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FN GAS SAMPLES RELATED APPLI CATI ON i\ fimation is a 14 JUL.200

Continuation-in-fart of U S. Appli ;ﬂ Mlﬂlﬂmm“mmgl 732,199, filed January % jf
1999, the entire teachings of whic e 1rncorporated 5 herein by reference.
BACKCROUNDwdookblz7! NVENTI ON The -i nvent iGMF el ates to the detpobiumsssf base
contam nants in a gas sanple, especially am ne contam nants, and to systens

enpl oyi ng such detection, including sem*tonductor fabrication systens anal
systens for filtering gases for sem conductor 10 fabrication and ot her

proce gui re uncont am nated at nospheres of high qualify. A
partﬂ‘ﬁ@ﬁ@ulm mﬂw@ge of the invention is to reliably neasure | ow

anuf act kg envi 1 onWEIE AN A Conar PSS Y e ShRrLEs,

phot ol i t hogr aphi ¢ processes 15 being enpl oyed. In sem conductor

manuf acturing it has been Found desirable to detect airborne basic
conpounds such BELASERRSPREIGAYTION n- ol i di none (NM) and ammoni a.  Such
contam nants may i ntey: . Yol gl : WML T t 9l s r~aphy process
used in sem conduct o&%gﬁcggﬁlgnakéfﬁgﬁggg\é&ggﬁﬁgﬁﬁ ?r%?/ﬂrlgcgct with 20
prot ons produce®b/a32,93, filad enwfry @4 1990y the efitira tqatiings afsrhich draymsprporatdd ght |
This can intgrfere. it h.proper exposure and devel opnent and can harmthe
yield of the pr%‘i‘f&’?vs\ﬂyéﬁﬁpelnﬁg rate of production of the seniconductor
wafers. For this reason, sem conductor manufacturers.have sought to neasure
and control the concentration of airborne nol ecular contam nation during
the critical. 2BAGKGROGIND RF B INVENIAGNaphy process that are sensitive
toit. A detecting |l fgRl SRAGH i dReldifoitalbhiMindhs iYz.2
detecting instrunment specitic to the detection of ammoni a aveg bee

enpl oyed in senespecidily tminervoatufisats, pndty systend empleying suchodwidction, thrduding

at nospheric quality i he .,vi ci.nity, of oduction.t ool s. 4 J U.l 2003
VO 001 42427 -2 ﬁ‘i‘%ﬂ%‘g‘ﬁ%ﬁg@é’éa@d‘ %%%98?ﬁé%y?ﬁégh%ﬁfé’rnga%ﬁéé?lrss"g‘%“flﬁ‘g"m’
invention itygi Sfagiehtidn dnd otRRbideesseo Rt Betintincomnanrttdiattephtiessf High e been
used in other contexts. For study of conbustion processes or atnospheric
pollution, a prBE@ﬁl& has been devel oped for nmeasuring the total fixed

gaseous nitrogen speqi Bsucdldphiistisd f e Midntidis id\RliMI nRE@RRicw ami nes in
gaseous m xtures. The ‘process i'nvolves catal ytic conversion at_ el evated

temperat ure of edncehiratisas of tirkngesbasp centawingys s senicqngietar Bynufacturing

chem | um nescent as j i

detection of am%‘ﬁ‘?‘%i, %ﬁgﬁ%&%&%&%&gﬁ%gdsﬁg?%ggﬁ&rsrg%ég{a ]%1%? P 1-eOEp s%sy an
ammoni a scr ushebeing eapbyeder coupled with a thermall catal ytic converter 10
with or without a nolybdenum catal yst. For. instancge, .i,n.o i nstrument for
stack gas anal ysis, iﬁ”?‘ﬁ?nélbw?éﬂﬁﬁg\fta @%Fbﬁ%&“g?mg d\?ﬂf%’ge"?gdﬁftt ernately
fl ow through or ;eB&he BikibGEAEdIAEs flthtes 8ORG] netdl pyrdliaivie sNRIPYRid a. The

alternating sanples proceed along a conmon_line_ through a thermal converter

to a chenil uni nés@gmie. Jich coBAmMINALS TpEinterisss, Jor nsacey SGthamholalthagrphy r ange.
By subtracting sj DB e L SRR ed.
Anot her aspect %lf'&t@ %eﬁf%%{;%ﬁ%r@ gg?g{agg&?gﬁt ?fel'g%l,éeé()}*t alr fl?}tallee?dsdk‘?%r t he
anbi ent air I pestbmgrddicedas arasult af éxposiurg of Aphodaredist liyeer to lightt BlEs pamcess
from NVP or ammoni sem conduct or _manuf acturers have used ¢ Lcal filters
to renove the cé‘#&?ﬁeﬁ'ﬂ{ﬂ@?p%ﬁ&%qﬁ#&Yﬁ%@g?@?ﬂmwﬁgﬁg st ages
"W thin an encl opicRss dndahefud ofpréductibslbfthe teriosdBustongefshei ng penetrabl e by

air with acceptable pressure drop., As
For this reason, semiconductor manufacturers have sought to measure and

. control the concentration of airborne molecular contamination during the critical- .
25 steps of the photolithography process that are sensitive to it. A detecting instrmment
specific to the detection of NMP and a detecting instrument specific to the detection
of amnilon.ia have been employed in semiconductor manufacturing facilities to

monitor the atmnospheric quality in the vicinity of production tools.



air flows through the filtering System unwanted contam nants are Wtﬁ‘t%‘u&’
on the chem cally-active surface of the various stages of the filter

system A, problem associated with such filtering systens has been to
accurately predict the remaining life of the filter so that the filter

medi a can WO WHiided at appropriate tinmes with 25 mininal ®CIUSBYPEF t 0 t he
use of the expensive production facilig.y. In the case of sem conductor
fabrication facilities, typically, filter life has been estimted by
measuring the concentration of ammonia in the air flow associated with the
filter system D SEL QR REaRRLT HovA MFRE P30y RRn B S RIE Mendbn BSHON 2,
excl usi ve of other basic.contam nant's, is unsatisfactory in

phot ol i hogr ap8étection dechaimpigs thabhavgbeeriised it eepgontexissr concentrations 1 4

JUL 2003 WO UQ aZag?. =: PCINSO 966 -3 of any basic am nant _,gas. One
process that is se sﬁsﬁ@eodggnﬁ%éi\%? qnéj?/%?egsegfor %Osggﬁcé’ oilgﬁ%%rﬁpﬁ%%fs S is
cheni cal | y- anpédnfdeesloiefr tlchsaitizheiotal BidA gaBoisiRsHehlsphdies; B Ridig:
Typically, nmost_or _all of such basic contam nations that can affect the

process i nél ulEINOy NPrFfICNuad ereastsamipes ingrsrous mipyres; tThegosespetdles s
not 5 applica : éﬁﬁﬁy ' = i es
(e.g., HCN, Ng%tﬁmggﬂzﬁgj%o?% asl gtl n%%rogggr%éeggﬂ%%%ﬁgﬁgeggégﬁg pr ocess.
None of the t fdlomiedbyshemiitminesckntineassransent oflggesiting MO comeapétidsehi nd t he

present invention gnvolvi.n ur i ' nQn-specifi c readi.n a
| ow- | evel concent rg ricgeﬁecb‘f)gﬁg%%&ﬁp@?g%# lﬁ?i"%ﬁ%ﬁwgh%eg%ﬁ’a?aldﬁggt gas
sanpl e exposeemphyunGnphaiiobtdribtegopsisbbepcanbatesh attnnbitatalitR. cohter

invention is based, ,in part, qon the realization that sem condyctor

manuf act uriong WAReT #athows smalybdrnym eptalyste For psianee. it eg MEHERIE & Staskbe
sensitive to i Ia; I i B% i.n fact
sensitive to gﬁg:anta t al yg@%ﬁ%%ﬁggﬁdr%é%g%g%‘{ali%s%t&g% nit r})hégﬁr{%\udg base
cont am nant s pasarpbsortes theat spexificallP rapfiovtel emsppmid. f The altdenating sangfles he

ni trogenous base {dgaﬂt am nant s Ac&?r ding,to the inventi%. ~.lather than
det ai ni ng t he PRPERA10RE 3, 7iogh Lnp ey Gal SRRV ErARiOA SHEEHIVEVRESEH nant by

a separate deyegétf that dpekdiesifdhd 5007500 aIllIbIRA e By s@gﬁﬂdﬁ&ag@%ﬁaﬁ,&ﬁe be
obtai ned by providing a detector, that provides a single reading that is

st oi chi omgr | EBMOpia ONEEERtieD cahee edfaletht e prot on- bandi ng characteristic
of various 20 nitr S@xgyépb&%?ﬂ%ﬂﬁ'lﬁiﬁboﬂwﬁﬁs Rk nSPYF REGIRTERE Me dhbibdie

monitored air. In this way, a "tota asi cni trogen-conpound detector”™ is
provi ded. As et sarmieshduntor annfabwtingy, Tokueidherm cibg procsss fom PBVDBHr use is a

nmeasurenment of _the.totalli f th ltiple basic-nitogen-c und
cont am nant s iaqu%g 1C ét%%é W%ﬁfﬁ%’g&és éﬁ‘&e‘}sggF@%ﬂé@{“ﬁﬁé“ﬁ?‘é@@gs bei ng
25 moni t or ed. chfiminasisaMese RitsringRYdteme eaploy elitePsiygdaivation b Bagosa)the
processes are sensitive to both stron %Ec weak . bases;  hence, according to
the preserR0 i fterpediaof gaoh SHER B6FE FTRAG | 41F Wifh Aoceptabls preRs g dEoReAS ur ed

down. 10, | oW S4RARRIALL AN RYg olferd WanA BTN Eort BB AGPSS |

sensitive only to bases greater Than a certain y e systemis
i mpl enent ed, abeuicaliygrtive suifacs ofdheevarions stages af theshiter systemo A3@oblemsur e t he

totality of the mult.iple basic.nitrogen ¢ ounds. wi.ihin..t K...r.ange to
whi oh e pr oceiomyy Bt Hies HERathes BERO Relmiely bt e BB 95 S0,
2003 wo ooni alife oﬂhPﬂiéﬂﬁQﬁitQﬂ@ﬁﬁarMi@ﬁMaﬁ%ﬁd&lﬁgj)}ﬁapxﬁﬂé?tiﬁﬁswith
specifically on an_apparatus and nethod in, which a ag{;;,)sti € gas of a

A di
. known r ef 4% narinimakgIntion fo the vse eEibe exprnsiyg Produgencieeiity.t Jadbe eRshef ates a
readi ng of a nj e s LLi: ystemis
used to deter %&ﬂ%&%to%ﬁ%ﬁé%ﬁeg? E%mﬁilgtg’ggélori}?eﬁggf %%%éso?é:éggeg@gﬁg@htb 2 5 the
ref erence congmmaburiigithecafcemtraionrod gmmondaipndlnsir flowtdesocibtaigwmitls thedilgas. A

system.

DISCLOSURE OF THE INVENTION
30 The measurement of ammonia, exclusive of other basic contaminants, is

unsatisfactory in photolithographic processes that are affected by low concentrations



detected variance in the detector reading can then be used either as a
basis for providing a calibration or to trigger an alarm which cang Q%Uw
the formof a transmitted service-call request to provide notice of 003
syst em nmal WoOret243m, Depending on its conposition, the di agngsfisooBadseCan

al so be passed through a 10 converter _gnd, in some enbodi nents, through a
scrubber as well. In other enbodinents, two or nore diagnostic gases of

di fferent conpositions and . concentrations of nitrogen conpounds axe

Pt rogen comaigenii; SRaRIEL BEl 5% bBodR R BNRIHIF OB IR ommar e
to provide a pirconanini@igad s dimdaigradplifed deép-iiratildtIDAV)@RotosRE COUNt
for variances in the effjcjency of scrubbers, converters or detectors. A
system for pePPEFSHI8g R Y@F%&Iﬂiéfﬂﬁ&haﬁmw.@ﬂ,ca&ﬁﬂé% one
detector), b 7o Re R SR ES 1 FEnAL-Ta Wr-Ta) Sq.) Qe mary channel
t hat deli ve\r,\lfs]t)a tar get chgs %%derpqﬁg to angetﬂggﬁloﬁ? %\:@Jﬁm@?%%ﬁg%ﬁr% scrubbi ng
channel that #Zplidehlevemever, bedansemerny ghtheSeiHnitrdgen speciasdeng., 5ICN NDf f er ent
detector. Th stem al so .includes, at | egst. one converter, which converts
basi ¢ ni t r ogeN ebrpaa lqlﬁﬁ’&“’éﬁaﬁ‘%‘g‘? E%\ttagmb Pr6iipl ed to the primary
channel and to thengsé ybibe AkhaRABNRkntidiedtBEVe Bivklshggekfia a%ﬁéegme‘hmd udes
two or nore gas sources coupled with the convertor apparatus and sensor,
The gas sour cé§ peeseht isvgniion evejus g wiaakuring, iz hercepeciiivaeadingd lewrewsht r at i on
br ef er reddr mePE S e ARG K G AR hBRafe 15 € BB mmlf sPomde coupl ed
to the priloarphablathoglaphkio revesdeband ¢elieed to the scrubbing channel. In

t hi s enbodi nment, tﬁ?convert,er apparatus includes a pair converters (one

coupl ed to the pri hBF PVERERTHIE basade ry B 9B Nast reakrsiipn Biat serpigendystonbbi ng
channel ), thegghy, | i Wik ; e%ﬁ‘g@ rom
bot h channel sJ!.’Il Afggﬂﬁggkﬁg;stembigyétﬁ!g%gﬁvent ?#)%chg eeétlgr?g?u ed itsn t he
det ecti on syshMR, afisomigrarogher busi¢ pifrogsn porogoentsege trfdcicsensitivtod: total ( a)
generate commands t0 .. 14 J 20 AD 00142427 ~GI/t 7500100966 -5, direct
gas sanpl es f]Prggﬁné%%rﬁhréﬁ calpﬁ%{h&'a?gﬁw\/@aﬁ?oélﬁg?%é@n%ﬂ? TERREL SBaEdlyss ()
recei ve dasa yethyepedifix idefiFdfigenirofrdik bAR copAEMmtQr AGRslingRhseour ce,
(c) calculate ,a difference 1n data values, (d) generate a span calibration
val ue, and (eVEpAn, rather apdeterminpe dhg presapae ard eqpcanitation of pebdrdividpall ues
for a process.gasn [WgTell Ve

basic-tutt ogefj- con%%%ﬁnf%@%ﬁhfa%%e?ﬂzhgggéégéﬁgg% iﬁ%@raﬁgﬁt% 5”“ %er in
addi ti on, t heoltemed by psarsdingridetepton thah providesndinpbnfeading ¢kt o conpar e dat a
val ues with known. referenc ncentratiopns of nitrogen conpounds i.n a

di agnosti c ga%oggl?ﬂeén%ﬁ]gﬁga&% 0 aﬁtﬁi&aﬁgé‘pwgpﬁgﬂroﬂﬁwg cg%rlag@.%tm 35m i s
functioni g pPhiRREEAIs Bésd PneLRALRAL GhabmadibePraktdn thexhbgitdred ait "\ HRteg! i on
system The 10 control systemincludes a processor, interfaces for

recei vi ng det @Ciol bpeeaitrRgsnapmposnd eetpriers is poaifigbl e medi um st ori ng

sof tware code for r 1 ?{rﬂ{% I i " her aspects
of the invention fggﬁgﬂ(%@{:@ e ’a%?@’ﬁ?’%ﬁ%‘%ﬁ%gzﬁ%gﬁ%°§§$°u‘5 er system

VWi | e a si ngl mecanmemnent lnd tigatotaligdoftthoseraulpipipbadiechifrogen-cohdpongd to X 5 renove
ammoni a from a_gas. sarsrpulbajflowi{)}g hrough the chanpel, this solution is

not w thout df ¢ ST S at cp pdyerselisatfogt theinspcessbaitthge beds over
tinme do nes efbgftblederyr fuslah&d BAsH-H Uﬁg_ﬁﬂb%& afgTToNi a.
Fox exanpl e, NI\/P_,_IIa hi gh%%-&ml’egﬁ?‘gﬁ- \/\Bf’%ﬁ?@?m e, cgﬂéggé}g%rﬂé%%gh a
2-inch-deep, sengitivadhbivthisborg ant weilbleases; hendrp atcotding touths prasemy drvention,

fal se- negativel s.ilgonal ﬁg’.n 20 nmeasur enent of tgt al Qaqu]c nitro;g.en
conpounds. This 2 EOTHe RaSiG PILSECH, PERPIARCS Areneaskted dPHE tp IV FORERadie] and
reliability ofevtleeIn B&ikr tH¥®S) whitrlt ticess 10 setisfivelohBoo QM oRG tBaref 2
detection systemof_ this invention, a primary channel and a plurality of
scrubbi ng chaffiEuspKs, dheisieat isdaplemaptate aeording trethiseaspect 'of e dwientign to

devi ool uni*0 aeeay T veeoBinirids BREIToLRTOORE AnBRRLEMIRNE SRt (e

scrubbi ng chatonehish itcpruckas isschsigive, eveh aolgerconoeiatog laelsubber . Downst ream
fromeach of the scrubbers is a converter which converts gaseous nitrogen
conpounds into an indicator gas and a detector for detecting the indicator
gas. A primary channel also |leads to the converter apparatus and sensor. As
used, herein, the term "coraverrer 30 apparatus,” refers either to a
single converter unit to which all channels are ' connected, in parallel,
or to multiple converter units individually associated with a single or
mul ti pl e channel s.




" 1,4 JUL 2003 WD 00/ 4Zaz7 PCT/LTS00/ 00966 -6 In preferred enbodi nents of a
met hod of this invention, reference gas sanples are passed through f'rﬁt
and second scrubbers to renove basic nitrogen conpounds fzona the ddéJ L 2003
sanpl es. The second scrubber is purged to renove reversibly-bound nitrogen
conmpounds WP P¥4H2Pas sarxipl e passes through the second 5 gcrmsowoosédhe
gas sanpl es passing through either the first ox second scrubber then pass

t hrough the converter apparatus and sensor. Alternately, a target gas
sanpl e bypasses the scrubbers before delivery to the converter apparatus

and sensor. The tot .| s It c ounds i n.t he gas
sannples is then de?lel?%Pér%g'gq%‘%%%‘hg?Qggé?sgﬁgéf]ﬁ%%.oéﬁg%g?g L(':J,a%[?mt%ﬂlgaa%t ected
concentrati on wohidhedii@ndsticliggad o krgam referdnde cérap@iiorgapasaditiréupghnal t he
det ect ed i ndi cat or s concentration in the reference gﬁas_sarrp[ e. In

53

further prefer fEECE BYRSFSS aFrading o5 g BimoRen soverind i Bierkpganehiorishs Aar e
connect ed LN Pebatd1Shstedifhuddifo BUSHARIEL hBG|MHES RUBASSHBLANP SUBLRAL b 0 L he
bl y- it 0 unds

scrubbers for purging reversi ound basic ~0gezi C romt he
15 scrubber §. Bregkfreriveontchizatsgr ofiryetregénmoimpdend mtthedisgnashagge Aedia. A

flow controller, governed b ont r ol stem.can be pasitioned.t

sel ectively coﬂ?&ﬁﬁegmﬁeé} 3‘?&?&5{%@? EP&@%QH&H?P&%EC}O@WE%\”@& Bs can
fl ow through 't ?r&dﬁ'ﬁnﬁ@r&!ﬁlﬁrﬁﬁén SB 3 Bded 8n alkHR, WRICh £8] bSHShEMrndT a0e
programmed to transfer the flow of e reference gas sanple that reaches

t he sensor froimanasmited senvieg-cah zemest topravide moice ofa systemaumefumationbber to a

scrubbi ng chanrel _w. a.purged.scrubber and then t i rect urge gas
t hrough the co%ﬁ’lnvaﬁ}ég &g “EE?'L%%Sé on, g}ee ‘W&%&%Ht‘:ﬁ%a@%ﬁ? P%ﬁse%&g‘?"@hﬁ s
programred 100 toavesfee ind, iesdniosmbddiingits) BfcRbl B¢CnBeE 2§ 3] thatey from a

scr ubbi ng channgllsb gnd to purge the scrubber of .that scrubbing channel
before a weak- BRLQUERFNS, H¥, oCRfisAipERoshh saseheh ditferent smpeshiophads cr ubber .

Moreover, the 2Enoudfriions SuRfSREES cea?mﬂdrs%fmg&d%w%%é&rrm%gce&éiB. the

fl ow of gas sazxxples to the converter preferably continuing substantially
wi t hout i nt er r @p@pparatuFiforaletepting basicuitiogol compound iv argab eamplegPairnted t o

| t tely t fer the fl f le b th h |
2nd one of "t he CRHRBSPRPoRRAAHBRE ey LB P R S R O CRE SO 061 ' o
i nvention, 15t heaSrafieimc@oRine for0Rasiafhded in B efFidkiey oF sdrivara Bbhwekelor Cl ust er

for the fabri cgpi on of sem conductor wafers and 1s adapted to nonitor the
concentration &ft

®6%®%5-c ni trogen conpounds in the photolithography tool
cluster. In a specify j: i r J UL
2003 WD 00l 42427 ~ F{*&#ﬁ%@f@%ﬁ%ﬁh,ﬁﬁE‘ﬂgﬁ%‘%ﬁ:ﬁ%@g?ﬁ@%ﬁgﬁbﬁ#gﬁg@ t he
phot or esi st coaeienyrymthidhi apgratdses dhatibed sbot, appdll ed frimdrhehannel that

phot ol i t hogr aphy,.t ool ,cl yster. her .preferred. enbodi nent.s of the. system

i nclude a presg%?‘éerﬁ 3335%@? i?(r,‘éﬁq'é&’ ﬁB@F?t%ra%d@?{Fﬁ'?tﬂ‘}Es% Ecgqﬁegﬂl?lécuum
punp | ocat et d@eRedrs E@éfbﬂehw‘%a% REmple36 ROsamelor b difeirent AcCOBFOThE A figs and
detector can be coupled to the primary channel arid the filteri'ng channels,

Further still, =dvdgsiabiegstone comvetier, siich eonrertschadicinitoegenicomppundsigytoghannel |

and at | east ong;: i - I i.S: f n far,sel ect.i whi ch
of the channel EE ?ﬁ%bé%aépv\?&é‘aﬁgééﬁ‘ﬁé’ﬁ E’{Igvﬁ’/ ‘t[“%?‘lo%‘éﬁgg‘% stgﬁ%b’é’gn‘:\%ﬂ"grf u’ri}%r

Parti cul ar advatillafesystém intligics Bve of inore $23 sburtes dolipled biithithy cdnvenscur at el y
and reliably determ ne et her__t he basi c-ni trogen-conpound detection system

i s functioni ng 2HBAEWS 3RY SBSUN I erdaR FRIBEES cagh SwpBlY aBas §Vith adisntikaoyas

sources an®sd concentration of 2 nitrogen compound through the convertor and sensor. In

preferred embodiments, the sensor inclndes at least two detectors, one coupled to the
primary channel and another coupled to the scrubbing channel. In this embodiment,
the converter apparatus includes a pair converters (one coupled to the primary
channel and the other coupled to the scrubbing channel), thereby enabling
30 simultaneous measurements to be made from both channels.
A control system of this invention can be included in the detection system.

