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Airborne contaminants must be reduced, eliminated or both to

help ensure optimum semiconductor yields. Therefore, gas
filtration is critical in semiconductor manufacturing
environments. Tremendous efforts are made to eliminate yield-

reducing contaminants from the gases used in semiconductor

processing tools. Contaminants can generally be classified as
either particulate or molecular. Common particulate contaminants
include dust, lint, dead skin and manufacturing debris. Examples

of vyield reducing contaminants include acids, such as, for
example, hydrobromic acid, nitric acid, sulfuric acid, phosphoric
acid, hydrochloric acid, bases, such as, for example, ammonia,
ammonium hydroxide, tetramehtlyammonium hydroxide, trimethylamine,
triethylamine, hexamethyldisilazane, N-methylpyrrolidone (NMP),
cyclohexylamine, diehtylaminoethanol, methylaamine, dimethylamine,

ethanolamine, morpholine, condensables, such as, for example,
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photolithography, the 1inability to accurately reproduce the
circuit pattern on the reticle, cause a loss of critical dimension
control and process yield. |

Contaminating substances may also chemically react with the
optical surfaces of the photolithography tool, the wafer being
processed in the tool or both. For example, sulfur dioxide may
combine with water in the tool to produce sulfuric acid, which can
irreversibly damage tool optics. In addition, ammonia may react
with wafer surface materials such as the resist, gate-insulating
films and the 1like. Such a reaction can interfere with the

photolithography processing step and reduce process yields. Thus,



films and the like. Such a reaction can interfere with
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measurements. Additionally, the gas flow rate through such ports
often varies during sampling, which poses problems with sample
uniformity and accuracy. In order to improve semiconductor yields
and monitor yield-reducing contaminants, it is necessary to be able
to conveniently sample gas flows without any of the aforementioned
shortcomings of conventional ports. It is also necessary to be
able to reduce and/or eliminate such contaminants. A convenient
means for gas flow sampling and reducing or eliminating yield-
reducing contaminants should also be easily adaptable to already
existing semiconductor tools, clean rooms and their associated
sampling ports. It may also be useful to continuously remove
yield~-reducing contaminants and monitor gas flow quality for such

contaminants.



sanpling ports. It may also be useful to continuously
renove Yyi el d-reduci ng contam nants and nonitor gas

wo bae/ogpead ity for such contam nants . SUMWARY QFCTTHR005/020090
I NVENTI ON Enbodi nents of the invention nmay be used to
filter an incomng air supply to renove airborne
contam nants. Mreover, enbodinents of the invention
may be used to nonitor gas flow quality for the

renoval of contangmamhsysoehras, INOENEXaNPl €, be
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the invention, the system and nethod of the present
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Vi ce. apparatus inctutdes a filter unit having at
diffiesst 4iw parahmebtf itheerf lowagesntiroddeed cdtgrgi.n, The diffused

. filter stages are designed to renov l.east ti .
air ofptEReMcorit aﬁ‘i’ﬂﬁﬁ%r%ﬁje§é’ntt¢%ttﬁ@cgaglﬁ 'ngag ?dfll??ﬁr‘]?lves an

equdNepbrihenapparaidisqaks0stAckydesa-ddndws@ntnekher that each
for"distributing the gas flow anong the filter stages.

filter a lpawk erhasl eabochBintly t Hehd | owrledntabr | evetapity flowing
conprise of a diffuser plate. The diffuser plate
the]f%‘g]l?ﬂodé%ehho! es di sposed across its surface and
cond i geeeddanca WEMErat hakpeatuses eded finvkatishagehe system

andt cr)nert%%%i nga tuhnei f ?)E:rensggg ejgry\?elntpioc[r} | ggc?&déhean apparatus for
removing contaminants from a gas in a semiconductor processing
device. The apparatus includes a filter unit having at least two
parallel filter stages located therein. The filter stages are
designed to remove a least a portion of the contaminants present
in the gas flowing through them. The apparatus also includes a
flow controller for distributing the gas flow among the filter
stages. In a preferred embodiment, the £flow controller can
comprise of a diffuser plate. The diffuser plate includes holes
disposed across its surface and configured in a manner that causes
each filter stage to receive a uniform and equal portion of the
gas present at the input face of the diffuser plate. The
apparatus can further be configured to include sensors for
measuring, among other things, contaminants present at the input

to the filter unit, contaminants present in the filter stages of

the unit and contaminants present at the output of the filter
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gas present at the input face of the diffuser plate.
The apparatus can further be configured to include
W@ e0vs08R9¢ or nmeasuri ng, anong ot her things, PCT/US2005/020090
contami nants present at the input to the filter unit,
contam nants present in the filter stages of the unit
and contam nants present at the output of the
filterstages. The size of the holes and the spacing
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it h h f._ the | '
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send9bs T D86 JN&y fid tRIn NAUSTNG ARkl ¥rNeBe@apparatus and to

predict when filter modules, which make up the filter stages,
should be changed.

In accordance with another aspect of the invention, a
sampling tube port on the filter housing having an aperture with a
first diameter and a second diameter that is smaller than the
first diameter to provide a continuous outflow of gas when the
sampling tube is not in use. The filter housing typically has a
positive pressure internally such that a sampling port will
undergo an outflow of gas. The reduced diameter of the aperture
is sized to provide a continuous outflow of gas when the sampling
port is not in use so as to minimize or eliminate the presence of
any contaminants residing at the sampling port while at the same
time having a minimal impact on the flow of gas through the filter

assembly. The filter housing can typically have a pressure of 1
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positive pressure internally such that a sanpling port
w Il undergo an outflow of gas . The reduced di aneter
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outfl ow of gas when the sanmpling port is not in use so
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contam nants residing at the sanpling port while at
the sane tinme having a mniml inpact on the flow of
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_ dinvention includes a body portion having. an erture
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havilie Bnusdpeocniocal thad cid i Adngthabdporllipnsidebsae dthrough the

|l east a first and second di aneter .of the aperture, The
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uc an
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thed oflg%gnﬂhgoiué\f}r tgl'eela‘ij)'err%%lfré' RGtaantiam Hants sl tube orifice.

cont am nant el
The sampling tube orifice can be replaced with a sampling tube that

permits the quality of gas flow in an apparatus of the invention
to be easily monitored without affecting the pressure within such
an apparatus. The quality of gas flow can be monitored, for
example, for yield-reducing contaminants and contaminant levels.
In another embodiment of the sampling tube orifice, the tube
orifice comprises a transition portion that communicates between
the cylindrical portion and a cylindrical segment of the
frustoconical portion. The transition portion may define at least
a third diameter of the aperture. The orifice can also include a
portion that defines at least a fourth aperture diameter. The
sampling portion can also be used to withdraw gas samples from the
aperture of the tube orifice. The sampling tube orifice can be

disposed in any embodiment as described herein and, preferably, a
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I n anot her enbodi nent of the sanpling tube orifice,
the tube orifice conprises a transition portion that
W@ 0vasa2emt es bet ween the cylindrical portion BEUS2005/020090
cylindrical segnment of the frustoconical portion. The
transition portion may define at least a third
di anmeter of the aperture. The orifice can al so include
a portion that defines at least a fourth aperture
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| e
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havigyehs.cHddidifnal A¥d uniform gas flow, sampling from a tube

1re An

orifice can reduce sample variation and avoid the need for any
type of time consuming gas purging when, for example, monitoring
yield-reducing contaminants and contaminant levels. Additionally,
a continuous gas flow through the tube orifice prevents the
opportunity for plugging, which can often interfere with process
control and quality assurance efforts, such as, for example,
relating to minimizing yield-reducing contaminants and contaminant
levels, when using the sampling ports. A tube orifice of the
invention is effective for monitoring gas flow quality as it is
provides for a low gas flow volume at a uniformly high velocity
without affecting detrimental process pressure changes.

For example, a sampling tube orifice of the invention can be
used with a filter unit having a plurality of parallel filter

stages located within the filter unit for removing at least a
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a continuous gas flow through the tube orifice
prevents the opportunity for plugging, which can often
WO nioensre@® with process control and quality asBCr/ESIHES/020090
efforts, such as, for exanple, relating to mnim zing
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when using the sanpling ports. A tube orifice of the
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. .orifice of the in ' b S i a ki r
case b BT Ry AP SRR B ARy e stages. 30
anothegategghosidint ,t he fampErnanttbé ooritiowi ngnatcompaisticate with

aportion of the contam nants fromthe gas f.& Wi ng_. havi
an aRATARIOUGIAE Opid brak PS¢ he et atts® CAL FRE| bt ta having @
) rol)lef 1 dorepi sdfi BULEDg 188088 thewet hr augh removi
plurta}%gwg;?ﬁl% %][ter st ages. I% anot hgr enbodi r6rent, a Oang
at daspki ng tpbetbonfick ddre covmiaidapatai t Rream a Jas passing
apparatus th or_.exanpl conprises. a fi r._Uni :
therg i"7g 9% pl u?éa’ie?{‘i?:a&?elypar SF‘Felar%D %%fusst gg@@:ﬁgggt e% diffuser
plateffiihd Ohnr eRpVitNie | 288t racROihgnthk tdws and an output
contam nants froma gas passing therethrough. )
faceprEser dblLyyerhBgafier «4us EonmpricsRlW ¥ iisef gidter stages.
havi ng .an i fac ej \i : :
wor A0 3, RULLCEILOL ESTob A0uLE,SBE M B, cipres wnis
and fddiEIgstapese &bl toyer subheadtiélbereghat evodnmbe of the gas

mounted within the filter uni nd confjqgured to
to apah wamkaihSfaiticaPly réda &l 9%I %ﬁgEerSJE%%e@as to each

mﬁﬁ“ﬁc&%régﬁbflﬁi@%iEMiPi Ehbtgerstapest bf the invention, a

accordance wth still another aspect of the invention,

metldrefbod demoviego oy aointantisnaften f forfias gas ian @emiconductor
sem .conduct or processi ng. devi ce througk of . ;

Progegsidl9 [{FY+5% Eﬁagpg%d%h %%%MRPQ%SQQ%%Eﬁe%igt 1§iprov1ded.

An I&ﬁ@%Vngb%olﬁﬁefﬁbt@%d@ﬂﬁEd'EBS1ga§ fsltdenuphssed The gas is
through a flow controller. After passing through the

therf | paw et HoTugh 2 hBlgasCoRt ke avaiMalite R & Rinberoudh the
floﬁg?%$%£§i%§%ﬁg@%328§§tﬁg Wokbi 2R bhkt €6 Wnidumdr of filter

on
stages located within the filter unit. A portion of the gas is

passed through each filter stage to remove at least a portion of
the contaminants present in the gas. The invention also provides
a method for monitoring gas flow quality for, for example, yield-
reducing contaminants and contaminant levels via a sampling tube
orifice.

In accordance with yet another aspect of the present
invention, a computer readable medium having machine-executable
instructions disposed thereon is provided. The machine-executable
instructions cause a processor to perform a method for monitoring
a gas passing through a filter unit containing a number of filter
stages operating therein. The computer-readable medium contains
instructions for performing the steps of monitoring a gas volume

passing through one of the filter stages to produce a monitored
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passed through each filter stage to renove at |east a
portion of the contam nants present in the gas. The
WO poveqsizeon al so provides a nmethod for nonitori POI/YSE05/020090
flow quality for, for exanple, yieldreducing
contam nants and contam nant |levels via a sanpling
tube orifice. In accordance with yet another aspect of
the present invention, a conputer readable nmedi um
gas Raviufe, Mottdeesxec W addnplinsfremt tiasmdhsposed gas volume to
thereon is provided. The nac 'ne-execggable

prodpufst rucPreRgSEqts & @ roc e3EDIa bt er PmRFIRaSHES £ opmete to
detegﬁﬁhgpﬁtpgt%e9a§%H§§§£@@_Eﬂﬂ%@&h cdddtars uBbérating properly

containing a numper of filter stages operating . .
accotriengi o Eheledimedt ewiteadablednsginddngont giogs fication if the

Jnstructiqns for performng the steps_of Ltorin :
moniggred Eﬁh§§*ﬁ§3tﬁidﬂﬁ% 8%%r%€l? ea?F?ggghétgSegh%odEflned
critBkeduce a nonitoredgas vol unme, processing a sanple

fromthe nonitored gas volunme to produce a processed

sdinsl efoseapingi n@lc? hetpesceserbusanm ad o2d¥pBFAPRE ©f, for

i £ _the .nmonj L Lt ge: i 0g
exam?&?drﬁ?ﬁ@ %%gggge%bﬁe eé%%?e§$%§a% é@%% ng@%@@ﬁiﬁ%nts from a
gas Nakihgcaphoallélt heinont t eredels | el lst hge agpapent from the

operating according to the defi,ned criteria. The .
follpyd 8goin SamP 1ot e AGRES-PArE a aﬁF§§%§?ﬁijqqﬁpdlments ot
the L atd Snsist £ and Rithed SPri &Y i dcompanying drawings

contam nants froma gas using parallel filter stages
in whlikhbelappar eafefenee t hFusdt@tsng TedeE phapt i Bafarsame parts

description aof preferred enbodi mrents of the system and
tthﬂéﬁﬂﬁT &9 ﬁﬁgggfgpgdvﬂﬁwfhe acconpanyi ng drawi ngs in
which |i ke reference characters refer to the sane

parts throughout the different views . DESCRI PTI ON OF
THE DRAW NGS Ot RESCRERTHBS Un I HoViARRAHESS of t he

OSSR, AT Wi SR amearent pomide e vt ion
will akenappaeeniuticbinonhs tdettahiel et cdepanyphyodr afii #ge ginvention
thagw%g?iows herein, taken in conjunction with the accompanying
drawings of which:

FIG. 1 is a schematic representation of a filter system in
accordance with aspects of the invention;

FIG. 2A is a perspective view of an exemplary embodiment of
a filter system showing filter modules, an access door, air inlets
and ailr outlets;

FIG. 2B is a cross-section of a sampling tube orifice of the
invention;

FIG. 2C is a partial representation of a sampling tube
orifice of the invention disposed within a sampling port;

FIGS. 3A-3C illustrate a front view of a diffuser plate, a

side view of a diffuser plate and an exploded view of an exemplary

hole pattern, respectively:



FIG 1 is a schematic representation of a filter

systemin accordance with aspects of the invention;
WO-L@B6/083R90 s a perspective view of an exenpl ar yPCT/US2005/020090

enbodi ment of a filter system showing filter nodul es,

an access door, air inlets and air outlets; FIG 2B is

a cross-section of a sanpling tube orifice of the

invention; FIG 2C is a partial representation of a

saf i NG tiube WdfdeRafvet ReeliN¥ENhhoBx B PASEA3 Wk thimatrix of
a sanpling port; FIGS. 3A-3Cillustrate a front view
filtefr acdidlfassem plcatcedaacsi déthi e otxempl ffysembediment of FIG.
5. and an expl oded view of an exenplary hole pattern,
" respectively;FIG 4A is a perspective view of an
e I ; | % I kt.e u | corg rix of
W?(E“?t]:g?.t ﬂllre]%’ %% %é%éc’f‘,l o Bkt fE)fEIQ% L:»%émb%aﬁg? %B PCRatrix

exenpl ary "enbodi nent o is a

filtpar spediie® vhewcobrdanexewpthr pn2 exemptleiry cimbfddient of the
,___mdul es in accordance with an exenplary enbodi ment of
1nveHel9venti on; FIGS. 5A-1 illustrate several

enpash mess st of 1f ikt ekt a0dal e PPeMBbidAfiehR sCOH UKCIHeN modules
with types of filtering nmedia and supportlnf means; .
operEtGNGA dinl | ustyiatres ienscwéivht | EYPEPr eSént ALibArdRy g media and

controller coupled to a plurality of sensors used for
SupRﬁé#%Q%iWﬁf%ﬁﬂa performance of filter nodules within a

figter sgatemllusagceaedance Wsthemaspect sreprebentation of a
invention; FIG 6B illustrates an exenplary:%gi rked ,
contgiid rh nePEP ERRpEP s Bn§ L RLEFY s P&t SRS OF Snét 0L monitoring

thegg%#gggﬁgﬁ%%zaeflyfift§fn5ﬁkhﬁ%@ Ay GHEE AMEL Q%ﬂkkﬁl system in

7 illustrates an exenplary nethod for
accqrdmide iwigtlerdmmiatentes® d¢thet haviententiion; and FIG 8 is

a.§§g§pegéiv§li8g Lg gé °£nth8x§££?££§g %ggﬁorked environment
comprising filter systems, a network, a manufacturer analysis
center and a customer control center;
FIG. 7 illustrates an exemplary method for practicing
embodiments of the invention; and
FIG. 8 is a perspective sectional of the sampling tube

orifice of Fig. 2B during use.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention may be employed for reducing,
eliminating or reducing and eliminating fluid borne contaminants
in environments where essentially contaminant-free £luid is
desired. Herein, by way of example, the fluid will be a gas and,
more particularly, air within a clean room used in semiconductor
fabrication or manufacturing. Embodiments of the invention may be
used for filtering ambient air within a clean room or may be used
for filtering other gas flows directed to or used within a
confined area such as, for example, for reducing contaminant
buildup on photolithographic equipment using high velocity air
Streams.
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orifice of Fig. 2B during use. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Enbodi nents of the invention nay be

wepgpbogeeh f or reducing, elimnating or reduci NRCEO/2005/020090
elimnating fluid borne contam nants in environnents
where essentially contamnant-free fluid is desired.
Herein, by way of exanple, the fluid will be a gas
and, nore particularly, air within a clean room used

| pserdeetluehpbdiabht satdonthe mamwdmicioni nd.ll be described
Enbodi nents of the invention may be used for filt rin%
heredipi Bnt canpedFLAnn Wd 11 AP I ok IR ﬁaylsenmeeasm?lowe er, the
invdddil | ng othar :Hél:}’\s AR Ld §iP QfaHSeds Wi Edh £ @uration,
confined area such as, for exanple, for reducing
applcierdtanimari Aeuidrotupsnf ghiot .ol i & ogrrsphive exubqehisrsnts and uses
sing high,velogity . air streans, Preferred enmbodi nents
of e RETPRUSHEI S 11° BRI TERY REPRTRPEn L7on The detailed
desdgyﬂgyaﬂ(ghdegéwyn%@nh@Q@ﬁhenvironnents; however, the

invention is not linmted thereto by way of _ ,
cOTEG guiLatiildmstamdldscat i eheBREécaPETmation of a filter

