TI TLE OF THE | NVENTI ON SYSTEM AND METHOD FOR REMOVI NG
CONTAM NANTS CROSS REFERENCE TO RELATED APPLI CATI ONS
This application clains the priority of U S.

Provi sional Application No. 60/577,723 filed June 7,
2004 and entitled, SYSTEM AND METHOD FOR REMOVI NG
CONTAM NANTS, and U.S. Provisional Application No.

60/ 619,857 filed Cctober 18, 2004 and entitled,
SYSTEM AND METHOD @R, IREMOVIING CORERMIOKINTS, whi ch are
hereby i ncorporated by reference herein. BACKGROUND OF
THE | NVEXGTEM ENBaMEFHORs FoRe REMAV 2K GONTRIFINANTS

i ndustries for contam nation control and to inprove
product quality and product vyields. By way of

exanpl e, olRGSS IREFERANGE 10 ®HIIAGESd APRLICATIONS

phar maceuti cal , . bi ot echnol o and sem conduct or
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yleld reduci ng contam nants fromthe gases used in
her b igEdpeGit eSp Pyc E§SERENEBONS S EDBNt ani nant s can
generally be classified as either particulate or
nol ecul ar. Conmon particul ate contam nants include
dust, lint, dea@ASmGRQmNDlﬁﬂﬂﬁﬂﬂﬁlﬁVE@Eﬂ@%ris
Exanples of yield reduci n €9 tam, nants_i ncl ude £
a AN suciPHE £ &S ex&ﬁﬁ&é dr68roﬁm%n%C|dln?H?$¥%?s or
cont3litha SiHd Wb AGl dandhesPhRbireveapirddulydi@enlieli Gnd product
aci d, bases, such as, for exanple, ammonia, anmonium
ylehw,roxu ag vt@tr@rfeht:x@ramh@m mﬁqwum%p@é may be employed in

tr net.h tr t
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Semiﬁéﬂﬂd&ﬁﬁﬂfmﬁﬁdﬁﬁﬁﬂurﬂﬁgIEMVMﬂHHMEnﬂﬁlﬂﬂﬂhﬂbﬂﬁm&ed hereinbelow
et hanol am ne, norphol.i ne, condensabl es, such as, for
and sl eSeING iaoRds ldddShyatevar BBNSTRIRANE- boi | i ng

pQAPEbégﬁgué%nggﬁﬁhéHts must be reduced, eliminated or both to

Provisional

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 wused 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,



equal to about 150C and dopants, such as, for exanple,
boron, wusually as boric acid, phosphorous, usually as
or ganophosphate, and arsenic, usually as an arsenate.
Airborne particulate contam nants nmay be present in
the anbient atnosphere within a clean roomor they
may be introduced by way of gases injected therein.
For exanple, in sem conductor photolithography tools,
siliGRmdss smpphiyedotarbaesewakhy o woipiHgposesnt ngeebyer than or
the actuation of tool pneumatics and the purging of
equakxﬁoopbbag Mﬂ&%&n@ﬂdpdopahb@,dﬁwqmraSmif©bg§%amPler boron,
the |ike gener II d to drive umat i cs h
usu 5bea%pppg§ éﬂ%ﬁ% %r%?stoﬁ?gﬁiﬁgnﬁg a?%g%Q?QWOSp ate,
and |a!x%@rﬁd01ﬁ%aml®s%@t annatBengas. at concentrations
sufficient to damage tool optics, for exanple, '
|IAlnﬁQﬂnQN'pﬂﬂﬂL§§l@ﬁ§ p?@P%@mi@ﬂnt%né@%y e present in the
t am 1.0 sub ces a e_on t
amblﬁnq-. n‘%m phefqror WL lgrlc;:]u cﬂg r|1| rgfggﬁll\/b?ei:t%l ;;' %}p B&a:lhntroduced
by wyical gavekades el&lﬂyésll talelrmabsorm;rarnkamﬂaet tein semiconductor
|ncon1ng light. Scattered or absorbed |i

photgHgittd QQ%%%W%pHQOQkﬁncaga%urFﬁce§uE§&§§9 mﬂ%ﬁan%ﬂ?%ﬁlly two

purddie s, SRREdIGA ﬂféala'cttﬁaglowalﬁ?f EBRE SpndiRB:188 and the purging
I nformat 1 on contalned in the spherlcal wavefront is

of tbsloopbﬂ¢stheAﬁEQUUthgummﬁgedl§ryabs@,mnmth@@m(ﬂr the like
in the cas

bb LA t
is %ﬁag%%ﬁiﬁo eﬁﬂe 'S ojlrvr?laggﬁﬁlva?bc%c@urﬁdat%ﬁlflge optics, small

amourfy @ﬂ%rﬁﬁﬁnn@dﬂﬁé’“ér@%‘dﬁﬁlﬂ ogike vEetE I BrefiSeim the gas
| oss of critical dinension control and_process yield.

at concentpatlers seBEfantest nhy aPBeJehdwicdaldnticsactfor example,
1111¥Mth g(? e W@?:l%gl Sél&ﬁ ac §:o fecttg%nphoﬁéllléééwgraph@o%tamlnatlng

bei ng p ssed in the tool or
subfﬁn@@lﬁiﬁtﬁ a@kuézfejroxdtt@xthke optyicabndlereemis htaovafermimolecular
he tool to produce sulfurjg¢ acid, [

ich can .
£ilngy VAP 5P B HakktBS t OB OBH?% S?#ﬂgﬁ%ﬁ tPOVS L Girh FPsorb and

scat®r F eagkomthih waler surfage, ped L4 al érsu‘él%s@§bbﬁe light in
resist, gate- |nsulat|ng films and the like. Such

phot@kthagrasy | noptieak weuhfapes pﬁ@u§BSth@§ﬁé9m¢lon of the
sphégfgé Sag 1£y o %a%% %%gtgroc%ﬁuﬂyl€h 1ngg%ﬁhtlg% contained
in the spherical wavefront is distorted, the resulting image is
also misformed or abberated. Image distortions, or in the case of
photolithography, the inability to accurately reproduce the
circuit pattern on the reticle, cause a loss of critical dimension
control and process yield. |

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,



the purity of the gases supplied to sem conductor
processing tools 1is of critical concern. The quality
of gas flow and such yiel d-reducing contam nants in a
clean room are often nonitored through severa
sanpling ports, for exanple, for one or nore
sem conduct or processing tools. Typically, these
sanpling ports are used so as to ensure that a clean
the fARNiGALDORNRNYakeRMBObpl scbet 8Yssml cdrdnetbanstdde@dsing tools
sem conductor yields are not affected by an increased
is Qﬁnﬂﬂmﬁhﬂﬁﬁt@§PCﬁé@el Devi ations in gas flow quality

t f t i .
Col 3Ry SLLE S gL sqar peathcl oot donominanc:

in &I dlenaneeocandasperditiaananontbstsd Typicsgh saﬁmérag sampling

ports for nonitorin as flow qualit tend t
portir | RGT [ SFSBRLaD] FOMaPBE 3y OHE SRCTAAPBHIEERL S Processing

tooﬂJ ndefyfpf@&fﬁ% CORLEO! s vl péyt asaveansedekborlss.to ensure
Opening a sanpling port during fabrication can al so
thatcausel ekt rfaﬂemcaatmrang@@mnmqﬂtegsﬁjr@lr@ﬁwmﬁmd and that

Jpor t Iso require a substant,i al rio fo

%ﬁﬂﬂﬁﬁé% to 3&839 as Poris Ate cowé%%ﬁggpurg é? increased
cont%@ﬂi@fa@ﬂt (s NEes1 I 0 expelatdmnsr esh dgak cttﬂrdvanqﬁamisy can also

that may affect quality measurenments. Additional
SlGﬁHﬁ;Q@%i'ﬁlowfﬁépé t KEBRGRANGUERCHor Y313t ¢ en v%??%%mlnants and
varldalf:r agsanPiévzgg’mX‘g Sﬁseoﬁ%%reg%' SIEB Wi n$@MUR1 operational

ormty and accuracy. In order to inprove

cos@£n1camwﬂdar samplmngapdrnunﬁbmrqpnﬂtbrxngmgﬂg flow quality

cont am_nant s, i's_necessary to be_abl to . .
tend ohQeml&ist |<§u§3alﬁ%,| efg5s ¥ e tHRERE aﬁ@bsf_c?’ﬁéon, which can
hindd POl SRBA L ONEGnt 8HDT taﬁ@m;ag&leg; 6eBMeRhtenalrfpetks. ldpening a

I's al so necessary to be "able to reduce and/or

samgling rowt shohngodedmieanien @arcgnvehidmse feasdmppEal changes
Eggs flom15anpllng and reducing or elimnating yield-

in g contam nants should al so be easily adaptable
toc@hxv@a@yonaew sbirfg SeNicondyaine tzooksbsthrabal oditme period
and their associated sanpling ports. It_my al sqo :5

for u§éfﬂHF-lf16 EONtPFRIVUSPES POFGFe 21 ePATPRILY }f/fljrged or several

minGdY &M r@%esl angd, "o Q121983 it hAWNEHRLT EXat Oha$USRfect quality

cont am na
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.



3 SUMMARY OF THE | NVENTI ON Enbodi nents of the
invention may be used to filter an incomng air
supply to renove airborne contam nants. Moreover,
enbodi nents of the invention nay be used to nonitor
gas flow quality for the renoval of contam nants such
as, for exanple, be vyield-reducing contam nants.
Parallel filter stages are enployed to provide highly

efficient filterigsomasrywebl agrt oNpENvYIQOHE | onger tine
peri ods between filter changes. Enbodinents of the _|
i rdndigentempldy &hel oW ESREFIN | d1aY oPedi 88fFPbutPngtilter an

. i ncomn k.S I t [ . | el

tne Rl 0L Bl oo B RECBHNE Lbksahuanell ! woreover,

embddie@nivyy afr Suppliyventids imyutbsi deseshdtpr ovdrdgom gas flow
diffused air streamat the flow control Iﬁgr out

. t. The
qualditi ke the r TSRPEAM PE CORFREUPRDTS ST t 38acitoF |¢EmPle, be

- 8LV - . Pomti tehe rdicf fesedsaid loyed
ylel?ta?]éggqrﬁ%%ﬁg ?%Pt@%g%ﬁtgﬁg% ea?ﬁlrg?ille?er bank I’?as%@BS e snbtoye

to pessentd alilghliyhefddwes eaitr fidkecing &sowehy as to provide longer

._therethrough. In rdance with ap_aspec e . :
ting KRGt Pare By S TatdReERod BROTRETEp Beeht the invention
empldl¥V et E08ywi Behtdel aBragpar ativs riBhtingmavi Agicoming air supply

contam nants froma gas in_a sem conductor processing

to eyirbirahid apparedialik| tlden $539%T unfltihaliony gentroller
reczlfi s z:txﬁf\nin&?rﬁﬁjliegay ghggjdy ageﬁtgoqﬁgﬁq tsq%feglahd Weovides a

i1ter stages ar esi g to renove a | east
diffogdd o of st heamoat amhearftlowproesgntlliem tmepgds The diffused

. flowing through_them The a rat us. al sa i ncl udes a .
alr f BERCEFNtYI F%?f%%‘ﬁrﬂ‘iistsﬂb 3tngSehB dé&tﬁrom;’%ﬂgngrecelves an

equ%#e ELLish ot ages- gLrraseqeberr ed ehpdif@nturther that each
oa/ controller can conprise of a diffuser plate. The

filtho f usank pllase | aesemesahly estheli spused @k osveleeity flowing
th sg{face and configured in a manner that causes each
S¥¢ 1%t % age to receive a uniformand equal portion of

then gasopuesest wdttH heni Bppbctacs ofhé heéndehtise;, the system
plate. The apparatus can further be configured to
and | meithos sefsdme f Bresaphs kR FondNELHEF 13 ngeparatus for

remgyﬂ&?nkgﬁegﬁiﬁéﬁﬁgnﬁﬁﬁﬁlthgQQDQﬁ1 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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to the filter unit, contamnants present in the filter

stages of the unit and contam nants present at the

output of the filter 4 stages. The size of the holes

and the spacing thereof can be determ ned by a

software programin which the gas flow

characteristics such as flow rate, and the nunber and

size of the parallel stages can be selected and used
stadds.theTpeogdam t 9r PrOK deoleks NBRE @Bkl Ciladies) gbhéfeof can be

the diffuser for a given application. |In accordance
detanimtimeghotier aspeoftoprehe ALPZERN ok anwhi@hpar hgs gas  flow

for_ removing cont am m [ o :
cnanefeqziiniedy S WAt uel i PRl L R Bl P HRze of the
pardlad NG taigdseasin bewsepacakbebntli ised sy ages, pmbgrdm ate provide

used to renove at |least a ,portion_of the, contam pants
a mqq?tQR¥%ﬁ%¥z%?ﬁ%gnp8§s§§etQﬁgﬁﬂﬁefhéora%p%}%?%sépﬁ' cation.

appar a%éb%rf Hder i Rel ugestRedi ffdnes: plat ethavi ffveAPion, an

i nput face for receiving the gas and an output face
appdmrtumkiow rednveriges cordiamagtso fides fa [geey gt ayeglean room is

Th iffuser plate . is .mounted within the filter it
pro‘{]ﬁfeégnanﬁgF @%@firﬁ‘&uist S TSRy P%g%es aH{lilegll ﬁﬁ“’gggmat least
two VOLHAESDf reaset0seaghsh i hakhstage pasend réhevei at least a

I'n addition, the apparatus al so includes a nunber of

porisirml phgther contepinartag iSarkiiesdrepreséht RESFEsofthrough the
th as | u i.n gk Lt : :

sop {005, WL Tep AN U0t 836D LL 81550 20P place naving

an 1nit ofager for neacei ving hehappss sdnud amdottoutprdakiet for making
when filter nodul es, mhicg make up the f%%ter.;tages, 1 .

the sHgEl ¢5e eRARgd® ThealddFBanceadth anbbfiefldspaeyr plate 1s

mourﬁgecﬁ he; tVEeNEhONE i BreSalRlENGnt WbenPRIr Axddied idd efo deliver

ousing having an aperture with a first dianmeter and
subsit aeciondl i ageakr vohaness ofnedderte hgachhdlltigrststage present

di aneter_to provide a,continuous outf|l ow n
e e R

ousi n
sampYPh§abdy hago@ tNOSId iseenplices sebecisahennalrkyosuthe gas volume
that” a sanpling port will undergo an outflow of gas.

pasTheg r ddvreghdi aatherf dftathe shpept ur e Daite sphealpgd by way of
senPL VI 48, 3, £ QN d UM, QU OWHr FaS nleB st BReS8PBLEATus 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

5



port is not in use so as to mnimze or elimnate the
presence of any contam nants residing at the sanpling
port while at the sane tinme having a m ni mal inpact
on the flow of gas through the filter assenbly. The
filter housing can typically have a pressure of 1 5
to 12 inches of water. The aperture can have the form
of a conical orifice with an outflow rate of between
to 19 angntR0 oﬁC/w@ﬂélﬂe The apditercanahe nsed wheh,form of a
for exanpl e, ling ports for a nultistage filter
Conh§@§teﬁ¢ﬂ§#cﬁen%¥ hg Foneakiraht sta¥¢ orffa §§%Weﬁna 0 and 100

cc/ﬁi mieondugf or PG @ %%%S' %.4§¥'&§§dlwleﬂe %ggo@ﬁgﬁﬂieﬁisampllng

e orifice can'be use exanpl e, an
portappascat is mﬁltheta@aemHROBrfanmﬁemnvfog cempaingantetaminants
froma gas in a.clean room Exe ling ports