The control system is prograramed and configured to (a) generate commands to



control system for conparing known reference concentrations of a nitrogen
conpound in a diagnostic gas with detector readings, this inventio éiULuZQUﬁP
to 15 determ ne whether the detectors) of the detection systemis/ar

provi di ng NEWREY readi ngs of the concentration of nitrogepcrosadiEs i n
the sanpled gas. If the detector readisggs do not rr~atch the | nrown

ref erence concentration of a nitrogen conpound in a diagnostic gas, the
control systemcan then automatically trigger an alarm preferably
transmtting e o4l Vd ' i de 20
notice to renggsat%gg%ﬁaﬁ%?gﬁggggﬁ%? ﬁgro?gfsh%ﬁfr?g? %%Iﬁsgﬁi‘ g?\%ééaﬂf)%?ﬁt us of

thi s inventi oncesine data valess (po"rgadings! piremdkd sebsaxtionreck ghasearceh@) caaulatbe
applied to subsgguent d ctor readings,to co nsate for varjances in the
efficiency of aéﬁgﬁrfﬂ‘bﬁol@%fa%c@ﬁ?ﬁérf ECBFralE & SRR gﬁl é%ﬁ’ntvﬂL’FeWa(B} @H&jﬂé‘ef or
nore accur at e spifcdlidritivhlvalueas ditieguent @it ViIQeSHS b BfBcet 2Bl FnefaeSCR PTI ON
OF THE DRAWNGS Fig. 1, zs a plan view of a DWphotolithography processing
facility erfpl d§3lpvalue Biicatyve ahthe yasienitiogin-sympend 1pye) fordhe progessent.ar ged
schematic vie b L1 aiqb Is i i ' fl ow
di agxami | | us\tl'xrl%%[l&rﬁg%aty{ﬁg{ %Ir%tg"g;ﬂgl’ 0 @%?%Qggﬁwﬁggto ng deﬁg%bﬁé%dég% ?oon
system of Fi g. ctmpareldata VdlhesAGDBkWTORfet &2 ton@nir REINSONHREa6Corfpenddinl S a

flow diagramil].ustrating the continuqus operatjion arad calihbration of the
enbodi nent of 2FPYEROFHE §as PP?S:eing%ft?F F&%Fé‘ﬁi#’f"aﬁtgf‘i‘%ﬁyﬁ@mtlﬁe moni tori ng
and contt ol offukdiRriigdsEpely e b @ehetardAtaRird it voP URIR ALy Lixe R Mot

of Fig. 1. 5 Fig. 6 i's a sChenmatic viewo ot al basi c-nitragen-conpound
det ect or ak0 a copipbl sigetipeluieraprocesse fterfacesioarecivagatelector readings aad 2

h [itho~ | | Al ch, a I hcznif zogen- dd
e conbi ned. wieRPa FaRgble g ok S B BN I bbIAERE RIS "ol very

train for tot aesdrtet durddbions.t r ogen- conpound detection that has a scrubber
systemto produce reference, and in which a pressure reducer is

i nt ernal i )
| ocat ed downstr eamac?tlhﬁrnﬁsPFFés oEthg iyentieR orrson e fasigpitiogerrsemRewWY o
basi c- ni t r ogen:RARRYSEMS CWHAPE ' | e
delivery trai ECI\?\A@t h sepgl_'rsate grggls %ﬁgﬁgﬁc&%%f%eﬁgﬂbﬂ%wog%ﬁf?Eagj?lrg@tbes a
t her mal cohi errempeve zrafoghia; fror lagas s erflofvinig) througi\therhgnnel Ehis solatiscisewat | ¢

" view of a detect,i system that includes three.separate.s | e ..channel s
coupled to an °§l§91g§'ts°5§$5- Q%m%cufaé' °3n°"segh]¢§r¥€zﬁil??‘ %%W%fbe@s@maﬁé}oﬁver y
train simlar dfectivedy filtér Hds{y ni@égentompotiidsathdr Snainmaehiy aForexigiplepcat ed
upstream from crglbgger si/stem 25%6Fi . 10 is aviewsimlar to Fig. 8A of
a system i npl éMt% 8B quﬂ\ﬁ’ﬂWéI RE ap el gD 2Rd-daepe f2-inch-
nterferent s Rahiter AMBeE RS &5 hdthPrighiridgSraflomobHRIRIGEIs Y gV OF 2 sampl e

delivery train simlar to o
20 measurement of total basic nitrogen compounds. This is 2 major problem which

affects the functionality and reliability of the instrument's output.

In preferred embodiments of a detection system of this invention, a primary
channe] and a plurality of scrubbing channe!s are connected to a sensor. The term,
“sensor" (or "detector apparatus"), as used herein includes a single detection

25 device/unit as well as a plurality of detection devices/units, Each of the scrubbing
channels includes a basic-nitrogen-compound scrubber. Downstream from each of
the scrubbers is 2 converter which converts gaseous nitrogen compounds into an
indjcator gas and a detector for detecting the indicator gas. A primary channel also
leads to the converter apparztus and sensor. As used, herein, the term, “converter

30 apparatus,” refers either to a single converter unit to which all channels are
connected, in parallel, or to multiple converter units individually associated with a

single or multiple chanpels.



illustrated in Fig., 8A and further including a zero source and a 4pamn| 2003
source for performng a span calibration of this invention. 25 Fig. 12 1s a
flowchart illustrating a span-calibration process of this invention. Fig.

13 is a flolvchart illustrating a process of this invention wherein the
span cal i BY@PW#27 al ong with zero calibration and interfer #IEIOLPING at i on,
I's applied to subsequent detector neasgiwrenents. Fig. 14 is a schematic view
of a photolithographic apparatus including a 30 diagnostic system Fig. 15
is an illustration of a conputer-generated sanple-location nenu. Fig 16 is
an illustration o Ot

00/ 42477 g_ PCTNSI(SJS‘%%%E@R&%%?{S?%%E#&?# Dfthis inyehtinsrel: cltrdnce 885 YW

conput er - genegaaipdes ampaksadﬂmmu@ﬁi'sltmdaecpmdscmbbets$m:fwmhyleéas15ngrogtﬁ is an

illustration of a ¢ ut et - enera ed ndow,f or sa cations display.
5 Fig. 19 is WRQ“F’EQBPH&‘?’BE %F%W“Séﬁ’élpg?éﬂg%gﬁ@hw%? a | ocal
al arm di spl aysevEisthly-BBuhSni@Bgdd éo%ﬁidhﬁ&é WA g GRFbREesdRBagRitRGeYinddow

for a real-tine sanpling nonrtor. Fig. 21 is an_illustration of a
conput er - génescaeldgr-wihel 59 eoplas pg%naethmrghteﬁh@rtheﬁraﬁ%mp%smeumen an

TrE PREFERREAPEVEE RO EF L et (R OBRe ke S P A o e eepy

enbodi ments obypdieesithy sopititers Yefidre delivery o the gomiarteﬁamjmt@d aridfveggoap e t ool
clustez is shown for the production of sem conductor wafers._ The cluster

consists of t ixelicprentraton pihasiomitogernomppadsdngie @SAEW]PE*FS tBeDcessed by
the cluster i rred to the
St epper 6 wher T e e e b B o
passing t Hrﬂoughh@toregas ol énp tapel gaheample antﬂverduemteldmca;tmr gasgongeatkti®n Mher e

t he exposed p o e5| st ?vel oped. Each of these tools 8 9 is joined to
a separate cl ﬁncFlngt ron system 1 and | a,'respectively. Each
filtration tovver CcOnpnthee reﬁemmteﬁiboaﬁnmmdmmmtehﬁz thstrabbind clotmaparsed
apart chem cal ly-active ter stages 12, 14, 16, 18 installed in series
within the ené‘l’@?ﬁ?eémA%faﬁﬂpﬁltﬁtéﬁsk'ﬁﬁeqw&l“dfspklwé systemepuped i9itho0, at the

fop of the |lo e
fabrication fgéélﬁ ;[ré P&rpﬁémo% Q[?}ﬂﬁyngwde%%ﬂn?&% cBﬁ{ ?%Er?]sﬁvﬁﬁehn t he cl ean
room or tHe t@mrhbhdrseP:fefer'a'Biy,sthsyﬂulﬂnrmdlude satmeaxahanganmdm rmﬂewf ul ly

described in U S. Patent | i cati ons Nos. ,15 0 | ed February
28,1997, and Gmfgljgfﬁ@‘éem? Yeﬂcﬁgeg%é?“i?ll §t° selkctivety Eontrs]

which of the scrubbing channels the sarnpled gas can flow through to the converter

apparatus. The control system can be programmed to transfer the flow of the
reference gas sample that reaches the sensor from a scrubbing channel with a
20 contaminated scrubber to a scrubbing channel with a purged scrubber and then to
direct a purge gas through the contaminated scrubber. Preferably, the control system
is programmed to transfer the flow of the reference gas; sample away from a
scrubbing channel and to purge the scrubber of that scrubbing channel before a
weak-base nitrogen compound can penetrate through the scrubber. Moreover, the
25 purging process can alternate between scrubbers with the flow of gas samples to the
converter preferably continuing substantially without interruption. Finally, the
control system can be programmed to alternately transfer the flow of 2 pas sample
between the primary channel and one of the scrubbing channels, _
In accordance with one aspect of the invention, the system samnples gas from
30 aphotolithography tool cluster for the fabrication of semiconductor wafers and is
adapted to monitor the concentration of basic mtrogen compounds in the

photolithography tool cluster. In a specific form of this embodiment, the scrubbers



t eachi ngs of both of which are hereby incorporated by zeference. The filters
are conposed of chemcally-active conposite materials, typically n w03
fabric nmedia, to which are bound activated carbon particles or ion exchange
beads t hatwbayaz4zeen treated to renove anmonia and organi Cpﬁ?/ﬁs%ﬁmoﬁgk‘e 20
filter nmedia is typically arranged as_qa set of pleats in the enclosure. An
exanpl e of such filter nedia is | mown by the trademark, Vaporsorb~,
produced by the Assignee, hxtraction 5;~ ~terns rnc, of Franklin,

Massachusetts, ,U. .1l n.anqt her odi nent... a converit.er-.detector
apparatus is %%P%?&@ofegls%ﬂﬁf%?eaflgﬁ%?|°rti%fe?3§r°1°6tﬂgdﬁﬁt5 g e °?°F%s|15tdepl oyed
in either th&p@ﬁk@b‘yﬂ]@phaéﬁth@imbﬂimer_ air supplying a clean room 1In
this case, the converter-detector apparatus is _er‘r?l oyed il1l Such a manner

as to nonitor totaPthsaprefemd shpdimensspohin aysten ineluds sipresawre Zedncefownst r eam
f filt j J . es in.t -
Pechr oul ati onoaed Bl hm BENGr S anh d 3Gk G flocen RSBt ong the

di fferent $ildeasorniirthet,arcenemgnl coyegtter Gad Gekdtorin &% aowil&5toi the ptigienypar al | el
trays of |oose activated _carbon particles produced by, e.g.,. |~onal dson
Conpany (M nn&’éﬁ%ﬂ?,ﬁt}ﬂﬁﬁ-ﬁ%‘%%‘%f@%ﬂha@ﬂb% %'SHIBS-?TSWSCXE@ﬂ% a dry
thermopl ast| cogafeshumaAPafad Ll Ias FReNIGARyRERRIC Ikl Snfheed M andezs
14 J UL 2003 WO 0014z427 ~ PC 1, 1 US00100966 -l,l p'ilters (I shi'ngt on,
Nort h Car ol i ni®r st)spting whixh [ofithgshanrsts, thesainpted gasmapi flowd tisoughete the hi n
extruded car bonvbl ocks mani fest as a fabric as manufacturing by, e.g., KX

| ndustries: n&d §'fade by the nodification of the chem cal properties of
the fiber1ostruct urgtieslapaddtitges diithis en@ntioolide GRIBility Tk @ratelpp@n) and
Takuma Ltd.; axed 5 carbon fiber structures as produced by, e.g., Kondoh
Ltd.: and carB8abiysetsranes Whehy thatbpsic-Bhogracamnoynd detgctionisyatemss - Cel anese.
As shown izx ki ¢ ish j OW5 i A '
respectively, ﬁgﬁﬂ%ﬁég% rggg’rthbésdaenp%fkﬁlﬂé&%(e)?'t ﬁ§5?(§2w¢ﬁ%a%gnm§ﬁsg? rg%%%%%%rgm (li%g port

4, 4', and ancdntodsystein &o¥commarihg kupvorefer8nceonceStrapdrisvg apitrdgen8a and 9a
are |likew se provided for the.ste r 10 and track 9, .respectively. For
each filter a‘godnl? lﬁgrfgﬁ?ﬁftfc(ﬁ?f‘ g‘gﬁeq’egecf% rﬁfﬁﬂjgé’.c}ﬁ\?é’f“éﬁinﬁﬂn ﬁdﬁﬁ‘ﬁ? 6 (for the
st epper 8)s5angeréminé dhettietheldd@kiofy) ofthed&0eHAIFitan i9Rd 'I;!hﬂﬁdiﬁg ke are
connected to a common, renotely-located NO detector 7. I'n other

enbodi ment s) #adinggpEihesevesnsrinm ofsumossncomaPyeds igthe staplsdass f o both
tools 8 and 94a0dorRbAikel Bo hilinbBMME L Ein } ARG cohBorlddBofl B Sffiidlrerf 111 t1LS

case, 15 the conversion-nodul e and the ect or can. be1n Tx7 of
a Model 17 i nsimporediin awhagnbsticsgaamhae baritod sfstamcahthemautbnaticadly e pgealon

I xI strunments I.nc. (Franklin sachusetts, USA). Al though the renmgining
descri ption r%lf%’?i ]%ﬁfe’fagjlf*hé?sn&% age.gmc}eéqaflyreap?% LYTYIEE PrRuider 1o RIpYide ed
enbodi MenRD Widtide tb Pérhétiethe talhdtionl FaehyShRindthdRAHb egpLaradidrflis a single

conversion nodul e can generally be used with 20 equal 'Success. A
r enot el y- cont MEERRRD sraerusEdtogenerate qalibrsign valuesdhatian he applieddonver si on

nodul e 6, 6', } : i e li.nes, .the manifolds 5,

5' direct to ﬂ?gé@%ﬁ%/ae%{g‘%%rnm#%{@?B%fﬁ%%r@gg%ca?ﬁ%n gngr?ﬁr"i%gnqyrog& the tools
8, 9, from t heribliestcoavertarss d2ectart amdfithérsiey priokide for, mbfe@btdrite a8d tdlRbleSt I eans
4, 4 of the filters, and fromthe 25 internediate filter ports 3, 3',
according to ?a‘g’é]ﬁﬁgrﬁﬁ’et%&&?ﬁt%'l | ed by a conputer 51, As shown in Fig. 8A,
and as described in greater detail, below, the conversion nodules 6, 6
include a pair _of channels, A and B, through which the flow of sanpled gas

i s al t er n@fedBRIEF PESCRIFFEAHOIF FHEPRANENGS/ st em x20 in channel A a
rxtulti-way val ve i22.f.or _controlli d,redirecting fl.ow.t hrough channel s
A and B, 3)6 a presgiﬁ‘élf éafﬁe‘?’”&iﬁ?ﬂml’ °t?lﬁg?%%yc?§g%ﬁs§}?$éacg%vgrter i 24

in which nitregplbying a contaminant detection system,

Fig. 2 is an enlarged schematic view of the filtration tower shown in Fig, 1.
Fig. 3 is a flow diagram illustrating the process of zero calibrating the
30 detection system of Fig. 1.



conpounds in a gas sanple are converted to nitric oxide (NO. ' 14 JuU
20D3 WO 00/ 42427 PCT/ f SO0/ 00966 -12 The converted sanples are drawn.-lf;‘ré@[nmm
t he conversion nodules 6, 6' to a detector 7 by a vacuum punp 22 | ocat
downstrearn of the detector 7. The detector 7 includes a reaction chanber
where NO o aykdssed to produce el ectronicall yexcited NO- ppiraged/emsand a
photonul tiplier tube which neasures phptons emtted 5 by the

el ectronical |l y-excited NO2 nolecules as they return to their ground state.

I ~ one enbodi nent, an inpinger is enployed to identify possible

cozttam nants in t co tgﬁ g thr‘%l ' ' [ of a

gl ass or quartz tu%g )l&:gslad@&r?galg |q§;ﬁ‘5.& r tﬁ%f%@#ﬁ%ﬂ@ﬁgﬁﬁﬁ ag&)\?agzzb%%npunp
and an associ gitteélemBbdiiteat FFig.llow control l er are enployed to draw the gas
sanple fromone of _the_ 10 sanple lines through the liguid to ke a grab
sanpl e. The grab s%‘_ﬂpﬁb*qg‘“f( ﬁ%ﬁﬂ??@éﬂ%ﬁeﬁ?ﬁm%ﬁ%‘g}uﬁ%“?’e%ﬁtﬁ?i me

col orimetric g&geésmg%olpaﬁavjﬁ1ﬂlaaangysaaeéﬁefmk%ﬂb\seiﬁeass gent of the

contami nati ng basic-nitrogen conpounds I n the sanpled gas) In an instrunent
associ at ed5w t h azFiget iswschematicvawaisitoinl Pastholigrogaacimpund deteetor gt ect or
subsystemis cogﬁi ﬁezrrgd as; @ single instrunent, which is 1 ~ calibrated

i ndependent | yP8P:¢ FECOHE 'convert er - det ect or subsystens. In the preferred
enbodi ment il ust rpfeed if NschbMaticlview T ahototih Wehﬁh-vﬂﬂ&lﬁﬁdbﬂ

subsyst ens: one_suﬁ%sstlem serves the_t?aclg nga its air filter systeml
and t he ot herbasimeijregemreepanad deteetos isgopidiing Witl2 feK.air filter system1 a.
To performa "zer og; Cahi: i : j a“{:'q s i) faif T si ¢ nitrogen
conmpounds) is prov?@égkﬁgg%eﬁgpf@&g%ﬁ%gem © eohrve{yhﬁe‘a]ﬁs%‘%g%tgb%%zsystem and
by fi]ter 10yshitmgdn-aomhpsuridhietctiiae thabhissyshibber Sgteheroiprgiucken omemel si on
et o naieene b faRree e Btk Shybes L S e
response ti nmegnfert he system To zero calibrate each converter-detector
subsystem two or nore sanples of 25 known reference concentration of
conta~~srants are PigodBdBestratss pibesicrdrogsAeamponsd srulbst svated in Fig. 3. The
i nstrunment responsg. i sAt:-hen co b

concentrations, an lgaﬁcz:e]&gst(a:‘%F g%rg%lﬁ go#%%?&%ﬁ lsgﬂg\g%ea?%% %E%g%eg‘sl%%%i at ed

ei ther mangal | y or FRl. eDtilastiateslaltierriah cenvehtesmkful fxibp spstemof Rige8Awi t h t he
instrunment to provide cqorrecgtions fo the instrunent's responge. |In general,
the instrunent 30 F&ﬁgﬁ%‘ésg‘ﬁ'@?“‘fH’éwc?fr?c@rtﬁqla’{‘ﬂfﬁa?%ﬂm Fﬁaﬁ’ﬁ’? s§¥?%¥g“l‘=e f or
an extended pefi0d chdd¥RlsicBSiIEUIRA NDSIcSRftei t1ve, hourever, to |oss of zero
calibration, for reasons such as drift of the photonultiplier, and the
curve nust be shit Fiml ries sahewetic yiepnel 4 semwledslycrydn pgilar o Gatpfilig. 2003 WO
001 42427 -~ PCELRAREGP0R0arteh v fs 1NAIEDONER ol PecrfiBeAtisgafiar T ul
contam nant concentrations In photolithography processing dare extrenely | ow
(on the orzder of 1Fjan0 ipeviewisithilartoFipBA afra dysteer inplemented-talbietimaiinen i n

referred systens.is typical erfornmed on the .. .
P | Y to variations %{1%\18 an %/m%r 1rntcr erents at the sampling site.

Fig. 11 is a schematic view of a saraple delivery train similar to that
illustrated in Fig. 8A and further including a zero source and a span source for
performing a span calibration of this invention.

25 Fig. 12 is a flowchart illustrating a span-calibration process of this invention.

Fig. 13 is a flowchart jllustrating a process of this invention wherein the span
calibration, along with zero calibration and interference calibration, is applied to
subsequent detector measurements.

, Fig. 14 is a schematic view of a photolithographic apparatus including a
30 diagnostic system.
Fig. 15 is an illustration of a computer-generated sample-location menn.

Fig. 16 is an illustration of a computer-generated toolbar.



order of once a nonth to assure the ~delity of the zero reading. In a
particularly 5 preferred inplenentation, the detection systemis 4ri diigoh
to operate continuously, as shown in Fio. 4, whereby the systemperforns a
t ot al basw® ed/i42azmgen- conpound detection for each of the sapplriusgo/@ose s in
turn and conducts tvvo zero calibratiogs each cycle, one with respect to
each of the cozwersion nodules 6, 6° wth which the detector 7 operates.

