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WD 2004/ 077015 PCT/ US2004/ 004845 -1 PURI FI ER
| NFORVATI ON RETRI EVAL SYSTEM RELATED APPLI CATI ON Thi s

wappigocatison cl ai ns the benefit of U S. Provi sPomals2004/004845

Application No. 5 60/449,284, filed on February 21,
2003. The entire teachings of the above application
are incorporated herein byilreference. BACKGROUND OF
THE | NVENTI ON There is an ever increasing need for
high purity gases and liquids for use in 10 various
cheni cal , RERIKIBR NPORPAIIOHN RETRIEAL SERTEM

manuf acturing processes, specifically in

m croel ectronics, e.g., lithography, epitaxy, and thin
filmprocessing. One of the challenges facing today's
REGA TR ARPLIQASIONd | i qui d users i s neasuring

contam.nant.s in their process nt.anm, nant.s ..
or esent™ iRPISAHGY Claifs, P sben cﬁ(gg—gs FE@"@@%é%—"ﬁ’W'I"P i%h
6pP19.2840filcé ntt Fettriapn3l, 20680 Thel vrtirs ehahirgt bt atbdve application

RlQSSrpprited %rsenelg:irg%elr 0615 over |ong periods of chronic
exposd}e. Nt am nan S may occur in inpulse or random

events whi ch equi pnent nonitoring response tine or
random nature prevents neasurenent and contai nnent.
BAGKEROUND@IPTHE INCEBYTION on | i ne, inpul se events may
be snoot hed and | ow to undet ectabl e contam nant | evels
ar e cOireceinbtr eteeticieasing nepdifor higle puritP Gaséyt antl liquippfor asedn
sub-ppt | evels of contani nation, continuous process
wenmus olreintigpl, niegicalond plrasadshiicalyptdmapufacwring pradsyesi cal

nmet hods and technol ogies. Direct injection nethods
meepifigellyi inprieedlegonitsn age lithagrephyoepitexys sndghip Hiltb iptdcessing.An
exanpl e of direct injection nethod capabl e of

on of the chudengonfacing todat's Imeinpurity gasgnd Bquficousad is medgBing

6, 547, 861, which descri bes an API M5 detection nethod
cepabinantoif thegpedsessga qupminads pBeent insSraRamemits, Mo as

6, 550, 308, 6, 397,660, 6,418,781 and 5, 304, 796.
IBertsencerillieripgt) concentrations, can adversely affect the processes, especially

over long periods of chronic exposure. Contaminants may occur in impulse or random
events which equipment monitoring response time or random nature prevents
measurement and containment. By providing purification on line, impulse events
may be smoothed and low to undetectable contaminant levels are concentrated in a
purifier.

At the ppt and sub-ppt levels of contamination, continuous process monitoring
is not feasible with current analytical methods and technologies. Direct injection
methods may be imprecise, inaccurate, or cost prohibitive. An example of direct
injection method capable of continuous contaminant monitoring is found in US
6,547,861, which describes an APIMS detection method capable of reaching 25 ppt.

See, US Patent Nos. 6,550,308, 6,397,660, 6,418,781 and 5,304,796. However, this
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WD 2004/ 077015 PCT/ US2004/004845 -2 systemis |arge,
expensive, and requires a skilled analytical chem st

wonrow@atmsci an to operate. Concentrati on met heds/Ua2m4/004845

often enployed to nonitor contam nants over | onger
time periods. This nethod involves placing a
concentration device, suchoas a thernmal desorption
tube (TDT), into contact with the process fluid. After
a certain 5 tine period-the TDT is renoved fromthe

Py siere $Slarg Bl G xSREitve, afd @Guiks a kiillddenhlyli@beHemist orttedhhiciag to
Wil e the TDT net hod provi des | ow cost anal ysis of
adpeai Cofchtraivh ARthotare dffena@niPloye®DInonitbr conthhBbsts bvepm
many drawbacks. TDTs are nornmally specific to a
detieniime petlods SThof methodtiavelvea Plasing &lSdnatriyitidiyddnios aiddess,
and often suffer fromlow contam nant capacities,
rieehmal degorpEumPhtie(ODT), MBScaatdt Widte protds fllii@.quREta certain
repl acenent. TDTs do not 10 generally neet the

afrfid wiiedthy THNds empaal figm the gibcsse ARt tofin ulytital &b Jor
TDTs are often inconpatible with ultra-high purity
(tedting. Whilé the ABITinwetiod psovidee By coftlhslyAd & chdhic cor@gthinstie

el enents of fluid delivery systens and, thus, increase
tihe pwoss, ibgudfers Conphayidtaywbadks aMP TS drel hetnAdBY speeifiy toycsftsim
When installed parallel to the process fluid delivery
| dlaseof chbminbhig esuadia &y drodarhohd) endofen esfer fivmusw catantiasi ng
gas use and requiring 15 adequate venting. TDTs are
eapicltigs,cednsisg cnpliagriimed aad rauiring Grequest raplhcaiemn TRMsldo not
renmoval from process fluid |[ines. The trapping
edeherallyonet ths efficiengrond TPhsityaequitemtnts wigruyifiérs. gADTSs are often
resulting in |lower detection limts of 100 ppt. There
anempaiile pok slirbhizh pouity (EEPpfluid deitvenyisysdniso MDA aiemgt

i ndustrial processes. Source gases and |iquids nmay
coqimi plewmons aliflunbdetisery Speeand, dak snaase fheost aide 20

envi ronnental contam nants. O f-gassing and

pempaity ¢fiany flofl delooty sysitrer Wlks instaddrpasallelpd ths procsss Buitl

al so ceram cs and stainless steel can be a source of
FefraniicohiDdnbleal gap fiom tiEgmecassi haninsreasing gasuss end requininighe
by- products of reactions in the delivery path or W

| adegtveteivating e ADT e are eastn srossecogtaminated dhidtaohdtdllaography .
Such potential contam nant sources

removal from process fluid lines. The trapping efficiencies of many TDTs are not

very high, resulting in lower detection limits of 100 ppt.

There are many possible sources of contamination during industrial processes.
Source gases and liquids may contain contaminants. System leaks can generate
environmental contaminants. Off-gassing and permeability of tool materials, mainly
plastics but also ceramics and stainless steel can be a source of system contamination.
Contaminants may arise from the by-products of reactions in the delivery path or UV

light induced reactions, e.g., in photolithography. Such potential contaminant sources



10

15

20

WO 2004/ 077015 PCT/ US2004/ 004845 -3 and their effects
on the manufacturing process provide inpetus for using

woabatorafisuse (POU) purifiers. Exanpl es of POBCT/US2004/004845

purifiers include inorganic adsorbents, including
zeolites, silica, alumna and transition netal-based
adsor bents; palladiumcell-8;- organic 5 polyners, which
can be inbedded with adsorbent materials; and others
known to those skilled in the art. Exenplary PQU

pod their effetsamehd haméctugngfrbedsnprblGdpiatpent for ufiadDlntQP0se
6, 361, 696; 6, 241, 955; and 6, 059, 859. The PQU purifier
seOEerpeidiedepends on the source of the gas or liquid
to be passed through the purifier and the sources of
cont aBxangids 9f PQPipaafidryinplodesietrbanidadstiberts; 0GRERBg zeolites,
Specific contam nation issues may vary 10 broadly

it ayebimigese srassitidn Imetairbabsd addsrbevas; Ipaltesliubedelie @fpanic

di fferent classes of gases or [|iquids. For exanple,
Ipblyimershwyhiclocarbb dnised(ddNGh agsmiemainbtyridgard fthaskdomwpuds e
source gases. Nitrogenous contam nation, noisture and
dhrogaskiiltedsothe ent Excappdarg PQU @uifaeara kHoye tayphemd it paients

