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these measurement means detect breakthrough after it has occurred.

A need still exists for determining, accurately and efficiently, the presence
and quantity of contaminants that can alter and degrade the optical systems in
semiconductor processing instruments. There further remains a need to monitor the

performance of gas phase filter systems prior to a breakthrough failure.
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approximately one to five carbon atoms. In many applications, the first and second

order contamination can have a much lower concentration than the third and/or
fourth order contamination, yet have a significantly greater effect on the operation of
the system.

30 A preferred embodiment in accordance with the present invention of a

method for detecting and monitoring, and preferably removing contamination in a
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In accordance with a preferred embodiment of the present invention, the

method for detecting contamination includes a sampling time extended by, for
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established between the low and high molecular weight compounds. In addition, in
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compounds, high molecular weight compounds and low molecular weight

compounds. The filter comprises absorptive material.
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The foregoing and other features and advantages of the system and method

for determining and controlling contamination will be apparent from the following



the sane parts throughout the different views. The
drawi ngs are not necessarily to scale, enphasis

wonsd@adichei ng pl aced upon illustrating the prPaciuskms/008944

of the invention. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
Preferred enbodi nents of the prgsent invention are
described with reference to the follow ng draw ngs,

et BB oS EB EETLSe o
Fi diHiratediif tife scaRPhSRg &HERA %@Wdh?ﬁ{g‘frk{eﬁ&tcé @ﬁ%rﬁ@m@ refer to

conparison of a preferred embodinmen e system
f ortheisames parisithpugloont el diffeieotviews. hThedpeingstare Batmptessarily to

ma in a,tra n ampl.ing ti n accordance, W . .
{ neSHpaesE R SR e Reon ipstihg o pRRgales ofthe jnvention.

a graphical representation illustrating anal yzed

5SPegUE# DESCRATMAN SPAHIPDRAVGNIYg! em and net hod of

determ ning contam nation in accordance wth a
pr ef er r duteferrbd dinbediments dffthe preeae ihvenive atd dRcialbed wille reference

pri or ; Figure 4 is a graphical representation

il It?lg%eﬁrﬁtl?Wd‘gsqL.r:i‘W%% Wsidhage as a function of

cont am [-QR : ' ' f

cmbodi maror ¢ RERR LI ALBEERRANE e th Ay ftlof BLfrBlent vorus
pr ehdecuvdat vegipladi nent of a system of determ ning
contamination, in accordance with the present

10 hyent | dAgUrERdtip graphical teprspetaiiond Husabing iapempansonzof a preferred

15

2

25

30

AR Bl 08 O ARG SAER o VL St

detnemst imgtrap atidsantiAingeimd in acerdaveavitaihe @raseidtindention and the
preferred enbodi nent of the present invention; Figure
8 iPEIORAE agramillustrating a preferred enbodi ment of

vent i i 307 B SRR AR ol AR

bl eonpaliigs afithefsystei dntl @fictiiRVé iR terMah g GordaiREti6H AV B8rdance

the retention of different species in the bed and a
gr IpHh apeteresd cpbgdwaey chthewessnt ipprtionfand thsgior aft; t he

20047 050 JEY o BEBREob et MondHyBRRY st b erese asa
S pdmiceion of esiedinatieh Yevel it a8C OibaREEh Mpickerfed RifolImh&@f of the
enbodi nent of the present invention; Figure 10 is a

f | GWRSRAARYEHIOR; met hod for nonitoring the performance

0of ag a%ég%%ggsg? &f;@k{r?e{glfe%tgﬁlg%ﬂg gg %%%% ap ﬁgtel\é\{ilitnpng%ontamination

preferre
in accordance with the present invention;

Figure 6 is a preferred embodiment of a refractory trap system in accordance
with the present invention;

Figure 7 shows a flow chart of a method of detecting contamination in
accordance with a preferred embodiment of the present invention;

Figure 8 is a diagram illustrating a preferred embodiment of a filtering
system in accordance with the present invention;

Figures 9A and 9B illustrate a schematic block diagram of a filter device
having a bed showing the retention of different species in the bed and a graphical

representation of the efficiency of the filter bed with respect to time by measuring
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Fi gures 12A-12C are graphical illustrations of
chromat ograns of a gas sanpl eqincluding an average
ion scan of the spectra end (Frgure 12C) in accordance

10 with a preferred enbodi ment of the present )

i ntherkiterant Peges esPeaiiRelini acoprdanee With 8 RERITGTdGrRDsmgnt of the
se le in accordance with a preferred
eng%g%r%e%ﬁ)t%ggwhe present invention; Figure 14 is a

gr aphi caigurd 10istarfitwohart of a anatiivdofor imegitaringthe pesfamuree of a gas
of oil free air sanpled at a lqcation prior to a

f | Plase fillgr systen Maserdanaervith pprofaradembodpent ok He presynt

of rfv@?tl .esent invention; Figure 15 is a graphical

i | fUstration of a chromat ogram of a sanple of oil free

ai r sanplguee Bt isa schaniticaliagrhierr atshistethithdtéticlides a filter system in
accordance with a preferred enbodi nent  of the present

i ngeseEdagae with gwreferred erabedigentfithaprosent ifgteptieon of a

chr omat f I,

| ocat { R 126 PrC BTG AR RAPRnEARARAT, Bb e

pr efmeple étthudindadareedpl iod sdah@f fHeespetita éndEigur®2C) in accordance
Figures 17A and_17B graphically  illustrate a

chPaherrsgierrd smbedigepppidhe preseitinvgipigas sanpl ed

after t || t:ar ' i he
andof £ TRares s erSRlh SR MAL ABF el BB, )

a pésetdantedita aipeeterredhembddiineat giths piber? Invientiedt i on;

Figure 18 gr]z:\fghi cally illustrates a chromatogram of a

enpty sEHYY Hylsuumeplisnl iistatiomelceciupmptoaras of esangie of ol free
TS ERD o0 D BT AN LB 0 £t bodimens

moBf thefpirédgntdhvéntien; performance of a filter systemin
accordance with a preferred enbodi nent of the 30

pr esent Figireht iseraranhiya dbisireteyesh: gormesgroyphoggape of oil free
-9 aﬁ 'SPHbhRd %9 a iolclcltlilosnt 51?6& G ﬁlte‘?‘%g Q{E%Ha%cg lvﬂﬁ kcl &)géf%grre&l E[llnBI)diment

a systemusing a system for determning a

nmoBf thefprédgniiadniohpant s and performance of a filter
systemin accordance with a preferred enbodi nent of

the pre§ige | hipergramneal Hlystratomal 9 ehrometograss oba sample of

UL T T T P L R

det@bbiifiengofthe praa@ittidfdntign; cont am nants and the
performance of a filter system of the present
i nvent i &igures 17A and 17B grap ically illustrate a chromatogram of a sample of

nitrogen gas sampled after the filter system and an average ion scan of the end of the
spectra, respectively, in accordance with a preferred embodiment of the present
invention;

Figure 18 graphically illustrates a chromatogram of a empty sampling tube in
accordance with a preferred embodiment of the present invention;

Figure 19 is a flow chart of a method for on-line, real-time monitoring of the
performance of a filter system in accordance with a preferred embodiment of the

present invention;



Figure 22 illustrates a schematic diagram of a nodul e
having a plurality of filter traps of the system shown
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enbodi nent of the present invention; 10 Figure 23
illustrates an alternate view gf the nodul e having a
plurality of filter traps as Shown in Figure 21;

Figure 24 il| rates a detailed view of the nodul e

havi ng l%rﬁa?éirli UsiFatss @ pehicpspic Haf Mgagaengﬁamt% uﬁ-irlgarsaéstem
21

oo ShamAibQad oAU Dy PR T  fiter gystom in
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SCIRRILS: Jritheiot {Rmh a5 wgccafdzﬁ%é R appdeed "
accorda ce with various e rments o

| nembbdiatent b1 e pecs2i@ ineensioh) ow chart of nethods for
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pr ocesstHgIE Y3 fgs a eltsrats E@Wfithe V@éﬂ@d@vmg a plurahty of
resent invention; Figures
ZSQ%%ggaﬁresgé %ﬁggkgﬁaﬂégrans |Ilustrat|ng one

enbodi neigure24 dlussyist edethided vewedthawpodile Shviagmplurality of filter
backfl ow_ in a sem conduct or, _processi,ng, systemin

ac EGPHA e W1 I%Iri)%ﬁl@flg Fithdhe, Blynbing inghe pi3pifplds dpapcordance
| nyentd fe#éh%g{e Sdint tRg@lﬁpkéslaﬁ{%h&&tu%ns‘?he”at' ¢

di agra unctions as"a 30

concent Figuees 15A-a5C illisentesybdratid diagrame bﬁﬁﬂéﬁcéfﬁhﬁfﬁﬁcuons asa
preferred epbodi nent of the _present invention;

206278 BaeB IRt ey, in @e@mnce Yothe pyeicasd smmdlelemzof the
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t he pr egFedire RN ikendchomaticiliuesstiongaaqRsve Qinipliie Redtéain
as wel| as the contanj nants adsorbed on surfaces, for
accordance with various embodiments of the present invention;

Figure 28 is a flow chart of methods for passive monitoring of contaminants
in a semiconductor processing system in accordance with various embodiments of
the present invention;

Figures 29A-29B are schematic diagrams illustrating one embodiment of a
system for detecting airstream backflow in a semiconductor processing system in
accordance with a preferred embodiment of the present invention;

Figures 30A-30E illustrate schematic diagrams of a device that functions as a

concentrator in a filter system in accordance with a preferred embodiment of the

present invention; and



exanple, an optical surface. The latter is nore
critical to the performance of the optical elenents.

WQQoohzisé4s61 il | ustrates vari ous species in a cPeamSLDANISI44
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15

envi ronnent, such as, for exanple, a fabrication
envi ronnment using photolithography systenms. The |ow
nmol ecul ar wei ght species, such as acetone, isopropyl

al cohol _and 10 ular weight siloxanes are the .
ol ool (B0 LAY WP SEMLaL . MELONL, Sexates 28 LIS devie
wmﬁm%ﬁg%%nﬁﬁﬁnﬁ%s%d?eﬁéhﬁaﬁcg (?quﬂlﬂeﬁ systén in accordance with a
performance~of optics are conpounds 15 having a hig
covbhacusreatiodimeedf the ipessentdnvemtibn.gh nol ecul ar wei ght

exanpl es can include, but are not limted to,
| silane, trinethyl silane and

th tri th
ﬁﬂﬁ%@%ﬂﬁﬁaﬁmﬂm@@w 1epbear in italics

in Tabl . i.: . |.ecul ight .. hi gher ..

cont ant TR PRAYE B RHBRE eS8 H sPHiet s Memd)| B fisgpmining and
Cogpatulisg tdiadmmetad. | Mekerred FRMOHInGRitd Gfthe BH8ER IBvoRBYn address
al so be descrijbed and 20 include refractory conpounds

suEhseays eqntypiagtionsiy wlhatibe gortamingatselsorbed pa surifases, for

he hyl dj si .0 (6 si.l oxane) . . TA 1 ound

(1 RETRE Rl 5HIE CF Bl AP it e ORAHEE of e

| sopticid¥lemhisohol 610.0 Acetone 330.0 Ethanol 134.0

Si | ane, Met hoxytrimeth | - 35.0 Heptane, Hexadecaf | uor o-
28.0 2Tpblstlatysieatasmapioupsirgiea ifom eleMERYmEngironment, such as, for

He e .Je afl uoro- - 8 9 u Qi ¢

e Rl AN %l S Tie aRilolifophy systems. The low
3- Budl&sniat waieht SpdeidAiuel Q4 AORGAS Bopfoph St AP B4 fholecular
-11 4- Met hyl - 2- pent anone( M BK) 1. Si | ane,

Tr Weshh SilQEnRaarh fheanpepygvalent I mamdpatarieg anvirongientsnol |,

r 'C%?ﬁp%u%ds t?iat4are most likely to reduce the performance of optics are compounds

having a high contamination coefficient or a high molecular weight examples can
include, but are not limited to, methoxytrimethyl silane, trimethyl silane and
trimethyl silanol. These compounds appear in italics in Table 1 have a higher
molecular weight, higher contamination coefficient and an inorganic component.
Compounds that negatively impact optical systems may also be described and
include refractory compounds such as silanes, siloxanes and iodates, in particular

hexamethyldisiloxane (C6-siloxane).

TABLE 1
Compound (in cleanrooms) Typical concentration,
ppbY

Isopropyl Alcohol 610.0
Acetone 330.0
Ethanol 134.0
Silane, Methoxytrimethyl- 35.0

Heptane,Hexadecafluoro- 28.0
2-Pentanone 17.0
2-Butanone(MEK) 9.8
Hexane, Tetradecafluoro- . 8.9
Butanoic Acid,Heptafluoro- 5.2
Tetrahydrofuran 3.3
3-Buten-2-one 2.5




Optics design also affects the relative sensitivity of
the systemto contam nation. For exanple, |ight

woRemRge46i on i s inportant in transm ssive opt PCaIUS2004/008944

10

15

20

25

systens, |ike w ndshields, wherein reflectance
approaches zero. Hgh reflectiyjty systens, where

transm ssi on approaches zero, are inherently tw ce as
Cont am n'lt ron— 6B coanci tivyn.ac trancm coilvan ant i ~al

S A1 B O
cont ani n.=|$’aﬂﬁ:TflﬁelthW(\XiM@?ylﬁﬁQ&é)hq I1-6ht energy is onlly
absor bed |[hPeR@A@t ered once in trapsnissive systensl4
Descri bi n¥lanpeléngtedt of nol ecul ar [f.#1 ms on opti cal
surface properties in terms of mathematics yields
equat i oplics Hedign A8d LEIOBE rel ARG LAUAYILDHF tBe Eykend B
transm ssion. _px(2,) = p(X)exp[-2ac(X)x] Equation 1 i
t i gpntegination. Foq exapiple dight) trqnsmdgsion; iy fmportant infxansatissivs optical

= tan . T, absor han ti = transmttanc :
- SEuRE RPN ua it NARSTRE el pplep i Akt THERpitelhvie
enpystéregherdieinidsimchpBRiabhds RAS Bid ihBstednetwied Asehtthination

energy, which is information used in_ |I|ithography
| n§enstivsrs Srapsrdissive PRiiqahsstamscssatse bbptona bass dhrongihany

T T A

pr aaRGsesive bjxeentd. r st order effect of nolecular filns
on lenses is typically a reduction in light intensity

due to &eeerifingthssilsetrnd endgculdrdilms onoptieal sifacefirpparties in
W e e
PClahkid6144.008944 -12 consequently reduce

productivity. This is anal ogous to the power

reductions in spacecraft solar arrays, caused by

accunul at(})g p)epi2ac(Ak] ns. Secondary effects, in Equationl
l'i thography processes, involve a reduction in inmage
uniformty, which reduces critical dinmension

uni form al I.el hot ochem cal deconposition .
reactioﬁéwgggﬁgy§§£§wﬁ§6 -energy photons interact Equation 2
wi th organic vapors. These reactions formextrenely

reactive free radicals fromotherw se neutral and
relatively inert organic nolecules. Irrespective of

wh %{71%1‘6:

p = reflectance

o = absorbance
T = transmittance
A = wavelength

o.c = absorbance of a contaminating film, empirically determined

Both transmitted and reflected energy, which is information used in
lithography instruments and tools in semiconductor fabrication systems, drop
exponentially with the accumulation of molecular films on optical surfaces. In
lithography processes, the first order effect of molecular films on lenses is typically a
reduction in light intensity due to energy absorbance by the contaminating film.

These transmission losses reduce the number of wafers processed per hour, and



radical formation occurs, in the gas phase or on the

surface of optical elenents, the resulting free
woadigaéso may react to form nuch | arger organi 8CT/US2004/008944

compounds, which can 10 contam nate optical el enents.

