-1 19 APR 2006 SYSTEM AND METHOD FOR DETERMINING AND CONTROLLING
CONTAMINATION 5 BACKGROUND OF THE INVENTION Semiconductor manufacturers continue to
measure and control the level of contamination in the processing environment, especially during the

~ critical steps of the photolithography processes. The typical means of determini.pg theflyglty and
guantity of contamination in gas samples in cleanroom manufacturing environments 10 involves
sampling air and purge gases, such as, for example, filtered and unfiltered air, clean dry air, and
nitrogen, with sampling tubes or traps, typically containing adsorptive medium such as, the polymer

Tenax . This sampling pragegsris {pliaws st Rty SO ing arNANIRESTAlED, gas chromatography
and mass spectrometry (TD/GC/MS). The combination of TD/GC/MS provides identification of sample

15 components and a determi&@mﬁﬁﬁﬁ?\f@e@ﬁgﬂﬂIt'(]gﬁeiéwnponents. The most abundant
C sare lo

contaminants in these manufacturing enviromnen W molecular weight components such as
acetone and isopropyl alcohol. The current sampling time for existing traps typically varies between
0.5 and 6 houts with total accumulated sample volumes ranging typically between 20 and 50 liters. 20
Further, in applications that are directed to the manufacturing of or use of optical elements such as,
for example, photBUOEGIRENEHeFIBIECROVENTIORUantification of compounds having a higher

molecular weight such ag. {1, AP IR SALKANS S 8L RYMANOREE L FhERE SORPUNdS having a

higher molecular weight are however, typically in much lower concentrations as compared with the 25

low molecular weR§REAEHBR08 T heRErcaias SHYFOURERNITERAAG Y Arghetnsatien sFaight can also be

defined as condemsagietckmvgeiphg sradtsses DUHNGHGINhtpicT i tgraaia fivquaipraximately 150C.

The current methods Icg, dFterminin contaminatilon.hals the limitati %Ithe samdole v?lume being
antity ol coniami o1 1n S samples 1n cleanroom manuia TINg environments
based on the totaﬂ?rap capacfty ofine Ilgﬁ?er oriower molecular welg‘ﬁ components, tor example, 30

compounds havingtghiseiinida ginmd putzerbsnsasoehas/Aer trerdavidiersdrapbweffteradd APR 2006 -2
are usually presenfatj;HeR Iawer SRS MR SntbisdiestieRpkavignificagimass of these higher
molecular weight s(g)eue_s is limited. In addltlon, polluting gr contaminating substances may adhere
onto the adsorptive medium such as, the polymer Tenax™. 'L'his sampling process is followed
by analysis using thermal desorption, gas chromatography and mass spectrometry
(TD/GC/MS). The combinalion of TD/GC/MS provides identification of sample
15  components and a determination of the concentration of these components. The
most abundant contaminants in these manufacturing environments are low molecular
weight components such as acetone and isopropyl alcohol. The current sampling
time for existing traps typically varies between 0.5 and 6 hours with total
accumulated sample volumes ranging typically between 20 and 50 liters.
20 Further, in applications that are directed to the manufacturing of or use of
optical 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 concern. 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 compounds 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



optical elements and reduce the transmission of light. Currently airborne 5 contamination is addressed
in cleanroom environments with little regard for contaminants that maybe adsorbed onto the surfaces
of optical elements. The adsorbed contamination reduces the transmission of light through the optical
elements and system. Thus contamination of optical systems is emerging as a sidnﬂidéﬂﬁ 2806 to 10
photolithography and other semiconductor manufactus®ag processes as shorter wavelengths of the
electromagnetic spectrum are exploited. However, molecular films on optical surfaces physically
absorb and scattepinsstaihgpliesant Scatieideresr cbsarseieplighharcptiestanarigraishifiopticatssurfaces

causes distortion foﬁ!ﬂ@s@Wé?%o%ﬁﬁy\@igﬁ@k’ﬁ'&%%;ﬁ%‘ﬂ@@. the information contained in the
|

spherical wavefront is 15 distorted, the resulting image is also misformed or abberated. Image

distortions, or in the cas&'GEPHIMIRAGYFAHAY CIRBIHANIMG TePsRerataly AdPRETRRE the circuit pattern

on the reticle, causg@ipskAb&titical diMRNSIORaoRsaAE RERCESSHERIL;: fwdhey, filter systems are
used to remove molecular contamination in semiconductor processing environments. Systems are in

n
place to meastire %t%%WB%%@Wéﬂmew@WBWW&%%iﬁeﬁafﬁgﬂftoring of filter
performance includesungasisenaenhpbiliasdrealsiicatgbueitioer soprieseasdritureafe by detection of
the target filtered gas zltéthe discharge oféhe fili(‘ar s%/stem..Hov%qdy%r, thes rﬂleasur ment means
detect breakthrougaaS S PAD R NPT g LRCENTSIZYSE BERL Ry RS ¥ &ely and efficiently,
the presence 25 atiehgumanitity gteantaminants that can alter and degrade the optical systems in

semiconductor processinghil%struments .Thg{% ftti|rt51er Eemains a need to moni#ﬁ%ftlgﬁsﬁ rformance of
' N The

gas phase filter systems prloret(())nztata r%?a%ﬁrou e SUMMARY SR THE
preferred embodinpbntslitidErmEystemoticreprasentiovaatofaqrovgipreres80 acshodte and efficient

system of determinyoadir sPRUQIINGL IR AURIRANIRLL SARR. A090 o3 Aanlifkggontamination

within a gas sample which can reduce the performance of optical elements used in semiconductor

processing instruri@ms o gpHaab sysiacescabpieslbabsartnnil ghatisadacomingdighii | Peatisred or
photolithography expeaieiiaf! in|Pha:oRaiGErsshs SHRAMeRel (R By AR SRR HAGCal

contamination may be 5 gaseous as well as contamination adsorbed onto optical surfaces. Optical

performance can BB-@4RENSYHRABut HFals infrEioavongrtedriahaeehericpbievedtPnbiit through
an optical sygtem. JikisrRaRdinents.ahiie st haRimed or abberated. Image distortions, or

in the case of photolithography, the inability to accurately reproduce the circuit
pattern on the reticle, cause a loss of critical dimension control and process yield.
Further, filter systems are used to remove molecular contamination in
semiconductor processing environments. Systems are in place to measure the
20  performance of such filter systems. However, typical monitoring of filter
performance includes measurement of filter breakthrough either by process failure or
by detection of the target filtered gas at the discharge of the filter system. However,
these measurement means detect breakthrough after it has occurred.
A need still exists for determining, accurately and efficiently, the presence
25  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.

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



method of the present invention are predicated on the recognition that compounds having both high
and low molecular weights can contribute to the contamination of 10 optical systems but can operate
at different rates. As such, the contaminants that negatively impact the perform%rge %%?@ﬁal
elements can be described in terms of different order, such as, for example, first, e d third

order effects. First and second order contaminating effécts have a greater impact on contamination of
optical systems than third or fourth order contaminants. The first 15 order contaminants may comprise

high molecular wefyRtBRgahfeatemirtien rHthin 48t s SIS iy dhopefossrreal inorganic
component which ip i@l slehadiits edetiiosghicamiinaies wilh Oxygememe ol gder contaminants may

comprise high molecular weight arganijcs, such as, for.example, compounds including carbon atoms
ithin the range of SRR E DR B LA BH5H HABE B TSP PR Bects can
arise due to the cdataprifatied) ezitedismeitarfiteipessncinaat{cd, tke@dhantiamtoapprpkinately three to

six carbon atogns. Further fowﬁh ordcgr contami an%sei (():rll%jzp%é??snicjgc%%c at'sibfpr example, methane,

. £aSeQls 4s W contamination adso
that have approxn%wa‘fefi/ 6he o /& Carbon atomein many |ca¥|rons, thetir&'and second order

contam?nat?on canphafverramc@lwmmdewhmmnimimaimi@mﬁkfn@ﬁsmmu arder
contamination, yet fave 4 § E‘ﬁk?ﬁﬂ;‘l‘yag 'Sigh ‘Egs‘?&ﬁn.o %ﬁ@%&?@g%@ﬁs%éf He.syRig ng’* preferred
ep etecti

embodiment in accordance with t resent invéntion of a method for ng and monitoring, and

preferably removirigedenstafiirepicsei avesincondrdineisbeor dineregriiéon the vgapaiaiivering a gas
sample from the 3Q.pIRCeSHNGRYHEIWARIEOHRFIALHR\ISE IEITE WAl SHESh NS Collecting

contamination which comprises refractory compounds, and h;g:; and low molecular weight

compounds, Hbm giigrAsyiiems by irse A Ate By e ifim g thigadhorentemipgmR 9aB6 duration

exceeding the saturalian-FRRAGIR BF harerllestion dpuice Jerbighmeleawanyvgishtaasyzounds. The
compounds havino%%a high molecular weight are condensable with a boiIin%f%oint typically greater than

approximately 1506 BElse gushso hrsATBleHE Ly stetrdany thithYdsetie Sresent invention 5 for

determining contaminatiarrialubiesdhedaiectinamiktilia Rt R drafeBiiiPaddsnfor example,
siloxanes, silanes and iodates, and high molecular weight grganics. The preferred_embodiment
ol oy [ o TR i Tl

includes the remo Y8 SFFERURESH, RSFHEFHARS Hgh SRR ORShE SrEERIL S h d I Rolecular
weight organics, alirdémdoichmbomits ity denipese biighmisiatidar ofeigiticagayissesnd) i ifawhich can operate
at different 10 Coné)?‘z{pnip efie? & é)%%ies and Cg iodates with an inorganic component which is not
volatilized through combination with oxygen. Second order contaminants may
comprise high molecular weight organics, such as, for example, compounds
including carbon atoms within the range of approximately six to thirty carbon atoms
20  (Cg—Csp). 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 include organics such as, for example, methane, that have
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
25  fourth order contamination, yet have a significantly greater effect on the operation of
the system.
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



The system of the present invention for determining contamination can use different types of sample
collecting media. In a preferred embodiment, the sample collecting media can emulate the
environment of the optical surfaces of interest such as, for example, the absorptive or reactive
properties of the optical surfaces. A 15 measure of contamination adsorbed onto‘lo%tieﬁﬁsﬂlﬁmes
enables the minimization and preferably the removal df the contaminants. In another preferred
embodiment, a polymer that has a high capacity for absorbing the compounds with a high boiling
point is used in a celieexaesAnge Sircssatior eapasiplef therralgotiapényiseftddes on 2-6 diphenyl
p-phenylene. The gperafianel dhecs¥Hamds atek M%@hﬁn’g@@ﬁ@fﬁﬂ@l@cﬁm@@%%m the

present invention includes quantitatively measuring the concentration of both low and high boiling

point compounds iFPRdEsakH e el ik BdHh Wi Ribi staitat thadierrrdmely 4Rién beyond the
breakthrough volume or satdratiencaapaciyidhacoiestandnediado Capiptadnadomdpalecular

weight compaounds. The breakthrough. volume gféhe collection device is defined in ZSS?geferred
embodiment a th& SRR 0P S KBBR8 DG TiFSton rff%{?ﬁtoéﬁﬁ%’iw Eebvice. In
accordance with aapyéiessathplyidinmen] dlie piésehidn\widtiaph theletthwedifar cgtediing

contamination inclifies 8 sampling. e exiended by, for..example. g number of o, days or weeks
to enable collection of ‘an appropriate 30 mass of contaminants whic Are presentin relatively low
concentration. In anplefidaregegzhibodamensnthiewamoplintptimeghst tygioadly Béypomdiithe breakthrough

capacity of the collegiigf ey {oriaM MAISCHE HEIINLERMRANGAIE i RLIRARL S BARR 2006 5

hours long and preferably within a range of six to twenty-four hours for a sampling tube system. The
extended tim&lalloepstamitagiaibirsetion of higher masses of refractory compounds and higher

molecular weight compoyids il driGIEnWHE G H SURIMANGEShARIAR GPBRQEENts even

more than low molecular weight 5 compounds. The higher molecular weight compounds include, but

are not limited to, $fesshiprs ofiksmme sollsetisganedia) e pas fraisd S e ER ted

embodiment of the,pligSia MMMy BRITHANIHEIRRRMASRS k)i 1B HHMERT FAREPAIBRIE, @
photolithography cluster, includes a filtering system to remove contaminants. The filtering system

includes a 10 seleft/RTFAMBIsrEs AR SFRITRUHR BERSHSH e QpicdirrHRten preferred
embodiment includesaurn ethediiaiimansitadegbiiropey tyoancefedsehlisepositionedmnisn airstream in

a semiconductor pggg %?31'&9@’ %ﬁg rr]gin-(l;ggl of the contaminants. In another preferred embodiment, a
polymer that has a high capacity for absorbing the compounds with a high boiling
point is used in a collection device such as, for example, Tenax® a polymer based on
2-6 diphenyl p-phenylene. The operation of the system in accordance with a

20  preferred embodiment of the present invention includes quantitatively measuring the
concentration of both low and high boiling point compounds in the same sample
wherein the collection device has been driven beyond the breakthrough volume or
saturation capacity of the collection media to capture the low molecular weight
compounds. The breakthrough volume of the collection device is defined in a

25  preferred embodiment as the quantity of gas needed to go beyond the adsorption
capacity of the device.