cl eanroons, but nmay be condensed on surfaces or
$i395,690 661,096 6245255, hriddfi (56859 FE@BO hydifieceicbioh depaimts
refractory conpounds (e.g., siloxanes) generally 15
oo e sburogrefsheags bcliuid tobe passadttisrougitbe edikesand sledoirtes of
tools. Oxygen (02) and carbon dioxide (C02) typically
contenihagntypiedlygmesemt dnthe ptogess. . $peciffie aksaniimatioh &ssifek wiag vary
delivery system As different contam nants tend to
&rdadly between ghsésfapd Bqtidspa wtllsas betwaerpdifierers slasseeof@asenbng
cont am nants adsorbed by purifiers indicates sources
difjuide ritca mamepld, Hght ihydrecarbono@£K€3 gerErdly icoriofrom fipme source
generated by such an anal ysis can be used to inprove
2@sepr Bitlegsogorniawinationd exatsivke andtorganic oflvend miparsiareadenaally
sources allows for the isolation of the step to
dreesent in qleantoms,dif west b condensed opsweesor digkrilved immnsee
purifiers renove contam nants, in nost cases the
diawta nilsasmbydropetberns And sefiacterydempounie . g silowhes) ginsrelly
modi fied as they are renoved. Therein the

come from plastics, lubricants, and seals used in tools. Oxygen (O,) and carbon

dioxide (CO,) typically come from the environment, i.e. leaks in the fluid delivery
system. As different contaminants tend to arise from different points in a process,
examining contaminants adsorbed by purifiers indicates sources of contamination in a
process. The information generated by such an analysis can be used to improve
process control. Identification of contamination sources allows for the isolation of the
step to determine the effects on the process.

While many purifiers remove contaminants, in most cases the contaminant
molecules are destroyed or otherwise modified as they are removed. Therein the

contaminant molecules cannot be released from the purifier material or are not
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cont ani nant nol ecul es cannot be rel eased fromthe
purifier material or are not WO 2004/077015

or reproduci ble concentration. If all hydrocarbon
contam nants are converted into carbon di oxi de and
water or if all sulfur-containing contam nants are
rel eased as SO2 or H2S, the true nature of the

contam nant as it was adsorbed by the purifier

nelegdell &l a diseeinitld BES bieploBucitiddonnbBiIng If MAHYIRYARR abl e
5 getters are thought to adsorb nitrogen to form netal
Ndohfain@lRsts aRxpeeRted Pitd QAFbeh BRkia andoxditees if ah ¥elfPYeaikify
form nmetal hydrides, and hydrocarbons to form netal
CavhtamdiRsts arc@eledtedis SWioe H,S; &3 tiit ghtade F fhe @FAtArNiBarS b it REL
into the bulk of the getter alloy. In this case the
CAUR4rB4d HYaARd pusifieCi&sril andidcelabldl FopER8Ref f@revhfieable
purifier in a chemcal state identical to that found
| gettbid @reidightito hdsehhi nikrapbs REF6AM MrethtiNe8EED6:E gertd Ghrmlthatal as
a result of 10 the solid state diffusion process that
063Gd 6, Sy tidgdnte S mahal e e by dpi¢hiibbis@s foiM tngtdl adrbides,
desorption of the contam nants fromthe purifier
natlesfiveich @ afigras fimmahesikic! intd eleatluikvue theQkttdrBoy0 1Th Ghisnal
contam nant species, requires high tenperatures, is

| ascCielEdtadninaanshecibsamhot 86 ddhiarbeat ikl the @Ofifkrtin Detemichbstate
SUMVARY OF THE | NVENTI ON The present invention rel ates
t ideritiodl torihad fHoaid if the@hs @rdiqhid Birdaan t(Farthamuiel prohblyrus a result of
manuf acturing processes that enploy fluid purification
diaw badid StateMbfifieiopekdsitiabdoyrs in thbse apd magndthdr purdlivt imatrials,
provi des a sensitive nethod for analyzing the
caxdramannditte contammenntt frarhiti@psrifier niamiaf, achws b dignpcadeisises
that enploy gas or liquid purifier materials. 20 In

i df3hdorrigine ehtaeidaatipaeest retibies pigk serperaiunasein idacuuradts aal

nmet hod for obtaining information about the
cinndlesyihaanioss @mdisiemt in a process gas or liquid. In
this enbodi nent, the nmethod conprises passing the
process fluid stream (e.g., the entire volune of the
fluid stream) through a purifier material to thereby
atidMA RO OF dIENAMENTION

The present invention relates to the monitoring of contaminants occurring in
manufacturing processes that employ fluid purification devices. More specifically,
the present invention provides a sensitive method for analyzing the contaminant
concentrations in manufacturing processes that employ gas or liquid purifier materials.

In its broadest embodiment the present invention is a method for obtaining
information about the contaminants present in a process gas or liquid. In this
embodiment, the method comprises passing the process fluid stream (e.g., the entire
volume of the fluid stream) through a purifier material to thereby adsorb contaminants

onto the purifier in a manner such that the contaminants retain their integrity and/or

-4 rel eased in a di scerni bPeTfiseoo/004845
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concentration | evel of the contam nants; isolating the
purifier material fromthe process fluid stream
desor bi ng the contam nants.f§ctomthe purifier

material; and identifying the contam nants desorbed
fromthe purifier material and determning the

c onne distottthedonddnekieailevebomig: @R@IniHahts;aboldAARR pudhgr €i N
the 5 concentration is correlated to the contam nant

c el tfioat thOprotedds filie stedain; 8@obHig iR ofthminkite fibh ASRiSifier
fluid stream The invention provides a nethod for the
amalepislj @d ddenii@mglic doh@thirdntd UEsofbe@frém theSRE fibimaerial and
manuf acturing process to determ ne contam nants

I ésr@nang thoeont difra@@sth@tof ubihgatiatltisd] ians) Wierdil the
purifier. After contact with the gas or |iquid stream
f edncentrpidoni i0ebrikGitedfto the @Bntarhifignt PotcbiitiaBén in$heCDRREBIEME oF O
an anal ytical instrunent, e.g., gas

cthe proa¢so uidpigani | ane i oni zati on detector (GC/ FID) or
gas chromat ography/ mass spectronetry (GO M5), and the
pur i f iTe inventionlpfeidesd metod o thetah4lyiss df @adhe $iqiii purifiers
contam nants, e.g., heating, vacuum or addition of
absee inahanvéicyasg process Bl derAtingtadiiiaats réndied frb@ the Qs or
purifier material. Desorption may be effected in a
sliepddtsan badieiporifidro Afibr doalaciadith thogik antiqued¥tSam for a period
separately. The desorption streamis analyzed to
defttemenihn purifive is conmb@dtoahayfmEiaenineane gt Bsi r
concentrations. Using data froma particular purifier
ashdomatorady/flena tintzhtimsictet tof FIEID) ongaa binuiatorepiyrmees s
may be extrapol ated. The information can be used to
i sppctovetrp (GC/BES, and titerpotifier Tharbettedriocahdituns phdesdrb al
action of an alternative gas can be used to renove 20
t trotagimnand pawebting vasnom headdition Hf aternatisteans, ad relehds peodects
enbodi nent, the alternative gas is chemcally inert
t undhe thaomirifien material aRekotiot mey pakffetied ata stapwivatfahiomto.

‘I'n anot her enbodinent, the alternative gas is

clelaiccatthnyinais stpzitly. Tbe ddverptondam santlyzed to determine the
contaminants present and their concentrations. Using data from a particular purifier
and process conditions, information about the process may be extrapolated. The
information can be used to improve process control.