In severe cases, a polynmer Iayﬁi may be formed on the

optical surface. The rel ationship between the chem ca

nature of the organjc. speci.es and wavel ength of |i ght,
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hydrocarbons. 193 nmlight, required for |ess than 130
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nokuBRRSHeeirydicdlo nrp veédcotnih atuch dngeit srgidic thdpounti®3which can
nm opti ¢s because this wavelength of light is

10 of poRtpmiats onfisabylgaents: In sever £ascs, 2 RRlymenkayen paylhg formed on
or . | .
o SEESPERAES DS ARI A0 AR B i
f i gpdciesphd ealvelehgheflighiidatisofbswah affectahemaiteyand avdri@ylof optics
the free working area, to be purged with an inert,
c| eepfamiaion.oRotrxaninle &-ligg o 3o5nmavavistength lighd fngrastic enough
li j ec | i, 0 0 .
b S Il LRBEL AR BHROBHCS O SRR n

15 pr egae ssony eiry 2008 ghevaeietylighhalsiosly wea itldéphgiiBslct (DUV)
chance of breaking the bonds of a number of conmonly
pr @ﬁ@@raphmré@m@%mg B8 tek30 amdingwidth deviessdsneng offffaent and
in e . opt i : ces.
L LG
Si gpdbtaboils. rOBemh Aghitheqoedddir ldsk Yhaafl 38 nphgéodietties, reacts very
break any specific bond. Table 2 sunmarizes optics )
cofits bl rwighe wédea aeeg vadborps\os |28¥egtth godgeular organic contaminants.

el r ' r . . OV

20¢ 351 BATRBELu SHE LA A, L8R el s
PCTOYBR 080 88 e thish@avildiRepdfaldhe isiTRsishtlPabsbad 61 interacts
factor optical lithography for less than 150 mm

cr withaserly plergantsrspesicSpIos pryarafead akngspherig moglye.gequiring the
' basi | d
O S Red B A6 bR Pk flon B APF B ommonty

t echingl thg Yree ROEESg ateht 0BG pARIRM willdAMCiRet CdlEdn, 68, oxygen-free gas.
di rensi on variati ons have a parti cul arlﬁ acute 5
25af fect oy thevierdergiapbligh uiserd indbe lithography axrasurettpel decreases,

standard devi af f_ propagation l.ay ti f or
Bt b BRoR b BRE e Boeli Sy RE 43y nigyons
NMsEAaY b Getier dhancdWbréhkZROheBoktR \f @@mimb¥abT erh@bslyiphesent
gate oxide, inpurity, and gate lengths were .
molecular species, ultimately rendering them into reactive species that stick to
optical surfaces. The overall structure of a molecule plays a significant role in the
30  ability of a photon to break any specific bond. Table 2 summarizes optics
contamination as the lower wavelengths of electromagnetic spectrum are used to

provide for the fabrication of smaller features.
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0

occurs. Passive adsorption is unable to practically
TABLE 2

Issue A =248 nm A =193 nm A =157 nm Comments
Propensity to Low Moderate Nearly certain Assumes organic
form vapor
photodeposits in concentrations in
nitrogen (<10 the low ppb
ppb 0O2) range
Ability to Low Moderate High Based on oxygen
photoclean optics absorption
surfaces in-situ coefficients and
using active organic layer
oxygen absorbance
Interactions with | Aromatics only, Aromatics absorb | Nearly all Interaction
hydrocarbons moderate very strongly, hydrocarbons determines

absorbance other weakly absorb allowable levels

of contamination
before lens
performance
suffers

Existing methods of contamination control in lithography involves the use of

activated carbon filters and/or some combination of adsorptive and chemisorptive

media to adsorb or chemisorb the contaminants in air and gas streams that come in

contact with the lens surfaces. In some cases, periodic regeneration of the adsorptive
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avoi d hEXising syvenrhatoumyssedBamees Us2eting pusys 4dsarpiion
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cha |cs
removal efficiency and capacity of passive adsorption systems are proportional to the

concentration of the impurities. In this application, the inlet concentrations are very
low, making efficiency and capacity correspondingly low; and on-site regeneration
of passive adsorption beds requires periodic temperature increases to regenerate the
beds. Since most advanced lithography systems must maintain air and gas

temperature stability at typically less than 100 milliKelvin, to avoid heating or
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which may be carried by organics to the optical element. This extended time
sampling method can also use different types of sample collecting media including
those with adsorptive properties close to that of the optical surfaces of interest.

A preferred embodiment of the present invention includes “glass” or “coated
glass” based adsorptive contamination traps. These contamination traps have not

been used in the past due to their limited ability to collect and retain lower molecular
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allows alignment of sampling surface properties and optical surface properties

thereby making the analysis results more meaningful to the prediction of optics
contamination.
The extended time sampling method in accordance with a preferred
30 embodiment may reduce and preferably eliminate the uncertainties of sample loss on

sample lines and/or manifolds. The extended time sampling method’s simplicity
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In a preferred embodiment of the system for controlling contamination ,

multiple sample tubes and blank collection devices may be used. The collection
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between approximately 1 to 120 psi. The gas sample is carried downstream to a

pressure cavity 122. A pressure relief valve 123 allows the continuous flow of gas to
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and is purged. The purge gas, is preferably in the ultra high purity gas level allowing

the collection device to be placed upstream and downstream of typical in-line filters.
A sample report derived from a collection device may comprise the

following information:

Contact information: Name, address, phone, email of person sending the sample

Tool #:
Gas sampled: N2 Air
Sample location:
Upstream of filter
Downstream of filter

Interstack

Sample start date:



Upstream Sanple: 5 C2-C5: X ppb* (*equilibrium
concentration) C6-C30: Y ppb Total siloxanes: z ppb
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| ocation: 10 In another preferred enbodi nent the
col l ection device is | ocated 2'rect|y in contact with
the airstream thereby avoidi g'sanple li ne
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collection. process. In a preferred enbodi ment, the )
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for at least the lower molecular weight species. As described herein before the
extended duration sampling time enables the collection of an equilibrium
concentration of low and preferably high molecular weight compounds.

The internal surfaces of the sampling lines and manifolds are in equilibrium
with the gas phase sample in order to not interfere with the sample collection
process. In a preferred embodiment, the method 150 includes maintaining the flow
of the gas sample through the sampling lines and manifolds.

In accordance with another preferred embodiment, the system of the present

invention comprises a photolithography cluster tool, for example, an exposure tool,
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nitrogen stream 30 The selectively perneabl e nmenbrane
may be MYempraacs ysgengyally agilabls i feqimpyphojqgies: Bemaggnsous or

Ve T . ! _ i - :
cruR R p Bt PRARRE Syt Ju3 § (Bl bR
Ccoirtfimed faoEs aubstak, Whichheaiia be did ariealyoe. andhta\Wd may

2004/ 086466 PCT/ US2004/ 008944 -22 feed flow may

c o intetactouith peyvacate; Fobanerig membiapessarapreast mte Feyiays hapes:
cQ n

OB SHLION iy b A5, MBAE RGBS, YRR Al
Coirpasiihg iecdb ateh@ourRiShbandwichlike kireéduiRybyaoflmgtadsundfcentral
10. The conposition of the perneate stream can be _
erirrgpEe tuhetand seliasiprortin g fikmisnton exampipcholiopt @hermand capillary

SYmbfiBlanes.

In a preferred embodiment as illustrated in Figure 8 the filtering system 170
comprises a filtration module based on a selectively permeable membrane 186 to
filter organic compounds from a gas stream such as, for example, a nitrogen stream.
The selectively permeable membrane may be of the type such as supplied by, for
example, Membrane Technology & Research, Inc. In this preferred embodiment, the

feed flow 174 is nitrogen that contains some amount of organic contamination. The
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the present invention preferably renoves
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contributors. In another preferred enbodi nment the
filtering system 170 conpri ses filtration nodul e
based on a sel ective nenbrane %86 to filter organic

nds froma }ream 174 wherein the
COFPOHPY dnesesapRse o-1 85 peegen with gy balaneg i gregnic ggntaminants
v e
| PEHA BOVAERridboy B RSl o PN R F BT 1R Bibrane,
t hthe cempadifioreof the heidue esjplfriﬁbdr by adfacier of 10. dhiencdnipastsition of the
cont ai ns sone anpunt ani c. contami nati on.
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c arposed ¢omtam1haﬂ1dsreefidﬁtsrcefsﬁrstuhrohglﬁ fousthagdérrcontripumred by

a factor of 10 f |tro en and t.he, bal ance _in

or gani cﬁ"@&ﬁ h&ﬁi’lﬁ’ glﬁé@ﬁ%@s‘f‘ lierigg Sﬁ?temﬁgoﬁémﬁﬂé‘isé‘

st @bl dhR bfaHé'dt eléacﬁ% réﬁ‘l 13635 g?t@f &rtgamc compounds
contam nants. | n anot er pre erre enbo

f i frorerai gag seysh €7 Wherennthp rolieetion deticd o gEpé OTR rmdtﬂmted to a
based on a sel ective nenbrane 186 to filter organlc

c oYASBYRESUICS i meEseth 58@?5%@ gEadHent acrpgsthe B‘&F’cbif%?l 186 to

e [

o ROk BRtmbiAfe bAfHrO Mo dhio iRt WP ADY 37435 A0Ben that

c ocrqn[almnﬁﬁamdlﬁﬂ')% oighitio gemamirtatioh hén bpdréicwier dmsbodment the
anl cC C am.n nts Assuning 90% remval effl ci enc

%QOWE ¢RdnC Pﬂ%nl&rsﬁebmﬂl Pa%rn@fcomenrlegr #adicaigd jpRove.
99 d r
co%%%%‘*ﬁ DYV AU Aoy BRI blan 0/ e Bfposision of the
stmegdog 17/61srmymbmpemfred bhedasbt df 10rfganitogernmidatt balahce in
The or.ganic contam nant enriched airstream 178 i s

t h%raalar Fedtwyan 4hesguRRTHER OthsneBrssts disameh/Sde rther
dn‘;c &%@H RreanE.RELBALE Stream 178, which has been
purified %1 dc

sorption bed system is then
ret ur nel dnotliehprefm eblbodimeni the filtbitigy syo@ns YA @dnprizes a
ac ordance  with a referred enbodi nent of the present

lEatipypodalg hresd Q%Sq lgséige prnmbsay 196ve filer ygprigEomppeunds
] t
22%%!?2%%9 SR SRR Bhbolifent el LA iAo

I Scoptadhy ateeamonnt bf arganik icontaméretion The féé@fﬁ@omzoc&ﬁﬂﬁﬁ;es 99-
PCT/ US2004/ 008944 -23 washcoat _and an, oxi de cat al )
ol §p Hiskogenr Malkithe b anee éarng&éea@rﬁpwratmleﬁntef Apgygning 5%

Pe[eﬂ}‘c‘)@heefﬁ&%n &ﬂ}hé‘ Hlﬁra%%l PR e@I’Sl{,@{ gfthX ?clts}’duteﬁ‘g% is 99-100%

nmper at ur e. n anO
f I mtregemgldsths baianckin omﬁmdoﬁeiﬁuﬁanti | The cimpoRitivndftiee permeate

based on a selectjve nmenbrane 182 to filter organic

C oﬁ%ﬁ@rﬂc’@ may be enriched with organic contaminants. The organic contaminant
enriched airstream 178 is then directed to a regenerative adsorption device for
purification. The permeate stream 178, which has been purified by an adsorption
bed system, is then returned to the feed flow. This filtering system in accordance
with a preferred embodiment of the present invention reduces the loss of feed flow
volume.

In another preferred embodiment, the filtration module consists of a

composite membrane, a support of which is pretreated with a solid electrolyte
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nitrogen wth the bal ance being organi c contamn nants,
oxygen, and water. Assum ng Qgg renmoval efficiency of
t he menbrane, the conposition“f the residue is again

i mproved by a factor of 10 for nitrogen with
baVasheeatigai ag o%idg &aﬁakysvarﬁr@ﬁpwéﬂﬁcgoClmuﬁﬂtdeﬁ%posmon of the

ve oxygen
DIRERRE 178 S SuB R U EPRNORABIERDY = OXYDCT
syst em Ihnothsr plegarredientoidigerit tha filtednestebi 170¢omprises a
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dr fut thg membrane gy nof be alectivs €80USH o AYBATGRKYEen and water.
P hﬂwdralhg&g{h% Qg@fdueolr 7633}¥heoﬁf9§rs¥§9rﬁﬂp7g %éﬁq%n %ﬁ%ctec?% #886hd
in'sem¢c¢ process

adfipgrtsagenuss dlmﬂﬁur ﬂn&ﬁfanﬁ;ﬁmdﬁeﬁ'lhclloﬁltdj ther fiiref, vsth(i)cHﬂomdilg;, a
for, exanple, filter oxygen and nitrogen separatel¥
bedifieeentinemiipnesaerifiedlsriseted & alave oxyaenad watexite travgsee the
f| W

Jntgl%ﬁt n% bi%%%, ﬁgalﬁ%sgg%nﬁé’ il {o;igiﬁf&gexa r}‘pﬁ%g@&g%% {E‘ etgfgtg!ﬁc%%d filter
s uppRid @dy ﬁ@sﬁtbreaﬁbstaﬂt@llp fide Up()l%@hlﬁts sipaoiid aigyge Which are all
menbr ane, menbrane di sposed on a prefabricated porous
s UkAFaTdsit gd‘@p?%htbpgapléy RIPPESAehr |Ae%m pheeananrpsgion of the permeate

Ilrfléée% lmg}; ??ow | sggll r ecé&\g’ &l“p”%"" ?Tg cufaetgr b ng V\'hl Ch

of the Thikfiterify Systsih 64n Eé"@se@ ltcEﬁL&ﬂ’y nntmg%ﬁ; $ythetit @ﬁ‘p@laan dry
both high and | ow_nol ecul ar wei ght organi c conmpounds
andit.¢llreas stiprmreritsed in sy apesdnbetokidinssapbiicor sy oflgr epmpressed gas
v , | | f mY

s BBl RS e ABRARRL | OB B B SGHREL s e

f i §yinelietis Yl tpeisB tomiihe for &@aale, filteyeniged Andpdfogt@separately,
continuously wthout filter replacenment or pressure,

f | brforesnixigg thempgrtlea e kT s udxio4it008944 - 24
tenper aty { glt% ”%Ste&rmg% ﬁ{ é‘o‘h‘s{r&&e TARoRr c}gn%{o%qﬂ a number of

enbodi ne |nve on a

pr@bysesish ed, fél’f@(aﬁfpﬂé; rolégdtupf supbéii&l MBmbhnBavHedup bel-tigPorting

capacity for 1 ow nol ecul ar wei ght hydrocar bons and

r eMpmyring ayambrage disposadmpapre@hasaied poraps wipperizgstructure, a
@1&1@1& tp’I’e egi Cﬁlﬂglrt]%g&gc!f‘&n&%g hS RO EhaY Mn%Ies-mr%ugh which the

err e
feed flow is directed.

F

The preferred embodiments of the filter system of the present invention
remove both high and low molecular weight organic compounds and other unwanted
contaminants such as water vapor, oxygen, inorganic impurities, effectively, and
with a low concentration feed flow. In addition, the filter systems of the present

invention operate continuously without filter replacement or pressure, flow, or
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speci es, independent of feed flow concentration,
produce no sudden changes in bhhe output flow
condi tions, and are easy and i nexpensive to maintain.

Fi [ trates..a schemnt.i ¢ bl qck. di agr of a

r1 Sl hdndR bl Aisfibn ShE B e diuty of B gresn

of indérftfoaradatesSMeprdtierhlof e phA6Hart AItAS SRR LARER a"ﬁrﬁit@edacapacity
preferred enbodi nent of the present invention. This

prieF kyy mglesuisowicigbhhydrateskonsauid zely ag eegsherptive thehmaleytles,

D CORER o B R SRR B bR rhE S-S0k ptgtmens of
| ahe filtedhesyst ' ' i i
oo e AR O AR BRI} by o

weegryingdewineaeculd weight dydrocabdnhadeithdreboaminatimgtspédies,

hi. I |.gry wei ght speci es. may be nor .
e BE et ol P ens S R 5 o adisbanass indhegiout
S [y eonditeri sl 236 by anTRRIPERIRL $nAhiGint aken at a

| ocation upstream in the mddle of the chem cal

filter Fipeg 9260lugratesp sohembtiebloak diagraef eff s Bller device having a
| t t tWo. . Nn- ies.filters, and at the

ot R SR TRAR P DL RieRarE Shoel i ietivcon APt Hrmemigpih 2

t heefbirbd enbb@tensiané Bsc? nVeafish. it %ﬁf&ﬁ@&ﬁ&ﬁﬁﬁl@%tﬁﬁkes

| eadi ng indicator gases as indicators e | nm ne
bradxtageotidghe herehepraperty off physinadsorignisge shes différentiretention

9B. cal ly illustrates the efficiency aof the,

SRS BE LT bl B S L T Byl Sy s move
dithfoape tHe HRRGBIRE 257 nik ol - ~
errbodlgment. In a prsgfer?gagﬂgﬁbg%g;@r%ﬁ%}%r?{ﬁ)zéct%ga?ggeétlghéggemes'

i Asfpsaibedrhgeaiitel@s, copindnpmamolvdulartweight spariesnayy Botnpre
contain_an inorganic. at and the | eading. tracer_ gas
34 n%ﬁ“&é%?@_ B%Sctm?’%ﬁ Bl e STENE i Hrpogrdingly,
predagiireR@n® HROG P lobdioh 4peSeath, i ﬁfe'i‘ﬁilddféeo?gl?]@%{egﬁcal filter

preconcentrator coupled to a gas chromatogra
f [bafd5? eninzam dlismattenreforied embdhingens betveen trodinesesiss filters, and at

itivi : [ . f l'i abl
O RS TR o B Ringt e ecien ot rsnes.

0 dSrenifieBibiirpddan agdlealid iiﬁ’&{éatblo%d%&s'; ANAdicRots thd tnlfilment
before or after the fil'ter or between two filters,

f éreaéﬂmwpgheqfﬂﬁaj mowsrslaw awayig speties.per f or mance of the
| nter 1 S0 B rinbtfalty i uftfitiolsysiabe Bieihs with respec
P titd 2R AL RS e ditfererdt isﬁtﬂi& ikQedoRddhct ern%ﬁ 0 of

a method for nonitoring the perfornmance gas
pleabedindnt.eln ayrefesned iembadinmmt dnerget gis ia ap 08f @pardd

CTRRTER] a5, B S35 e e S B e

i UV OTSI QAP 1 85§ B 8RS e
includes a thermal desorption preconcentrator coupled to a gas chromatograph with
flame ionization detection. This system achieves the sensitivity the system requires
to perform reliable low concentration work. Samples of the leading tracer gas are
taken at various locations in the filter, before or after the filter or between two filters,
for example, filter 1 and 2. The performance of the filter can be illustrated on a

graphical user interface included in the system.



