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INVENTION 5 Gas filtration is critical in
sem conduct or manuf acREACTGVEGAS BIIWBR s.  Tr enendous
efforts are made to elim nate yield-reducing
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optics, small amounts of contaminants are still Hable to be present in the gas at
concentrations sufficient to damage tool optics (for example, illuminator optics and
projection lenses); Contaminating substances may adhere onto the optical elements
to form molecular films. Molecular films on optical surfaces physically absorb and
scatter incoming light. Scattered or absorbed light in photolithography optical
surfaces causes distortion of the spherical quality of wavefronts. When the
information contained in the spherical wavefront is distorted, the resulting image 1s

also misformed or abberated. Image distortions, or in the case of photolithography,




-2 the inability to accurately reproduce the circuit
pattern on the reticle, cause a loss of critical

' n control and process yield. Contam nati&04/028708
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enbodi nents, the gas filters of the invention renove _
papnualmnmltssyer time in a trap, for example, whose contents can be measured using

analytical techniques. The gas flow can also be measured with a sensor such as a
25  surface acoustic wave detector.

The gas filter can be used to purify synthetic air and clean dry air, gas streams
used in photolithography equipment and in semiconductor processing tool
pneumatics. It may be, however, advantageous to filter synthetic air prior to mixing,
for example, filter oxygen and nitrogen separately, before mixing them together to

30  make synthetic air.



and nol ecul ar contam nati on, which may include acids,
bases, condensabl es, or dopants, for exanple. The gas
filter can include a chem cally active or chemcally

WO e filtering material in conbination BETNS284/028708
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i nert polymer (such as PTFE), .5 activated carbon, or

both. The gas filter can i ncl'dde a porous netal high
purity particle filter, such as, for exanple, a
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p#ddttion, pressure from varies with filter media volume and density. For example,
gas purity can be increased by increasing the total media volume, media density, or
both. It is particularly problematic, however, to provide a gas filter with reduced
filter media volume and reduced pressure drop that can still provide an output gas

stream having concentrations of less than about 1 ppbv for both ammonia and sulfur




Accordingly, in one aspect the present invention
provides a gas filter with an inproved pressure drop
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tters 5 that can also supply an output gas stream
havi ng concentrations of |ess#than about 1 ppbv for
bot h ammoni a and sul fur di oxide for an input gas
slisxdasrfoniah Impmtrgumitmammd&th suinbnra add exlifidadioxide concentrations,
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the present invention, the filter nmedia 15 volune is
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enbodi it
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ers, or an |nput tream pressure Int nge

f sbom Qbmmds Pér ang iheh @bx) fibr 2hQdtipsilgw atgasthé rdnge frormabout 3
accor dance with the invention can he as _foll ows:
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OWOA) st @houtsl OPmsta?r 235 fdtep HrRerordaRG QY iHethE Envention can
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pihas aboue 18 Ii)sitfbﬁal’f anlpe flbwamedh thttrange from about 3 slpm to about 20

slpm; (ii) in another embodiment, the gas filter has a pressure drop of no greater than
about 35 psi for an outlet flow rate in the range from about 20 slpm to about 50 slpm;
(ii.i) in another embodiment, the gas filter has a pressure drop of no greater than about

80 psi for an outlet flow rate in the range from about 50 sipm to about 100 slpm;



30 psig to about 70 psig a gas filter in accordance
wWth the invention can be as follows: (1) in one
enbodi ment, the gas filter has a pressure drop of no

WOR0H28134t han 5 about 18 psi for an outl et f|BI/U82084/928708
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the range from about 3 slpmtqg about 20 slpm; (ii)

i n anot her enbodi nent, the ga§‘fi|ter has a pressure
drop of no greater than about 50 psi for an outlet
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about . .230. psSi r.an outlet flowrate in the ra
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Otlh?fn zﬁfiﬁ’&&%ﬂﬁé’ﬁﬁleﬁﬂc tH @ fitkr ﬂats% rél@&‘rb'& é)atiffn'ol grc?aﬁer than about
nmedi a vol une of no great th a about iters,
a7 peidfot arg«amesﬂwe a:ma pt s sange fiom tiwet f@sigm th rabonta60 lstpm (iv)

ot ks ePnGaREh, fecah o Bt eyl oo Frtpiaan bout o3
ephqes sEAtet HHW 8 fhk lrzln%@ ﬁ%ﬁf'alﬁmpiﬁﬁﬁ % 95&@ 198 sIBR:; and

greater than about 6.5 for an outlet flowraté In
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(ii1) i1n another enbodi nent, the gas filter as a
pnegsat thavl plpgut 3fliters) for eeinput gah ahneaabmtsu&om tixstangofromrabout

gg@bg‘éfy@&\ﬁt Eﬁﬁ ps(ljg g)gt htﬁlt 4 ang@@é U aghLﬁe 1r51\(r)en%|o E;z?n lgeoas
Pg'ffo%z 2414 OBt Wb difeNAL g?&' fi 1%}%%15 gFeE‘sture Ihlag ogﬂg eater than
fon 8t
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n another odiment, the gas fi ter asa pressure drop of no greater than about
25 psi for an outlet flow rate in the range from about 20 slpm to about 50 sipm; (iii)
in another embodiment, the gas filter has a pressure drop of no greater than about 80

psi for an outlet flow rate in the range from about 50 slpm to about 100 slpm; (iv) in




(v) in another enbodinent, the gas filter has a
pressure drop of no greater than about 420 psi for an
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out 250 slpm 5 In various other enbodi nen
gas filter having a filter negia volume of no great
than about 3 liters, for an input gas stream pressure
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For eth}ﬁ&m‘é cabainieatsethe gas filkertod thegivascobialver(tiGACpmprises a
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besithed pof, £06MeBeRBwINEn Bkt Fbﬂ ALK AR bey. Trtéem}et
base treated GAC is bedded to forma first bed and
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e Ao thc iReinl cﬁahﬁ)efl I ter nedia includes porous
adsorptive materials such as zeolites, activated
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P t 041 28708 ilter ne
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enbodi nent, the filter nedi a
mixed and bedded to form a second bed. In another example, the base treated
GAC is bedded to form a first bed and the acid treated GAC may be graded in
the GAC to form a second bed where the concentration of acid treated GAC
varies across the second bed.

In preferred embodiments, the filter media includes porous adsorptive

materials such as zeolites, activated carbons, molecular sieves, etc. In one



i ncorporates zeolites and/or highly acidic porous
materi als which are designed to renove ammobni a and
am nes, to which chemcally anplified deep ultraviolet

WOXBINA21134 phot oresi sts are sensitive. The fi | PEHURGHE28708
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can incorporate materials whi g]h are designed to renove
condensabl e organi ¢ conpounds,’~for exanple, organic

mol ecules with a nolecular weight of greater than
alssibodingeny,/ thefilter anedlininporpbiatay tisated IGASE ewtearialstwizioh atealetigned
1 C._ Typicall ondensabl e qrganics. i ncl ud .
oG8 A HEPBaRG: Beroie’ BPBAGmER b s mode
ran@ﬁ;;&ﬁteﬁmmiaﬁ%@h b abidi Opdrbid thite§ A5 RALHAU OB

- C30) and high nol ebgullsj,a(I V\@l) grht oraani CS W tﬁagas%énggto

i Agngemiremediapuhanineatt vhichshemicallp kaplifieddatp uithrvialgDUV)
c%nil;g' nat itsonevvit.h oxygen, such as, for exanple, C6

Si

anes:s &% ¥%nes and ©6 iodates. In a preferred

enbodi MeBfiltet MEIIRCAPRBSpbAVERLLANs WhRY A€ Sesfrid
filter w tbh 15 li n’pr_overg pressur esdr op tﬁg'% cag%% eénoove

s gppdopsable ergepc corgpainds, fetaenalvgpie, ngganictnodledules with a molecular -
condensabl e organi c ncentration.of |l ess than ahout

PRI psieClh e Rt S AGS, i nois ealhan Sbout 150 (C.
C RFRAISA BbiRicAB RN SantQNE@Rdd &E&rﬂ@ccﬁﬁp@uﬁdﬂn@%ﬁ{&&m Jfoms

about 100 ppbv. In” accordance W th ‘another preferre
et themngeof epprexisetely $invethitoraripmuatonie Ca- §ad and high
filter with.inpraved.pressure.drop that can also .

s SISy esilt BleemgR i af diweainsoniosnentygich 5ged platilized
grIgaG AT colbifdlidn SRAMIBREAD & HEIRP kLan AR LA RARL &, Bﬁ?ﬁnes and
been renoved froman input gas streamwth a tota
cbndesdatasbl e organi c concentration of no greater than
about 100 bv.. | referred enbodi nents, the filter |
medi a 1L ot awbefinitnl hSiepsated bravigesd s figr wit
ORApRRBDEHcSRAL drfp tidt EAANERPEY af litpt éasfs'txlﬁ&ﬁ rha\éifnh AT

medi a conprises 25 granul ated activated charco
( epensabie ergindc caneentedioACleothan elwow 40 pphv fomam imipat gas stream
repnoval of sul

and,a .base treated GAC for ur di oxj de.
T PRE Foridk b Daginis cBCenie b HaR G about 106 Bpbv. In
adeidhnns wi : ' -

mol ecul ar giﬁg?/tgg%r%%fgfgéh& %ﬁ@%éﬁﬁlgﬁﬁsgﬁﬁgcﬁg?ﬂﬁ r20(‘)’13%eS A 8as

afider vibh qapiovedptesnisalrons that catadsd suppll an ovtpangasatream where

T e O T
PEeRLH inp LR EttARSwWITN & WA QOAI@Rab1PSghhit kEndehtritfindor

B ereat
renmoval of particulates fromthe input and out put gasgrea o
sthaagheut 19Agpbyparticul ate filters are disposed in the

i nternal chanber | t hough re difficult to
2005/ 0 W%%”%T‘Ué‘gﬁ’ﬁﬂ?dg%ﬁgo m%&%&% SFige Lo pyrifyjcgmpressed
behyi £ & ohb BbSdiFRn i FACSHBMssdaf bir traee %aueﬂp.re@i\é%gmﬁahs’éef
distribution. In preferred enbodi ments, the gas
f Branelated petivatkdchpsptl (G AT chredciptedted GA( fot temroval dfmmonia,
C2f4 a base treated GAC for removal of sulfur dioxide. The filter media can also
include inorganic adsorbents (such as, for example, zeolites and molecular sieves,
such as, for example, Si0,/Al,04) and inorganic adsorbents treated with a chemically
active or chemically catalytic filtering material.
In preferred embodiments, the gas filter of the present inventions incorporates

particle filters for removal of particulates from the input and output gas streams. The

particulate filters are disposed in the intemal chamber, although more difficult to




effectively renove particulates with an average size
of about 0.003 m crons and greater. In one preferred

WO%[EBEH RENt, the particle filter |I's a porousydy6dBhs/028708
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concentrlc 5 tube high purity particle filter such as
suppl i ed by Mott Corporation {84 Spring Lane,
Farm ngton, CT, 06032-3159) under part nunber 2390804.

| ropgtaich af is BeRdved e sucaradmdRifacilitfe iRpeded IfRW dibthiBiition. In
is a porous nickel cup high purity particle filter

saefered 3I§b?£bmﬁlét@ thy gmilter @mhpd@s aetovs nigkelgrarifsdg fiiters that can

f d nbodi
orerby R paEnBlE T80 8% BT Mk aplf migrom nd
%&dté‘r' &% oAdprdRwWad Eﬁhb@cﬂlﬁiéht CrORBtidTE GIENIS a prou@fnl&él concentric
odi ments, a gas filter in accordance with

| rtulaenhlgb putapatisle fléaisech asshppjicd hMMpWE@mmtrqm(S‘I Spring Lane,

i Koy o RO R PR AP B B Atoretomes

I Qb TRE ahslpaticle ﬂ'ﬁ’t@ﬂis"ﬁﬁi&o&&&l&eﬂ@ﬁmghg p’éhﬁ'l‘esﬁlftéi’ such as
di ssi pate the heat eneu@gy generated. 1 controll ed

hstiprlied; byaYips Fomomtios upder et rwoahsr 204380t Freprglesredli | t er

t d m, dj t T
cneinals iRl o EROL e el B B o partcts
ul donaity aBo @ IR Iindiefng.DD wat er source to add water to
the gas and a dryer to renove water fromthe gas

st r eamIn PHer ewbedimentec gagdilgr in asaeidenceswith the irvention can be

f t : stem t t
b bR RS F EP5He R, CnbbiGan be B bitRngnd.
ar&dl@dted esaback adow taffdrathie eﬁmﬁdﬁﬁé}ﬁf Thé RAk tem erature

hum di fication source.. Preferably, a gas filter of
t rrenbodismentcan mokede hent sinks tor Gesggpate thqth@ataqmgbngbmr@mﬁ with

d d.h bef t
"nto a b EuEL Bunt cBlRp o Fr e Prisebist B B REF B o proviee
Ot WRimiQRy E(SHtl%lIe(i g@téﬂf)lﬁ§ TRl c&ﬂﬁ(ﬁl@a ﬂGﬁﬁilﬁéaﬁbh @ource can comprise
i nvention w | e noré fully understood fromthe

f o] ultEr dm@urqdriﬂlbwstemo ugezrtp odd wateb twlthagas andof dry@So

th t dth ' i .. Inth
O T W Y L
t rb%m?ﬁlﬁ@a BéHsbiSsybBmal 4bRb igad Siftafh Elfn@iﬁﬂfr‘ tinkét, %‘ﬁﬁet ofB6th) and

dr awi ngs are not necessari l Yy to scal e, errp asi s

i rfgtdiwabéarr@orﬁbqtbe& aigignalits thesontolladgumitidicationmoisees

ek e G e e cruies Bruslan g 4auibion il
e rﬂé@i@émﬂﬁialtﬁfevél%f&é ase choipﬁi’a@éﬁ infla ALEIEGRS EidpHline.

with reference to the follow ng draw ngs, Wwherein:
F| gur e Theifgregeing sudrether abjédts, fisturas ashadyhntaggsoé therinemtion will

od| as filt I n.accord
B ely B fioof T e dnllo BRg derseirBans Ak RRPGR e aments of
Vaht Rventelel ARt ckbBPshyitly Bawingh eld @6 deRRR IR feRhce
characters generally 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.