Al ternative enbodi t S t ' I 0N WM
sye il LYl R IBR, 3<BRcEoRE ehe TRl omells systen
5 margd deawimgudier ebfiongl GtHet | khdhyat esam sehdnedire 14, f£low
representation of a filter system.in ac¢ordance w.th
contield@ns 6/ t KBS nQENIICESE. FPIGCaRAR efi StRRy Mpslules 18A-18F,

genéfbcﬂl%efifﬁ@f]gl@f hehet RiNGSr 2R iQAC| OS5 E by FdPMW iculate air
controlTer 16, one or nore replaceable filter nodul es
(HEPRA- iBR egemedal ¢y £DAt end180Bongeoermdly WEgA filter 20, and

ef f i ciency rticulate air (HERA) filt.er modul es 2
Sea]anLé%(jé?ggéﬁgr al %l%@ﬁ,_\sfyisl . Zét}ayanadlssoeajrnciﬁld,}geanz%?oblower/fan
unitl9Bo Binkyer wrstemmbusmyfahsozi.ncl mieter bkoweenf 3n is normally

unit 10 and/or an exhaust fan 22. Filter systemS5 is
coupigzdrat ¢ yatoupredl 1o adPPAEHH I BbParat RENER ehsduct work.

e PAEO TR Sk e B A anRgr afuagse rotumes o
airid@iig ettt d Ofpurondmy Oulr ebmdugpotitend FutpAtperau

H?X giégﬁﬁ %gfﬂéigggéﬂgh1%iLn%%l%mgl%%Niégg %Oblower fan 10
before forming an input air volume 12 entering enclosure 14 at the
input end 6. The Dblower/fan 10 1s electromechanically,
mechanically or pneumatically powered to increase the velocity of
an input air volume 12. Enclosure 14 may be comprised of a
plurality of panels made of essentially gas-impermeable materials
such as, for example, aluminum, cold rolled steel, plastic,
composite and so forth. Enclosure 14 forms the outer structure of
filter system 5. Typically, enclosure 14, also referred to as a
filter unit, will have a front panel opposedly mounted to a rear
panel and a first side panel opposedly mounted to a second side
panel. The side panels sealably mate with the front and rear
panels to form an enclosed volume into which flow controller 16,
filters 18 and HEPA filters 20 are installed. The overall volume

of system 5 is generally less than 80 cubic feet (cu. ft.) and, in

a preferred embodiment, is on the order of 65 cu. ft. and has
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before form ng an input air volune 12 entering
encl osure 14 at the input end 6 . The blower/fan 10 is
web@evsnmechani cal |y, nmechanical ly or pneunmat i Rl/D§2005/020090
powered to increase the velocity of an input air
vol une 12. Encl osure 14 may be conprised of a
plurality of panels nade of essentially
gas-i nperneabl e materials such as, for exanple,
overd UM B LI T 1ed 53t efllgh K a3¥i Gy eORPasi. S aRAE RO A top
forth. Enclosure 14 forns ﬂwe outer structure of
pandl laret ostoampanelTypiecabbpsedhy| nsuneed4and| sealably attached

referred to a filter unit il e nel .
Lo HihoEe yp%%?ﬁ’eat}f% jgrcﬁnle}carp‘—’ipnae\gﬂeI‘_’ma({]ng:\ﬁ“‘ae ]f‘rlérgs]{”é?&e -~ Openings
may Rs&eb19888sedl yrwi afbt® afsenengasieds panelccolidate input
side panels sealably mate with the front and rear

air papbimet d2f orautdvtert osBALYBE URS i RO FFFRPS f AeRr, 2 control
ontrol]er . filters 18 and HEPA filters 20 are
palneclns 4 Igéjd.fo%cﬁ%l'over all volunme of system5 is generally
| esgouthami BOvelbhe Leetoficactit theadidowi moatpodflenr dd, here a
enbodi nent, is on the qrder 05065 cu

ft._and_,
di £ HRRRH GHA 1S /iR ISOHETdRI7 NS LORNER k433" TR odt kfuser plate 16

incl%7de2.>5"aV‘ﬁgﬁraﬁEonPaeﬁén%Hgsbgﬁft a3l s3@s, shown in FIG.
opposedl’y nounted and seal ably attached to the side _
34, pahékd, ahe fdesrhgnganeto andkeheane@iparelumepdvigyy a first

may_ be pl aced in one or r f the nel s
ve LG hiohmlats TR ATV (e 1 Ut e AR Lo b Fe) Produce
a dBPrase€sSIn@er aid CAdMtun@ DPANehadndsseuiydantilanpyt uniform in

air volune 12 contacts the flow controller 16, here a
bothii PLUSEQTSHBIRE apdn VelOsiitiy *FQ TS uERe1FUrfiace area of the
|.ff a ' d phural i 19S50 Ho1 82
cutly B3EE PYce? SRSanrh FratBAS anilh SRRy iptes o2
in diakEusdr abratwol Lore deawiang.ea fsiucht thekoei tigsdnedndiAifused input

. face 78 of_ the diffuser plate 16 and produce a ,
air gUPREESd A hptt GPVGEGNS 18YPRER Fs LhbClBACEAtyy designed to

accoithd @4 #R | fhhot hy @l v ARBRSUE cand g%b@@in_bieﬁw P5Stbh€00 cu. ft.
surface area of the output face g of diffuser plate .
per IinTte apeniiys mrefsiussl @mbodingnts usbe pnave asr volume is
85 areuﬁri ed suchtthat a desired diffused input air
o1 ule: BT {MPHodliced. System 5 is typically desi gned
tOThe use of diffuser plate 16 ensures that each bank, also

referred to as a stage or stack, of filters receives an equal
portion of diffused air volume 13. An upper bank consisting of
filter modules 18A-C and 20A, collectively upper bank 15, and
lower Dbank <consisting of filter modules 18D-F and 20B,
collectively lower bank 17. A seal(s), such as, for example, 19A
or 19B, may be employed between upper bank 15 and lower bank 17 to
prevent air passage around the filters. Seals 19A and 19B may
also form seals between filter modules 18 and enclosure 14.

As the diffused input air volume 13 passes through filter
banks 15, 17, contaminants are removed by the plurality of
filters. Typically, filter types are be paired so that air
passing through the upper bank receives the same type and level of

filtering as the air passing through lower filter bank. In
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accommodat e i nput air volumes from approximately 75 to
100 cu. ft. per mnute and, in a preferred enbodi ment,
W0 b@oiosgaoe air volume is 85 cu. ft. per m nut ePCTTH82005€20090
of diffuser plate 16 ensures that each bank, also
referred to as a stage or stack, of filters receives
an equal portion of diffused air volune 13. An upper
bank consisting of filter nodul es 18A-C and 20A,
partgfeh]_tgsgtl vehyewppen hankhis,saard dypwerobankl censastidpy, 18B is

Iter nodul es 18D-F and 20B, collectively |o
the Isame 17 h8Beands)so siRiftles, FBE éﬁéﬁ_’&ré Ul o“i’il\@@lé} a given

bankrr?&/at ebgn%f)yﬁﬂebesta\?{%e > HPRES P?ego e@l@ﬁ'ﬁg on the
0 prevent arr passage around he filters ea S
desit@A andl 18&suhy aEsdﬂﬁﬂrﬁak@&&sﬂ@ebpeeatiohter mbhuﬂés 18 are

18_and encl osuyre 14. s, the
typigglysdes1ORrBuUGA ‘f’??‘@é l%%‘?]k “chgia e tslﬂﬂ%ce and,
in z%‘ ?r%?@!@g Ry e il al dré ygief abp'::b&ﬁ.ﬁlate]fyp@ﬂm Lys. apiece.

ter types are be palred so that air passing through
HEPA ifé ligeper 20&nkende @SBy st he sapd ovpge adndheedd gf respective

eri s the air [ r t
flltﬁgnfpaq aro; EgT8Ye famil%?a% B%SEH qﬂagl\g.%e 1{6% @f?pped by the
upstidebhertastdS8, 188 d&ffheeéamt@mtlSﬁﬂncioSumfeorzm exits HEPA
The filters used within a, given bank ma %%be of th

£1lteame08r 25f @Q.Byaﬁe Rypes a@p%%m@r%%tﬂt SRRl 7. BS

the rgic'f” t\m@um gé He@g BQ\E{)?{' Qhd Frl tehs IR Amk ma become
prcally to weig ess than 35 pounds (Ib ¥

someama&ceoamesmdaa;srefterﬁoem%ma@wtemlr Weilgime 26. e exhaust

appr oxi nat el i ece., HEPA filters 20A .
fan () Y i Tine T 1 G B dI D A e haiey 25 21t
moves? {18FRYEn abh@@b@@réoﬁﬁam nant %}dﬁ@tusttr apped2by Irtah/e be ‘used in

upstreamfilters. A diffused output air volune 24
Conjemql:SLdHEWAtfh ltlewerdfaand 0208 dad lsredharqdfe Air volume 28

tlo t n S

may gc:Gh odT plﬁ%élr? gloZk ér d %ﬁgf}?rggyﬁxgu%oughout a clean

roonﬁon@ﬂ\hatfoﬁ:ormiﬁmcas flow orbs o&t;}uupmanlt vdlanake2ls. therein.
An exhaust fan 22 may be enpl yed ilitate a

ALt qRnHom i A SE Y RE ST LY ChPBtohY ehif bethe Ambient air
vol L §xNaust J an e Mwrbe used in

Filter systems, such as that shown in FIG. 1, may

significantly reduce the concentration of airborne contaminants as
long as the filters are operating at their specified efficiencies.
As contaminants become trapped in filters, the filters
efficiencies decrease. Maintaining desired contaminant Ilevels
within clean rooms necessitates replacing filters Dbefore
efficiencies become unsatisfactory. Embodiments of the invention
facilitate replacement of filters at proper intervals by
monitoring the performance of each filter within enclosure 14.
For example, sensors 30A-H monitor filters 18A-F and 20A, 20B as
they operate within enclosure 14. Sensors 30A-H are in turn
monitored by controller 32. Sensors 30A-H and controller 32 are

shown and described in detail in conjunction with FIGS. 6A and 6B.
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conjunction with blower/fan 10 or in lieu thereof. Ar
volume 28 may be directed into duct work for
waele@bnosaod i on t hroughout a clean room or for dPCEUS®AS/020090
flow to equi pnent |ocated therein. Alternatively air
volume 28 may flow directly into the anbient air
volume within a clean room Filter systens, such as
that shown in FIG 1 , may significantly reduce the
C greentazatii 10 B r Aidh amesgamtlanyn anfe dadnang fasfitliier system
filters are ogerating at _their specified efficien
0

5. A Tentard hakts- bebomeLLF&EpBUSRAT Pl f6r COPR&SEd Of a front
paneflI liers el ¢ %ﬁﬁg%\%l?ﬁg{:gééﬁed MRk At S MWl des) r£top panel 44

contam nant” |eve I'n clean roons necessitates
havimeplacpbgréliter sfbafdreesef4Glci ehdh est bdbengnput end 6 and a

unsati sfactory. Enqbodi ts_of e inveni
pluneddity; togt Q_U%éﬁltéc "t qgg’f?l ]?%ﬁgorgtp IF%peér)é]’l n?_ e]?eyaa panel 50,
a £isEMNideoRG 1t Be pedf ar BBR6BdOki@aChahé]l tBE. WRdHtom panel 48
encl osure 14. For exanple, sensors 30A-H nonitor
is fitlttest svilgA-& AnameOAS ZOBPAsSERgy Top&r dCF LRI 98A, 58B, 58C

e osure _14 ...Se : int it are
and CBED ISt VO eI AL b BL o} 0 | HEPR IR BEPCAY used to
adj oW Bitsl- degsténed0i isadetladd the confleactkiren asigemtially plumb

FIGS. 6A and 6B.FIG 2A i]lustyates an _exenpl ary
and elﬁ%@dilﬁerilte‘fﬁl*fi | tA€ICG§§s_tJéRﬂr5 4_’2aAm§ySH.6wyjfuidﬁ M dgasz}&,et 60 for
seai%ﬂ#E%héyﬁ$897§r6§tCﬁgﬁélsﬁgtgffécéfOnFrBQBebaﬁ@l 40 may also

ng a hingedly attached access door 42, a top panel
be Bitbedi ngth Pl waskely 6 ithett SAcmtaEE wtadaptedpp form an

= SIAGR0 AL, PR ELs I8 418, BeORLIoR

segokbisd dgoparsel ned: WRothane papekodflianti Maedrdiaflls ahat are
frame 56 conprising four |evelers 58A, 58B, 58C and
ess&@80 alneatiopeye bralkh eyt KEPBt G11L &kl $78e58uaPe dEedhe clean

to agj filt 1 he: sides @ eysed with th
TOMssen Xluagrﬁlyegpl %%b%é%g%?og%%qileé}g .{Acces(,:s door 1AlfgemalyWl ©
invémelsrdease gaskietabd fiot semalied the daobéfrostlpasel neoprene,

Lac bl SHESS Soni anel. 40 mox, o 50,06, [LLLES,Y E, compi sant
pol%géfrgﬂc@lﬂlye aj yitd ght seal when in contact wi th gasket

Access door 42 may employ a plurality of mechanical,
electromechanical and/or electromagnetic catches 64 for holding
access door 42 in a closed position with sufficient pressure on
gaskets 60, 62 to prevent ailr passage through the intexrface
region. The filter system of FIG. 2A can be equipped with a
status and/or control panel 66.

Filters 18A-C are also shown in FIG. 2A. As further shown
and described in conjunction with FIG. 4, the £filters 18 are
arranged in a matrix. Access door 42 facilitates installation and
removal of filters 18A-C. The filters 18 may be equipped with
grab straps 199, retractable handles or knobs to facilitate
transport and removal. Filters 18A-C may also be equipped with
retaining means 63 for holding filters 18A-C firmly in place.

Retaining means 63 may be spring-loaded clasps, quarter-turn
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Gaskets 60, 62 may be nmade of conpliant materials that
are essentially inpenetrable by roomair or gases used
WO pooblg32e0 ean room Exanpl es of gasket materi aPGI/URENS/020090

can be used with the invention are, but are not

limted to, rubber, silicon, neoprene, l|latex, flexible
conductive shielding, high density felt, conpliant

pol ymer and the |ike. Access door 42 nay enploy a

fastineml,i tycpdwspchanseatb/nelent ifatethani clt andftainers and the

. electromagnetjc catches 64 for hol ding access door 4 ,
likqn aEdildséd pbE1¢ oRali t‘ﬂ-%f%ﬁl%}‘é&? %r %@én& Bot 65 into
whi@RSKELs: 6Qy B2110 praev%ﬁlhpﬁﬁhgpa§§§géet hr'ﬁ%"ghbéheinserted for

I dterface regron. The filter System of Fl 2A can be
mon iegi ippe dasipvtd vet anes afddfoltesat 18l poweteme may further be

Filters.18A-C are, al so _sho i ElG 2A s furnt .
STuiRSE Hhh s crTBEACT nPEORLrEL| GRoWTH FI % SFCiigs oPerating
pardndtfs d8d arerarbangedating RkirbXorAdeRssadedondZith system

facilitates installation and renoval of filters 18A-C

5. TheomttekrRansl ne§ My etls ppeePaltt SYFedn sitalgs 1yl errors to
retractabl e or. bs ct-0 iljitates or ;
an éjr%rragcr?%\ial. [ lgrs féak{é% m§§ a‘f%g béelsg%quflgggga\% t%lternatlve
dispeipidivigaeaisbds oauyel dioBg filters 18A-C firmy in
pl ace._ Retaining neans 63 may_be spr.i n%;ﬁl, oaded cl asp

QUEFTSH LT ORGSR s @owdOBPas BPEPRYPON PPFEERonends  for

exarﬁﬂf?,r etigiNerssandi g he Liken Fhbhess 18Lefi BBNA@ESOr processing
I'ncl’'ude a sanpling port 65 into which, for exanple, a
devisamptangatievi cempaysdeoirnbereedifpesedniheredy a sampling tube

. respective ones of. filters 1 Syst e may rt e :
Orléq‘iﬁpp tf Wi BB olgapsanefl%l% rortRe| naé(gttg%lg reducing
contOReI M A1 P akRitens it flerefiaci | bhat ergmpper atosuch sampling

interaction with system5 . Control panel 66 may al so .
portgpare shevenist FLUs #Ad erfforand FHrPGPrgHiorthe tube orifice

confEHEEL Buebal® MBS0 VAT bt copstivesd stk cucinaily
dispdase tlesaigtbectermrtiand, fTie expapiue tfepgmnesedubstantially
frus?toccl:o%%.ré:arlo%rrrlldorcy?irsl _'lr:‘r}_ga(.) dgg]_gtoirorpsr qc%eatscSidr(]a%ine at least a first
and second diameter of the aperture. The aperture can communicate
with a gas flow in, for example, a clean room or an apparatus of
the invention such that the gas then flows through the aperture
until it exits the sampling tube orifice. The tube orifice
permits a quality of gas flow to be conveniently monitored without
changing the pressure during, for example, wafer fabrication. The
orifice is fabricated so as to allow a continuous and uniform gas
flow therethrough that can reduce sample variation and prevent
aperture plugging. A tube orifice of the invention may also be
used with existing sampling ports in, for example, a system or
apparatus of the invention. '

For example, a sampling tube orifice of the invention can
communicate with an apparatus of the invention for removing

contaminants for a gas in a semiconductor processing device. The

apparatus can comprise a filter wunit having a plurality of
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devi ce can al so conprise or have di sposed therein a

sanpling tube orifice for nonitoring gas flow quality
w@nwepsrbd- r educi ng cont am nants and cont anmi naP€T/US2005/020090

| evel s. One exanpl e of such sanpling ports are shown

in FIG 2A. In one enbodinment, the tube orifice

conprises a body portion having an aperture

| ongi tudi nally di sposed through the portion. The

paradl@it e theealkithgessubshasti altyihrtisé ofbnieal uditd for removing
cylindrical portions that define at |least a first and
at seashd @léﬁ%ﬁéﬁﬂbfOfhéjébeFPGFémlﬁﬁﬁtape?Vﬁ?e togn 9as  flowing

ther%%m ate Wbé ?‘r&gff flowd n,g ra®X@MPLEn alﬁl:f@(@e a flow

oom o an appar "the inv |on such that the
contgaﬂHdIenfka\maﬂrmmntghet}apergaﬂ eflipwi Ithitougli t Sheheparallel

sanpling tube orifi tube orifice rmts
£ LR as od8 FPORIES BROCONVERT ort| SEROn Tor e orifice can
commiriiRQMle ChaRAI Ngn t |3a$_>p%rx%§t$1lér etHyt] NOEod Olex@X@Rl €, comprises a
waf er fabrication. The orifice is fabricated so as to

filtﬂﬂcmmztch@Vlm@oaspénaa@mtyopﬁm@@@aﬂﬂ@W1ﬁkﬁhﬂﬂw&iﬁﬂ$S located
t hat can reduce sanp Y ria d_pr n
theﬁﬁlﬁbdf LeRPIBY 65 1788 of %Hgg%ﬁgen |§%gn%9 a ﬁ%ﬁ%S from a

gas l{@@ﬂsi’iﬂlcﬁ htﬁéréthf\@u@aﬂm Prgfpeably) nthfeOfa@)Qaiaimh.le gomprises a
systemor apparatus of the invention. For exanp

dif Y imkptubeaBing i 2% bFPFFef?ﬁ@eﬁPFoﬁe€§ﬁV&8ﬁnﬁ§?céP@ and an
outpvﬂg hfggea%qraggfl@érfﬁ %ﬂ%e%ﬁ,@ntgortﬂeenBYuf‘Qllty of filter

contam nant's for a gas conduct or processing
staghsnceMofbevappatﬁéuﬁmﬁﬁmaannplaneemamlbernwmhted within the

havi ng, a plurali raII filter .stages, |ocat
R R L A - Lroa e
of e I C@t@dﬁm%%%efﬂ 2 ttﬂ% gasraflbeW 88 filter stages

ther'et hrough. Optionally, the apparatus can include

f | BUE coPB r3;)$ | &r Cf@$5'd$%¢i?i%t¢flgat$@n@3a@§ | o¥pe fﬁ@f‘@lfpe of the
:'ant I‘\:I,I]pcf)ar al | fl:l ]E) r %ftl%g_%% édb athF%Esggb%d' %8{7 p%rtlon 304

ng tu e OfTfi cé€ ¢an comuni ca
thrARPANG UsSh that apéOfuexadpd eis coomyiisesieafliy tdalrspumetd In one

havi ng a glurallt of parallel filter stages Ioca%
embqqh:év%rmf e r 8RE¥IH geathl@éétseé For £ oR° C3FtiHely trustoconical
por%‘_)(ﬂ# era tailrc%}'ﬂl%o&q%a@a SiRg ohhen gt hr@thportlons define at

e "apparatus conprises a
least a flISt and second diameter of the aperture. An exemplary

first and second diameter for the aperture may be in a range from
about 0.1 to 0.5 inches (2.54 to 12.7 mm). The first diameter is
defined by the frustoconical portion of the aperture. The first
diameter is generally smaller than a second aperture diameter
defined by the cylindrical portion. These differences in aperture
diameter allow a continuous low gas flow volume through the tube
orifice at a uniformly high velocity.

