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application clains the benefit of U S. Provisional Application No. va 0
60/ 201, 928, filed on May 5, 2000, and U.S. Provisional Application

60/ 225. 248, filed on August 15, 2000. The entire teachl ngs of the above
applications are incorporated herein by reference. BACKGROUND OF THE

I NVENTION I n this age of increased air pollution, the renoval of chem cals
fromthe air 10 we breathe is a concern of everyone. In addition, in the
fabrication of electronic materials and of devices such as

sem conductors, there is a requirenment for uncontam nated air of high
quality. To filter contam nants fromthe air as phase fi Itratl on is
comonl y enpl oyed, typi/dh ég}{ﬁb(g Sured in

vari ous ways. One approach to glue the
carbon to the 15 substrate. e gﬁﬁ@@%@é‘ﬁg@ﬁéﬁiﬁgﬁggigén per formance by
formng a filmon its surface. In another approach, an organi c-based web
i s carbonized by beating, followed by carbon activation. Filters produced
by such an apREbAJKI) APBKKEATEION(S)and has rel atively | ow adsorption
capacity. In yet apother proach, .a slurry of _carbon powders and flbers
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hi gh pressure drop reover, ° ¢chem ¢ regna ar on par

used for the filkd@nsugatt 1@120(90 |Méntﬂ‘@k@@hihgéoﬂ‘tﬁbﬁb@vd@bﬁbh@dr@m&anmt be
efficiently used in conj unction with an aqueous process, as the aqueous

nature of thencpipgeateskhessin hzrefgrephes away the chemical used to inpregnate
t he carbon, or reacts 25 undesirably with the inpregnating or active
chem cal groups thereby rendering it WO 01/85308 PCT/US01/ 14655 - 5 Nov

2004 -2 i nopepaldGrROUNTYORErRE INVEtemeNy filter materials that do not
i ncorporate chemcally- active groups performfar |less effectively for

sonme key | ow nol echi thrs-age ofjhicreasahgio pelhitimon, theabmeasal affobernialsi frone trgpar | son

to filter IHH S Ibrea Ctlp ? E:OIllcrél(’:l'll gtd everyone. In addition, in the fabrication of electronic
matenals and of devices such as semiconductors, there is a requirement for
uncontaminated air of high quality. To filter contaminants from the air, gas phase
filtration is commeonly employed, typically using activated carbon manufactured in
various ways. One approach uses a carbon/adhesive shurry to glue the carbon to the

15 substrate. The adhesive decreases carbon performance by forming a film on its
surface, In another approach, an organic-based web is carbonized by heating,
followed by carbon activation. Filters produced by such an approach is expensive
and has relatively low adsorption capacity. In yet another approach, a slurry of
carbon powders and fibers is formed into sheets by a process analogous to a wet

20 papermaking process. This material has a medium-to-high cost, and has an
undesirable high pressure drop. Moreover, chemically-impregnated carbon particles,
used for the chemisorption of lower molecular weight materials, cannot be
efficiently used in conjunction with an aqueous process, as the aqueous nature of the

process either washes away the chemical used to impregnate the carbon, or reacts

25  undesirably with the impregnating or active chemical groups thereby rendering it



chem cal | y-active groups. 5 SUMVARY OF THE | NVENTI ON Such filters have
been acc®RUSBH the i ndustry, and they are presumably cdHsT/HEHEH6Eo
perform adequately for their intended purpose. However, they are pst

wi thout their shortcomings. In particular, none of these aforenenti &W@dﬂﬂ‘
prior art approaches fully achieve thé desired properties that provide a
cl ean, cost effective, 10 high efficiency, |ow pressure drop, adsorptive
conposite. The present invention provides a filter which overcones these
shor t com ngs inogenatpar th gethersl, howevanefilas peatériai$ tHahdo nonvigbbiporate ehemically-
fluid-pernmeable filter includes a conduit through which fluid,

parti cul ar| y agh¥e geans peréarm iy lass plfectivebolonsome key lavhmelesslastweightmedi a
that includes _a _copaql ymer having. an acidic fungtional .gr daor. 15
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conduit. Al s@edliiBcfifepapduit i s physisorptive nmedia for physically
adsorbing a conden3Sable Contam nant froma fluid passing through the

conduit. The chem sorptive nedia and physisorptive nedia are in separate
filter elenents in a &r:eferred enbodi ment, though the two nedia types can

al ter nat i vel Y WEMAR G IEHE DOOENIIOYr m a singl e, undivided filter. body.
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hi ghl y- aci di GonSibersi ¢héfornPadedifieRdsPIHREMhtehAedRIFDbIRAH et thepite meat ed,
or virgin, activated carbon. One enbodi ment of the invention enploys a
non- woven corvpitisiut herreshertcerningay Inpartidulas ndncof theest dforeaientjooedysridrizat  bi nd
to airborne bases. T&E unt r.eat Ed, activated carbon . ad\sﬁ?rbs or ic and
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poi nt gr en.; ' J i in |lithography systens
t hat errpf%{/ n% eﬁﬁgﬁggﬁg%rbzigg&séﬁé‘é’%%@ggp?%igﬂ%?tﬁ es, such as nol ecul ar
bases (e.g., amuUTheprasett mvertidypropides alfiltdt dhivheyvercdnits alidganhartcntngs.

i norgani ¢ condensabl e 30 contam nants (e.g., _ioqdobenzenes and sil oxanes),
present in tH8Particularyiagmgasregt ofohe Irvsabon aftvid gsonsablsEer igcindss 2004 - 3

Fhr ough Sert caRaNe hAnuIR Blon HLE BRI EUL RTE How AWRLERWARE 0 Dases

i ncl udi ng amroni _ m-ne pyridine, and o rs,” can _
mai nt ai ned atchef@eSiieBEdi0 Mt BRI 2 cBpflyner BavieOhn sdigistfahctidnkl gloag fav t h

the present invention. The

15 chemically adsorbing a base contaminant in a fluid passing through the conduit.
Also within the conduit is physisorptive media for physically adsorbing 2
condensable contaminant from a fluid passing through the conduit. The
chemisorptive media and physisorptive media are in separate filter elementsin a
preferred embodiment, though the two media types can alternatively be intermixed

20 to form a single, undivided filter body.

Preferably, the filter is a clean, cost-effective, high-efficiency, low-pressure-
drop, gas phase filter comprising a high-surface-area, highly-acidic, chemically-
acidic adsorbent in combination with untreated, or virgin, activated carbon. One
embodiment of the invention employs a non-woven composite material having !

25  acidic functional groups that bind to airborne bases. The unireated, activated carbon
adsorbs organic and inorganic condensable contaminants, typically those having a
boiling point greater than 150°C. The invention can be used in lithography systems
that employ materials that are sensitive to impurities, such as molecular bases (e.g.,

ammonia and n-methyl pyrrolididnone), and organic and inorganic condensable

30 contaminants (e.g., iodobenzenes and siloxanes), present in the air circulating



acidic aggﬁr bent can be fornmed, for exanple, by the dry ap]pl i cati on of an
active, V&8 adsor bent to a non-woven carrier material PeHHEO 4635 hen
heat ed and cal endered wi th cover sheets. The non-woven carrier materd' a}s
can be polyester non-wovens, and the acidic adsorbent can incl udé 9 NOV 2004
sul fonated divinyl benzene styrene copdiymer. One enbodi ment enpl oys
carboxylic functional groups. The acidic groups have at least 10 1

m | |iequival ent/gram of copolymnmer acidity |evel or higher and preferably
at |east 4. Ghroughisemitondhaonr wAfgr procedsingamoipyment. dr lalgegivatber hieaspol yner s
used are poraous, . and can have a, pore size in the range of 50-400
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hi ghly desirable since a twofold increase in bed | eg;h can increase the
filter's breskhhadsogbent inengn-woren carfigr inareaipl thetnsftbercheatasdend salsgderndse
thin fabric-based su]fonic beds. 20 Activated carbon is discussed in
greater detait'f ™ § 8°PFatent No. 5,582,865 titled, "Non-\Wven Filter
Conposi te." The ?nméﬁorfz@etuaméﬁafm% 515 88 BB Ser IG5 sakAdnbssaln by
reference. The filter can have two (or nore ayers, one o activate
carbon and oresarbestuddnanehédsudionnted ldivieyl beneerstsyremecopopahermenebeads.
Additionally, two_or nore materials can be m xed to provide a conposite
filter. 25 THubodpmeyt erapjoyietachaxyls fupciipealigrowss (ihsfacidiq grpaps have at least

hi gh-efficie - r r ' ' ' r d a
method 1 of0 1 o Mg Rhaa RS obh e EPE it or BT A Bretrpl e 1
particul arly 48 efileqhivalehii@rt@ror¢spolPhePasiEighdtd TheGdNimters 5 ard1por@as C
condensabl e contam nants (typically those wth a boiling point greater

t han 150 degradsathaiea poresize is therange FEY1-#0Q hrgsoomsiand aghefecetrees ef@fed i f
greater 30 thag thﬁ{ ore size of the filter. The filter can have a service
life pf_severl_ﬂlgﬂb T with a pressure drop to reduce power consunption
and i ni ni ze i NPaCtLORyENCOf BE300vén BSTTLASAAAASR W SFoNMn2004
systens operation. For "éxanple, a high-pressire-drop filter can require a
| onger 15 distribution of acidic, adsorbent particles throughout the depth of the polyester

batting. This provides an increased bed depth at a very low pressure drop, which 1s
highly desirable since a twofold increase in bed depth can increase the filter's
breakthrough time (time to failure) fourfold when using these thin fabric-based
sulfonic beds.

20 Activated carbon 1s discussed in greater detail in U.S. Patent No. 5,582,865,
titled, “Non-Woven Filter Composite.” The entire contents of this patent are
incorporated herein by reference. The filter can have two (or more} layers, one of
activated carbon and one of sulfonated divinyl benzene styrene copolymer beads.
Additionally, two or more materials can be mixed to provide a composite filter.

25 Thus, provided herein is a clean, cost-effective, high-efficiency, low-
pressure-drop, adsorptive composite filter, and a method for forming said composite
filter. The composite filter is particularly useful for the removal of base and organic
and inorganic condensable contaminants (typically those with a boiling point greater
than 150 degrees C) in an air stream. Particulates will also be removed if greater

30 thanthe pore size of the filter. The filter can have a service life of several months

- with a pressure drop to reduce power consumption and minimize impact on the



time for a lithography systemto equilibrate the tenperature and humdity
after filW@WO18538pl acenent. In conparison to chem cally-treBEEYS01/14655
activated-carbon filters, the conbination filters of this invention offer
“much hi gher adsorption performance due 5 to the superior adsorpti orbNOV 2004
properties of untreated, activated carfon over chenically- treated,
activated carbon. The use of untreated, activated carbon in accordance

wi th nethods described herein can provide superior breakthrough capacity
for organic sgstdmiseemithCFopadanda bl idgcprisamieniop Sltbemaursguitdwlonpeni cal
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entirety, can be used alone or in combination with any of the other chemisorptive or

physisorptive media described herein to remove contaminants from the air flowing
20 through the conduit in the same manner as is taught in this specification.
| A detection system and method of use for determining when the filter needs
to be replaced by detecting base contaminants in air is described in U.S. Patent
Application No. 09/232,199, entitled, “Detection of Base Contaminants in Gas
Samples," filed on January 14, 1999, with Oleg Kishkovich, et al. as inventors.

25  Also, U.S. Patent Application No. 08/795,949, entitled, “Detecting of Base
Contaminants," filed February 28, 1997, with Oleg Kishkovich, et al. as inventors,
and U.S. Patent Application No. 08/996,790, entitled, “Protection of Semiconductor
Fabrication and Similar Sensitive Processes,” filed December 23, 1997, with Oleg
Kishkovich, et al. as inventors, can also be used with the present invention. These

30 patent applications disclose the protection of a DUV lithography processes using

chemically-amplified photoresists that are sensitive to amines in the air. These



pat ent ap%I ications are incorporated in the present application in their
entirety QOIFséfoérence. One nethod of fabricating a filterPETAISeHI46FAVI ng
a large surface area and the desired flow characteristics involves the
use of a powdered nmaterial that is deposited 5 in sequential |ayer$ N0
on top of the other. Follow ng the deptﬁsit of each | ayer of powdered
material, a binder material is delivered onto each | ayer of powdered
material using a printing technique in accordance with a conputer nodel of
the three di RERRS FPACatiqns@es meorparated indhagresent mppllicatioh hothieirgntitety by
sequenti al appéfgr %]é on of all of the required powder |ayers and bi nder
material to formtheé part in question, the 10 unbound powder is

appropriately rend\af méBsabf faBHcdtihgt jt 8RRk At M LR
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conpl ex uni t afgsited fronplsadieistics inwoheb drencofapsivagrddingdieasd tha e ddiRied hat
are fornmed with a very high deg%ree of resolution. In another apparatus,
t
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i | ati | j | ati t.h h hot ol.i.t h hy tqQol. Th
Pwo redi o ar eBRdosEl G ANAG BlEr Al S GRSk A soetear hat € he
physi sor pti venagsiaiuying b phiatin@idthaieth RcoRiah&WEEA %Q:H%’lﬁu PRk 41188 tﬁljg?;

at which the chem sorgtl ve nedia i's maintai ned. The ysl sorptive ne
can be positi weaasionel nkerpldmantbeing fotend stollpwingsthe 26querdilapplication dfefiMeen

the chem sorptjiye_nedia an outlet. of the photolithograph tool) and
can be posi tPS#\tZla r%ﬂ'ﬂ%ﬁ%r?&f” eﬁ%yetrﬁgmgg &% ?’é%ﬁﬁﬁgkﬁod'eﬂlafh?d?%glq{ﬂ@jl%iﬁe in

the air ndj,t iRt i t j 2 Y _physisorptive
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chilled wat er thréendieiankienal filtes elentehe Hhis tevhaRjub grovideayatht TGk 89T Pt i ve
medi a can be cooled and then, after 25 exiting the physisorptive nedia,

reheated to aCPTREY Ay EK sompesigiiites slements bavangghice hafasherdagbatpre ve nedi a
before re-ent gy . i raphy.tool. Tenperature sensors can be
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physisorptive media will be maintained at a temperature cooler than that at which
the chemisorptive media is maintained.