a reactive gas filter in accordance with the present

i nvention, where the various parts in" Figures 2A-21,

2K-20, 2R-2S, and 2U-2Ware to scale, and Figures 2J,
WOZpOHN134nd 2T are various isonetric views rRET/US2004/028768

necessarily drawn to scale; 10 Figures 3A-3D

illustrate various detailed vi®tws of a preferred

enbodi ment of a reactive gas filter of Figures 2A-2W

WhBREEQESCRIBTIONKOF THEBRAWRSGAre in nmillineters

and unbgacket.ed di rrensig?t,?lgi n inches; Figure 4A is an

i somet ri e sEbedimas RESHE NGB RF e desertbrsiivivk meference

of toahe fﬁ%gﬁﬁé’ﬁa@ﬁﬁsf\%é&ﬁ: in accordance with the
present invention; 15 Figure 4B is a side view of the

gas fi |Kignredfis Bn rometritAlludagon ef bfrefsredrenibeaimdnt bfa reactive
illustration qof anaother preferred enbodi nent of a

5 r ¥t ﬁ_f,'gmgaggc_w pRGEapth © BEETHYRHTEEORI th the present

| nvent! BBirek ARSI FaRDaHbURMRN SR AR EL AL SSliiment of
views to scale of a preferred enbodi nent of "%
r eachitinve ggailtén intaecordancevithnhkapresenninvbntidag wheRskbsWarious parts
i nvention 20 the unbracketed dinmensjons in
AR SRE207 2 st s i Bigheean 22520, and
Sy LD r of a gas
T b Tl b YRop BEAB A ARl | on

10 Fi gur esFigured BA Blkilipbwits vafoupriemded ecws 0Pa pelfatéd chibodiment of
rate at var j

i.pus jnlet gas.  stream pressures for gas .
EERSORSEE: bfier s aw Hhere 5440 Seckqt dimensipng are i
F'rﬁHﬁﬁ@teﬂs’ana%nﬁBc %ﬂlj@dimeﬁ &s%ﬁr?ch%@t erm ned usi ng a

system substantially simlar to thdt illustrated in

Fi gur e BBguriddLis @s isBeBis illhdtrasibn af enodeer ipeefaradiadnsidd@tent of a
views. of a.preferred enbodi nent of. a reactive gas

f irle‘}t{é'rVe iBAS ’3@36? ARAREENGE WHR thedrpsenliBrentioRvent i on, wher e

t he varg; el i - . 81-8l, 80-8P, and
_15 8R 8T are gﬁgggﬁg’e v%r?ﬁ“%ﬁ%%%e@%éi&'ﬁfksﬁ,’ 8M 30 8N,

8Q and HBgB8VAas en vamictitsllusmnieh of snothee peeferedd embodiment of a
nec%i.sari lﬁ drawn to scale; Figure 9 is a plot of
priE&iNF 82ty 1ty avcorraney With Fhetnscsspt 1pXEtigdis i nl et gas
st r eamg; ;68 SBUSES; ' : |
e S e e S A e G
1CGnitwdamgit of a ofactiveegss dilter idraopordarcs wdthf thoptesai tnvahtion, where
various inlet . gas., strea ressures for gas filters
20 sﬂ[ﬁ%?&ﬁ?‘?@f%”ﬁ?ﬁ‘ﬁ‘?“ér‘“ t%psgose illustrated in Figures
8A- 8V.riElB el fdstriates aBchematic 4i g{la]n 3 i
BA-11 ngirl I ljst raatee avari (§)Lulg%1 tal %sj}s‘oﬁhvfl%\t}g 0 m;ng]the
pree¢senicakiopafxoghs fidtet incfccardareastithvie psert idviegtiori; n

e B s S S e s
L-shtapressures for gas filters substantially similar to those illustrated in Figures 1-
25 5D, the plots were determined using a system substantially similar to that illustrated
in Figure 6;
Figures 8A-8V illustrate various detailed views of a preferred embodiment of
'~ areactive gas filter in accordance with the present invention, where the various parts
in Figures 8B-8G, 8J-8L, 80-8P, and 8R-8T are to scale, and Figures 84, 8H-8I, 8M-
30 8N, 8Q and 8U-8V are various isometric views not necessarily drawn to scale;
Figure 9 is a plot of pressure drop versus flow rate at various inlet gas stream

pressures for a prior art clean dry air filter;




1P-1IR 11T-11V, 11X-11Z, 11AB-11AD, | 1AF-11AG

11AJ- 11AL, IIAN- 11AP, I i AR-11 AT, | | AV-1 J AX 1
BD, 11 BF, | | BH and |
WO:%‘%?@%%”!“ hnd i gur es 1IA 11 G I 1K 110 Pflif@r’&i&%s
WllAA I 1 AE, 11 Al, ﬁg\/l 11 AQ 10 11 AU,
| AY, | BA, 11BC | | BE, 1lBG and 11Bl are varl ous
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ISOI’TEt 1 C VI ews a{]# non-i sonetri ﬁ

necessgfaurefl s fRM gt Bresguze rﬁ’PdﬁFE% Tﬁ,&atf?%vaé}oéls H]l%tggs
Oktr P ?ﬁk@u?es%?%s\fﬁfe%‘ﬁlbgthﬁﬁl l:y%hﬁllﬁlto Vidsb 9Hr§trht@(|i f‘nt Figures 8A-
gas stfeam presdures for gas filters substantially

sBNi;lar to those illustrated in Figures |[|1A-11Z,

oo e Ao h 00 AT ad by THAST BT Pifoub 8hTea
93Rwildr %%%f@ﬁ@cﬁéh’ﬁc?ﬁrggﬁrof g rMEH/e %&rﬂ%’%’i hQBrdih&with the

purity céncentric e particle Filter part nunber
23%&&4nveﬁtlgmnmeie4thb hdsusratte n Biguest 0B It nt 1141131 1L-11N,

" PRatkal b Tin, bbb S1AR TLRFIAG 1 £Papali A 1ar,

| Fﬂkdﬁ%'ﬁ Miakh rm 119&281@ BE. 0 mf,gni 190 11BH0YAE 1 18 are to scale,

ustrat€s an embodi ment of 'a filtering systemin
aesdFoparesd 1w, 111G, tike 110y &18,i 10N, 1FAG\rié AEL TRAL TCAM, 11AQ,

1400, 3EAR PR oM Gl TRED 0 7o s s anc

OfoRtidohnlehe vi%%§h«?'ﬂecé:§s%g%ralsﬁ1 folskaggi rates a schematic

representation of a systémthat includes a filter and
det ect if*‘i*gmraplﬁar bB2Bisreipdota of preskancdropiveisug fiew pate sevdrious inlet

o Pt 8 o bl T s AR e
2Q a2 g@ :;QEA taﬁ@tl%gﬁh@jl ments of detectors in

accor dance Wlt an enbodi ment of the invention; WO
200510Fiass PAFL %W@ﬁsﬁﬁ&urddroﬁlvgmneﬂm rate at various inlet
iIIustratesa using a detector in
a@eﬁ%twewf Mgl samaratigh 16 PHEicRUssARicHbe particle flter

Gm%grﬁdOB'@zUat es an enbodi nent of a portable dry
grrp l'ing system’ Figure 23A illustrates a schematic
r epr es &iguat 1 dillustrates rperdbvelimentrof as appdratngfor Sedawing® a n
accordance wi th an enbodi nent of the invention; Figure
238 at es a handhel d dry sanpling devi ce;

Fi gur egy %ﬁl@‘} ?ﬁ@sir&tgyﬂ ERb &R eI A0 @by b R¥aRofifadce with the

sanpl er noni t
present invention,;

Figure 16 illustrates an embodiment of a filtering system in accordance with
the invention;

Figures 17A-17C illustrate schematic representations of an apparatus that
functions as a concentrator in an embodiment of a filter system;

Figure 18 illustrates a schematic representation of a system that includes a
filter and detection apparatus in accordance with the present invention;

Figures 19A-19C illustrates an embodiment of a detector for monitoring
contaminants;

Figures 20A and 20B illustrate embodiments of detectors in accordance with

an embodiment of the invention;



contam nants in a gas supply; Figure 25 illustrates a
schemati c representati on of an exenplary conputer in
10 accordance with an enbodi nent of the invention; and

WORPEYIREI326 i ||l ustrates a schematic represent aRGTUSH04028708
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nmonitoring a contamnant in a gas supply in
accordance with an enbodi mentllof the invention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The present

i nvent Figurd 21 Jlusteatesedmethod fgrasifg d detsctdran acofRaed Wi an
gas.,used in.. sem conductor processing tools and

p

Frbadimeat ehihe MYFRN®ensitive to nol ecul ar

cont ami | D ' ' fro

many ot s ARRkn o 1 PAaAE B SaRlbf Bltem,

i tsel f Figheb2¥A ilusiritoss schiemativ seprestitatiqes] Atniiel@dry sampling
cl.eanr oom Snvi ronment, such as, for exanple, a

£ 9BVFC AP EAEIRG PHEkREHOoGEmeNg o st BYmEiRBg T aphy 20

syst eng; ' ' . such as

acet oggl,guigg;%p?r %ﬁ@gﬁﬁ@ﬁelgﬁy%ﬁmﬁkggﬁ ar wei ght

si | oxahzsread AtHE itinstratp a evstioginfor ilsingROLf sa@bler kd@honitor
environnments. In addition, even so called clean gases,

s GUHAEWARE g0 88/ WPy | can  contain contaminants at
concentio@dtd 2 I Cd [l y ] .
e conin oy Bt EieRhal HoRERE K ah SRGlary computer i
Conrpaiandswithah embedimesat of thkmvgntion; agtluce t he

per forpance of optics gr e conpounds, havi ng a high )
cont ant 14t n L SEA S AoRFP2lS TeRr PRI ORI P IR BT Ing cgRtaminant
e a

BT hH R wltton Bnodilopt drfh Hehitn,

trimethyl silanol. These conpounds appear in italics

[ I a_higher mol ecul ar wei ght, higher
cgﬁ%ﬁgﬁwﬁﬁN&% ﬁ% %Tﬁ%r ganic 30
conpon ; . .
yor onanepis ARG b aBkoRERRL kGt KRGk OE kAR in
s kémanesiucer poxessag tasld andpidteses tha apasdnkitive & molecular

hexanet hyl di si | oxane (HVDSO or C6-sil oxane). . .
REPHABIBHGP. fe@UAPRpRLs &4t & 844520 GO dropy many sources including the

f@l@é&x’@@rﬂ Qe &ﬁr?@x% fts.s']d2 'ﬁgi@loﬂ’lﬂgt%tgso{h‘i'i%{l&éégieﬂnoz{Taezfmoom
orm ng nonvol atile or reactive oxides, ‘for exanple,
betvironotend, swdhtasdfot exanpilaspfbrictisn éR)irongicht SsdiepHoSblithography
suffer tin (Sri),, alum num (Al)

((Sl_i%s bor nfB),, | .
RSk e dny ﬁféﬁw aright SRSk e Wah ApACEBE 1EARTPRH) plsPBA! and
Xl BB OB 0 LSl SRR
Cenprounmgnti i additéon, evensp BeliédCdbarcgunes fichak cREn dBYair, can

contain contaminants at concentrations sufficient to negatively impact semiconductor

processing and reduce yield.

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

hexamethyldisiloxane (HMDSO or C¢-siloxane). Refractory materials are

v e s




| sopropyl Al cohol 610.0 Acet one330.0 Ethanol 134.0
Silane, Metho trineth 1-35.0 He

adecaf | uoro-28.0 2-Pentanonel7.0 2-
WO %ﬁéﬁ&é B 908981028708
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xane, Tetradecaf | uoro-8.9 Butanoic
Aci d, Hept af | uoro- 5. 2 Tetrahydgef uran3. 3
3-Buten-2-one2.5 4-Meth |-2- entanone MIBKLl. 9 Sil ane,
Trimethll-Meth | ethol. 7.l n-Peni?zui}elA Silangl ~Trimeth
| CpIpORR HRREIHIE HPMA BB POl I IR EX et P Gy, but
hi L L . _ .
THEC LRREAE PPN (L HICARICH, MNPt IBPERTSY, |
f rabuminthve(Al). SEhese cdntahinants nrag batek pasky to deeptultorvyalet (OUV) hight
nol ecul es. Irrespective 8f where 10 radical formation
ocdraay fopm refecipns cyppauadpTesising ioctys pXXEEn GratBisht cal
el ements, the resulting free radicals may react to
form much | arger organi c conmpounds, which can
contam nate optical el enentBABLBE Isevere cases, a
pol ymer [ ayeCompyurdqid Qé4isbry) t hd ToPicaCédncetratione.
The rel ationship between the chemjcal natypg, of the

or gani c TSP Al & WaverengtiT ofr gt absogﬁfo

= P~ - - - W P EIRY ¢ + 1L
o 1Trat ur © difu otTVvTTT 1 UT U[Jll Co 1J

auphht i s energetic enadgh tq break dbdth0
larabathedyicmatplhient s, whilghlare not conmonljy
found i niHeptagaHekaRBAMIoko- 248 nm Mavel ength |i ght28.0
typi cal | ppsedlond) deep ultraviolefl (DUV)  TTtThogr gphly

for fabrhoelIfeAREK, O 100 TImiTIewd :

t :
nor e ef f Fereft—ang—teacts—w-th—Ag gef
or gani cs%&%@%%&mﬁ
2005/ 021 i$Peptefloom708 - 13 hydrocarbons. 193
nm | i ght |Tetrelgydrofedinf or | ess than 130 nm geonetri es3.3
reacts vgrButeiebfdngi ently with a wi|jde range of airhkmnsine
or gaseoliSyemL RS HERandOABIE) Cont gm nants. AS The g
wavel enolsileRt Tl D lP T HO0T apty exposr

SERSLLCLINY D A ¥

tool dec St er—uhatt—pheteor—trcreases.
These pr g 0L\ o) v i ghnr energy phnf ons 1.
Silanol, Ti rimetﬁ;}l— 1.4

Photochemical decomposition reactions occur when high-energy photons
interact with organic vapors. These reactions form extremely reactive free radicals
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 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 componénts, which are not commonly found in
clean room air. 248 nm wavelength light, typically used in deep ultraviolet (DUV)
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



5 stand a better chance of breaking the bonds of a
nunber of commonly present nol ecul ar speci es,
ultimately rendering theminto reactive species that

WOZ9HQR113d optical surfaces. 157 run optical RCEHEN04028708
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are even nore sensitive to environnental conditions
than 193 nm optics because t i% wavel ength of light is
efficiently absorbed or interacts with nearly all
oﬁg’émcérbgp% cl 9é8mpllght GRyigahfoafeds hhmb3Q hergeomemies,treiaces very

0S area, the area between the
f .°ﬁf2\?‘g‘ﬂ|§t PWé(f%fﬁ%@ﬁ ok er ReRYs molegHRRABINIE sANtaginants.
the free rking area, to be purged with an inert,
cl ean, 'iﬁowaa sicagtinof light uspssin theithegraphycaroesuit tog] éecreases

h th
P, i e AR Bh B e Rasde LB BRI Rl oerey Rpoions
hataindg betier ahiasgendibreRBigles bdridk bes nlhabwi dfRomnionlyt Besent
media. Figure 1 is an exterior isonetric view of a gas