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 breakthrough

capacity of the collection device for low molecular weight components, is at least six



method includes sampling the airstream at a location upstream of the filter to detect the molecular
contaminants present in the airstream, identifying a target species in 15 the contaminants upstream of
the filter, selecting a non-polluting species of a contaminant having a concentrati I %an a
concentration of the target species, measuring the non-polluting species in the air?r%am at a plurality
of locations, and determining the performance of the ffiter with respect to the target species from
measurements of the non-polluting species. The plurality of locations 20 includes, but is not limited to,
a location downstrieeurs bfng engere rad aitve oo atiengsisi thdviinsy-four dhalstines arrethplénfor monitoring

includes generating;a pyimeriop) FERIGIEMANONBER FITMRAIAGIRN of tigaimigarysampled ata

location upstream of the filter. The method for monitoring includes the non-polluting species having a
molecular weight #eARRIBrreRPRIRdp andhisketanglorelse teighpeesrerads thad PBedissiEhed between

the low and high malggHlaiewsighhsopmRpHad s opRdaiPad nibR Mathed fasiRaeniterighthe step of

sampling includes collecting refractory compounds, high molecular weight compounds and low
molecular weight ¢RR9YETRIs TS MAFRPAL &€ 8B EeRBRoET R ue OBt ate neld igHigh diment

includes a systemtfgrreleieimpnnglarehesandeiiaigs 30 contamination in a photolithography instrument,
having at least one collecigion device in Lluid %ommlimic tior;}w'th a ﬁaﬁs flow extending.through an
' fIYEX & 314

optical system of the to S RS AT TR meRhal SRo et b ptEdl 8lefhents, 1 9
APR 2Dt -6 and a dighicsadiucepsoicisigghiginenarg yoigivbtapthe phbbeditbogigptigelssteh that at least

one contaminant in the gas fﬂf%w reacts wi rté‘eo%%hcto %?a%%%%sa ?ﬁgﬁﬁgﬁ%‘n Isa)é%n %ﬁ‘dﬁ& gnaaterlal.
ec Ion de

h
] ! :
Further, the systerlﬁl (fnucqustjaesl af leadt one r(J)hofIcl)det or coupled to the cofle vice to detect the

presence of tHe despt@si_ﬂmmayénm théihnategiaiiby@immd@rfmgl@im@_rsttt@rspectral or transmission
differences. The mate”a'pl’k{%n%)ise_tﬁ%&%@ﬂr [RER TS RAA Y R%\ﬁ@&iﬂ%%ﬂ@ﬁ%%@%@éi rface

properties for adsorption of contaminants. The material is at least one of glass and coated glass
material. The contaftifidiioRositnsdsmanaitsirese BfaefraicmduemrprocesdBfigtiermoldeular weight

compounds and oy RokEGUla A QMRS QIR BESASHAPSE AR AL R ASRERPT the

present invention, an apparatus for determining contamination in a semiconductor processing system,
includes a filter sySfemPiesvlRGCanERRRISITRiRY thalhe IF RSB GRIHERIEPREIRS B gas stream

for a duration,sandipdbvieniaaenta apite.aosPiRd iR e fitangystenpinluith GReeswnication with a gas
flow extending through the processing system and .
contaminant having a concentration greater than a concentration of the target
species, measuring the non-polluting species in the airstream at a plurality of
locations, and determining the performance of the filter with respect to the target
species from measurements of the non-polluting species. The plurality of locations
20  includes, but is not limited to, a location downstream of the filter and at a location
within the filter. Further, the method for monitoring includes generating a numerical
representation of a chromatogram of the airstream sampled at a location upstream of
the filter. The method for monitoring includes the non-polluting species having a
molecular weight that is lower than that of the target species. A correlation is
25  established between the low and high molecular weight compounds. In addition, in
the method for monitoring the step of sampling includes collecting refractory
compounds, high molecular weight compounds and low molecular weight
compounds. The filter comprises absorptive material.
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,



15 directing a portion of the gas flow into and out of the filter system. The contaminants include at least
one of refractory compounds, high molecular weight compounds and low molecular weight
compounds. A vacuum source can be coupled to the filter system to increase a pressure gradient
across the filter traps. The filter traps can have a permeable membrane that fiIter%it%Frﬁi%%s 20
such as at least one of a refractory compound, a high'ﬁ‘iolecular weight compound and a low
molecular weight compound from the gas flow. In preferred embodiments, the interface module further

comprises a pres<th? 1 RYES AEiiEng igh ferey lighiiedhrsallpeimdace sufbebattimpose a duty

cycle for samplingleastibiecomMiamiatda Bepirelavs asagb Rghl dialight an crenraolicidRBaiguiee such as a
thermoelectric coolin devitce. ELch r, tte filtetr tr?ﬁ Eave E‘Q absorgtived material sic as a polymer,
for example, TenaXr). THETof 'goﬁlﬁtg’%h SRS TR RTUPEES A %S&\(l)gﬁl%lgo ik %r§9gl’ %nd method
for determining antiecositeotivmgdeoictatmiteaton theviit dsenap pétiend dpositithrel igtooviri maeaddkticular
description of referreq erlpbo iments_of {rrgl?osiystem and n&%tthod as |Ilust{ar'§§l? in the accompanying

. . . nito either the Spe ansmission CIrences. € mate .
drawings in w ich TiRe FefaFence CharActers refer to. the Same parts througﬁou e different views. The

drawings are not rigstesseihpioes ghis, pheptralsisinpgteald tbmimyed ictdeupopeittisstfating the principles
of the invention. 19 ARR: 21 o7 BRIEE BESCRIETION QF THE DRAVINGS, Pielissuambodiments of

the present invention are described with reference to the following drawings, wherein: Figure | is a

graphical represeneéatisiglofldsrmentamamiotsutidrert leass 9se Dirdleepraropapindsidugh 2 is a

graphical feprese%ﬁ&ﬂlﬂ%&ﬁ@ﬂ%ﬁﬁdﬁ%ﬂiﬂ&@%ﬁ%@!R@Qgﬁﬁ@@&ﬂl{ﬁﬁm of the system for
determining contamination with respect to sample mass in a trap and sampling time in accordance

with the prestht inventiof'&REPTRRSTgfRoft FsRAY of [hengreamh iRy FRESTe 4B ARRAB I {R%rating

analyzed spectral eampalissnafihstRysie Msantsneibed sbeaisrninnaconpayhatmein accordance
with a preferred embodiment of the present invention and the prior art; Figure 4 is a graphical

representation illuSYESAGAIrEE 8RB S HE Fansrericnl srEsntanaRURE S &08t heat aBfa%hce with a
preferred embodinferd @frHien linprsati-taxenbdulckigipleddsia piefesyedmrinbddnent of a system of

determining Contagg)lr?l?r;[{l%ri]cation with a gas flow extending through the processing system and
15  directing a portion of the gas flow into and out of the filter system.

The contaminants include at least one of refractory compounds, high
molecular weight compounds and low molecular weight compounds. A vacuum
source can be coupled to the filter system to increase a pressure gradient across the
filter traps. The filter traps can have a permeable membrane that filter contaminants

20  such as at least one of a refractory compound, a high molecular weight compound
and a low molecular weight compound from the gas flow.

In preferred embodiments, the interface module further comprises a pressure
regulation device, a controller, electronically controlled valves to impose a duty
cycle for sampling, a timer device to determine a sampling duration and a cooling

25  device such as a thermoelectric cooling device. Further, the filter traps have an
absorptive material such as a polymer, for example, Tenax®.

The foregoing and other features and advantages of the system and method
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.



in accordance with the present invention; Figure 6 is a preferred embodiment of a refractory trap
system in accordance with the present invention; 20 Figure 7 shows a flow chart of the method of
detecting contamination in accordance with a preferred embodiment of the presegtgi\%fﬁ[t' . Figure 8
is a diagram illustrating a preferred embodiment of a filtering system in accordanCe wi resent
invention; Figures 9A and 9B illustrate a schematic ble¢k 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 embod®REH BEPERBrEKNORVEREIARAWUINGTO is a flowchart of a method for monitoring

the performance of a gasp 3R RhasRilisme¥aieMiB sesarraResvithra aefesradsmbgdigent of the
present invention; 19 APR MIS -8 Figure | | is a schematic diagram of a system that includes a filter

system in accorddAdeviRtiPY Brferrdreebisifient of the present invention: Figures 12A- 12C are

graphical illustrations of ahpareatagl arashfaBrgnss&aniplednNeduthingh aiba veeaga Ianveaap of the spectra
end (Figure 12C) in accordance, 5 with a preferred embodiment of the present invention; Figures 13A
and 13B are chror§PAhY 88 second gas sample in accordance with a preferred embodiment of
the present invention; Figugert2 is agyippibit adplessiiation dhatciitgraatagpaniaf of sarplad oil free air
sampled at a Iocatiorbg(rii{onget&;[ gffH{er ig][ acggrrg%ggg.wgh a E%%g?nrg d emlﬁodime % 10 of the present

invention; Figure 15isa graphlcaeiﬁﬁs?rnétlon SFa chroma ogram%?naws%rﬁ% o Oil e - air sampled at

a location after thenfidteriim depontbswepinghtenp neferced armbwiimenpresktiténpeaseninl/éation; Figure
16 is a graphical iIIIBJr%;aatjpn of a chromatogram of a sample of 15 nitrogen gas sampled at a location
prior to a filter bed'in accérdance with a preferred embodiment of the present invention; Figures 17A
and 17B grapifically illustFigara Tird siapbigrd mmaessianopldlostraime garlyyad seasibd after the filter

system and an avesage, iR sCairl deenhehiha. Rl RARTRE CHY B B RFCArIRRBEENHN a
preferred embodiment of the present
with a preferred embodiment of the present invention and the prior art;

Figure 4 is a graphical representation illustrating surface coverage as a
function of contamination level in accordance with a preferred embodiment of the
15  present invention;
Figure 5 is a preferred embodiment of a system of determining contamination
in accordance with the present invention;
Figure 6 is a preferred embodiment of a refractory trap system in accordance
with the present invention;
20 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;



20 invention; and Figure 18 graphically illustrates a chromatograrn 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 aﬁc%r%ﬁgcwith a
preferred embodiment of the 25 present invention. Figure 20 illustrates a schematic*bloc gram of a
system using a system for determining and monitoringtontaminants and performance of a filter
system in accordance with a preferred embodiment of the present invention. Figure 21 illustrates a

schematic diagram of th&gy&tdrh ifbefieaatic dosrantiantiemithad BrotdrrafBsodiAbit of the

system for determjgigdansd Manitprirgc@RiardinaRts anddhe-parfarmanss of a filter system of the
present invention. 19 APR -9 F\iﬂxe 22 illustrates a schematic diagram of a module having a plurality

of filter traps of the syst&igWhbiH Figiresphival dlBsairms it palesradl U &atiment of the
present invention. daigiblecimduithngl catescapaliernateofiew ithe smadplglraviw) apbsalitnef 5 filter
traps as showp in Figure 2. Fi 24 illustrates a detailed view of the module having a plurality of

Figur t
filter traps asshowh 1 Bf Fée‘gfné SHWhO?ﬁEeﬁ{fﬁ%Hﬁvﬁ?ﬂ%”manifolds in accordance with a
preferred embodiment offigergy é 3andridvaBtiaa chigunssp 2infs-264 s dhoatt gte sehplmatic diagrams of a
device that functions aga 10 concen ra%%r in.a (Efﬁter §y§t§ém in acggrdance,with a preferred

. accoraance wi TCIC emb cn TCSC vention . .
embodiment of the “presen invention. Elgures ana 268 uetrate schematic block diagrams of a

detection system that eigatesdaind deypvtslalepasitior prbresstogaptidal eleplenfoihfreccordance
ith f d ' t i ' | R N HE
with a preferre e’llp%r{p@ﬁ a?lzl_ﬁ%@aﬁggﬁmgygﬂﬂgpi'n]a%égﬁ;ﬁrﬁi%gI?O%%ﬁ«ledgﬁ%od%e%

INVENTION The present invention is to a system an etermining and controlling
contaminatioh) Prefethepreseiioaeidions of the present invention address gaseous contamination as

well as the contaminantsgagseried RB-ShRfaRGHL{RLEEIFPIE-ANLRMSA SHETaES1L BEJaURIS more
critical to the performance of the 20 optical elements. Table 1 illustrates an abundance of various
species in a clean Ajoyempled at a location after the filter in accordance with a preferred embodiment

of the present invention;
Figure 16 is a graphical illustration of a chromatogram of a sample of
15  nitrogen gas sampled at a location prior to a filter bed in accordance with a preferred
embodiment of the present invention;

Figures 17A and 17B graphically 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

20  invention; and

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

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.



environment, such as, for example, 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 m gt Ik@#y%%reduce
the performance of optics are compounds having a high contamination coeﬁicieﬁfor a high molecular
weight, for example, can include but are not limited to;”methoxytrimethyl silane, trimethyl silane and

trimethyl silanol. These compounds appear in italics in Table | have T}%her moJecular weight, higher
contamination 30 coefficiEW§F St AniS ﬁsaﬁf(?qk%‘f‘ﬁ%ﬁ@ﬁf?’é8#?p?38ﬂ‘§§ é{ﬂ%ebéﬂ\'fgkyiﬂfpact optical 1
9 APR 2006 -10 systenaapnay thtsgydentsneribioFangeiaolidesefiactoryitoapeisnds such as silanes,
siloxanes and iodate%, H]IEartticH?r hexartngth gjisiloxane (C6-siloxane). TABLE 1 Compound (in
cleanrooms)Typicgfr%:é)néeﬁ?ra%on? rﬁffi? I%S’proﬁf}l Alcohol610.0 Acetone330.0 Ethanol134.0
Silane,Methox rimeth !-3FiQurbe}it athesrhtoscmer ftuateo+28, 0 2He emtdwlo the Yin® 2 Brithyorfe MEK9.8

Hexane,Tetragecaitlngrrﬁl%%9 Byt '1%@1 ilﬂ,mptaﬂuoro-S.Z Tetrahydrofuran3.3 3-Buten-2-one2.5

g :
4-Methyl-2-pentanone(MIBK)1.9 Silane, Trimeth 1(1-Methylethoxy)-1.7 n-Pentanel.4

Sitanol, Trimethy!-1.4 Opiitgnaesigiusisyesfatailne viskiwidhsanedithayinhe pledity od fdtsntamination.
For example, light frajasmigsion 5 BRI S ARETIS UM OAREGA R HCREs G ovdngshields,

wherein reflectance approaches zero. High reflectivity systems, where transmission approaches zero,
are inherently twic® & &prefars sibndsesisinl thaprawnsmISEHRN optical systems because photons

pass through any Figures 25A-25C illustrate schematic diagrams of a device that functions as a
10  concentrator in a filter system in accordance with a preferred embodiment of the
present invention.
Figures 26A and 26B illustrate schematic block diagrams of a detection
system that emulates and detects a deposition process on optical elements in

accordance with a preferred embodiment of the present invention.

15 DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a system and method for determining and
controlling contamination. Preferred embodiments of the present invention address
gaseous contamination as well as the contaminants adsorbed on surfaces, for
example, an optical surface. The latter is more critical to the performance of the

20  optical elements.