Erom, 4 958 (ded HEOR CHORTCOPENG GRS FHoW SRAITEY and (o

f oty eXABP! Guod@itid®y, Y¥i elhd educknge cranbBanige@ndith, for
contam nant | evel s. Preferably, a sanpling tube

exancg:rha‘,l cen okppharatuyvenfi dhei doveassoa Hedy ymavigy contaminants

havi an aperiure that is.lo Y
froqrﬁ the % T of? e per ufégégﬁéjéjggﬁggﬁ%gCEH be used

for tHBaiebirihge JLat ynew aqusubsy antical ty, frist oe&ainpale monitor
~and cylindrical portion. The frustoconical and
yieldrnadnqicw Gertardnander pRE SPRFRRSPAAT +7Y¥StSandPreterably, a

samp?éﬁn,?ﬁ]dtgb?n%trq_rfl%f t&e @H@rtllﬂrv%ntzgﬁ MR TIHSS C@Nbody portion

nrcatfe with exanpl e, one or nore appar at uses
haviofg t he apmetmr@nthad:h ié.waﬂoggsttﬁdim@lhhedespoeﬁderthrough the

t he aperture. The gas _then ro .t hrough the. t
Porti | | Enex AR A G (e Dirt PeBPLinle Mkl PRYS e oatures 2
sub&aﬁﬂl%qlgﬁrfﬂ?sﬂc%rﬁ%q Winkh <31 $38BL E4T patke drhat

permts the quality of gas flow in an apparatus of the
|dﬂemtftmstQQpﬂﬂﬁakuﬁﬂ®/QMﬁﬂﬂdeﬂ@élwppﬁéapnéfﬁ@éﬁpﬁgat least a

h h h h
oo g0 REESTHEEAL LR o BT PP SALR T bl Bpeture can

commuﬁaéhﬂ@dWQtﬁg(Iﬂﬁaekeﬁpne anﬂm£00ramdnynappaeasusém of the
anot her enbodi nent of the sanpling tube orifice, the

inveRjpeon oTigh dalordRs SaO"8 PERSIP GRUEEr EREnaPREFUrS. The gas
theﬁoﬁyﬁg%Fggﬁgu g;&ﬁ%ne¥k?ﬁg§$|b%QﬁﬂcﬁtF%ﬁfﬂé”hﬁ@dt@be orifice.
The sampllng tube orifice can be replaced with a sampling tube that
bermits 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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frustoconi cal portion. The transition portion may
define at least a third dianeter of the aperture. The
orifice can also include a portion that defines at
| east a fourth aperture dianmeter. The sanpling
portion can also be used to withdraw gas sanples from
the aperture of the tube orifice. The sanpling tube
orifice can be disposed in any enbodi nent as
samgleisey igeet hef ean apgarptefeodbkile dnvénsdopl iing widrcth the tube
of an apparatus of the invention,n which the Bube

orifgiGd ilde el heimd BiRGS &Bbab¢F§aF§989nPﬁ FENBEF sﬁEhaaging that
com#ﬁﬂ?é%%é%hﬁﬁthc Leat es with the port. A sanpling

e orifice of the invention my be conposed of any
SUA t sdohel ivat etulad ohaficano thet andenheoheatyc égs ezpmposed of
by the as flow and. processing.or, fabricatjon
anyc%ﬂﬂ???%%smagﬁréigngpﬁFyC%ﬂn%ﬁ%%ﬁtﬁﬁi ') epbg%Fsgﬁysed Py the
gas MBEHI; N§H4t pravekdi HpWart edbrheatubar aveeis tivhisCh an exemplary
di sturb and affect gas flow and, subsequently, gas

matdfiml Forarexas e, RURSisedp i ngachbacdri f fee ofVOifle unwanted

invention m e.subst ant j. co e pphi te.
pro eroaﬂ%%de %:(Ngﬁca SO tne cdolan%%gd 0 %:e\%e%&gif e% enjElOW and,
subda@esntafy, npierilas S@aas ekambtem aheospoplirg Thee orifice of
conposition of a tube orifjice of the inventéfn I S

the pAavensBPy rBaY stofnt SHBShBRERILY COMPRERCs OfF t MaPRHge: An
ori%flc%‘% /R ehehapLs 688d fOF ©RN8, Befferent types of

d-reducing contam nants. A tube orifice is
matdmtrlicasedaso tas formal & owcmpesiité nuolbearnpmpgsiiftdom of a tube

.gas flaw from.,an apparatus of the invention w thout .
oriffte " PRow it GG w T SR CORANE: oF ST abr et gy Potential
etcldintd e fishiByrhdayh H0f Powont Sueto Ust eih tei ¢of M ges example, be

- flow, sanpling froma tube orifice can reduce sanple
vieldriedyomampPiiaiidatie need for any type of tine

Cpﬂsglql]oggogffigé'rg n@a%\@f até&’r c?xmg’a &'Tlté’r{:&gtinuous and

yi‘el d-Feducing confam nanits and cont am nant | evel s.

unifdeht yapalfllpyw fAraondn nappsrgass f bowthler dugrertthiernt upethout the
orifice prevents, the oEgoréunitg fo Iu% i ng, which

FLoRart SPEERTILAGETETe GPPRCPRONGSST CORFAGRLARG dqUal Yi§las:  BY

hav #3§ UsaNEH & RIS aSdCind8orhOga@X¥ME, sampling from a tube.
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

7



relating to mnimzing yield-reduci ng contam nants and
contam nant |evels, when using the sanpling ports. A
tube orifice of the invention is effective for
nonitoring gas flow quality as it is provides for a

| ow gas flow volune at a uniformly high velocity

W t hout affecting detrinental process pressure
changes. For exanple, a sanpling tube orifice of the

porth_BYLerEf ORLEANR arHSRG M t hrdn f ichkergai £18RYh8Y therethrough.
plurality of parallel filter stages |ocated within
Optivhelfyl t ethaniapparategowiary anclegst a FlowriGyHriler for

ai st} BuEiRbr ThatREs Rl ifh thaveAgalhencetieddhstages. 1

appar at us can incl

anot@enrt reldRyirear, & séaim;bltlnglgtmﬂsm gasfitewcahr coghunieate with
paral | el filter st ages. anot her enbodi

mfgti: anit havi a
an apERFAtVG U orfe C%X%raml%omm%h‘f%s vitt FEIERE U ing

plur%@ﬂ%&atol{sﬁ Jlorff 2OP! £12608P 1 HegEe@ thkhkBAnUAC removing
a ‘plu |ty of parallel filter stages | ocated
at ﬂbaselnafoporbnuw|ngf aﬂmieagmtampoantan 8fomhea gas passing

cont ami nant S éfee a SI n ret hr .
ther ép,ug vy, t %ﬁéﬂé{’us a d| %ngglses dlffuser

platréavk‘lé‘\glrﬁ{' bApPYhplhacerdy f@ﬁeh:&ébégvih@ @hs ajHk aﬁlnd an output
out put ace for delivering the gas to the plural.i
facaﬁf¢xld@ﬂl§ﬁﬁg@§ theor@dvek© ﬁﬁ@(ﬁ#?ﬁﬁ#ﬁtXN%fefééﬁeﬁeStages

Moreg>g7|unt © hvén tdqlfl% %I i E)'llattgr vo? xﬂggnf:?cﬁ]fdﬁﬂﬁﬁfrg ‘EI% filter unit

SWer-“Substan e ua UNes o e gas
and e@skf od déblﬁéﬁrahbsyamtléllyeeqsahgeslumas of the gas
accordance with still another agﬁfct of the invention,

to Q@Chnﬁthfﬁ(ﬂ' F@ﬁo@ﬁﬁ@aééﬁyaﬂfn ¥ 3% Yas in a

ngg&%ﬂ{ce %P@ﬁs§{:ﬂgl deMbegethropEBLt BE 4$R Ofv@ntion, a
f| unit 1s provid An input gas volune is

metkrcm:efaved reynotvieof |ctctrdrammamtSThérQ§as aj gag heh Passeyiconductor
t hr ough flom1 ontroll After aSSI r t.

pro?ﬁ%ﬁ%%ﬁwﬁ%%ﬂ?%r DT Ra9ya R s WPSde avai lgFgPt%%%QnugiéQrOVlded'

an Phpht! &8s v§l§ﬁ@51|3001@cﬁﬁv\&dt Wyn dhe filter unit. AThe gas is

portlon of the gas is passed through each filter
therstpapsed FriE a f@\@tc%wjﬂr% ofAf g passing through the

uof RUAALRILE, RESCHls!BsLIERe TS RIS O or siiter
stad&s  1bestekanptrinyktekdfilter 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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reduci ng contam nants and contam nant |levels via a
sanpling tube orifice. In accordance with yet another
aspect of the present invention, a conputer readable
medi um havi ng machi ne-executabl e instructions
di sposed thereon is provided. The machi ne-executabl e
i nstructions cause a processor to performa nethod for
nonitoring a gas passing through a filter unit

gas §oNuae)i Rk ousiher ofsdiglierfret ages npeitored gas volume to
therein. The conputer-readabl e nedi um cont ai ns

produfst rucPFERSSFBR [erPdfm rig A HP StReps TBF MMy 8ample to
dete?@iggggggeth@@sﬁbﬁgtéﬁg@ggﬂlQ%% ofcihe fiid tgpepdef®S properly

e a nonitore gas vol une; processing a .
accogdtple thr amdefd neohidrdted igagndolsgmeling apmegdddcation if the

.processed ;sanpl.e, eval uating the processed ,
mon iR ERer e B THE o1 dreh TPPEErEal ansseaRilrp, Hle defined
critBreperly according to a defined criteria and sending

a notification if the nonitored filter stage is not

offbicat Engedetngdiang t 6thre déwmﬁesmrtderagvamﬁ@ges of, for

f ' h f
examggéegqhﬂg %ggt&$ §ha ﬁ%&ﬂ%ﬁﬁg%ﬂ?d?QM?ﬁ&%?ﬁgoﬂéamiﬂénts from a

fple, " t system and e reno
gas COBLag npatsliedm filigas udiaugspawallllel béi | appastmygesfrom  the
w Il be apparent, fromthe follown nnreeﬁgrticular

£0l1Qudn BAen RAT HraférT SPSEIBIIAENCS at ShaTd sy stgpdiments of
the ?&ﬂs\ﬁih@ﬁz} astddistd ated, dvr-de) aGet amanyd sngHaMintgdrawings

ke reference characters refer to the sane
in paitcd fhkeughefieremes didfaaaritens ewsfeDESERI PHRON ggme  parts

THE DRA .t her features and advantages of the
thr éﬁtw%gsgﬁg%gﬁen&ﬁVﬁegg'apparent fromthe detail ed
description of the invention that follows herein,

taken in conjunction with the acco aW%hﬁg dr aw ngs
of which: FIG DESSR PIGBh&E e gt tion of a

R S B AIER LD SRR O ns  invension
wilexsaphgpyrenbodiroent-hef detailed description of the invention
that follows 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 air 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:



afilter systemshow ng filter nodul es, an access
door, air inlets and air outlets; FIG 2Bis a
cross-section of a sanpling tube orifice of the
invention; FIG 2C is a partial representation of a
sanpling tube orifice of the invention di sposed
wthin a sanpling port; FIGS. 3A-3Cillustrate a front
view of a diffuser plate, a side view of a diffuser
plate and an £xpl.eded ey 9kwaBrexanbkany1abPl ® x 2 matrix of
pattern, respectively; 9 FIG 4A is a perspective view
filtefr awdedemliar pcord2neet wiikhothef ¢xemplapyueregodiment of FIG.
5. accordance with the exenplary enbodi nent of FIG 2;
" FIG 4B is a perspective view of an exenplary 2 x 2
X of %;%cg{ cgerdan n ;
gﬁ%ﬁ%lary enboéﬁae t o %%hgge?négngﬁoﬁﬁe@#%§f95%vT 2 matrixz of
filtidd usddwales senenatoedbnde mnents efh feixletelamyd @megodiment of the
operating in conjunction with types of filtering nedia
Oupporting neans; FIG 6A illustrates a schematic
rQ@ﬂ§§en5§ltOElQﬁsﬁraEQnEEQEE§I eavBUeRch®sa ol Urdlddy modules
of sensors used for nonitoring the performance of
operfatirey ripdulassinnciiiena wilkher typseenrfn fhttertpgcenedia and
t.h aspects of the invention; FIG 6B illustrates an
Sup&ﬁ&ﬁﬁﬂ Het'wor ked environment  conprising filter
Syst@s, 6A netieriderademaN acsthie@taabhal ysepreeentetion of a
and a custoner control center; FIG 7 illustrates an
con fes@lrhﬂ%rcyow%dt@oa ﬁ#&éﬁﬂéwgofe@@@&.%m%%&f §qfe monitoring
the | E)%?}tol nc@nds EI %1§t D %o@%ﬁ%@ec&ﬂfﬁlﬁe%' dalted system in
e sanp ing tu or| i ce of 2B during use.
acc@Eﬂl’dﬁdeEE)mDEES@@p%‘Elt@\lo(ﬂ:tﬁHEthENIbm Enbodi nent s of

the |nvegtlOnlﬂagtratenploxedeggé {§9§C|ngtworked environment

comprising filter systems, a network, a manufacturer analysis

inv

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 fluid 1is
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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elimnating or reducing and elimnating fluid borne

contam nants in environnents where essentially

contaminant-free fluid is desired. Herein, by way of

exanple, the fluid will be a gas and, nore

particularly, air within a clean roomused in

sem conduct or fabrication or manufacturing.

Enbodi nents of the invention may be used for

f iddeerd Me@NBinBBHiAbAt ¥ tdH Ntaec| Bavertoosn ofvitdy be described

used for filtering other gas flows directed to or
herqigedimi cRNACEtieBNMilfEd Erea sTRPM a8 VEEPIBRARPS e NOMGVEr, the
. I i ng co i nant. il p ol.j1.ho j . :
e o Ll b el o T 19t ek, o7 ¢ tiguration,
applRreftdroned semeodintendcs ofritthe iAMentriagniwe |dmbdgediments and uses

descri bed ,herein_.in connection Wth clean_ rqoom .
of i FBKRBRECT MowevelSCHMie TTHvent i oRPTESAbt TFPH (f&¢ detailed
deséﬂgj’ﬁt&l By Rl =@ ng@nhicgdi at i on,  application, size

and so forth. Alternative enbodi ments and uses of the

i iVERt | dn Milustedeme @ eadhEypasppar@Rrasegvhattien of a filter

detai l ed,  descripti. Wi.ng erej 1.
oy ) ot el BORLIEN Bl BARORIC AL ILE Triteer oyoten
5 nSySted iihdAcey,dagseny tdtlespeehsingt, t heni remilidsarre 14, flow
Filter sisten1 5 may be include, anong_other things,
contap ek osfr e OD, PF oWOTCONETRAGGALLE bhetRF mockies 18A-18F,

I ilger dul.e A-18F r i Lt .
gen%[%{lg’?lgﬁgj?@en%r%éhi 8 e%‘ri gllog:\:%c;l]l artei%%%dg?/rﬁéﬂl%ulate i
(HEEAEPA) 1fét treodubels| 28A20AdaR0B20Bengenéiyl HEPAEFA lter 20, and

filter 20, d eal 19A and 19B. Filter systemb5
sealy L] 7 88a DRGRGPFT GO © TRl Hi Skfiaust DLover/ fan
unif aN024ndFbkt & SyshLm®d Esnnopnal | yileoupsestéR & ris normally
handl i ng apparat uses such as plenuns or duct work.
coupihed ate dbndhamgl BpparpRasHsISRE MIGh FHRCHHES gy duct work.

nor e ,vol unes_ of i.r..gaing into.in n ]
The A GYSLAITSSs S S S4h0R0 B8R0 8F ROM Miunes of
air ldoimy oirec dliowert farl 1 orbebaiagl outl 6§ antpopuendi7.

vol une 12 entering enclosure 14 at the iq?ut en% 6.