.nilq @wlameql% uliigatstyendering them antp reactive sngcieptististivkrio optical

R Es: YT Bt ARG B GRS ey

1©éndlamnsrtgaxat9huﬁ opticsietiusd @s wavelengitiof idhets hélerdifBabsorbed
having an inlet port 110. The housing can al so have a

f OF MifFacts Witleea%%“ %arap ﬁ@ectqs@msmxagmnd@namémwmmmre

t li’&quﬁx’u'n @F eﬁ%@hl%l ar e%?%éﬂ)»}véeﬁ the %p? tcal 81?@'8@ qmﬂ[ge wafer,
ocoﬂnn‘tdnbt duted fhacfrele Iv¢cﬁhﬁg @Qﬁﬂt@%lpﬂﬁgedtvhﬂi Qeifert, didag rdrtyo

a reactjve gas source, reactive gas line, manifold,

t BOYECIPEEr&®Pabl y, the housing and any assenblies are
constructed of a |ow sulfur netal such as 316

st ai nl &saccgrdante witlela pedersdaimtiodbgers pthe pra&hixtdhvcatien the gas

o ef ekttt Pt Roar R insar iR el raroay Bed

2%ith ﬂl%rfrﬂiéﬂ@a q:flgllrb'bﬁé SRt SriordRat8e vidhvidra g8t ﬁlter lk())O in
Accordi ngly, Is preferred that the conpodnents

dé@oé@@é@lmthﬂd)r@fp @obadimbnt of gre inxantiph.e Thah@Btg comprises a

f |
o PSR ML ical 3Rty | o BT B0 E i aain e et P 106 ama
| an afletidntiqos htutmg &n ﬁﬂ&fpsft reg. trﬂ@ho&kdg e&ﬁ'aﬂé hbag ﬁﬂ%n 112

communi cate with the interior of gas filter ar
@?rflmthﬁ mntemal qhenﬁoe@ash theviilteomeeiat Ths lg@Shﬁhﬁ catﬁ also include,
erab

KR Tafl” fhihaos FReBPE. BB BLsSm bl Dl er tas® Prabfoeitiate gonnecting

pn@dga@mtgr Basreddtion gxueéoqﬁ:e RaafezabliNe, ndnlfoldVe @i are
gas, &%aten are welds w th WD 2005/ 021134°

PCT/ USQ Loz aieBousing and|ady assambliessad canstricted sf znmkesulﬁar

d
o st Bkacre 1 Bl e spfispd oinigss 3 s e sunsble for use in
i méqﬂégemnb@umr 6860 BeaindErsaoR kit tl@&xo@n31ngla.?de\‘?_l{%fas§€}nbhes are

i nert gas, such as, nitrogen, at elevate eratures
(foobe &mﬁdu@canmase;‘dm, ad. t\ocoi‘dmgb'urtm prbferrled; ttal e
pref er t he ters of

i
t ﬁ%m%“tﬂ’g ﬁ’?ﬂg‘ieﬁﬁ?&ﬁﬁd& eaa?fg‘”tfpg’te{;man? X 28@%%% algghol
Wed1htiér) @reTetabIg it ¥n Rltradddfe d&et. OSIRE cleaning methods are known to the

art. In addition, it is preferred that all welds that may communicate with the interior
of gas filter are performed in an inert gas environment, such as, for example argon,
and preferably all welds are performed in an inert gas environment to facilitate

producing gas free welds. Preferably, all “welds™ are gas, turgsten are welds with




filtered. The filter media in the internal chanber can
include an inert polymer, carbon, activated carbon:
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ets or granules. Preferably, the pellets o
granules have an average nesh,gize in the range 10
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(such as, for example sulfuric acids) include, but are not limited to, potassium
carbonate (K2COs), quaternary amines. In addition to acids and bases, certain
compounds are of particular concern in photolithography systems, such as HMDSO.
Examples of materials for adsorption of HMDSO include, but are not limited to,
untreated granulated activated carbon (GAC), zeolites.

In accordance with a preferred embodiment, the filter media includes a GAC

with a minimum surface area per gram of about 1200 m*/g and a density in the range

from about 0.45 to about 0.50 g/ml, a phosphoric acid treated GAC with a minimum
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cont am nati on control are described in U S

Applicati on No.: 10/205,703, filed on July 26, 2002
entitled "Filters Enpl oyi ng Porous St rongl y Acidic
BSPREPE and Physi cal Adsorption Media" U. RET/US2004/028708
Applicati on No.: 09/969, 116, filed on October 1, 2001
entitled "Prot ectl on of Sem C‘é)%duct or Fabrication and
Simlar Sensitive 10 Processes”", and U. S. Application
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dbssemsiyonr2, 3110906, ahe a pBfoud nRIkEf &ppaficle filter 228 that in a preferred
embodiment is welded to sub-assembly 224. Figure 2E is a hidden-line side view of
an inlet end 214 with an inlet interface assembly and a fill port assembly 230 with
plug 232. Figure 2H shows an end view of the inlet end with assemblies 215 and
Figure 21 shows a cross-section along BB of Figure 2H. The unbracketed dimensions

in Figure 21 are in inches and the square bracketed dimensions in millimeters {mm).




enbodi nent and are in inches. Figure 2K shows an end
view of the outlet end 204 wth the outlet port 206.
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Interface assenbly 208, 210, 212, and 234, and
porous nickel cup particle flhger 226 that in a
preferred enbodinent is welded to sub- assenbly 234.
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Tubyng, 202; 30 2.5" SS Pipe Cap (Swagel ok
B16W CAP- 37-101), 204; 1.4" Inch OD SS Tubi ng, 208; 4"
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Figures 2T-2W show details of a mounting bracket 219, where Figure 2T is an
isometric view not necessarily to scale, and Figures 2U-2W are plan views to scale
where unbracketed dimensions are in inches.

In one preferred embodiment, the components, fnateriais and hardware of
Figures 2A-2W are as follows:

0.083", 2.5" outside diameter (OD) Stainless Steel (SS) Tubing, 202;

2.5" S8 Pipe Cap (Swagelok B1I6W-CAP-37-101), 204;

1.4" Inch OD SS Tubing, 208;

4" VCR Short Tube Weld Gland (Swagelok 6L.V-4-VCT-38-4TB3), 210,



228; Fill Spout Constructed out of Round Stock,
Tapped' / 4-20, 230; Machi ned Washer, Used as
Transition, 224; 2.5" SS Pipe Cap with Fill Spout

WO ¥dl1¥k B16W CAP-37-101), 214; 10 BSP Fi t PEFES2004/028708
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-4-TA-7- 4RT (Swagel ok), 222; 3/4" 20 SS Pipe Plug
(Swagel ok), 232; N High Puri K/ Particle Filter Cup,
Mot t Corzi)'}é ﬁ(%ﬁart no 1204380), 236; '' /4" OD SS
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dinvertioindn sutfstagasllyf dsahowh irOFighret BA-BEnd § AJS®). - Figures 4A-4B
present shaded exterior views while Figures 5A-5D provide more detailed views. In
accordance with a preferred embodiment of the present invention, the gas filter 400
includes a substantially cylindrical housing having an internal chamber filled with a
filter media. The housing comprises a substantially cylindrical potion 402, an outlet
end 404 having an outlet port 406, and an inlet end 408 having an inlet port 410. The
inlet port 410 and outlet port 406 do not share a common axis, as the inlet port4101s
placed off of the axis of the substantially cylindrical potion 402 while the outlet port

406 is placed on the axis of the substantially cylindrical potion 402. The housing can




Figure 5A is an exterior isonetric view of a gas
filter 500 in accordance with a preferred enbodi nent
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10

15

20

25

30

substantially cylindrical potion 502, an outlet end
504 having an outlet port 5063gand an inlet end 514
having an inlet port 516. The gas filter can al so
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In accordance with preferred embodiments of the invention, gas filters

substantially in accordance with Figures 2A-2W and 4A-5D can provide improved
pressure drop and an output gas stream having concentrations of less than about 1

ppbv for both ammonia and sulfur dioxide for an input gas stream with ammonia and



enbodi nent, the gas filter also provides an output gas
stream having a total condensabl e organic
concentration of |ess than about 10 ppbv of HVDSO for
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concentration of no greater than about 100 ppbv

i ncl udi ng HVDSO. 10 I n one pr“]e?‘erred enbodi nent, the
filter media includes about 80% GAC with an average
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Figures 7A-7C show pressure drop test results for a gas filter in accordance
with the invention that is substantially similar to the preferred embodiment of Figures
5A-5D. The test results shown in Figures 7A-7B are for a gas filter without a filter
media and the test results in Figure 7C are for a gas filter with filter media. Tests on

other preferred embodiments of the invention predict an additional pressure drop in

the range from about 1 psi to about 3 psi for a filter media having a volume of about




the range from about 20 U S. nesh to about 50 U.S.
mesh. Referring to Figures 7A and 7B, Figure 7Ais a
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Priee e (&.891ap) Mist P09 rahethegﬁsfonmms sfithe gas fihbrauthee ifet
bar 712; at about 4.13 bar 714; at about 6.20 bar

7 PEessurgovalbineosf @itisbfipwratys s’ and at about 7.5 bar
720, and the performance of as filter at these
inlet pressure over a range of outlet flow rates. The

Pl &k [ 73 AT e $ROYS [P06 ¥R R] [4.18bhid 90 856/ 2Pbak (010D B [6.89 bar
2P |ogitp 923 g8 {2¢s0 {N6.1d- [3.90ar odRT 4 o6, 608 [6.024 Bap.os
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7340 ] M?‘W?{&%"H.ﬁﬁ,;&w'%ﬂeﬁ S R T 0gP020 8287 Q%ol | 0.28
=t ,551 P99 128967 O- 4V DA Dy o Vg3 3 740 | 051 | 7.20 | 0.50
2 ORI AR, 90T 1450 | 1.00 | 1050 0.72 | 1060 { 0.73
85 | 1.42 |46.12 1400 ] 097 | 1250 | 0.86
95 | 1.58 | 44.83 1490 | 1.03

Figure 7C is a plot 7 ;) pressure drop (in bars) versus outlet flow rate (in
slpm) at various inlet gas stream pressures at various inlet gas stream pressures. The
data shown in Figure 7C is tabulated in Table 3 and the error on each measurement is
estimated to be + 5%. Figure 7C shows the variation in pressure drop with inlet gas
pressure at about 2.06 bar 712; at about 4.13 bar 714; at about 6.20 bar 716,; at about
6.89 bar 718, and at about 7.5 bar 720, and the performance of the gas filter at these
inlet pressure over a range of outlet flow rates. The plot 710 also shows polynomial
fits 722-730 to the 2.06 bar data 722, the 4.13 bar data 724, the 6.20 bar data 726, the
6.89 bar data 728 and the 7.5 bar data 730.
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Figures 8D and 8G and includes an inlet port 816 and can also include a fili port 820.

The inlet end 814 can include an inlet interface assembly 818, to facilitate connection

to a gas line, manifold etc., the central portion 802 can include mounting brackets

819, and the fill port 820 can include a fill port assembly 821 to facilitate adding the

filter media and readily sealing the fill port.

Figure 8H shows an isometric view, not necessarily to scale, of the inlet end

with assemblies 815 of the gas filter 800, and Figure 81 shows an isometric view 817,

not necessarily to scale, of an inlet end without a fili port which is substantiaily

identical to the outlet end with an outlet interface assembly. Figures 8J-8L show scale

views of the inlet end with interface assemblies 815. Figure 87 is a hidden-line side

view of an inlet end 814 with an inlet interface assembly 818 and a fill port assembly

821; also shown is the a porous nickel cup inlet particle filter 828. Figure 8K shows

an end view of the inlet end with assemblies 815 and Figure 8L shows a cross-section
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In one preferred embodiment, the components, materials and hardware of
Figures 8A-8V are as follows:

0.083" wall, 4" OD 304 Stainless Steal (SS) Pipe, 802;

4" OD Pipe Cap SS, 804;

0.06 -304 SS Wall Weld Bracket, 819;

4" OD Pipe Cap SS with and without Fill Spout Hole, 814;

High Purity Particle Filter, Mott Corporation (part no.), 828;



-23 Swagel ok 8-VCR d and Fitting SS, 827; and

Swagel ok 8-VCR Femal e Nut SS, 825. High Purity

Particle Filter, Mdtt Corporation (part no.), 836;
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assembly 1121 to facilitate adding the filter media and readily sealing the fill port
1120. \

Figure 11G shows an isometric view, not necessarily to scale, of the outlet end

1104, while Figures 11H-11J show views to scale where indicated dimensions are in
inches, Figures 11H and 111 present, respectively, end and side views showing the
outlet port 1106 in the outlet end1104, and Figure 11J shows a cross-sectional view
along line AA in Figure 11H. Figures 11K-11N show details of an outlet particle
filter 1136 and an outlet interface assembly 1137, 1138. Figure 11K shows an
isometric view, not necessarily to scale, while Figures 11L-11N show views to scale

where indicated dimensions are in inches. Figure 111 shows a side view and Figure
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t o Q0 Ve SRR vioF Ao oA SRiE 1 LEET 13 St
V\nag@renmﬂmb% 2 GHINRAEs0 131 £2 1 z{h'd' J}S}J?f?&m ofthd H{t@mh draldber
shows a cross 30 sectional View al ong
Fi 9Pef the gacfilteti glhPes 11 Al -1 | AL show det alls of t he

? ﬁtelr :gfp':@%g%{’f%ﬁéﬁ\xﬁ etﬁl%?#t € en ga%s% tm%og?;vrl]ttyscompensator
1101. Figures 11AE-11AH show details of the outlet cap 1157, where Figure 11AE
shows an isometric view, not necessarily to scale, and Figures 11AF-11AH show
views 1o scale where indicated dimensions are in inches. Figure 11AH shows a cross-
sectional view along line AA in Figure 11AG. Figures 11AI-11AL show details of the
outlet cap interface assembly 1159 and components thereof 1169, 1171, where Figure

11AI shows an isometric view, not necessarily to scale, and Figures 11AJ-11AL show
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11Al shows an isonetric view, not necessarily to
scal e, and Figures 11AJ-11ALshow WO 2005/021134

F6ed/031$2004/ 028708 -26 views to scal e where ipgeigabRshs7os
dimensions are in inches. Figure 1 I AL shows a cross-

sectional view along line AAdgn Figure 11 AK. Figures
11 AM 11 AP show details of the outlet cap with