The chemical or physical action of an alternative gas can be used to remove
the contaminants from the purifier material. In one embodiment, the alternative gas is
chemically inert to the contaminant and/or the purification material. In another
embodiment, the alternative gas is chemically oxidizing to the contaminant
compounds and/or the purification material. In yet another embodiment, the

alternative gas is chemically reducing to the contaminant compounds and/or the
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conmpounds and/or the purification material. In yet
anot her enbodi nent, the alternative gas is chemcally

woeduarmgst o t he contam nant conpounds and/ or POE/USED04/004845

2004/ 077015 PCT/ US2004/ 004845 -6 purification
material. In a particularly preferred enbodi nent, the
alternative gas is hydrogesn. The present invention is
a met hod and apparatus for the identification and
quantification of contam nants renoved from a process
gasificatioh haterial. hya pArecun@lypedferred eppedidtitOhe ffermtive gas is
purifier, wherein the concentration of said
cigdioged.nant i s bel ow the detection Iimt of analytica
equi pnent comonly used in the manufacturing process
or knawapresent ilGmeiosisialnledtbdiand dpperams for tHoedeRGtida€lBn drdmi t S
vary by contam nant and anal ytical equi pnment varies
byuantfead Rl tertangingitsoemsged floth a procebdHas opligRideyrtBshormal
enbodi nent the extrapol ati on of contam nant

capacaot sfatputfis, Wikréih éhercamgetratibn afraidtcodiBmdail 1s BeldMOBe
ppt, preferably 0.1-500 ppt, is possible. In the
ndetelatich 1ot dfaealpti@benipnicnveminionly,usédie tidatautbiaigyectess
after analyzing the desorption gas stream

qurdndwit @tthosebkylladed the atts Det@ioa dintita narn &y tontaticamnatdat i on
in the process gas or liquid. In order to obtain
anblytidal eqiytreent vaaind bycroarméaaturiag process, bin ih thés prgfeeaiess gas
or liquid, certain process specific information nust
benbodiment. theléxtrapdBion f compmatinantconcmtrattbas int theerah e/ abait e
of process gas or liquid, the total tinme of purifier
Us@,-1,000chpt, ipeefatattly 0.64560 pptoif possidlepuri fier. This
information is commonly known by the operators of a
par t i duthametiahof the praseinigvaptioc éssla@nbtainodidftr adalyusg the
readily be obtainable by those skilled in the art.
Tdeeorpinizesistehim tyhantipt iede refledtnthe ndrtarinane cpcengstidnhiathe
contam nants be desorbed 20 fromthe purifier
noereehest pileidv éb grderrto phiain atth® gorlsenides oorserdrafiorsrin thhe
purifier in a discernible form (e.g.,

noeceshesss pruoidy egxtainforcesspeviflcanfomnaigemustéy kivevn. This
chem sor bed

information includes the flow rate of process gas or liquid, the total time of purifier

use, and the duty cycle of the purifier. This information is commonly known by the
operators of a particular manufacturing process and would, thus, readily be obtainable
by those skilled in the art,

The method of the present invention requires that contaminants be desorbed
from the purifier non-destructively or that they be desorbed from the purifier in a
discernible form (e.g., non-destructive). For example, oxygen may be chemisorbed
by a purifier material to form an oxide layer and released from the purifier material as
water after reduction of the oxide layer, in which case the oxygen concentration is

discernible by monitoring the water concentration in the desorption stream.
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concentration is discernible by nonitoring the water
concentration in the desorption stream WD 2004/077015
PCT/ US2004/ 004845 -7 Furthernore, the total oxygen
contam nant concentration and total water contam nant
concentration may be anal yzed separately by, for

eRathphtore, flielt6th] GHOSAICBhtAGinbARRoNBAtRKion AHAASH] WA cbRSHBATRT
conditions foll owed by reductive treatnent to rel ease

chointaidathy®bs Wgayved SepdiaRlyl BYY R bitaaipld, SrsBdbs@Big iRtwhfer
for the analysis of contam nants desorbed from a

putidef Ao@FreduBlag Bor@ificaPRAORELIS 6@V the@Snedt 6@BEt Or Wi th
a valve or other controller to attach the purifier to
t tremikerbied exyptat.| € |11 m ting exchange between the
purifier and the apparatus; a heater and thernostat
for ragulimtitidg iddeppeapebathtl belyefs of Btapiidntsiddorbed from a
material; a gas source and a connector with a

cputifien| Sueli ad GppatfufcdingriR® agdsnSRLHERa VAvd dt®thed€ntroller to
apparatus while limting exchange between the gas
satacicthe amdfict hahadypie ahilslimAng edhanga Betwidn tB&purifier and the
instrunment to detect the desorbed contam nants. The
agpanatb;ucheperee thatrhastat £0 Figalatiss tAe Ghhpsthtutedlf té@urifier

anal ytical instrunment to determ ne the quantity of the
coatidal] n@s tsirceeheasatectdruvithiabntrdlldetoappa fiat 448 sowBd to the
contain mass flow controllers and val ves, desorption
t apipestuamtiilolimitiog ekchangp Bettvesn thodak emirderngld the Ap@REtIBAMRIdSIn
and a conputer 15 or other logical tool that can be
ugelytifad instlabeant @niateyishesdesdBRtddonBhHEhts. PTHe@Npdchtuslieferably
DRAW NGS The present invention will be better

usrdEis hoozhiidiensnehfisil detraténdtv degnginy tha qamtitytdiehe
followi ng detailed description thereof. Such
demtmipiisoslcasak d'srthezfthe gpeetus oay bentaiP@asa fio@xentrollers and
drawings. FIG 1 is a schematic diagram of the
aybes.alesesptoh tubheandfoe s@d trapsiforentiécting contaminants and a computer

or other Jogical tool that can be used for data analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood when consideration is given to
the following detailed description thereof. Such description makes reference to the
annexed drawings.

FIG. 1 is a schematic diagram of the apparatus of the present invention,

representing a preferred embodiment thereof.
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representing a preferred enbodi nent thereof. WO
2004/ 077015 PCT/ US2004/ 004845 -8 FIG 2 is a gas

woho@matagr aph of a si x-conponent hydrocar bon RTXAUS2@®4/004845

in air detected by flanme ionization detection. The
anal ytes were sanpled with a liquid nitrogen cool ed
cold trap. FIG 3 is a gas ghronmatograph of a

si x-conponent hydrocarbon m xture in air 5 thermally
desorbed from a point-of-use purifier and detected by
f 1 ame FIGM iZ akasuRronAigReh b six-Edriponéht hfdrécao@ mi@hre il 43
response, i.e., detected concentration, versus inlet
CAHRR RO bY Bhih© dniz&idhGuleétiofd The @ilyted Qe shiplbOWith LU

for varying six-conmponent hydrocarbon m xture
cifeRAtsAEd @RSrdpn ai r. The pl ot conpares the
calibration 10 standard thernally desorbed froma test
purifier to the sane standard when the purifier is,
by pas $&&.3 IpEFa chroreeseiRpiFmHiboReraenent by oprrbpRpabtire in air
EMBCOD|, MENT the demand for higher purity gases has
i thewméLbé 6?&9%?4/?5018@&@%0%? p%ftehewete%sf Bt Hamsiprigitipng
Q%%?gurification and optim zation of nethods to reduce
c fH-nati on have increased. Increasingly sensitive
nmet hods are required for the analysis of parts-

per - t 1Fids | 4 198 ploPOLBID 38¥For3é Rz PBdic EQRLAZMARABE, versus inlet
concentrations, naking detection and analysis

b dARRIYn, CIRNLRLA TR tRXdifREn R¥OE RS WSing SREompY¥ AL i ON i's
a method for the sub-0.1 ppm anal ysis of contam nant

CIBRER b b ixANS cdnBerfthiftihs Pibi, tThe SRS&MpRfes the @MibeFion 20 The
nmet hod conprises a purifier that renoves the