Table 1 illustrates an abundance of various species in a cleanroom
environment, such as, for example, 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,
methoxytrimethyl silane, trimethyl 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



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.
Jexp[-2ac(X)x] Equation 1 15 'cx(X) = ti (X)exp[-ac(%)x] Where: p = reflectance
Equation 2 1 9 APR 2006 -11 ti = transmittance X = wavelength ac = absorbance of a contaminating

film, empirically determined Both transmitted and reflecteg
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Optics design also affects the relative sensitivity of the system to

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

5  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

15

transmission.

px(2) = p(Mexp[-2ac(A)x]

wX(A) =1 (A)exp[-ac(A)x]
Where:
p = reflectance

o = absorbance

Equation 1

Equation 2



clean room air. 248 nm wavelength light, typically used in deep ultraviolet (DUV) 25 lithography for
fabricating 250 to 150 nm linewidth devices, is more efficient and reacts with most halogenated
organics and may even interact with some common hydrocarbons. 193 nm light, regujsgl Bless than
130 nm geometries, reacts very efficiently with a wide range of airborne or gaseous molecular organic
contaminants. 157 nm optical elements are even mork! sensitive to environmental conditions than 30
193 nm optics because this wavelength of light is efficiently absorbed or interacts with nearly all
organic species pltis SRYHYBAIAME atmospheric moisture, requiring the 1 9 APR 20D6 -12 exposure
area, the area betyvesp the:fipal optical element and the wafer, commonly called the free working
area, to be purged with an inert, clean, dry, oxygen-free gas. As the wavelength of light used in the
lithography expos(ifetdbidbereashs comaninaligs Fer-EmPpHatbIRHeraHsss. These progressively
higher energy photons 5 stand a better chance of breaking the bonds of a number of commonly
present molecular specid?X ARSI HEC RS ASHRS PehILILREmaomuiedi®k to optical
surfaces. ThepveraHopiamtiviesahn delaaitedday semsiandicaittiple dfidheyabitisy @b photon to break
any specific bond. Table 2 summarizes optics  contamination as the lower wavelengths of
electromagnetic sSERIRTATANS AR L6 PHIVIARE Rl IR A5 RS T s PRARAN BHRSSrR, Atmospheric
pressure, low Kl faittegeptigaritesgrapieyfitot deds tifunt b tholevutsititiat domémswnisappd@dynam wafer

substrate device pro ugtion may, be the basis of advance Integr ed Ci{cuitg%) 1oduction in the
reduction 1n li t11§ens1‘m ueto € er%%/ &1 SOrpance 3' £ contaminatl ﬁﬁ{ m.
near term. In these ec:hnologyg nodes, lithography-mduced critical dimension varfations have a

particularly acute I&@ﬁ@@@niel@mb&sbﬁmht@ri‘émrﬁmre_ﬁamfpteptheestahdarmde\ﬁiaﬁon of
propagation gielay.fimes, (a1, MO Bss g Pl atars L EARSRIIAM AIRAQR A devices to

20A in 250 nm devices. Variations in gate oxli e, impurity, and gate lengths were the primary causes
of variations in devikasesedfsolaiesragsleansed Oynecymdanng o lassloefitmsthbenomrtiey offeite length

variation accountsifor aJemakable 0% Rlibe 2R &ffesh Thaaitisaltnetslimensiaaa@sation in 150

nm lithography, for example, "has lead to a critical dimension control budget of 15 nm, post-etch, 3
sigma. Since expﬁ’éE}Féld%@énéhlﬂ' HRdeEnibsHIdtiétdare compromised by optics contamination in

proportion to the locationpgphéhisessed e SOMaBIIRME S I wERATRIFHNALAN HRRSIS to be
P D€ el with orgamic vapors. Thess resciiont for SxiIomely TeActive ot thokeals
from otherwise neutral and relatively inert organic molecules. Irrespective of where
radical formation occurs, in the gas phase or on the surface of optical elements, the
resulting free radicals may react to form much larger organic compounds, which can
contaminate optical elements. In severe cases, a polymer layer may be formed on
20  the optical surface. The relationship between the chemical nature of the organic
species and wavelength of light it absorbs can affect the nature and severity of optics
contamination. For example, I-line or 365 nm wavelength light is energetic enough
to break down only a few iodated components, which are not commonly found in
clean room air. 248 nm wavelength light, typically used in deep ultraviolet (DUV)
25  lithography for fabricating 250 to 150 nm linewidth devices, is more efficient and
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



Propensity toLowModerateNearly certainAssumes organic formvapor photodeposits inconcentrations
in nitrogen (<10the low ppb b 02)range Ability toLowModerateHighBased on oxygen photoclean
opticsabsorption surfaces in-situcoefficients and using activeorganic layer oxygenabsorbance 1 9 APR
2W6 -13 Interactions withAromatics only,Aromatics absorbNearly allinteraction 19 APR 2006
hydrocarbonsmoderatevery stron"gly,hydrocarbonsdeté?"mines absorbanceother
weaklyabsorballowable levels of contamination before lens performance suffers Existing methods of

contamination contFBCHTIRAtEr AhAFTADsIEE e digal gPticeligimant ARIdRemtale - £emBoatme
combination of adsgnplivecard clekhigaipiiMe bapaligetomadisarinen ciemjseybohgaeniaminants in air

and gas streams that come in contact with.the lens surfaces. In some cases, perjodic regeneration of
tho adsorptive 5 beds by AT AR LTS BAS AR SR R AT Frncally

capture and retaintbeetigrhjarehydingariariscroxsege Mhasecbveatessiheltyihighbe mengthphiotaggng using 193
nm and 157 nm light. The propensit for todeposits, ability to photoclean, and interaction of
hyd rocarbonsglg tz%g?] gm%%%ﬁra :?\I/aél%glog}? S?E}r’ﬁv%\?%‘?lésg?ﬁé g?%ﬁ%/?rf cIBarllE) eoci.yf(ﬁél&?é}er systems for
contamination controleanéadeswiisedliimatedy rpdiidagithenNoto 1205, FBBidsl éutatiduty 26, 2002

entitled Fiters Employing,Paraus sitcndhin Acidig Rabameip andiaicalafianmipn Megia U.S.
Application No.: 09/969,116, filed on October 1, 2001 entitled Protection of Semiconductor Fabrication

and Similar Sensi#®idite f@erean mbreakanX sphic g dnmdo 1obly 33wemariked eticebruary 15 14, 2001
entitled Detection gf,BaseAen AMIRaNR! k FeRSADBIE 6 SN sacings of tha above

referenced apglications are being incorporated herein by reference in their entirety.
1 provide for the fabrication of smaller features.

Atmospheric pressure, low K1 factor optical lithography for less than 150 nm
critical dimension on 300 mm wafer substrate device production may be the basis of
advanced Integrated Circuit (IC) production in the near term. In these technology
nodes, lithography-induced critical dimension variations have a particularly acute

15 affect on device characteristics. For example, the standard deviation of propagation
delay times for CMOS based ring-oscillators increases from 1% for 300 nm devices
to 20% in 250 nm devices. Variations in gate oxide, impurity, and gate lengths were
the primary causes of variations in device delay times. Below 200 nm gate length,
however, the impact of gate length variation accounts for a remarkable 80% of the

20  effect. The criticality of dimension variation in 150 nm lithography, for example,
has lead to a critical dimension control budget of 15 nm, post-etch, 3 sigma. Since
exposure dose and image resolution are compromised by optics contamination in
proportion to the location and thickness of the contaminating film, contamination

needs to be prevented before it occurs.

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

pb 02) range
Ability to Low Moderate High Based on oxygen
photoclean optics absorption
surfaces in-situ coefficients and
using active organic layer
oxygen absorbance




1 9 APR 2006 -14 Figure 1 is a graphical representation 20 of contamination coefficient 22 versus a
molecular weight 24. Note that a higher contamination coefficient means that it is more likely to
contaminate system optics. The nearer term 193 nm wavelengths show some corr Igtiﬁpﬁn%ﬁeen the
contaminants molecular weight and 5 its ability to contaminate the lens. Consequernitly, while the
higher molecular weight species are of greater immediite concern for lens contamination, the lower
boiling point rrnf?erinlci, which nrer_agnlcal%_m.hgha’_ﬁ?melﬁai a'rl | clorcle NS as
shown in Tablg %ﬁggﬁjgggd%e %g (1858 Yue 1@&?@1@%@% l?igiﬁ'é(gm@}igﬁptrat o andAbility tq adsorb
photon energy [at progressively shayigndd wavetgthsklylorequisoparticularly |adidbabrmyérygen and
water need to be removed fromn the light path because they also absorb photonoéeretgyinetiasting
systems have many disadvantages including passive adsorption systems that &Glf_ﬁﬁ Bectively
remove low mqlecular weight grganic materialg; the removal gfficiency and ca %?H&;% "Passive
adsorption systems are proportional to the 15 concentration of the impurities. Tn thisS application, the
inlet concentrations are Bt enRENGr ebigianayivnd GaRAGHY GoHasRe N vy @nst on-site
regeneration of passive adsorptign beds requires periodic temperature increases to regenerate the

beds. Since most AAREEIRADJGHPR S SITPRLAT AT I G EhABEURIHE stability at
typically less than 408imdli#dedvirortehamaiorb aating amiathaoial iigditgaptissambieh ehaage their optical
characteristics, this strateqy, is impractical in advanced lithography. Figure 2 i raphical
representation 30 TUMGAUY LI BHS o 4 HrEhE o LRGN P L AR Btermining
contaminationSwithhe¢dspe ticmmdaicyolptinassdnra doligetodsdgvice isuoapitaimpratidnalisap and sampling
time in 25 accordange with the Rragent INYERNoD. q%&é]%gf'%,aiﬁd/%v gXigndaelauaion sample time,
sample time 40, is USed wherein the gas sample volume i Rot limite lr)y the low molecular weight
breakthrough volumegas kst 18dunped 13¢ pridightt ThethepcosiygosimpiehtitpdeB®itn a preferred
embodiment, the aRINBCHBERAL 4575helhok Gt IRakaRskinRIelsaR iadage of six hours to

twenty-four hours. 30 Higher capacity traps yielding longer collection times may be necessary for

certain applicatiortifferentgaxgeegthoeifight daxte¥red time sampling method in accordance with a
preferred 19 Filter systems for contamination control are described in U.S. Application

No.: 10/205,703, filed on July 26, 2002 entitled Filters Employing Porous Strongly
Acidic Polymers and Physical Adsofption Media, U.S. Application No.: 09/969,116,

174

filed on October 1, 2001 entitled Protection of Semiconductor Fabrication and

Similar Sensitive Processes, and U.S. Application No. 09/783,232, filed on February
15 14,2001 entitled Detection of Base Contaminants In Gas Samples, the entire

teachings of the above referenced applications are being incorporated herein by

reference in their entirety.



embodiment of the present invention, collects higher masses of higher molecular weight compounds,
which contribute to the contamination in the gas supply and which reduce the performance of optical
elements more so than lower molecular 5 weight compounds. Both high and low mqlecular weight
compounds contribute to the contamination level but are operative at different ratés’ 'ﬁﬁ’@tﬁ@ﬁ
molecular weight compounds contribute to first order%ntaminating effects as they cause more
damage to the optical systems even if present at low ¢concentrations than low malecular weight
compounds which contribt#¥¢d t5iPEERBBLITASIe it o AR A R SRS HRERAE %N accordance

with a preferred embadimaoldsutiiivasigheyondlosathuad aiyksr boadkthnaighcoaffdiiy laaguantitatively
measure the equiliprium conc?r%tratéon of low molecular Weigh,i.comgounds. T&e breakthrough volume
0 h h

is the amount of E%tétérsn%f)erev G ERARETS S5 8RR The XolBH5Rlt Calsacdty of the collection

device. It should beaveleg;thatleonsamenatesatiay leeweor ganiomaatedals blevhlehwahtradarried by
organics to th opt'ca(g)ql ment. This extended time sam 1n thod, ean alsg use different types of
sample coIIecﬁng lrjﬁ';'ea faf%%: ucgﬁamtlﬁgt)sée% ve\}/(ljt n%dgg?[%%ﬁ/uee pér%’%grﬁ%s cloge %%%?Cgfatﬁg% |¥(]:al suf

faces of interest. Apseéertsd s menmdidttheopresdit Innestivaminelicestiglawst beitmgated glass”

based adsorptive(]%%%%ﬁﬂ%“&ﬁﬂ&? At GRS LARS ARG LolieBhgR&R,used in the past

due to their limited ability to collect and retain lower molecular weight species. These materials have
surface propertiescigamneaIcrssivanay itb Tgnsple tfasbetame »porssredinéntaeisadah hithdptical systems

of photolithography,{eg]&a R ehdRBieHAIS 404€ {28 Wi Bl REGRER SRoaEthese optical
elements that generate contamination can also be used. 25 In a preferred embodiment, the extended

time sampling’metfiBteleRgise Muraae dartirhlaries houreSeErBbRpeLERFLiRPeweeks. The

amounts of analyteercoiertRshi @i asRI et R aistaney whlbetvey phivefenegmpounds that have not
reached their breakthrough.time as illustrated by line 36 at sample tfime 2, line 40 and an average

equilibrium concentratior 187 th® §& SHERECHAIY SR GTRIAESS FOS U BB IS BT R ough volume
as illustrated by lingsténttbardp eotiafite Ziviherdfo W ilbw aspegilio wigihe b rpaécuiaeiedighicspecies, the
internal surface of the s?g}gline%lines and/ar m?nifolds are k%pt at e%lﬁilibrium wit thq t%aﬂ'iﬁphase

n ha

sample, 19 APR 2K 38 L d B rraie A8 B e TR oL AT B BB S,

preferred enibodicvantniretiveefitbampliniice Ssidns afiplicdhioout thlet sancptitrgtimesmnedter manifolds

is maintained. 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

20  cooling the optics, which change their optical characteristics, this strategy is
impractical in advanced lithography.

Figure 2 is a graphical representation 30 illustrating a comparison of a
preferred embodiment of the system for determining contamination with respect to
sample mass in a collection device or contamination trap and sampling time in

25  accordance with the present invention and the prior art. An extended duration
sample time, sample time 40, is used wherein the gas sample volume is not limited
by the low molecular weight breakthrough volume, as is the case with the prior art
method using sample time 38. In a preferred embodiment, the sampling time is at
least six hours long and is preferably in a range of six hours to twenty-four hours.

30  Higher capacity traps yielding longer collection times may be necessary for certain

applications.



Figure 3 is a graphical representation 50 illustrating spectral analysis 5 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 components having high boiling points as illustrated by lines 52, 56 9Therempits of the
extended time sampling method in accordance with élﬁr'eferred embodiment of 10 the present
invention, better represent contaminagion on the optical surface, given tge improved high molecular
weight sample collection TReEEFS Hglﬁﬁég@ﬁp%@@ﬁi?gﬂp KYY ik Gifh&t of the system of
the present inventbpdiniide s ke ahiléyt iovastoih) e drittahiybiical ssefadhiphitexdstdsthe collection
medium which in tam a}IIows alignm ngltl)fcgl%nn}%llggosf#rfaci r%grties alnd ospticallsgrrlf(?ce properties

15 thereby makingv"t?%éhaﬁ%lfl)}%?g results more meaning ul’to the pre0 iction df oﬁﬁ%% Yd8itamination. The

extended time sarmyblicigredatiadltipesfocmeaianof apiibaberafatsedornsd ddimentnmagleadarce and

B e unsprala B A5 sbamAsResAlaTanlisiR, fie exended
time sampling method's simplicity 20 mininTizes the effect of uncontrolledl contamination by personnel
deploying the trapthe Coviwaipatatyevekbutrain mgtahtcexgdffeeaaise rébrilviel motwsitdat samples.