The BREWERY fgy K 5ectel ¥t foFedRaHMEaltly, 10to a blower fan 10

befﬁghé'@ﬂ?ﬂ{ YarPls BUIBLI GRhhHePaveEgdet@nbNeheas8utbe1a at the

ocity o
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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an input air volunme 12. Enclosure 14 may be conprised
of a plurality of panels made of essentially

gas-i nperneabl e materials such as, for exanple,

alum num cold rolled steel, plastic, conposite and
so forth. Enclosure 14 fornms the outer structure of
filter system5. Typically, enclosure 14, also
referred to as a filter unit, will have a front pane

over2RROSEdIh efF t7® &1 @algh RanS N igsh®i d8de. A top
panel opposedly nounted to a second side panel. The

panedi derdpandltons panall preavepesedly hwotntbed amnd $eakably attached
anel s to form an .encl osed vol ume int,g which f .
ro TR IS GRS TV i AT TR (119 e o0 Al Openings

may 1hst ghheds The opeerdd Imyed uge ek ?)}é&b@m %d Sccommodate input
generally less than 80 cubic feet (cu. ft.) and, in a

air prelene ed2entsodipwntaly svehunde 26r dé Acessgudopr, a control

nd. _has 1 eral | dinmensions of 72.5" high x 33"
pane\?\k a‘ael:la)a(1 sf?.]ffé:%\ﬁvi/i de. A top panel and bottom panel are

oppgsed! y1inousl &te abg seatabty ahtadhed domttrbdleirdd6, here a

__panels, the front panel and the rear_panel. epLngs
dif iR I tEoedR 68¢ SEANFDFBCOPSERE bgneﬂéh%o PPEISEr plate 16
] qgfélgﬂ@d LD 2l bp¥ph HEE &2, vAUtBUE @iifzewQl Wwn in FIG.
e , an a@%ggé g%%r? a %ontrgF panelland sgzﬁorthn v _
32, | mhuthai areoldese gh2dc ot adeket hanf laow cunlvoel dravigrlg a first

here a diffuser plate, upo nt er | encl re
Vel o 97 (br T A THOTUdOle Sopt I g e 16 and produce
a dPpentags igburanigusysiieRs, 13hermati AsFls@bst3At1shilgh uniform in
are designed to take an air volume having a first
botlyepdi tRERAFUME | APAt VPAOSITY GICHIRS diPpusBI ifics e2e2 ©of the

Out@%gf‘%%??éﬁ o8 ghﬁfﬁégg i_or_ﬂg'ﬂg faLiG.r. V%Ihlé”%ﬁegiigﬁ%t, i& holes 82,

yuniformin- both air press
in defbeidy slerassl @ s wafrdee auead thathe desfipetl fiatfused input
80 of diffuser plate 16. The openings, or hole

82, .
alrj Nodpeuskt pfab&CPECEFe vary&uStu {hatYRIgEL Vo giestoned to

acc&hﬁ&k@lﬁ' i 238 lyoiQnde f13n appredumgde 1 Py35€865108 cu. ft.
typically designed to accommodate input ait vol unes .
per fmiomu iap prroki mat el prefenyefoembedifient, pgheniinpve ahy, volume 1is

85 %@:afffﬁ%%gﬁﬁgHﬁggédinent’ the input air volunme is 85

The 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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The use of diffuser plate 16 ensures that each bank,
also referred to as a stage or stack, of filters
recei ves an equal portion of diffused air volunme 13.
An upper bank consisting of filter nodul es 18A-C and
20A, collectively upper bank 15, and | ower bank
consisting of filter nodules 18D F and 20B,
collectively | ower bank 17. A seal(s), such as, for

part@?ﬁaﬂﬁke £f19feron 9B rme banenmlyyeed bef ibesr uppet 8D, 18B is
bank 15 and I'ower bank 17 to revent air passgg
the meownda ht8Ei pner $0 Jeartd 19ATgﬁd fidgeksy usak ViR @ given

tugen, fil ter, mdul es 18 and enelgsur A%,
bankthe3§|$§u£§§ F%%ufE%F? Q%Iune 1§§%3§§es&?%5035%ﬁ?ﬁltéﬁ on the
desibkafaksntb, régultomfamhmnfsl’aemr@nopedabyonhe Filters 18 are

plurality of filters. | t
crosfalifosth o s b R PR e s
in Fﬁ:lef%%réae SHHBI {ERE: an@eicﬁ’\(e'apgﬁ:oxﬁ.mbtéﬂ.yn@ﬁslbbe apiece.
passi ng t hrough lover fi ank. In

HEPApiuﬂteuBaQOAf@mﬁeQOESABWSbﬁh§ﬂ§d@§eﬁyﬁé &hef jencdeofagrespective

t he sane as T
1 180l B0 L BRGRE ™ AR E, W eSprRE e LIRSS by che
upst¥abl N tydes. deplendnﬂgu@@dtlwtpd@smzﬁd ebdiumesulél okits HEPA
t he fllterlnaéoperatlon Filters 18 are t
fllt@efsﬁ@ﬁe@nfﬂoZ | gROI BSECEhER 85 pdLRRS sﬁv§ %%Pé{fe end 7. As
pr t [ h r I
R i by et it

some@ipioyethpate stsleel ersd iaf fioespectitpat fillt eolyawke 6.0 An exhaust

renove airbor ecotam antsnt tr d by .th
fan (s (SAMT ITRRICR T FISdd Gt (A Voltie F40CLEY as air

move%x'ﬁﬁr&% ehbhbgﬁrgoﬂlland 3Q3e&mﬁu@tve§arh n2thenay be used in
rection of output end 7. As the air volune

conjapmtamhe@téuthﬁmweéﬂéan lohervérurid svayFisecafe Alr volume 28
what .co SS S f V.
may 2&@ flfsﬁ dm%.g%, 2%91(:% WBE_’k 95]‘_}232%{: 1%’256%5?'1?11&1{:{5;?(3}?&11: a clean
room)l OBEr Fok VQil(lCédtyacHS Bldw rr’oweSet;hllpmghtendJo@}ameel therein.
14. An exhaust fan 22 may be used . in juncti t.h, .
ALteBImAaRIEah 206 510 1PHS PEUTERGELET. de?C’nguh%t%s tent air

volJH%‘&fﬁﬁ?‘“%'dﬂé%nd%%% work for distribution throughout
'éan  roomor for directed flowto equi pnent

Imal’mirthsyetﬂns, 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 levels
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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Alternatively air volune 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 concentration of airborne
contam nants as long as the filters are operating at
their specified efficiencies. As contam nants becone
trapped in filters, the filters efficiencies
dearease. NBiUYEAtdY e dxdctghleant amboalimenévelfs filter system
within clean roons necessitates re cing filters
5. pef ovrowefin cFERci 8/ hEibhar uR¥aE? fgctlﬁr)‘?omprlsed of a front

ane’:_:LnQ di %5 af ntih eHm eQ{:EQE eé%&:ééé@t@oéﬁmziceeﬁ%p panel 44
P R Pear g

S at prope nterv s by nonitoring 't he
havm@r faorpimr:&lntyeacfh ifnilletter AGA,hi46Rnat osbee input Ryxd 6 and a
sensors ggA—H nltor filters

Plur?d—Bté{so &t R&y16p5Er rn 2 ARt ¥l R %! AéEZ’nsorrear ‘panel 50,

a fl%%/’t\: H i@ JaliUs? afBNkt 8E8ENAYs LQAtpOMEBI5B82. Ketsa anel 48
A-H and controller 32 are shown and described in
is ﬁetttaad thhr,oau Ginemeoh 6WcPRPFL 68ng 6 AcHEd le8elers pB@, S58B, S8C

and Zé‘ébl l%%str at,e’e(a?m g}fhgg’g@?' menﬁe\%léfét B are used to

%%omn N ilter system5is
ad3 EUTPEi Besk ofyaténobl spanglatdOtiavsindea hiregedisentially plumb

attached access door 42, a top panel 44 _having a
and p’F‘BPaIlrSt y-ootelinl ePSCREA, WEB a1 tReYi dpat ‘@ﬁd% gdagkgt 60 for

seal&rﬁaé ycfl@é%}af‘f&?% Spédéy ﬂ&arf‘a@é’ttoﬁ‘kgﬁﬂebaﬁgl a0 may also

iTst side panel 52 and a second
be Siﬂﬁe@awethS@. @Ek@m panchay8 isi snerheta@d/ widdpged r fae form an

58A
e s s B B G SPero LRy oBrers Bech, 300kE5 %0,
adjdistetdd | 66J %28&@@)ErQeSr@ackhabftb@m@uﬁiaﬁtamterlals that are

essentially pI unb and top is |level. Access door 42
essemyldndl ubRPengEEXete 60Yf 6POMs @A Y tFRSPDoRFPHoATR the clean

:roor&ﬁaneI I nt %kf accgg tgﬁ%{iyetp%q!e ﬁ%ll@ayi‘al‘%t eé:ap.e kfé t Eggd with the

i's mat ea o form an
inv&esse Iaaj’_ré,y ot t ag@tnseallmbmd i mo,conm]a}cdsrw $hlga@ketneoprene,

60. Gaskets 60, 62 b of Ilant t
lat%ratf%ﬁ@ble%%q%ﬁlﬁ ﬁg]én@gﬁasm  SoRFAFY ﬁ?ié compliant
%%géle ’Hf éhnllt]&e clean room Exan'pl es of gasket
terialst

at can be used with the _ .
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 air passage through the interface
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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invention are, but are not limted to, rubber,

silicon, neoprene, |atex, flexible conductive

shi el ding, high density felt, conpliant polyner and

the |ike. Access door 42 may enploy a plurality of

mechani cal, el ectronechani cal and/or el ectromagnetic

catches 64 for holding access door 42 in a closed

position with sufficient pressure on gaskets 60, 62
fastehdssvestrais, ppsasgecyhydogh firhetipherffigceretegnhens and the

. The filter systemof FIG._ 2A can be equi pped wth a ,
likest at 0d ldusdsorl ®orit r BRYpaiel® 651CHIF] ef's “‘%ﬁ ng PfEo0> into
. sho . El . f : 2 §ho : apd crpbed; hder

B o L i e R A i
mon il trora mptndspecAderes sngsorf4Ziflaeibi L8t esSysiseml P arapnfurther be

and _removal of filters 18A- The filters. 1 e .
equjé%ﬁﬁdpp@ggw th cﬁ?%ojgt Paps 1% ngr actabt & %5%)'4‘8? opperating
paréﬁgﬂéké(hﬁ@Cfbkt@E%ilﬁt@ﬁ§ﬂ@Fbﬁé@dtb@ﬂﬂmﬁbraEkﬁbﬁr&ith system

18A-C may al so be equi pped wit retai ning mneans 63
5. fofomptal rieptie) t@ snagARIST | ¥R Syt eie. StHetai Mhprrors to

neans .63 nma i nQ-J] aaded cl S, art n :
an  ORSYETEF s, Zé?%%gg&%lg§¥¥%7ngﬁon i(ﬁ#%gw ?ﬁ?lh&é atfernative
dispEipidericandudie asd igeegeFickBer s 18A-C may al so

include a sanpling port 65 into which, for exanple, a
s HPHeBIE Sayp W | RSer £885For ICRGRLPSr | ﬁ@ggln and, for

exa%?%%ﬁ?cﬁﬂ8§%(qggﬁ(ﬁnfél&f%énlfhoﬁW§fe§1§eﬂ§&oﬁ&ﬁ&f@% PEocessing
qui’pped with a control panel 66 for use in setting _
deviper@aan nglsparemptess andhéve fasposedt tngroverat spmpling tube
,lnteraction with system 5. ntrol el 6 y _ :
Orlﬁjéi?ortf@ilstr%(?ﬂjsttodi%g antterrord t oqugﬁ:{lc er%?%r?. y8$8-reucing

conf@M At Pane] &M ingo lieRellyde ahteenampve odi sptRysampling
devi ces such as gauge 66B. Sanpling ports such as

porihosee debern benh&iEin 28nd, ForonexadAEinHose-iRetilps orifice
coma'féggwlgopg%gg a 8§€E§9ndHSESE prgﬁeségggtuggy'Q%nﬁgﬂudinally
%:f r ﬁave %I t abe

SO conpri se I spose herein sanpling
dispsddd cenfarghottid asdrig.agas fTlow spattiune afehtures substantially
yi el d-reducing contam nants and caont nin%nt l e

fruqygpqgagﬁ& éngfcg&éﬂdgéﬁi&igﬁftlons that define a%eagést 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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ports are shown in FIG 2A. In one enbodi nent, the
tube orifice conprises a body portion having an
aperture longitudinally disposed through the portion.
The aperture features substantially frustoconical and
cylindrical portions that define at least a first and
second di aneter of the aperture. The aperture can
communicate wth a gas flowin, for exanple, a clean

paralQ@M @i 12k rapRagakusocehtetin@itRYRNthONE Blicdr thait th®r removing
. gas then flows through the aperture until it exits
a

Ressamp| iDertiope of i filce. CPREANLBANEF| XA FEfni §354 flowing
|j of ga be ven] ly, sToRL L or £
theﬁ%ﬁﬁ%ﬁﬁgh'chané?%ég¥%29%?eggggeggJ%@%&%sfo?hgxan%?%?de a flow
contwafldre f abotrcatispribtangorthe ceyass f£abwi catmdigdo ket parallel
...allow a conti_nuous and ug#fgrn1ﬁ€s flow t heret ro%%? .