5 target polluting species are selected as the target
is present at a detectable level upstream In step
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indicators are selected that are closest in elution
(removing of absorbed materiabsfrom adsorbent) tine
and greater t han and equal to he concentrati on of

t ar get s of in e adi ng, i hdi cato

{racer FREE 1D enevPhEl 41 ahay e@lﬂé?qrar foring e pegippmance of a
t t
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filter. Furt

hod i | ud, I
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ey ol CRSE b 300k Bl GO0 Y Bkl R el

filter Avndhadefopaohitbing the pbffmgmnceof b gisapitasel Sltagpagitioned in
nmet hod t hat tabllshs acorrelatlon bet ween t he | ow
mﬂne?&ﬂtr&ﬁw HaklodpelesHar qomimipaliony pretygehyl for

[ A
I e
[ rlod:anxdasnpsmnm ofide taheilar scthaeanaridty of ipsaairh mlédmlart he
m ddl e of the filter bed. Fig re 11 is a schemat|

diRgRaRnBs Fedpisclsmhanse tftra%rtpo Intant @sk? tgacer gesgyre W@&l@rﬁ The
oy ZEEE A0SR gy B 2 B SRR e . g, e
I npethod irctudiel earfplirtoethe 31254ream # aliqadidn dywasttbatresfttbé air filter so

The fi]ter bed inc¢cludes a %h si gadsorbent . to
cﬁﬁ @%rrrgﬁr gaelérdstee@rhoa?ﬁ tHBHt She mgihod ipclyqes getepmningthe

0 ﬁgfloﬁnﬁlgcgtﬁ%\?l}ré; ﬁllcér%%lﬁgg% c%ﬁé%%ﬁg%gg A@gnﬂﬁﬂlgaﬂ%%é& that

P@EtaUEﬁfé@é/cGﬁSﬁﬁén bet@er thetlopmenledds wdightsampbendsanti bigs high
detection system The |ocation of the sanpling port
32Bolgrula Weighiompoyndsandgigg daterpinige disgrer oeﬁamcetqr thepir. Ina
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0 AERAEELAROE O 080h S0 o 8L Ol b i
hithbntidde of the filtk bedince of the sanpling port 326 from

the outlet is raised. The discharge flow 328
Figure 11 is a schematic d?agram ofa sy%tem 320 that includes a filter system

in accordance with a preferred embodiment of the present invention. The gas flow
or airstream 322 input into the filter 324 is sampled by a detector system. The filter
bed includes a physioadsorbent to chemically adsorb contaminants. The air flow in

the middle of the filter bed is also sampled and analyzed using a sampling port 326
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nore than one stream Thus, the sanpled flow fromthe
inlet of the filter bed, the gpddle of the filter bed
or the outlet of the filter b can be sel ected as

into the detection system A valve 338 all ows
fd attgaqtéVlgeeq tb@garrgﬂengthpﬁ@tep%( I sYsteiy Bherlgeation of the sampling port
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p rie gentseiconed by ithHlva\tDsfthvsltﬂﬁl Ravandgsht wao alcngm@efto drbpHie column
failure w thout actuall jeopardi zi ng the process by
aI 36wisnBeaterS48dy disposse é’éﬂu@@ thst chirepnatp gigphie golumn 350. The outlet
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SQ@@ﬂefnl VEheRhOBRSS ﬁﬁlstrhtidgeth@ phirtlancySttR®ons@mehi datected with
preferred enbodinent the filter includes a bed of the
pdesiest toang istdisplayes 68 egradiasheseainteface 34t usi ng a

tradit I’ﬁﬂ:ﬁlreféﬁg "élm‘)g%%le?}iggs&s %8%9?%&8@ (thgz wlleh i s inherently

altern pre erre r |nc es a

hogast ey, eanéangemity and yhdoify s103enipepaciasrat pedyl 1e¢vs hel d
in a partlally filled or conpletely filled honeyconb
stgoteeniralonfpescampiso BelaEnk oY (YoIugie, for erampple, gas

Cocrfl?igl{l %tlagfx]/ﬂlaﬂl%ll&ﬂkﬂ &%’L’gctlﬁggt@#ﬂﬂ t ei%e ? fhfed a?'ﬂ?%dr%]ments of

nono porous or ne co ructure*torned

pahy PR%sentanveatio® providl ableEﬁceﬁ ivR@iiing 6f fi&l falMpé &vithdt actually
nonwoven, pleated and arranged inatraditional air

f i Jeerardizmgiaeipropess fay allewingdhe actual spemeslinterest ioderkérough.

pHIUEaBAA BB ! 350 X5 ERO SRR Bloenpption o bo meppipen

sydtheghly erBRive yesoates, 0likd gpticdisiiemvher ei n t he
activated carbon.pellets are held in a partiall
grmegpellets
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fi ab&fna’u@b bhSgrreineivddhentand@rinclpldalivfie@dthb configuration with
the polymer pellets held in a partially filled or completely filled honeycomb
structure. Other embodiments include filter construction including, but not limited
to, a monolithic porous or honeycomb structure formed from polymer, a mat of
polymer fiber, either woven or nonwoven, pleated and arranged in a traditional air

filter, a bed of the activated carbon pellets exposed to the airstream using a
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the detection systemmay include any systemthat is
capabl e of measuring organi c ggnpounds at very |ow
concentrations including, but not limted to a GCFID

W ..or-w thaout a.preconcentrator w.th, or,
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Further, in a preferred embodiment, molecular condensable high boiling
point organic materials and refractory material samples are collected using
Thermodesorbtion Samplers (TDS) filled with porous medium, for example, Tenax®
T.A. An air (gas) sample is drawn through the collection media at a flow of the 0.15
L/min for 240 minutes, using a programmable sampling pump with low flow

adapter. Total sample volume is approximately 36 L. In preferred embodiments, the
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Table 3
Concentration, ug/m3
N2-facilities | N2- facilities| Oil free Air | Oil free Air |Fab amblent| Sub Fab
before after before after

Ammonia (as NH3) 04 <0.1 0.4 <0.1 4.2 6.4
Other inorganic acids <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nitrous acid (as NO2) <0.1 <0.1 0.8 <0.1 0.8 1
Nitric acid (as NO2) <0.1 <0,1 <0.1 <0.1 <0.1 <0.1
C6+ Organic Compounds -1.1 -0.9 -0.8 -.2.3 -213 H
(as toluene)

Table 4
Compound Concentration, ug/m3

as toluene as hexadecane

Benzene (78) 0.4 0.2
Silane, Dimethoxydimethyl (59) 2.7 1.2
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11-Xtenesl (48) 2 - I\/ht hyl (770.9 0.4 %enzal del5de 48 9 2.8 6.1
1L Styrere 8 o i o oo d—methyl - phehyl est eg?» (25) 2.1 Q g0.1
"12.3] rlme"ﬁvl enzene NN e 0.7
TPy rrﬁdéﬁ ibs (8631035 {—4—+e 06 0.2
t 10@3410(;9@7 o- Pentanetit 164 B I Degggie, 2 2= Onetiys
163Hebtandme 478 Decane 2,2, 9-Trineth 177 gl 10. T 23 0.2
mwnl3 7-Dineth 167 13 17 0.2 Decaned®, 6-Dineth 1500
1l kppwia 0.7 0.3
" Octane, 2,6-Dimethyl (59) 7 0.3 0.1
Cyclohexane, (1-Methylethyl)(40) 0.4 0.2
Nonane (59) 04 4.1
Octane, 2,5,6-Trimethyl (53) 4.3 1.7
Octane, 2,2,7,7-Tetramethyl (53) 1.8 0.7
Octane, 2,2,6-Trimethyl (64) 1.4 0.6
Benzene, 1-Ethyl, 3-Methyl (93) 8 3.1 1.2
Decane, 2-Methyl (77) 1.2 0.5
Benzene, 1-Ethyl, 2-Methyl (77) 0.9 0.4
Benzaldehyde (48) 9 2.8 1.1
Carbamic acid, methyl-,phenyl ester (25) 2.1 0.8
Propylene cabonate (86) i0 3.5 14
Heptane,2,2,4,6,6-Pentamethyl (64) 2.6 1
Decane,2,2-Dimethyl (64) 11 5.7 4
Decane 2,2,9-Trimethyl (77) 12 10.1 2.3
Nonane,3,7-Dimethyl(67) 13 17 0.2
Decane,5,6-Dimethyl(50) 1.7 0.7
Decane,2,3-Dimethyl(40) 1.9 0.8
Nonane,3-Methyl-5-propyl(64) 3.9 1.6
Decane,2,6,7-Trimsthyl(47) 14 15 6
Heptane 4-Ethyl-2,2,6,6-Tetramethyl(72) 15 14 0.2
Undecane,2,5-Dimethyl(59) 1.5 0.2
Undecane,4,6-Dimethyl(59) 16 12 4.8
Undecane,3,5-Dimethyl(53) 1.8 0.7
Undecane,4-methyl(83) 2.4 1
Nonane,3-methyl-5-propyl(64) 17 5.7 2.3
Undecane,5,7-Dimethyl(43) 1.7 0.7
Undecane,3,8-Dimethyl(38) 25 1
Dodecane,2,5-Dimethyi(36) 3.6 1.4
Heptane,2,2,3,4,6,6-Hexamethyl(72) 1.5 0.6
Dodecane,2,6,10-Trimethyl(72) 2.3 0.9
Tridecane,5-Methyl(64) 0.7 0.3
Tridecane,4-Methyl(64) 0.4 0.2
Dodecane(50) 0.5 0.2
Benzoic acid (66) 18 9.9 4
Cyclotetrasiloxane, Hexamethyl(39) 0.5 0.2
Cyclotetrasiloxane, Octamethyl (54) 0.4 0.2
2,5 Cyclohexadiene-1,4-dione,2,5,-diphenyl(97) 20 27 10.1
Total 213 73

Figures 12A-12C are graphical illustrations of chromatograms of a gas

sample including an average ion scan of the spectra end (Figure 12C) in accordance
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Propanoc acid,2-oxo-ethyl ester(29) 0.1 0.05
Toluene (79) 1 3.3 ‘ 1.4
3-Pentanone,2,4-Dimethyl(36) 0.2 0.1
2,3-Dimethyl Pentane (21) 0.4 0.2
Propanoic acid, 2-hydroxy, propyl ester (57) 0.4 0.2
Propanoic acid, 2-oxo-ethyl ester (27) 0.1 0.05
PGMEA(59) 0.8 0.3
Ethyl Benzene(61) 4 7 4.9
Styrene(39) 0.3 0.1
Xylenes(35) 5 35 17.5
1,2,4-Trimethylbenzene(67) 1.4 0.6
Nonane(61) 0.7 0.3
2-Furanol,tetrahydro-2-Methyl(56) 14 0.5
Cyclohexanone(73) 6 92 40
Octane,2,5,6-Trimethyl(50) 7 1.7 0.7
Benzene,1-Ethyl-3-methyl{21) 8 2.2 0.9
Decane,3,4-Dimethyl(59) 0.4 0.2
Benzene,1-Ethyl-2-methyl(72) 0.5 0.2
Alpha-methylstyrene(96) 1.4 0.4
Heptane-2,2,4,6,6-Pentamethyl(42) 0.8 0.3
Benzaldehyde (96) 9 0.9 0.4
Decane,2,2-Dimethyl(64) 11 1.7 0.7
Decane,2,2,9-Trimethyl(53) 12 4.2 1.7
Nonane,3,7-Dimethyl(47) 13 4.7 1.9
Benzene,1,3,5-Trimethyl(91) 0.6 0.2
Undecane,3,6-Dimethyl(38) 1 0.4
Decane,2,6,7-Trimethyl(53) 14 4.2 1.7
1-Hexanol,2-Ethyl(47) 1.2 0.5
Undecane,3,8-Dimethyl(43) 3.4 1.4
Undecane4,6-Dimethyl(59) 16 0.5 0.2
Nonane,3-methyl-5-propyl(53) 17 0.7 0.3
Nonane,5-Butyl(59) 1 0.4
Undecane (90) 1 0.4
Undecane,4-Methyl(72) 1 0.4
Benzene, 1-Ethyl-2,3-dimethyl(38) 0.5 0.2
Benzene,-4-Ethyl,1,2-dimethyl(72) 0.3 0.1
Dodecane,2,5-Dimethyl(40) 1.1 0.4
Acetophenone(47) 0.7 0.3
1-Octanol,2-Butyl(78) 0.4 0.2
Benzene,1-Ethyl,2 4-dimethyl(47) 0.3 0.1
Dodecane,2,7,10-Trimethyl(59) 0.8 0.3
Undecane,2,7,10-Dimethyl(53) 0.3 0.1
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Table 6
Compound Concentration, ug/m3(as as hexadecane
toluene)
Silane,Dimethoxydimethyl 0.5 0.2
Toluene 0.3 0.1
Total 0.8 0.3
Figure 14 is a graphical illustration of a chromatogram of a sample of oil free
air before a filter in accordance with a preferred embodiment of the present
invention.
Table 7 lists the mass spectrometry results for oil free air sampled
downstream of the filter.
Table 7
Compound Concentration, ug/m3 (as as hexadecane
toluene)
Silane, Dimethoxydimethyl 2.3 0.9
Silane, Trimethoxymethyl 1.3 0.5
Total 3.6 14
Figure 15 is a graphical illustration of a chromatogram of a sample of oil free
air downstream of the filter in accordance with a preferred embodiment of the
present invention.

Table 8 lists the mass spectrometry results for nitrogen facilities upstream of

the filter.
Table 8
Compound Concentration, ug/m3 (as as hexadecane
toluene
Silane, Dimethoxydimethy! 0.8 0.3
Silane, Trimethoxymethyl 0.3 0.1

Total

1.1

0.4
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spectra, respectively, in accordance with a preferred embodiment of the present

invention.

Figure 18 graphically illustrates a chromatogram of a blank sampling tube in
accordance with a preferred embodiment of the present invention.

Figure 19 is a flow chart of a method 600 for on-line monitoring of the
performance of a filter system in accordance with a preferred embodiment of the
present invention. The real-time monitoring system for the performance of the filter
system includes taking a sample of the airstream upstream of the filter system per
step 602. The spectrum, for example, a chromatogram of the airstream is generated
and stored per step 604. A threshold target range, in terms of, but not limited to,
compounds and quantity, for example, Cs, 32 ppb, is determined. In step 606, all
contaminants below the target filteration range, location and quantity are identified.
In step 608, it is determined if the contaminants match those present in the upstream
sampling location. Ifit is determined that there is no match, then another sample is
taken at the location and the process iterated. However, if the contaminant level
matches the threshold range upstream of the filter then an alarm is set per step 618,
indicating a breakthrough condition for the particular compound.

Per step 610, for contaminants within the threshold target filtration range,
location and quantity, for example, C;, 12 ppb are identified from the spectrum. The
total challenge for each location is updated in step 612 and the remaining filter life is

calculated in step 614.
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chromat ogram of a sanple o
compounds, or fast moving compounds through the filter system indicative typically

of low molecular weight compounds. In an alternate embodiment a mixture of
species may be used as a determinant to monitor filter life and performance or
combinations of variables to analyze the efficacy of the filteration system based on a
parametric analysis.

Figure 20 illustrates a schematic block diagram of a system for determining
and monitoring contaminants and the performance of a filter system in accordance
with a preferred embodiment of the present invention. The system 650 includes a
clean dry air filter 652 upstream of the system, a base module 654 and a module 682
having a plurality of filters or refractory traps. The base module provides an
interface to the filter module 682 and includes a pressure regulation device 656
proximate to the inlet interface 674. The outlet interface 678 is in communication
with the outlet interface of the filter module 682 and the exhaust of the system 672.
The exhaust interface 672 can also, in alternate embodiments, be coupled to a
vacuum system if evacuation of the system for determining contamination is
required. All the inlet and outlet interfaces have sealed surfaces for environmental
isolation. The base module 654 further includes a controller/processor 658 such as a
proportional integral controller and a control module 670 in preferred embodiments.
A preferred embodiment includes electronically controlled valves to impose a duty

cycle for sampling per filter cartridge. The duty cycle can be programmable. The
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The BRECEF4Tbndl ?fow@%@\ﬂpéneﬁlt &{H L OISR © Jl‘%%lg‘% aﬂd analysis at
airstreamis generated stor per step

t h:{ pz]si’aﬂtjdof sitegeThe pamg-reolleaﬂroh anaigsioprovizies qnattitdtive ahé dluahtatlve
unds and uantlty for exanple, C5,,K 32

| SngsEA Hisceonpiag! FH9B RSt igy A apgiTeash ke SSicon oy

t t t

! Mot ALag nl i ddhRtRl Aﬁmgrleg%gs e Ale, B! dGCFID can
C Ot msml @ detsct iad mmtatrﬂnnsx&s pht exsegrilsol provide farpssidimg of the
sanpling locati is determned that there is

noPSFErEAnce; ¢ dhe g\h@tsﬁ%tﬁmsarrpl e is taken at the
| ocat i Ofy aﬁé}gfe}rj@& chbOaRAL 'tltree qﬂr egﬁ% S0 1n&1fud$ Q‘ﬁmer device,

cont am na evel matc és t ran
uptet eeanplefa batery pdwezed <t1beintoadetaimrena sanpi|g dpﬁ?ltloﬁt e p

618, 25 indicati a breakthrough condi tion for
P ATIBESHFAE B aa%etenpére d spmipolppeamatess. AgRimiAld é%% i the filter

Wi ltﬂghlﬂeﬁ? Ni dégfﬁsﬁ&w ﬁetrvr% éﬂﬁllafl ya&f'f@%rsr ag%%%mfolds have

| ocati o gquantity,
i denthahicabinferfioes dneh spatetlnatﬁbeﬁdimg td belplin dfaaahéeemgﬁoﬂ‘thé filter
each | ocation |s éfdated in step 612 and the renaining

f i yarigideps. 1l ajnseforred ebediagnt the shapels 1a thojgey omudntrasnc 6
PCE%H%%% ﬂ{e(}ﬁ?é%%gki &%re{{;ftﬂ i élapf‘na tn%ashlleErEB{ &rors.

to a pr ernrne marn n
616 | f IntdMerdatd dratodimémsts tie analysigseade cart hﬁﬂodlé‘tbusmg a
warning limt then the alarmis set per step
HoRevReelestc ¢apding deties. Qrgeaics §algb%%&né1ﬁn&eﬁ and @Wéected using the

W%Qw r@ﬂlglsfa'éﬂré Fﬁﬁ&&}n{ep{s &g@g&%ﬁlglﬂeﬁ of Eragd; aa}eel%qﬁlggdoﬁbé ﬁ% Jow

eins pr ogr €ssi ng
t hlem@setaltlﬁd enﬁodhﬂ&mt $1h<&dhla erganits cﬁihb@ﬁolbb&ﬂ%;ohtmondensatlon An
accordance with the nethod are iterated for, sanp

t aRebpdmentpifhelogiempealine syséens ganinglide Beat siks tq rhﬁslpféu the
rche ‘$gf%&g gpmmstreanrof the filter, at | ocations
in

ed or within an |nterstack filter

c onf | QUARErnaR enfbodingintgintiudt eafetyliedives coupledian ieg®rmnal interface
configuration. 10 The target range in preferred
o rRSOHIFGHONE 41 815V FIH PP e alosta b TESOlieiRS sagnpling inaccuracies.