The frustoconical 308 and cylindrical 310 portion diameters
may vary in size depending on a particular application. These
aperture portions can also be fabricated so that their diameter or
shape changes. For instance, the <£frustoconical portion of the
aperture 306 is shown featuring a cylindrical segment 312 having a

uniform diameter. The diameter and shape of the various aperture
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di ffuser plate having an input face for receiving the
gas and an output face for delivering the gas to the

w@bkwsagizoyy of filter stages. Mreover, the difPCEES2005/020090
pl ate can be nounted within the filter unit and
configured to deliver substantially equal volunes of
the gas to each nenber of the plurality of filter
stages. FIG 2B is a cross-section of a sanpling tube
portQlonfd Gh®f stffehyentboguidbe bybe ofddd Cceo38dve a continuous
conprises a body portion 304 through which an aperture
low 306lume| wag t Gdpwal thratidposede 19ridicenbbdl S t pet cause

aperture_conprises.a subs i all r iC .
actaBEOHBn SUBSRHAC 8 CROPSHar PAaH Gor 17 b HHG g ter processing
or RoOrtiicansodefi macalokeastiume fgastfiand e gednditanetserquality to

of the aperture. An exenplary first and second

be mgrdiead G/t HOTaSEPIBrE milySbe T RIACHAAGECR F IRRART Without
everd: ]intt%r%ea:"n?ép;%ﬁ.é:g@' het Oupdef1 Mg THBoEEESt such as wafer

di ameter 1s by the frustoconical portion of

fabdihe tdper.t urekheed,i ridte diertstrerouss lganercllune syesd [Brow allows
t_han second aperture di anete efi.ned by the. .

e iithdr G or T4 GIEE T ide T o enced'y Pt Pursing. A

cont3irAIRILr gaksl oW gw CHUdNUPHSvEAWsJashd | iperdlusi® from becoming
through the tube orifice at a uniformy high velocity.
plugpes f r ust oconi cal 308 and cylindrical 310 portion

di.anet er \Y; [ pzed nqdj j.cul : d

O S{yfPe BA Y1828 SN0 Rl reione an

segriatyd caked slsd hgtitbei hydi ehvet efesdreshiape helrengesuniform gas
For instance, the, frustoconical portion of the

o e 06 CRHONH 1958 T AP SINE (IR | s drhgy e tent of
vario 't%%%&é‘rﬁjff’fé'@éﬂ@r@nﬁﬂesthe Mi et &Fm adl ShaPestent gas

arious apertureportions and segnents are
thraujlged: by laonepdeventmvéhe consi finpus Pewngolug@igesl or held

.flow through tube orifice that does,not S .
w1tkbaé{ ritrﬂa%t & rjp:{]e%eSur u%ge%seduri ngSa %lrnﬁ"%:aﬁ%?ret’s can yield

incdved Bt dHOC R8s 1Mgs OfwHeab et t &ind hgakow ual ugeaesy for, for
flow can permt gas quality to be nonitored for, for

exarxkip| Blelderediedidi erp ehimR tfaits YRS YRILtCvepstructed flow
in AL O WIS RIS LS Rscese eusiptastel o oricice
of fthew aldvewision avoids such uneven or obstructed gas flow by
employing a finely machined aperture that comprises portions or
segments having gradually transitioning diameters and shapes.

FIG. 2B shows such gradual changes in diameters and shapes
with the tube orifice aperture 306 comprising a transition portion
314. The transition portion communicates with the cylindrical
segment 312 of frustoconical portion 308 and the cylindrical
portion 310. The portion 314 defines at least a third aperture
diameter. As shown, the portion has a diameter that gradually
decreases in size between the cylindrical portion 310 and segment
312. The diameter of the transition portion 314 ranges from about
0.1 to 0.3 inches. The aperture 306 may also comprise a sampling

portion 316 that defines at least a fourth aperture diameter in a

range from about 0.005 to 0.1 inches. The sampling portion 316
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sanpling to occur without the need for tinme consum ng
purgi ng. A continuous gas flow al so prevents the
w@p®onga2eo from becom ng pl ugged. The di anet er BCMUSvVaRE20090
of the various aperture portions and segnents are al so
gui ded by the desire to have a uniform gas throughput.
Such uni form gas throughput can reduce the extent of
variability anong different sanples. A uniformor
can FN%isEERL GashiRaQUEBBUEaRbS8s PEeyRNtisSe thebgasrifire aperture
being retained or held within the orifice during use.
306.Sampling ports can yield inconsistent results when
i tori [ squal{-t r or. ;

VeH FERLERT beRt A of" hEV B BE STl g, ggerture 306
can fdottunidate parh cae dkfistbesanphe porfdomi 398. A Gas flows may
sanpling tube orifice of the inventi avoi ds such :
be WiTAARYEr TBEt FISt S4TBALPEI BAF Yol by RSy rfbl genventional

samdBE el AR W& that  comsi s esmpinhans, FhSegsBSh 316 can
havi ng gradual |y transitioning dianeters and shapes.

be darGig@Beshess thach gpsadiavw dremgdgomn igi sledtisieyeghglirectly to
shapes with the tube aqrif.i.ce .aperture C rj.shng

ana RS, EBADRBRE: OhC1 4 ST T Bhs PP onTRor £ b S0 0a8 2 gas

chrIBYYag3t.es phéh 1bhe wyliRdrdtajasegiont exi2ioly the aperture
frustoconi cal portion 308 and the cylindrical_ portion .

306 Figroupke ier Siegw 131 PoFéfrnes 1at MpEaSt tac t ARl Hp@rigre orifice

302 dé@%ﬁ% ent %o?h%’]upfil?)g g%f%éécfoﬂmé);al?oasqicﬁn%r%lﬁ}

& equipment
gra y deCreases in n the cylin rlcsg] P

via pafdd @xadl egnpreegredtc 3hBinghe di aneter of the
_transition ortjon §014 ranges fromaboput_0.1 to

0.3 .
i ngHestuah ture’ 306 At ¥ TP Sty that is

suitPPid ofo 308 thaleidefinasi g |8ast pRobpae t Bodper tarsistent gas
dianeter in a range fromabout 0.005 to 0.1 inches.

flowWhehewephionglport Tha Soepanibéonsed thHewtilgr fwifdse can also

sanples . fromthe tube orif]j u e -
var SBPFRG BT Prok TSt PRELECRE Gh| PLod ShsATaoRs dger vhich
the CE¥ £OBTIH A Wddh t e fexesboeeri natepoali 6or3@8nitoring gas

Gas flows may be withdrawn fromthe sarrplingfp rtion , )
flowi1gualitsgi AECH, cERVeSeBR4E, an apparatus of the invention is

sapphire. In one embodiment, the sampling tube orifice may include
a composite structure including several materials in various
amounts. The composition of the tube orifice can also vary
depending on the abrasiveness or potential etchants within the gas
flowing through its aperture. A sampling tube orifice of the
invention is also substantially heat resistant as gas flowing
through the aperture generate a significant amount of heat or
excessive heat can also be brought about by processing conditions.

The body portion 304 of the sampling tube orifice 302
features an exterior surface. In one embodiment, the exterior
surface of the body portion 304 can be substantially cylindrical.
Although the dimensions of a tube orifice may vary for specific
uses, an exemplary orifice has a length from about 0.5 to 2.5
inches. For a tube orifice having a substantially cylindrical

exterior, the diameter can be from about 0.1 to 1.5 inches. The
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sanpl e col |l ection device. In one enbodi nent, the
portion 316 can be configured so that gas flow
wo b@oeseom i s delivered directly to anal ysis epCi/psmns/020090
for nonitoring gas quality such as a gas
chromat ograph. The | ow vol une of gas flow exiting the
aperture 306 through its sanple portion 316 nmakes the
sanpling tube orifice 302 convenient for coupling
dianditkectdsy éosﬁﬁlﬁmiﬁ?altﬁ%bs AquiRRERayi &lsd obeexarplderdized to
pneumati c tubing. The tube orifice 302 can be conposed
the ofsimey mdt erdaamerigdelily saveabpleo PeciHely nddhinted — This

nd .provide f onsj,st ent . fl ety o :
L A
dire\%ﬁp?ﬂdidr}g)ldmg? gheeprappbecatd onyptcabndati emalysder equipment
ich the orifice may be used, An exenplary nmateri al
SUChf@ﬁrnﬁﬁFt%K??@ﬂ%ﬁuﬁfQQ§N9$58WPF9g¥?é%h for exanple, an

appy atys of ohberhBveRtiedn oS AN & f | fh®NBody portion 304
embodi ment, the sanpling tube orifice may include a
haviognposilee stanidomse 3181 udTrrss earged nperiicls §¥e optionally
. _various amounts. The.compQsiti.on of the Pfi e
A1 SRO& Al O%Ergh%eﬁéﬁgFﬁﬁ o QEéogbras?%%néggggggk tibe orifice

sur fRled il Bl aRls W tidsd hdashddra e d kiesdd Ssbout the

aperture. A sanpling tube orifice of the invention is
bodyalmortsidrs t3Ht.i aldry dreatenteed iqendt, dhgangleshinpytions 318 and

t hrough.t he aperture erate a_significa e
cha g??ei%%%s?@% ﬁgggggaﬁﬁgﬁ%otﬁégbp%ﬁbhﬁaggggﬁﬂgygﬁa can be
readdlG RESPMG<eONE bihangembhredbgdympar ampl 804 whrt heuch as those
sanpling tube orifice 302 features an exterior

desagtikfestelerainne dfodi AenEhoRe ®xPeFft7l siFPgacpFation of a
sampt’&pﬁ%Sg%b%’gréﬂggqcéo_da&%‘:#l%gsu@ét A & dYertyddNdai 68bsed in a

ouf I mensi ons o tube orifice may vary for
samdesi fdortusesh as Exengph aagpardtiissethdaseaingagthohr onds shown,

che 2000 900 2,5 inches Fora Lube. LT LCEISHD Sore 222 by

a rggaiﬁ%aﬁgﬁlﬁeg- 3010 bopdrRehes. whedi anehenne€f 820, which is

~ sanpling tube orifice may al so be standardized to the
disggisesl eboudnivbectabe yoriviideabl e pneumatic tubing. This

igﬂ@%ﬁ%%ﬁ%fi%&npggtt%%Zt%ggfqgéfgggogigggﬁe%ikﬁ or coupled to
any type of process in which it may be necessary to monitor gas
flow quality. An exemplary gas sampling port can be used with any
of the embodiments described herein or, for example, those used in
or with a clean room or a semiconductor processing device. The
sampling tube orifice in FIG. 2C is shown having an exterior
surface with a notch 326 configured to rest against an interior
sampling port flange 328. The notch and flange prevent the tube
orifice from being forced into the sampling port. The retaining
member 324 is shown as cooperating with the channel 320 to hold
the tube orifice in place such that it does not slide out from the
sampling port. The member 324 is coupled to an exterior of the
sampling port 322. The retaining member 324 can also be liftably
moved from its cooperation with the channel 320 in order to remove

the orifice 302 for the port. The sampling tube orifice can be
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directly coupling the orifice to typical gas analysis
equi pnent such as, for exanple, a gas chromatograph.
WO-L@s/02B98hows the exterior surface of the bodpCPpUS1008020090

304 having angl ed portions 318. These angl ed portions

are optionally disposed about the orifice exterior.

The exterior tube orifice surface can al so have at

| east one channel 320 di sposed about the body portion
remci¥ ArononehEpad ment foirthelaaghiad per kepnscédénandith another

channel 320 are configured such that the tube orifice
orifdgtebe readily disposed in and removed froma sanpling

p su h escr i I

pgér: Cfal E?e%igéeﬁﬁgygoﬁﬁoﬁgq nﬁﬁfr%o{ﬁugéel%% I'ce ? about the
exteadiear difngHe dame liimgentibenodisposedoln aThanpbtthmo@lB may be

such as for an apparatus of_the |nveft|on

conTigaISH (162805 it be el 9 BFARETH L APACESEafpETkgng.  In

addR9dn 32%1@’ ¢ elsRioRisNoc e MRek r344cCooPer atel Ngh- tthid orifice
channel 320, which is di sposed about the tube orifice.

compities isagiph i sybpbRnt 3221 vy rbetassoiral e@Of Bmdorcylindrical 310

poxSBUR. 20718, SRLANPE SHGPLPSE=RALTAALENALLLTRYSE ot sampiing

316 GRSl | Bg PektrLiedd hbdized tWet hpaﬁyuﬂé 3de can have portions
enbodi nents described herein or, for exanple,

or RGNS Gf ih HRENEARTT SemBEPE SORTcHRYLEL 8? Suitable for a
con %Q%S'lrlgﬂ d(ﬁééé Cflova-h\‘:r‘oml ﬁl‘i@o& S ' 5}: c’:@ ﬂ G‘a uniformly

I's shown having an exterior surface wth a notch
higtB32%e toad t ygur eﬂhe odimshsayas nstd ashapt eof othsaapkkhgre portions
ort flan The natch and fla ge revent the tube
or Boimenics R0R0 LRSS DI 0 PRIt ik SEAbi AL Hat (O 1S flow by

avoi @R g WA 24Ut tehewR1ay @@@@%@te&ga%w the
channel 320 to hold the tube orifice in place such

t hi pned@es@qume@ltudetlmjtczflmﬁhti@lsamrth@npéﬂ@ ofheche tube
orlfmcet %ﬁs%%ivggughg gso s%ﬁgg“i)ét er gk ggr&#fg %?éﬂjﬂa%%es through

€ retal n| can

thelaﬁé@buyenpueﬂlém@nbrtSegménesahtoa\Ma§1fluwcwﬁuwnﬂty that is
320 in order to renove the orifice 302 for the

substrantgigddiy rgPr s tor i f TR earﬂplo%r@ﬁ%v@aaﬂsbn?%h’%s pBP? aperture .
306 32ArbQERCLeAN NG AN LRI AREMRN 3 M t Bnaet BEhin FIG. 2C. The

cylindrical portion can communicate directly with the gas flow
from, for example, an apparatus of the invention. For example,
the cylindrical portion 310 can communicate with an apparatus
comprising a filter unit having a plurality of parallel filter
stages located within the filter unit such that the quality of gas
flow in the apparatus can be monitored via the sampling tube
orifice for yield-reducing contaminants and contaminant levels.
Alternatively, a tube orifice according to the invention can
be disposed in an existing sample port in a clean room or for a
semiconductor tool. The continuous low volume gas flow through
the orifice does not disrupt the pressure in such environments.
The orifice 302 is also useful as it can continuously monitor gas

flow quality in situ using conventional gas analysis equipment.
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orifice . FIG 2C also shows an angl ed portion 318
di sposed about the exterior of the sanpling tube
wW@ri0bi0gx9B02. The portion 318 may be confi gur eRCHUSHS5/020090

to receive, for exanple, pneumatic tubing. In

addition, FIG 2C shows the aperture 306 of the -tube

orifice conprising a substantially frustoconical 308

and cylindrical 310 portion. The aperture 306 al so has
Such? §A8NSink1981i3 1@l £ag 3Mrlpek!,i onitisut limitation, a

desScri bed above, the aperture 306 can have portions or
chrogegweneshef masy EPAEHEPBALSF FhahTRAN IR Tereot.

suj t.ahl e for-a conti ; V.

t hAe to@fef i%:rglfajtacea %i%%‘@ﬂgﬁe%%gﬁlyg 'l#?é fd¥Aiked so as
to Havengirens sandtshepenods t he Bperiostapoet i ems @rifice that is

segnents al so reduces the extent of variabilijt

f .
SubSERBLEY 14y 6PIPRGAnG LuREVERLBT SbsPaRti Grryined toffances in

ar ?é_rHﬁt e Aeas.0dN eHecenpbediiiRMes tdiory!| thdr bpakture. In
portion 310 of the tube orifice 302 receives the gas _

addisdmm,e.tikhebsadypberthen passbs thbsugitfieeasan Jrave machined
ortions, or_segnents at s fl Ve [ t | S .

tol et 3 yr‘%%%t%nm Cg‘%saan‘p A ethe(n%f'uda Ilyr{@(el%'s Such fine

told i @RerinMe e tNough fokaisgnpki §gspolowoin 3dke aperture as
shown wthin FIG 2C The c%jlefi ndrical portion can _
well orAniie SN 9 ety ene tdel et FR T rafP¥t. The precise

tolf%xae}l@elﬁe.’ fgg 3£pa{ﬁ§é"_509§§%gg 'Welﬁh'eoningé’ﬁtfé(@m%!l%o tend to
e cylindrical portion can comunicate wth an
prowipfar énsi soempey stagtaef iflabed canibnhanfi mgld igiler adanpling tube

. of parallel filter stages located within the filter
Orik#ff9S-such that the quality of gas flowin the

appM ab PSSR0 BRvVERDEGRT 8ds¥i arbhedsanpl ingHdédbefor monitoring

orifice for yield-reducing contam nants and . '
gas cofitani mamlitavel sSUGH t @snat ifeal y examplybe ofPFi cgield-reducing

accordi,ng to_the invent|

_ 4 .
COnt SN N s a8 9pdt t anaggﬁggﬁ%oo!r)n%g?%?%ilg P general, the

met1SEd ERREUGE T ptreetdifbe acantbenusnistiew vl whe dasrehitdwn for a
~ through the orifice does not disrupt the pressure in
givencRreAvss oRREATSINTRE SEFRI 88/ 3¢2Y SXATEY Susélty| aRRaratus for

rem&xtrir?cfm SARLIAUAYEY FORI LOrg98S in a semiconductor processing

device. A continuous gas flow enters the aperture of the tube
orifice and passes through the aperture. The gas flow is then
withdrawn from the sampling tube orifice aperture. The gas flow
can be sarﬁpled using a conventional collection device. The
quality of the gas may then be analyzed by using standard
equipment such as a chromatograph. The tube orifice can also be
configured so that the gas flow is delivered directly to such
analysis equipment. The method of the invention allows gas flow
quality to be monitored at specific intervals or continuously
without any disruption of, for example, the underlying process
from which the gas sample was taken.

