-- SYSTEM AND METHOD FOR DETERM NI NG AND CONTROLLI NG
CONTAM NATI ON CROSS REFERENCES TO RELATED APPLI CATI ONS
The present application is a continuation-in-part of
co-pending U. S. Patent Application Serial No.

09/ 961, 802, filed Septenber 24, 2001. The entire
contents of the above application is incorporated
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optlcal elements such as, for example, photolithography, the detection and

quantification of compounds having a higher molecular weight such as, for example,
siloxanes is of primary concem. These compounds having a higher molecular
weight are however, typically in much lower concentrations as compared with the

25  low molecular weight species. Further, the cempounds having a high molecular
weight can also be defined as condensable compounds with a boiling point typically
greater than approximately 150°C. The current methods for determining
contamination has the limitation of the sample volume being based on the total trap
capacity of the lighter or lower molecular weight components, for example,

30 compounds having typically less than six carbon atoms. As the heavier components



30 conpounds having typically |less than six carbon
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of determ ning and/or controlling the quality and/or
and quantity ot 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.

SUMMARY OF THE INVENTION
The preferred embodiments of the system of the present invention provide an

30  accurate and efficient system of determining and/or controlling the quality and/or



quantity of contam nation wthin a gas sanple which
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A preferred embodiment in accordance with the present invention of a

method for detecting and monitoring, and preferably removing contamination in a
semiconductor processing system includes delivering a gas sample from the

30  processing system to a collection device. The method further includes collecting
contamination which comprises refractory compounds, and high and low molecular

weight compounds, from the gas in the collection device by sampling the gas for 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

example, a number of hours, days or weeks to enable collection of an appropriate
30 mass of contaminants which are present in relatively low concentration. In a

preferred embodiment, the sampling time is typically beyond the b‘reakthrough

capacity of the collection device for low molecular weight components, is at least six
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A preferred embodiment includes a system for determining and monitoring
30  contamination in a photolithography instrument, having at least one collection
device in fluid communication with a gas flow extending through an optical system

of the tool, the collection device having a material analogous to optical elements,



and a light source providing high energy light to the
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for determining and controlling contamination will be apparent from the following

more particular description of preferred embodiments of the system and method as
30 illustrated in the accompanying drawings in which like reference characters refer to

the same parts throughout the different views. The drawings are not necessarily to

scale, emphasis instead being placed upon illustrating the principles of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS Pref erred

enbodi nents of the present invention are descri bed
with reference to the follow ng draw ngs, wherein:
Figure 1 is a graphical representation of

contam nation coefficient versus 5 nolecular weight;
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i nvention; 20 Figure 7 shows a flow chart of the

n®t hod of Figetedas i gpphioal trepresamtbtionrillustratirgganelyekaispectsal t h

F1 Qurea RS By TEmand ol b BF GPaion i accordance

enbodiithei refefredenitiodingdnt Hitthe ﬁ%&hﬁménﬂoxﬂ&m_hé?ﬁlﬁartw th
the present invention; Figures 9A and 9B illustrate a

schemat i cFignsAds ageghisshrepresgntptintibystraing suefacexgveragriang

a beg,;RBoNb ABntatiena iS5t ﬁ%l'iﬁ&c&fdax@e%ﬁra ferf? Hodimelt of the
the bed and a graphical representation of the

a5t i presendynvefitianhe filter bed with respect to tine by
measuri ng.. the .di fferent cies, respectively, in .
Rocor dancEEtH APSTERR P RRREL SR HERET Grdelefuting Buapjpaton
| nventd heebrdakde Glith@helftedeht iavdntiowychart of a method for

nonitoring the perfqgrmance of a gas 30 phase filter
syst em i nFiguESiyaRreterRe erbedipentod FelactayiEgisHisR inAccordance

the RfigSRPresehfMeptibgn; -8- Figure 11 is a schematic
di agram of a systemthat includes a filter systemin
2 Figure 7 shows a flow chart of the 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
25  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
the different species, respectively, in accordance>with a preferred embodiment of the
present invention;
Figure 10 is a flowchart of a method for monitoring the performance of a gas

30 phase filter system in accordance with a preferred embodiment of the present

invention;



accordance with a preferred enbodi nent of the present

i nvention; Figures 12A-12C are graphical illustrations
of chromat ograns of a gas sanple including an average
ion scan of the spectra end (Figure 12C) in accordance
5 with a preferred enbodi nent of the present

i nvention; Figures 13A and 13B g{e chromat ograns of a
second gas sanple in accordanc& with a preferred
enbodi nent _of the present jnventjon; %ﬁre 14 is

graphi cal Fignigs ing schemafc dingzam e%%ygama tawlude%%wmr gystem in
of oi lacc{o?cﬁaﬁce @ftl{a @ @Jduﬁ‘edt SE@E bfé@erﬁg}v tiono
filter 1n accorda a preferred e nent 10

of the preEigntes il’Mféa@ larsrg,rapﬁlcgmlestmaonswf ahrgmatpmamabf a gas

i1l ustration romat o

AT S %;?le glclut(amg an S\éear%ge Jdon 5%?.1% Q) rtg% $PE lf ?nﬁ? é’f 19& in acco?dance
acsor aathagreferidd embodienr sfakt @edendhveaarion, of t he pr esent

i nvention; Flgure 16, is a %Hq hical i]lustration of a

chr omat ogr BiEEs | alpgEmY Yt seeRnd santgIPldn at
a | ocatdoRiAndd Wﬂ{aﬁr@fe?reé édmﬁo%(m&@Gf the @Q&x@fn@é’rﬁféﬁ with a
preferred enbodi nment of resenF i nventi on:

Fi gures 17E1gawd4ls7&rgmfa®hﬂl@aratlyn pf 2 ehwematogram of a sample of oil free
chro I
1 R s BRI L BN B empgimen

average ion
end obfthheresgpevtntan; respectively, in accordance with

a preferred. e di men ent 20 invention;
oo Bl qur oFiggeqs e ttrauBh PES odagrrn e tpblsat ol fre
of a ei¥pinypledatiallbdagort AFRE the ilte it GEJORBAELWIM 4 Preferred embodiment

preferred enbodi nent of the present invention. Figure
19 i sohthe Pt HYFMOBF a nethod for on-line, real-tine

moni tori nQF% rellB%a @@é i@l Fﬁ&&%oﬁ’f)f @cl‘frérhﬁt@éralﬁ 32 %ﬂp'lé‘of

accordance th a erred enbodi nent of " th
piése mtrO'gm@n tsarmﬂed Fiadesarorpyiar kd aiflter ek aaccgdameermlth g preferred
bl ock d “m¥ tem.using a system for

det er i |ng qkd MY ®ont ami nant s and

per f or mancEigaks 74 ald 1B g@aphicany illﬂstrat’d:ﬁ?ﬂﬁ@fﬁiiﬁ@amﬁof hsafmple of
preferyed enbodlqent of the present inventjon.

21 i | Py9Lengas samp filterAysiEm AR averge Wﬁ;a@rﬂf fthe end of the
modul gSecird) respéttid€5.ah g&%ﬁﬁné@' with @pr@feﬁécﬁ&ﬁl%alrﬁ‘ém 8théBredent

of the systen1for determ ning and nonitoring
c@ﬁtaﬁﬂw@wmsmdnd the performance of a filter system of

the preseng 1Je ¥ %l][}lg#u&nly IHI%H'FtF el %H{rgmgtg aJnlolf‘ﬁte{rn?{y%§m@mg tube in

schematic agra aV|ng plura
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
25 present invention.

Figure 20 illustrates a schematic block diagram of a system using a system
for determining and monitoring contaminants and performance of a filter system in
accordance with a preferred embodiment of the present invention.

Figure 21 illustrates a schematic diagram of the system modules in

30  accordance with a preferred embodiment of the system for determining and
monitoring contaminants and the performance of a filter system of the present

invention.



filter traps of the systemshown in Figure 20 in
accordance with a preferred enbodi nent of the present
invention. Figure 23 illustrates an alternate view of
the nodule having a plurality of 5 filter traps as
shown in Figure 21. Figure 24 illustrates a detailed
vi ew of the nodul e having a pIu%aIity of filter traps
as shown in Figure 21 along with the plunbing in the

mani fol ds in accordance wth a preferred enbodi ment .
of the pr &&&¥g 23 iHysirates 8 schematdiagan sha mogule haviag 3 plyrality of

schengyey @ra}qii AHeR el EhAvrdg ¥ Zdlﬁtaccfo#&%ﬁéei witkSa ftefeRed 10
concentrator in a filter systemin accordance with a

pr ef eambodimanbefdhewresenofivantien. present i nventi on.

Fi gures 2 . N [ . ' :

it Sor s CBE S ks at EhE AESE UPAR IS BRARN: o prucality of
det ecfileer aasbenp slsivin i0 Figntelless on optical el enents in

accordance. with a preferred enbodipent of the present
vent  on Tt $i s delsd o ChPOROMER G HTaRD of filer
The DEHS 8 ¥howh UEFIEI@N 1 blongl Witk eleluriiingin Sbesthifof3 ¢h accordance
nmet hod for determning and controlling contam nation.

Pr ef eithaiprefeedipmadimend of thparegmpientionnyent i on addr ess
gaseous ¢ @’Tgu?éprng?ggmh?sgra%’%ﬂenﬁﬁf 8982600 A8 MaPfunctions as a

adsor bed on su r exanple, “an optical
sy f acoacentFater inatfilter systemrip pecontandei with a prefetrértbembodiment of the

perforrgs% Ge o he 20 optical elenments. Table |
i || ustPates an’bundance of various species in a

cl eanr oomFigares 26 Ann® 6B ilkistedte @Remitiebloek diigtams ofla detection
fabrication envi ronnent using . photolithogra )
syst @fﬁ?mmemwwemdé@tfﬁfa.a b iian Pepese Pagg%ﬁﬁglagﬂs in
acet RgrdankS Ak @ Pieterdll ERABOdimBR G tHR WreIBHt Givehtim, Wei ght
sil oxanes are the nosi prevalent in 25 manufacturing

envi ronnents. Conpounds that are nost |ikely to reduce
t¥e DREFABEPDPRESCRHIPTEPN OFSTH N\EBWIOMhds havi ng a hi gh

cont am nation coefficient.or hi gh nol ecul Lght.
For exanpi e PEShE kb gitbedio Ly e ARA Rpll oy Uhling an
met hasytrsllingedonyanirsatibm nerefetred embdatythersd dfaleepresant invention address

trimethyl silanol,. These conpounds appear, in italics

i n Te3fGUICHLnatiop Psgwéfésrm?@etﬂﬂa?an _ teed oRispHs, for
cont %Hhrﬂ?%,' Adpichl GRAEL | THeaRter RMHore BritidaPo YR YeFformance of the
conponent . Conpounds that negatively inpact optical
-200- opiieal elementay al so be described and i ncl ude

refract orx_ conpounds such as silanes, siloxanes and
i odat es, TablpaHusaiesan ahundaneetdiyhreus spegies inea cleanroom