Figure 4 illustrates, grapnisAh ali{achEBYR! AR Al BEHoR Al rRUARIDaIaRIevELShRdNg greater

surface mass coverage per unit concentration in accordance with a preferred embodiment of the
present invention. $2ijage te s prilgrhessiemis SERELISFRPL Rl A FRICAGRIENA AR IgHt components at

the upper left withy{hrdemer e pocriRanantstewaiss e dowersish altheaphThor a given
concentration, the higher molecular weight compounds collect on surfaces more readily than do lower

molecular weight SOSEFHEN SHECSHRASIIBNSHY hitPisErisSTRdmIALY fEivsatavnt the shorter
sampling times, mughrafonRabléiesanpleapacityavailabirforooiratioe aellessipmutie sample tube

walls and manifold surfaces, algjgpstr%jlm ?f the,gé)llection trap, n%nevggr re%ches the trap. This
phenomenon cauSS¥PHHIRBLSY SPHfgH MO MRRIRES ﬁlﬁ TRELEORRS LAYEIC difed 1 9 APR
2096 -17 samplingafinastafgiarsanasid ol sme héghicalislgarhefimréthethisspricdlistnpaaisy voéthpractical in the
production cleanrog envirgnmeni Figulrée 5is ad gram of azgreferregl embodimen% of a system 100
. coi?ectlon evice. It sh a be no ? ﬁ contamlrtl es m:%. e Jlnﬁgamc materia .
for determlnlng contamination Iin accordance wi e present invention. preferre embodiment
of the apparaltbis inchidesay hdxaaieddiieatonicietvite boichbeliergean ifihas 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
20  been used in the past due to their limited ability to collect and retain lower molecular
weight species. These materials have surface properties identical or similar to
properties of the optical elements used in the optical systems of photolithography
tools. Other materials that emulate the surface properties of these optical elements
that generate contamination can also be used.
25 In a preferred embodiment, the extended time sampling method may be
extended from a few hours to several days and even weeks. The amounts of analyte
collected represents the average value over time for compounds that have not
reached their breakthrough time as illustrated by line 36 at sample time 2, line 40
and an average equilibrium concentration for those species that have already reached
30  their breakthrough volume as illustrated by line 34 at sample time 2, line 40.
With respect to higher molecular weight species, the internal surface of the

sampling lines and/or manifolds are kept at equilibrium with the gas phase sample,



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 size. In a preferred embodiment,
crushed glass spheres are used. In another preferred embodiment, the absorptive W%#OS is the
polymer Tenax(r) supplied 10 by, for example, Supelco. Tenax(r) has a high capa?:iﬁ; boiling
point compounds and operating Tenax(r) past low molécular weight breakthrough capacity allows the
capture of a meaningful and analyzable mass of high molecular weight compounds. To collect a

sample, an end caiipreirnedpast ivehie vath BRI eRllestionm Magsss sduARrebpeds through the
inlet port 104. Lasemlighinmeny hewwbEgciathlingtbeouah thewamnbnar baipadratariagqmbodiment of

the present invention. The free radicals of the contaminants present in the gas sample may bond with
the absorptive meBrRifQIdsii MaaIsEtion device 102. In a preferred embodiment of the system for
controlling contaminatiorgigud!Bplea saaphieatubigssandtala ol thkestian eviee aniigyise used. The

collection 20 device or refractory trap is applicahle to both high pressure sampling, for example, purge
gas, venting to the SRS r%f%sesﬁr%?@ %ﬁfﬁlﬁg\?@&f&%m%wg FEPIYARLISHHY ,ag\ﬂ%(i{@?ﬁethe traps are
connected to a vacuitina paifeaed & Idverst afrhér haehBasHy npgeabte Criical orifice. In a

d twd dthivei taeni Hydctha bte criecal orifi

preferred embodlme{%t‘_‘fltgéantra conains thre 0sfa,&‘lneple tUbﬁﬁvgnQ%r?l Kk %gﬁ%pge;tl\évi 1va§%? sample

. . X ampli TESE C1S 1 .
devices. Chemical analysis o the gata may%e correiated to ransmission or Image urmformity loss of

the lithography toatpfmvclewatﬂbm'nﬂﬁ@ Q_Oibgmgﬂmwmmdmwei@hﬁé.ﬂ@w sespdiaf third and
fourth order effectssc U fasmiy o MR AJER, ABKEREL § S CRRAL RO AIC1-C

therein the parenthetic expressions cative of the concentrati species. 30 First and second
order contamifatirfedifessrt izveatiogrbeiter ienpraerioemiamiaptiomen theotriisatanéyescersnibe third or

fourth order contaminanissanghiyRicaliShowR s feRaMIRRIN Sarftisieh G @niicnb > ¢ > d).

The first order contaminants 1 9 APR 2.006 -18 may comprise high molecular weight refractory

organics such as, foPEfnsplenby igtskahds syrtpe of s decserhiBYFHoRRINEsHISREHY which is not

volatilized throughsembinatian Wi ERRe SLRANEPLE Bl-CINRMIAFME W RRMRrtaemhigh
molecular weight orlgqganics, such as, for example, compounds including carbon atoms 5 within the

range of approxim& W%‘&%"Eﬁfﬁ?%ﬁ‘ﬁﬂﬁ?@@pm?%%iﬁq]d%}rf%‘ﬁégfg’%ﬁsarise due to the
contaminatingseffegis &fyargRitig $he Wahlass Culfs tthain btz AN Ak padeiytidii ee dptisix carbon atoms.

Further, fourth ordggnc%gnq'ggerlrtlli&gnts

The extended time sampling method in accordance with a preferred
embodiment may reduce and preferably eliminate the uncertainties of sample loss on
sample lines and/or manifolds. The extended time sampling method’s simplicity

20  minimizes the effect of uncontrolled contamination by personnel deploying the traps.
Consequently, less training and experience are required to collect samples.

Figure 4 illustrates graphically surface coverage as a function of
contamination level showing greater surface mass coverage per unit concentration in
accordance with a preferred embodiment of the present invention. Figure 4

25  illustrates this relationship for higher molecular weight components at the upper left
with the lower molecular components towards the lower right of the graph. Fora
given concentration, the higher molecular weight compounds collect on surfaces
more readily than do lower molecular weight species. One of the problems with the
prior art method is that due to the shorter sampling times, much of what little sample

30 is available for collection collects on the sample tube walls and manifold surfaces,
all upstream of the collection trap, and never reaches the trap. This phenomenon

causes a further loss of high molecular weight sample mass. Moreover, heated



include organics such as, for example, methane, that have approximately one to five carbon atoms.
10 In preferred embodiments of the system in accordance with the present invention, a refractory trap
may be used both upstream and downstream of any in- line filtration system. Figure$ kpp pffgerred
embodiment of a refractory trap system 120 in accordance with the present invention. As described
herein before refractory compounds include at least siibxanes such as, for example,
hexamethyldisiloxane 15 (CO, silanes such as, for example, C3-silane, silanols such as, for example,
C3 and iodates. THREPERRERSS S Pardilds yhithsquld sreehraie PEPitiemnisMiehtion with a gas
source and throughravhighia g8 pRdidienisl eatrsosh sitArbragsires ranging between approximately 1 to

120 psi. The gas sample js cargied downstream to a pressure cavity 122. A sure relief valve 123
allows the continuous floa’%?%éést% ﬁgéaﬁ%l??é‘ G %[ﬁpé%&% Pée%é/f& Wgﬁgpa[rsegiﬁo’équilibrium with the
gas phase of the grseraanipie-onhenisdtmatarydeaylaystemth RO prskmd dsvactive SEie plefgrisdps or
collection devices 144 and 8 Blank ian 425, he. UaneRYI 2%, Thevactivs sampling trap elements
124 may include an a sorpﬂve mediim such as, ror example, the polymer Enaxo.eThe gas sample
flow in active elememtd 03 app roomiktglyr0] 06. 1gms fiete2& siahkdiragnt, 2beisallet fivcdavineinication with
the gas source or piggsUIG FRMINANIL AR USNIBIRYCRUIG AV SRDARINANE, Theoutflow gas
fection devices 124 i f

stream from the active co _ ows downsiream into a manifold 127 which is in fluid
communication witize: Vacuenefdiras ebodimen, orifibedigiass Aphreesuepsedulmanedipalator valve 108 is

disposed between the manifold and he.0tiics 32 19150188 RARTESSHIE: The.reliagieny trap system

120 provides for both a low pressure application or a high pressure application using a single design. |

APR 2M -19 1f a _dmfétrr@daeml@oﬂmm; tﬁ@%%@p&%h@yﬁﬁ%@@%@@p%nstituent such as
hydrogen gas Wh'%%r@%ﬁr% M?&Qp%?a%ﬁ%%?e%‘?c@fﬂﬁfs@?&ﬁ &Bi@&l&%@%ﬁ%rgﬁ}‘%ﬁ%él rc%cfﬁ?es of optical

systems that have been contaminated by a surface contaminant, for examp gas additive

combines with the%m«facgbe&wm_anﬂnm@mﬁmaawmmmmi&mglﬁéé@w@é@ from the
system. For examplg,si{dsOmPIeR Wik IyHECAC B8R hiBMnRlans R iHhbvdichiRsypiatie and is

purged. The purge gas, is preferably in the ultra high purity gas level allowing the collection device to
be placed upstreagtafieryagiistPuEss toPase skl trinlst nre k04 dassahgbianapksdiestodd from a

collection deyice iy AR enBMfig tube in a preferred embodiment of the present invention. The

free radicals of the contaminants present in the gas sample may bond with the

absorptive media 108 in the collection device 102.
In a preferred embodiment of the system for controlling contamination,
multiple sample tubes and blank collection devices may be used. The collection
20  device or refractory trap is applicable to both high pressure sampling, for example,
purge gas, venting to the atmosphere assuming sufficient pressure and filter
sampling, wherein the traps are connected to a vacuum source. The flow is
controlled by an easily changeable critical orifice.
In a preferred embodiment, the trap contains three sample tubes, one blank
25  and two active sample devices. Chemical analysis of the data may be correlated to
transmission or image uniformity loss of the lithography tool, for example, using a
regression analysis which weights first, second, third and fourth order effects:
Uniformity or Intensity = a [Cg -siloxane] + b[Cs-Csg] + ¢[C3-Cs] + dfC;-Cs]
therein the parenthetic expressions are indicative of the concentration of species.
30  First and second order contaminating effects have a greater impact on contamination
of optical systems than third or fourth order contaminants and typically show a

greater contamination coefficient (e.g. a > b >c¢ > d). The first order contaminants



following information: Contact information: Name, address, phone, email of person sending the sample
Tool #: Gas sampled: N2 Air 15 Sample location: Upstream of filter Downstream of filter Interstack
Sample start date: 20 Sample end date: Date received: Report date: Upstream %a{?nmgho -C5: X
ppb* (*equilibrium concentration) 25 C6-C30: Y ppb Total siloxanes: z ppb Total sulfurc unds:
Past history on this sample location: In another preferr]e&:i embodiment the collection device is located
directly in 30 contact with the airstream, therehy avoiding sample line contamination and using either
passive diffusion JPEhCAEIREH BT RlHBLAT (e EHFRITActe ™ KERIFGHEN 3% FLETEmPle Sflow chart of
the method 150 ofsileigatinendt} iedivivigh Sonia@inRlidmpvastawRiznGe withotfifietarred embodiment
of the present invention, The method includes the step 152 of delivering a gas sample tq a collection
device. In a prefed P ESSRRRRIE A LSS ors FEIGOERSALERIBAY Mk SRLBERE HE Figure 5
and/or Figure 6. Theneihod ¢ighhergimitsdestile, soepxhbrhlef abspshidg indndimpicabta emntained in the
gas sample inthe collection device. The collection device is configured to emulate the environment of
curtaces of optical DAt ap SRR S (R SR R i e

n%ﬁnt%f’r‘nng the gas sample in
the collection devidéfty an enisedde tb dog ativlasaapiheffinteofbigimepredenst € oplation 10 of the

collection device g, Satirallan . IGaKaNa CaRECINALIE oK SR 0r ALiaRsh e lower

molecular weight species. As described herein before the exten duration sampling time enables
the collection of arinstjigtiorgamcesitbersirtononaomisregibapeetertibryerippronsnateliapvedighivcompounds.

carbon atoms.

10 In preferred embodiments of the system in accordance with the present
invention, a refractory trap may be used both upstream and downstream of any in-
line filtration system. Figure 6 is a preferred embodiment of a refractory trap system
120 in accordance with the present invention. As described herein before refractory
compounds include at least siloxanes such as, for example, hexamethyldisiloxane

15  (Cy), silanes such as, for example, Cs-silane, silanols such as, for example, Cs and
iodates. The refractory trap system 120 includes a conduit 121 in communication
with a gas source and through which a gas sample is carried with pressures ranging
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

20  ensure that the pressure cavity walls are in equilibrium with the gas phase of the gas
sample. The refractory trap system 120 includes active sampling traps or collection
devices 124 and a blank trap 125 in the trap cavity 126. The active sampling trap
elements 124 may include an absorptive medium such as, for example, the polymer
Tenax®. The gas sample flow in active elements is approximately 0.11 Ipm. The

25  blank trap 125 is not in communication with the gas source or pressure cavity and as
such is not removing any contaminants. The outflow gas stream from the active
collection devices 124 flows downstream into a manifold 127 which is in fluid
communication with a vacuum line 130, via an orifice 129. A pressure/vacuum
regulator valve 108 is disposed between the manifold and the orifice 129 to regulate

30  pressure. The refractory trap system 120 provides for both a low pressure

application or a high pressure application using a single design.



The internal surfaces of the sampling lines and manifolds are in equilibrium 15 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 sampli gllré%a%
manifolds. In accordance with another preferred embodiment, the system of the %gr;es ifivention
comprises a photolithography cluster tool, for examplelan exposure tool, 20 used in manufacturing
semiconductor devices, that is sensitive to molecular contamination and a filtering system which
removes the molecular cBHdssE8 T BAER R IMe derobidy Bl deararitaiae or condensable

organic substancegeng@usigueaRtARiRataef FRlitAhelFpars WIsakieR slffRaganReous and/or
heterogeneous ultrayiolet (UV),induced processes. These opﬁica elements are 25 contained typically

within a light path 8‘?%%?%&8[?%6“@813%‘}%& P%%b%}&&ﬂ&‘@ S PREH S UATH O &R %f the
present invention, $hefaddtesingnsiysie fof ek dlieplelt 6A30 UTiike gakoad ditive iphd asadvilihitis; farfexample,
nitrogen, airorsoth((:a(;n%uitable &)afses for pur in% of o Hctggteilsements WH%"QQ%}PE Sgigrrrllsti;uents

| )

. amjinan ormi.a volatite com 1) en put ne s T
comprises a membrane module, VI\.IIHICh separa eg? (S componenPs &ea 8 glvenygas mlx(%ure by means

of their different tramsmpit,raiEstnbingh whth hydmpeaigas toifghreitaow &3 @Tficvdricly isfvotagiaic
contaminants, in p%lig%ﬂ %,lc;%l%tsafg‘%q '%H)%v (0 selective

@ﬁ%ﬁ%%ﬁ%@% %r?[ s%gﬁ’%:ﬁ%?%%}r%%éu% etherimide or gubbery

permeation on glassy p(g
polymers such as, thercelaetiptedesifieimberplabest unstieaiseshdovrsitis e efithie tyreeabiadias which
generally have exigpgded temperature limits up to approximately 300C. Water and oxygen are
preferably also removed using the membrane as they can degrade light transmission 5 along the
optical path iR&he systenf* MBRIBAERSS dravga draln callefiMd sk B GPRRISEIES: homogeneous or
composite. In the lasiek thindehymesic permselective "skin” is deposited on a preformed porous
substrate, which need not be the same polymer and may or may not interact with permeate.

Polymeric membran¥¥asidyioarationn fyamsidddresiaphancs el Shesstensepling Ba&rRie and spiral

wound modules, in the Iatter sheets and separating screens are wound into sandwich like structure by
rolling around centhQPlﬁermeate tube and self- supporting fibers, for example, hollow fibers and
capillary membrags. ssmplpdefmized embodiment as illustrated in Figure 8 the filtering system 170 15
comprises a ff'lgratign mf)dlule based on a selectively permeable membrane 186 to
ample location:
Upstream of filter
Downstream of filter
Interstack
Sample start date:
20  Sample end date:
Date received:

Report date:

Upstream Sample:

C2-C5: X ppb* (*equilibrium concentration)
25  C6-C30:Y ppb

Total siloxanes: z ppb

Total sulfur compounds:

Past history on this sample location:

In another preferred embodiment the collection device is located directly in
30  contact with the airstream, thereby avoiding sample line contamination and using

either passive diffusion or an active flow to collect the sample.



