are monitored, but such
apparatus may be assumed to be included, and is described in more detail

30  below. An important function of the sample reservoirs is to provide for an air-
gap separation from the wet-bath monitored, and to enable a significant

change in flow rate, which is also described in additional detail below.



15 the final products. Additional chemcal information will identify key
chem cal conplex ligands and conpositions that are responsible for

speci fi c wbhegie@hé reaction events and enabl e preci se opt iPeirA®N2/802Df

chem cal conditions. Abstract Descrition of Instrunent 20 Fig. 2 is a

bl ock diagramillustrating, at an abstract |evel, an exenplary apparatus
in an enbodi nent of the present invention, related, where appropriate, to
nonitoring of wet baths in sem conductor manufacturing as a specific

exanpl e of application...25 1In Fig. 2 e reservoirs 201 represents one
or nore reservoir S?Wﬂbffg?ﬁvﬁgelg%%ioeﬁﬁgkéﬁms By 82ve 1§ sriepr ocessi ng,
spi ke m xi n%ro@é%@ecﬁﬂ%bﬁr%‘iﬁstmc%bﬂ)]ln_%pé@ fMB@%S'.’ AGkrdROGarigydedoes not show
detail such ‘as apparatus for pulling sanplé fromthe processing baths that

are noni t or edasops forsuch preapgrimentysndayediel vaiyrefiprocedmees amdl uded, and i s
described in,nore detail .3Q bel ow. _An i tant functiion of the sanple
reservoirs icgle{né&ﬁ'rl Va]lffgd'fgfaﬁﬁ)f%m? S %;g%géi)‘éﬁeéﬁgﬁt"%?tgﬂq he wet - bat h

moni t or ed, ad@%i&@d@&@b}bﬁ)cassm%gaIefchﬁ@rttxid&%a%dr hatdr ¢ &2 &fer WHi Ch i s al so
described in additional detail bel ow WD 03/006946 PCT/ US02/ 18023 22 As

descri bed abwviacese| Theispltions SseNs thenetphing bathy niaanbe highlp ecigican spmecessed i n

Such pro ir carsne i ERRCTe S in AR MR Fu Bt B il oy

i nvol ved. A_Selanemx@frmeems,tﬁmesnoﬁpgdamugaﬁa ¥ raWelanp@dshavé b theR&JFL p@NAUCT OF
processing is etching oxides and other materials on wafer surfaces. The

sol uti ons usEtediorsHbstantialy Aguisalizedheresid sebrsegiaiuge afthgdirew sampleme - cases
and highlyy causti | . Ut | y _be.detrinmental to
el enent 21 ng t he |1r311% ljriht}?rlet?%? E}geplggt?&ﬁ%é[?ﬁgrﬁgg#l#}een?s}\%vté%%ﬁ?@?%g%tt o therefore
be treated dampieismandanglld wesaeuirigintodudddao agicguatibrhaseqadizée of the raw

sanple. 10 The nature_ of the instrunent in enbodinents_of the invention is
that sanpl PPAGHHSALPIGHY & lpmuerilan: mpdng woeknutody descrihed meqra falbf at or

Gescri bed Moy ap ey e A E ol BREORS i olioh bt bpGeete ¢ 7
sol uti on maythbeametquitugted Inanother instance pre-processed sample is introduced
15 to another equalibrator along with spike solution, and the resulting spiked
solution is then introduced to an electrospray system integrated with an
atmospheric ion generator for introduction to a mass spectrometer. The
overall procedure, at an abstract level, is a sequentially cascaded process
ending at injection to the mass spectrometer.
20 Sample introduction apparatus 203 represents a sub-system for
controlled injection of sample from the one or more sample reservoirs 201
into, typically an equalibrator not shown. Spike introduction apparatus 205
represents a sub-system, of which there may be several, for preparing spike
solution, that being, as described above, a known mixture of isotopes of the
25  sought-after specie, the ratio differing significantly from the naturally-
occurring ratio in the specie in the sample. Chemical modification apparatus
207 represents a subsystem, of which there may also be several in different
embodiments of the invention, to serve the number of sample reservoirs and
baths being monitored, for injecting in the cascaded process chemicals in
30  precise amounts for pre-treatment of sample before or afier spiking, and before

analysis.



the sane equlibrator. In another instance pre-processed sanple is

i ntroduced 15 to another equalibrator along with spi ke solution, and the
resul ti ngwepBked46 sol ution is then introduced to an el ect POTArSAY18WYBt em
integrated with an atnospheric ion g8nerator for introduction to a nass
spectronmeter. The overall procedure, at an abstract level, is a
sequentially cascaded process ending at injection to the nass
spectroneter. 20 Sanple introduction apparatus 203 represents a sub-system
for controlled injection of sanple fromthe one or nore sanple reservoirs
201 into, typicalhsomiar effhalnttydatioon anstthe hwdificatpi keb-systanoddowinon
apparatus 205 _.represents a sub-syste of whi t here be .several, for
prepari ng sp’inI{FéggggleﬁfFWB%:w ?ﬁgta eﬁaﬁgg}ya%ona@g@ﬁgb@'&“%&%g& Phown mi xt ure
of isotopes gbm!dpardfis20Ydiectdf lorippaRARIZDT it SRWRbhOdHEd bathkhg
significantly fromthe naturally- occurring ratio in the specie in the
sanpl e. Chendlsathaydi fi cati on apparatus 207 represents a subsystem of
which there may a .be, seyeral .in.different. enbodi pent,s of .fhe invention,
to serve the nunbggl(‘)lg?ng%]ﬁpﬁng%glgs?@rg Ve |r%$sengs‘n53b'sﬁsgt?)rﬁgOgglnr‘?gcoprg‘ﬁf’t ored, for

i njecting incdag cascaded process chemicals in 30 precise anmounts for
pre-treatnment of sanple before or after spiking, and before analysis. WO
03/ 006946 PCTHYSpsVitdurg valyss, TR@IUE} Hersysemshdn Yok the ikafa t he

/006946 PCTHILE 51 Beryeie
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207 i s shownin thadvehall éstruprhhs are al so shown. 5 Sol ution handling unit
209 represents sub-systens of fluid conduit, check valves, sw tching
val ves, Vhcuum subne§acanrle has fraversedithecasgading pistam prel Rasrbeensigr ng sanpl es

in precisel y?gﬁggkg x%ge%sﬁ%@eﬁ%ﬁhédfaé ALQ08y R!; Qéivtepedttgﬁnrlﬁﬁ(gs%)hél@c the overal |

i nstrunent. a as traversed the cascadi ng system and has
been pre- treatgdeanrrétedsdr gonanes m Kledrapraysnbsystem fot vaperidialgi vered to
an at nospheric,.ion generator 2%1 -‘i‘(’”éCh clo rises an electrospray

sub- syst em f@?d \?858?’3 tgxp ﬁﬁepared and spiked sample 10r mmtroduction to a mass

spectrometer 213, which may in some embodiments be a quadrapole
15 instrument, and in others a time-of-flight instrument.

It will be appreciated by the skilled artisan that the description thus far
has been of a system with potentially a plurality of reservoirs for sample, a
plurality of chemical pre-treatment apparatus, and a similar plurality of
spiking sub-systems, and that such a system may be dedicated to sequential

20  analysis of a variety of samples, several of which may in various stages of
treatment and processing at the same time, with the instrument controlled to
sequentially deliver prepared samples to the electrospray, and hence to the
mass spectrometer. The mass spectrometer, then, may be generating one
spectra after another, providing important information about the concentration

25  of one or more constituents of a plurality of baths connected to the modular
system of various embodiments of the present invention.

The instrument described herein in various embodiments is computer-
controlled and managed, and various functions of the overall control and data
management are provided by a microcroprocessor 215 and controller 217 in

30  Fig. 2. Microprocessor 215 comprises a data collection and analysis system
219 and an information distribution system 221. Mass spectra, among other

information, is sent to unit 219, and data may be manipulated in any ofa



and ionizing the prepared and spi ked sanple for introduction to a nass
spectroneter 213, which may in sone enbodi nents be a quadrapole 15

i nstrumernWO oanekdithr ot hers a tinme-of-flight instrunent. |t Pairfusobeso2s
appreciated by the skilled artisan that the description thus far has been
of a systemw th potentially a plurality of reservoirs for sanple, a
plurality of chem cal pre-treatnent apparatus, and a simlar plurality of
spi ki ng sub-systens, and that such a system may be dedi cated to sequenti al
20 analysis of a variety of sanples, several of which may in various stages

of treat mentrighPiyrayseddentheausnipes ofgenirellara 1 7vixenutingssoftmars ument
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gener at i ng dnfrmspecto asyafee(andnodrh arterfe @B dilmgorheppes mrdrficebos mat i on
about the conceg%r ti oneﬁjsS of one_or nore constituents of a plurality of

bat hs connedF YNy sTarmpton far teghmsiang apd Hielikertp gepkaeiseisions he
present isnveR{dioihe bhEmhSdnbbrE Btd Besths hRs, ?xggfsﬁerha.{arliﬁ’e%ﬂg ys embodi ment s

is conputer- controlled and nanaged, and var functions of the overall
control and aptareatedreyrstepenenabling bath maniteehcby Datanindrppedesgidocessor 215 and

controller 217 in.30 Fi . M croprocessor, 215 conprises a data collection
and anal ysi smé%]fﬂé?ﬂ mﬂglsgrz?ﬁ pé%wfliff‘r"fot(?roﬁﬁf%b GIeEERanee SRV &§st em 221. Mass
spectra, amigeRpiRrhistbéQ0nMLb Rlatchi for FRRY phiPobddiwintdnicalficRat @ my be
mani pul ated in a%?l%of a WO 03/ 0069c46 fDCT/%JEO@IOIBOZ% gegl}lmvar |cg)?y of ways,

under the auspéaseds sisuliimgtshdereentlyiffom eveders piavgsssd i thameonitorabr i etary to
t he system ﬂ}She invention, and unit 221 delivers processed information
to a syslt em (aand user) interface 223. In sone cases interface 223 provides

di spl ayed i nf or mefigOnilfuetrattes bdih}ﬂbaﬂﬂﬁi’é?@yit&ﬁ ahll p8th{te dARKB1IEGInSI ONS 5
i nvol ving bath mai ntenance, and in others, may provide data directly to

aut omat ed sy¥itedle, whighis agopiiangl mparmteriarmbodaes ofitie preseaissed
information; S i . rall, f:ab.mai nt enance ftware
1H@éﬁt1%l] %dqgeﬁé)iﬁggggrt ci:tﬁh?a\{ﬁfe %nalg;mg 8? spaélgpg%s, Sehyasp

devel opi ng historit or nman i conductor
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lo baths. ..
15 aliquid chromatograph 229. These units are not needed and not used in many
preferred embodiments of the invention, but are useful in some applications,

and therefore illustrated at an abstract level herein.

Modular Instrument in a Preferred Embodiment
20
Fig. 3 is a block diagram illustrating in more detail a modular
instrument after the abstract model of Fig. 2. In the modular unit of Fig. 3
there are illustrated five extraction modules, three chemical introduction
modules, and six dilution modules, all interconnected by fluid conduits and
25 switching valves to manage samples and ultimately deliver prepared samples
to electrospray and hence to mass spectrometry. The chemical introduction
modules and dilution modules are both dedicated to modifying samples or
portions of samples extracted by the extraction modules.
More specifically extraction modules 301, 305, 309, 313, and 317 are
30  shown paired with wet-baths 303, 307, 311, 315, and 319 respectively. Each
extraction module is connected to its wet bath by at least one fluid conduit, as

module 301 is shown connected to bath 303 by exemplary conduit 321.



