SYSTEM AND METHOD FOR Al R SAMPLI NG | N CONTROLLED

ENVI RONVENTS BACKGROUND OF THE | NVENTI ON Fi el d of the
wo pwenviieh [ 0001] The present invention rel at eBCT/0S2009/033163

devi ces and nethods for collecting air sanples in
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cl ean roons, electrically and automatically

controlling the sanpling equi prent, and calibrating
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roons found in manufacturing, research, and ot her

facilities are typically classified into two broad

caliedof ilednbasied on the static air pressure inside the

roons relative to atnospheric pressure and/or the air

pressure in spaces adjacent the clean rooms. A

paedaive ai Thopresatinentionreldts toraévidea amirdethtdseor collecting air
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thﬁn£JOM/Of air out of the roons. The adjacent spaces,
whi ch nmay be manufacturing facilities or offices, are
typically maintained at or close to atnospheric

prgssure b{ Eeﬁtlng ¥enti|ation and air conditioning
provi di ng an opening to the

environnment that allows the adjacent spaces to

|brate ith at herlc ressure.
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gases, vapors, and particul ate matter at
typically maintained at or close to atmospheric pressure by heating, ventilation, and

air conditioning (HVAC) systems, or by providing an opening to the environment that
allows the adjacent spaces to equilibrate with atmospheric pressure. Thus, air flowing
from the positive pressure clean room will flow toward the lower pressure in adjacent

rooms or to the atmosphere.

[0003] When a positive air pressure clean room is breached, air flowing to
adjacent spaces or the atmosphere is generally not a problem as long as airborne
contaminants present in the clean room do not pose a potential adverse health effect.

Typically, the air inside clean rooms in which electronics, aerospace hardware, optical



concentrations that present a safety or health concern

to human health or the environnment. However, that is
woeivaborsys the case, as other operations w t hPCT/URSE033163
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exa di scloses a negative pressure apparatus and
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5, B A8RicHi B6dPR 8% e %\dgﬁéﬂﬁraaslamfa%awrr@&naﬁ a clean
room [ 0008] Various FDA regul ati ons and standards al so

SPe6IA Y reqpbditRRBAY eghfVe air pressure clean rooms have been used for
many years. U.S. Patent No. 4,604,111, for example, discloses a negative pressure
apparatus and method for protecting the environment and populations from airborne
asbestos and other particulate contamination inside a building, which includes an
enclosure having a blower to pull air into a filtration unit inside the enclosure and
dispel the filtered air to the atmosphere. U.S. Patent No. 5,645,480 discloses the

general features of a clean room.



air sanpling and/or air nonitoring equi pnent to be

used inside clean roons to verify or validate the
web@anbiigess of the facility during certain drRgQI/US2009/033163

manuf acturing activities. The regul ations al so provide
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[0011] U.S. Patent No. 6,216,548 illustrates a control system flow chart for an
air sampling device for use in a controlled environment. In particular, the patent
discloses a controller logic that involves turning on a pump, checking pressure,
monitoring sampling time, drawing air into the sampler, shutting off the pump, and

checking for leaks in the lines. The patent also teaches using a purge system for



nmoni toring sanpling tinme, drawing air into the
sanpl er, shutting off the punp, and checking for |eaks

w0 poovheo1B4 nes. The patent al so teaches usi ng aP@UU§®09/033163
system forpurging the lines and associated air

oare Fbb T ERe T u" i Fu it A G REE PRl paer

Saiipbdengasret hods descri bed above are suitable for
nonitoring the level of contamnants in the air of a
nofer2) cl eaiNonoaoithe pvive re desasesd aif samiipg eethotiudescribed
acguracy a recision, .systemcontrol b taring,
P e e S

i N&trasth,. wiReCiosudd stghniple tvblame aeooral andpra@sidn, fspaters aaitrod
devi.ce and nmethod for, air sappling. SUMWARY AND OBJECTS
P Re RN TePERIng gosfer i BN olS RO 4 HRuTh g
syséraigdly, ihee Qligsemded fot\saohtd denick sndaaethed for air edngding.
roons such as those operated by pharmaceutical,

bi ot echnol ogy, sem conductor, and el ectronics

i ndustries, anong others. The systemis designed to
test the air within a clean roomto identify the |evel
of viable contam nation that is present in a vol une of
air. The system provides a controller and vacuum punp
that are outside the clean roomor aseptic areas of
the facility, and provides a renote control touchpad
and air sanpling devices within the clean room aseptic
areas. The systemrequires hard wiring of both the
vacuum tubi ng and el ectronic plenumwring for the
renote control touchpad. H ghly accurate air flows

t hrough the system are achieved using a flow rate

swi tch and programmable |logic for setting the desired
flow rate and acceptabl e deviati ons therefrom [0014]
It is an object of the present invention to provide a
nmet hod for collecting a volunme of air froma
controlled environnent within a facility. [0015] It is
anot her object of the present invention to provide a
nmet hod for controlling the flowrate of a fluid
collected froma controlled environment within a
facility. [0016] It is still another object of the
present invention to provide a sanpling systemfor
collecting a volunme of air in a controlled environnment
within a facility, the volunme of air being analyzed to
quantify the presence of contam nants in the
controll ed environnent.
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[0017] It is another object of the present invention

to provide a sanpling systemfor quantifying the
w@ewaneo1ef contami nants in a controlled envir oPeEN$2009/033163

within a facility for achieving regul atory conpli ance.
[O [ [ gﬁQQS PR nthe present
i n%ah‘%]%‘{t‘%ﬂ%pg\# e a E%Ht em\Z@ngT&et hod that takes
advant age of wireless technology to reduce the nunber
of uct ur enetr.ations bet n -
erk0FHent 16 PE BRI mPH Gd el SpBEe Pkl i gt
cl aarak AMs sidQi HosBopeediddbyddacmacbeidal, bihesieokigg, somirer
obj ects an eatures, of . the present.jnventi.on are
acsysar a[ecs@“%%ﬁr@a aalﬁﬁg Pty TR S dR s RarEiodest
bYyih@ais Withi@Mcleah 669l ®GEdnAE the 1O¢IWbTRIabIE cahtiminBtich that is present
control |l ed environnent w