Figure 21 illustrates a schematic diagram of the modules in accordance with
a preferred embodiment of the system for detecting and monitoring contaminants
and the performance of a filter system of the present invention. A cover 702 is
placed over the base module 704 and the filter module 706. The filter module 706
includes a plurality of filter cartridges 708 as described with respect to Figure 20.

Figure 22 illustrates a schematic diagram of a module having a plurality of

filter traps of the detection system in accordance with a preferred embodiment of the



anpl i tude of the peaks in a spectrumindicative of the
concentration of the conpounds, or fast noving
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typically of |ow nolecular weight conpounds. In an
al ternate enbodi nent a nixturg of species may be used
as a determ nant to nonitor f”?'ter life and

performance or 15 conbinations of varjables to anal yze
t Haewht invertipnofThefhass mpdwe 704 sillysietedsheingrasnled to the filter

_ sy llggsedhvs eg o
DR s R Rl TV CT B

moni t orFiggre Q3rillastiafanhltamedtetier petheanshitckavidg aplurality of
filter systemin accordance wth a preferred
enfbléditigahes dowoHe Figwee2ht i nvention. The system 650

i ncl ud . r ' ' .
Lyt oetighs 2 LA b ARl e
pl tapalak blyoved infHiktirer2s abengrveith thetphuirbihg apthe nldigfolldsse accordance
nodul e provides an interface to the filter nodule 682
antfith aprafereed embadimentrad thepyasent IV ce 656

r oxi . i ' s T I .
Pt or f anguS s RSBl S BEABEE 086t U1 @bl functions as o
i ndoatéreorah akcbitamiddne ind itk ntorf®@zing Boktéhas eihauses i

the system 672. 25 The exhaust interface 672 can al so,

i eeasitieitnef elispiuinmesrdancs withq pretgred gmpodipagnt ghthe present
. it . _ i

T RS0, Ol LS VL B Tl

I herifad eer a1 erdreld] G 80d hattss filey inki vhd ome Mdtalfaces. The

i sol ation. The base nodul e 654 further includes a )

c ofiter sy ster/ipgleding 8 dltesmeniseréng fsctipnalipyssbeirediged in size using a
in . t Ler cont r ol | ,670 ]

rF8 PSRBT LR 0 Pk TR vonume can

| ngd dotiestes it Rt @ﬁkdnyifcthmﬁeh?%fa@de Yaledgsd Drickpasle, @ 0°C or
dut cicle for sampling per filter cartri%%e. The

dubﬁﬁow-y he sensiiviy of flafgcakention és alshmcesadnho e eighe
S%Igny%%)é/ &91%3 Atl}f’at %%:glgﬂe%ﬁﬁ%gtﬁgrﬁﬁéﬁ%f glgc'ﬂtarsf) %ok g}gample, Tenax®

veS assist 1Tne vin

CONGE Mighthollas, Nich ab,TEtEahip®s odgnidd eyvidgRixadeti@Sdorhf 6r more
potential of over%oad. The filter nodul e 682 includes

a PFabwihadybioferri ek Iy thpsltenative ehsomjs merialnsanchas, for
ad e | vi Nk 1 '

COBURNE BB, ALSARSFRRL ot AL SRR

b edrigeiimEntk @IElidn b wpBsilers: OAk@aite @mbsaifintsigciatéla combination
anal gsi s at a EI urality of sites. The post-collection

anef the filjers ferhigh andyleankailens Whish sarbeaanged in parallel and/or in
measur es of the contam nation present in an airstream
in € sem conductor processing environnment. Analysis

t ool s sFighrea 26Afad 26BAMNtRte $hbbatid bIGEIEHiAg@an ofaeysis@dhat
to detect the contam nants. It may al so provide for

no¥iielaies ard deteqin a deawpspininspersheopiical plempnistie peogydanegivith a

| BRI GRPH TR hGbh! Sl ofeRoRhE
photochemical deposition reactions occur when high-energy photons interact with
organic vapors. These reactions form extremely reactive free radicals which may
form larger organic compounds can contaminate optical elements. A polymer layer
may be formed on the optical surfaces and contaminate the optical elements. A

preferred embodiment includes a detection system that emulates the deposition

process of organic compounds on optical surfaces. A filter cartridge 902 filled with



for exanple, a battery powered clock to determne a
sanpling duration comensurate with predeterm ned
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nodul e provides for flow between the plurality of
filters. The manifol ds have 15 nechanical interfaces
such as adequate beveling to help in the insertion of

o 54 BB A B B s
bl @fkpretdedt &80 dty AR 0 £leBint UMM EANBRRIHFBIE A light source

errors. In alterhate enbodi nents the anal ysis system
ca¥tmovided kghtufor expnaple tahlesampedvading lasercligiit ieneygy évihe eartridge

Organi cs, can be copdensed d collected using the .20 ..
O Pyt SUEREOL OB MERE LITAOR B St I aqs s s high
ar&xef@%ﬁoi&ﬁréa%{witﬂ%réa%‘%& H&%Qﬁélt&%ée”md' ment since

the organics can be coll ected post ndensati on. An
enbodi nEm pleftodeteetdr avelidaspehatoseld 984 &t measoemthe eudrgy éevel of

heat sinks .to, dissipate th heat energy. gener at ed.
A B i R B of o1 SraesiCam of SPriyindals op gupfuisgioes of the
t O @Rl gldsBh&IdE 28 Re o3s 6D BEIVIR B b hr b QuN & Yrea for

pressure is lost. This obviates sanpling Tnaccuraci es.
Fi dppositigd. Thé speciraltand tansoiseiondifferelicay ammatfitordteto determine

modul es. i n accardance with a.preferred enbodi nent qof
{8 A58t e hoP G LMo R By BORRESH Rsdiod to
angkidifn P&k Qe TBACE Bcu of 'tll|1oe|t ticaletdmént? ucthgl‘é‘, fok 18, the

i nvention. ATcover /02 is ced over the base no

70eptmn th theeteppért deasmcts can 16 be Tdken to tduater tincipdtenti&d Gamage to
30 includes a plurality of filter cartridges 708 as
de¥AaOLPUEst h respect to Figure 20. Figure 22

|11 ust rabgsin@os theiRb Fimdt ﬁi@?ﬁ{%ﬁ%ﬁ%?gég}gtgs;ék,em&ﬁ&l%d%zstems

plurality of filter traps o on systemi
acdsscdizmdderain bie ot prl@td or Baitedrivodiyrparticubd tygee\Bllection media,
2004/ 086466 PCT/ 82004/&08 44 - 35 r%sent i,néigntior]i[e .
Th¥ PHPIIFSH P orpsy S (hardyeare g ©lpbilags indigpied gthegvise.

t N@arfiddstiBles 'gl?gg%lrﬁ pYttids or Qﬂeéfaﬂﬁétﬁ&nﬁ%.tﬁé} s%?céﬂﬂ? tla f,l\)/% cl)llﬁed with

Fi gure 20. ure ustrates an ternate vi
t her peofduh @pb@tiomgnacqirdarek ivtith thé teathihpedestrilaguisheasin,

U1 ow of PeHie” Rt BRavSHG ChaB IO BRI e BRNCip s pbihe

oSSR AUTE il I L 0

of erbbvelipeets erd exiempkny only, arfd shonldsobAtaREiCas limititgthe scope of

c e BFSPaHIBYoTF - B I A e 11 187 TGP eken n

OIPHIBEhL: S LERSESCIE: M 61001 L el oyt

of the bécRrdéspearts. Wihile nbdiaus. eléhhentcaffthe ptefatclr entlediment8 Bdve

h abseeg d(égc\ll‘i%ed gso geiggn &ﬂl@mﬁaﬂég EI} seo | arlle,aother embodiments in hardware or
firmware implementations may be used, and vice-versa.

It will be apparent to those of ordinary skill in the art that methods involved
in the system and method for determining and controlling contamination may be
embodied in a computer program product that includes a computer usable medium.
For example, such a computer usable medium can include a readable memory

device, such as, a hard drive device, a CD-ROM, a DVD-ROM, or a computer

diskette, having computer readable program code segments stored thereon. The



mani fol d, for exanple, manifold 806 that has the inlet
and outlet interfaces. The filter systemincluding a

woizbimseasoni t ori ng functionality can be reduced#Crmssi02/008944

10

15

20

25

30

using a coupling device such as, for exanple, the
concentrator 804. A greater vgbune can 15 be coll ected
in the fllter systemif the ténperature i s reduced,

for ex oOCor el ow, The sensitivity of data
corB R gredesleqneimiven e BLF & GETIGUCRIONE i ransmission

cofﬂeﬁﬁﬁlc W asdeYh G atéaﬁimw&k wsf}me%ﬁ pchdt 81, g T drdbiteless
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s Uaavirgspro gnam mdarmgmentmagmd thereba\as digital or anarolgcoiataem@m’s

or nor absor bed Tenax T.A. In the
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e
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meeﬁn?%ﬁ%%sagmh&ﬁ gers o Parise pEfT Bioymgrdeyice vduch wilizes an

Fi
AR AR R S ORTIALE b0l e g
d epdisctiommaterielodfascotinctmptdevimk of thenamiphing nymmohﬁmm'panson

wWth a referred_enbodi t of the pre lnvention.
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organi c vapors. These reactions extrenely
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conmpounds . can contam nate optical el errent S. oly
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I nc es a ctl Sy ste at enu
t fwstéﬁpwhllch ety hape @ casgsle dtlivargaane of (X0) mmsmﬂﬁ \mmh actlve
opt| surfaces. A filter cartridge 9
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paBsexi®tT mbght 4 flewfrat OEO. 16aﬂ1tara';/dgle tha dififighive o Fteis 0.0003

906 rOV|des | jght, for exanp a. laser providing
| g mindRt PIFIVE é%mlf’]éﬁ& Hes %%F‘tﬂ?; . iP@gEve Enling gba flpy rate of

f of H%3 1 ?t@ﬁ%maqﬁ%aﬁgﬁéedg Id 52 9511 LBRa T §RE 89 alls t{% Béhieve the

gl ass beads as energ otons reac
Or YA totaifm‘mplmgl vmluﬂmaoﬁ dctipe séﬂi;ﬁmgfanhd]ﬂﬁt o @t 0. 1 Juclitedasin for

Qot ocg &n4 to neasure. the ener | evel of 1ight

wrff) Pps-sAgEardinglys passixe sapplinghag gppai sﬂeﬁnaﬂewed as inadequate for
c r SmBi

gqgglgfabﬂg%gg@e gﬁnetm el (fA 8 Znfle o, SdMEarniflthis Withd o%emratmn less

s uhﬁmelmlmrl9@pb)ifecaldyemﬁletlbmsaniﬂ”lmgmmiomaiee@daldo sample a
transm ssion djfferences_are nonjtored to, determ ne 10

t heolynag af coptarpmantenmarablsio thaticellesterblly #tive sgppMIZes a
Pr OSpPech i & s%tpﬁelﬁg Ho%evAChR 481 m&%a%%akcﬁeg sPiSitle

on the optica ‘nment's such as, tor exa
requires an external source of energy for the active sampling system, which may

limit the number and placement of such active systems in, for example, a
semiconductor processing facility or system. In addition, by requiring a source of
power active systems are susceptible to failure due to power outages or breakdown
of the external source of energy, such as, for example, a pump. In comparison, a

passive sampling system, in accordance with a preferred embodiment of the present



optics in the stepper. Measures can then be taken to
counter the potential damage to valuable optics. It

wehoulodedse under st ood that the progranms, proceBEERS2004/008944

10

15

20

25

30

nmet hods and systens 15 described herein are not
related or limted to any par;_g,'sgul ar type of
collection nedia, or conputer or network system

(hardware, or software), .unl ess indicat ot herw se.
ValaveRHon, {suaic $y g@&éﬂﬁﬂ %ps BB Rges @5@ g}eafr s A9pxtemal source of
co : WISkt perform

op%%g yie%ﬁg%i n cgg%%%ge W ?ﬁwawtbﬁ%kgg‘g%hi ngs descri bed

her ei n. Otlrer disedvanfagbhef twpidel privriagtagtivd saapgiimgiapprobshes owhich

whi ch the principles of the 20 resf{%nt i nvention can
beUSgFTIeR as 41t aciNG §PYCHR! TNERy S1eBIY8, (on s¥amplg: calibration of
il [ .
e SRR PR BEARL 0t By o8
pr eibeation] mdethe nestl foF-anined aygne ppérbtersst eps of the fl ow

di agrang may be taken in sequences other than those

descr i bEtCOMMAHSOR 1 2 BASSHERBMPERS REHRNS IRagcapdangs sdthjgpreferred
h . . . _ _

or SpopAEfinUARE A Ren: Michfiod 30l AT AR, fieflort il i calirated.
i il ewdrtr ethbbdinsnt, tofiegpresehtimy ergionoa sarepiirg durativar ihwaise

or fir re inI enment ati ons nay be used, and .

Vi %L%?@}H 7q L1Qyv|narampeters grercaliprajed. (i additign, 18 parordange with a
SKi . ' L .

At S Ry L A S R o i DrBen P B, he
C Opdsaive Bpdtérn Substantially operaes be its bwnavidwnptieaiced farGoAtant
product that jincludes a conputer usable nedium 30 For
exaPRsHar ovidighta conput er usabl e medi um can incl ude a

r eadabl | : o (gl : [
SR 5 TR S U i B B s
c onpuiteting @atabihentp irng saniconthetos peprestig skene Referring to Figure

t hereon. The WD 2004/ 086466 PCT/US2004/ 008944 -37 i
cofpub 8pe praberdimeat. Hhat Pest Ve £AMRIBHSYSHE {0, gomprises a collection

COREHY, 1 R b PRI T M S0 i P

W c@hmasicatidvwil apemipoadutadroSRgng Byssent a703. el fldweregalator
as digital or anal ogehdata signals. I n_another aspect

t hé7 ¥ wadmdiseseshinihinsamrly laed’ Byisreguate aglost aft 475 8409 out of
.an&xe s@mf%h&?cgg‘r CérSEesQiﬂ% ‘E%s\f&n 3O/ LR dnd %moofodﬁl%htt,at% Qé%i'c%huctor
in a sem conductor processing 'system using passive
s apkesshganstemadplpriags 4 pisdtelittogbplacihstvien&anhe figw ofgas 2709
used herein, "active sanpling" refers to the use of

ai PAMASIPE AR rawipkee fiRpT ercANANEOE BTOSPSING, S SEMAVCE PP IES.
! . . _
as oant SERRE LR bAAAITI D SOHE R olickiHrofbssing

deyysen edmprines 8 phploliti@gapdy elilstet ol aupiasd OBxandfle, an exposure
passive sanpling uses the energg of the gas sanple
[

t @@ﬂ,fusﬁbindgmqf%}turglgﬁgligcgﬁﬁftgr @yiges, thal is sensitiyre to molecular
g?%ﬁ%ﬁigﬁ%n ﬁl&@hh&%é s@/@teg'le%hi%ﬁ rentl@v[es %alﬁgiegulapé’ontamination

which may include volatile and semi-volatile or condensable organic substances,

which, if present, can cause contamination of optical elements via series of
homogeneous and/or heterogeneous ultraviolet (UV) induced processes.

The collection device 2701 contains an absorptive material 2711 to collect
one or more contaminants from the flow of gas 2709. The collection device 2701 is

sealed at the end distal 2713 to the sample line 2705. The proximal end 2715 of the



Typi cal |y, passive sanpling has been consi dered
i nadequate for nonitoring contamnation in a
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generally very |ow sanple delivery rates associ ated
wi th passive sanpling. For ex le, for a 15 system
whi ch may have a sanple dellvery rate of 0.1

| t [ th t , h

cpflidiop dosice 2091 G U6 oBERCHGAOROBR theSEE iR Z1Pg such that
a
e T
r aheflow off gdHD709i byed 1slssiv e trandphet ptiodebs) sucheasf forwxample, diffusion.