£114eHas teQPSeddde 20RNBPE FAPPEETON and PPEREMY HPes (Urgfice can
commri49g. whrhubg, 0rdfd-6Rtek t BRat NVefdd ORxBBY 18], SOcOBprises a

used with existing sanpling ports in, for exanple, a
filtsystwmorhaapparat pdustlihg PhvesredaclFdd léeanpiteges located

sanpling tube.orifice of the_invenii :
the e CACU TR 4 ABRAFabuRbr Fhect nvant T3 Fnants from =
gas S4®YiMg tEenéentaast s f eredegablyyn a&hsemippar@ittisocomprises a
' égoceSS|ng devi ce. The, apparatus can conprise a
diffysarerpiafic PaNing a0 plupali £9cef forsrgaeavVias ey gas and an

9 ocatedy fhip the fil ters uppt eyl ¥ filt
outﬁ%@sﬁgggpgﬁ% o%g\%#%lﬂleﬁd;oﬁ%gm%snt Ebf rt];k%rt%e gasIltgy TSt
staddowi ngortbeeet htheghliftsiconallate t ban appamaunsedawithin the
__include a flow controller foy, distributing the gas

£1149%wih Hr cRRgh € Jp@f%qc{ dro g ieer ﬁk&@%&%ﬂ%%ﬁ%@ volumes
of AN oS AT orURB 0P i @1 €3N0 £ COITREE: Cat £ges .

wth an apparatus that, for exanple, conprises a

filt@r 2Miishaveressrpatrion t9f of pamling fiybkg grifice of the
. stages located, fherei.n.far i east ;
INVERHHiHn of e%et%%%téﬁ%%éﬁgs:$ﬁgﬁ¥gﬂgﬁgée%ag§i%gdy portion 304

thrd efty eohn dpeferabl 306 the bppattaddinaldnprdisgsosed. In one
di ffuser Elate havi ng an i nput face for receiving_the ,
embeghignetidy ahhe o@PEHtUFscEFBE 165 \er $1HYS e sl ¥ of Fgtoconical

pori%l[%lril Z%dcéaﬁarg{e afn{)c! nlt%.renéir%_tc%%?%otrﬁﬁﬁo‘éﬁbn thge dpbEUSEEs define at
least a first 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 1is
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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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 orifice of the invention. The tube
orifice 302 conprises a body portion 304 through
whi ch an aperture 306 is longitudinally disposed. In
one enbodi nent, the aperture conprises a
portI¢Rst aid ablymd st 968N HGAKedPORL i0MEA8 8dhadve a continuous
cylindrical portion 310. The portions define at | east
low avbivwe ayas sétond Wirzovatber tubet e idgeare ukbat Afloes not cause

exenpl ar first and_seco | ame r .
Aot RR L] K5 PHRge R BIY: aOi b 105 B hencert ot gfjrocessing
or flabri2a¥iBRl. The fbwstolimerejey filow def pedrhyt tdaes quality to

frustoconi cal portion of the aperture. The first

be mgrdisrad if9TgedOracrprBAgy | ¥f-S{ AarcausErenerRpRnARss without
everg! &redely ned iy the Cﬁhﬁggiyﬁﬁ!ﬁl POrLEOD: THhESE as wafer

i fferences I'n aperture dianeter afl ow a continuous
fabdiawtgas .f | Monaduary ttiroughttimmaushe owornidliuree glasa flow allows

uni formy high velocity. The f t oconi cal 308 .and .
sampdyinn i GHCH 0MId A ort 4 AIRSCEre” ey 41y TG Purging. A
contdeREAA NgaaN 81 HRM td1Y aprapphtsatiwd. aHesereaperbir eecoming

portions can also be fabricated so that their dianeter
plugged.shape changes. For instance, the frustoconical

pQIfl’Eei onigrg?égf" ar?gersg%ég §Q6t'h§ Sﬂﬂ(}% fse fﬁlg.'ealportions and
cylirndrica segrrent havi ng a uni form-di anet er.
segiditc i apet erlsandgahape ofy ttiee vakkisdus aper have d6uniform gas

portions and segnents are guided1§¥ a need t

have a
threusiiHuousSUF Wb e P FHOW HRFBudiAt tBF S fihg extent of

var 111 99 S g CRLSE r JBL T IRNIA] . PIESsi £ 5had¥eSonsistent gas
uring,” for exanple, wafer processing or fabrication.

thrdighpww wdlsomepgeseitdwtban pes nifiragasbglagi tyettagngse or held
...monitaored for,. for exanple, yield-reducin .
withight a %an?@%?%ou‘fur r Ulsyﬁ'erf er'ar‘{répclvﬁﬁ (hFts  can  yield
incogiedd SHNOrBEQCESS wikkeh mSniedeing f gBki cAltdwonquality for, for
Mor eover, the continuous | ow volune gas flow all ows

examphpl | nield rEwing teRitaifeide S 0N TSR CordRmiRycted flow
in %gere?éoﬂ]?c'e %%%%é;%%#gn&%lsgégggrﬁk§9.prﬁ"@ﬁfaﬁliﬂ& tube orifice
of the invention 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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The di anmeter and shape of the various aperture
portions and segnents are al so guided by the desire
to have a uniformgas throughput. Such uniform gas

t hroughput can reduce the extent of wvariability anpng
different sanples. A uniformor consistent gas

t hroughput al so prevents the gas from bei ng retained
or held wthin the orifice during use. Sanpling ports

can RN WLl €0 WRERAShGt 6Bk Eesplés Phen TR tusd ngrigfisce aperture
flow quality for, for exanple, yield-reducing
306.cont ami nants as uneven or obstructed flow in the port

Caf Al Loty SAIPLE MILEOTHIId Yor ABRMRAlID LUPE; LT EikErure 306

[
en avol ds such uneven or obstructed
can fdoamuby cagepayhnghe fFirnetycontbaheponpbon U3ES ¢ hatas flows may

conprises portions or _se nents,havé radual | y ,
be WIAKEFTORERE dPEmERBPS ARMPERAERE. S 1 &Y 28 Sifbud SRFPntional
sam@adual) Lhangesida & aneter s andnshangsnt W ¢k theriuhe 316 can

orifice aperture 306 conprising a transition portion
be &Iffidhred sangittEtorpgsorilicon themedmovaties deltiivedesl directly to

cyl.indrical segnent 312 .of f.rustaqconica ti 30
ana IRl d hEETPIREE CEPT O 5t0. S3he Gortioh g s a gas
chrSgfdRgapat. | easé aokhivdd vaRerdiur gas dEaowt ekitABgShdN, aperture
the portion has a dianeter that gradually decreases o
306 jhrquodh Faswsarplie POYILiREr B4l MpbeE | bhe 33oMphyng tube orifice
S . 2 h ' er tfansi,kio rtds ;
w02 SEQ R RS AATREELS Loy BN bR caipment
via 30 hekaalde,c pipuingae i@ $abphbng portion 316 that

defines at least a fourth erture dianeter in . .
r ahye S docs. H08 130 08 oTRieT e Pipidipial that is
suit?éﬂlté 0f, 308 fLAAqN rhe-HiSRA tohdM bRGY BYe JasrSamMidssistent gas

romthe tube orifice aperture 306. The sanpling
flowothéoetiBd@igt. t hBheubemppiitéenapér thee t3Pe zfice can also

co nicate with the fru oni cal_parti . :
vary | GaRORLNT b wict Hat Lh %ﬁgg%%gelé%n%% i ﬁ%%ﬁ??ﬁ&?é%ﬂer which
the QyrUsi ¢y nda £ Paveidddanalan sxepbeaeol hetéroal dévrconloring gas

one enbodi nent, the portion 316 can be confiqgred_so , .
flov herga by f FBWNt hEPES EFAIPS Sde Pl PPGrdithecOfy §hy invention is

sap@p%!aés/.si S8 BHP B o HenTONLLOT LARL 08%y WA EiFYER A8y 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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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
directly to such anal ysis equipnment via, for exanple,
pneumati c tubing. The tube orifice 302 can be conposed
of any material that is suitable to be finely
machi ned and provide for a consistent gas flow

dianeheretdy oughanfnen§orpesi tdrakiek e, talbeo obef istandamrdized to
al so vary depending on a given application or .

the condiet i oifs wmeraiipdhy t RBadtaPliee PRGUIRL it edtWARI- This

xenpl a mat er i f nj ' w qual.| :
searfS R ALl Shel Yo bLPELOS, aget bou oL Yeniont gor
dires@pphidaipllihonehenbedifireat ,tct heysaegl | pgst wna losiifi cequipment
may include a conposite_structure including severa
suchn@fer FQF SS¥HRAR i GhI25a FHERTE EOFHPRomposi ti on of the

t 4 ordd i CRLGANLALS @ tRWY ordeRENIRI SN M€ body portion 304
abrasiveness or potential etchants wthin the gas

havifhigowireg ech eugh onss 3d8er t UPleeseA avegdptd rigpttulsgisorafg ceptionally

., _of the inventi .S, al bstantially h F esi —_
iR haa it i DRFGAGR CRE aRercur o bungrare gr TuBe orifice
surfld@iddLants AR A healt Une GHERTHIVBIRR1 FIER] Sbout the

be brought about by processing conditions. The body

bodyparantorer3@Pdof the ek ingd ortifd caBEE Hoggtigness 318 and

an .ex ior_surface. |n.one enbodi .t Xt er.i.Qr
chandifil a Zbofarierwe083§§g%5??i o1 49g%ﬁe%e esugg?gntol éﬁqyce can be
readMly rdlgedled iAl bhaugbmbheddiErenshopsmelimg tpther such as those
orifice may vary for specific uses, an exenplar ,
desqrilfatehpmsin: | edgith ffeomsAByat . Bl 2! srcbhepgatation of a

sampﬁ.qlrnecf. L yhe %rriigﬁgg Navd 1G5 U?ét Mt &l A et didit §8bsed in a
ex i or, the dianeter can be fromabout 0.1 to 1.5
samgligheportheuch8adi fortan afparasarpldfngheubeventipte As shown,

_also be st i zed, he si ze, of i
the SUTLER & nsdAnPte PE0R G, PRFS VSFahea? df ZHE| GRS GOt 322 bY

a réjagitlﬁﬂp& REhbé£e sduanRiRerda® 16gNveRierd ERAnnéir8ebly which is
~ coupling the orifice to typical gas anal ysis equi pnent
dismsstl aboutokhexawpe eoriafigss chromat ograph. FIG 2B

Shﬁ%? %Qﬁpf§£§r£8£t3%55a%%ﬂ9fbéh5s989¥a§5&t%99h3%% 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 1is 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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havi ng angl ed portions 318. These angl ed portions are
optionally disposed about the orifice exterior. The
exterior tube orifice surface can also have at | east
one channel 320 di sposed about the body portion 304.
In one enbodi nent, the angled portions 318 and

channel 320 are configured such that the tube orifice
can be readily disposed in and renoved from a

rem&AIW | i RUd p1eh 323 trbeseledasali bedrbplgtdmeft Gii®K another
shows a partial representation of a sanpling tube

orifgkG4 ce according to the invention disposed in a

S i Ng~p S s _for p t: .

R o oSO apne el BASh 21e spopad, about the
extqdiage ofi ttHen sangdripki ngbpootriB22eb$02a rEhai pongion 318 may be

menber_ 324 cooperating with_a channei 320, which i% ,
confdiBPGEe SAbBAt HOhed IR Sor i FIceS* PR SanBPPHga poft t¥psng.  In

addi®YorPe #580Ci At edpWith Qe cQuRk-edrE0 3@AY oty PENOT tube orifice
process in which it nay be necessary to nonitor gas

comgticsigiaki spbsAanexehpy afyugascennphilngOgornd ey bendrical 310

sort 50 DL LSOO TSRS DS T oo

316 SRIAGIRAdUChEr dREELESSd NP ARV €Be IPertSPdBiNGdnubave portions
orifice in FIG 2C is shown having an exteri

or .

or spEMERtS Wift Ry (BmMERs3Pe CeniShgcedhes Mevtdafai AYitaple for a
-IE.E E! or | n .

Coméll angdeS plroé'f/eﬂt tﬂgovf%%lgnlbé?i %I ce %roi:frnﬁ%e?%%ﬂ%?c%% a uniformly

high mt@lddiet wanpThagdpoetsidiiee ared asindpg ofrehber af@4tuse portions
shown as cooperatin ith the chanpel 32Q to hold the

or FYPEHIT it iﬁ?%‘f‘ "SRR 9T d%%%l?a%]tlﬂs’%fuo%f s tlow by

avoid O the, SR NG RAUIYstahhe aMBRbebs824ct8qcauphed to
an exterior of the sanplin ort 322. The retaining

nebbeprng2 £mbmaliziess  bdhe fenblydrimpledodrohent §10 of the tube
. £00 tion wth the channel 320 in_o
ori Jhceo%r .gé:eégﬁsf%}rlet?iaesapsgfrpl%r 'I‘Hen%glﬁ}:%léot e%\é%ses through

e orifi he“sa g tube
the Ogpéieere€apobeiodd benmpugdehtomthe pord 82 fwslocity that is
cl eaning or replacenent with another orjfice. FIG 2C
sub%wﬁmsarﬂgws enshigited pbhei SRBIB AVSPbRHL MbR¥tE hehe aperture.

306 gggs%ﬁbg&é herBATRI ML URE: 0514 1 SRowP2wiTHENPRTELOC.  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.

20



configured so as 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 also has a transition 314 and sanpling
316 portion. As described above, the aperture 306 can
have portions or segnents of any dinmension or shape
Suchl h? s Wellad yRe sS b diainerftor can q.@ﬁillufd'éouswi’ﬂ\iblgﬁs lfilnGwation, a
ume through the orifice at a uniformy
chroa@rt@gtrtaph Tm@sau fPASt bese bee %a%)él%ﬁbltl}?éﬂl&é’egfthﬁr@of
[ %ns e Sc:e(—,gwt eal %Jnecqlﬁ%esc&heal% g fgbrlcated SO as
i@ % of ‘gas f % avol di ng any uneven or
to Bébét@ﬁ@dﬂd@/tﬁﬁéfamﬁ@ﬂ ar gase lnsb@mceﬂbaﬁlmﬂﬁfl¢$ethat is
cylindrical portion 310 of the tube orifice, .
subat@@§99é§Ytﬁ@m§8§e§aﬁﬁ|éapﬁﬁér%aﬁ%?eh?ﬁ%nmiﬁgg%% tolerances in
a r% ough RS raperddd erobt bOBS iAche@INENYy athd@ 888rture. In
m1veIOC|ty that is substantially constant. The
add:slmmi,e Bverbedy | yoekios Dﬁethpefwaée OIBGGClehrC@@ngat‘ﬁe machined

tol rﬁpl ek Ioar L%#)I{]q%ﬁp%ozﬂoa\é%%m ‘ca t% reﬁ% htens t peouch fine

tol&aa%cfésm’ﬂnﬁlﬁ,@ﬁcef @heexaiPbenidp appaast ﬁBo@fllﬁ hehe aperture as
i nvention. For exanple, the cylindrical portjion 310
wellaap c‘rdmnmre%&%twcm PP QRSN te ST | SRS | | The precise
uni t v pl arat | fIlﬁ@é + 849 tend t
tolgrsig efegg \?vlg hi t#{baéf F%lﬂﬁ% t@ésugh that the <%wa%‘uslso enc =o
prowfdgasondiovendy t he apparfabusceahobe ofomtldrigd evisangileing tube
_sampling tube orifice for yield-reducing contam nants
OorifgktFTont ani nant | evels. Alternatively, a tube orifice
acL dhngsd:0 t RRVEAVESh T Bs6aBrokeddsSROSRAHIY afor monitoring
exi sting sanple port in a clean roomor for a
gasseﬁﬁqmnunuﬂkmtyﬂxﬂsudhhea@onti@@ou@xﬁmmﬂﬁoluﬁ@rga§l¢l@mﬁedUClng
t he orlflce doe . not sru pres
ConEﬁﬂﬂP%hl 7 oHitehs .2 ?ﬁgporl |§9ﬂ§b28%%££ %0 us%# %%g%ral’ the
methdd CaAvEDRES NBRYSEMiAGNiat clulgasorifiove qual khy iimvention for a
usi ng conventional gas anal ysis equipnent. 20 Such
giveasPEPEESSi SNE4LPPRERE eHAN| asyuder K¥aTRe, an apparatus for
rem&y%é At QR and a%*Efsonf‘éngap&as $S P& IUBIRICtr dprocessing
nation fhereof. A tube orifice of the invention
deviad. al 90 dentabrdwcat gdssdlagy 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

guality 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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to have precise tolerances. For instance, an orifice

that is substantially conposed of sapphire can have

machi ned tol erances in a range of about 0.001 to

0. 005 inches along the aperture. In addition, the

body portion of the tube orifice can have nmachi ned

tol erances in a range from about 0.001 to 0.05 inches.