(C6- Seh%%ﬁ{éﬁ?, SUCI'%‘E "fg' e;zample, a fabrication environment using

photolithography systems. The low molecular weight species such as acetone,
isopropyl alcohol and low molecular weight siloxanes are the most prevalent in

25  manufacturing environments. Compounds that are most likely to reduce the
performance of optics are compounds having a high contamination coefficient or a
high molecular weight, for example, can include but are not limited to,
methoxytrimethy] silane, trimethy] silane and trimethyl silanol. These compounds
appear in italics in Table 1 have a higher molecular weight, higher contamination

30 coefficient and an inorganic component. Compounds that negatively impact optical
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Sensi dilo¥dntyarfiodafR, i gl IRx SRR bA A Ts-sfiédane).

exanpl e,

transm ssive optical

5 systens, Ii

light transm ssion is inmportant in

ke wi ndshi el ds,

wherein refl ectance approachqagggro. H gh reflectivity

syst ens, €r EChbmBALHAI (P Tle8hroBmB) 0aqNagpiddtlcOnceniration,
inherently|/twi ce as contanination |sensitipgByvas
transm ssi Viogdyl Aldbhop YS! €NB_Decauge phot ONS passo.0
t hrough anyacefggBTam nating 111 mtw|ce, whereas 1 38
energy i s (HhahofDSOr DEd OF scatteragd once in 134.0
transm ssi V&8 MefioRytimthjPeSCT | bi Nyz4 e effect of
ol ecul ar  {idoEne FExFdEchftdro-SUT f aCE [PT OPETTTES 11T 5g 5
terms of MY PEFEGES YT el Us equatigm 1, for 170
refl ectanc ?—Btﬂé'rﬁgn‘é‘W)i o2 for — tansntSST oI pX(glg)- )
= P( % expl [FEASF R adbigonO T £ 1o [T X)) = T 8.9
(X.)exp[ - aﬂmﬁnﬂéﬁﬁﬂﬂ,%dtéﬂdo%- Wererp—=—reftectance; a
= absor ban Tetratydrofuran 3.3
3-Buten-2-one 2.5
4-Methyl-2-pentanone(MIBK) 1.9
Silane, Trimethyl(1-Methylethoxy)- 1.7
n-Pentane 14
Silanol, Trimethyl- 1.4

Optics design also affects the relative sensitivity of the system to

contamination. For example, light transmission is important in transmissive optical

systems, like windshields, wherein reflectance approaches zero. High reflectivity

systems, where transmission approaches zero, are inherently twice as contamination

sensitive as transmissive optical systems because photons pass through any

contaminating film twice, whereas light energy is only absorbed or scattered once in

transmissive systems.

10

Describing the effect of molecular films on optical surface properties in

terms of mathematics yields equation 1, for reflectance, and equation 2 for

transmission.

px(A) = p(A)exp[-20c(A)x]

15
Where:

(1) =1 (M)exp[-ac(r)x]

p =reflectance

o. = absorbance

Equation 1

Equation 2



T = transmttance 7v = wavel ength ac = absorbance of a
contamnating film enpirically determ ned Both
transmtted and reflected energy, which is infornmation
used in 5 lithography instrunments and tools in

sem conductor fabrication systens, drop exponentially
with the accunul ation of nolecular filns on optical
surfaces. In |ithography proceédses, the first order
effect of nolecular filns on lenses is typically a
reducd#mmsinittah'ceght intensity due to energy absorbance
by the contam. nating film These transm ssion | osses
r edude” PREIMSHber of wafers processed per hour, and 10
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tie corssauantly gedﬂmociua@\rlt’ya [Thisrimgnatogaies to the poweniedustipns in
lar g%g?c%rﬁé rélcj)lgr a?ﬁyr‘f Qﬁggisb Mat&%%ol&gﬁ ﬁﬂﬁs” %te&nd%ffects
optiC

enment s n Severe case
be fadn Mdgmphyaﬁodem&drp/colwealrechluncﬁrmnema@hmlfbmhlm wbnh; i'udpces
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nat ur e an@h&shemidaldedbmpyritiot SeacEGH3loa¢lr Mk Righ-efr@Ey photons
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condicentaminationa Fogexanpy, Fineogy 368 ambyeayalgngh lighitds energetic enough
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i nteracts St speci es
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reacts with most halogenated organics and may even interact with some common
hydrocarbons. 193 nm light, required for less than 130 nm geometries, reacts very
efficiently with a wide range of airborne or gaseous molecular organic contaminants.
157 nm optical elements are even more sensitive to environmental conditions than

30 193 nm optics because this wavelength of light is efficiently absorbed or interacts

with nearly all organic species plus oxygen and atmospheric moisture, requiring the



called the free working area, to be purged wth an

inert, clean, dry, oxygen-free gas. As the wavel ength

of light used in the |ithography exposure too

decreases, the energy per unit photon increases.

These progressively higher energy photons 5 stand a
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Issue A =248 nm A =193 nm A =157 nm Comments
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form vapor
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nitrogen (<10 . the low ppb
ppb 02) range
Ability to Low Moderate High Based on oxygen
photoclean optics absorption
surfaces in-situ coefficients and
using active organic layer
oxygen absorbance
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Figure 1 is a graphical representation 20 of contamination coefficient 22

versus a molecular weight 24. Note that a higher contamination coefficient means

20  that it is more likely to contaminate system optics. The nearer term 193 nm
wavelengths show some correlation between the contaminants molecular weight and
its ability to contaminate vthe lens. Consequently, while the higher molecular weight
species are of greater immediate concern for lens contamination, the lower boiling
point materials, which are typically in higher concentration in semiconductor

25  cleanrooms as shown in Table 1, can become a concern due to their much higher

concentration and ability to adsorb photon energy at progressively shorter



point materials, which are typically in higher
concentration in sem conductor 25 cl eanroons as shown
in Table 1, can becone a concern due to their nuch

hi gher concentration and ability to adsorb photon
energy at progressively shorter -14- wavel engths.
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st abidfipassivatadsoypion ebbdsyeqlmsSpdﬂodn ténferatark irickéabes itmregdnerate the
avoi CO0 whi.ch chan
Ehei oo eyaetinhad i i eply SRk S Mgy S R s

| TP aethp&ahreistabiitya fgpadily 1cb@eH Bohyillikedlah)/t6 avoid Beafing or
graphi cal representatlon 30.illustrating a conparison

of a COBWEE‘*B‘? PRgS v dRhARgs ttheroptipal cgaféqt@ﬂl‘fso?“s strategy is

det eryjp,Ri MG HRRVAERhbRiphY th respect to 15 sanple

mass i n a collection devicé or contam nation trap and

sanpl i ng Figuee 3 is agoapbical aepresenfiation 3Q1éuq@raém¢ommmqf en

and t rgf r(f ?%; ﬁﬂﬁent 6Ath mqur defjur 1%1{ contamm 1on w t11 He% ect to

sanp i 8 1 UsET YRR 81 1 as sanp

i 5 nahmplemadseit a doyedtibe dé\@tw dimbxﬁﬂhhhﬁtion\mpghd sampllng time in

br eakt hr h vol une, is.the case with the prigQr art

met h@acqa%ngawglar}@mpéesw My entipn apd the prippart r%a‘ten% d duration

embodhAp) etnmet ia fpfeadmé 4008 Usbd®hdréin e gQQSdngﬁe%o@heqslaeuhﬁued
er

| ong and i's in a range of six hours to
ety o Theker weld e e et e gt prior art
| on I

appl IR aEE Sl 38, I g BPGRRTRG, ol bl s o
axdc orletatrsichmirg longarnrie preferabily in@mingd ofren hows$ to tventgfas dndrs.

n e on, | ect f high nol ec
5. el TR TR e U CheL B 1o e Y B aeEeseaty for Sertain
conta@pmﬁﬁm@n in the gas supply and which reduce the
perfornance of optical elenents nore so than | ower
nol ecul ar Thewxtejded tingpasnliag method fin arcepdanes avithpreferred
ol e%mb@&lm\éﬁlj df Wie \}ﬁ%@m%ﬁﬁo& Qcmeus & thfse totP figher molecular
cont am nati on but are operative at fferent
r2at esveighh eompoghdscrwhieh gérdrbutevoi t@montammmgm dsth@ gastsrlp}ﬂmml

tm(; r ];Ivgh?c O u%g [he per%r%@npeaotf Ioggca‘legl];r%gnts mgrsé SOt rhax lower molecular

weight compounds. Both high and low molecular weight compounds contribute to
the contamination level but are operative at different rates. The high molecular
weight compounds contribute to first order contaminating effects as they cause more
30  damage to the optical systems even if present at low concentrationé than low
molecular weight compounds which contribute to third and fourth order effects. The

collection device in accordance with a preferred embodiment is driven beyond



- that contam nate

30 danmage to the optical systens even if present at
| ow concentrations than | ow nol ecul ar wei ght
compounds which contribute to third and fourth order
effects. The <collection device in accordance with a
preferred enbodi ment is driven beyond -15- saturation
or breakthrough capacity to quantitatively neasure the
equi l i brium concentration of tléw nol ecul ar wei ght
conmpounds. The breakt hrough volune is the anount of
gas sﬁamaat@n@bbr@ﬂﬁhrp@map@dy tooqugntitatixebirdeasire thetequitibrém
capac t

P Johgenﬂgtmtnn)? lov(x; 81 1e§1§511 \9@%1? gé‘{‘nﬁg qm(riria t%@%g#kﬂ?%g%m%ﬁgls the
may bemapat ofi @dsdrx;plmogam 1equited té pebaypid tha hbsefbemmapaclty of the
This e .ti S ling nethod.can al
o't ogrengpats. dFsnodR R ao RS ety R arey b mchhaic mpterias
t Fpos ewhith MapBEQIRIdIbYRrdahRP R the Gfticall dlment. OTHid\éXien@éd tirhe
optical surfaces of interest. A preferred enbodi nent
of t Hemplirgswethod sapealse ussifferent iyres of mplecolleqting medip ingluding
0! 8 SfoRAARAIAHIRIBdpLficl ABATURRLE BlofcARIfaclE Frcrest.
contam nation trap ave not een I'n the past
due to theiprefeired erlobdartint oft}}ae prgsenbinivention anethdes{ghdss? or “coated

| ower_.mol.ecul a E‘Iese material s
surf a%aess p? p(ier 0 t1ve &{nlup fon tg?ps con %.mlnatlon trags ?avg not

of0 t heewipded trothe ﬁ&setmrtb sheitdiatlted rabmlt}eto oplldccald retyiale@ves molecular
phot ol i.t ho raph tools., Oher materials.that enuI{aaFf?t

the SHFiEhider ofs- o%'é%S? mateniplp havg surfacs prqpedties idendfal gr Simi

generpé i 8F il opidal é]&n&ﬁs’hs@é ﬁﬁh@%tié&l%‘}sterﬁﬁoﬂﬂﬂo@htho graphy
preferred enbodi nent, the extended tine sa

met hdeolpmQtheematesaleihatcmuiatehe surfasepioperties qféh%@‘)lélcdl elements
days ; M%?r%\{%qﬁ Mk Ration 16, flﬂi‘)ﬂérlfs& of analyte collected
S

represe € average val ue over tinme for corrpounds

that have Imapreferred erhbxnzlhmhm the éxtaekd time saplipling methed may be
illustrate ime 2,. line 40 and

o el et it SR ibe Gd G pspest MBS n QT Gualyte
t hat doBatRedatprestity theRRehgvaRi dvBietithe foF EstiioRh@UBd hwa réfre

as illustrated by line 34 at sanple tine 2, line 4

W t h Tpashesibeir Préalﬁhr@wtlwseewraﬁed s lipgi6 & swenletme ilhla,ne 40
inte I Flan Ma&g@%ﬁuﬁlﬁmﬁﬁ‘@oméﬁﬁ@éd fagthloée'kﬁﬁméﬁr{git @hve already reached

mani fol ds ar pt at equi rrumwt he gas phaseé
Snp|thsir breakthroughrveiunreas dlbismased bynliner3dat sampile time 2dine 40.