0.0003 liters/mn for passive sanpling a result,
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| ong sdnptédtdards wathi preferred emtlodimeaanihe @olec?ion \deVicee 70f

contam nant conparable to that c¢oll ect ed by act.ive
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d |

I SARAR) B8R R MARSRRL B0 L EOUDSED BRUPLOET Al
may | II[’ﬂahoﬂhhleerﬂlwﬂﬂﬁéntathé splhﬁtedmeni pesiticied Bueicthate flow of

systens i.n, for exanp sem conduct or fpr ocessi ng‘b
f a&flﬁ comprisss 22y SPBYA lopﬁl%ﬂmnswm BYa flgLeT filisy systapy fegnother
of r
enﬁa%dﬂﬁéﬁ th@%!ui %{113 é@é Zst,r &g’fteog]kg s&dﬁ%ﬁ%ﬁh% ﬁé%eo;f gér ﬁdar{lbﬁﬁs gas
S (ﬂmﬁ e lodaueﬂ apgmansafcarﬁm or fitter gx@np|Ie anathpriembodiment, the
onpari son, a  _passive sanpling system .in accordance

vv| el et epsitiencdmmelthatine flor plgas SPegEfts sapirom a location
tzqgéliélg ??ﬁ@ fﬁ[ y?g 441‘9(9[?6%%181011 ?ﬁth'e&v&% entk Sthe passive
ypi cC una power outages an e 1s no

exdamiphiag sgein Qﬁcdﬁﬁguleﬂw gl)()nftaf the hencﬁ'am)bﬁ the fi &ysd)reﬂillter system.
whi ch can breakdown. Clher dlsadvantages of typica

prics examplegihe PosiEHMPIiAg sEHpR-odiipk s GHREEe oS T BoTe

p d

DR A RAY 8 S, SRS IEL W Of s o fom

f Qa[loeatﬁimipetredﬂil endu qRatidd downsieamif aditdr td aeess )oreanﬂmmgh ofa
vibration, and the need for trained system operators.

| fagshenaanaisant i n a passive sanmpling system in
d
accor aiﬂ%n%ﬁt é}n@od?&gﬁt? rtpg?aesrsffzgg%gbﬁi?%%zsr%‘;ﬁséo?‘ﬁ?eg&%&@t

i nvention

c ahvdtidbhedrther |cﬁn‘@ﬁ@et ﬁﬁfonﬁ@m’dﬂeﬂ‘ﬁlﬁl 7 pokitiohed formesnte the
invention, a sanpling duration tine is_10Q cali brated,
buemRerapirethpBicasvEL OF Bothr f tha flpproficas. Preferahni the genitprsystem

a%%m‘gﬁrew’tﬂe%ﬁ er?ﬁgg %{d eﬁgss?fgooq%' Bh a Jaﬁ%ﬁ] %e%%}%lnya? end

sanpling sys |nve I on,
2715 of the collection device 2701. In one embodiment, the monitor system 2717

measures the temperature and pressure of a region adjacent to the flow regulator
2707, inside the flow regulator 2707, or both.

In various embodiments, the passive sampling systems of the present
invention further comprise a regulator system 2721 positioned to regulate the

temperature, the pressure, or both, of the flow of gas. Preferably, the regulator



passi ve system substantially operates on its own
W t hout the need for constant operator oversight. In
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sanpling systens for 15 nonitoring contam nants in a
sem conduct or processing syst g Referring to Figure
27, in one enbodi nent, that passive sanpling system
2700, co rls s a_col l ection. device 2701 | yid
htS fhederangrpiiee, rh%e%@somthw%tﬁ lowiof ges at
| Mefds Wl Gt Boxith £5LF BRAUSAEQIon device 2701. Tn
prgcess?ﬁeégsys er% 270% X %%g\?vz?eg]grat%r% E270(1)17 eglzgﬁ t7Je
di apeadddimenthihe seguidter slystﬁm 2720 segudatesiia Itanp‘ﬁratufd am podssure

gas. 2709 oyt of 2 ond t.or, roc SS
27‘€f3a TR O%TH‘:S%gﬁé‘?W Tegp dBSH ﬁ».gg §t7§6 or
sysdigm conprises a photol it hogr aphy i nst rument. The
flow of gas 2709 can arise for exanple, from
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The collection device includes absorptive material such as, for example, a
refractory absorptive material. In one embodiment, glass spheres of a given size are
used. In a preferred embodiment, crushed glass spheres are used. In another
preferred embodiment, the absorptive material is the polymer Tenax®. For example,

Tenax® has a high capacity for high boiling point compounds and operating Tenax®
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25 sampling line was found to be substantially equilibrated with héxadecane

contaminants in typical clean room air after approximately 24-48 hours using a gas
flow rate of 0.15 liter/min. of the clean room air. Although sample line equilibration
tests were conducted with an approximately twenty foot line, it is preferred that the
sampling line be as short as possible. In practical applications, it is believed that

30 sample lines in the range from about one to five feet may be practical and will have

correspondingly shorter equilibration times than a twenty foot line.
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induced processes.

Suitable sample lines, collection devices, absorptive materials, flow
regulators, backflow prevention devices, monitor systems, and regulator systems, for
the passive sampling apparatuses of the present invention, include, but are not

limited to, those discussed in the context of Figure 27 and the passive sampling
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substantially continual flow of gas through the semiconductor processing system
such that the collection device samples a fresh sample of the gas. In one
embodiment, the gas flow rate is in the range from about 0.3 liters/min. to about 3
liters/min. In a preferred embodiment, the gas flow rate is greater than about 1

liter/min.
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25  In another example, an approximately twenty foot long sampling line was found to

be substantially equilibrated with typical organic contaminants in typical clean room
air after approximately 24 hours using a gas flow rate of 1 liter/min. of the clean
room air.

In one embodiment, the method samples by diffusion 2820, from a gas flow
30 to acollection device, one or more contaminants in the gas flow; and at least a
portion of these sampled contaminants are collected by the absorptive material 2830

of the collection device. Structures, collection devices, and absorptive materials
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contam nants reach the absor pt45ve mat eri al
substantially by diffusion fromthe fl ow of gas.
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In a preferred embodiment, the analyzer comprises a mass spectrometry
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range of interest to increase detection sensitivity and thereby decrease the sample
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30 to Px%?ér!ﬂ%tth at‘i’ﬁﬁ\ég g%? a%?ec% g&ﬂ%m ﬂﬁfé} lke/ o

the gas a por Ion o ese’ sanp

C Ofin8iftilv e &) id asreidetiflyaad qdarify bfgenﬁtzpedi@i dtwerytawer i al
2830 of the collection device, ctures, collection

devanserrations famexsrpls. helowat aph GY )s S\malzle @RPIoAES o1 detecting
c g?#ng%@?‘%néé ﬁgﬁgééég?l ae% 02 gh!d\)\}r?ﬁldt%h%g gméﬁ}gg’oéaﬁg@s o?gr %%héﬂame

15 preaation dstefionqGURID), udé colbinatdecliiomatdgripheandse spectrometry
t hose discussed in the context of Figure 27. In
antsehanues#pe dnstrumentatipe  nhberBalyzEMAYaEClEge #nf Paisphat is
28 fr
syZ g%etog%ﬁs it dr%mcscc}rﬁg u%?%f&gfﬁw 951}0?1&93;{%35‘ ﬂggxdmg, but

deydtdBnitedne adFCFDY Witk Qttvéifionad bfecoddedirator, lagas thidmatography-
portion of these contamnants are collected by the

ab@@ﬁwﬁ@t@wmw »wib. or@@lﬂh%ﬂpmoa@mré@@ adifgtoacoustic
20 @ @ﬂ Vi, JFfGLAL greé&ﬂc%ﬂ:?{ﬁ R4 n\ﬁg[@ BQw?tp ta
CO e I'n accordance w li’ﬁese e dinen

thﬁre@@rﬁ;‘éﬁﬂﬁitoﬂ oy &it dopibihdiohil@cobut are not Ilmted to,
those discussed in the context 10 of Figure 27. In one
enbodi nEAmbinaten glypmatagraphydeass sRecHaBelY syehpiduatist ed

{ Oy BhARGHLE 1 SRTF BRE 0 el B R S g O!

€cti on 300

Myptcasmtey (GOMSH, Mﬁlﬁ(ﬁéhmmhfb gaipﬁwnﬁHss V}ﬁectfairlefry,aaind high
di sposed (for . exanple, deposited, or romn& on_one or

25 popetfagmgece kuid promatographyrnass spgeipmetry (HPLC-MS). In addition,

techniques, such as tuning the mass spectrometry instrument to transmit only a
narrow mass-to-charge ratio range of interest, can be used to increase detection
sensitivity. For example, for a typical radio-frequency multipole mass spectrometer,
the signal-to-noise (SN) for a given charge-to-mass ration is proportional to the

30  square root of the time the mass spectrometer is transmitting that mass-to-charge

ratio. As aresult, tuning a mass spectrometer to transmit only a narrow mass-to-
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an in situ nonitor of contam nants in the

sem conduct or processing syst%§1 I n anot her

enbodi nent, the collection dévice or at |east a

portion of the absorptive material_ is positioned in

t hehasgeFREQ FANgE CAt I ¥R 418 FoTBe ¢d56%, dkg PN HOILIGAL ratip Enge by two
h . > . .

o1 SR BRI Broddl ABRNGY SRS TRl Sugls?

sanpl i N 4 gefetred @mbointtunk, ainhlgses of htolscwigribasadwhdimadétular acids

can be chosen, for, exanple, based on required |ower

detamlesdRelnden ysingriop gbrogagressiyanctherlso feontamigantpasridentified

t h@hrew?e%%h% At uQHti¢6°d &E&; B SEP1et Pdviduat 8&5@5&&%&@@

W an uptake rate of 1. g per “ppmper mnute on

t handedb BBppint vaibidioarpradedi. ddkdeivabtRctidroligis@IBOtE dhese

degree of uncertainty, by the analyzer technique and

i ngrpmaegtaphicgnetbags is peRroxnatelk Atli y&/mn gerigdividual component. In
. | .

oo B Ao R DRy AR ARl 05 ROl Gl are

upileed atifg hpat Hgromatgeaphr(G0) @foiphedlwith aanb e¢lecte detector
r ppb per mnute on the absoertive material is

gg(sggh ahfer expyple, 3 Blaseinsqtromgienand T heyma desaipiioy Sygem (TD).
ok _ . . > . ._

PN ML TR DRSS SRRl
enhoditeenith abbRingnahyaefircef iRk st dohi st SvithIEOL bO Afro¥imately
instrument, which is tuned to transmt only a si n%l e
nafl A&/ eRs iRdvidnalmpogento Individud componens, age thegeby

 ne TS\ s ST bt o@Dty B BB R0
duglabmen gfpiid peakl pbaticiet Biine@ntbodingdhit,@ntandhart Bb&JeaGhtions are

to a selected degree of uncertainty. Preferabl% t he
s afipng figd peains Ao gnalytiqahetandandse fares Amalsotlusse #nd hegpdecane.

about 50.mn for I hC. 3 h

excanpl ot 115 bradefoR GG RTh A B hen A b by chblen
Ngbspd oAt RAtcaiduads plopédsing si@tt@rana prodettoavitt fha@gethods of
area in 5 the range from about 620 cn2 to about 1440

c nthepsgsarf 18veatog afnanpligheher eemple dhens gmbaimen|af gagsive

cont 1 © . i .

¢ BBt 5 355 S SELERTBE s PR s s

I an Ry boitifiy po@Y torldmimanelepdeatdd. thlongl Rt 18k, This targeted
enbodi nent, for exanple, usi na a 1/ 4" Tenax(rl?g t ube

anePriargmantqagwervas for pranie as adepsing indivatapgat 1o tigese

SRR, b8 PGk A LB Rk BRI ofly 5 bl o

motchetyidgrteé efadhlcyntatni@nanal yzer uses a detection
technology that is inherently sensitive to, and can

i dent i f i cther eghademeytsddeutificationpets wagaf cantymingny masses is
CORCRIy ! Bbd é%%ﬁm (1]% ?ﬁe %}%I’ﬁﬁcgli’ﬂgeﬁrs{’ LM BB Pl BurirBidefP! ©

approaches
contamination effects in a photolithography tool, the target contaminants can

comprise high molecular weight refractory organics and compounds including
carbon atoms within the range of approximately one to thirty carbon atoms C; — Cso.
The first order contaminants may comprise high molecular weight refractory
organics such as, for example, C¢ siloxanes and Cg iodide with an inorganic

component which is not volatilized through combination with oxygen. Second order



contam nants using a anal yzer 2840 include, for
exanpl e, gas chromat ograph/flame 15 ionization

wdeb@amsedon ( GCFED), and conbi nati on chr omat ogr BoNSMEH08944
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spectronmetry techniques and instrunentation. The
anal yzer may include any systgmthat is capable of
nmeasuri ng organic corrpounds at very | ow concentrations

i ncl udi.n but not. IDwth

w ORGURITS e coraares b nolesn s sy orvastrlhgs Shesample
S ReHtPoR B 1ﬁ¥1uﬁﬁ%|@bo¥i" a&ﬂms Rthitd thM ke 8f approx1matel¥131x to thirty
preconcentrator, a photoacoustic 20 detector wi t

Wi damattanp(@c—oﬁmzni“mad order efificttd ¢dB anis¢ tye wrthwpmttammaiang

reco ntrat or natlonthere
R PR SOt 25 1o A6 DR IAE e to six carbon
t e Rt AHGS1ASer doRBIiHARS ] d@ or n% ARfds WG aD B eREBpROfethane,

limted to, gas chromatography specfronetry

( GoABjaye hpmuxldlateﬂy on@too@vaxp\rbonr@mns spect rometry, and
hi gh 2 rfo nce |liquid chromat ography-mass
Cpoct 1 ey PR eIt e cRARITABR Lan CORPS o g gud
SﬁeE&HH et &ﬁtaﬁﬁﬁanssp&%ge%@ dnd s'eEb?IdrdeT@r%nfaﬁnﬁéftﬁilg%@?eEts have
narrow nass-to-charge ratio range of 1Int
c aawgmaeumqmct o fha cortas¥natieh ef bpiical syseanss thaw thind orFourth order
exanpl e, for t ypi radio-fre ncy, nul ti pol e nmass
s FeRtaghEtts o tP eg}%ﬁﬁla{?el’tt% W@’Z?@Rghnf‘%‘ﬁs &Eé ifplmentation
c e 30
sgﬁcgg g’nf oot g?cblé 6@ tglil?t nfé/ﬁi gﬁg&@ng ét?gg{ca%ﬁrugarrr%étjer IS
t r ansm Reéfemmmpgtalgain toissae 28, dh aagens endtoidonemds tlee metholls for
[ a npss s roneter.to transmt only a narrow

t uni ng 1‘8‘@ g
maE?éSl & IARTOIERE9 (B e B I S a0 s 89 Rrocesene Sy sieget the

¢ prpfent BRGSO h R ficc b B o ARRER: the Ahd] O flter 2850
brmfaﬂesemcmdmctmg ptrfce$s|ing smat@m Issed dtrlease trgpart dmoee or mo1e
preferred e ﬁ,aof nol ec | ar. bas

mofostapigants, eaigﬁ E @ga @éﬂta&mﬁ}j ¢ 6ﬁmgﬁ3 fe Iter, multlple
C {

BT s SRR B g
i nebinditbualf addder basatl ioanhestane@ration afid lav hOHingipoint target

calibration proce The Low Detectiop Limt (LDL)
of ConfpzaIgant oy Rﬁlﬁﬁtﬁgglxab%h the r@it@hoﬁ@s faeAehr s Gpn gerye, for

o .
cnboiPrant ottt SETRC T o bt Bl Eblfinay covel
s afapices the ﬁltelethali ytheotargst ogntanmpastsc Thesvahethodsancl(iB@y a step of
equi &@ed W t h rrass el ective detector 10 (such as

f o§Va gp{% p@ferg Hgstab orEstALios PEtwWesh Ofte 8T FagFe low molecular
aAnadivt

(D_I_e%%% dy\/%gboiﬁ}s{&% %{&: %E?é ord H%gggélgéué an gltat lfg)ﬁ{ ?ﬂ@st t6'8etermine

antak gomdition dfthe filxer ‘Mth gespeam@ a ahelbemofe dmm;aalam df interest.

hi gher vvlth L of roxuratel 0.1 ug/ nB pe

i ndi vi i IRpBS qrrP&FS&YedﬁﬁlllthfB}%ﬁﬁ%tP‘%lmaé‘Fﬁjm a

th r [

< p%%tﬁ?%l%gt?gbll%% ﬁl.'éﬁétg‘grlgﬂ{l%ﬁgt“ st OMuBidPABS condition of a
filter preferably include sampling a gas flow at a multiple locations, such as, for

example, upstream, downstream and inside of the filter.