FIG. 3A illustrates an embodiment of flow controller 16 in
the form of a diffuser plate having an essentially planar shape

terminating at an upper edge 70, lower edge 72, a first side edge
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flow quality in situ using conventional gas analysis
equi pnent. Such gas anal ysi s equi pnent can i ncl ude,
wowRahos29d i mtati on, a chronmat ograph mass specPeDOE1005/020090

or a conbination thereof. A tube orifice of the

i nvention can also be fabricated so as to have precise

tol erances. For instance, an orifice that is

substantially conposed of sapphire can have machi ned
74, £ BEBPAES siiBled JRYPETOf ahoUha®iff1 aho ihIG5 facke38, and an
al ong the aperture. In additiaon, the body portion of
outpite 295@ ot f i(E&Gean3Bhve nQéﬁfHéﬁrtd?lé\r%/?n i § jipgmade of an

ess% a8 ;fy om ab 1ue£hg éomgt%§1hTCQ§ﬁﬂlsy§h aliB8num, plastic,
erarices 1 nfl'uence t e uniformty of gas flowin the
etcéﬂhﬁﬁiﬂ@ aspbetblasyt bé tohsksBéncyrammigisdi fdiegrrged thereon.
sanpl es. The preci,se tol eranc a tube orific

:
HOLG 42 @A Aeh BRGRTSFED LPefid SPEMBF 1 des CETER s erligY (3¢ randonly

dlsﬂfﬁ%JﬁgH'é8¥d§%nt%% Bl rbpke o$appkEAget UpBa & i 16 CESIn addition,
The present invention also provides a nethod for

holemniZ onangbgasif ithw ¢mmat%ﬁzanuﬁra%heyoma%x5ﬁ§Velnf@ﬁze In
i.eld- I du0|n gonta n agpl .

addinigy %e d%ﬁera ggi%?hogklﬁeg %egep?§ |§%ﬁ§’g”th their

resﬁé&t&nﬂilﬂd&ﬁlﬁnst S m\fmtsne@npﬂatealgLvelaypmyesg example, the

envi ronnent such as, for exa ratus, for
di EFRSRI I (orttaitndrits £or mayg§§ inShallhe ot ohe enclosure
14 BEOGSRSI ng dewice. &CQQ%bHHO%S_LQ%aSpéﬂ@IN gnt earrﬁitgﬁbstantlany

aperture of the tu e orifice and passes through
par&ﬂ&gltﬂhﬁrémE gaBiffowerspaheh mﬁtmdyawmrth@W1&henwunted in a

nen BRI 5, TALLES EPTAIES AU LGP son o

preé%ﬁ%édYt@ftﬁ@elﬁﬁﬁtnﬁﬁcéhee be analryzed @ﬁn@&IQQ such that it
standard equi pment such as a chromatograph . The tube

passrs f itdewwh ahsdepe 88nfbg@%%l entpstife dad tersw iL§ - The
ellvere ctley | S
AR Hod® o? ?heglnveﬁilon é%ﬁggg‘%% ?ﬁgybgualhOigt?iftern that

has Menkiloeed dAtzspecdies towardalppar cedde nUOUAnd progressively
wi t hout any di sruption of, for exanple, the ﬁggerlyin

largpbeessedr BRLGAI 6F s Fassdiple Was2PREBAC

pattern may facilitate formation of a diffused air volume 13/

,._».)

a hole

having essentially the same flow velocity and/or pressure across
output face 80. |
Diffuser plate 16 may be designed and simulated using
computer aided drafting and analysis software to reduce testing
and fitting iterations in actual systems. The diffuser plate 16
can be designed such that diffused air volume 13 is substantially
uniform across output face 80. Holes 82 will typically be
circular in shape, perpendicular to, and flush with the input and
output faces of diffuser plate 16; however, holes 82 can take
other forms. For example, holes 82 may penetrate diffuser plate
16 at an angle, may have contoured or beveled edges at input face
78 and/or output face 80, ﬁay extend beyond input face 78 and/or
output face 80, etc. In addition, holes 82 may have any shape

such as, for example, elliptical, square, triangular, etc.
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FIG 3Aillustrates an enbodi nent of flow controller
16 in the formof a diffuser plate having an
wez®ensi2ad |y pl anar shape term nating at an upper/usmg#020090

70, lower edge 72, a first side edge74, a second side

edge 76, and having an input face 78, and an out put

face 80 (FIG 3B) . Diffuser plate 16 is nade of an

essentially air-inperneable material such as al um num

plRstifseretSrataviggia plotmallilly refurhelesiB2enelosure 14 in a

voi ds, disposed thereon. Holes 82 may be arranged in a
mannggonthatc PERYRNYs ofNREY RlF aVgeMy di 4t rfasHh egassing around

. C S surface [ r 6. LN ik o ;

e e B o P T aE] 8 P ey vy | o racting
upped z&dgd nT@ddiswen, etihe PRicliiret dedsi eylgeof/dheines fXond side
naﬁ vary with their respective,lf atigns ,on diffuser ,
edgepl dfe T BFTHRy S GAnBrESOERLHl  FaderBPATE ReSofinterface
petwdd BFARYePe]nsd al ednd EREN ihhe rerclasuee o Giclosure 14.

FIG 2 along the second side panel 54 and
In sddstaenial $gabar aladel ohereampl Pty unarepandf 1®mapct as a

further be unted i n.a manner_f orci .i.npu ir, .
dem diqnioghter 1y CFECE FoAl UEH 1o DaCtisseht et fo s If
desiryt Haeeud8rofpridd user pamelbelboguehttbat witthpaseasors for

t hrough holes 82 before contacting filters 18. The
monidiqitingerthiea eIl ord tof aPRe PEREAPEE RAy1BRPFo91h Viotwne 12 and/or
dif#ﬁgéfgﬂl t.:has, SRl 8k . si zed hol es toward upper edge

an rogressively |arger sized holes as | ower edge

72Zxisy apptioachbel: Biichaa heke pabwer angaylesaciibetattdius far as

formation_of a diffused ajr volune 13 having . -

a d%%%%ﬁﬁ?a?%ﬁt?hegggﬁﬁeffogbgeﬁg8Wt§EQ%&Pg¥eﬁré§s&%3nOt limited
to B PLSHoNtRIEtJAce BB Rialbuser fpbat 8cAbroBYebel6 may comprise
designed and sinul ated using conputer aided drafting ,
one ol regiee \astigiadefd warlereso dispgsect psprAahAItP | 1aPRE end 6 in a

iterations ip _actual ens. i ff r.l
Manieh %%u%%%?gﬁ%%ﬁsﬁghb?ég% g%?fE%gﬁgﬁ%iqéheﬁﬁ%%%%q%}ed to open
by &Ubstaabial dyownt f orsueer osploviplty fatevdlvediahey 182 operated
will typically be circular jn shape, perpendicular to,

. : . , Y .
in cord e MitHR HOBIRsU AP @ ToGUEGt "PEKeSCoPTaFRFEsBRLform alr
vol&ﬁéﬁeeﬁ@érﬁﬁﬁeYﬁ%ethhﬁﬁﬂéz §anstake, 15 and lower stack, or.

stage, 17. Active flow control may also be employed in
conjunction with a diffuser plate 16 Dby utilizing an
electromechanical, mechanical, pneumatic, or hydraulic means for
adapting the size of holes 82 according to definable criteria such
as ailr flow or operational integrity of a filter stack 15,A17. By
way of example, a diffuser plate 16 may be equipped with variable
apertures at some or all of the hole locations. The apertures are
capable of being opened to allow more gas passage or constructed
to reduce or eliminate passage of input air volume 12
therethrough.

Diffuser plate 16 may also operate in conjunction with a
baffle extending from input seal 19 A and contacting diffuser
plate 16 at a substantially ninety-degree angle. The baffle can

also span the front to back depth of enclosure 14 so as to prevent
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other forms. For exanple, holes 82 may penetrate

diffuser plate 16 at an angle, nay have contoured or
whewelgtvedges at i nput face 78 and/ or out put PEDESR05/020090

may extend beyond i nput face 78 and/or output face 80,

etc. In addition, holes 82 may have any shape such as,

for exanple, elliptical, square, triangular,

etc.Diffuser plate 16 is normally nounted in enclosure

air b4 bReasABENEE that bpreventsom ok imy rto dhsrethisAf rdrde of the
passi ng around diffuser pl ate 16. For exangl e, a se

baff@,e gaskit bﬂ:ﬁﬁrﬂt%ct iAg SEPEPYRUge PASV4iter 2edgayyical ' barrier
betweethttl'rcé g 7éfar&‘if§fﬁ§88dl de efge & uf@Y15€tM@ected to

as an'es y air-inperneable interface between
lowedi f Ebsek pl”at mrﬂcﬁ ahe tbertihomer ctwécami oftcenuppsur estack 15.

In _additjon, seal e of co ant terials ca
DL £ 5o TP L S AR IPOr ot 0t T (vt BLi01 B Bt Toumes to
u]_ope"_”c“(-Eﬂ'laﬁik?'615I bndesigwed, fidduser phaheobbre@inge in conjunction
fitted with sensors for nonitoring the velocity and

W1thpee®@ufrféeof i nput air vol unme 12 and/ or diffused i nput

Gl /OLIE 1o FLOM SONty bl 1 19138 fasen ShOUR: 8fac can ve

emplidy@d GRIEH obhieoddfleniSs NOE h:lhm tledretm:ﬂolrm Ssufcdr na$§ agter shown in

For exa fl ow controller 16
FIG.npre ac?Eé?ed YAl v‘é%nﬁjs‘"pﬁ)seséxpr%a g%an ﬁgﬂf?h@‘ﬁ% s A,

resper&:tai gnexﬂlﬁ?u%'agg themiPe é)l 9%ba9§§epaﬁ%9%éim§§§te Each

actuated to open by a variable anount. Such a
bankplaoreddimes dfhned viEsl ey B8 2olsr atIeml FIs co@nj wrRoth deenk contains

el UL, andor duc. verks L0 prodce ULLELMALT car anpioy

dlfﬁr‘%‘iﬁ AN &r20er kan fetinveef taw §Qﬂﬁér@ilﬂ@iﬁ’s abs® be different
enpl oyed in conjunction with a diffuser plate 16 by

ordaxtiindszi wijt An reiseecitorter hbhe c 81 strdbNaRAc NP YPnedqat volume 13.

or, hydraulic neans for a of holes 82
The GHdH RV A6 AR5 S0P RLGPFATGUER adonl PoT Fos Br% 2 MRLELX.
Fll%@rﬂéﬁ% s | BEegnit kiok adfd Iheihest ask iﬁlté]?s By, Wway may be
of exa a diffuser plate 16 nay be equi pped with
empl@rechbldepapelrlngre@natthﬁon’EObum%I lofof aflife ol e filtered, the

des:u?é:cf‘tigxrflgl I%e acpnecratml'irn%%taremoval and a defined, or desired,
time-between changes for filter elements. For example, a 2 x 2
matrix such as that shown in FIG. 4B may be used in applications
requiring a smaller operating volume, less contaminated incoming
air, and/or shorter operating intervals between filter changes.
Returning to FIG. 4A, filters 18A-C may be chemical filters
designed to remove specific types of airborne chemicals. If
desired, a HEPA filter 20 may be used in conjunction with filters
18A-C to reduce the overall level of nonchemical particulate
matter such as dust or pollen.

FIG. 5A illustrates an exemplary filter module 18 mounted
within a frame 200 having a height 202, length 204 and depth 206.
Frame 200 may be comprised of a single piece into which filter
module 18 is installed, or it may be comprised of two or more
pieces that can be disassembled and then reassembled around filter
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capabl e of being opened to all ow nore gas passage or
constructed to reduce or elimnate passage of i nput
wa@eoewgd2ome 12 theret hrough. Diffuser plate 16POEYSHDITER0090

operate in conjunction with a baffle extending from

i nput seal 19 A and contacting diffuser plate 16 at a
substantially ninety-degree angle. The baffle can al so

span the front to back depth of enclosure 14 so as to

modullcEVER] ai IEmPI dfn$i de removia@leaf fizmd r 200 naw n}gaﬂo of filter

the other side of the baffle. A baffle, if e
ssegigw ddd éaﬁﬁ)léfcéﬁlesbﬁlﬁflilgﬁ%téf%%ﬁ tes p%%*fnﬁ\ﬁ %lflter modules

18 s%.;;fcf }%%ﬁe%gﬂt %lflé%uéédd%!i@ﬁt edsd OS’&WUﬂP%pport and

por |on |recte to upper stack
w1tHadHLgéHlxﬁngbuhimngcmﬁaQﬁmﬁbtoapt@vthnuntbotwewmnterlor of

encvolumss to ﬁP er]ﬁh@f Qﬁ? %3ﬂ Iom§¥%$§§%%§ é;>ﬁ%§rkeplaced when

thel'ﬂ |é%§ltlrlactyest@nrm|@1ﬁbcfﬁﬂé ol HaritAtheAbd®h diminished
enpl oyed 'with enbodi nents of the invention such as was

beloghowndeflmed perfopnancaAtboasapha. siXnf qdddicipanke providing
sttt s dlgnd SoPERS VAOY MLLIAERG InDBNERTLE 3FRAAlerior of

ains® thr ee

enclBHre 14 dilrectdy, gadhdbarkttonbai wsyi dend i ﬁa‘hmework or other
filters; however, the respective banks A—F can e

intepmediasit FORREERI oMEERS /Ut | 78TFhE sERBIFFFt &R b couraging

dlffJE Q%f n%'u%q 3_9;r deniaes W kR FE@%QeEBrEQ%\Bh?lﬁtéfﬂl@%&%a 220.

arr vo 3. The filter banks forma
fIH‘IGaI it rl}gl@@trdmee@ an3 gmBodmnentx. ofi | aerfinkter cagdule 18

S IR TR T E O DR T ——

llké ' é’éﬁ[@&ﬁré he flesi r edcdevdddfe CONtidE NANsqier®Val as8dtangular
defined, or desired, tine-between changes for filter

conteammmts orForsharpl €08 2nd 2 fHathex sheh ad thRepnt end 210
per%e%%q I narrFl::}/g‘efa 1n yagﬁu q1 'Ql@pahac%\fr@'ﬁ q.‘ﬂé"é r bngback end

ess contam nated I ncom ng
212 ai rprendbar 1S_|1Q1rstthat@F1;eraaidtrm@rl rimyode ne nive tosle effni. ftid 1t enodule 18
alséﬂ%ﬁ%y%ﬁ?é?ég%uggem c%néﬁnézlrltZeOrBS 1n® uth:Lz:Lng pleated .
composite filter elements 219 sequentially disposed within .
container 208. The pleats 219 are preferably oriented
perpendicular to air flow 218.

FIG. 5D illustrates still another embodiment of filter
module 18 employing a cylindrical container, or frame 222. The
filter module 18 of FIG. 5D employs pleats 214 radially disposed
throughout the cylindrical container 222. Air flow 218 impinges
on filter module 18 perpendicular to the main axis of the cylinder
which is into the page of FIG. 5D. FIG. 5E illustrates yet
another embodiment of filter module 18 disposed in a cylindrical
container 222 and employing filtering media arranged in a spiral
configuration 224.