saml e ol BoLLan BEARESRotedbe e BhEBES P S RRGIR br e

li ne%mﬂﬁlﬂ{gqunes aﬂ/mmlffolhdae kept ﬁlﬁ?qﬂtlﬁhﬁmdwlthﬁhggﬂSQh&r isémple,
a graphica resentation 50 il]Justrating spectra
anal y&f glereé%ﬁﬁgp?tgatﬁféersfwtg the ngglpéﬂflegﬂan PFRE9Td g gpreferred

det eleHbBdifidnC 8&vadH Amplit selsibnR W BAIVEE the WhrhPlirk lmes and/or
preferred enbodi ment of the present invention and the

@i ormanifplds iBpaintainedended ti me sanpling nethod of the
present | p Vggf%tﬂ 19Q g&i}fuggl %ep*?gs%ﬁtgtlonss%n ﬁus‘fljat\{ﬂg S%eét&[ analysis

comparisons of the system and method of determining contamination in accordance
with a preferred embodiment of the present invention and the prior art. The
extended time sampling method of the present invention offers better sensitivity for
30  components having high boiling points as illustrated by lines 52, 56. The results of
the extended time sampling method in accordance with a preferred embodiment of

the present invention, better represent contamination on the optical surface, given the



30 conponents having high boiling points as

illustrated by lines 52, 56. The results of the

extended tinme sanpling nethod in accordance with a
preferred enbodi nent of the present invention, better
represent contam nation on the optical surface, given

the -16- inproved hi gh nol ecul ar wei ght sanple

col l ection nmethod of the presenF*invention A

preferred enbodi nent of the system of the present

| nventmrseyed highinadeculan weight aarnpfﬁ collestion methpd ofthe prgpent invention.
opti cgl

whi ¢ hﬁlprr]e?%{dﬁe%o?%nehmt@* sggt?rlg?])tf Ihlg regé}lt kﬂ%ﬁd&‘gu@??ac g{@ablhty
pr opetotusethe actdal opticat airfasewfhatcestps dp@ptlevceen Eledlhmrwibgh in turn
maki n thelana # Fsu tﬁ nor e %ﬂ%fél to the -

pr edi IOGRIBHIBHD REPlig e Rﬁ%‘{eﬂfﬁ 1o SHIdHEE REPPETISR
sagp! thegbymibkifglthe And@sire it R revhéaning ful fothepreidtion of optics
enbodi nent, may reduce and preferably elinmnate the

uncer $RfAMIPANGf sanpl e | oss on sanple |ines and/ or

mani f ol ds. Th@'%ﬁteﬁd%?iﬁ%%n?hﬂ?%n&ﬁdmh LOQrd¥RENRiEh 5 referred
sinplicity 10 mnimzes the effect of uncont rol | e

cont agmbrgdimenhmgy redugesand preferahdpelinginzie the wacartaigpies of sample loss on
Conseguent 101 Re ,

requi g ks 2B 0% RRHAERR PR Abfod s smplciy
git@phininirhizys theleffee of wovraigecatangndtion by pasonnél deploymg the traps.

contapi natio vel. show n reater surfac

cover ChyBesniy, Y FeinRe B PRETRIE 7 raRP SIELAPI o
preferred Fi’g'[h?@fﬂillm@iteﬁraﬁhﬁﬁllﬁﬁﬁﬁ@d'ﬁovérﬁgﬁgtalf@r&tloﬁ:bﬂUr e

4 15 illustrates this relationship for higher

nol ecepnipmingsioy velshawiag erspist wrfagqraasy swsfagp @ertunit,gppagntration in
the | o I peatel t: ht

of the grgggh%ﬁqfﬁﬁaﬁglvenﬁg%ﬁ%%nt égﬁgﬁg%nLe hf%ﬁég

mbd ectilhsiratM1gMatlomlrmfunhisha: ololesular weiglg gpmporests atibe apper left

r eadi | n do r ol ec eci . On f

[ had Lyt ol Rl coMpoREHs Bl vt RER o Bie T Pl
t he Sii@d’d@hceﬁ&ﬂtﬂnl the highérafiolediil4€ Weipht cofipburds tolleat &ﬁdﬁ'ﬂh@s
20 is available for collection _ collects on the sa

t ube WRIEFreadiythande|opysy goleglaraysight spegies- %esqfrﬂefarffplafmi weh the
col | eGiok 9A nlefidR is tﬁmu@ RVIRE sHoaeIcéaﬁﬁhﬁg}ﬁnésr ﬁQch (;Em/lﬁt little sample

phenomenon causes a further |oss of hi gh nol ecul ar

wel ghis avaalalle éorgallestiongniiely en the sample tibe waligand mepnifoldegurfaces,
ZP g/ gag lt Jﬁgtgéagng%fql’?e owhétl%{x tr%lg’ %% a%}éf leaccfxr %{hg trg hengg Slpengrmnon
envi roansee atfurth2blofs af thigh rﬁolecmlaawdnghgsrammemﬁasa Mbtebeerr;mdted
enbodi nept  of & ste 00

cont SRS Bis Ao e adhoueh sonfietmeli g i problem, are ot

| NVergrhc®ibal id hx@ pRideéteinlcdnrosmipdiomaRht. of the appar at us
i ncl udes a tubul ar coll ection device 102 havi ng

iH et poanguzmiusaniepgeam efanreferrgloambodigent ofip sastem éf)%fqred
enbOdde[E?rmm c%ﬁtaﬁlﬂ{ i&Fi BA br &Lﬁ&% ith %hle P&kéﬁg fiy ntlon The referred
I a él Cc as, F g

absorptive fat er
sphereatodimeat gfitheeapparatus includes a tubular collection dev1ce 102 havmg an inlet

port 104 and an outlet port 106. In a preferred embodiment, the collection device

includes, absorptive materials 108 such as, for example, glass spheres of a given
30 size. In apreferred embodiment, crushed glass spheres are used. In another

preferred embodiment, the absorptive material 108 is the polymer 'Tenax® supplied

by, for example, Supelco. Tenax® has a high capacity for high boiling point



30 size. In a preferred enbodi nent, crushed gl ass

spheres are used. In another preferred enbodi nent,

the absorptive material 108 is the polyner Tenax(r)
supplied by, for exanple, Supelco. Tenax(r) has a

hi gh capacity for high boiling point -17- conpounds

and operating Tenaz past IOM/nqhecular wei ght

br eakt hrough capacity allows the capture of a

meani ngf ul and_anal yzabl e_,mass of hiqh nmol ecul ar i
wei gHRompewids dichersratimg Tensk” gest loa malselar weaght bysakthrapghy capacity
the | oGt tRQabicde b GERY Al b LAMAGe nfiSorhidhheledRF weight
source to pass through the inlet” port 104. 1Taser |1gh

may bempovnsist Ed cAlectw samgle, arhend sampl thenglet pdseisiremeved, allowing
preferr e di ment of .the. present inventiop. The ..

P oe P Pm R0 SRR o2 i RicTRE U D5 Pl By iaG g diected
s @l terotgtythb sambling tibe iheprefRisdepbdditRerveitha preféht inReritiog. The
coIIecti%ﬁ%$evice 102, In a preferred enbodi nen

of
t he HH thesontBimants gresot irife Rassrne manhepd yithithe
sanpl BsdrpRSnca 08liR i cOIRkliGFddvRB 108VI ces may be used.
The collection 10 device or refractory trap i's =
appl i cabl & g prefeged embagiiment eSthe pystegniep Fonirglling gpntamination,
exa . ' t he. ]
out 1 PaftiplP YiAfe 8% st BRb il forl 18 FRARIEES AR SUMTcHeh
t I0a p Siezice ocrefiaay edp tsapglicalsde tohotislngh pressuiehsemplingyfor sxample,
control |l ed by .an easi hangeahl e i.tical orifice.
A i R e T R R
Sanplsempipe Wherein@hdtraps kire cdinedtddltd 4acath boteces aHP F6w is

devi ces. Chenic anal ysis of the_data maybe

al
cor r éParlgd by an easty engeabls Aritigal pifige uni formity | oss
of the l ' ﬁxh?ﬁ%ﬁﬂ@&' erhﬁ’d?l}menft,QHQ %Wa_ s thted s'ﬂglpﬁ tubes, one blank
regression analysis which weights first, second, third
aidd fapditwdractivelsampdd dexises : Chetndal analyisis pf the ditatmap b corretatedd to
[C6 -siloxane] .+ Db - C30], + =61 + .- C5 :
| her SRRRAGOEY g o o e featply Boiertinple gpine
t he cedreseioh aadlysiswitéh weglts B6t, sebond; iRt and iehrthetden éffects:

order._contam nating effects haye greater_inpact _on
cont HRREEPUH T 85t (- Byl ol CHEm il FeCel * fATaH
or defih&QR HRPartaibiic &pttsdidRiafahdiYatvB 8Mhd cordERALiN of species.
contam nation coefficient (e.g. a >b >c¢c >d The

20r s{Firgrand secons orden qenisminatinggfiesishayd agreaterdmpanh pr eantagrination
wei g f [ . .

SF1 St ob Al SERAE haf LA fph U O eI Gly (ow o

whi clgrdater noitarwviobtmnicbeffiaent 265g.talr e gbr d)ofhe fuat order comtbininants
oxygen. Second.qrder contanj nants may co i se high

ol o LY SPTORRTCHEN TBPIGCHAF MERLISACIOry STEpRiFS High ey Sxample, Co
CONPQiksiAfies dnt Y SR vkl A QRbrRdn@ FompdhdnbivRich Rehof ds1818ized
approximately six to thirty carbon atons, (C6 - C30). .
i r dhrepghsombpptien. vish exygem r§egend prder contarpiants may comprise high

cont aiiatat R r j - 45 t
R
f our withortherangooftapprorianatedy six to thirty carbon atoms (Cg — Cig). Third order

effects can arise due to the contaminating effects of organics such as C; — Cg that

have approximately three to six carbon atoms. Further, fourth order contaminants
30  include organics such as, for example, methane, that have approximately one to five

carbon atoms.