Such fine tolerances influence the uniformty of gas
74, T4 owekBnihgiaperdddee 75, #&d| hagihbe agonsigitentycan®dy and an

di fferent gas sanples. The precise toleran% s for a
outmﬁoef@raﬁfi&?% dF IGhe 3lﬁbenti§hf511§%rté#@t@o Erowdalade of an

esset%gcgglﬁéfré:lrlﬁnﬁ%éﬂ?fé caLiepiof Wydh Phe samRlihbd, plastic,

ces. e present 1 nvention also provides a
etc.metdvachd ca pburaditngofghsletboWw2qualnd twoldsuchlisnodast thereon.

exanpl e, for yield-reducin contam nants, using a
HolagHy| MY D60 (GAPEREo 1 i JBRBFAFSC(He-Tok} KR ey be randomly

dist R OERE ROWdithe dut¥hecohif heerabet N1 dtwens i ontd oiddition,
a given process environnent such as, for exanple, an
holegppll atag ber ofr éfmevissgec critzav maht shewrmay gEdrynia size. In

sem _conduct or, processi;ng._.devi ce. , A;conki,n . :
add¥iiRhrent's P1e hp%¥tg?gs%€§th§§t38éggo??fﬁ%§5g%§§ with their
resg@ssiete thyRugbnishenapertuser phetgaset!| oByisvayheh example, the
W thdrawn fromthe sanpling tube orifice aperture.

Th
diffgeeer (et 9d §aepl 68 H‘gwnseal%ﬁ%h?%‘ﬁﬂa?hm the ‘enclosure
14 &9l li8Glion deyl e-tr@eae%ﬁ!ﬂ' YR e 0assmnd heRoPeantially

anal'yzed by using standard “equi pnent such as a
parahrainetiogreph. Theffuber opahetelbamagl Surbeer be mounted in a
configured so that the gas flowis delivered dirgectly
manTF SERHF T A ST W PefRL ISR o hie 0B, J46B to be
preddME i on ahd onspgas thbewrgqual idi¥ figehe papeilt areedudh that it
specific intervals or continuously wthout any
passisr upgtianghof hofles eRanphefoxde emidardtjingg gridcess 18. The

. fromwhich t iy t n A
dlf%w7?§tP%?%% gﬁ %%Eéﬁ%ﬁ$§%%§¥élo§$c%%§%o Igrhﬁ%%rpattern that
hast Beafioem ofi »di i User tpvake haypery edyessentdral | yrogressively
pl anar sha term nating at an upper edge 70, | ower

e
lar%@@esig?dagﬁﬂ?§ta§!&@Wﬁﬂy@d%%.3%,1% 8BR5RACEPde ey @ hole
patgéEnaﬂgqhafégglf@at@pQ§n5%&goﬁ8’o@n%.aaiffused. air volume 13

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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output face 80 (FIG 3B). Diffuser plate 16 is nade of
an essentially air-inperneable material such as
alum num plastic, etc. having a plurality of holes
82, or voids, disposed thereon. Holes 82 nmay be
arranged in a geonetric pattern or may be randonly
di stributed across the surface of diffuser plate 16.
In addition, holes 82 may be of the sane size, or
t heye eV B Yatd) B62¢€s hormaddit inuntdie pitehclofure 14 in a
density, of holes 82 may vary with their respective
manrjegcathafis R)I?ﬁ‘tﬁrf?ﬂjsépPEPY-at%l-’lGVoé)‘:ﬂn\%ayl%f f&eghpPasStpg around
. i ffus a 16 F may, be. install it hi :
aeqssnngtalira® 10 Bor reemdtel o Tl e cden g alye (oontacting
upperanelgb 4 @ndlswbst atge ally fpasal bébet keget G4 Birff userond side
panel 16 may further be nounted jp a .manner forgcing .
edgeyn /PnglaY aSRLVEl i éMt eF PR FHR ety Eég,—lmggr{ngagée interface
t | e if f hepard drlosure 14.
e e 1T DEaeee s hr auoh ol to b2 Derore ° !
In eoddii&adbnpg $¢dler mate The calidiipdr paneriadsofcatheact as a
exanpl e _may oy a hole pattern,tha S er. .
dam g Ra B 4 e rHoUSIe CHOL T And BFGs B0s Bty Potse:  IE
desil@ger askzadeholgsatas hewesagdge 73ut8itppdoadhed. sensors for
Such a hole pattern may facilitate formation of_ a
monidigingedhe velsiolvy 839 RAGFAYrEsSEntRERFyaihevehigge 12 and/or
& W lTAYA A pressure across output face 80.
dlfﬁﬂ%#%@§%9%1§¥éal l%%? gg'designed and si nmul ated usi ng
c orpatt ecorat tkedl «ir af € | hgs ahdeanahywihs asdf e@ceibed thus far as
reduce testin and fitt] iterations in actual, .

a d%@%%%.?#%egihﬂﬁ%‘é?rpl Lhe fgowcéﬁ?nﬁéoatEgFgﬁréd I dipt Limited
to e AidfuseRd . r el ueR-A31ks Fubgt aphtablYer UDEfRE comprise
across output face 80. Hol es 82 will typically, be ,
one cir ouwze dqtusHase vagaegeddispoisal psoxaRdte| B8h1pEh end 6 in a

the input_an out put .face f _diffuser. plate ;
e e Kl BaB2t Ban PRk Y5t e TSl deapgtsd o open
by H0V£s1 831 deampene! r atectdi & f pserapley eof 1bateimangbe, operated
may have contoured or bevel ed edges at _input face 78

in coRlEICERPU Fadegeg R/ ext SHEThEGEKATPnBhPIRER eurgform air.
wor L oL AR EEGE ol oLt oy I expRtsbkack, o
stagguare].tri ahgulwe, Btew control may also be employed in
conjunction with a diffuser plate 16 by utilizing an
electromechanical, mechanical, pneumatic, or hydraulic means for
adapting the size of holes 82 according to definable criteria such
as alr 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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22 Diffuser plate 16 is normally nounted in encl osure
14 in a manner that prevents input air volunme 12 from
passi ng around diffuser plate 16. For exanple, a
seal, or gasket, contacting upper edge 70, |ower edge
72, first side edge 74 and second side edge 76 may
serve as an essentially air-inperneable interface

bet ween diffuser plate 16 and the inner surface of

air 8ACbaguEedd4or LRcapBdEtiontrsrahsvivgleoftizomleantside of the
materials can act as a danplng means for reducing
baffdgwant e &Fﬁﬁﬁﬁhonlﬁnde?ﬁﬁ@ﬁﬁ 4f Prpvdidesd, adl?@X@%ﬁal barrier

betwg' git 3%1]@3 ?&P& Oyt f 'd&tf%qs %%%Soarlsf f@élmﬁ@nngoamcted to

and pressure ut air volune 12
lowe&ndéﬁackdiITUQﬁdilMMEt portyomtudar5£teﬁlommconpperlestack 15.
16 has .been shown and described thus, far

DLEERSRFURIATH alB; RoRSVERSEnd o IRAF EigH rBH &9 6218 fopumes to

uppeld BiRL 19 LALS 1P fAHEQ - 1FophéxaBpkeatihgwWin conjunction
controller 16 may conprise one or nore actuated

W1thvalt@§fdﬁsposed proximate to input end 6 in a manner

ng hem t o, bl as C
B A ST P B R R O R o g on e
empl@éédbeﬂﬂ&ﬁfé{hlﬁddlméhic@npﬂntheoﬁ_mdnltltomblsng:lfanaisé OWas shown in
duct work to produce unjformair, ,_volunes enterin

FIG.upBer st B&R: ofPAst@RfeLals amdd odertéFackanes, SRewRye as A-F,
resp]e L 19%h lyvew{{IQWe‘éth r}%v 'ﬁ?’ al §@ §a€@plc9}ﬁq,1§e‘?: plate Each

onjunction wth a di plat 16 by utilizing an
banl@lc&ﬂiﬂam‘m:hﬂmecmlfl]rmzoimmwc prieurﬁIG -C 4,oredr£ydrkmnk ccontains

means for  adapt the size of s 82 .accordin
i dergatintat BHeSTT br PRVEHRR: 5Eoa e TS F RUrad | Sl can employ
difAdUEA I tQfrsd Jrd Ick@r u%ﬁ.@‘i%eléhe1§am«5)/f1!\@é’r@fbut in different
exanple, a diffuser plate 16 may be equi pped w th

orderdmigmb| eithpeespees o sbhe élrlSélrllbéite@lheU}wte air volume 13.

e 1 e o o T S s o CRREPLE B ERTPLERENRY matrin

Fll A et - Passagengf inRuty R rndﬁ%é&m?oﬂ-zfllters 18, 20 may be
er et hroug Diffuser plate 16 may al so operate in

emp]xmmdmdbpendmgh e bafef | eobwmendithgafconte nfagg §édkered, the

actl I
des:Lreo'lA feve con mqnfa% Serremoval 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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plate 16 at a substantially ninety-degree angle. The
baffle can also span the front to back depth of
encl osure 14 so as to prevent 23 air on one side of
the baffle fromnoving to the other side of the
baffle. A baffle, if enployed, provides a physica
barrier between the portion of diffused input air
volune 13 directed to |ower stack 17 and the portion
modudid €£$ ed tEndIRPREInGt acketvabDef fiisate pRade ak6 part of filter
designed to provide uniformair volumes to upper,
assestdok 203 fagildketest BERUEZCHRER ®petei s n“goﬁ“'fnloy filter modules
u (e} h-th | G Lddou
16 G Ry Pt b TR e T S e et oy ad oy T Support and
withedodi ewnirsy efourhte ignwesdrn onf sucht esciwasnshbenthe interior of

FIG 2. FIG_A4A contajns six filter hanks, sho as
enclRIEre [idopeltinially AN Eack 1RA 115D Bisphrat ¢ replaced when
theidl fusare PHay eredded) a PA FOMH thanitddRe fHdd @den diminished
18A-C. In FIG 4, each bank contains _identica
beldv |a edsfitesheperforhengespbeesiel ank$nAadddid canployproviding
different filters.or cap Mtili e filLt :
stm ety e SePlng o LLLESLDenSRAEG Ll 5% Wicorion oo
encll$iird ut ed rerpuly air ivelieetlsd. by Theyfof t@r fbanksos For other
. forma filter matrix 90, here a 3 x 2 matrix, Filter .
intewmedicey oROWMYLIRY z ECaRG / nurbefOBT 14 | FRRSULB, 9§ neycouraging
. . ed . ' nth I h &y -
a2 O R DR P by A S ekt 8 2 meata 220.
aneii@. débi netlustraless r ed, embodimestneef changeseormodule 18
filter elenments. _F exanpl e, ,a 2 matrix .such as .
ContHHN TGP T E & LHBE i BeCheed Pn 55N D6 fiahe ! Socordion=
1ikd eshiding-8 SNBld ef i DREF ahddbl &/ Ol s s | £SSquare or rectangular
contamnated incomng air, and/or shorter operatin

. g
contiaitrerwal Lbetshe@e fi [408r @pgngdyrthrst upapngat of FpE end 210
4A filters 18A-C nmay.be ' Lt i dt
P AR o 1 RYB08 101 Aiihotne ERAm GG Loy (i (! Back end
212 desired, s HERAskidaters 20othyrbemeedmentcerq uhictticon module 18
with filters 18A-C to reduce, the overall |evel of,
alsqorfeafydald par t PEUPAEe CPREIERCLUADEs 3ldst Ubtlizing pleated .

com;ﬁjcgéintgé‘uht EJchePA bhkhshiat esian exepdAinifily t efidpsid® 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

25



within a frame 200 having a hei ght 202, |length 204 and
depth 206. Franme 200 nay be conprised of a single
piece into which filter nodule 18 is installed, or it
may be conprised of two or nore pieces that can be

di sassenbl ed and then reassenbled around filter 24
nodul e 18. Enpl oying a renovable frame 200 as part of
filter assenbly 201 facilitates manufacture of | ess

228, casddpeddilvear, .nodubesuid 8230 nee thwemecamybeframe 200 or other
manufactured wth | ess structural support

n i t hout
meangeaichg?HBUmE | hg FBARS o lat (T ’?fbetﬁéfFﬁ’\cNereil&i%ents 226
and ?eﬂ? engl o¥ e:l't orﬁfalﬂlgﬁrf&dull.ﬁéré&&ﬁe deskgnedbeibe filter

pl aced e elr a Ity to renove airborne
eleneontt @fdamcé plags beerptdive nfshieslr bbénenta d28i asd arranged in
performance thresho|ld. |Ln_addition t i di . .
serigs; Jitih aP SHpPOrR LYY aﬁélgﬁé §&am§&%y%ﬁ?nf%f?%r%% atr flow
218 P @b gfnys%ekgwrs td1diresténent 2x@lrectly by
Wway of a framework or other internediary nnuntlng
s, chemfiepnphivenduilitenor cdapentagi4fy mavf f tiBegude porous,

i,nput air volume 13 1o fl hr ou [ I n La ‘4
cnerJBlreide SGHTE, Lokl QUL SULI AR PBER an cctatc
fundBidda roupniaihi agaipleat et f gtdepi ng medca 2i6h a reagent.

arranged in an accordion- |ike_structure. The filter, :
The RSRISOIPHRYS 414§64r 616MCRECLARGNGrUdRD MR TeFOrR1 Ve media,

S f : a .Ont w 14 ed
suctt DSy R, SHSLISEe B RO TR0 00 e gaten a0 e
herdiackmeads 2h2.adHiGatead idduistn atkatabhesherotenbednnpwdified by

of filter nodule 18 also e oyl ng_a,_square nt ai ner
cnespigs Sk PRES) S 520 nt B TSRS, PR SRR M reaten,
act i sepanti@d hdishoseshyWidin SOMAPEa0&dstdbent. The

pleats 219 are preferably oriented perpendicular to
physiigoftowe218edipG removE| usrganés seénfl| hpergrpic condensable

Cont%}nﬁ?j]prgi e to§};poi];citaglltlﬁ)é tl{g%%mheav]i%ggg%l.&vl%lg.glfﬁotienrt greater than

rical r,; or frane

150°¢0dyk g ?ﬂgifé@ti@ﬁmh@lé ptigat schehfh Saghtakley media remove

i spose hroughout the cylindrical container 222.
basiAi rvdpawe 21iS idngmigesptdent.i | ter nodul e 18