In one embodiment, the methods for passive monitoring of contaminants in a
semiconductor processing system of the present invention further comprise a step of
measuring at least one of temperature, pressure or flow rate of a gas flow 2860. In

another embodiment, the methods for passive monitoring of contaminants in a



15 chromat ogr aphi ¢ peak position. In one enbodi nment,
contam nant concentrations are quantified against two

wanedsyosessal st andards, for exanpl e, toluene an#CT/US2004/008944
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hexadecane. It is to be understood that techni ques and
instrumentation can be chosenygbased on the

sem conductor processing system and process to which

the nethods of the prese i nvention are

e RO oR R GREeSE SRR AL Ry EaH HERRERIPHGE btep of

CORbABr AR Foabtibnd of \tén&;%?atﬁ’tre ahtl pk&Eurd g h 53 inlthe se?ﬁ@&lcﬁlfctor
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propaysing dystdm 6&@01 Tltme fnehstuecmeﬁlfh cm heawsge teprovide increased
cont am na can for exa as a |eadin
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e nvothariemtt spndedeatiorn inGaemirondhctar prangpeingfsystemtcambe dctermmed

ses is desired. For e lLe,. .i nitoring firs
Fh CORRIRAT: SPeRBAPCRTRUTed in DiartHE Shvp g dheges
' il Pﬂ@tté}hbérgﬁgé' ﬁﬂrﬁfegs%l asstifdf o AEGBLHANERAMIIARY Sampling

can conprise high molecular weight refractory
orlgenile edditidn,dbevpopecidure rbssdierapd fivav tadmassunsnanits danrbe used

the r e of a roxumtel tothlrt car

it b et rArTete Tyt Sateling 1 (oadidgs ot My Sevaluate
h'tﬁ@cmlﬁ&il&iaa[ﬁ}f&'o@*ﬁﬁtef {eﬁptory or gani cs SUCh as,

for exanple, C6 siloxanés and C6 iodide wth an

i nor garﬁtmcturesmtdmumltom;méms suitable foothatstdpi fabasimingLigtlude,
conbi nat i %n Wi .t h en. cond order /286466
; g ahose st it RS ety e SEFIrBR the
nﬁ)‘: 5asﬂﬁh§@§60°rﬁ&%ﬁfe§ $he éﬂlggraﬁﬁc, X APy rate }n aregion
ounds 1 nclfudi ng carbon at thin the range o
amnlyamntrthe ptoximabentl of thvi aollyctiomatchae. & onseriiBlime@30e step of

Third aqrd effects can arise due to t cont am nat.i ng

o FPBEPENG 5G| aFIES BLERPSEIES PretwreRd fIoNaHs in @ fegion
8B LS M FiBRr! Rsiab SR Abubidi 91]':%th':°urth

pagiir cont am naér%{lsﬁ)lrnc 1ude eor ga%%cl:ls such as, for

exanpl dn ometchdodiment, i mhthods foppasxvemmomtoringrod contaminaats in a

car bonnatorrs I n ot her eg;%odl ments, targ

YA aﬁ%pr@a%%ﬁwt?@ S rerent byedind fghesageEaseD of
<]
o b e L RO ek 22 fop 2570 Tn

¢ cmbtirr aabodiment, tlmqaheihadis Ry pasive nhdmatoring iof domamfnantstit a

order, 10 contam nants. | n these enbodi pe t he
anSSP’;}‘”zOé’rdu?t@EH‘i‘?Fﬁ%ﬁ’é’g saﬁamm SRS RIRSSAE WVPRHPD %@Bﬁr SHIDyisp a step of

gﬂhﬁnéaét léééf"@ﬁé éf"‘ g cla zgn'ésgﬁrg oF a G AR E&nductor

rring agaln Fi I'n various e I nents,
t hﬁomsmhg dystém t287 (pJ amsrameumnbchd:mlemg, the siepf eergutaang segultates
a sen conduct or rocesiq g‘%i system of the present

| BRETBHC-AFSSWEr O 2 leapleip DTt BN BpaTREenegtSRRVided by
conghitd:Bf Shtedr. i t er 2850

The step of regulating can be used to provide increased accuracy in the

quantitative determination of one or more contaminant concentrations in the
semiconductor processing system. Structures and regulator systems suitable for the
step of regulating include, but are not limited to, those discussed in the context of
Figure 27. Preferably, the step of regulating 2860 regulates the temperature, the

pressure, or both, of the flow of gas at least in a region adjacent the proximal end of
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| east in part on one or nore contam nants identified

woyodhscsmnal yzer. The filter may be a single fPCTAIS2004/008944
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multiple filters or a filter system In one
enbodi ment, the step of eval uaging eval uates the
condition of a filter based on the concentration of a

t i BRI EeRe i onS pPac R AR or PER A S dpgulates the
S efeMPerabiRE andzﬁfgm @regﬁ)% aﬂ%' do8Rdb ﬁglomgﬁllﬁ’é&,r in6i@e the flow

Preferably, t targeted contam nant travels faster
i nreghletok,idrtbeth.t han ot her target contam nants. These

met hods, i ncl, udi n of. eval uati

a.ste ; r ef er abl
cat bl | BHSUEGRPEH A e SRS LGN OB R U4 TS g methods fo
”U&&Sét'ilh@%irst‘{’&hgﬂéck%%ﬂ %@éﬁi&ﬂgu&&epreeesﬁﬁg Qydidid l&ailn§ a

nol ecul ar wei ght conpounds to determ ne he con
of diffeeenfial pressumsithbniteespect to a one or nore

contam hants of, interest., 25 Further,. the nethods for ..
passi veﬂ’rﬁ’ﬁ’i“ioé‘fi?ﬁ@r RIPOSEREINF FHREHOD; of agstr EWr?&HE’? gritical to

pr %%ﬁir%%y%ﬁtc%]ﬂiaihﬁﬁét%ﬂi. rﬁ%headr (ﬁﬁzaﬂfcuﬁl\g bH@H M9ht BSkflow of

condition of a filter pre eraﬁy i ncl ude sain;l ng a
gamn ditstrearatirom thelttack limto lthoecsi¢ppen sTymerdly, ths aikiogam flows from the

exanpl e stre downstream and i nsi.de of the
F 1 TeRRer 9 BAk. HsSHARGHE AR GHEY b AR P IgHERY Be
NORidIRELBD cRsing Mt t@]{ya{:krﬁgﬁ intd't1fd stei%geﬁ' Hch Qxﬁg(tl?étcEBn can occur,

processi ng system of the present venti on er

c ofvp ex@eple, whayn mocessigsonliingoped] 2 astcessine tobl door is opened, or
t enper at ur ssure or flowrate of a gas flow 2860.

| n? SYSHF5E #E ﬂt@%ﬁ&i ment, the methods for passive

nmoni t or 4 /g T ) i

PCT/ Usz%%%%%tgg%{ig A0 Sad B u%&‘%o%?léc gﬁ%ﬁg Fot oxample,
of durhre tprieSentontamannisdn thaurdckenn be iprédiataths seppafand

nmonitoring at | east, one of tenperatuyre and pressure of
a RUEMAYORE (odby eRifd @fflﬁrphowﬁe%@%w&%g?@w@éé@ﬁw stepper.
These NRARULEIRDIR: &n@ﬁw%ﬁt?ﬂg%rgvﬂ%@f%%?erh Zéifﬁﬂa%ﬁg airstream

accuracy In the quantitative erm nation one o
nobaekflowtuamigraadiffersntidpcesstreandmitos. Innprefeered embodinckuts, tre

rocessing system. For exanple, an average )
C oRIEHR HE RUQORBBIET AEYSOR 198 deteching Basiav gpm the track into the
pr Q@;gﬁ:ﬁ' Réfe t5 'Figﬁ@ 268 ﬁllg%?gtéﬂl ﬂ@‘@ctsfb'éa{%cﬁv in a semiconductor
ete e

cont'am nant cénhcentrati oh rmned int
i derotéskipignygstah epmpsising ah hestgam sdukav290at(suchtasnfoe exdmple a

and essure, assumn sufficjently equilibrated
S i) Aer & BRIy TogioadmOs i(iﬂ?L 2 fer PERRe. 2 R o8 Syftem
Z%&%}%&% Eﬁﬁ?eré‘iﬁﬁfg{egﬂ??@ﬁﬁnﬁm%g cUglﬁ)ﬁsﬂlg r?'gfﬁtsttpressure

ments conprising a step of evaluat e
c omdasuiremnend flevdcd 290 7grosttmned afl thea biestreatmesotoored DIl camdaf seeond

filter or filter syste Structures. and. nonitor
S yRTEEWES WEqsuEgmpent féyicq ogtosihioped pleths H?W@Y Tegianp9e3. In

bU§esb® opQhtidd &F i oSS | e
S T R A b P M S
nmessiceesrstréan 280 srgataieraharpingbs pressurag Py, ihlthedelavesy regioa 2903;
' egr{dotﬂe airstream 2911 flows from the source 2901 to the delivery region 2903. This

situation is illustrated in Figure 29A.
The differential pressure monitor 2905 monitors the difference in pressure

between the pressure, Py, in the source airstream 2901 and the pressure, Py, in the



15 adj acent the proximal end of the collection device.
I n one enbodi nent, the step of neasuring 2860
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region adjacent to a flow regulator, inside the flow
regul ator, or both. In one enediment, the nethods for
passi ve nonitoring of contanmi nants in a sem conductor

processing s he prese nvent. on f.yrther

coﬁ P@éeﬁogﬁééﬁ ‘0 31 &g %&tﬁwgfﬁath e gressure monitor
t 0

g
noni to rWﬂngn dfe presstunPn anthe dehvery region 2903dis gteater than the

processi ng sy tem of .the pr invention further
cd?FB?SPE,ee a Wt Hsgrce qu)‘qugp‘gﬁgﬁg copdifignsmay gxistjor airstream
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or both, based | east ipn part,. on measur
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r e&HLé'&ﬂdﬂQtoF c@s%mg%?% o0 Provide increased accuracy

in the “quan tat| eterm nati on of one or nore

cont ani Figites GOA&)E itlastradnschematié diagmersi af@anofihet @nmbodiment of a

processjng system Structures and regul ator ste

S ulavisTibatica Tvtongs %9@&9%@%@& %Wlﬁ%@n?lﬁarl ot pgpitoring

ar i £
08l e 4 ORGSR LISl

r eg]A tf asilltdtentioe msﬁenaémbc&hmbhteof the emwanteatoratevivet30;50, o¥ith a

the flow of gas at | east in a region ent the

pr SRERI 20 P %%@WW@B@O@@WUS%J@W? e@fgﬁgce 3034 and an
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N e%g*elgtﬁlﬁ%fa%g ggg(y.r elg ea%bggi@? %QPLSH&&T%?%%? gg%f 9%oncentrator
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inside the flow_ regulator, or both, In another
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semcC
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pr @abetdiment) thetcompohénts ard mowmatiigt lardware 0€Bipjureg,30BRIOD are as
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cofleBil i ng syst em cont ami nati on. One area of

t I f t
From che 10 2R PR TR O Dl cally. the

ai r st r eam? ioays TeflanEIboer Udidns0epper to the track. In
certain situations hovvever this airstream my be
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S

processing t stopped, a processing tool door is
opened, 1P x 184’ stsdighn Teiflon fUrdiéreB0deai | s. M sdirected
oy annl ol Y AR COmpe siatmies? Steef 088 Hdipter 3007 "

1/8” FPT x 1/8” Comp. SS Elbow 3008;

25 Micron Particle Filter 3009;

1/8” NPT Male 2E Orifice 3010;

1/8” SS Comp. Tee 3011;
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1/4” Teflon Comp. Tee 3013;

Rubber Multi-Tube Holder 3014,




15 during backfl ow contam nants in the track can be

forced into the stepper and potentially onto to the
wopbiase4sb t he phot ol i t hography tool s connect edCraskdoe/008944

stepper. I n one aspect, the present invention provides

a system for detecting airstregm backflow using a

differential pressure nonitor. In preferred

enbodi n provi des a system

for de?gﬁé%W§y53@k$W%a§&ﬁﬁﬂﬁ g ?ack into the 20

stepper63§@yﬁmﬁpmggquﬁ%ggﬂﬁ629A the system detects
0

backfl ow I n a sem conductor processing system
conpri sl/Agxdvr8’a8S Bulkbead Snion8012901 (such as, for
exanpl e k d del i Yy region 2903 (such
as, for ézéﬁ%ﬂgﬁ m?@e%@%F?r3$§L system conprises a
5 differeﬂgﬂgﬁ PLESSHBEL | §0@k. 2905 conprising a first
pressure measurenent device 2907 positioned at the
ai r st r el sdd’ceS Balkbeaddddioa 3924;,0nd 25 pressure
measur epent devi e 2909 positioned at the delivery
regi on E@Jéséeadr%ﬂ) desired operation of the
sem condy¢d ano roceSS|ng system the pressure, P1, in
the source arrstrean12901 is greater than in the
pr essur B4” R3, 141 ehdxeTwbel doutaining agpuo h5@AH 8f adsarpdive neaterial
airstream 2911 flows fromthe source 2901 to the
lodeﬁqakry region 2903. This situation is illustrated
in Fi gu{Q» 3Qfon 3 s.ff.grential pressure nonitor
2905 nonitors %? légﬁperehce in pressure between the
pressurHA”BSIKmm)ﬂhe39ﬂﬂrce alrstrean12901 and the
pressure, , in the 04/ 086466 ,PCJ/ US2004/ 0089
-51 del T%Eﬁerrswreﬁn@ g¢38 a\ﬁﬁr@h mepiipEng Egyena lfsh%m zeduced in
t hﬁzéjrilgilfrfﬁ Swlb@éucp ra@%f‘éﬁlﬂm lﬁ@éong&%%ovof(gw atgloxgolume of
exanpl e,” no si a si'g Icating nor
15 ai cdﬂta:mnant\d\bﬁnbe btﬂleptedsrs theeﬁltePEystem otféremdﬂiemae Dt]ume if the

region 2903 is greater than th pressure in the
%F&’@faﬁrfl@éﬂeé‘é?ﬁdégaofﬂ?f et 695 lavesy- é%@rreta ¢ogentrator device

| AL RALERARKL S Rionc Tl Tor i Tk in s coleion
pr éssce 32T ean bizo ik9&5e detvedirse bhatteR2l dodlegredatigh idilers
the differential pressure  nonitor 2905 provides a

m(cﬁmgu@dsqw&r beilag painfscaieibat abaut bR KE), sueh a5, fop example,

20 SO R EREP L PP e o e

a Piferslay| tietdtilahase an acﬁs@ﬁﬁivre@ﬂmtaﬁalg sGENES Mirfertb@ple] Merdix® T.A.
contam nant and filter nonitoring stemin

Sl %Oérgéﬂﬂésr(@bdmeﬂwﬁ%l eshodipront, fes tofabaest of
PSR QR it i 6in (RO AnES 680 ol DS BPTe OO

cover 3EmotHer plB6&imeRt) dbﬁﬁpmd“rgat@ﬁﬂs esagd iinheiconéctidn device
inlet interface 3054 and an outlet interface 3056.

25 Fi ATdnclode.ifer eamply caden raBswieh ag sepAigd iy, foF expmple, Supelco
¢ o@aﬁﬁln%{soé bl er&g’ocﬁl%g ts uﬁ:l&ﬂ%@o%lrfg% 8(9th%15 %ﬁﬁ@du\ﬁents include a

a concen
combination of the collection devices 3027 for high and low boilers, which can be

arranged in parallel and/or in series. In addition, the collection device 3027 can be a
single device instead of multiple devices arranged in parallel and/or series.

30 In preferred embodiments, the concentrator 3057 includes two series of
collection devices 3027 in parallel. A series of collection devices enables one to

better resolve differences in contaminant uptake along a length of adsorption



30D is an assenbly drawi ng of the concentrator 3057
inserted into a mani fold 3059 having an inlet

wonb@ErBewe 3054 and an outlet interface 3056 wRETAIS2008/008944
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one enbodi nent, the conponents and nounting hardware
of Figures 30B-30D are as fo_éé_ows: 20 4-40 x 1/4"
Phillips Head Screw 3001; Conp. Tefl on El bow

Uni on 02 1/ 8" SS Tub 3003 (Fi.gure 30E is a scale
drBgeH 8Fa”éﬁ éleecﬁﬁ OMWI%SPO%GSP§71%%%*§§ YR a%%%‘fng the
1/4" v T
léqgﬂ)f o#é g%%'g essal giﬁfe 1(53@51} g&b@ E‘ea:%&? y ﬁ%gbt%/e%the'r:f Tn
FF&Bmpaﬁécﬁi‘ stighnpsol B nbk baxtwReH 8 sm@& d\Allectmm dexice] of egual length

Filter 3009; /8" NPT 2E Orifice 3010;, 1/8" SS
CdAhe spEgs. 3pHse bS%ﬁ“i‘? @n% 9% IS logt/dpe to

| .
w6355 aﬂ%%%%ﬁ%%z%%?ﬁ%‘%%8“‘%\4‘5"??5%%2% E@%‘%?fy“ s
Tylositidalatteng tRé RhgthI@ h8sorptivedRateridll 4" Phil | i ps Screws

3016; 1/4" x 1/8" SS head, Uni on_3 x 1/4"
But t on FRvRE &9 wt%tza% lﬁglﬁsalc%anﬁ@oﬁ@é@mo&vm Kheaallel is

S o M A Ao B e

ab@hﬁblﬂ@mmhaxfonmﬁamtanwlgsmhy prdvaidmg 4 he3812¢ pf thie8/ariation in

Tef | on, Tubi ng .3028; and,_ 1/ S Conp. Tee 3029. The

f i qo@‘é‘?“%f’%erﬂl?srhﬂ“ﬁ%ﬁ“r@l getpqny C%e&ceﬁﬁtﬁﬁ) prgvidig measure o Variance
ﬁ{ﬂe% 'Aﬁ/ € %?:Pp §f 51% Qféﬂeﬂ meééhﬁ{%nf"ocff 199 sﬂb&%’(ﬂa@ 1dent1ca1

suc as, or exa e concentrator 3057. A grea

Vdeﬂﬁﬁofﬁolle&fnrﬁﬁvthBMq)MI izdllesdtatedlah @mgurass 3(]Baand 30D

filter system over .an interval of tine |ft
Figures 31A-31E illustrate a schematic diagram of a system for monitoring

contaminants and the performance of a filter system in accordance with a various
embodiments of the present invention. In various embodiments, the system 3100
includes a plurality of concentrator devices 3110 (such as, for example, illustrated in
Figures 25A-25C and/ or 30A-30E) for monitoring contaminants and the
performance of a filter system. The filter system includes an inlet interface 3120, a
filter module 3140 having a plurality of filters 3192 (schematically illustrated in
Figure 31E), a HEPA filter module 3150 having a HEPA filter, an output interface
3130, and a compressed air inlet 3172 for actuation of system pneumatics. The
outlet interface 3130 can also, in other embodiments, be coupled to a vacuum system
if evacuation of the system for determining contamination is required. The inlet and
outlet interfaces preferably have sealed surfaces for environmental isolation.

