-1- REACTI VE GAS FI LTER CROSS REFERENCES TO RELATED
APPLI CATI ONS The present application is a
continuation-in-part of U S. Patent Application No.
10/ 653, 430, filed Septenber 2, 2003. The entire
contents of the above application is incorporated
herein by reference. BACKGROUND OF THE I NVENTION 5 Gas

filtration is criticalggRceeit edEggR manuf act uring
environnents. Trenendous efforts are nade to
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5 hexanet Gyt fltsitibazseriicaNkRBemiopatahiexybarfactering environments.
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et ﬁwﬁm%ﬁ%&wﬁ Relimiptie élﬁ@fa'&ﬂggng Gepagants from the gases
Sl o 2 S . .
ot 9SS RORLL Ry YALOS ARS CthtdhiRuROLY BACRRLRL cagiiedu
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of tool pneumatics; and the purging of tool optics.
Al hydroghiori2etigybasdsi adhas ymaianja, amiongen hydoxidee | i ke
is generally used tq drive, pneumatics, and purge
opteragehidypgimoning iydroxige, EBRE A, GIISRE] | | abl e
to . : . _
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adhere onto the op,i',i cal, elenments to form r(r)o ecul ar

15 £ i hygrocagens Withsg beifingpoigheigpies hian Oéﬁﬁl’f‘lgf?e’ss rﬂ@ymé@nayts such
ab : 4 ] [
b0 o (et AR AT Gty 36 e iSpiace). and
caumsesic Gisatldy 4s amrarsehatehe spherical quality of
wavefronts. Wien the information confained jin

spher i cH SSRESRAIHEIAE Plrajolifnegraphydigolsigag is wRpied iRy tggq%ﬁdla two
: f}p*uﬁlg?ega t;'ﬁg %ét?ﬁ%[ﬁg?fgp?lﬁﬁgglﬁmg%ﬁg ,and_ %?%ﬁrﬁﬁf&ﬂ%l’ (ﬂ)‘?ﬁs. Rithough
20  purified dry air, nitrogen, or the like is generally used to drive pneumatics and purge
optics, small amounts of contaminants are still liable 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
25  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 is

also misformed or abberated. Image distortions, or in the case of photolithography,
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the inability to accurately reproduce the circuit

pattern on the reticle, cause a loss of «critica

di mensi on control and process yield. Contam nating
substances may al so chemcally react with the optica
surfaces of the photolithography tool and/or the

waf ers being processed in the tool. For 5 exanple,

S Uiht Wiabdlitpxd slRurmly FpRdiIuBE the cirduit@htedm of thehRtitleUauba loss of
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aciotarteaing avithi theyphdtelithagrephy pracesaingistep utgé ajedubmg process yield.

s DR, e bfiofhe vl ARPHEL e e Gt iEni-FaMglo g Rdfantca

exgceine area, the area between the final optica
el enent and the wafer, conmmonly called the free
wor ki ng area, in processing tools such as 248 mm

tools and I-line or 365
mﬁmgg%ﬁﬁo%ﬂ%t%vﬁgﬁg@&aphy tools. A preferred
embodi MeRd in9éntfoR8nd 1Rt dad Filtk fok hZ&%tide g@salséa i RmiéRMductor
filtering a gas 20 for use in a sem conductor

prmroe®smggocslslsncbpmcassesdhﬁlamsansmthq mokecglascontamingtion. Gas

a7 TLAR DAL D FIAE GO e Besed SR FF P> dugeies such
cags the cRin aStdiMBe@to RAISHRSAIRsI 7@ g‘ﬂ@ﬁ&é&% &)h@gte the exposure
coll ects contam nants over tine in a trap, fo

exanq;ltleq arginbetw eerothie dmakops wal ebemm;alsd thesdw afst, ngmmonly called the

I | tech I
et veiiitg 4 4" BRRESImEdUR D o 98 rBLP LRt e itposraphy
Veh1shal ¢ 3neor 36@%@%&&@1%%0%%@%&?%& o purify
synthetic air and clean dry air, gas sfreams used in

phot ol i Ahmgfmgrhgmb@mmpnmfﬁhamdentmnsnmzmgmlm for filtering a gas
neunmati.cs.

cessi ng tool be, however, .
DS Rralpdast e Epeesy gt T omBipi Vi fioes mgnitor that
f %e@s’&?&ﬁbﬁt@nﬁﬁd&seént&ﬁﬁé?ﬁd% ﬁg %rﬁh%}{ QAH&Br %Qﬁ%ﬁfeq{l%r The gas
before m xi ng themtoge o 30 nake synthetic air.
- 3monhitorprgafesice edn berlwaitiveor passiviesagabng dévier thatofolliedte
I nvention renove particul.ates
contaminants over time 1n 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
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

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 chemcally active or chemcally
catalytic filtering material in conbination with an

inert polynmer (such as PTFE), -3 activated carbon, or

both. The gas filter can include a porous netal high
purity InpRéfeired 8mbbdikRhts, heghs Afers bPthe SN AMBbE renfove particulates
porous nickel cup or porous nickel concentric tube
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only criteria for a useful gas [ter. In addition to
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dreBeacross the filter) for its intended purpose.
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i nventi on pr ovi des a reactiVve gaS lter with an

I nmemmd npnes §upre) mdy bp requaed tegwezh sontaummnys away fragn pptical

be der od t ressure drop varies wt 0 25
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stream pressure and | ncrease with increasing fl
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di I d d j .
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probl ematic, however, to provide a gas filter with

r e ducedTBoprsdnt Erventiati providesiarecatinct gas d'uteewltpraesmproeyed pressure

at can still rovide an o0 ream )
P PR st Se Sian R i be gedete i ek iSSure fiopafies with both
25 bohbwa eaRd thpRghsSeit é)reséured Toical®y, HRY prégiuld Wb d8@8ases with
streamw th amm®ni a and sul f ur “di oXi de ‘concentrati ons,

increasing input gas stream pressure and increase with increasing flow rate. Tn
addition, 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
30 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
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respectively, of no greater than about 10 ppbv and 5
ppbv. Accordingly, in one aspect the present invention
provides a gas filter with an inproved pressure drop
and a filter media vol une of ng greater than about 0.5
litters 5 that can al so supply an out put gas stream
havi ng concentrations of |ess than about 1 ppbv for
botipxigefasmnani gassirerm with asmeaia and saHuy dipyide garcentrations,
str W [ u L. di axi
cdﬁg3%?¥%&?%%§2%%§§6§@gP9§ﬁyfﬁ%Wqﬁggdﬁﬁzter t han about

10 ppbvAesedibglyfiplove abpecamebhsentasnstibn ptdveddsagee filter with an
invention provides a gas filter with an inproved 10
prigwseived pipssyreinep andrq fikarmediayelume|of e Stater shagrabautd.5 litters
t aho ' r t -

gl Rt s h St s 5RRG poRedBRaclqror i ih o 1

PPkpbVIer bdil kimontwandl salfandioside ffer andhputigde stkéinm @ithiafdetinia and
gas streamw th amoni a and sul fur di oxi de

c ontfap dioxide sancentradonscrespastiyely f¥f nerepterdhar ahomwh hO aplyuand 5
10é§%gbv and 5 ppbv. In accordance with one aspect of

t he present invention, the filter media 15 volune is

no gr ealh@hothbaaspakOht pesbntlihiedkién ptovided fai gasi Hiltpr itk bii @fproved
enbodi nents, for_an 1input gas strean1£ressure‘in t he

r angBura Gap albyfiltaypedia yplymend mo aepser dhanbeugd lifers that can also
(psi 0 [ gt j C

(PSP R0 A% B Qo el e BASRRGEER oo

engipslbiiie Ahd silfg dgdsdd for bl inplfgasktieirBSAH Antlbai 2@l silfur dioxide
greater than about 9 Poun S per square inch ggsi for
ancopgentetions, seepecitvelyl ar nhgreptghiden pbarhl ippby Orey.pm

to abo 20 S 1) dn anpf her i rent

111 cor PaboartPRbull ol B OER S RhosERIRMLIE s il s

20vddse o @Bateikhhiehbdult 0W litéis € In Varidue pfedérg@l drnilsuimb@sitfor an
20 slpm to about 50 slpm &Tiéii) i n_anot her

enippeli 888 frcam pesyEs I the range es hoyt Eekpruadg pepqgaremech gauge

gr gat t.ha out 5 L. for an outlet . flow rate in

P BRI e LR s Bk ke BOerE St o bR G o
Vafollews: @) hesneambdini@n] the Qhs MtgGass & Efdsﬁfre Bevp dTGodreater than
filter media 25 volunme of no great than about 0.5

| i abont? pewnds @ar squpigtingfa@sy forcarmusiebBe rete imthe mangedrge about 3
from about Si.g..{0 abeut 100..prig.a gas.fidter in
actorag Rt 2P olbbti) iRl enbeufiengu 88 ik thllorpiyre aop

| NofafegresthaHanEsut 20 P8l foedn diitlet Aowhae iRtHRresEUr@n db&R 20 sipm
of no greater than about 13 psi for an outlet flow

r atoeabpyt J0rdpm aiigleinfapethertiobadiper) hmgasfilerds apoessee giigp of no
(i) in.angt her..enbadi nen he gas filter -has_ .a

or ke ARG o RERG R dolEREd e bhE 28Ruu 39 tom o
anatut | @ siphOM VasioBs bihet dfibddmmess bf & gasaﬂmwumaaﬁﬁ ol M hiedia
about 50 slpm (iii) in another enbodi nent, the gas

f i Yaleme pfBo grepy thew ahant @i5dperss fonan fipshgasrstrepampressergn the range

ggfrgr?ql R:Z)é)t(r; Ogﬁg(jttléta%g%t 1]; O%Vﬁ\ﬁgra?éa_es ﬂlper gnhe?cccr)r%gl(%cee \{/ﬁﬁmeqr?&e% ion can
be as follows: (i) in one embodiment, the gas filter has a pressure drop of no greater
than about 13 psi for an outlet flow rate in the range 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;
(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;
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In various other enbodinents of a gas filter having a
filter nmedia volune of no great than about 0.5 liters,

for an input gas stream pressure in the range from

about 30 psig to about 70 psig a gas filter in

accordance with the invention-gan be as follows: (i)

in one enbodi nent, the gas filter has a pressure drop

of no gmeatieis dtharenibodbRetits 4B P&l filfep haviig @ ¥llteLinedia ¥8lume of
rate in the range fromabout 3 slpmto a%out 20 sl pm

(119 grieat tharoabient 0.8 fiteysli fean inputrgas glieant prassure fraihe gange from about

ot o BiRP e R o 70 2 ate ol b s BBl oprp 48

abRUbwsO(i$indHe enbodimert, the &Y fedr hasTh pEbissRe HroptdT@ o GRsater than
filter has a pressure drop of no greater than about

10dboup ] pdi der amrouglgt flew réte pvihe zangeitrpm plzout 3slpen forabeut 20 slpm;
about 50 sl pmto. ab 10 I In 10 accordance w.th
o) st BFop el the e 1tk B ¢ it 55 B bR abou
V 04 (LipRR fdranHtlefERLRE inf tha FardB Gléin dbdut REEIBm torab¥ad IS m,; (iii)
preferred enbodi nents, for an input gas stream

priaswother ¢mbadiaentathgeas filien e 6 press e dpenueid geaterstamakout 100

C ok . b 0 oei el .
advofaanea sy T e o it SaCaRth e sBEpblloBR 1
| NaceBRan@PiddbiRpect b heGRssehi int&ition athe Filef HSIHVAIIAOR no

of no greater than about 5 pounds per 15 square inch
( predter than appupdtiters. Inl aonsiprefarrediembod ungyés, ffercam inp gas stream

3 slpmt.o about 20 I (ii).in _another.enbodi nent,

© HEeS {0 8 B CRo0 Ao s 3P, e EELRCLP g kg pbout
abpgt psi% a%ﬁé fiftér in ABcoRddnic Wwith! tRMVinvhtfor dintbie@s FARER: f(1)3Aone
about 20 slpmto about 50 slpm (iii) in another
entyokidiment, theiges fHer Has kpegssuradrep ¢fmosgeater tHarogbapt S pounds per
greater. than.about 47.psi for.an outlet f] ate in

© r e e PR AR e A AR e g o gbeud sl Jagbout 20
2051p@; @1) % RSth@ MU, thé P& RS hhd é?ﬁ%sﬂﬂ@&ro@ of no greater than
pressure drop of no greater than about 93 psi for "an
ouatost 16 poviorr ant autiehflowieate amipe rangsiraab abaut 206Ipsi ferabout 50 slpm;

bout. 150, sl d ' th nbodi nent, t
aabiripiere S Ebeti. et B %6 Bres SR ShtaLe s than bou
abgupsi f&3H dislet AR rA8 irPME kfige floAVadoat S0 kpnd RALHAMDS slpm; (iv)
from about 150 sl pmto about 250 slpm In various

ot inemotheherdboriment, thie gas flier Has latpeesstrgvdromgofond grieater than about 93

di. I f 5. t h t, 3 .1i wenl
o Ty e Sy wire BogR rohm AuE RLHgE  phifftdisg s and
7_0(tv2$ﬂ Shdtifer 3RMBYImRAD RSy fAteHASs o ;ibﬂe&s%fe drBp JE RO GFEARE han about
Wi the invention can be as follows: (i) in one

endbishpsiréortan outet fipys rat¢ intthe range frampateut Ly Geslpmdp abdut 260 slpm.