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 cqn |E§"-§Qm§ amount
of organic contamination. The 20 feed flow may comprise 99-100% nitrogen with any balance in
organic contaminants as well as water and oxygen. A&suming 90% removal efficiency of the
membrane, the composition of the residue is purified by a factor of 10. The composition of the

permeate stream can beTaBMENEE WiteorbamhRE Sttt of delsrte R JERaYIng 70, in accordance

with a preferred erhpglimaabaithedresertinteniRfaealefaldindat 6 MBY g iammasion effects of
first through fourth order %ori]gibij%rs. In anotherﬂf)re erred embodiment the figering system 170
Faesets:

comprises a filtratfgi M 1465 B HoBel QAR FHETRB R HE R %iloe? EyeiehdivStunds from a
gas stream 174 whesgirethecdalisisiiimeryvibe i lpguenldeic: dconnéstethéd avithiaespast gource to

increase the pressie radiept actoss ihemembrans 100 Lo Addngrease membrane sffciency. In this
embodiment the feed fiow L74is 1 rogén that contains sorme amoun dt organic contamination. In a
particular embodimenththigaficecfivwed itiicagaicsiogée mttheerlledtirodgaitic drtesileiots as indicated
above. 1 9 APR 2 gg.-zz ASsH in tgg %1 vg\I/- yi igntc(yfg& tfhg (—}mbr ne the composition of
the residue 176 is(,21 aglgfnlﬁr%pro%%g%y arﬁagtorﬁggio ]t%rn ghilltﬁ)gen and the b ﬁgﬁcgﬁﬁlegr%anic
contaminants. ThelbemgtwsiddAlohthed pretha stete 150 ed mal 7gingng) e esesanicheth wWieh organic

contaminants. 5 Inanoiaes AElE oA mRadineh- 1 srng.Syalem AR LomarsssRdijation

module based on a selective membrane 186 to filter organic compounds from a gas stream. In this

particular embbdirRéfetrlrsEarmdarics prgode saiEtien prdeaidbionsfmarito? iThsalidContamination.

The feed flow 1741%9Hi@65%9&8M%@M@g%igﬂ%ﬂé&e@amﬁﬁ@s&ﬂiwMﬁf%‘éf@%iﬁéﬂinaﬂt&
Assuming 90% 10 remaqval efficiency of the membrane, the composition of the residue 176 is 99-100%

nitrogen and the b‘é?%ﬁﬁ’é}@qﬁ%@ﬁi?ﬁ%ﬁiﬁﬁﬁ@%é@dﬂ%ﬁ%ﬂféfltﬁ@ﬂ@rrh‘ighte stream 178 may
be enriched with oggadistceBiaAIRANSd PhecaiBlalipkaiiREUAA N gitrichgsbaddsiream 178 is then

directed to a regenerative adsorption device for purification. The permeate stream 178, which has
boen purifed by an acsol TN BB G5 s PP e L BTG 1. SHHL PSR systern i
accordance with awiitefisred pimodimdairodide praseintdiferntioh teddagdcbellasionf feed flow
volume. 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,
20  used in manufacturing semiconductor devices, that is sensitive to molecular
contamination and a filtering system which removes the molecular contamination
which may include volatile and semi-volatile or condensable organic substances,
causing contamination of optical elements via series of homogeneous and/or
heterogeneous ultraviolet (UV) induced processes. These optical elements are
25  contained typically within a light path of a photolithography tool.
In accordance with a preferred embodiment of the present invention, the
filtering system for the ultra-purification of compressed fluids, for example,
nitrogen, air or other suitable gases for purging of optical elements, with organic
constituents comprises a membrane module, which separates the components of a
30  given gas mixture by means of their different transport rates through the membrane.

High removal efficiency of organic contaminants, in particular of first and second

order contaminants may be obtained due to selective permeation on glassy polymers



In another preferred embodiment, the filtration module consists of a composite membrane, a support
of which is pretreated with a solid electrolyte 20 washcoat and an oxide catalyst to promote
electrochemical decomposition of the permeate 178 within the support at reIatiV(;:'#/%ow temperature.
In another preferred embodiment, the filtering system 170 comprises a filtration nfo Lﬁg%&j ona
selective membrane 182 to filter organic compounds -fbm a gas stream. In this embodiment, the feed

flow 174 is nitrogen that contains 25 some amount of organic contamination. The feed flow comprises
99-100% nitrogen Sifthath ©beraneie b hegaHie 06 AARSTIANYMSKS ek AntPTFXeaRPKssuming 90%

removal efficiency gfitbgempmbraneaibe s poRRIEameS thenmaidy v itagairimpraved by a factor of
10 for nitrogen with the balance being organic contaminants, but the membrane may not be selective

enough to remove SHRfisH ISHIPFHAIEE 14BTA SpdRARBIOX REBSIA0eC 78 Yrt ARSI HEm 170 is then

directed to a seconglefili pysieramolainiiag e ehabea canabycioadaddel fiigtridiaisgontains a

different membrane sgg{%ifically ?eleﬁed to allow oxygen and water to traverse the 19 APR 2W -23
membrane, but is, %{8 , ‘feos})sflﬁzér% %Ig"fosﬁﬁglgen. The residue of this second filter system may
now be substantially freeémtgaiicare/gateraiynavaityid e mwhich aéhelid ghazhoas gereduanced

lithography processes. Again, the sition, of the permeate._stream be enriched with organic
ostte. In't Tfotgg}ﬁs%?ﬁi ﬂ I%/merlc erms(e:"le %ve sq%n

! comaP € e ’ {QQXIII) sitéd onl a 2.
contaminants, water, dn oxygen. g system can be use to pu nltrogen, synthetlc alr,

plean qlry air, all ga&ﬁiwgdrwmdﬁhs&rd&an&é@phcﬁmdxﬁmgﬂmmwmféyl}mtmmqmmged gas gsed
i Semiconductor RISEERSINGNHMAKRE N MR- ESaNARROUSIATICt Mipeis ) to miing

for example, filter oxygen and nit y, before mixing'them together to make synthetic air.

10 The filtering sysflehsherss/foerdeasnd &etosnd spirahweasdrmadalauimdbe bitteyahestsiat as, for
example, rolled-upssppperted MSMBANG. @RS UnAellsHRPoriea M RITARSSIRRIARE disposed

on a prefabricated porous supporting structure, a_cylindrical pleated air filter, or comprise hollow fiber
bundles through wRfER%E tree b fs upeetdee Toctsnopramsipdy keHpydikrehtadrandaner system of
the present inventigprusimRyYe 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. I 4Ri§fHRd frebrdEpyaeiieBrphmdedss dHirmmepsisit Wontinuously
without filter replacam@at&riesaie nfldoleMased 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

20  feed flow may comprise 99-100% nitrogen with any balance in organic contaminants
as well as water and oxygen. Assuming 90% removal efficiency of the membrane,
the composition of the residue is purified by a factor of 10. The composition of the
permeate stream can be enriched with organic contaminants. The filtering system
170, in accordance with a preferred embodiment of the present invention preferably

25  removes contamination effects of first through fourth order contributors.

In another preferred embodiment the filtering system 170 comprises a

filtration module based on a selective membrane 186 to filter organic compounds
from a gas stream 174 wherein the colléction device or pipe 172 is connected to a
vacuum source to increase the pressure gradient across the membrane 186 to

30  increase membrane efficiency. In this embodiment the feed flow 174 is nitrogen that
contains some amount of organic contamination. In a particular embodiment the

feed flow, 174 can include nitrogen with organic contaminants as indicated above.



20 temperature change or disruption. The prefer-red embodiments of the present invention address
the problems of the prior art filters which have a limited capacity for low molecular weight
hydrocarbons and rely on regenerative thermal cycles, which cause instability of?glge %p%[ﬂas
temperature. The preferred embodiments of the filtering systems of the present ihvention provide an
unlimited capacity for 25 removing low molecular weigtfi-hydrocarbons and other contaminating
species, independent of feed flow concentration, produce no sudden changes in'the output flow
conditions, and are\eswyingal IAasaresisleefoaaivtafmhdpmbe.liseemeesitsshefitistic block diagram

of afiter device haying,g, el shaning G ssleauan L ARG BBESISA dIbE A inacoordance with

a 30 preferred embodiment of the present invéntion. This preferred embodiment takes advantage of
the inherent propefEg8TipPYfRIBEIBIELaHE ¢emspRian b PR Firepmes/ fois dimidiesnt species. For
example, lower mqlgciilal WeithbaRe Cstmavad. 9 APR 2006 -24 through the carbon bed 252 more
rapidly than do higher molecular W&eﬁi%ht species. As described hereinbefore, certain higher molecular

weight specie$ may be nBrRAEsH{ dimatdhe flisHne wistmdl 48 SRIRREERSIt species.

Accordingly, measiitemenisoant: isked & adasatiemupsiiaam sodiarisgimef dbaghamical filter 5
bed 252 or in an alﬁernate preferred empodiment between two in-series filters, and at the discharge of

relatively fast movilgA&E G HbUBH 3Tt Be e pdmen thedfsd A% FttiethEds leading
indicator gases as donlisiatoxaref dneunt ot oaahib eakdhiaaiin oTHefsrd b s1aM4 MBI &IBsies. Figure

9B graphically illustrates the efficien f the filter bed with respect 10 tq time.b asuring the
different species inf@:%o?ég) o Vvﬁ%%&% élrcreebe"el%brg%ﬁh%é"ﬂ .%%)rr?lgaﬁjgse'fegr‘rsé enr}%%%ment, the target
gas is an C6 trganiemcuwaiteicieany witichnmapraorentby cvotpooivainfaieirsidenid @to A9- 80y the leading
tracer gas is a C5 S{Qzé‘géﬁ AREFESaING %.eéfgéﬁfc%%‘igmlﬂgn%pﬁee@?& 8&‘&?&1‘1{)‘?‘%@‘ dnglages a
thermal desorption preconcentrator coupled o a gas crﬁroma;ograp% Wit 15 flame lonization
detection. This systeparadfiierey Heewaghsidivijhtprgayseontaaantss Thepugona caliamiadaiy

concentration work.,.Samples ot e Rading IARREHAS A1E.dakemabuasioUsoeelins,n the filter,

before or after the filter or between two filters, for example, filter | and 2. The performance of the filter
can be illustrated dWafigraghicRcussmase Faeamiddesh inebsga i fiod g rIsOnEoR flowchart 290

of a method fps mapisaseae RRKQERARAG PR ERERASEHEREYSIAR UhARCAIdRNGRIth &

preferred embodiment of the present . . )
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
20  washcoat and an oxide catalyst to promote electrochemical decomposition of the
permeate 178 within the support at relatively low temperature.

In another preferred embodiment, the filtering system 170 comprises a
filtration module based on a selective membrane 182 to filter organic compounds
from a gas stream. In this embodiment, the feed flow 174 is nitrogen that contains

25  some amount of organic contamination. The feed flow comprises 99-100% nitrogen
with the balance being organic contaminants, oxygen, and water. Assuming 90%
removal efficiency of the membrane, the composition of the residue is again
improved by a factor of 10 for nitrogen with the balance being organic contaminants,
but the membrane may not be selective enough to remove oxygen and water.

30 Accordingly, the residue 176 of the filter system 170 is then directed to a second
filter system, of similar mechanical construction to the first, which contains a

different membrane specifically selected to allow oxygen and water to traverse the



invention. The method includes the generation of a numerical representation of the chromatogram of
the gas flow upstream of the filter per step 292. Per step 294 the target polluting species are selected
as the target is present at a detectable level 25 upstream. In step 296 the non-polluting species that
are the leading indicators are selected that are closest in elution (removing of ab8r?eR rpsggerial from
adsorbent) time and greater than and equal to the cof28entration of target species of interest. The
leading indicator tracer gas travels faster than the target pollutant through the filter bed. The method
includes measuring¢ndron-pollistingpisp tesicpeimeitfterermiBodesalibe s sidnesbihiglescand fiveation prior
to the filter bed, at o0 | i 4 jlter . ' t [ rge of the
filter bed. The breﬁér%%%%%gl@%geguzgg I%l?lstlgg o?%r%?eﬁ%é?%%ﬁ%grﬁis%@ a‘sljgz%%g%%qu]d
determined by the htesadtie Asearestthborsaphgriertitssfor fgaietbg 481nRasHian clclhipeamtetector system

per step 300. A m%m%fﬁ’fam@féﬁgdt%}%@%ﬁ@%Gﬁ%rﬁfrﬁrgé%v%ﬁ%éi@%&Mitioned in an air
stream, which may be suﬂgct to molecular contamination, and useful for 5 removing molecular

contaminationtherefrom TtR LS BE SysiFHRy Wbsirsad RN MFO8E P YIREHSA SRR AN filter so that

a variety of upstreain AmolgeWRInEONAMINAEmE HRiehtacLanda sarasbaRiWanbRIGAJiacer gas are
identified. The tracer gas travels faster than the target pollutant of interest in the filter. Further, the

method includes sAFRPIASCTHS AR RTOE ST alldRed S QPEXRy B¢ AR AEFMEP 4890 that the tracer
gas is detected oveyiihetic Theroetoeiinglde s deiptenfiliegobgepeanidninages ehihaditer with respect
to the target poIIut%nﬁusin%(a n}ﬁthop tg%% ?sta ishes a correlation between the low molecular weight
compounds and the” Olb ol CUTAr %lg it Cof 8&?4%‘3%?&%3 determining the performance of the
air. In a prefdfred embodihrcfilteting systimo chirydbe desssanilingtibet dinstatamiab alodation in 15 the
middle of the filter bed, Figure 11 is hematic diagr f a system hat includ filter system
in accordance with'a }gr(selilgrlr%sa gﬁn%(oglﬁ%ﬁgic%dtﬁg f)r g@]ﬁ%%ﬁ%&%’fﬁg ée@ ﬁ?r)i\?vy%)?) gf%sr%geam 322
input into the filter B2migasgnptathispeadisetsedormsy srefabrivatediperousctipneitide staupihysisadsorbent to
chemically adsorb gaptamingitied e Aifeflow dnaitssnisklivef tiRdiliemRarisalRg sampled and
analyzed using a sampling port 326 that provides the sample to the detection system. The location of
the sampling port %26 {th eedifrsttdo the outlet is proportional to the propagation rate of the leading
indicator gas,j¥pr example therRraPadsigmiats afthaitacssaasosiighdlanitiensistance of the

sampling port 326 from the qutlet is raised. The discharge flow 328
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

20  temperature change or disruption. The preferred embodiments of the present
invention address the problems of the prior art filters which have a limited capacity
for low molecular weight hydrocarbons and rely on regenerative thermal cycles,
which cause instability of the output gas temperature. The preferred embodiments of
the filtering systems of the present invention provide an unlimited capacity for

25  removing low molecular weight hydrocarbons and other contaminating species,
independent of feed flow concentration, produce no sudden changes in the output
flow conditions, and are easy and inexpensive to maintain,