DRSS B R LR, B ML) St con
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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anot her enbodi nent of filter nodule 18 disposed in a
cylindrical container 222 and enploying filtering
nmedia arranged in a spiral configuration 224. FIG b5F
illustrates a schematic representation of a filter
nodul e 18 conprising two types of filtering el enents,
chem sorptive filter elenent 226 and physi sorptive
filter element 25 228, respectively. Conduit 230 is

contfa@miERd HythiamMand00seitbher cortanneand) seswesrhmework(s) for
channel air through the filter elenents 226 and 228
instied Ledhove idommanehahtev t eElf PEmR dHdfieddrpt iaRPaatus coupled

w1tharrg§ Eéﬁﬁtﬁ‘ggrggw 8&9“‘6%4'% 16{6@'?% r&?%%eaé% and 228

them sorptive ment
typ12r%6.]fyi | petndgiai rtid oﬂorxﬂl&fprreﬂmovablcdwyersmeptlla\v:eable filter

filter elenent 228. The chem, or tive |It
elemeyd Sy FREI G OPBHROSSEhe : t?%&f 7ie fby megerease the

surfddd &-£9oPekymale h;@i’l’@&raﬁaﬁékghg hppgldonal ghoYpcident air
that enables the group to react with a reagent. The

flomphy@d&orﬁmr Viehis Iplelrpceﬂ%ne‘ihe xxgnaasitigdesl lter elements can be
ple B ¥ i,sor |veep% u% Fgg%egassggkgggtgg acti vat ed

erm as use erel n nmeans an

athG/at esc Ca&!@@ﬁsthate@asanOi'sché&ﬂtEmdl fne@ieb;}entatlon of an
chem cal treatnent to perform chem sorption;_ rath
athHﬂQQ%ﬂ%xiem%@@%@%“%arﬁﬁh rEHBFRE a®O8UlRysi I C8Pprlslng a

phydX g%_QkQE%hgnéﬂ% E%yﬁb§9£ea'B@t@@gﬁatw@n@w@mlsorptlve
orga |c an [

nor gani ¢ condensab cont am nant s,
fildempi callkpehhese 2avi ng a DG | n@Hpm mllgs’remte&s t han schematic

ropr oG S BV OCP 900 2 12 ST SQLBLLIEET 82 v

modu RNY 3igS OF Bih £Ys ﬁ@f Py i@ A prewer SEbl e Adsrptdran 288 mounted
process in which the adsorbate is held by weak

betw§$VS|cah f orchemisorptémst r astilaie tepkgment 226 and  an
eLe ISl S BN SRS, ban2behoweiSLE &1 bR 590,

ch chemca s afe forned
beTN‘@erhpgia?raQrué i Quidstphesdl e ardGa.sobi€H swfecacdesigned to

The rel ative _thicknesses of the chen1sor8tive filter .
renyeite 238 iaidid RO ShPOnsararaReé St it Br JEFRhERL ebBgctiveness
and €20 B&8ngl ngsEedi 50 thAt ddiirate 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 line 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

27



useful life of the two filter elements will be

exhausted at approximately the sane tinme in a given

envi ronnent. Accordingly, a chem sorptive filter

el ement formed of sul fonated pol yner can be nade

thi nner than a physisorptive filter elenent fornmed of

untreated carbon, since the physisorptive properties

of the carbon will typically be exhausted nore quickly
descihdrdt he ghen satphtVRoBL 0pE2O4 £E5Bf 3 @ @®CdsHs c.and 5,387,380,

sul fonated polyner. The two conposite filter

the eorigowemontzrésamf e scaParentss RedmdaiimcPmmiitedakyprein by
sui t abl. .ai ner. f for

roretdorlr e EBRLE RERbRl e Rh e FAETRTT S i M er i ng
afFdrairtu snedupt £d1 8 widels caiphdt dleirtsiogbayey ¢aol havéea variety

filter conponents 226 and 228 typicall ei in the
of RFHBICH SRS rabl &RoR F@ﬁ%&xﬁﬁﬂqﬁﬁﬁdt%rgeglSEEQé;yqﬂﬁ'pellets

and r P DS ot lrak8d P& ®AD! s} OpbNEh@RERE N an airstream
surface area of the filter material exposed to an

usinionca demedaitionfllowedirad, tfay tands paelposesteme (e.g., a metal
conposite filter el ements .can,_be._pleat rovi.d :

e R B 8-S PPACE Al B8, TR 8D 711 TerT Ea o hold in

the SEymidrc N@pr BSeal bl Oy & i antoaltlewnathiromgenod rentucture) .
of filter nodule 18 conprising a_ physisorptive filter

In z|gamand 228Ut ddDetMEaT MRy Siferilsditist ifRF™ 199 trhoneycomb
conl} Qﬁ%nzzgheE%G'g%?gb%%gfbéﬁigﬁsa §ﬁ@en@ﬂ£féated activated

¢ resentati on of ternative enbodi ment’ of
carddrd t efre mitkile 1Bn coaprpsitpe physiisoret | ver f i ¢ompletely-filled

el enent 288 nounted b hermi ti filt
honI GBI 236 (Hd -an ITePotrgot BEFEATFy- ChAr GEart a4 untreated,

actﬂ¥%ﬁkﬁpv%ﬁi&kkle&mggeﬁ%&h 230. ndhe1appacat Ysrous or honeycomb
IlTustrated in FI 5F-H are designed to renove

striadware.boi T ng §9hﬁthc@ﬁﬁmﬁﬂﬁanﬁsmmﬁl?ﬁyﬂﬁﬁxﬂer fibers, either
ef fectiveness and to b r i h ;
WOV%n%l’[‘t?%%\%on%,erl%?lg%O]ﬁ%%eﬁ%%ﬂfg (}, eaé‘cel%taéc?dparbon, are

_ _ \ heni'sorpti've nedia an
pleddBsi S0 plriree gwlliiateper aradiByopadvpleagedbeitefilter such as
purification of the air streamenterin

thogmhosPVE hégr dPIRP - tIo1H- bellhéteprat ZotPhith sCHPBRIGega bed of

sct SALE! HORLATSSLFTot OOLAMABIG (£6HHY DL Buzcan using =
traditional 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
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organi ¢ contam nation of optics surfaces. FIG 51
illustrates an enbodi nent of a high surface area
filter assenbly consisting of a plurality of filter
nodul es 18 oriented in an angular relationship with
respect to air flow 218 and in line with a HEPA or
ultra ow particulate air (ULNA) discharge filter
el enent 232. The enbodi nent may further include a
of whliedt ed-Lcomaside-ffestiongiy BEi détepohyaretnf theeér entirety,
el ement 231 operating in conjunction with a HEPA or | .
can HeNadatiaderwidds. the gacidief Bekehtabs f PFt ERCePERSANS i1nvention
such as those descrjbe i brj ;
to RS it G EnCrHEST Br- ot ne Taehni Cos gach age vith the
invedtidescr phag in eS. aRatkat dusoding(y, 036 &;t34G 686 nutshell

and 5,387,380, .. the entire contents of e tents
carbpsi AgFAcoepTaPed A& 87 by HFfe Bc &t ey ne contents

of H%Hﬁﬂgié“ﬁﬁ%gfﬂé¥éﬁgﬂ 5 | befe rOld esn 18hdescenbedely, can be
érel nabove can have a variety of constructions. In a |
usedf iaktnexamnpliey eobednatipnl ywih puty epd R chemisorptive or

physi%%&%%é%%{H%Pi%%%%gg?c Q%fg%%%anetgxggﬁSQet oﬁggﬁinants from

nmedra tray an

the S¥Stemi@itg Ehr®igh teaclesuneid hah uses peméomaireer as is
material or screens both to hold in the adsorhbent

taughtti | enalthewi ngrarifieafien t hr BUGRRERBOLE r uSEP Ll lepy 32 and
a Se ! henfi ey Pht Be1teEMBludes 18 for

senﬁ%ﬁﬁe&@ﬂ%%ﬁ%?%%fﬁaﬁéa Poﬁb&ﬁngE%gﬁywer el Tets and °

detamtirgaiedtheactheattédtecanbedsate bel teplaged by detecting base

partially-filled or conpletely-filled _honeycaonbh .. ,
contrHigetinte 10 AR tHPr eggaﬁla?%, iz SOSW@F spt°UPplication Nos.

09/ 244 neaf edyg /At i9ipd edhganbonoBRyoh Okaha dMmeolhd hised with the -
porous or honeyconb structure. In a fourth exanple, a

preswatt ofirpointiem fi berBackit hér theven ®etedifwoddplications is

. i ncor por at.i ng, untreated, _acti carb . _
inc SSERRLE LSRR, (OB LR O, Mpociive entirety
by ddfd@nduch as those shown in FIGS. 5F-H While in a

fifth exanple, a bed of activated carbon peluﬁis ar e 5
exilosedoh ol LHES T 6T ot SRIMRYL Y (FRRAGIHIE Hedfptroller 3

i S0A" IS ST LIELD! SBRMENEN0 or monscoring
the cpaptfiogmagca 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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sul f onat ed copol yner-based conposite material attached
or incorporated into one side or both sides of the
carbon tray. In addition to having various
constructions, enbodinents of filter nodules 18
consistent with the invention may further take many
forms such as the activated carbon enbodi nent (s)
di scussed in U S. Patent No. 5,582,865, which is
stather eb¥orheenpar ahadlbytrlﬁefi?dilemcﬁthﬁdess'Ehd 510‘2 Jteat will be
can have two %K@anre | ayers, one gf acti

appregipsrdaidadn A femaiee aPRIRGE b\éh&%né%‘?y%ﬁ@r type of

stati%p ty %é)éﬁgkcﬁﬂd'@g%nﬁéﬁé 0 Qe NBLLI AL €0BAMSY include
to provide a conposite filter consistent

any wtypethmﬁ emmynhtm&ntorln0§t1¢alonm&ﬂlaenbodlnEh$s corresponding

synthetic carbon nate such as that described in
1ntegf§ce§a?éﬁtOﬂﬁraglggiilgardVﬂﬁeContents 28 of which

a4 NCOIROIAL ega her 8t driXye r ek eieaceobnstheet information and
entirety, can be coated with the acidic material s of

instiretioesediori meentivoPraceSgesvilde -a Fofods Ogdingiledes a set of
filter,elenen dan nvent i

narlgy S ERET oA MRSEITSSILAD, WSegiept) B Afho)  chas

allcearpen aediaa ﬂ@&@ﬁdledamm@ ShePaicmpormltse ©OB3cbnBroller 32.

the contents of which are_incorpo at d by refere
Displat KV ntlilPelpY ©&n2BelCHsed g?% orr %% tiwe *(ERD) , or the

13 keSO Nt QN ‘§9 iy A matN®nCheMS Rl Ve e keyboard 114 and
ghysisorptive nedi'a described herein to renove

curscnmca:mtrm:rilt SL¥G o lavhet e rué‘edrovvmglltﬂﬂm@] Wi cdmigentroller
n the sane mann i-n_this

. sd%%?f?%ﬁ??%nco E??ﬂ }L%r%ay ﬁfrgPFeFX§§pand as8Rssey  noen

alt&%é’@w@%&ﬁq@ur@w@mumﬁél eByWbhAdf 111 eandodut €sr 1@ontrol 116
for determ ning when the filter needs to be repl aced

can U@edeept@m@ Bask acamcéfﬁphaﬁ?s aPfl FoH CEs FSQITIgEPn Areans to
I cat 9/.232, 5:94
enak ned ng S@é%@geéan% e ‘ﬁléiélg va%%h %%%r%%a%gnﬁ or may be

replidyeentyDth Eacbueh- BbasétbaéedﬂspmpyloaUaMprtrpanel function

i ncorporated in the}gresent ication in_its | £
pad r B3BeRY| PR TEAGHEEy Py E%eléogﬁ@e%AtP| SR&GSs gSpecific
fundy npl ary enbodi nment of controller 32 which can be

used 1 n conjunction with sensors 30 for nonitoring
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 1is
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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the performance of filters 18 and 20. Controller 32

may be conprised of a general purpose conputer

executing machi ne readable instructions, or

functi on-executabl e code, for perform ng operations

to nmonitor filter operation. Controller 32 may include

a processor 102, main nenory 104, read only nenory

(ROVM 106, storage device 108, bus 110, display 112,
accdivihoprd Ebhépleurstd anonutdetli®rndfeomuiiogt itdre collected

interface 118. The processor 102(&2{ be _an tlgs of
samplsh\aTR GRS pFocRs sPRRYLY Hel | CERME" T M hrt s UnV does not
contBEEUlES dmﬂ?ta{ﬂé‘:]_tﬁ\{)s?{/és-ha%'\ﬂ%r@egﬁa}’o_%oﬁofﬁﬁé(r@?oﬁ‘ for providing

random access ne (RAM or a simlar dynamc
procisgeabe adeldiyced | noatpdati on, fBrampbesng ainf oseaspres and/or

and, instructio to be executed b racessg 02
Senﬁ/ﬁm%fﬁo%% 2P0 %% u gL?%CP stor F%Oélménts of the
invdSRaT aryryari phtes a@e other ilhgreedi s | fofradt®ory  traps,

during execution of instructions by processor 102. ROM
selaqsl wlof ePermpaltla | ASmbreneat C5APENd DASt r GREPBALCFBRPL/ flame
. CESS0 : wiil 1l b j t
ron EREF Pt R bl (g AR R A, ' A2hg et Fometry and
hybsidr agengiend cecombienidaf a osicor age deviecet&b6Bnohygies, such as

i nclude any type of négnetic or qg{ical nedia and its

compRFelsPondF HECTT ST FRAGES HT RGN BT harthiirs.  These
exaf¥ e £X8P! §1sdatR SIIAGR AQHCE kP8 £Pr&%e of or all of the

I'nformation and instructions for use By processor
embddiznerBus dfl GChanclutes i@rs slesofc ibkdr Bageént i nes

(conductors, optical fibers, or_the like al |
fdﬁxﬂﬁﬁ CX r ahisf & a0y ?ﬁé c ?%i %ﬁﬁsﬁﬁ%ﬂ%%%ﬁ$€||8?é/ further
descibed) Sipl apuievistedlld. pry AspaicdiGdn aNeat hade4yap23419 Al,
tybe(&CRT), or the like, for dii%%? ing information ,
pub}ishediser . anpel kRl boar gumher aHy 3 r CR repngts of which
t j tn : .0 d .
ore YL RORORINYE S 08 CAOLEOLNEL B, By vy of
exathplan aald@rinadliMer cBaf igursdtsitent twietkeybheamr<skhtaninvention

cursor control 116  can be replaced w th a mcrophane .
pro‘_éh%e%o?cepj_r]g%%@n?ﬁ’?liﬁm n@lTlg %glﬁabﬁ%lf%tey Ht& Odllncor filter
perfOLRIRAEE WhLh £BS£ODLT D) | eFeBR-OfmdBYobe ik ephased real-time
Wth a touch-sensitive display or a soft-pane
confistenprwith 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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pad having particul ar buttons preprogrammed to execute
specific functions. Conmunication interface 118
enabl es the controller 32 to conmunicate with other
devi ces/systens via any comuni cati ons nedium For
exanpl e, conmmuni cation interface 118 may be a nodem
an Ethernet interface to a LAN, or a printer
interface. Alternatively, communication interface 118
can the-rami valiIRer hdd-efffee dhaduienablesy coenusedatiinomplace of
between the controller 32 and other deyices or |,
or ipsteeEPRH el Hikr ePREWFES ofnFFERCEPARE ht LERLEMENt  the
predi§iinarky fo@}ﬁffﬁﬁfs, i éﬁreesfe%{tr e RFRAUATEI inot limited to
conmmuni cation intertace 118 is coupled to, anong
any Gideeri fiild rg@mpbisendons o30AaldbMar€oaprcngtbet aménsoftware. FIG.
communi cation interface 118 and se rs_30 be . .
6B ééﬁBFF§@HeﬁfEimFFB?mBBf?cgpe@buﬁfi&a%ﬁgéiasggg r 8 esircluding
cont®BfiRr F9, eX80Pi€ing SEASAr HiedRoPREdD@NGANBHNEEE .Of The system
gas sanpling nmeans known in the art or described
119 heowpnabese twSenbbtteB0swetemhavd and npBi pEapredively, each
30 acceptin sa e out| e f makj
havifd 2ol Efg&ﬁega::%]%e %‘gi ?ggl’e oﬁ%ihp‘?(g%]él ;t/gloé ¥l Wanutacturer
analgimoneshtaphenzgensod 30 cdeesmaot cotamodi ncertiseoWh24.  Filter
anal ysi s hardware and/or software or for providin
systamt e8Bedngnals z@HCHREBULD BLHAN e5OUF SBNLEPRMERYPo/LO Temove
: ri hat y e dd odi frent
= B TRl o RbtoT | A LA o, o8 operate,
seng®@fd agd otyetempsponsebeceavkl yipeenedbl e 20e@mcameport data to

traps, gas_chro ograph/flame ionizatio et ectj.on,
cont i kD mat Tyr agﬁé]?' mass | ﬁectCrOGEEﬂl;Z;eﬁnd%Z%ybr i%tdiB are each

commMEIROL S FANPI M s e 8T aMBEeat aehiielk-Ryines, wuchias 126, 128.
conbi nati on chronmat ography- mass spectronetry sensors.