t th t 6.5 ' tlet f te |
Phe r anerar Py RgamOos BT ot Easiist Ny s o GHR e olhe of
angy Bieht tRAPAHuI® mers,tf&emﬁggut%k biedanl presrPIARS Hinge BoRPabout

of no greater than about psi for an outlet flow

r al@pdigta dbout Hifyesig a gan fEbwin a@ordinperwith thebiovent®0 cgh perps

(i L) in another. enbodi pent h as filter h a

or U e R E T PE o it Pagaressse Sinpiolpg eragier than

ouidott 65 g@i"fof ah Butldl fﬁ)kiﬁrafeqﬂgl?e fah S8R ABbutos1BmRBabsut 20 slpm;
[

about 100 slpm (iv)
(ii) in another embodiment, the gas filter has a pressure drop of no greater than about

25 psi for an outlet flow rate in the range from about 20 slpm to about 50 slpm; (ii1)
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
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-6- anot her enbodi nent, the gas filter has a pressure
drop of no greater than about 165 psi for an outl et
flowrate in the range from about 100 sl pmto about

150 sl pm and (v) in another enbodi ment, the gas

filter has a pressure drop of -60 greater than about

420 psi for an outlet flowrate in the range from
abgisihel eRbsiRENE, Qh@@ﬁ%lte?ﬁ@s SprefBureddrb oYﬁ(’S f%r &l @bout 165
enmbodi ments of a gas filter having a fil ter medi a

vo]PSUI ey anfoutlniofleyy eate int tlhamarabzﬁtsmm abaut 1@0 sipmftorabaut 1i5Aslpm; and

AR P PPy B FRTlsF hve BESUF AR & A Eifaleh han sbout
mél Bt aﬁ%tl@teﬂ(ﬁﬁ raté 8 the¥éhge fom zhlﬂ)u@ 050 8pRadiaBBRL50 slpm.

the gas filter has a pressure drop of no greater than
about 1 \fagpu$ othergmimdiments Hf ogasfates having Iaeﬁlteangélafwomme of

about 3 out. 20 s in an

crberenuT oyg: R o o fcles MPesrhtbspete i Bp e fgm about
gr e@p$E td Rt APpsE a gﬁ@ﬁﬁ&* in fa@Jord’dhc@ Withhe fﬂv@fﬂldr?éaﬁ blefs

the range from about 20 sl pmto about 50 slpm (iii)

i nfodlewsh élb lreembmlnmcntt the gemfiltdrinas e prasage drqpr efgwigreater than

d h t 60 f tl.et
1 8fef b B e heR P o haseie 50 b ety gpstom:
S' @1lin ﬁﬁdfﬁer'eﬂlboéﬁﬂinlﬂ Qhe SAENEH ABRNS preEJ‘u?e ?ﬁg offinb tg?é'até? @l'?an about

a pressure drop of no greater than abou Si
an3®psi |fertanfdugat ﬂ@w gate i thheangarfgm abcomzabmm tolatb@umqmpm (iii)

t o, about dj
ol i RGBT, (e Flibulis 3 PSS oL o HiERgh han about 60
abgdi forkQutiBEflow Rite Athe wdrlg8frohd £BMut 89 SiphikoldbBut ' ROm; (iv) in

from about 150 slpmto about 250 slpm In prefe
emmmenrembgdlmme tlgfaysfﬁltet bas apressee qlmp 9€ne gieatee itan@hout 90 psi
ri se cont.a in S ant i
P i prdeitiop (R DR fagrd iR DR ko foa s pnd ) in
Zoarﬁ)‘ihér @hﬁbd]ﬂ%t ’thuaﬁhsq}lfet Bis @ﬂ@ss‘ﬁ?é &ropBf A ktealer | Flﬁtﬁtabout 150
and an internal chanrber. The inlet port haS an inlet
papd ifer aa Ofutlbt fow rdtain fdamrmgd frommbmut h&0 $lpngo phbutha sipar.

and th Eirl§ 8ﬁs*has article.filter

that ex %F@ ? Elef‘ﬁt Fﬁ%ﬁ presenf nveRonogpgises a
fi édrﬁmﬁé}%a{/fﬂ%%rsﬁﬁétarﬁﬁﬂméﬂ'indn-ggﬁuﬁé t)érﬁﬁn Wb@ hE@zﬁl ﬁllfét end with
bedded, gradéd, m xed or a conbinati on of

Foan imjeh ppltt,ee,n qutlgt envvil ewloutbst por ad anhaimmbbhe(n@%@) The inlet

ach PR PRI oD RSBl Tg Ao BB the outle
beglderhsta Juﬂ%f%a?tﬁ@ GRBCkh AL tendd i A6 A Blerfet BRI Kor. W‘ﬁter media

base treated GAC is bedded to forma first bed and
t hizllsthe dntemebehathb@AC may be graded in the GAC to form

t f acid treate
eac S0 eap e robe frd0gh At nated pré FPBh Bhtds
Z ggdgg 'p Fl&\r/’éex%mpw‘% ghdrhul & B04@Rd tingtotd RS ARSI AMEral can be

bedded to form a first bed and an acid treated GAC and base treated GAC

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



materi al s such as zeolitcs, activated carbons,

nol ecul ar sieves, etc. In one -7- enbodi nent, the

filter media incorporates treated GAC materials which

are designed to renove ammonia and sul fur dioxide. In

anot her enbodi nent, the filter-7anedia incorporates
zeolites and/or highly acidic porous materials which

ar gmpSAmgne fhetmter hRARVBcAPERIR Fredttd GHT Hﬁ?enais%%l’l G designed
chemcally anplified deep ultraviolet (DIJ

phtstremesé emmoaiacnd shifiut digxide Thieanbiter embodidicat, @wnﬁlter media

terials,. h d to. .
coRgReoBh G Lot AN ARE Pord ndRRls bhidr iencd t
D} R AnY¥riidlari HRES % @’hmh‘@ﬁérﬁf&ll?ﬁmﬁﬁﬁ@d &’éeﬁtdi‘@xﬂllolet (DUV)

about 90 g/nmol. and a l'ing point” greater than about
5 15phqt@esistyyars S®a$1t1ye condensabl e organics include

' d di t th
range. of SRRy Epg e it el e

EctiknfABR dipdfic cd'fﬁ’écﬁl‘ﬁﬂé Fbr HRPY o ﬁ%&écd’lést\bltﬁﬁ molecular -
i norgani c conponent which is not volatilized through

c owbightiefi greaten than ahopt 86 g/mnl cdndasshoiling pantgrpiter, thaﬁabout 150 (C.

oot Ao EirablS PRERHS Ty e B ls PeRiga LS atoms

10 f 1 bAtBIn 0 Edhge dPagpiBiRMALy ik %Mﬁczﬁ‘ﬁ&?atbﬁ@"(cgﬁ ,3laf@ high
supply an output ‘gas str'eam having a tot

comgteslabiveight organics wisher mqrmmmmionleetswhmh smadvolatilized

for.an input t th t.al .
sbitiEhgh A R e Ton ARG G Wlines Cofilpxanes and
abgyrodagg ppbv. In accordance with another preferred

embodi ment, the present invention provides a gas .
filter ia mefenpd embddiprens $he presimd mvehizan pravides s gas filter with

suppl out pu S str amV\,h re 20 about 990/

15 o Bty S prRE oo R San ey PR AR W SR TIRAR oAt
be%hd@ﬁéigléecﬂganﬁd QIRcaitrdtiBR6E |38 fhat BHGRTOWPbY & dnQhle gas stream
condensabl e organi c concentration of no greater ha

abwith aIOJl@l qpidensable opgaaicecromechtlanbm df nepgtegter thae aboutt19p ppbv In

T e oo e e TR BRese o Pgs a g
”Eﬁlté} \ﬂ‘l‘ﬁf‘}i’ﬁﬁr@?&i ;?r@ssﬁfead} ﬁ{aﬁgarﬁéﬁd é@b@danc&l@ﬁlﬁ Q& stream where
(GAC), an acid treated Cf renoval” of ammoni a

20 a n@qu’t BB er igreater of tt@m@ndmable mgaailc coﬁtasumwﬁmr hayie dmmhemoved

The filter nedia can. 0 i nor gani c .
GBS OR BBt Pae it ootek agsAols GBiAn L denpration of no greater

rm{hgﬁgi,@\{t 180g¥e. such as, for exanple, Si02/A120B)

and i norgani ¢ adsorbents treated with a chemcally

act i ve brprefesnd embbdimeatsathg tfilier mietlines sah@tcuhtqunéy corgiressed
r ef rﬁgg ﬁggbtﬁgieph%g&@gt}pg?esggg 3ry alrI ftllter fo Iter medla comprises

25 granulated activated charcoal (GAC), an acid treated GAC for removal of ammonia,

and 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;03) and inorganic adsorbents treated with a chemically
active or chemically catalytic filtering material.

30 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 internal chamber, although more difficult to



particle filters for renoval of particulates fromthe

i nput and out put gas streanms. The particulate filters

are disposed in the internal chanber, although nore
difficult to -8- construct, it is believed that such

pl acenent facilitates inprovedQ*IOMIdistribution. In
preferred enbodi nents, the gas filter includes porous

ni ccloet*ftrlpariltis bbléevmi Ithaé sls:htmaiemahfacéhtaftamw@reyl flosmdisibution. In

Do e EtBodiingtisaRe B Includ arous RaER AR flters at can

paretﬂfeGﬂn%l}f fehid9t Phﬁlcﬁla&@ MadSan ivekgt sz00e %Uu'i 0@05 ﬁl%ﬁs and
high purity particle filter such as supplied

Co igoetart imong B4feBed ﬁn@odbarm;, theqzarniéla di tonis a(p'bxous mckel concentric

5pr a8 AP BBHI L SPHLApMPE G b Yiop Rt (34 Syrigs Lane

nl Haghin guﬁ U'I{/g%(}?s@[fi 159) dfet bsrt Ruhbéd Boosae rIn%ﬁother preferred

supplie tt Corporation under part numb
12®n®©dlmdnﬁ, the pdrticle didter sraqmaousentks] cuhkigh apuntyqiaetlcle filter such as

filter 9. 9999999% or at al | rtlcles
10 SHORUF BB GPS 5% W R irR g SEAEAS0% i BlF

a @@bollirhdn®, thehaPEIOHiflaEeRoVES 99 $99800 W @R ARk 6RR Pﬁ’tlcles
cool ed using a thernoelectric cooling device. Organics

10canloba to ebeld 923 mknrbns.col | ect ed usi ng such a | ow
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25

t { t t
embod i PIEEATPHLTERS: hERef M SPRAm Kb hednygpiion can be
heabora %Elﬁg agﬁé?ﬁﬁ)@l'é@ﬂc céélm% SR @rkﬁgcwb‘é'cgh&@&écpﬁld

source can be coupled to the gas filter to provide a
h u mpﬁmtcyd winrg suoh ladelv daspesuprsl ombotlieent o fThe &iw euhperature

i fication. e.ca 0 i se n ultrapure
oIt b g iea Sl B e et enete b asaSiatd.
and a dw@dnnroqed hGHRNYScaiBh %urémme%ug@a t& HeQATY IS provide
controlled hum dification source can further conprlsg

a sdngoditsyatited gassapply. Jhs ce;ttroéhdlhbmmdlﬂcat;on(sowﬂcet:an comprise
outl e bot n 0 feedf orward and/ or feedbac
O oS tyre e DT Yt e B S f B BPe e & dryer to

Pr ef8b @b Yter ﬁ‘oﬂzﬁe bl sh%ﬁmOfTHeh:%nQBﬁ&ﬂﬁImMméﬁﬁ&ﬁ %réescan further
brought into equilibriumwith a desired humd

I e\cetnpbeé DsaEsOItsytemi tn scrrsp @asstedni mntnoidey (1ehe¢,tquv1et cgamth) and

i he. f ot her ect.s, features
nabesraEinalordre T HERHET B CaptpIemgTicatgn tapree
U n qf?éféﬁaﬁgﬁa §£soﬁ‘i‘tér ke tlfecﬂrés@i’l\ﬂ iRQerdRRGE bﬁh%ﬁ’c"lﬁto@c uMBruAURith a

enbodi ment t he 1 nvention and e acconpanylng
dr awlrﬁglshumldlty Mzeldxeawe rgs icoiperated mtencaciiveagaa sty line.

general |y refer. to the sgne parts throughout the . : :
di 11 er erie PrsgRing Pakother chipstndeatyres s afauaesat ithg/iny gntion will
S C §le8nore FRNARd8rstdoa i RAY t%%ﬂ&vﬂk%@%pﬁeﬁﬁof Jaridgd EftbddiBents of

the principles of the invention -9-
the invention and the accompanying drawings. In the drawings like reference

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.



BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred

enbodi nents of the present invention are descri bed

with reference to the follow ng draw ngs, wherein:

Figure 1 is an isonetric illustration of a preferred

enbodi nent of a reactive 5 gas9-filter in accordance

wWth the present invention; Figures 2A-2Willustrate

VargREy NESER IFEdow @WTHEDRA!WEJI@SVGd embodi ment of a

reactive gas filter in accordance with the present

| nvent i dhefewpd cmbpdienentsr ¢iohe ppesentsinvéntion Firg desssb@iwith reference
Ware to scale, and Figures 2J,

t%% éﬁ&mr@ffiﬁ‘?"@g@é’\‘ CUY i sonetric views not

n ecessarfigire 41 @4MisbRefcd!8straliBn 6F 9 er?é‘re%%n%dlment of a reactive
illustrate various detailed views of a preferred

Sentgasifiltenin agfordance eitht the pregent ifviehtiem; of Fi gur es 2A-2W

and unbrIeiE: g o AubrBReP deralrgei e fRef grapdiment of

| SQIpeidtive ghd fil&tin %&do‘i’dﬂan@é wit Qkdresdt Bvehti& ﬁféﬁqﬂe WEdus parts
of a reactive gas filter in accordance W t h

pr a8 Ergur¢srdfedl, 28n20,1R 28 gand2UHBW aredo s¢adis aud Evguofs 21h2P-2Q, and

er_of. Fiqure. 4A; Fiqgure. IS an isonetric
T ot YR et Firer npl e eheruy Ssmbe i e of »
10r eact i Verigiass §AI3reNubiat@ ¢ d ABGAAW felvs g pPJf@ﬁ&mmbodlment of
i nvention; Figures 5B-5D illustrate various detail ed
vi evmsadtive gesifikeraff Fagysessi A2 Mewhersrsjuate easketatimansions are in

| e ERe i abtroSee U BEGRRABEEEY di nens ons 1

I nc hes; nglgy B4R i6 ah tdoHRidANIBSratof O %ﬁércpréfeﬁga afb&dimRnt of a
systemfor determ ning the pressure drop of a gas
f i Ireastive gasaﬁ;lmﬂm asroedante with e ppesssbmventiongnt i on;

gures are plots ressure sus fl ow

157506 ot FHAPF IR FaRer s BEROR o suat 48 Tor gas

filters supstant bﬁﬁéoﬁleﬁid‘i'llhﬁfaubﬁ o'f BstRer! Jréfeitd &hBskiinent of a
Figures 1- 25 5D, the plots were deternined using a

sy stastive gissfiltartin a¢doydasc¢nVithr(hetmesehtamVEﬂltiQmst rated in

" 0UC g Sh BB 0 B e

i |hodimerR 6 € 9 FABIME M tTIfRr frhfcc&@@ﬁ%%ltﬁ ﬂl\é%'ﬂés'e&rinv%%ﬁ Swhere

the various parts in Figures 8B-8 8J-8L, 80-8P, an
208RtBeTuld:r@cktewdsmab@oranmméhgwr es 8A 8H-81, 8M 30 SN

SQ and r|o onetrlc ie nt ..

necessa% “8 a§gléﬂ 1c di*—argéfiﬂlé’ y’%en&%ﬁfl dsterpining the

Pr §3&UWiR d%;%’f é/g%drs%ﬂt%r fl &wdaﬁé% vAth R HrQust ihdibngas
St ream pressures or a prlor art cl ean dry air

filter; Figures 7A-7C are plots of pressure drop versus flow rate at various inlet gas
stream pressures 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 8 A-8V illustrate various detailed views of a preferred embodiment of
a reactive 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 8A, 8H-81, 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;



-10- Figures 10 is a plot of pressure drop versus flow
rate at various inlet gas stream pressures for gas
filters substantially simlar to those illustrated in
Figures 8A- 8V, Figures 11A-1.1Z, 11AA-11AZ, and
11BA-11BJ illustrate various det-ailed 5 views of a
preferred enbodi nent of a reactive gas filter in

accor dapg@red fiofs a@fot oPpRS&M dx‘o?\b%fbhb ABw rieek Qalidif inlet gas
various parts in ures 11B-11F, 11H11J, 11L-11N

1lptranIRpreislﬂ'eslme/gaslfllb¢IS svibstantigAB- Sllmldﬂ to 111(155-111115Aaed 1n Figures 8A-
11A)-1 1AL, TITAN-I1 AP, |1AR 11 AT, |1AV-I11AX, |1AZ,
11§ 13 11BD, 11BF, 11BH, and |11BJ are to scal e,

andFi gupgsrdsIAA-11%511A1K1 1 A2 0nd 11 BA- 118 i1hdde vhdid: detalled
11AI, HAM 11AQ 106 11AU, 1TAY, 11BA, 11BC 11BE, 11

5 andiewsRIf agr @elv@d ¢robedimsomdtarreastive ga\ssﬁlz!mdn accordance w1th the

non- i sqnet rl.c views not .necessar l.e;

. B st e e a oy e e @fmbltﬁoé?ﬁ?}ﬁ J g IN,
ratepat RYBIT-QUY, | IX 817, DESB-31ABAT RFEIAE, Q3 AT AJAS]1AN-11AP,
filters substanti ally simlar to those illustrated in

Fi dUABSIIAT,A1AVZ] IAXANAZ.AA BBad dBD1 BABH,1IBBH, b8d Fil Bliaredo scale,

13A— C ar & I o} r f
varrdberRlaR. PGPl ABTHS da i Aot A wlll 1AM, g

10 ConpRUAT LAY, MBA, PWE L YBEONBRNhH ¢ 1 BLAR vRAbd isbetric views and
filter part number 2390804; Figure 14 illustrates an

enbomilmmmoﬁewanatpmmarmlg dfawn Wesceleni ni ng a

cont am ant | lustrates an nbodl of
aref | Bty 128 DO AR o e o Vs R agteri variols inlet
gasnafe@a  prEdsOieE Sorldds 'ﬁ'ltlefé%hb@irﬁfall? emﬁm Q8liHIBEMI1uSkrat8d in Figures
terin Sy stemin accordance w the i nventi on;

F| gihAelleﬂbAamAZ land 1t BAel dFhemat i ¢ representations

157 a1 o PR LF oxe ot oLPTesy et dinp veftys Aigngic af vitious nle
| bhsitfatSieRuits MG RlbR CRPSresaMigh bty LonSertyStuBBarticle filter

that includes a filter and det ec?| on apparatus in
ac part damber 2%9%0804;he present i nventl on; Figures 19A-19C

illustrates nbodi nent i tector for nitorin
Cont o bisire PG TRRES Ot lim e $T50 BpareiyS for B rmiing
en‘ggghﬂﬁﬁhg of detectors in accordance wWth an

enbodi nent "of the invention;
20 Figure 15 illustrates an embodiment of a refractory trap in accordance with the

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
25  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;
30 Figures 20A and 20B illustrate embodiments of detectors in accordance with

an embodiment of the invention;
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-11- Figure 21 illustrates a nmethod for using a
detector in accordance with an enbodi nent of the
invention; Figure 22 illustrates an enbodi nent of a
portable dry sanpling system Figure 23A illustrates

a schematic representation of -H-handheld dry sanpling

5 device in accordance with an enbodi nent of the

i nvent i pgiretd 1GH0GrARB hbihbe Kralses aadeli‘&%#iﬁ héboMahce with an
sanpl i ng device; Figures 24A-24C7illustrate a mat% d
focmb@tllmgntapfdhq/ms'ammner to nonitor contaminants in a
gas supply;: Jigure 25 illustrates a schematic .. ]
repres eﬁ'lgﬁ’i ‘Jérf%B?traé‘?‘? ELNOhTY Wiﬁﬁ&?@’ﬂ Hﬁysamlmg system;
accor dapfgre/d 3RS AEPOSUHERAfic RprdsBiftafidh &Y haheld fd{iy sampling
Figure 26 illustrates a schematic representation for
rmchvumlnragcqxdmmwam anzemibodimerd ofj te 1smmpby, in

accor dapce nbodi t. ,of the. venti on.
DETAI Lg%gbﬁ\gé% ta‘if’sdihaf‘gggl Vife present

i nventi piuied 2dALRRE BRlstrfle 8 ntfod fol hhg E@fy @an{éﬁcg% mRiitor

gas used In sem conductor processi ng tool s
pr coaBiasnts itat gaywpplynsi tive to nol ecul ar

cont anm pati o Cont am nant s as. C cone f

many oL Bt HERRES fren et PRt GiAnai A A HHEAD Computer n
' t%bfdana—ea&bitﬁ ah efnbb&iﬁieﬁ?&ﬁﬁe HRELMS aPeCi €S i N a

cl eanbom envi ronnent, such as, for exarrpl e, a

f abri cakigore MMustmmChematmgrepmrmumﬁogmphw@a contaminant
systens. e.l ow Iecul wei ght spe such as

o2 B OB Pt SRR BHD i SRROSH oG EYERISRue: ght

sil oxanes are the nost preval ent in manufacturing

envi ronnents. In addition, even so called cl ean gases,
sUDETALEDdAS ARIP TAON, OF dHE MENTIONont am nants at

S condipgrent BRERUGL S Alresfalt Badiey f Afeagiye as used in
CoghREaficion ﬁfoc@srsﬁlgrfg&fs ahd bﬁJc¥ssE§thﬁ@Q’E‘ SénstthR to molecular

perfornmance of optics are " conpounds having a high
c ocdrdamimatioro "Cag@hinanise elm t gay caa dongHrom heoy saurcesanghding the

ex es can, i ncl ude, n limted to

o BEgem cnganert irelscrie | filRgres Valous Geeciidn a cleanroom

tr] I

| nolVEkcien SR, for ERERe SORDALIS cAPRERher Boink BhoBhography
c osysmmsn ziﬂuecbasw codédular ivesight apetiaansuchas geatore, B0propyl alcohol and

one unds that negatively inpact qQptical
y "‘é’i’i‘ﬁ{éé‘élﬁr ‘é(F‘ggt flioxpRAg&re thefmostpisy e@dﬁﬁ&&‘ﬁ&t‘%@&h as

ﬁ'e!)e(rgﬁnlgﬁwyﬁﬂé,: glli( th%rg%??_rli N%g&ﬁlg(?clehﬁ%&@% Egﬁgsacrlean dry air, can
Retoramh oontammirtaetsi ahbencanteations 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 Cs-siloxane). Refractory materials are
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-12- conmpounds containing atons form ng nonvol atile or

reactive oxides, for exanple, but not limted to,

phosphorous (P), silicone (Si), sulfer kS), boron (B),

tin (Sn), alumnum (Al). These contam nants nmay be

exposed to deep ultraviolet (D) light and may form

refractory conpounds resistant to active oxygen

tr ahpBitds o'énaaﬁ%kgEatémeMH@ﬂox{uonhtﬁé smaamldléy Pof&lample, but

concentration, by Isopropyl Al cohol 610.0 Acet one

33Mmo0limitedh tm phospBards (B silieaeNSDhalfer (ebsron (BBSNGSD),
R BBt Sna By S AR bl DUY) g

BUtaﬁH% fo¥h SoftRRIrALSHRG s ?_és%tanirﬁ)t AcARY gk et tRRBtnend

3- Butena@Z one 2. %trﬁfﬁg - entanone I\ﬁQK %gé&

Silane, Trinethl (1-Meth Ietho - 1.7 n-Pentane 1.4

Silanol,Trimeth |- 1.4 Phot "Rgﬂﬁ deconposi tion

r eact i ons—esccur—when—hiagh-en hotons -pteract

with orgalm c Q@w@d (qrhégaéwcéa%u orfs “TmiGH eonceRiFaiop,

reactive b

relativel szopm@lytAmog@lnl c nol ecul es.| Irrespective 610.0

where 10 [aaédiog@l formation occurs, {in the gas phagegpg

on the sUEhaGE Of optical elements,| The Tresultingsgg

R -l 2 N L DN

CTI CCC CuUrtC oA riacc ISATRERASY TT CTTCTTC O

severe caE@Etan%Hﬁ?Wdﬁﬁﬁﬂuqr‘;ﬂ/pr may He formed on t he28. 0
optical sidrHeatrsoneThe rel ationship Hetween the cheni?8
nat ur e of |2tbheammg@IEK) speci es and jwavel ength of |i @B}

it absor bigiegait Bdtfa86daflub®-Nat ure and severity of 89
optics

-

ol al aonnnt o |

Butanoic Acid,Heptafluoro- 5.2
Tetrahydrofuran 33
3-Buten-2-one 2.5
4-Methyl-2-pentanone(MIBK) 1.9
Silane, Trimethyl(1-Methylethoxy)- 1.7

n-Pentane 1.4
Silanol, Trimethyl- 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 components, 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
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15 contam nation. For exanple, I-line or 365 nm

wavel ength light is energetic enough to break down

only a few i odated conponents, which are not conmonly

found in clean roomair. 248 nm wavel ength |ight,

typically used in deep ultravitfl-et (DUV) |ithography

for fabricating 250 to 150 nmlinew dth devices, is

NDhRIreédrbdiise N3 andight a8Gtifed Wbt Esm&‘i lﬁ@hﬁ%ﬂﬁ%ﬁ‘ﬂzs reacts very

organics and may even interact with sone common -13-

hy efffistsatlly it a welg rangelof ghborne etjgdscews m@lueculmgamanomaﬁmants

rimgeonetries, reacts very efficiently with a w de

r ange ofAs alher\bmeﬂmgtlr ofjzheosed intHeddthbg@aplor exposwuze tool decreases,
qﬁanlnants As the wavel ength of light used in the

| i tESEFEY RS WRbRRAIPRInCEsates ddpsesegrossyehehighgaggray photons

unj
ok U8 LSRR TSR 0% ARt B s
t hmolxenkhs spxiciea, witimbeely ehdeadigrtberh yntpregent speoiee ik mck to optical

speci_es, tlnateI¥ rendering theminto reactive
sp srfages- i nma ppiiga F]GmGBiS |aE%1?Ven SPre sensive g gnyjpgnmental

OPEdrfeftions HRFBIY3SrRb
e or (PO S RE R s G Brhihtis fficienty absorbed
t hosinveaactd withhbarbf all orghic sisecesk i cenygd:ryaraltmmbhﬂﬂnc afoisture,
interacts with nearly all %@ anl C eci es plus oxygen

an&q&t%b%@m%urﬁare@t the@reapstwesg the ? 157] opHeal glgmsatpie the wafer,

ar [ n
bl AN TSR Py T R L SOR ey

beomgegédze\@ai;h an inert, clean, dry, oxygen-free gas.