Fig. 2 illustrates a sanple analyzer systemand path to data collection
unit 215, which is an optional apparatus in enbodi nents of the present

i nvent i orwoanmdodyey be used for qualitative anal ysis of samplrasp2/sioeh as pH,
tenperature, and the like. Fig. 2 als¥ illustrates a gas chromat ograph 227
and 15 a liquid chromatograph 229. These units are not needed and not used
in many preferred enbodi nents of the invention, but are useful in sone
applications, and therefore illustrated at an abstract |evel herein.
Modul ar Instrunent in a Preferred Enbodinment 20 Fig. 3 is a block diagram
illustrating in dmﬂﬁwdwﬁdhbednﬂménmaﬂukwn$¢apmﬁnfmaﬁBEmanenabstract nmode
of Fig. 2. e are Jllugtrated five

extraction rﬁ%}{ﬂ%e QB eepréﬁelé‘&riné@?tl?rgta?(ga{?é CTHEHit 3PSy Si x di | uti on
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manage sarrpl es and ultimately deliver prepared sanples to electrospray and

hence to na§§a%>pe$:thabﬁ§tha§hs aThgpagerbapagtly ﬁhnmwmﬂrmamlufacmuwmsmmd di | ut| on
nodul es a Ies or ort ons of sanple
B? %ﬁ) gﬂ? {h% &gnﬁe%t ﬁlx 19(\56,9%9 &e?es%aé]lf S':} ome guest o duI es

extracte e’ex rac 1on ITD u

301, 305, 3Gﬁ,the3613an ®deh. aiﬂen@}ﬂﬁy osﬁdlahmmfo@@ad}ﬁ@htmﬁ&emu&at hs 303, 307,
311, 315, and 319 resgectlvel . Each extraction nodule is connected to its

wet bat h by Beduleasit, taem wille@f signtisapt leagth. dhipupe moassitafeshown connect ed

O et 203 RS TR SN Lt bron D00 S0RAAPSGCTL b RABLARARS 25 1

practice, the ex 1on no re a par A

enbodi ment  afn dx@ctisreast) for example wiit 3(alndAaéletNeﬂjah%ﬁB‘IHv\eﬁtdi§n@e&eﬂbl netry
somewhat renote necessarily fromthe baths to be nonitored. Part of the
reason i 9 t HaEnFHe afeduate S&F’@h’stﬁdﬂ@ﬁm%fﬁmﬁ?c}t?@ MEWHLOBRE Sskmbact uri ng

steps 11 5 theud Blau@lfle WM BSbEHEENoifls wiflfin WRGHLL A Sl hicheCessar i |y

a wel cone gue ean room enplary con each bath and
extracti on saoghld splpaor mustterpassail) dre beryohudi @oﬁbrdnaﬂahcdse]mjﬂhe This fact

necessi Lot o5, g AELSLL XSO0 AW L e of Saple,from o baLh, say bath
rel atively high frwiaton MoBERSER unique sub-systems which, under
15  management by the computer control system partly described above, draw raw
sample quickly from baths to be monitored, on a timed basis, effectively
separate drawn sample volumes from the bath, preventing any backflow or
migration of sample, and the separation allows provision of a portion of the
drawn sample at a completely different flow rate (lower), and in precise
20  volume, to other elements of the system.
In each samplé cyele each extraction module provides a precise raw
sample portion of the original draw, in this embodiment, to a switching valve
(SV), represented in Fig. 3 as SV1. The SVs are valve apparatus that allow a
number of incoming conduit paths to be selectively switched to a single
25  directed output. For example, a precise sample volume from extraction
module 1 (301) through exemplary conduit 323 will be switched through SV1
(325) into conduit 327 to be delivered into an equalibrator (mixer) 329,
labeled here as Mixer 2.
In each extraction cycle for each extraction module a sample volume is
30  drawn from the bath associated with the extraction module. The volume
drawn is regulated, but need not be controlled with the precision imposed in

subsequent operations, because only a precisely-measured portion of the



10 to ensure adequate sanple to maxim ze efficiency of the nonitoring
system partly because the di stances between points within the system
bet ween vWWD®hB/00®akpl e sol uti on nust be passed, are very nmRCh/GshzIg0es

di stances than the initial distance %romthe bath to the first reservoir
in the system The extraction nodul es are uni que sub-systens which, under
15 managenent by the conputer control systempartly described above, draw
raw sanple quickly frombaths to be nonitored, on a tined basis,

effectively ,separate drawn s e val unes .fromthe bath, preventing any
backf | ow or dr%wgrs%?l?genw% % HE‘?T‘E,%OT&H@YPH@IQ*%{%%‘% hsa&mq%ms provision of a
portion of témstifeanctBaph &reptime (SAIERiSHR tolAibR T Predidion rate (1 ower),
and in precise 20 volune, to other elenments of the system |In each sanple

cycl e each EROREKERDSObHICECAYP dissard thataortian ofsw origimaplyelrpunt i on of t he

original dr 0.t hi I t switchi.ng val ve SV), represented
in Fig. 3 as ggjl.gthfmas %‘g? e%?aer%\iga}%?/g) tg%s%ap%rtgﬁ’sanfiﬁgetanzéq e tlganber of
i ncom ng scongoilileded the newt dyeleskbaaitersl maidchen dedosd falpte 25 directed

out put. For exanple, a precise sanple volunme fromextraction nodule 1
(301) t hr ougtPréstaimaleaRevesmale-t Usimye fpatyrep el baicxarmsionmmdulesh SVl (325)
into conduit : I d. | . i or (mxer) 329, | abeled
here as M xe?éégl.zlp?l% @%ﬁsﬂﬁecg Sr?%%t ?déﬁn& eg?gﬁg?%géde%é extraction nodul e a
sanpl e vol une i s Widlednawririctommdinldtdeliaaipcd pedelWnidisirb@ extraction
nodul e. The volunme  drawn jis r?ﬁ?’[lél)l ated, but need not be controlled with the

precision i npfgley of an O’é«fﬂﬁéleﬁﬁ’@ 6’@’@5%@ (3999 all pthen geteacan gnoglules are
preci sel y pegéwe%&g itd Afkep A}segeto gﬁ%g&gﬁgﬁ@ﬁ%ﬁé%%@%ﬂ gp drawn

sanple w | e sent on for analysis. constituency
changes oversampies rostiibe nalgzddnia amininaini tone. f Biiergioes wdiile dne BRRdctioRi Ng), SO
it I's necessar ign of an originally-drawn _  sanple that

is not used, maﬁw‘% %lsvl%glrlg Ft%u g‘%gplg{%ﬁ‘% IBﬁ’e&Sere &1 EHIPUE RIS RPEEALITHr 5 nodul e
for the nextin@uehei ck®ftioNRyQEL. athd GIRIINE Srel g0y BERY 'b?"t'l?e e + e
contam nate a new sanple. Unique features of the extraction nodul es
acconpl i sh tdystom (ot sawin inddg. Hred, ahetoanlas pee podvliedd foekxample,
15 finishes its delivery, another module is ready to deliver, and so on.
There 1s, following the above description of extraction cycles, a steady
sequence of raw samples delivered to mixer 2 by the extraction modules in
order, and each sample is a precisely measured portion of an original sample.
Each sample to mixer 2, however, is not ready for injection into an analytical
20 instrument. Some chemical treatment may be necessary, and introduction of
spike solution 1s always necessary for the methods of the invention.

There are in the illustrated preferred embodiment six dilution modules,
laBeled Dilution Module 1 through Dilution Module 6, and each is connected
via fluid conduit and appropriate check and pinch valves (not shown) and the

25  like to a switching valve 3 (363), which is analogous to SV 1 described above,
in that it provides selective passage to one out line for several in lines. By
controlling SV3 (363) one may introduce spike solution from any one of the
dilution modules through SV3 into conduit 357, and hence into Mixer 1 (341).

Dilution modules 1-6 provide a range and variety of spiking solutions,
30  each of which has an isotope constituency for an element to be measured in

one of the known wet baths to be monitored, and the ratio of isotopes is known

and differs substantially from the isotope ratio occurring naturally for a specie



Wil e one extraction nodule is delivering a precisely neasured portion of
an original sanple to mxer 2 (329) all other extraction nodules are 10

i sol at ed WomaM00d9¢6 mi xer. Al so, to maxim ze efficiency, a mariusamsoesrber of
sanpl es need be analyzed in a mninum7tinme. Therefore, while one extraction
nodule is delivering its sanple, the others are in various other stages of
their individual extraction cycles. The. operations are precisely tinmed by
the control system (not shown in Fig. 3) so, as soon as one nodule, 301
for exanple, 15 finishes its delivery, another nodule is ready to deliver,
and so on. Thé&eaeasuredoEpdypithe dldicbaodulas de fachtis apopbistiestedact i on cycl es,
a steady s LVer to mxer,2.by. t extraction
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injection into an _analytical 20 instrunent. Some chem cal treatnment may be
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substantially fromthe isotope ratio occurring naturally a specie WD
03/ 006946 PCPhiusthgo@Bpuigizadrobohsystour describathriafly aboee.dThesti on nodul es,

in fact, is sophi sti.cated subsystem ca | e ngt. just selecting an .
i sot ope m'xc?‘S “Ji%ﬂf:?rbsg 9 Soaﬁ?pliﬁ)ﬁf%agpsrggmﬁggg?@ﬁ% lﬂ%veﬁ‘é%ggﬁem’élpi kes of very
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further descriptiont follow 5 There are_three chem cal introduction units
| abel ed 14s uni t s As previoyply dgscribed, selected spikes from dilution modules 1

through 6 are also provided to mixer 341, which mixes the appropriate spike
with appropriate chemical (if needed), and the resultant mixture goes to mixer
2 via conduit 359. Timing and control is such that all of the appropriate
constituents, being the precisely measured sample, the appropriate treatment
20 -chemicals, and the isotope spike, meet in mixer 2 and are eqalibrated there.
The mixed result is conducted via conduit 361 to an electrospray ionization
unit (atmospheric ion generator 211) from Fig. 2. The treated and spiked
sample, vaporized and ionized, now goes to the mass spectrometer, and the
ratio of isotopes found by the mass spectrometer may be used to determine the
25  concentration of the specie sought for the bath monitored.

It will be apparent to the skilled artisan that the number and
arrangement of modules may differ in different embodiments, and may be
determined, at least in part, by the nature of the systems to be monitored and
analyzed. Also, the chemicals and spikes with which modules will be charged

30 will be largely determined by the application and nature of system to be
analyzed. Further, although Fig. 3 shows chemicals mixed with spike before

mixing with sample, another order may be used in some embodiments.



and | abel ed al so el ement nunbers 331, 333 and 335 respectively. These
nodul es are for introducing chemcals for any of a range of purposes as
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conponents of introduced sanples. Eac® of these units is charged with
appropriate chemcals 10 for the kinds of baths to which the systemw |
be devoted. Further, each is capable of introducing precisely neasured
guantities of these chem cals, under control of the conmputerized contro
system descri bed briefly above. These chem cal constituents are provided
on demand to switching valve SV2, and thence to mxer 1 (341) via conduit
365. 15 As pheMaflsh ¥MdRgs 1 bed, selected spikes fromdilution nodules 1
through 6 are al so provided to m xer 341, which m xes the appropriate spike
wi th appropriate chemcal (if needed), and the resultant m xture goes to
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and are eqalibrated there. The mxed result “i s conducted via conduit 361
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Extraction nor e %u € on of one
of the five Gawsad flwdtio badmodufr@s bathB03Filg sode ch@s vhlvk UsB hadyl «id HUr poses t he

modul e s ? Sovmolzi)esrled allowing nitrogen to flow mnto the mini-reservoir, and the pressure on
the nitrogen source is controlled to help control the vacuum in the reservoir,
while also providing a protective cover of nitrogen. This is a timed operation
under control of the computer-control system, operating through an
input/output (I/0) interface which controls diaphragms, for example, in valves
20 403 and 405. In this example liqud is quickly drawn into reservoir 401 in a
time short enough that the overall cycle of the system will not be impeded.
‘When enough liquid is in reservoir 401, valves 403 and 405 are closed,
stopping the liquid draw, and leaving a protective nitroéen blanket over the
sample. The next operation is to draw a precise-volume sample from reservoir
25 401 into a syringe 433. This is done by opening valve 411, switching valve
413 to provide an exclusive path from conduit 415 to conduit 431, switching
valve 435 to provide an exclusive path from conduit 431 into the syringe, and
withdrawing plunger 434 by a precise distance to draw in the precise volume
of the raw sample. Plunger 434 is operated in a preferred embodiment by the
30  computerized control through a precision electric motor, such as a stepper

motor, and a threaded mechanism, providing precise distance and time control



nodul e 301, as indicated, connected to bath 303 by conduit 321. A primary
conponent of the extraction nodule is a mni-reservoir 401 for collecting
an origiwelo3sesmps e from bath 303. Mni-reservoir 401 i s ecmusor/esd2dy a
conduit 409 to a pressure-control | ednitrogen source through a pinch valve
403, and by 10 a second conduit 407 through a pinch valve 405 to a venturi
vacuum source To draw a sanple from bath 303, which, as descri bed
previously may be at a considerable distance fromthe extraction nodul e,

val ve 405 igjéo ened with valve 411 held.cl osed, which creates a vacuumin
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for the plunger, an ng the rate Ich prunger 1T's w thdrawn or

ext ended t oulve-puae watkri(UPE hivbiik ppatdag vave 42Rangovidéhasuinh e @aeci se vol une
of sanple is drawn, vaE \{e 413 is_operated to_  close the path from conduit
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417 to &Ondlfst Yol 3has RirgrdiPesa shifiedjadter the draw of precision-

volume sample to provide a path from conduit 417 to conduit 419. Nitrogen
may again be used by opening valve 427 to reservoir 421 through conduit 429.
In this operation the remaining contents of reservoir 401 are drawn into
reservoir 421 along with one or both of UPW and nitric acid, leaving reservoir
20 401 flushed, cleaned, and empty exéept for/a protective nitrogen atmosphere.
At this time reservoir 401 is ready f'lor another extraction cycle, and -
may proceed to draw another raw sample from the associated bath, although
this will typically be delayed according to a predetermined schedule. Once all
refuse material is in reservoir 421, valve 420 is opened with valve 425 closed
25  and valve 427 open, and nitrogen pressure urges all the refuse to drain.
During this time the precision sample in syringe 433 may have been injected

into mixer 2 via SV 1, or may still be waiting for the proper time to do so.