CRAHIATHIADAS desPbBd FroRy DER SSriffdr W e saSilelsRAMRIMIhdnBhON
| ine and detection of the contam nants desorbed from

t heifiptik bfdasded. While of f |ine. WD 2004/077015
PCT/ US2004/ 004845

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As the demand for higher purity gases has increased, the demand for methods
of monitoring gas purification and optimization of methods to reduce contamination
have increased. Increasingly sensitive methods are required for the analysis of parts-
per-trillion (ppt) and sub-ppt contaminant concentrations, making detection and
analysis equipment more complex and expensive. The invention is a method for the
sub-0.1 ppm analysis of contaminant concentrations in high purity gases or liquids.
The method comprises a purifier that removes the contaminants from a process fluid
stream while on line and detection of the contaminants desorbed from the purifier

while off line.
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-9 An advantage of the invention is that the nethod
can be used to nonitor a process fluid streans that

woami4armas| evel s of contam nants that are nor nRCTAS2004/004845

undet ect abl e. The invention allows one to ascertain
the concentration of contamnants in a process fluid
streamusing integrative sanpling of the contam nants
(i.e., all of 5 the fluid stream passes through the
purifier material) so that over tinme the

concentraaydneie of tha fS b & t&0 e AEIRARMSHd Red B AHE S | €r
reaches detectable levels; in contrast to perloélc

Svaebd MGd WRENSHhENRBNGRAR ATt f@RhtakBUAY fhafdr&n @by W se
undetectable. The integrative sanpling period can be

Q)ﬁﬂétedtehﬂk. Q‘ﬁ@fn%ntibi:l fieowRfond @ sRkATL ftﬂe%n&%a@i%h af coffamifdME "
the entire life tine of the process. This prOV|§es a

Sih @ Piccéss AN sBebARiRARe @Y B shBpliRer ik g hinnad (i.H??l &
thermal desorption tubes, where only a portion of the

[RhORES Streafnl pabsds GEuSR e briff ﬁﬁfé?iﬁ?jsc{ 5 QY Rintehee TDT
rather than the entire process fluid stream The

| doN&@htrdtion of sisbied copta@Niade $n RO PurtfRElea@fe 88 1bR laieg,hiﬂ

sensitivity analysis of contam nants adsorbed by the

[oitedsi ©peMbdi@HpIRAVIIRIhE SorbiHifMAROISXEBMEIWNE AR YDIeS
equi pnment. The invention may further include analysis

Offhe tirh€prave sdnisling pért@ chi BERSSthe d il ARAH 1RMBulifE material or
contam nants desorbed fromthe purifier allow ng

vt the @iid 108 timk of he prod®AU TAE bithidega RERERREadviragk BRer
nmet hod of the present invention, a purifier is

ithesttaalitioaal usélofahdrinbll ddsofi@ioh iEY whire RElySoMioR bIYle Brocess
manuf act uri ng process. Since purifiers are commonly

i gt sdebre ¢k dirdcted thttugh the TDTktHerltha€lfe en@RRRsk &l Hud stream.
poi nt-of -use purifiers in lines servicing 20

m cr o€heiavention AsthETpoeRS eldaBtihccedOoddistisBRAY analysis of
equi pnent or functional input is required by the

engdagents bdsopedint the purlfleewplic@s R Ingitd M@ HabOdXperlve @nalysis
desired point in tinme, which may be the specifie

lejipmente The intdneiopmey fukther itiuda asaheidf e np@iBéuring process
process as after a nmjor systemupset, the purifier
ibgsed ios terensterh mant$ desorbéchfeonirehie pidfid: Wl dwigly §YtRGEESn of thd S
may be acconplished by physical deinstallation of the
manifa¢taring promest he fl ui d delivery

In the method of the present invention, a purifier is installed in a fluid delivery
line servicing a manufacturing process. Since purifiers are commonly installed in
fluid delivery lines, especially point-of-use purifiers in lines servicing
microelectronics process tools, no additional equipment or functional input is required
by the end-user to practice the present invention. At a desired point in time, which
may be the specified lifetime of the purifier or a specific point in a process as after a

major system upset, the purifier is disconnected from the manufacturing process. This

may be accomplished by physical deinstallation of the purifier from the fluid delivery
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9 WO 2004/ 077015 PCT/ US2004/ 004845 -10 line or by
cl osure of the fluid' s flow through the purifier

warb@Eri7alls as in the case of assenblies of vaPTEAIS2004/004845

mass flow controllers, and ot her nechani cal devices.

At this point the required input by the end user has
been fulfilled. A desorptign gas is then nade to flow
through the purifier and the effluents, which contain
the desorbed 5 contam nants, are nonitored by a

il SR fos@OBE Mk 'ﬂ?iﬂ‘ fﬁ)@\ytln%ggh AORIMRE Ra@f, as in the case of

guantrfication of the contam nants over the process

Qg&m%s% vﬁ mgﬁom&%n&@ and GHEMICRIE A0 TEs. Ui T er

mat er1 al ?1e the nethod of the present invention is
ggﬁ‘lt he ?e(]ﬁl'r&lt %81} p&’th@ BYd RPafk bdeh ful RGN A3 Bt gas is then

dSOfptIOﬂ a esorptlon the i nvention reqU|res

108 HSRwathroa RERE gﬁrf:ﬂer 304 R dnG! whB E8nka e likBibed ENDVE

contam nants i1 n di scerni bl e manner. Preferably,

%Qlﬂgrgl%rﬁ!@ Qk%@xﬁt@re& Sgyylﬁgb @Xna‘iﬁi@al@@ﬁbé‘ | Aalysis and

non-destructi vel Y, ut certain other adsor ption

&Fﬁ@ét%ﬁ%fﬁ%&ﬂt&ﬁlhﬁa‘is Jver 18 eé’fr@ée%d &rleal Ednle@ladd B4 al S

' so be considered scerni bl e according to the

qggegggm%fthetﬁgﬁgr@aq&m invention. Purifier materials
that are especially suited to the nethod of the

pr eseqfyik Y %&Ho@ Bf Ak ?re@% BvehBoKBePEEMt8dy Hny Sfecific €
purifiers available from Mkrolis Corporation,

Bldh & dr acNer'ptlonTﬁ@/o@ $Q6ltiaH aRNBhN relfed e LR specific

nmechani snms of "vari ous contam nants in conbi nation

WutiBer\iidrRKShal YRS &fntdnRER i aisdelBb18 mafiRr. URkiBRYR, and
specul ative, but the requirenent of an analytica

rBhiahindfs bk Peﬂﬁ%d"?etﬂe Pk sch-&anicandly) ant ceBane@at rat i on
and contam nants ected by the nethod of the present

| B HHoh M chahishB barlYulirRe §RcipY pirfflefmaterfls Wall@tlk@bs. | n
one enbodi nent of the invention, an end user of a

Rihdidek@rdisdmibRGMERing ol atRddsoFete papen itlemphopuht  of
a problem disconnects the purifier fromthe
materials that are especially suited to the method of the present invention are Gate
Keeper™ point-of-use purifiers available from Mykrolis Corporation, Billerica, MA.
The exact adsorption/desorption mechanisms of various contaminants in combination
with various types of these purifiers are unknown and speculative, but the requirement
of an analytical relationship between process contaminant concentration and
contaminants detected by the method of the present invention is met by these purifier
materials.
In one embodiment of the invention, an end user of a purifier at regular

intervals or upon development of a problem, disconnects the purifier from the

apparatus to which it is attached and ships it to the manufacturer or other qualified

analyst to determine the contaminants in the process gas or liquid. Alternatively, the
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apparatus to which it is attached and ships it to the
manuf acturer or other qualified analyst to determ ne

woheo4mantiam nants in the process gas or |iqui dPCT/US2004/004845

Alternatively, the W 2004/077015 PCT/ US2004/ 004845
-11 purifier may be effectively detached fromthe
apparatus to which it is agtached by neans of a
bypass |ine. Regardless of the |ocation of the
purifier and the analysis equipnment, the process for

aRAfidzhd)be CEE:REY Aaihe€ BHE SRpRHrANS Whichtif@atheR® by The
purifier is attached to an anal ytical instrunent,

8ndins of @By FsPliRY. HechrYss of theddtdtidnhteE tHeWutifiér@hd 1§ analysis

subjected to conditions to desorb the contani nants

| e Gibmekt e pridttss fon BitalyzindicbiRgnihent chiRattiaR8hs iYAE tHAT,
exposure to alternative gases or conbi nations thereof.