In accordance with a pr eferred embodi nent of the

present I ¥¢eriah@with B re@éfed dmbod@herit BE tHedREsedt invention, the gas
substantially cylindrical housing having an internal

chékpreinclnfles mbstastiaflytayliadridal h@mngémvalg amj igigrnal ¢ghansbea filled
exte cvewofa(ﬂ%\ ter 1

acto ?‘d‘a laeé%oeﬁea% A8 B¥ SASPT EXe %Odﬁl%ﬁtvle&? %1%35 filter 100 in

I NY@RBtdafbe with @ phefeigédenbsHimEAtTT Sheinventiont amkhshdidg comprises a
cylindrical potion 102, an outlet end 104 having an

ousybstanfigliy cyliodrical patiomH02, sh eutleedd 106 hievg Ayortfet pattd06, and

ort housi n aye a fill 1
P o inkdtana JOF ARG RE P ROu R0 APEYPys ' fitayp H ¥ port 112
e grdoadii}Ethe @fternhl dh@mbePwiti tredilicd ededele . THeGak Billter can also include,
exanpl e, an inlet assenbly, outlet assenbly 114, or

bofar exaraplef ainlet pssemblys awldat mbsembly hie, gubothithat éarcﬂuteteavonnectmg
urce, reacti

[ ol dab RuPD iR OF ed el 1R R en i uBBRg R ool

const r upfeggtabll, e hOWisdrldibiny abRhdlies steRoAdruddd of a low sulfur
stainl ess steel and 304 stai nI ess steel, which are

sumetabbechfas3 16 swiriless stehkbandriddestainlessistged, ivdrich are siigablofor use in

be under st.ood .t ha housi n ny assenlies

25thte é)rﬁgntf pyention. ﬁtdBF dgrstog)ldgﬁeg éﬁe %c?qs{ng any assem%hes are

AC e eir 04 MubridandsSgrdsisef @mr &d. Rabrdlsy, @tqufw&md&hmhe

degreased, and cleaned with, for exanple, a 20%

aqmp@eatsd)@hi@greased and cleaned with, for example, a 20% aqueous alcohol
solution, preferably in an ultrasonic cleaner. Such 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
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acrds an cer
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.

30 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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can i nclude nounting brackets I gures 2D 2F show
scal e viFesesdXD-2Rshowisedtle eiedrs 21 thevinleherid 1&rWidlc mterface
mhe e the unbr cket.ed di mensi ns shown are

assenb
f oﬂssgmHIS%s W@d & HBarketqedi mQBSI%ﬂ?ch‘SWQ a6, OFﬁé’ﬁ"eférfed embodiment
25! Fi QH& sreapl&heswsmgﬁ}e RSO WE Wn @hd VG dfth€ini&2dd 214 wiintiie inlet

he 1 nlet
port 216 and a fill port 220. Figure 2E shows the components of an inlet interface

assembly 222, 224, 226, and a porous nickel cup particle 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

30  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).



port 216 and a fill port 220. Figure 2E shows the
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2521950 AL Gieh rn@ce%g;lrf.l?toasr&ale, and Figures 2U-2W are plan views to scale
where unbracketed dimensions are in inches.
In one preferred embodiment, the components, rhaterials and hardware of
Figures 2A-2W are as follows:
0.083", 2.5" outside diameter (OD) Stainless Steel (SS) Tubing, 202;
30 2.5" SS Pipe Cap (Swagelok B16W-CAP-37-101), 204;
1.4" Inch OD SS Tubing, 208;
4" VCR Short Tube Weld Gland (Swagelok 6LV-4-VCT-3S-4TB3), 210;
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25 isonetric view not necessarily to scale, and
Figures 2U-2Ware plan views to scale where
unbracketed di nensions are in inches. In one preferred
enbodi nent, the conponents, materials and hardware of
Fi gures 2A-2Ware as foll ows: -1¥-083", 2.5" outside

di aneter (OD) Stainless Steel (SS) Tubing, 202; 30

2. 5" 55111 WEICHRI{ Spagelun S BRI EPATCRA 212204, L
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Washeér, Used as Transition, 224; 2.5" SS Pipe Cap with
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Fitting -4-TA-7-4RT (Swagel ok), 222; /4" 20 SS Pipe
Pl ug ( SXkegkinek WashgpUsed asfragsitmm 224 Particle Filter

Cup, Mot R, art 204380 s VB .
Tugi ng, b 'ﬁ/agﬁilﬁ%edé?powﬁg qu %po‘ggéwg%lo%\ghéﬁ g?l]ﬁg)’ 214,
Vel d G BB FiBnaoeirak7 ARY-(GVedeldid; 4783) , 242; 15 /4"
VCR Mal e d and Nut (Swagel ok SS-4-VCR-4), 240; and

Machi ne/AN3815&rPipeBhig (wagglelis?id;on, 234. Figures 3A-3D

erbodi roh Py Ba iRl B Bore? BB, 236
2A- 2W i pelonlsBaudhg, Machinkd to Mﬂ;ﬂi, 23¢senblies 215 and
y

an outlet with outlet assenbl 33. In Figures 3A-3D,
squar e Bt ¥EReShoroTehenWalks land EyveagelokiliV -#¥6iled S-45R4), 242;

unbr acket, hPeNsk 0 I,Nel ncheSqa | preferre
enbod nénd YR SIRE NSRS sS GV ERPRSIE AR ¢ ne
t hr ee- dMiRRisiE Wiasher, OE&d_Jﬁsi Tvansien, 234) ustr at ed_ as a
shadow box about the filter. In accordance with

anot her Figuess S/y-21 ikyatrotsi vasiaus detpitedgaews ¢of & prefepfed epbodiment of

pr ﬁmse%ggctive gas filter 200 of Figures 2A-2W including an inlet wit inlet assemblies
215 and an outlet with outlet assembly 233. In Figures 3A-3D, square bracket
dimensions are in millimeters and unbracketed dimensions in inches. In a preferred
embodiment 300, a the gas filter 200 fits within the three-dimensional footprint 302
illustrated as a shadow-box about the filter.

In accordance with another preferred embodiment, the gas filter of the present
invention is substantially as shown in Figures 4A-4B and 5A-5D. Figures 4A-4B
present shaded exterior views while Figures SA-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 port 410 is
placed off of the axis of the substantially cylindrical potion 402 while the outlet port
406 1s placed on the axis of the substantially cylindrical potion 402. The housing can



invention is substantially as shown in Figures 4A-4B
and 5A-5D. Figures 4A-4B 25 present shaded exterior
views while Figures 5A-5D provide nore detail ed views.
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In accordance with preferred embodiments of the invention, gas filters
30  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
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258CIsB85m & dASsihhdab@kd 808 flow meter 614 into standard liters per minute. In
these tests, the output gas stream was vented to atmosphere 616.

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

30 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



nmeasured with a pressure gauge 610 set to neasure the
differential in pressure between the gas filter 608
inlet and outlet gas streans. The pressure of the
outlet gas streamis nmeasured with a pressure gauge
612 to facilitate converting t-B@ output gas 25 stream
flow rate as neasured by a flow neter 614 into
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207. 00 0. Adgwe 30 i9a plot 119 pregsupgdrop (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

25  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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present detailed views of anot her preferred enbodi nent

of a 5 gas filter in accordance with the present

i nvent i drgurer8ArSY present dxetm@domwsaotbmsﬂsupwfmd emibediment of a
nmetric view.

5he @’é%é[;?r(lp 39c%06da§18g t%age presen Tvention for Gse with % reactlve }gas such as

clean dry air (CDA). Figure 8 A shows an isometric view not necessarily to scale of
the gas filter 800, while Figures 8B-8G show external scale views where unbracketed
dimensions are in inches and square bracketed dimensions are in mm. The gas filter
800 comprises a substantially cylindrical central portion 802 an outlet end 804 having
an outlet port 806, that can further include an outlet interface assembly 808 to
facilitate connection to a gas line, manifold etc. The inlet end 814 is shown end-on in
Figures 8D and 8G and includes an inlet port 816 and can also include a fill 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 fill port which is substantially
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 8] 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



the gas filter 800, while Figures 8B-8G show externa
scal e views where unbracketed dinmensions are in
i nches and square bracketed di mensions are in mm The
gas filter 800 conprises a substantially cylindrica
central portion 802 an outl et -2nd 804 having 10 an
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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;



away view Figure 8P, shows a portion of the internal
chanber 801. 15 Figures 8Q 8T show details of a
nmounting bracket 819, where Figure 8Qis an isonetric
vi ew not necessarily to scale, and Figures 8R-8T are
plan views to scale where unbeacketed dinensions are
in inches. Figures 8U and 8V show further isonetric
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Figure 9, for conparison, plots of pressure
dr qgas enrcanppne);sum; ﬁmslamshbwn it Figuoanl ¢ isttabulated wl Tabje 4t The test
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i nvention that is

fl l ﬁ%’?‘ﬁ%g‘? :j‘i%\g? B“ttSrQeI-I?Sr’é‘FSH ed enbodi nent of

F' gur €s Iﬁéure 10 shows a plot 1000 for of pressure loss for inlet gas pressures of 30
psig, 60 psig and 90 psig. The diamonds 1002 are actual data points for 90 psig, the
squares 1004 for 60 psig, and the triangles 1006 for 30 psig inlet gas pressures. Also

25  shown are fits to the data and the formulas for the fitted equations noted on and about
the plot. The plot 1000 shows: a linear fit to the 30 psig data 1008 and fitted function
1014; a polynomial fit to the 60 psig data 1010 and fitted function 1016; and a
polynomial fit to the 90 psig data 1012 and fitted function 1018.



8V. Figure 10 plot pressure drop (in psi) versus flow
rate (in slpn) at various inlet gas stream pressures,
the data shown in Figure 10 is tabulated in Table 4.
The test 15 results shown in Figure 10 is for a gas
filter wwth a gas flow neter pogitioned after the gas
filter. The volume of filter nmedia in the test of
Figure 10 was about 2.6 |litefrggppdy conprised about
80%GAvaith an aver age mash size in the range from
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gas pressé#ies. Al so 85 shown ardlflits to the data and
the formudhs |[for thed4fd tted equatlisans not ed on| and

about the plot. The plot 1000 shows: a linear fit to
the 30 Fﬁ%&eéjﬁlt@-ﬂ-ﬁpgrem dbtafléeedvs BE driotier ptdtdted @mbodiment of
polynom al fit to the 60 psig data 1010 andfltted

5f uracgais diiter i@ cordamteavittpibie presettanhventipn,tfor vdeevidipa pesicyve gas such

(LI T70 AnGRlr (b Fiapie Iy 3005 88 MomisliS N T abedstdl to scale
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11 3868008 bl Pon 2 R 80 s bt bR G
10enbpg %ﬁmteloflooQoﬁlpgl@& 4 dubb@htidly @ﬁﬁm&aﬁ&ﬁoﬂm@z Inh@utlet end
present invention, for use with a reactive gas such
as 1d04Aavidg gn aiitlet @@@A)l 06 Fthgwae furthar gisbws aaoutletdnistia¢ecassembly
vi eVY'OS ni?ltthlrS] %gs%stg acllltXte connec?lon to a gravity compensator 1101. The inlet
end 1114 is shown end-on in Figure 11D and includes an inlet port 1116 and can also
include a fill port 1120. The inlet end 1114 can include an inlet interface assembly
15 1118, to facilitate connection to a gas line, manifold etc., the central portion 1102 can
include mounting brackets 1119, and the fill port 1120 can include a fill port
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
20 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

25  isometric view, not necessarily to scale, while Figures 11L-11N show views to scale

where indicated dimensions are in inches. Figure 11L shows a side view and Figure



of a gas filter 1100 in accordance with a preferred

enbodi nent of the invention and a gravity conpensator
1101. Figures 11B-11F show external scale views where
unbracket ed di nensions are in inches and square

bracketed di nensions are in nm2510 The gas filter 1100
conprises a substantially cylindrical portion 1102 an
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Figures I I'T and 11U present,

Figures 11AE-11BB show details of the end caps of the gravity compensator
1101. Figures 11 AE-11AH show details of the outlet cap 1157, where Figure 11AE
shows an isometric view, not necessarily to scale, and Figures 11 AF-11AH show
views to scale where indicated dimensions are in inches. Figure 11AH shows a cross-
30  sectional view along line AA in Figure 11AG. Figures 11AI-11 AL show details of the
outlet cap interface assembly 1159 and components thereof 1169, 1171, where Figure

11 Al shows an isometric view, not necessarily to scale, and Figures 11AJ-11AL show
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respectively, end and side views showi ng the inlet

port 1116 and fill port 1120 in the inlet end 1114,
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11 AB- 11AD. show vi ews to wher
B AIE o g et er Ly S ek T g AG AR and
| 1 AC pF?ﬁx%E‘tllAQeﬁgﬁCsth'oWedeYaﬂs of 't}féeinQE‘gapeﬂ@SVWﬁé’i% F‘?éure 11AQ

the inle nd wth inlet interface assenbly’ 1
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chaphetal viw dié 11195 AAhﬁF%Ql?e fidd. elfl &1%9@11&51 QPAF§how detaxls of
11AE-11BB show det ai | the end a s of the gravity

cotﬂrp amlstatap withlib@tfacd-asgembly 11 Q&Eadlddmbcsientmhiﬂbd 1182,0fhere
out.| 1157, where Figure 11AE sh S

| Bt 1A SRy Hnatomene Ly noebessailyte ScalkanF iguresd 1AV-

119 X sHovPeSRAWscaYd @m@ewléﬁ@d EnmMISHEs a8 ﬁ@ﬁ@sd Figure 11AX
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30shees tai coosatsestiomal dbwratprigilime AMAIn FiglieduA8V.11AG Fi gur es