thin a facility, which
 plealEe Rt ah TRODHER Ao agoBTES thd et R P8
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at AR ovPral SARE R S AHFOER Sm M OIWI JaRt Br RlndQhe desY@CAWRate and
punmp in fluid conmunication with the air flow switch
andceptabhdenigtensih¢ef@’sl y connected to the controller,
wherein the touchpad |ncludes a Qonnunication§ g?vice
f o0 Hndi ngltds ¥t yeet &f thnaresenbiny Hélor brpyflg emetrgd for
C odd118&itng laRBILMRIH AR fidhn AdohirolRAdnSifheHcRGviehiSh @RilRy. gnal
to the controller when the volunme of air has been

cojpbesit ed.  [(QOZR)heT &R ofiRe pREME InveRjoREd Srodidd a healburas
of the present invention are acconplished, as enbodi ed

angPriralling the dewirats @2 Heidepiiectedyrom dretrHedr kY rawtaneething

a pemigne of air froma controlled environnent within a
facility, including the steps of providing at | east
ON@ORd|r Samplii 901 S6hkCsdjdut bhthdpredear iBAMiIbOLD Rovide a sampling
envi ronnent; providing a first ajr sanplin9 caontrol | er
pobfepisiodertina Ve o R Exf i iedifmertnmeRt vithip g facility, the
C oMM &dir R Ihg\Whilhzet REq@htify@RS freRN& Ficbnt&@ MRAt fthe

devi ce; prQV|§|ng at | east one touchpad controller

wi tRiraladifavIESERGI | ed envi r onment wirel essly connect ed
to the first air sanpling controller; providing a .
va@ﬁﬁﬂ1sourHésWW”F¥ﬂ%ﬁ”&gWﬁﬂﬁ?%%FWBMKWHQHofﬂ%agFW§Wg

ai Jys AT duashi f$RB tHeQlnl Bht Qb tamBEKTENY GatrbIRG eAvifdngRA] within
fromthe at | east one touchpad to the vacuum source to

dr &l HtpPeateEngT O FURRIABES- ai r t hrough the at

[0018] It is still another object of the present invention to provide a system

and method that takes advantage of wireless technology to reduce the number of
structural penetrations between the controlled environment of a clean room and the

space outside the clean room.

[0019] Briefly described, those and other objects and features of the present

invention are accomplished, as embodied and fully described herein, by a system for
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| east one air sanpling device at an actual flow rate;

and outputting a signal when the predeterm ne vol une
wW@®@B00ai100188s been col | ected or when a fl ow rat ePCTIDS20091033163

the at |least one air sanpling device falls below a

mred val 00 Q@;gpts
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beiadndes hepwtailaf lo%te(h(pmdeem gontrhiéedreay morencof, tlteh:@ntroller having
|nvent i on l.ear U t ref
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| nvBdpdroin ﬂutd’lfbnﬂmmﬁﬁd@dwmﬂ atilenst cmndlrtsmnplhg dseveloadted within

dr awi n s t ached her.ei n. BRLEF DESCRL PT
Or R RS 73 S gL hE N Bt il g Pty and
f arﬁalhaatny ftﬂém#lcnﬂma atcdbe@n pf@ﬁd’@ridihﬁé&ﬂ(g); &E@fzﬂl‘ltg BgacdiR pump in
ect o e, present vent.
@eﬁcwgmﬂww@ﬁh%lf Wasle nag*/dﬁdﬁ%ﬂﬂ% '?;%‘%f%‘?ﬂected to
aCtﬁ@E(ﬂitlﬂgert RhAE! (1R IBQAPAERE U@ alchBmRACSRIAE dévideaDit sieﬂc!ﬁng a

for use in the clean roomof FIG 1; %1‘10244 FI G [
a Frbrignaiiodbs canfraber 1o caliattihn yolme o fettdaanding %St%wa to

St@t EHoBddviRn RUGNRRGDLfAG $8J KheR Bollctte@ne enbodi ment  of
the present invention; [0025] FIG 4 is a block

di [@(mﬁm of an@emhhd BheddbRcEand fedlutes lof 5B @va@en‘t IihvEﬂltGm ae ;
[0026] FIG 5 is a blogk giagégglof pur n1for
pUACERTRR)Ishefe as§bodicd gnd ﬁg&}y g3 pegishe a.nhe ow ecting a
emﬂhmiir BIm 1 BshuRIIESE@R rod Mhe Rithia; fadi RO 2k ludih&Ghe BtepSof
process flow di ag ramlllustratln an | sol at or

comwlélmg at legshggpecair smebfa depjcgswithin tge SO RRAENYI AR of

a A:euahp @%rs@ﬁﬁ %rﬁ%lﬁ‘lg thQroQ@tep(ﬁtsdQ@s@de R cdnbiBIIRI @$BEHment in
i nvention; FIG 8 s bl ock di agram of an

ai fiuid aqmmvmgﬂ“ﬁﬁ mlthé*rq Hfagyat @ﬁ?%)ﬁ%‘&g dF g P@"Qﬁlﬁtaﬁ kpst one

enfe&d\lpg@wntreﬂerm@,lr%@@&l%uécr%em&mmt k Qéleééﬁfcohﬁbcte'a% the
cl ean room of FI G DETAI LED DESCRI PTION'OF T

P@W@pﬂ%@trmrm@m@f vassyBrsaprcpindiud ‘f%numcaﬂon with
eerQstEpga%prBg Eaﬁroll&\@%ﬁt édﬁﬂnlﬂﬁ&tlﬁif§9§ﬁatpﬁgmft95 at l%aﬁt one

| lustrative purposes, bei ng under st ood t hat
| riPeipRbly theayachian gpRsdp é@“fu apresieiramingd Fplgmp ef air through the at

S pl@&s't I)leeca‘f?'lJ sla%pﬁ@cywﬁ% Rt &nhﬁtug]rf@d% fags an({ &Qﬁ&t}ng@'ﬁréﬁfanghen the

first to FIG erein is a schematic
ex@spgsteamine volume of air has been collected or when a flow rate through the at least

one air sampling device falls below a programmed value.