30 include organics such as, for exanple, nethane,

t hat have approxinmately one to five carbon atons.
-18- In preferred enbodi nents of the systemin
accordance with the present invention, a refractory
trap may be used both upstream and downstream of any
in- line filtration system Fi gre 6 is a preferred
enbodi ment of a refractory trag system 120 in

accordance w he present i nvention. As des
her ei n bei’b‘? ééeFé‘i ¢rapodispaptsof dhe SYSIEM A e orapnsg & "gtthq RIgsert

si | 0%aRBhors 4 #dfradiory tf'a%rmafey 'ﬁ@édﬁ)ot}hﬁ?éﬁé'ﬁﬁ{ andlddivaéttean@dneny in-
(C6), si | anes such as or exanp C3-si | ane,

si | arlige §ltstiemsysiem. fagure mmr%ferr@aenm«?élmenmfa*tre&actomgap system
refrachaf Yechridie wtﬁﬁr?e@rés%& iVl e cfﬁ @%@&Hﬁ&n %Ig%)he' rgfractory

conmmuni cat i on as source an
gas sampbwnds siclude atilext sn\bokztnepmeh 8% lﬁﬁsxnapig.lhegamdbmﬂdw lomane

doon L Peatiregsh b PRl G ol pt e, o gl € and

rel i qddaws) YRe rkBactétly krap\ysteh]120QRdludey @ téndhit cm @fcog@fnicarion
ensure that the pressure cavity walls are_in
equi 113 §RRPANFGerng HEough v hinhAcss samRltis ceyried wilh pisseures T4ging

" ef ' SRAREN alpf MmUY AN I | T 440 EinpACHs oo sk o o

traps or collection devices 1 a blank trap 125
i1 t peessurapavisrVi. yA presurcTiakelyalve ¥23 zslbwp therpgntinugps flow of gas to

7 or " Shkube e tnd Pccb Ak 10 o308 QLIRS JRE A SHAN B gas

fl ow sarnpla,cu‘hanefraitc&yﬁap sysiem BPptichudesradtiot yanﬁahiag trlapsmr cdlieetion

bl ank t.ra 25| ot in_co ni cat i i.th the S

oo deviod B Maflteot B SORE IR Gy Ok el detvesafiatne g
any %femeammaﬂlbﬁmcmh@a@mswpﬁw Héfurf biichas) fbr &ambleEthe polymer
active %ol | ect1on devices 124 fl ows downstream into a

nani flshax 1 The gasisample lowrin agtiye dlemeptaipanprozmaialy \ilt lpry The

vacu %mnlc ltr?% léIS?iQ ot 1ﬁ ?(B'glgurga 10h Gv“?th} 9 as @)upge o%?)%ésq{ré/ &GW% as

20 re rva |s ose
mani fsmdhds acstderﬁdmghnyfcomanﬂﬁlﬂs t’Dhercmgld\nagae streafrefS e fhe. active

The re ract P stem 120 rowd f h a ] ow

or es ceisshsndRiees LRGSR gt f sualipia 1 2hphicha n

usin Qoﬁmﬁhleﬂioﬁ Wi viBuun Fine?13P A4 @r{ 618tite @R oAl iphaifre/vdchein

as supg@qg may i nclude a partl cular constituent such
Y

aly@ 508 ik disposadihetieen themanifldand ghe erifice 129 to regulate
surf ggﬁ‘s&r&fnﬁh@ﬁ@gﬁ #s‘?&& 950 FRVIEERT Bdth az&%et%gsﬁr% of

opt i systens t ave een contam nat e
sur f apmicatiomton ahighiptessuroappdiratiop lusing Ssixgle ilbwgrg as

additive orrbl es, W,t surface, con nant

P b et dmsiimtent ikt SRR e HhtishRt e
Syst eonstifueiit summregen%aé(wﬁﬁmap 86 usst tdiclbandhogefc@as the
to formsilane (SIH4) which is volatile and is

Bar g é@"ecwewﬁﬁg ces o opfjcalsysterps that have bren gontamingled by a
pur i EMfeQ@éodtﬁMﬁAnt b &Wnﬁﬂ S e ﬁ]é‘sg%dhi%% &d?ﬁb]ﬁjé%\@lﬁl%é Sirface

be placed upstream and downsirea he typi cal
i n- | corgaminant to form a volatile compound that is then purged from the system. For

example, SiX combines with hydrogen gas to form silane (SiH,) which is volatile
and is purged. The purge gas, is preferably in the ultra high purity gas level allowing
30 the collection device to be placed upstream and downstream of the typical in-line

filters.



filters. -19- A sanple report derived froma

coll ection device may conprise the follow ng
informati on: Contact information: Name, address,

phone, email of person sending the sanple Too] #: 5
Gas sanpled: N2 Air Sanple location: Upstream of
filter Downstreamof filter Interstack 10 Sanple
start date: Sanple end date: "DaAte received: Report
date: Upstream Sanple: 15 C2-C5: X ppb* (*equilibrium
concent r at4 s¥ple Eportderived figpia cplecsion deviepamarecomprisaipb

Tot al SihingG nds: Past history on this sanple
IocatF@E:B%dnlﬁggﬁgther preferred enbodi nent the

col | e€Contant inrfemiation:i Narhg addresd, phiong emiiy of personsertdingtthaatmiple
the airstream thereby avoiding sanple |line

cont aTbdi&t i on and using either passive diffusion or
an_act,ive f%ﬁm%ﬁo collect the sanple. Figure 7 is a
f1dw BAPEPSE e nmBf'hod 150 of detecting and removing
cont aginaé ioeftidnn accordance with a preferred

enbodi nent._of the present invention. 25 The nethod

i ncl udes ﬂﬁé“§¥%9f€$2 of delivering a gas sanple to a

col I ecti om(a\hEsn of fltef Pref erred enbodi ment, the
coIIection‘ggbréﬁn?s 5% described with respect to

Figure 5 dnerstek Fi gure 6. The nethod further includes
t step.154 qof absorbing contam nants contained in
tE@ géﬁﬁﬁ%ﬁﬁ?ngn the coll ection device. The

col | eSdnmpdMlenddiare: ce is configured to enul ate the

environnent_of surfaces of optical elenents. 30 The
met hoda8 BeivéE| udes the step 156 of maintaining the

gas spemhlalen the -20-

Upstream Sample:
15  C2-CS5: X ppb* (*equilibrium concentration)
C6-C30: Y ppb
Total siloxanes: z ppb
Total sulfur compounds:

Past history on this sample location:

20 In another preferred embodiment the collection device is located directly in
contact with the airstream, thereby avoiding sample line contamination and using
either passive diffusion or an active flow to collect the sample.

Figure 7 is a flow chart of the method 150 of detecting and removing
contamination in accordance with a preferred embodiment of the present invention.

25  The method includes the step 152 of delivering a gas sample to a collection device.
In a preferred embodiment, the collection device is as described with respect to
Figure 5 and/or Figure 6. The method further includes the step 154 of absorbing
contaminants contained in the gas sample in the collection device. The collection
device is configured to emulate the environment of surfaces of optical elements.

30  The method 150 includes the step 156 of maintaining the gas sample in the



col l ection device for an extended duration sanpling

time which represents operation of the collection

devi ce past the saturation or breakthrough capacity of

the device, for at |east the |ower nol ecul ar wei ght

speci es. As described herein before the extended
duration sanpling tinme enables the collection of an
equilibrium5 concentration of -#%w and preferably high

nol ecul ar weji ght conpounds. The internal surfaces of

the semisPiiviglerion & anprtiendad ratiensapipling mewbich reprasenty operation
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15 causi n§ contam n enents via
stdi es of Ihacogianeovith motheoprefelred enbn@emmmlse system of the present

R i e

of a pREUPhhiURREHARMmitsHAuctorl deviRes; EatliBRERitME tdmalecular
preferred enbodi ment of the present invention,

t he
fi 1t efaniriagfiopapd ¢ Bltering systgm watcb FROVELIRE MlecRiar contamination
conpr @ﬁﬂ? glag hdélu‘& volgtgé arrd’HR Iv@latll% gr EUnHErQQﬁQ org %‘uE sﬁ%tances,

ot her suitable gases for purging of optical enent s,
Wi h mugamwntaxmmt@npf Q&émlselqmmmxasesesapfmmg@n@us and/or

dul whi ch
st Uil RERSER ] ngicpd BPERT, Tuf oficeFhiiduae
t hr oughntaliried typivally avitkin a lighgattr ﬁlm)haiohfhﬁémﬁhya?ﬁy of
I rs
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extended temperature limits up to approximately 300°C. Water and oxygen are

preferably also removed using the membrane as they can degrade light transmission
along the optical path in the system.

30 Membranes are generally available in two morphologies: homogeneous or
composite. In the latter, thin polymeric permselective “skin” is dei)osited ona

preformed porous substrate, which need not be the same polymer and may or may



not interact with perneate. Polyneric nenbranes may be
cast into various shapes: flat sheets for plate and
frame and spiral wound nodules, in the latter sheets

and separating screens are wound into sandw ch |ike
structure by rolling around central perneate tube and
sel f- supporting fibers, for exanple, hollow fibers

and capillary 5 menbranes. |n-Z-preferred enbodi nment

as illustrated in Figure 8 the filtering system 170
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embodi ment ‘the feed flowl1s nitrogen that contains

s¥hre Asywomg adf%aemeval cfficiontyafiheanéngmaneTthe corapasitionofithe

174 GoURL156% a%a%n _in?ipzr_oved by a factor of 10 for nitrogen and the balance in

organic contaminants. The composition of the permeate stream 178 is further
enriched with organic contaminants.
In another preferred embodiment, the filtering system 170 comprises a
30 filtration module based on a selective membrane 186 to filter organic compounds
from a gas stream. In this particular embodiment the feed flow is nitrogen that

contains some amount of organic contamination. The feed flow 174 comprises 99-



100% nitrogen with the bal ance being organic
contam nants. Assum ng 90% renoval efficiency of the
menbrane, the conposition of the residue 176 is
99-100% nitrogen and the bal ance in organic
contam nants. The conposition of the perneate stream
178 may be enriched with organlc contam nants. The
organi ¢ contaminant 5 enriched?& rstream 178 is then
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hazards to advanced lithography processes. Again, the composition of the permeate
stream may be enriched with organic contaminants, water, and oxygen.
This filtering system can be used to purify nitrogen, synthetic air, clean dry
30  air, all gas streams used in advanced photolithography, or any other compressed gas

used in semiconductor processing. It may be, however, advantageous to filter



before m xi ng them together to nake synthetic air. The
filtering systemnay be constructed without |imtation
in a nunber of ways such as, for exanple, rolled-up
supported nenbrane, rolled up self-supporting 5

menbr ane, menbrane di sposed on a prefabricated porous
supporting structure, a cyllndrlcal pl eated air

filter, or conprise hoIIOM/flbe? bundl es t hrough which
the feed flowis directed. The preferred enbodi nents
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speci ﬁﬁ‘ough the carbon bed 252 more rapidly than do higher molecular weight species.
As described hereinbefore, certain higher molecular weight species may be more
contaminating to a process than lower molecular weight species. Accordingly,
measurements are taken at a location upstream, in the middle of the chemical filter
30 bed 252 or in an alternate preferred embodiment between two in-series filters, and at

the discharge of relatively fast moving (moving through the filter bed) species,



Figure 9B graphically illustrates the efficiency of
the filter bed with respect to tinme by nmeasuring the
di fferent species in accordance with a preferred 5
enbodiment. In a preferred enbodi nent, the target gas
is an C6 organic contam nant which may, or may not,
contain an inorganic atom and the |leading tracer gas
is a C5 organic species. The detdct or systemin a
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an air stream, which may be subject to molecular contamination, and useful for
30 removing molecular contamination therefrom includes sampling the airstream at a
location upstream of the air filter so that a variety of upstream molecular

contaminants are detected and a target pollutant and a tracer gas are identified. The



that the tracer gas is detected over tine. The nethod
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system. The spectrum illustrating the abundance of the constituents detected with

respect to time is displayed on a graphical user interface 358.
30 The preferred embodiment uses detection technology which is inherently
sensitive to, and can identify and quantify organic species at very low

concentrations, for example, below 1 ppb (V) using, for example, gas



j eopardi zing the process by allow ng the actual

species of interest to breakthrough. The preferred
enbodi ment does so at a | ow enough concentration to be
meani ngful 5 to highly sensitive processes, |ike
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materials are compounds containing atoms forming nonvolatile or reactive oxides,

for example, but not limited to, P, Si, S, B, Sn, Al. These contaminants may be
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25  cahibration procedure. Low Detection Limit (LDL) of the corresponding methods is