Chemical Introduction Modules
30
Fig. 5 is a schematic diagram illustrating a chemical introduction unit

from Fig. 3 in expanded detail. In this description, module 331 from Fig. 3 is



5 isolated in syringe 433, and ready to be injected through valve SVl (325)
into mxer 329. This injection operation is programred to occur at the
proper tiwe o03ioos9eoncert with injection froma dilution noaarasoamizpossi bly
a chemcal introduction nodule, throgh mxer 1 to mxer 2. Also, the rate
of injection may be precisely controlled by the managenent and control
systemt hrough 10 whatever transl ation device drives the plunger of the
syringe. After a precision sanple is in place for injection, reservoir 401
and connecting conduit and the |ike may be(ﬁurged_and prepared for a next
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except fora pr ot ebtopeeativint plogger 438 nowithdaen wiltt vithe S11 commectagethyoi r 401 s
ready for another ex roceed to draw anot her raw
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time the, precisjion | e.in.syringe,433 have, been injected. into m xer
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chem cal introduction unit fromFig. 3 in expanded detail. In this
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shown. Modul hcah I QL I 1 nt.ai ni e _appropriate
chem cal - A Sy ahg Bfedn SOSTHE AL SR Shef RSB GPE 08TaGr T path 500
through a t hoeedeypreatnia vatdum deingdeaveh bh fiRGeydyoivey #R s§Hdge and a pi nch

15  action.
Dilution Modules

Fig. 6 is a schematic diagram illustrating a dilution module unit from

20  Fig. 3 in expanded detail. A primary purpose of a dilution module in
embodiments of the present invention is to provide spike solution in any of
several very dilute concentrations. It is necessary in embodiments of the
invention that the relative concentration of the spike for any specie for which
monitoring is accomplished be in the same general range as the expected

25  concentration in the sample. If the spike concentration is either much to high
or much too low, then the mass spectrometer will not be able to provide a ratio
of 1sotopes with adequate resolution to determine the sample concentration.
Further, 1t is known to the inventors that spike solution in most cases remains
stable in concentration down to about 1 ppm. Much below that value the spike

30 concentration cannot stay constant for a number of reasons. For example,
there are boundary layer effects that are involved in solution stability. At and

above about 1ppm isotopes tend to reach an equilibrium in adhering to and



val ve 503. A pressure-controlled nitrogen source is connected through a
pinch 5 valve 505. In operation, plunger 434 is withdrawn with valve 511
connect i ryotobeoc9seri nge to path 509 t hrough val ve 507 sw PCra$02/680pF ovi de
t he proper path and open valve 503. 3 precise volunme of the chem cal
solution is drawn into the syringe, and may then be injected at the
appropriate tine and at an appropriate 10 rate by swtching valve 511 to
provi de a path between the syringe and conduit 337 (see Fig. 3), which
conducts the chem cal introduced to SV2 and then mixer 1. A source of UPW
i s al so madessairang fpmevaliyfiigesarvoieeBolay thall cpacergption tedontentatien t hr ough
val ve 505. i i i.ng..yval ] open to prevent a vacuum
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15  conduits and valves, and all of these elements are interconnected in a manner
that allows for sequential and precision dilution of the 1ppm solution in steps
from 1ppm, to 33 ppb, to 1 ppb, to 33 ppt, and finally to 1 ppt. The steps in
this exarople, and the arrangement of elements to accomplish same, are
exemplary, and the skilled artisan will recognize that there are many other

20  arrangements and steps that might be accomplished completely within the
spirit and scope of the invention.

Communication between primary syringe 601 and the anangerhent of
secondary syringes and other elements is through a switching valve 609. In
the event 1ppm spike is needed, for example, syringe 619 is used through

25 valve 621 and 623 to draw a precise amount from reservoir 611, and the 1ppm
volume is then transferred to syringe 601 by switching valve 621 to the right-
hand position, and switching valve 609 to transfer the volume through valve
603 and into syringe 601. When the spike is needed for a sample to be
analyzed, switching valve 609 is positioned with valve 603 open to syringe

30 601 to allow syringe 601, by driving its plunger, to move the spike into
conduit 355 and on to SV3 (see Fig. 3).



concentrations unstable. 5 Because of these effects the present inventors
have provided a dilution nodule that stores a stable solution of isotopes
at a not -watoatedoke/- occurring ratio, in this case at | ppmpCan$sopisopar es

| ower concentrations as needed by pr¥cision dilution and m xing. Referring
nowto Fig. 6, a reservoir 611 stores a relatively large volune of spike
solution at Ippm By a relatively large 10 volune is neant enough to all ow
the instrunent to operate for a considerable period of time, such as
several days, w thout requiring replenishment. A primary syringe 601 is
provi ded, connect Eek aranghaenipnmhsizaeeeisyringesl as weles e digamduift s and val ves,
and also to an.arrangenent .of secondary, syri.nge 9,, 643, 645, 647 and
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from | ppm t3843333piP spilkee in aypypnge Bragde ppred agpn Mithal Syyingeofidipion The st eps
in this ex q: arr e 0 enenk st o. acconpl i sh same, are
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20 ar r angenesgesatindn all épsarichaivoniddthi fidy achodplt shady aepliet el y within the
spirit and scope of the invention. Conmunication between primary syringe
601 and the SESFERiENESIveBMeIGSecondary syringes and ot her el enents is

t hrough a switchi o1 t I i ed, for
exanpl e, syringe %élyr?elsmgtsag%g}%blr%ﬁ% 19g@g@pvyggﬁtgﬁgﬁg%%%sggaw a precise
amount fr om foester Vppm spikt as desdribéeatiqvpymhatie) Lppmispikehedratvhanrsherred to
syringe 601 by sw tching val ve 62%)&'[,0 the right- hand gositi on, and

swi t chi nf vaICtEVen8!t giie pgedyldr hrpg|isoPeRHeR gHve ALY B1aY$e3 and i nt o

syringe 601. K8k yzed,
swi tching va?ﬁvégg%(t)%gle%rﬁ%(l)ﬂséigﬁ%S%%ﬂ' ehgg?ég?%ggégaﬁéﬁpﬁo%gg% nge 30 601 to
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15 is closed, and valves 641, 639, 637, and 635 are reset to straight-through,
connecting syringe 645 to mixer 631. At the same time, after syringe 619 is
filled with the 1 ppm solution, valves 621 and 623 re set to connect syringe
619 to mixer 631. Syringes 619 and 645 are now operated in concert with
syringe 643 with valves 625 and 627 set straight-through, and the volume of 1
20  ppm solution from syringe 619 is mixed with the dilution solution in syringe
645through mixer 631 and into syringe 643. At the end of this operation
accomplished through valve manipulation and manipulation of the appropriate
syringe plungers, syringe 643 has a precise spike at 33 ppb.
From this point valves 627, 609, and 603, along with the plungers of
25 syringes 601 and 645 are operated to transfer the 33 ppb spike into syringe
601, where it will be ready for transfer, as described above, again through
valve 609 into conduit 355 and on to SV 3 (see Fig. 3).
Given the arrangement of the elements labeled in odd numbers from
601 through 669 in Fig. 6, given the description above and the teaching of the
30 invention provided herein, the skilled artisan can easily understand operation
of the elements to accomplish the further dilutions to six orders of magnitude

below 1 ppm. There are, in fact, a variety of options in the ways that elements



be mxed with a syringe of dilution solution to acconplish a syringe of 33
ppb, and a 33 ppb spike in a syringe may be m xed again with a syringe of
di | uti on wWogsledseOn to acconplish a 1 ppb solution, and S®CETMSOZ18023
description of every operation in al3 instances would be highly redundant,
so only a smaller description is given here. Assune that a 33 ppb spike is
required. The first step is the sane as for the | ppm spi ke as descri bed
above, that is, 1 ppmspike is drawn from 10 reservoir 611 into syringe
619. During }hj [ val ve. raybe opened to g controlled-pressure
ni t rogen soulrglggg? ggﬁ%ﬁfgdgg?%%ﬁn ?lﬁ]géggt@ﬁs/s’ alb(ft@\%%ms g@é@ﬁg}?‘%@%‘l Wi le the 1
ppm sol ut i onddseribdainFig.rd, @ivey diffigentGiiing v@lcvgsathlandBfercand 667 are set
to connect syringe 645 to reservoir 669, and a precise volune of dilution
sol ution is RHPSARREdn diffore smbadimeydyisvapaple glarovigingnest-ektimeand val ves
641, 639, 637 : [ o conpecti ng syringe
645 to m Xer&%%%?ﬁ&? ﬁ?ﬁ?%&%%&ﬁ%&%%@?%&#ﬁé@% rFassgml%ﬁ?l ed with the 1
ppm sol uts onspevigh uad s@Pdnig nelmBAP other kstertconentragats. Sy hiangeased29 to m xer

631. Syringes 619 and 645 are now operated in concert with  syringe 643
with val ves %’E‘g tﬁﬁr& ngypempredhang HRElCSREGR YD aRah solpeaMiosdR 1 20 ppm

sol ution 1Ol 0festh aliPofthd S oMy pblubidt LRRy SRIME] Raln SYT I NGE

645t hrough m xer 631 and into syringe ) e en hi’s operati on

acconpl i sheddgshnoedymith devaad nfligp6l ati on and nmani pul ati on of the appropriate
syringe plungers, syringe 643 has a precise spike at 33 ppb. Fromthis

poi nt val ves 627, 609, and 603, along with the plungers of 25 syringes 601
and 645 gy e OBRHB] Sfhtb@ transfer the 33 ppb spike into syringe 601, where
it will be ready for transfer, as described above, again through valve 609
into conduit 355 and on to SV 3 (see Fig. 3). Gven the arrangenent of the

el enents label ed Ln 9odd rs fro 601 .t hrough 669 in Fig. 6, given the
descri ption aboyehﬁnzl% %gl%gfgglc?ﬁf%og% c‘f’ﬁ’éﬂ s%%erf‘%ﬂ_’fezﬁ‘tlf’%ﬂmber% #ed herein,
the skilled @ﬁbécﬁﬁi&nﬁc@fﬁh@?&béﬁiﬂ#&ﬁﬁéﬂifﬁBﬂaﬁuﬁ@xﬁrﬁﬁ'ifmigﬁ_réﬁ}@se%seﬂp”tS to
acconplish the further dilutions to six orders of nmagnitude below 1 ppm