The physisorptive media can be positioned upstream from the chemisorptive

20 media (i.e, between the chemisorptive media and an outlet of the photolithography
tool) and can be positioned proximate to the downstream side of a cooling coil in the
air conditioning unit of the tool. Alternatively, the physisorptive media can be
coupled with a separate cooling element, such as a source of chilled water. In either
case, the air passing through the physisorptive media can be cooled and then, after

25  exiting the physisorptive media, reheated to a fixed temperature and passed through
the chemisorptive media before re-entering the photolithography tool. Temperature
sensors can be used to monitor the temperature of the different media and also
provide feedback signals to a controller for closed loop control of the system. The
physisorptive filter element can also be contained in a rotating wheel with separate

30 chambers for active adsorption, regeneration and conditioning. Advantages

provided by some of these embodiments include enhanced removal of lower-



-5 NOV 2004 nol ecul ar - wei ght condensabl e cont am nants, reductr on in_the
overal | POOIFPH of the system reduction in operating gidésih é“ﬁrop of
the filtration conponent, and significantly increased tinme between
change-out or service. Further, |ower polecul ar-wei ght organic ~ SNOV 2004
contam nants may be renoved nore ef f eci vel y wwth the 5 tenperature-sw ng
beds descri bed herein than is achievable with passive adsorption beds. In
anot her aspect of the invention, a filter unit include a multiplicity of
filter el emsnelsculmmweizht candendablemontamzinantsraductionan dimemﬂrﬂot)tprmt nbthiea
and a physisorptive dia. The filter unit includes a nultiplicity
of sanpl i ng_ PO E: KGUGHYHIYFEREIE psEHe ?Ror@rﬂ?ﬁ%ﬂw E% Boni t or

devi ce which &ar1§1ﬁé}sas ﬁﬂeq{e%&%ech%%\%gﬁﬁtﬁséﬁsl T méw The

sanpl i ng ports are a range manner arrpl I ng ports

| ocat ed bet wepsleaslpeaeipht bightie coftapiifRittsmay befen®ad mdre csfedildlnoriBahd
| ocated on an upstream side of the multiplicity of filter elenents, and

anot her sanpltempersawe-singheds dessrihedberait thamin ashiguakle witheassive pggoreiany of
filter 15 el egents In sonme enbodi ments, the nmonitor device is an
anal yti cal d&\? t such as, for exanple, a gas chromatograph mass

sel ective detect Ol ABiHePRspBRRIrhd YvaRRML & Pl Bhit incHie AGRHHPLiSitY\BY fiter

detector, an atomc absorptl on detector, an inductance couple plasna
det ect or, or ederkents.i Ehe fitereddrosnts ammhmiésaf aAhtmisogitiveehgdia tinda noni t or
devi ce 20 can be a concentrator which collects the sanple drawn to the

concent r at or PRYSIROIRtiVeIEaa. dhediter upih alsadncludss 4 T%“]@Bhﬁﬂéﬂf EEPImE POREDI e

t t hat t t
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concentrat or gesfohkfie dfehafikéaleldnente VEdakiphigpbss a_ﬂar*a@}a@we&’ ﬁﬁa friahh&r

el ements can be arranged in a set of stack V\/m ch are arranged in a series,
and in each wﬂmrd@kdualhmphmgmﬂ%pmbwgrma@amhéba glemprie.allhete cann
anot her aspe hotol it hogr a stem l.udes. a ndl.er for
moving. ai ¢ RESAORIPRESt el AR e e e ARRBe ks SR SRR ¢ o
unit, and a RRGLEIH:E %%ﬁﬁ%ﬁl@@ited’\&i & BowRafiaesidé bf hemadtiplidityf 40mdrhe

filter unit. A particular ~advantage of this arrangenent is that it is
abl e to det eclemsems.am nants before the 30 contaminants reach the | ens of
a photol i thogr aphyhltsglcl)]le em\ﬁoda%én%s? ?f}(l)eSmggérU 391:%;/&3]1'34 :?115 a5naly?trcal device, such as, for
example, a gas chromatograph mass selective detector, an ion mobility spectrometer,
an acoustic wave detector, an atomic absorption detector, an inductance couple
plasma detector, or a Fourier transform methods. Alternatively, the monitor device
20 can be a concentrator which collects the sample drawn to the concentrator with a
pump, or the concentrator is coupled to the sample port so that the contaminants
accumulate in the concentrator by diffusion. Once the sample is collected in the
concentrator, the concentrator is taken to a lab for evaluating the sample. The filter
elements can be arranged in a set of stack which are arranged in a series, and in each
25  stack, the filter elements are arranged in parallel.
In another aspect, a photolithography system includes an air handler for
moving air through the system, and delivers unfiltered air to the filter unit, and a
photolithography tool which receives filiered air from the filter unit. A particular

advantage of this arrangement is that it is able to detect contaminants before the

30 contaminants reach the lens of a photolithography tool.



- 5 NOv 40]I8n3%§t anot her aspect of the invention, a filter unit

i ncl udes Ome16r>®ore filter elements. There can be a sanpPCREISPLI65S

| ocat ed between two filter elements. Additionally, or alternatively,

there is a sanpling port |located on one,side of a filter elenent, -drNOV 2004
there can be a second sanpling port | ochted on an opposite side of the 5
filter elenment. Rel ated aspects of the invention include a nethod for

filtering air thron}gh a filter unit and a nmethod for circulating air
through a photol i t HOYFLANNCE aect BrhemvorsuRi2HR} eONnORCTMES DRAV NGS: fiter

f oregoi ng and | e nes _and advant ages, of .t he invention 10
will be appar gﬂe{nﬁ? ?s(.)%ﬁ{eﬁ%&%oqe] ao%}nﬁaém%gpgdl%agrfc?ﬁﬁwg 1 ?f'é%@f't?rpﬁ]‘?‘%ﬁ“%f
preferred enbaditieeals, @falithativélyanty i '

acconpanyi ng draw ngs§i n whi cﬁ Yi kéek?g?g?ﬁgﬁ%ﬁeé%bﬁg{og%t?gpg%% ?reo (a)ﬁ[hﬁlé

same parts thesmgnbor there cati ef eseeond sarepling forelocaledvi ag Sppsste Ridle of the
necessari | ¥ t? sca]I e, enphasis instead being placed upon illustrating the
princi pl es>of HHECF®®ntion. 15 FIG | illustrates a filter including a

chemi sor pti ve fi |t e a0l Bfe oy el¥E QLA XD b Sl eTebi bl & 2

illustrates a filter, I'n the chemsorptive

on the physi sfitpt initadd 4 inethodlfen@itialatink Gir tBrdulgh Uphb@ligfogRagtiyhé&r | ncl udi ng
an electrostatically-charged nonwoven 20 filter material in"addition to
the chem sorptive filter elenent and physisorptive filter element. FIG 4

illustrates aghi %&prtﬁ i i d wth a photolithography
tool. FIG 5 PHI%E?;Ea es a @N@%?@s@gﬁ"‘;]b% FIG 6 is a schematic

[ [1ustration of anTRPRSEAHS aldGhuciEerd feRUAL Bhi LEARGERARNYS 0 %hyefith 2
circulation loop with physiSorptive fredia and chem sorptive nmedia
posi t i oned0f owilkhe aprreentdum theifollowing enure plartithilar deeriplion bf fFefefréds a

schematic illus r({liti 0 aﬂ%j anot her enj?odi ment of an apparatus _including a
phot ol i t hograﬁ’ﬂbo BsPtsat dheinyentian a3 llystratsd 3 the epcommmpayingdsewings ewhish 30
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drawings are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention.
15 FIG. 1 illustrates a filter including a chemisorptive filter element and a
physisorptive filter element.
FIG. 2 illustrates a filter, wherein the chemisorptive filter element is coated
on the physisorptive filter element.
FIG. 3 illustrates a iilter including an electrostatically-charged nonwoven
20 filter material in addition to the chemisorptive filter element and physisorptive filter
element.
FIG. 4 i]lustrates a filter of this invention coupled with a photolitho graphy
tool. ,
FIG. 5 illustrates a filter assembly.
25 FIG. 6 is a schematic illustration of an apparatus including a
photolithography tool and a circulation loop with physisorptive media and
chemisorptive media positioned for enhanced contaminant removal efficiency.
FIG. 7 is a schematic illustration of another embodiment of an apparatus
including a photolithography tool and a circulation loop with physisorptive media

30 and chemisorptive media positioned for enhanced contaminant removal efficiency.



- 5 Nov 5284 FIG 8 is a perspective view of an acidic, adsorbent filter
el enent 3V&S3%Beat i ng and cal endaring. FIG 9 is a perspBETiUgel/1d68w of
the acidic, adsorbent filter elenent after heating and cal endaring. 5
FIG 10 is a perspective view of the acidic, adsorbent filter el enepygy 2004
after heating and calendaring with a dover sheet. FIG | | is a flow
chart illustrating a process for fabricating a filter elenent. FIG 12
illustrates an exanple of a three dinensional filter element fabricated

i n accordance wi t hFieB sreqempsctivel iswodae deidic, Bis@rbent filttDelEment Hedores a

perspective wi f filter elenment in a square or rectangul ar
cont ai nnent Slkeglﬁ/ggap@cglﬁ% é‘the creases of the pleated structure. FIG

14 is a top view ofj@ dilLtef Fpl PN t ructure. FIG

15 is a top view of a fislatpgrSP g‘%‘@%ﬁ%"“?&?t&w %gcﬁl&’gaﬁsé}#)fgl?tfﬁg%gsc%ﬁ P@?rency

mul ti-pl eat peekngandtaltidaii@p. in a square or rectangul ar contai nment

structure. 15 FIG_16 is a top view of a filter elenent in a

radi al | y-pl eat ed cSAG-Adris & aprspecsive sigwehthesridin adsaabertiftier elfmiest aftdrop Vi ew

of a filter ! di a-wrapped cylindrical filter. FIG 18 is a
qleﬁﬂﬁgf%ﬂ Qal@ndgxelg% W y $£V§ﬁ E}f%b

per spective view a proce afilter elenent. FIG 19 is a

pleated filter el epmnty] i?@ﬂﬁk@haﬁgllﬁﬁmﬁng%E})Q&egéforifiﬂdﬁfiggfaifﬁﬂgr gﬁf(ﬁ%ﬁ%g ng

the base renoval efficiency of filters préeviously aval e an n
aci di ¢, adsorbent FIG.tl@nlhedtratasran esamplei of a threeeihemsionaF iBer émiest a gr aph

illustrating parati ve vapor Rhreakthrough rates with treated and
unt r eat ed, aﬁ?@%ﬁmpﬂfg Y .Prﬁsﬁﬁﬁsnﬁﬁd%m'ﬂill-ter unit in
accordancgy Wi th thgd nvens | : ' e L tration of the
filter unit of FIG 22 as Bg‘é%?%ﬁé’%"n%%%fﬁgef;ﬂ%?%‘??‘%%38?%%%%&%@@8@ FIG
24A is a cl oventgnméemwirabtuze shamg g cpesés offthé PRafell lstrestuttni t of FIG 22

connected to an anlﬁlgyti cal device. 30 FIG 24B is a close-up view of a
sanpling port of tH&-ffisaiopiey ofp fHerelepent shomies itegleaisdstruomoent r at or .

WO 01/ 85308 PCT/ U%Qd ]1§§55§ top view of a filter element with a high first-pass-efficiency

multi-pleat pack panel filter in a square or rectangular containment structure.

15 FIG. 16 is a top view of a filter element in a radially-pleated cylindrical
containment structure.

FIG. 17 is a top view of a filter element in a media-wrapped cylindrical filter.
FIG. 18 is a perspective view of a process of producing a filter element.
FIG. 19 1s a pleated filter element.

20 FIG. 20 is a graphical illustration comprising the base removal efficiency of
filters previously available and of an acidic, adsorbent filter element of this
invention.

FIG. 21 is a graph illustrating comparative vapor breakthrough rates with
treated and untreated, activated carbon filters.

25 FIG. 22 is a filter unit in accordance with the invention.

FIG. 23 is a schematic illustration of the filter unit of FIG. 22 as a component
ofa phbtolithography system.

FIG. 24A is a close-up view of a sampling port of the filter unit of FIG. 22
connected to an analytical device.

30 FIG. 24B is a close-up view of a sampling port of the filter unit of FIG. 22

connected to a concentrator.



-9 -5 4 EIG 24Cis a close-up view of a passive sanpler attached
to a sawpr??ggf%’gt of the filter unit of FIG 22. FIG 25PE£/U§0'§UHQ§rmti c

illustration of a sacrificial lens used to nonitor the filters. 5 TAl LED
DESCRI PTI ON OF THE | NVENTI ON A descri ptj on of preferred enbodi mentsd 88V tlfe
invention follows. A fluid- perneable Tilter includes chem sorptive nedia
and physisorptive nedia- Each of these two types of nedia can be in
separate filter el Eﬂ?&} E@Th? enbodiment illustrated in FIG | includes a
cheni sorptive filt&81OeA%sACclas tngey oA pessive spmner atachqd toersamipling port32

nmount ed wi t hi gr.@. GeRARLE lth an alternative enbodinent, illustrated in
FIG 2, the cﬁfemesorp{ti?lv%éfﬁ[l 'tzg'r el enment 16 can forma |ayer attached to

one or both sides ETGIZJSQ'Sﬂ@ﬂ%lﬁ@fcm]hktﬁan%h|o§"%rsatﬁ'§f?d?ﬁ%ns3u?sedﬁgﬁlxioﬁit&{]tﬁ!sl y, an

el ectrostatical |l y-charged nonwoven filter material 34 can cover the

chemi sorpti vefiltetAd physisorptive filter elements 16, 32, as shown in FIG
3. 15 The chem sorptive filter elenent 16 includes porous, chem sorptive
media formed with a copolynmer having an acidic functional group that

enabl es thg gheyR Tt Ap HESERPY rﬂ%Q hysi sorptive filter
el enment 32 inc?u es phy%l?gor ptIP\E/{IeéFrre |§?V5Euc 6%1\2 untreated, activated

carbon. The term Auleseriaiondif prefered egdbdiehid.of theRRentdR BALKY aheghigar bon
t hat has not been nodified by chemi cal treatnment to 20 perform

cheni sor pt i orPerpsabledilteymciulss ehpmisemtivemediared physisoptivamediapBash ofil , or
nonpol ar, adsgr .. The physisorptive nedi g repove, organi ¢ and inorganic
condensabl e c%ﬁ%)eamon%%so,fpl?%fl%? & lFi/mtSﬁBgﬁte Wﬁgo%?ﬂ oi 19CEPIIRE L gr eat er
than 150 degm@esatéd i FIGRNYSESOS dHafhisobti &h&ﬁm | %65 G
remove base vapors via chem sorspti on.S e&e?%frtér%eel' yélagéggtp:ﬁgsr} rgﬁ" ers
to a revel@i bfikkeratnent B2 omoymtaicesbin2bconduithé cn ihstadsbekaitedisede! d by

weak physical. forces. ontrast, the term_ "chem sorption," refers to
an irreversi bllngswg‘ir’r‘tﬁa{b ﬁe@étc RSoFRSvE futer glepent o camiemadey s atiached te

formed bet m%he%%oﬁfsihésod{itﬂe%ls gé&%ﬁ%@gC%EFegkgg gﬁ&%@gglym shown in

FIG 4, the filter 40 can be unt at an rnlet " of 'a 4t r avi ol et
phot ol i t hogr agéntrostaticallilciaegel nonsvoses fifter materiaLINELN dovkOthbichbfisofitive

entering ViO Oa]i1/d8p?1§r(s)i%orppgé fLiJIStgrlélénggr?tg 1;3,13(3)2, as shown in FIG. 3.