FIG. 5F illustrates a schematic representation of a filter

module 18 comprising two types of filtering elements,

chemisorptive filter element 226 and physisorptive filter element
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designed to renove specific types of airborne
chemcals. If desired, a HEPA filter 20 nay be used in
w@ et on with filters 18A-C to reduce the PUEDS1005/020090
| evel of nonchemi cal particulate matter such as dust
or pollen. FIG 5A illustrates an exenplary filter
nodul e 18 nounted within a frane 200 havi ng a hei ght
202, length 204 and depth 206. Frame 200 may be
228, camydsad wilya siogheupt ee80i nko fuhimell fdyt tEBramedade or other

18 is installed, or it may be co [ f
meangj ek %%ﬁYe%aﬁob§héP§§§séﬁﬂléﬂ“gﬁéhfﬁgﬁgrE%ﬁg%ﬁgﬁg%&%nts 226
and %%éjggof 'ﬂe&%@%rﬁc%ﬁ-na@f@ Oy &k B SOV abkRiEb2PRive filter

part o er assenbly 201 facilitates
elemmmrtuf2zad wared ophyessoqwsity filter abedueers 288 spree arranged in

they can be manufactured.with | es | t_.
sorigieef 3D SReRRNT AP U og LD LS5 ST UElAT 8l SUPROLL s 100
218 yﬁ_dfﬁt%r F)‘Plﬁ/s(ifso%@‘ﬁhﬁéufﬁl%ér Eibhent npzll) es 18 are

esigned to be replaced when their ability to renpve

aiTsor phemoapapt haat sEHdsebeeAcBrRtni 2Hed B8 ownglude porous,
defined performanc s . In [+t t ; R
CheHB-.S&ﬁp IJ.')(% S%n?dl?ur a?frﬁgc? Qz‘lltﬂ é d@h\%’l §8Vlng an acidic

uc [T 'support, frane seal ably
fundlwt=g txrduie thkterémabDds eticd oguoep 18odireect! wiah a reagent.
indirectly by maﬁ of a_framework or other interned ar

The RS TIRARS TLL5SFoPAPRCBENAET { P61 ISRE SR UGH TGP ive media,
suc:h(rjr:é':{tdsjlK gﬁ%%ga'%%:&t alck 1Yak e c13pbAa. f @Mét@éﬂﬂgmrﬁt%féﬂécﬁ‘g as used

: G 5Billustrates an enbodi ment of a
herdiid treeamodahe k8 iowriteal ntagoqt eahet thialst erdthgbaedi siodified by

216 arranged in an accordionljke.structure. The filter
chemaGaj etE%gFQEHE gﬁudQ%r%?m?egbgﬂéﬁPﬁPE%%%taF'gr?rbr untreated,
act SRR A8 adh iy thera hasy & ddontoentbriddfilar, adsorbent. The

perpenQ|cuIarté1faC|ng air flow 218 and further has a
phy sk 1 neddieG. roEOVE| uSEganés aAbfhet! eRBdY} Fengondensable

of filter 1 ' OhLk nt.ai
conSlg i, AP LTI, oS S B s
15 O°%19vt§§‘1§%g}é?éébb@icﬁﬁos @@ iWet hi e CiH IRRIrp2Q&e Thedia remove

p!ea S are preferably oriented perpendicular to
basiat rvdpane 21ig dHe@is®Dptiilonstrates still anot her

eWB%QiQEQ% q%ﬂygfg%}ption” refers to a reversible adsorption
process 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. The relative
thicknesses of the chemisorptive filter element 226 and the
physisorptive filter element 228 can be engineered so that the
useful life of the two filter elements will be exhausted at
approximately the same time in a given environment.

Accordingly, a chemisorptive filter element formed of
sulfonated polymer can be made thinner than a physisorptive filter
element formed of untreated carbon, since the physisorptive
properties of the carbon will typically be exhausted more quickly
than the chemisorptive properties of the acidic, sulfonated

polymer. The two composite filter components 226 and 228 can be
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nodul e 18 enploying a cylindrical container, or frane
222. The filter nodule 18 of FIG 5D enpl oys pleats
wQiehensitv@l | y di sposed throughout the cylindriRel/US2005/020090
contai ner 222. Air flow 218 inpinges on filter nodul e
18 perpendicular to the main axis of the cylinder
which is into the page of FIG 5D. FIG 5E illustrates
yet another enbodi ment of filter nodule 18 disposed in
contdiG¥d NAitEsh GERt abNetaBle anttenpke)sng di | feamegork(s) for
. nedia arranged in a spiral configuration 224. FIG 5F
instgliladtion 9 ;archbhblre PepheSénfatfiidifedting @pRaatus coupled
. Jrodu - [.S] ty i dt end n
wt e e B Ly LS L brye car e e o and 228
typifdditigr ledementid2& ha espent iofel yem@Graidie t o23@eipd akerivde filter
frame_200 or ot her neans agd,serves to q?an | .ai

by '
elengfsugh FRE FHTerPRFRITHTS 326 Wind 2619 Fonbe 1orease  the

surfGY atdantg thes eff orer CReRESRPt ick@dsieldt efo ebhgMBRlcident air
226 and physisorptive filter element 228 are arranged
flovi;n ayeti efsomi i< Hewiperpt i the feonmresdentntteapelenents can be

filtering ai.r, fl 2 LiQr [ tive filter
PLoatithart B8 L nd ehe e PV e F P L e e Eivent 226 may

i nciaide por otslusheatsor pui vechediag itor meghrwisthtation of an

copol ymer having an acidic functiona

{
altesmedlis t hemgpPeLnerb r &dct WHtheh r@&&g‘ﬁggpﬁgat comprising  a
phy%hlyo%:lpsﬁrx@ !fﬁqgélld_teqrem%ln%ngﬁﬁ #88nkBal Hd€Reen two chemisorptive

ysi'sorptive nedia, such as untreated, activated
filtear borlefkatter B2@ant r eat BUS. as Stisedihbwsiratemns aan schematic

activated car t hat t. b odi fi .
cepEfiaAt s aTon et R oty been, o0l T edoBlaens of sater

mod i I @t edompei b ¥y C JoRiiRe asidtehydlementor 288 mounted
nonpol ar, adsorbent. The physisorptive nedia renove
betwgeyani caand dheoigerbE igenderfsdbies contbementht s, 226 and  an

t.ypi cally thase V] ol |1 [ g t
eleﬁ%%hf %%?%ﬁ%%fé%?g%#%%,%ﬁ%ihé%ggegg%gﬁfségg%gég %ggia
I eTmy e ApRsirat@pot d1vsarabedi sor pEiIes. ThE-Herame designed to

"physisorption” refers to a reversi bl e _adsorption .
rem@ife CEREST TP K (R HdSObae NREReFd By Thgaker etfectiveness

andpggﬁﬂgﬁtéf"8§§imize the separate conditions under which the
chemisorptive media and physisorptive media operate. By providing
better purification of the air stream entering a photolithography
tool, better protection is provided against photoresist
contamination from airborne molecular bases and photo-induced
organic contamination of optics surfaces.

FIG. 5I illustrates an embodiment of a high surface area
filter assembly consisting of a plurality of filter modules 18
oriented in an angular relationship with respect to air flow 218
and in 1line with a HEPA or ultra low particulate air (ULNA)
discharge filter element 232. The embodiment may further include
a pleated composite of strongly acidic polymer filter element 231
operating in conjunction with a HEPA or ULNA filter 236. High
surface area filter elements such as those described herein can be

fabricated using three dimensional printing techniques such as
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In contrast, the term "chem sorption” refers to an
irreversi ble chem cal reaction process in which

W@ b@aigrbo bonds are forned between gas or | i quPdI/US2005/020090
nol ecul es and a solid surface. The rel ative
t hi cknesses of the chem sorptive filter el enent 226
and the physisorptive filter elenent 228 can be
engi neered so that the useful life of the two filter

desceligeants w.kl. l@@t@zﬁhamgbedsazwpw@ximmyﬂm,e =8aies, 387, 380,
time in a given environnment. Accordingly,
the mé:mr@rcm 35 |atbrt R e R o0 SdgRaraged herein by

ref%f%n LS, el%ﬂe@? E@gﬁeggﬁpgeénEDEQtfthys'Sorpt|Ve

eimen untreated carbon, since the
pRigitear phodel ¢ oper tdjeess:rdxbedh@eam@bomel |caryphgw¢| p variety
be exhausted nore qui cK t han e chenm s

of TGRS T henad g ST TEIRkRed DoPSRePT FRdYRs pellets
and Cl?ﬂ‘@l?ééﬁ@df'EE%EVSQQHO'@%nZQI@aﬁnQez%& d to an airstream

becont ai ned w t hin any suitable container (s) or
us:.nfg aaremldlccspnfadr nedtal Faeyomnch sacki sYSGRMpats: dfr a2 metal

lteri par at us .cou phot r
enclagir® (hEY MG PEoTOHERESToob ko o6 Ty pLig Ty to hold in
thek%ﬂé&kbéhﬂfWhiIénhDioW£ﬂ@VaD£Et0rf&enlaﬂ&@MghfﬁHdEEtructure)
el ements. For many purposes, IS preferabl e to

In 4 mARsh CHORATA LI ol &t Tete 9 | ert Tt ith  OF a honeycomb
con é&&%%QO 0 %%.r%@'% gm F{tér téndanéoruﬁbféated activated

pose, the conposi enents can be pleated
carh_tcm prand dendhe i iwcr easepastliéhbfp—faﬂelaed Fl&& 5@®mpletely-filled
illustrates a schemati c&%egr esentation_o

hone GRS iR Tene. SPIPFI EBRTabagl & ReT Pafp, #af fgptreated,

act BT SYdMdnve nfdy t eoral eaenkoR481iARuURt egobstyeesr t iBoneycomb
chem sorptive filter elenments 226. FIG 5H illustrates

structsutenatIe aefoussht @Pilaélﬁl@f a maitt G releretatfikers, either
enmbodi nent _of fi
w0V ihyel SOTRT Ve | 1o g BT S SRE R R carbons are

leéﬂéﬂnéﬂﬂﬁﬂﬁﬂéhdédtﬂﬁtcebem&ﬁ61226namdpaeated air filter such as
el ectrostati cal I% char non-woven fi] el ene
S

thogoshawe appdiisus 71 str%éaeu ﬁnmaesfl%?h ExFEbe, a bed of
act1y ﬁegaEgoﬁeﬁctéWQrgo'éﬁﬁﬁ'E‘é QR afi P@PESam using a

greater e I veness
tradltlonal media tray and rack system with a layer of nonwoven

composite material comprising acidic polymer, comprising a
sulfonated copolymer-based composite material attached or
incorporated into one side or both sides of the carbon tray.

In addition to having various constructions, embodiments of
filter modules 18 consistent with the invention may further take
many forms such as the activated carbon embodiment (s) discussed in
U.S. Patent No. 5,582,865, which 1is hereby incorporated by
reference herein. This 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 consistent with this embodiment.

In still other embodiments, a synthetic carbon material,

such as that described in U.S. Patent No. 5,834,114, the contents

28



and to better optim ze the separate conditions under
whi ch the chem sorptive nedia and physi sorptive nedi a
W@p®6asxr90 By providing better purification of PEEUSI005/020090
stream entering a photolithography tool, better
protection is provided agai nst photoresi st
contam nation from airborne nol ecul ar bases and
phot o- i nduced organi ¢ contam nati on of optics '
of widhace®e fMbrovrddddsisadas By esbeteneat inf thehirglentirety,
surface area filter assenbly consisting of a plurality
can @k fddated moidit csha saeidbat BAtPRIARS afguldp Present Invention

to p\rﬁ%lv%tdleo%‘zggcpro\%éh éf&f@chif’e?' ]'L&Iné’ﬁ\{: 2%§ QEéo'raahb@ew:Lth the
A or ow particulate air (ULNA)
lnveﬂtSGHargﬁnﬁl|ﬁﬁryeteanothéﬁZemH&d&mﬂﬂﬂxhUhﬂﬂaqﬁﬂﬁated nutshell

further include _a pleated c Slt n
carbgy| prek-af deser 1orehdnt 23t %@ r%’s tcoé(rlr S’R)cé‘t’ 4 Contents
of thc]?l aafﬁpﬁc%r%ﬂ@téd%f r@@@reﬂ:@hlﬁutﬁéﬁég ahedrely, can be
ter el ements such as hose described herein can be |
usedf abtémwat ed ugi ngomhneetdpnem@t@naanw ot i titp t EBRAL§aERtLve or

such Sdescrl U en 0
ony<3 S54sT358, Tt oo, SB SR (LGN 18 CORCant S BT THeggee From
the p@iﬁntﬁo‘ﬂﬁh@g tNEQi@Or ahed d‘t&[c&u[t bynr efter esamei manner as is
their respective entireties. Filter nodules 18
tauchdscinbddhifer 6PAGHEYE2EAAN have FATTAPTBPYS of Controller 32 and
sens%%nSFﬁFQ&%§Q§e b8 ghr%En RAEPYE En @1gﬁdf9ﬁt@9lﬁﬁ%hles 18 for
el et's & untreate act vate carbon may be exposed
detdranianingl Wikeheaheusingea headst tonad rm@ﬂ@pede@yeﬁﬂtectlng base
rack system (e, net al,, encl, os

contgRifGTCed Mt B 47 OFSSLi s Bobh Cr o SASEAY AR cation Nos.
09/229s areentogyid=e #dd 0%@90@'/996?79b0‘dahhf&@h pdeused with the -

structure) I'n a second exa the filter nmay be in ,
preadﬁﬁf(ﬂﬁﬁ&ﬁtxDWmneycBﬁﬁhcoﬁﬁlg@b&ﬁﬁonﬂﬂ%ﬁ%ﬁpﬁﬁﬂﬁﬁcatlons 1s
ets ntreat d, .a n
incdifrnad i e B s reb Lty oF PR e s Ry ramp et @ emirety
by ﬁﬁﬂégé@&ﬁ In a third exanple, a polyner and
untreated, activated carbon y forn1 no
pdFBs @ HbHESEEHEE St 3 IR 1T a#m%ontaroller 32

wh1£@Ic£$ pal yiy T4 bersn; @ﬁé@ﬁ&l“@¥€ﬂ 9&n§99§0%©nfor monitoring

I ncor por at I ng untreat e%l acti1vated carbon, are
the performance of filters 18 and 20. Controller 32 may be
comprised of a general purpose computer executing machine readable
instructions, or function-executable code, for performing
operations to monitor filter operation. Controller 32 may include
a processor 102, main memory 104, read only memory (ROM) 106,
storage device 108, bus 110, display 112, keyboard 114, cursor
control 116 and communication interface 118.

The processor 102 may be any type of conventional processing
device that interprets and executes instructions. Main memory 104
may be a random access memory (RAM) or a similar dynamic storage
device. In addition, for storing information and instructions to
be executed by processor 102, main memory 104 may also be used for

storing temporary variables or other intermediate information

during execution of instructions by processor 102. ROM 106 stores
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pl eated and arranged into a traditional pleated air
filter such as those shown in FIGS. 5F-H While in a
wo pdoblses@npl e, a bed of activated carbon pel | BEBHUS2085/020090
exposed to the airstreamusing a traditional nedia
tray and rack systemwith a | ayer of nonwoven
conposite material conprising acidic polyner,
conprising a sul fonated copol yner-based conposite
stathiet enifakrmatti aghaddot nkbcacpbonas efor oo s ddor It will be
bot h sides of the carbon tray. | adgiti,o to havi
=PPTesARGes. Comet AR | UHs, MRt FERCCHT F1FRePORBAGLESY type of
cansd | Lh thepnin i t abe ERRY inc
Statg[ %rms suﬁeeg(gewhéghct ?\I}St \ggart%a%hoﬂgﬂéo%%ﬂe%? (s) ¥ tude
any digpassefl inedneS.idPabentopoicsl 58BEE5, andi cht$s corresponding
) her eby incorporated b eference herein. This filter
intecfRCREy E7EWG (35F‘§°Fr8pé¥ F%@V%’,—“%ne of activated carbon

ang ons.ap sl f @@l edrdiybaybebenzenessiyoese information and
copol ynmer beads. Additionally, two or nore materials
insteaetions Xod tuseplwiRieosseofpddi-e AUt drl Ocdisiladss a set of
wi_th thi nbodi AN st her; odi pen a; i
hardg)?ﬁtehe?%éegargcgdn ma é)rrfsél ,gét%%ggs%:lﬁgggdesgfi ECZ? [ %lke) that
alldd StoPatientn Nararbs 834, dddngt hbec ordmgrtrsoft svhothcanéroller 32.
_i.ncorporated _herein by reference ip their_entiret
DlSQ%%Yl%;

_ VA& dd e PRe28cttdPe ﬁa?%][']]?%@% B?Ytiﬁ‘éb%rg%%w’ or the

1ikd, NVEM 191 10@3}%{&{“14&&&@;&% t2Cidigsdd. t emeelie@y¥ard 114 and
dccordance wth the invention. And, in yet another

curserbamhiment] e alkiiwdthed ugashed | ingtaort meldita the controller

described in U. S, _Pat No, 033,57 cont
32. of% i ThTaPe ?%H?)grgfédmw E%f er%gﬁchf_"}ﬁ@?ﬁéirg fiuSe. In an
alt &HAT 8l coail REatsed, akaae keybbaraobi nand oounséh @mytrol 116
of the chem sorptive or physisorptive nedia described
can heg etﬁpl@C?@mﬁ/ghc@nﬂ‘él‘ﬁrﬁQ%%lef PEG 198 CF (LI gon means to
t-hrough t opdui.t .in. the ne i ught J
enak%1he| s%§SeC| ?Iga{e?onl.ner—él}rat%er‘?m%, r{g%nté%ﬁre?ﬁ%%@a%g of! may be
replseRsDreiSl amyobehusedsihicenpisplagnow teh foft-gpanel function

nodul es 18 far determ ning when the filter needs tq be Ve
PadrB§Véegd95fﬁ$9ﬁiﬁqrﬁy CBRERFP LGRS ntgiﬁ%ﬁ§d%e specific
fundesgid bed in U S. Patent Application Nos. 09/232, 199,

08/ 795, 949 and 08/ 996, 790 can al so be used with the
Communication interface 118 enables the controller 32 to

communicate with other devices/systems via any communications
medium. For example, communication interface 118 may be a modem,
an Ethernet interface to a LAN, or a printer interface.
Alternatively, communication interface 118 can be any other
interface that enables communication between the controller 32 and
other devices or systems such as a wireless RF or free space
optical networking interface.