There are, imsfwnent as shewn abyraghly splticohs With thhexeaiien phatompeernt s WO
03/ 00694& Pcéﬁét'ij&oﬂs%g%ﬁnmﬁi a computer 705 and a display unit 703, all of the
components of the instrument are housed in a common cabinet, which may be
positioned in a convenient location to fluid systems to be monitored, such as in
a maintenance area outside the strict clean-room environment in a
semiconductor fab. Computer 215 is analogous to the element with the same
20  number in Fig. 2, and can be such as a high-end PC. Computer 215 is
connected by a communication link 704 to the instrument, and this link can be
any of several types, such as a serial link or a parallel communication link.
Other links are also possible.
Computer station 215 is connected within the instrument cabinet to a
25  computer interface 711, which comprises a microcontroller 217, which is
analogous to controller 217 in Fig. 2. Microcontroller 217 comprises
firmware, some of which is in standard form (proprietary), and some of which
may be pre-programmed for a specific application. For example, in a
semiconductor clean room application, firmware may be provided to cycle
30  elements of the instrument in a manner dictated by and compatible with

certain specific fluid systems to be monitored.



may be controlled to acconplish dilutions, and the apparatus illustrated
and described in Fig. 6, given different starting concentration, and

di f f erentwopsogasni ng in different enbodi ments i s capabl @cofuspr/esodi ng
near-real -tinme dilutions fromany redsonable starting concentration with
any reasonable 5 species and solvents, to many other |esser concentrations.
In many cases as well, there nmay be nore than a single specie with
unnatural isotope ratios in individual ones or each of the several

di lution nodul es shown in Fig. 3, and described with the aid of Fig. 6. 10
Control System FiMicraprpessspriZ|lddkcaingeied n af I/Q insniaeol 0%fps centrdlbng an
instrunent in an..e di nent., of .the present . inventjon, strument 707 in
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display unit 703, all of the conponents of the instrunment are housed in a
common cabi meive dygphedgmsepr piach yelyes, nsdedathsvtchss ahiesnnd the iké.on to 1 ui d
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hi gh-end PC. Conputer 215.is connected by a communication link 704 to the
i nst rument , 1&Yf skgRpls fromiggpropessonhl/ for nicaipalaime elgneats offbe as a seri al
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anal ogous to, controller 217 in_Fig. 2. Mcrocontroller 217 conprises
firmuard? solrEverd RAs m@rf??ﬁ%(f?aﬁ%rarsan%mt PHSBFPERRFYAR 2Sand some of

whi ch may G BARN HIBRH L Qun@eSPRfichiafe RRRYMEAD! fo exanple, in a
sem conduct g}r%sﬁoeésn room applgi ?éltnlggn%)@f icr rzri\n?are may beagglf’é’\"j‘? ed to cycle 30
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conduits 321 of Fig. 3, delivering samples from monitored fluid systems to the

15  instrument. In operation, the samples come in, chemical corrections are made,
spikes are added, samples are vaporized and ionized, and analyzed by the mass
spectrometer, all within portion 713 within instrument 707. Data and
information derived is transmitted to computer station 215, and may be further
manipulated, then displayed on monitor 703 for elucidation of maintenance

20 personnel. In other cases data may be integrated with other control code and
archived for historical purposes, and also used in other automated control
functions. There are many possibilities. Computer station 215 operates
executing a program suite proprietary to the instrument described herein, and
is the subject of one or more separate patent applications.

25

Description Summary

A general instrument has been described above for monitoring, and in
some cases triggering maintenance of concentration of species in fluid
30  systems, and also for monitoring contamination of the systems. In specific
embodiments, the instrument has been described as an instrument applied to

monitoring wet-baths in semiconductor manufacturing. The mnvention,



the fluid-handling and other elenents of the instrunent. It is well-known
in the art that drive notors as used for such as syringe plungers,

sol enoi dswom@3/oaiswe di aphragns for pinch val ves, nulti- pathTdasot/cdoeng

val ves, and the like, 5 are all drive¥¥ by AC or DC signals providing the
vol tage and current necessary to drive the specific elenments. The 1/0
interface accepts conputer- |evel signals from m croprocessor 217 for

mani pul ati ng el ements of the instrunment, and provides the correct signals

as needed fqr _each,el ene in the, voltage, current, and ti required.
There are al'®8"9'H> Hﬁﬁﬁpﬁ%&:{@?}&g ag?rjlﬂgﬁ%a%fg’ﬂéﬂl% %W“B%?:‘Redtr%r?n_t erface 709
from sensor syrbit VARt 'Gﬁéthwwosew@dﬂoa@depmﬁgtﬂ&ﬂt}&es?ﬁrﬁraﬁd@ébp%ydﬂ nge
plungers, which are translated to appropriate conputer voltage and

provi ded t o the @wesieen rigr expmplpysuch) ag ingrugen hpg broed ppplisetiemimriughi nputs 1-n,
whi ch are anal t C L iq. del ivering sanples from
noni t or ed fIna%it%ggg%?lgﬁgcgng&?%éﬁgﬂgg\%ﬁg%Vra Eﬁegrﬁ? .gmluﬁgcgvﬁg?ért‘i on, the sanples

cone in, schesmivirahmentl fediegRad &f @afipoder apiiloamenfatagsitedonssanpl es are
vapori zed and ionized, and anal yzed by the nass spectroneter, all within

portion 713 wi t hihheinsirymenrt s dessmbedin gnbadiments heverpisibsepdiier i ved i s
transmtted . t L . e iy } | ated, then
di spl ayed onép%g%tb %&ﬁ)}n%ﬂrﬂe%ﬁeﬁggaﬁg% y(r)]%yyn% it gqug}r??gfee %g;ﬁ f;:fré)r%léonnel . In

ot her cases tdatgemplyryapplicitops disedssed thus dirh &or egahple) incoge cassd  ar chi ved
for historical  purposes, and al so used in other automated control

functi ons. W@?tl@néffét%?ﬂi 9BEBBIPRY ‘?fégc.’n‘@ﬁ’rﬁmﬁ glemepts; (hahisp15 oper at es.
execuli ng 2 JLAGHEHaPUb h6t KB d FLAIINY bPishldBed AThE HaTED sdffill pgd hereln,

and is the subject of one or nore separate patent a rcatio 25

Descri pt i on WSadnmanmyny\pgpendired, forestampiretotvahdse batanatde suriteedn alimye f or
nmonitoring, and. in me cases triggeri mai nt enance_of concentration of
species in f%ﬁﬁf@%ﬁogﬁ’?ﬂ%ﬁwﬁﬂﬁaﬁg C?lgg"l}%ciﬂetrﬁﬂ Ot bR IS | on of the
systems. In gpasddbsy, seaPRMioNBRLS spbdtfostAR (Fot&atnphasyReen described as an
instrunment applied to nonitoring wet-baths in sem conductor manufacturing.
The i nvent i PEctABCAB/)OBDBoRETLLIBDRZ/ 18023 35 :

15 In another embodiment a verification technique may be used

incorporating addition of a known amount of an element to a sample to see if
the signal increase is proportional and quantifiable with the amount added.
Further, although the instrument has been described having a specific
number of inputs and a specific number of dilution modules and the like, these
20 numbers can be altered considerably without departing from the spirit and
scope of the invention. The nature of the modules may also be altered in
alternative embodiments, and there are a broad variety of such changes that
could be made. Accordingly the invention must be accorded the scope of the

claims below.



however, has consi derably broader application, and may be configured for a
broad variety of other purposes w thout departing fromthe spirit and scope
of the iwo®awd®me For exanple, such an instrument has br@ad/usppidoeati on in
such as trace elenent contam nation ¥f well water and ground water in 5
environmental studies, and in many ot her environnmental applications. The

i nstrunment as described in enbodinments herein is broadly applicable to
anal ytical techniques that nmay vary in considerable detail formthe

exenpl ary applications discussed thus far. For exanple, in some cases
addi ti on of Whatndatamediscentrati ons of nonoi sotopic elenents, that is, 10
el ements that do not exhibit a plurality of isotopes in the natural state,
may be wused in many procedures, for exanple to validate estinates.

Further, in ey analhiona peea%smmbﬂﬁoﬂmﬂ@%étaﬂs,kbﬁpﬁaagw' cal technique may
be other than mass ~“spectroscopy, such as hon-mass spectroscopy (for
exanpl e optical #peast onuswdpylion sudule hevmgtaogwesainple reddSvoin anot her

enbodi nent a_verifigatiop,techni may . be used . i.ncorporating addition of
a known gnndﬁPn%Fa%ﬁygﬁﬁﬂgﬂ <p8®§?§553¥ggp60@§éﬁﬁPﬁ%ﬁ“ S %ﬁﬁh%’increase i's
propor ti onal exaaet @iadabipidsabt nalsidrémadmyatysadded. Further, although the
instrunment has been described having a specific nunber of inputs and a
speci fi ¢ number ofnedirimuere srpdrentioasnedudestdemprisiog addities enataiplntonber s can be
al tered consji derahl i t.hout departing.fromt.he spirit and scope of the

i nvention. fﬁgﬁﬁgﬁﬁ%%ﬂ%%ﬁgﬁév%b&%F%%nﬁﬁgaﬁ%&%&be altered in alternative
embodi ments, and ih@@rtiRaEdeviderto aebeira dt Bda¥t DporEiuk bf SHARBR Sarhplad in coul d be
made. Accordingly the invention nust be accorded the scope of the clains
bel ow. VIO 03m0UEe%d spEPnessERd igdeigming conggairation ofjahlogsiduesonstitught

anal yti cal jtor fluid systens, conprising: at |east one
extraction ﬁggﬁﬁgﬁﬁggéﬁaﬁgﬂTam#sanple reservoir 5 connected by input fluid

condui t to indivifluidhaatkse sfpagandifof trahdersing i thréwph tB¥ biidgtical aw sanpl es
for analysis fromsaid fluid systens; one or nore nodification nodul es
conpri si ng aAERTYe At erials to

a computerized control and management system to manage operations

15 of component modules and devices, and to report analytical results;
characterized in that the control and management system coordinates
extraction of raw samples, modification as needed, introduction of fluids to the
analytical device, and reporting of analytical results on a continuous basis over
plural cycles.
20
2. The analytical apparatus of claim 1 comprising a plurality of extraction

modules associated one-to-one with a like plurality of fluid systems.

3. The analytical apparatus of claim 1 wherein the fluid systems are wet baths

25  1na processing environment, and the extracted fluids are liquids.

4. The analytical apparatus of claim 3 wherein the processing environment is
a fabrication system (fab) devoted to semiconductor integrated circuit (IC)
manufacturing.

30
5. The analytical apparatus of claim 3 wherein the modification modules

comprise chemicals for altering pH of extracted liquids.



nodi fy the extracted raw sanples prior to analysis; an analytical device to
receive at least a portion of said raw sanples in 10 an ordered sequence,
and to dewermiem4concentrati on of at | east one constituencTafSoyaiodd sanpl e
portion; fluid-handling apparatus for37transferring fluid through the

anal ytical apparatus; and a conputerized control and nmanagenent systemto
manage operations 15 of conponent nodul es and devices, and to report

anal ytical results; characterized in that the control and managenent
system coordi nates extraction of raw sanples, nodification as needed,
introduction of fluids to the analytical device, and reporting of

anaj ytical [esthd sadflich GRHILONTRAS bheRiPhe RGN EYEL 88 pial 2 The
anal yti cal apparatus o aim 1l conprising a plurality o &3 P48t i on

modul es ass cspeetr@deton end dardree comphisiag bn kenipdtionabparytue fforf Yapbsziay st ems. 3.
The anal ytical, apparatus of . claim1 whereinp the fluid systens are wet baths
25 in a procaé]é]slP‘%%m@ﬂ%ﬂ“ﬂWF? Inieguetian t@fﬁ?’é’@fseﬂ’e???}??fgr'are | i quids. 4.
The anal ytical apparatus of claim 3 wherein the processing environnent i
a fabrication system (fab) devoted to sem conductor integrated circuit (
manuf act ur i ng. TBOalytidabappazdtys dicddimapphieinsnabysicis brsaddmibaopicn t he

nodi fication dyul es conprise. chem cals for alterin of extracted
liquids. WO liﬁggo‘gégﬁ%Obﬁ?gpigﬁglﬁ?féwoé‘ie%@%edﬁ%w% &Fﬁ Olgppar at us of

cl ai m 3 wher gbaulkd SrafdddicingabotdfymeQures tQ1ifBESin BOSFkERBIqhe and further
conprising an ionization apparatus for vaporizing and ionizing |iquids

prior to intisogneniviresare e retiogobpyetatlywecwrings 7. The anal yti cal
apparatus, of claim6 wherein analysis is based on isotopic ratio, the one
or nore di fication nodul es conprise isotope dilution nodules for

i ntroduci ng §SThORIcal bisRSathdof disitd USotpPriting a pUFhIRFof 3REadBE

modules and a plurality of modification modules, wherein the fluid-handling

S
1 O)

apparatus comprises one or more mixers having two or more inputs to one
output, and switching valves between the modules and the inputs to the

15 mixers, and wherein the control and management system cycles the switching
valves and causes movement of liquids, and of materials from the modification
modules, to mix selected liquids with selected materials from the modification

modules.