HAM | sho t.aj of the outle p inter
assenbl g&rfsglgﬁ ﬁ%brﬁaawefmﬂéertdﬁ@ﬂée? thff@@poaqﬁ?lﬁ%élﬂé of the
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to scal and Figure | AL show -26- VviIews
scdcessahbrte scaicjmndF enirahi ItAXsananid A shomnvmws tnescalel—'\»/lmne e

FI Q01853 SRS e TP PG DR UL AFNEN b Disqgponen
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WhEerD ki tgscae Wha indibated dmmens&nmrteﬂn incheeVEigmes 11BE and 11BF
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SR I AT 0555 M Yy e
shdimedsibed drs ifnches. 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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the inlet cap with interface assenbly 1168 and
conponents thereof 1172, where Figure 11 AU shows an
isonetric view, not necessarily to scale, and Figures
11AV- | 1AX show views to scal e where indicated
di mensions are in inches, Figu2a 11 AX shows a
cross-sectional view along line AAin Figure 11 AW 15
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a nmounti, rac e Figure 11BE is an
i sonet ru)ggE‘fbbé %fén%ﬂng%ﬁ ’ari ly to scale, and

10Fi gure ByaBk I&E@W@id%symﬁwﬁliﬂ scal e where indicated

di mensions are in inches. Figures |1BG and 11BH
i |1 ust r 306 SedilangesWeld| Absepblyctlddnt s, these figures are

not nec g 11 Bl and 11 BJ
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embodi merg @b pijec 5@@5&@@@@@(3\‘7%61?851113@ Wi th
gravity conpensator 110 f Figures’ 30 11A-1113H. In
Fi gur es 258D Ripk Garpdhersgiendl @ﬂa]&rléﬁédllcﬁﬁtrenm ons are

1510 o pr Ve NGB LR R asdpR oy Bhetefed HHY oo

1100 andy60 B8N S@4sShicld™bridd CoMckhirid Tt Particle Filter, (part no.
three- di mensi onal footprint 1182 illustrated as a

sh23d6Me0dpxl 12Bput the filter and conpensator. In one

preferr e conmponents, materials and

har dwar §%§Wﬁ%§rtftg’§ ﬂ& 1BJ areas follows: 5 0.083"
wal |, 4M@C§%ﬂ @ﬁSRieREM bl%rQizConcgﬁ‘@igeﬂu‘% P lé(FﬂtéxZ (part no.
Pi pe Bushi ng S, Pi pe Cap Cherry-Burrél

20(3239@&4)%3@ t hout F| I I Spout Hol e, 1104; 4" OD Pipe

25

30

111 MoRiisE i 1Yo HE WPL ks, 1187504 S5

Fl ange \(&le% wEe™IOD S8bide, 1152; and

%", 90 degree union elbow swagelok with weld fitting, 1112.

Figures 12A and 12B show pressure drop test results for a gas filter in
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
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



304 SS Flange Wl d Assenbly, 1124; 304 SS Fl ange Wl d
Assenbly, 1137; 2.5" OD Pipe Cap Cherry Burrel
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pressyhen drop across the gas filter 1100 and the
gravity conpensator 1101. The gravity conpensator
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The volune of filter nmedia in the test of Figure 12B
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.aver a the,r e fr bout. 20.U_S. .
15 s ) it Bipstg arhd dlah OSB3 Sre bt 388 Sbintafor 90 psig, the
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oS, ThB DN DS SRS HSLAReLE s B R
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20 acpolghordiat fit odhe196 p§1g dat@d 262 agyg fittérdefunction 1268.

Figures 13A-13C show plots of pressure drop (in psi) versus flow rate (in
slpm) at various inlet gas stream pressures for a Mott Corporation high purity
concentric tube particle filter part number 2390804. Figures 13A and 13B show plots
for of pressure loss for inlet gas pressures of 30 psig, 60 psig and 90 psig, where

25  Figure 13A shows a plot 1300 for flow rates up to 280 slpm and Figure 13B shows a
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 or 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

30  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



10 squares 1204 for 60 psig, and the triangles 1206

for 30 psig inlet gas pressures. Al so shown are
polynomi al fits to the data. The plot shows: a

polynom al fit to the 30 psig data 1208; a pol ynom al

fit to the 60 psig data 1210;-22%d a polynomal fit to

the 90 psig data 1212. Figure 12B shows a plot 1250

f OfreQfurdd! A3shBwhas Fidudds 13-83C dRSinReE €368/18$0,03180134451348
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at filtepind fer idemilyiog e@hanstigp) obithd filleOmpdia@r a Inpal fongfigresf the
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15 3olsEHE vHie. (BT oT e R pNE [ e ey optaining
139&1t£rﬁfna§t%@a§h&rﬂemsea"t tHEAutRit 88 8 WilltSsysieh. | 18 stin oftied Sit@sions, it
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thus far have focused on a reactive gas filter
20 opeamaglinggawbt heaful faddéteinunialg aconaomeant il;eVSUI@dIt way through a

O AR S B BB TS B e piors e
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time-between-c anges or
By way of example, Figure 14 illustrates a collection apparatus 1400 for
determining contamination 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.
30 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



10 filter and for obtaining data regarding

contam nation levels prior to filtering. Cbtaining
nmeasurenents of contam nants at the input of a filter

is herein referred to as input, or upstream

sanpling. Alternatively, it magObe desirable to
determ ne contam nant |evels at the output of a gas
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Fi el SORERP et iy SR B SR Rl pncgBinpifl BBE o
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include an input sanpler, one or nore m d-point
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f I mmsswm sapphrg tsuch @Lfohewnlhawrwgammnng:toghc etmc$phere Flow
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tubul ar col |l ection device 1402 having an inlet por
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25t hgplea s§asmL talWird WuMh bRicABSRARINNE a8 VpRoalid o 3 greater
coIIectlon device
contamination coefficient (e.g. a>b > ¢ > d).

First order contaminants may comprise high molecular weight refractory
organics such as, for example, Cs siloxanes and C¢ iodide with an inorganic
component which is not volatilized through combination with oxygen. Second order

30  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 — C3p). Third order effects can arise due to the contaminating
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1402. If desired, laser light can be directed through

the sanpling tube to facilitate 10 sanple collection
Contami nant sanpling is further facilitated through

the use of nultiple sanple tubes and bl ank collection

devi ces which may be used in e®h unction with reactive

gas filter 100. The collection devices or refractory
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¢ hSEBREaR T LB AU B TR P TSSO R U 10RAZ0 Psi. The
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contam nating effects have a greater inpact

corlt2drnihawd the coftiiRBus fowedigastpsneurs that dre nrhssnd: @vity walls are in
fourth arder..contam nants_and typicall how a reat
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Or GfdTudeRAEAE NARiiRg MRYs SATRELRA d2vihs MIeai aaﬁlaﬂl@ﬂraﬁtszs in
refractory organicCs such as, for exanple,

si Itmp aaeSy 6. Jheiaotivadmampling trap elemngsalrﬁiZé ma(yompiodmm absorptive

whi ¢ n volatilize ou nati on

R sl st SEPIS e AL faAte hHA Pk SHRHE 0w fhrgyeh
m'a@fﬂ% AEm¥rRE & fo%ﬁ‘ﬂegﬁo 1131159}{1 as, for exanple,
conmpounds i nclu carBon atoms within the range of

appr oxi tyaps1525tls)nd>thn communaatiom withdhegasGoyrce oOB@Ysure
Third order effects can.arise due to_the contam nati .
TS A s S g b o g The BufiRg dan s Hom actve

apR6AIRE Xed 192251dWR dwhsEen? o 8 heiSfold Biﬁtvl;}ﬁéh is in fluid

fourth order contam nants i nclude organics such
f orcoemampdagipn methnaneym linkd$3Mh arweord'pqsrldii? rrAtmbgpurMe\cmun

f b 15 il
¢ gy atvol 5 alpEt Berierh sl 7 s orpee 152570 regulate
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and' | oadhegas pimeliges M g peablal pP st s ar A, Sih as for
example hydrogen gas, which may be used to clean the surfaces of the collection
devices or, surfaces of optical 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 (SiH4) 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.



i ncludes a conduit 1521 in conmunication with a gas

source and through which a gas sanple is carried with
pressures rangi ng between approxinmately 1 to 120 psi.

The 10 gas sanple is carried downstreamto a pressure
cavity 1522. A pressure relief32alve 1523 allows the
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surfaces of optical systens that have
co rwnalmeltamwnbtynbans U6 1@foe filteong argamia mbmpbmldseﬁtmmlges stream
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cor}ég‘.‘n“%aﬁn f?ls opligeiph dEyPSps mlaei &ﬂ@*eew {0 pyagipaysource for
ur: |
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vole#fidi¢reyaiitie 8@ difowp Li0geday Hdmtrpgmg@nmmng B@me amount of organic

referably in_the ultra ur al.l gwi n
P heonaapidion] e aatru smpaimBrtibe el Bev L4H condliad Rirogen
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illustrates an enbodi nent a trap syst
20 c onf diemergbrand, ithe ¢(Hﬂ1potsmo|rlmf theerebidse to0bns agam llmpntowdaby a factor

r | e.menbra 606 for filterin

ﬁ*ﬁ@ hidiresand 3%15‘) e ThoSHRR CauaTnghise %P@Poaﬁon of the
ni t
na‘yp‘fﬁg&c"}% R 8 LG K Ehat R SRR R AL
Menbr and” 11Tcemlgr$§astte1gyl 6680 Reyatsochmplisca ﬁltratlbhenc&hiﬂmbhsa@m a
of FI ure 16, feed. flow 1604 is pitrogen that _
contlafhe Tugngrapelate st REATIC OB T 8685 Yirany dahis

25f | ‘i}‘ﬁh&:ﬁ%eﬂﬂéfdlﬁﬁﬂpﬁb ?&d%\\;gq{]{&&& BEEMiNY {dhmEMount of organic
bal'ance 1 n organi c contam nant
contamination. Feed flow 1604 comprises 99 100% nitrogen with the balance being

organic contaminants. Assuming 90% removal efficiency of the membrane, the
composition of the residue 1606 is 99-100% nitrogen and the balance in organic
contaminants. The composition of the permeate stream 1608 may be enriched with
30  organic contaminants. The organic contaminant enriched airstream 1608 is then
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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10 COlhcBAsBABY §1-1mifihg fier®Reht 1600 t8lcollfi® a gRRAGFRBISITRBY
1608 may be further enriched with organic

comedueingdhe tempRratureite sry 8%serhrlave0Bensitivitylof datesnfledtion can also
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15 A SRS Sshete dRoTaPLT FBOR DS S BB et eluding
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The perneate stream 1608, which has been purified by

20 an fdigs b3 (t andrsampled by st detactar systérar 88 bt TherBtert I80# neny-c@8tain a

©r eutioeionrild chamteslit A8aR s inme  ASL AT aRoY e Buddic of
t hend 6 120 i R8skl 4 T zec b £ St PO 1806 that provides

illustrate schematic diagranms of concentrator 170
us éhe sampde waleteatipm systena h3B If. i Thedocationiof samplgngsyost HiH6 with

CORESRA by O BB B o e e s

2} ARG EROblon G L e (SRSATL AT
the sampling port 1806 from the outlet 1807 is raised. The discharge flow 1808 at the
outlet 1807 of the filter 1804 is also sampled. A position selectable valve 1816
disposed in the inlet of the detection system provides sampling capability for more
than one stream. Thus, the sampled flow from inlet 1801 of filter bed 18035, the

30  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
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mani fold 1706 having inlet and outlet interfaces 1705,
1703, respectively. Filter system 1600, including a
filter monitoring functionality, can be reduced in
size using a coupling device such as, for exanple,
concentrator 1704. Perfornmanc84ean be 10 increased by
allowing filter system 1600 to collect a greater

V QhredBhcetra@iprévided RGO Jow NigertiaMIBE Alsdhf gé 6f BiaYypiss 1822 or
or below. Sensitivity of data collection can also be
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contrast absorptive 15 materials such as, for exanple,
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Whiigplafedroneeraphicd At interficy 138 e ISyael/ 1800 iafid &S EdrRSituent
Figure 18 contains a schematic di agram of a system _
18@mosentaere fughergserihed ipperidrapatend applicatipn [19/6p2,892 entitled
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o O R SR RVEla BB R AT ARk o R s 1S 48 tow

| ogaicbmrhtiohs, Foaxaimpe, BElblv 1L Wiusing, foeeR@fplel @sout | et
1807 is proEPrtlonal to the propagation rate of the

| ctupmatoprthiamsriomsatipasietartion €xahiie, These intplementations may

propagati.on rate of t tracer s is. hjigh then.th
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1 8Walloiviﬁ% teedtuall §iRcidh SEiMe & td maktﬁl%agh.akny Becak@idugBloccurs
1807 of the filter 1804 is al so sanpled. A position

s edtadpwisineughatopeentgiion tojbsmeasrginhtottnghly aensttivgpredgeses, like
det ctioQ sgsten1provides sanpling capability for nore

t "B WY eam Thus, the sanpled flow frominlet

1801 of pfettici sybesh 188@%an b&8sedOvith HHérS eﬁlfpldyh? 4 bdd &polymer
bed 1805 or the outlet 1807 of the filter bed 1805 can

bepdllstsexpestd to thetdigstream ysing.dotetamul¢, grirasitimehmedia fray and rack
valve 1818 all ows,,f the se ti,on of the ~flow int
LAt o Rl ok Bt BBy R ERY e Rboto]Gnobliah B e

1 ef pdliRe eRfm AWBEARTHRU R LOMpRIDY FileSh@eenhah Structure.
fﬁgﬁf%hegein. Theeﬂ%gchggge of thg gg%éss 1822 or Fﬁgwe

pr @dsnpessiblafitier cogstouctigng mayinshidechus @reoyot Visnited tg.gpomonddithic

forman i t int hi I 830. .
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183%@venldt@oawbl &, pRiateédad afthhiva id 8 $adfienaait fiiger] b ofdhe
detector 1832 which 5 may include anong other things a

f | antivafed warban peltetsietposed lorthegisstieam Uping astpaditionahmedia tray and
rack system, a honeycomb configuration wherein the activated carbon pellets are held
in a partially filled or completely filled honeycomb structure, a monolithic porous or
honeycomb structure formed from the activated carbon, a mat of activated carbon
fiber, either woven or nonwoven, pleated and arranged in a traditional air filter and a

carbon based composite filter constructed of woven or nonwovens support structures.