[0021] With those and other objects, advantages, and features of the invention
that may become hereinafter apparent, the nature of the invention may be more clearly
understood by reference to the following detailed description of the invention, the

appended claims and to the several drawings attached herein.



facility 100 having one or nore clean roons 102

therein. The clean room 102 is adjacent a space 104
w@eaotibasput door at nosphere 106. The adj acent BEEHUS2009833163

may be any one or nore roons wWithin the sane facility

100. .t hat QI cated and that

a @Fﬁ&@é@%@cﬂégﬁpﬂ)g b é%‘gﬁ%{%g for exanple, a

separate nanufacturlng roon1 another cl ean room a

finish and {] room a search | ahor at
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is less than the air pressure P2 of the adjacent s e
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- FI@L §; i s acconplished by an HVAC system (not shown)

that causes conditioned and filtered air to be punped
| Nb624f he cl pRY 3199 BlodOdia@hmdf & OsvitFollbd @dnefcted\w abse Qhtion

as depicted in FIG 1. Ar |nsh? the clean, room 102
t et 2 feychuapererdng oone sRotREH pqumvsranonof t he

| 102 t |
i) ence Bt vtééﬁ%%% liﬁgmégap% S cotppe i’ gletf@? 3
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r B0z BISS 3 & BloRr Bl ot e Buief D s hSaiEg e, n
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system 200 according to one enbodi nent of the present
| uET i on fBIG.6Sea brocsafiphiditgraot illvErnitihgan isglatoheonaoteri n
ge .cl ean room 102. The air sanpling/nmonitoring system
2 ®'°'ncl udes a controller 202, a vacuuntpunp 208, an

R e R R R T

snﬁﬁ&nl@énﬁ@abmjs adj acent or renmote from (i.e., not
directly adjacent) the clean room 102. [0034] Renotely
cqoomd¢t ed tEHIhﬁs@bh&k@h@emcﬂ@ﬂaﬁ&n@ﬂﬁgmnﬂnah@ngmmn

\évlaa:céog%%F |aﬁ18t?‘8 bé)gnCh&%tp[hé gr%%g 951?' fo%r&(sje 1%3&6@?6% Mo

wrGe1n is preferably 1-10, but that nunber i s not
l[imted by the air sanpling/nonitoring system 200 to
any particular quantity of air sanpling devices. That
is, the systemis linearly scal abl e above or bel ow 10
air sanpling devices. A typical air sanpling device
suitable for use with the present invention is the
SMA(tm) Atrium by Veltek Associates, Inc., Mlvern,
PA. The air sanpling devices 216a,




216b, 216c,..., 216" according to the present

i nvention may be any known air sanpling device for
w@eiobaatiBfrg a vol une of air. The terns "col | ece€Ty$2009/033163

"sanpling,” "nmonitoring,"” and the |ike are not used to

Sl bR Foscl TR RG FEpRUbiRhie oo

separate certain gases vapors, and partlculate natter

flui n
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| NHgRaiaranmesy it being Bhdefstdod tgRER SnveNRMan®); bedtbodied in other
particul ates; thus, "air sappler” does not mean that

orfPxmsH1of Sneglﬂs?élywaowmté?:@réwmgf 0035] Although FIG 2
shows only a sin Ie touchpad connected to.nultiple
P ¥ Baiereae BRE Foyg e g pqeiet O FLegblss
C Ot BN 0eh&And HRlor m&r&eam&onkzﬂ 0Qtitkeedin. HTHeEtﬂEgﬂliT(ﬁﬁﬁ $020if
touchpads and air sanpling devices. For exanple
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t QJdGRPBRISordddte ARdEhs M ithinStBE N a9 M DG B8t Bd Bleariooma 0D &ps
a single touchpad 214 may be connected to two or nore
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t QHERPRArAE fooBYndifer SRANRGMES fihiSh and 1] %Gmaé feséafdiRhtongory,
devi ce 216¢. [0036] The touchpad 214 is

c ometfifics aThech*Pawrqu?‘ Reand adiageat page B4 2r%9§pwt?%bm@md6%
usi,Ag. M (g] ess neans such as a receiver/transnmtter

212 associated with the controller 202, and a

e[@&z}rr r/tr eRsAbdntr&6m Z@ﬂmammgta?drawlﬁyh ob lihecapmmmg
214 he receiver/transmtters 24 are on the

santinfinghatfanagoeseye Prbet iy s hangbeait Bretshie Fowbihgpeiageny

S%EQJe' 109/ 78Rsb Rsé Mdn %glﬁl@?@gppres—ghﬁ }fAF&qplﬁD%)écd%phshed by
selected so as to reduce the Iike

i rngd Y &F erden (tiof Fhopmhdpt apish mrémon?drﬁr@rfétefeéélrm bgpunpgd
anigtottﬁe&t,eag]gléim qmr&bﬁtﬂme@ ﬂ%wf’éﬂe@m Empﬁf%@tn{ Pi(l} qr Aapl%snde

ad 214 are renotely | ocated from each
ottheelear[ 1008 71})2 Thiakis omepasrouprdlras oficrwiscaltgytsi qugoidbs ¢ leangoom

211@@’15 L%érggenga%l}ggom &s FO%Q Q?@E gﬁ e¥e%c@be¥x@&“l@n AR . %Ogc;‘eater

(descri way o e controller 202 using
ortbarorerqyg rpeswerprcsalbeshdzﬂtbe mpginteinedrayhdrdeap romn 1 ¢k h
vacuum tubi ng on the clean room 102 side of the air
sdfp3lng/ mohimigingy te VEG Srstxow, thepig i3y Woskirerapa eliammair

t Lglghqung%om?,nggys?e%@mo a%a%ﬁ%{lo%e%}n@@d iREn ot redrdsent

sanpli ng/ noni toring system 2 hin the controller
20avangomfomuss i odndpl (g ot mehigani thetvdrtin theadeaprqonpf02; Hae air

I ”5%151 %ﬂbm%‘n&g E}é@%ﬁ(%%gcludes a controller 202, a vacuum pump 208, an
optional purge pump 206, and an optional computer 210, all of which may be co-
located together in adjacent space 104 that is adjacent or remote from (i.e., not

directly adjacent) the clean room 102.