~ 0.1 ug/m’ per individual component. In a preferred embodiment, molecular bases
and reffactory material samples are analyzed using a Gas Chromatograph (GC)
equipped with a Mass selective Detector and Thermal Desorption System (TD). The
total analytical system (TD/GC/MS) is optimized to separate and quantify analytes
30  with a boiling temperature of Hexane and higher with LDL of ~ 0.1 ug/m’ per
individual component. Individual components are identified by a MS library search

and chromatographic peak position. Individual component are quantified against



Tabl e 3 Concentration,ug/n8 N2-facilities N2-

facilities Gl free Air

Fab before after

<0.1 0.4 <0.1 4.26.4 Qher

<0.1 <0.1 <0.1 <0.1

al

free Air

Fab anbi ent Sub
before after Amonia (as NH3) 0.4
inorganic acids <0.1 <0.1
Nitrous acid (as NO2) <0.1 <0.1

0.8 <0.10.81 Nitric acid (as,NO2) <0.1 <0.1 <0.1

<0.1 <0.1 <0.1 C6+ Organic Con
as toluene) Table 4 Coppoun
Conc et aelytfal standargs, fas exagplfe ioliens Hidhepadogane:

Benzepg(ié8d ifdnédTibi 3-$1 | ane,

2.3 -213 -216

1.2 Hexane,
01 Sil ane,

3- Met hyl

2,5-Dineth 133 0.3 0.1 Tol uefiebl¢32) 1 2.9 1.3

ounds -1.1 O 9 -.

0.8

Analytlcal results

Dinretho dineth 159 2.7
(260.4 0.2 2-Heptane (47) 0.5
Trimetho methl145 0.4 0.2 Hexane,

Pr opanotc—acid—2=hydroxy—etty cal@bncéﬁﬂau&n dg/nrﬂ 07
PGVEA (92) 3 2.2 1| Ethyl benzene |(59) 4 .8
n- Pr @ pyI benzene ( SON2BaciBieNZ- faciliee]l @ltﬁe«:ﬁm@n (r®4\)r Fab &mb@ntP Sub Fab
Xyl en 48) & 15 2 ghefore grya (Stgloren 13 gften 1 o 3
Tri ne 'p‘.m° ' Zdrsi._e??e (72y O g lo7 011 3 e4r i bt  honilnel O
(60) gth r Ingrgapic a sw he\f();. L o J RN 5 r«:o.é o ~<0.1, o <D.1 <0.1
i anorN‘fro}jS' dgs NO2)~ =07 ‘qu‘?TE o 08, <0 1"’ 0.8 1
Nitri$ atidasNO2Z) V- 4 <0 ' <01 Y [V <01 . P10 Y| <0.1
C6+ Organic Compounds -1.1 -09 -0.8 -2.3 -213 -216
{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
Hexane, 3-Methyl (26) 0.4 0.2
2-Heptane (47) 0.5 0.2
Silane, Trimethoxymethyl (45) 0.4 0.2
Hexane, 2,5-Dimethyl (33) 0.3 0.1
Toluene (82) 1 2.9 13
Propanoic acid, 2-hydroxy-ethyl ester (59) 2 15 0.7
PGMEA (92) 3 2.2 1 ]
Ethylbenzene (59) 4 3.2 1.3
n-Propylbenzene (56) 0.3 0.1
Cyclohexane (84) 9.5 0.2
Xylenes (48) 5 15.2 6.1
Styrene (59) 0.3 0.1
1,2,3 Trimethylbenzene (72) 1.8 0.7
1,3,5 Trimethylbenzene (60) 0.6 0.2
Cyclohexanone (77) 6 0.6 0.2
3-Heptanone (47) 0.4 0.2
Unknown 0.5 0.2
Unknown 0.7 0.3 ]
Octane, 2,6-Dimethyl (59) 7 0.3 0.1
Cyclohexane, (1-Methylethyl}(40) 0.4 0.2
Nonane (59) 0.4 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) 14 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 04
Benzaildehyde (48) 9 2.8 1.1
Carbamic acid, methyl- phenyl ester (25) 2.1 0.8
Propylene cabonate (86) 10 3.5 1.4
Heptane,2,2,4,6,6-Pentamethyl (64) 2.6 1




Octane, 2,6-Dinmeth 159 7 0.3 0.1 Cycl ohexane, 1-Meth
leth 140 0.4 0.2 Nonane 59 0.4 4.1 Cctane,
2,5,6-Trimeth 153 4.3 1.7 Cctane, 2,2,7,7-Tetrameth
153 1.8 0.7 Cctane, 2,2,6-Trinmeth 164 1.4 0.6
Benzene. 1-Eth 1, 3-Methyl (938 3.1 1.2 Decane,
2-Methyl (771.2 0.5 Benzene, 1-Eth 1, 2-Methyl (77)
0.9 0.4 Benzal deh de (48) 9 2%-1.1 carbanic aci d,

(7'§\ 2 1 0 8 P | g_n_a_t_@_ﬁ‘

nEth k& ; A '- +.-..,-\n00 PRLYS “::\15 Q?E :%ﬁ ~ 4
(86) Beta ) antC— 7 Z7 | O~ FCTIUqIET T 10597 2.0 70g
-29- meﬁnﬁ,ndneﬁyuev)nern 16411 B3 4 Decane 0.2
2, 2, Dbefane ethyi@0)12 10.1 nane, 3,17- Di net h 167 0.7
1310?-;3' U5 g D 1h15ﬂl7ﬂ7‘g’k 98
onane 3-Methyl-5- " = .
Decaﬁ%ecé"eﬁ_-sﬁ.; ithetty)(4F) rate, o= 1|5u:ﬂ'¢|‘ =901 O g
164 Brétade LEthyl A trahethyl(vz)lrl nres 147 14415 © 3 0.2
t ane 25 IGo6- Tetraneth 1{72 15 114 0,2 0.2
Unde anp, 40 159 1.5 0.6 Undecard 4, 6-Difret h-48
|, {ndecane’3, lmml 3) A - b oaro ABn Ao 0.7

159 J'G’ndééne"hn%th B cLdadllT. o, o- I TIct Il 1O Q:4O U. 1 1
Unde CRdaghed-riamy! -prbﬁiNMZ 41T Nonane, 3- el b7l -5- 1 0[L64d kA
5. 7 RURecandicfelimatiml(48) 7- Dineth 143(1. 7 Q. 2.7 Undecahe 307
8- Di Wﬁpa@%l’ﬂ@ym) decane 25D "ethz‘gse 3641
He t neth 17250, 62 14
Dodecwae;andezﬁﬂwmuhmne)th 1T 72 2. 3[0.9 Tnrisdecane, b- Vetdy
164 [Trigecgne®-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

with a preferred embodiment of the present invention. The gas sample is fabricated

ambient air.
5 The mass spectrometry (MS) results for sub-fabricated air are listed in Table
5.
Table §
Compound Concentration, ug/m3
as toluene as hexadecane
Hexane(78) 0.4 0.2
Benzene (84) 05 0.2
3-Pentanone, 2,4-Dimethyl(72) 0.2 ’ 0.1
Hexanal(64) 0.3 0.1
Propanoc acid,2-hydroxy,propyl ester (56) 0.4 0.2
Propanag acid,2-oxo-ethyl ester(29) 0.1 0.05
Toluene (79) 1 33 14
3-Pentanone,2,4-Dimethyl(36) 0.2 0.1
2,3-Dimethyl Pentane (21) 0.4 0.2
Prapanoaic acid, 2-hydroxy, propy! ester (57) 04 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) 03 0.1
Xylenes(35) 5 35 17.5
1,2 4-Trimethylbenzene(67) 14 0.6
Nonane(61) 0.7 - 0.3
2-Furanol,tetrahydro-2-Methyl(56) 11 0.5
Cyclohexanone(73) 6 92 40
Octane,2 5,6-Trimethyl(50) 7 1.7 0.7




Tri decane, 4-Meth 164 0.4 0.2 Dodecane 50 0.5 0.2
Benzoic acid (66) 18 9.9 4 Cyclotetrasil oxane,
Hexaneth 139 0.5 0.2 Cyclotetrasil oxane, Cctaneth 154
0.4 0.2 2,5 C clohexadi ene-1, 4-di one, 2,5,-di hen 197
20 27 10.1 Total 213 73 Figures 12A-12C are graphi cal
illustrations of chronat ograrrséébf a gas sanple

i ncl udi ng an average ion scan the spectra end

(Fi gure Pr-aceardance —with—-apreferred
nzeng,1-E methyl(9° . - 8 .l - 2. \ . 0.9
enbo EnE.8 4-Bimethii5e) P CSENT T NVENUT O TNF gaS—Sanpr € 1§,
fabrij eRdH-Etigdmeyli72pl T . D The assS _specsronetry| (V5)o.2
I esu| Alghad I ' ' ' ' o 04
5 2.4 ! ' as—toluene 23
) ' enz eh de [ 70\ fa A4 YN 1o ! o . /£ QAN Al 0A4
as h 3 ethyl me(7 o) U 41Uz benzZegpe(od) Uro Uy
3- PeldcasmePeg-ZinfetnilisBiEL N T /2 Q122 0. 1 Hexanal 64 [0. 3 17
0.1 [WPrampdfBimetatd], 2-h droro 13 gster (561 0.4 0.2 1.9
Prop neled G ItliN) ot byl ester(20) 0198 05 Tol uend?
ecanﬁj_-ﬁ' lnﬂ“ m 7 o 4 [ {|4ﬂA o ) o 4 \0‘4
79 1 Rdcane 3.6 ATrimemh tanome; 2, dDimet 13502071 17
2, 3- D-mdnhplend@nt ane (21) 0.4 0.2 Propamnol ¢ _acild, 0.5
2- hy one. 3@ Dimethliddist er (57) O 4 2 _P8#épanaoic lacid 14
2 OXnUn.decane&G- iR o7y N 1 N ¥ | ponen &8 A o 0 o 0.2
o aLnleIEImetﬁ B rI T / AV Arga- = \J.1\7\J T v ¢7’A\Ji0 I :J 0.3
Et hy[rNoR&B, ; tyrgme(39) G- 301 erms
35 S Udecdné. (@) 1 Z 4-Trineth (benzene 6711.4 0.6 0.4
Non deggne@d-Methgi(723 1 04
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 03
1-Octanol,2-Butyi(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
Benzoic acid(41) 18 8.9 . 3.6
Dodecane(87) 0.5 0.2
Phenyl maleic anhydride (23) 0.4 0.2
Trimethyl, 1,3-Pentadiol diisobutyrate(42) 19 2.9 1.2
Benzophenone(42) 0.1 0.05
2,5-Cyclohexadiene-1,4-dione-2,5-diphenyl(89)20 12.1 4.8
Total 216 96

Figures 13A and 13B are chromatograms of another gas sample in
accordance with a preferred embodiment of the present invention. ' The gas sample is
a sub-fabricated ambient air sample.