10

15

20

25

illustrating the abundance of the constituents

detected with respect totine is displayed on a

graphi cal user interface 1838. System 1800 and its
constituent conponents are further described in

pendi ng patent application 10/362,892 entitled System
and Method for Monitoring Contam nation which was

filed opetsenesybem 1831 nld) 300 diyRlI6QheRY ReOfucHak Bldse
are |ncorEorated by reference herein. The enbodi nent
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and a tlonal ai,r. filter, a bed he
e e oo ERIL AR RREA b el spdhuf atual Hnptes.
usi ng aABﬂl?éé'stof fidddculi® ghs bl @oRRflar A3 sampidsth iftlude using
honeyconb configurati on wherein the activated carbon

pelondilgomategtaphyimethoda irpdatedtiah isystérm 182 Cempoursisstmby

filll t hi .
e T N
a f&texzﬁﬁ 184 104 1ﬁ€iceﬁ1®ﬁﬁi%ﬁ pasteflidee For S}, tNOMADSECtion Limit
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system 1831 can enpl oy wet coll ection devices such
asThdroal Eﬁ@ﬂﬂpﬂ@ Systerm (T @Ertgtal Folytelgyplem (Fb)/ 6EMS) is

TGz Rbormgasa e ol aRgHRe it B i ERPpR I g hexane and
Anhighér with EDURT ~SAIM 'P%Vmﬁﬁu&ﬂ'a@%}n?(ﬁ}feﬁﬂ Ofadividual components
Inpinger at a rate o say, 1 L/mn for 24

are identified by a MS 11brary 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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1 Octane, 22,7, 7-Tetrafibthyt (587> V%) Y e T I
<Uodtane, 2,2,6-Trimethyl (64) 1.4 0.6
Benzene, 1-Ethyl, 3-Methyl (93) 8 3.1 1.2
Decane, 2-Methyl (77) 1.2 0.5
Benzene, 1-Ethyl, 2-Methyl (77) 0.9 04
Benzaldehyde (48) 9 2.8 1.1
Carbamic acid, methyl-,phenyl ester (25) 2.1 0.8
Propylene cabonate (86) 10 3.5 1.4
Heptane,2,2 4,6,6-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-Dimethyl(59) 16 12 4.8
Undecane,3,5-Dimethyl(53) 1.8 0.7
Undecane,4-methyl(83) 24 1
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(as toluene Table 6 Conpound Concentration, u /nB as
t ol uene as hexadecane Benzene(78) 0.4 0.2 Silane,

Di

metho dimeth 159 2.7 1.2 Hexane, 3-Methyl (260.4

0.2 2-Heptane (47) 0.5 0.2 SPfane, Trinethox nmeth
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( nape 3-mgthyl-Sproppbhinanoi ¢ _aci d? (2-h drcb.Zeth | ester2.3
( (g)(nde‘;aneS.;?-Dime,thyl( n:/\ (92y 3 2.2 1 Et hiA haqzan (599.7
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0.[ Dodecari, 23, T0tTrimebyi(yd) benzene (72) 1.8 0.23 1,3,5 0.9
TriiTreecenglSiidetiyldd (60) 0.6 0.2 (Qycl ohexwhone (77) 6 0.3
O%Eg%ﬂgmléﬁﬁbqgﬂe (A7V0.4 012 Unkdfwn 0.5 @ 2 02
UrriRgdgeaneou), etatre——6-Bireth—35927 o 3 ol 0.2
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6- L 1-EthyflS 3. Methyl 73
(93) 8 3.1 1.2

Numerous 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
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 input,
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
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 significantly over time. For example, a
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

material.
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cl ohexagiehfnd ioFigine rl@A? adeteltor DU, $A1chfay?le dddd s upstream

detector or downstream detector, includes a detection surface 1902, which is exposed
to an incoming air stream 1904 including molecular contamination 1906. In a
presently preferred embodiment, detection surface 1902 is formed from a
piezoelectric crystal 1908 and is configured as a mass microbalance resonator sensor,
as described in W. D. Bowers et al., "A 200 MHz surface acoustic wave resonator
mass microbalance," Rev. Sci. Instrum., Vol. 62, June 1991, which is herein
incorporated by reference. The frequency of vibration is related to the way the crystal
is cut and to the amount of mass formed on detection surface 1902. Leads 1910, 1912
are used to apply time-varying electrical signals to piezoelectric crystal 1908. Leads
1910, 1912 are also used to detect a shift in the resonant frequency of the detector.
Alternatively, detector 1900 may be configured as a delay line, as described in H.
Wohltjen et al., "Surface Acoustic Wave Probe for Chemical Analysis," Analytical
Chemistry, Vol. 51, No. 9, pp. 1458-1475 (August 1979).

Even when detection surface 1902 is exposed to 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, e.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)) (1)
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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Total 213 73 Nunerous types of detectors can be used
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material. -38- Simlar trends nmaybe observed in the
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detectjon surface. Howeve c*eggner al |y decreasing
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time (f(t)) can be expressed as
f(t)=F,-K-M(t) 4
Accordingly, the variation in the mass over time (M(t)) can be expressed in
terms of the resonant frequency

M) = fL‘%Q (5)
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detector are changes in the concentration of nol ecul ar
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ov The sticking coefficient (9S)
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sinply condense from the gas-phase onto
In all of the following detectors a membrane is used to control exposure of the

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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respective components are used to calculate the concentration of the molecular
contamination.

Molecular contamination 2006 contacts the detection surface of monitor 2000
25 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

m

C= ®)

teuer
where C is the molecular contamination concentration, m is the mass of substance
30 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 a
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on the kind of nolecular contam nation that is to bé
noFoniBMtRtioRan apraistreanh nassesotheauigh @ deffssen larrier and forms a non-

contam nant.s, such as.tol uene enzene,..and apors o

ot NETEEE PR Ky 3g85rhprlaBHgds, e Byl i dchiformed on the
(e.ddsorbérl nfdt &l infay VB e méakurcitiftic QEre@é’lé’été(ﬂQh%sﬁﬂé%@ﬁ@Mn a
Conpany of St. Paul, Mnn., under the Brand Nos. 3500,

35 1anngssimilantedh@zRecribed dbelesio coragtipm withthe 3¢ fdlkad snamiitor.
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i ncorporated by reference), nmay be used as 5 upstream
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O X e TR
LR AT S0 M e 2052
di fereatdsgrdiffusion 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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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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O G ST RS BB i Sy term BREEHS /6P SapsS. cooling

ar afah§Gnd dkAike2S Fbu5|ng 2201 is adapted to seal ably

enclose internal parts and to protect them from ‘

i nci dentE@r examplectn apreferied ﬁmbgdmm} ethandheld uait 2300, an electrical
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housi ng 2201 may be anodi zed or painted. Inl
cougininolp extonanild23 1R hned pcnforalaglas d@@up@%warmd rlmgﬁ user input data
consi NPT copne tor nd seco
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20p r esingle buiterhtounake rekdspgmeoistagiior mmp@imgcﬁf gasHime dathslinmy of

t - 44-
Fantirangs aitan b phd oriidlin 23 SHEPng St hph e gnit 2300 can
per fa@mtaft@pieﬁﬁ@ﬁ%&d gpratic i) 4 Bir. UFd)rt ex&%@ﬂe BhritheF 2315 can be
damage to the unit nbodi ménts of gas sanpling unit

22 0progmmnps! to@lewedzas simpledx passtaougloomly a subsst obdrydtaph2310A-
asmglternating current (AC) obtained froma standard
receptacle or 5 by way of internal power

r
2?8ur ces HhsdheRBuled 308 h8sfurthdY ikEITdSM in€dinAdbWet Sour&ch as

battery 2316. Battery 2316 may consist of one or more replaceable batteries such as
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
30  AC power source.
Figure 23B illustrates an exemplary embodiment of a handheld unit 2300 that

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



turn the unit on before sanpling a gas flow proxi mate
to afilter system and OV OFF switch 2210 is used to
turn the unit off when sanpling is conplete. Hour
meter or clock 2212 is used to indicate how | ong gas
sanpling unit 2200 has been rumé6-Hour neter 2212 may
serve only as an indicator or it maybe configured to
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d ted.val 306,
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to all ow passage of a gas sanple into 25 entry
maniefmpetht2 808 vemtatady end tleiks. Eﬁﬁéh&iénmbé3(ﬂ£bdstamwdt®a gas

o Vo S R e R efiurel tpetsnel Bfus Samp e to

flow di gRebdivnchR cff’h'aﬁdH@Pd"ﬁrﬁPiﬂ)O?c%ﬁ A1Wiukiliesth réifl"&%émg dry trap
t hrough entry manifold 2308 and/or dry traps 2310A
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Entr fold recei ves the gas le and
s b P lagpanges pPeipipieh 1o G Samngoa i As e i somple. A
1T tsdoRELES 115 afr) 'bg Wit rbi&hb‘%ﬁ%n?é&d&{ﬁ Yroh{ t"lﬁ@%lry traps for

however, handhel d unit 2300 nay operate wt
su b&'ipﬂﬂhngad) b ysamgingueduéts doplag2346.r H<p1$abdi@gebmﬂ1mgnts ofisystems for

o 2SR SP{aTERT B AT Ses DR, Bl RESGier So BV isiang Baent
24 h aAPﬁ\f?c%tlgh $b/506 862 di18Y DEBer BEIN(3CNE 48081 BRASampler, the

generates a
contents of which are herein incorporated by reference.

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
30  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



singl e output gas stream The output gas stream can be
coupled to a sanple outlet connector |ocated on the
exterior of handheld unit 2300. The sanple outl et
connector facilitates gas passage through handhel d
unit 2300 without allow ng the-4gas sanple to be
exhausted into the anmbi ent environnment in which
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dry traps 2310A- F. 25 Handheld unit 2300 may further
i ncdongentrgtion af eantarhinpiowsy the gas swpbluch as  battery
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2316. B 316
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I 320 . 1 322 d
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25 The analysis facility receives gas sampling unit 2200 and logs the unit’s

LN

arrival into its inventory 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



5 an On/ OFF switch 2334 for powering handheld unit

2300 on and for powering the wunit off after a

sanpling interval is conpleted. An ON LED 2336 and OFF

LED 2338 may be used for inform ng a user about the
status of handheld unit 2300. A8-valve control button

2340 may be | ocated on upper surface 2322 for letting
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;
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2524%3 pectiy CYRHAMRIO, iRk %%ﬁéa@@?esﬁﬂm%?ggﬂgﬁ ftef4ctiBn Ib@tween

a cl eanr oom envl ronmsnt per step 24
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impingers as follows:
NO;(gas=g) — NO, (water=w) 9)
NO(g) — NO (w) (10)

30 NOZ (W) + NOZ (W) > N204(W) (1 1)



connects the unit to a gas supply (per step 2410).

Enbodi nents of sanpling unit 5 2200 are designed to be

used by relatively unskilled workers and therefore do

not require specialized training procedures. Next,
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shggpin | abel on the container and ships the unit
casahlsss pEgapigcompeyndsyand @ﬁéﬁozm@mpou%s TH@ax traps may be

7oA SO S, G0 B A oo
sy sdféthe(ghelf itgtre B WA df exbhiple] ay embodinent bsgas&mﬁpbﬁlg it 2200
a technician and the contents of the sanmpling
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the custonmer site (per_ step 2436). The report is sent
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r vallRs Ida aocﬁg t%éx?kg}ueri}a es, fhtellﬁ)( . Figure 25
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haVioRIPUies Heat £5e esanacamsr@w&h{e igsirusHpRs, r fusctipprgxecutable code,
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25  includes a processor 2502, main memory 2504, read only memory (ROM) 2506,
storage device 2508, bus 2510, display 2512, keyboard 2514, cursor control 2516,

9]

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
30 memory (RAM) or a similar dynamic storage device. Main memory 2504 stores

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



enbodi nent of the analysis facility can maintain a web
site containing the results of sanpling data taken by

gas sanpling unit 2200. Secure access by way of

passwords 5 or other security means known in the art

may be used to prevent unauthorjeed access to data on

the web site. The analysis facility reconditions gas
sanphy Ao HQ 'u§ed2fgp§)coﬁﬁ’g teliHordr} v&RbIQGr ofiRY $REmRYifle information
custoner for taking additional contam nation
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nitrogen con ai nin idic species in a gas sanple.
For % g o ﬁ‘?’PP‘I‘th%g) Od (HNO3) may be measur ed as NC3
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val o fﬂ“&fé* HHRS el Bk TR R 2514

Wi t indaium phietrdl 251 ®alley teNseorimeplewits tH‘onmputer 2500. In
represents the total of ionic and non-ionic
pr edlismativg ephadigientsytherkenbosrd 2 eldnnanhe replaﬁed:wﬁh 1ageuch pad having

at L I ni 4 r| C
et e TgseiE Refs, 28 culfh condel 23 PEwbF b8 tob bl gljgouse. tman
15aCI &l tefidNGR pomBasatioddthakeMdard 35 14t abdl cubdor coritfol 25 h&®can be replaced
fraction of jonic NOL as nmeasured by the series wet
i npVi & nyceghensndg oicegeqogaiiiontnaass i engblertheipsori intqract with the
ag u@ér%oéesult caused by the interaction between
at nospheri'¢ non-ionic NOL and water. Virtual ionic NOL
i s for nEOoﬂﬁbﬁumutl@f intdrfidt DYEY Enables hid doﬂ%ter'ﬂ@@ ﬂﬁ@orﬂ)iunlcate
wat er = (9) NOg) -> NO(w (10) 30 N2 (w)
+ Nogh e&rf«r deviges smgnm)aamwnmmgwawwum @Me,+

20’:'\% 1 %‘gléﬁ?ﬂ&j%%f ée\i\%l-g m'\gﬁ@a mo&em,%olﬁh&%g’t) interface t(o@ 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

25  provides a gas sampling unit 2200 with the ability to communicate over a network

while operating in a cleanroom. Alternatively, a network may convey signals to gas

sampling unit 2500 for remotely turning 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
30  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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processor 2502, main nenory 2504, read only nenory

( ROM Zﬁmanputgams@gﬂe de ms@fﬁ@@pgbuﬂet%@@ gndjmtcpblmynber 2606.