O Preferably, the zero air enployed for calibration is provided by the

s then'i nstr uct ect ol b et ol Ptk E R Ry i BB "L DO

t he case thatagqhgitcﬁnfg‘cgé@me bet ween the total basic-nitrogen-conpound
reading for the outlet port 4 and the sanple at the internediate port 3 is
not greater than zBEigol8iyan iHusigationfof 8 srmpetehaencsated windowtfon 2 samplap| oyed t o
establish zer gggﬁ a 1' ot her preferred enboditzlent, a sannpling port

| ocat ed just‘%Fece in he last filter stage is enployed to verify that the
'zero air fsomthe Big pois of illtkteationl df acompatel geseratad virglowzfer a laval elashh so, i n
an alternative enbodinent, a built-in, dedicated, zero air generator is
enpl oyed. Themﬁﬁhéfator provides zero air by either filtering the anbi ent
air or by bubbli ngf@. ﬁo?@a&iblgmn?oflalceﬁ- BreR e EADRRRY wiRloW fop R reaMinf Ct er nal
conmput er, preferab situated outside the cléan roomin which the tools are
| ocat ed, is esgmplingdnomitazontrol the operation aad nonitor the entire

photol i t hography process. The software is custom zed.for the ir

appl i cation. Perf oi: %2?? %@gs@%\'\%ﬁc&g&u GB'gFﬂeéatggwg’rfof 8 sﬁ‘l%r\gli%gggsan
archi val dgt ahasgisitinERdeR @TBh ity @pedtremictdde cont ani nation history of
the tool cluster. B aced on the particular ports being sanpled, the

software enployed in the operation of the instrunent deternvnes which
converter-detector subsystemis to be calibrated and the appropriate source
of zero air for calibration purposes) The software al so desi gnates which
calibration curve to enploy. As the detection system30 is calibrated az~d
t he new zero readi ngs axe determ ned, the calibration curves are adjusted
accordingly. 14J Ul 2003 1V0 00142427 ~ PCT/ US00100966 -14 rn a
desired application, control instrunentation, as illustrated in Fig. 5,
nmonitors the performance of the filtering systemand the |evel of

contam nation at the track and stepper tools. Should a reading fromeither
the stepper or track exceed a predeterm ned threshold, an alarmis
activated and the process is imrediately shut S down. However, by use of
this detection system the occurrence of such an energency can normally be
avoi ded. As shoran in Fig. 5, the filtering systemis continuously
nonitored in real time, as follows. The sanple at the inlet to the filter
system over tinme, provides a quantitative history of the input of

basi c- ni t rogen- conpound contami nants to the 10 filter. $y using sanples
drawn fromthe internediate position along the filter systemas well as
fromthe outlet of the f Iter stack, and by neasuring the difference in
concentration |evels floor these |ocations, one of the followng steps is
triggered. If the difference is zero (condition green) and the total am ne
or Bronstead base concentration at the tool is within operating limts,
then the operation continues 15 without interruption. Wen the difference -
is greater than zero, the difference is conpared with a predeterm ned
threshold. If the threshold is not e~cceeded (condition yellow), operation
continues but a filter replacenent is scheduled. rf the threshold is
exceeded, ox if the total basic nitrogen conpound detected at the tool
e~cceeds operating limts (condition red), the operation is imrediately
shut down. 20 rn another enbodinment, there are three or nore conversion
nodul es renotely | ocated at various |locations in the fabrication facility.
One conversion nodule is enployed to nonitor the géneral conditions in the
clean room a pair of conversion nodules is enployed to nonitor the

contam nation around a different tool cluster; another conversion nodule is
enpl oyed to nonitor the contam nation level within a 25 chem cal storage
cabinet to provide early indication of chemcal spills, A centra
controller is used to nonitor detector readi ngs associ ated with each of

t hese conversion nodul es. Accordingly, the central controller can identify
a particular line in the fabrication facility where basic-nitrogen-conpound
contam nation is a




probl em and can sound an alarmidentifying the problematic Iine so][{]gﬁ 003
remedi‘al 30 action (e.g., filter replacenment) can be taken. In ano

i npl enentati on, shown i n Fi g. 6, the converter-detector instrunment is
constructed as a nobile | eak detector. The nobile unit is noved-to 14
JU12003 WOM@OU04R24277 ~ pCZ' / US00100966 - 15 sel ected regi ons BETURY/G0966
fabrication facility to seek possible ggeas of contami nation |eaks. By
foll ow ng an escal ati ng basi c-nitrogen-conpound concentration trend, the
nobil e unit localizes the source of t he contam nation. Tn anot her

enbodi nent, il i‘@@ ined with a 5
muf ti - poi nt smﬁgﬁgﬁgﬁg an array o sensg\r@ﬂ?g nmoni tor the operating

status of a 'track Aldewrmdbn@fpmmwdmnodunmwahamemmffonms hot plate,
time on the chill plate osure ti

basi c- ni t r ogen- conp@Jfia- ]dé E@Fh‘-'rﬁi@héfrﬁ?q G@%l‘%‘@@%@éﬁ?ﬁ’iﬁdﬂ%@?ﬂ@f such as
the concent ratd.an. fladll; ARES | Ph, ALANNEList Bf fvo 1B ALEAILY kg blagRDe

(FIMDS), in agas sanple during t € coatl ng stage when photoresist is
applied to 3 heawiﬁlprommwm\mhmesm chaed watheptetaxesist irhthe tednd, transfetred

stepper for exposure an uentl rou e t.rack

devel opi ng. DutfFg tFPﬁ’eé' ﬁé@gﬁr(ﬁ' g{pﬁgcaéar%travpg%}g?&mmnpassmg
basi c-ni t rogew@ﬁacld%a%azummﬁeam nahe&aa;egwwaew*exgbseanot her
possi bl e i ntenr~al processed chem cal contam nant, such as

t et renet hyl at r@hﬂﬁ@ﬁ@ﬁﬁhyép‘&l@m?é‘ Erxinef ¢ C&Q‘Fﬁﬂé@ealﬁlﬁmﬁﬁ@ a sepaletiesi 4y st age.
e Y oo e Rlalpn sbebh 1 P TBPRER) ol B SRTROH RO et 1

si mul t aneous revi ous were typically

noni tored wt hcrﬁ:mf@m?arﬂeimbﬁﬁp&sedl'ﬁmnsqhsmbmmiasmeeﬁﬂtdbbagcméétliGth in
its total basic- nltrogen C ound r adln of oqther hasjc nitra 0 ounds
that are knowninsg@lled Hbi;nﬁa}"ir}?‘mﬂ?@n H%mbh%f Qﬁl%tﬁgﬂ?ééhb the et Sats np

mor phol i ne, di gLyl %H%\ﬁérhﬁ:@%rbeﬁ&dsugl ¥E OGN LliBG Duffic tRIBBLEatIMA tﬁéﬂu@«r e

commonly used to 1’'nhibit corrosion’in gh-hum dity regions. Basic nitrogen
conpounds $or not fremfwitiiih e faeiditys toe fom Wé@pélm deanroamar thsfookitsslfa This

| uded th t h
e 0, U, S8 5Pk R A 00E1, ROMROMA
basi c- ni trqgeneg/agpeumcﬁle@nélﬁmmg 0987, eeesisd6)1o0, fited DiceinberB, 3987 tireg

habits. As has been expl ai ned he system as illustrated, converts
substantial |y terhiage W%Wh@%b‘%li‘%ehﬂ @F%@%ﬁﬁteé&%ﬁﬁfﬁﬁﬂgeto a common

detect abl e comound gl ¢ g?#@s%ﬁ%ﬁ&%éﬁfg%ﬁ%%}ﬁp&sﬁé’ atfels, typically

hydr ogen- bondi ng cont am na concentrations o e con m nant s
are detected, hymgoen fsarimpinkdig, toedhohmésundmvmdewacmpmulmesmof t he

contam nati on ca remedi ed) Anot her advant age pect
of the system f%° aneg@&iﬁgbha‘fc%eﬂge@gﬁlrﬁn@g? FI8H1°BW€8§§I% ‘fcil%’ggssrlf)}%ns
Her et of or e 20dUFiltBgmEhia 1§l/?f8£claﬂy qahugm aBaQeRF pleatidn the adiovirdlaln exahpe of U L
2003 WO 0042427 pCTl US00/ 00966 - nol ecul ar _base present in the clean

room was typi carahfilrsmeadiaiy kﬁywébﬁébﬁ?&@%tmﬁpf #EO@&%@@M@%U ons were
sumred pr ovi di B&agnwmg e SR Mo [ PrdRliR) M%&uh&%dU@A' n the clean
room For instanc fee Dases Were present, eac

W Th a concentration
of 10,000 parts per Iﬁamdtheramb(oldnh&nt admve:imahtacmmppmmmg empldykdbe 5
MB30, 000 (or 30, 000 . th rese sol.ve robI em of
detecting i ndi WA Fgﬁ %&rg% an‘lt} ﬁ%ptl Peﬁlagih PROWithin a
clean roomya t li‘eé}cﬁlaﬁgﬁ ‘a’::r\sﬁ?;q#/ﬁx -a,c16¥8 rbéth! Hi"!hﬂ&a@é‘@%’doﬁ?&ié-&fecio?e
ec

invention are particularly “ef tive in
apparatus is employed in such a manner as to monitor total basic nitrogen

compounds both upstream and downstream of a filter deployed either alone or in
series in the make-up or recirculation air system of the clean room.
In other implementations, different filter media are employed. Certain
30 examples include paralle] trays of loose activated carbon particles produced by, e.g.,
Donaldson Company (Minneapolis, Minnesota, USA); extruded carbon blocks using
a dry thermoplastic adhesive as the binding agent as produced by, e.g., Flanders



2003

providing an accurate determ nation of total basic nitrogen conpodkégug
| ow 10 concentrations, for protection of the base-sensitive processes.
, " These enbodi nents include a primary channel and a plurality of scrubbing
channel s f\p gd@b42veri ng gas sanples froma source to- the coigqarsoetossnd
detector. Each of the scrubbing channels includes a renoval device for
renovi ng basic nitrogen conpounds fromlhe gas sanples to produce reference
sanples. In some enbodi nents, the renoval device is~ 15 process-specific,
meani ng that it renoves onl%ithose basi c conpounds that_are of interest for
r n%%ﬁﬂ

a specific pr&tlesss(Weshingsgm Vet @arolipg, 31849 frasicss prdcPomeerdniystirssi gned
for use with i f i E ; SRR eylcexli s coated
wi t h phot ores@?c?%&%&né%nfbﬁgﬁsgﬁ‘%gsﬁ ggér%iceag?%gge con%gg’n%%"tﬁﬁat will
interfere w tinduseiea} mktiagialp biychaapdifictiianofdhelchtemied] ppaperties ofthe fibed nar y

S he eonver t o SR OB P £ BORSCOB. (OB RE Tl TERIRR LG Botuce. o
reference %amkﬁoh%ter&éucwreseug&owé!bg,rzgv.?kbﬂdoﬁlxltd@ana QBo@Asarialt Bfeel €s

correc~onding to the class of basic nitrogen conpounds of interest, the
ref erence sanphedippwdiceddyaelgadhiechat-Gelanessancel i ng the effects of

background, nitrogep-gontai i ng contam nants whi ch.m. t s
contribute to the lﬁ% %ﬁ?ﬁ'@éﬂﬁ%g? Sﬁ’?ﬂéﬂ{%—& 58“’5@7 ltaﬁglé’ﬁg%lﬁ?%mgﬁée\géi%’%ﬁ
detector in th@skéndeimelag D)6 2 dbhastaselamiding@atti4g, i dhiaknpaediite act ed
$om a readi ng performed on a target I%%s sargl e, Referring to Fig. 8A _a
sanpl e del i verspmpHag port3nd| SaMBYDE Ped-8AANS; Srreileryrise provided Lo dhgrstenper 8
deterrmnijdg I, Gz, Ni 3 =1 i,n a 30 gas
sanpl e usi indg:j aa&nﬁie&n fg?ﬂ%ﬁ%g*f%ﬁyéﬁé&?ggﬂ '%‘g%&)‘g@%%u . e. l,aﬁ’at?%{e?{:%d[e is free of
basi ¢ ni t r ogerconeepsion miksdule dtfer haspbperdd) tiad §' (fdrtbergicksd)s #heconversional ve 114

(e.g, a multi-position val ve rnauufactured by Vicj .Co. oust on,, Texas,
USA), which °‘§‘135 %a"?d ‘%@fﬁscmt Wﬁffﬁn%%?@%ﬂydﬁ%%dgb#&?gép es an open
flow path from one gfothd}@mbanhdnfiy a BREleScohtettiol irddile redbives Rhefiriplet fHoah Ve
114, the sanple is directed to the conversion npdule 6, which sg{ilts each

i ncom ng sanpltoth tnods § ars Pand deliversdheedivertad samples to shrrletrciaads dn BHEFAspar t
separat el yq¢ Vi e i onverter 124
fol |l oned b%/s a tge g%ﬂevr{%ﬁt‘tnm»%g%%?ﬁ{ﬂgédt% geg%oté? %EQE{AHE? g‘?‘ﬁ’g‘%ﬁ%ﬁ%‘f’a IZ pair of

tl uee-way val viasinfrhédtpwhich isearadsbly &oueEhehdd Enasivonri@al InstnEeyts I8€C and

connected. as shown), can, i.n practl.ce,,.pe supstituted for. t.he fti-

val ve 122. Ano&ﬁ@ﬂl?aq‘@?a %gﬂ%iﬁ@viﬁdﬁa’l@b&%’aw WQOEE%WEF?%@‘/

systerr~ 120 tpisk%h&aﬁ%l iRedted PANE IRbtrEd ERBodRRNE AMhAntlBdeR aGhdFel s A and

B and to prevent Dbackflow through the channels. 10 Channel A, which serves

as a "scrubbi neprybaisaanodules; & ansk &, ayangle eenvernonEadHl e carhgeseigHyY ke used with

basi c-nitrQ@enéﬁlgjrgﬁg&g scwbber system 12D and then to the valve 122, while
fetred to a

channel B, re s the "primary channel ,"” directs pant of the sanple
directly to val ve 1&Zemdtely-tertmiled runiftldes;, 5', isassositetl with edvhsonersioent i s

intended to refer, t ny device that is .effective for rempyi basi ¢
ni trogen conpo’ﬁ‘ﬁé‘él?%og" %I?SHE?S:“H@% y]éa FeRRenye ﬁ%’f‘R&lﬁ ﬁ:gest ﬁ&&%’l@%gﬁaﬁ%ﬁﬁ rogen
conmpounds i n stuehoRvet@Yn kddiek g,eev rOp¥&ive b led §bnOfe td¥Bs €, 05 RBMASRe Ailett he

detection system bein ed. The scrubbed and unscrubbed g)grt\s;thof dze
AVEE ve 122

enpl o
ori gi nal sanpl Breams3, g'l‘nfnhﬁef toxsafnain Bie quilshitrering d 4/ of hed@teet an

det ector 135 arpgtRBlel bofind B bingtod shehehCeRS L U BSRRAL 51
di fference betxyekswd BeFigebpngas désctibed hgsitérdetilcbelow] thdebeweetsidn 126 t o
sanpl es from channel A and reflects the total basi C-B#}lrogen- c§rrpound

concentration Fﬁdwﬁéﬁof‘ﬁlﬁﬁl_ |2 RaiR]| chamgtelsy dsandiH, ﬂF&EEIbE’ &% Phed t hat
the sensitivi tya:xﬁlgxe&°g§ti altdchi0Q Bk ?UE&!&HEE,Q%Eﬁgﬁér%stl:ﬁ%@\l&@haﬂﬁeﬂ.ﬁh%

operating pressure o e chem |'ununescent 'NO 25 cohcentration neasur enent
decreases. Accowiti-aglywalvel122 ¢orawntroliing esd edirettidgflave thiragh khénnsisoh andB, at a

pressure of 125 m | li bar or. .Less, co-acii.on of v um punp. . and an
upst r eam p%gssﬁpféesflg_ﬁlﬁ%é‘?‘erllfgz aridoatgg?ﬁ‘agﬁ%ag“%%"%ﬂa@ﬁll mrgei%%g%? achi eve
a detection sepshpublds ¥h PhaslaRPld arPeénvatibd tcitr{cRRide (ND)ef erably 0.5 ppb, or
better, Though the ideal operating pressure in the detector 12b is a
function o~the 30 gas flow rate through the detector in any given

applicarion, a preferred pxessure Level in the detector is generally about
40 nmbar (about 30 Torr).




14J UL 2003 wp 00/424Z7 PCT/ USOOL00966 -18 The conversion zxi oduﬁ/z 6
initially takes a sanple of gas fzom oz~e of the sanpling ports 112 WL 2003
sel ection valve 114 and channels it through one of the sanple lines 116,
Sample lines 116 are tubes fornmed of Teflon PFA fzonrt E. 1. DuPont de
Nermour s of WOH00MR43gt on, Del aware, USA, Alternatively, sanpl PTH/H¥Y/0896816 can
be stainless steel tubes coated wth & YD coated silica (e.g.,

Sil costeef~"Mfrom Aestek Cocp., Bell efonte, Pennsylvania, USA). Sanple
lines coated with silica are nonporous and nonreactive and, therefore, have

little effect onaﬂg)i ' SSi ; he..tybes. In
contrast, comonl y- us%&ggﬁsr%%%%ﬁ%%s@%ﬁ%tcﬁbg f/l%%(%r?&(?%gstghgt%gnds to
em t hydr ogenddidctsrr7 iea vacusid mgp 22 lodatedbwhstidant efxhé Setwdttd 7. alimodstectand

am nes, interfering with the nmeasurenent .of .t_o@aial basi ¢ nitr_ogfn
conpounds. Si T inshidgng Tesstion phanhes WheredO inexidized Fn producsiadeetropigii¥y usi ng
chem cal vapo %ﬁ% 1 rdval 19%95' i j rising
gl ass are use%fcg e' @?%@ggué%aﬁr}’fﬁgﬁhﬁtg‘ﬁf| es&?ﬁ%@g@%@%ﬁ%@ggwﬁ? epoxy. In
certai n ad§antnaieelestromioally-mmited NG angleanl¢s asabeyirbtnm tocthine gtaud Sate.

substantially along their. total |ength to approximatel.y 50 C using

el ectrical heati ng™ $A7ETRRSERenL AN IIPIRgREIS ?&jﬂaﬁ%& tg,l#?g‘,}‘)bw,m%}%cor por at ed
herein by ref ggeis@ints Thibe uhcdsmﬁe@gastdaﬁaplce _ ingRf cdifssCo i d1iR@eN
conpounds to deposit on the walls of the tubing (reduces )

basi c- ni t r ogeavarBipahridisgiadiaquidy Inghis embpdiment, ai@cewn urp dod as ag59pigicd | i ne
cont am nati on_gf t j ] ext, the
conbi nati on ofﬁﬁé%%%§tcﬁé@géﬁ%emt@ tgi’aganvgh#hg%%ﬁ Sélg?lhg& Otgpé% @gg& coating
on the lines panmellac thepmehshdbnad setaks a pobsanpled AMHe geabdaapleigtthemn of t he
gas sanpl e and depqgsitiqn of gas sanple.conponents. Neverthel ess,, the
practice of hé‘é?pqu_"?g oF shRieteq go%ggl-tg?.e Eﬁlme%ﬁﬁ@gf'lﬁ BRddinga 'i‘lag'é'iaf”,’e can
provi de a bengfi&iiht @ﬁﬂ:@%nztaﬁﬂrﬁﬁﬁg Bakid SrBES! FIFRWdARIRIBISBEdastiST NG

el ectrical resistance wire 25 incofporated in the wall of the sanple Iline
or otherwi se di spobeth ingruhentmadocintat with mars tha pne Swiversiqnonoduds.eachl 14
(e.g., amulti- LI ~ I 'l) & anples fiom
different |oca lﬁ%’ﬁg %%Q%ééﬂéxﬁg’ﬁ% %}%ﬁﬁg%%agsg? %ﬁl\eélg%nveegg%hg&n%dul e 6, The
gas sanpl g5t hedlithdiedvihdependegily ofthabther fonvertéi-deteciat subsys@yhsy dh ¢ 30 122.

After exiting valve 122, the, gas sanple passes through a pressure reducer 1
| 8 (e.g., a PT%W@&#"H@P%W}RWW%&%%%- Ea%‘F‘Ielaéﬁ" W%?%Eﬂ?rtfl?é“ﬁﬂr a snal |

orifice), whe r Jofa) L Gir Rt f d e
Ut pst roaim of dectayHiomE: BRPUIGRRe AR BulPRIGTL GOBECRNEE il .
pC f | USDQ' OD96her subsystem sedes the stepper 8 and ifs.air'filter system la, Toperforma. " ; | .
- AT PR . . 1,1.8 to _approxirtiat
one-tenth at m)écﬁ?l e?alhg 1:a’ﬁhlrd'e:‘szseﬁ? &r (.(>zr‘fa"tBf’Vefr?foc\’/fvb~a RS THRosRRS ?H‘B.Q&Icﬁ?(lss pﬁé‘gg%ﬁr{%ﬂr op
i's mai nt aizted fyr 8RN ErURPstdAits pisyittmned by @Mebiyseantofor the ieckect oz | 26.
The~pressuse reducer 118 is preferably positioned downstream of the

8 i
scrubber syst &pRsysiemy all?é’él&ti"i‘éc%wg‘f}gﬁe%nf ® PRERRNNETGR (1 greater 5
' effectivene i : I 5 daeay 118
corpr i ses a ChEbo hESEp 58S UEREed (9 LR A gkn CoRPRRIASS KBl i

basi ~: ni t r ogemoreasgsathe desppnsekimegofcthe fstem.ent . The pressure reducer 11$ can
be made from tubes_-bf glﬁgs, ~' ﬁerai ni c,. stainless steel uartz
TRHPEAS BAC

, ., Of
stainl ess steel wi tR 25 GPRYeT-Ap e FOL LIy B PR HUESITHIET 8 i ol .