FiltRveseysesmnphed scarualssl be imebipot at 2l vt WaghypHhre wireless
of pr all of ' S t ' i .
radH%s%??%%%P%%rQ?ﬁz é§§§%&€%ﬂ%f$§%h§%$§é2%%9%%§$§s?ghernet Link,
whil€&chinigues afsdmur tBeris desgpidedtbn rmidshed2l. &y way of a

Application No. 2004/0023419 Al publ i shed on ,
dwbredativh hafber HEEO¥GE eg34 1nke Magn (¥t T i E oL twisted

pair copper conductors, coaxial cable, ribbon cable, multi-

har

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 based 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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are herein incorporated by reference in their

entirety. By way of exanple, a controller 32

consistent with the present invention provides a

filter system5 with the ability to nonitor filter

performance in essentially real-tinme or in quasi

real -time consistent with the relevant arts and to

communi cate acquired data wth other devices by way
may ®fe RsCRNMUNIiGRANEGRG NELVWBEKFOHSRONG éduifrhdat SB)Fodekample, if

controller 32 perfornms operations necessary to ,
customey sratdedi centact LéAsdpherBsponsena Hhroypntpprion of a

executin seqguen in .ONs _C [ e or,
past QAL W SEAVEEESaSlp L nSLEUELLOne 000 RERR L Boploror ovner
contafti®amemmr y 1104 nbronpandbhar dtagposes - readabtteermine if the

medi um such as a data_ stqrage device 108, or rom ,
malfaReitHEn dédi RSSRE TSuMiERt i Bn Harﬁtéﬁﬂgtéé 1@%?£lne operating

withPHeGHd Mk ohe c20quennencof tRsL! uelhony famd@idetbn can be
I'n menory 104 causes processor 102 to performa

faciiettedetd onshpgi toré nqethnkeds odabace Jh fafldegsong, customer

20.. For .exa , rocessor . 102 y .execute .
Con?ﬁﬁﬂrQﬁﬂq%ﬁgﬁéi %g?f8?ﬁ1Fﬁé}Fﬁﬁg?igﬁ§ao Od@ﬂ&%%ﬂﬁr%§e overall
perfdi@ar@ncent rati ogg of t Paidiicenl arosnt akl n@aLs tasapped compute

by filter 18. 31 Alternatively, hard-wired circuitry
mainfgnayeaudedanvagisabaser obr CHATEBRDARAL REFUGREH data. As seen
. ffwa in j.ons A.q.d I h r nt
in FiShoetl, "BOURALS S 00 SIERLRISRY 25 g, pevorkes
envil¥bnragit spesiifdec maawbbeatifansofinhar deat eeffectui ve ymamoer .

software. FIL.G 6B illustrates_a schen%

! cetectite
[iTRer dySamssatRel (& ng<oBBhTF I ME1eY, Wi atpngoerul for

pradii & NeLWRALKAInEAYST AieRhe Thevsysism 11PicesPrisffem 5 is

two filter systenms 5A and 5B, respectively, each

confhiayimep afeontr @ardrl B2 Aramil S2B, reomeeWbHi konpent gbased on the
manuf gct urer . anal, ysis nter. 122 d a r

typ%%n??%lC@@ﬁﬁgFrTg&.nﬁifﬁircogv%‘%ﬁﬁl A‘%H%ié%ggngaﬁga present

thetdir€| @5 I 08H €NV} ONNMEAL Sl 0 skefeme 5 dist idigte connected to an

~contam nants. As the filter systems 5A, 5B operate,

inpwenabs vedumRerld A$Ad t Br PESENT (9% efhagliby dpgr step 132).

e SO g, S0 LOLRCS 320,28, TUELoROLL? L8 apptcabic
(pemebwepk 1820 .by Eleksri@s] p28er 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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Filter system5A is coupled to network 120 by way of a
wireless radio frequency (RF) connection such as a
wireless Ethernet link, while filter system5B is
coupled to network 120 by way of a hardwired link
126. Hardwired links may be conprised of twisted pair
copper conductors, coaxial cable, ribbon cable, nmulti-
conductor transceiver cable, optical fiber or the
| ke M agidirers Aanalryy $ias Centdys itgdmpbeandatiet filter
by the manufacture of fi|ter systens 5A, 5B_and/or of

system t Bkew 1 Fosnd repentsh KU actiRfdvanfal Yeps teras Cosmos

Workk22 MR LY lctg]?{)nd%t asE{ OM fon PLYF 3bd L ¥ Ofe SYSERRBUANEG filter

cust oners. ected data may be used to design new
geomertagueins), flowe wladtis dalté oper, f er mifdeisefr @einstli hgving a fixed
prqoducts or to.inprove the operation of, existi
or Brogiies oter SiERaRIFLrLBRF ot it dRACHY T defPpoted and
moded SRR 1t HLAMHBceNeaThd HE-freiseren1GhaNGeS then made
for its filters based on given contanm nant | oadi ngs

by @rithling phetikeles énviar orgient . pbata fifona¢epréance with the
syst 5A, .5 | so be conveyed to a custoner

sel%ﬁ%%: g%l§éﬁﬁ55rggﬁﬁgﬁéfe, a manufacturer analysis
caMeemethd] My suppordetiemlimealift o qfratilsfoner ssrror has been
whereas the custoner control center 124 collects data

detecdied t $potin is®. EAher edl HlaPa PRPIRIY basudkrt odetected and
detd q_{?lte'cf V! lbepe%éx%f'é ngpeguidient 1 5§or exampl&n bharm, either

custoner control center 124 determ nes that the
viswdnceatddbilen obra beenti cudar bgas aicsivatedastag alert proper

relative to conce ations of othe contani nant.s, . it .
Perﬁﬂ%ﬁ%ﬁy Qﬁ?n?ﬁ%%ngééé'toEHeF8P§Fﬁ§£rfl?h? LRSS Fgpllem 1s
not | 8ed8spehatied iV LR asPpdid cuharsF@shilse ,operat ip¥dblem can be

within the nonitored environnment. Thus, tinely .
repamirestikit i WAy cah ®envenricinalateP sy tHhenmaoral mechanisms

. data, | Lt cust ont.r.qal ter 124 gan bl :
n ngc%ofﬁé?gg% ggggntg§ﬁ%ﬂ?£ ?ft%ge veral'l pe%?orﬁa 58 em 48
deteftad latofstidps Td®ancitoanstas] wely} dstdmnicemiff e filter change

mai nt enance i ntervals based on current and accurate

is gegaired JBeR StePRIERO)eB, SperdatTHG ¢ | FRANEystEmFequired, a
sioffy TR TR o SULLONEI RIS SO, ey o corer
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, if 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 24-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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FIG 7 illustrates an exenplary nethod that is usefu
for practicing enbodi nents of the invention. Filter
systemb5 is configured for a particular clean room
envi ronnent based on the types and concentrations of
contam nants expected to be present therein (per step
130). Filter systemb5 is then connected to an i nput
air volume 12 using a plenumor the |like (per step
the 188kingThgRdf ihd Big SWSice Mefabb8inonips e didsrKidaalit hdwetn. The
work, if applicable (per step 134). Electrical power
exampi@s npat/ ctnplitde opFectiomPoraifehagy nefwihe variations or
c tio s i e :jvely ar,
erb MY TOFr HPE SRR Bt lhed RRERLALY Vo PERamele, 2
samgElyisicenmulie | srificnet wfnetheonimnehtiion imdyzbe dsnddrporated into

begi ns operation (per . step 138).. ihput,air volune .
any B 0t RE A AP ISES JoPhEL0Rdt TR EorEF P AT suitable
sysﬁgﬁﬁ“ﬁﬂbéﬁhﬂdgééﬁgfL&%Vid@éﬂé%'M%?'Bk'ﬁ&ﬁﬁéﬁﬁﬁated by those of
di sposed theret hrough (per step 140). The diffused air

ordirmnesiBL1 i $nf itheeraset usi Boe acphodangntys ofleggyihads herein may
18, 2 rranged in a eriges or / rj
215 PP GifEt Fon CHETRrE adie “ERbratief’ OF (i epy all other
emboBime?® AS owel thas Diheitaper at i Dhe pafSlBiweIsy @exgmple 1is not
~air flow, air tenperature, power consunption, error
intemiadi g Ry, Ya¥e Foni Yot iSrer SieF 144)¢ scope of  the
< Acguired data may be processed while resident in
dls#ﬁ#%%#gsysten15 using controller 32 (per step 146).
33 Note that the diffuser can be designed for
particular filter system qui renents using a
software tool such as Cbsﬁﬁégm%éfks: Based upon a
sel egt i @P 8F RakanpierwoleEttdicndHridug@putded®iugh andsampling
flow specifications, a diffuser panel having a fixed
tuberowkfiedl ef hthe gmﬂénaﬂéﬂrwﬁﬁtp@@d@ﬁ§e§pac%ﬂ§3C%Wﬂﬁé involved
el ect ed, .and I f t i pal _per.faqr . Q. ,
mon GG O a8 HOCTRGR HASY By HPEI LA (hihotogipg and the

cor@edpirali®y af Bown facaorydancerifide t he Theel ges ed1bal echrough the
di stribution. The nethod may next determne if a
tubgy st iR rcadt it RES Weeh PYdscdbdedtppeprret eguigB§nt | such as a

volénd ol emfas,hesn dehected @REric throughput 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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determ ned to be severe (per step 150), then an alarm
either wvisual, audible, or both, nay be activated to
alert proper personnel (per step 152). In contrast,

if areported problemis not determi ned to be severe
in step 150, the problemcan be reported by way of
conventional reporting channels and nechanisns in

pl ace at the clean room (per step 154) . |If no problem

maxinfum detReted ’ls dero&ubshantehnod Aeyideterfbneohd another.
afilter change is required (per step 156) . If a
Suclf iqarevl s¢kasyeail sor suavesEs ’%batsuq;walfLWyW%hé@nﬁ gamgling tube

or1€ SeDW!,]fy &’? r"?n orngt ﬁgg o%t o rt%%ori}dﬂég Mﬁ:e and from

of “and Used at one or nore O
the t heiffiilceer ard8, sB@wﬁhd@ydtbﬂﬂ&haﬂgedo(pbe Sheﬂr1§8)equvalent

In contrast, if a filter, change i s not req re
indigpEing Hnthedaope aiion Sttt Hes iRk ;}1%9 in the orifice
durfﬁ? ayed or otherwise indicated, e.g.
um nating a green LED or the I|ke (per step 160) .
StEpe 156n5m§ztahsp e dexerufunidft epf sgeps 05 ahdrdBgh a tube

ors 40 Tin ol el Bl o MS0 7Py b8y ofaCar it | nFic 8 s a

schoid £ OGikR BE ta aéarﬁlﬁilﬂ@% edbel @trﬁlf‘i@les 308 NQuAing use. The
tiner, e.g., once per 24-hour period, or the nethod

viewpls HROTEXEARE @@q@p@ﬁaévgﬁﬁsleWgthr@a@h ?hﬁeapert'ure 306
filt IS o T e n Aar
can b, ShsBH T, AR S i S O SRR AR i e

orifiwents onithiat davendgotobesvoypr ey @G| o d83,s$>®® bfektander minute
to fU{ther assi st a person of ordlnary%ik|ll Wit hi

(ft ¢ génark- wi tHe 3928 hef hRtki KELarutYisitfy %oel‘f]t?&&cﬁ&gt gSo as to

corfeELrd bed-hepghpy Thﬂiﬂﬁxa@péﬁ§w§a@hb”%%%@%l@& of gas passing
I ncor por ate any of the variations or enbodi nénts o

thraugh i ivens il des crilbedohef eéa. 3For iexawpseantially uniform as .

t uh f b
it %%S%Fﬁggé%$§%e yl%ﬁﬁggFlFﬁ$n€§§$ o8 gg%argtuses

desee | bedahsbekRofE @hher gsisl trakhe tr&yﬁigelmthe aperture 306 of
appar at uses or devices as may be contenpl ated by those
the otuber @irAdLgesiOPl §% 2heo af ar%*ée%%gﬁ R¥ngs rapid flow rate

accedféc‘rcawtlo%d a*f%f 8l @hgagasa%gﬁ j‘hgciydleec%ee@c%p%@@t.e tHe. 8 shows
al ot her

varil atl ons O any o
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 variations
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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enbodi nents of the invention. The follow ng exanple is
not intended in any way to otherwise limt the scope
of the disclosure. EXAMPLE A study of the gas

vol unetric throughput through a sanpling tube orifice
of the invention was conducted. The study invol ved
nmonitoring the volunetric flow of gas into the orifice
and the corresponding flow fromthe orifice. The gas

IJOVE 4 d e bubRoahtElCerbAN shedBaTY ask by £t
may uging sfgﬁggid equipneﬁt such gs aa volung¥%ic fI%m? "o op

insteetlerof Thelvol andtreec sthndigtpunifas seskeedardr described in

.about, 30 seco . average volumetric flowinto the
conJpgfy lOBrVFEge%gﬁd ﬁﬂerethrough was obtained from a

sampl £ peRbhat | A Hfnathilre ThRboESHEAS, OR tgleusdlidy av€é filter

provided in Table 1. Table 1 Sanpling M nimum Aver.age
systhme fUMATTUBe TPiRedeiNoPURBERFE @Xs PAGFdHEdr (OTRgzation to

incrfd L ROV Ft 3 iy & F@W dfdthdri dne ) fh@w
lncr}4 tS%w?n&Eué-'} %%ut"fg\.l%mz%ﬂc? 3085 1590038%&1&&?%% h@Wbetween
£11t@r00394n§e H0398FOr 0BAGEPIFabl €hd showsitt hirom a first filter

relatively | ow volune of gas flows thr h the tub
SYSt6H fiede S&°VE ﬁﬁg%k§eFBEPFy€OTﬂe8?%%%?t€l$??ﬁ%ﬁﬁ%;?ﬁ‘%o produce
an BhSSridyli eaheithabtibe. voldwe gh Qasohliay iSir volume may be
consi stent as mninum and 35 maxi num fl ow val ues do

provigtedsubst ant fakby devitete syshe®na@rghofhetecongchilter system
. nsi st ency .al so t h i & hi
sim BN 52 BRoRPdce) Bab iRt o Pl LI 2,

t he, t uberpitdi calwnthduion theodtinéhte arentshdvirerby32 may be

Table 1 to be nearly equivalent, indicating that gas ,
compygiante 95 RoMHCEORIABE GohePRPd FET hEOBr PEFERE LAAY ?ﬂ?&r inputs

and Yo T %o@qel%inﬁt egﬁy?éﬂg uwnd f oy mite0f gagnfleMis embodiment,
t hrough a tube” orifice of the invention is also shown