15 The chemisorptive filter element 16 includes porous, chemisorptive media
formed with a copolymer having an acidic functional group that enables the group to
react with a reagent. The physisorptive filter element 32 includes physisorptive
media, such as untreated, activated carbon. The term, "untreated," as used herein,
means an activated carbon that has not been modified by chemical treatment to

20  perform chemisorption; rather, untreated, active carbon remains as a physical, or
nonpolar, adsorbent. The physisorptive media remove organic and inorganic
condensable contaminants, typically those having a boiling point greater than 150
degrees C via physisorption, while the chemisorptive media remove base vapors via
chemisorption. The term, "physisorption,” refers to a reversible adsorption process

25 . in which the adsorbate is held by weak physical forces. In contrast, the term,
"chemisorption," refers to an irreversible chemical reaction process in which
chemical bonds are: formed between gas or liquid molecules and a solid surface.

As shown in FIG. 4, the filter 40 can be mounted at an inlet of a deep
ultraviolet photolithography tool 41 (e.g., a stepper or scanner) to filter air entering



- 5 NOV %Q&;g”%\% tool 41 and to protect the projection andpéi{bg@iﬁg%i on

optics 4 as the photoresist on a wafer 44 within er 46
of the photolithography tool 41. The filter can have a variety of
constructions. In a first exanple, a hgd of polyner pellets and 3NOV 2004
untreated, activated carbon is exposed to the airstreamusing a 5
traditional nedia tray and rack system (e.g., a netal enclosure that uses

per f or at ed ri creens,both to hol.d,in.the adsorhbent il

1T owi g ai r AePPT LA RIS E e 8t e aaiielin SRRGH A ufbrebe, e
filter is inphherd QfwFPPNENERRe cRAREA A4 Fl ellets
and untreat eg, alétsigk\rt/g?ey%‘ar bon are F}g duiér{gig ﬁ%ﬁ%ﬂ?@gﬁgﬁ%@gﬁ

conpl et el y-fi | | ed Therfdiec oabhaterarcdrietyeof donsaudtions.dhex frgplegamplega B&1 eb| ymer

and untreated,, acti v?t ed carbon forma ponolithic porous or honeyconb
structure. | ROIFERELHS andHpireateds apyatest casn inexpeseade the airstiean Uamgen or

nonwoven, ¢ i ] : ctivat e rbon,and ar | eat.ed, and
arranged i5nt g[% gﬁggégrh?‘%#?ﬁg%ﬂ%F%gthg&%(r%"’f’iqjlﬁ%rafeqﬂckosﬁmfﬁlﬁfﬂsgé?g%ﬁgg a bed
of acti vat ed nfuérbddr PebdRIBbIR{Ehol@ XPRReAsdrBerdtihiR AIRVASA M 46 1BE tRrough
traditional nmedia tray and rack systemw th a |layer 15 0f nonwoven

conposi t e mathe stakctwelpniaseoqdaaxadipde, pied §iveris inctheforirs ohig heneysaibonat ed
copol ymar-baselgﬁcon@aosi e maieri al atta{ghed or_incorporated into one side
or both si de§OHEYFRROTWhersPolugy Pepets pad pageated, a9t eed Garben grefeld ina

illustrated iLa+EIGRs X ' ' | Gs.. 7aare
designed to :Perr]ta)lvg1 %\{/ivg}-[a BlngE%?ﬁ]%gh lglé%}%t% il{?gslriivlt%gtnu":ré]riaﬁtagﬁn vﬁd&ﬁ&%&e‘a’a@r

ef f ecti vaifes pobnttrand betréated, aptivated arbhiefseranabdithie B éis0sthodBeeimbii ch
t he chem sorptive nmedia and physisorptive nedia operate. By providing

better purifSE8HNSn [Be fowdh axanenle.compofinalymer fbers kisher weo v avhyoven| |

better protectl I i.ded..agak ns hot or esi st ont am nation from

ai rborne nol gézcll? ar h%é]gl{erggtggfc? CBH%FOP iarhalgg%%argr@e ﬁdcangl%ﬁ?g}ﬂt%ﬁti on of
optics surf aggitiohl jlbRc@RPHIRE Uh LAfITEAmBle, Podd JTGeliRdtb®BabeRBelldidare
circulates air through the photolithography tool 41. An air conditioning
unit 104 reg@kpased te e atghrpam asinge tradittbohlmedia tpy @ahd adok systeer withy atiéper

phot ol ith]t%ra?h%/ tool 41 and ensures that the_ tepperature.and humdity
remain wi'thi @ BYGROYS-SPROSHS BetFria] FrpRrising auis dp SmesoomRtisiee

conput er - r eadaifdiidEpB Pnsdr Hab ik ot dsHe B dr 28 S dcREd PpﬂltcBﬁJolrétE@'rft@Sne
cooling elenent (e.g., cooling coil's) and heating elenent can be coupl ed
via a WO 01/ 86i8@8 both sides of the carbon tray. A pleated array of filters are illustrated in FIG.

5.

The apparatus illustrated in FIGs. 6 and 7 are designed to remove lower-
20  boiling-point contaminants with greater effectiveness and to better optimize the
separate conditions under which the chemisorptive media and physisorptive media
operate. By providing better purification of the airstream entering a
photolithography tool, better protection is provided against photoresist
contamination from airborne molecular bases and photo-induced organic
25 contamination of optics surfaces. '

In the apparatus of FIG. 6, a circulation loop 102 circulates air through the
photolithography tool 41. An air conditioning unit 104 regulates the temperature
and humidity of air entering the photolithography tool 41 and ensures that the
temperature and humidity remain within tightly-prescribed limits. A computer

30 having a computer-readable medium storing software code for controlling the

cooling element {e.g., cooling coils) and heating element can be coupled via a



=11 PCT/ L@g)]‘{ ;842@5 - 5 NOV 2004 processor with the air conditioning unit
104 to enfr8®i%t the tenperature and humidity are nai nt #OTAE00M14d55 n
those limts. A chemsorptive filter element 16 is positioned within the
circulation loop to take advantage of the enhanced chemisorption tHR0V 2004
occurs at warmer and nore humid conditildns. Meanwhile, a 5 physisorptive
filter element 32 is positioned to take advantage of the enhanced

physi sorption that takes place under cooler and drier conditions The

cheni sor pt i ve PFeqessy wathethe air cosditionmgsinitdiiddo iefisutrs ehat ieCiehdbia@fe happ 102
at a positi onhg&l\ﬂ\@ tream.fromdt hﬁ .ai,r conditioning unit 104 and

physi sor pti ve T verae Sanamed ythin thosg limisnidoehenuperptive fltehelememirstis ve

filter el enen ki f . t the fixed.tenperature
(e.g., in a rgﬁ%%#%?&‘gggﬁttﬁéz%atﬂ%&%h@ﬁﬁg%ga Vapteke ahit #3haBeqdan| i shed f or
ai r entering thanphptiohithdogewdpaywhesdr & mdYBhithdd BoEH SMed

terrperaturg inthe tool 41 is inportant to mnimze tenperature-i ndticed
| ens di st dr t PBYfESQIpiate T elevment 83 inpesittriedrs takbiadvantes 6 Mle thtemaid

condi tioni ng 5. 104 c rises recirculated air that has 15 exited the
phot ol i t hogr agﬁ%&'*‘t"&?‘i“’%@gﬁﬁa’m ‘f?e‘f—‘lﬁl{ﬁr%\? Sr(§pA dpicreendiBontc count  f or
i nevi tabl e pressur ghb @B&BRbrpHvEeHiel Brerdellt 1408700 quetg.%’c'gt@@%g@ﬂ {ﬂoﬁaﬁagg

at about' anbient pressure or at a lower pressure.

in the air ceripesiton dyvnstictmftsin tise aif cottitidiend o1 04 aid phsRoRHER ffl{ég
unit 104 and througté‘l the .entire circulation |oop 102. Cooling coils 108
are positionef® r seeiaditentote chemisomtive fidtsoElenteat Wilt tuetefgredier .

Th | i i o ter. chill t 8C. After bei
T 20 by 18 Bhcrtel AR Fer M L in ot S5t Bt 0 u0ia3°6) 880 o
180 to about Rafidityrestablstedtioirentr tﬁlp@ot&iméﬁﬁplgitbofh‘? aﬂ?ﬁﬁﬁg this

| n | ne.

t hrough physisorptive filter el enment 32, "which iI's "positioned nex

Due to its pB%¥¢d eamweraiuisinitietaokstis impdrtavwnstiniedre fengrerithe-isoadedNanscoi | S
108, the 25 physisorpiive tilter. element 32 is operated at a reduced

t enperat ure a&%ﬁ@ﬁ%%tc?%?%?i%ﬁb?r%g%anced. Finally, the air passes

t hrough heat i ng- el giedterhbQGhe W ic6Rditib ir-.to the %e i.red
operating tenperature before it T's lplalggggbt%ﬂpggaﬁbhg%erﬁf%%u} F‘?@/‘é athasy

el ement 165 Agutddhephatolithhgraplpidohg] edihlmalkofh £ (hroeidki Rgaccsh@nent 110 of
the air conditioning unit I’LO4 ﬂng advant ageously utilized to provide 30
enhanced physTSEFARY BiFssHlossRs i ntineny eph theoair oardbe itabbut t he

ambient pressure or at a lower pressure. A fan 106 is provided in the air

conditioning unit 104 to drive the flow of air through the unit 104 and through the
entire circulation loop 102. Cooling coils 108 are positioned downstream from the

20  fan 106 to cool the incoming air. The cooling coils can be cooled by water chilled to
about 8°C. After being cooled by the cooling coils 108, the air may be at a
temperature of about 18° to about 20°C. In the embodiment of FIG. 6, the air then
passes through physisorptive filter element 32, which is positioned next in line. Due
to its positioning proximate to and downstream from the cooling coils 108, the

25 physisorptive filter element 32 is operated at a reduced‘temperature at which
adsorption is enhanced. Finally, the air passes through heating-element 110, which
reheats the air to the desired operating temperature before it is passed through
chemisorptive filter element 16. Accordingly, the cooling coils 108 and heating
element 110 of the air conditioning unit 104 are advantageously utilized to provide

30  enhanced physisorption and chemisorption in addition to conditioning the



WO 01/ 85 SOL/ 14655 -12- - 5 Nov 2004 tenperature and hum dity of
the air ?@?OEﬁ (z)iaﬁced operation of the photolithography to%(?Tflngl/lﬂﬁﬁ he
apparatus of FIG 7, the physisorptive filter elenent 32 is in the form
of a rotating wheel about | or 2 net er_l?_i n | ength and havi ng three_5 0V 2004
separate chanbers 5 filled with physisorptive filter nedia. A notor N_le2
is couple with the wheel to rotationally drive it in the direction shown

by the arro counter-cl ockw se. when " viewed from.an upstream position in
the circul a;NiStB‘%‘pF‘@BBe fﬁék‘“’ﬁ%’ Qfﬁ%%éforﬁg?%@ﬂﬁﬁﬂégoﬂﬁéﬂb?@hwl PEAMBT 114
i s positionedgptiyyeceive air recirculated fromthe phtolithography tool
41 through circulation | oop 102. The 10 active chanber 114 will renove

contam nants fromlnhke 8pgaritis bhEIG: 7] e pykiodiplio® Blterl8lémefi™® RIS gRMbLRA
chanber in rotational sequence is operating as the conditioning chanber

116. The condiftairgtating vdieghthout 1 pe2imsetprs di iangthenhdthavirgrthiacsseparaiel dhentbwat er
circul ated: t h.line.120. The chil.l ed water. cools the physisorptive 15
filter medi ar}%lﬁe%gg%Pﬁ%sﬁ}mtbveﬁgmﬁdlmi1‘8 %%OEL%%WHBP]W&%%%@% cool ed
(providing eaghabaad &SSOk Pt inL&; Vi jon. 1] hi s
chanber as the acti \;}’e chgﬁ%{gﬁ%ﬁ%&&lﬁ@(ﬁn nlgtﬁtlhgéﬁ O{Vgg%?&cdggﬁﬁngggﬁ%&nents
such as suppleereat fibmcaoipstrgameotition i the cireglatierd fopvi®2heat exchanger can

be used cool the physisorptive filter nedia_in the conditioning chanber
116. O her appar at 1ie ¢hambgr aperabng ascibe aetiverrjamben] Phispomitioned todregeivs amhi ch

is then passed . b f physisgrptive filter .nmedia. can.also be
used. The reﬁrg?%%ﬁ%%gcgﬁgﬁbq% Pﬁg\%ﬂ%ﬂ% Yip r@t%@‘ggguf’ﬁé‘u?%g’é’ﬁemgt &3‘\?
chamber 148, actife BiShldr A8 WillQerh6LEHRariBhts TR aif Ak ERGlation loo
photol ithography tool 41. The heat fromthe heat exhaust w IT rai s% t he

t enperat ure ofd2t he physisorptive filter media in 25 regeneration chamber

118 and t hereby calse condensed .contam nants to vaporize and release from
t he physi sorpti Vea'hqgrg?e%% e BRO N SRS ISR P etiRgasthe t er  medi a

ready for reuggdiibhife’ GheBee & %@({?gﬁ%ﬁﬁﬁ%&ﬁogﬁ%@ﬁ p%@i?fop%&% APdve

recycled. As an alternative to at exfraust, er "auxi I'T1ary sources

of heat can bhilppdoviteedrdubatetbtootghdinet1a0i Tas chilkd enmtérttoleiie phys3rpiia
each one-igi rfg rotation, the chanber operating as the active chanber 114
becomes the rikEREda MERnERignng chamger | esodhatthe medipewil bhepaded (omeviding

enhanced adsorptive behavior) before rotation positions this chamber as the active
chamber 114. Alternatively, other cooling elements such as supplemental cooling
coils or a regenerative heat exchanger can be used cool the physisorptive filter media
in the conditioning chamber 116. Other apparatus using adiabatic cooling of a

20  compressed gas, which is then passed through the bed of physisorptive filter media
can also be used.