The | owR3r e§RLNR rébrehffc Rt aBon of EGRARHERY Z HEFMELd 1R WatimerQ 24 18 and
vacuum punp 128, 1n addition to enabling high sensitivity detection,

reduces the rédystrated in Fige3f ie instrumenirgsponsais thets¢anparadrwijle thedmopmund
concentration,_ This | s because the £s.travel .thro the Lvery
Crassr rapt di JereRre (P RREne shd g R BRI b BT i sy SRS Y
shi fted betweefhéhagnell ofelasttbnfoatly€ihyoubB s5R%aRY assobiaRaWit] thopetalivean. 1 S
~ ~ Auxiliary conduit Il6a is connected at one end to valve 122, At its

opposi te end, taDsovidesoreeinigle theinsament sisaprise-o it E@exahdhe BEUuRFYunp 128.
Auxi liary nQLu ' 'B’[jﬁ TSR | i w t here
t hr ough, Eiﬁdr)i E%Hpé%%e:o S{t% f%]%%g%%@%ﬁql g%nnecf?gzl??\%foﬁé%-ggtg#%&ﬂg?o ghghﬁgel A yr
B to the auxi litshuyhentizdemnsitive, hG&eted, todoss tof eTo 2aliiRratin, doy rekvoas ghchtdsalrift
non-sel ected channel. In . this 20 substantial ] y-steady-state flo

condi ti ons car??&? H%BFW‘QFH%H’ ?ﬁq{a%ﬁ&“%ﬁﬂkﬁb@é%@@}ﬂniﬁﬂ %ﬁﬁ%‘eFF@ﬁa le
is immedi ately available to the converter 124 upon actuation of valve 122.
Further, the steady-state flow of gas through the channels reduces t'he

i nci dence and magni tude of pressure spikes that can occur upon swtching
and ' thereby produce erratic instrunent readings. 2S The conponents of a
scrubber system 120 of this invention are illustrated in Fig. 8B. The

. Y N " o o o A — o e b




may al so conprise any material that preferentially binds the airborn

nol ecul ar bases (e.g,, photoresist-coated substrates, weak aci d-coatﬁ@ JUL 2003
substrates, strong acid 5 coated substrates, ion exchange matesials, or
chem cal | ywiog@aped acti vated carbon and nol ecul ar si eves), g’ ﬂ’oﬂiaﬁd'stl es

of the active nedia cart be chosen to_pptim ze the selectivity of t
detection process. Further still, thelgcrubber can be a chem cal gas: filter
medi um along the |ines of the air filter that supplies "zero air" inthe

previously described enbodi gnts ' 10, AL strong catjon exchange

medi um i s pr &F&YAEES QT time. Jecamisdiaratil souaminanhoqsentitionter s 121 of Fig.
88. The nmedi WrowiiitdeRap9Hhéeetiihg ae%&a&pm%&%%@@&rof%%&q Jﬂ&na strong
acid, renoves multiple nolecul ar bases; Such 'as amopzu. a an er basic

ni trogen conﬂppb)dxlowritmmw@llbmmnmpnc&nedrsgs;ammmm lly pefmmeésnrﬂmoval of
both strong an ak no ec ar bas d is, suitable

phot oxcsi st Hrg"r{mgf’ﬁb%"ymPB ﬂlaaﬂé%g’ﬂﬁzﬁl?ﬁ rﬁléee?trgﬁafl% &aBB?Jﬁulé{l?'ong and
weak bases; RRéfehedfipleiestaS86 th dettien kysté iSira1ped RAGRPate SontiBak@ly,aci d

i on eXCh~ange. nedi um_. uaay be enmpl oyed, so that weak bases are not ’r enoved
and occur equesishg™a iz Fight, whereby, the sysits perfomms afotal baﬁ@@eurosemmmsound

Nevert hel ess I tioy.e n dj

chromatic di fdfege\régﬁ%gs}%lg%}??fsﬁég a Dlm%fplogtls Iﬁé"ﬁ\%ﬂ?? %@% ozg@el fﬂ?m?re 5
stro~o base, e&ulcbwhs oaermtthlras;(ebﬂ-ia)cacmﬂthc bmvtersjdminyd\kleyact' tith tgclcthk | oa
exchange~, ne' di um W?nce it is renoved fromthe gas sanple, will Iikely
remain, $xed TEAR °§8 Bber.., A weak base (typicahy, one with a high

mol ecul arjowei ght, Fruekubas hiM3ro zie d for cMiblatib® & Bt loliderdr i T
through the scrubber, rgﬁeat ed?y b?%lé(?ﬁg ?ro ana %}égﬁﬁ %d%l forlo%dt he
catiori exchaegs 4randidief eﬁérmmmsystem\i@qe Elgdiat ’ﬂw m@wrum@:unsmemmmtbﬂ ~

' di amet or ARPPLad8 feile S e VRRENP ERe o e e 108 i Blrered o; por
hour, NLV1P \/helhtreelnaﬁﬁdtillb@sigmﬁé‘g@n&cﬁipbﬁ&r reading Fotthe bt Quf S, anBalsees Wit h

trengt hs between. that of , ammonia aad, 2VIt2P will gradually drift

t hrough t he SERPH the Rfesmpdiateports} ls ok grsaisr thangeton i semple fiom theatlet | ~ |
~ - Fis-employ¥ans ebIRG ¥ Q‘F}%‘ act as

ror X~, controponergeglcpo%)twg Et ~q, 2R %%Sth%fﬁlg\ljv&%?eg%%p !Sgas and purge

gas t hr ough tsampling Qbﬁé@@tcﬂzustpﬂﬂm@ng&lwles fil@r stage 5 efuplded 2091 fWEhaBO A2d27?

PCT/ US00/ 009 125! t ar.e.contralled by a.control system

130. Wen a SE?F“%P aﬁ%gh tfﬁg‘“ﬂ@&‘ﬁﬁ&gﬂ{"g CtZpgal: g¥se:iRa% 5 scr ubber

121 bot h openlefrtlnetabbdiment a-buﬂﬁﬁi)ﬂﬂdlbdtéﬁ? zdrbkair SebeRtds Qﬁ?lof,'éd)wﬁhct hr ough
that scrubber 121, with the scgr ubber 121 filtering basic nitrogen conpounds
fromthe sanpie@fFalps@rovides zero ginby gither Eieries W@rﬂnblﬁqﬁéﬂébhl bbb l@ﬁﬂTem 130

sel ecti vepy qgﬁﬂghg u{a%ﬂ{b%klssotl&ohhe sample line 116 in a single pair of
opposi ng val ves 125, "125' at a given noment. The control systemthen
cyclically redir e AR exthmal ¢Qmp1ﬁ¢romefdndﬂ}sampital butside thb&laan reax o whichhe

bb d I h | ] d
ne & sores obe [RSEERRE is FIBIYEA T EohoR Rt Gn shooftet op gmicey -
through each pH3tdlithia ekt prddess. ST ot fs QubtBRSzdd ot RferideA ﬁl?ciﬁbﬁ ed for

a hi gh-nol ecul ar -wei ght contam nant to pass through the scrubber

Pref erabl y, tl?ﬁfogaénqqdéw 1§§r<§'h¢thteéﬂwmﬂﬁ§é¢a esanlazq!uwdatabwe;qyez to 3
hours. Af4er riubber 121, the control
system 13%§t hﬁﬁo}m gélgg%;hpg Hﬁqre@%&@ éé&?g?q/lec@ 5, 125" and 125" to
open a channel fr(Blastdhenther;gaeudulafr@oﬂt%emglmughd,tﬂhesdiib.ﬂa:teemi_pk@redﬁxﬂ\er ubber
121 and out the pur | i.ne’ exhayst 12T, Lustrat ed on the left side of
Fig. 8B. The ‘Iﬂ?f%‘@ g’gﬂ’@ ipgmunent delEmpingy™ h&'? SORYFIICEAeiSFoTHIvpYSiam o sr ge gas
(typically, adalibrafddQmu e JRFe Ky through
val ves 125" and 125%gnd ?ﬂr?eﬁﬁ?gésscr ugoggrel%{kzlélf&tc%ﬁ% M%%Q?)urlgéésgas fl ows
t hrough the s&@ﬁw@tﬂearlsmielﬂgnmea“dndmhbmwpmm employt b the detectiohaysted t he
sanpl ed g h e s is direct.ed 20 .t hrou scrubber 121 via its
tespect i vzévag g‘éb%l{ gan':g% negrﬁfml”f%amﬁ Sdgg'ﬁ‘ﬂ@%aeﬁf EHPEHRFHEE D! ¢ he
sanpl ed gas fidpwtedndcatii@ly.or a period of about Z to 3 hours. Accordingly,
the purge gas cleanses each scrubber 121 of basic nitrogen conmpounds '
renoved fromthe sanpl ed gas, Consequently, a clean scrubber 121 is al ways
avai |l abl e when the flow of sanpled gas is redirected. 2~ 1n adclition to
bei ng connected to valves 125' and to the purge line 127, valves 125" are
al so connected to an exhaust line 129 In one enbodi nent, the




control system 130 regul ates val ves 12S, 125 and | 25" to naintai ~~3UE hﬁxv
of sanpled gas through each of the scrubbers 121 at all tines, excelb
during purging. The flow through only one of these scrubbers 121 is
directed back to the sanple Iine 30 116, however. Sanpled gas flow n

t hrough ot'M@00/4342%ct i ve scrubbers 121 is directed by the vAGHAISOYHI66 5n
125" into the exhaust |ine 129, whichli4enoves the sanpled gas fromthe
system The purpose of naintaining gas flow through 14 JU 2003 WO
401424727 ~ ~ PCT/ US00100966 -22 "inactive" scrubbers is to keep "inactive"
channel s condi ti onpges dediredRpplisation, doRgoDiaktrirhetation, asdHinsternddad Rim Sa pur ged

scrubber 121, the detector reagti ngisi are less ik I% t.o pe skewed bﬁy a
monent azy spfRBiteRsdhe BerigTRaReRef the fiftrrrm,sysien @ﬁi‘s’ﬁ? Yeh afirentammaban &t vat ed

scrubber 121 h%futa%Sﬁd%%h{:&toés.@ﬁmﬁ@%%ﬁiﬂﬂr&ﬂ%%'théASt Br 2ack lekéldd

scrubber sys%em ains essentially no detrinmental nol ecul ar bases;
i.e., total e¢ordeterminteddhresiioldmneadirinds attiatddand thaprocesysrimeadpsely danti s

approxi mately zer Thi s basicznit en-conmpound free sanpl e becones the .
ref erence’s aﬁ%‘i’"’é ﬁ??” X By J8& o Srfﬁgeg'fi?? ﬁﬁ%gﬁl‘f %ﬁcwe%cgsogvgﬁiﬁ’t@ogen- conpound
concentrat i OBmiefpehb@ cat®sridab ®d absingd. e from channel B. The 10 scrubbers,
however, do not aff'ect neutral or acidic nitrogen.-containing, conpounds.

Ot herwi se, a fal sdéssshgwalinFig:Sgths dilisring sxtem beroatmmeuslygaenitoagdia red npounds

remain in the target . : i h gas and

t he target ggénehg%tl)léﬁgg%%éﬁlk Plre %&nﬁgll?ﬁgtr%gg% mﬁ%:)sgftg%’ ‘F\ﬁerr?l %&gﬁgﬁgo%i ment s,
it is desiralghentiteneoisoryuef the hpnnef tmsik-fiogamnecoBippond eorsarhivents e pr essur e
drop fromthe input |location to the converter ..input.,. Referring to Fig. 8C
separ at e We@éﬁﬁ’?-eﬁ?’é‘dﬁgé@P §§’wn1]‘{a%‘8 t%’ftﬁﬁ’é’e@§r_§(§’°f“ﬂ°%ﬁ{§’ﬁﬁg?esﬂ Tand 13. To
ensure that (D8RS & R fhd FutIBASHhe h_!t@zn.{l‘ﬁkl R WRRERWinRRIdffdrkRe sane,
pressure zeducter 118a in channel A contains a [arger orifice than pressure
reducer | 1 $Shcenseptapemisuels fppythessdocativasonepl e dollaving plspis IBessHGund
scrubber 20 t en o} ggﬁ ' essure
drop bet weenﬁg%Fﬁabq%%%gcsey]gtzé%e(i a%lgértg%ﬂ?gg-ﬁ\%ggﬁi/gﬁi\?gqjggﬂus?%gg%i valent to
t he pressur e cdhapniatbmerthe poce $swithinopeating lifnits, tBén tha dpérhtioreeoniiavesval ve

122b. Valves 122a and |22b ow. t basi c-ni trogen-conpound-free sanpl e
from chanhel ¥t %E1?W%MBH§§W3°81%ﬁ?tCIC Méﬁ”r{% #‘gg B°rected to
thermal 25 cabalulddowits 9 pyctefhindd fhrashoRl. MAHR) thirestold fsdidt exceededence.
Qperating the delivery train at 125 mlli bar pressure, for_ exanple, enables

the t hr ee- way(conditiersyallom, spriatiopmentiengs duhe flfersaplpecaent wachededoff Banpl e

05 oot veer, SRR B e PSS iyt Bl S

aver agi ng of er of rea sire hin a short nonitoring
i nterval, forexcesisapemtihg imitscangd$tionred)s ge. opttatibmisciniediatelyishus do¥aa 30 or

val ve 122pb directs. a s sappl.e fragm one.channel through th her

catal yti cg%onver t Z(F‘ afgg’e’éﬁ’& Pset g}erelgg}hrﬁgr IB?rﬁé’Pn‘%ég%nT‘;ﬁfgs B‘arﬁé%b
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nrtrogon compoyies e et b QRERE! A cbfahilElbtund d wir gVl bieBRs O

oxi dation. A gisteplbbsveedbamddule icanpleyedto r@ritor the' dohtandhativndevel witking.  8D.
The converter 124 conprises, a reactlon changber 150, t hat o) not
contai n a2e¢at @leprsal storagrepbinetlo prRVIge ear %g‘??ﬂ% ﬁh?’ﬁ*cﬂp%ﬁilsadé E‘?%%l a
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connected to power control relay whi ch“regul ates the tenperature of the
reaction 10 ctemwkssion iBodules. afgcordingy, the npritel controllerreanndentily apgrticdat ai n a

variety of basic nit en. co nd ch r |i.n s l.am no

et hanol , anz fa-ﬁ%%ﬂlﬁheiﬁo? c tb%ﬁ&ﬁﬁ' W@?I%§?51%'§§$O§Fl'8?‘%@?335d,°%%aggrﬁrr% X(‘:s:{nal ytic
converter 1245QBle6t aktbesd sduld Sialedi idean Biimnthe bfdbidnestic tink @6 tHarrymddjdpes of
basi ¢ nitzogez~ conpounds. To achjeve a high conversion efficiency

(85- 100%) 3Por2¢iion(ead Highrplasempntd Fan b tekghen

In another implementation, shown in Fig. 6, the converter-detector

instrument is constructed as a mobile leak detector. The mobile unit is moved to



15 conpounds, a stainless steel surface heated to 900C is used as the
catalyst. Alternatively, a netal oxide surface can be used. The gas $qrmjLemm
is oxidized as it passes over tue heated surface resulting in the

conver si onwofpoadga7c ni trogen compounds to NO If the,gas Saf@fﬁsdufbﬁ&%

oxygen for oxidation, oxygen gas shoul d. be supplied to the converter. 20 1n
ot her enbodi nents, the converter may perform photocatal ysis, wherein the
bonds of nitrogen-containing nolecules are split with ultraviolet light to

free nitrogen for oxidatjon.to.thereby form.NO. The, apprapriate
conver si on tec‘:ﬁéﬁ?‘g‘g&e%?%“sq"?tﬂ?ﬁ#ﬂ%%’°8>fa?ﬁ‘ﬁag%#‘rpéas@gaﬁaé8&"? 9‘%’"". g into
account cost #als.CBYGLllOWRS aflesdiSRing Hasib mitedpRB-caRBbiItPddnerati6R feiB MRl es
entering thermal catalytic converter 124 rnay contain nolecules that aze
not basic nit mRpil§ wedripealizessthe seitreqwf the portaminatiens be converted into NO
For exanpl e, conpo - NE3, 41 d i re.not Si {trogen
Liﬂ‘lﬁotﬁglcenn‘t?ot%#ng% glughgcp Jg}%\nfg\lebsgst 1&11@ ke lale‘? \Ovﬂh

conpounds, yet if present 1n e gas sanp foin

thermal catsal yhilti-pofiteetbling $tm dhas@raywmRensoeilo vdoltonoi opérbiss stitheof ot al
30 basic-ni tro%%g‘ -coympound concentration cal cul ati on, however, because the

basi ¢ nitrogef FrBHatEe: fompeIaursht thetol phats, fiaserndbeplill méadessi nce

they are not Ras&sy SHENA 1§ : : @%&H & contain
equal anounts o f ‘E{Lﬁi J UAI_t l%gg%?én\/l\%%g%q4 [ gg%ﬁ%':ﬁggﬁ"%%@gg%cﬁ% t hese
non, - basi ¢ corprtamdrants guch dsd¢heredncenitasioptof en edhresion ipesymadtey egonverts t hese

conmpounds to e A or .A and channel t hus canceli ng out any
effect. Li ke%%@,%&%@sélo?‘%wa??5%&5‘%@2&3 ?%a%l’g%ﬁ@g‘ﬂ” @only to
strong 5 Q@e?hotb@ésﬂ@@ﬂp‘i)h“&ﬁlﬁiﬂxb@srhiédﬁ‘d@tdf&ﬁﬂfém TBe Graferfar¥BRY sBRitdthet hat
removes only the various strong-base nitrogen conpounds are selected. In

this case, si Steppemier mmasbesad sibscavrtlydoenebtibatk toklie trask frdsyelapingn bot h.

channel s, thei e of . ct r.esponse of th stem

Al ternativel ytﬂuggisgietggrr}?‘;reg%gﬁmg’o%r@{)%gﬁd%otticl(;l%ﬁsﬁgﬁ‘gr%e F?cgwg?lﬂ%ac}s%eﬁ%n t he
basi s of stremyiditobythssongntratinrest mbthet podsibbointepidlyreasseadfichemtati f f er ent
strengths with different efficiencies. Cqnverted sanples exif thermal

catal ytic conf@?ﬁaﬁ?lnqg’éfuﬁﬁas IEHF%‘F&@ PP Sy eroEified F’G‘P}“I’Q‘é“’(@?g_, as
manuf act ured lgvdibgineRtdsayi ronmental | nstruments, Inc.). The detector 126
enpl oys chem | urni nescence for NO detection. Typically, the maxinum signal
from chezai | um nescetcysigatsaebles, in it tatal basinintvegen-gempsund resdiss,dthe of about

operati ng condipshS Bdegh TRASE act fprish SufSer il Ruliiedi)”

appr oxi mat el y mcifitoned withaeparaedétatibe. The sgde alsb efatdés detistiomin @B tatalt i ons

of basi ¢ nitrogen congounds. Th"is E)j@%h s&nsiti_vi_ty af fords detection of
total basi c- niPAFEFERCRDHIFIPIUNE BRILER f qthep hasicHitrp gapcompennds tBafsre kpd¥er abl v
| ess than 4 5 1pBb narrPRigE b L O
detection. For this NOPE)t OB}J@&R%%%E@?%%%SE’E%% @%ggﬁse )Ilégﬁlrnggct W th
ozone gener at gthangl, and cyclehenlamiug neergewhrch oy commenly esedt tb duhibib eerbsionof t he

detector 126. .Thi 0. es.el ectroni.cal | y-excit NO l.ecul es (NO2*),
which, in ret ﬁgﬁl%ﬁ{@%&ﬁ56%?%0%?ﬂ?gméW°%%%%eﬁgflﬁtyﬁé§tﬁée
detected by arspeiulbiveafdbd)are £180Rihded o Bifldeicbidn KIwillGbasitBrdg@ACtion i's
given by 25 the expression, 2 - NO2 + by . 1 4 JUL 2003 WO 00/ 42427
PCT/ USCo/ 0096 &CmPgLureds Hem itha kreath of thedfacititycrerkers, whick cemereae hishrieveluaf
photolith aphkic. S i J | = il . d10li.ers, the
Phot or nul (10p! arFip PR bl LinBEERAR dodill BBnRiGRA) QbR B
sensi ti vi ti es Ashpsibeenl cfpiained thaoesemas illustited cogveols substmtiBllyall such

hot ol i t hography in_ sem conduct or nuf act uri ng, L
P 9" AL ithorne basic niiTtogen compounds to a common %etectable compound, which it

detects to indicate the level of hydrogen-bonding contamninants. If high
concentrations of the contaminants are detected, by grab sampling techniques, the
30 exact sources of the contamination can be determined and remedied.
Another advantageous aspect of the system is its adaption to the certification

process of clean rooms. Heretofore, during the certification process, each individual



5 the tube is cooled to -15 C by an associ ated t hernoel ectric cooh rJULZ%J
Moreover, since there is significant variation in the sensitivity o
photornultlplleT t ubes produced by the sane manufacture, the anal yzer
sensitivity is further increased by testing and choosing an optinum

phot omul t i Wi ®@M242fube for the performance required- |In ot herCT/AUS00/00966
inplenentations, NOis detected by coljgri metric nethods using devices

avai lable 10 loan, e.g_, Tytronics, Inc. of Bedford, Massachusetts; other
met hods that are based upon cozrtinuous in-line sanpling may al so be used.
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basi c- ni t r ogeRirgyveing- $ee sanpl e from channel A e. g , at ti rre tz (or the
average of NO concentrations determ ned at tines tz n being
an even nunber). | Abgéoligving ﬁ@??‘l‘é‘%ﬁ%&'}eﬁﬂﬁnuoﬂﬁ@m@%@bref{ezﬂv%%pr| ses a

lurality of v, bei n
ghocat edyt o] e%%\g@h%nne%%ﬁé%&%dﬁﬂ* %t%ﬁﬁ&%ir%ﬁ%ﬁgg%&%%@ﬁgs tg&ﬁr ovi ge
further and y<soscenfratidms, fnnpmmﬂnngf tfe Mabwesensitipk pr.bcgsss Foese embogtiresnts
referring to Ei

determ ne the ’J&‘gw&r@f’%‘%gﬁ 6| ; ﬁ"gfl?)tl %Hwand q“'&?‘)ﬁém'fﬁ%%ﬁgfeg te

ni trogen- cont ahRpRY frﬁfh%!ﬁfﬂé&o‘ﬂﬂé &ohv&rta 2SOBMEEb, bEd%hto? t¥Qer@Rthd dhande al

basic nitrogen conpounds in a gas sanple. The follow ng 30 di scussi on
f ocuses on t hdnsludes ggemevah de\dse B Temnevingbasicwifipasmiomposndpbomdbe g7 t he

| ed t
compounds. eactPiE e deftirof RERIER THAHAE dn B e e P AL S o &
1 4 J U L 2O0IroesHpedifid medfiig HI0R +G0866 onlPGhadedasit compowrienhatate/sf of the