Figure 9A illustrates a schematic block diagram of a filter device having a

bed showing the retention of different species in the bed in accordance with a

30  preferred embodiment of the present invention. This preferred embodiment takes
advantage of the inherent property of physioadsorbants to show different retention

times for different species. For example, lower molecular weight species move



25 at the outlet of the filter 324 is also sampled. A position selectable valve 336 disposed in the inlet of
the detection system provides sampling capability for more than one stream. nus, the sampled flow
from the inlet of the filter bed, the middle of the filter bed or the outlet of the filter bed can be selected
as input into the detection system. A valve 338 allows for the selection of the flow Into APBO2006
preconcentrator 340 or into a bypass 342. A pump 348 4or the preconcentrator provides adequate flow
therein. The discharge of the bypass or the preconcentrator is then selected by the valve to then form
an input into a chraraigigtapbichoolbsd 2 SR e RiZid36hah B gkeheaterubt8visiglisgased. around the
chromatographic c/glsucigsl‘wcn 5e% Ther%ll% et ofrihe %oIHmn f%m mg }nﬁ)ut of the det,gc;[rcl)r 352 having a

. . . («1(%) ore, cerfain nigner m Cl t species € MMOore.
flame ionization detection system. e s’pec rum |ﬁustra ng ﬁe a ndq'gnce cﬁl%e COI’]S?I'[UGI’]IS

detected with resp:@utmm?ﬁnﬁegsajﬁptw;@dtméogfmphiﬂedtuwewﬁgh_tmei%%@dm@gibgferred _
embodiment uses detectian.fechaolegy w Q'ﬁ?dﬁdﬂﬁg&?@&%, FEMSIHVE 4R L CRRGGREy and quantify

organic species at very low concentrations, for example, below 1 ppb (V) using, for example, gas
chromatograph/flahed {orifatibmndéiaeaisiridaripmipdmeatbeiagarnbe diriains Hiethaptatent

invention provide agvaneag waning ot RHESfailis o Al 4Q ieanaisdizingcibe process by

allowing the actual species of interest to breakthrough. The preferred embodiment does so at a low

enough concentratisisiier Frkarsthiras ‘odingindienienmaechas dadisaorsivé Bpiairems. In a

preferred embodimggiiae.fifgbinslides 360 delthe pekysger pellets exposed to the airstream using a
traditional media tray and rack s§stem._ln an 15 alternative preferred embodiment the filter includes a

honeycomb configuratiort WHFE RSFmicL hwsateriteintacirncral thn Sis et miptetethettied

honeycomb  structiy enfotiemesmbagime aisiinalusidibe reanrstaiationincaystitgrdut not limited to, a
monolithic porous or honeycomb structure formed from the polymer, a mat of polymer fiber, either
woven or nonwove‘i??%é]g'@éﬂtghha SR s tgﬁg e h ved 8t e activated carbon
pellets exposed to dheamiistngavhids ingyaotraditinstatonadtion tr vgadic ackngysid the Ehtngycomb

configuration wherelp (he, activaled carbon pellels, i eld In g partially flled or qompletply fled
honeycomb structure, agmonm iC porous or ﬁ'oneycom% St cf’urenfo ed from eac?lr\llated carbon,
a mat of activated omithdes filtesrresthiesamphenpoecooceatv®n cplpkie th angh 2Shamrategzabinva tiraditional air

fiter and a carbon paser, GoMRRSHSflieh PR YSISY 2hINRYER LRIV RDS, SHRPRI Sigyctures.

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.

20 Figure 10 is a flowchart 290 of a method for monitoring the performance of a
gas phase filter system in accordance with a preferred embodiment of the present
invention. The method includes the generation of a numerical representation of the
chromatogram of the gas flow upstream of the filter per step 292. Per step 294 the
target polluting species are selected as the target is present at a detectable level

25  upstream. In step 296 the non-polluting species that are the leading indicators are
selected that are closest in elution (removing of absorbed material from adsorbent)
time and greater than and equal to the concentration of target species of interest. The
leading indicator tracer gas travels faster than the target pollutant through the filter
bed. The method includes measuring the non-polluting species in different

30  locations, for example, at a location prior to the filter bed, at a location in the middle

of the filter bed and at a location at the discharge of the filter bed. The breakthrough



In preferred embodiment the detection system may include any system that is capable of measuring
organic compounds at very low concentrations including, but not limited to a GCFID with, or without a
preconcentrator, a GCMS with, or without 30 a preconcentrator, a photoacoustic d’eée%?ﬁ v%r’ﬁg or
without a preconcentrator, and IMS with, or without a preconcentrator, or any combinationthereof. 1 9
APR 2006 -27 In a preferred embodiment reactive inoPdanic materials, including molecular bases and
molecular acids are included in the airstream. These compounds may react to form nonvolatile salt

particles. Molecula®dBp st aoidutativarmepisstat B deirimintd by omraseaencitisorbed on the
optical elements angdiRgaigier M dighkiNdueedtadical £endansaiianRr Rejysogrization. Resulting

polymer films in some cases Er]gma‘i/ be removed by active oxygen treatment sEecies. Refractory
i

materials are compound< cBRtRGRY meHierBsingeRbRvsnssIef srarsRYrse Blrasssitsnekiimple, but
not limited to, P, SknSiBtSain Abhldhaseytiadijbinaniasna)yibec expakrdde, Bidisightfand may form
refractory compounds resistant to active oxé%?é]ﬂ %]O tr atmeqé. In a %rﬁferr%d embodiment molecular

bases and moteculSP S IBE BN BRL LA ATH SIRITIMAIRGERS SRR MRAGAFTEE WAL (10 cc). An
air (gas) sample islodaavtnipyesgh dheéraipifigarsattiat Animiéor A4 snvavtesolisiiigra programmable
sample pump. The total sample valume in a.preferred embodiment, without 15. limitation.js 240 L.
Further, in a prefercr%%}aénrﬁ agg’c’lr?{g%ﬁ ?ﬁc?féa%rlﬂ a‘}%%ﬁa %@é Pg ?ﬁgﬁ g%‘fﬁqu asp%FnPS?S?ﬁ% materials and
refractory material tsanrngestarelsdlisctebhushedarEbierolotes ofbtiore 8 amthtelid¢T D'8ithite thevith porous
medium, for examglll%t
m

flow of the 0.15 20 L h&?’%g‘i‘es&é“ ih{ARShoRR'e 1&%9&@{" oWﬁ%{&'PntB?tﬁgﬁﬁjﬁiﬁl’& fjedia at a

n for 240 minutes, using a programmable sampling pump with low flow
adapter. Total Ganipis theltiaserigag pioteicitiedteryrdare. |hhsrarthasdraidotiietermmningethfow rate can vary

in a range of appramaRInRY FREILARDEHERIN 1HAGa IRHELCRR RIReHaHEPM

approximately room temperature to approximately - 100C. Field blank or empty samples are collected

for each type of saffi3RiEhvha corslatipbheiraendhsdmpradiesne Vrgherrrnesndvhschiss handled in

the field the same Y ARARAGIHERFHIRIR ARVIRG ZRIG-SAMIR enY QLB ARWB UMOMENImThe purpose
of the field blank is to detect possible uncontrolled contamination events during sample handling and

transportation. FieRrHErdeayeedinayL e imethod nruden stmeling b fitsieampigdocation in
15  the middle of the filter bed.

Figure 11 is a schematic diagram of a system 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

20  the middle of the filter bed is also sampled and analyzed using a sampling port 326
that provides the sample to the detection system. The location of the sampling port
326 with respect to the outlet is proportional to the propagation rate of the leading
indicator gas, for example, if the propagation rate of the tracer gas is high then the
distance of the sampling port 326 from the outlet is raised. The discharge flow 328

25  atthe outlet of the filter 324 is also sampled. A position selectable valve 336
disposed in the inlet of the detection system provides sampling capability for more
than one stream. Thus, the sampled flow from the inlet of the filter bed, the middle
of the filter bed or the outlet of the filter bed can be selected as input into the
detection system. A valve 338 allows for the selection of the flow into a

30  preconcentrator 340 or into a bypass 342. A pump 346 for the preconcentrator
provides adequate flow therein. The discharge of the bypass or the preconcentrator

is then selected by the valve to then form an input into a chromatographic column



30 In a preferred embodiment analyses of molecular bases and molecular acids samples includes
using lon Chromatography methods. Compounds are identified by retention time and quantified using
individual calibration standards and a 10-point | 9 APR 2006 -28 calibration procedure. Low Detection
Limit (LDL) of the corresponding methods is 0.1 ug/m3 per individual componentl $h &PBrfiBfred
embodiment, molecular bases and refractory materiatZamples are analyzed using a Gas
Chromatograph (GC) equipped with a Mass selective Detector and Thermal Desorption System (TD).
The 5 total analytit®dl. scheste( P GAinmSrib optimitedhosapmrathisndlgumant ). aReetetvith a boiling

temperature of Hexae andbhiahsr il ik of e hatedi3 per il pammeneRldgiyicuat

components are identified by a MS library search and chromatographic peak position. Individual

component are quéitiied Higaspettruyo irdigties fhaahendenseiol thr sastduests dpsaetbtidkadecane.

Analytical results pegcg@{:@t@sﬁggg iQ IS iiakes §-§a EuscRnseRriragen, ug/m3 N2-facilities N2-
facilities Oil free Air Oil free Air Fab ambientSub Fab beforeafterbeforeafter Ammonia (as

NH3)0.4<0.10%4<0.14.26 2Ot ird rphadinenidses fetsctiop tecknelogyrebiah ifidiseatiy (as
N02)<0.1<0.10.8<Q1xB1 {ithie dgiri fasiNOAr Quinidhl sfgekidspafed 50vE Rty Organic Compounds

-1.1-0.9-.0.8-.2.3-213-216 (as toluene) Table 4 CompoundConcentration, u /m3 as tolueneas

R
hexadecane Benz&NSEETH A2 FXARPIiRE TS BRAEWA B@?Z&?ﬁ’ﬁ%?lqﬁﬂé?%-Methyl (26)0.40.2

chromatograph/flame ionization detection (GCFID). The preferred embodiments of
the present invention provide advanced waming of filter failure without actually

10 jeopardizing the process by allowing the actual species of interest to breakthrough.
The preferred embodiment does so at a low enough concentration to be meaningful
to highly sensitive processes, like optics systems.

In a preferred embodiment the filter includes a bed of the polymer peliets
exposed to the airstream using a traditional media tray and rack system. In an

15  alternative preferred embodiment the filter includes a honeycomb 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 the polymer, a mat of
polymer fiber, either woven or nonwoven, pleated and arranged in a traditional air

20  filter, a bed of the activated carbon pellets exposed to the airstream using a
traditional media tray and rack system, a honeycomb configuration wherein the
activated carbon pellets are held in a partially filled or completely filled honeycomb
structure, a monolithic porous or honeycomb structure formed from the activated
carbon, a mat of activated carbon fiber, either woven or nonwoven, pleated and

25  arranged in a traditional air filter and a carbon based composite filter constructed of
WaQven or nonwovens support structures.

In preferred embodiment the detection system may include any system that is
capable of measuring organic compounds at very low concentrations including, but
not limited to a GCFID with, or without a preconcentrator, a GCMS with, or without

30  apreconcentrator, a photoacoustic detector with, or without a preconcentrator, and

IMS with, or without a preconcentrator, or any combination thereof.



2-Heptane (47)0.50.2 Silane, Trimethox meth 1450.40.2 Hexane, 2,5-Dimethyl (33)0.30.1 Toluene
(82) 12.91.3 Propanoic acid, 2-h drox -eth | ester (59) 21.50.7 PGMEA (92) 32.21 Eth (benzene (59)
43.21.3 n-Propylbenzene (56)0.30.1 C clohexane (84)9.50.2 X lenes (48) 515.26.1 Styrene (59)0.30.1
1,2,3 Trimethylbenzene (72)1.80.7 1,3,5Trimeth (benzene (60)0.60.2 C clohexanorde3( APRG206H.2
3-Heptanone (47)0.40.2 1 9 APR 2006 -29 Unknown&2%0.2 Unknown0.70.3 Octane, 2,6-Dimethyl (59)
70.30.1 Cyclohexane, (I -Meth leth 1400.40.2 Nonane 590.44.1 Octane, 2,5,6-Trimeth 1534.31.7
Octane, 2,2,7,7-Tetramelh 2 B3iegodemiadinesns pagtive inetEang4naigisl B dicheding melgsylan-Methyl

(9383.11.2 Decang, 2sMeibidchidr 20:R %%nﬁau&e&ﬁm&l%f%@wﬂ&@Qo%éuﬁma eh de (48)
92.81.1 Carbamic acid, methyl-,phenyl ester (25)2.10.8 Propylene cabonate B&20%103 1.4 He

tane.2,2,4,6,6-PerieaRidorBunoBLobElel pasieiin Mgiealer ramivashischig 9eMeREthyl (77)
1210.12.3 Nonanegyirie ixethiat o Hidh A2t 887668 S 0§ HcdPAdnldité and undergo DUV

5  light induced radical condensation or polymerization. Resulting polymer films in
some cases may be removed by active oxygen treatment species. Refractory
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
exposed to DUV light and may form refractory compounds resistant to active oxygen

10 treatment.

In a preferred embodiment molecular bases and molecular acid samples are
collected using impingers filled with distilled water (10 cc). An air (gas) sample is
drawn through the impinger at 1 L/min for 240 minutes using a programmable
sample pump. The total sample volume in a preferred embodiment, without

15 limitation is 240 L.

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

20  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
flow rate can vary in a range of approximately 50 cc/min to 250 cc/min. The
temperature can also vary from approximately room temperature to approximately -
100°C. Field blank or empty samples are collected for each type of samples. The

25  field blank is a sample device (impinger of TDS), which is handled in the field the
same way as an actual sample having zero sample volume drawn through. The
purpose of the field blank is to detect possible uncontrolled contamination events
during sample handling and transportation. Field blanks are analyzed in the same
manner as actual samples.

30 In a preferred embodiment analyses of molecular bases and molecular acids
samples includes using Ion Chromatography methods. Compounds are identified by

retention time and quantified using individual calibration standards and a 10-point



Decane,2,3-Dimeth 1401.90.8 Nonane,3-Meth I-5- r01643.91.6 Decane,2,6,7-Trimeth 47 14156 He
tane,4-Eth I-2,2,6,6-Tetrameth 172 15140.2 Undecane,2,5-Dimeth 1591.50.2 Undecane,4,6-Dimeth 59
16124.8 Undecane,3,5-Dimeth 1531.80.7 Undecane,4-meth 1832.41 Nonane,3; eg%-S- 164
175.72.3 Undecane,5,7-Dimeth 1431.70.7 Undecane,3,8-Dimeth 1382.51 Dodejcrgn ,2,5% eth
1363.61.4 He tane,2,2,3,4,6,6-Hexameth 1 721.50.6 Dgdecane,2,6,1 0-Trimeth1722.30.9
Tridecane,5-Meth 1640.70.3 Tridecane,4-Meth 1640.40.2 Dodecane 500.50.2 Benzoic acid (66)
189.94 Cyclotetragitkamen frxadnesh 390 bt Garcloteir A0 XantheQetaRipkih adthdds 22,5 C
cIohexadiene-l,4-dri§ e,2/,53-di heg. 97 2?2710.1 TotqulS?ﬁ Fi%ure ]§2A-1t2C reﬁr hical
illustrations of chroma Sérrél of 151 élas(é?ﬁl@%nﬁ%lu iﬁ&rg Tav ng?’eo SH LR OF thé 1588 ra end
(Figure 12C) in acenidefinagonyitin erixefarpidsenadipehtohieCreSarnmnugniidn(@te gas sample is
fabricated ambient air. 5 The mass spectrometr S) results forsub-fabricated air.ate listed in Table
e Tatls 5 CompetalEEd R TS B B P BT e S 258

Benzene(84)(250. B &IRerdiceny 2eth DI/ MIDIL0plirt eochivedep 41801kl Rvopaiyeoayies 2-h dro ro |

ester (56)0.40.2 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
two analytical standards, for example, toluene and hexadecane. Analytical results

10  are listed in the Tables 3-9.