Table 6 lists the mass spectrometry results for oil free air upstream of the

5 filter.
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.

10 Table 7 lists the mass spectrometry results for oil free air sampled

downstream of the filter.
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the filter.
Table 8

Compound Concentration, ug/m3 (as as hexadecane
toluene

Silane, Dimethoxydimethyl 0.8 0.3

Silane, Trimethoxymethyl 0.3 0.1

Total 1.1 0.4

Figure 16 is a graphical illustration of a chromatogram of a sample of
nitrogen gas upstream of a filter in accordance with a preferred embodiment of the
present invention.

Table 9 lists the mass spectrometry results for nitrogen downstream of the
filter.

Table 9

Compound Concentration, ug/m3 (as as hexadecane
toluene)

Silane, Dimethoxydimethyl 0.9 0.4

Total 0.9 0.4

Figures 17A and 17B graphically illustrate a chromatogram of a sample of
nitrogen gas downstream the filter system and an average ion scan of the end of the
spectra, respectively, in accordance with a preferred embodiment Qf 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 perfofmance of the filter

system includes taking a sample of the airstream upstream of the filter system per




Phenyl mal eic anhydride (23) 0-4 0.2 Trinmeth
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sanple in accordance with a preferred enbodi nent of
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the present invention. 10 Table 7 lists the mass

spect M§ripstrepmy wgpling lgcationoj If if isodeteqmyined fhgi| thefe is no match, then
downsffaam.ob 15 Ii‘set/aft néJ %tetﬁe 1oc§t%oexé;§bth§ I’?700 : A However, if the

Concentratiom as as adecane ol uene) _
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1 ostr B s o3 S Bip iR Pranet PG e ok B R il
aile downstHeeafp @10, foe chithrhi@ants IWitﬂIhCl(hé dl&Bsheld\Mafgét filtration range,
D i S R 1o, S5 4B ot e pecum
ni t r ogedhofaf CalibhdeGSr 4481 IdcRRM 19tlpdafe'aQn &tep 687 and the remaining filter
life is calculated in step 614.
The remaining filter life is compared to a predetermined warning limit in step
1S  616. If the filter life is not greater than the warning limit then the alarm is set per
step 618. However, if the filter life is greater than the warning limit then the process
is iterated again by taking a sample in step 602 and progressing tilrough the method
described herein.
These steps in accordance with the method are iterated for samples taken at
20  different locations such as, but not limited to, a location downstream of the filter, at
locations in the filter bed or within an interstack filter configuration including filter
beds in a series configuration, '
The target filteration range in preferred embodiments can include variables
such as amplitude of the peaks in a spectrum indicative of the concentration of the
25  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.
30 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 systemi 650 includes a
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of "t noERep Tl Sluierer VACRURLRGURG R p R MRcatin

acsor gan e oviléthntertsee of @e fiaek resdatcisnRaAd thekxiang of R SHEm 672.
invention, Figure 18 graphically illustrates a

chr onbRFhas Bferfaca 72 ican alsenin alisgnate agbofimentschesioyplptio a

Wt h GacRiB SREMET e CAHRAMN TR e sPtent Rﬁd&%ﬁ%ﬁﬁiﬂ% comtMFRAtoR B
20 Figure 19 is a flow chart” of a nethod 600 for

on- | i requiradniAliche mdpt atd autlet infsefades hamgrsetedoturfaces fdrieayironmental
SYSt e b o2 98 %%%@:?o%ui@ é?ﬁlﬁm@f ﬁFlﬁ{iJs%%oﬁpé?ﬁ?grrggéggor%S such as a
the present 1nvention. e real-tine nonitoring

s¥&t epropatiorahintqpenl tontivtercaad acontioé mbidle 670 inpyeféresh embodiments.
i ncl udes .takin sanpl.e. of the.ajrstre upst r eam of

the f{-Prederedyatbarimelinciadss elecgpicaiy conpplicd st [ posecyduty
exanpéyle for abRABH D Glter BaRfiddeh Tha thit§ tycBadih bS pARR@nabRd The
and stored per step 604. A thresho t ar get

filt e?lgatruomealbaq?g@l?qdwak@ asgistdp emppgimends having jjighugnecgtrations of
conp : | , 32 ppb, is

det e?‘%{bﬂ’;’%@&?ﬁ% zt% ?pé&%%%@gg?tﬁm%mﬁﬁl%ht s bel ow t he

t & get f i |Thefidtei moduleadffenclidss aplumatitpefdilgueaysiot yarkdges®86 and
identjified. In steaxl),{608

cont s 95 R e eRetionl i A SRS e B o atow
sanpl dcograte diradtiondl. flolf betvieeh Silteke bdd poshedlet thvatsamplirigtand Snalysis at
no ma; g]ﬂfality o%gites. The post-collection analysis provides quantitative and qualitative
measures of the contamination present in an airstream in the semiconductor
20  processing environment. Analysis tools such as, for example, GCMS or GCFID can
be used to detect the contaminants. It may also provide for monitoring of the
performance of the filter system.
In a preferred embodiment, the filter module can also include a timer device,
for example, a battery powered clock to determine a sampling duration
25  commensurate with predetermined control parameters. A manifold 688 in the filter
module provides for flow between the plurality of filters. The manifolds have
mechanical interfaces such as adequate beveling to help in the insertion of the filter
cartridges. In a preferred embodiment the channels in the filter module can
accommodate filter blanks or trap blanks which eliminate measurement errors.
30 In alternate embodiments the analysis system can be cooled using a

thermoelectric cooling device. Organics can be condensed and collected using the

low temperature embodiment. A fewer number of traps are required for the low



anot her sanple is taken at the | ocation and the

process iterated. However, if the contam nant |evel

mat ches the threshold range upstreamof the filter

then an alarmis set per step 618, indicating a

br eakt hrough condition for the particul ar conpound. 10
Per step 610, for contam nants within the threshold
target filtration range, |ocat3%n and quantity, for
exanple, C7, 12 ppb are identified fromthe spectrum .
The t ctrperatira¢rhiendieent sinceghe rghrcsaihn bacdllsctepplat entdénsation. An

step 61 nd .t emaining filter life is calculate
0. Epbeditient e S EmAPAGra PeE ey s bt ks uiee e
a preHet efeigynefervad ning |imt in step 15 616. If the
filter life is not greater than the warning limt then
the al ar mAlerassy erﬁ@%lm%epclmﬁfemmqud forsestepna) ingerface
lide tshneliBAl flthd dvef) p"ré%ﬁ;ré!\'ﬁrlé‘ét.n@hik leizItests%Bliﬁé]ﬁaccuracies.
process is iterated again by taking a sanple in step
602 and priiguregtillusfratdsracolymatin diagramngthe kos ithasdordance with
hereip, ese > i p.accor dan w1 h . .

v er of e SnBidiRg of R SRl RG5eing fd Sy RHRGoh s
such asl théperfofainck bfa fiked system 6f thopratentinvahtiomsA ceven’ o is

the filter, a | ocati o inthe filter or.. Within
o1 nblBiGokethe bant BROREATA apl i sk moRlF a0 i pduie 706
begls inBludeseqilhratity 6Ofilkdr @htiriige P08 at A6scHiBddGAth rbipeétas BighR20.
range in preferred enbodi nents can include var.i abl es

such as arfgyre glidlugratesiischsaas diagram of garodplgaving a plurality of
| ndi Cﬂﬁér\ﬁ%{)/sogftﬁélﬁt&%}{:ﬁ&%% h&ehﬁ{xﬁ%éﬂgxl 3 e f QT RMIBE RNt of the

or fast noVing conpounds throug ter system
i ndi cpresentinvgntion aThebasd mbdule T3 ie dlubtzatedms begihg coupled to the filter

. | t { [ { 1 Xture of
cpoci Beoe e WeBst T EIBRMEA 15 moni tor 111 ter

| 1§ e and mEgirerMOSEtd3an akatidd viawiod the ntldu dbviagh plRiralify of
anal yze the effi ca_cg}, of the filteration system based
on a [P raPEAsShovRAfigREG 2l 30 Figure 20 illustrates a

schemat i ¢ fkRcks fuaetRMNdehildl ke bEME iRayId 8EEAIY MuRBty of filter
and nonitoring contam nants and the perfornmance of a

fi | t efrapsysshowniimFiguedd @long avithyhe flurmbipg ifthe mawifolds in accordance
enbodj f th . Lnventton, . The system 650

i ncl %g@ggre?eﬁg G%P(g(g'ﬁgrg%thgi%fe%?nﬁ I"igg?twgSZ upst ream of

t2e syst erRigiaesl?Aae2 500t udtrateGbenautid dagiamd of ®d682 thdo fanctighs as a
a pl uraleirn% of filters or rgifract.or. traps. .The bas

modul @RRFHICHES ceptaminpand flter meniforiae pysiefAs ivipdeases 1882

and i RaditlRSfA0IRCASH aBcot et Wih #Preféeréd &RbddMRent of the present
proximate to the inlet interface 674. The outl et

i nt eringendion 78hq congentreterdnyier 86t hasi coveri8Phandie insertedén a

the. SoRfAe forg Rl o Bl RO R RE SR G0l Rl The

i 26 al filear sstemn mpliodidg mitteranonitericg fmpéteaiality can be reduced in size using a
coupling device such as, for example, the concentrator 804. A greater volume can
be collected in the filter system if the temperature is reduced to 0°C. The sensitivity
of data collection is also increased by the use of the concentrator device that includes
absorptive materials such as, for example, Tenax® T.A. Hi gh boilers, such as, for

30  example, organics having six carbon atoms and more are absorbed by Tenax® T.A.