NO concentrati,on is_.the s | ed ncl udi NO conve r.om NOz
and ot her conVBFEFSHPER2 RRSE PJP?ﬁsgaﬁ?Foqxé’E‘gi 6H?Féé‘t'ﬁﬂl‘%51°n°d

N- cont ai ni ng freiﬁ‘sfé%ﬁxsseﬁﬁ&%hu&bﬁfa%mﬁh%ﬂpm mm&a&as c&Hiéh W18

di fference between the detector signals for CH and CH? provides a measure
of the 5 concepptasiship wmoNOEoa lie gihismplothosrenmpounils teyweill mbmfezs withg

conpounds whi di ng NO
converted fro mﬁ@ﬁm%&& c#?r@%ﬁe%dg%ﬁ%lgﬁﬁjg% g%lrﬁdaﬁ con\'eﬁg)lrt{%‘%ﬁd]lIl

N-cont ai ni 2@y nzlieas tagset ganshmydes fmn‘ﬂerstamb lseurbke cothe 3bivefigr Widhostdcpbbingach

t he NO detector throu sur nent f t he concentr tion of
total basic- nltrogcﬁ?cgﬁﬁ%ﬁﬂg’% ‘%ﬁ?alrﬁ e sampls Bt AL HEHYE

subtracting thgndgtmny an of ﬁﬁ‘@a@ Haofl&%le%érgﬂﬁ&ﬁf i@k %faEé)éf Ha%ﬁ%ﬁ@@enf or

C11 3. Accordingly, an"interference calibration s provid
above-recited @:nypgndsmf ingenes!, thepseferamee samipbnprovides ahnsehnsfcu'mnceduugmhe in the
ggg: gn';" {\IrO oggﬁ fgo ﬁﬁgﬁ Eznotuggt Qgseznr-mt ta%IJange ggntgrg%agt%(:tin&c%:g%t o%hré?wit Y tal

25 contribute to the NO concentration detected by the chemiluminescent detector in the

target gas sarnple. The baseline reading is then subtracted from a reading performed
on a target gas sample,
Referring to Fig. 8A, a sample delivery train, including a conversion module
6, is shown for determining the total basic-nitrogen-compound concentration in 2
30 pgas sample using an internal reference for zero air (i.e., air that 1s free of basic
nitrogen cornpounds). The sample enters through a selection valve 114 (e.g., 2

multi-position valve manufactured by Vici Co., Houston, Texas, USA), which



1~ concentration nmeasurenent. |In such cases where the disturbance warrants,
an algorithmis used to minimze the affects of such fluctuations loyJUL 2003
calculating the total basic-nitrogen-conpound concentration based on a

novi ng aveM®en/42627 NO concentrations from channel A and chapegtsdoodsdr
exanpl e, each NO concentration measurepent is added to the previous
consecutive neasurenents and divided by the ZO ,total nunber of
measurenents nade at that point in tinme. This noving average cal cul ation

1Y D PSS PR e o Bt oo BB Bk im0t e e ana
equal s the totvalvenuapbBe s@hpldG} dEREd 6 MRHofveTRes moliR dTWHidispiKahdye

cal culation may be reset 25 periodically to avoid the \Ne'@q%hti ng of out - of

dat e measur endfROFING FATRHe iHe tWa Py Phanspls 4 sl Bond dieuabedh mart sypdrately, ar e
added togetb, S%fia£HmPc{-Gvgy@le@%ﬁ'tﬁ'attﬁe%aﬁé’a%ﬁﬁ]eco\ﬁ@% 1?2%1541’% der the
ol dest value is dropped fromthe average as e newest{ feasured valve is
added to it5S AbcmilonmessenFdetectordAbaddtedtivelya pait ofsistcemylBves €illystratel

conmputer), in 30 addiiiaon oll.ecting, and anal yzi ng, data recei ved $om

cheni | um nescé"ﬁé’%ﬁ&ﬂig@tagptﬁzﬁmfl ‘#Fgﬁmewb%‘ﬁﬁﬁkﬂfﬁ?%%ﬂ%g% X 26,

control s sel egubgiute@foreheladli-way Vavd 22, (DfotNaH WiRe 1&32@%1%0%&%13&&@8 shown

in Fig. 80, and scrubber-system val ves 125 2S' and 125". Sel ection valve
f

1
114 is cont r olffesetheyscrbher onteay BOderhelpatireet thn Saweof tegas isempledrto whimels| e

sanpling ports ! I dul e in a selected order.

Val ve 122 is c%#égﬁpg??rgbgﬁgwﬁ;%é&%ge eci’ﬁ% %l A and channel B on the
basis of sE¥tling tChamsel(A,.vehich fefeestas BBscebing SRnba)" dﬁﬂ&&s@&ﬂ%ﬂ&@d&hﬁ’evm ue
to reach equiljbri un})fol I ovviggg a shift). Preferabl ﬁ ltiple swtching
cycles are enpPOyEY2 PETC-HERSEROBRAHRSTUPRY sysfam: 13 hamte therratvedZe,

averaged, or avKilieth?itE] B &fa0@ toss BENhEMRAE, cHaBnd)" AHe6S part beledRinplcmeasur e
of total basic_ nitrogen conpounds, as has been described. 10 Referring to

Fig. 9, in anciisedy ofsbes WentThesamy escoibbar hasgised irsthisgsicopentia intendied tonal
val ve 140 at | E . . ' 0,.1n

conj unction w’tr'?%r @;@3@%@% ﬂ& ?g%%g%g%@ﬁ%%%g%eﬁgﬁé%%r ?}bgoer

syst em Z20l&andievivea shapotesniss tredis the hasis nitlolped yorafovhds e suchwwhiyfthatsheyn. The
anount of sanple that is directed %/tﬁé | ve, 1 40 to _channel, A and channel B

i s control | ed Ve BYARETS e dMstespange eteqionsystembemsamRiaYed val ve x22 is

al so :,onnected to THQcMBE/Rd RIELERA Fafts ofihklokipRia sdrile ot dhahutb® A( WHI Ch,
| wth Sanple |iné 116, to a conmmobn vacuum

again, is connected, in paralle (

punp) to drawZ583, resperityshy Rrocersiiroravalve 442 Bmeushahe thermalpatadytissonyarien| | y
continuous fl Il j | ; and B at
all tines. Vaﬂ\\?gqﬁ) Ocﬁgﬂgﬁgﬂ%{eg%ﬁ%%%cgb oaéghrr%g%g |%Ee1§mﬁ%g%g%§n@56c 20
whi ch are Zbnreendwt!, Therdiffarcatd mdtweanthe respanst obthe chanitehimescenndetéior3a6pl e
lines 116b and_116¢ i pcl ude respectiVv ressure reducers 118b and 118c,

whi ch restri ct©tHeP 7%93“ aé’%a%?%thsﬁl?tP@fmc'ﬂgﬁggﬁgqm the sanple

gas is flow n@oh&ﬁn&d@&hﬁhﬁ@ﬂﬁgmﬂ,sd@levﬁg&éo sel ects the sanple |ine
Wi th~the nore-restrictive pressure reducer (in this exanple, sanple |ine

116c) as the sour cdt & bepmtetgasinedihat the samsitixity of bsieaimogen-compound
a’ nor e-rest ri it 3%5%5&?9&%}%@%%1?%?}%9%?%%é:%({u%%&ﬁ%pﬁd nherent flow

restriction generate y the sc stem channel B is
sel ect ed, 2l wendstfratarmestsersanpéaredsen eAccbfitingiwhthe bhdmidurhinescent NO

| ess-restricti r ure reducer, to l.y.a flaw of gas_ sanpl e through
channel A and &éffcfoﬁﬁggﬁﬂeriﬁﬁniE}parFﬁF”%ea‘f%ﬁg%FﬁWéf 9r1Igss, by C%'G"tl*@‘f MEFHEE to Fig.
10) in anot hermeiHoi A8 b upStr&RDRES R BBtberll 5, ki &b SRANBE ndi@NeR SHUEI N9 @
reference o f "Zero air is op erated p arallel "with another charui,el for
det ermi ni ng t tashicwe afetprtimincsensitivitshen- paotpeo biltiors (b prefatablynd.5 Bpbmok i ng poi nt
14 J UL 2003, Though the ideal operating pressure in the detector 126 is a function of the

30 gas flow rate through the detector in any given application, a preferred pressure level

n the detector is generally about 40 mbar (about 30 Torr).



WO D0142427 PCTNSO0/ 0096G -28 sel ection 'valves 1 |4a and 114b, for
channéls 1 and 2, may be gauged and arranged to sinultaneously slefrgle20nhe
sanme | ocation. Channel 1 produces a reference of zero air by directing a
sanpl e to basic-nitrogen-conpound sczubber system 120 and then to a thernmal
catal yti c WORW&R2r 124a and cheni | um nescence detection dRGTAESOVIYES 5 At
the sanme tine, channel 2 diiects a sanj8-e to a thermal catal ytic converter
124b and a chem | um nescence detection device 126b. The NO neasurenents
fromchannel 1 and 2 are made sinultaneously and then conpared. This

enbodi ment provi deghaRovdrkieh htydarReEniiully kiRt hemmpleiofpaafrom@nt bethef fect o f
fiuctuations in anbient NO and NO2 concentrati ons~by determ nigg t he act ual
2

NO and NO2 cosdeplineportnl 12 via ecleqiion yalve i1 gpd shanppls Mitbroygh sy pfeBponse i s
bei ng neasured, Lr Y85 &L T; ' lat e @t

basic-nitr ogeﬁ% %ﬁ%glé'oﬁc anﬁérﬁg?sllg% %ggdebgyéur %gkgﬁénerp?rﬁ‘:ggmb%{'v\een t he
two readi ngs DuPahi deNdgioant @ Wilthazgon, DRGEward) USA. | Atehativelys gatglnlihaot
shown) is enpl oged to conpatibly zero the._i nunegtg. SZ%?? 1o onmodat e -
vari ati ons 3 n1¢hearbperies steshybersoatet Vo G ¥Drogtegauifa o8+ Ri¢osterlY can
operate toget %&B}aésta@tro?ﬁm%f&ﬁ&tmﬁ@%ﬁ, WRQY, Semplle 1ink® BPMELKith Sifika Up Of
an experience table, can 'be enployed for calibration” purposes. A

cal i bration raergnonpoozns and novredetiveadd.gberefone, dave jittlegidctom smmoemapnts can be

measured and stored to create d m.G, CORIect i al gori th hi
arrangenent elTFATNATBESE Hﬁssf:?@stg{%wlﬁ}cfﬁ%?s' ZI(].')IC Ibtrag"p(%” AVE S yé‘fsgécl)ﬁu ullgtSwOfZO

anbi ent NO angTii is ¢6186 64y hatous 8ed faéstesenit hplrb @i fantideeoieny atidewhicht he NO
and NOz concentration is always known and, does not change during a,

cal cul at i off cyedcts withemmgniz apd amings, igeriging with Higcesesirraent ¢hdotalhagisen

‘anbi ent NO an tlt}%%f’ : ' HERIY I

probl em of fl 31(1: :Egg@ﬁﬁlﬁ \ 12?1%@&%?& g?ﬁ%@#\f&é??@é?%&%ﬁhﬁpggm ng"ng
cal cul ati on cyhkmicaP$apkiyeepasitian In ectxon eppivetonsa yaripde lings| compmisiag glass a
nunber of usef ul y The paraneters_of .t he hasic-ni trogen conpound
scrubbers areaé%ﬁ\ggt galct%“ﬁg%ﬁls‘%lmeﬁfwd’%ﬂﬁ gf?dc‘?‘nlji{h?ﬂf’agn conpounds t hat
affect a gi ven progasertainhdoffa@euSehBetments sl enes D86l gredeated
phot or esi st-coat ed beads are used as the scrubbers, the photoresist,

material bk ngubsretidlypleng ey iadeneh {OPRPRRXIBAHOISS Wingeledrraibealipgei ng
enpl oyed, in f hﬁlepgr%eeé BEL. i dER 175 P88 incthbitarcl HEreRNy RRRL R OffRY € - L hOSE
iC e phot or esi st process i s pecu

basi ¢ nitrogen conpounds to ho iarly
sensitive. | n rafudes theatehdanty dardasic nfte gen cotnpewrsls s deposin ot e wdisedtheon

t f pigs,. 8-1 1.4 JU - 20D3 . 001 42427 . FCTI US001009G6 - 29
const T uct ed antbiEe (EEANEH Regie ST ed oTRORP I TNE SPRA ) OGRS F o
Dasi o- i 20Ge MBIk EERSHir IRLPEGEAREESEplo ga BRgs oal |- ampl i i ed

e

phot oresi st process)._ In another inportant case, the detection system of
Figs. 8-1029s conndatibis coptekb e eombinpsiop of heptingieesagiplglines along with using

basi c-nitrogen- i L I i
ctepper . Scanriiior e AT s p S Rh eI BRI AL b B et
get ection syst(ﬁTﬂmgastiagm]e ﬁ'rdldbpbs'ticmahmtsegiplemompnhém. Névertheless! the

asi c-nitrogen conpoynd concentration inside a,DW steppger, scanper, or
coat/ devel op tHAEHE qtrlﬁ“’ﬁ?ﬂﬂ%i’_a‘?% giber %@S!i}%&sbyé@s&?ﬂawr%‘ygﬂt 2m of
Figs: 8-10 is wQpR&at &fkct OHERRiObrefdrfFY LOVMIRASAIM A t¥ica bests®indé wire

basi c- ni t rogen- conpound concentration inside a 10 DUV stepper, scanner, or
coat | devel 3p tinewrRorated indbi¢ wialdof the suzpledinemalothisrwist diposdd scthemral catdasie,
anot her calibratjon inportant to nmaintaining accuracy in neasurenments is a
"span" cali bra‘ﬂ"%ﬁ: The term "span," as uscd herein, refers to a scal ed

range of val ues i ndggaétiohevable 11A9e.g., 2 multi-position valve manufactured by Vici)

enables samples from different locations to be channeled into a single conversion

module 6, The gas sample then flows through channel A or B to multi-way valve
30 122. After exiting valve 122, the gas sample passes through a pressure reducer 118
(e.g., a flow restrictor, such as a capillary glass tube or a small orifice), where the

pressure drops from atmospheric pressure on the upstream side of pressure reducer



basi c- pi trogen- conpound concentration in a gas sanple.-:The scal e, L r

exanpl e, 15 can.range tomzero to 100, where "zero"-indicatca an a ge‘HEéﬂm
of basi ¢ nitrogen conpounds and "100" indicates a nmaxi mum concentration of
basi ¢ ni t rwgewigqaerpounds. Over ‘the course of time, detect orpdmashpassss Y
drift, for exanple,. due to a shift in gonverter effi.ciency or a clouding of
the optics in the photomultiplier tubd?=20 In the enbodi nent illustrated in
Fig. 11, span.cal'ibratij-on is:perforned -by a, control system 130.mhi ch.

gener at es conqands f.or . di i Cti'ng}e&al i br ti,on-gﬁas sel eéction valyve 171 and

mul ti-way val VEsOPPPT A Y PreTRip AIespheric Riess s o e drivasiramsideo (ke 113

t hrough the sthbear, At t ; ﬁ’&}r{% Q¢ Tine

readi ng fromsfﬁ.ele det g??i@%hﬁbf%ﬁ%g@&pﬁ%ﬁ pb%eﬁltoﬂgigcon'?%#g”stbm 130 to
25 establ i sh ¢etecier B6& dihsipaersurereducer Eldnis potfershlytponitipt@l davanstrein efths

mul ti-way val Chtl te a. kx''town refdrence, concentration
of a basic ni%?%&é%z%sgén}%ééﬁﬁc‘%a&s%ﬁl? g%l"n%)e%isﬁsjte?r% oﬁ?fﬁﬁfﬁ%ﬁﬁﬁféﬁ?r ation

sour ce 1155t heffasgiivendse atliphdripeessans t Prefckafly, tﬁ@?ﬂé@duﬁ’@fedﬂa%ﬂl 7 coinpidleest or 126
to generate a "%nom&ﬁcbnceq{ra ion reference’ fromthe detector. The
control syst efAPEHCHBRE 2R AR herdeddh odn Coigiediee thet hasknigegshsae@owmd h a
preset contang hevgh 98 [ j qﬁr‘ggg :
concentrati ongmqﬁgébgr es?t . co%??ﬁ?ﬁgﬁdgﬁerl g\%/ec g%%d’ag?%r e%g?ﬁﬁﬂe scal e
maxi mum or, .beceaint, stamiess siedl, gtartz) ondaEnlesRetge vdttemsinteriot platel evithrgotdior 1 4 J
UL 2003 ' CVO 00/42427 PCT/ryJS00/ 00966 -3, 0 reference concentratjon of

basi ¢ ni trogel Ero‘ﬁﬁ%ﬁ?ﬁﬁe C-{‘r'é-éf g"t"i’ﬂ{fsst“ﬁ‘? %ﬁbﬁ sppless YPRESTHR GERCE and
detector 186, 118iend RRghAGubiP1Y, e ddAiRGh Rhathidh High RASLENBAGHLRD bY
control system 130, The -g)ontr“r)ol system 130 Etlhe.n C%I culates the di fference
bet ween det ecte§pcssdheirespaiss Sinnasfas measyring totehhasieayigoganrcompdund measured 5
for the gas wd 10k ; Iy ] ' I il .
conpound and céltr% 7 ~t;e;lfha e?lﬂkg?shllE ?E%l{ug f @Fg%g‘gﬁgmﬂ%ﬁéﬁgﬂ%}ﬁh? g%é‘%ggﬁ%lh%&y’

cont am nat i onfor ensddncean thdsystenpdepasbesiamive 322 Any de dhiftgd Yerwlesn chiavhels Ag t he
difference in_:detector zeadi n%iBWi ttg the.difference in contam nation |evels

for the taro _§¥WI1(955F“H‘?§ PPLENGR M 130 "est abl i shes a’ precise
ratio forjgach unianehangeondhita08disaBandchia £80¢ RPRRAIVAA 28 NAREE offhsitd
detector reading. Wen the conversion nodule 6 is put bacl’s I nto ‘nornal
operation, thendsawkitiaty copduis i G239 cennsated s thervapwun puinp 128 Auxiligry a:
contam nati on Iy 184, £ , i ' . nt l.y-Lecei ved

det ect or read?dr?g\sﬁﬁ L}ﬁ%b@})\%&%gﬁr%%kgﬁl]%&%gl?ggh%%n%ﬁ@gﬂ# é’uﬁ}én]é%?%d val ue
vtith a threstprratiomivalze 122 detreciitmenontseldverd dilendd AOEr@S® theadxilidie shut down
due to excessiy LCc:Nitrogen-coppound 15 _contam nation. Alternatively,
the zero sour%%’%fﬁgﬁgﬁ@% gééﬁ%@gwﬁgf’\léh%é‘ﬁ}l@énciti ehapag]- B‘éﬁE%YYbY ed with
the convepsi osubsnetihlty-GeatysitiRdIow dontitioab ¥ah YelhaBtAltalin e suAtbYe syidmor at

valve 123. rf_the squrces 113 and 115 are coupl ed wi sh the convefsion
modul e 6 at vhdQsand fieshpsample {simpeediately auzilabisstoithe eqmyerter @4 tporcscivaios i n

scrubber 20 ef#fJ4.& Y i LS. t Qr i he cal.ibrati an. The
control syst egr'r{"l:’L éa?zr?él u ese}’égég%%np tsga(r?e ﬁg\&i Ogéggmﬁér]}&géé%%‘rmﬁ%ﬁféepﬁ%eaﬁb@

sof t war e codsinciiencezhdanagnimdepipressuresilods!ibet iRel beuir hporCiititpGali on Wit h
t he processor ere ,the soffware code, directs the above-described span

calibration p‘?’ﬁ’f\t‘\’ggé’.ﬂ’dﬁ‘iﬁe??‘éi)’é‘sml?nfrﬁi’%adﬁfﬁicess, as directed by the
processor 2end sof t Rg Smﬁﬁ&i%nts?@ a%_h%bf:éi‘rs%‘t%ﬁ: Ot drRethveidd A8 iutga@dth 13-

Specifically, the software code directs"the processor to generate conmands
to separ at el yFigs BBc{Thgagrubberslystemf 126 inclindes thneo serobirerel Zirngnnected in parallel

known- concent I QUL h t-he nvertor . and detecto The
processor the{r?aélggéel?@lggmgg%éb?‘gggﬁ%gﬁ@ b ocﬁ"mé‘gé aé%@“é&%?"&o Finally, the
processor cal saldotively rem@ié frefrtie gad Amiplethd @6takly OF theSidic Mo @A dogpadidat es a
“span calibration.30 value. As fufgt her direct e%lttyby t he softv%greocgde, t he

processor t hel® %pigh pedotofithogmahicaothsr aracsss hranaguardsddessnsigivientet theirdi ngs
for a proggs Sccﬂﬁﬁ'u&?on%ﬁ nhref .cﬁﬂelF&l slth %%tg'n[%ﬂﬂfé’c? ofbkr ﬁﬂggesn-