[0034] Remotely connected to the controller 202 is a stand-alone wall-
mountable or benchtop touchpad 214 and one or more air sampling devices 216a,
216b, 216¢,..., 216n, where n is preferably 1-10, but that number is not limited by the

air sampling/monitoring system 200 to any particular quantity of air sampling devices.
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toget her and connects themto the vacuum side of the
vacuum punp 208. I ndivi dual sol enoi ds (not shown)

waz®oadEsed with the air tubes 220 are used toPCT/IUS20091033163
the air flow to each air sanpling devi ce 216. [0038]

T R B o T AETR RS

paypita) @ir eAmpling de‘h&&rmltalﬂefﬁr il&ZWlthTthe pesant owentionds the SMA™
tubes 22Q are connec t mount ed.. qui ck

o SEBRTE B Pore 5 oedrdn T THRENAP e ites 2168an
r ongh, 208e,..[, 008Pdccdrbiimg vaube presd MPerk o8 mag ba aﬁl)enm\dl Funp
that operates upon .receivin nal € .
cOHEPUAE G5y ico 67 cplrcgpet Wi Igmef i 2‘1‘% &g n‘f‘ﬁ'@CtH‘lg aneaflne.”

S afiRInttBiGheCYanki @he 1Kk alchoP Q8 E@l@feli"}’usﬁtos’ﬂ@[&:%’fﬁmple dev1ces but
alternating current provided by the facility 1 i n

mkﬁl@ﬁefiehf@ dgyipesgbatpracerg A Mo af @Mdrig 0@(&9&%&9%@%@“ gases,
hﬁjs | 8 parBlul Y rRAWEH eI foPQib&RNEt @hdiRis 240 %uér@fﬁcatlon.
bot he vacuum punp 208 is connected to the
coTherthmS pirangd “fluidngre @sedzinterchangpably i9defgetogasssetagery, and
Vﬁ%H%ﬁla&Q%ﬁb@“&% grer Sd2Endt WRiaR thal By Ak RBehg cHBREU:

vacuum punp 208 according to one enbodi nent of the

Prgespt | NVARELRRA FIE. Pshbws ofl RtolcABIIMURYARcted B
d|@6ﬁ2rge fronf%he vacfjumO v Gﬁ% P 9|rected oStS|de

t Haultiplp 4 sappling dewicesGaa, g %gh\mqﬁ e t‘h‘é alse potapplated daigthere
1%& [nelli= g Qgﬁ%elﬁ%@mmhgé’ds Qhé&\lh%ﬁﬂf’mﬁ HBES s 2B&r exhiBPE0]

optlonal purge punp may be connected to the
c dh@r? olay be a poRtorpsie myio@! Ilivighahordissgieeudipagiet!dpd air

VascaHl #QICQQZ 1(60$J})%Fha§§ gﬁnél@@u%aﬂ@)’%ﬁ!&ﬁ@e &ﬁné&@&iq}) two or

|sc arge fromt g i's directed
ouv@‘fi dis Sf!lhlémadji“a@@ﬂtmasfﬁﬁczé b, gvhile ensenma@qwﬁonclxpw@ Hdpacknt

Spc%ﬁr?ecgegz{'oa%?rdqg%gﬁﬂmg-ﬁlg%cgtl%%har ge will nost |ikely

be processe hr oug n abat enment system (not shown)

0‘1 ﬁﬂdé' eCt  fe BN g@a PUgH QASRRiAHRh mm,@%mmmoz by wire
co ted during the purge cycle (described bel ow).

[ CU419r uFihe Wislepuneans SIEh apmgechiecr(jpaemiser 242 @agosiated with the
r ec%g{rgifel; 202T|31$d £R08 Wan%gerlrﬁ?x a&gmgte&j@ml %tt&gzhpad 214. The

conput i ng devi ce; however di cated or network
C onmer/trgnsdvetmrs:bl 2, R4re @raﬂiy Samﬁshlah freqiicedy thdiés dragic|ty thy

L10Qerali R s&rﬁﬂ@%’nﬁ@géﬁ@e&»ﬁb&%ﬁ”‘?ﬁéjﬁ%:&?c:‘y g?e&e%terd% Q! @i Dhce

pur poses. e conput I nc ude
t i theliloflihs@igliggr fgamwp hith @&tec;quﬁwragt in tlof fagikitypllOg, andhalpermit

Sa&%{n&m gﬁ&t Iv\%@n th%qglﬂg).llglt ﬂ)%rang glteg%tig[]%:%%ll ag- L‘r&?b{%ﬁ{el&%d

therein i1s I agram o
from each other.

[0037] The one or more air sampling devices 216a, 216b, 216c¢ are connected
to a vacuum pump 208 (described below) by way of the controller 202 using one or
more air tubes 220, which may be 0.25-inch vacuum tubing on the clean room 102
side of the air sampling/monitoring system 200, and 3/8-inch vacuum tubing on the
adjacent space 104 side of the air sampling/monitoring system 200. Within the
controller 202 is a manifold (not shown) that ties all of the individual air tubes 220

together and connects them to the vacuum side of the vacuum pump 208. Individual

9.



controller 202 of the present invention connected to a
base station 302 and a touchpad 214. The controller
wQ@em9iteraBudes one or nore individual nodul ar pPCT/ES2009/033163

308a, 308b, 3080 ., 308", for connecting t he
SO0 B A3FeL L MR L BB TS LIGASH R

nofi@y foedehyindamplidddvasel2y6.0ne touchpad 214 |s shown)
The sinplest configuration would be a single
copo3syl | er 2ZRRtohehpahyl dand iairghreplpgrdevid@®d 6 iare coriecatadangether

con ed to e or nore air s lin evjces 216 and
BIRAER rostn LS P s portion 2 e BAR tasBi TS i FrGra T

pomtaesiiQ@ Bre@afmetiag b PRalnpideled QuitkBscoMEtr Qltlke12628Atedat the

connect with an additional one or nore air sanpling

devaltiashexignregiti 19%e t ouchpad 214 can be updated to

have an interface that 8 trols the se

OB e The EeSun pare S0UE Akt d eiaD ST nigprgeseiving
used al ftha thesothigire 20214 opétdieat the Segimlind ef o8l aitls@rﬂﬁhn%]o@cle
of t port 308b can be In the sa