20 9. The analytical apparatus of claim 8 wherein individual ones of the mixers
comprise conduit junctions having two or more input conduits feeding one
output conduit, with the conduit paths arranged to provide for laminar flow

and substantial direction change to influence mixing.

25 10. The analytical apparatus of claim 3 wherein the raw-sample reservoir in
the at least one extraction module is connected to a vacuum apparatus through
a remotely-operable valve, to draw a relative vacuum in the reservoir to draw

material from the fluid system connected by conduit to the reservoir.

30 11. The analytical apparatus of claim 10 wherein the raw-sample reservoir is

vertically-oriented and the conduit from the wet-bath enters at a height on the



i sotope mxtures are in a ratio not naturally occurring. 10 8. The

anal yti cal apparatus of claim1 conprising a plurality of extraction

nodul es awo oa/opdowe al ity of nodification nodul es, wherei n Pog/dsSouisgd2zhandl i ng
apparatus conprises one or nore m xer3 having two or nore inputs to one

out put, and sw tching val ves between the nodules and the inputs to the 15
m xers, and wherein the control and nanagenent system cycles the sw tching
val ves and causes novenent of |iquids, and of materials fromthe

nodi ficatio k0, M j qui,ds with selected materials from
the nodifi cer;tels%g&ij %r‘g%utf%ts% Haﬁ%d g&@%éﬁa&f\l{a{nﬁ? élhg AP RparaY E%"eo% % aim 8

wher ei n i ndigapdivat thesesiptd. the m xers conprise conduit junctions having
two or nore input conduits feeding one output conduit, with the conduit
pat hs arranged to provide for lamnar flow and substantial direction
change to i UBRL. . J . ar of claim3

wher ei n thenj;zléw- Sa&ﬁg}%&?ﬂ%@ﬁl\%@}sgﬁic}]ﬂﬁ? ﬁ?ﬁg‘ ¥1{dg§@%n S%%ga %)%%Ilgg%sti on nodule is
connect ed t coarceavnnettabpahatansplé heservgir thaupk aptabighoRaralt ealvatye, to draw
a relative vacuymin the reservoir tgo draw material fromthe fluid system
connect ed bWTBWHSGiCPV?ICSaFWEGTrWrWHI‘?1 CIeFCIVPHe anal ytical apparatus of
claim 10 wherein the rawsanple reservoir is vertically-oriented and the
conduit fromthe wet-bath enters at a height on the WO 03/ 006946

PCT/ US02/ 180123 Tigtmabsierlvagiperagisolf cldvat] 2avhdrejnithe srphes i§ ntvogehnt o t he
reservoir may have a gas gap over the sanple. 12. The anal ytical apparatus
of claim1l further conprising a cover-gas 5 source connected to the sanple
reservoify t hrough malveieet 1 t 1 OV gq.cover gas over a
raw sanple in the r eggr voﬁ%ﬁ%gf?'ﬁgﬁégg}%tﬁ?rggppgsgl ragssalgg%f claim 12

wher ei n t he ouettedybyintgmediatoepmduit td thesamplfrescamal ytd baghtapphe at us  of

claim 11 further .c risin syringe .connected by internmedjate conduit to
the sanpl e rreeieé}'?}gf)op?%r aenﬁaéﬁghétlsu f?fg? pla Saﬂ“@g%?r{/tg‘?rrgste’a’oérnf tb%tneath t he
surface of awRdFaWhe diplufigerb@HRIYHhEe by HpfeciBAistaneldbiiaVpragisa pl unger of

the syringe by a precise distance draws a precise
volume of the raw sample in the reservoir into the syringe.

15
15. The analytical apparatus of claim 14 wherein the syringe comprises a
plunger driven by the control and management system through a precision

translation mechanism, enabling precision volume control.

20 16. The analytical apparatus of claim 15 wherein the control and management

system is enabled to vary rate of plunger translation.

16. The analytical apparatus of claim 15 wherein the precision translation

mechanism comprises a precision stepper motor.

25
17. The analytical apparatus of claim 14 wherein the syringe is connected
through a three-way switching valve to the intermediate conduit to the sample
reservoir and to an output conduit to provide the precise volume sample to
other elements of the analytical apparatus.

30

18. The analytical apparatus of claim 14 further comprising a flush reservoir

connected through additional valves to the syringe to the raw-sample



volume of the raw sanple in the reservoir into the syringe. 15 15. The
anal yti cal apparatus of claim 14 wherein the syringe conprises a plunger
dri ven bywOhg/oemmd r ol and rmanagenent system through a pre®C3iusn2/18023
transl ati on mechani sm enabling preci¥®i on volunme control. 20 16. The

anal ytical apparatus of claim 15 wherein the control and managenment system
is enabled to vary rate of plunger translation. 16. The anal ytical
apparatus of claim 15 wherein the precision translation mechani sm
conprises a preci,sion stepper notor. .25 17. The anal yti cal apparatus of

cl ai m 14 whePEIYPIEHe 289wre geflpshingligiads, &ja seoepd yathum saweseta@y swi t chi ng
val ve to the. .t i at It 1 I i.t,and to an out put
condui t to ne 5 A preifadt e bR us I Gemb RS HE eknBRE of The
anal yti cal appdulatiay beIMsiH&l anlivdeanpdibstivicembarapipayetess of claim 14 further
conprising a flush reservoir connected through additional valves to the
syringe to the raw sanple WO 03/ 006946 PCT/ US02/ 18023 39 reservoir, to a

sour ce ofy {1148 iy iehiparhfisdr SRARANAGH WIS NA s bPu_ COVET - gas

source, and to a drai'n , such that the elenents extraction
modul e may beodificatiednaddescdre anaic bletliestion saodules coypismg ablehs.onkhe
anal ytical apparatus ofg%%ain13 erei.n indjvidual ognes of the

modi ficatio ESCAPE ERER TR ut’é’Pt"éP%ﬁC?S& THRRAUE e heprsals syl at | east
one chem cal,ph@RRMYPHIovIIRY MGHiSnsSF B e tonﬁﬁlte?%’lﬁéﬁtt%@ﬁunded chem cal s

and apparatus for providing portions of the so er elenments of
t he anal yti cablysipglaappamagnis. 10 20. The anal ytical apparatus of claim 19
wherein the apparatus for providing portions of the solution conprises a

syringe Qonnect ed by internediate conduit to the chemcal reservoir in a

manner to emferrieanankidatdppasttsbReRiR 1S didih M agphratdieof F9dAR 1. such
t hat wi t hdraw ng afpl unger  of the syringe by a precise
portions of the solution comprises a syringe connected by intermediate conduit
to the chemical reservoir in a manner to enter beneath the surface of solution
in the reservoir, such that withdrawing a plunger of the syringe by a precise
15  distance draws a precise volume of the solution in the chemical reservoir into

the syringe.

21. The analytical apparatus of claim 20 wherein the syringe comprises a
plunger driven by the control and management system through a precision

20  translation mechanism, enabling precision volume control.

22. The analytical apparatus of claim 21 wherein the control and management

system is enabled to vary rate of plunger translation.

25  22. The analytical apparatus of claim 21 wherein the precision translation

mechanism comprises a precision stepper motor.

23. The analytical apparatus of claim 20 wherein the syringe is connected
through a three-way switching valve to the conduit to the chemical reservoir
30 and to an output conduit to provide the precise volume sample to other

elements of the analytical apparatus.



15 distance draws a precise volunme of the solution in the chem cal
reservoir into the syringe. 21. The anal ytical apparatus of claim 20
wher ei n tWoe 0spodomge conprises a plunger driven by the comCTaiSozmd23
managenment system through a precisiom0 20 translati on nmechani sm enabling
preci sion volunme control. 22. The anal ytical apparatus of claim 21 wherein
the control and managenent systemis enabled to vary rate of plunger
translation. 25 22. The anal ytical apparatus of claim 21 wherein the

precision tr m on ste not or .

The anal yti ¢ %]Sg%ég% ig %&a{éllhgsl rfn(‘é %Bv% Iz?rﬁmtqh %%PP?’IE]@V}(EBE%HHEN ed

t hrough a tMtha“—edayelﬁmﬁecﬁibﬂged/ﬂ;h\d%htmimh@ﬁﬁg‘WJ(B of RotdIBp&HR e,

reservoir 30 and to an_output conduit to provide the preC|se VO une sanpl e

to other el etHpiis Wgh Opﬁ@%ava@élto pf/bﬁmqaéaltm\@lc@ﬁmo@ﬂemd PCT/ US02/ 18023
40 24. The apalydl-6Rle-ARRGLAL Jﬂgnﬁédlﬁcl: %me%gal%galggﬁﬁrt he portions provided

to other elenments are provi roug two or nore inputs
to one output, with one i nput connected to the chem cal alteration nodul e

and anot her nect to anot her, mpdul e in the analytical apparatus. 5 25.
The anal yti c%ﬁcqﬁlbep ’t‘i% %’ﬂ’a@F‘ﬁl%CWe‘?’]é‘?fﬁmﬂﬂ‘éWﬂuaﬂmes@ﬁé@ of the nixers

conpri se congiets wﬁwge%ﬁdxhgfﬁh&%n%gﬁgﬂg tWB'E rﬁéﬁlg%uw&%g f¢d fof fieeding one

output conduit, with the conduit pa rranged t o provi St %ani nar
f1 ow and sub@tmltplalcoddmemlﬂnhe coralugiepatis dmhbgetiogRoidy fotdamilr 26. The

anal yti cal ara erein di vidual ones of the isotope
di | ution m%‘?‘@gnéﬁ%%‘lgé (3{6 CHgy Shangf o ?’gﬁ‘ﬁ%‘ﬁe‘n}"é%rvoi r containing a
m xture jpof isotopes of a specie to be evaluated, the m xture of i sotopes
at a ratio not natural occurring, and a nmechanismto provide a portion
of the m xt W The mlmaéppelaammfmblmﬁ Whﬂemriaﬂiyidwhbneamﬁareabatspe 27. The
anal yti cal a(?ﬁl ratus wherein the mechanismfor providing

portions of 1095??9{ ognC 088’%? F‘ gt gng {FPI9RG EeEhenEnigy @ mixture

of isotopes of a specie to be evaluated, the mixture of isotopes at a ratio not
naturally occurring, and a mechanism to provide a portion of the mixture to .

15 other elements of the analytical apparatus.

27. The analytical apparatus of claim 26 wherein the mechanism for
providing portions of the solution comprises a syringe connected by
intermediate conduit to the isotope reservoir below a surface of the mixture in
20  the reservoir, such that withdrawing a plunger of the syringe by a precise
distance draws a precise volume of the mixture in the isotope reservoir into the

syringe.

28. The analytical apparatus of claim 27 wherein the syringe comprises a
25  plunger driven by the control and management system through a precision

translation mechanism, enabling precision volume control.

29. The analytical apparatus of claim 28 wherein the control and management
system is enabled to vary rate of plunger translation.