contnolAldE B nRlyGus@ ispeachschemghitionenobtvwarsafpri fgterpreting
spo]ge%beco%mgr{é:se. Bofgesdﬁ'lorrilsne% l'Jcs’oe'us-rehre commands, or to provide alarm
data, may be made available to a user 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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view i s conputer-based such that gas flow through the
aperture 306 can be approxi mated. As shown, the
velocity of gas flowin the orifice is within a range
of about 5,000 to 8,500 feet per mnute (ft mn').
The gas flow velocity is also depicted so as to
correlate with color. FIG 8 shows the velocity of as
passing through the sanpling tube orifice 302 is

subsl-afd@l | yauni addasentt ithathacaes eriizednbytlee scope and
consi stent color. FIG 8 also shows that gas flow

spiritr ofghheh& cdgemtinge c3edmsf ang heduijpelont s i teendo jare claimed

h t fl ; I ti
2 GrfoitRETGaE canppbtrler bt e T BhaonRRET oF gfE read e

limitdeat ddecigasdsasplieed hender oopt byenienelsemaﬂessumted to that
exiting the tube orifice at. 330. The within FI G

effqm%e al 1@6F@§Fﬁgar%S%QﬁﬁQﬂfd'Fﬁ&F Pﬁ@t?EE%PQNg?qQ§§qspy Letter
pateitd é%g%ﬁ‘% f?ﬂ?@é&dlﬁfb§e§@99hb5§¥ %@t%ﬁéﬂdef¥hltlons that
escri pe ar

ove, sapphire 1s particu

are athrartiagebls: fudre tppehdedi catioa @ﬂdaammb@qmval@@t%fthereof-
the invention as it is resistant to heat and can be
preci sely machine. Wile the selective enbodi ments 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 equival ents and ot her
alterations to the enbodinents as set forth herein.
Each enbodi nent descri bed above can al so have
i ncluded or incorporated therewith such variations as
di sclosed with regard to any or all of the other
enbodi nents. For exanple, in a first alternative
enbodi nent, filter system5 36 may be configured to
be nmounted froma ceiling or on a roof top instead of
being a free-standing unit as shown and described in
conjunction with FIG 2. In a second alternative
enbodi nent, a plurality of filter systens 5 may be
joined in a series or parallel configuration to
increase the level of filtration or to extend the tine
between filter changes. For exanple, the output from
afirst filter
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What eX

system nmay serve as the input to a second filter
systemto produce an in-series configuration. O, an
incomng air volume nay be provided to a first filter
system and a second filter system sinultaneously to
produce a parallel configuration. In a third

al ternative enbodi nent, controller 32 may be
conprised of a m crophonecangngpeaker for accepting
user inputs and for providing outputs to a user. In
this enbodi nent, controller 32 nmay use speech

. ego, n|t|on softmare for interpreting spoken

* Responses to user comands, or to provide

al arm data may be nade avail able to a user by way of
a speaker. In a fourth alternative enbodi nent,

cadmt mlataelrs fopremeyingecontaginppe o & gasan @iseraicesductor processing
g atlon interface that allows filter systemb5

e‘ﬁﬁ?(’ %%?Paaf%‘:‘/ TYHPE S 0 a cel | phone, personal

d' gi t ala fAss uElt ANing 8plural®9 off Paall&lrtilep etagésObcarad withirbdaid filter
i nformed about system operation. In a fifth

a|un'é fortempying b drgbtricpartion pf aid canjaniaants gy said gay lewing
an 4 ncomng air supply to a residence or
0 ?mé&}Q%m, ing. If equipped with the proper type of

filters fldy c@frollef for datrilaymianidgastiywrikroogk sail iparajichslter stages,
and toxic airborn ta nan h as ant hrax
spor es. Whegeig egﬁwﬁn‘a@togrswg}n Iyra ”é(n% gﬁ ehaiAges coRtas iy gnodule
fi ugnented with ot her

Hal/f %ﬁ)hgﬁfwrp f\?;'lgf%f &

conta neutralization techni ques such
as ultraviolet |ight or el ectrical/static charges.

di ficatian peans, can al be enployed.wt

SRPERS gl 41 Ahg el atd g GombiTer SEPrists artifiiee Hlate.
within a clean roomor other environnent. 37
Therefore, all enbodi nents that cone within the scope
arkhe appanajus oftlaithd, Whéreimvsiaithflew spntsolten & aastive flewt eontroller.
thereto are clained as the invention. Mreover, the
cIainB should not be read as |imted to the described

Tp@ﬁraﬁis@ﬁ'@ﬁﬁrﬁ 2URhesh Sidigdrdn it Bahir fRirdtRetsysfetn. i s
there ore intended that protection granted by Letter

The apparatus of claim 4, wherein each member of said plurality of filter stages is

comprised of a plurality of filter modules.

The apparatus of claim 5, wherein said plurality of filter stages are arranged in a matrix

having at least two rows and two columns.
The apparatus of claim 5, wherein said contaminants include amines.

The apparatus of claim 7, wherein each member of said plurality of filter stages

contains a filter module having chemisorptive filter media.

The apparatus of claim 8, wherein said chemisorptive filter media comprises an acidic

material selected from the group consisting of sulfonated material and carboxylic
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10.

11.

12.

13.

14.

Patent hereon be Iimted in breadth only by the

definitions that are contained in the appended cl ai ns

and any equi val ents thereof. 38 CLAIMS Wat is

clainmed is: 1. An apparatus for renoving contamn nants

fron1a gas in a sem conductor processing device, the
aratu conprising: a filter unit having a plurality

Rﬁ%ﬁ%ﬂ g°"ilter stages located within said filter

un|t for renmoving at |least a portion of said

contam nants fromsaid gas flowing therethrough;and a

f | dSwappasetus fdrgempeing gosteminsots fingm sagas ingagledr wam, lthamnghratus

said parallel filter stages, wherein each nenber of

saf éﬁ“@%lity of filter stages contains a filter

nodul e a fRy Uit 1R SEluRlityer facalled filteRdades |atelMBerein for

apparatus of claim1, wherein said flow controller

cOFpIOVENESt deag 4 parsien ofsaid eontarginamisdromp prid gas pasgng dhezgthrough;

1, wher [

contr oI Hl@ﬁﬁ@tj ﬁ fI?EQ\an Qlﬁnir{ ?1{5 gaeco ffbrirleg%?\r/ﬁggs&&%gsr Eérlldr’:éns%tlltgut face for

apdmjlvammgsal& gadtoashid ﬁluﬂahfyadﬂ foter sygése said ﬂlffu'Ebl%late further mounted

appay at us claim4, wherein each nenber of said

pl WH |Sfll>9] tglferfup}ttag(‘i cgqf%]éxgi méiellggrpblmtgxg@llwqual volumes of said gas

P! bl e b Ll 81 crBrgellGngppAT at s of ol ai m

5, wherein said ér stages are
ar r angeapluralay nﬁd;amphnglpavts tay taltmg ea&hp]lemeprem&hag df saih volume

co ratus of cl rein said
o el S Sehecot i bty il 5858t ol ai m

7 wher @i Rp ﬁ‘rﬁ%s rﬁﬁ'ﬁfé? Eorﬁfmsslﬁ‘g o aBlebtoRrbéhMufitatvely &sociated with

stages contains a I ter nodul e having chem sorptive

f i saacepluradidy afsmplﬂige)oetppar atus of claim8, wherein
said chem sorptive filter nedia conprises an acidic
materi al selected fromthe group consisting of

S UThaph Ry B @dinal o, %@re@rﬁi&@@&ﬁffds@r p&e hHOL blueNRY of holes disposed
group. 10. An apparatus for renDV|ngﬂcontan1nants from

a lgla?sparttﬁmathélleéa iithoael of $hed plp}:fdﬁapﬁ es:mwng $fomgsaichinput face to
fi éa‘ic%ut J] %v@n é (5azlis| th¥pad thgre{ b %l sal k(t)l%rpattern facilitating
oca(f of™

st ages erel novi ng a éas

po4 §ub@mnﬁﬁllysmlﬁ)rmogh% AT Serd sra@dnn&putha@aeﬁldrsaﬁiSplm@hty of filter
therethrough a diffuser plate having an input face

f of88%cei vi ng sai d gas and an output face for

The apparatus of claim 11, wherein at least a subset of said holes may be operable to be
opened for allowing said gas to pass therethrough or may alternatively be closed to

prevent said gas from passing therethrough.

The apparatus of claim 12, wherein said opening and said closing of said at least a

subset of said holes is controlled by a controller.

The apparatus of claim 11, wherein each member of said plurality of filter stages

includes a plurality of filter modules.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

delivering said gas to said plurality of filter
stages, said diffuser plate further nounted wthin
said filter unit and configured to deliver
substantially equal volunmes of said gas to each
menber of said plurality of filter stages; and a
plurality of sanpling ports for taking a sanple
representative of said volune of gas passing through

eaghe %ﬁgﬁ?s of (ﬁélﬂi fly QljléJz{p?Lniah% ﬂxﬁ%«{r?g&%&isﬁ%@gqﬁputrsgﬁpling port for

appar urther cdnprising a

c osamylingashidvggds prias togassing throwghhsaidspluchlipy off flkdrtstaged, and an output
sanplin orts. 11, The apparatus of claim 10, wherei .

S arml e ﬁé}r%élglgwagd gs 639&%8@9% apleay] avlé%analiaﬁg Jugeh said

| Ny Rir AT bEfiReddple8ON W th each of said plurality of
hoPes passing fromsaid input face to said output
face and allowi ng said gas to pass therethrough, said

ho attern cilitatin a bstantially uniformgas .

£+ 8l Batbrot R b opiste R bRt S gl Sssoctated
fi Litrsaidshp@eampliss pdrh enPRRES@httSsafiplifil BbM) akhdl MA@ aldlein each
at | east a subset o? sai d hol es maybe operable to be
opeaeplifgqrorigfitionplihgussa iaa apratire withaghameter lottipdde an owtflow of gas.
may alternatively he closed to prevent said gas from
passi ng therethrough. 13. The apparatus of claim 12,

Whehe hppasaidoOfgini 1§ tidahpaand falB& ddenpRisingai dcaitrolleaflr

a subset of said holes is controlled by a controller.

14 contrpdlingopneratiagcofgpiddetecior11, wherei n each nember of

said plurality of filter stages includes a plurality

of filter nodules. 40 15. The apparatus of claim 14,

t h@happarativst dlaikd hEwheesipkdid cogadantsinéludéaaminesn

port for sanpling said gas prior to passing through

said plurality of filter stages, and an out put

sa :

oAk ORRR b CiE £ PRk Rep iR gHeR B P AREOBPHL e

st agdsles Iitludehe pappsorpti westiled noddéd. m 15, wherein the

detector is further conmmunicatively associated wth

said i nput sanpling port and said output sanpling

POrThe aplathibt 18in Y9 &F iRk 826 Bhy SIPiV @It Hddia comprises activated
optionally uses an aperture mnt% a dianmeter to provide
ancabof.l ow of gas. 17. The apparatus of claim 16, the
apparatus further conprising it a controller for

controlling operation of said detector. 18. The

apgae gﬁp&iatﬁi o1& 4 Avherdi® hiclesbt 5A¢ thehidRf é‘f@a[ti;ﬁlhﬁality of filter

i nclude am nes. 19. The apparatus of claim 17, wherein

at modakes inshudesaebenisefptiya fitfepinedial i ty of filter

nodul es i ncl udes a physisorptive filter nedia.

The apparatus of claim 21, wherein said chemisorptive filter media comprises an acidic

material.

The apparatus of claim 22, wherein said acidic material comprises a sulfonated

material.

The apparatus of claim 23, wherein said acidic material comprises a carboxylic

functional group.

41



25.

26.

27.

28.

29.

30.

31.

20. The apparatus of claim19, wherein said

physi sorptive filter nedia conprises activated

carbon. 21. The apparatus of claim 17, wherein at

| east one nmenber of said plurality of filter nodules
includes a chem sorptive filter nedia. 22. The

apparatus of claim2l, wherein said chem sorptive

filter media conpri ses an acidic material. 23. The

appRe ﬁat&éfof% A2 SheiYes Qb ?@é Iﬂeﬁ%bldélfsa lﬁlrath of sampling
conpr | a sulfonafcd materia The appar at 01gl

cl porta i Eoupl\hbuoeal qmnswtmtcadhailaccmmleues alconianmmams es a
carboxylic functional group. 41 25. The apparatus of
claim 10, wherein at |east one nenber of said

Pl Wrabthdd fR kerR@ARS toYamBRhisFrdn$ a SRR aeéérﬂlébrﬂuctor processing device,
concentrator that accumul ates a contam nant. 26. A

metsiogla fiser lrnetl;rmld n@tmomnrﬁmthe stepnofa gas in a

sem conduct or ss n deV| ce, wusing afilter unit,

sai d methdy"e |gﬁ§V “steps of. receiving an

i nput  gp&siv |SMH%as PélafienBrosigh 8 floasconBbl BEb dfbre Mbtih gsaid gas
flow controll er before nmaking said gas vol une

av¥9lias agaitalesto s nlvralify of fifer ﬁﬁag@Selpcaé,@wetblm soidfiléqy unit; and

W t hin f| I X [

sai d gaée%lsﬁ{ I?ghﬁ]r ougﬁ a@@ﬁlur& du%gfe‘:ilcé aII% ﬁl'b? of% 1d plurahty of

of paralidlfilel sthgdstte rerad g $eabion pation ef id b@asrhmanu@or t [ on

of said contam nants, wherein said filter umt further

conpr i s&8ergingyaish Bltgralpitdprtheneamprigessopelitnet samplipg peigs for

a I tages, wherein said filter

un%én%@t#taﬁg{r% ﬂé%ﬁ%ﬂosiﬂsl e%?tg %ect or communi catively

coupl edwhereinssaiddfilsamnpiti fnghgreotepris@ deftreommeitmhiafively coupled to

clai.m 26, . wherein said flow controller conprises a

di ?aflﬁlipé plmg 5. 28. The nmethod of claim 27, wherein

said filter unit is located in a clean room 29. The

met hod of claim 28, wherein each nenber of said

pl Thainethpd of clirh 26y wheraigesid fow contprlies edmpfisea a diffuser plate.

plurality of filter nodules. 30. The nethod of claim

28, wherein said plurality of filter stages are

ar TagaRthod df 8laMB LY WherBRWalidfiledr uhR3Slochte® il #WRaRRfdnt, WO

colums. 31. The nethod of claim 26, wherein said

filter unit furt her corrprl ses an input sanpling port

L?Tl’gé:' %t%glogre&gc lng Sal %fe %rlélfn%fr}lber ?fc' seu(fj p1%?a§1t3‘/ 8% & stages is
comprised of a plurality of ﬁlter modules.

The method of claim 28, wherein said plurality of filter stages are arranged in a matrix

having at least two rows and two columns.

The method of claim 26, 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, said input and output

sampling ports further being communicatively coupled to said detector.
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32.

33.

34.

filter stages and an out put sanpling port for sanpling
at least a portion of said gas volune after passing
through said plurality of filter stages, said input
and output sanpling ports further being

communi catively coupled to said detector. 42 32. The

met hod of . claim , Wherei. aid filter unit further
corjsringthed alL @alm ?l—lw%firelfl@ﬁlﬂ Ptﬂéﬁrﬁ@r EBPLtSs greopiroller for

S Ghhitdrng@petifibh of $:3d filefudlEt hod of claim 32, wherein
at | east "one nenber of said plurality of filter

nmodul es includes a physisorptive filter media. 34.
s ol PP ol F2 PRt 4 B orE el PRty of affer modules
chapaqy PhiysRofptiv EltePBEEA: 43

The method of claim 32, wherein at least one member of said plurality of filter modules

includes a chemisorptive filter media.
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