0 oo by A aAL B e G SN BrG GBS Paitly F0gyin pipish

Pah¢ i SBdblinDrionitéting selétéh QO@RtinstIeR 0P by pVadr floROI céHiroller
can be in an entirely different room The Ports 308a

3038 (ordegly. The vacuureegmpa?félsmmeﬁét tofpcieAnplg o2 yyee 0.75-
t higdh dlnﬁela%etéaﬁtatumwfhbd@qb@ats% 1REhay D@ KIMRES. aRd

software, including fittings and connectors necessary
f ofacRPHER &8 acPeidiBe FopnowBIbad meptRd hrgeiFairn toptiomkad > H

t oSyl 9&%%' yheccﬁnhalg@ franltee Y us hRg2 6 is BRI JIgkide
ports 308a, 08/7 to connect with

i riBs ydisaed sptcsd@ﬁp)wsthmhe eimettﬁew 185 gppeededas Hawn ér

nqﬁghgggu§gﬁ@2|ng devi ces 216a, 216b, 216¢c, ., 216"
respectively. [0043] Al though FIG 3 shows the

t qugdupad 214h&@ﬁnﬁntpeﬂgetp@m§z§6 ngtee maécte%Q§the c'oﬁtr(ﬂ@9202
be connected to each e ports 308a, 308b, 308c

.. using§5- laﬁbthtctffdiMne&rl \gﬂcwbn ahing (ehertsive tehing mangdsa begrsed).
d_eMteQi%%heg %ﬁﬁ'} 206 1s dn%gt@d out§i§SHME Q&Jbééﬁ! %a&eolr04 or

directly connectedr%% each he alr sanpl
devithiethe agigcapespaces HYwrs rtendeldl @be dipcharpp avilg entstrltkletyéae pR@gssed
p%ﬁx%ﬁgh & &Qéh&m@%&éﬁﬁ &bt Sy %ﬂ@&@r sldh &P;%a dab& and

sanpling device 216 connected to a gartl I port
30@ntamingsts colirsted ghtingothe sirgnaicde desstibddbstahe t ouchpad

214 or the port 308a are sent to the air sanpling

dd09dé 216 %h%@rrdv@t?nét}t ey peousethana dgarecpdart T ewpumﬁlo

n t e {
o SR L IMBLBISHNES AR EPPREC i s

noluicars alreg yriesjalled vietha fyilinuligethe ggmputer 210 is not needed for data

recording purposes. Data recorded by the computer 210 include time of sample,

sample date, length of sample, and sample location, among other data.

[0042] Turning now to FIG. 3, shown therein is a block diagram of the
controller 202 of the present invention connected to a base station 302 and a touchpad
214. The controller 202 includes one or more individual modular ports 308a, 308b,

308c,..., 308n, for connecting the controller 202 to the individual air sampling

-10-



ports ", depending upon the needs of the clean room

102 (or clean roons) as specified, for exanple, in the
w0 paostodsal facility air sanpling protocol, steCmasm09/033163

operati ng procedur es qual ity assurance/quality

gg tv{cgﬁl Iflgfi a?ggl} 2r1r§<8 gﬁéongpeicgveci aFg { 3%%@& %gcﬁpggs 214,

al (only aAploattpade pd ﬁy]ﬁxde Th]e ﬁmpnﬁ conﬁgmmn &\Ioekalrberacsmgk:

102, I'{P %' ch.case 8 ave a correstgi?ﬂ) nunber
ofcoﬁH? & aé(f”éraasmg;ﬁ pog} 9 %F‘ 5B OME aﬁ‘gre air
ai fampaAPldvings 2RVAng @SindkGaucBAHID, 14 Zil&iBther room? 167 addﬁi’@dal port
_one touch ad 214 are conngﬁgt ed to each one of . t

S) FRLAED oides Sohseconspliss 20 Stgennest Wlﬂsresaddlt{oegfsf or
Eatﬁ@re Qfr shifingudii¥d sl and Ad BuchPRe2 14288 Be uptdRA to have an

308" include at |east a connector far connecting. the
i nigteufaesubat copsfolssthagsgand ainppmplingydsyvice 216 or a sgeend tpuchpad 21 4

| Oxgg}eﬁesusedéu qhe Rchfg 2P@£H3Lh‘ir%5m§ﬂi% deOi'E:estIJl 6@ BRport 308b can
devi'ces referably, at |east two nultipin connectors

arke ip ghegamprgopsasdhe tapghpad Pidrand dieriisprmplingdedices 216 for the port

el R&h 'duf &l HFFGORARG L that BoMadi@hh 64 in aﬁeﬁt‘ﬂety@@ff&erﬁ'r&m The
connector would include, but is not limtéd

9-psirts 38%m Akb: 8¢, [O@%Pre'fhféh%a@éu‘élt‘%?F?%thmﬂ‘ci@e H@tr@éval
| NYBRGRA h\Fer! l%m@%d%!)ﬂwhx% 199§3119Qﬁ@m?4 éxJaQHﬁne\é{oFser{e@&%ry

comuni cat i ons features for conmmunica
colet prsfratien. fogher Tipedshihs modvlatity grpkghe ﬁvaymb@%bcqnﬁélaﬁlé@ by

Wi Jdlaln%%?re%@h%%%h?ﬁQS%%Sb 03r089t h%bWI t%%o%t:ts\k/gﬁmh%ual

cleanroom 1 , be CO- ocated wth
t owedhpads 224 4nd their asodidies cuﬂe@amore@mmmglzng dﬁh@eb@:ﬁe 216b,

st Ati.on , acts primarily as a data
co%‘rt?ljnl czjtg)’lgé%ﬁ@d“gpgy bet ween the touchpad 214 and the

t o@gm' | er g&ﬂ%ugm(gb?smrtﬁettb%%gyd Lanpected 95'%%@p0“

.ad 214 vi ata communi cati ons network
sui§ntinean belkennedad tepach ke phots S 0% B 0§ &@fct. o, Yn and,

di 15@%0 1%0%% gﬁhgﬁesg]p‘i Pgd%ﬁ)&g g%al ?lr6b2£)l%c( | 2q6n rlastpem¥ly

be connect e wre ata comruni cati ons
ne(tomljrdctlswnntagd toeachmf tfmwmetan;:vmps pubsst howetimbik:2).