, d 2 t
Rt ARG SRt B s S8 2602 HetsCmp Fl Ging 98 36 1p produce

beaﬁﬂﬂtléﬂggﬁs C{)l& OHMEA kA n%%ﬁﬁfﬂmgné%@éhféea ﬂd?ﬁ&n of a gas to
interprets and executes instructions. Miin menory 2504

ma$Ale detectan2@d wingsinkst s@aplepond 2914, mmstay‘k samplerpolrta3616 or

o PeSrs R PRl e SATE PG TE b bt filaminants on
Pr QG8Re QF iR UdtectdVRiAR cORMARNan& R Md uplan ARYuBi SR Qﬁoé{a%d with

for storing temporary variables or other internediate
| nSAnWiﬂetlecmr Z@Rﬂwﬂbcmn@: uVhemcaftarnimgotr leedls omthelsyrface of SAW

TR TN PR TR T —
ap RétRateAt Sk dnfiBlledRWdetector control line 2624.

When activated, detector manifold 2626 may allow 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 sampler input
line 2628 to dry sampler 2630. Dry sampler 2630 may include any combination of



2506 may be replaced with sonme other type of static
storage device. The data storage 5 device 2508 nay

i nclude any type of nagnetic or optical nedia and its
corresponding interfaces and operational hardware.

Dat a storage devi ce 2508 store%2-i nformati on and
instructions for use by processor 2502. Bus 2510

| nahuees, "Berﬁﬁttraﬁi, wadlfpmgers| dndes SAWdRtdRr 02622 foptdlkling and
fibers, or the like) that allow for data transfer

anBiegsuring coglempeaneminshogassample: dory3sopler 2630mmay Hickigieap outlet

SoeErd U PR IR SR RS T

i nf or natthe Aete@oRcdhtRI used REINKRYDDAHPIEr2Hskdm opBEAti6H & Qlternatively
control 2516 allow the user to interact with the

5 coApubeysed 5O Ermingte sgmpdar eaetatien antbiadicatsrie éhe ysgethat the sampler

keybgard 2514 be .repl aced with a touch pad having
f %qﬁgﬁm§6g%bg?éeﬁ5§¥¢%The cursor control 2516 may

be, for nevewIfehe RideBMEEty of mBBdikfent! tb &¥Hidd th¥ @rinciples of the
configuration, the keyboard 2514 and cursor contro

25 pBserdanysatior pardeceappligd.tihshguid kerdristreddha theillwatrated

RSB S0 0 SR DB L T M e

10 englds@s ifeati6RNPHE Shingshouldthot BETAA a6 Birfted 06 the detdied order or
devi ces/systenms via any comuni cati ons nmedi um For

exglepleats unipse slated e that iderti Aherefors ellzebrdiggntpihagcome within
node an_Et her.n interface.to a.LAN Led or .
o g8 ana o e BB TS B st RSP re laimed as the
comgeniigat i on i nterface 2518 can be any ot her
interface that enabl es communi cati on between the
conputer 2500 and ot her devices or systens. By way of
exanpl e, a conputer 2500 consistent with the present
invention 25 provides a gas sanpling unit 2200 with
the ability to conmuni cate over a network while
operating in a cleanroom Alternatively, a network may
convey signhals to gas sanpling unit 2500 for renotely
turning the unit on at a determned tinme and for
renotely turning the unit off when a determ ned
sanpling interval has been concluded. In addition,
conputer 2500 may be used to calibrate conponents
within 30 dry sanpler 2200. The conputer 2500 perforns
operations necessary to conplete desired actions in
response to processor 2502 executing sequences of
instructions -51- contained in, for exanple, nenory
2504. Such instructions may be read into nmenory 2504
from anot her conputer-readabl e nedium such as a data
storage device 2508, or from another device via
communi cation interface 2518. Execution of the
sequences
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20

10

of instructions contained in nmenory 2504 causes
processor 2502 to performa nethod 5 for controlling
gas sanpling unit 2200. Alternatively, hard-wred
circuitry may be wused in place of or in conbination
with software instructions to inplenent the present

i nvention. Thus, the present ig ention is not limted
to any specific conbination of”hardware circuitry and
software. FIG 26 illustrates a schematic
representation of a system 26b681¥6r nonitoring 10
contamnants in a reactive gas using, anong other
gﬁkpggm%®'.urface acoustic wave (SAW detector

ystem 60 i ncl udes an inl et 2604, a chanber 2606
cont aArgan@ltar fome deaati2é g2 usad iroalidnéitondat®dr pestebssihgedystem
sanple port 2614, a md-stack sanple port 2616, an
out | efOBRII&E port 2618, a sanple manifold 2620, a SAW
detector 2622. .a d . mani fold 2626, a detector
contr ol |i%%“§%§%?%§%%%§{'anp|er 2630, a dry sanpler

i nput 15 |ine 262he portisryhsaipdncinledsiduh otletcendb@r] anan
anal yzer 2636, an apalyzer input line 2634 an

anal yzer olpissigl chamberdgnme anyplumep e epgter éw-%ﬂﬁgz

passes through jnlet 2604 and i.nto ch r .2606.
Cont am nant s plraé%1 ?tplo 4eLn Ftepaféfgg?lzt% renoved
usi ng nedi a 261&1&gk@Faﬂyce an outlet gas sanple

2610. A sanple i fold 2620 may raute a portion of a
g5 o 20 S dbriet Geassss ity iese R Bt Safer and
2614, m d- st ack; sapHng goR fbr ZLilRatRE mQWtleRlenB&8MPédhtaminant
port 2618. SAWdetector 2622 may accumul ate

cont ani naninsaidreactiveigas.ace of the detector. As

contam nants build up, an output signal associated

W th AW det ect.or . 2622 wi |.| change, Wien cont am nant |
Povel ThoRasiler ShAREd »orheesityd STRging PooBRT Ao Gt portion of
exceeg;a detfl MsnedildoiE &hQhshr detector manifol d 2626

may be 25 activated, or controlled, by detector

control line 2624. \Wen activated, detector manifold
2626 hy fitk] dfwlamghwhemimpdasl ¢comtapasant atthereutpha sunkicy pegaid
line 2634 before entering anal yzer 2636. Anal yzer 2636
may bémEOLgas chr omat ograph or other analysis too
capabl e of determ ning a contam nant present in the

gas sIApkifer AMiNZEHheRBPsalBYrfaY EordptiRyhRYAtidd foe fRfRSing
for 30 exhaustlng the gas sanple. Detector nmanifold

2626 Adlerensgpésaitheonfamingahpl e t hrough dry sanpl er

input line 2628 to dry sanpler 2630. Dry sanpler 2630

y inglude .combination, of -52- dry traps,.Jlenax
ST aps 16 K16 FriaiBOM R O Shscibfiq ik af EABRoad Y
col | egépro@naifidle ofMRAS UohtAGIBANInAThifiaNiSa bdmpleend@8Srement or

sanple. Dry sanpler 2630 may include an outl et
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.
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2632 for exhausting a gas sanpler after passing

t hrough dry sanpler 2630. The detector can be used to
initiate sanpler systemoperation, or alternatively 5
can be used to term nate sanpl er operation and
indicate to the user that the-8mpler contents are
ready to be analyzed. In view of the wide variety of
enBodi mht ilteoodiaiahs frthepedrmsrishes datctdhfer idenefaiy said
i nvention can be applied, it should be understood that
the il | GoRtAB{NAEL S@%@@Wﬁ% reramypicativelypouplsd torspid sepsog
shoul d not be taken as I|n1t|ng t he scope of the 10

pr sent be rea

t o T8 FALS ey s SofyeBl i SR EoBRisPEe bfiac@Ratograph for

st at ed fdentinadg &id esidtamibagy ef ore, al |l enbodi ments t hat
cone within %e scope and spirit of the follow ng

cl ai ms and equi valents thereto are clainmed as the
i nuént i dihe filteBof dliitd MBhefrataid sangllimgiped:is domMwugiastively coupled
filter for r.eac |veﬁ%as used in a sem conduct or

pr ocessithy sgg;%l{ eViSHAh 7 MANRG: C2US1RG A CORABMARbRSRISEIJive gas to

5 a tub%eﬂ%&la%alsﬁevtbegid@ammﬁgeaev@&d an outlet end,
and an internal chanber having a vol une no greater

than 0.5 liters; an inlet port having an inlet

panti cl ahtifilteess claianl whérein sail dampling idevies compghis®s a dry trap.
substantially filling said internal chanber; and 10 a
ling port for facilitating neasurenent of a

conBani ?fhmﬁltet of daimgl ¢ whereinseidgampling dtiee eemsprisek 8 dienax trap.
of claim1l , wherein said sanpli ng port makes at | east

a rt| idr bI.e to a.sensor.
3. Mhe fne fiser SFrEL FEFheriRata wholng deuts sommtisey o wer
adhereslﬁgmgmsurface of said 15 sensor 4. The filter
of claim3 wherein said surface conprises a coating
for facilitating adherence of said contam nant. 5.

Tha4f i | Tae fidter of daim 1B whati saidsastdmpainpsocomprmstces an
output signal _representative of said contam nant and
initiating aadupfved inpingerhavig:a fyst 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.



20 term nating a sanple neasurenent. 6. The filter of
claim5 wherein said output signal is a voltage that
changes anplitude in response to the presence of said
contamnant. 7. The filter of claim5 wherein said

out put signal is a voltage thatSS5ehanges anplitude in
response to the presence of said contam nant. -54- 8.
The filter of claimb5 further conprising a detector
foryg. dentid ik @f SRirf 18 QHetdth BAN tamSItH LN RIe9REA8es a result to a user
communi catively coupled to said sensor. 9. The filter
of cl ai mf@rwakimg ameasitmpat.ect or conpri ses a gas
chromat ograph for identifying said contam nant. 5 10.

The filter of clajm erei n sai d. sanpl| port is )
cordfmi cHRS Karpt eiﬁa’aﬁemr?le sgid sampling, thisJpesed proximate to said
manner qﬂeghﬁg%a contamnant in said reactive gas to

be made avai'lable to said sanpling device. 11. The

filter of claim 10 wherein said sanpling device

sconpr.i seBheafilthr\of tlagf.1 wHeein $hi@ shinpli®d p&t isab&it¢d prOximate to said
wherein said sanpling device conprises a Tenax trap

10 13. ToWPHtiPOtter of claim 10 wherein said sanpling

device conprises a wet inpinger. 14. The filter of

cl ajm 13 wher ei ai t .l npi.nger,.co | §€es: first ...
et T i et e d Ve i SRR LAEPTY 1S hA e seid inpu
sai d reasdri ¥ safPSutpit@parsai d sanpling port and a first

out put end; and 15 a second wet inpinger having a

second i nput end coupled to said first output end for
r ecH.vi nbheafiltdredstaira 1poidréinnaidfoutpait gont baein/@dlet patitiefdter
1(gas from sajid first i nger and further having a

wet i
econd odf nge‘ﬁﬁﬂsalds‘.nteﬂ‘?érég?m Er of claim 14 wherein
said first and second wet inpingers together allow

i 21 eantt (e JLefinyobiitin 3ol AR Flov AP AR LA gl i aving o

wher ei N GicehtBHR bf BMdAlH Tl ggedd@th@bdtdut 1 ppbvI&iel a concentration
filter of claim16 wherein said sanpling device is ]
r ecei vedoffsulf digxidgmalgyentss thancabopt L, 0phvi foF a yippbgasgtream having

coupl ed %gon%gﬁtgan?)ﬂwlajaﬂgmﬁ)aoﬁg %{eg‘t@} ﬁar‘? 3 i1 B%Pllo? §1¥(’f %?

further Dbeing returne 0 Sald analysis Taci

15anal ysi scokeriaufiph @ sulfie @edxidhdoyresial thas abault iS@boedidcess filter
while coupled to said sanpling port. 25 18. The filter
of cl ai Miavéengmelessure drap @f s grsaieh hanabpetaSinst frsae ienug gas stream
- 55- 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.
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 outlet port are offset from said

central axis.



19. The filter of claim 18 wherein said sanpling

device provides a result to a user after nmaking a
nmeasurenent. 20. The filter of claim1l wherein said
sanpling port is |located proximate to said input

port. 5 21. The filter of clai+#61 wherein said

sanpling port is |ocated proximte to said output

port. 22. The filter of claim1 wherein said sanpling

pordg i S : .