In a preferred embodiment, communication interface 118 is
coupled to, among other things, sensors 30A-30H. Coupling between
communication interface 118 and sensors 30 may be comprised of
wire, optical coupling media or wireless media. For example,
sensors 30 may be comprised of gas sampling means known in the art

or described hereinabove. Sensors 30 will have an inlet port for
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present invention. Each of these patent applications
is incorporated in the present applicationinits
w0 e®pegdve entirety by reference. FIG 6A il |PRPCI/DS1085020090

an exenpl ary enbodi ment of controller 32 which can be

used in conjunction wth sensors 30 for nonitoring the
performance of filters 18 and 20. Controller 32 nmay be
conprised of a general purpose conputer executing

accamciiignear eaghlee am$t anctouaier grorftuntor omakieguttdtd ecollected

code, for perform ng operations to nmonitor filter

SamRiferafd PP kDt ? of P eRNBLY ey FHR M @ PITLAFHTCH 0P does not

conﬂ(?iirp ey, 1041 Jead ey arenahM / 6ROV £ 408 re SHOT 888 providing
evi ce 108, bus TI10, display 112, keiboard 114, cursor

proxesrad| &hélarédconpubpeiati on | Bkamphee 118 Tikensors  and/or

rocessor_ 102 be_any pe_of., conventio .
Sen%ﬁfca& 'yﬁge]ﬁtfsevir{?]\étt hafYi n@%r p‘?néqlso%en% é)?ec%?&ggdlments of the
invémsidrictieas. Makn BREDr y0t04 Iy teel a t@ndom BeseSSry traps,
menory (RAM or a simlar dynam c storage device. In
selegfditdloh, FOMeAkhd ngameieat C6APENd PASt r GREPBABOgHAPh/ flame

ion Azga%%%egu%iggeg¥ieﬁocql%shorcﬁp&na%flbggﬁ&m%aégd' ctq_'lo?[fétry and

or Stori hg tenporary s or other
hybiid erseiiae igdndrimairion oter | by execet i brcbhologies, such as

instructions b rocessor 102. ROM 106 storesstatic
Comp At Rt | ORV SRR PRERIGE THHES f TP GG 1014 qFs . These

exaihlds b2 APRNE6I deed H At RAMAO0G iy 16, reptasedowi th1 of the
sonme other type of static storage device. The data
embad orenes dulitdee 1087 anhidmclesdeineyg bepeint magnetic or
optical. nmedia.and its correspondi ng. i nter nd
oS%%aeﬁlﬁ?Jo%sal (?a1far Fware. Srort™ xa%%ﬁgieY &dgat tétes({hgqu"a e?%de\?lrge further
desd®fh&d ories iptfoarishkidonvapd i msdriedtions fer. ugeokdy0023419 Al,
rocessor 102, Bus, 110 includes a set_of hardware ,
publishad (@pnabet bratigpt Peapres | bef 395 0¥34 heths kegntsnits of which

ore AL dnigolfcusTey aLagcomRteTLa Shory. 5y way o
exampldode raynt ubpel (ICRFY ,caors itstrentti kej tH othdi gptesdnty invention
prob e MU0 L2 2 ueer, The kexbonts 1A and B sOlscor sacer
perfORhIOtd €rin  essentially real-time or in quasi real-time
consistent with the relevant arts and to communicate acquired data
with other devices by way of a communications network (shown in
FIG. 6B). The controller 32 performs operations necessary to
complete desired actions in response to processor 102 executing
sequences of instructions contained in, for example, memory 104.
Such instructions may be read into memory 104 £from another
computer-readable medium, such as a data storage device 108, or
from another device via communication interface 118. Execution of
the sequences of instructions contained in memory 104 causes
processor 102 to perform a method for monitoring the performance
of filters 18, 20. For example, processor 102 may execute
instructions to ©perform the functions of determining the

concentrations of particular contaminants trapped by filter 18.
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32. The cursor control 116 nay be, for exanple, a
mouse. In an alternative configuration, the keyboard
wdaehemsatocur sor control 116 can be repl aced w PET/ES2005/020090
m crophone and voi ce recognition neans to enable the
user to interact with the controller 32 or may be
replaced with a touch-sensitive display or a
soft - panel function pad having particular buttons
PIEERIOGTARA 1,0 1exesuierspesi fauel fynandpnise. used in place of
Conmmuni cation interface 118 enabhl es the controller %2
Or p coRRRiHIEEE@ withhot RECHRIA caBFSYEEERBNT aF QnyPlement  the

LoDl £ALLORS MO L SRS s SATUYEA Obt limited t
PreSAterface 11 may be ‘a nodem an Eﬁhernet interface t%?l © °
any adedN fiar comprinattdon wifehbadeardl ceroattyel ynd software. FIG.

conmuni cation interface 118 ther jnterf _
5 {RAESERAbF8s %ORRUAMEAE Fort 654 viden ‘HE“Cont Bl Py Jap (neluding

contd¥h 1dhefo deyhees: Phg Syt BMpcskohkad @nWikehesstRF Ofhe system
free space optical networking interface. In a

119 peehprieds etvodi fiehter confbane adtPoreiht 8Bf adesPESigrely, each
coupl ed t ng e hi,ngs, se r 0 OH

hav%&%p?iﬁgnggp%ggﬁ é%%gu%?éaégghi%ﬂé??%%%ﬁlﬁggénéi manutacturer

anaSRHISOr Sedbefmy 2Re LoNpai sedtomew rentoptli cedéniconipllkdg  Filter
nmedia or wirel ess nedia. For exanple, sensqrs 30 may

systfng offr 2HEd @E@r%ﬁpIlinngCJn’?e?éhsrR%mﬁniVﬁrf’ﬁ@_eBFF g0 remove

air]c%ﬁfé'I hedibgt ghpaRove. asensqy s£30 uk | Ishavesansanl e operate,
port foraccepting a sanple and an outlét port for

sensmaks ngo t hieerolh embritsanphehatailkabl &8t 0 28n amchlsepert data to

component en s or 30 _does not contain_jts o
contrh iRy hﬁ?%«/vargggnd/or Tg‘gft\fs?é)f“%rf}&&]?& &Fg*vi di are each
commiPEEsSBE BNty et QUEHUL . dEXANBLeRoRk I80Seis BindéHrize, 128.
sensor/anal'yzers that may be enpl oyed i n enbodi nents

Filtdr t pestenebfi a5 ar@p . W engigiotk mif@dbyoway of a wireless
rad{?féf%ﬁ&ggb%r?%ﬁgtégﬁgg%§¥ﬁgXNB§{q§§b£¢wffg?é§QeEthernet link,

UT aps,; “gas th ograp nme 1oni zati on detection,
whil@nfehremratogitaphy SBNESS Spesledmedr ynanbiybikd by way of a
sensors_conbi ning one or. nore technol ogies, such a

hardghertat ioh &RPomatBGHiRPImddSkspditt difet TYRENITF OF twisted

paigheéﬁbper conductors, coaxial cable, ribbon cable, multi-
conductor transceiver cable, optical fiber or the like.

Manufacturer analysis center 122 may be operated by the
manufacture of filter systems 5A, 5B and/or of filters 18 and 20.
The manufacturer analysis center 122 may collect data from a
plurality of systems and customers. Collected data may be used to
design new products, to evaluate the performance of existing
products or to improve the operation of existing products. For
example, collected data may be used by a manufacturer to compute
mean-time-between changes for its filters Dbased on given
contaminant loadings within a particular environment.

Data from filter systems 5A, 5B may also be conveyed to a
customer control center 124. Here, a manufacturer analysis center
122 may support a plurality of customers, whereas the customer

control center 124 collects data for its own use. Gathered data
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exanpl es can al so be incorporated with any one of or
all of the enbodinents of the invention described
wegoess29Exanpl es of sensors and anal ysi s t echP@Tjus®05/020090

are further described in published U S Application

No. 2004/0023419 Al, published on application nunber

10/ 395, 834, the contents of which are herein

i ncorporated by reference in their entirety. By way of
may DM t? qerhrakker132peensiti et etthipindhie. presendxample, if

invention provides a filter system5 wth the ability |
customerpsiondrofli ceateperP4r AaheENineaskloat i Ble yCoreRnETHeLon of a

Qr_ i-n._quas al - S r
oIS, (£ B USLRIERL A LY LIRCEBENRTbno ot other
contd@Minees shy vay efya epemfumincatiagsoseswotdk (ddoswmime if the
FIG 6B) . The controller 32 perforns operations, .
mal fyecddonr yifo 2Rt Yedited %Cﬂ?%ﬁgiq aFésEﬁﬁ@én?o operating

witHPGEES Monk@2 e et rgnseddencesusf tNsdIWctdd$iation can be
contalned 1n, for exanple, nenory 104. Suc

faciilnstatect | oréngaythe medaddnkes néabay 1040f r 9ffahdPRer customer

conputer-re l e nmedium ch.a ata stor
contgP it “Hert ot Arbt ked TheyretetolE Tmbkies the overall
perfdtRifcec1& 11 Exgcuit Hn feahhersefsienseswell as to compute

_instructions contained in nenory 104 causes processor
maimEnansedifterved smbered Por CHBEFREr fRY RREUHRTE of defice AS seen

: filters . Fore. I PLRsesspr 2 may tworked
+n g&&%utggfns%g%%%gg% f%ﬁ%g$$o§X$t%e functions of @ networke
envideiretanthipyp ik aangebenatfiiass iof apapstcaeffective manner.

contam pants trapped by filter_ 18 . Alternatively
Ak wi fod i SIALE iy BESHBLACY n TEIReR oy iR useful for
pradoiti At LRARCW lhBn88f ty@r @ heNSiiweht D6S. L0 FODEEABMNystem 5 is
the present invention. Thus, the present invention is
confrigguttddr fed fo paMEispdair i clesshbree i BAVoFOREeHhakased on the
circuiitry and,software. Fl Bill r
evp St gl FRaRar PP & syt B et Fififefed to be present

the€OM I gbd£rsB2p 0Bey at i mgliaraspetenr ked seroHdrommmitected to an
- The system 119 conprises two filter systenms 5A and 5B,
inpespbit VoS dachiHENg ng R1EHKTY QY e¥hB2ATkRd (B8, sfep 132).

Thergﬁfsj}’%{née&r %sn%e?%{?g.gnw %rf %E?Hégkaﬁtcaﬂkféfwé%ﬁ, angd gpplicable
(per step 134). Electrical power and input/output connections,
such as network connections 126, 128 (link and RF, respectively)
are coupled to filter system 5 (per step 136). The filter system
5 is then turned on and initialized as it begins operation (per
step 138). An input air volume 12 is received and diffused using
a flow controller 16 such as the diffuser plate having holes 82
disposed therethrough (per step 140). The diffused air volume 13
is filtered using a plurality of filters 18, 20 arranged in a
series or parallel/matrix configuration (per step 142). Operation
of filters 18, 20 as well as other operating parameters, e.g., air
flow, air temperature, power consumption, error checking, etc.,
are monitored (per step 144). Acquired data may be processed

while resident in filter system 5 using controller 32 (per step

146).
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systens 5A and 5B operate in clean room environnents
to renove airborne contam nants. As the filter systens
WG 2)060820per at e, sensors 30 therein nonitor eaktT/i/51008020090
18, 20 and report data to controllers 32A, 32B. The
controller 32A, 32B are each communi catively coupl ed
to a data network 120 by links 126, 128. Filter system
5A is coupled to network 120 by way of a wirel ess
r adice forequeney diRuonrest iven Giclyras]l oM edmsisular filter
Et hernet link, while filter system5B is coupled to
SYStREt wotRY 1 XE BV SREPIGE A HtHWRr P FTHAC S 2600 Hartiflt e@S  COsmos
Worksl,NKS ﬁﬁé&eu%cgﬁrpr sgd ?étf(y}‘l sted PR ANSAPRET including filter
conductors, coaxial cable, ribbon cable,
geomattlrtyl @ovduttcor deamnisteiardonsablee didiftviseal planedr hawvimige 2 fixed

ox vy eRdSIact GPe S CF] PBI 8y Rt S b Ghd br i cted and

modeflldd ot I taneh 12% e FitaniERRG, aC T Id iFTRIses pIcant als then made
122 may collect data froma plurality of systens and |
by dublbheystheolhekeeditdata MelabePlstd tie degrgrdaree with the

selep%%%ﬂ§%§e %93%%%%%%&%nthe per f ormance of existing

or to improve 'the operation of existing
Predl Gl hddD mapx aigtte, detad dnaciced fdat oyl doe arsed-dayr éhas been
manuf acturer to conpute nean-ti nme-between changes

for
deteqtedt | (pe¥s FaFed 6h) gi veh® contRAPALT FEadi wFeRpted and
dete%gﬂ?rlrgy glﬁlba%eengé&@f‘émgber%t%ﬁ rognfil t@lenSySh €BB a%A), either

so be conveyed'to a custonerlcontrol center
visubk24. Heodpble,manuf acother maal yosi s acgnveted22tpayalert proper

suppart a plurali of custaners ereas the customer .
per il (5ht 8k ph3201 | cons CHBFRaPHS o SobRrted Boblem is
not Gatherpdndat apmy pee ssesh-d oindestépy 1dol, pehéorgioidem can be
equi pment. For exanple, if customer control center 124 ,
repafetest riyhesay haf EPRVeRHERR Y af¢RAT ofN% Ptk angdeechanisms

. lLs_Lncreasj relativ ent.r tifgﬁ5 of atée bl :
Hh %ﬁ gnfﬁént@? Fﬁe%%ylgg#goggggiggﬁ ses to deté$n§%e%ﬂp em s
detddtedradi uscdp onid s dssantdicet mdt et garitriculfara filter change

machi ne _operati ng mﬁi?'n t he _moni f oy ed enyvironnen

t. .
is IRESLTeRnEPFIr SHER ati O cadfbé rattiet abBanesi g rifguired, a
siglfl Wapkedpdatgnd negddi t i9Bp16YSI@RIce, or by way of other

reporting means known of and used in the arts, that one or more of
the filters 18, 20 should be changed (per step 158).

In contrast, 1f a filter change is not required, or due, a
normal operation status message may be displayed or otherwise
indicated, e.g., by illuminating a green LED or the like (per step
160). Step 156 may also be executed after steps 152 and 154,
respectively, if a problem has been encountered in step 148. The
method of FIG. 7 may be executed in whole or in part at scheduled
intervals using a timer, e.g., once per Z24-hour period, or the
method may be executed based upon events, e.g., each time filter
system 5 is powered on.

The example herein are provided to illustrate advantages of
the present invention that have not been previously described and

to further assist a person of ordinary skill within the art with
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control center 124 can use collected data to nonitor
the overall performance of all of its clean roons as
wWowei0b/08329¢ 0 conput e mai nt enance interval s baseRCDNS2005/020090

current and accurate data. As seen in FIG 6B,

operating filter systenms 5A, 5B in a networked

envi ronnent provide many benefits in a cost effective

manner. FIG 7 illustrates an exenplary nethod that is
the ug@kdhgf Oan@r agdindy ngreNbedboehents tdwsdmivent | bBrein. The

Filter system5 is configured for a particular clean |
examd®® efehr oielitddasd HRCOFRPEIFes 38Nd @bnddift r ¥erdagions or

‘ t.am pa e d..1 0 n ein r

M e
samplnpg tailve vokiufkca?2 afsitige alprenuimrormahebei kenqquarorated into

step,132) . Then filter systemb5 i oupl ed to_output .
any G R A o S AR S e o LB P 194) S B BCTF | Gafer suitable
systROWeraitt-d titd okt pidv i es in%éﬁ,bél-@dhtaéﬁnpl%ﬂ/&f koy those of

connections 126, 128 (link and respectively) are _
ordigeupt eskibl f Lht dhesyaittem 5Tperre@pname) despigilied thgrein may

syste is_then turned o d_initialjze S
21sq i lhdeePa St e A Say b P AR BRSO ety p g1t other
embdd nehdeceirvedhandi ivditised usi Dgea fdlWowiond r elxdagpl®6 is not
. such as the diffuser plate having hol es 82 di sposed
intqnfacht Hfbudy pe¥a¥t ep° 1405herwinge di¥iided ¢ VFWR ©f the
disdipdisdiltered using a plurality of filters 18, 20

arranged in a series or parallel/matrix configuration

(per step 142) . Operation of filters 18, 20 as well

as ot her operating paranet g., air flow, air

tenperature, power consunpﬁ‘%?ﬁﬁerrpr checking, etc. ,

arg genbyobed thiergast e kbt ri AT RthRAt aHPLE a sampling

processed while resident in filter system5 using '
tube opr Bl ¢eroB2thped nyeapiens yasNeoadugiedthe e felgiedly involved

an .he design rtd filter. syst fl ; ,
mony eoqrulinrgErrgﬁ svﬁgiuﬁgggegof%l\io&r 25% og%‘gs&cs%as sr?g\élvflce and the
cordHdendiBas edl opoframs ellect bohf fe par det egss i idbuditigrough the
filter, geonetry and fl ow specifications, di ffuser
tube) et LI iGR 9 iB&RF WY &Y d5iednhstendpse equipment such as a

volLhst £ buti gp pnd Spacifg cARmRe rsel eatedgBpat was measured for

about 30 seconds. An average volumetric flow into the tube
orifice and therethrough was obtained from a sample population of

61. The results of the study are provided in Table 1.

Table 1

Sampling Minimum Average Maximum
Tube Orifice Volumetric Gas Volumetric Gas Volumetric Gas

Flow (ft3 min™!) Flow (£t min?) Flow (ft® min™)

Input 0.00429 0.00406 0.00389
Output 0.00394 0.00398 0.00400

Table 1 shows that a relatively low volume of gas flows through
the tube orifice at a high velocity. The results in Table 1 also
indicate that the volume of gas flow is consistent as minimum and
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nodel ed for optiml performance. The diffuser plate is

then made by drilling the holes in a netal plate in
waewensace with the sel ected hol e di stributi oPCT/Ukm®05/020090

met hod may next determine if a problemor error has

been detected (per step 148) . If a problem has been

detected and determ ned to be severe (per step 150) ,

then an alarm either visual, audible, or both, may be

maxidginh VatRd o Rleldo RiPefuRensenael y( geriateptiba) one another.
In contrast, if a reported problemis not determ ned _
Such e iseeacy PASSt BPIISHLS t HathrHiH dhovawib8lPeposfBRling tube

.y, way_ of _C nt i I PGHLLN anne| T
ori il S eI ER8) SPRRPSE A S8 orige ana rom
the | foridipeobkes | shdeheched Bablst e 148, bke nebthod maguivalent,

., .determne if a filter change is required er. ste L
indiaafying |§haf 193¢ sro g 1Y deffidaed £ ﬁgﬁﬁaﬂ? yClpe orifice
durﬁ‘r@tué{. a display device, or by way of other reporting

neans known of and used in the arts, that one or nore

of Thdechbnkietsndg, a2@ shoufakmie whahgeas( pekowt Eprough a tube

, A58). Ln _contrast, .if a filter change, is t requi , .
orl%]_rcgdu%,% Eﬁﬁor]ﬁéflenatﬁgpatjisona]tﬁoatElgo s?ggg&%éy i‘e FEE. & is a
sch&hsid @yedeRr ot her vhgelingli eabedore@fdce B02 during use. The

. illumnating a green LED or the |ike (ger step 160) .
viewstiph AW URRE HFEDSUShe dheéd 9apt ELOYt EPEOYSR hRg aggrture 306

resp ' : iLf, a b a tered.i.n :
can B et b p A R TR P et ufbadry flov in the
orifhed eiorwithipard singeheflubledut nd 0@l so US) 10 af¢etreper minute
e.g..,once per 24-hour period, 6 or the t hod, may be
(ft gFeButed b gpdn Mtg??ﬁqbw éﬁchgf??redﬁgltcéﬁed so as to
corsSYBi@M pitg peweLed amg.The sxawBl @nBerRIBARY of gas passing
provided to illustrate advantages of the present

througlenthensahal ikaveulet obeticer 32 ous| yudetartbetlvngniform as
., Lo further assi a_person_of ordinary skill within
it Jt%ec%?rﬁa | TS kiangogﬁé’sggln gc?ggrénbodi ment s
deptei bedahebeshowshe hexarplse1ean iMeuyte tfe aperture 306 of
i ncorporate any of the variations or enbodi nents of
the t hebenpsafies ddIcridedl frer ENAraFber B5RMHPPE, 3a rapid flow rate

acceleration after the gas sample is received at 328. FIG. 8 shows
that the gas sample then promptly decelerates upon exiting the tube
orifice at 330. The within FIG. 8 was also performed assuming
that the tube orifice is substantially composed of a sapphire
material. As described above, sapphire is particularly
advantageous for the fabrication of a tube orifice of the
invention as it is resistant to heat and can be precisely machine.