The herd puiienB Yitd2Bed 18 B A Iy8ital SsERREH, oL, GEPAY HEC/MS,
contam nants bei ng desorbed separately by strength of

tane the Phefia¢d Jubfctvd foRofdigona esiREDE the coelflinkrtOmclading, but
alternative gases can be used to physically and/or

Gloerih e th YhehitlgeRsS QP leRsbitit So dhekiBiEctg@ses Becomiiationkhereof.
(e.g., injection of hydrogen to rel ease oxygen

arhs Gedvad maf bé hehpa® el steppl thadpatade.conthb inBigsl Beitlf desorbed
desorption are well known to those skilled in the art.
FOpardtdle byTetengtt @5 M Midration ik tHe @ 8g0e0eAl. ULdditoABS AR rmative
increased linearly or increased in stages to a nunber
Qasds 84 BeaiseRd pp@icallBandidh hediidillf rdldaseprofRBtbairdl t6 the media
streamis analyzed to determ ne the contam nants 15
AE.gS Bidctiedl hiyfrepdn t6 eeleaeddxy gini adsvsbed Gotht artinaniyvaerd).enoved
fromthe fluid stream include, but are not limted
tMgth@¥s @adds6rpaangre waltl nofe. tg) thpseGkiIER b thydt. doathenns )
carbon di oxi de, carbon nonoxi de, nitrogen-containing
clepmgionotiie {eapgraturdN@h biNdRrease\RiEariNbincredsghinistgain nes,

or NX3; wherein X is a hal ogen aton),

Stukdberrof ¢Gothemiad posigts. conmpounds (e. g., SO2, S8, H2S,
organic thiols or thioethers), hydride conpounds 20
(e. g. Th8HBtamAdanBconBiid, str&aid andlf48d toRidBrmime thasbiBminants
hydr ogen, halide conmpounds (e.g., HF, HCl, HBr,

f preseit@adithbio nencertiatiarso Cantroingyts Simbded BinCh4 fluiE@sanSF6,

or organic

include, but are not limited to, organic compounds (e.g., Ci-Ca hydrocarbons),

carbon dioxide, carbon monoxide, nitrogen-containing compounds (e.g., N(’), NO,,
N,O, NHj3, organic amines, or NX3; wherein X is a halogen atom), sulfur-containing
compounds (e.g., SO, SO3, H,S, organic thiols or thioethers), hydride compounds
(e.g., BHs, AlH3, SiHy, GeHy, NH3, PHs, or AsHjs), hydrogen, halide compounds (e.g.,
HF, HCI, HBr, fluorocarbons, chlorocarbons, SiFy, SiCly, NF3, SFe, or organic
halides), halogens (e.g., fluorine, chlorine, bromine, iodine), metals (e.g., Li, Na, K,
Mg, Ca, Ba, Ti, Zr, Cr, Mo, Mn, Fe, Ni, Cu, Zn or Hg), oxygen, water, refractory

compounds (e.g., siloxanes, boron or phosphorus compounds), and combinations
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hal i des), hal ogens (e.g., fluorine, chlorine, brom ne,
i odine), netals (e.qg., Li, Na, K M, Ca, Ba, Ti, Zr,

refractory conpounds (e.g., siloxanes, boron or
phosphorus conpounds), and conbi nati ons WO 2004/ 077015
PCT/ US2004/ 004845 -12 thengof. A refractory conpound
is a conpound that has the ability to effect the
refraction or diffraction of |ight. Contam nants may
Rerbdde AtrbftdcRely E3mpsBAdIe dSorhfehdiBhitds theubilifQb effdchint ed

to, GC retention tine, Ms fragnentation pattern, and

i efracabest diffifdtionReGEHoscopy. For 5 anal ytical purposes,
the contam nants nay be further concentrated in the

ef f | uebttamBhiteREY bSidagified Besethidsii®hdingdBut n6idlnsttel kRBC
or other method well known to those skilled in the
akfentideRIRRENS filkneftati NPaBYE Snd iﬂﬂaﬁ@?ﬁ? bpebtfostdpyl k& Of
the nmet hod and provides a nethod for separating
CHinglgiidal hrdposes) tHe @BALAAMERs mhisheTartidd Cordaitate it @b BEdent
during the analysis of a particular purifier and the
1 OG@SSde8E Pk thIR) SoldiREHS br WiYr @ldthioll weR End4&ed those skilled
i nformati on about the process may be extrapol at ed.
R theexaCph@nirdtidh hepratds @@l deRbt@anindil aBtheB¥thbE andSLehided a
relate the desorption tine and tenperature of a
pasthddofl @pargtivgtdasiniandonAsiantuncti on of its known
adsorption properties, thereby extrapol ating

I nf or Wweing te dafa@btainkd urlig fikeihalgdis ofl dpartRAiaOfupifiecind tie. g. ,
time or purifier coverage. This information can be
usedsd oondiBoris Mipded wlich itOeR Ssedeiafvimhaion absimtha Frisess iy aand
their concentrations can be plotted as a function of
t dxebpolatedie For phmele, hmahgeitiail aigerithmd nialy beused ki slaprievi des
i nformati on about the process of contam nation. The
f des@pticnonteant rantsitutesfarjaeidular @neminasras b fiecti@sdf its
adsorbed or those least tightly bound by the

aldeon bésatptio priogertieyf theneyt sxoapataing beormaedndboiitolic panperad's
20 control as it may be related to a specific tine in
tiredprpvessg., tengor pudfiargversge.0Thit lmformation can be used to

improve process control.

Contaminants and their concentrations can be plotted as a function of their
desorption temperature and time. This provides information about the process of
contamination. The first contaminants desorbed are either the last adsorbed or those
least tightly bound by the adsorbent. This information can be useful for process
control as it may be related to a specific time in the process, e.g., changing of the
source gas or liquid; a tool malfunction or service, e.g., temporal material replacement
or service; a process step, e.g., substrate change in a molecular beam epitaxy (MBE)

or photolithography tool; or a conflicting process step in the facility.
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source gas or liquid; a tool malfunction or service,
e.g., tenporal material replacenent or service; a

wonroe@sist ep, e.g., substrate change in a nol ecuiua2004/004845

beam epi taxy (MBE) or photolithography tool; or a
conflicting process step in the facility. WO

2004/ 077015 PCT/ US2004/ 004845 - 13 The data obt ai ned
can be used to identify the source of the contani nant,
be it input gas quality, systemintegrity, naterial
out - gABSdARGobtadicd RAOEELESE RIiQHALBthe ddtRAKOIANW ontalihat, be it

i nformati on can be used to optim ze the manufacturing
ARRE esSuality, RikSem Inf@riBl BSRAI oLiRMEdItd, BiprbsP@bluceul arl y
suited to process analysis after a system5 upset has
ag€ltidvad  The. ifform Bide BanRlusciaa bhtenicketh e lbsufhdhuring process.