In the alternative, absorptive materials such as, for example, carbon traps such as

supplied by, for example, Supelco can be used in embodiments including, low



vacuum systemif evacuation of the systemfor

determ ning contamnation is required. Al the inlet

and outlet interfaces have seal ed surfaces for
environmental isolation. The base nodul e 654 further

i ncludes a controller/processor 658 such as a 10
proportional integral controlle; and a control nodul e

670 in preferred enbodi nents. 'g'preferred enbodi ment

i ncludes electronically controlled valves to inpose a

duty bilsey dltegatesambgimsgts rejudeaicompingtigniof thediltersyprchigh and low

duty GoifelsSing @iy BE aiPinR6d RPARRLIGN/ENR sefdsect roni cal |y
controll ed val ves assi st 'Iin enbodi nents havi ng hi gh

concent r athiguies 26A and 26B llusirate sehematinylocketiagrataly of 3 systene that
pot ent j 1. [ . .

i ncl ué e@lug?p dgi;ég};tlg ? ?; gp(?fs &1? T E{Bg?sfs £ lr1 a gcaggg}géélr%t 1§|§ é) édsan (2368‘%“}l 3
antl prafearckeoladdénana bf/the gresent mmgaiorNAs desctibed herzinbefoes e s
between the cartridges to allow ,accurate directional .
¥ ow BiBEn el depasn O o ort ot K P U Bl il with
anal ysigi@vapors. Théekk adakfiohs WrmSdxtremely Ta6tivGEde r4dd As8mtidOfay
anal ysis _provides quantitative and qualitative

meas ufosd lasger ppganic GpmeHIAnY hish cascopiaminale ppiipal glemgnts.e 4 polymer
| Nt heye GiEy 60 RIHES BF the BpRlaPaificdsAd ESHYERREBR bptical elements. A
Anal ysis tools such as, for exanple, GCVb5 or GEFID can
b0 usprefetred ehabagiment meludes defrictiomsystemithat amylates s deposition

provide for.nonitorin f e for of. .t .
P11y eiSesp 2ot aBic SoBthd® bp bl A BEP efigep g fed wie
nmodul £glassipacd shich ag) o exkenple, iglasFeadkcI 2 @mulatel tie opriediplaeerials.

a batfery po ed . clock to determ ne sampli.ng . .

dur at$ ?fﬂgr.?%?%kﬁ%ﬁ%’&}ra?tlg‘%afsﬁé &r@@Eﬂ&afmeﬁ%mé%tMsht source
par anjeefvided BRI ok St hpRB 8 1ds8r ﬁr@ﬁdiﬁ% iaE&‘iightréﬁ_Q‘[g%' ® the cartridge
provi des for flow between the plurality of filters.

The nigsrysgtheformatien ofeerahandr didm op thesprfacseef theiglassdsads as high
adequ j ' j rtion of the
fi|téﬁ%&%§§¥§#ﬁg§é58P?§%ﬁﬁr5%%9533”%’ odi ment the

channel s iThephaodetdctoe incindeld ghotmall 9@icto arsanuiathe eheargy level of
bl anks .or . trap. bl gnks whi.ch el im nate neasurenent

or or bt htch A aupiel B B G EetHER 0L P HEP B g urfaces of he
syst enfulifide BEgIERBLRW. TR F18ks Beads PRIVITR For@dhrgbiGuffadelatdaGor
devi ce. Organics can be condensed and col I'ected using

t¥#e  deBorit@nle sragird aadrisensmission differangegerre momiisaed tafetermine
teagggh@feeelro? %Hta{rﬁq%tfoﬁ.r THE %mlbgcmnét"ﬁébgoﬁ (fegg‘[f){écg%éégee method to

I ment since the organics can be col post
c ondeleteaming damdge that pdyoatcwremttheodptichleldments sediyze; fat enample, the

system.can .include.heat sinks to, dissipate the. he

chor G EERREr ARESlre el S i HER B e appee o
devi catuablewptied to external interface 5 connections

in the event pressure is | ost. This obviates sanyling

i Maccur acilediouldfedpderstoad thet the progras, Arosesesnaefhods andsystems
di agrRmRrdtd hdrein TRAS Rfatdd branARE 4RRGSaMichir type of collection media,

or computer or network system (hardware or software), unless indicated otherwise.

Various types of general purpose or specialized computer systems may be used with
or perform operations in accordance with the teachings described herein.

30 In view of the wide variety of embodiments to which the principles of the
present invention can be applied, it should be understood that the illustrated

embodiments are exemplary only, and should not be taken as limiting the scope of



a preferred enbodi nent of the systemfor detecting and
nmonitoring contamnants and the perfornmance of a
filter systemof the present invention. A cover 702 is
pl aced over the base nodule 704 and the filter nodul e
706. The filter nodule 706 10 includes a plurality of
filter cartridges 708 as descrijped with respect to
Figure 20. Figure 22 illustrat€s a schematic di agram
of a podule having a plurality of filter traps of th

e .
det ect'f BIYSEY &VeRHoNn Facesmilin HE siEPt Af the Spwrdiaepamy may be taken in

enbodieqitesAthdr Mein thEE FRLibed) W8N o or EREr NaRGIRHN b used in
704 is illustrated as being coupled to the filter

modul e poek singrinse uWdiel variaus slasgpiscef the prifeyred eenstpdiments have
Fi QUr gef Beskdihd S Béhgﬁnﬁé}ne{%ltetdqﬁ A botdl}r?enFEgﬂ Whware or
having a plurality ITter traps’as shown In Flgure

215 Hinpwaee idplénentasibusahaysaltamdetedy beaded; amdwicd-vdriae

nodul e hayj ng, .a pl urali of . filter . traps sh i.n
Fguro 20 TV OHE RpFr e o8 of wTAEY iR Hepe o Spaods fvolved
accorigdane systent bkl Meb® @ detdmaiirosid®ntrolihg cbRammes®@Ninay be
i nvention, 20 Figures 25A-25C illustrate schematic

di agremRedist ima GeRPWE Promiem PERte! thadnciudes a ceppiEnisakle gedium.
In a Fd?%@:?’hfg,a Richa) dothpdtérClsapR nrh&cﬁﬁrh Ndn QXQEM.Q&dgEIe memory

i ncreases sensitivity of collection in accordance

Wi h devise.efuch eade bardoltivealevicafa CReR@Me 2eRVD-ROMe ot iaorpmputer
The c nt.r.at or Vi C h coyver nd. ,i

e SREHE a8 coPEC ot BB BRI Logibs A Bercon. The
t hat doaputeheeddabletmediveh oari laBbd ih¢lidyr A OMMunithton’ Sor transmission
filter stemincluding a filter npnitoring. X .
funct ‘é’i”ist“‘;?h&saﬁ bjgon LepmuBpRiFationy ’E'éffeﬁagté{’al’ FEEH ?fﬁ@feless
devi G phogen cdde Ee%’i@ﬁﬁﬁb@iﬁd tHaRof Qﬂﬁ%ﬁﬁ bPdalog 48t sighals.

e Cco

greater vol une can Ilected in the filter system

i ¥5 t he t erfpeckimg shopld npbbread ag bmie totthe deserihed torder oy elements

of d AfnfesE g’[thle(iE ?et'hgtrkffe& aﬂh%&ﬁdcrf:lﬁa’i Se%?o%g ts ﬂft‘ cHié w(?tilmt thg scope

concentrator vice that i sorptive

mat erand| spirg uafththasfolléwoing ectamp| aad ehaivalbefts ) tharetd. arkii gddimed as the
boil ers, ..such as, for 30 exanple, organics having siXx
car bdA"3t¥hs and nore are absorbed by Tenax T.A  In
the alternative, absorptive materials such as, for
exanpl e, carbon traps such as supplied by, for
exanpl e, Supel co can be used in enbodi nents i ncl uding,
| ow -35- boilers. Alternate enbodi nents include a
conbi nation of the filters for high and low boilers
and may be arranged in parallel and/or in series.

Fi gures 26A and 26B illustrate schematic bl ock

di agrans of a systemthat enulates and detects a
deposition process on optical elenments in accordance
wth a 5 preferred enbodi nent of the present

i nvention. As described herei nbefore, photocheni ca
deposi tion reactions occur when hi gh-energy photons
interact with



organi c vapors. These reactions formextrenely
reactive free radicals which may formlarger organic
conmpounds whi ch can contam nate optical elenments. A
pol ymer |ayer may be fornmed on the optical surfaces
and contam nate the optical ggl enents. A 10 preferred
enbodi nent includes a detection systemthat emnul ates
the deposition process of organic conpounds on
optical surfaces. A fllte&LRﬁwérldge 902 filled with
a gl ass pack such as, for~eXanple, glass beads 912

Wﬁg@% g&gﬁe dt he optical materials. Conpressed, clean dry
arr [

1.

7.

§ passed through the filter cartri dge. A
l'i ght source 906 provides light, for exanple, a Iaser
Pr oW rﬁétﬂSd to"i‘%@{ecﬂ; rﬁ&%ﬁﬁ( &d?\tér@ﬁ o E'sgﬁlnﬁ:oﬂr
cause the tormati on of %ner '7'm on the surfaces
of pmegqi@@gvstﬁ@ammgsm @ﬁ Stqméhf gy photons react wth
or gani C q¥aRRK 3 iBs SBRple @R thgggmﬂzgm&gﬁbﬁﬁte%nd ﬂ%{édﬁjﬁsa

a photocell 904 °to neasure the energy |evel

whi Epllectiongdqvisechaving se@tiationtaraidly obe Prasassing system havmg an
conbpfidangyatem;@ndt he surfaces of the multitude of

gl ass bea? .. The gl ass beads provide for a |ar

sur f ace ca¥eeting 69”“%”@1@;5‘659”%1 6193S Frge §ﬁ'@6i’?’hﬁ’ev‘aﬁ%cf°r a sampling
tr aaamlsme@nesdhtbfnea"cﬁracsam piY \@luii thhtaxeeb dsahgledt@ratid i pacity of
t he of cantam nation. This enbodi nent provides a
progﬁﬁﬁﬁ?qg 9&Y'fdd to determ ne damage that can occur

on the optlcal el ements such as, for exanple t he

- Coutfipieies SRR, BhergliifE s mRinE YRt g Polsd

It should be understood that the prograns processes,
nmet hods and systens described herein are not rel ated

-or [hermethgdtad Clairp 1pwheremutheisampling dufation ehaldes tha catagtien of a

or g&ﬁ&éﬂt%ﬁd%alg ﬁmEséé?%BﬁnH{;)Hb%rhg\’)ﬁ iy rﬁ@@&%@ﬁv@e}?ht and

unl ess 1 ndicate ermnse ari ous ypes of genera
pur 9@9@“@)@'9@!@?"&!‘ﬁhﬁiéépmewateyﬂ@y@terrs may be used
wth or performoperations in accordance with the
t eachi ngs descri bed herein. 30 In view of the w de

_var rRé yefod ¥ ERAH ﬁeﬂﬁ&ethé{‘@tbﬁ B EdNBctiigiBRiaRlistioR fncluags

present I nvention can be applied, it should be
undeQllectigdetraderyche pPH‘W%S'P'G'&F’@lfcu'éh*ﬁ?iahtr@m%u%ﬁsea"d low

exenpleanldr @&t coppdusdoul d not be taken as linmiting
the scope of -36- the present invention. For exanple,

t he steps of the flow diagrans may be taken in

T oWBEIIRR ST Baator S SoNEBR IR arRp elfesraehy

W‘n inetrwaentmmnpeulsraganbsstafnetcbkcpasreﬂemeed fleiticosimuaicttion with a

haveas REFD AR Rt 85 oBRLIY I ITPLANERLEdhd (iBAlchWRLEs

| rrphmﬂﬁdsouﬁwmtaﬁﬁ mdaaﬂsatwatign dwaois/eme liektion device

Vi C%qu#se?%teb g %’Mﬂie!hsaﬂﬁat?o%%gégg't& to ocis'brb dp%%ta?rtlné?ﬁéjﬂnwgas flow.

at netho

The system of Claim 5, wherein the adsorptive material comprises glass spheres

having predetermined surface properties for adsorption of contaminants.