30
29. The analytical apparatus of claim 28 wherein the precision translation

mechanism comprises a precision stepper motor.



internediate conduit to the isotope reservoir below a surface of the

m xture in 20 the reservoir, such that wthdrawi ng a plunger of the syringe
by a precweoas/oaivsé ance draws a precise volunme of the m xt @ca/tisn2/140e3 i sot ope
reservoir into the syringe. 28. The #nal ytical apparatus of claim 27
wherein the syringe conprises a 25 plunger driven by the control and
managenent systemthrough a precision translation nechanism enabling
preci sion volune control. 29. The anal ytical apparatus of claim28 wherein
the control and managenent systemis enabled to vary rate of plunger
translation. 30 29. The anal ytical apparatus of claim28 wherein the

preci sion transkat.i . chanji sm.¢ LSes._a precision stepper notor. WO
03/ 006946 P ﬂ@@fﬁ%@&&@eapmm%fpf%ﬁiﬁém ff?l{%@?e APLar é?t%?&n%geil ai m 27

wher ei n t he tBivukh@ehies-wegRReehig valverto dgcondii te BreMaoedgiipgha/al ve to
the conduit to the isotope reservoir and to an output conduit to provide

the preci se Q8P @HPUE sepsiug te prayidrcthe presiferyokimeg sanmple reotherlgmemtadf appar at us.
31. The analyt | . of claim 26 wherein the portions provided.to
S i aPagAe

ot her el énents a hrough a -m xer having two or nore inputs to
one output, wth one input connected to the chem cal alteration nodul e and
10 anot her caonnected t.o another nodule in the anal ytical _apcg)ar atus. 32. The
anal yti cal apparietarelygealapamaius of GlEpovheagn ficmafionsiaevided tohe i xers
conprise co it i i j i f eeding one
out put condtr}iliiitﬂ‘%r e\]/\%r#'ﬂﬁgt %rg%i%&n%ttﬂg) 61 thsﬂgsﬁinvg%%%&p@%%&@&&‘%am nar 15
fl ow and sulstang wih oné inpot camnectbditvgibe thermithl allenatmnmodulgand33. The

anal ytical apparatus of claim27 rein the ji.sotope reservoir contains an
i sot ope ' xtag‘Pg“eF ﬁorglegtﬁﬂ%?ﬂoq%?r‘%g@%%’é’itg?én Xﬁlf‘é’gﬁ]'t’ﬁaézttll%n, and further
conprising a solvent reservoir in addition to the at | east one isotope
reservoir, 20 the solvent reservoir containing the solvent comon to the

i sot ope mi xt32 elliennatytiealiapptrafye of eken Bdiwhereinadndividyaltomrs of theyr i nges,

connecting conduits and ] Xer s .en%bLingWgortions of tge qu}o e m xture
to be dil ut sAPFE qoTyLisy con uit junctions having or more mput conduits tee mg

one output conduit, with the conduit paths arranged to provide for laminar

15  flow and substantial direction change to influence mixing.

33. The analytical apparatus of claim 27 wherein the isotope reservoir
contains an isotope mixture in a solvent at a specific concentration, and further
comprising a solvent reservoir in addition to the at least one isotope reservoir,
20  the solvent reservoir containing the solvent common to the isotope mixture in
the isotope reservoir, and a system of syringes, connecting conduits and
mixers, enabling portions of the isotope mixture to be diluted to lesser
concentrations before being provided to other elements of the analytical
apparatus.
25
34. The analytical apparatus of claim 33 wherein the isotope reservoir holds
an isotope mixture in a concentration if 1 part isotope in one million parts of
the mixture (1ppm), and the system of syringes, connecting conduits and l

mixtures enables dilution of six orders of magnitude to one part per trillion

30 (lppt).



concentrations before being provided to other elenents of the anal ytical
apparatus. 25 34. The anal ytical apparatus of claim 33 wherein the isotope
reser voi rwbeBaesd4@n i sotope mxture in a concentration if PCTA®N2/1803Dt ope in
one mllion parts of the mxture (Ip#n), and the system of syringes,
connecting conduits and m xtures enables dilution of six orders of

magni tude to one part per trillion 30 (lppt). WO 03/006946 PCT/ US02/ 18023
42 35. The anal ytical apparatus of claim 33 wherein the syringes in the
system of syringes cqnprises individual syringes each having a plunger,
such that X HaF a0litcal perasntun gbelagn 33 meicEsin thegeripgesdn pheswystem off st ance

draws a precd V, n'?%m% Xt j i ere oir into the
syringe. 5 géé’.%ﬁ%%sewa a g?fnggﬁ%%ﬁﬁeggh%ﬂ%ﬁa%%ﬁ@g %séllrcgﬁlaua\{t he syringe
conpri ses a withdmgyérg tte ploegehyf théeyripebiyal pracisk disnaged@nt apyaigm t hrough a
pr eci si on tr?nsl agi on yrechani sm enabling precision volume control. 10 37.
The anal yti cUgp QL MGIptpe mpihgisntens tarray AT Hte Hie SYFBES-si on transl ati on
mechani sm conpri ses a precision stepper notor. 38. The anal ytical apparatus
of claim 27 wherein individual ones of the syringes in the system of
syringes ar e36chreaabdichlappaiatishificipimaSwebertin thSsyringe compsibesianput s to- a

m xer having.a single output, such that, with one_syringe . holding a

preci se vol U &F %gﬁe’?gﬁ% ﬁ@nﬁpﬁﬁﬁ@%e@eFﬁ Sryétlemc@}:%@ PrPA¢38¥M and a second
syringe hol difiglfioRnRehSBsH LrdBBnEprebRRNSRNINE Lontfbll Vi Ng the plungers of
the two syringes sinultaneously creates an isotope m xture at the single

output of a precise expected concentration | ess than the concentration of
moni tor 10 qui/a Ut ok bRl s thtin HiombrebhreitBli act 1 ng
sanpl es, nOdhEdHafint fEnsRePh placistsifstairl wwtdtd the sanples for
concentration of specific constituents, an extraction nodule 25 conpri sing:

38. The analytical apparatus of claim 27 wherein individual ones of the

syringes in the system of syringes are connected by switching valves to

15 individual mputs to a mixer having a single output, such that, with one syringe

holding a precise volume of an isotope mixture at a first concentration and a

second syringe holding a precise volume of the solvent, driving the plungers

of the two syringes simultaneously creates an isotope mixture at the single

output of a precise expected concentration less than the concentration of the

20  mixture in the one syringe.

39. In an analytical apparatus to monitor liquid systems, the apparatus having
modules for exiracting samples, modifying the samples, and analyzing the
samples for concentration of specific constituents, an extraction module
25  comprising:
a raw sample reservoir comnmected by input fluid conduit to individual
ones of said liquid systems;
a vacuum source connected to the raw sample reservoir through a
remotely-controllable valve, to draw raw samples into the reservoir; and
30 a syringe connected by intermediate conduit through a switching valve
to the sample reservoir at a height on the reservoir to enter beneath the surface

of a sample in the reservolr, and to an ejection conduit, such that withdrawing



a raw sanpl e reservoir connected by input fluid conduit to individual ones
of said liquid systens; a vacuum source connected to the raw sanpl e
reservoi rwohsouge a renotely-controllable valve, to drawPCIWsSezampkes into
the reservoir; and 30 a syringe conneBSted by internediate conduit through a
switching valve to the sanple reservoir at a height on the reservoir to
enter beneath the surface of a sanple in the reservoir, and to an ejection
conduit, such that w thdrawi ng WO 03/ 006946 PCT/ US02/ 18023 43 a pl unger of
the syringe by a precise distance draws a precise volunme of the raw sanple
in the reserpinger of thetshenge/by apeecisadibtangp dogyvs apretiye solimelviftite t he  val ve

and extendi ng the pl.unger eject he precise volune fhraugh the ejection
conduit. 5 48 Sﬂ*ﬁ@gé??gea@f?rgﬂr ?ﬁaﬁi‘ree% BEC’@PgiaﬂPrgﬁn%ﬁ@rsé’fl %f%etﬂ? aw sanpl e
reservoir '%alv‘éeahﬁ'eﬁféhhﬂlﬁ%é Slahest pek thégr&%@%hﬁnéﬂhﬁfﬁ hge bkt d systens
enters at a height on the reservoir such that a liquid sanple drawn into

t he reservoicondgmy have a gas gap over the sanple. 10 41. The extraction
nodul e of claim 39 further conprising a cover-gas source connected to the
sanpl e réservoir thr ough a renotel y-operable valve to provide a cover gas

over a raw s@piR dxfrattivh h6&ds ¥OElim 38 whereid e rewisaapld eBeri®idd € of claim
41 wherein the cover gas is nitrogen. 43. The extraction nodule of claim

39 wherein tvsgicgilyionigated sng thesendait fiom g diquid systems ppises aliadwigtans! at i on
e _ eor o _ : Lol
Vot ume. cont 1 1e syl il 2ligfsanBRIRARHTAD (R/RMEM BRR AR P OC! ! o

preci si on trgaggh}abi;@nhe gegplani smis controll able at variable translation
rates, enabling variation of fluid transfer rate. 25 45. The extraction
modul e o0 cl ai m 43 wherein the precision translation nechanismconprises a

preci sion SLAPPe b on module of claim 39 further COmprising a cover-gas source
connected to the sample reservoir through a remotely-operable valve to

provide a cover gas over a raw sample in the reservoir.
15 42. The extraction module of claim 41 wherein the cover gas is nitrogen.

43. The exiraction module of claim 39 wherein the syringe comprises a
plunger with a precision translation mechanism drivable by a control and
management system, enabling precision volume control.

20
44. The extraction module of claim 43 wherein the precision translation
mechanism is controllable at variable translation rates, enabling variation of

fluid transfer rate.

25  45. The extraction module of claim 43 wherein the precision translation

mechanism comprises a precision stepper motor.

46. The extraction module of claim 39 further comprising a flush reservoir
connected through additional valves to the syringe, to the raw-sample

30  reservoir, to a source of flushing liquids, to a second vacuum source, to a
cover-gas source, and to a drain line, such that the elements of the extraction

module may be flushed and cleaned between sample cycles.



46. The extraction nodule of claim39 further conprising a flush reservoir
connected through additional valves to the syringe, to the raw sanple 30
reser voi ryvotog/oas9geour ce of flushing liquids, to a second vacwursoyzmeexre, to a
cover-gas source, and to a drain line#4 such that the el enents of the
extraction nodule may be flushed and cl eaned between sanple cycles. WO
03/ 006946 PCT/ US02/ 18023 44 47. In an anal ytical apparatus to nonitor

|l iquid systens, the apparatus having nodules for extracting sanples,

nodi fying the sanples, and analyzing the sanples for concentration of
specific constituents, a chemcal alteration 5 nodule conprising: a

cheni cal res&t. vinian dnaljitiogi appsatustid eronitbr hqedisgebys, aaRpandecha m cal s;
and apparatus _for _providing portions of the solution to other el enents of

t he anal yt i cBPIUEH & sxtiectmggamgles padifnagthesamplosesnst anelvzingdhe e of cl ai m 47
wherei n the apPALARH SorfRhiratRmPfisp 1 S i gn conprises a
syringe connected by Olgcnt e? mgdi aspéed?%%g uslrtl'thi%'g% ?E%é@ﬁgln@l%g%tdogeservoi rin a
manner toé enmedulbepmatisinghe surface of solution in the reservoir, ,such
that withdrawi ng a plunger of .the.15 syringe, by a precise distance draws a
preci se vol une ofa?ﬁ@@%lrﬁﬁmrQWIQ%\%S&BH%’?QT?@%{FCIF@¥é?WBPlﬂnqeﬁto the syringe.
49. The chenifelicad;taghati on nodul e of claim48 wherein the syringe
conprises a plunger having a precision translation nmechanismdrivable by a
20 control and nedrpgeaienior syayiding pemiab$ pfide polativs toothedlermentsofit r ol . 50.

The chem caIt glataggﬁtg an rrgdul e of claim49 wherein rate of translation of
t he preci si OH £ (fz;tap%;ﬂ WEchani smis vari abl e, enabling variation of rate

of liquid transfer. 25 51. The chemi cal alteration nodule of claim49
wherein the precision_ translation mechani smconprises a precision stepper
motor. 52. Ehvethicausal alteration modulerd glasmak vhessimtiaBapplacates for t he syri nge
is

providing portions of the solution comprises a syringe connected by
intermediate conduit to the chemical reservoir in a manner to enter beneath the
surface of solution in the reservoir, such that withdrawing a plunger of the

15 syringe by a precise distance draws a precise volume of the solution in the

chemical reservoir into the syringe.

49. The chemical alteration module of claim 48 wherein the syringe
comprises a plunger having a precision translation mechanism drivable by a

20  control and management system, enabling precision volume control.

50. The chemical alteration module of claim 49 wherein rate of translation of
the precision translation mechanism is variable, enabling variation of rate of
liquid transfer.

25
51. The chemical alteration module of claim 49 wherein the precision

translation mechanism comprises a precision stepper motor.