While the selective embodiments of the invention have been
described herein, a person of ordinary skill in the art, after
reading the foregoing specification, will be able to effect
changes, substitutions of equivalents and other alterations to the
embodiments as set forth herein. Each embodiment described above
can also have included or incorporated therewith such wvariations
as disclosed with regard to any or all of the other embodiments.

For example, in a first alternative embodiment, filter system 5
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sanpling tube orifice of the invention may be

i ncorporated into any of the systens, apparatuses
waele®enszedd herein or other suitable system appar/as298%620090

or devices as may be contenplated by those of ordinary

skill in the art. The enbodi nents descri bed herein may

al so include or incorporate the variations of any or

all other enbodi nents of the invention. The follow ng

may SEAMRLEF Al LNt 88dREuhBeaNY r¥AY al Q:éﬂlﬁ@fdg"\ﬂcﬁﬁ b Mat roof top
the scope of the disclosure. EXAMPLE A study of the .
instgas \af Upetng cat Hreeghpandihgough ta aranphowiy apBedescribed in

.orifice of the_invention was conducted. The stud
COHJPH@EP@@dWﬁgﬁisg i'ng-the volunmetric flow of gas i%to
t g 0fi fdeg@nandaitercarines pendoaignéhiow br gplutelity of filter
orifice. The gas flow through the tube orifice c%g be .
systegsir stRb\PRis] abned ahlard SEGEPEnON RafeH 1gd gontiguration to

incr‘é%lslémaékgé. Clg{rgg’ net ef ;1 hhe vy gt ke M QohpE Wage between
nmeasured for about 30 seconds. An average volunetric
filtklrowchahgeshe t Bbe ar€idhide,anthe hendpowtoufhomas first filter

bt ai ned [
RO R e e
an S0P NG MoBhrygu A eI g8 Mt hugh TubeoinGl ceir volume may be

Voluretric Gas Volunetric Gas Volunetric Gas Flow (ft3
proviidedl) t&l ew Ehrstnifilberr| swstena afch 2) Jeqand 0fddsey system

. 0..00406 Q. 00389 t_0 : 400 Table 1
i Ty 5% SESRLU8 § PONRULP e of - a8l cus
t hrpugh therdubsl waiddteat eabbighene) octdntrdlier 32 may be
results in Table 1 also indicate thag the vol

e of :
compFAS S oRF | 3 EGRSIOPNERE &8 FFRM AN NExPREAPERDE user inputs
and \é%lolies q:%vﬁatin?méﬁ@ﬁﬁté‘l |y deyi afe.f.rom ope 8ROt hesmbodiment,

uch consi stency al so suggests that gas flow wthin a
contsanpldm@P2 ukey orsief ispeeich uricbonit iThesgikvwarewt ¢nt bnterpreting
spoﬁ-p&&céol%r?neqrg{sg.gl ?Fg%éﬂé]cgps];ea%o%aﬂg%%% ic];c%n%?anac{se, Sohrovspo bgyrovide alarm
data, may be made available to a us’er by way of a speaker.

} In a fourth alternative embodiment, controller 32 may be
equipped with a wireless communication interface that allows
filter system 5 to make data available to a cell phone, personal
digital assistant, etc. so that an operator can remain informed
about system operation.

In a fifth alternative embodiment, filter system 5 may be
used to filter an incoming air supply to a residence or office
building. If equipped with the proper type of filters 18, 20,
filter system 5 may remove allergins and toxic airborne
contaminants such as anthrax spores.

In a sixth alternative embodiment, the passive filters 18,
20 may be augmented with other contaminant removal or
neutralization techniques such as ultraviolet light or
electrical/static charges. Humidification means can also be
employed with filter system 5 to maintain a specified moisture

content within a clean room or other environment.
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i ndicating that gas volune is not retained or held in
the orifice during use. The consistency and uniformty
w@boog@as32pd ow t hrough a tube orifice of the i nvReL/USW05/620090
al so shown by FIG 8 . FIG 8 is a schematic view of a
sanpling tube orifice 302 during use. The viewis
conput er - based such that gas flow through the aperture
306 can be approxi mated. As shown, the velocity of gas
f I rd¥dhe 051 fi e@bosiiwehBEN thatangemef wakouh 5:¥90scope and
to 8 500 feet per mnute (ft mn 1 ). The gas flow ,
spinidl @fi the Sodilswiggpicépenssandsesivatertateharer are claimed
ol or.. Fl G, sho el qei.t y.of: gas jaN
2 {RF odgiere Banpl R5PIBL ot Pl o 05 | Saupar A 77y moed 2
limiwdid atdn @lsei ebsrtbat act@eized byemcnbtnsiustlest edladwed to that

FIG 8 also shows that gas fl|o hr ough t he apertur
oEfeqle ofi't HE HHBESEPTF| LRCISEq ShALBEERSr stte Yottty by Letter

patdrfPigbAd QW &t &5 ASCEh ek At b?@aéﬂaebnﬂge WAL HAME @ik ions that
received at 328. FIG 8 shows that the gas sanple then

are proriptinedidoeltdraateepenged exhimpganfeanvibedeivilertaitthereof.
330. The within FIG 8 was al so perforned assum ng
that the tube orifice is substantially conposed of a
sapphire material. As described above, sapphire is
particul arly advant ageous for the fabrication of a
tube orifice of the invention as it is resistant to
heat and can be precisely nmachine. Wile the selective
enbodi nents of the invention have been descri bed
herein, a person of ordinary skill in the art, after
readi ng the foregoing specification, will be able to
ef fect changes, substitutions of equivalents and ot her
alterations to the enbodi nents as set forth herein.
Each enbodi nent descri bed above can al so have incl uded
or incorporated therewith such variations as discl osed
with regard to any or all of the other enbodi nents.
For exanple, in a first alternative enbodinent, filter
system 5nmay be configured to be nounted froma ceiling
or on a roof top instead of being a free-standing unit
as shown and described in
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conjunction with FIG 2 . In a second alternative
enbodi nent, a plurality of filter systens 5 may be
WO 20000882000 a series or parallel configuration POI/US2005/020090

increase the level of filtration or to extend the tine
between filter changes. For exanple, the output froma
first filter systemnmay serve as the input to a second
filter systemto produce an in-series configuration.
O, an incomng air vol unmecnraymge provided to a first
filter systemand a second filter system

Whatsiifulelaiemes|dst o produce a parallel configuration. In
athird alternative enbodi ment, controller 32 may be
conpri sed of a m crophone and speaker for accepting

1. usei idppHrstaid for prevéodimg euwnpatinbota uSeom Il gas in a
this enbodi nent, controller 32 na use

semRIHHT %rprsq&fq%re fd@rV%CﬁtreftBree Haregﬁﬁeﬁoesﬁﬁﬁhag

ReSPensesrt Qniern LAMPNESH1QFa1 PL Pr oY gRirdli1all det Bher stages
may be nmade available to a user by way of a speaker.

locdtred Wiorirh smtobrﬁmdt‘qaxe veritodiome FEMOTBAYr Bk| &pa8R sayortion of
a wr.e m’run Cgél an ter ace

saiq et B ke SLELES EITMRE Rhe2lsbRb LRl Bog

a geldi phosgnt pe1IsORaAlrH gt gt r ASSE Bi@Naiet Cga§0 flilkAat through
an operator can remain infornmed about system

saidpemrmalonl filter isigesd-ternati ve embodi nent, filter
system5 may be used to filter an incomng air supply
to a residence or office building. If equipped with
2. theher (H_‘;q:vaﬁaycpﬁs ofoffi ktleds 18, 2herfeir ersasiybt oy mapntroller
repove all ergi ns and .t oxic alrborne cont ami nants such
COmMREL S8R H ok Fs. P43t sixth alternative embodi nent,
the passive filters 18, 20 may be augnented with other
contami nant renoval or neutralization techniques such
3. asThittappavdets| pfhclaimel ecvihérel i ssaid cftpar gestroller is an
ans can al so be enployed with filter

f t
aCt%V%tg%?%qgghﬁgrﬁfaln a specified noisture

4. The apparatus of claim 2, wherein said apparatus is an air .

filtration system.

5. The apparatus of claim 4, wherein each member of said
plurality of filter stages is comprised of a plurality of filter

modules.
6. The apparatus of claim 5, wherein said plurality of filter
stages are arranged in a matrix having at least two rows and two

columns.

7. The apparatus of claim 5, wherein said contaminants include

amines.
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content within a clean room or other
envi ronnent . Therefore, all enbodi nents that cone
wowahioss2dthe scope and spirit of the foll owi ng PCHUS®05/020090
and equi val ents thereto are clained as the invention.
Mor eover, the clainms should not be read as limted to
the described order or elenents unless stated to that
effect. It is therefore intended that protection
g. 9rad edy By Latier oPat enbikereon peeddi t eAdnn kedddkh of said
only by the definitions that are contained in the
plurglpandedt] diidgteand sdagesquicpataans t Rer diterAlmgdule having
What_i.s. clai.med is: . An apparatus for renoving
phy%ﬁﬁﬁ%ﬁﬁ%%%ﬁéﬁﬁfghﬁgdégé in a sem conductor processing
devi ce, the apparatus conprising: a filter unit having

a plurality of parallel filter stages |located within .
9. safhefiaRRETANS P&r FéAdR ndr at"HEERIN 2 §567 i BFMeET of said

| 4 gongam 4 fromosai d gas fhihawi 09 therelhrgyghic havi
pluéﬁ%ﬁéﬁfﬂ%@/é@ﬁ$§0 Iéﬁﬂ%%i distri uting said gas rom;e avangd
chenidw ot wai i psrraesliaf.i [ t er stages. 2 . The apparat us
of claiml1l , wherein said flow controller conprises a

di ffuser plate. 3 . The apparatus of claim1l , wherein

10. Satkle f hepaeopts obkek1bsmam , aGiates ifil oyu conEK@hl 8bxptive filter
The apparatus of claim2 , wherein said apparatus iIs

medim atompiisgst iagh fpsdds @a.teqrﬁélapﬁaﬂst:E@dof f&pai nfke group
. Wher ei n- ea ne f [ ralLi i .

congi $G8IE I BT s el Bt BarbPhar Shfbrignal rou.
6 . The apparatus of claim5 , wherein said plurality

of filter stages are arranged in a matri x_having at
11. | ARt 2PRRTA WS EPE FHRCYRbrdnFROtamnantf Tk t9RS ot 2 clean

| ai | ' opt.am nants include amnes .8
oorff! 3LAR S BNal . x‘is&?ﬂ’;‘. .
roorty %e appp%rat us of&@l aim7 , wherein each nenber of
saadfplueal iunitofhadiingeraspageslibopt aiftnpardlillelerfilter stages
wo%yle Qaving . _ .
locate therel for removing at least a portion of said
contaminants from said gas passing therethrough;

a diffuser plate having an input face for receiving said gas
and an output face for delivering said gas to said plurality of
filter stages, said diffuser plate further mounted within said
filter unit and configured to deliver substantially equal volumes
of said gas to each member of said plurality of filter stages; and

a plurality of sampling ports for taking a sample

representative of said volume of gas passing through each member

of said plurality of filter stages.

12. The apparatus of claim 11, wherein said diffuser plate has a
plurality of holes disposed in a pattern thereon with each of said
plurality of holes passing from said input face to said output
face and allowing said gas to pass therethrough, said hole pattern
facilitating a substantially uniform gas flow between said output

face and said plurality of filter stages.
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physi sorptive filter nmedia. 9 . The apparatus of claim
7 , wherein each nenber of said plurality of filter
W@ e@gess2eont ains a filter nodul e havi ng chem sPCPUS2005/020090

filter nmedia. 10. The apparatus of claim9 , wherein

said chem sorptive filter nedia conprises an acidic

materi al selected fromthe group consisting of

sul fonated material and carboxylic functional group.
13. lhnAnmRbaialdisf dldienv hereortianiaania sy emagas of said

in a clean room the a aratus conprising: a filter
hOlaﬂﬂmaYuﬁﬁngpgr®¢b@at@tgeoPP95?§Iﬁ@F pilloWingt §§¢8 9as to pass
there%%% %g;nh: herepn,f te?HQ\fH}glgt pefasSlod POLL | ?Ee@f‘ant said gas

am nants ron1sa| s passing therethrough;

frona pdisffinse it hplratté doaghng an i nput face for receiving

said gas and an output face for delivering said gas to

said plurality of filter stages, said diffuser plate

14. fl‘irﬂé"eépﬁgk@%ﬁg W hingsai d3fi | yesramit sand nil ednd said
deliver substantially equal vol unes of said gas to

closeaxgq aferdgerd eft dsiagtpeusabpey of fpideRoseages; Camgralled by a
4% rality of sanpling ports for taking a sanple
entative of said volume of gas passing through
each nenber of said plurality of filter stages.
The apparatus of claim 11, wherein said diffuser Iate ,
15. hdEhe FERSEETF oPEhot Al dpos R PREAN pRA Rt nmteﬂ‘gleéon"f said
t. f ral; hagl O Er
pro 0 200 b g8 5, paset 0oLy gk hoautee.
to pass therethrough, said hole pattern facilitating a

substantiall uni f.or | ow. bet ween sai d
16. 7 4 aREPEEFLED BEAFIey Tof o 16 SR s, Ffdier comprising

an 2RPatatdsndfikd absrd 2.£omhesghpn Big |@é§ﬂ aysbgeiopf to passing
sald holes may be operable to be opened for allown

thrqughigasdt@lp§§éltﬁepéﬂﬂkﬁkﬂro$t®%98alPéﬁn@ﬂ\Rﬂgp sampling
por’rg_ldrggl?-ggtagl Vengaqua %@agfﬁé?%@%&h Sal SI&EQ{ o’s'lglgstantlally

_ t us er EI openi ng
thrd\igh S$did plurality of filter stages.
17. The apparatus of claim 16, the apparatus further comprising

a detector communicatively associated with said plurality of
sampling ports, said input sampling port and said output sampling
port, each sampling port optionally using an aperture with a

diameter to provide an outflow of gas.

18. The apparatus of claim 17, the apparatus further comprising

it controller for controlling operation of said detector.

19. The apparatus of claim 18, wherein said contaminants include

amines.

20. The apparatus of claim 19, wherein at least one member of
said plurality of filter modules includes a physisorptive filter

media.
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closing of said at |east a subset of said holes is
controlled by a controller. 15. The apparatus of claim
wa2goemke2e@®i n each nmenber of said plurality of PET/U82005/020090
stages includes a plurality of filter nodules. 16. The
apparatus of claim15, the apparatus further
conprising an input sanpling port for sanpling said
gas prior to passing through said plurality of filter
stages, and an output sanpling port for sanpling said
gas after passing at |east substantially through said )
21. plihealanBaRFtys |Qfrckrigyedl, 1hensid o3t RS bioRGR filter
neditOcdiS ARNALAYS LU RELeANPTi SiNg @ det ect or
communi cativel'y associ ated wth said plurality of
sanpling ports, said input sanpling port and said
out put sanpling part,. each sa i ng, port optional
22. ysitiiy %HP%B%F?%rQQMQ#?¥Pd}ihgghﬁrgbgpﬁ5ﬂihﬁ%5 ond member of
saiPutihow of , 988. r18¢cFheappacating10les! & Hdmidd¥tive filter
appar at us ¥urther conprising it controller for
medicontrol i ng operation of said detector. 19. The

apparatus of claim 18, wherein said contam nants
i nclude am nes . 20. The apparatus of claim19,

23, WheHei @i rd0ast o ONeLABhEZ, ofhesd th psatal thymbforptive filter
filter nodul es includes a physisorptive filter
med ife dt XL S SEh @M FdCECU §36RTPair m 20, wherein sai d

physi sorptive filter nedia conprises activated carbon
22. The apparatus of claim19, wherein at |east one
24. neTther apfpasaitaispl ufal ¢taimf 28i | t eheneil esmichchoddéca material
chem sorptive filter nedi,a. 23. The apparatus of claim
compi S§th et of - iqtaF h &R Edrpti-ve filter nedia conprises
an acidic material. 24. The apparatus of claim 23,

wherein said acidic material conprises a sul fonated .
25. neflee | @lppa2BtuFhecippakaiius 24 cVaphePa, SHet epgisard material

comﬁ%iégg émgggﬁéﬁylic functional group.

26. The apparatus of claim 11, wherein at least one member of
said plurality of sampling ports is coupled to a concentrator that

accumulates a contaminant.