The remaining chamber, which is operating as the regeneration chamber 118,
is positioned to receive heat exhaust from the photolithography tool 41. The heat
from the heat exhaust will raise the temperature of the physisorptive filter media in

25  regeneration chamber 118 and thereby cause condensed contaminants to vaporize
and release from the physisorptive filter media rendering the physisorptive filter
media ready for reuse. The released contaminants can then be captured and
recycled. As an alternative to the heat exhaust, other auxilliary sources of heat can
be provided to desorb contaminants from the media. |

30 With each one-third rotation, the chamber operating as the active chamber

114 becomes the regeneration chamber 118; the chamber operating as the



WO 01/85308 -13 PCT/ USO01/ 14655 - 5 NOV 2004 regeneration chanber 11 S
becormes t WO Y& i oni ng chamber 116; and the chanber opemratriusyiasss he
condi tioni ng chanber 116 becones the active chanber 114. This rotational
cycl e continues throughout operation of the tool to continually reggﬂﬁ){gI ﬁge
and cool the physisorptive filter nmedid3so that "fresh" nedia wll~ 3 4
be available 5 for use. As such, the beds of filter nedia are operated as
"tenperature swing adsorption beds," which, in conbination with the

chem sor pt i verdgehéretioneltingbezdn 8 baBbMEAS ¢Sl iéhih € ¥BAribdr 1%“&%%& E{f;!:ﬁ‘ﬁﬁd

air below 1 part per billion and can maintain contam nation |evels o

ot her organi c8P@alrgsy thggaprdigeningichhinber i16 teoomepthe attiee vikintter 1 B4.SThis

i nt ai t t [ th [ diti [ it i t hi +/- 17 nK. 10
Thi o aame whoBr il Eule behuiales Birluon rersiopa tetoskingorgamally eeaerato s an
i kew se be | " n_al.ter.nati ve,to t.
rljt a}tN: ng Megwgdndgé%%ﬁgﬁtﬂ%l@tegme@% 8rt§ g %S iIPE%F V‘Qﬂ@#@%’f b§f.}/a1513%]e

separ at e condfirtuse.cAs susts shpclsdds of iftepmediatard GrRpatkd8s Sefptiaaire Wiﬂg‘mp’ heat
exhaust, and chilled water conduit into each of the three chanbérs, and

val ui ng at eadfsopttionthedpr yiehs dn cembivatiaswijh der chethisaptiot Alter héka Eaow from
each conduit ea chanmber .. T aratys of FIlGs. 6 and 7 are
particularly hjrsyexﬁ%iﬁ %érzlﬂﬁgfédn% cfl{cpragefda%%e]ow Pagt Rer dwilian apd eargmamiain ¢ ool

[n a photol | t begsamoaRARII\her R iRk | At ¥
contam nants that may formfree ra cal’s 1 thgel?Pgro ?Iﬁﬁcﬁaﬁgnaﬁ’?%&
stick to the hlenmagftainkéenprohtpre (ver thbpirfoonditioging tsitppethat +0n07 mK.

of FIGs. 6 and 21 can also be used to

Nevert hel ess, the . appar at u ) |
filter ai ﬁaf rom a &g’éég‘%ﬁ\?ﬂé@rﬁi“segraéébﬁ Rysisgiptizn SHgeclementdt mdlGI Fegnof a

waf er bei ng priR&EssSEE [ nts of oxide.layer
thi ckness) or to fil tgﬁgP?@%a%g&LI{Iﬁé?@éﬁ%ﬁF 1aﬁﬁe£1°&ﬁﬁ‘gt%’?3%ﬁﬁﬂraphy
appar at us t hatmbadimosat dithenpHydisorstive fledreRiicnt 3DUePartSondii G can be
conbined with the use of the apparatus of FIG. 6 and 7 are further
descri bed 25 Tespeghclypaanchiirop thesigyhitipr doopwheat lexhanshendishilied matgror at ed by
reference in | . I R ring to FLG, 8, a rtion_of an acidic,
cheni sorpti ve&%%ﬁgg@lbtegai %{ﬁhgr%ﬁr%éefﬂ!é %?S’f% V@V%ﬁﬁg&w&%ﬁ Remrhssrosnibge
conposi telbi | g@renmidasestatelhe NB% Pork QUG con@Be Glro 6 &RH Bambddl e | ayer 62.
The cover sheet 66 can be a poIIyester non-woven

The apparatus of FIGs. 6 and 7 are particularly nseful when used to filter air

for a stepper (exposure) tool in a photolithography apparatus, where the filter
elements can remove contaminants that may form free radicals in the tool, which can
then stick to the lens of the tool, thereby fouling its operation. Nevertheless, the

20  apparatus of FIGs. 6 and 21 can also be used to filter air from a track (where
organics can change the wettability of a wafer being processed and can throw off
measurements of oxide layer thickness) or to filter air entering other elements in a
photolithography apparatus that can be harmed by contaminants. Such uses, which
can be combined with the use of the apparatus of FIGs. 6 and 7 are further described

25 1in U.S. Patent No. 5,833,726, which is hereby incorporated by reference in its
entirety.

Referring to FIG. 8, a portion of an acidic, chemisorptive composite filter
clement 16 is shown. The chemisorptive composite filter element 16 has a cover
sheet 66 and a middle layer 62. The cover sheet 66 can be a polyester non-woven

30 fabric having a binder-to-fiber ratio of 55/44 and a thickness of 0.024 inches. The

middle layer 62 15 an air-laid polyester non-woven fabric having a thickness of 0.25



30 fabric having a binder-to-fiber ratio of 55/44 and a thickness of 0.024
i nches. W®@01/8%3d8ll e | ayer 62 is an air-laid pol yester non-povyeRrRef falgsd C
havi ng a thi ckness of 0.25 WO 01/85308 PCT/ US01/ 14655 -14 - 5 NOV 2004
inches and a binder to fiber ratio of 35%to 65% The m ddle Iayengq@viﬁm
i npregnated with a porous, acidic, pol-y#er material that binds readily
with nolecular bases in air flowing through the filter. Alternatively,
the fabrics can be woven. 5 The structure of FIG 9 can be used directly
in this form aghédundachidilen to fks eaRaiTt 3PP SV THeihidgle BY&BRNE- The
aci di c, adsorbent conposite 16, can enploy a second cover sheet 80,

provi ded on tWepregnateicwithfa puirot, ecidiy pely2r mefspakihtiebinds tdadily fsiithst cover
sheet 66, as shpwn iS FIG 1 The cover sggtet_ 66/ 80 can be a filtering or
non-filteri ngﬂngfﬁlllf% Y75 B Py dOMERS ﬂ}fS%‘Ilgi’éh? eorAligmgtivydpyihe febrisnearbeal or
other 10 sim gt jraterials. If the cover sheet 66/80 is a filtering
material, it serves to provide sone filtering of the air entering the
conmposi te Struct ur ghé eudteBFAHIGOD cRabé bl diebtly PR forth Bs it dcdiEc i 1
stream The cover sheet 66/ 80 can also serve to retain the porous acidic
pol ymer mat er #dgproguteomposatedilier slemeantl the/auidik, deobentcsipasidaét capempley |

whi ch can be in bead for ithin.the mddle |layer_ qr batting 62, The
cover sheets i%ecggg%ve&?ﬁg%ﬁ% op{?é’“ieﬁé’ﬁi%%ﬂr Cf Hﬁ?’tld‘ﬁﬁll"’é’lefé LPpOgifs tgdhe
pol ypropyl enefigf cprk ¥RSk 86, as sHOGmRRY¥SGSHY. Phi/&vEL Letl 66 @@?ﬁrpfﬁg’%lte g
FIGs. 1, 6 and 7, can include wuntreated, activat ed car bon e carpon
porous (the spasfifteringnod-soecmpeyestanpblgamive drpelypraBlereimdefs ordigy and
can be pro§i ded.in the formof fibers. Alternatively, the untreated,

act i vat ed 1 Bar HERaE B)RtanRlS. (i theecovsr shest 66580 isiachlissinggnateral Bseivas to prewgde 20

I n anot her e i - t IV d carhon_can be.for. into
a block and he dHF%%%?t #e}fﬁe \l%mﬂ te%%gﬁg?%cdgoﬁﬁ?n%ﬁ égﬁﬁﬁreﬁgre&m\{@gg{%{xaﬁge
activated carpaferiairinbige 4i0sthEen.f TRETLEVeY Hdefb§/80 TP N6 6&%e td REdiN HeWbrous
coconut shell, coal, wood, pitch, and other organic sources. Further

still, a sul f sndicaghooponsiamal suolaes nsnlfmatedalivinyldeheshe stoendiepoiymeazat ed,
activated carbon, 25.A.ternatively,. high-surface-area fi]t el enent s of
this inventi OWEJ&Qﬁ_aBSe . Eﬁﬁ%eﬁhﬁ%g%&#ﬁﬁ%@%ﬁ aﬁ“’p?qvﬁ’f shegts
techni que 18s g§86tibado b ch%n%caﬁ?i&ﬂtmatms s&h@%ggﬁgépée&%igg%ﬁe@nd

5,387,380, the entire contents ot these patents i ncor porated herein
by reference in thé&hepbeyssorgtive filter element 32, shown in FIGs. 1, 6 and 7, can include

in
is

untreated, activated carbon. The carbon is porous (the specific surface area can be
on the order of 1000 m*/g) and can be provided in the form of fibers. Alternatively,
the untreated, activated carbon can be in the form of particles aggregated in a tray.

20  In another embodiment, the untreated, activated carbon can be formed into a block
and held together with a binder material. The untreated, activated carbon can be
formed from a varnety of sources, including coconut shell, coal, wood, pitch, and
other organic sources. Further still, a sulfonated copolymer coating can be attached
to the untreated, activated carbon.

25 Alternatively, high-surface-area filter elements of this invention can be
fabricated using a three-dimensional printing technique as described in U.S. Patent
Nos. 5,204,055; 5,340,656; and 5,387,380, the entire contents of these patents being
incorporated herein by reference in their entirety.

Such a method of fabrication of a filter element is illustrated in connection

30 with FIG. 11. The process 200 includes forming a three-dimensional model 202 of

the filter element such that the dimensions are well defined. The first layer of the



Such a nethod of fabrication of a filter elenent is illustrated in
connecti oNO%# W& h FIG 11. The process 200 includes for mBrQI/Bs$01/14655

t hr ee- di nensi onal nodel 202 of the filter element such that the

di rensions are well defined. The first |ayer of the WO 01/85308 "1§NUV 2004
PCT/ US01/ 14655 - 5 NOV 2004 powder matedral used to formthe filtef rs

pl aced 204 by the printer apparatus. A binder is then delivered 206 onto
the powder material resulting in the binding of selected regions thereof
St eps 204 and PoWgemmateriabusaddd fornmthedfdter of pladede2awit the ptiher apparatus. A

hi gh-surface-area filter, is f d. Finally, the excess material is
re?mved 210. inmc%r }S|f1lh§gfl?lgfqrv££g%ﬁ|ﬂéemw T Rlaginad gesuling iatkebifdinger nade
i n accor dance gy : del i the exanple 240 of FIG  12.
The bi nder cagw%%%#%%llsd- pgﬁysrrﬂg?? gﬂ%ﬁ%ﬁ@ jodré ag%{%@@figggl}lm%%gggil@eq Yt the
The rel ative highedunfaesaseaofiltérhefcsieal SRy, tEefdebd BlatetlaB B0 18 fﬁ;ﬁﬁl,&l{f?‘f
eful“Tife

physi sorptive filter elenent 32 can be engi neered so that the us
of "the two? 18lusireties exdremie of 8 high surfec axhfltstmddain apprdaxéewiteihis t he same

time in agiv V. ronment ., Accor di ngl chem sorptive filter el enent
formed of sul oﬁhgotraela SB%‘BTW eéﬁwpgef%gléhl%n@e brdsr candipaviagiok pt i ve

filter el emenpolyBier®@abiefor URidl§8dg r since the physisorptive
properties of bt e carbon w || typ?ggﬁﬁgagfeh'exhausted nore qui ckly than

the chenisorptive Phopertivetidhetdos ofithedhemisstptive Ffee dlcRRhY 1€ind (b3 The two
conposite filtﬁr.co ongnts 16 and 32, can be contained w thin any
suitabl e cont& XféSP(I%nf][)‘)V ltgrelercis PR cay be srgingesedadd thet e uscfublifeaif tid oo pat h

of afiltgp n i th a photalithography tool, the filter
conponent 2016%%13&%%%&%% }lgogl%#b&g%%/&naté appfo Wéatéfi%ﬂ?ﬁ ?ﬁ%‘er VABEReR,
repl aceabl e f edvi®hn&ineMBGEGidd, a%ﬁ%so%%?%ﬁﬁf]e}&en{ & regfo?%.gpolngteho

0

I ncrease the surface area of the filter ‘material expose an 1ncident
air flow andPolmer ¢4 e padp Bemer then aphypiosiptiee fiitet elemehefntsoCairdagd
pleated to p\r,\’ga% e l.glhee inglir eased surface area. One enbodinent is shown in
FIG 13, in whieh SoEoMsadvBsoRay e Properies phibie carpogiwilltypically kg exbensted 5 or
17. The filt emoredgekid!thi I It I.0Ry.] i tructure 19,
as shown in FIG 14, 2on%1gtihﬁ§§é&n%§ ﬁt‘ﬁkg@gﬁ%@%@ a%é%{:’asﬁgfﬁpazt?é B‘g]mf'ner 25
18, havi nd%a front The twedompesktedBier chmpormne et 3X) c@mbabéntﬁﬁqé@aﬁﬂlﬁhggy by
| ow.

Elr EiOW92§ ho w-sr hfeq%lgtl%actoin‘pagne%?s) io? frgllljag\?vto%c?é)i fgrl 1|n>s/ta.ﬁ gtrio%eigdaincalfrlﬂ%rw ;e?th to? g ﬁ?ticzr'in g
apparatus coupled with a photolithography tool, the filter components 16 and 32
typically being in the form of removable or replaceable filter elements. For many
purposes, it is preferable to increase the surface area of the filter material exposed to

20  an mcident air flow; and, for this purpose, the composite filter elements can be
pleated to provide the increased surface area.