52. The chemical alteration module of claim 48 wherein the syringe is
30  connected through a three-way switching valve to the conduit to the chemical
reservoir and to an output conduit to provide the precise volume sample to

other elements of the analytical apparatus.



30 connected through a three-way switching valve to the conduit to the
chem cal reservoir and to an output conduit to provide the precise vol une
sanpl e t owomBker4el enments of the anal ytical apparatus. WOPQI/UB058B0E3

PCT/ US02/ 18023 45 53. In an analytic&l apparatus to nonitor liquid
systens, the apparatus having nodules for extracting sanples, nodifying

t he sanples, and anal yzing the sanples for concentration of specific.
constituents, an isotope dilution 5 nodification nodule conprising: at

| east one isotope reservoir containing a mxture of isotopes of a specie
to be evaluated, the mxture of isotopes at a ratio not naturally

occurring; d.a i Q. Dr.ovi nortion of .the mxture to other

el enents of %%181 %I}"En%gﬁgﬁ%ﬁptgglh%e{%\é}é@gttogga&gf _ystﬂ%, tpg ﬁ%%%mﬁﬁgfwd% on nodul e
of cl ai m 53 mbd@ie for theactiag banplesNrhedifyiny Oitiseinpls e lineRSingfthd he sol ution
conprises a syringe connected by internediate conduit to the at |east one
i sot ope r esSRPIs IFGBREHradigR P EReCHTC ¢omstitisnts; anyigeteps dilutin® r eservoir, such

t hat vvitlgdrq%dlg?% lﬂi&ﬂﬁéc&ﬁpﬁﬁﬁ syringe by a precise distance draws a
0

preci se vol une e mxture in the isotope reservoir into the syringe.
55. The i sotope ditlaski ae ivadpd esafor lcantinbde ahextereoflifitosagrofage conpri ses a
20 plunger having a precisjon translation nmechani smdrivable by a control
and nanager?@ﬁ'fleg‘i@?%‘fﬁlu% 1S TRENHE O 1S9FMsS 0l Tite TObRIHGHLY 56. " The i sot ope
di lution rmq)t&lcmg. gl@i m 55 wherein the control and nanagenent systemis
enabled to vary rate of plunger translation. 25 57. The isotope dilution
nodul e of cl ai m Sbmettenesnntotprevide e posgicmpitthamsttate tontherelchanissofi conpri ses a
pr eci si on stg ger r.ma]tlor. 58. The isotope dilution nodule of claimb54

wher ei n ¥he t g nalyecal apnagitisct ed 30 through a three=way switching valve to
the conduit to the isotope reservoir and to an output conduit to provide

the precise volunme sanple to other el enents of the anal ytical apparatus.
54. The isotope dilution module of claim 53 wherein the mechanism for

providing portions of the solution comprises a syringe connected by

intermediate conduit to the at least one isotope reservoir below a surface of the
15 mixture in the reservoir, such that withdrawing a plunger of the syringe by a

precise distance draws a precise volume of the mixture in the isotope reservoir

into the syringe.

55. The isotope dilution module of claim 54 wherein the syringe comprises a
20  plunger having a precision translation mechanism drivable by a control and

management system, enabling precision volume control.

56. The isotope dilution module of claim 55 wherein the control and
management system is enabled to vary rate of plunger translation.

25
57. The isotope dilution module of claim 55 wherein the precision translation

mechanism comprises a precision stepper motor.

58. The isotope dilution module of claim 54 wherein the syringe is connected
30  through a three-way switching valve to the conduit to the isotope reservoir and
to an output conduit to provide the precise volume sample to other elements of

the analytical apparatus.



WO 03/ 006946 PCT/ US02/18023 46 59. The isotope dilution nodule of claimb54
wherein the isotope reservoir contains an isotope mxture in a solvent at
a speci fiwowmane®ms rati on, and further conprising a sol veRCTSSEISA3 r i n
addition to the at | east one isotope 4eservoir, 5 the solvent reservoir
containing a solvent conmmon to the isotope mxture in the isotope
reservoir, and a system of syringes, connecting conduits and m xers,
enabling portions of the isotope mxture to be diluted to | esser
concentrations before being provided to other elenents of the anal ytical
apparatus. 10 60. The isotope dilution nodule of claimb59 wherein the

i sot ope r esesx oflie isbiopélgilatdon HOGAP Of Eadth 51 SHefbiR tHQQASH kakher 1 f 1 part
isotope in one mllion parts of the mxture (lppm, &and the system of
syringes, coOMiEARs HylseloRe mIxEre Medohient draepeeinalsbacentiption, iand fsthesi x- or der s
of magni tude oA . ,061. .The isotope dilution
nodul e of cl %ﬁwgﬁ?ﬂ? Sﬁé%érf%iab]%ﬁelgﬂ fél{}{%%té)eagtyoﬁeésfﬁq%qe IS Hhes

conpri ses i nitibwblium resyvdingmsainmgh sobehneramph U lisotpeahixiiat W t hdrawi ng
t he plunger of the syringe by a precise distance draws a 20 precise vol une
of the m xt U8 1§HORNESTYBIoPI & Welem/ofi yTinges, Comectng ¢angits @&l The i sot ope

dil ution m%kﬁerengﬂlﬁ%rﬂﬁgt%%?ﬁ%i1'5'0’(5%%1@?}%[1{)639:%%9{]@8%3 ge‘l sét pl unger having

a precision translatio ani smdri e contr a nmanagerent
system enabidnegntprtions before edhgiprevidedts ofher 2bm6idts o e analtiege dil ution
nodul e of claim 62 wherein the precision translation mechanismconprises a
preci si on st¥PFE St or. 64. The isotope dilution nodule of claim 59
wher ei n jgndi vi dual ones of the 30 syringes in the system of syringes are
connected by switching valves to individual inputs to a m xer having a
si ngl e out pudQ. Eheisotopatiilutvin hodide ofglrinm §2 wherdinlthegs@opr esseseirvol une of an
i sot ope m th%]gsa%;[i a first concent ratti ?n a WO 03/006946 PCT/ US02/ 18023
47 sotope mixture 1in a concentrafion 1 part 1sotope 1n one million

parts of the mixture (1ppm), and the system of syringes, connecting conduits

and mixtures enables dilution of six;orders of magnitude to one part per

15 trillion (1ppt).

61. The isotope dilution module of claim 60 wherein the syringes in the
system of syringes comprises individual syringes each having a plunger, such
that withdrawing the plunger of the syringe by a precise distance draws a

20 precise volume of the mixture in the isotope reservoir into the syringe.

62. The isotope dilution module of claim 61 wherein the syringe comprises a
plunger having a precision translation mechanism drivable by the control a
management system, enabling precision volume control.

25
63. The isotope dilution module of claim 62 wherein the precision translation

mechanism comprises a precision stepper motor.

64. The isotope dilution module of claim 59 wherein individual ones of the
30  syringes in the system of syringes are connected by switching valves to
individual inputs to a mixer having a single output, such that, with one syringe

holding a precise volume of an isotope mixture at a first concentration and a

i |
v



second syringe holding a precise volunme of the solvent, driving the
plungers of the two syringes sinmultaneously creates an isotope m xture at
t he si nglwo oooguwé of a preci se expected concentration | ePETiUsan180he
concentration of the mxture in the fne syringe. 5 65. A nethod for
nmonitoring fluid systens for concentration of selected species, conprising
the steps of (a) drawing raw sanples of the fluid systens one-at-a-tine
into at |least one raw sanple reservoir connected by input fluid conduit to
i ndi vidual ones 10 of the fluid systens; (b) nodifying the raw sanpl es by
addi tion of seaoed $yaingt heoldiumepwseise wolumernfdhd scdm,aimvnmmﬂub@mngexs) provi di ng

d f._modi | .d d 15 (d
ot or m i hg SRR BT PaTRen B EAE B Gt B paeP el S NG ol

device. 66. JhputtEaRetisy expacdt&vefic 18ss thih fe@Bndcdlratibi6f tﬁear € a
plurality of extraction nodul es associated one-to-one with a like

plurality ofmijtuiedn &iesaneriyTing®0 67. The nethod of claim 66 wherein, in step
(a), raw sanples are drawn from wet-bath fluid systens in a processi ng
environnment, and the extracted fluids are liquids. 25 68. The nethod of

clai m 67 wheé®i A mhétRod\Rir nidiitosing fleids/skesifor eoncemritioadusitaed f abri cati on
unit (fab) devoted to sem conductor integrated circuit (1C manufacturing.

69. The net hBWCEF ORPNSIIEhGHEp in step (b), nodification is 30

03/ 832&2“3?:%8%??%885,??%9%@ % TR FHACRI R A O YO
anal ytical dew aa- sampae reassoirspeeictedrtstiapyt fhndicénﬁuﬁtheﬁndmmmillcﬁie@g a step

for vapor|2| nfg rﬁ don|2| ng liquids prior to introduction to the nmass
spectro er Of the fluid systems;

(b) modifying the raw samples by addition of material from one or
more modification modules;
(c) providing measured portions of modified samples to an analytical
device; and
15 (d) determining concentration of the selected species by the analytical

device.

66. The method of claim 65 wherein, in step (a), there are a plurality of

extraction modules associated one-to-one with a like plurality of fluid systems.
20

67. The method of claim 66 wherein, in step (2), raw samples are drawn from

wet-bath fluid systems in a processing environment, and the extracted fluids

are liquids.

25  68. The method of claim 67 wherein the wet baths are baths in a
semiconductor fabrication unit (fab) devoted to semiconductor integrated

circuit (1C) manufacturing,

69. The method of claim 67 wherein, in step (b), modification is

30  accomplished by adding chemicals for altering pH of extracted liquids.



5 71. The nethod of claim 70 wherein analysis is based on isotopic ratio,
and further conprising a step for introducing an isotope mxture to a

| i qui d sawplog/oodme t he system the isotope m xtures in a r&Crwsepisoant ural ly
occurring. 72. The nethod of claim 6548 wherein in step (b), additions are
made to sanple 10 volunes by a fluid handling systemthrough one or nore
m xers having two or nore inputs to one output, the fluid-handling system
switching val ves between the nodules and the inputs to the m xers. 73. The
met hod of claim. 72 wherein mxers are _inplenmented as conduit 15 junctions
havi ng two of’- ngieanstipdpf elama a7 pderespthergalytgalslgvisads emasiui t, with the

conduit pat i - 1 : - Sl A.al
direction ch ﬁ%{e&?%g’“?% {1%@%8%9@{%@_ak}%ﬂ'fd%}ﬁ\éap%@%gﬂg%o%zﬁgé ﬁ]%gswherei n,
in step (a),prsaipiemdactordiodhnmiasd spetthemet20 r aw sanpl e reservoir by opening

a valve to a vacuum apparatus connected to the reservoir, drawing a
relative vacuumin the reservoir to draw material from the fluid system

connect ed by71¢on@Uhbihb@ of BRirh 26 YRR analysis {SHRsRBIMRoPc 1R 65 Wher ei n,
in step (a), a gas gap is maintained over 25 a |IQUI8 sanpl’'e drawn into
the sanpl e risghenaimprising 4 stpp forenttadugingha isctvpe matpiedo ndigeidmimplas a
vertically-ari ntefi C(%Etaig%r with condt{it fro tﬁle wet: bath entering at a
hei ght on t H& ePEITHiPe SBIPE YXERSAR 247 W&‘?%‘Q&ﬁﬁ%‘i"“ﬁl@aml e volume in
the reservoir. 30 76. The nethod of claim75 wherein the gas gap is

mai nt ai ned by a cover-gas source connected to the sanple reservoir through
a renotel y- r s reethad péclainDo f3ringeinds septheddiliegorg mads tyFamplee net hod

Furt her  ompar et By dfuf B¥EDing SR PR BET arymEre maSrIt BikiBRe from t he
sanpl e r eserstahérehputioSote digisat 8o ARt Bhdiyg Sydtéth ewirethatglveondui t to the
raw sanpl e reservoir at a hei gg on the reservoir to enter beneath the

surface of aek¥pgn e mpdules apd &werippits to gamixelat wi t hdrawing a pl unger of
the syringe by a precise distance draws a preci se volune of the raw sanple
in the reservoir into the syringe. 10 79. The method of claim78 wherein
the syringe 13 Tipenhehed obylain PP whgedin mixers are implemented as conduit

15  junctions having two or more input conduits feeding one output conduit, with
the conduit paths arranged to provide for laminar flow and substantial

direction change to influence mixing.