The system 3100 includes interstack sampling ports 3162, 3164, 3166 for
sampling the gas stream between filters 3192 or after the filters 3192. The system
also includes an inlet sample port 3168 for sampling the input gas stream prior to
filtration and an outlet sample port 3170 for sampling the gas stream after the HEPA
filter module 3150 but prior to return through the output interface 3130. Preferably,
the system also includes a pressure regulation device proximate to the inlet interface

3120 and a pressure gauge 3180 to measure pressure in the system.



tenperature is reduced to, for exanple, OC or | ower.
Usi ng a concentrator device that includes absorptive

worb@rosedes such as, for exanple, Tenax(r) T.A PCI/US2004/008944
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coll ection device 3027 can al so increase the vol une
of material collected. High b_gh_l ers (conpounds with
boi ling points greater than about 150 C), such as, for

exanpl e, 20 organi cs hayjng o e six carbon atons .

are ge roalmeylba%a%é éb%f%?é&l%r? i40r1.nf@de Augip yalving

¢ ; . . ’ .
oI5 o no QRO SRR RV sl F31e 8% 3164,
grHions3 (a3) 3170byathe chrentatbndévieast3 1 10.hA dinglatormrastsatof device
adsorptivui,nateri al is. in thj rangl()e from about ?1 051%

t o BT dple cAnCERBRIREACATS od | e Do Wise &7 propyer the output of a
TR Bpy ahg Yot B siife 13 poELIRRARE e Hordadple, in one
byembodimentaond encSumedraevice dhl i cosrdttédoeatiodl the fivs sampling
including | ow bagilers. O her enbodi nents. i ncl ude

cdifsinaR Aeptherrembodiraenty napltipls rogesntiatar dswises 340 qap §ﬁ connected
| ! e .. _
2 g0 Sl i po 6 i) EherBicbABBRHuioR B Eln i

30&ficipatedite ba lovs,isncih as ated alet seaheagy poit 3070t | pl e
devi ces_arranged in parallel and/gr series. 30 In

pr ef er r B¢ StsBuGaRhTacr Rl rrnbiol Fripropessers FIGhTE |2 pyeRortional
¢ "mtegf‘di o rcﬁfe afiPh E&‘&Icﬁl %dﬂfé‘!'&E@eﬁé%@Mbdﬂﬁé lihGhdes”

seri s of collection devices en es one to etter

r edeadtronicdily temteoiedsralves tontpasd ndaty cyple dkesaalpding par concentrator

| ength of adsorption WO 2004/ 086466 PCT/ US2004/ 008944
- 5ipviRst e dntifacie fen be Reossammable; dhe glegirerically controlled valves

OB SRR Ay D L CH0N:A1A00: Wi 00y e
t heldedsh éregpotdrtial eogealbads dPrefesatdy) theswitmullednalves drost

when a single collection device, of equal length to
t Heppliedly seiiairdaritheqmaprewed elvgn Anpendence

i nf or ' ' : ' '

t o 1 ndEfbsl-Poll3bn difydCotine AN BANERLEIUcRbeHbator
podavide@an laovide quaatitacingtukd qialitedise mpdasiwes ofthe cCo@bmination

Havi ng two substantially. identical series of .

c INFERE INgheasatieamdn thy sgaiconflegton Wocsssigg SRYIENIIEE o ualysis tools

h . . . . . _
SR SEISPREHL RS LR SR AL AR conappn. 1
bympy al¥é gravideaforemaitongdf théper¥@fanté ofthe filtdOsystem.

coll ection properties between coll ection devices and

pr ovi deliSomssahodingnts, e cgpeeatratop deiprs cgh g cogld using a

SR L CORIAL AL AL SO BRI o] rchdlfl condensed and

stanti a ntical erres o on devi ces
30cblletted paing theelowi t8mpéiatisd srabetimient. FA deive@sudder afighps are
30D. Figures 31A-31E illustrate a ,schematic di agram of

a sqsirehior e lnwipmpernivge crebatimanirinredhaprgaripgcan be collected
e eEE B G, Ax etk Bimd SHRILY BEEAARRIAL LR Pt
v aihtlds hedrndts nedisspatt bie eyséreny3ditrated.
The claims should not be read as limited to the described order or elements
unless stated to that effect. Therefore, all embodiments that come within the scope
and spirit of the following claims and equivalents thereto are claimed as the

invention.



includes a plurality of concentrator devices 3110
(such as, for exanple, illustrated in Figures 25A-25C

wanai4/0864680A- 30E) for nonitoring contam nants BQW/USk®4/008944
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performance of a filter system The filter system
includes an inlet interface 3120, a filter nodule

3140 having a plurality of fiTters 3192 (schematically
illustrated in 20 Figure 3%§%AE@ HEPA filter nodul e

3150 having a HEPA filter, Pput interface 3130,
angha icoapessed air inlet 3172 for actuation of

system pneunatics. The outlet interface 3130 can

allso, iApasivesamplingsystent for nivmitodogtadarmantsva e gemiconductor
system if evacuation of, the systemfor determn ning

cont aniPRACFBRS FISIHL GAMPEFNEThe i nl et and out | et
interfaces pr : 2

envi T onment o T ot e R S S Ren et

I nt er stpacdessagrplsteng apdrt s 3162, 3164, 3166 for
sanmpling the gas stream between filters 3192 or aft .
the filters 3391’@2‘?*—1 VIcG SPRIFNIRG ARbspiRiyg &at%’ﬂ%liait ?%‘tﬁ{e"tmn
sanpl e ROLCE bt el SRR 8ioh MG R YhmBR Jins shE Pt the
prior to ITtration and an outlet sanple port 3170

f or sampbirptivd fetegakresdivesaacadtbminahiey dERon ffiont the flow of
nodul e 3150 but prior to return through the out put
interfd&®® 3130. Preferably, 30 the system al so

i ncludes a pressure regul ation device proximte to the

| IE et iﬂe%rggtgl%eof c?a&i%q ﬁﬂﬂle?g%ﬁnfﬁ% gggﬁﬁg@.}%g&sﬁgsed in the

Measure pressure In the sys

PCT/ US26$1:08%6h thabthelTovworguiaip ectiulars a floRefhd frém the
nodul e 3140 i ncl udes an adequate valving arrangenment
to al | oamicondveiproeasping Syston te aproxinplond of figgallsgtion device
ports %%g 316844 3166, 3168, 3170 by the

concent rator “devices 3110. A si ngl e concentr at or

device 3110 or nultiple concentrator devices 3110 can
be; usedrieqyiemi drefaithe whifeiiihe @hm@leTine 3R 18 cBRkfunfAtdon
collect a Sanple for post-collection analysis. For
exanpl eyith the semicopdinbeti precessing sgstenp susdrthatdhe flodefiges
3110 i s connected to each of th? fivgﬁﬁﬁgyling ports.
I'n anotRBPTISTHRS iAo ocatieY st ‘or devi ces
3110 can be connected to a single sanpling port, for
exlﬁl_rrp! Crne¥iitin c@%pﬂtiﬁr@, %tefeﬁpth%%%ﬁfétlfr@tié 4id communication
antici pate o be Tow, such as at the outlet sanpling
port 3lwith thtQerhlvendysdreprocasing systdne sudhrthbtitbe flaw of gas
control | er/ processor, ;such as a prop%rtional i ntegra
cont r ol 9OBITISRTRaS Troyh # fenrtiony Rt am AT 3 {HeE ed

enbodi nent includes electronically controlled val ves

to. i npose. a_dut cle for . Lin I..co £
achi co. TURAg G ol 5 Wil BB AR oG Rblhation
el ect r agitie flelsymg@n b Recessihy efstert aichaisl thé flow of gas
enbodi ments havi ng high concentrations of inpuritjes

as t heyopmmisasgasdme s focatien peidewt pailteper bpfweerngprics of filters.
Preferably, the controlled valves are pneumatically

act uat Wi t h conpresse cl.ean. dry air .
é, eﬂ-le system of claim 1, wherein an in erXal surface of the sample line

between the semiconductor processing system and the collection device is

substantially equilibrated with the flow of gas.

7. The system of claim 1, wherein the semiconductor processing system

comprises a photolithography cluster tool.



The post-collection analysis of the material collected
by a concentrator device can provide quantitative and

wqueddiosetes ve nmeasures of the contami nation preSEMIS200M/008944
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a gas streamin the sem conductor processing

envi ronnment. Anal ysis tools 2Q.such as, for exanple,
GCMS or GCFI D can be used to detect the contam nants.
It may also provide for nonitoring of the performance

of the filter system_ In sone enbodi nents the

chcent Fhgrsyptemneafican) Ig athersén thedlosyrogylapy cgmprises a temperature

t her noe ri.c, cogl i devi ce. Organics can be nore

readi | yljeg%c)%tgcel%lggdpog%ﬁertol | ected using the | ow

tenperature enbodi ment. A fewer nunber of traps are 25
regui r ethd Qteld6t AW 1, Wﬁéﬁ@iﬂérfﬁ)v@fggﬁﬁtdf%’gulﬁém& floR€of gas to
organi cs can be collected post condensation. An _
enbodi reflow gdte itheranvgetfmp bt Or3clitsxsgnisntocabout Y titeheémin.

i nclude heat sinks to dissipate the heat energy

generated. The c| ai.ns, shoul d not be read as limted to
t Hd- destis HeERi Aok WheEsi feabsrRilus maleral CORTIFeE fat

ef fect. : odi ments that cone wthin

t he scorge &élgja%ﬁpgg%}ﬁetgﬂgf the follow ng clainms and

equi valents thereto are clained as the invention. WO
2004/ 08pukbdy sl LR R0Y MM AR the abBSrp ke nMariaMibatprisss a polymer
claimed: 1. A passive sanpling systemfor nonitoring
cont ani svghes Terex®.sem conduct or  processi ng system
conprising: a sanple line in fluid comunication with

a sem cqnduct or .proocessi.ng syste a a col]ection
el ce. Lot Tl OBt hesvRiton pafiefoich Bat R
col | ect d(iRetifEAdviee 108dal dxBerft!féh e G&W Stedoh M)

the sanmple Iine such that the absorptive materi al

r ecei vesibstagtaltyawi diffntioy di ff usi on fromthe fl ow of

gas. 10 2. The systemof claim1l, further conprising a
fl ow requl ator djsposed in the  sanple |ine such that

t hB-f | ohng gtemueigamelyfireeompringy BenysyrepRaskiened to
sem co : I ' : | Ry -
the. col 1o ASRERS ke RlcIAR i eBth Mao i Hroriml
of cl ai ¢ndlof thdréslktiion deianple line is in fluid

conmuni cation 15 with the sem conductor processing
system such that the flow of gas conprises gas froma

| okt i obhelsyatest elecdaimo¥ fugther ¢quaprising a regulator system positioned to

regulate at least one of a temperature and pressure at least in a region

adjacent the proximal end of the collection device.

15.  The system of claim 1 further comprising a backflow prevention device
positioned in the sample line such that the backflow substantially prevents

gas flow from the sample line into the semiconductor processing system.

16.  The system of claim 15, wherein the backflow prevention device comprises
filters positioned in the sample line such that the filters substantially prevent

gas flow from the sample line into the semiconductor processing system.

17.  An passive sampling apparatus for monitoring contaminants in a

semiconductor processing system, comprising:



4. The systemof claim1l, wherein the sanple line is
in flurd communi cation wth the sem conduct or

wonroEdseicng system such that the flow of gas eomuS2®es08944
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gas froma |l ocation upstreamof a filter. 20 5. The
system of claim1, wherein thg,sanple lineis in fluid
communi cation wth the sem conductor processing

system such that the flow of gas_ conprises gas from a
boation i e tamt hge b poflon op e mRSg S £

filter %em@conﬁﬁ&o?%r%}:is@iln%fsyﬁérgj fAgl. wherein an internal

surface of the sa ine et ween the sem conduct or
processi ng systleni@andevidecontaidieg dn avsodeivieeatersal, A8 collection

substantial Ly, equiJiprated with the flow of gas. 7.

The sy _eémeé’ﬁu’@ﬁﬁifiwﬁ?omweﬂww@ Q@m}%&m%@ that the
proces . ' .

Gl ust or L aB e HE b B R R TR ERE T e oy of e

The system of claim1, wherein the flow regul ator
COIgpr i SHE dpheiafalned 7, fiedist aingdisilonflewrtgutitbedispdded in
The system of claim 1, wherein the flow regul at or

r egul atthe sarpplefing,fhe floyegulgor weplagng pdlow ¢figas Huoygnhe
from ab P it 1T 5 it '

L ASpLi BSOS B 400N UL S ol
material conprises a refractory absorptive nedia. 11.
The. sy stigpphraélsdf®aim 1Mehekeh thd SarBPIe Wb td ARpEALEbE Placed
conprises a polyner s_uch_as Tenax(r). 12. The system

of cl aiimolfluidicemaivmicatien sythtthasansic fog prasdssingesystenaguch

the 10,collecti device is seal ed exce for the

Focept 1B BF TEBTEAR FURESS SHE a0 A PGy By oSl biflier
13. The systemof claim1l further conprising a nonitor

S y e m . n . o d .
R R R S
col | ectwoin tldeseimi@ndi&odgroccEhiag systmaruc thet the flo¥ of gas
further conprising a regul ator syste ?ositioned to

r egul at @RRISFRES TR @ lefatign i 'é@é#@ﬁ@fgnd pressure at
least in a region adjacent the proximl end of the

col.l ect4,on L.ce. h t lai faur .
cothor i sIRGERRSAR B G R AT s et A hidfinicprion
t he sanpiig id Rmicdnabictbhflocésbibgaakhlsovh bt Ak off day
prevents 20 gas flow fromthe sanmple line into the

sem corRhIIBES BRSOt dilengtiey inside of pdilter R befyiser prsaies of filters.
cl ai m 15, wherein the backfl ow preventi on device

ri . . . .
¢ oﬂ? S”Fl‘?e apparatus of claim 17, wherein an internal surface of the sample line
between the semiconductor processing system and the collection device is

substantially equilibrated with the flow of gas.

23.  The apparatus of claim 17, wherein the semiconductor processing system

comprises a photolithography cluster tool.

24.  The apparatus of claim 17, wherein the flow regulator comprises a

temperature regulated flow controller.

25.  The apparatus of claim 17, wherein the flow regulator regulates the flow of

gas to a flow rate in the range from about 0.3 liters/min. to about 5 liters/min.



filters positioned in the sanple |ine such that the
filters substantially prevent gas flow fromthe

- weamalosedsbne i nto the sem conductor processi NgPEYAIS2I0/008944
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17. An passive sanpling apparatus for nonitoring
contam nants in a 25 senicog% ctor processing system
conpri sing: WO 2004/ 086466 PCT/US2004/008944 -57 a
sanple line having a portion fluid comruni cation with
a sem conductor processing systeny and a collection
deXd.ce Tamimparatuspigirimblgowpeieirethagbsorptaye matp@al comprises a
col | ect ] de ice.being in fluid conmmuni cation with

n .
t he sarfrp?%thtf)Wn S%@Elﬁefnr? 1> the 5 absor ptive materi al

receives a contam nant by diffusion fromthe flow of
9287,  1$he Qﬂg)%ra%mﬁfcﬂil‘ﬂslﬁ@vh%eﬁi b Wsorptifl fifterial comprises a
conpri si ng flow regul afor disposed in the sanple
line, tpaymboswcheglib@x®. regul ating a fl ow of gas
through the sanple line to a proximal end of the
col l ection device which is sealed. 19. The apparatus

of 28| ai Fhegppaigies efickrimnly . ¥hsssibthe apparatys iropfigured sughthat the
ol aced - O ! . iy .

sem con%pl]}%f %éH %?"g(%:eggg?a%g sygétgﬁwlt %ggﬁc%éﬁha{)ﬂfoﬁéar?lf%%s of

gas conpibsatalpesy diffosiva floacit isanplddiest r eam of a

filter. 20. The apparatus of claim 17, wherein the

sanple line is fluid comunication wth the o
seM.condbe pargiesorfedaimnly Bythercomprisingtamenitdisystempositioned to

gas conprises gas,froma |ocation upstream,of .
il ter . mpaidrismppane sod Sewure o iMa tpaion e the prgimal
sanpl e bAd6r thécdlladiish g&nwaIni cation with the

sem conduct or processi ng system such that the flow of

gas conprises gas froma location inside of a filter

or 3bhet WwEbaagpaseunsd exclafm ¥7 furtherscon@Risinprercgplpar aystem pbsitioned
claim17, V\@erei Ee an i nternal sutfag]ge of the ianﬁ:le :
line DbEXiREEACEh LR OF AGTRR GV B SLPIsHeS) dashinrfgeton
the col ] I ' : ' y

equi l i b%(gfg Ct’eeg?%e?) Ed?%ﬁ%l% o%%%? édgﬂa%gﬁ@rg%ém#he appar at us

of claim 17, wherein the seniconductor processing

syst.em ThO fffakBeSofacldhot DlukthBio@hgRiihecd bigkBowtpdelentiddtdevice
The apparatus of claim 17, wherein the flow regul ator
conpr i seesitioned dnPrcampledincsydh habthofrekilav araventiey devis

25. The : [ ' he. -

roqul at SPRPRG KRRt o Byl Ao HELEE R ol ermicanyctor
the rang®cédsinpsghtomt 0.3 liters/mn. to about 5
liters/mn. WO 2004/ 086466 PCT/US2004/008944 -58

32.  The apparatus of claim 31, wherein the backflow prevention device
comprises filters positioned in the sample line such that the filters
substantially prevent gas flow from the sample line into a semiconductor

processing system.