_ One embodiment is shown in FIG. 13, in which a composite material forms
an air filter element 15 or 17. The filter material is pleated into an accordion-like
structure 19, as shown in FIG. 14, contained within a square or reétangular container

25 18, having a front 21 and back 23, that are open to an air stream shown by arrow 22.
The pleating 20 is substantially perpendicular to the air flow. FIG. 9 shows the
structure in a fropt or back view. FIG. 14 shows a cutaway top view of a filter
element.

An altemative embodiment is shown in FIG. 15, wherein a plurality of
30 pleated composite filter elements 24, are sequentially disposed within container 18,

to provide a multi-stage filter through which the air can pass. As inthe above



structur %Ybﬂ”gﬁ"g ont or back view FIG 14 shows a cutaway top view of a
filter €lenent. An alternative enbodiment is shown in FI FCHESO4HE:in a
plurality of 30 pleated conposite filter elenments 24, are sequentially

di sposed within container 18, to pr oyLéje a multi-stage filter thrdudy 2004
which the air can pass. As in the above WO 01/85308 PCT/USQO /14655 -16 - 5
NOV 2004 enbodi nent, the pleats 20 of the elenents 24 are substantially
per pendi cul ar_t.o .t he g{rﬁctig gf air flow 22. A further enbodinent is
shown in FI GEPRSIMRER, Heplgaty Brﬁ Hherelenponts & arccubstantiallypegpendisylag to thea
cylindrical i: i retained within a cylindrical 5 container
28. The pl eafds%%%g%?g?ﬁg@“g%%cri bed above, substantially perpendicular to

a radial | y-direct es faftherfdngbwdirertus tHiem @rHICd T BPREered SheNpbsitd fRbG 17,
wherein the conposite structure is wound in a spiral configuration 30

cont ai ned wi tohfmerd is gispesediin g colindunal cordi gueationadndeetaii®d wAtinl cylindrical

chem sorptjve rtiglbes,ca evenly distriputed throughout the non- 10
woven or fib Pg%ﬂetr%% 2}138%13{7)?&35? aﬁgﬁclnrstfﬁé ag‘_ﬁve_eﬁ‘étf?b"‘lné‘a PerReREFHRKto a
chem Sor pti VGadiaRy-uise @RI Bitherl el biuTh Lftthod B 136, h NG i hy ' V!
benzene styrene copolyner. In one enbodi ment, the 1on-exchange,

st rongl y- aci dompopitestruitmeriy woahd vy s tpirah asnfépupatidn T0 eorgdized wehieen 0.3 and

1.2 mm a porosity of approximtely 0.30 mug, and an average pore
di aneter of &5BEH 25@’%‘%’5@!9‘?}%1?1%' catal yst can have a 15 hi gher

porosity of up to . r_higher..ln addition, the conceniratjon of
acid sites in the‘écg]gfca y%rfuggléoﬁwggg%lﬁ&s 8%&%%8{'@3’ q%sg_ﬂ?’fé‘iﬁf ouﬁﬁ %Ith%non'
surface argea vafvehhe fiveatahysbr gesb@ baRig! Mbexidle oBHLALiIGIRL Alefiicp@eE
sol d under the trade nane, AMBERLYST(r) 15DRY or AMBERLYST(r) 35DRY, by

Rohm and Haa®artiokainglydes bubistiet pmjted tasulfrmetsdrdivieyl mreiedtyretecopohges.
descri bed above c al so .be. 2(% Tglsed. &er all, t qe dry processing of the
fiber matrix of t OPﬁé?H%bﬁgFB?‘? viBe9n-gxahangs, sthonaly-eridly, prelionpary catabishat i on
of sul f onat edpgh Hanile BOOBERRER Y £13C1 S9RA! ¥ BBicRity UEk /8!
di spensi-ng syst e\r% the inherent strat |1'Fi cat ?(gﬁfoolftyt Eeﬁ}g%}?#?\%y g%bgéi/ngi ty,
and the even addshmaveuage porecfiambter sfdbban2d(eshgdiruingy ThbenaBoecagthyfi-ene 25
copol yner_particles as W?I | as _stratification of the sulfonated divinyl
benzene s](i/)r &pgher porosity of up to 300 ml/g, or higher. In addition, the concentration of acid

sites in the catalyst can be approximately 1.8 meg/ml and the surface area of the

catalyst can be about 45 m*/g. Such catalysts are sold under the trade name,

AMBERLYST® 15DRY or AMBERLYST® 35DRY, by Rohm and Haas.

Catalysts with physical properties outside the ranges described above can also be

20 used.

Overall, the dry processing of the fiber matrix of the chemisorptive filter
element involves the combination of sulfonated-divinyl-benzene-styrene copolymers
using a dry material dispensing system, the inherent stratification of the batting's
density, and the even distribution of the sulfonated divinyl benzene styrene

25 copolymer particles as well as stratification of the sulfonated divinyl benzene styrene
. copolymer particle size. These procedures allow for a fabric architecture having an
increased bed depth at a very low pressure drop, which is highly desirable due to the
chemusorptive filter element's high first-pass efficiency coupled with its low

operating cost.



copol ynmer._particle size. These procedures allow for a fabric architecture
havi ng a0 & ¥8sed bed depth at a very | ow pressure dr opPCHAISEH146SS

hi ghly desirable due to the chem sorptive filter elenent's high

first-pass efficiency coupled with its_| ow operating cost. W 01/ 853.0§N0v 2004
PCT/ USO1/ 14655 -17 - 5 NOV 2004 The t&fm "effici ency," as enpl oyed

herein is defined by the formula X-Y/ X wherein X is the upstream
concentration of pollutant, and Y is the downstream concentration of

pol | utant. The fi|¥8¢ tegemn "effigienay, rpscermplosied hereinia definadanbibe fammkla KeY/X

i m I . terial di . This. I nation h
Ut 11 of ont ”por BaRf X in ek o R G ERoE oo 06 RHEYTeaEr nanent

renoval of nedindenteadnSdfipandiaagses and sufficient retention of weak bases
fromthe airborne base contam nants. The filter can also include a porous

pol ymer material . Thefiltet ¢amrhavas migodfan hethatédsceva adetle prelfnihigichagyst he
air in environnents such 10 as_sem conductor fabrication systens where

there is ardyaenah@sgussest abaygic Shisaembinationdias sefficienyporgsisy andystromelyer r i ng
to Fig. 18, t -m l.L=J)-ai d pol yester non- en.la 2.1 collated to
a col/gr sheetﬂgdé%%cggggg%)ldﬁé %328‘? %F“*ﬁ&@??@f%ﬂ%ma%ég%éf?&%ﬁ%@ n a
fiber matrix f2adiemTeenfibyodiveeres o @t QﬁBorBé'bEé%tzﬁ'ﬁﬁ&ﬁtE.b?'hé AflesSystem

64. The 15 sul fonated divinyl benzene styrene copol yner particles 60 are
evenl y str at i9anaiEo npiudegpotausphbymieptdteredl. t he batting 62. As di scussed

above, an increas b depth .of. adsorbent particles distributed

t hr oughout t he ba’?ﬁi‘%gﬂ?rs aﬁﬁﬁﬁ?@%&%@m@ @ﬁ?@lgi%w&&%mw%@ﬁé@
tine, inci@asfseRrRAAUES: oy 'E%H%ﬂ} ' ANNE ces, provides
a | ow pressure Sr op, andrsugstantla I;%?I%%%%glggeg%atrh@llﬁxﬁéef{tiff%e of the
filter. 20 Thmcoftemisaedtirvéhiphrqualtyes 60 distributed in the matrix 62 are

then heated, pref %gbl‘y usi.ng two zones 68, 70 of infrared energy at
di fferent wavel engﬁ IngHe Fig ok thegnigdls air-laidipelyester nom-woeandry 62ver age

chan sorpt | v harr 2 rag e Hafihey Mhetaeialg Seidtbof bR oite RGN e

chem sorptive particles to ereto
particl es corfitesmattie 6Rddm Bguidifidshero? oady bartRAISSbIAGh sy2RnE4eFRE LY Of

raising the tenperature of the entire batting to a point at, or near, the
15  sulfonated divinyl benzene styrene copolymer particles 60 are evenly stratified
throughout the depth of the batting 62. As discussed above, an increased bed depth
of adsorbent particles distributed throughout the batting is highly desirable as it
Increases residence time, increases exposure of the chemisorptive particle surfaces,
provides a low pressure drop, and substantially increases the lifetime of the filter.
20 The chemisorplive particles 60 distributed in the maﬁix 62 are then heated,
preferably using two zones 68, 70 of infrared energy at different wavelengths. The
batting 62 is heated to an overall average temperature of between 250° and 350° F.
The infrared energy causes the chemisorptive particles to adhere to the
batting at points where the particles contact the batting, This procedure avoids the
25  necessity of raising the temperature of the entire batting to a point at, or near, the
melting point of the polysster batting, which could cause the batting to melt and
collapse thereby encasing the particles and destroying their chemical activity.
The batting 62 is then calendered using a pair of calender rolls 76, 78. The
first of these rolls 76 can be temperature controlled, Whﬂ:h allows the heating and
30 calendering steps to be cartied out af a steady temperature of around 140°F, and

prevents overheating and subsequent melting of cover sheet and prevents over



mel ting point of the polyester batting, which could cause the batting to
melt and WQolBz8e t hereby encasing the particles and dest ppyhiRgi A8k "
chemical activity. The batting 62 is then cal endered using a pair of

cal ender rolls 76, 78. The first of these rolls 76 can be tenperatgkgy )y
controll ed, which allows the heating a®+ 30 cal endering steps to be
carried out at a steady tenperature of around 1407, and prevents

over heating and subsequent nelting of cover sheet and prevents over WO

01/ 85308 PCT/ ddShtkfiag b5 thelfBbric. STMNMEC3AB folE b THSHABe QPquQFrJlﬁPJvF{% a The
second roll, roll 78, may be a rubber roll having a duroneter t avoi ds

crushing of tHEomglss tha Groids crushingof thotdsortgnhpartialesaoh &8 medyadlso be metal,
Furthernore, when f:@ﬁléée ?er tlﬁr@; gont ré)tlg%%%nrygh%ﬁfggo]ég?%s usagh t he

pressure at which i i FUCH N2 prashe
0 stance. |1 dlieimith SRGRAA! DB0RRPBoRTILADL NG IE B Ckliger

particul arly when those particles ar activated-car

forming dust,caldnidering prossurebear @t the daititldshRrtiaQaROShdehbid fLhic1ed sent
and can cons\eﬁgu_ently pass into the gas stream |In addition, a synthetic
non-woven covA&fvalsdearey hased. theseystormingadust, ahich ¢rnnotld fetaiadad thé vi nyl
benzene styre ' he batting c be cal endered with 10 the
batting 62, g’%%ldjﬁg’gg!sﬁg{eggélg %9%@% ey eatr}il?aé‘F“gP STeRor ned,

gussets or spacer Shnaddditibr2 & @gnthtid héh-HoktLEovel ShEPke thlibgal %{eotd:ﬁain‘?:hﬁ'%ﬁé“ IS

sealed into a box. Optionally, the material nmay be con over an

upper rol | er Sifonged daonyliteazenestystnagprohendrin ¢id tiny daarbetcalehdeded &¥ith
processin TLEe n%tgh%g of .. nanu({ara?cturifg‘or an activated carbon filter

el enent |5 dd8EPHHBE Oonatiliedisreq 3pove.sAfies thfiliss elemeent is fogpedgsssetsan ed,
"Non-\Woven Fidsh&drs GRITIASINS th Ll.e Lhi tept are

i ncor por at ed eréfn by reflg;ﬁtlaen%ltgfPr GW#%' Pﬁg%gtgg%/%{ngéts%%? %ddgl?rf}e? ﬁgﬁ is one

met hod of creati ngOptiendliyl thematetialinsay bearndnétae dvilatuppbhRilef &£ ques can
be used. Sone, of. these.techniques include those devel oped by Hoechst such
as that descripplitels roading theomaismal Rgor 1 fegberprecessing. JMeantthodotont ent's of

which are in i raf erence, or KX | ndust.r.ies' . . od of
medi a for mat ﬁ%%&?iﬁe é‘fg%%%&tﬂgge;élf@ qnni%grleleg?e.q e é‘“#?ﬁjﬂjaggta?lémg'
i ncor por ati orPatdnt ANcC BeIB2(8A5| Ytled; ' Nuvg-Wer&e el ThRipdsiRO’ a%s B Rntents of

structure. In another method, a filter el enment can be nmade by prem xi ng
the cheni sorpisipateniars lacemerateddieptip dysefepmmicee medi a t oget her and t hen

depositing the While the above-described method is one method of creating the filter, it is
recognized that other techniques can be used. Some of these techniques include
those developed by Hoechst such as that described in U.S. Patent No. 5,605,746, the
20  entire contents of which are incorporated herein by reference or KX Industries'
method of media formation. The common featurs in all of these methods is the
incorporation of a chemically-active sorbent into a porous media structure.
In another method, a filter element can be made by premixing the
chemisorptive media and the physisorptive media together and then depositing the
25  mixture onto a web. Or the chemisorptive media and the physisorptive media can be
deposited from a respective dispensing unit in desired proportions onto the web in
situ as the web passes beneath the dispensing units.
A pleated filter structure 220 using the porous acidic polymer of the present
mvention is illustrated in FIG. 19. This is a pleated system open on both sides of a
30 rectangular frame 228 with a length 222, width 224 and depth such that it can be



25 mxture onto a web. Or the chem sorptive nmedia and the physisorptive
nmedi a can OH%’B?)%i ted froma respective dispensing unit irpcEesscadsss
proportions onto the web in situ as the web passes beneath the di spensing
units. A pleated filter structure 220 using the porous acidic pol yreyNIf 2004
the present invention is illustrated+l8-FIG 19. This is a pleated system
open on both sides of a 30 rectangular frame 228 with a length 222, width
224 and depth such that it can be WD 01/85308 -19 PCT/USOL/ 14655 5 NOV
2004 used as as¢hpd avpleeameni filtee in staclsAReksykiehise THeHicL HEs 2 BRRVEI | ter has
a renoval eff'tfgc:.en%y of over 99% at 1000 ppb chal | enge concentration.