sem conductor wafers as film hazing or unwanted

drnak, nige. presbie idpRahdé ptiduily sliie:d aarboesd maBkis efbaysRant s
desorbed froma purifier may conprise any of a nunber
Qfpsahfl otaered, depacithdligeadd defders hakmibhdudtol @¥RlsSis film
requi red and the suspected contam nants based on the
ating bamwafedéopatpal yzed and the process in 10 which it
is used. Such an apparatus conprises a connector with
a val Tke sppa@tub & theepsiydiodflceiitahi@arad dedacBed fien pyiirifler @y t O
the device while limting exchange between the
pusmipfiseciny afhintter efapsly sk tepending @atierdeetibntidversnagirad and
for regulating the tenperature of the purifier

ntat @spealed cantapeisansstiasadienalithusifiera beaiaitedmnt] fhedrocess in
controller to attach the gas source to the apparatus
winhileit Isiupddt iISnch aapprastgeco@tives @ ornh@ogeith Salieoe oterd t he
15 apparatus; and an anal ytical instrument to detect
tdoetrdesorabiad ticontified n drtdsvice Whik lmphey exthemgpbetken dil y
contains a quantitative analytical instrunent to
deti@emind the tabgarausan heatey anf therhestatdoit ragrlatap tis terepeemse of

An exanple of a preferred instrunent is a GC/ API MS
(th¢ posiphestedal:prgas sure ahdataatdowitmssntsglecto muambtiher gas
whi ch can separate contam nants according to their
broiice foghqappmrtiss whidkelinhitihy exchange BOwenndlor gis sgirdeand thei r
masses and fragnmentation patterns and quantify them by
tdpedratup eakan analytical instrument to detect the desorbed contaminants.

The apparatus preferably contains a quantitative analytical instrument to
determine the quantity of the contaminants released. An example of a preferred
instrument is a GC/APIMS (atmospheric pressure ionization mass spectrometer)
which can separate contaminants according to their boiling points, identify them
according to their masses and fragmentation patterns and quantify them by their peak
intensities. Currently available GC/APIMS instruments are capable of reaching
detection limits of 20 ppt. Less complex analytical tools may also be used to

determine total organic content (TOC), total sulfur content (TSC), moisture detectors,
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intensities. Currently available G API M5 instrunents
are capable of reaching detection limts of 20 ppt.

waoaess/ocopl ex anal ytical tools may al so be use#CTMS2004/004845

determine total organic content (TOC), total sulfur
content (TSC), noisture detectors, WO 2004/077015:
PCT/ US2004/ 004845 -14 andjynfrared spectroneters. The
sel ection of the detection instrument or instrunents
is a mtter of choice. Such selections are routine for

t A Si6fra8ddi shicBdmbtarst MRe @ldctionldTehcRRAALMSuMEM of A Fhdits
mass flow controllers and val ves, desorption tubes

ais dhfatter@BLitbidel 3¢h seRELMOhik @SikihdBr AR R BNESat.aNd @
conmputer or other logical tool that 5 can be used for

dat a anehpparatis naQtéM@h tabsTodhindllen! 8OV sdrBlion tubes
extrapol ati ng process information fromthe desorption

Ceanti@r Y tris forselectifs @Rttt A8 aLafptdrdr OhetB8eal tool that
desorption. 1In the preferred enbodi nent showh in FIG

Igan &e Dust e (datd hndlRES BoRNEP HIRBING algdritBmb &R dxttdpolatd process
analysis of a purifier. The desorption gas, air,

einfoetstioh iemapp@kebtich dhfh hdyR U tPERBEHS résBRtrator 2
and is purified to < | ppt hydrocarbon contanm nants by

pdesorpticar 4. While this purification step is optional,
it is desirable to use a desorption gas of the

hi gh edt thp pl_&k&inbﬁ anmdﬁﬂlény shokm(irﬂm 1,@@@5@%@@ components
contam nation can interfere wth the analysis and

| drevided thethearialysin of PputifiosMThg dssosdtiam gl dr, emte ke abhatus
apparatus through pressure regulator 6. The two gas

sthieginpesaure repolator pewt s Purthied i € 1 @hd hytidoOdtbohTorRMiHatk By
12, conprising MFC2 8, MFCl 14, valve 16, pressure

gawitjer 4 8V hilvathik puriffoetanlited iy @giohAtinE dRGabldoG3e 2dssorpab e
24, and MFC4 26. The double dilution manifold is
aqps pihahighdsiutosifle purity, becapspbiatiegouny cdnitdiihaioh @fSiniefere
avai |l abl e gas standards and nass flow controller
opiérth¢ imiysipandliveit éetatiol he ke das sthrten denithd sppagh
val ve 30, while bypass |oop 32 containing test
phmoiighi pressB4 regslaios 6. lieadiolgys stre@sd angconttined $n EBbR AU
36. The gas enters collection device 38 through val ve
4eanifpldi 1@ heomprigingMECAIB) MFE] tolvalve 16, pressure gauge 18, back
pressure regulator 20, MFC3 22, valve 24, and MFC4 26. The double dilution
manifold is optional, but often is required by limitations in available gas standards and
mass flow controller operating parameters. The gas is then sent through valve 30,
while bypass loop 32 containing test purifier 34 is isolated by closing valves 28 and
36. The gas enters collection device 38 through valve 46, which is preferably a cold
trap but may also be a TDT or similar device, and is vented through rotameter 50.
Pressure gauge 52 and back pressure regulator 54 allow for venting of excess gas not

going through the cold trap during sample collection. After a certain collection

period, gas is released from collection device 38 and flows through valves 40 and 42
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trap but may also be a TDT or simlar device, and is
vented through rotaneter 50. Pressure gauge 52 and

woaode/preassure regul ator 54 allow for venting BETRNZ®IB04845

gas not going through the cold trap during sanple
collection. After a certain collection period, gas is
rel eased fromcollection deyice 38 and flows through
val ves 40 and 42 WD 2004/ 077015 PCT/ US2004/ 004845 -
15 to quantitative analytical device 44, which is

R6 §lBliatN Sany kAP RE ANBIHRG; @p8fefablyta@s cidbhdlog@aphtiitleabl €
de?ictor, e.ggé FID for hydrggarbgngg PFPD #%Hﬁl g

| SR R ESdeteRdor, VB, FAD for &Y AFOGIPINRE, IPEPID For@iB¥ganics, or MS for
contam nants. After calibration of the analytica

de¥dspRoric Wi Rontdmmets. @2 necessary step of the 5 method
but is preferable under ideal test conditions, valves

28 and fi36cafbreidARE e nalyt¥edl dé@icd Which i€ P8 Bébessadich @8the
purifier 34 is exposed to the desorption gas. As

ShetRbut 10 B ddd 1PBerTB4] B8 VIR VEISHESR ahi3@arBBphiel, Of
ways. This preferred enbodi nent favors isothernal

dareBPisicRied, WHaER bitiff 34 & RRBEEM tHR)edBtoh ?&. elsampat’ 48
to a desired tenperature at which all effluents are

GRidrRoh @thy bARRLASEsheNRAGLABE oL WaysN T hisPRrkied JRBAdIALMS
of FIG 1 enploys ranped thermal desorption, wherein

tierd iediRehaldddorptioh, whtfeid $4 is REHRADT AeatRY cBBent@8 %o a desired
i nearly, exponentially, or step-w se, over tinme and

déhpeert@ht vHfidH diemli®ents hRCLIQAY. ALSh&Qbediest ushg the
different tinmes in the desorption process. Another

eppostud G thaipldye eHiped thefil déso b, Mhe@fn thdemp@paseal us
of FIG 1 involves the use of an alternative gas to
BYS4 Bbredsvd bius, elgs iicpily, @RpddEntRONtoa BN AnRE Sover@he: Mli ght