But it o SePARER RaResh Abihe SROBLGeADAIABafile filer and
out put peidtoutlespatcle fifltee¢omaiseiagiogousitlitiet partible filter capable of
ext endi into sajd internal champer. 24 _ The filter

of ol ai e @eaitlS saTas erhrasiony Sopu L0t Rt seer

stream having a concentration of ammonia of no

Qurir e BRGNS BPE S SR RAERY £R1oRRrs& cloan dry i

i nput gas stream having a concentration of amoni a no

501 ext er tHeads &Rest imPR Ivhedifl sad Y6luaRTEHeF AlciNs A greater
sul fur dioxide no greater than about 5 ppbv, said gas

filter thaaheyt30diterssure drop of no greater than
about 35 psi for an input gas stream pressure in the

range frgm abqut 70 psi_tq about 100 psi. and an inle

(oot st i sas Bt oLl 1, hetes shigSNier Badiagompnise Sppiwed
to abomacﬁ@atédﬂmrco%ﬁ(GKP? gas filter of claim1l, said
inlet further having a fill port. 20 26. The gas

filter of claim1, wherein said substantially

cyl3ndr iTirl gab filter ¢fuldiino)) wHedsSn 8aid €ilter MmkdiaXbpaie phosphoric acid

of said inlet port and said outlet port is offset from
10saj d cerffoated ginudatedhertivaied sharepalof said inlet port and

said outlet port is substantially on said centra

axis. 27. The_.gas filte f cl ai. wherein said .
U0k anc T8 581 ol heph S e T SopS s potassium
central @xjonaRiftatedigfanulti&f adiQhted aRdcsi d outl et port
are offset from sai central axis. -56- 28. The gas

filter of claiml1l, wherein at | east one of said inlet
parid4. cl el'feidat @ltenoltlam [ whetdiesaip dilter miediafcbhipeises phosphoric acid

conprise a porous njckel particle filter capable of
filteri ﬁ@eaﬁér&fw?aé%fl%%vﬁﬁ chargealyet er of about 0.003

mcrons or greater. 29. The gas filter of claiml,

130T DR AR Y SRR AR SR bR fbulgosf mor
filter rrdial fileritatgigat er

36.  The gas filter of claim 34, wherein said filter media comprises a bed
substantially of a GAC filter material and a bed comprising a phosphoric acid

treated granulated activated charcoal filter material.

20 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 (HMDSO) of no greater than



than about 3.0 liters. 31. The gas filter of claim1,
wherein said filter nedia conprises granul at ed

activated charcoal (GAC). 32. The gas filter of claim

1, wherein said filter nedia conprises phosphoric acid

10 treated granul ated activated7eharcoal. 33. The gas
filter of claim1, wherein said filter nedia conprises

pot assi Lmsbupﬂr dbear mpal £ s@eanUhdhed casdehit@i@bf condensable
char coal . he gas f| [ter of claiml1l, wherein said
filter rmsmcmﬁatsretbalpmp}%’mpbvam d treated

granul ated actlvat ed charcoal. 15 35. The gas filter

of ¢ said filter |ac ri ses, two

mor -2 chisiag® et FCIR b1t s HpRmegages f N plme no greater
clai m 344, 8503 lﬁé}’s Qn@‘l bﬁtﬁ)ﬁf gadlBHkdn ﬁ%éd&@ﬁrﬁm‘ﬂ%@ammoma of
substantially of a material and a

Sconpri si rmggraatmthsrphimult ¢ pabv and ¢ cawerttatpnard lsulﬁmretiomde no greater
activatgtg r?r? |ter. material. 20.37. The &ts :
filter opaRfbouin 28D v iR R S5 e R Ao o af ammonia
Conpri S&g, %reat@x%@rf' §Bdﬂ1'fnl 6 ?{)Wﬂﬁf @c&ﬁc@xﬁ?a@i@n GPSulkirldiGlide no greater
material. 38. The gas f er of claim1l1l, wherein sald

gas fil ttban shoupb ippbv, amd(ga‘s flter lgaarmgsa; pleasme drapiofigo greater than

concentr on. of, hexarret h I di si | oxane
gr eat er 3?’9 }]f 5 msy forgg4pput ﬁbe&(p PIgSSuLgin;t B {ﬁnéaggm a%out 70 psi to

108t r eam hayinthoApsk MESTHLIA hsoglregfn M?‘ﬁ@ﬁﬂhb an Ql’ﬁ%{‘étfo%t 20
no greater than about100 ppbv. . The gas fllter of

cl ai m 1,slphéo ebaut S@iskpnt.i | t er rredl a has a volune of no
greater than about 0.5 liters and output gas stream
has a concentration of ammonia of, 5 no greater than
abotft 1 pBviikerdona KaRdwEEs SPMBASIBE sul fur di oxi de no

greater than about e}cg&@ﬁs&gmoan i nput gas stream

havi ng a concentra I on nia no greater t han

about 10 ppbv and @subetasally Blihdricadtubs poftion ttivimgi atienlebend, an
greater than about 5 (gpbv said gas filter having a
I3pressure dr opoudket el gReen Brerpghambgout 35 psi for an

| nput gas stream p %g%;t‘ﬁgrﬁ h%ﬁglﬁrﬁ[@{}%ﬁn cﬁé’@&klf?&it f(t%gvds into the

psi to 10 about 10 as streamt
rate in the riatgel chanbepout 20 sl pmto about 50
slpm 40. A gas filter for a reactive gas co ng:
a contai ner conpr i &Y ¢iglet port having an outlet particle fil er that extends into
the internal chamber; and
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 sulfur 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.



a substantially cylindrical tube portion having an

inlet end, an 15 outlet end, and an internal chanber;

an inlet port having an inlet particle filter that

extends into the internal chanber; an outlet port

having an outlet particle filteB8-that extends into

the internal chanber; and 20 a filter nmedia that fills

the internal chanber, the gas filter supplying an

output ofR %'%Js T%ﬁbﬂ‘@éﬁm %vh‘é%?@ﬁtsﬁﬁsttéxﬁﬁll?fcylﬁiﬂmﬂl #@b&portion
no greater than about 1 ppbv and a concentration of

sul fur diasxicdatral@xisgné aheof thh aﬂetatmmmand]ouplpmorf isroffaet from the
i nput gas stream hay entrat of anmo

o oat o1 CERGH SBot otpr e pok 3od AuusheRir sibsGnialy on
sul fur dpoxifg] BQsor eat er 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

5f r otB. abCIte gaf fiptst oft daimidl)) twhef¥in thesubsamdialip cylmidﬁcagaBe portion
streamflow rate in the range from about 20 s|p

about 50138 RsEMtral@xigand fhednlghort and @ytled port jagg Q#S&bﬁomﬁbe central
i nl et en%sfurther having a fill port. -58- 42. The gas
filter of ¢laima40, wherein the substantially

cylindrical tube portion has a central axis and one of

t hegd, nl ethePaik ffil@N6F Qaikd 40, whefdin htleftt ba@bf the diTettgagticle filter and
central axis and the other of the inl et port and

out | et puitlet pastielg kﬁétﬁammmsp;a mrpuStwebmlclalﬁltakc@abls of filtering
43. The sfllter 0 L ai 0 ei.n th

105 st andraiass e hindeft P aRur 08 Bitohed geaen:  a
axis and the inlet port and outlet port are offset

fr o t herank ifider ofethifh 40 Whefdhe e 8ackivh b&Y co@ﬁpr&%@bl@&n dry air.
40, wherein at |east one of the inlet particle filter

and outlet particle filter conprise a porous nicke

par4d. cl eTHd gas diltec apatie4®fwhictdin eeivioume Of fileertnealiis no greater
havi ng a_di aneter of about 0.003 mcrons or greater.

45. The Harsalqui 8 &litgs. cl ai m 40, wherein the reactive

gas conprlses clean dry air. 46. The gas filter of

cla mher

o eifer TR Lot IR, WREpedn ol e ing Ui e Lfhapytated

15cl ai m 40act1\05t€dl @hﬁcgalp@c,j\cbt er nedia conprises
gr anul at ed

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.

20  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.



15 activated charcoal (GAC). 48. The gas filter of
claim40, wherein the filter nedia conprises
phosphoric acid treated granul ated activated
charcoal. 49. The gas filter of claim40, wherein the
filter nmedia conprises potassiuifi- carbonate treated
granul ated activated charcoal. 20 50. The gas filter

of &2.ai NTHOgasV1% BF Blafnk 60, fWihdr&ih (KBRS nsIPEJ es a bed
phosphoric acid treated granul ated activate

char coal substentiatheofgSAEi filtes magdriat hred arbetOgomprisingy aphdsphoric acid
filter di,a, conprj ses.t r r bedded filter
mat er i ar{é?at “eg n@@t.e d ﬁtévagégisc%ﬂcg?leﬁt%fn fT8'm 50,

wherein the filter nedia conprises a bed substantially

of &5 GACTHd bdsSl1telBE Qhinb1,30Lrd Wg@%%d&%@gtgeﬁwén rises a

phosphoric acid treated granulate coa
¥ilter npdtassivah carbGnateTtnentgbSAL filtez mavdriatl ai m 51,

wherein the filter nmedia further conprises a 5

pot?ssi um car bonate treated GAC filter material. 54.

The’Yas hg gasdilisr ob¢laimndOovhergia the ses filer spwplies an @ytput gas stream

suppl i es;, Ak : L ration

o hexansi At oy B5n BF hEARIG NS Rkl BRER! G o ot than
about 10abppbl0 Hisbv fanan fput ga3atresrh hevifl AR¥hdtration of condensable
concentratign of condensable orgnaics no greater than

about 10U8pHeVDC grgatssthamabops 190 ppl. for a reactive gas
conprising: a container conprising: a substantially

cylindrigal be. portion having .an inlet end, an
IOout#sre?t eng?® Qﬁgfg 2 [RPRYS s °8W§HE1‘85'; an inlet port

havi ng an inlgéomﬁgricgh@rigi&l?;er that extends into the

15 internal chanber; an outlet port having an outl et

particle filter thasubstenegiysylindrical titbe porttomrhasing an inlet end, an

chanmber; and a_fjlter dia i he internal chanber,
the filter rre%ﬂfg{?‘fﬁg%d;ghm?%ﬁﬁ B no greater than

about 0.5 liters, 4nhgle8psr hivihEhn ﬁﬂ'&&ﬂaﬁic‘i@ﬁl@g the%@xten% into the

out put gas stream having a concentration of ammmonia o
15n0 great er t hatereabobamberppby and a concentration of

SuLur g10x1 o o, S P Lo, 2R 05 hBER el ens
the internal chamber; and
a filter media in the internal chamber, the filter media having a
volume of no greater than about 0.5 liters, the gas filter supplying an
20 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
ammonia no greater than about 10 ppbv and a concentration of sulfur
dioxide no greater than about 5 ppbv, the gas filter having a pressure
25 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 slpm.

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



amoni a no greater than about 10 ppbv and a

concentration of sulfur dioxide no greater than about

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

psi and an inlet gas stream flowrate in the range
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filter of aim55, the inlet end further having a

fill porhas a.cg0tralgixis anld@ng aﬁthﬁunlﬁémorbandccblalehp@s;s offset from the

wherein th ubst rical e portiaon has
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port is @ttegtalbki@m the central axis and the other of

the inlet port and outlet port is substantially on

the central axis. 5 58. The gas filter of claimb55,
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has a central a he inlet port and out
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of claim35, wherein at |east one of the inlet

particle filter and outlet particle filter conprise a
porous nickel particle filter capable of filtering 10

par $9.cl eshdgasiM@r af clhiai'e$,6vheddin ablenst ode 0Dherthler paﬁfﬁclé) filter and
greater. 60. The gas filter of claim55, whereint
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filter of claimb55, wherein the filter nedia conprises

phog@hor Tke %@Fs'fﬂter dbclhing 88 8eheadin iy @h&%gﬁg tNAp@es clean dry air.
char coal . The gas filter of claimb wherein the

filter nmedia conprises potassium carbonate treated
gr a6l at €k @stﬁltcabﬁda'min &5, outedrein ik filldrengglvscdmprises gmfhulated

cl ai m 55, mhereh ter nmedia conprises
phosphor f<4ivaed gharee é@' )granul ated acti vat ed
charcoal. 20 65. The gas filter of claimb55, wherein

the filt ' ' ' S
b o The BRI GPORE 565, iy, AR AR L b o i
1511 ter neeited g@ﬂﬂaaﬂeaasﬁ@téaadlamswbst antially of a GAC

filter material and a bed conprising a phosphoric acid

treated granul ated activated charcoal filter material.
-6163.  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.



67. The gas filter of claim65, wherein the filter
medi a further conprises a potassium carbonate treated
GAC filter material. 68. The gas filter of claimb55,
wherein the gas filter supplies an output gas stream
having a concentrati on of hexarathyl di sil oxane (HVDSO)
of no greater than 5 about 10 ppbv for an input gas

stream hayd ga@ ftef Qﬁaﬁ% 5?%&%9&&9&9 e herodHsESa
no greater than about 100 ppbv. 69. A nethod of using

t he gas pdtassiaim cirbompite odated @Aﬁhfﬂter nyakeriah net hod of
using the gas filter of claim40.

68.  The gas filter of claim 55, wherein the gas filter supplies an output gas stream
having a concentration of hexamethyldisiloxane (HMDSO) of no greater than
5 about 10 ppbv for an input gas stream having a concentration of condensable

organics no greater than about 100 ppbv.
69. A method of using the gas filter device of claim 1.

70. A method of using the gas filter of claim 40.