FIG 20 graphfH¥ReRFYiqfioyst %6 at1009enbekslengeaioniaitabion. for three different

acidic, chem sorpti A . nts. The graphs_.represent renoval
efficiency as a SP\f/[Eing? ﬁ%‘:‘ﬁf%‘% hfﬁﬁéﬁ%ﬂ%%fﬁ%&vgf&ﬁmg%ﬁ%&mwﬁﬁw
upstream fr oma¢ildi, théhRbrptivk n ' ' ' ¢ 12 in. x 12
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Consi der i n§ sémgtion of tifre a1 20 ppondfNH| toreppesion dpiatarh ifidhethe filee MBiNer #3
per fornmed best Hoge.ver, i f addi ii onal data is considered, the conclusion
i's not so si npIEEPTRES | PEEMBAEHoks Mok 12iip.1%eb in| Airdiaw #EpproxiDately 16 er

10 col um (VClub; filter .element # s 0.3"WC: __and
the pressure %?%E%@%@ﬁﬁﬂé?ﬁ%éﬁdg sersw% @Fc\%%a ?-’}%}”\tq@"r‘l’l’gﬁféﬁ]é?ﬁ%heﬁl
and #2 are verlpnehv#2perdormteddestmaiuiaiet, if f1diGosaPasiafis 6alsidans, mleut filter

el ement #3 creates . an, excessive pressure drop that interferes with the
tool's propercﬁéﬁﬁ%@tq(’éﬁ? HgplExthepressareirep Sor Blictredpmernit #1 waddsi"raltee f or
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present invention provided a substantial inprovenent In Servi
whi | e provi di W9l sapuéasbuers speaficativhgtbut SlteoeipmintodEcrebtthad OQkssPREHRENON.

The adsorptiv f.or ce a n upntreated, activated-carbon filter

el ement 20 igr RS {Eﬁ%@a W&tg‘?@\og‘ﬂr.o?%@%lrﬁ’ﬁﬁ“@ﬂnﬂl Excepsive preasire deop

adsor pti on brgrakiibsi a f. i unds _on both
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treated and untreated carbons. Conparing t
acet at e ( £ Acyorfsumptionatedutesirfind throngh gattest Madrpesitive Yressirb ensi@P@ei ty

time to equival ent breakthroygh f untreated
( 9 encllosure. ’['hus, hﬂer elllgngntgl made in accordance with the present invention

provided a substantia] improvement in service life while providing a pressure drop
that is compatible with tool operation.
The adsorptive performance of an untreated, activated-carbon filter element
20  isillustrated in FIG. 21. The graph of FIG. 21 shows the adsorption breakthrough
curves for a number of organic compounds on both treated and untreated carbons.
Comparing the breakihrough curve for ethyl acetate (EtAc) for treated 50 and
untreated carbon 50", the capacity (time to equivalent breakthrough) of untreated
carbon is found to be between 5 and 10 times higher than that of treated carbon. As
25  shown in the graph, organic vapor capacity for isopropyl alcohol 52 and isobutane
54 in treated carbon is similarly small in comparison to corresponding measurements
of organic vapor capacity for isopropyl alcohol 52' and isobutane 54' in untreated
carbon.
The above-described filter elements have a removal efficiency over 99% for
30  both volatile base compounds and condensable organic contamination. The capacity

of these filter elements for both volatile base compounds and .condensable organics



carbon is found to be between 5 and 10 tines higher than that of treated
carbon. A¥OX3/88H8wn in the graph, organic vapor capacity f T s@phaRy!

al cohol 52 and isobutane 54 in treated carbon is simlarly small in
conparison to correspondi ng neasurements of organic vapor capacity5§9y 2604
| sopropyl al cohol 52' and isobutane 5420i n untreated carbon. The
above-described filter elenents have a renoval efficiency over 99% for 30
both vol atil e base conpounds and condensabl e organi ¢ contam nation. The
capacity of tlesserafigd betveed 6% 60 SpincdayhOtie ¥ ' ounc
condensabl e organi cs WO 01/ 85308§I-)20 CT/ USO%%%%CEE§WZ Iﬁl%ﬂ%yea
range bet weerPT52R1§ caulapypandsisLreairghacdibatndthtt for element Grganiesiscongdensabl e
or gani ¢ cont reat er. t]h n QOW%@an that for elenment organics is

over 99% Ty .'pggqqtczqnié%%ﬂfg%‘ﬁé rde $inRy BsR, $a(Bp); pnd pitry g ) and

ot her organo gefadildsi ®Rere WL S R0 r iG. qgr ol 1S silicon, Pis
phosphorous, B is bor on, - & Snd?%éérﬁ%i@%,ug’a%ﬁgéﬁlc%%b{géwﬁfﬂhor?% JE PRF% i n
FIG 22 is5arSmertogien@Bi isdfisthiwd. i nvention as a filter unit 500 . i ncl uding.
amultiplicity of filter elenents 502 having both chem sorptive and

physi sor ptive medi duskged ghFie 2248 an pmbpdiGienpaf the frevehtion es a dllterent 50502
are arranged :.] r | .0 a t of sta 501 whjch are arranged in
series wthi nmfélﬂg% iaﬁéh@g&m& Oﬁéﬁ?rﬁienﬁ?qtf \g&f{}‘?ﬁnﬂg both chemisemitvsmnd cover
panel 505 al |sisagtios snddt. tAGcd i RF S henid dbsle Uni,t, 500
Is al so provide vm'al?ﬁ_ a set of %astersnglomztwe?‘gér FIIE{I% %ééﬁ?ﬁv I ng
the filter unhpasligl nx set dEghclad 0l odith are.ardised inlskaEd WHhRYSERIE Aacof
descri bed 4nv5ﬂ“§ﬁter 9&%@0‘# in U S Patent No. 5,607,647, the entire
contents B F OHCLYE! § BERAYade $RveEPaneh 07 elleveansess t3h¢ filtepeemeiton,

air flows in € el ' - hrough an inta r.t. 50§, through
the filter el%.l%ér}?fg f%%%}]ﬂgr?gééﬁlgogﬂogﬁeowﬁf gfmﬁgﬁ’m‘?ﬁg&? %’q%@’(?aﬁl‘q‘t%tﬁrrpl i ng
ports 510-1, €adily RovibAhafiltenehibiid 16 a(deairk@Rchie! mr@@fiﬁg@ $ine sanpl ing
port 510) provide access to several regions of the filte ¥II’II ~o00 to

facilitate néWPEHIedAR erater dgigdiin (/S Jraterh dea 51603547 1 thp astsescontenelefhwhibe
filt it : s a ' t 20 h side of th
| er uni ch %%Eﬁed %r%ga%r;g%li_%%gpor on eac side O e

i ndi vidual filter enen t the change in the quality of the

air as itlxggoes thriawgbratibe it 169§ infohe ARRL L dRAT a%we‘x%fdﬁéﬁgﬁ intake port 506,
through the filter elements 502, and out of an outlet port 508. A set of sampling '

ports 510-1, 510-2, 510-3, and 510-4 (collectively referred to as sampling port 510)
provide access to several regions of the filter unit 500 to facilitate monitoring the
quality of the air as it passes through the filter unit 500. There is a sampling port on

20 each side of the individual filter elements 502 so that the change in the quality of the
air as it goes through the filter element can be evaluated.

Referring now to FIG. 23, there is shown the filter wnit 500 ezﬁployed n part
of a photolithography process 512. The filter unit 500 is connected to an air handler
unit 514 with a line 516. Another line 518 connects filter unit 500 to a tool 520,

25 such as a stepper or track, and a line 522 connects the tool 520 to the air handler
514. Thus the air handler 514 sends unfiltered air to the filter unit 500 through the
line 516. Contaminants in the air are then removed as the air flows through the filter
elements 502 of the filter unit 500. The filtered air is subsequently sent to the tool

520 through the line 518. And afier the air passes through the tool 520, it returns via
30 the line 522 back to the air handler 514,



Referring . now to FIG 23, there is shown the filter unit 500 enpl oyed in
part of gagﬂﬁﬁﬁp?thography process 512. The filter unit S50hcj/gs@ARARCt ed
to an air handler wunit 514 with a line 516. Another |ine 518 connects
filter unit 500 to a tool 520, 25 such as a stepper or track, and a_line
522 connects the tool 520 to the air heéfdler 514. Thus the air handINg¥ 2004
514 sends unfiltered air to the filter unit 500 through the I|ine 516.
Contaminants in the air are then renoved as the air flows through the

filter elements 5CBheqserfompatideldfehe fiértel&Rhts I Bd iy
subsequent |y $eaL. Lo t%l‘he tool = 520 through the Iti:ne 51%%&%%%?’?%?11}(% air

passes t hr ough-PRERSBE sgsondyctorayaferss Ror axamples dreoperater &adlloblakihko t he

ai r handl er 53y, - 21, PCT/ .USOL/ 14655 5 NOV 2004 The performance
o e Pl oy Watert drdip B et S e 135 dreraded. \Sudhrisgradation t he

seni conduct or prafiéessan ihoired® agHiSn t | gok at t fer to
determ ne if &i‘he lit hoq%:japhi c proce%glcﬁﬁgfﬁﬁpgjﬁe%mr&m@%ﬁ@&ﬁ%

provi des an i RAY§ &keradeddi cation to the operator that the performance of
the filters 5 hav%‘lfiggaéadﬁd. Al ternatively, the performance of the filter
el ements 502 is nontGrEYCHyhePsKprRanss b ieshiter shamdngs Seinislreorpirédbp 10.

For exanpl e, @adindd 1 air flows,_in the direction of
the arrow A thr ouégﬁa%ﬁ%éef?l tt%%}saﬁpe%n%%?és%%%Sort“h@npi?o?‘ﬁ%‘ﬁ%iﬁ@§1FIG-tQHé, air

in the regi onapair Newvw it te: dissotidr b 18E aBLAE MS i rag,ngd with an
anal ytical device 520 which draws sanpl es froﬁg‘?ﬁg 1.;sitaﬁ%rrp eﬂ-‘%ﬂ% Sr&?t’ %510

through a | i nECB¥BNaR{zip thy ainindhy ragien batwvércibs tvo dilidrlelegRtsonqyat ogr aph

mass sel e¢hi VEeil LFNE) with bi.lity s rometers, surface acoustic wave,
atom c absor pft:tléon, P RAUC éﬂ%@%&é}’l@%ﬁ@w@h davs Fouplee frotr tha stapling FTI R)

met hods.  Sanpdrit 690 tHrewatad 1i 3 : - [ h 510-4 (FIG 23),
enabl es detepﬁ ning the 15 nc}iérr%ﬁ)nt ﬁ&ég];].a?ﬁn%a%g%ﬁge%i]ﬂail&%g%ﬁQ“%F‘B%aphnd

after the ai rmgeesslachive((gEMSaGhn afobilitg spédticidters) BpRaL éaou%tfﬂ@&zgp%’ ap{nqi\t,i di ng
a conveni ent ﬁgﬁﬁgnfm moni toring the performance of all the Filter
el enents 502 © e TWPQP“%&PPPIBG@%M%E@HECMBﬁDmMm)dﬁtbﬁdsnrs are

further descr$festingfrdn 31 1k 0 @5 , L.ch i.s hereby |
i ncorporated by r efggrence. i f‘ﬁﬁ%ﬂen fhg‘gl% %‘?&’Iﬁmﬁ - FRRblotietrerinigg the her e
i s shown bh odBUEYof contemindetse theraidRdoe:ad Jker GO g0t 1RBuM L3 the

filter elements, thereby providing a convenient method for monitoring the

performance of all the filter elements 502 of the filter umit 500.

Surface acoustic wave detectors are further described in U.S. Patent No.
5,856,198, which is hereby incorporated by reference in its entirety. Referring to
20 FIG. 25, there is shown an acoustic wave detector 600 used in combination with a

sacrificial lens 602 to detect the presence of element organic such as Si-R. The Si-R

molecule is volatile; however, upon exposure to UV radiation, Si-R reacts according

to the reaction
Si-R = Si-R° + R®
25  where R° is an organic free radical, and oxygen, O,, reacts as

02 b 200
 such that ’



sacrifi Ci\ﬁéok@%ﬁ 602 to detect the presence of elenent organic such as
Si-R The Si- folecule is volatil e; however, upon exposuPETHSOIRA6SS
radiation, Si-R reacts according to the reaction Si-R-, Si-R+ R 25
where R is an organic free radical, ang,oxygen, 02, reacts as 02=29N§w9dm
that WD 01/85308 PCT/ US01/ 14655 -22- SI-R + 0 - Si-R-0 or R Si-0O Repeating
the above reactions n-tines provides Si-RtQ, - Si-R+R+R-0 +... - 5 NOV
2004 thereby producing Si-02 whichoi,s~a -vol atil e inorgani c oxide that
is condensable 5 on the sacri f#’c’?al”l)eﬁ’g)l%”\zé).or%‘é‘“@ ore, by exposing the
Si-Rto UV radiation, the acoustic wave detector 600 is able to detect the
amount of Si-Rin the sanpled air. Rather than connecting the sanpling
port to an anBépeelingthedbovemactites n-samphbiavidggort 510 can be connected to a
concentrator 524, as illustrated in FIG 24B. A punp 526 coupled to the
concentrator 524 draws the sanples to the concentrator 10 through a line
528. Alternatively, as illustr d, b0 _Fl. C, ,the sanple accunul ates by
diffusion in a concentrator 533}%{%Qgﬁ’e%’gg?%iicfpyaﬁomt he sanpling port

510. In either case, the operator takes the concentrator 524 or 530 back
to the lab where the contents of the concentrator is evaluated by any of
the anal yti cahergby prdscing&-€hi wbithebonen-vbatihinbezant axidaianis endbashleeen