27. An aperture for controlling gas flow within a filter housing
comprising:
a filter housing having a port with an aperture operable for

providing a gas flow wherein the aperture comprises

a substantially frustoconical portion having a first
and second end, wherein the frustoconical portion defines at least-
a first diameter of the aperture, and

a substantially cylindrical ©portion, wherein the
cylindrical portion communicates with the second end of the
frustoconical portion, the cylindrical portion defining at least a

second diameter of the aperture.
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conprises a carboxylic functional group. 26. The
apparatus of claim1ll, wherein at |east one nenber of
w@200d/08d200 al ity of sanpling ports is coupled tRBCHUS2005/020090
concentrator that accunul ates a contam nant. 27. An
aperture for controlling gas flowwthin a filter
housi ng conprising: a filter housing having a port
with an aperture operable for providing a gas fl ow
28. Whg{e£i Bptheuaperdur e1eempriseswaesubst aid akbyond end of the
frustoconical portion having a first and second end,
frusfhepeierk mertigst eewiicss poPERTIIeALlhBsCRLNEAsRL gsegment.
first dianmeter of the aperture, and a substantially
cylindrical portion, wherein the cylindrical portion
29. camangatesrev 6h theime2dpdwhrdeoh the ffiustochmimedler of the
portiaon, the ¢ Iindric%l pﬁrtiog defining at | east a
aperdditsnd ilgmst ooy AR tafeltt dPER98: The aperture of
claim 27, wherein the second end of the frustoconica
portion conprises a substantially cylindrical segnent.
30. 2T heTepapertaret of laimai 21 2 AWhesrdirei the hgegendtdiameter of the

i amet.er .of t aperture i Less than about 0.1
ape]?q?’rﬁ?esl.s %SSTEFS“?S toﬂllrteodg &Pgﬁﬁf’Z?, wherein the

second di aneter of the aperture is |less than about 0.5
inches. 31. The aperture of claim 27, wherein the
31. apehe uraPsTieer Ocdonprrdls A/t r aREH9i8h Soet i sRerture  further

comﬁ%gg&g”§a££§§s¥%££hté?r@fgﬂn95 ié&ﬂﬂﬂ%?hiﬁmethe cylindrical

transition portion defining at least a third dianete

portofort hecrapertarrse t 3% pbhe: iapedediieiof etalen2d, awheirdndiameter
the aperture further conprises a transition portion

of ?Rﬁnﬁé% 4%tg with the cylindrical portion and the
cylindrical segnent of the frustoconical portion, the
transition portion defining at least a third dianeter

32. of Théie agrerttunee. oF3. cthémape? t urehasfeld] aithe31apergpre further

comﬁ%%gégrgt %aﬁgi{£%§|80 {fgnogommunicating with the cylindrical

portion and the cylindrical segment of the frustoconical portion,
the transition portion defining at least a third diameter of the

aperture.

33. The aperture of claim 31 or 32, wherein the third diameter of

the aperture is less than about 0.3 inches.

34. The aperture of claim 27, wherein the cylindrical portion has

a first and second end.

35. The aperture of claim 34, wherein the second end of the

cylindrical portion is operable for receiving the sample.
36. The aperture of claim 34, wherein the second end of the

cylindrical portion communicates with an apparatus for removing

contaminants for a gas in a semiconductor processing device.
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the aperture is less than about 0.3 inches. 34. The
aperture of claim27, wherein the cylindrical portion
whamems2pr st and second end. 35. The aperture PET/TEBE0F20090

34, wherein the second end of the cylindrical portion

is operable for receiving the sanple. 36. The aperture

of claim 34, wherein the second end of the cylindrica

portion comuni cates with an apparatus for renoving
37. caplanant s Ur a0 i 962 §RELEORJUREOBDPEREEESI RPmprises a

device.'37. The aperture of claim 36, wherein the
filtappamdttushadimy i seplaraliter ofinperpadehgfalppar stoggs located

...of parallel filter,st S , it hi [ j :
erdfy REGH Pl AF" PRES HOBTARE Mt g g BbLESEn of caid
contGanhamiRanEsomhr ogasai dygas flloamingg therethrough, amda a flow

flow controller for distributing said gas flow through
contgaild eparkey efisirilit5pggasidz@astrel Apelphiradbs SeAr marallel

G in the apparatus conprises a filter unit
flltﬁ%@ﬁg%%%%ﬁlurality of parallel filter stages |ocated
therein for renoving at |east a portion of said

contami nants fromsaid g passi ng_t heret hrough, a .
38. ¢t i %gv?ﬁal%n%npwﬁefngE F%F Fé’é’é‘ir%ithlgs ;&gﬁmg’rlses &
F11t38S @ aPPul baeealotydeki yerkngesaird 1gas tsxgrisd located
plurality of filter stages, said diffuser plate .
therfain her memavddanathi et & mextdoumt sk ertiygiimapts from

. 1o _deliver .substant] ual_ yol I d, 985 t Qavs
sal%agﬁswé?‘?osesrmgf {égle%eplll]%ér{%(glﬂ’tyag}é f#r‘tazrﬂ‘ glts %g gp %y, ovihg an
inpuihe BREY t Wor Ofredediviing6, swher egast hendli rsh eodtpdtt héace for

cylindrical portion comunicates with a_substantia

| .
deligianimgr i saldsedfrentOof Sehd MIEEddSAi caf Gn. Sﬁiégesr said
dif%%%%ffiﬁkag QM ZbuntRer elyRthihg aggiaurﬁii?%iheﬁnit and

es a sanpling portion comunicating with _
conffigistedentb ofiel treef r asbetant tal lpoeanah, vohemsanpifi sgld gas to

portion defini.,n t least a_faourth_di r of the
eac}hﬁ%er”ﬂkiﬁlé.oéfal‘?g@%@iﬂ%lye Ot &FL oM ig%éﬁér ein the

second di aneter of the
39. The aperture of claim 36, wherein the first end of the

cylindrical portion communicates with a substantially cylindrical

segment of the frustoconical portion.

40. The aperture of claim 27, wherein the aperture further
comprises a sampling portion communicating with the first end of
the frustoconical portion, the sampling portion defining at least

a fourth diameter of the aperture.

41. The aperture of claim 40, wherein the second diameter of the

aperture is less than about 0.01 inches.

42. The aperture of claim 27, wherein the sampling portion is

operable for withdrawing the sample.

44



aperture is |less than about 0.01 inches. 42. The
aperture of claim27, wherein the sanpling portion is
wop@cakd2eo f or wi t hdrawi ng t he sanpl e. 43. The aper/Us2085/020090
of claim 27, wherein the body portion is disposed in a
sanpling port for an apparatus for renoving
contam nants for a gas in a sem conductor processing
device. 44. The aperture of claim43, wherein the body
43. Paid 0BpBasuaB exteripiimurface whedsinThehapebddye mrtion is
cIa|n14£ wherein the exterior surface of the tub
dlsp@ﬁﬁﬁlcenlsasu§§mﬁﬁﬁpalI90€§I|ﬁ%¥|0%@ P2 HHH S perdiur emoving
[ or. ere
cont A BITt 162 BodaFi She ot T bagt Thre tranne a hasa -
thereabout. 47. The aperture of claim46, wherein the

channel receives a ret.ain,| nber e retaining, .
- miitfer2RREHE At 8F VFIAHT K 'saﬁ‘E?Fﬁjghp%FlF béﬁ?ia Tlﬁ%gtlon has an
exte %ﬁ;%nggfeclaln127 wherein the body portion is

ubstantially conprised of sapphire. 49. A nethod for
renDV|ng contam nants froma gas in a sem conduct or

45. &ﬁﬁ??%ﬁ%ﬁtgﬁélggeﬁgf 19 24f|%% Ee%ﬁ'H?ﬁ%ﬁ%ggggigPdsurface of

reteivin

the MQIPERriFasH NG %@b@tg@.ﬁl‘aQﬂyWEylhh@ngdjaB. fl ow
controll er before nmaking said gas volune available to

a plurality of filter stages |ocated wthin said

a6. Fidder eaclhreaqﬁ%er o DY 2 POrid onof Sai dtIQ@Se%@éf'f@r surface

throug sald plurality of parallel
of fihlet etubtagesi fice enwprdtselseast algrstt | omeof chbahgel disposed
cont am nants. 50. The nethod of claim49, wherein said
the¥qaRplont rol | er conprises a diffuser plate. 51. The
met hod of claim50, wherein said filter unit is

| ocated in a clean room . _
47. The aperture of claim 46, wherein the channel receives a

retaining member, the retaining member associated with the

sampling port.

48. The aperture of claim 27, wherein the body portion is

substantially comprised of sapphire.

49. A method for removing contaminants from a gas in a
semiconductor processing device, using a filter unit, said method
comprising the steps of:

receiving an input gas volume;

passing said gas volume through a flow controller before
making said gas volume available to a plurality of filter stages
located within said filter unit; and

passing a portion of said gas volume through each member of
said plurality of parallel filter stages to remove at least a

portion of said contaminants.
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52. The nethod of claimb51, wherein each nenber of
said plurality of filter stages is conprised of a
w@bkweagizoy of filter nodules . 53. The net hod PET/TEB0F1920090
51, wherein said plurality of filter stages are
arranged in a matrix having at |least two rows and two
colums . 54. The nethod of claim52, wherein said
filter unit further conprises a plurality of sanpling
50. porhs foetkadpl bfg albike pburakvhéyedh feaidr $lagescontroller
55, The nethod of claimb54, wherein said filter unit
compr}gfra Shpries Rlatdt-ect or conmmuni catively coupl ed
to said sanpling ports . 56. The nethod of cl ai m 55,
wherein said filter unit further conprises an input
51. safipti mgtpodt oforcledmplSing vitededastsaa poftirr ofinkhi és located
. as. volunme prior to reaching said plurality of filter
in %t%b%%naﬁﬁmgh out put sanpling port for sanpling at
| east a portion of said gas volune after passing
through said plurality of filter stages, said input .
52. anBheut pethedmpPEngcpeits Pirt heRepeipg each member of said
i cati c I ; ' ctor. - :
pLufZITER 6F' Tkl R, R R o Py of Filter
modabapri ses a controller for nonitoring operation of
said filter unit.58. The nmethod of claim57, wherein
at | east one menber of said plurality of filter
53, MogyLesdimdudss 21RNYS §O) Pideechhl tolidregiarad9eyThes filter
met hod of claim57, wherein at |east one nenber of
staga$ dapeurakahgedf ihi la eratmidultey ingclajdeseast two rows and two
chem sorptive filter nedia. 60. A conputer-readable
cOlWBYP um havi ng machi ne- execut abl e i nstructions di sposed
thereon for causing a processor to performa nethod of
nnnitorin%y? gas passing through a filter uni.t havin%:

54.a Bhar Mathpchf ofi [¢lerinst ages "ogErani ntpthefdilfiSrsainft further

com%%??%% renra{nS%tq%glagtigﬁ’gi y| C&%l‘fdg}‘g pio'}‘:ttsr uf&konsc‘alﬁﬁing a like
plurality of filter stages.

55. The method of claim 54, wherein said filter unit further
comprises a detector communicatively coupled to said sampling

ports.

56. The method of claim 55, wherein said filter unit further
comprises an input sampling port for sampling at least a portion
of said gas volume prior to reaching said plurality of filter
stages and an output sampling port for sampling at least a portion
of said gas volume after passing through said plurality of filter
stages, sald input and output sampling ports further being

communicatively coupled to said detector.

57. The method of claim 56, wherein said filter unit further
comprises a controller for monitoring operation of said filter

unit.
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of : nmonitoring a gas vol une passing through one of

said plurality of filter stages to produce a nonitored
WwW@2®60gd2ome; processing a sanple from sai d nonP@DUEH05/020090

gas volunme to forma processed sanple; evaluating said

processed sanple to determne if said one of said

plurality of filter stages is operating according to a

defined criteria; and sending a notification if said

one of said plurality of filter stages is not

operating according to _said defined criteria. 61. A ,
58. el dnebrodi PEeFilAdla Sdas VPSRt RE M@AsEd one member of said

Ay A% g it @eBOUS A sHaYEPEi ef EL 1 €Er media.
P ol Con et it & FToacs. Hab T hag g & L€ér media
flow path through the filter; and providing a sanpling

port for the filter _ housin t he_part -havi.ng an .
59'a§t??u?%tﬂ%5iﬂ§ 5EEFPS$%di%#§FS%naﬁ 2SS ond iy of said
pluSdBd *&yﬁrof haim ddre fddisite diiaatQlessHckhbhakotpei ganpllogr media.

port has a gas flow outlet.62. The nmethod of claim61,

wherein the aperture further conprises a transition

60.porﬁicnhéﬁ5G%'.§ A&E%f%:&;ﬁédi%ﬁpnthQQn f.amagggnerexecutable

frust oconical “"portion, ransition portion I ni ng
insttudtbsis adidpssedidmiem dort hauvapent ar pro68ssdheto perform a
met hod of claim62, wherein the second end

( | of the | ,
nethodsp bR AP HOY t 7 BB ORPP P ERS EIEUY a%tf%it?r unit having a

jndrigal t Th of i 62537 -
P The e ur S Ras"a F ik Lal wor iy n arih acomEutes
readabb¢ madisscootpenginghd nsitracténdscdorumeidming tthe steps
Of_the transition portion. 65. The method of claim 64,

*the method further conprising receiving the gas fl ow

t e ghot heg segondaend vfluike @dsIsidiy calhyargh orondb.of  said

The nmethod of claim65, wherein the second end of the
plurality of filter stages to produce a monitored gas volume;
processing a sample from sald monitored gas volume to form a
processed sample;

evaluating said processed sample to determine if said one of

said plurality of filter stages 1s operating according to a
defined criteria; and

sending a notification 1f said one of said plurality of

filter stages is not operating according to said defined criteria.
61. A method for filtering a gas flow, the method comprising:

providing a filter housing having a filter that removes
contaminants from a gas flow having a flow path through the
filter; and

providing a sampling port for the filter housing, the
port having an aperture having a first diameter and a second
diameter smaller than the first diameter such that the sampling

port has a gas flow outlet.
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cylindrical portion communicates with a filter for
renmovi ng contam nants for a gas in a sen conductor
wpe@eesring device. 67 . A sanpling port apertRCEUSINS/@20090
filter system the systemconprising a filter unit
having a plurality of parallel filter stages | ocated
wWthin said filter unit for renoving at |east a
portion of said contam nants fromsaid gas flow ng
62. theret iraugly and afdiew cant r oldereifror st rdgustting  further
said gas flow through said parallel filter stages, the
compgyisesmah dang i isamplcnig Ofo COTEREACatd NEr MHtH By Secpa¢l end of
outfl ow.framthe .syst 'SYS f..clgal
2 £ R e orehr e PSS R Sy g ot least
a thdrd @puindrage offorheeapgeytngesai d gas and an out put
face for delivering said gas to said plurality of
filter stages, said diffuser plate further nounted
63. WIIL nm%_‘r[’;’h]%df i LEeruni iy and cophbguigd ¢ delddt®ld end of the
substantially equal volunmes of said gas to each nenber
frusobcsai chplpordlibhycafpfisesen stleafentiadly Tewlimsitiedl opegment.
claim65 or 66, wherein the aperture further conprises
a sanpling portion communicating with the first end of
64. thed niestRepRIFCah aRAr 62 pNyhd hei s iRy iap@rtarkl 68s a cylindrical
defining at |l east a fourth dianmeter of the aperture. , ,
porten FWHeher hbdret endi Feeendf gnfherthonprisdi Rpd | efRgRicating

...8.gas .t hrou he fil.ter housing at a positive
withy B fen 1ﬁéc}ota?pgjrotrjljcrltcta)%ﬁavi ng a flow rate of at |east
10 cc/mn. 71. The method of claim61, wherein the

body portion_ is substantially conpris f sa ire. .

65. 7Xherhangidtafdbd o Jl&A 6f,4'vvh§?‘§i nmﬁﬁgoganﬁgggér comprising
B b c hORhdeWe@nd/ ndlher Metd0ogylindrical

rec%#$%ﬂ%?%?%1¥a§hg?§Wn9?hggégngFg %ﬁﬁﬁf¥%dramn into a Y
portdiexi.ce for gas analysis. 74. The method of claim 73,

wherein the device for gas analysis is a gas

chromat ograph. 75. The nethod of claim61l, wherein the
66. Sarpd € e HeNt bFUOYSEYm 65, wherein the second end of the

cylindrical portion communicates with a filter for removing

contaminants for a gas in a semiconductor processing device.

67. A sampling port aperture for a filter system, the system
comprising a filter unit having a plurality of parallel filter
stages located within said filter unit for removing at least a
portion of said contaminants from said gas flowing therethrough,
and a flow controller for distributing said gas flow through said
parallel filter stages, the system having a sampling port aperture

providing a gas outflow from the system.

68. The system of claim 67, wherein the system comprises a
diffuser plate having an input face for receiving said gas and an
output face for delivering said gas to said plurality of filter

stages, said diffuser plate further mounted within said filter
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wi thdrawn fromthe aperture of the tube orifice. 76. A
nmet hod of making a flow controller conprising:

w@e@eioghizog a sof t ware program havi ng sel ect abl BCTYEHS2005/020090
fl ow characteristics ; using the programto select a
hol e distribution for a diffuser panel, the holes of
the diffuser panel providing a gas flow distribution
t hrough the diffuser panel; andform ng a diffuser

unlﬁnﬁﬁﬂ $6Wff§hf@§'@?kﬁﬁh@@rh@d%§$dﬁE&bQQ§| QBual’YollhBs of said

hod of claim 76 further conprising formn
gan¢¢fQ§@h pemedr fof wighrdlurallidvagd tillter §g§9@ﬁ}for
a cl eanroom processing tool. 78. The method of claim

76 further conprising selecting a hol e size

69. diBh&i hathea atd @ died esSpaei rep,divitaddiut | e f apetbere further
di ffuser panel . 79. The nethod of claim76_ further
COMRIGHRRT 53 n§NBH i AgPPREIBANEPTERigakRTc HRdhcide first end of

theprﬁﬁtbégﬂﬂéQPh¥o£fE%n,8@heT@§m§F£H§dp8£tféﬁ'&éf@nlng at least

furt conprising drilling the holes In
a fehatle.diameter of the aperture.

70. The method of claim 61, further comprising flowing a gas
through the filter housing at a positive pressure, the aperture

having a flow rate of at least 10 cc/min.

71. The method of claim 61, wherein the body portion is

substantially comprised of sapphire.

72. The method of claim 61, wherein the sample is withdrawn by a

gas collection device.

73. The method of claim 61, wherein the sample is withdrawn into

a device for gas analysis.

74. The method of claim 73, wherein the device for gas analysis is

a gas chromatograph.

75. The method of claim 61, wherein the sample i1s continuously

withdrawn from the aperture of the tube orifice.

76. A method of making a flow controller comprising:

providing a software program having selectable gas flow
characteristics;

using the program to select a hole distribution for a
diffuser panel, the holes of the diffuser panel providing a gas

flow distribution through the diffuser panel; and

49



WO 2006/083290 PCT/US2005/020090

forming a diffuser panel having the selected hole

distribution.

77. The method of claim 76 further comprising forming a diffuser
panel for a parallel stage filter system for a cleanroom

processing tool.
78. The method of claim 76 further comprising selecting a hole
size distribution and a hole spacing distribution for the diffuser

panel.

79. The method of claim 76 further comprising forming the panel

for a semiconductor photolithography tool.

80. The method of claim 76 further comprising drilling the holes

in a metal plate.
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