'1\'_%%\?5 Eo%le%%@d%a@%l qon%%@ﬁﬁﬁ%%efgﬁ{:eeﬁh%g%s a Cross-

ere ure SNOWs an C Vview, not

NREEGRAVIchYalbifk BiEA &.in Bipilrd-1 I EBighres 11 AM-11AP skchowetails of
views to scal e where indicated di nensions are in

i theudet cp yiithdntenfage gsperally Ld6 hansk eompovents therref 1169% W 71,

al on I ne i n Flqure 11.A0 Figures 1 1 LAT w
QPP FIgE (0 Pebs i b e FeEReT B shatpghatililes
STIQVIS- 1 2APisEOWBAdWC0 CEAVWhBRINdIEAEE Sidddnbnd fre SCMRss, Figire
Figures Il AR-1 | AT show views to scale where

i hidiRghosg adireasresetimg] wew along lmekes in FigaigrldAD. | AT shows

a crosg_10 ' .ew. al ong l.in R Fi e 1

As F gares TEARAN b s B @ R Btz ac
WHolvsiafl tiinfedt € viets BotinelesiaklP tadtdieC SPMIBERE $1ARGN AVfshow
1172, where Figure 11 AU shows an isonetric view, not

neews Kascaleywhese mdiiated dimeanging@reia indhes- Figure JAATshows a cross-

views to.scale ere.ipdi ca I.mensi re, ILn .
et b AR PEECHTD o BERE LB Bk gt of
aihe et dap Gvifhintepfald aHderably Y 168 \indlEonpdiieht ShekedfAY7d, Whgk:
show further details of the components 1169, 1171 of

t Figuredd Allkshopvgniispmestria e waseldwwpesgarilF tqyspales and Pgurgn gl AV-

< USSR s8R ok e B ERERS ke, Py pax

WHRE a dratdise@iondl wibwRiiipaihe A1 & FiPureNGA®S. | N _
addition, Figure AZ shows a bas conponent 1170 prior

t o nodFigiead [ - 14 BBphowfudhesdetads of the compprsmtsnt1§9,11189 of the

i B PR BP dh OFR o

14&28ssatilyas ecdtt, audl FightesATAZSardN 1ATIRW Vigwy lobale Aere
necessarily to scale, and Figure 11BD is to scale

windiceted damensiang ag indndiesnin alditionnFigntehed shawisguras somponent
B .1 | BF...show details of - et 111
PR PeieF g Poaifit gt B3r&lc? ot ot BoiBplufiied B3 Fthe Hhértace

ngeesasldrily to scale, and Figure 11BF shows plan views
to scale where indicated dinensions are in_ inches.
Fi gur eBigneptl Bhdnd 1BBDishpwatnoztian afdh¢ aueutig ingerface assembly

CLRE VAR Fips TR AR AN el BEERARY O dp o Figure
detmb M svileWheff indicRe@ iRhdneidns LR HoNBNtFifired MBE and 11BF
reactive gas filter 1100 with gravity conpensator 1101

oshom daiiribsf azgounting bracket 1119, vegeFigure 11BB) is amibometrBaview,
g S NN N
edbraAbiaRMre 1d #hes. Figures 11BG and 11BH illustrate various weld
placements, these figures are not necessarily to scale.
Figures 11BI and 11BJ illustrate various detailed views of a preferred
embodiment of the reactive gas filter 1100 with gravity compensator 1101 of Figures
11A-11BH. In Figures 11BI and 11BJ, square bracketed dimensions are in

millimeters and unbracketed dimensions in inches. In a preferred embodiment 1180,
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1100 and conpensator 1101 fit within the

t hree-di nensi onal footprint 1182 illustrated as a
WONREIBMYBox about the filter and conpensat or . PEHUSHE4/028708

preferred enbodi nent, the conponents materials and

hardware of Figures 11A-11BJ° Zdre as follows: 5 0.083"

wal |, 4" OD 304 SS Pipe, 1102; Swagel ok %" x 92"

Pi demas Fitay! 198 and mmpemsatoou (i ftovitep thetereevlirBensianal footprint

calt b el P eon o a8l B S domispner ol e,

1114; e pidTeméed A
Fl ange Vel d Assefrb?@(;df?g{% t’ﬁb%%}%ﬁ%né% é'st ]Zrﬁtgeégl\?\e @h%“’afe of

AsEignish y 1 A{1IR] are 3001I8%s:F| ange Wel d Assenbly, 1137;

2. 5" e rre (37-101) SS, 1158;
3o 5 %)E% W@% giﬁ%sgﬂwpeﬁm(w 101) SS, 1157: 15
Machi neghddefok ‘5’5?%@1 BusthiZlsSwagel ok SS Interf ace,
1118; Mttt Corp., hi el d'IgM brand Concentric Tube

Parti cl € ®DIRipg Cag ﬁhmy -Rurrel (2390808 withar Fill Sp&f Hidd, [1104;

Concent 1 @0HeCHe ot Buse 0L Gt B Spoms o, 114,

2390804, Tag@@ Flm%mlﬁ%g A% BSP to 1/8" NPT Swagel ok

SS, 1169; . 570D SS pi pe, 1152; and %",
10 90 degriﬁ,[e1 anF’@ngeeW@bi/\Amgb’L bini th weld fitting,

1112. 12B h pressure drop test

resul tsé(%gﬁsegl qu«%%spmpﬁ’ ’accor dance with the

i nvent lmssrﬁrangesmrdomse&blyauaw simlar to the
preferred enbodi ment of Fi'gures 11 A-11 BJ. Pressure

drop neasLOBRipe §alaCberhoBullr¢1E(3ﬁf1é)§$SS,el 158y op acr oss

The o1 Pt YD TBanCarDY PUTORAe 85 Bha di d not
15 i ncl udevasnindd r/B'ensmy@" NPT géroﬂ:%é Iﬂ{éﬁfaceléeﬁ@' ot

pressure drop (in psi) Wersus owrate (in's
var i ousMpHIGsrp. g@sssél!&ltéarhra@i @mwucé"sube Phnacled‘slter (part no.

n in Figure 12A are for a gas filter
W’e%:gﬁgg@)frﬁggr nmedia and the test results shown in
12B ar e).b@waa Sesudd hfx: with a filter nedira. In both
Fi gures 12A and 12B thr test was conducted with the

gas f dvioHsiom., @@ﬁh@qlcbndmand Concentric Tube Particle Filter, (part no.
20 2390804), 1136;

Machined 1/8" BSP to 1/8" NPT Swagelok SS, 1169;
0.065 wall, 2.5" OD SS pipe, 1152; and ‘
2", 90 degree union elbow swagelok with weld fitting, 1112.
Figures 12A and 12B show pressure drop test results for a gas filter in
25  accordance with the invention that is substantially similar to the preferred
embodiment of Figures 11A-11BJ. Pressure drop measurements are for the pressure
' drop across the gas filter 1100 and the gravity compensator 1101. The gravity
compensator 1101 was empty and did not include any filter media. Figures 12A and
12B plot pressure drop (in psi) versus flow rate (in slpm) at various inlet gas stream
30  pressures. The test results shown in Figure 12A are for a gas filter without filter
media and the test results shown in 12B are for a gas filter with a filter media. In

both Figures 12A and 12B the test was conducted with the gas flow meter positioned
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filter/gravity conpensator conbi nation. The vol une of

wohidsfogfzzqredia in the test of Figure 12B was wbouoeydisros
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liters and conprised about 80% GAC with an average
mesh size in the range from ggut 20 U. S. nesh to
about 50 U. S. nesh, about 10% potassium carbonate

¢ PRAEE s HincHohebi 9 o RUEIRRE o MR HaTint b SEHIRE media in
alireuést dOPhgploBWEd shoac? @ Hi¢re andebmymicd Whdu 809 @HEVAGLan
mesh size in the range fromabout 20 U S. nesh to
apyegesneshgize in thegpngertrepn about 2 LR gweshdo gt S9AH8. mesh, about
o0V BERESHLE cofnaeHealcl PAC D RHBIHE SRENZER i gl rom

pabout 30 108, BEhps bsout 50&J.S Lfleshpaml soufl K84 phe¥phbfc Bsd Geated
and the triangles 1206 for 30 psig inlet gas

pFédsyih an aygragp @ﬁ%\/weaﬂéhep@n%%ﬂm@bowtiwﬁ Somestetodhpy 50
nggsg%e% shows: a polynomal fit to the 30 psig data

1 ;"a polynomial fit to the 60 psig data 1210; and a

pol ynoRigate A showstalpdotAR00 8 of petabe 1034 for ifileOgsPresdlies of 30
shows_a plot, 1250 for of pressure loss for inlet gas

pPESAIRsie B Mpsig sThedigmonts 1382 areagmabdntppeigts fgm0 psig, the

di I : L ptsafor . [ t
IR0 RT3 AR A0 R 1208 RY 080 BBlfpl®
36haRsi d¥e polyRdmigh fitsd esesdits STheAiGiGho @R QWb idoihl fitdo tR 30 psig
the data and the fornulas for the fitted equations

n8#a 428 apebmamdal it tq Hie 69Insig datmi2 18} and appdviemial fiti tp ghg 90
in D.4hpr 30 psig data 1258 and fitted function 1264;

a p% ynomal fit to the 60 psig data 1260 and fitted

f unct i Biguie2i®B shand adlotAQ50 @drioieresaure Idst fdranleh@as Pespiregof 30
data 1262 and fitted function 1268. Fi &l‘” es 13A-13C
s Agy 99 nstesangroOmsiss sthediymonsis 1252 prsiaptupkdataipoints dor Fpsig, the

(i I | Ll ef r or. I for a
PSR K BT S0P R b o
f sHowerar fitst to iiwended arkiZBO BéHhuldsifgihe sittdBdguanenslifeSaOMd about
|ots for of pressure |oss for inlet gas pressures of

gélep?;lﬂtg The plop ghoyvsandinem e gie Spmsiecdapsl B god lé'lttféﬁencﬁon
R0 o Bo Sl 500 HO60 rdiab080 P ey £R%S BB

186lysdrpial fiftoght 0 PSRCASBABE2 andofitedd fhddnaleshe sane
data of Figures 13A and 13B for flow rates up

80

sl pm aliguEF d dAdl3Cashow plpisiod presyyue disp s arsrsys flow rate (in
. b

TR B By IS o BB ork RhoR b i bRy,

30omsitgc tibegatiiclEfltdrait IVAbep23900B0RSFigurea M8IA bhe 1 38 skovs plots

1306 for 90 psig. inlet gas pressures; while in Figures
15 of pEsralesnies inletgas prassuracafiZf psigabArgisiand 80 peig, where

o BeR8d P AR B 8o 68D sp and Hight 138 Shows
plot 1320 of the same data up to 180 slpm. Figure 13C shows a plot 1340 of the
same data of Figures 13A and 13B for flow rates up to 80 slpm and also data for inlet
gas pressures of atmosphere (ATM of 0 psig) and 120 psig. In Figures 13A-13C, the
squares 1302 are actual data points for 30 psig, the triangle 1304 for 60 psig, and the
x’s 1306 for 90 psig inlet gas pressures; while in Figures 13C the diamonds 1342 are

actual data points for atmosphere and the asterisks 1304 for 120 psig inlet gas

-



-29 pressures. Also shown in Figures 13A-13C are |ines
1308, 1310, 1312, 1346, 1348 illustrating the
linearity of the data. While enbodi nents di scussed
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operating w thout additional gonponents such as
detectors, many alternative 52 rnpl enment ati ons and

enbodi ments are possi ble. For exanple, systens and
c BresBtiesn tAdse sl ia Figurerel3dy- b3 G areding® h3QBxil AL, 182,38 6) 1348

a; f J ed n conjunction wth
g%gﬁtﬁ@y%ﬁg%ﬁpfgﬂﬁggg fve gas filter. In particular

it maywigle ed@idingddtedibdus bt arRave FHduaea WQEea'cﬁVe?éa%'ﬁlter
or concentrations, at the input of a gas filter inh

oPRREAtInEW itqut additionah cemponentsisuth assiepackts, ananyglternative

tinme- - . for the 10, filt d f
oS RENARG S0 3BT gieRls D Roskiieh dick EeTRehSeppind ¢ o
f borhpirichB-capdBl Gff detdMBhinTRASH: RABEE G Withif A Had Mo RARh Be Abed in

the input of a filter is herein referred to as input,
ofonption aith ehegimends ofthe maptiie gae fijter. iIn padigulaeit may be

desj. I det erni ne ontam nant | evel s at .th
obRbafF ekt it an a8 et e el of a go
peltéah BRduE € Sdrfdrmeundtiont Suchal Grdditink datbdivbd8changes for the
exhaustion of the filter media or a nml function o? t he

18lter anid| fprotitaiging deiagegarding pentamipatioiolevels pdanto fitenipli ng

i .ei n dtorefer to obtainin C am.nant
LBk B gty B o S B reforrd 1o
Shd Inbu bgdstrSirh Uakdpang., AitdématiRY, Rendael dedbdtte toetermine

moni tor contam nant |evels at a point somewhere in
beanieamantievels 4 thg outputiofie grs filiesrin ardgr toeyabatenerfoonandeef the

fi . ' t ' 11 hi he fil .
g R e G| R
- SANRing @vidy OuBsi,Vr d3AnSASRI, s08p1eRs Reeitshbato xfeﬁarr éo obtaining

£
determ ning a contam nant |evel part way through a _
f FORtERINAR MeAgirgmentsjabthe gutpbolrafiitdrepstem] n stdbother siuations, it

a_fi . emenpl o filter . stages, or filter

et Db SR G ReBP SHPpibar Bvels gt B0 s s berwoen the
dipactol thfikéttind BRY Yt o theFNRAT SHnRing AN a bBiwk HetBinARe filter

i nput sanpler, one or nore md-point sanplers and an
othSn isdgrap eferreddpps midypeint, euintdrpstask premplisg.aMidgointie

f i ' facilitates 25 | ] i tor] f
 stilie 2y RERBAIGES! derorblils 2o Bl el Y afeh
Ffierirg; thédib.| This bardbEgarfotaly ekl GReRBBRE @nﬂém;go{(@mter

24
determ ning contam nation in a gas flow. Xg appar at us
- stfegeseer filteacargidsam in perishglfidssiretida comahimantsdstection and

PO R S5 B A B SRR S BT chfers
apRPdredusut sehplde\S68@hling 409uitiped prERs alﬁn Ml@éﬁni 6)ath facilitates

col l ection device 1402 having ‘an inlet port 1404 and
apvaset mepitgingof taomerfarmancepf ¢ fidter dteanbodi ment , t he

col L eobl P ad IaesE TR BRI Rkl 0%
PEeiéfRin0 46848 %A80on in a gas flow. An apparatus such as that shown in Figure
14 can be used to facilitate upstream, mid-point, or downstream sampling of
contaminants contained in a gas flow.
The apparatus, or device, 1400 includes a tubular collection device 1402
having an inlet port 1404 and an outlet port 1406. In a preferred embodiment, the

collection device includes, absorptive materials 1408 such as, for example, glass