nfde%%h?&le?2%%§i%g &?Ml; &e%eden Q]Eett\ggcrh ad f’lld%nd R sgr\?\glrirlé degirce

ea netwo rel ess net
a Zlorwbinmrated one rtiquét worrt RSS. Ibcumthﬁﬂooaoll segmsls betdiemmthehe

ouch ac%léioorr] th?éop%rt%ﬂga QS&‘&%RHRQ%’ 9%?@%&@6521? ggltcghnected

I cations ‘networ
r etoehaw ezmﬁetnoarw&a tbtiteros tei3hOair Sibibling 004E]2 19 kenncomnd rocth¢ port
20 nd the base station 302 nay be operatively
connected to each other by cable 314, or via a wired

OI‘[OMJ] el essBQ(%B& tﬁgmghe‘}%bi %l}xsl'odular, it may have any number of

ports n, depending upon the needs of the clean room 102 (or clean rooms) as
specified, for example, in the individual facility air sampling protocol, standard
operating procedures, quality assurance/quality control plans, regulations, etc. For
example, the controller 202 may be used to control 1, 2, 3, ...n air samplers deployed
within one or more clean rooms 102, in which case it will have a corresponding

number of ports. Preferably, one or more of the individual air sampling devices 216a,
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network 3 16 using an integrated radio with digital

i nput/outputs (not shown). The data comruni cati ons
wWo2n00sB816 nmay be any proprietary or public PEt/vs20K9/033163

i ncluding a packet-swi tched network, such as the

I nt T ift I
20300 e 2 SR L AchP 03 Tl Blkeft J A BRTERD 1
f riedjuidnd poittha(t8aj H8bH0§ue ., 3084. he overal | air

sanpl i ng/ nonitori ng system 200. The frequency is
sgbers]ed soEah df therimdlvidenl pbres 108k SI0Bh308L, 0f 3087 include at least

opRSPAELTAE A RS S AL Ry ToPPRG S

COBideR] sdB'é e cohbiliert ot dabther detipert Peaférphly, am&wma multi-
The receiver/transm ttfgle%lslo | ocated in

SstRif FRmeeiers aredised. (Haus plapwfispit 9%%%??@?@?2& Caefafﬂsa in

| Nbatdligl. tONGARRPinkcbindcRs alo ihdludelisut & iRNmft@e) alPginar e
a dedi cated pair that only comuni cate with each

ot‘Wé’PeCtoThe receiver/transmtters 310, 312 connect to

ﬁ{l)'l‘{ﬁi/] 8 ﬂzﬂp ullglaﬁ(,:llfargg %é%gnb.’;%g s éeggrtg g'gsg aleertgu%héag%t.l 4 éﬁ,(gsngned

pWoﬁﬁjwk‘&ess@Blﬁmluﬂlc&lbnﬁlfe&tuﬁeam doﬂl@luﬂﬂdﬁhg vaticthbeanaad a2,
an_air flow error during an air

P06 bRt h S By b6 Bt v e SOt G e ye side

ea&ﬁé‘cl@efn b&g 100 Hinthydle cPMched 3B ahe 3&BBad BA8side the clean
The base station 302 | ocated near the controller

2020fh d82-ahhe bagr Pt W hiehActs REImagh) a8 ¢ daecapmuicripns fay
COlehRsRaRdb g eﬂpi 1% 2308 comR¥es 203088y be operadOdy cd)d%e&tl‘:lﬁto the
controller 205 [ 0049] Turnin now to FIG 4

t Hevedp#l 314 vip HHAE RN HHTRHATSTEDIK 0Giph @thi)@whps@)é%f

tNRCRARNLEQI b 8E 42Q2y 36GREEE RANE QnBBRere0PAdI Bl HofcodiBted
present invention. The port 308 has its own dedi cated

t i wieglesglg, Theidetafdommusispticnn netark IPiomeybe auy prapricty wepublic

S LH%RL(M qudu%azg pgcﬂgesvdlt@ﬂe%rnfe%%( 408, asiiRQhleinkd a%é§lta$éﬂ
Contro Acqui sition (SCADA) interface 4 10,

an@tijwem ngtworkh er qratbirBgen etk dromimigpications
| %ﬁpe%ﬁ ieosftatf&lh@f am% t%u@ﬁ)ﬁ@Q 1?916\%1% Iaoﬁd?ﬁmca‘uons

contro , as previously described. Thus, in the
eviehrork ﬁ@6 poid bedbglifagid bs receiver/traspraitiaisig0.pde s

associ ated with the controller 202 can continue to

f Ufe47l on wi The epngalierBPandohe bask slpbgicids mayive oRBfiHchY

dec%'n%te t(§ ?acﬁ %{F‘Bk’ﬁsca'bl%% 1@%%‘2@ \Lllrédyor Qflreﬁsssdawoﬁmﬂﬁﬁ'ic@{mns
system He port has its own direct

curepveark 3 p@werrg aqloategrawa rgdéo ‘Mkﬁ‘t digie) dpgeeitpush(ngt shown). The
c ec%ar @Hnﬂﬁ%aﬁ&%‘é wolHs l%erﬁé)poeoaﬂ§ lfn%ﬁaﬁctargo? HMlc n@%rl@ r

direct current votae I'fts are el m nated usmg
optéledihg @wbttrsn\gtchqdrr@mqrs spetots tlsehlewmet Thmscegyﬁ@i\v@ndmﬁ@rs

St(ﬁ%e coﬁf?gleF 9@?% tREESO5TRACD2 2 ENRSR: same high frequency that is

unique to the overall air sampling/monitoring system 200. The frequency is selected

so as to reduce the likelihood of interference.