15 nodification conprised by this enbodinent is the

Sliftfsérit efffutranfrafiodsysely @y edted 0 diffaient tases it e deepebPprocss.
gas. The effluent of 34 flows through 36 and 46 and

eXro@fes endihdinvdnt 1k reduiregrhedifdadibl ¥f the HPiratus sRMGDLUInYsTRes
also be a TDT or simlar device. After a certain

ahd dse of amuiteipetivie@as to @essst Inthe dl@as@hf tomdamidahta r@hefslighns
through 40 and 42 to 44, which is preferably a gas
ahwdifivati agroaptiset iby tredemtiotl imeat is tHetsallstimtickedfdgtiopen for dr as
l?cileDolefsc(>)r1r:>tion gas. The effluent of 34 flows through 36 and 46 and enters 38, which
is preferably a cold trap but may also be a TDT or similar device. After a certain
collection period, gas is released from 38 and flows through 40 and 42 to 44, which is
preferably a gas chromatograph fitted with a suitable detector, e.g., FID for
hydrocarbons, PFPD for inorganics, or MS for atmospheric or any contaminants.
FIGs. 2-4 show data obtained using the apparatus of FIG. 1. FIG. 2 is a gas
chromatograph of a 10 ppm six-component (benzene, toluene, ethyl benzene, ortho-,

meta-, and para-xylene) diluted to 1 ppt and analyzed by the cold trap/GC/FID

method. FIG. 3 plots 1 ppb six-component hydrocarbon gas standard desorbed from
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20 hydrocarbons, PFPD for inorganics, or M for
at nospheric or any contam nants. FIGs. 2-4 show data

wohb@ionadsusi ng the apparatus of FIG 1. FI G PBCTAIS2004/004845

gas chromat ograph of a 10 ppm si x-conponent (benzene,
tol uene, ethyl benzene, ortho-, neta-, and
para-xylene) diluted to 1. ppt and anal yzed by the cold
trap/ GO FID nethod. FIG 3 plots 1 ppb six-conponent
hydrocarbon gas standard desorbed from WO 2004/ 077015
AR BRAAR0484 Binte it RN ERE, diHiWHi@Ial1 A dBEarBbng 5
m nute purification cycle, during which al
EEY QR ETRNS | phETuflet pBARYAM alsnifutd dBBEptiOMEscRIwiRHIX & ¥00
and a 5 mnute desorption cycle withair at 300 C
PEAGRCOR is $hel108 pfi@VaBRkb NSk AR RATY sainykdbethdtsigct | y
sanpled by the cold trap/GJFID nmethod when the test

RUPICOED handA%RRS &R st PurAREis Bpabs3d ! hRceS@TEthIbanld R uPe
desorbed fromthe test purifier and anal yzed by the

QRdotheli FRRY thiedr biRif® bitPshalyd¥ey thetsold tRipfAd/FBY method. The

non-destructively desorbs all of the contam nants

Qést SR} hoh-deQRRNREY deks08It $F8hd REtmBaAS BSEnY@ Sersdve@am
If 1onger desorption tinme or higher tenperature were

| YRtthe B4rddedsahd d@arfl €06k dRBoridinltkhelae highdregiRebturEl G

4 is a plot of total inlet exposure of the test
Ridhd 6@ lquir@itatiedSapBonsdoki®e BERAN FidYds oflef dTadalrhixt ur e
and the 10 total desorbed contam nants after a 5

NEcp4ie BB @aUuBifibQo ERSANOIIRGoBRRehy O Hon nlikturecadthbe
seen fromthe conbination of FIGs. 2-4 that

AT R6R6dARBnIARRhMSAEer A6 G HPodute to Uberbiftdaost 300 °C.hie
present invention is easily acconplished with very |ow

dgh 8€dekiPfom kHiebhBin@ Rl of BYGseXt KAPBIdedchiOty arRifkis efttdingltow
contam nant detection in a process gas or |liquid

Shd Reidd FithdRsset ivertich iO¢asilyngatdnsliseed withevery low detection
differentiati on between chronic and 15 i npul sive

aRfitsand, Bakk@poheglétemekNOWb@tkgEnat ddtdrdopiaratpraceaisans or
process and, sonetines, a history of the particular

filquiddtreted, ieities Yhronis bisifipulsloweYierdiffestaiation Hetveat clirbriisand
information the nethod provides contamn nant
| b QIR tdn@iikatiadh regoikds &nowlbddewlf @ pheiculamnacessail ometimes,
using prior art nethods.
a history of the particular fluid delivery system. However, even without this
information the method provides contaminant information that would otherwise be
inaccessible using prior art methods.
While this invention has been particularly shown and described with reference
to preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details can be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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Wiile this invention has been particularly shown and
described with reference 20 to preferred enbodi nents

wohewn@mafolsit will be understood by those skil | edTius2dolmeo4845

art that various changes in formand details can be
made therein wthout departing fromthe spirit and
scope of the invention as_gefined by the appended
clainms. WO 2004/ 077015 PCT/ US2004/ 004845 -17- W
claim 1. A nethod for anal yzing contan nant
gptrations in a process fluid stream conprising:
a) passing the entire process fluid streamthrough a

purifjen lﬁraﬁ(ﬁ][fgIagna@zihéﬁc&nthﬁ{i%}’coﬁi%ﬁﬁﬁbn@ BN RO SARHIS

onto the purifier faterial; isolating the purifier

nateriagnéﬁpgﬁgggmgrocess fluid stream b) isolating
the purifier terral fromthe process fluid stream

c) desorbi LOE FOMkRArOR fuid &R0 ki 6udhWhhfifi@ material
naterial;ag%g}%% ideﬁﬁﬁ?ying fhe contéﬁ?ngnts desor bed

from the purgfieghy BROA doftaminkfis M6 1RLLfidFITaREL; tifating
concentration thereof, wherein the concentration is

correl ated t@ehil}ficFAREAIRAMNhe 1|9r@<_£b§§ﬂlﬂidl afch@n in the
entire volunme of the process fluid stream 2. The

met hod of §l @bifAnk YRIFiBE iR Rbth kifel pRdce FILRI skrédm;
non-destructively renoves the contam nants. 15 3. The

net hod of §! @isérbihg MRRERhMInbNEH A Belpuffier Matesinl; add
destructively renbves the contam nants, but the

original cHnu& '_R/'ﬂ%rﬂaé SRR d8softed GOMAhdYugifiBdmaterial
desorption. 4. The nethod of claim 1l wherein the

cont am nant spJeBRMERing tHeRbABArakiblthdreo WA EE Shest r €am

are selected fromthe group consisting of organic
concentration is correlated to the contaminant concentration in the
entire volume of the process fluid stream.

2. The method of claim 1 wherein the purifier material non-destructively
removes the contaminants.

3. The method of claim 1 wherein the purifier material destructively removes
the contaminants, but the original contaminant species is discernible by
desorption.

4, The method of claim 1 wherein the contaminants removed from the fluid
process stream are selected from the group consisting of organic
compounds, carbon dioxide, carbon monoxide, nitrogen-containing
compounds, sulfur-containing compounds, hydride compounds, hydrogen,

halide compounds, halogens, metals, oxygen, water, refractory compounds,

and combinations thereof.



20 conpounds, carbon di oxi de, carbon nonoxi de,

ni trogen-contai ning conpounds, sul fur-containing
woanpmands, hydri de conmpounds, hydrogen, hal i #eT/US2004/004845

conmpounds, hal ogens, netals, oxygen, water, refractory

conmpounds, and conbi nati ons thereof. WO 2004/ 077015

PCT/ US2004/ 004845 - 18 5.18he net hod of claim4

wherei n the organi c conpounds conprise Cl-C20

hydrocarbons. 6. The nethod of claim4 wherein the

ni t r ogemnheRABhad & Nilin @ WHBRHTES org &R GViipSEnddEdmPNSR C,-NZ0,
NH3, organic am nes, or NX3; wherein Xis a 5 halogen

atom 7ynydtb@rywas.hod of claim4 wherein the
sul fur-cont ai ni ng conpounds conprise SO2, SO3, H2S,

or gank.c Théiinethsd &fcldifi4aeReT the nifogehitentaBinB osmefundd ai m 4
wherein the hydride conpounds conprise BH3, AlH3, .