The system of Claim 5, wherein the collection device is tubular.
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in the systemand nethod for determ ning and
controlling contam nation may be enbodied in a
comput er program product that includes a conputer
usabl e nmedium For exanple, such a conputer usable
medi um can i ncl ude a readab » menory 10 device, such
as, a hard drive device, ROM a DVD-ROM or a
comput er di skette, having comput er readabl e program
code segnents stored thereon. The conputer readable
medi um can al so include a conmuni cations or

tra nm ssi on di_u such as,
TS ST rogt et ojg0 st dBcs it notin

vv| rdu&ﬁ@mdmmgnwnlmgfeagmmw&e segnents carried thereon
as digital or analog data signals. 15 The cl ai nms
shoul d not be read as limted to the described order
or ess atat at ef f ect

ellh%rge Uk rqtﬁgéuin %rewgtﬂe c?lhacp %ewcg éso?)t Ieaségée éfgq?
of tamd Cb@ﬂedglmsagpatﬁlnal nms and equival ents thereto are
clained as the invention. -37- CLAIMS Wat is
claimed: 1. A nethod for detecting and nonitoring

npris st eps elrvering a gas sanple from
the p@b/meé ﬁ'@ﬁ)&:t or processing systemto a collection
devi ce having a saturation capacity, the processing
system having an optical system and collecting

11¢ Ont'l'%@sglétéﬂn%‘ﬁ cidif® WhéreBhie cohthhPatd ih8Gddsan |e<é§tv¢rféeof

13

14.

15.

f or anplin durati on re resentative of a sa
Vol G R BRI a oG R 9 o RPTER P i Tpjegule

col wegdht eemperidse. 2. The method of Caim 1, wherein
the sanpling duration is at |east six hours. 3. The
nmet hod of C ai m 1, V\herei n the sarrpl i ng duration

Lenabl es t he col i ent and anal yzabl e

med EPag il ragraPaiutin Aokt SupBieaaan

a b@ptncahglepxenmongme:ager t han approxi mately 150C. 4.
The neth h e f..collecti
cont am nacPis o pissentiEhBel e Roiha puipe Foie
conpmemisal digngnt nmllpdsemﬂoargasaogtw the nplmamtsdeame Heing

ol oY toVﬁ Péo&m ad%rﬁﬁ\?etrﬁgﬁehﬁ nd operated past a
determ ni ng d noni toring cont ani nati on

photsaluratinn gargsily to ddsetbr eortaminand®npr i si ng at I east one
coll ection device in fluid conmunication with a gas
fl ow extendi ng through an optical systemof the tool,

t he TREOLbRGhinaflorfiSHIYER apparatus of Claim 12, wherein the adsorptive
material comprises a polymer such as Tenax®.

The contamination analysis apparatus of Claim 12, wherein the adsorptive

material comprises glass spheres.

The contamination analysis apparatus of Claim 12, wherein the contaminants
include at least one of refractory compounds, high molecular weight compounds

and low molecular weight compounds.



havi ng an adsorptive material and a saturation
capacity, the collection device being operated past
the saturation capacity to adsorb contam nants in the
gas flow. 6. The systemof Claimb5, wherein the
adsorptive material conpri s$§ gl ass spheres having
predeterm ned surface properties for adsorption of
contami nants. 7. The systemof Claimb5, wherein the
coll ection device is tubular. -38- 8. The system of
Caimb5, further conprising a collection device that

16.S NOfeihdd FdriiédoGRIEBMARiAAMS Th NbdriicdidRIcR Brobésiitg sYstem,

The sxlst,em ?{? d ai ?1 5, wherein the collection device
i s SPMPEY g §terstgl ass  and coated gl ass materi al .
10. Thedélwefiga ghs stteanifrdm thehshfcohdudter procsssipyisyfem to a

mat erj al. cqonpri ses the . polynmer Tenax(r). 11  The
oys celitet Giia, e brigharinl RfHTE e AnPRLE] SRS AN des
at | eastollentihgadontandfiand<iran Yhecgasstreandn tHei aglieatioh devicear
wei gh nd | ow. npl ecul e L aht . unds.
15, WReBRERNAR N ARG el SR aRG S
phohighértrmageulgriweighy tapriherirst coptaaminardpt i cal el enent
conprising: a collection device conprising a nmateri al
having a surface property of the optical elenent

17¢0ug1 REthb @R nﬁfﬁg%%lﬁngerembﬂﬁg 6L nElinaHs AVpHoRli 'graghy
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19.

20.

coupled to a t "source and having an adsorptiv
mat SYHEN hawag p eptigabaatpaeampsising e steRs &n capacity to
adsor b ganEag 2144 streahXron] HPh6BIRhEGFRPR] dyatenPidadl ySi s

ea
apparatus of ‘Claim 12, wherein the adsorptive
mat SPHeSton88MRS ses a pol ymer such as Tenax(r). 14. The

cont am getbdtPg canBhitfants friiPiedfal Strédm WitAtHB doflectith e Gits)
the adsorptive nmaterial gon‘prlses gl ass spheres. 15.

The conf@WAN$OBRMPANS @S apparat us of O aim 12,

wher ei nadtligting @hé@mbraas tsremiol€ borfigminbints @At the Bptical path.
refractory conpounds, high nol ecul ar wei ght conpounds
and | ow nol ecul ar wei ght conpounds. -39- 16. A nethod

oo ST SR QAR o MGt ot oreo
del irefezc_tangccangamdstmgmnolécmnwmt sembcmﬂdlmﬂ ¢ow molecular
progessi %ps&ﬁﬁ{jgm to a collection device, the

proce@& ng 'system having an optical system and

A filtering system for removing contamination in a semiconductor processing
system, comprising at least one collection device in fluid communication with a gas
flow extending through an optical system of the semiconductor processing system,
at least one collection device having a selectively permeable membrane that filters
contaminants such as at least one of a refractory compound, a high molecular

weight compound and a low molecular weight compound from the gas flow.

The filtering system of Claim 19, wherein the collection device is coupled to

a vacuum source to increase a pressure gradient across the selective membrane.



2t (Aeifiigring svetent efifdaimy!

col l ecting contam nants fromthe gas streamin the
coll ection device including a first contam nant

i ndicati ve of a second contam nant having a higher
nol ecul ar weight than the first contam nant. 17. A
met hod for nonitoring and rﬁanving of contam nants in
a photolithography systemTaving an optical path,
conprising the steps of: delivering a gas stream from
a photolithography systemto a collection device;
detecting contam nants fromthe gas streanrmrth t he

col | ection device; _analyzing contam nants; an
9¥ BHETRN 98 9e8 fPW SPIMBrises Grﬁaﬂ Hg air,

opt irftedgeR2dridor olifer inERQya8&S. hod of Caim 17, wherein the
contam nation includes at |east one of refractory

conpounds, hi gh nol ecul ar wei ght conpounds and | ow

2 or TR g e o AR ol Fhe? SPraRtnPoHaRE RN adSorbton

pr ociesise fluidycrtraonicationpiith ah Rgtpat pdrerate siieamdiohl the selectively
devi ce | lfI u%‘g communi cation with a gas flow

ext EROTHY'T BF 5‘“‘ an optical systemof the

sem conduct or processing system at |east one

col l ection device having a selectively perneabl e

25re rrﬂmarméerir‘rgaayslrem eféiaim 190 hurtherd crammirising actecars calledtivasievice in

one sfla Al @R & RN oo AU LAIBLER bk be, (HELHBHG

conpou omrnDIec ar wei oun
gas crslletwrpn deyiceThayingid se@pnm@ewﬁr@ﬁhajﬁs @l%ntlmlngermeable to
whergidentdM@ vl ection device is coupled to a vacuum
source to increase a pressure gradient across the
electlve menbrane. -40- 21. The filtering system of
m 19, wherein the gas flow conprises clean dry

24, ; Amahpd g €leaniae @/contagNnARd suriare MynsRRaicongipctonprgtessing

fil @?Qé,ﬂgc&y&tsﬁ@tﬁé stehabfn 19, further corrprl sing a
regenerat ve adsorption %evrce in fluid nEunlcatron
cihd

with and§ ‘teﬁ'[]‘t'l agap ﬁ{é%ﬂ"é taihe coptpmingiRd e & PRREFSPINg
per gpadhen theppssanee ofdight, thegyab istream lha@ngansém\/@fgaaaad the gas

19, further conpr. S|n a.se col l ecti.on dev

{1 uEED AP RN GSET S A bR siraends form o
col ivelatile prodiety e, t he second col l ection device

havi ng a,3850N rane s sel ectivel perneable
Lo oxy SeRBTRE e PERe 2 bR im R A8 S R g
contam nated surface in a sem conductor processing
system conprising the steps of.,

25.  The method for cleaning of Claim 24, wherein the step of removing the volatile

product includes the use of a purge gas.

26.  The method of cleaning of Claim 24, wherein the contaminated surface is an

27.

optical system surface.

The method of Claim 1 further comprising measuring a sample from an upstream

side of afilter.



delivering a gas streamto the contam nated surface in
the processing systemin the presence of |ight, the
gas stream having an additive gas and the gas stream
conmbining with a contam nant on the contam nated
surface to forma volatile,product; and renoving the
vol atil e product fromthe processing system 25. The
net hod for cleaning of Claim24, wherein the step of
renoving the volatile product includes the use of a
purge gas. 26. The nmethod of cleaning of O aim 24,

wherein the tam_nated surface is an optical syste
28 1R et of G (st ComPRSiTR eSUFcH  REPPIEGRBY g veam
neasldeiofig fikersanpl e from an upstream side of a filter.
-41- 28. The nethod of Caim11 further conprising
nmeasuring a sanple froma downstream side of a

filter. 29. The method of Caim1 further conprising
29]et doeimethad of &tairs d ripttier aomd prikingedateating g gassample and determining

Tho e i & Aot REbeL Bk B8 32T0r v ning

filter life fromthe detected sanple. 31. The nethod
of Claim?29 further conprising conparing upstream and

30 owrlbe methed of beie 20ifiuthes AemprisinadeteraininaLfilter life from the detected

sample.

31.  The method of Claim 29 further comprising comparing upstream and downstream

concentrations using a computer.