74. The method of claim 65 wherein, in step (a), samples are drawn into the
20  raw-sample reservoir by opening a valve to a vacuum apparatus connected to
the reservoir, drawing a relative vacuum in the reservoir to draw material from

the fluid system connected by conduit to the reservoir.

75. The method of claim 65 wherein, in step (a), a gas gap is maintained over
25  aliquid sample drawn into the sample reservoir, b/y implementing the raw-

sample reservoir as a vertically-oriented container with conduit from the wet-

bath entering at a height on the reservoir above a level anticipated for a sample

volume in the reservoir.

30  76. The method of claim 75 wherein the gas gap is maintained by a cover-gas

source connected to the sample reservoir through a remotely-operable valve.



driven through a precision translation nechani sm enabling precision vol une
control. 80. The nethod of claim79 wherein rate of plunger translation is
control | eaoO 0360d9a6 control rate of fluid transfer. 81. ThePagtusozi18923 cl ai m
80 wherein the precision translation 4%echani sm conprises a precision
stepper notor, and rate of translation is controlled by <controlling the
stepping rate of the notor.. 20 82. The nmethod of claim 78 wherein a
portion of a raw sanple withdrawn into the syringe is ejected to other

el enents thr a three-: itching val ve c¢onnected to an out put

condui t . 25'§§9H$H8dﬂﬁgﬂgag%ﬁ§%%§FWP? SV EHEE ITHHBETsi ng a step for
flushing and cleaning the reservoir and the syringe, by operating val ves
connecting both to a source of cleaning liquid, to a second vacuum sour ce,

to a cover - gds Beuneibpd oficldim 65 furtheacompiisieg aateg fopdmwingngpdrtiesef el enent s
to draw cleanigvg quuigd itgto rgnd t hrough the elenents,. and then ejecting
the cl eani nd PPt 0O df 136 "85 O¥he® sy ioRs rmegted B 65 wherein, in
step (b) s chamiealistedotd@d@ate v s@1etéseR ot 3MVLESH QR SR L al

al teration nodul es conpri-sing at | east one WO 03/ 006946 PCT/US02/18023 50

chemi cal reswisrdiepesibtiersyriacee] agample ¥ thp reseivout suchdhgovithdeaviopeni cal s and

apparatus faor. provi.di ng ..portions of .the solution to the sanples. 85. The
o hod of ciPRRE R Hie9uRE b R Rfeetp alsifhc® Qralld Sebite B Rt RhCE O
reservoir f gampidlintthe fest@ofambliessyngs. syringe connected by internediate

conduit to the chem cal reservoir in a nanner to enter beneath the surface
of solution in the reservoir, such that w thdraw ng a plunger of the

syringe y Cl i e i S of .the solution in
t he cherﬁ%caﬁg' ﬁe@e@%@??@ﬁ?@% ?%gﬁlsyrlﬁlgg&gﬁ%e §€¥Q#Eeg%r¥eat343?ige5f cl ai m 85
wher ei n t he d&jvennig@uih a ppeeistiretthrdlatian plach@gasm, eabignpilebisonahandr eci si on
transl ation r(r)%%:glani sm enabling precision vol une

C TOl1.

80. The method of claim 79 wherein rate of plunger translation is controlled

15  to control rate of fluid transfer.

81. The method of claim 80 wherein the precision translation mechanism
comprises a precision stepper motor, and rate of translation is controlled by
controlling the stepping rate of the motor..

20
82. The method of claim 78 wherein a portion of a raw sample withdrawn into
the syringe is gj ected to other elements through a three-way switching valve

connected to an output conduit.

25  83. The method of claim 78 further comprising a step for flushing and
cleaning the reservoir and the syringe, by operating valves connecting both to
a source of cleaning liquid, to a second vacuum source, to a cover-gas source,
and to a drain line, and operating these elements to draw cleaning liquid into
and through the elements, and then ejecting the cleaning liquid to drain.

30
84. The method of claim 65 wherein, in step (b), chemicals are added in

solution to samples from chemical alteration modules comprising at least one



control. 15 87. The nmethod of claim86 wherein the rate of plunger
translation is varied, varying thereby rate of liquid novenent. 88. The
met hod ofwoloaiomos6 wherein the precision translation nmech&aTarsd/s3023ri ven
by a precision stepper notor. 20 89. 5bhe net hod of claim 85 wherein the
chem cals are provided by operating a three-way sw tching val ve connected
to the conduit to the chemcal reservoir and to an output conduit. 25 90.
The net hod of claim89 wherein the portions provided to other elenents are
provi ded throu m xer having two or. nore inputs to gne output, with one

h .
i nput conne @%“E ISAYOF haxing &y solijton o presischoeimrougAed chegtisals atbnnected to

anot her mdlﬂp@aﬂafhstfbﬁpx%‘@ﬂhﬂ%}%]&ﬁbn@&ﬁﬁé 8d14Bon %thg-:m(a#ig§ met hod of claim90

wher ei n indi vi dual ones of e mxers are forned conduit junctions

having two or nore input conduits feeding one output WO 03/006946

PCT/ US02/ 18 51 condujt... W, h,the condui.t paths arranged to provide for

| ani nar fl o%%zrrrgle Ig?}ﬁg(?g%‘flﬁlg}%%wlgﬁq %P?nﬁlﬁ%}ﬁa’% ({16“’? %‘Pﬂj@‘%&gﬁﬁi% ng. 92. The
met hod ofs cl@ididid foragamion té BanplePb PR Syritoe dshBedt&l B R¥drSe@iafd om one 5 or
nore isotope dilution nodul es conprising at- | east one isotope reservoir

cont ai ni ng oniw t e shemisel ispayoinin amapaeite enst beneathahe surfate ofhe ni xt ure

of isotopes, at.a.ratio not. naturall ceurrin t hr.ough a chanismto
orovi de o pontichin Bie ndir gt b8 HefREids Eorr PR SRRegRE A cn
appar at us. 1e&8% diftaBca@biod padcisehvalhOar B esRititn il@eRREhicans of the
solution are provided via a syringe connected by internediate conduit to

t he i sot ope 1EEEEPH BItY thselyeee.a surface of the mixture in the reservoir,
such th wi t hdrawi ng a plunger of the syringe by a precise distance draws
a precise volume of the mxture in the isotope reservoir into the syringe.
15 94. The r8# itk moéthed af chaidB8Sderimtticlserinye isgerated topeslanhgsd by a pl unger

driven throu(?h a precision_ transl ation nechani sm _enabling precision volune
riven through a precision translation mechanism, enabling precision volume
control.

15  87. The method of claim 86 wherein the rate of plunger translation is varied,

varying thereby rate of liquid movement.

88. The method of claim 86 wherein the precision translation mechanism is
driven by a precision stepper motor.

20
89. The method of claim 85 wherein the chemicals are provided by operating
a three-way switching valve connected to the conduit to the chemical reservoir

and to an output conduit.

25 90. The method of claim 89 wherein the portions provided to other elements
are provided through a mixer having two or more inputs to one output, with
one input connected to the chemical alteration module and another connected

to another module in the analytical apparatus.

30  91. The method of claim 90 wherein individual ones of the mixers are formed

of conduit junctions having two or more input conduits feeding one output



control. 20 95. The nmethod of claim94 wherein the control and managenent
systemis enabled to vary rate of plunger translation. 96. The nethod of
cl ai m 95 wbes®dd4é he rate is varied by controlling the stepT/usayvesoed a
preci sion stepper notor driving the t¥anslati on nmechanism 25 97. The
met hod of claim 93 wherein the syringe is connected through a three- way
swtching valve to the conduit to the isotope reservoir and to an out put
conduit to provide the precise volune sanple to other elenments of the

anal ytical apparatus. 30 98. The nethod of claim 97 wherein the portions
provi ded t o GoABYE vEtiethssorduibpathsygipegd tp praviiedhr amvinatdlovhand ng two or nore

inputs to O%bﬁﬁﬁt%tdiregﬁ&ﬁ}ﬁ\ﬁ\%@t%/iﬂﬁﬁ%%ﬁnﬁggg.USOZ/ 18023 52 one i nput
u u

connected to the 1sotope di I on no e and anot her input connected to
anot her nodule in the analytical apparatus. 99. The nethod of claim 98

wherei n indiyi dyal one f. the m xers are 5 inplenented, by conduit
junctions haf ﬁé‘eﬂﬁﬁtﬂ@s Og\?)lf“é“ ?Mﬁ‘i]i‘?r%ﬁ@d?(itgp‘? BEdEds provided digmene ondui t |

wi th the scongyhdreR@ibse ATARANSHIR RIRYsHE a!‘t@erasﬂ&féiig(}gépe b QYhignd

substantial direction change to influence mxing. 1 he nmet hod of claim

92 wher ei n i®otapseg pinktnre sf wotepey old gpedieita be Ovalidibd nkamixtoreadnt r at i on
| evel s by maintaining an isoto mxture_in solvent at a specific
concentrat i dﬁ&PﬂeStaﬁé‘qf’té%?%tﬁ’é‘%'F@&?ngrfg’ gﬁﬂ“&f # erhrpssR i PIBN’sd%&f t hat
m xture W t horRby 6he ifiMkStoSAhMUMmERS 6 hQlahaly kil a5rgHt reservoir
containing the solvent comon to the isotope mxture In the isotope
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isotope reservoir into the syringe. ,
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94. The method of claim 93 wherein the syringe is operated by a plunger
driven through a precision translation mechanism, enabling precision volume

control.

20 95. The method of claim 94 wherein the control and management system is

enabled to vary rate of plunger translation.

96. The method of claim 95 wherein the rate is varied by controlling the step

rate of a precision stepper motor driving the translation mechanism.

25
97. The method of claim 93 wherein the syringe is connected through a three-
way switching valve to the conduit to the isotope reservoir and to an output
conduit to provide the precise volume sample to other elements of the
analytical apparatus.

30

98. The method of claim 97 wherein the portions provided to other elements

are provided through a mixer having two or more inputs to one output, with



dilution of six orders of magnitude to one part per trillion (lppt). 102.
The nmet hod of claim 101 wherein individual syringes in the system of

syri nges woaspopei@t ed by a plunger, such that w thdraw ngPChaspt/wsoger of
the 25 syringe by a precise distancef2draws a preci se volume of the m xture
in the isotope reservoir into the syringe. 103. The nethod of claim 102
wherein the plunger of an individual syringe is driven through a precision
transl ati on nmechani sm enabling precision volume 30 control. WO 03/006946
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met hod of claim 103 wher.ein indi.vidual he syringes in the 5
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flow and substantial direction change to influence mixing.

100. The method of claim 92 wherein isotope mixtures are provided in

10  different concentration levels by maintaining an isotope mixture in a solvent at
a specific concentration in the isotope reservoir, and diluting portions of that
mixture with solvent from a solvent reservoir, the solvent reservoir containing
the solvent common to the isotope mixture in the isotope reservoir, doing the
dilution through a system of syringes, conmecting conduits and mixers,

15  enabling portions of the isotope mixture to be diluted to lesser concentrations

before being provided to other elements of the analytical apparatus.

101. The method of claim 100 wherein the isotope reservoir holds an isotope
mixture in a concentration if 1 part isotope in one million parts of the mixture
20 (1ppm), and the system of syringes, connecting conduits and mixtures enables

dilution of six orders of magnitude to one part per trillion (1ppt).

102. The method of claim 101 wherein individual syringes in the system of
syringes are operated by a plunger, such that withdrawing the plunger of the
25  syringe by a precise distance draws a precise volume of the mixture in the

isotope reservoir into the syringe.

103. The method of claim 102 wherein the plunger of an individual syringe is
driven through a precision translation mechanism, enabling precision volume

30  control.
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104. The method of claim 103 wherein the precision translation mechanism is

~driven by a precision stepper motor.

105. The method of claim 103 wherein individual ones of the syringes in the
system of syringes are connected by switching valves to individual inputs to a
mixer having a single output, such that, with one syringe hoiding a precise
volume of an isotope mixture at a first concentration and a second syringe
holding a precise volume of the solvent, driving the plungers of the two
syringes simultaneously creates an isotope mixture at the single output of a
precise expected concentration less than the concentration of the mixture in

the one syringe.