Pher cot 11 v B BRI ISE G08" Lhpeis(Bischekinars o HR he LAY rachafian, vt  Ous
tho Scope of Ehe e Ly o s B Tk ol oS PR SmmiB oy 5308
©23 CLAI M5 What i sRatherithesicomrectR(E theSAhpLASHSE to an analytical device, the
sampling port 510 can be connected to a concentrator 524, as illustrated in FIG. 24B.
A pump 526 coupled to the concentrator 524 draws the samples to the concentrator
10 through a line 528. Alternatively, as illustrated in FIG. 24C, the sample
accumulates by diffusion in a concentrator 530 attached directly to the sampling port
510. In either case, the operator takes the concentrator 524 or 530 back to the lab
where the contents of the concentrator is evaluated by any of the analytical devices
described above.
15 While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled

in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



5 NOV z3agA fluid-perneable filter for a sem conduct cessing

t ool cc%gngibi]%i%&gs: a conduit defining a passage for fluid &hﬁﬁ@b’ﬁﬁéét ed to
the processing tool; chemisorptive nedia within the conduit, the = 5NOV 2004
" chem sorptive nedia including a of pobyneric material having at |east one
of a sulfonic acid and a carboxylic acid functional group that can
chem cally adsorb a base contamnant in a fluid passing through the
conduit; and physisorptive nedia wt hi&a&@g conduit, the physisorptive
medi a being able to physically adsorb ﬁdensabl e contam nant from a
fluid passing through the conduit. The filler of Caim1 wherein the
chem sorptive nedia includes a porous divinyl benzene styrene copol yner
havi ng a sulflomicclamie] group. 3. The filter of Claiml1 wherein the acidic
group has an acidity level of at lease |I mlliequivalent/gramof styrene
copolynmer. The filter of Claim1l wherein the chem sorptive nedia have a

pore size in the range of 400 angstronms. 5. The filter of Claim1l
wherein the acidic functi oﬁgﬁné%ﬁﬁe‘@’iﬁwﬁﬁ?k@éﬂ‘m%&wmm a
porijous di vicoplprisgipzene styrene copolyner. 6. The filter of Caim1 wherein
at |l east one of the filter elements is a pleated filter element. 7. The

filiter of O ai malcanduitgichAnings prsstige fof Neiddiow bbwctealte%l@me@sg o ur face

arga of 20 nR/7g L hi %&er . V\é)"Ol/ 853108 . PCT/ USO01/ 14¢ 05 -24~
8. |The filter of"EFMFYYSMEN MR heRopdritahpchemispmiite medininclidas an
untjr eat ed, activatﬁgl:ﬁg 1e 2 filter Claim8 Werein the
untjreat ed, activated, car C}?a ﬁ ]h-Smglgt ray. l.ea < % 20 d 29
whqr ei n t heanbokylins@d fumtiohubgredp dar BENCHnieARPMLNSNBLLe BABSHnant in a fluid
passing.through the conduit; and _ |
physisorptive media within the conduit, the physisorptive media being able to
physically adsorb & condensable contaminant from a Huid passing through the conduit.
2. - The filter of Claim 1 wherein the chemisorptive media
includes a porous divinyl benzene styrene copolymer having a sulfonic acid group.
3. ' " The filter of Claim 1 wherein the acidic group has an acidity level of at lease |
milliequivalent/gram of styrene copolymer.
4. - The filter of Claim 1 wherein the chemisorptive media have a pore size in the
range-of 50-400 angsiroms. ' -
5. The filter of Claim | wherein the acidic functional group comprises
. @ carboxylic acid jn a porous divinvl benzeyie styrene copolymer. |
6. The filter of Claim 1 wherein 2t least one of the filter elements is a pleated
filter element.
7. The filter of Claim 1 wherein the media of each filier element have 2 surface
area of 20 m%/g or higher.




11, The PiPEe?%f caim9 wherein the untreat ed, activat edpefiRPN; iS5 coal
based. 12. The filter of Claim9 Werein the untreated, activated carbon

. is wood based, 13. The filter of daim9 wherein the untreated, activated
carbon is pitch based. 14. The filter-2d¢f Caim9 wherein the untreatdtV 2004
activated carbon is derived from an organic source. 15. 17. The filter
ofo Claim9 wherein the chem sorptive nedia forma |ayer attached to the
unitreated, activated Cﬁfmﬁfn]ierm]ﬂﬂﬁ%}?eg@ aihnf.V\he_rei.n t he untreated,

acti vat: arbon js in a block form hefd SEORtME raeda nder nateri al .
The fi |‘1ﬁg@8§—%”ﬁ$fﬁﬁf§im@weﬁed ceftencheni sorptive media and the

physi sorptive nedia are in separate filter elenents. 18. A filter or
hot ol i t hography tool having a chanber with optics for directing a Iight
s@urce onto a PheFMeEsf Bl ted substrate conprising; a conduit through
which a fluid can be su%}cﬁ ‘.9’233‘”58“% cdﬁéﬁ%@d;acﬂ@a@d/c&fb%ﬁffmslﬁqg#-lSOI/ 14655
- 5 NOV 2004 -25 19 chem sorptive nedia within the conduit, e
c gm' sorptive giéﬁpigﬂc(lr;di ng a copolyner having an-acidic functional
gf 6up that can T imd@sehdrein BaS: taginant {n a fluid passing
t hr ouglytdye conduit; and physisorptive ﬁ%@?@d a\?\ﬂ’#?ﬂ“ﬁ%@’lmghm;s}tﬂe
physi sorptive nedia being able to physically adsorb a condensabl e
contam nant froma fluid passing through the conduit. group. The
phot ol i t hogr aphy t]ghol of Claim 18 wherein the chem sorptive nedi a
i htl udes a porkesh iNAfhinD @ RERAGH $He), opol ymer having a sulfonic acid
20. The photolithography tool of C aim @%tﬁhg?r@%ﬁdt%éb%ysbdmaﬂd.ve nedi a
i nclude untreated, activated carbon.
i2. - The filter of Clai - '
| 1m 9 wherein the untreated, activated carbon is wood based.

13. T ' ' .
“ he filter of Claim 9 wherein the untreated, activated carbon is pitch based
14, The filter of Claim 9 i |
| wherein the untreategd activated ] i
| , , @ carbon
o erganie e 15 derived from
15, The filter of Claj i
m 9 wherein the chemisorpt; ' l
11s0rptive media form a )
the untreated, activated carbon. o o P
16. Th f Claim : rbon.
A e ﬁ]szr of Claim' 8 whereijn the untreated, activated carbon s 1n a block form
held together with a binder materia], | S
17. " Clai i
| The filter of Claim 1 wherein the chemisorptive media and the physisorptive
media are in separate filter elements. -
18.

o | A filter for photolithography tool having a chamber with optics for
directing a light source onto a photoresist-

coated substrate comprising:

a conduit through which a fluid can be supplied to the chamber:



: WO 0]/8532?8 - . . . . . -
21. 22. 23. 24. A nethod of filtering air for a fabricati ®CThesmliidsy

needing uncontam nated air of high quality, conprising the steps of:
. providing filtering chem sorptive nedia including a polyneric material and

at least one of sulfonic and or carb@¥ylic acid functional group _tgﬁgv?@p
react wth a base contam nant; providing filtering physisorptive nedi
t hat can phyksJi cally adsorb a condensable contam nant; and flowi ng air
t hr ough t he coératsogei@l my@afilakit:eti Ng nedi a physisorptive filtering nedia.
and the T51e met hqgm({)f d al mhygfﬁ\qﬁ%ee%é’idﬁnt%éC@Pmiﬁoquiwtmmﬁam'hcﬁn'QCI udes a
porOusco;:@-mlﬁwa\@@mﬂadﬁmma@gwﬁﬂcﬁa ig&aﬁésul fonic acid group.
The ne Olplgag%of d ai H] 21 wherein thé& physi sorptf didsorbs: hast r eat ed,
act i vat e eRPpbin a H@R’?é@lhﬁd!mﬁglﬁ}&im@gjtféﬂ her conprising the step of
flowing th A0 a Jphotalithography tool after passing the air
t hr ough  ne Pt Do Rtin s omebatie PHOSTIR0LLIARDG, 526,10 5 NOv 2004
25. Arphq'sitca}ﬂryaegﬁsia%ngyﬁgﬁfp&q a %mtol i t hogr aphy appar ats letgicl udi ng
an exposure tool for generating Jp ttf@'ﬂad}w&épaay%rﬂﬁugﬁhgé&Fﬁ?hst
conprising: a circulation | oop coupled with the exposure too or
?%rcul ating athrlpthrougg the exposure tool; an air conditioning unit in

'e circul ati PJER)‘BI, oBERpay tod eff l4inONg 0g:e Yshemy incl uding a cool i ng
el ement andpanfaeal,i la%éelcfn.enlt, the heating el ement PR gnsediadownst r eam
fromthe coorrng ePShEticIviny! benzene styrene copolymer having a sulfonic acid

group. , -

20. i i
) The photoht}mgraphy tool of Claim 18 Wherein the physisorptive media
wclude untreated, activated carbon. |
21. : Ing ai
| A method of filtering ajr for a fabrication faciliry needing
unconiaminated air of high quality, comiprising the steps of:
providing a filterine chemisorptive media ing] uding &
polymeric materia] and at ]gasf one of sulfonic ang or carboxvylic acid functjon J
that can react with a base contaminan:: T
providing a filterin; Physisorptive med; j
: g nedia that can physically ad
N, ¥ adsorb a condensable
flowing air through the chemisorptive filtering media and il
| .. . 7 he
phys1sorpt1vg . Hiltering media, |
22. ) ' . r
N The methed of Claim 21 wherein the chemisorptive media includes » porous
divinyl benzene styrene copolymer having a sulfonic acid group
23. : ' '
The method of Claim 27 wherein the physisorptive media js unireated
activated carbon. |
24,

B The method of Claim 2] further comprising the step of flowing the air into a
photolithography tool after passing the air through the i

lter elements.



: WO 01/85308 - e
physi sorptive: filter media positioned between the cooling RATEHSMBIERd t he

heating elenent; and chem sorptive filter nedia positioned dowstream
-fromthe heating el enent, 26. The pho él i t hography apparatus of claim 25,
if urt her conprising: a conputer-readabf® storage nedi um storing software
code for controlling the cooling element and the heating el ement <t ®NOV 7004
mai ntain the air exiting the air conditioning systemat a fixed
tggperature; and a processor coupled with the conputer-readabl e storage
medi

umand in connuni caﬁﬂéﬂmﬂﬁmw’pgbm%@gﬁé%} t he heating

el ementincRdine thee i _ aratus of claim Y the fixed
tenperature s . SHE apy 3@.la .ofﬁh@tofﬁ%%ﬁ@bﬂaﬁﬁﬁﬂé;aphy
apparatus of claim25, wherein the physisorptive filter nediais

i ncor por at ed i.nt(l) a rotatable wheel coupled with a notor that can drive
rotation of2 ¢ffalalteeclopp theplehest tho ekl | east, t.hree chanmbers, each
i ncl Udiegﬁosﬁr%? Ooh_ysi sorptive filter mﬁ%?%gig%gﬁﬁ‘élﬁéng ﬁ’él‘f&l’éllgigl:hean
active chanbel"yositioned to receive air passi ng through the circul ation
condui t: a Gengh &gk aftber positioned to receive air froma source
providin lkﬂ?i r of ngg%ﬂ?né: E’é‘t giihe ‘Fepkemtanpe teredr tmmn"tiﬁlﬁxy%%@t&he air

passi ng ngighobdlveg eleRHt fnd AR 1/85308.-27 29. PCT/US01/ 14655 - 5
NOV 20Q4 a regeperation chanmber .pl\é\ge?ﬁ%ﬂlg’dgféc?%]%%ﬁmstﬂwtdi S

subst aflPVRI TS hBemethechaling element ecei ved by the active chanber and the
condi tioni ng;.6 r.-exposure tool; through the physisorptive filter
media in thghg%??ocr%ﬁh?*ﬁgﬁ‘pﬁﬂﬁ BPoatignrs betgeet drmmbling URRRE: Wd e 1S,

cheni seepiehyenfil ter nmedia; chemisorptive filter media in the ci TCW ati on
| oop positioned downstream fromthe physisorptive filter nedia; and a

heating el eﬁ%’ﬂ’ﬂlsﬁmﬁvn@w mydai gositiohed b8t AN ERHOR. 108;,C! heul ation 1 oop,

hea eating clement.
26. - The photolithography apparatus of claim 25, further comprising:

& computer-readable storage medium storing software code for controlling the
cooling ‘element and the heating element to maintain the air exiting the zir cenditioning
sysiem at a fixed temperature; and

a processor coupled with the computer-readable storage medivm and in .
commumcation with the cooling element and with the heating element

27. | i ' j '

| The photohthography apparatus of claim 26, wherein the fixed temperature 1s

between about 21° and about 23°C. |
28.

The photolithography apparatus of claim 25, wherein the physisorptive filter
media is incorporated into a rotatable wheel coupled with a motor that can drive rotation
of the wheel, the whee] inciuding at least three chambers, each including the
physisorptive filter media, the chambers including:

an active chamber positioned to receive alr passing through the circulation
conduit;

. e . .
conditioning chamber positioned to receive air from & source providing air of

about the same temperature and humidity as the ajr passing through the conduit: angd



heatingv%nggﬂpgpositioned between the chem sorptive nmedi ap@pgsiNGsss
physi sorptive nmedia. An air processing systemfor a photolithography
_apparatus including an exposure tool for generating a pattern on a |ayer
of photoresist conprising: a circulatyon |oop coupled with the expo§HO® 2604
tool for circulating air th 30. The photolithography apparatus of claim
29, wherein the cooling elenent is a chilled water source. 31. 32. The
photolithogrgﬂﬂ¥na%ﬁarabus of claim29, wherein the cooling elenent is a
cooling coil. Fhe PHELS ?Ph@dﬁﬁﬁhymdm@&k@h@%hQEaFﬁ@Lg¥2% wherein the
physismhmh%mﬁv&jbygk}mgggig iE i ncorporated into aro 313HV@°%ﬁ§hmlcoupled
with a notor that” can drrve FBYATddhe coiditimeinpoRhbet he Wheel including at
| east three chanbers, each including the physisorptive filter nedia, the
chanmbers including: an active chanber positioned to receive air passing

tfrrough the circul ati onmwwgm chanber positioned to
recei ve Czla‘ﬂcﬁnfom a source providing ?mﬂlh@‘ashmp}taeﬂngrature and

. 408 gl cxpasugetos] foy p eratigh s e GONPN L 1, @nd VO 01/ 85308 :
PCT/ USOL/ 14655 -28 33. .5 NOV 2004 a T egeneratT on—erditiirsisgeom risinad t o
receive air taat is substantially hotter than that received by the active
chamber andatcheulagogliddpoy I er. Anethod for filtering air
circul ated through a pkﬁygpﬁtdﬁg&%ﬁpP%F tool dengrdusdting AN@réfghRge Of
passi ngPRFEAPlough physi sorptive filter nedia; cooling the air at or
before the ﬂ@)@ﬁsqr‘ptil\ie filter media wth a cooling elenent; after the
air exits t PR Saf B im&dia in the cirmeldiiay Jdgating the air with a heating
el enent; afd esoifrpald t i.r,..passing the air through chem sorptive
filter media; an’g rhéht Claﬁpl%d WIU'PT e cljcmlsoxptive hlter media;

chemisorptive filter media in the ¢

physisorptive filter megi a; and

Irculation loop positioned downstream from the

a heati Ing air ci
ieating element for heating ajr circulating through the circulation

.. " ioop, the
heating element positioned between the chemisorptive media

and the physisorptive

30. The photolithp
grephy apparatus of claim 29, wherei )
: . th X
chilled water source. Tein the cooling element is a
31 The photolitho
graphy epparatus of claj Sy :
cooling coil. : m 29, wherein the cooling element is 3
32.