"basi c- ni t rogen-conpou eozttam nation leve € process
containing compounds. Each scrubber 121 is preferably a solid-state scrubber,

comprising an ion exchange medium with active sulfonic or carboxylic groups, The



? 4.JU 2003 'WJ 00/d2427 PCTI USO0/ 00966 -31 ~rpically the span calibration
of det'ector readings is perFozuzed in coordination with an interferg 3@#‘: 3
calibration and a aero calibration, discussed herein. Thougli the $ 3 (,29[]
of calibrag, .5 Situation-specific, the span calibratio

typicall ya‘?’?cbgfé‘?‘*zgr med about once a day. The zero ealibrat &5‘2{-/8@?%?%?& cally
5 perfomaed nore often due to the magdPfied affect of relative errors at

| ow concentration |l evels.. although the frequency of the process can be
established by nonitoring the deviation in span with each calibration and
recor di ng, eacilon@gshanize nredium fsrsabstantially hbn-hiy grob@prrand modparbas. i Tire i n, r epeat ed

calibrations is_observed i.n reviewn he calihration histqry, the
frequency of TBELFBY AR W#@é@j%{%&@hc’ﬂe@ﬁé%gﬁ °§_F5§F_"%f%1%§°l’"1‘l§’ebt her
paranet ers C%a}bmsp%gfﬁgﬁée Wﬂg@l%@;&% B ds b ﬁrﬂ&%@ﬂble@ﬂlaﬁr e used

for diagnostic evaluatfon o roning 6f the scrubber, converter and
det ect or subshymeefes., photirbsisierbied sustrates,| Weaktacktcodtel sulpsitegtes;sirong 2pidar al i t y

of di agnostic S, sources, specif catt | ean..dr i,f._source .62, an
ammni a gas s %?ecdes 55%&561}?“!\%6 e %&?{%s’ %ﬁ%’“’nﬁ%ﬂy’fg&%ﬁ- _Vé{eg‘ggar Burce 149
are each couphfrmsicchlansiguds),i ThEptopatiseofiRe actiive msbiacln bbehswanb eptivaize 101
is also supplied. Downstream .fj~omthe nufti V\aé! val ve 127 is splitter

161, which di MESECUURPPIEEC SEeEion Patcerh (TREtbehginthescrupher capds agpequgsl The
control syste j : f - £=X0] e useful
for both dj agg}b%@ ?ecrq%%/a u’%léﬁ\%hggﬁﬁﬁﬁgépﬁggt@%ls%haetg ?%érl;? % det gct or

readi ngs. 20 pheicamiyoitsaitgdendodineats145, as wel |l as the NO gas source 147

d No2 149, preferably includ i qui d. precursor, which i
Vapor i zed 100" pr ovi (e ToHE SHLTEREp T (AL 1L TSP e R R0 oy o

permeation tubBRScAbBeRNQYbEE BB, ghk avdfieh Q%in‘&gi@%%@glﬂf&in&ﬁﬁﬁ@ vapori zed
precursor into the Séster‘n The liquid precursor is contained in a
reservoir, anéTebhEdidrbang xHTE AWM vEs FulRpl melerHarbases SEHAS er t hat
comm uti cat es_wi : i ?ggﬁga 1L, St A My A6 NO2
and ai xAnoni a |1 qﬁ%ggr%g%rbgggpg%%ggﬁgg e t'okgggﬁfﬂé%ge\%ma%d%”&%?gt@I ity of
Q0, 2C. The t erpmrastramevalof bbtistdopg emhweald melicudardbates, srivkisexypabie furi, &l

i ncreases .of vapor: pressure W th.res t to changes..in tenperatyure (for
exanpl o - 45 08bpiaeeeDh SOPRPRY e dErh et gl P EOth o B QGER PRIy o
Vapox pressur ®hr tebhnibh@ seRivd diyHEstRing oses NEweReRIcKDioh SXbsdngt enddhich t ed
outside a pre-established range to provide the necessary vapor:to the
system the camyrhsiempjeyednso that weskdasrsreenalirernoved gnd gequgaeallytinithger s an
alarmindicati t jon. For exanple, the contraql systemcan
be 14 J U S%B%%%dﬁ‘%fgg’g#%&k?‘usom 009GG -32 programmed to trigger an
alarmif the tenpeNeverkelss, dvier whemssireng @dien exihangirmoedivindgk usedabout 25C.
The contr system and tenp.erature _cantro Ller co op erat 0. requl ate
{he heat er2 o SHEREE AR FONE A SraY B edBneRey Y BHesS avd 5 B ekind P8 oduce
a desired vap@fchastHn®asnh ENHD, RIIPEEESAly Wusl td g cdtioarxt Rz e wikkrh anger f orm

the NO detecti-on algori.thmbased on detector readings can be used to,
provide this ©Bes itdd rempaed fram thegrsrsamples Wik kely rempin xedtorthe scrupbdsoddi ngl v,

t he processor 00 St ' [ I thﬂﬁ, i on of NO
readi ngs at t ﬁ’gcgg‘gg %emig%lgho%eﬁt&? aeéﬁggﬁgg&éﬂ(%%% I %@Qs I'st i)%@%%%ﬁ t he

ot her pr ocessesllperd torgreially daf sioonglt the scrublen, refdated hbindingnéd andiredeadingr om

t he ot her ocessyr(s). associated . .therewth, First, the_cont system 130
i rect o vl odoTet (ot SO RCISE. (b S DR R b, UNE ML ar y

ai r (CDA) sourgge 18 3vyihay aﬁd‘ﬁﬁﬁ?ﬁe%@&lbﬁ&?%éntatﬁﬁéﬁrﬁiis%%kféﬂgﬂ'a Scrubber

121 and converter 124°on i'Ts way to NO detector 126. \ I s derived
from anbi ent aliamdte adr2efetdh lngdeis usabwith @ fowssteng ! titer@eghonhMMB vilém t he
15 CDA is preheated to:a set ,.tenperatyr.e and, scrubbed. b clrubber 164.
Veanahi | o, "t neseceh s SRR SRoRE 14 e BB st B, 126
to eval uate whelh@tia bRENNE ROl Sradil?§ drift thiligh 8lel sBRAbBE! Slbeid At ArdskaweN. The
phrase, "slibstantially-zero base contam nants,” refers to ai'r w th 'a"
concent r at3®n than hakef NMR; ani nants bel ow the | ower detection .linf't’ of the
system The | ower Lon. 1Lt 4 . Jharts
billion (ppb) .._Thqu%ﬁt%%!gf@g yilvts féo%ﬁ%?#ﬁ%é@%&%@gﬁéﬁ %@5@%'
conput er oper ah¢ flgwadkimpled gedrndipurgesgas thirdgehathe sayutdwsol2 Iwi The valtdsd 26,0nput er
to eval uate detector readings and to generate comrands based on that

eval uation either for providing notice of a systemnmal function or for

cal i brating subsequent detector readings. 25 Depending on the magnitude of
the difference froma zero reading provided by the detector 126, the
control system 130 can either provide a calibratiozt value to'cozz~. pensate
for this difference in subsequent readings or can trigger an alarm in the

o Y o . N LY O . o e




.- 33 PCTI USO0/ 00966 Second, the control system 130 directs val vES 173, 171,
127 and 179 to direct NO2 from NO2 source 149, where the NO2 is di I1u Eﬁl
with clean dry air from CDA source 162 to about 100 to about 1,000 'p lNZﬂEf‘
and conveM@@/42d2NO i n converter x 62 through channel 135 BCTAstd/opdso t he
detector 126. No further conversion i$.5 needed because the NO can be
nmeasured by the detector 126 wi thout any extra processing. The control
system 130 nonitors readings fromthe detector 126 to eval uate whether the
det ect or 126 jhadigat: ”aﬂé'go tchi I centsatj.on | evel
I'eavi ng t.he éggvgstaelrﬁﬁlg?. g%ﬁ?htbgg c?élﬁ?l?sg}t@%y?{@éﬂ%%@%ﬁﬂ&f;ﬁdﬁgr provi de
a cal i brati ol2§al25eon oppasitp sidsaefthé sam¢ $tingbtdr 1 7lebath open chasnéls etbent 10

‘T eauest), 1 n serale T Sneleiilfisoronth FBF Bnipe o Rl BefE e 2t e
mal functi on. ﬂ‘i@rﬁgbﬂigﬁﬁ%ﬁg&l Sl EoBPRY Barfified fasoed uSe of an NO source

(e.g., an NO.cani Ster), can be provided by difecting NOz from NO2 source
149 t hr dugh converlhene eabodimest, thecompbldydtemulalssaleatively opensdhgchagnels toeact i on
converting to 15..NO nd t.hen t.hrough per ' Lube 164 whi

colecti vely Rt SREPIRERE 51 SRR shidRf e VIRRLAEE 100 o Hidn ety
directs a coMuRohabl Satet] thaboptlicdPretditeabdtistflol, HEN tpptanile lihig X6 HIOz sour ce
149, veritlz dilution agai n %E;Q\/i ded by clean dry air from,CT=-A,. s,oul{ ce 162
t hrough val vesash 95the serRbers 185 In asayeRtte T oeKEHER of Hevy dvuchis stilpresgived 5

175/ 177, and : t d i 3. The
control syst ea%{l%%a&%%t?ﬁﬁ?ms ’sﬂl‘ralé‘%g?%gg&? ?#ﬁﬁéﬁgﬁg{gﬁgfggﬂ?gmn%%gur e the
di f f er enck0 becwbber 12ids liesti g Esathen theetite vgnir¢dfr e dighembleztienwelgbvel  of
the NOz source 149. A.s before he contr t O~caka_ei ther, provi de
a calibratiorf Bartté"BBﬁ%lé"ﬁE%Hé’efsﬁrr“gF i@%ﬂ%@%@ﬁé ©&F° 3W1§75'?€egder an
alarm (e. 9., dnfodgRrdbBe12fi sBodeviry@ /B idvedl ARdr\heRow &b béaGudigdced i N the
case of a significant_difference, to indicate a system zztal fur~ctaon. The

NO2 source 14momijasrrugberci?]; the copEolsyriemptsdisnscrds agignad $0 Tspsctive VERe® t he
NO2 is typicaljay I Vil ' @&Sur ]PIXNQ | ' | ance
with EPA reguﬁasf }%ﬁsaﬂg%g %%F\%@P@ﬁon még'; e szm%}&ggﬁﬁ%&ie%%gﬁeugsured
by 3 0 subsr achibber t 2leamziont dretpuagd lave axhaddO127, ittherasaiorctie 1efsifle aiffighe
eoncentrai i on_of detﬁgtﬁ&at t he ,detector 126. 14 JUl 20%3. 00/ 42427
-34 PCT/ US00/ $0968° PEE FBfine! SFIPPRRCY & 100 Of AYBRRGRSCAPIEESY \SREASer ubber

121 and then gpfrb@ wheh ﬁ%ﬁﬁ&ﬁeeﬂ%eﬁﬁ&mmﬂtbﬂ&%h vhivee 139 ragbhes's 121
tend to convert a snall percentage of to _NO, which can skew_ detector

readi ngs, Vi aandihen orssaiier B21, shibatibg putsctess fpve Hreush the servbhesildhit akes
| ace can the L e | T%?!Hﬁ d ggﬁtg [ Fourt h,
!to he control s@g#gﬂ%q%&g? tr“g{c?}‘{lte 9&5?323’* Y %%lézin’gﬁl 5 %#?ghggﬁ%ct -

20 through each scrubber 121 via its respective valves 125, 125" and 125" in a sequence

following that of the sampled gas flow and also for a period of about 2 to 3 hours.
Accordingly, the purge gas cleanses each scrubber 121 of basic nitrogen compounds

" removed from the sampled gas, Consequently, a clean scrubber 121 is always
available when the flow of sampled gas is redirected.

23 In addition to being connected to valves 125' and to the purge line 127,
valves 125" are also connected to an exhaust line 129. In one embodiment, the
control systemn 130 regulates valves 125, 125' and 125" to maintain-a flow of
sampled gas through each of the scrubbers 121 at all times, except during purging.
The flow through only one of these scrubbers 121 is ditected back to the sample line

30 116, however. Sampled gas flowing through other, inactive scrubbers 121 is
directed by the valves 125’ and 125" into the exhaust line 129, which removes the
sampled‘ gas from the system. The purpose of maintaining gas flow through



ammoni a from anmoni a source 145 iii a concentration of about 100 to about
200 parts per billion (ppb) alternately through channels 131 and %3%} As an
alternative to anmonia, trinethylam ne, :triethylamne, n-nethyl 4 JuL 2003
pyr ol i dnon hexyl am ne, 10 di et hyl am noet hanol, nethyl arni ne,
dinethylan?ﬁ%@mgg anol am ne or norpholine can be used. OnceP&HESH/0006m
control system 130 nonitors readi ngs f22o0m the detector X26 to eval uate

whet her the detector 126 is indicating a contam nation |evel natching the
concentration | evel of ammoni a | eaving the amoni a source 145, The control

appar at us carritdstine"edciiiteiersis e/ketp "taetli thaideleondltisfed So ERMPRASAE @af OF
this 15 difference or can trigger an alarm (e.? transm ssion of a

A g o ] .
servi ce-cal | ¥oyipdstirectegioaqairgedsengzoer by tepstestaraesdingspraless 1wl focent
variance froml i i , h ngdi em
mal functi on. rgkl ‘?E‘?? ?}é@"el Y, lt;ﬁg’k%gfrﬁgwg{e%tg%:&r){&b%&é?s?w%sclg%ﬁ “%él%r )l aced with
a singl e scr ushested SanbballRy afteeshifir al | el - scrubber system which is rrxore
robust thap the sijgl e-scrubber system i.5 preferred when a vexy weak 20
base is used or wf’%‘ Wg?ﬁﬁ%é??%ﬁ’él?%e%ﬁ S ré}‘ﬁie’a_lgﬁ)xcﬁﬂ‘@“’éase. _
Preferably, tdicentaNP Rb@AcAHPMEA rABIAYAEESe, . 9B coBIRRNGH of Mfekilo ni a
includes water vapor, provided by mixing W th clean, noist ait (CVA) from
source- 163 di asistriogair wirpoundy is Bbproxirgately zato. Thidrastrmitragénssongppndxi mat el y

mat chi ng t hat_of ient. ait, (e.q.. about 40%relative hum dit wher eas
"dry" 25 ammfﬁ%as E@?éng%c_ro s #l}eggfeg?ﬁcﬁémﬁe\fgm OS¢ 8*’5’8’[‘%‘?”95 g’_eit%')ﬂclbaﬁv’ér ter
124 typi cal | ynjtregapsishpiunng cofeentrafien in 1H6 GRicAINBEE Yams1e Fine thafthd] B. Wi h
typically_includes anpbient water _vapor concentration will, over tine,

affect thtlc §TsoROWFYr.Jodifd pifeet nepEals Acidicroamucontirise eareprUNgs. a
conrre~rter lggeiiial @fe BRRR _1@§@ﬁ§%¢%£§&5@@&@5%@'¢9ﬂ @nﬁgrén?eﬂ to
convert ammonia with varyifg efficiency dependant upon the By Concentrati on
of water vaponthatardetsgaslestream A failure to appreciate and account for

th ter' L1 Vvity .t trati d
cal i brat i on er ror SRR AR SCURT e £6% A0 Bp ST ReI IR TEY BF SRRREA | i ency
for “fret" safigh@sfferentlinfutd. 1 thestQRdhddnaRY, 444 WésibTd tH20R4URROG NP BY

directing "wet" amonia (W th a water-vapor concentration matching that of
the sanpl &8 gadd:io havedbgememressyen diap figm,the inpyt losatemtoche eonvetteriinpwincy

will be cancepgd QUte ﬁa?; ] ) iLents, wet
and dry ammﬁ'i‘{a sogrtg\ggggglcﬁg é%ﬁ%ts‘[‘ﬁg?%g&gﬁfe% éﬁ%ﬁ%&%hecwém to
moni tor this Aizhd B ePrcensutkitbatdhé proasiee dogdn eschahenesiimsbpr@imatels thevel oped
for the WNDOAS platform (frqrgx. M.crosoft rp.) using VI SUAL C++

(avai I'abl e 1 rRHONPESHEG Faneer B RO SoTBRbS LB roiibet oo RERpERs
environment ipigceydi Sthtcecokipehsity fo the AROGFIYs R -HiRb g FOMRHFHuREY sckisherONi t 0Zi Ng
the nmethods of this invention are integrated. 10 T%le softvrare all ows the

operat or ARd SEWMIR omths prassure i ehansel uThuss e nressprecipp betweamssrihber

I [ h ] : ' | ). ..hol.d ' d
rocei ved 1 orsaedt o SAEREAR WL A EENIAR S PR mrernd8bor ivian 1 are

and vi ew dat gpregliteaetincen 118y &l tBredairgy ateii2Pbt i on schedul es for several

“groups; configure sanple |ocations; viewreal-rine data gr aphi cally and

track histozical d%eiXcsE22arndideh ellew trchasicontregsarepmponndsieg sampie fiogy
exanmpl e, il yghhfd L L SN, EE@% P ' : BRG] OCations

t hat can be sel ectg?j y t% operegtps%'?i})a m ni strgl\t'%rﬂ Sfté]f t?'edrst,gl a ai

conput er - 3&nevatdl it conykier1 28 altematedy; in rapidequence 0 Opemifp wWeer deliverydtairoats i s

ill di Fig., 16. A di [ i il di Fig. .17, i h
it o aoau oi ¢ Tasrdiel Gessnp P SRS, et e e Ray el o SR ISBEE. ot ot us
i ndi cation, q&a@wtsmmhwﬂo@eﬁsﬁge%@Mwsmaﬁaélgviﬁﬁd AaendipRlaued

Further, a sanplée locations dis y is illustrate Fig. 18. The di spl ay
is times per minute, to enable averaging of a number of readings, if desired, within 2

short monitoring interval, for instance ten minutes or less. While either valve 1222
30 orvalve 122b directs a gas sample from one channel through the thermal catalytic

converter 124 and detector 126, the other valve 122a or 122b maintains continuous



divided into ten funes, with each franme representing a sanple | ocation) The
di spl dy provides a snapshot view of data as it is captured fromall{ JUL 2003
TMB-RTIVI test 25 point locations in. real time, and over a period of
tiz~ne. T oot er cycles through all |ocations and di sppeywsédisgsat a as
it is captured as the solid bat int center of each franme and as the
nunerical ppb reading at the top of 9 franme, As the conputer cycles

t hrough all sanple |ocations, th,e active sanple |ocation has a white

border and'background. 30 The di spl i ncludes the fohow ng .features: 14
Jul Q003 WD %@Pgtmgg@%mb@ﬁ%ﬁ%%‘i%%@gﬁfs ﬁ&&aﬁsaﬁﬁﬁrﬁ%@g%’é“%ahpl e
Locati on Na Ii$iad SRh@Y§fsd N the boy at the top of each frame, Location
nanes are srer'?u%%aﬁ’ln A%E?ﬁstrator Mode. 2) Current ppb Reading: The Current
“ppb Readi ng is di Sheaysdatalyticreonertec 24 (e g astmhanufarpored by dbtrmoocat i orr frane.
3) Current p Level Indicator:_ The Current. Level 1ndicator is,a graphical
representati VHP“’P%“Q@F'F‘EH?“%BBSFQQH 251 gFﬂ&mBB%’]“%&]PB}eaﬁB@B? e clicks

“on this indi GahBleto hitfc SRide TN®) By hidkREN@8dAohe Al suitable dataliflic CbaVErRE 1241€
date, displayed in a graph for ma%'. 4) Al arm Level Indicator; The Al arm
Level | ndi catoillusgatedpy BigedPedhpgonvesar 144 compaisesot Tegctiarhamperyt S0shathe ri ght
ofthe bar. This, indi ' ' neprese | tm Level
set by the Agllrlnasyndl’rs %3; éggnﬂa%ﬁ%a%lﬁgg%?trlggt(gﬁbﬂfaﬁ{éy/@{h%r f’%ﬁgn ar g]r m
state, the i ndbiind elemest WSddo hdd tite) reAdtmmmohirabe]| arfded thengocotiple 186ar m Level
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can be hel pf Jii8} sonveriaT glcispey @p110872) Hpighbrasd 1288F ShersIETe8ons are out of

the scal e 4i splaves, N@%&m&ﬂ%teeml%ﬁuhﬂ@a@m@@mc RAReh gY Rk chiagscat or in a

frame is read It indicates that 34 there is an alairn condition at that
particul ar sahiwreatively tinvstal oxidesutfate @D0e v, Clikogra 2amplepOTNdioed e6i966 - 37

Th ft further inclyd dul es. and iated.{nter. | | ow
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define differ@mpoafife@uNOS If 1At gaCatiple REkstxyger P oRRBHOGORYEEn das SR
still, a data acqujsjtion schegul ing screen allows the admnistrator to

define the scfudpplieddp the egRyertel. data 5 acquisition. The fol | owi ng
par amet er gy ar e defy f | ; i ty inpur ge
50 i kkr g{r?gpgﬁ%téﬁgf&on% hag@ﬁﬂgggsﬁmh G&tiRein

time and sanmple tine, 1 IS the a unt of tine that a
sanpl e i s t aktbnboads of nitzegenswhtimibgoatecules art Bplitgeith blitevidls lighttodeual

anount of tine that .the_.systemtakes to.pur e cuzrent sanpl.e fo gas
from the i nstTTRESR PGS fQTox %?oeﬁefe&é‘%moﬁ.& ég‘r‘?ﬁpgmgﬁla eﬁﬂ?%sl?? nes do not
have to be th@csaqR ik akte8AHRd by the desired application, taking into account cost and

conditions of use,

25 In some applications, gas samples entering thermal catalytic converter 124
Inay contain molecules that are not basic nitrogen cornpounds, but will nonetheless
be converted into NO. For example, compounds such as NF,, HCN and CH,CN are
not basic nitrogen compounds, yet if present in the gas sample, will be converted to
NO in thermal catalytic converter 124. These compounds will not affect the total