[0048] The base station 302 interface operates as a two-way (point to point)
monitoring and control device with expandable input/output options. The

receiver/transmitter 310 located in the base station 302, and the receiver/transmitter
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circuits isolate the SCADA direct current ground and

t he SCADA vol tage distribution systemfromthe direct
w@oopaatisayol t age and ground distribution syst emeT/n81009/033163

shown) of the controller 202. If a facility systemis

pr nt, ..t and tro 02 vv|I
o S8Rt vRLAbF AP PLb T 508 -l et sfEneqa o0
e ntahltl ol dohﬂnda&auedehyaa&y(sh@rfr}&nebetvias!trmmitrem 316r 31202ntest to
be, connect ed thI ng, cabl es w.t hayt .extr
o PEPUEG e bR Spsere B e B AR DoRE P -
SYX8@ Ak poweRd upCird intayt aﬁr)é&hﬁlmg?nﬁmld Sand bfdat¢asindn as fgﬂ\ad:rr(ﬁlr
recejves a current signal that is referenced to
£ S oy BEsEIPE LIS (TR BRE SRR P V%558 et theniade Pchviey of

sadaeh ainfde RlifvR/AIT pofs 9684, ﬂf8be§08m naoBMIrkeWise station 302 located
i nt erconnection of two stems that have di ffere
W?IGT

poRgeF the eejiioHerAdiA has ani tquﬁ'éat erabled fiagstly iy Cozlreszorlgmg

usgsk $08a,7508%, B08c, L Neosiif 1o aPRldIRg@YyCl e duration. The
timer 402 may be focated at the controller 202 outside

t hgogdjean r oeminkQRw 9 FI@L4, bRVt tRetE RArbI8dddiddsh d€ard he

cl ean room 102 and connected to the controller202 via

| i gremplpgy Port98 of the Gantepfler 308 apqopding te@pe ppodiment obthe prrent
| sinphysieh, VAR Rridbs BSBeltsmtJe@lkit@d' tirREH2 08N ®w aWitchine4, dlrect

touchpad 21 Each tinmer 40 g/ run 1 ndependent Ié

si weﬂtaq@@@uwyly\ﬁm rwrcsvtr?emer&?ﬁﬁg Jerglity Prigerp Copirol4p Dﬁ‘éy

beA@cﬁ:Ii t%"{\g@ng?m@er}ﬁ@@m stanegandr 412, 9t 850 3¥E% Ynodular and
accurate readings. The tiner 402 starts the air

s ainfitperignegferher paTts apsosiaied Wb hreaeasoton Py ghpricyigusly described.
' ”lelts/ i WeRWLn 1R p%p[eﬁS ?a(i)lls qg@ﬂe%m(r%%for@ ngwatecﬁagh ﬁlfe QBﬁtroller
t he vacuum pu timer he air | ow
swiiZctrn40atinkp wfwmv “athglembbrﬁtrr@ t@&@@p@%h 5@6 mediar deSIgn also

' Weﬂllo%s%& &Eﬁblﬁgﬁdf A le%oﬂﬁ %fsfg}nefﬁ{]eé isllleggﬂ)?tl 30|8fha% %€own

proper air OW’I'S no res timer 402 al so
prd&iecdrsrent PRworot b sandiis e depeadaneon a paovwelizet powertsenrce to
co e f
PIRARE N Surlodi ARk burttE ARG WAHERD R b} B dprical
cocrmelthg cirouigs (ceishovmrthes BOADAE balle arictarwéusﬂfmﬂformance These
g I
PR e st BEQALAIARL el A OOLEL o lblon

VVI SIyISIemrf@m‘ the dirdct yurmﬁt)volmmaand(gmund) Idlsmbutztﬁhzsystnml(u«)i@hom of
i s@l at r not shown
an 9e co ?rtogergbg h{ t %01] Ot}/ system 13 8rel)sentt h?anmenéoggﬁl%eégp Fnot
f aﬁpbndqm as:psﬁrmmdwﬂcmhem gmumcablseonmﬁmnmﬁhls embjs dizl feerBty
L?srytsttﬁrgeag% g corrt%&{lero@& hges goglgt rte%l l]pré%(,) %Ble-srbv?thgul% egtraona)mary
af diect @eceldnyrdune indre@nes®sn bexmwrodhst\m sylstsmls althie daility system
i nterface input/outputs of thesg g

sends a current signal of rec€ivesa current signal’that is referenced to the facilities’

direct current power system. This is a safe and effective way of eliminating the

interconnection of two systems that have different power requirements.

[0050] The dedicated timer 402 is used to monitor the air sampling cycle
duration. The timer 402 may be located at the controller 202 outside the clean room

102, or at the touchpad 214 inside the clean room 102 and connected to the controller
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[0052] The nomi nal or set-point volunetric flowrate

t hrough each of the one or nore air sanpling devices
wWQ1®a/10d86b, 216¢ is 1 cfm (or 30 1pm). Thi s iBCT/US2009/033163

acconplished by t he 1 cfmcircuit and the air flow

i 0 | giptal
aV&rOE #1adin lme | sp e Stapys sz tlﬁzvflmc’ 45?@) @h%fboh%ﬁk ﬁdo§§er9abg:: zg'rtJlfeay
al donﬂ‘rcblt@WZ(andrﬂ/dr at thé toectpap2r4. rﬁanh1t1me1(4qam)ay ron mldcpehdzcmﬂy or

nut e The .air.flo
D Gl Sy 8 e pprar ol e nf s S 4R sty o bR
g hiaugh td BRaip 06 230ateliendings. agve @hér 45204 the atiy@ifnﬂmg&cle
oes not neet re-praogra or set-poin cfmair
£ 1398 ispus Gem b ngtw@t}é‘f B ROPRFOLe 31”8% oWy start
SiEOMcudh lF@m:ﬁ 20 eTHEIRker 102 RE R BF ARMAswikhaoP kARl e@t M t h
a particular air sanple. Because the air, flow switch

40amplingeygle g en gwl%twnd ideclargs® hefmbereqrsigngldy the propercpir
AGRIWS hopr&de AN ARE Bmbt 40 250 pkGlidek SUE PoldSirBet Nadré@ Pawver to
Institute of Standards and Technol ogy-certified

sviithes Rgmpoagefs i the gort MR Andieghpadoitaf fect s caused by
pressure variations in the air flow tubing or the

| d8%ll on of Therontplier ePplps ainterpal sparfacs thaf gﬁntcgvneﬂ Y

SWutteherdd SCABAI i TRE 30,0 t&RMAr 492 r BProgem b ORgict rom
systemto (éstem and it has an |nte rated fl ow

dioﬂfé(tll?éfﬁL ithaé paniaterfece Witki oA eHDE éVéteﬁi 5Psétqdonsafe

Thgcigdyr06. @ms Wb 16 200 hclbesR GBI GRbre ARA shown) that will
electrically connected to an air tube interface 408,

wHIoE freate i Xpdiageashifistog Beundlyopsovhsnsgissted tunipsilityatystem,

C%ﬂ&?&ah QRYsP SH¥RRNod B‘%b]@l’l‘lg £dr lt}%\"facﬁmyto? t}le%gﬁ]{rc@lfer idre Thert
and a renote air sanpling device 216 (as shown in