physisorptive filter media, the chambers including:

an active chamber positioned 10 receive air

| passing through the circular
conduis Ju rculation



after PHROH}PO0®Xits the chemisorptive firer nedia, d6|iveﬁt@ﬂmbﬂﬁméér to a
phot ol i t hography tool. 34. The nethod of claim 33, wherein the heating

el enent is governed to heat the air to a tenperature between about %% %nd
about 23C. 35. Afilter unit[[,]] fof8a sem conductor processing toél V 2004
conprising: a plurality of filter elenments, the filter elenents including
a chem sorptive nedia, the chem sorptive nedia having a copolyner with an
acidic functional group that can chemi cally adsorb a base contam nant,

and physi soPgtEFETaiRMemben popitisd dorptdive e .G ahl e to physically
adsor byg, &%@ﬂ@a%g contam nant froma fl ui ﬁ; &gsn%%gﬁgﬁlﬁfyaﬁqw “%P

sanpling ports wt |ﬁ°?ﬁ%°hth€éﬁnilﬂiﬂcchdhiommmmmg to a nonitor device
whi ch nonitors the performance of the filter elenents, the sanpling ports

bei ng arranged with individual sanpling ports | ocated between adjacent

f33 ter el ementsmeod BRE]EE ' f.claim 35, wherein a sanpling port
of the multiplicity of ﬁégirjriéé ?%éﬂg{gtra{e? q“?ulgbéégléﬁlﬁhpaﬁphmbheam si de of
t he mAXTRIISIRE he B¢psfafl t er el enents, and anot her sanpling port of the
multiplicit as?in saan?%i né orts is.-located on a downstream side of the
mul tipli cit‘%}/ ST B T tEpY Hiesptive WeOme@5308 PCT/ USO1/ 14655 -29 - 5 NOV

2004 37. ThedlingtiRE ' claim 35 wherein the nonitor device is an
anal yti cal devinge. %%Tyt %géff’ﬁ‘ﬁ%g}lmqmme Bler mediz witheewilingtdhananal yti cal

devi ce is aftpaghe ehenimtleghepkoMBss fif ive detector. 39. 40. 41. 42.
The fikter unit of claim 37, V\,hrgrﬁei nt ]g’%g’r?aﬁiﬁﬁ%é © Yo it heatiag i on

mobi | 4§ ¥pect ronet er .
after heating the air, passing the air through chemisorptive filter media- and

| after the air exits the chemisorptive filter media, delivering the air to a
photolithography tool.

| The method of claim 33, wherein the heating element is governed to heat the
2Ir 1o a temperature between about 21° and about 23°C

35| . ] 3
A filter umt[[,]] for a semiconductor processing ool comprisin :
=

a plurality of ﬁlte; elements, the filter elements including a
chemiSOfptivc media, the chemisorptive media having a copolymer with an acidic
functien:a] group thet can chemiCally adsorb 2 base contaminant, and ph.ygisorptive
media, the physisorptive media being able to physically adsorb a condensable
contaminent from a-fluid; and |

a plurality of sampling ports within the

| | | . filter unit'fbr'éo'hnccting
to 2 moniter device which monitors the performance of the fi)

ter elements, the sampling

ports being arranged with individual sampling ports Jocated between adjacent filter
tlements.

The filter unit of claim 335, wherein a sampling port of the multiplicity of
ports is located on an upstream side of the multiplicity of filter elements, and

another sampling port of the multiplicity of sampling ports is located on a downstream
side of the multiplicity of filter elements. -

sarmmpling



%ustlc

‘The fi VO 0¥BE of claim 37, wherein the analytical devi Cep'ﬁu%/ﬁ%devi co

wave detector. The filter unit of claim37, wherein the analytica
is an atom c absorption detector. .The filter unit of claim 37, wherein
the anal ytical device is an inductancg9- couple plasma detector. ~ JNOV 2004
43. met hods. The filter unit of claim 37, wherein the analytical device is a
Fourier transform44.The filter unit of claim35, wherein the nonitor

dgyi ceis a coztgeg rator. 45, The filter unit of claim44, wherein the
cdhcentrator is°¢ %tPBCIPH%3§a‘ft‘b¢r61rpthlemmwrtdheice@mrﬁmamﬁfbtﬁdaﬁéymJ| ate
in the concentrator by diffusion. 46.The filter unit of claim44, wherein
the concentrator is coupled to a punp to draw the contam nants to the
cdhcentrator. B Fher fdil & ' im. 44 .wherein.the contam nants
accunul ate in the concentfﬂ?%@??’t\ﬁ%erg%%%?éw%ﬂ%mcéﬁ 4E¥®i ng eval uat ed
wi t h asheomeatographimateseleetive dMrcddy 85308 PCT/ US01/ 14655 5 NOV 2004 -30 48.
An air processing systemfor a photolithography system conprising: an
air handler for noving air through the system a filter unit which

regei ves unfil e m t ir handler, the filter unit including a
p?%r ality of fT'ﬁgﬁe’gqnétn‘téfgcﬁ%mhgﬁi‘%rané #lginapeiviee rseuli iap Mdtdlity

chem sepgaticvreteredi a i ncl uding a copol yner with an acidic functional group
that can chenmically adsorb a base contam nant, and a physisorptive nedi a,
t he physisorptive nedia being able to physically adsorb a condensabl e

cght am nant fr fluid;. and __a plurality of sanpling ports within the
fai:)(?'t er unit f g?’rpc@ﬁﬂﬁél@ﬂtiqé?at@ 3. whertin gic gebitice] devidecissamphistg waaet s bei ng
arr angeéetot.h i ndi vi dual sanpling ports |ocated between adjacent filter

el enents; and a photolithography tool which receives filtered air fromthe
filter unit. The photolithography system of claim48. wherein a sanpling
pprt of the . ) ) :
2 The filter unit of claim 37, wherein the analytical devite is an atomic-

absorption detector.

42. . The filter unit of claim 37, wherein the analytical device is an inductance

couple plasma detector.

43. The filter unit of ¢laim 37, whf_.rcjn the analytical device is a Fourier transform
methods.

)44 The filter unit of claim 35, wherein the monitor device is a concentrator.

45. . The filter unit of claim 44, wherein the concentrator is coupled to the sample
port and the contaminants accumulate in the concentrator by diffusion.

46. The filter unit of ¢laim 44, wherein the concentrator is coupled to & pump to
draw the contaminents to the concentrator,

47. : The filter unit of claim 44, wherein the contaminants accumnulate in the

concentrator, the accumulated contents being evaluated with an analytical device.



49. mul tY IHENY of sanpling ports is located on an upst reZGTHWYIHEFt he

multiplicity of filter elenents, and another sanpling port of the

mul tiplicity of sanpling ports is |ocated on a downstream side of 1 hggy 2004
multiplicity of filter elenments. 50. The photolithography systemof claim
48 wherein the nonitor device is an anal ytical device. 51.The

phot ol i t hography system of claim48, wherein the nonitor device is a
cBcentrator. 52. A filteAnuaividrbdesdihe E®terd fgﬁﬂbmegg@g%h rsfrsggrﬁsi ng tool
conprising:, a plurality of filter elenents, the filtér efenents including
. che®c8®BHNSie nedia, and a physisorptive nedia; and WO 01/ 85308

PCT/ US01/ 14655 .- 33 6?4' 56. 5 .NOV 200 plurality of sanpling ports within
he filter (%% PHIITSRBOVIngGAT BreughibaisySemdevi ce which nonitors the

ber f or mance e il r.el t.he sa ing.ports . being arranged

i th i ndi vi %ﬁtéﬂgﬁé H‘fg r%‘géﬁfésgq{}’gitﬁ{egc?"b@?% he é‘jﬁ%@é’m‘h? herdmel enent s,
The filiggudiwpit of claim 52, wherein'the nmultiplicity of filter elenents
are arranged in a set of stacks, the stacks being arranged in a series.
The filter unit of cl aluraky ofiier elemehtrhavargha siasisorptienfedld @ el enents
are arranged in }B)aé.al.llefgl . A rret@od of filtering air through a filter unit
For a SBRPESRINETSFYIa 1%753dipE a)cppelymst Pdibrig aciic Suspondicropmtiet cap t he air

[ hr oug i i . ' e of sisorptive nedia and

UGRhamRLMY AldrY :AHast t&ﬁzﬁ{mﬁkﬁ%ﬁ%ﬁg@%‘gw@?yﬁgﬂ% g

cheni sorptive’ nedi a; and nonitorrng t SUPTRIMAI ity of

i |t er neddiarbeing able tophymibalngadsoed aténdeRsdthecsRathRnbRbMEEMH AdIacent fil ter
el enents. The net hod of claimb55, wherein the step of nonitofing includes

kanpling thé air in &lyeiyed sapplingpentowithinshedilter phit firtepnndéctinphs er

el emen ' i.on: downsty eam _of the.nultiplicity.of filter
o emnﬁqﬁggfikﬁ&é&é?%&gﬂgﬁo | Ist}JeFF]?%aTadiglcE N ]P-tlﬁ‘fiﬁ’t‘&tf‘ltsﬁf‘ gfts located
bhot ol ibtograpdjackmofilter elements; and ‘

.

a Photolithography tool which receives filtered zir from the filter unit.

49, - The photolithography system of claim 48, wherein s sampling port of the
multiplicity of sampling ports is located on an upstream side of the multiplicity of filter
elements, and another sampling port of the multiplicity of sampling ports is located on a

- downstream side of the multiplicity of filter elements.

50. ‘ The photolithography systemn5f ¢laim 48; wherein the monitor de\:icc is an

analytical device.

51. '[he phot'oli_lhog‘raphy system of claim 48, wherein the monitor device is a
concentrator,
52. A filter unit[[,}) for a semiconductor processing tool comprising:
a plurality of filter elements, the filter elements including a

chemisorptive media, and a physisorptive media; and




conpri s‘iNf?gmt'f 8% ¢ eps of delivering air to a filter unit haékﬂ@ a
cH WI4RY

multiplicity of filter elenents nmade of made physisorptiv

chem sorptive nedi a; after the air exits the filter unit, delivering the

air to the photolithography tool; an&lmonitoring the performance of5KIe(4

filter elenents by sanpling the air within the filter unit in the regions

bet ween adj acent filter elenents. WO 03/85308 PCT/ US01/ 14655 -32 5

NOV 2004 53a The neth l-ai m 57, wherein the step of nonitoring

i ncl udes sanpling the%f?ﬁ?‘ﬁﬁi%éom Me&in teiftlter BnR f6EHAP. 35 peam of

t he mIPPRIPY edvige Whic&zi:hemit@bqg‘galggr@ and in % region dovvnstreamﬂ’gf fhe

mul t i péﬁi.ci t% of filter el ements. 58 “86° OB fder clantents dre Saﬂipﬂjné-ﬁjohl for a

sen condtict ?“ﬁ?ﬁoﬁggndhgldumammﬁﬁjoﬁsq&mmaé heast two filter efenents,

the filter elenents including a chém sorptive Hedi alaceag fiteptiymestor pti ve

gdi a; and a sanpling port within the filter unit for connecting to a :
nitor devi CELhavAD Rt ors-the performance of the filter elenents, the

sanpling port bei nlgplflr(])lgg?&e%l § V\Eg?femﬁemmhjpbagtoﬁmrfeﬁélﬁ ts %I.ements. The

filtermanged iofa sdtaif 81250, tﬁygtgg]grbéi conprising a sanpling por Scated on an

upstream si de of the at |east t\/\or}‘%%}?aé’rge@%ﬁﬁﬁﬂ%; and anot her sanpling

port located on a downstreamside of the at least two filter elenents. A

f4lter unit f n roomconprising: a filter elenent having a

cheni i sorpti v-g{e?rfé)g%rg&étnq% RIS ivdrsr gt iferee 2aR Gizak @9@'11@1 gnpl i ng por t

| ocat edtangetdihpatdiR]filter unit and on one side 0 t]he ?icﬁéﬁs fement. The

filter unit of claim6l1l, further conprising another sanpling port |ocated

wthin the filter unit and on an opposite side of the filter element. 63.

g filter unit[[,]] for a_.lean roomconprising: a filter elenent having a

chem sorptive nedi a ﬁﬂwg‘oﬁmﬁﬂ@dﬂgmir\mrd@ﬁiaq;he@%gjt for a semi

100l [,]] comprising the-steps of -40r 8 sem)conductor

pa;sing the air through a

P Dlurality of filter elements mad T
physisorptive media and chemisorptive media: and N

monitoring the performance of the lurality of filter elements b
o ents by

sampling the air in the re gicn between adjacent filter elements

56, Th i i
N | ¢ method of claim 55, whereiy the step of monitoring includes sampling the
air Iplici
n aregion upstream of the multiplicity of filter elements and in 2 region downstr
of the multiplicity of filter elements. T
57, A'method of fi

Hering air circulated thy 1
oA . ough a photolitho '
comprising the steps of: : e el
delivering air to a filter unit having a multiplicity of fi

ler elements mad
_ - - eofm
of physisorptive mediz and chemisorptive med;a: . e

monrtering the performance of the filter elements by sampling the air within th
C

filter unit in the regions between adjacent filter elements



L L (e SampLing port bel ng, ! peated on enereidsopiicte,

' ' her sanpli ng S Y
filter el enent, and t he ot | -
side of the filter _ elenent. 0.

58. . The method of claim 57, wherein the step of monitorin

arr within the filter unit in a Tegion upstream of the multiplicity of filer elements and in 2

region downstream of the multiplicity of filter elements.

59. A filter unitf[,]] for a semiconductor processing 100] comprising:
at least two filter elements, the filter elements inc] uding a chemisorptive media,
and a physisorptive media; and |
a sampling port within the filter unit for connecting to a monitor device which

monitors the performance of the filter elements, the sampling port being located between
the at least twp filter elements.

60. ' The filter unit of claim 59, further comprising a sampling port located on an

upstream side of the at least two filter elements, and another sampling port Jocated on 2

downstream side of the at least two filter elements.

61, A filter unit for a clean room comprising:
a filter element having a chemisorptive media and g vhysisorptive media; and

a sampling port located within the filter unit and on one side of the filter element.

62. ' .The filter unit of ¢laim 6], forther comprising another sampling

port located withi_{: the filter unit and on an Opposite side of the fijter element.

63. ’ A filter unit[[,)) for a clean room comprising:

a filter element having a chemisorptive media and a physisorptive media; and
T™wo sampling ports, one sampling port being located op one side of the filter

element, and the other sampling port being Jocated on an opposite side of the filter
element.