-30 spheres of a given size. Alternatively, apparatus
1400 may contain an absorptive material 1408 nmade

WOEJ{}@mﬂlklﬁ pol ymer Tenax. Tenax has a hi gh capaginissodmisios
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hi gh boiling point conmpounds, and operating Tenax

past | ow nol ecul ar wei ght bregkt hrough capacity
facilitates capture of a neani ngful and anal yzabl e
e o e ARk Sk DEROHR Conclfof Rooffifve
althatevial § 4@ madé from bhe galyreo e, t'ltenmaﬁa& a Higlocupacitynfoe high
p t 1404 Free di cal s of contam nants pr esent_in
t ﬁBW@OH‘Eg HuhRPetating T&B@bpﬁ foyemplsgplar waight i n

AP it AT

1Gnslacyddrevdghtlicompomrds. Cont am nant sanpling is furt her
facilitated through the use of nultiple sanple

and bl MCOCBHIARIPER 20 e e e et Resf iuEmeyed ailﬁwmg gas
fainly t
R e M e
t qrésonthin leggns smp&sw)ebcmdmth Jlgonﬁiue haed& 1408 uewcﬂmsﬂxcm device

as, ing.to the atmysphere. Flow. 15 through
e or P Hisirede esd o beireig raRpusineispmBliagimps ko tacihtat
t légﬁl leMflediphr actory traps if desired. Flow through
ubes and traps can be controlled by an easily

change&lunemneinartisaapliny is ffurcieer fddilitateg tinbegl e use of multlple sample
enbodi n&g{@ agli)mr at us ,1400 cont a| ns three sanple
t (pRss and) hlank gollgetion deviessgvhieh may be #4589l i comjynetiog with reactive
n
CC: ?‘Sir rl keﬁat 1 é)g 3% $hRecBbn ‘a@\héésrbqqeﬁ&tt&g%és %@ aﬁﬂ%cab e to bothfhl gh

to transm ssion or | na

a préstire gamaplivg, twhl as féloexaﬂvpm;rph@e gas|Sienthgato tlegstedsphere. Flow
anal i{Sl s whi.ch wei g114ts first, secaond, third and faourth
Prohetesqlicetion devigs 492 an gmploy mliplsisaryple tybes apd refractory traps
n
( ALAGEEETH 1ot oy nfdbndt s edpChin . Sty D
c charegebblatiiieel ofifispeci es. First and second order

cont am_nat i ef fects have a greater inpact on
cont anith 5&’?%%’%#”?5’%?‘?%@93@35& 1408 comais thieg mple tubes, one

f
S OIAAT s SCR Lo Ee

orcdaelaedind aansnEsHien mmagomfarﬁﬂtyhbg;fbfﬁﬁitlﬁigw;ﬁy o) fohéxample,
refractory orgalnl Cs such as, for exanp

s{USBR AT IR 3@8 yeigdftech Wrights st W@P@fb Hmei a’@(fﬁ%ﬁ‘é’ﬁﬁf effects:
Lt
o Rrhe B IS B ERE TS oy

nﬁicmuihalpamt}@ht eXPro}iving are 1ﬁdheﬁtn&sof tlﬁ@doneaiﬂﬁﬂb@of species. First
oun%é gncl udi ng carbgn atons wthin the range of
aﬁ‘B P gzcogﬁemmatl@ﬂﬁfﬁc;s hayg p igF#teaimpast prsontamizglion of

V378,40 SRR s SO B

contamination coefficient (e.g. a>b > ¢ > d).

First order contaminants may comprise high molecular weight refractory
organics such as, for example, Cg siloxanes and Cg iodide 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 (Cg — Cap). Third order effects can arise due to the contaminating
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-31 effects of organics such as C3 - C6 that have
approximately three to six carbon atons. Further,

f h.qrder contam nants include organics such as,
fzgtrg_‘féezi]asﬁ'pl e, methane, that have approxi mat eP§T/HRWO04/¢28708
five carbon atons. Figure 15 illustrates an enbodi nent

of a refractory trap system 1830 that 5 utilizes

cg%_kecti on device 1402. Refractory conpounds may

i nidfegtief reanics suchys|(orafethat kave mparexinfataly threstolsix carbon atoms.

h i Sj . ) Il . f
LA ) 5t A U e e, e

antlat datgsoxiRetdachono)ivelcabos Wih@mn 1520 includes a
condui t_ 1521 in comunication wth a gas source and
t hr ougH 18K dA ibusirates ag gmbpdiment ofarefrecionyitrap systemd 2@ that
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sanple Is carrie ownstream

1502h as) fprexamplee heRhictfyldidlokane A5R% 3ilalek QU dshfor example, Cs-
conti nugus flow of gas to ensure that the pressure

c ARG, sijgolsssugh as.ifer exagple, Co endivdedes. R efrastayy drap bigssam 9520

t S : ef r ry. trap.system 1520 . i ncludes
108 SR 1 s PRt By S ol e B e ey o eas
blsamipletis amwwhimessﬁreaﬁhngﬁagibwve?eﬁa roXid@tdl§ i ity 20 psi. The
sanplln% trap el enments 1524 may include an absorptive

10 1 55 pasnple iy Goraedt dpgvnsiream docapishsare eavisy po23: i prefeuraxelief valve

T (= hrowgh . actiy enents is. :
ang? SR IR Byl Bl Bl o Tiblrf BT ity wats are i
c aquilibiamtwitintheigabplidie 0B gaOstfRe. Ok efRICETS Bh sys&RY I 20

and .as such is not renoving contam nants. The outfl ow
gdecludes agtiversamplias transeor elegtissidevinesdded eod a bbmk tlap a5 in

ST FRR AT i o

15 Anpaddas seeh/ asafor eRample gt po1gmer BénaR. THO8ad SinfhlSHOS 8ough

bet ween manifold 1527 and orifice 1529 to regul ate

prRE slements is approxametelyy- tlrlam. syst em 1520 provi des for
both a e I ' ion or..a.high pressure
applic aétI %ntp{ stl%%g ISS\nosti%ﬁ g%’%ﬁlg}é%‘ ?%CH? W%g’cé§ chﬁi)ep‘?r)}’ TERgy©

| revitcendars pact is Giot @moviigsdohiat@itintsd STha RuBFi kds\eBrears Yiokh active
as for, 25 exanpl e hydrogen gas, which may be used to
ccglgrtion deyiges ‘2%&41%1’3 dowasteasnt iatt 4 manifeld P2 2whish is in fluid

20 SUbhf@abn Qrpt;l'v%@llun? ﬁﬁé P %1@%%1{%@%!%& e$ g}:esw%{mugt’n
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contam nated by a sSurface ™ tont

SirégulatorgadvealddBlis diepssedrbetiesn wahifold 182Bad @fiRe 1529 to regulate
contamnant to forma volatile conpound that is then

pBFEgeIe s £ B afigstory SanswstemolS 20 pxavigss dor Igitxa dombresnise

WL b : f i lane (SiH4), which is
VPRGN Q0ER 35 LAl DAL A0 Y DE ot "

pr ef er Ghk gad supblyemayl incladbi ghvtipuled donst@iasnt!a8 we hddiliv Widhas for
the callection device to be placed upstream and

dG¥aTeRlE xdrogen gaspvhigh may heiused jdlean the, supc0@ Bic01leG@ibn
qulté%(}ps rﬂgé%q%pfig’a% systems that have been contaminated by a surface

contaminant, for example, SiX. A gas additive combines with the surface
contaminant to form a volatile compound that is then purged from the system. For
example, SiX combines with hydrogen gas to form silane (SiH,) which is volatile and
is purged. The purge gas, is preferably in the ultra high purity gas level allowing the

collection device to be placed upstream and downstream of typical in-line filters.
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Figure 16 illustrates an enbodi nent of a trap system
1600 containing a filtration nodul e based on a

woS@lspefisyel y pernmeabl e nmenbrane 1606 for fil tfinigoo4/028708
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organi ¢ conpounds froma gas stream such as, for
exanpl e, a nitrogen stream The selectively perneable
menbrane nay be of the type such as supplied by, for

exanpl &;; g . e , 0.t he
onpon igite 18 stites 1 g‘mﬁ%@‘g%(‘e‘g&a?"ﬁ’l B o0 Sonih Mg

nifilltregrenmbiiaé baed bAianslesHly peeinehblo meaibgmeil606 for filtering
contam nation. The feed flow 1604 may conpri se

9 PIPIVAPPRAB oW 2 89S SWRIbSHCRAELOT pxagiR @indtrogen stream. The

Ok PR B8 e RSPl AR AR IR B Br Brampte,

C QVip@biahé UBcHAblolgh & Reseagtteint S Ipthe iefbedintyt 6f Figeeas, tk feed
10. The composition of the 10 perneate stream can be
erfidve Hels ignitfogen thahsentainnions lavelof organicentamgnatipn: dhe feed

- i LB ARE 8- 10ptehBobloh bR | g Ffminants
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directed to a regenerative adsorption device for purification. The permeate stream

1608, which has been purified by an adsorption bed system, is then returned to the
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isposed 1n the inlet of the detection system provides sampling capability for more

than one stream. Thus, the sampled flow from inlet 1801 of filter bed 1805, the

middle of the filter bed 1805 or the outlet 1807 of the filter bed 1805 can be selected

as the input to detection system 1831. A valve 1818 allows for the selection of the

flow into a preconcentrator 1820 or into a bypass 1822. A pump 1826 for the




preconcentrator provides adequate flow therein. The
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into a chromatographic columm 1830. A heater 1828.
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1831 may include dry collection devices such as those
rack systém, a honeycomb ¢onfiguration 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 arranged in a traditional air filter and a

carbon based composite filter constructed of woven or nonwovens support structures.
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Térea SapCimonstamaph( ) Gauicpet with e Mdse seleatiyk ER:tector and

NErdifiil Dldokifon Sisteh D) The Sotal analytical system (TD/GC/MS) is
optimized to separate and quantify analytes 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 are listed in the Tables 5 and 6.
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Table 6
Compound Concentration, ug/im3
as toluene as hexadecane

Benzene (78) 0.4 . 0.2

Silane, Dimethoxydimethyl (53) 2.7 1.2

Hexane, 3-Methy! (26} 0.4 0.2

2-Heptane (47) 0.5 0.2

Silane, Trimethoxymethyl {45) 0.4 0.2

Hexane, 2, 5-Dimethyi (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

Xyienes (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) B 0.6 0.2

3-Heptancne (47} 0.4 0.2

Unknown 0.5 0.2

Unknown 0.7 0.3

Octane, 2 8-Dimethy! (59) 7 0.3 0.1

Cyclohexane, {(1-Methylethyl}{40) 0.4 0.2

Nonane (59) 0.4 4.1

Qctane, 2,5,6-Trimethyl {(63) 4.3 1.7

QOctane, 2,2,7,7-Tetramethyl (53) 1.8 0.7

Octane, 2.2 B-Trimethyi (64) 1.4 0.6

Benzeneg, 1-Ethyl, 3-Methyl (93) 8 3.1 1.2

Decane, 2-Methyl (77) 1.2 0.5

Benzene, 1-Ethyl, 2-Methyl (77) 0.9 0.4

Benzaldehyde (48) 9 2.8 1.1

Carbamic acid, methyl- phenyi ester (25) 2.1 0.8

Propytene cabonate (86) 10 35 1.4

Heptane,2 2 4 6.6-Pentamethyl (64) 2.6 1

Decane, 2, 2-Dimethyl (64) 11 5.7 4

Decane 2,2,9-Trimethyl (77) 12 10.1 2.3

Nonane,3,7-Dimethyl(67) 13 17 0.2

Decane,5 6-Dimethyl(50) 1.7 0.7

Decane,2,3-Dimethyl{40) 1.9 0.8

Nonane,3-Methyl-5-propyl(64) . 3.9 1.6

Decane,2 6,7-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-Dimethy}{(59) 16 12 4.8

Undecane,3,5-Dimethyi{53) 1.8 0.7

Undecane 4-methyl(83} 2.4 1
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1431. 7ONZmerous types of detectors can be used in conjunction with detection system
1831. For example, sensors that change their output response when contaminants are
detected can be utilized. An example of a sensor having this type of characteristic is a
surface acoustic wave (SAW) sensor. Sensors such as these can have surface coated

5 materials that facilitate the retention of contaminants thereon. Contaminants retained
.on the detection surface of a sensor preferably form non-volatile residues which can
subsequently be detected. Buildup of non-volatile residues on the detection surface
may be representative of the concentration of molecular contamination in the
airstream in the vicinity of the detection surface. These sensors can be used at imput,
10 or upstream, sampling locations, at output, or downstream, sampling locations, or at
mid-point, or inter-stack, sampling locations.

The actual formation rate of non-volatile residue onto the detection surfaces
of an upstream and downstream detector not only depends on the varying molecular
contamination concentrations in the respective airstreams, but also depends on other

15 factors such as temperature, humidity, and the amount of material previously formed
onto the detection surfaces; all of which change over time, creating artifacts in the
measured signals. For example, the rate non-volatile residue forms onto the upstream
detection surface exposed to upstream air having a constant concentration of
molecular contamination may change si gnificantly over time. For example, a

20 significant drop in the formation rate may result from a change in temperature or

humidity. Also, a generally decreasing artifact in the formation rate may be observed

due to changes in the detection surfaces over time caused by previously formed

matenal.
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Even when detection surface 1902 is exposed {0 an air stream having a
constant concentration of molecular contamination, the measured rate of change of
formed non-volatile residue will vary depending on environmental conditions, e.g.,
temperature and humidity, The amount of deposited (formed) material will also
depend on other parameters, ¢.g., the amount of material previously deposited onto
the surface. We believe the detectivity D(t) of a detection surface depends on

D(t)=K,-S(T, RH, R, A(t)) (n
where, K; is a constant, S(T, RH, R, A(t)) is a "sticking coefficient" that depends on
(among other things) the temperature (T), the relative humidity (RH), the reactivity
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Accordingly, the variation in the mass over time (M(t)) can be expressed in

terms of the resonant frequency

M(l‘) = fO _Kf(t) (5)
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An alternative measure of effective efficiency f o (#)) may be determined from the

measured rate of change of the resonant frequency (Af; Figure 19B) and by using

equation {7), below.

AM upstrean (Z) B AM downstream (t)
AM upstream (f)

In all of the following detectors a membrane is used to contro! exposure of the

E', )= M

collecting media to the molecular contamination and makes possible quantitative
measurements. The collecting media {e.g., activated carbon, reagent solution, or
water) varies, depending on the kind of molecular contamination that is to be
monitored.