Table 3
Concentration, ug/m3
N2-facilities | N2- facilities | Qil free Air | Qil free Air [Fab amblent| Sub Fab
before after before after

Ammonia (as NH3) 0.4 <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 -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 1.3

Propanoic acid, 2-hydroxy-ethyl ester (59) 2 1.5 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




Propanoc acid,2-oxo-ethyl ester 290.10.05 1 9 APR 206 -30 Toluene (79) 1131.4
3-Pentanone,2,4-Dimeth 1360.20.1 2,3-Dimethyl Pentane (21)0.40.2 Propanoic acid, 2-hydroxy,
propyl ester (57)0.40.2 Propanoic acid, 2-oxo-ethyl ester (27)0.10.05 PGMEA 590,80.3 Ethyl

Benzene(61) 474.9 Styrene(39)0.30.1 X lenes 35 53517.5 1,2,4-Trimeth (benze

he PPR A

Nonane

610.70.3 2-Furanol,tetrah dro-2-Meth 1561.10.5 C clet®xanone 73 69240 Octane,2,5,6-Trimeth 150
71.70.7 Benzene, 1- Eth [-3-meth 91 82.20.9 Decane,3.4-Dimeth 1590.40.2 Benzene, I-Eth

I-2-methyl(72)0.50;

de (96) 90.90.4

7-Dimeth 1 47 13

Decane,2,6,7-Tripdif30g

Undecane4,6-Din

Undecane (90)10

24 3-Benzaldeh
nknown _ D7
E ZemBmR B0t 64 111.70.7 Decane, 2,2,9-Toanethy (53] 124-23t17 Normane, 3
Ayl Ben rievienyleByB4Primeth 1910.60.2 Undecne,3,6-Dimeth 13840.4
€991 44 21 7 1 Hovangl 2 Fth-1471-20-5-UBdecan Nimafr 14 1.4
c‘éhé.sé\s 6'Tfﬁfféfhy' (53)I TCATO IUI LT LT L M L. 0. J I4\3\—\.;MI I\,,U, \'1'7 LTI .
nemra‘;fe,kbu,muraaﬂuanwap S-meth I-5- 1p 55 1 /0. /{)gs Nonaneg]o-BuUtgloY1U.
Hf4)1 72104 1.4 0.6
Benzene, 1-Ethyl, 3-Methyl (93) 8 3.4 1.2
Decane, 2-Methyl (77) 1.2 0.5
Benzeng, 1-Ethyl, 2-Methyl (77) 0.9 04
Benzaldehyde (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-Pentamethyi (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-Dimethyi(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-Trimethyl(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
Undecaneg,3,5-Dimethyl(53) 1.8 0.7
Undecane,4-methyl(83) 24 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) 2.5 1
Dodecane,2,5-Dimethyl(36) 3.6 1.4
Heptane,2,2,3,4,6,6-Hexamethyl(72) 1.5 0.6
Dodecane,2,6,10-Trimethyl(72) 23 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

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

ambient air.

The mass spectrometry (MS) results for sub-fabricated air are listed in Table

5.

Table 5
Compound Concentration, ug/m3

as toluene as hexadecane |

Hexane(78) 0.4 0.2
Benzene (84) 0.5 0.2
3-Pentanone,2,4-Dimethyi(72) 0.2 0.1
Hexanal(64) 0.3 0.1
Propanoc acid,2-hydroxy,propyl ester (56) 04 0.2
Propanoc acid,2-oxo-ethyl ester(29) 0.1 0.05




Benzene,1 -Ethyl-2,3-dimeth 1380.50.2 Benzene,-4-Eth |,1,2-dimeth 1720.30.1 Dodecane,2,5-Dimeth
1401.10.4 Aceto henone 470.70.3 1-Octanol,2-But 1 780.40.2 Benzene, 1 -Eth1,2,4-dimeth 1470.30.1
Dodecane,2,7,1 0-Trimeth1590.80.3 Undecane,2,7,10-Dimeth 1530.30.1 Benzoic acid(41) 188.93.6
Dodecane 870.50.2 Phenyl maleic anhydride (23)0.40.2 Trimeth 1,1,3-Pentadiol dilsBiPRa2a062
192.91.2 Benzo henone 420.10.05 2,5-C clohexadien&6i,4-dione-2,5-di hen 89 2012.14.8 Total21696
Figures 13A and 13B are chromatograms of another gas sample in_accordance W|th a preferred

embodiment of th

lists the mass sp

CompoundConce®

2006 -31- Toluedegggﬂ :

sample of oil free

invention. Table ]

filter. Table 7 Co.“)SyL

ion_The aac enmhﬂo is—a enhjf?&a@d_a;ul
%-éentanoneﬁﬁ—alrr ethyl(36)., .2 . RN .
Jg[jjﬁmgﬁ{w pg—‘rt‘{" HZIQF Oit free air upstrganT of thegfitter. Tabig 6 0.2
aatte@a@ne toluene) Siladd,Dimethoxydimetpyl0.50.2
H uS @ﬂe[.&n A ic A nrahhinal ||||u~0r tinon nf A chranaa
) AL IHUIC = Sy I Pw ] TAPTITCTO IIIUOOIB{LIUII U-I T O ImTUTTI™X ~
Byl Tﬁéﬁb@iﬁ Ter in accordance wiin preterredzempodiment o1 the Prese
Siwtene@8) mass spectrometry results for oil free dBsampled 5 down&tream d
enes(38) 35 ' 17.5
'H:’Z{#‘Wheﬂﬁylb&fiéh‘éw?)' tgfm3{as 1.4 0.6
Nonane(61) 0.7 0.3
2-Furanol,tetrahydro-2-Methyl(56) 1.1 0.5
Cyclohexanone(73) 6 92 40
Octane,2,5,6-Trimethyl(50) 7 1.7 0.7
Benzene, 1-Ethyl-3-methyl(91) 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) 1.1 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-Dimethy((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
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

filter.
Table 6

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

Silane,Dimethoxydimethyl 0.5 0.2

. Table 6

19 APR
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as hexadecane toluene) Silane, Dimetho dimeth 12.30.9 Silane, Trimethox meth 11.30.5 Total3.61.4
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. 10 Tabfq@ lj E%the mass
spectrometry results for nitrogen facilities upstream of the filter. Table 8 Compou dﬁ) R%tion,
ug/m3 (as as hexadecane toluene Slane, Dimethox diddeth 10.80.3 Silane, Trimetho meth 10.30.1
Totall.10.4 Figure 16 is a graphical illustration of a chromatogram of a sample of nitrogen gas
upstream of a filtedEBcordance-with-a-pfeferred-empidimentof the lépresujé invention. Table 9

[ Tota .
lists the mass sp (,?r?)lme[ry results for nitrogemn downstrean of the fitter-Tabte 9
CompoundConcentration;yg/m3 (83 gafiexadrsanadelenaksilang Rinethamine yio.00.4
Total0.90.4 Figures 17A and 17B graphically illustrate a chromatogram of a sample of 20 nitrogen gas
downstream the filérbsjete miBise B woetaise whsaasforteehedsnenb b igseaspectively, in
accordance with a;pyefgggd embodiment of the present invention. 1 9 APR 20D6 -32 Figure 18
graphically illustrates a chromatogram of a blank sampling tube in_accordance with a preferred
embodiment of the preserl:ﬁm’?\léhﬁtéﬁhe mass spectrometry results for oil free air sampled

S 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 1.4

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.

10 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, Dimethoxydimethyl 0.8 0.3

Silane, Trimethoxymethyl 0.3 0.1

Total 1.1 04

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
15  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
20  nitrogen gas downstream 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 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 5 present invention. The real-time monitoring system
for the performance of the filter system includes taking a sample of the airstream »fgsﬂﬁﬁ%ﬂg 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 filteration rang&2in terms of, but not limited to, compounds and
guantity, for example, C5, 32 ppb, is determined. In step 10 606, all contaminants below the target
filteration range, locationfagutagLiagtanheedlyiddustifiess. a alscom®@sint ¢f dblarknimmdlifgtebeantaminants

match those presepy Radhe Wﬁ%ﬁ?ﬁl‘&&%@ﬂ%&%@ﬁp&tHeigi[%sgﬁE%%iﬁﬁ%hat there is no match, then

another sample is taken at the location and the process iter . However, if the contaminant level
matches the threshold rafigeredStrisamitsvchehsitteoftiaemethod| 446 for snshnparosrderisg S iinkkicating a

breakthrough condjtignfonthe partigiat camnPayackofdgistend L0p ok feRtantbaRisnvithin he

threshold target filtration range, location and quantity, for example, C7, 12 ppb are identified from the
spectrum. Thé totelesei BN eRwrsakHmsenifsung ey iicatdpr dhorsHamancspbihmdiarer life is

calculated in step §lder?Onhademaipnoiligndisrimeammpared ipsadarmdatarningsd waeinglimit in step

616. If the filter life i1s not greater than the warning limit then the alarm is set per step 618. However, if

the filter life is gre&teR §%n tHE SREANE-GCHErPIRe? STeRalogtaph by A5HRRRY tAGRg2edample in

step 602 and progsessittgethferglepheomethatradpsiaribgghenetatdd rhihgsastepasnaceersiance with

the method are ite{ated for samples ake(g at diffeient loca iorzg sggh aqs,.b@t not Jimjted to, a location
n an HteRYal

downstream of thelﬁffgi‘,] Kb TORRRERES AMh AL &Y 6F MR SRR ESArghAiton including
filter beds inld sert@s,caihfiguiratinants freltavgike filderatifheratige impesiocrere midogiamitgsacan include

variables 30 such s, alityle,of e, peaksn. . speciiym indicative, ol e gansentiaion of the
compounds, or fast moving compgun S throug%n%he liter system indicative typica Fy of Tow molecular
weight compoundshénuastraiersate bngblodient dfntixiu detofniigd\ Rt 2006 i3epedids they be used

as a determinant tg manjitor fiier;lie And.perioymanse Al sMpiRalons aluariaBles i apalyze the

efficacy of the filteration system based on a parametric analysis. Figure 20 illustrates a schematic
block diagram of aceptsanatsrleslensfithipgthe threshold range upstream of the filter then an alarm is

15  setper 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, C7, 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.

20 The remaining filter life is compared to a predetermined warning limit in step
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 through the method
described herein.

25 These steps in accordance with the method are iterated for samples taken at
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

30  such as amplitude of the peaks in a spectrum indicative of the concentration of the
compounds, or fast moving compounds through the filter system indicative typically

of low molecular weight compounds. In an alternate embodiment a mixture of



5 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 r(?frg’lc ry traps. The

base module provides an interface to the filter module 682 and includes a pressure ré}g aff9B device
656 10 proximate to the inlet interface 674. The outletdfiterface 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 altern&RSESH FBRHNRERtE hascaufsisrBant iactgritey dtles #Bvardi R6HRBIRE Ystem for

determining contagaiRgliRids tIa4kesiefb thaipetrRdRutebinirineaahavg aealessswdrges for
environmental 15 isolation. The base module 654 further includes a controller/processor 658 such as a

proportional integrBIeBHFNRRANSE a control module 670 in preferred embodiments. A preferred

embodiment includes elatigaicalijhgonates hedhenluas b s pagaa dobysysysieftodsrmphng per filter
cartridge. The _duty cycle can be pro rammabI%.tThe felectronicpalll}aﬂgontrolIed. valves assist in

embodiments havi H?&thgﬁl SRRy Pr% i uan%agcsetﬂey LER Bkrade ?ﬁ%oﬁ%atlé?ﬁial of
overload. The filtemidod gtef&d2]i aclbaibs enphithbtyrakfittevtiajps o Thadyidgr $ 88mendesan adequate

vaing arrangemeni.j e pigifaces betwesn hgcariidoes, o allow aceurate dreaipnabliow
between filters and pos ~dollection sam INng and anatysis at a plura ﬂy of sités. The post-collection
analysis provides bavingtaplreaditidod fidtktaivechib aosasepes Bfethescomdwidpadividegsrasent in an

astream in the saisARCCIRe AIASSSI0 AR UINMALANAIRJOTIBBGN AR D SEamDle, CCMIS

or GCFID can be used to detect the contaminants. It may also provide for monitoring of the
performance I6f th@mranaipdaethe el prerfaet’dmbesimittintpdaghér fisdurowaaiesiciude a timer

device, 30 for exagplendoRAtichtPRWEsLhE RS IRAIe URING fhaexnling JeiRtIRIGREYPENsUrate
with predetermined control parameters. A manifold 688 in the filter module provides for flow between

the plurality of filter\CFRBaHSAHIEIES HoAcancr s @ BB Als A THOSHE RS BR 6HBKE<Sfich as adequate

beveling to help invhgiirseiiem of S diipn eattddgasm| Adetaiatiad: eoHiadinaach e channels in the
filter module can accommodate filter blanks or trap_blanks which eliminate measurement errors. In

alternate embodinfEMY§te 25 diet pudontlet Anfafacss eV e Sty & HHRESHHBRRUFRNESSIfg device.
Organics can be ciot¢ibpedibhsohrdigd 6Bifgrihe ilehdenparivierprdeesdisnens. shcfieueer number of

traps are required g%ptgr%cl)gé{\{ 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
electronically controlled valves assist in embodiments having high concentrations of
20  impurities as they can address the potential of overload.