30 basic-nitro gen~compoﬁ.nd concentration calcnlation, however, because the basic-
nitrogen-compound scrubbers 121 do not retain these compounds since they are not

bases. As such, samples from channel A and channe] B contain equal amounts of



10 step. Additional screens are provided in Figs 19 and 20. In Fi gk 9 @

'l ocal' alarmscreen is illustrated, wherein the high and | ow al arm {ur-'“ﬂ-iz hs
at each location are defined. Finally, Fig. 20 illustrates a real-tinme view
of a sanmpling nmonitor. The horizontal line at 30 pbb represents a warning

t hr eshol dWCHH24%e hori zontal line at 40 15 ppb represent sSPGHUS0Q0PH6
threshol d. Tn operation, the detecteg4base contamnant | evel is chart one
the graph as a function of time. In another systemof this invention,
illustrated in Fig. 21, the detector is an ion nobility spectroneter (I M)
170 (avai | abhgsefronrs el @edpodhdL\aad sHelrfi sl catilytie: donVir i1 940 BorvefOtikse | MS' s,
however, are prone _to interference; particularly 20 prone are NAP sensors.
NVP sensor reaiongds waNOmaualheios ghwipel ﬁeﬂnéﬁé@@ﬁi’{% P erfselgOut B exanpl e.
See, Bernarde ~ Beauchemn, Ir., et al., "Optimzation and Utilization of

| M5 for Jeep "Cl ean Room Air Monitoring of Am nes and NMP," Proceedi ngs

of the Arch M cr dliketvisg! whéry tinypoopess $o benmoBaoreDiegnsitivonly iddstioig 1999, at
261. Acetone is a co n | aboratory, solvent used for cleaning, equi pnent 25 -
cont ami naf edba¥#%b ﬁcrﬁhgg:?imﬁé R, e.gp 2 X(FEK 2P FmAY q%ibf @‘es pectra of

acetone over{ s Wb bA3kni@leVEmpblii£540421. Oh tRE 840/ ¥indqBd Wik N ( he
system can cause a false positive detection in the TMS or, at higher NV
concent r at i obgse nittagye compbundsevidl terpreseThia hedechafingls,dheivprossitudss mabbed

sanpling systemqf this inventiaqn ereby -3 ord hannel 4 s_introduced
Thto the & ey the sseennt A B, PIRHERYSS Bl e A8RBGmds 2an B
basi c- ni t r ogeiffetepripizdnc tRebades stred 2l biyaisidgeontditrsthaigoavactisbdef or

paral | el _scrubber enbodi ments)_.is introduced into the I1vfS, allows for
cal i brat i\dn Gitegent sgengtheysh diffesent £ CIESPCTNS00I 00966 38 based on this

interference. Thecghidrii@amp|RUWRRImbNG YR SRV GA24 RAQULEES a neasure of

the concentration of the basic riit~rogen ctonpound in the_sanpled sgas,
Wi | e this i pvamituminessaacendaterterai?i(egl, as mpanefacwredaydlhdose Eneehmygnt

references t ref erred. egbodi ment hereof ., itow.l be yn t by those
Ski 11 ed 5 i ninesRe! iy TR AHERe! T8 REEE0H sheriRhinres Hha MO BRI mae
therei n W t hgypicsgn #id maginfund Bighflerss ohenidiminbe ehdevdadct@ 126 aehRessad by

t he appended cl ai ns. L 2~(~3 -39 aimse What is clainmed is A

~4JU (~3 d
det ect i ontSsy 3PEsiFye FF deus 67 Tog st & Hort iR AbeWd R BHpHE Yo ey
sensor chat Gg&%ﬁﬁ' dfc IR QRIS Abovef ]?é?edtd?q'zﬁ%gefat@%ﬁ%&pi’oﬁn%@ ®anpl e; a
converter app ratus that converts gaseous ni t.rog n C_O unds 1 n"the gas
sanpl e i nto milibanguitablofor gatsctiothe! lowrppaeantntionsfihasio mitegem eormpansdad wit h

the sensor fou. | vering t . ob0 nsor; a primry
channel coupﬁéltfci&\;\%l% ?13%?#%@9‘30 Vg&%ﬁ%ﬁeﬁﬂéﬁé%ﬁéﬁaﬁBgﬁggiuguéﬁsérﬂf%\ﬁﬁar get gas

sanpl e to t heowwefiv&iws ofhRatahusspbaprefeasy lanthaad ifdh. ng channel coupl ed

wi sh the converter apparatus foi ﬂeliveri ng a rer[[%é]gnce, gag s&npl e to the
convener Zppar at uPtEHE 16 WgrenarREescRes EMY deledioPub ISt or 1 enovi ng
basi c nitrogen conpounds fromthe reference gas sanple; and a

ni trogen- conpound gas source coupled with the converter apparatus and with
the sensor, the nitrogen-conpoundogas,sow@e +sdppl yi ng a di agnostic gas

i ncluding at | east one nitrogen eoznpound of a reference concentration

t hrough the converter apparatus

purpose NO is caused to react with ozone generated by an internal ozone generator

in a reaction chamber of the detector 126. This produces electronically-excited NO,
molecules (NO,*), which, in retumning to the ground state, emit photons, hv, that are
detected by an appropriately-cooled photomultiplier tube. The reaction is given by

25 the expression,

NO, =~ NO, + hv.



.and sensor. 2. The detection systemof claim1l) and either: a) wherein the
ni trogen conpound source includes a reservoir supplied with a heatdré for 2003
vapori zi ng the diagnostic gas, in which case, optionally, fiu-ther

conpri si ngoap@entrol systemincludi ng a processor and conprdreuUsexestt abl e
software code stored on a conputer rgadable medium coupled with the
processor for controlling the teznperatw-e of the reservoir to generate a
desired vapor pressure of the diagnostic gas; or b) wherein the nitrogen

conmpound i s a basic_ni.tragen compound; i.n whic ionakly, further
conprising a seco °da°3‘é%"eggﬁ?%e e@%ﬁﬁﬂ‘e‘@y\fﬁ”iﬂn{eﬁg]) @g}sn@@ﬁ@g‘"%u%écr atus and

wi sh the sengedessdsheitis pesalydaailsile bEctosuiipliers| g photopaltipliefiuBgiost i ¢ gas,
the second di agnostic gas being substanti-ally free of basi¢ nitrogen
“conpounds orcopkediadgmperaiime ognt & eblgeents 2ohicys sersitiyilissdeqiied dgaiwxtonpounds
distinct fro [ gﬁu@@t' l: : :
‘basic-nit rog%hgggh%%&ﬁgg%é@@owcé%h%}o%%foﬁ%?@ ﬁh g%g;géfm#ugﬁg Hjémrm%&ulnggial ly,
i~ J U L5 2thetubedd cevledar -157 Ctyearedssodidied thenuesidomic apjear MansovienGinaees a
plurality of converters, algi.d the senspr includes a .plurality of

def ectors, dRerevs W@Pﬁqarma"aﬂ%%mc ﬁ\?"éﬁﬁ’r‘”@{r‘i’:ﬂ} Plf‘?trog%“ltﬂ’é‘t%é%‘g’ﬁrprﬁ wedBYipl ed to
the primary §5ainemanafiiinRe SECANRY PSRy ARHESGARELsEE b ts@hig e coupl ed
to the scrubbing chalulel, ‘or i1) further conprising a third charu~el that
directs an wiwosingbadptimmenphotorsultighier tyberfolr éhe perfomoanse megnired.i In gth¢rch case,
further optigon |

he. thi rd oo anE ety N s eat o iR e o B0MR et Ariienon: pai ¢

ni t rogenjgonpawl &gQTydronkh She T® afite OVikdsadiuastts; biheivbtbbdtserebisednal |y
wherein the third di agnostic gas, supplied by the third gas source includes
| NTO of a r etRonsoatnendarine semphing may alsp balesse yet further optionally,
further conprisi n‘?hé‘sigﬁéirﬂr&n%gﬂm%%tﬁ ERYPEET Mbd i hife-BERENG the fourth
gas source suppl ying ourth diagnostic gas 1 ncluding NO2 of a reference
concent r at i osgncentration)vafues biiercoswolsystsinrid Oaargbthen the ddtalhasicentregengr ammed and

fi d to: dj fi | i fi
Gos source arPRng PhEAARIRORE shl i fbaftpt (8- AaReTARB W 0T e |
t | u~ough 15hedgemvined, ele. ARPpRdpHaten Bvedfiisoind diffeRndifg Senatiesr Thetogs for

each gas sanple; generate a span calibration val ue based on: the difference
in the sensobasiehidioggn-rempews qonpentralon forshe ges sapplereqrals ars Proroaschg f or

the first . | - (o | f
pasi ¢ tr ogR Lanpans B0 oI N G EBNE b R R SR O ©

difference between the NO concentration of the unscrubbed sample from channel B,

e.g., at time t; (or the average of NO concentrations at times tj, t;, . . . t,,, n being an
20 even number) and the NO concentration for the basic-nitrogen-compound-free
sample from channel A, e.g., at time iz (or the average of NO concentrations
determined at times t,, t,, . . . t,, n being an even number).
In an altemative embodiment, the detector 126 comprises a plurality of
detection devices, with a separate detection device being allocated to each channel.
25 Additional channels may be used to provide further analysis of the
components of the sampled gas. For example, referring to Fig. 8E, three channels
(CH1, CH2 and CH3) may be used to determine the component concentrations of
NO, NO, and other non-basic nitrogen-~containing compounds which are convertible
to NO, and the total basic nitrogen compounds in a gas sample. The following
30 discussion focuses on the various classes of nitrogen-containing compounds in the
sampled gas. NO, NO,, basic nitrogen compounds, and other N-containing
compounds reach the NO detector through CH1; and the NO detector produces a



apply the span calibration value to detector readings for a proceﬁs S wo
generate a scal ed value indicative of the. concentration of basic ﬁtﬂﬁg@
conmpounds in the process gas, and optionally further conprising the step of
directing the pxocess gas froma photolithography tool to-the sensor; in
whi ch caseyoftose428r optionally, wherein the control systemHCI/TSH06RS6
progyamred to generate an interferencgccalibration value; in wvch case,
further optionally, ~ 4 JUL 20U3 -41 wherein the sensor includes at |east
t7~ro detectors and the control systemis ful-I|her programred and

configured tq.receive substanti - Si .Lanepus detect or. adi ngs from a
pair of det eéi%%regﬁeéeﬁ‘%%w%eﬁg?eaﬁy %luﬁgeq & *n:tﬁgﬁ%%ﬁ&gﬁ?sb r]%l@ g@ﬁ“@%’ue as a
function of N® ceastedFHondNDY 25d oiblet diRonibledeicoffalting MORLHEY an8hos) further
cornpr~sing a control _systemin communication with the sensor, wherein the

control syst érnvestbleddcartrininganoleenlswrsachibe NCadatenson througk 6#1; endihgi agnost i c '
gas through t¢f j 0 } L gr amred
Po- conpar e adl REir e sife M| fghdiPes PRI TS Bifldhs | HcaplE oPe :
ni troge InI &0 rrmo?llrm!m{adm gf\NO@hﬁxd)dstlhEmdrhbastﬁ, ayoest-tamgasg gﬂ:ﬂﬂ: ostO(\lirhiclas e, .
optionally ~x~herein,the control systemis progra~ryned to se nt nands
to al ternatel®F ‘Eﬂr’r"gg{btl%{tqllsﬁgé‘? ﬂ'tfiséﬂ%‘i@tgaé- @92{’-‘1&2‘6‘?%% C‘Eﬂﬁ‘ﬂe‘a‘?d%‘ffﬁgéze gas
through the %ﬁ%%uﬁegocgglg_gmm otk B RHIERUoRfiinih ol R yiracias | ©

gases with Irnown n -conpound concentrations in both di‘agnostic
gases) 3. Theogvertible NreonigingmolecelesiearPthaNOhdefpetpmthranligh (iE; ané at he
di agnosti c gas_incl udes fer vapor anbi.ent _concentration. 4.
span-cal i br atBF SRS °¥%{?CW{)CHP?%H%@L‘B%&aél-cr"ﬁlﬁ?%eé‘éﬁ?@&‘ﬁ%ﬁfﬁ beinie: tF’?ﬁnati on
in sanpl eth gass iCEHRINES by subifactind SRYeREfor RRAGIREHer GHP ifrost the Astettor daginga
converter apparatus including at |east one converter chat convel-ts_gaseous
ni trogen congerGEds Agrordinsly. andntegfarenea¢adibgtion ipreyided by the abppetecitedt gas
i ncl udi ng ai gté%@st one gaseous nitrogen conpound of a first reference

t

concentration; ‘then . . passing the first gas through a sensor that
i ncludes at Jeast lnrsentdtmpletuentatioas, vgeatona tles oecur éaihie agnbodnt NGkandiNOg at or

gas; passing a _second gas. thr h the copyerter. apparatus, the second gas
havi b secoNATPLPEREEY EOHRAM 1ED0n Sbe JS e e R RPEGRDounds

di stinct {3 orachbéntfdtios mdagiremenic &n eQMCRRshHekMe disAeBariee wakraits] &£ second
gas through the sensox to generate a reading of the indicator_gas; and 1

4 JU 2Q03 - pleygiheyisuseito aninirine te alsref sihilichatiprsdapcalshlating the 1oty ence
in detector r [ ) [ | ated with
the differ enc%gﬂnﬂ%égéeﬂr)geor{ﬁcéﬁgglﬁé%éﬁp gﬁeﬁgcéﬁﬁ%ﬁgﬁgggﬁ gehgﬂg\fe(gond gas;
separ ati ng a q@noedsdiogsfomrthanre! redfrerchame] Bados axquipde,aach NO amgeitragjas
sanpl e; passing the reference gas sanple through a scrubbi g‘PF% n

el ud ng-at TEATEPRTE SASRHE DRe PO SR B B O R T G SOARATHHS and
then passpmg foheni@ber SNEQsERMeAR MR at tHaOpaht ihen L AN ShoMIngaPBRAEAL US and
on to the sensor; and passing the target gas sanple through a prinmary
channel in whiadnlatien pagbereptessniebhy Berpliawing algonittatii nation | evel in the
target gas sanple remains substantially unchanged and then passing the
.target gas sanple through the convener apparatus and on the sensor; using

the sensor to geneWmivingNOpoetiges: REadXngs. of X)en, i ndi cator gas in both the
converted reference gas sanple and the converted target gas sanple; and

where X equals the NO concentration at a given time and n equals the total number
of NO measurements made. The moving average calculation may be reset

25 periodically to avoid the weighting of out-of-date measurements. In another
algorithm, a selected number of values are added together to provide an initial
average value and thereafter the oldest value is dropped from the av'cragc as the
newest measured valve is added to it.

As shown in Figs. 8A and 8B, control system 130 (e.g., 2 computer), in
30 addition to collecting and analyzing data received from chemiluminescence detector



.conmparing the respective detector readings arid applying the 5pan 14 JuL 2003
calibration value to generate a value indicative of the |evel of

basi c-i vt z' ogen- conpound contam nation in the process gas. 5. The nethod of
claim4; Woaed2conprising the step of passing a third gaBCHas@/8946hr ough
a chaiu~el free of scrubbers and convgiters, and optionally, wherein the
target gas sanple and the reference gas sanple are passed through distinct
converters in the converter apparatus and ilrrough distinct detectors in

t he sensor, | f r i I ri i N he step
of subtractlrllgs’t s les*%g% born%%gﬁﬁgggg‘%%or}r(’eé]?%#j{ée%%gdgg ’s?ﬁrgwiﬁ?e ro)l1

t he detector Fﬁgam)r@dfsenubbhesymmyﬁlv@aas,smpm 123" CSélb&Ifo@lt\&hch]rM is

fluctuations in t conce tratl on of jnterference gases, in i ch case,
“furt her optiGﬁ%tF‘l’i}%bﬁ"vﬁoﬂg %wr%@tﬁgkw%f@wﬁescﬁ%m HF FYPRIRE R Scess gas
from a photolji} mgmvérgﬁhmddﬁlé’éumﬁh&téaeﬁéa RiER legéﬂtfagﬁh'w wher ein

.the detectors simultaneously measure t concent ~~ation o cat or gases
in the taldgeswiahpetvean bftanntﬂe‘\mdehzsnd@ sm il tesis Afi séttling timees die ethe diebr at ed

defection system f etectin oni an~i_nani es Si n -43 14 J U L
2008 8 pr i marSRERA e RPN OR3Pk ga i SR BE RSt cad. ¢ he
primary changkefBawiy) ﬂmﬁqﬂé EWREHInE HRIQ e erﬁﬂbyé‘d%%@!\féﬁ s@ApRAine andHeogen
conpow ds in the gas sanples info an indicator gas, and a primary detector

for detecti ngneasercmsls axe yeragad,; orarrunranm\remmnﬁgmpmm;év pradberigteliabliech a
reference gas amlo?totﬁbg?ﬁg??dgeﬁ@?wﬁ r{dlsbﬁ aLge "%eued' ncl udi ng at | east

one scrubber FGF- T emov] ng gen co dURGS TPOMt he ref erence gas
Sﬁnpl e, éﬂmefondarﬂlcfﬂﬁﬂy&ffdlgwflﬂran@ﬁh&@xﬁﬁd(cjlﬂﬂcxﬂ,&&ﬂ@éﬁmﬂhﬁddﬁl@@Bm@]l}ll?@@mndS in
t he gas sanp into an  indi an secondar tectaor for
det ecting thégalﬁ’(ﬂ’%la‘ia F1ﬁ9§t éa‘lf'g’crigd’ﬁ%tl" changels fen n&a}‘@llﬁa B third
channel that cdhfgefich @it ¥A5E T @warewﬁ&%ﬁs%&%&%%uﬁagm Bbdr QyRedqbECt O,

a contro

in which case, optionally, ‘her conprisin syst em coupl ed to
t he detector andmhtlspnvgn'anhepbssmxldgtoébmrﬂmvt:lifﬁlsmnf e ermoeni of sappllithgls i om

| ndi oat§ on’ of® EREAGURCENTS LT Rar L ARE SHPELRR LOTRURARK PR, ger

gas sanpls, i130WHh €fis éasliment vA0&l1Yis aWdebfhdeiddts tiEoncheh ptpiigan S
prograiruned to,_deternm ne the, difference in sinultaneously recorded

r eadi ngs frorﬁlﬁﬂ@%?qﬂﬁfﬁlﬁﬁ@eﬁvﬁﬂbﬁgwswwﬂ;e pardebwity sgepledingl16,7. An
- nterferencey6gl %@n%cﬂﬁﬁgﬁﬁp fbrdr%%%"ﬁb%ﬂgn&%& écfﬁitahﬂél sBimdpasi c

nitrogen conpounds 1h a target gas sa steps Sof* passi ng
a target gas sshstpitially kontimpoua flpwicoadifiondvan melintaned ﬁarwghrhom!aclgﬁ.nndmﬁener

i oat or “gad it Thit 3 GRS At P Cqbireiente S5t B RRAPAIRES ndi cat or

gas, 20  which are conuected, in paraliel, upstream from channels A and B. Sample lines

116b and 116¢ include respective pressure reducers 118b and 118c, which restrict
the flow of sample gas to different degrees. When the sample gas is flowing through
channel B, valve 140 selects the sample line with the more-restrictive pressure
reducer (in this example, sample line 116c) as the source of that gas. The resistance

25 of the more-restrictive pressure reducer is selected to offset the inherent flow
restriction generated by the scrubber system 120. While channel B is selected, valve
140 connects sample line 116b, which has the less-restrictive pressure reducer, to
supply a flow of gas sample through channel A and on through auxiliary sample line
116a.

30 Referring to Fig. 10, in another embodiment, a separate and distinct channel
for produci.ﬁg a reference of zero air is operated parallel with another channel for

determining the total basic-nitrogen-compound concentration. Sampling point



passing a reference gas sanple through a scrubbing channel where a scrubber
f enoves basic nitrogen compounds, a secondary converter converts dabebu)(}
ni t ~~ogen conpounds in the reference gas sanple into an indicator gas, and
a secondary detector generates a reading of the indicator gas; and

conpar i ngW®BV/424%di ngs fromthe primary detector and secon8&FYSeRE08t or to
provide an indication of basic-nitrogeg-conpowzd concentration based on the
di fference in detector readings. -44°'1 4 J UL 2DD3 8. The nethod of
claim?7, wherein simultaneously-recorded readings fromthe prinmary detector
and secondary

basic nit roggﬁgggfﬂgiﬁiﬁgrlg%%ﬂgbggqr Cg’a%lgé}]%gﬁ&éir’ing%&;éﬁlépgéa %@éﬁrﬁggﬁ; '? g a

ni trogen conpeuichliafecusPosiniiéhleqainslctation.i Ohimhal Dprogaces agefeeanseof chnt
defects the indicator, gas, the sensor being coupled with the converter

appar atus t o ¥evefsetiag g samslerip basi¢-nutReereomBoNIS bbb ey sicrm 1R0 and B nar y
channel couplgd did1 LRQvEOBMERAL m%ﬂ:ﬁ@nﬂ%%@écbﬁ&ﬁeﬁcﬁaﬁ g&dicdBBasanpl e

to the convener apparatus; at |east one scrub g channel including at
| east one ScrAtthesame tmesdrubdliZrdjrectsar saainple toaupéroml edtaltic benvesenBdber

apparatus to liver.a reference gas sanmpl o4 he~conv. ei -t er. appar at us;
and a third c%‘gﬁncéfmélgﬂ]ﬁeéw éﬁtc%hoé‘ @eghrgs)ec}?Gt)'oTé%ﬁP\f&?asgﬁmbehgsc? bed,
unconvei - | ed @afnet3MANS 4O ulabe sigfiNaREoushnd The: cbaipesed] dhisysbetimedt claim 9
an either: a) wherein the sensor includes a plurali tgﬂof detectors, such

chat all t| uerrovlemamanicritsensocalinaten shpiapingihe effet obfuctgptiops ippmblenty ¢ he
t . poy Dy
converter appghalied “c%#:'%}]%gangﬁsi ﬁ&eﬁéﬁéﬂﬁgﬁg@ Vcanagﬁ@m@'ﬂlba B%I{cﬁltn&ﬁ%h at

converters posrtionect € scr ng chaneel ; or
C) wher ei n0t hthe sameitibieng tlehatah 8lO respdnse ésshednguxaeasurtl. sci ~ub, bers joined in

parallel. 11. A defection s m for defecti .cont am nant _gas, conpri sing:
a sensor that dete ?‘?ﬁﬁyﬁt%ﬁgﬁt%lcu&é? ‘L‘?}méal§g§°'§EWF%‘F°§pB&F$rBry channel

that deliver scacafatisABRea dnht ARTP@RESctweentht Fad fea¥ingé 96T b BEBGaghannel s
that delivers a reference_gas sanple to the defector such that each of the

scrubbi ng chak#fel K26bn e} calbsationsystamyapt theam) sampleeddo sempatibly g6 fien
conpound fromLhe, L&l & Mo cBmm3ade Wizt in the converters and detection

15 devices) so that they can operate together. A correction factor based upon, e.g.,

computer look up of an experience table, can be employed for calibration purposes.
A calibration routine can be conducted periodically, and drift trends can be
measured and stored to create a dynamic correction algorithm.