For monitoring volatile organic contaminants, such as toluene, benzene, and

vapors of other low boiling point solvents, a detector 1900 (e.g., an Organic Vapor
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mg/mL cyclooctane/carbon disulfide solution. After a preselected period, the extract
is decanted into a vial and reduced at ambient tempcrature‘and pressure in a low
velocity fume hood. the final volume typically ranges from 0.5 mL to 5 1 gL. Sample
volumes of 1-3 pL are injected into a gas chromatograph/mass spectrometer (e.g., a
Hewlett-Packard 5992A GC/MS), which separates and identifies the adsorbed
species. The identity of the molecular contamination and the collected masses of the
respective components are used to calculate the concentration of the molecular
contamination.

Molecular contamination 2006 contacts the detection surface of monitor 2000
by diffusion. At the surface of the screen the molecular contamination concentration
is the air concentration (C) and at the sorbent pad the concentration is effectively
zero. From Frick's First Law of Diffusion, it can be determined that

C=—m ®)

foyey

where C is the molecular contamination concentration, m is the mass of substance
adsorbed onto the sorbent pad, t is the sampling interval, u is the uptake rate, and r is

the recovery coefficient (a factor used to adjust for incomplete extraction of 2




y ps r~e (t)) _ downstream ream?7 (7) 1 ~t upstream
(t) In all of the followi ng detectors a nenbrane is

WO @gﬂ%&;ontrol exposure of the collecting gpgdisdodsRs708

10

15

20

25

30

cul ar contam nati on and makes possi bl e
quantitative 25 neasurenents..4fhe collecting nedia
(e.g., activated carbon, reagent solution, or water)

X%ﬁ{’%ﬁ%‘ q“f‘ﬂ‘ﬁﬁ‘% ﬁ {ba%?e{‘flléiuggdkgt‘atgglr)%g&l Or?cove rf*ate (r) have

V Qe Heesu@éDaml bl i doi DRAdehunibee bf @l‘gaﬁ:@bajﬁﬂﬁ(e g, 3IM #3500
benzene, and vapors of other |ow boiling

s dDrgemic Yaper MenisrSempling Guids. (Qecupshiom! @v&mﬂ& al\ﬂb%qfﬁtymducts

R A T T T

'\k{@cc 00nal IR andBSACty l&ﬂ&hc@ﬁhsx@ﬂm@l €s81)j Hositlof Which are
hields et al., "Analysis of anbient

cdt@@@mncamomigibﬂre&r%)c vapors with a passive

sanpl er M gFAPl%ﬁm}]o? lﬂlﬁc for ¥Qhitodtd fO%%ialgeregl $ P £1W§onstmction

1987), Feith I PRCor y reterence

e defectées 2000 ex&eptihe it &abem ei861aDls cohted OMASE SoRAIL reactive with
detector. Referring to Figure 20A, detector 2000

i rfemdé@hyde (Fog-edt TEPNIE ATSHIEANTVOD availghlie fom Advsusershemical

o al.r str 00
cowsts §c TuMINGULREG A RO RABE G IR Ll e
petroﬁﬁhﬁﬁzﬁfémflﬂﬁﬁ ai?@ik€and &s&ﬁhﬂﬂx@h aahiﬁlsi(fﬂl&mé”t and &m‘-ns%rnon—
2012 (e. a precali brat ed seni - perneabl e nenbra

Deutoéait @reszi@@ gn dresaslsqr@emtmt@mpésﬂ& @gﬁa@éfom@@hﬂ&rfen%@d on the
CrEhB0h AT et GO R 4 PSRN CBEERFE periqdna

t r}ﬁarﬁﬁf siafilas &F thedes@td abbveis@onssiRlies With $helBM filter monitor.
respectively positioned upstream or downstream of a

f | | t er RefeipmgioRiguen20ha@ deteetor 264G, vaieh may begused as upstream

DSl LR BRI Pl TRl gL el P el PRt
t Oex@oéeaho bR inc@iin P&t stmarnlﬁmfmélmﬁng%wcbaﬂc@nﬁﬁineson 2046.

The pad is inmersed in a solvent containing 1L of a

1. Detector 2040 includes a housing 2048 containing adsorbent media 2050 (e.g.,
activated carbon particles with or without a reagent) and a diffusion barrier 2052 that
creates a diffusion gradient between the air stream and the adsorbent media. The -
adsorbent media is the same as that used in the gas-phase filter to be monitored. In
this way detector 2040 adsorbs the same gas-phase contamination as the filter with a
similar sensitivity. This provides a highly accurate determination of the filter's
performance. The adsorbed contamination is extracted in the same way as described
above in connection with other adsorbent detectors. Embodiments of detectors for
performing performance monitoring of air filters are further described in U.S. Patent
No. 5,856,198 entitled Performance Monitoring of Gas Phase Air Filters, the contents
of which are herein incorporated by reference.

Referring to Figure 21, in a presently preferred embodiment, the performance

of a gas-phase filter is monitored as follows. The amount of non-volatile residue

formed on the upstream detection surface is determined (per step 2100). The amount

of non-volatile residue formed on the downstream detection surface is determined
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2212 and a fan grating 2214. '
25 Housing 2201 is adapted to sealably enclose internal parts and to protect them
from incidental contact with foreign objects. In a preferred embodiment, housing
2201 is made of aluminum; however, it can be made of, for example, plastic,
composite, glass, and the like. In addition, housing 2201 may be anodized or painted.
Inlet coupling 2202 is attached to a gas source and may consist of a NPT connector.
30 First and second bypass/purge valves 2204 and 2206, respectively, are used to allow

the input gas flow to bypass sampling components in order to ensure adequate gas

flow is present without risking contamination of the sampling components within the
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usdto l.gw the input gas flowto bypass sarrpllng
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usi ng externa ower urces Ssuc

cmuciem da(td\(ﬁ)napbdrmlmgdocfanom andshosydadet’ mmr Uﬁﬁ@&b@lﬁbeﬁ
nt er nal (govver sources such

D ety ahla S 20Gemrepe coniigeed sushithatr ustrpressi a

Oyl Bifen 50 dostr i SRY e BARKINES s el e il of
urhiandtefid unih2300s ditp lcbnigolies mrﬂweeatﬁlg vt hAFRInGId uBlt 2300 can

rfo {< 2212 is used to indjcate how | ong gas sanpli ng
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Fan gr g& %214 rotects the bl ades of an internal
cool | ng'fal“ ¢l ey fuataﬁh@ébdemgmrealmmr source such as

' |HaH§1&r2§§fSB§te$§§ﬁ%£fcon§1@{ SESRLRHRD re?){acea%?gjbattenes such as

that can
disposable alkaline batteries or it may consist of a rechargeable battery such as a

lithium ion, nickel metal hydride, and the like. Handheld unit 2300 may also include
a connector for coupling an external power source thereto such as, for example, an
AC power source.

Figure 23B iliustrates an exemplary embodiment of a handheld unit 2300 that

includes some, or all, of the components illustrated in F igure 23A. Handheld unit




used in a handhel d sanpling unit 2300. For exanpl e,
handhel d unit 2300 may 15 include a sanple inlet 2302,
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user operated val ves 2306, an entry mani fold 2308,.
one or nore dry traps 2310A-F.4@n exit manifold 2312,
el ectrical supply and control conponents 2314, a
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gas sanple and distributes it to dry traps 2310A-F.
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Ot PR 28 R M P B BB SAR it HhBE R imo

| ogahsdl 23ROt B tR%E e6itsihedin rBBEHABlctn bl d 23530 pobitioned so that a
sanpl e outl et connector facilitates gas passage
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I h { intp th b t | {
ROl R B8 M R Bt Pt sl i S e VR
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2300, an electrical )

Figures 24A — 24C contain flowcharts illustrating an exemplary method for

using gas sampling unit 2200, 2300 for measuring contaminants present in a
cleanroom. In Figure 24A, the method begins when an analysis facility initializes gas
sampling unit 2200 for making contamination measurements (per step 2400). Next, a
pre-shipment checkout/test of gas sampling unit 2200 may be performed by an

analysis facility (per step 2402). The gas sampling unit 2200 is shipped to a customer



15 subsystem neasures sanple tines, neasures and
controls flow rates, neasures gas pressures and
tenperatures, controls valves 2306, controls entry
WORAY$21% 2308, controls exit manifold 2312, PCDHES2004/028708
performance data, receives and | ogs user input data
such as date, tine, sanpling Mbkation, and the
operator's nanme. Using el ectrical subsystem 2314,
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t h$ar@1@ﬂ?d@@33}?)tramﬁé}g Tenaxfteape aﬁ’cﬁ&?weta;aps (sr w@p 28220 Solid

PSP RERISRE thee offey Tt e and of s suplgia ngral 1 been
I nie@&ﬂéﬁl(pér%téf)mhﬁt’ﬁg cuﬁgmg\tuhﬁl%f?gé@aﬁgﬂ ﬁlfhﬁ‘ in response

2338 may be used Tor informng a uSer abo statu
of tortbmﬂaédm ofimlid 286 Omen or eidrudivehn assampling anbit 23@‘(Dmay

be | for |
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status suc I"ow rates, gas sanple tenperature,
25 val ve s'fl’atmlysmlﬁatzlitmeclewleegasl-dmm@h&g oniu 2200 #:3d00sahé Gnit’s
i ncl.u

SrTival g to 1t59nventory management system (per step 2432). The dry sampler is
opened by a technician and the contents of the sampling components is analyzed
using methods known in the art (per step 2434, Figure 24C). The analysis facility
generates a report containing results of measurements taken by gas sampling unit
30 2200 while installed at the customer site (per step 2436). The report is sent to the
customer via hardcopy and/or in electronic format such as email (per step 2438). In

addition, the analysis facility may send a copy of the results to a third party such as a
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15 sanple inlet port 2348 and a gas sanpl e exhaust
port 2350. Enbodi nents of handheld unit 2300 can al so
aceabl e nodul e 2354 can be inserted into %T/U8200~3d’028708
2320 by way of a dry trap reggptacle 2352. Receptacle
2352 includes an opening, for exanple in first side
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15 Gas sanpling unit 2200 receives a gas sanple (per
step 2420) and passes the sanple through dry trap
10, Tenax traps and/or wet traps (per step 2422).
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the end of the sanpling interval has been reached

(per step 2424). The custoner™turns off gas sanpling

unit 2200 _in response to the readout of solid state
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gdicludes a processor , main memory 2504, read only memory (ROM) 2506,
storage device 2508, bus 2510, display 2512, keyboard 2514, cursor control 2516,
and communication interface 2518.
The processor 2502 may be any type of conventional processing device that
interprets and executes instructions, Main memory 2504 may be a random access
memory (RAM) or a similar dynamic storage device. Main memory 2504 stores

information and instructions to be executed by processor 2502. Main memory 2504




15 sanpling unit 2200, they may be connected in
series. Wt inpingers contain deionized water and are

wousRi2{@§ determ ning nitrogen containing aci gifus2004/028708

species in a gas sanple. For exanple, nitric acid
(HNO3) may be neasured as NO3-sg.on and nitrous acid
(HNO2) neasured as NO2". In particular, wet i npi ngers
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by way of inpingers as follows: NO2(gas=g) ----> N2
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¢ ocr:]osrlnr?lgmacatmn interface 2518 may be a modem, an Ethernet interface to a LAN
(wired or wireless), or a printer interface. Alternatively, communication interface .
2518 can be any other interface that enables communication between the computer
2500 and other devices or systems.

By way of example, a computer 2500 consistent with the present invention
provides a gas sampling unit 2200 with the ability to communicate over a network
while operating in a cleanroom. Altemnatively, a network may convey signals to gas
sampling unit 2500 for remotely turnir; the unit on at a determined time and for
remotely turning the unit off when a determined sampling interval has been
concluded. In addition, computer 2500 may be used to calibrate components within

dry sampler 2200. The computer 2500 performs operations necessary to complete

desired actions in response to processor 2502 executing sequences of instructions
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compounds. Tenax traps may be 15 custom fabricated
for use in gas sanpling unit 2200 or they may be
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an enbodi ment of gas sanpling_unit 2200 enpl oys
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st orage, devi ce. st orage 5 e 2508 may

i ncl ud H@“&%‘}‘Bé&‘m eﬂﬁ@ﬁ\’ﬁs?eé typuglpin eééﬁ m‘&t(‘aﬂ’&“‘lbﬁ%%%
C QUohRSHANE fdsent M S TaR61E 2@0@&‘39%?«‘%%@13 rH&ﬁQ%@fﬁO produce

Dat a storage device 2508 stores Intformation an
i BB rrilgttepsmniloR6 s e B?j.m[piﬁ oeeEfelir2626 @Ry r@ite a Pbitdn of a gas to

¢ ooy ke 2l Rinedle ¥esta por A5 Pidaeas traple por 2616 or
aguNg shibR pofCImeNSANE debcteOrig Lty a%é@ﬂnla&%oﬂl%%s ona

di spl ay deV|ce 2512 may be a cathode ray tub
| isefiiacg of fﬂgpsieiadctord Assbatymira@B)buidd up i duitike sighalrassociated with

o SARK BB R YT s iks I ftimiariingiE deve oo ing Sifoe of SAW
Wd&t@ctbh%m%ﬂht&rexge%@q deﬂeﬁmn@hE Edhdld, g&e& ou%%@g§26 may be

t he keyboard 2514 may be replaced wt
hastiviaged, preostiobed, bpécﬂectpccdneyhimeTIﬁQ% ursor control

2516 rl'%‘hen actxvzged %eteg{gr mam?olgggf()e ma3|/ Qilc?v\rr] a gas sample to pass
through analyzer line 2634 before entering analyzer 2636. Analyzer 2636 may be a
gas chromatograph or other analysis tool capable of determining a contaminant
present in the gas sample. Analyzer 2636 may have an output line 2638 for
exhausting the gas sample.