The filter module 682 includes a plurality of filter traps or cartridges 686 and
an adequate valving arrangement in the interfaces between the cartridges to allow
accurate directional flow between filters and post-collection sampling and analysis at
a plurality of sites. The post-collection analysis provides quantitative and qualitative

25  measures of the contamination present in an airstream in the semiconductor
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,

30  for example, a battery powered clock to determine a sampling duration
commensurate with predetermined control parameters. A manifold 688 in the filter

module provides for flow between the plurality of filters. The manifolds have



temperature embodiment since the organics can be collected post condensation. An embodiment of
the low temperature system can include heat sinks to dissipate the heat energy generated. 10
Alternate embodiments include safety devices coupled to external interface connections in the event
pressure is lost. This obviates sampling inaccuracies. Figure 21 illustrates a sche?rﬂatkPBiaﬂgﬁ)&m of the
modules in accordance with a preferred embodiment Gftthe system for detecting and monitoring
contaminants and the performance of a filter system of the present invention. A cover 702 is 15 placed
over the base modufstroisaieteractierdhatiadedres. betelfigde hedrlindhpasserionaéthe fHlgrality of filter

cartridges 708 as dgsgbad withreRRealdadolBie 2. SHHASR HbHiRisiAschematic diagram of a

module having a plurality of filter traps of the detection system in accordance with a preferred

embodiment of thexpPEuBPfalaBYtidianks O ERMaBkR i £lenimairaeeauaasat f§eBupled to the filter

20 module 706 as discusgegdiwifd esmeatirftigHiaydgiem IHurRBsARAternate view of the
module having a plurality of filter traps as shown in Figure 21. Figure 24 illustrates a detailed view of

the module having e BRASREFGHRrEreiesics s Usanitsir s enodnsid agd et aHedimifg in the
manifolds in accoruanesnpihaniidempoataicar anfbodimamtebinepyaseryinweniemhdigures 25A-25C
illustrate schematic diaFgrams ofba iS;{egvice that functions as a conzfenth?tor ina ﬂcontaminant and filter
monitoring system'SERETAGIS SER HBCUSTATAVS GRRGRE CABRGS AR S MFS2 5 PBre B d
embodiment of thespiteskinennoftht dow Tdispecinneniyetor cleviodBidhdmsiaksaveisSpatarie is inserted in

a 30 manifold, for %%@1%? mgrpiigtlg 806 that has the inlet and outlet interfaces. The filter system
including a filter moni orm&%ﬁ'\cﬁongﬁty can be reduced in size using a -coupling device such as, for

example, the l@oncentrato%}&idatﬁeglbmanw&jmwﬁ@e_@ AFRQNBPRE h:eemt_dte@lm_filfactae filter
system If the tempergladasarhisedan B, The seastl o8l diaaalliglianss alsgnoreased by the

use of the concentrator device that includes absorptive materials such as; for example, Tenax(r) T.A.

High boilers, such as, forFigxzedpidlustepdes esthemateshesab of theommslvles imaeomdanetsdtbed by
Tenax(r) T.A. 5 In the aliefRaliwe GRS BHNR BIGHZS SUERAS R FXAMRIE: cataNIARS such as

supplied by, for example, Supelco can be used in embodiments including, low boilers. Alternate
embodiments inclithé e orsiompanss of aHBtesmrtemohibn iseEIoWvERilets ArfPYaayBdsarranged in

parallel and/orsin SEEIESI 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
present invention. The base module 704 is illustrated as being coupled to the filter

20  module 706 as discussed with respect to Figure 20.

Figure 23 illustrates an alternate view of the module having a plurality of
filter traps as shown in Figure 21.

Figure 24 illustrates a detailed view of the module having a plurality of filter
traps as shown in Figure 21 along with the plumbing in the manifolds in accordance

25  with a preferred embodiment of the present invention.

Figures 25A-25C illustrate schematic diagrams of a device that functions as a
concentrator in a contaminant and filter monitoring system as it increases the
sensitivity of collection in accordance with a preferred embodiment of the present
invention. The concentrator device 804 has a cover 802 and is inserted in a

30  manifold, for example, manifold 806 that has the inlet and outlet interfaces. The
filter system including a filter monitoring functionality can be reduced in size using a

coupling device such as, for example, the concentrator 804. A greater volume can



Figures 26A and 26B illustrate schematic block diagrams of a system that 10 emulates and detects a
deposition process on optical elements in accordance with a preferred embodiment of the present
invention. As described hereinbefore, photochemical deposition reactions occur when high-energy
photons interact with organic vapors. These reactions form extremely reactive fred rﬁaoﬂgglsz%ich may
form larger organic compounds which can contaminat&Septical elements. A polymer 15 layer maybe
formed on the optical surfaces and contaminate the optical elements. A preferred embodiment
includes a detectidr syidtetwd thithe filtdatesitivei tibp taitivrtprosesswed tigdiic ddmpousittatsn optical

surfaces. A fiter catiae. 902, Sd i alass HaGk S B9 AL ARG QRSRRSAYR21 2

emulates the optical materials. Compressed, clean dry air 910 Is passed through the filter cartridge. A

light source 20 90@hspaviide sTiakiorushan fis cxermrler Peavidingladbendnilenerushwstfer cartridge to
cause the formatiqn of A aksmatSiavap RecssacemriMemiassbesdira bioteRRereW photons react

with organic vapors in the trap. The photodetector includes a photocell 904 to measure the energy
level of light whichtiéhs REFERABESSUOIPIHE BRteticH BrcofEst TR s GO R S8t the 25

multitude of glass fgptsd Theraageninadupéryids B¢ astararinsbiiaced exfaiingnesition. The
spectral and transmission differences are monitored to determine thilevel of contamination. This

embodiment provid&LeE pilFan AR b rabes mim bniege it Rlirrs e drghaptoptical

elements such as Heileexaiipiay theaepijed in paeséeppior Meateges can then be taken to counter the
potential damage to 30 yaluabl tics,.| stlﬁuld be understood that the programs, processes,
methods and systems df%%ﬁ%se%ﬁoﬁ%%‘?r?@el Wﬁé‘faﬁ@&%wﬁ?ﬁi}%{t ¥ ﬁaﬁ?ﬁﬁ%ﬁ%&%f collection
media, 1 9 ARR 2006136 and denatiardopsutiv pkosy st @m dtard wizrecotsSofiecardincniesls andicated

otherwise. Varioug {ypes,of,deneralpURss:or speclalized aQmRUlEL asiems:may be used with or
perform operatlongln accordance with the teachings described herein. In'view of the wide variety of
embodiments to whlickothenprirlciphesiténheadipreeenwr iwhentitsh-caer yerdpplisdpicrshowithbe

understood that thg, ilgitatedts emRAdimEnts,ars-Emalaly Rab:vant shaihoghhs, (aken as limiting

the scope of the present invention. For example, the steps of the flow diagrams may be taken in
sequences other tfemiaesss erespitreinpavadhorach cragenrtatampeepticaldrangsisd fPeAENsIbCk

diagrams. Whie vgfjgpslem ezl dhapticirdanbosinaninhaue H:Reatfesaibed as being
implemented in software, other embodiments in hardware or
preferred embodiment includes a detection system that emulates the deposition

process of organic compounds on optical surfaces. A filter cartridge 902 filled with
a glass pack such as, for example, glass beads 912 emulates the optical materials.
Compressed, clean dry air 910 is passed through the filter cartridge. A light source
20 906 provides light, for example, a laser providing laser light energy to the cartridge
to cause the formation of a polymer film on the surfaces of the glass beads as high
energy photons react with organic vapors in the trap.
The photodetector includes a photocell 904 to measure the energy level of
light which is altered based on the deposition of contaminants on the surfaces of the
25  multitude of glass beads. The glass beads provide for a larger surface area for
deposition. The spectral and transmission differences are monitored to determine
the level of contamination. This embodiment provides a prospective method to
determine damage that can occur on the optical elements such as, for example, the
optics in the stepper. Measures can then be taken to counter the potential damage to
30  valuable optics.
It should be understood that the programs, processes, methods and systems

described herein are not related or limited to any particular type of collection media,



firmware implementations may alternatively 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 |E;(§uggﬁ %%)mputer
usable medium. 15 For example, such a computer usable medium can include a readable memory
device, such as, a hard drive device, a CD-ROM, a D¥®-ROM, or a computer diskette, having
computer readable program code segments stored thereon. The computer readable medium can also
include a commurlE£98HEF fraraifreskisysterediandivanr sefitadtls GHestddierieicahendsmk, either

optical, wired, or witg|gss 2fbbaY A REP BRI RRUMANIE FAFTIRE esarRMAS siaikalqranalog data
signals. The claims should not be read as limited to the described order or elements unless stated to

that effect. TherefGF@ HIEHBSEINIBRIE ASPEaRTE With et dippedlesrdiPepitsthe following claims
and equivalents thereto aevidaipethasvite viriantizrenib 8ot 6 &/ hich HeAlMBiMésasfishelaimed: 10
15 A method for monitoring a contaminant in a semicondyctor processing system, comprising the
steps of: samplingPX AL ABYGIEBetal; Egn?gﬁliﬁ nts E}}@éﬁn%?n ‘fﬂge@%%()\‘?o&gati E?]tfk)l‘ﬁ'égg?arget
species of the contatbadantatssale ekiagase oald ashshoildamit havisiga sohaéhipafie sgisater than a
concentration of thetarget speeias: messuring dhe gecend Sopiamunant e gas o and
determining the concéntration o he'targe spe%lés Fon’ measurements of the second contaminant. 2.
The method for meeitericg oflCidimnlihhiset lesadredrisihgnore as eimgr thlegeass floay &t agtlinality of

locations includingpfieeaANGLAovHAIIRAMAYA Userts THSDSIIAG LY ARIRHOROClaim 2

. ) o7 &
wherein the plurality of locations 20 comprises a location within the filter. 25 4. The method for

monitoring ofl €lairbedn flgstitred optpsrigricnplementeid i aofivaierichirephesimmatiom bpuhemomiatogram of
the gas flow samplgghaha implementations may alternatively 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.

15  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
computer readable medium can also include a communications or transmission
medium, such as, a bus or a communications link, either optical, wired, or wireless

20  having program code segments carried thereon as digital or analog data signals.

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.



location upstream of the filter. 5. The method for monitoring of Claim 1, further comprising calculating a
time of breakthrough of the target species. 6. The method for monitoring of Claim 1, Whereg the
second contaminant has a 30 molecular weight that is lower than that of the target speciés. 7
method for monitoring of Claim 1, wherein the step of sampling includes collecting refractory
compounds, high molecular weight compounds ag@-low molecular weight compounds. 35 8. The
method for monitoring of Claim 1, further comprising a filter including an absorptive material. 1 9 APR
2006 -38 9. A system for determining and monitoring contamination in a photolithography instrument,
comprising: 5 at least one collection device in fftié®mmunication with a gas flow extending through
an optical system of the tool, the collection device having a material analogous to optical elements; a
light source};gpg\t/iaiﬁla'mﬁ(ﬁ energy light to the collection device such that at least one contaminant in
the gas<flow reacts with the light to create a 10 deposition layer on the material; and at least one

photodetectpr cou,&'ﬁfétmmmtlh%ﬁngd@umgmiﬁsﬁem HemrieRrbbsapasliggjayer on the

material by monitoring one of at least spectral and transmission differences. 15 10. The system of

Claim 9, wherein fFRERLGONEBASLs glass spheres having predetermined surface properties for
adsorption of contaminastsndihgThgasykiernoafe@ictivoStamherdmptlesardlie thegatelivee is tubular. 20 12.

The system of Claim 9, %@ﬁ%ﬁ:g Blaiaskisat deat aneafigkass and coated glass material. 13.
: SCIES OF :

The system of Claim 9, wherein the contamination includes at least one of 25 refractory compounds,
high mQecular weight coREEIRHE SERPTGVFIRBBNALE NPENgH? CORTFBIAIRD SEpater KRBparatus for
determining contanoimaroraiioracseneitangdtispeciespcessing system, comprising:

measuring the second contaminant in the gas flow; and
determining the concentration of the target species from
measurements of the second contaminant.

15
2. The method for monitoring of Claim 1, further comprising measuring the gas

flow at a plurality of locations including upstream and downstream of a filter.

3. The method for monitoring of Claim 2, wherein the plurality of locations

20 comprises a location within the filter.

4, The method for monitoring of Claim 1, further comprising generating a
numerical representation of a chromatogram of the gas flow sampled at a
location upstream of the filter.

25
5. The method for monitoring of Claim 1, further comprising calculating a time of

breakthrough of the target species.

6. The method for monitoring of Claim 1, wherein the second contaminant has a

30 molecular weight that is lower than that of the target species.

7. The method for monitoring of Claim 1, wherein the step of sampling includes
collecting refractory compounds, high molecuiar weight compounds and low
molecular weight compounds.

35
8. The method for monitoring of Claim 1, further comprising a filter including an

absorptive material.



a filter system having a plurality of filter traps disposed therein, the plurality of filter traps collecting
contaminants from a gas stream for a duration; and an interface module coupled to the filter system in
fluid communication with a gas flow extending through the processing system, the 35 1 9 APR 21066,
-39 interface module directing a portion of the gas flow into and out of the filter system. 15. The
apparatus of Claim 14, wherein the contaminants3®clude at least one of 5 refractory compounds, high
molecular weight compounds and low molecular weight compounds. 10 15 16. The apparatus of
Claim 14, further comprising a vacuum source coupled to the filter system to increase a pressure
gradient across the filter traps. 17. The apparatus of Claim 14, wherein the filter traps have a
permeable membrane that filter contaminants such as at least one of a refractory compound, a high
molecular weight gopaeHE AdeRiRhEIRCHEHiIMRIG o RAmPAHES i ABHBRIBRS g, 18- The
apparatus of Claim 14, wherein the interface module further comprises a pressure regulation device.
19. The apparatudB5"ERERT FAMRA¥ASN the interface module further comprises a 20 controller. 20.
The apparatus of Claim atighstthee colmptimirpelzcindhidatymeonnicitohwaithes gés flowose a duty cycle
for sampling. 25 24, Tha RNRRSAHSATGIRINSHéeHI R B COUPHIRIIR DR HERYSRR Jegermine a

sampling duration. 22. The apparatus of Claim 14, further comprising a cooling device such as a
thermoelectric codTAG HR\ARRIO98US 40 PRECLBEFENES of Claim 14, wherein the filter traps have an
absorptive material. 35 24ightreapparatidiog QEnmn2Ryiget donttbealstoptleyicasenal comprises a

polymer such as Tga@(jdast one contaminant in the gas flow reacts with the light to create a
10 deposition layer on the material; and
at least one photodetector coupled to the collection device to detect the
presence of the deposition layer on the material by monitoring one of at least

spectral and transmission differences.

15 10. The system of Claim 9, wherein the material comprises glass spheres having

predetermined surface properties for adsorption of contaminants.

11.  The system of Claim 9, wherein the coliection device is tubular.
20
12. The system of Claim 9, wherein the material is at least one of glass and
coated glass material.
13.  The system of Claim 9, wherein the contamination includes at least one of
25 refractory compounds, high molecular weight compounds and low molecular
weight compounds.
14.  An apparatus for determining contamination in a semiconductor processing
system, comprising:
30 a filter system having a plurality of filter traps disposed therein, the

plurality of filter traps collecting contaminants from a gas stream for a duration;
and
an interface module coupled to the filter system in fluid communication
with a gas flow extending through the processing system, the
35
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interface module directing a portion of the gas flow into and out of the filter system.

15. The apparatus of Claim 14, wherein the contaminants include at least one of
refractory compounds, high molecular weight compounds and low molecular
weight compounds.

16.  The apparatus of Claim 14, further comprising a vacuum source coupled to the
filter system to increase a pressure gradient across the filter traps.

17.  The apparatus of Claim 14, wherein the filter traps have a permeable
membrane that filter 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.

18.  The apparatus of Claim 14, wherein the interface module further comprises a
pressure regulation device.

19.  The apparatus of Claim 14, wherein the interface module further comprises a
controller.

20.  The apparatus of Claim 14, further comprising electronically controlled valves
to impose a duty cycle for sampling.

21.  The apparatus of Claim 14, further comprising a timer device to determine a
sampling duration.

22.  The apparatus of Claim 14, further comprising a cooling device such as a
thermoelectric cooling device.

23.  The apparatus of Claim 14, wherein the filter traps have an absorptive

material.

24.  The apparatus of Claim 23, wherein the absorptive material comprises a

polymer such as Tenax®.