33. A method for passive monitoring of contaminants in a processing system,
comprising the steps of:

providing a collection device containing an absorptive material;



26. The apparatus of claim 17, wherein the absorptive
material conprises a refractory absorptive nedia. 27.

woheo4zgpms at us of claim 17, wherein the absor pPCYAIS2004/008944
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mat eri al conprises a polynmer such as Tenax(r). 5 28.
The apparatus of claim17, whefgin the apparatus is
configured such that the coll€ction device is sealed

except for the rec (;)ti on of contamn nants

e .
subst ant i al | FABYIE 4608 TRARC POAMINARISR Agreflpw feom o grocessing
The appgfat Eg ﬁffgfsko%' Pl ol tiGE ERTRARY 1R CBMRLGSH device
system positioned to nonitor tenperature and pressure

at | easfronntha gaefiown adj acent the proximal 10 end of

the collection_device, 30. The apparatus of claim 17
further conpfPaseHge ¥ thdBrtbsormiiveyuaierial gblenttiedreitpn qighe one or
regul al gl obfiAiinafil Safiblod AoRMETAL oG, ARfl @ Pressure

at least in a region adjacent the prokxinal end of the

col I ecti on dédenti&ingWith Thenadpeandlcas oaé ofthaione d7¥more
further conprising,_a backflow prevention device 15

posi t i oReYamapiscolegizt with theabsorpkive Agterighe backf | ow
prevention device substantially prevents gas flow

8 SAL eALEAPLI hr BEAS A o

backf | ownds esstdit distal &R WhereinCtBBPrdxea8l dnldlié @da?_ted to be placed into
positioned in the sanple line such that the filters 20

subst anflpig qoprpyEgation willsa gasdlew.r om t he sanple line
into a sem conductor processing system 33. A nethod
for.passive i tori.ng.of contam nhants in a.Qrocessing
sy3Tem ThEBHdarSIAPRa. BhEsE BF S0urRednHgrid comprises &
col | ect i amcHRY iESrRRRLAIdM. Ng an absorptive material ;
WD 2004/ 086466 PCT/ US2004/ 008944 -59 sanpling one or
nore contamnants in a gas flow froma processing
sy36.em [Yie dictlfodsifeininf33] Waeceinethe abdopptercaniitdaticommtisest:D
the collection device fromthe gas flow, collecting
with t hBoBsbryiasd chei®rial at [east a portion of the
one or 5 nore contam nants sanpled fromthe gas flow,

angd-i dent ifyi it h anal vzer at l.east..one of.the .
g7 T FE0 e, OBHTGE 8 of FERP RSl ampin
absor pt fdte saBipHng dliratisd. The nethod of clai m 33,

wherein the collection device has a proxinmal end

38.  The method of claim 37, wherein the sampling duration is in the range from

about 5 min to about 50 min.

39.  The method of claim 37, wherein the sampling duration is in the range from

about 2 months to about 4 months.

40. The method of claim 33, wherein the step of sampling comprises sampling
one or more contaminants substantially by diffusion of the one or more

contaminants to the collection device from the gas flow.

41. The method of claim 33, wherein the processing system comprises a

semiconductor processing device such as a photolithography cluster tool.



and a sealed distal end, wherein the proximal end is
adapted to be placed into 10 fluid comrunication with

wea 20\98éd6ow. 35. The net hod of cl aim 33, wher ePaTIS2004/008944
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absorptive material conprises a refractory absorptive
nmedia. 36. The method of clai 33, wherein the

absorptive material conprises a polyner such as
Tenax(r),. 15 37. The nethod of clai.m 33, wherein the
st¥p of%}!?éﬁﬁh‘i’%sg"f&éad‘ﬁﬁ% ggg@aﬁ%mf@ng %srsteg SWplpptng the
durati Qupq; G1PL IR oo WA R bAELAER: b

sanpl i ngngllﬁrggto?gn tl'%};‘ ﬂﬁ Pﬁrecer a@gsghf ror% a%out 51{1% nor%%ne o
about Sflomicontaff@nanthidemefidddyy tbé adlyem 37, wherein the
sanpling duration is in-the range from 20 about 2

nmont hs to about 4 nonths. 40. The nethod of claim 33,

wHEk ei Thernactbedgoishaimatd furigr eemprIiBeRoviding # pynpleAac having
or more Co?‘g&?g%a% attg b3 %?a;égqﬁ‘gltt{) ﬁudyco%%iut%%b’%ﬁl fflfe ptr&:%ssing

one or m na € co I'on devi ce
fromthgsigms flow 41. The method of claim33, wherein
the processing system conprises a 25 sem conduct or

processi ng devi ce such as a photolithography cluster
t odl.. \iheaoahpdabdatn PETrthsp 0ouprddgD4 gtep 06 Contidtionihgthe sample

met hods. of cl ai.m 33, further. conprising the st of .
eval uaditigo ERBIDtG A EFbh PR of Ff pusehgyupipgs of e Sample line
pr oces%mt@@ggm}g?ggo@t | east in part on one or

nore contam nants identified by the analyzer. 43. The

met hods of claim 33, further conprising providing a

saifpl e Thenaethad bfigiain®d 33 fpthret camprdsiagps sidp bbrdpalaning tedzas flow
into fluid conmuni cation with the processing system

44, TheTOmBiORIOBISSHBSYHF®S furt her conprising a step

of conditioning the sanple line to equilibrate at

| egst ortio f._an,knternal, surf f.

iR aBRkER gf e s R Yl BiGe b VTRRE

of cl ai d@nﬁ:ﬁséwetghﬁﬁn% EH¥Rak SloWdo A flvefitdin the eihiga filoftabout 0.5
the gas flow fromthe processing system 46. The

met hod 18frsania; o Bbout Hlitsreinim.t he step of regul ating the
gas flow conprises regulating the gas flowto a flow

(o4, Lk (200 LLOm At 6, LSRNk 00U e
CONPI i SiMGnBerstues ppdssiBATI AT of B8 Shs AEE.

48.  The method of claim 33 further comprising a step of regulating at least one

of temperature and pressure of the gas flow.

49.  The method of claim 33, wherein the analyzer comprises a chromatographic

instrument and a mass spectrometric instrument.

50.  The method of claim 47, wherein the analyzer comprises a gas

chromatography mass spectrometer (GCMS).

51. A method for passive monitoring of contaminants in a semiconductor
processing system, comprising the steps of:

providing a collection device containing an absorptive material;



of tenperature, pressure, and flow rate of the gas
flow 48. The nethod of claim 33 further conprising a

wene@/08é466 egul ati ng at | east one of tenperat uPeTAISLN04/008944
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pressure of the gas flow 49. The nethod of claim 33,
wherein the anal yzer conpriseg;a chromatographic 20
instrunent and a mass spectronetric instrunent. 50.

The nmet hod of cl.aim 47, wherejn.the anal yzer co r&s )
a gas chr or?é%lj?%\ﬁ‘i‘ﬁ/orﬁ’ﬁ%@ @B@E%W@ﬁ%‘[“é‘rga% &:wgﬁm@a.uc !
et Nod d9tesAs SYs¥in BPBihion M 18] oreQ Tt Baiithibirlaftsdto the
sem conduct or” "processi ng system conprising the steps
of : 25 apsayptick mgtesiaol | ecti on devi ce contai ning an
absorptive materjal ;, 2004/ 086466 .PCT/ US2004/.008944
-61 sanpl i ng® ﬁ%tm@rw%\/& agiﬂﬁ’%Yﬁ Hafsrial at fpagt ag%ﬂf’lﬁogéle one or
sem congiielBhianfi ARSI Fif RRAYadd TTusi on of the

one or nore contam nants to the ~absorptive material;

col | ecti ng viderifying wathsorgmhlyzer atridast orelof dlie dreastmare
portion of the on? or 5 re contam nants sanpl ed

from t HOREEERAEP 168'@ﬂt"‘f1?hgl}¥‘ﬁ§bmtweéﬁat {yzer at

| east one of the one or nore contam nants coll ected

widsh t F Ve i al: [

552 uherls ROppeCLARCE R (o R e A 1o iR alfhpted o
to be ylpiard intblaGeticadiaondatet arriwal er carrier. 10

53. The nethod of claimb51, wherein the absorptive

material conprises a refractory absorptive nedia. 54.

THS. met Fwdnethod bb¢lanbil, witeesinithe abserptive magsrial,eomprises a
material .c rises.a | ymer such as Tenax(r). b55.

The netrﬁgacqg‘f%abfﬁpm%’il,g&\ﬂher ein the step of sanpling
conprises sanpling 15 for a sanpling duration. 56.

e R e LS R Bl e

The netpudgnafsuch ad Teak®. wherei n t he sanpling duration

is in the range from about 2 nonths to about 4

nmonths. 20 58. The nethod of claim51, wherein the ,
st¥p of Theanphphgf dowmps | .vdierein thy steye! semeling comp@ses sampling

cont am pnant S ially by diffusion of the one or
nor e cpgﬁ?g%%@g{roﬁéé&éonf he col |l ection devi ce.

56.  The method of claim 51, wherein the sampling duration is in the range from

about 5 min to about 50 min.

57.  The method of claim 51, wherein the sampling duration is in the range from

about 2 months to about 4 months.

58.  The method of claim 51, wherein the step of sampling comprises sampling
one or more contaminants substantially by diffusion of the one or more

contaminants to the collection device.

59.  The method of claim 51, wherein the semiconductor processing system

comprises a photolithography cluster tool.



59. The nethod of claim51, wherein the sem conduct or
processi ng system conprises a photolithography

wol2omitosé466 ool . WO 2004/ 086466 PCT/ US2004/ 00894 2CTAB004/008944
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60. The nethod of claimb51, further conprising the
step of evaluating the condition of a filter of the
sem conduct or processi ng syst r% based at |east in

part on_one qr nore. contam nants jdentified by the

an@(-yz efhe methogiod clain pd giughergomnyising thgstep of avalpatingdlg,

of providir . vi . . _
P oy Gob S MR8 OB B R Lt i
pr ocesspdifjon 8§S bivreGdntaftiganteidbmili«f bycthabmatpzerf ur t her
conprising a step of neasuring at |east one of

tegferature and pressure of a gas i nside the _ .
sefi.condbe methodrod cledrs i5n gwhergistthersten of pRvidimga pelldsbon dévice

claim5l further conprising a.step aof requl ati at .
least oRumPes plasiiie b titlse ot e ioppdd fiprggessing
the senigpmguct or processing system 64. The nethod

of claim51l, wherein the anal yzer conprises a

chromat ographi ¢ instrunent and a nmass spectronetric

i N62.r un®h¢ meflodaf claith e 1 rfetthwdomprisingiarsteph f mdasurdigattidast one

anal yzer _conpri ses as chromat Qgr aphy pas .
spectr oﬂ%ﬁe@PeYa@ER/%@ preggire %%%SH%S? @%ﬁ Sﬁ%‘%iﬂa%"tor processing
moni tor jpg,pf contaminants in a filter for a

processing system conprising the steps of: providing

a coll ection device containing an absorptive nmateri al

i N63.20 ThehrtlodrofdiimdtifonheMcbmpaising latsesp cfevgutating at least one
sanpling one or nore contamnants in a gas in a )
pr ocessPhigmpyetEmangpregsure ok gas ingide e semicopugigypocessing
contaniggﬂ%é to the absorptive material; collecting

W th theabSorptive nmaterial at |east a portion of the
one or nore contam nants sanpled fromthe gas; and 25

i dept i f yhOtheMddbrakiAmA| WEGkinfthe h&ﬁﬁier eepRes aBrdRRographic
or nore contamnants collected with the absorptive

mat er i alnstry@eRi0Ou/2088% 6BcdRCTUB20SMI008944 - 63 67.

The nethod of claim 66, wherein the collection device

h h dapt t b ted t [ f

aag@?t Z;l“ %gle pqg"e aim064, wﬁer%ﬁlntﬂg gna yzer gor?lprqgel'slsél ggg or

chromatography mass spectrometer (GCMS).

66. A method for passive monitoring of contaminants in a filter for a processing

system, comprising the steps of:

providing a collection device containing an absorptive material in
fluid communication with a filter device;

sampling one or more contaminants in a gas in a processing system
by diffusion of the one or more contaminants to the absorptive material;

collecting with the absorptive material at least a portion of the one or
more contaminants sampled from the gas; and

identifying with an analyzer at least one of the one or more

contaminants collected with the absorptive material.



68. The nethod of claim66, wherein the absorptive
material conprises a refractory absorptive nedia. 5

w62004M8etonet hod of cl ai m 66, wherein the absor pCTAaS2004/008944
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mat eri al conprises a polynmer such as Tenax(r). 70.
The method of claim66, whereig the step of sanpling
conprises sanpling for a sanpling duration. 71. The

meihod of clai 6, . rejn the s .ing duration is

"Ethe f%?@sﬁpaqaﬁffa 5 G She e RIS deatc et sapersapted to
The met focbrbortd f ShéiRingBPE SieBrifd\QsRATP! | N duration

is in the range trom about 2 nonths to about 4

nont hs. 73. The nethod of claim 66, wherein the step

of 6&anpThé@ethodorf chas 66 WhdreidGhe sivrmive ilMt€rial comprises a
contam nants substantially by diffusion of the one or

nor e 15red@gfoBnabsamptive medidne col | ection device. 74. The
nmet hod of claim66, wherein the processing system

coppri s a .sem.condyct or praogessi ng. devi.ce.such .as a
phetol | RoGPLBH T E1AE o8 Whegin the Jasonifiys asgrial fopprises a

cl ai m 6folyhbr dkBlas Fepax®.si ng the step of evaluating

the condition of a filter of the processing system

based at |east in part on one or 20 nore contam nants

i deit i f Tieambthotl ko€ chimlogzehereifiGhe fhe ofremipdthgabmplriaésvampling
66, wherein the step.of providing a collection device
conpri s&€ 25pmplngdyREOR o | ecti on devi ce inside the
processi ng system 77. The nethod of claim66 further
conpri s t .

{ ober ot 1eERuRY o8 Bl RSBk lort A 01 4lfon 1¥hn the range from
pr ocessaliat S yish @shbd¥D58084/ 086466 PCT/ US2004/ 008944

-64 78. The nmethod of claim66 further conprising a

step of regulating at |east one of tenperature and

pr € sur €homethod a clﬁmi%eWhﬁeinéhmmﬂlgg)uwiqmri@ oethsirange from
system .79, .The net hod of claim66, wherein the

anal yzefPUbAFgndhsso Bgﬁfgﬂﬁmgﬁraphic 5 instrunment and

a mass spectronetric instrunent. 80. The nethod of
cladam?7 [ r | . .
e bt o AR o I BT FLUER! 1 QPRRL g fppriss sampling
met hod eie @l momcohtafnmndntesubstangaliybyrdiffasiph of thleionhy opfmore
collection devices_ in fluid comunication with the

15¢i1ter eRafapigantsdo s coltprtiondelise of claim 81 furt her

20

conprising a plurality of interstack sanpling
74.  The method of claim 66, wherein the processing system comprises a

semiconductor processing device such as a photolithography cluster tool.

75.  The method of claim 66, further comprising the step of evaluating the
condition of a filter of the processing system based at least in part on one or

more contaminants identified by the analyzer.

76.  The method of claim 66, wherein the step of providing a collection device

comprises placing the collection device inside the processing system.

77.  The method of claim 66 further comprising a step of measuring at least one

of temperature and pressure of a gas inside the processing system.



ports to connect the filter device to the plurality of

col l ection devices. 83. The nmethod of claim®66 further
woan@roseicng a controller to electronically CcORCT@IS2004/008944

sanpling by, for exanple, using a programmabl e duty

cycle to control sanpling valyes. 15 84. The nethod

of claim®66 further corrpri sing a terrperature

rre ur epent vi.ce. or Qressur e measur e
el A% bf Sk Rulier GRTHETTE B AP L FoRylahng a fast one
t e nper %HE&P&Q%é MHd 5EsHEMT B5is FnsidtaRe @émf%nductor processing

t hernoel ecttic cool er.
system.

79.  The method of claim 66, wherein the analyzer comprises a chromatographic

5 instrument and a mass spectrometric instrument.

80.  The method of claim 79, wherein the analyzer comprises a gas

chromatography mass spectrometer (GCMS).

81.  The method of claim 66 further comprising a plurality of collection devices

in fluid communication with the filter device.

10 82.  The method of claim 81 further comprising a plurality of interstack sampling

ports to connect the filter device to the plurality of collection devices.

83.  The method of claim 66 further comprising a controller to electronically
control sampling by, for example, using a programmable duty cycle to

control sampling values.

15 84.  The method of claim 66 further comprising a temperature measurement

device or a pressure measurement device.

85.  The method of claim 66 further comprising a temperature controller such as a

heater or thermoelectric cooler.