Detector manifold 2626 may route the gas sample through dry sampier input
line 2628 to dry sampler 2630. Dry sampler 2630 may include any combination of




15 alternative configuration, the keyboard 2514 and
cursor control 2516 can be replaced wth a m crophone

wo%bg,oqug@e recognition nmeans to enabl e the USRFT/692004/028708
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Interact with the conputer 2500. Commruni cation

interface 2518 enabl es the cosputer 2500 to

communi cate wth other devices/systens via any

c s CPIaR RapdTGitk HpinEQS, LUATRAGY dedcoRTBIIGALNICRIng and
iﬁter gbe ng%pnay ggﬁggnd em an Et e?net interfacemgan
t eneasuridly cofitainireaitsdn the gaslsermple, Doy sampler 263@rmayinelufiaaeoutlet

Al terpatively, communication interfac 2518 c e
aR93oton exhausiing 3 %éawngar aﬁﬁaﬁaﬁ%%g ﬁifrbé%amiaﬁraf@ésmen

the co t ' . .
vey of 1ok aatar S e RN G D Sy Qi DY o phermarively
peasenised iy eahinate saRplayopsrati@saral igdisats asrhleiuser thatithe sampler
2200 with the ability to conmuni cate over a network
whpntents arsreadyrig be Analyzedeanr oom Alternatively, a

net wor g, of tAFe Svt 89108 efhBodlARnts 3G Wi chNEe ﬁg%&]gilg%gﬂhe

for renotely tumt, e"unit on at a determ
apeesémiinvengomta be dpptied, igshbhid benintiersfobd Wae theallustrated
deternmined sanpling interval has been congluded, In
aQRPPHBRNISAEPNTIENATS 5BLY> ﬁ‘éf/lshﬁlé%d?é Be taker & lipitedhe scope of the
¢ ggggcorﬁ GiNentidh LB 1A s H%u R HIPhElead 200mitd 'R 1R URYLBE order or
2 perforns operations necessary to conplete

dekhteat wnbdss saed itnthaesifansEhdrefopy, alt esdodini2h@3hat come within
executing sequences, of |nstructions WO 200/021134, .
p@wm@/@z@ﬁé@efsﬁowm%% ang guivalentsthsrply are claimed as the
ngggﬁ%n2504. Such instructions nay be read into nmenory

2 rom anot her conputer-readabl e medi um such as a
data storage device 2508, or from another device via
communi cation interface 2518. Execution of the

sequences of instructions contained in nmenory 2504
causes processor 2502 to performa nmethod 5 for
controlling gas sanpling unit 2200. Alternatively,
hard-wired circuitry may be wused in place of or in
conmbi nation with software instructions to inplenent

the present invention. Thus, the present invention is
not limted to any specific conbination of hardware
circuitry and software. FIG 26 illustrates a

schemati c representation of a system 2600 for

nonitoring 10 contaminants in a reactive gas using,
anmong ot her things, a surface acoustic wave (SAW
detector. System 2600 includes an inlet 2604, a

chanber 2606 containing a nedia 2612, an outl et 2608,
an inlet sanple port 2614, a m d-stack sanple port

2616, an outlet sanple port 2618, a sanple manifold
2620, a SAWdetector 2622, a detector nmanifold 2626,

a detector control line 2624, a dry sanpler 2630, a

dry sanpler input 15 line 2628, a dry sanpl er output
line 2632, an anal yzer 2636, an analyzer input line



2634 and an anal yzer output line 2638. An input gas
sanpl e 2602 passes through inlet 2604 and i nto chanber
2606. Contam nants present in gas sanple 2602 are

WO usi ng nedi a 2612 to produce an out | BET/GEA004/028708
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sanpl e 2610. A sanple manifold 2620 may route a
portion of a gas to 20 SAW det¥ctor 2622 using inlet
sanpl e port 2614, md-stack sanple port 2616 or
outl et sanple port 2618. SAWAIMSctor 2622 may
accunul ate contami nants on a surface of the detector.
contami nants build up, an output signal associated
mtl%iwat ector 2622 will change. WWen contani nant
| gvel s f . det ect or, 2622 reach or
oxboea” oy e RUG RO bas ol in R P AR e P S 6 sepem
may bec&bpmditg:vated, or controlled, by detector
control |line 2624. When, activated, detector manifold
2626 may al f AN LOMPANIIBe t o pass through anal yzer
line 2634 before j nalyzer 2636. Analyzer 2636
my be a gas chf g%%? ég{rz)gp v%gg%f%%trenihaéﬁ %H%qucgﬁ?gan
capabl e of nedrealrchihbeg; a cont ami nant present in the
gas sanple. Analyzer 2636 may have an output |ine 2638
for 30 exhausti nit képerbayngpn wlet pettistst termani f ol d

2626 may route t npl e through dry sanpl er
i nput |ine 262851]?%&%?9(?@%@ er 2630. Dry sanpler 2630

may include any zfindimalia arbs@htid® AGEDLAE hidflal chamber; and
PCT/ US2004/ 028708 -52 dry trgfps_,_ Tenax traps, wet

i npi ngers, and/ ot SABmling PR derdpeliEng nicasurernéntof & icomgfaminant
and neasuringqGentaoLnants in the gas sanple. Dry

sanpl er 26318 ngygel{bhg%%aél an outlet 2632 for

exhausting a gas sanpler after passing through dry

sanpl eThe263 GilteTBrCISiRT BGHRFeifs 843d %Mﬁ?ﬁ)o%él&éta{ Rh&E a portion
sanpl er system operation, or alternatively can be
used t%f seidgactize E2savisiditde topsnsdri on and i ndicate to

the user that the sanpler contents are ready to be

alyzgd. ..ln view of the wide varjety of enbodi ments
i T Gl obh R 2 et Fif Fentpaatanbores pepirisee eBusid
be applchgd, it should be understood that the

illustrated enbodinments are exenplary only, and
shoul d not be taken as |imting the scope of the 10

pt-eserithe filiee of tlaim 3 Whereth sdidBur oo bdripiiRb alkBatipaEr Alilitating
limted,to the described order or elenments unless
st at e ereresAt saidicepamingsbr ef ore, all enbodi ments t hat

cone within the scope and spirit of the follow ng

ai L,val ents thereto are clained as the
Shvent Tt QB E PSR Sichriasubsrosemu signa
representative of said contaminant and initiating a sample measurement or

terminating a sample measurement.

6. The filter of claim 5 wherein said output signal is a voltage that changes

amplitude in response to the presence of said contaminant,

7. The filter of claim 5 wherein said output signal is a voltage that changes

amplitude in response to the presence of said contaminant.




-53 CLAIMB. 5 10 Wiat is clained: 1 A gas filter for a
reactive gas used in a sem conductor processing system

WOGedRLI13INY: a container conprising: a tube paffi9d04/028708
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having an inlet end, an outlet end, and an internal
chanber; an inlet port having34n inlet particle
filter; an outlet port; a filter nmedia substantially

fig. | i narnedilfr bnéiaid 8lfuraRABRRprisiAg 8 detBot: P8P IdeASHRRY shid
for facilitating neasurenent of a contam nant “in said

react i wengagnang, saifhistagtos chinmusicatively batipkedito seildeersion
said sanpling port nmakes at | east a portion of said
reacti\zzﬁwﬁﬂs at\ﬁila le to a.sensor. 3. The filter of
clhi m feephelaim b WhsrRm gt driectareamases Heas chipmategsaph for
of sai qd?rljtﬁ)dﬁgﬁ‘ﬁ@fzontémin-gﬂﬁ filter of claim3 wherein

ace

sai d sur onprises a coating for facilitating
adherence of said contamnant. 5. The filter of claim

4 Mher eitie Rl of SIQIE 0 whpredtlsit®San@ilin@ PoRUS carh@iMbatively coupled
representative of said contam nant and initiating a _
sanpl e toresapkingdavicsrin aananaerAapsing Agoaminepl ia said reactive gas to

nmeasur gent ~The filit aimb5 wherein said
out put %si gndgla%%a-giiﬂ13 t\(/)oS idggepﬁ{ﬁ%gévé%eanges_ anplitude in
response to the presence of said contamnant. 7. The

fifht er Tofe MileRbfRIAMNEHEERISRICsaHRY UeALIBRhprisSs Adry trap.
vol tage that changes anplitude i'n response to the
presence of said contam nant. WO 2005/021134

PQR/ US20R411RP 87 E18im Siwlereilhmaid dahiplifig dévict edniprises aTedmrirap,
conprising a detector for identifying said

cont am_nant, said detector conmmunicatively coupled to
sdidd semediter of claine1§ wheigin sgid sempling devipreeamprisgna Wet

det ectgﬁj copprises a gas chromatograph for

i denti yPn sai d cont am nant.

14, The filter of claim 13 wherein said wet impinger comprises:
a first wet impinger having a first input end for receiving said reactive
gas from said sampling port and a first output end; and
a second wet impinger having a second input end coupled to said first
output end for receiving at least a portion of said received reactive gas from

said first wet impinger and further having a second output end.

15.  The filter of claim 14 wherein said first and second wet impingers together

allow determination of a virtual NOx level associated with said reactive gas.
16.  The filter of claim 10 wherein said sampling device is portable.

17. The filter of claim 16 wherein said sampling device is received from an
analysis facility prior to being coupled to said sampling port, said sampling
device further being returned to said analysis facility for analysis of samples

received by said sampling device while coupled to said sampling port.

18.  The filter of claim 16 wherein said sampling device is handheld.



5 10. The filter of claim1 wherein said sanpling port
i's communicatively coupled to a sanpling device in a
manner causing a contam nant in said reactive gas to
WOF0HREE4avai | abl e to said sanpling device. 1RCT/PRW04/028708
filter of claim 10 wherein sa[?isanpling devi ce
conprises a dry trap. 12. The Tilter of claim 10
wherei n said sanpling device conprises a Tenax trap
10 13. The filter of claim 10 wherein said sanpling
devPce dbarpiteeslaamys whereipisaid sampling device Pinevidésl a resuloto a user
claim1l er.el n_sali d wet inpinger conprises: a first
wet inp%%%ﬁ?aln ?ﬁﬁa%y???gt i nput end for receiving
said reactive gas fromsaid sanpling port and a first
output i i Al APL 1 ] .
TBct e e AR TR B or R SRA AR o sac
recei vi mpubport.east a portion of said received reactive
gas from said first wet inpinger and further having a
segond utPEt end. 15. The filter of claim 14 wherein
sartt fi fo¢ ulgrpicimigwheinispigispypling pastistonated papximate to said
deternig@%hﬁgnpf a virtual NOx | evel associated with
said reactive gas. 20 16. The filter of claim 10
wherein said sanpling device is portable. 17. The
fibrer The filtéd INclAmINGR&ER sBidistnSIEDdrPE ISBYdMRW D said input
received froman analysis facility prior to being
coupl edperdandsail eepwitonly port, said sanpling device
further being returned to said analysis facility for
anal ysi s, of... sa es . received by said sanpling device
whfi-e ci}a%ﬁ%‘c‘f Oggl%‘aildwlg%ﬁmswﬂ@uﬁm; port bas apgputigparyigle filler
10 of cl ai gdRINDBELIAN Hedria$SRERLd N9 device is handhel d.
WD 2005/ 021134 PCT/ US2004/ 028708 -55 19. The filter of
claim 18 wherein said sanpling device provides a
reddil t The Altersdclaiafitveliersikaid giliar proakivs 0BRbut g0 strddi€having a
filter of claim1 wherein said sanpling port is
| ocat ed PCERTAQR &f prmeaiapf np giater iwtabow brpbvand a concentration

filter PER IR [ [ ' ort i i
L ocat ed oy, aade Heand oof SO S3hbyieds proapypaving
of cl ai acdncalreation f amntbniaigdreagr that dbous10 peHtLd a
bet ween sai d i nput ggrt and said output port. 23. The
I3 fi1ter gmeengtian el sHbr droxideioprenierdan ghort S nply. seid gas filter
?ﬁ: L?La@i@aﬁ%@?sﬁﬂé &r‘éfn of 1 gl%éttelet'ﬂgﬁ BSbut BB 8sist31" gn input gas stream
pressure in the range from about 70 psi to about 100 psi and an inlet gas

stream flow rate in the range from about 20 sipm to about 50 slpm.
25.  The gas filter of claim 1, said inlet further having a fill port.

20 26.  The gas filter of claim 1, wherein said substantially cylindrical tube portion
has a central axis and one of said inlet port and said outlet port is offset from
said central axis and the other of said inlet port and said outlet port is

substantially on said central axis.

27.  The gas filter of claim 1, wherein said substantially cylindrical tube portion
25 has a central axis and said inlet port and said outiet port are offset from said

central axis.




24. The filter of claiml wherein said filter provides
an output gas stream having a concentration of

w0 ahmimRid4 of no greater than about 1 ppbv and wcr/us2004/028708
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concentration of sulfur dioxide no greater than about
| ppbv for an input gas streasghaving a concentration
of ammonia no greater than about 10 ppbv and a 15
concentrati on of sul fur dioxide no greater than about

5 Apbv, 1Rai.d Q@nsoifdlzgfane ?e\{ﬁ thlegst Bﬁéai?fsslﬂ.[ n E?Qrtigfe #}Rr and
greater than

pr essursaid outlehparticle g‘mef dsdmprfdaal#or&ﬁ niskiel Iiaim@b@illtbr ddpble of
psi and_an inlet gas ,  streamflow rate in the range
from abfé}t?ma@a%i%%h@bln&@@e&mw of japet 0093 nrigeong g% greater.

filter of claim1, said inlet further having a fill

p . sfllter of aim1, wherein sai .
DUk anphedis SEC iam L atreteimcoif s fisaes RSP ESE Tl gy i
axi s and one of sald |nlet port and said outlet port

| SpT T Sftle o @r 121 HmCE Wikelin 8314 Yo o it OB iPfo preater
sald inlet  port and said outlet port is substanti Fr
on sai dhoestound.Oditers. 27. The gas filter of cIa|n11
wherein said substantially cylindrical tube portion
25 has a central axis and said inlet port and said

outl et wrgas fjter fo@ﬂ%@tl hsa i) filteranedia porapuises gapulated
2005/ 0 %5@ 28708 -56 28. The gas filter
of clagﬁﬁﬁﬁe erern t ‘east one of said inlet

particle filter and said outlet particle filter

COIPDI | SEhedalP GNOUST JMifmKIE whRAiA 54 Altéd xh&ﬁa cGApRdRL gh@sf horic acid
filtering particles havi ng a di ameter of about 83

m cr ondregted gramiased achigated pbargead. filter of claim 1,
wherein said reactive gas conprises clean dry air. 5

30,. Th as f of cl m.1, erein_said vol ume of
fitker cﬁaaﬁﬁgrqf&lagwe‘aw reiy spich ligranedizcemprises petassiym

The ga%afﬁohﬁt%rtreﬁ‘ﬂced a"i\hmteh’ac\’ibﬁ&?b rGAld filter nedia

conpri ses granul at activated charcoal (GAC). 32.
The gas filter of cI aiml, wherein said filter nedia

capr i sSEe gab aphefrdaimal; mtherelPsdid GRédeds 66&%1@46@ ghosphoric acid
activated charcoal., 33. The gas filter of claim1,

wher ei riredisdgramiated achuefed chaserali ses pot assi um
car bonate treated granul ated acti vat ed char coal . 34.
. ai m filter med

ofio? 7 e Sl iR eretl G BllerS e pamirifes V6 ofmore

act [ Vatlﬁdd&h@l&&@@dtenalé 35. The gas f| lter of claimi,
wherein said filter nedia conprises two or nore

bedded filter materials.
36.  The gas filter of claim 34, wherein said filter media comprises a bed

substantially of 2 GAC filter material and a bed comprising a phosphoric acid

treated granulated activated charcoal filter material.