This arrangement eliminates the possibility of noise from variations in

20 ambient NO and NO, concentrations because the instantaneous value of the NO and
NO, concentration is always known and does not change during a calculation cycle.
This system, in effect, reduces the time between ambient NO and NO,
measurernents to zero, which solves the fundamental problem of fluctuations in NO
and NO, concentrations during a single calculation cycle.

25 The various embodiments may be implemented in 2 number of useful ways.
The parameters of the basic-nitrogen-compound scrubbers are selected to remove
only those basic nitrogen compounds that affect a given process. In one
advantageous example, beds of photoresist-coated beads are used as the scrubbers,
the photoresist material being selected to correspond to the photoresist material

30 being employed in the process being monitored. Thus, the scrubbers remove those
basic nitrogen compounds to which the photoresist process is peculiarly sensitive.

In an important case, the scrubbers used in the detection systems of Figs. 8-10 are
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compounds. Over the course of time, detector readings may drift, for example, due
to a shift in converter efficiency or a clouding of the optics in the photomultiplier
tabe,
20 In the embodiment illustrated in Fig. 11, span calibration is performed by a
comntrol system 130 which generates commands for directing calibration-gas
selection valve 171 and muiti-way valves 117 and 122 to circulate zero air fom a
zero source 113 through the scrubber system 120, converter 124 and detector 126.
The reading from the detector 126 is then recorded by the co;ltrol system 130 to
25 establish a “zero reference.” The control system 130 then directs multi-way valves
117 and 122 to circulate a known reference concentration of a basic nitrogen
compound (e.g., ammonia) from known-concentration source 115 through the
scrubber system 120, converter 124 and detector 126 to generate a “known-
concentration reference” from the detector. The control system 130 maiches the
30 known-concentration reference with a preset contamination level on a scale of basic-
nitrogen-compound concentrations. The preset contamination level can either be at

the scale maximum or be at an intermediate number. Regardless, with the known
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be coupled with the conversion module 6 upstream from valve 122 either at valve

114 or at valve 123. Ifthe sources 113 and 115 are coupled with the conversion
module 6 at valve 114 or at valve 123, shifts in span due to changes in scrubber
20 efficiency can likewise be factored into the calibration.

The control system 130 includes a computer having a processor governed by
sofiware code stored on a computer-readable medium in communication with the
processor, where the software code directs the above-described span calibration
process. The steps in this process, as directed by the processor and software code,

25  are further outlined 1 Figs. 12 and 13. Specifically, the software code directs the
processor to generate commands to separately direct gas samples from the zero
source and known-concentration source through the convertor and detector. The
processor then receives detector readings for each gas sample. Finally, the processor
calenlates a difference in the detector readings and generates a span calibration

30 value. As further directed by the software code, the processor then applies the span
calibration value to subsequent readings for a process gas to generate a scaled value

indicative of the basic-nitrogen-compound contamination level for the process gas.
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5 pressure. A processor distinct from that used to perform the NO detection algorithm
based on detector readings can be used to provide this contro] over the vapor
pressure of the precursor. Accordingly, the processor and processing steps relating
directly to the evaluation of NO readings at the detector can be treated as a
commodity distinct from the other processes performed in association with this

10 invention and from the other processor(s) associated therewith,

First, the control system 130 directs valves 160, 127, 123 and 139 to direct
“zero air’ from clean dry air (CDA) source 162 through channel 131 where it passes
through 2 scrubber 121 and converter 124 on its way to NO detector 126, The CDA
is denived from ambient air filtered of bases. Before passing throngh the system, the

15 CDA is preheated to a set temperature and scrubbed by scrubber 164. Meanwhile,
the control system 130 monitors readings from the detector 126 to evaluate whether
the detector 126 is indicating zero contamination. The phrase, “‘substantially-zero
base contaminants,” refers to air with a concentration of base contaminants below
the lower detection limit of the system. The lower detection limit is generally about

20 0,6 parts per billion (ppb).

The control system 130 can be in the form of a personal computer operating
software which instructs a processor within the computer to evaluate detector
readings and to generate comrnands based on that evaluation either for providing
notice of a system malfunction or for calibrating subsequent detector readings.

25 Depending on the magnitude of the difference from a zero reading provided by the
detector 126, the control system 130 can either provide a calibration value to
compensate for this difference in subsequent readings or can trigger an alarm, in the
case of a significant difference, to indicate a systern malfunction, A system
malfunction can result from faulty performance of a scrubber 121, converter 124 or

30 detector 126 or from a leak in the system. The alarm can be in the form of a service-
call request electronically sent by the control system 130 via line 151 to 2 network

153 that directs the service-call request to a service provider 155.
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As an alternative to the above-described use of an NO source (e.g., an NO
canister), NO can be provided by directing NO, from NO, source 149 through
converter 162, where a molybdenum catalyst catalyzes a reaction converting NO, to

15 NO, and then through permeation tube 164 which selectively allows NO to pass
through.

Third, the control system 130 directs a concentration of about 100 to about
1,000 ppb NO, from NO, source 149, with dilution again provided by clean dry air
from CDA. source 162 through valve 173, branch 166, and then through valves 171,

20 127, and 175/177, and then through the converter 124 in channels 131 and 133, The
contyol system 130 manitors readings from the detector 126 to measure the
difference between the readings and the known NO, concentration Jevel of the NO,
source 149. As before, the control system 130-can either provide a calibration value
to compensate for this difference or can trigger an alarm (e.;g., in the form of a

25 transmitted service-call request), in the case of a significant difference, to indicate a
system malfunction.

The NO, source 149 will often include some measure of NO, as well, since

the NO, is typically formed by reacting an excess of NO with O, in compliance with

EPA regulations. The NO, concentration in the source 149 is measured by
30 subtracting the concentration of NO in the source 149 from the concentration of NO
detected at the detector 126.
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10% ()-9__" pARAARbARSH (pB) akdHafEr thobiigh channels 131 and 133, As an alternative
to ammonia, trimethylamine, triethylamine, n-methyl pyrolidnone, cyclohexylamine,

10 diethylaminoethanol, methylamine, dimethylamine, ethanolamine or morpholine can
be used. Once again, the control system 130 monitors readings from the detector
126 to evaluate whether the detector 126 is indicating a contamination level
matching the concentration level of ammonia leaving the ammonia source 145, The
control apparatus can then either provide a calibration value to compensate for this

15 difference or can trigger an alarm (e.g., transmission of a service-call request), in the
case of readings evidencing a significant variance from the known ammonia
concentration, to indicate a system malfunction. Alternatively, the parallel scrubbers
121 can be replaced with a single scrubber. Generally, the parallel-scrubber system,
which is more robust than the single-scrubber system, is preferred when a very weak

20 Tbase is used or with a2 combination of 2 weak base and a strong base.

' Preferably, the ammonia source 145 supplies “wet” ammonia. “Wet”
ammonia includes water vapor, provided by mixing with clean, moist air (CMA)
from source 163 directed through scrubber 164, at a concentration approximately
matching that of ambient air (e.g., about 40% relative humidity), whereas “dry”

25 zmmonia is nearly free of water vapor. The catalyst in converter 124 typically is
sensitive to water. Accordingly, sampled air, which typically includes ambient
water vapor concentration will, over time, affect the conversion efficiency of the
converter 124, Consequently, a converter 124 that has been in use for an extended
period will tend to convert ammonia with varying efficiency dependant upon the

30 concentration of water vapor in the gas stream., A failure to appreciate and account
for the converter's sensitivity to water vapor concentration can produce calibration

errors due to the unaccounted-for drop in conversion efficiency for “wet” samples.
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10 The software allows the operator and administrator to: monitor multiple
sample locations (e.g,, locations throughout a semiconductor processing tool); hold
and ﬁew data received from a single location; jurnp to a specific location to initiate
and view data collection; create data acquisition schedules for several groups;
configure sample locations; view real-time data graphically and track historical data

15 on specific location operation. Fig. 15, for example, illustrates 2 pull-down menu
showing a variety of sample locations that can be selected by the
operator/administrator. Further, a computer-generated toolbar for selection of
various software functions is illustrated in Fig. 16.

A display is illustrated in Fig. 17, wherein the data acquisition schedule for

20 the system including group label, status indication, execution mode and purge and
sample times are displayed.

Further, a sample locations display is illustrated in Fig. 18. The display is
divided into ten frames, with each frame representing a sample location, The
display provides a snapshot view of data as it is captured from all TMB-RTM test

25 point locations in real time, and over a period of time. The computer cycles through
a1l locations and displays the data as it is captured as the solid bar in the center of
each frarmme and as the numerical ppb reading at the top of the frame, As the
computer cycles through all sample locations, the active sample location has a white
border and background.

30 The display includes the following features:
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: |1 :)}ARI(IJ@??) ( )s 1I}VI O;égoa/(}( ﬁi‘oéé %}a%: &Q%ﬂci(s 3&%&&1%‘ ¥ 108 @arehaunches a real
' 10 time view of the date, displayed in a graph format.
4) Alarm Level Indicator: The Alarm Level Indicator is represented by
a bar with a solid red arrow to the right of the bar. This indicator is a
graphical representation of the Alarm Leve] set by the Administrator.
‘When the Current ppb Level is in an alarm state, the indicator is red.
15 5) Alarm Level Setting: The Alarm Level Setting is set by the
Administrator in Administrator Mode and cannot be adjusted by the
user. The setting is displayed in numerical format at the bottom of
each lacation frame,
6) High Level Indicator over time: This indicetor displays graphically
20 the high ppb level at each location, over a period of time preset by the
Administrator.
7 Low Level Indicatcr over time: This indicator displays graphically
the low ppb level at each location over a period of time preset by the
Administrator.
25 8) Scale Adjustment: There is a scale adjustment available at the top of
each frame that allows the user to adjust the scale for that particular
frame. This can be helpful if readings are either high or low and the

arrows are out of the scale displayed.

Note that when the current ppb level indicator in a frame is read it indicates that

30 there is an alarm condition at that particular sample location:
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defined. Finally, Fig. 20 illustrates a real-time view of a sampling monitor. The
horizontal line at 30 pbb represents a warning threshold, and the horizontal line at 40

15 ppb represents an alarm threshold. In operation, the detected base contaminant level
is chart on the graph as a function of time.

In another system of this invention, illustrated in Fig. 21, the detector is an
ion mobility spectrometer (IMS) 170 (available from Molecular Analytics,
http://www_ ionpro.com). IMS's, however, are prone to interference; particularly

20  prone are NMP sensors. NMP sensor readings can be skewed by the presence of
acetone, for example. See, Bernard T. Beauchemin, Ir., ef al., "Optimization and
Utilization of TMS for Deep UV Clean Room Air Monitoring of Amines and NMP,"
Proceedings of the Avch Microlithography Sympoisium, San Diego, Nov, 14-16,
1999, at 261. Acetone is a common laboratory solvent used for cleaning equipment

25 contaminated with positive photoresist. Because the ion mobility spectra of acetone
overlaps with that of NMP, the presence of acetone residue in the system can cause a
false positive detection in the IMS or, at higher NMP concentration, trigger a false
alarm. The use of a scrubbed/unscrubbed sampling system of this invention,
whereby a primary channel is introduced into the MS and a secondary channel with

30 one or more basic-nitrogen-compound scrubbers 120 (either the single scrubber or

parallel scrubber embodiments) is introduced into the IMS, allows for calibration
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departing from the scope of the invention encompassed by the appended claims.
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sample to the converter apparatus;
at least one scrubbing channel coupled with the converter apparatus for delivering
a reference gas sample to the converter apparatus, the scrubbing channel including a
scrubber for removing basic nitrogen compounds from the reference gas sample; and
a nitrogen-compound gas source coupled with the converter apparatus and with
the sensor, the nitrogen-compound gas source supplying a diagnostic gas including at

least one nitrogen compound of a reference concentration through the converter apparatus

and sensor.

2. The detection system of claim 1, and either:

a) wherein the nitrogen compound source includes a reservoir supplied with a
heater for vaporizing the diagnostic gas, in which case, optionally,

further comprising a control system including a processor and computer-‘
executable software code stored on a computer readable medium coupled with the
processor for controlling the temperature of the reservoir to generate a desired vapor
pressure of the diagnostic gas;

or b) wherein the nitrogen compound is a basic nitrogen compound; in which

" case, optionally,

further comprising 2 second gas source coupled with the converter apparatus and
with the sensor, the second gas source supplying a second diagnostic gas, the second
diagnostic gas being substantially free of basic nitrogen compounds or having a reference
concentration of basic nitrogen compounds distinct from that of the diagnostic gas

supplied by the basic-nitrogen-compound gas source, in which case, further optionally,
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supplying a third diagnostic gas including a non-basic nitrogen compound of a reference
concentration, in which case optionally
wherein the third diagno.stic gas supplied by the third gas source includes NO of a
reference concentration, in which case yet further optionally,
further comprising a fourth gas source coupled with the sensor, the fourth gas
sour ce supplying a fourth diagnostic gas including NO, of a reference concentration;
or 1ii) further comprising a control system programmed and configured to:
generate commands to direct a first gas sample from a first gas source and
to direct a second gas sample from a second gas source through the converter
apparatus and sensor;
receive sensor readings for each gas sample;
generate a span calibration value based on:
the difference in the sensor reading for the first gas sample and the
sensor reading for the first gas sample; and
the difference in reference concentrations of basic nitrogen
compounds in the first and second gas samples; and
apply the span calibration value to detector readings for a process gas to
generate a scaled value indicative of the concentration of basic nitrogen
compounds in the process gas, and optionally
further comprising the step of directing the process gas from a
photolithography tool to the sensor; in which case, further optionally,
wherein the control system is further programmed to generate an

interference calibration value; in which case, further optionally,
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in the diagnostic gas, in which case, optionally

wherein the control system is programmed to send commands to alternately direct
a first diagnostic gas and a second diagnostic gas through the sensor and to compare
detector readings {or both diagnostic gases with known nitrogen-compound

concenirations in both diagnostic gases.

3. The detection system of claim 2 with option

b) wherein the diagnostic gas inclndes water vapor of an ambient concentration.

4, A span-calibrated method for monitoring basic-nitrogen-compound contamination in

sampled gas, comprising the steps of:

passing a first gas through a converler apparatus including at Jeast one converler
that converts gaseous nitrogen compounds in the first gas into an indicator gas, the firsi
gas including at least one gaseous nitrogen compound of 2 first reference concentration;
then

passing' the first gas through a sensor that includes at Jeast one detector that
generates a reading of the indicator gas;

passing a second gas through the converter apparatus, the second gas having a
second reference concentration of gaseous nitrogen compounds distinct from 1he first
reference concentration; then

passing the second gas through the sensor to generate a reading of the indicaior

gas; and
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one scrubber that removes asm nitrogen compounds and then passing the reference gas

sample through the converter apparatus and on to the sensor; and

passing the target gas sample through a primary channe] in which the basic-

nitrogen-compound contamination level in the target gas sample remains substantially

unchanged and then passing the target gas sample through the converter apparatus and on

1he sensor;

using the sensor to generate respective readings of the indicator gas in both the

converted reference gas sample and the converted target gas sample; and

comparing the respective detector readings and applying the span calibration

value to generale a value indicative of the level of basic-nitrogen-compound

contamination in the process gas,

5. The method of claim 4, {further comprising the step of passing a third gas sample through

a channel free of scrubbers and converters, and optionally,

wherein the target gas sample and the reference gas sample are passed through

distinct converters in the converter apparatus and through distinct detectors in the sensor,

in which case, further optionally,

further comprising the step of subtracting the detector reading for the reference

gas sample from the detector reading for the target gas sample to calibrate for fluctuations

in the concentration of interference gases, in which case, further optionally,

further comprising the step of obtaining the process gas from a photolithography

1ool, in which case, further optionally,

wherein the detectors simultaneously measure the concentration of indicator gases

in the target sample and the reference sample.

6. An interference-calibrated detection system for detecling contaminant gases comprising:
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compounds from the reference gas sample, a secondary converter for converting gaseous
nitrogen compounds in the gas samples into an indicator gas, and a secondary detector for
detecting the indicalor gas, and optionally, '

further comprising a third channel that directs an unscrubbed, unconverted gas
sample to a detector, in which case, optionally,

further comprising a control system coupled to the detectors and programmed to
determine the difference in readings from the primary detector and from the secondary
detector to provide an indication of the concentration of basic nitrogen compounds in the
target gas sample, in which case, optionally,

wherein the control sysiem is programmed to determine the difference in
simulian@ous]y recorded readings from the primary detector and from the secondary

detector.

7. An interference-calibrated method for measuring the concentration of basic mtrogen

compounds in a target gas sample comprising the steps of:

passing a targel gas sample through a primary channel where a primary converter
converts gaseous nitrogen compounds in the target gas sample into an indicator gas, and a
primary detector generates a reading of the indicator gas;

passing a reference gas sample through a scrubbing channel wlhere a scrubber
removes basic nifrogen compounds, a secondary converter converis gaseous nitrogen
compounds in the reference gas sample into an indicator gas, and a secondary detector
generates a reading of the indicator gas; and

comparing the readings from the primary detector and secondary detector to
provide an indication of basic-nitrogen-compound concentration based on the difference

1n detector readings.
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detector and secondary detector are compared.

9. A detection system for detecting basic nitro geﬁ compounds comprising:

a converter apparatus that converts a nitrogen compound in a gas sample into an
indicator gas;

a sensor that detects the indicator gas, the sensor being couplied with the converter
apparatus o receive a gas sample from the converter apparatus;

a primary channel coupled with the converter apparatus {o deliver a target gas
sample to the converter apparatus;

at least one. scrubbing channel including at least one scrubber, the scrubbing
channel coupled with the converter apparatus to deliver a reference gas sample to the
converter apparatus; and

a third channel coupled with the sensor to deliver an unscrubbed, unconveried gas

sample to the sensor.

10. The detection system of claim 9 an either:
a) wherein the sensor includes a plurality of detectors such that all three channels
do not share a common detector;
or b) wherein the converter apparatus includes at least two converters, with
distinct converters positioned in the primary channel and the scrubbing channel;

or ¢) wherein the scrubbing channel includes a pair of scrubbers joined in parallel.

11, A detection system for delecting contaminant gas, comprising:
a sensor {hat detects an indicator gasin a gas sample;
a primary channel that delivers a gas sample to the sensor;
a plurality of scrubbing channels that delivers a reference gas sample to the
detector such that each of the scrubbing channels includes a scrubber that removes a basic

nitrogen compound from the reference gas sample; and
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a converter coupled to the primary channel and to the scrubbing channels that

converts a gaseous nitrogen compound in a gas sample into the indicator gas.

12.  The detection system of claim 11 and either

a) further comprising a purge system coupled to at Jeast one of the scrubbers for
purging reversibly-bound basic nitrogen compounds from the scrubber.

or b) wherein the scrubbers include a cation exchange medivm;

or ¢) wherein the scrubbing channels are connected in parallel; and optionally,

further comprising a flow controller positioned for selectively controlling which
of the scrubbing channels the sampled gas can {low through to the converter, in which
case, optionally,

wherein the flow controller is governed by a control] system that is programmed 1o
transfer the flow of the reference gas sample reaching the sensor from a scrubbing
channel with a contaminated scrubber to a scrubbing channel with a purged scrubber and
1o then direct a purge gas through the contaminated scrubber, in which case, optionally,

wherein the control system is programmed to transfer the flow of the reference
gas sample away from one of the scrubbing channels and to purge the scrubber of that
scrubbing channel before a weak-base nitrogen compound can penetrate through the
scrubber; or |

wherein the control system is programmed to aliernately transfer the flow of a gas
sample between the primary channel, where the gas sample becomes the target gas
sample, and one of the scrubbing chamnels, where the gas sample becomes the reference
gas sample;

or d) wherein the scrubbers include photoresist-coated beads.

or ¢) further comprising a pressure reducer Jocated between the sensor and the
scrubbers.

or f) wherein scrubbers are excluded from the primary channel.

13, A method for monitoring basic-nitrogen-compound contamination in sampled gas,

comprising the steps of:
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nitrogen compound from the first reference gas sample,

passing a second reference gas sample through a second scrubber 1o remove a
basic nitrogen compound from the second reference gas sample;

purging the first scrubber to remove bound basic nitrogen compounds while
passing the second reference gas sample through the second scrubber;

passing the first and second reference gas samples through a converter that
converts a gaseous nitrogen compound in the reference gas samples into an indicator gas
afier the reference gas samples are paéséd through their respective scrubbers;

passing the first and second reference gas samples through a sensor that detects a
concentration of the indicator gas in the reference gas samples after the reference gas
samples are passed 1through the converter;

passing a target gas sample through the converter which converts gaseous
nitrogen compounds in the target gas sample into the indicator gas;

passing the target gas sample through the sensor that detects the concentration of
the indicator gas in the target gas sample after the larget gas sample passes through the
converter; and

detenmining a basic-nitrogen-compound contamination concentration by
comparing the detected concentration of the indicator gas in the target gas sample with
the delecied concentration of the indicator gas in at least one of the reference gas

samples.

14. The method of claim 13 and either

a) wherein a common detection device altemately detects the concentration of the
indicator gas in the reference gas sample flowing through the first scrubber and the
concentration of the indicator gas in the reference gas sample flowing through the second
scrubber;

or b) further comprising the step of alternately purging the first and second
scrubbers while maintaining substantially uninterrupted flow of the gas samples to the
converter and 1o the sensor;

or ¢) wherein the gas samples are taken from a photolithography too] cluster.
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a plurality of scrubbing channels for delivering a reference gas sample to the
detector such that each of the scrubbing channels includes a scrubber that removes a basic
nitrogen compound from the reference gas sample;

at least one converter coupled to the primary channel and to the scrubbing
channels for converting gaseous nitrogen compounds in the gas samples into the indicator
gas; and

a control system that controls the flow of a gas sample among the primary channel

and the scrubbing channels,

16. The system of claim 14, further comprising a purge system coupled to each of the
scrubbers that purges removed basic nitrogen compounds from each of the scrubbers,

wherein the scrubbers include ion exchange media.