Si H4,  GabpristiNg), NBL3N, 00 NHADrinic béhirks, of e neitehatX of a

claim4 wherein the halide conpounds conprise HF, HC,
5 HBr, fl ugloggakdons, chlorocarbons, SiF4, SiCl4, NF3,

SF6, or organic halides. 10. The nethod of claim4

wher eiz.n ThbgeiiBd aft ctailh @ritieieitthe bulfulNeontadfninddmpGands Bamprise
Ti, Zr, C, M, M, Fe, N, Cu, Zn or Hg. 15 11. The
met hod &b, dG| MSdonghas Biols driigodtiets act ory conpounds
conprise siloxanes, boron or phosphorus conpounds.
12. TBe ThetROdd of clamali wheleindhe hgiride casundsicomprise Bihe
contam nants conprises thermal desorption, use of an
al t er natAIMg SGRSGeldy; NEQPD;wtAsHNS t hereof. 13. The

met hod of claim 12 using isothermal desorption.

10 9. The method of claim 4 wherein the halide compounds comprise HF, HCI,
HBr, fluorocarbons, chlorocarbons, SiFs, SiCly, NF3, SFe, or organic
halides.

10. The method of claim 4 wherein the metals comprise Li, Na, K, Mg, Ca, Ba,
Ti, Zr, Cr, Mo, Mn, Fe, Ni, Cu, Zn or Hg.

15 11. The method of claim 4 wherein the refractory compounds comprise
siloxanes, boron or phosphorus compounds.

12. The method of claim 1 wherein desorption of the contaminants comprises
thermal desorption, use of an alternative gas, or combinations thereof.
13. The method of claim 12 using isothermal desorption.

20 14. The method of claim 12 wherein the temperature of the thermal desorption

is linearly increased.

15. The method of claim 12 wherein the temperature of the thermal desorption

is increased in stages to a number of isothermal points.



10

15

20

20 14. The method of claim 12 wherein the tenperature
of the thermal desorption is linearly increased. 15.

woheo4roetthod of claim 12 wherein the tenperat ur eCofustdee/004845

thermal desorption is increased in stages to a nunber
of isothermal points. WO 2004/ 077015 PCT/ US2004/ 004845
-19 16. The nethod of claim.dl2 wherein the alternative
gas is chemcally inert to the contam nant conpounds

and/or purification material. 17. The nethod of claim

12 whes.gihe rethed af digfNatwheRingRSaliefaiVtaidh Bahdnyically inert to
oxi di zing to the contam nant conpounds and/or

puri fi calid @htafi@dagticobounds dd/or pleficaticnAdderf. cl ai m 12
wherein the alternative gas is chemcally reducing to

t he CoONtrABRG0E oI MWhSreithld Siernative dab Bahdntitally
material. 19. The nethod of claim 12 wherein the

al t er natoixiaezifgas the SontyAihHE esmpotfds ahtver FuRiibaidn afategiblai m
12 wherein certain contam nants are first renoved

f rom terhp ufethbl 6Adlaian 2k thd alRyhatiVeegaiilchaheisolypéducing
and other 10 contam nants are second renoved fromthe

puri fi casb theRodthidsrt abmpdyindshead/ocheificamh materigihy si cal
action of an alternative gas. 21. The nethod of claim
1 wherneiThedethed bf ¢igmt Revherii tanalzamntiee o ipyisgs:.

GC/ FID, GO M, or GCJAPIMS. 22. A nethod for

det er o0 .rihagnettoe ohdlamoRiwheomndeataih hamimiaoicenfinssatmnovedi n
a 15 process gas or liquid after the gas or liquid has
been i n femnthapirifivhiidn reaterahby taaial desdrpticer apdiothén er
material, wherein the original contam nant

concent rcahtamimants are ke ogdusmoved| froguthel pwitatival noweriahigy the
detection limt of an on |I|ine analytical device,

wher eby dhbeicelonpanicalantie dpealteeniveghsf r om t he

purifier material in a non-destructive manner and
meas urédiieynegndlofcais lofherein detecting the contaminants comprises

GC/FID, GC/MS, or GC/APIMS.

22. A method for determining the historic contaminant concentration in a
process gas or liquid after the gas or liquid has been in contact with a non-
destructive purifier material, wherein the original contaminant
concentration in the gas or liquid was below the detection limit of an on
line analytical device, whereby the contaminants are removed from the
purifier material in a non-destructive manner and measured by analysis of
the effluent gas stream.

23. The method of claim 22 wherein the original contaminant concentration is

about 10 ppb, preferably about 5 ppb, more preferably about 1 ppb.



20 the effluent gas stream 23. The nethod of claim 22
wherein the original contam nant concentration is

weahouto74@s ppb, preferably about 5 ppb, nore pretemnabiog/004845

10

15

20

about 1 ppb. WD 2004/077015 PCT/ US2004/ 004845 -20 24.
The met hod of claim 22 wherein the origina

contam nant concentration-i2e- | ess than about 1 ppb,
preferably | ess than about 0.1 ppb, nore preferably

| ess than about 0.01 ppb. 25. The nethod of claim 22
wher ei2a, THeenetid o elhifeaDt wheddiethe OAEINE dordt&Rifad B&icerfration is
purification materials by thermal desorption. 26. The

met hod OEssahaniaboud D pyé) ere@irably 186 thdnebom|0.105.0idE peferdbs
i sothermal desorption. 27. The nmethod of claim 25

wher ei n leRe¢hdnabpendt yse of the thernmal desorption is
linearly increased. 10 28. The nethod of claim 25

wher ei2f. THeendiedpe tlain D28y iRfeit he célaiinmls Heembpidifom the S
increased in stages to a nunber of isothermal points.
29. The pweifibaidn afatetiblabymhdizhailie@6:@tioh.t he renovi ng step
further conprises the use of a chem cal or physica
act i on6cfheanettaldto clniat 15wehegtasthe 8@rmal B&sofpEbhie thothbrnell ai m

29 wherein the alternative gas is chemcally inert to
15 the cesdrpitnnant conpounds and/or purification
material. 31. The nethod of claim 29 wherein the
al t er Rat Theengjad of slaisESniteadil Yie tepetdiuzd 6Tahet therinhiQlesorption
cont am nant conpounds and/or purification material.
32. The isthdadgimfeagtai m 29 wherein the alternative gas
is chemcally reducing to the contam nant conpounds
and/ or28 plheiretloetof dninritvetreredd the Rhpddtureldfehertedrieldieadption
claim 32 wherein the alternative gas is hydrogen.
is increased in stages to a number of isothermal points.
29. The method of claim 22 wherein the removing step further comprises the
use of a chemical or physical action of an alternative gas.
30. The method of claim 29 wherein the alternative gas is chemically inert to
the contaminant compounds and/or purification material.
31. The method of claim 29 wherein the alternative gas is chemically
oxidizing to the contaminant compounds and/or purification material.
32. The method of claim 29 wherein the alternative gas is chemically reducing
to the contaminant compounds and/or purification material.
33. The method of claim 32 wherein the alternative gas is hydrogen.
34. The method of claim 22 wherein certain contaminants are first removed
from the purification material by thermal desorption and other

contaminants are second removed from the purification material by the

chemical or physical action of an alternative gas.



34. The nethod of claim 22 wherein certain

contam nants are first renoved fromthe purification
worbt@roralisby thermal desorption and ot her conpamiusa004/904845

are, second renoved fromthe purification material by

the chem cal or physical action of an alternative

gas. WD 2004/077015 PCT/ US2P04/ 004845 -21 35. The

nmet hod of claim 22 wherein the anal ysis conprises

GC/ FID, GO M, or GO API MG

35. The method of claim 22 wherein the analysis comprises GC/FID, GC/MS,

or GC/APIMS.