37.  The gas filter of claim 35, wherein said filter media further comprises a

potassium carbonate treated GAC filter material.

38.  The gas filter of claim 1, wherein said gas filter supplies an output gas stream

having a concentration of hexamethyldisiloxane (HMDSQ) of no greater than



36. The gas filter of claim34, wherein said filter

medi a conprises a bed substantially of a GAC filter

material and a bed conprising a phosphoric acid
WOPRARLE4gr anul at ed activated charcoal filterPGEUS004028708

20 37. The gas filter of clai r’935 wherein said filter

medi a further conprises a pot g33| um car bonate treated

GAC filter material. 38. The gas filter of claiml1,

wher ei nakat 40 gakey for pa mpuégq@ptrc@a having atcpmentyamnmfrceadnnsable

havi ng ne t| t hyl di si | oxane ( HVDSO)

of no g?rega%ﬁe ‘F%‘[ %‘ a% 1Pr15§2( PCT/ US2004/ 028708

-57 about 10 ppbv for an input gas stream having a

copgent

abodt 100 Eaes gEARRPL ARGy sPHRRL RaRRack §BhH driBibreater

said fi thaenabm@LSahthasmdoutphUgm stkambaga aaica[tratibhaﬂﬂammonia of
5 about 0.5 liters and ﬁ qgas stream has

concent PAETERET gn ROHS PR Bfm aﬁ?ﬁcﬁ?téaé'loér‘)fﬁﬁgﬁ digydde nojgreater

PPV aNthaf a5E @by 8ria Tl gSlcledn 1 A4S0 0062 Phimmonia

t han about 1 ppbv for an |n5ut gas str a aV| ng

concent n@gieatar than abovd ) ppbnamdyr eakartratibnaof aifo thok(ilie no greater

ppbv an sul fur di oxi de no_greater

a_concentrat;.on
t han ab 3 V’ssaidosa@ 3&%1}%&& H&FRiTrep pf fa_%grﬁatér than :
drop of gyt 95 Ss':itf&r an' iR rggﬁgfg:‘dhﬁ'@ssg lin ftk?e;r&ﬁ’%s#&[i%{)citg% psi to

stream pressure in the om about _
10 about 1€8®upb@) @andndm inkdt gas Yasmslaverte ihl therangd Boinrbbhie20
range fr.om about slpmto about 50 sl pm 40. A gas

filter YBP1Qa l?%’ééﬁlsl}’gl gas conprising: a container

conprising: a substantially cylindrical tube portion

haﬁld.ng %%a%ﬁ!‘rﬁifopypeac% %ag’g%lg?jl{iél : _end, and an

intern an 1 nl ving an inl et

particle fildemntdilatcomptisings i nto the internal
chanber; an outlet port having an outlet particle
filter that extert ﬁtﬁﬁt&ll}'tcﬁléndrmbmh%p%lnah@éng amfidet20d, an

safilter ”Eddu@le{{}?ﬂl,argdcluliﬂte ‘?cfg garnal chamber, the

gas filter supplyrng an ou S’ stream haV| ng a

concentration of arinenpat h):fvmg"m @let phrgitletRnthabetténdt into the
ppbv and a concentration of sulfur dioxide no greater
t han about In{SHIN chasb %n input gas stream having a

o o ot A A G AR A iR
t han about Shephemaltchembasand

20 | a filter media that fills the internal chamber, the gas filter
supplying an output gas stream having a concentration of ammonia of
no greater than about 1 ppbv and a concentration of suifur dioxide no
greater than about 1 ppbv for an input gas stream having a
concentration of ammonia no greater than about 10 ppbv and a

25 concentration of sulfur dioxide no greater than about 5 ppbv, the gas
filter having a pressure drop of no greater than about 35 psi for an
input gas stream pressure in the range from about 70 psi to about 100

psi and an inlet gas stream flow rate in the range from about 20 slpm

to about 50 slpm.

30 41, The gas filter of claim 40, the inlet end further having a fill port.




filter having a pressure drop of no greater than about
35 psi for an input gas stream pressure in the range

wohb@ipaBeut 70 psi to about 100 psi and an ipdphsRHtfors7os
0
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streamflow rate in the range from about 20 slpm t.

about 50 slpm 30 41. The gas.sBiLlter of claim40, the
inlet end further having a fill port. W 2005/021134

PCT/ US2004/ 028708 -58 42. The gas filter of claim 40,
whey ei i cvl.ipdrical .fube portian :
ot o oLt bEREAO XaRIGin Ae BpnulaH3 Ry Ube portion
outl et ipRratceh@alakiss@t ohe @MhkMet gorMdndalutiedpoit B REsETRO M the
other of the inlet port and outlet port is )
subst angentipl axivand thpetherefi thainletpoy ang ontdet poHds spbstantially on
filter i m.40, wherein the substantially

cyli ndrtggﬁ%lt?a&%?gé‘porti on has a central axis and the
inlet port and outlet port are offset fromthe central
axiy. 4he gRTIQGASE dlhihd £8, vierdmh Q‘fe@hﬂs(?anﬁﬂh? Efidaridhi thﬁ@ﬁ&r{ion
one of the inlet particle filter and outlet particle
filter loommentsa aaispod thrsiniet phre kngautiet pbmt afei dffset from the central
capable of filtering 10 particles having a dianmeter of
about P03 nicrons or greater. 45. The gas filter of

cl ai m 40, wherein the reactive gas conprises clean dry

ai 461hal e - a] ' :

vol e D1 3 FFof dtibEo Tk Fh Tkt Eon PbE T bafcly fter and
| i t ers.outlét partiele idtsr Earhprive aqlordls aiidkelhrtis¥ Giltes ¢uphible of filtering
filter nmedia conprises granulated 15 activated

char codteriigtesdjavingg digmgtegakabopt 9803 wcremsArgropter.

wherein the filter nedia conprises phosphoric acid

i Frer DY @R S0 0 SRR SRR siidamp Rnrnatng o

pot assi um carbonate treated granul ated activated

chgy, coathe £Q f@r of NENDES \Jﬂel'etix?ﬁle%lt&lleaéml%@ memqtg gg Breater

the filter nmedia conprises phosphoric aci trea

gr anul ahsalalzet BWditerd. charcoal . 51. The gas filter of
claim40, wherein the filter nedia conprises two or
nore bhedded filter materials. W) 2005/021134 -59

PCT- Us2bitsagas Sidtenefl edaim 46, wherean the filter meliacpmipRsesgranulated

wher ei . 8o bl LR COMPr i ses a bed

48.  The gas filter of claim 40, wherein the filter media comprises phosphoric acid

treated granulated activated charcoal.

49.  The gas filter of claim 40, wherein the filter media comprises potassium

carbonate treated granulated activated charcoal.

50.  The gas filter of claim 40, wherein the filter media comprises phosphoric acid

treated granulated activated charcoal.

51. The gas filter of claim 40, wherein the filter media comprises two or more

bedded filter materials.



substantially of a GACfilter material and a bed
conprising a phosphoric acid treated granul ated

WO%?JSWﬁB?d charcoal filter material. 53. The gas filter
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aim 51, wherein the filter nedia furthefCT/US2004/028708
conprises a 5 potassium carbonate treated GAC filter
material. 54. The gas filter of claim40, wherein the
gag,filter s lies an_output gas stream having a
c org%e nt frg? E%‘ﬁﬂ%f Oﬁ%lﬁ'é‘hé HYAeasia fhedidten rcdiavoBQrises 2 bl
gr eat er sytRafHalBAUGAL I I,nput gas.stream = |
havi ng a concentrat?on o%p}élgﬁeg%}nsa qbeE% GrERSIng 2 Rigsphoric acid
gr eat er trediethgramdated A@0 apdletiarcdd) Bfer mAtegias filter for a
reactive gas conprising: a container conprising: a
sugft an,H'laI |y cylindrical tube portion having an inlet
ety an'ogasifder ehdaimahld wherdimthe fiitet metiarfoeher campiisdsat
port haydg: ' t ilter that extends into
t he 1g]yd| nt ]él?g% rﬁ‘%@%&ﬁ%ﬁd (%Egﬁtﬁ E’lateﬁapt havi ng an
outlet particle filter that extends into the internal
chidrberThexnd fittef bt IR 40 Wndrekhnb s | LesGRanDe
the filter nmedia having a l{?orrturrggsb)lfiRgﬁ%{] rleegtagloﬂ&ﬂggf’ss“eam
about (haging A oneeninahen gﬁmxﬁmbﬁlgrdiﬁlupm{_e}(mgi)sm oPhb greater than
out put ﬁ%ﬁtﬁ,ﬁ?ﬁfrhaw ng a concentration of ammoni a of
no greater than' abott"A% s HreRyhayingheansentetionaf egndensable
sul fur otpmidsd gea&Bal Mour IdiARPLoOUL | ppbv for an
i nput gas stream having a concentration of ammonia no
greater than about 10 ppbv and a concentration of
SISt ur A dasoidlicd domaregtivaiged ¢ impout 5 ppbv, the gas
filter having a Pressure‘25 rop of no greater than
about 35 psi* PBRINGHCOMPRINGas stream pressure in the

range from about {43 . si.and an inl et

gas stream fl owzrgg]t%zénluhﬂ}/ ﬁ}@%ﬂéﬁé&%&?@mx% A @ﬁaﬁﬁ’?d’ an

to about 50 ostfigrend56d atliee@abetainbeer of clai m 55, the

inlet end further having a fill port. W 2005/021134

PCT/-US2004/ 028708™ I8¢} Pt hayig ap aRjetpartiale fier thataixtenBSinto the

wherein the;gulstanibgl!y cylindrical tube portion

has a central axis and’one of the inlet port and

outlet port is ohif eetletborimtihgan 6N haticRIR: a2 B s into

other of the i.nlet port and outlet port is

subst ant i al [ '8§ma] phambsriapd| axis. 5 58. The gas

filter of claim =Y : bstanti al | . ,

oyl i ndri cal tubeéggﬁm%%ﬂ&h% lﬂ'ﬁel%gl c%a.mrt])er, the fliter media having a
volume of no greater than about 0.5 liters, the gas filter supplying an

output gas stream having a concentration of ammonia of no greater
than about 1 ppbv and a concentration of sulfur dioxide no greater
than about 1 ppbv for an input gas stream having a concentration of
amimonia no greater than about 10 ppbv and a concentration of sulfur
dioxide no greater than about 5 ppbv, the gas filter having a pressure
drop of no greater than about 35 psi for an input gas stream pressure in
the range from about70 psi to about 100 psi and an inlet gas stream

flow rate in the range from about 20 slpm to about 50 sipm.

56.  The gas filter of claim 55, the inlet end further having a fill port.




has a central axis and the inlet port and outlet port
are offset fromthe central axis. 59. The gas filter
wo%hosfbAakn 55, wherein at |east one of the inlgtrysao04028708
particle filter and outlet particle filter conprise a
porous nickel particle filter_ggapable of filtering 10
parti cl es having a dianeter of about 0.003 m crons or
t er t
r eac t | Vgheﬁgass f;ll-%?ogagleré 55 eraﬁ d]'i:ej sﬁb&brﬁﬁgXW%(ﬁ{cgl ﬁlﬂgportlon
filter lods aaieatrm s, andiome e.f fhetlﬂ]et ;ﬁod mroumdpm cstmﬁeu fp@as the
granul ated —activated charcoal (GAC). . The gas
filter gmtalaisenmskthe iher af the ftﬂ%t port qnérouﬂﬁtdqoat ig é‘ffhﬁ%’“&@@’ on
phospho '%1@%“ 15 treated granul ated activated
char coa & & gas filter of claimb55, wherein the
filter media conprises potassium carbonate treated
5 9r sqiul atkdoAatlicy 8f Qiding BaIwiIRAin tRAubdthiall§ 2y findric8! tubé portion
claimb55, wherein the filter nedia conpri ses
phos phohasca ceoired axis andithelindgt aoviland eutlei ppitwarg effset from the central
charcoal .. 20 65. The gas filter of claim55, wherein
t he flli”‘éfx medi a conprises two or nore bedded filter
materials. 66. The gas filter of claim64, wherein the
Fikger f'ﬁ@%@g ARFBE bl%ﬁ& 53,3 WiRGin 34854 AL bﬂhwm&f aftic#¥\¥ter and
filter rial conpri si ng phosphoric acid
treat edotgteapmitlaled'dteacd)mymeerbarbmrmdall pirtnb]bef'rlterredpab]eaylf filtering
WO 200/ 021%134 PCT/ U§2004/0 8708 -gl .67. The 9{
10fi1ter pAEERPaKRE2 diRmEE Oh2RE0 L0 MICORBER HEA T t her
conprises a potassium carbonate treated GAC filter
mager i I
aé(? il he gﬁ ﬁI’EEFSté gﬂg% E% \%l?é}?lgfthéageg(lttmcggs cq\i\%ﬁl §1 Heérpcﬁ'y air.
concentratlon of hexanethyld|3|loxane ( HVDSO) of no
gr gpt er Thda4s fhiter BPbIhind 85, RPkYeih Ble MPer niHA collBstised grémiTited
havi ng a concentrati on of condensable or gani cs ho
gr eat er adativated gberaeal {6(pbv. 69. A nethod of using the
gas filter device of claiml. 70. A nethod of using

th as_filter of claim40. . Lo
82.9 T{xe gas hi fr Iter of claﬁn , wherein the filter media comprises phosphoric acid

15 treated granulated activated charcoal.

63.  The gas filter of claim 55, wherein the filter media comprises potassium

carbonate treated granulated activated charcoal.

64.  The gas filter of claim 55, wherein the filter media comprises phosphoric acid

treated granulated activated charcoal.

20 65.  The gas filter of claim 55, wherein the filter media comprises two or more

bedded filter materials.

66.  The gas filter of claim 64, wherein the filter media comprises a bed
substantially of a GAC filter material and a bed comprising a phosphoric acid

treated granulated activated charcoal filter material.
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67.

68.

69.

70.

61-

The gas filter of claim 65, wherein the filter media further comprises a

potassium carbonate treated GAC filter material.

The gas filter of claim §5, wherein the gas filter supplies an output gas stream
having a concentration of hexamethyldisiloxane (HMDSO) of no greater than
about 10 ppbv for an input gas stream having a concentration of condensable

organics no greater than about 100 ppbv.

A method of using the gas filter device of ¢laim 1.

A method of using the gas filter of claim 40.