FI r@rgezr)ode\mme@orarqﬂlﬁgmaﬁ negjiterfaredyy gwprragigctadly thg wireless
prc%fn%1£ gxqsol?uofnllﬁ%a&){@%ﬂ&ﬁ‘%ﬁ{ of(tﬁé)g)@lgﬁ\t ) could also

be used, If pressure variations are en into

ac{@ﬁgﬁlt Roi"l?e'%ﬁﬁaﬁ of¥ef pbxﬁ%ltﬁﬁéhé ﬁ&b %t@@x%% EachdTHDne
other things, it may be necessary to provid

calrintoreait wmplingdevicsh dHpagehsbcH 6al*ﬁd1 %f@rﬁﬁuioe‘ﬁmﬁ r B’Héfse r

f %génaﬁlehedao@qhé et QLB Ethe T b w RBP4t AR S gk sRitch
suitable level and angle to permt accurate manual

r eld urwgusies § digsal pir flow dasplayf4l bipas iny bhpragramsied &o dignlayern
t “91‘%]{% 119 Tlte e?m?ﬂu'ic (?@ﬁ'jg 'ﬂgfeg } ﬁ%teﬁ@ﬁ‘g or?ol'f@p unx?sl%e

an clrcult, eSI gne mal ntain a
staeraﬂw\sstvatcé 404 pameragets en tmr@wyhl if the agrilowdng thiongh thg port 308

SaBLd AGaileYlFRS 20, 4Rl fRmeld %Nzﬁr?rﬁé’&é Leghufther

tﬁgﬁn%ggaéo, \}\)nltgc detectabl e & ?re%? ate 3 at (§nm

t alirdtomncdueatr satBLy meﬂctemnmerdrtolmamﬁ@ hbersi gral al:lmItS-tb@wsnt to be

f la‘?e‘ﬁe& ?ot prgBMIR'“‘%ﬁl' lﬁémc‘ﬁﬂ?alp Qa%qer rhéc&uswaw%r}u m)%v Jv&i%WLlOél is a
digital switch, it may be easily calibrated against a standard flow switch (such as a
National Institute of Standards and Technology-certified switch), and it is insulated
from affects caused by pressure variations in the air flow tubing or the location of the
air flow switch 404. A digital flow switch also eliminates internal piping variations

from system to system, and it has an integrated flow adjustment pinch valve, which

reduces piping.
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rate decreases 3% fromthe nom nal set-point flow

rate). This air flow rate accuracy, which provides a
woragogitenied error of about 2-percent for a systBOT/US2009/033163

calibrated for 5- percent, for exanple, is achieved

Egﬁﬁ%ﬂgt Ia on ?fgbl i (t) | o\glltc?])gog %gt I %119{1]19]‘3[?% {/lee&gm&{ﬂkqgnnected to

di s sidn@ifaceel)s; avﬂdclsmédlmm tibe @2 B:fmlmdﬁea phyatcal connection

constantly n i tar r at n real -tine or r.
;PR TR s b i ol SR i OB inig Siee 216
S e@éstAWn ek FOG. 2§ | ghidd a digitad ail fIoTvEWaLH S04 it pREsfed, 4 Mt type
shown) when the air flowis below the p amred

s e"tletﬁdr%*tm%?r) PR alpaReg uped: ifepresyg pariationy %%bwwwh
4%0'[&9&8’5 AR 1E88eslrabit B GldeCMhdngldARt tHid}R, ifinhy b AWedstry to
bel ow t he 3- percent m ni mum l'evel rogramed into the
SyRIQdR 2 calibration gapversioe devicecand sRapyt f‘if fungtina, afjdthe

f 1 QWnieat ﬁluﬁrb@%ﬁsdlgnea M d Gitabif 1V Q1@ & b FeHotpe ARANEdCHAR hdiRal
validity of the air flow, it sends a S|gnal to the

i mgadingdual port 308a, 308b, 308c,..., 308" that is

doi n%%t he air sanpli ng 4[06\;1255] The flow switch 404 has
| A hi giihasait Doy pwtich, 40iitcetses Qg CamREAIES2 RN
t rkfévi%bsr 2 1f611 02’1’6!) 9160 di R 1 SPURUR anB R &Wgﬁé'éﬁo %ﬁimd?@ h Beady-
val ues, the flow switch 404 sends a dig

si gptaflow smite theough grewne prrre@retalrtsmwlntgwéwawr»? 11511 &kﬁl? 21pgpnd
erarsg{clate-gtl?r tl]-blﬁé f@OCMtH 'é'dgteéébl@ﬁﬁ hye rgyﬁéVWIoﬁfbl@}br{ce of +3-
sanpling cycle, and a mw fromthe flow switch 404
Wi perceglalinge thememinab fefrpeint By rate @/péseHy ﬂeﬁcoaa?%t&eﬂs‘:p the flow
f lrgfé/ dB&EREs @ floHEf 1%1 sgtrpogrg %ow erHFWﬁ@sda 24y rate accuracy,

W reless contro aneri; and an i solator controller
50uhi¢lFproyides)a mﬁr@m%]?rrqu agmARARCicatdp T el Lalipied s £3-

t I}%rc%gtr h}]%QﬁnﬁlQ 15025%“{%' ng}ntog% a E(ﬂﬁ’ﬂul)dtl%){ o DN an%'oﬁ' IPoutme

e alr sanp Itoring system 200 t
i ntabratiorechethstusing b iendaf Gidow b ijchdest discoeskd eb,qvp,cmd a@feware and

J\&Qaré 0 C%Xsﬁrft‘lgﬁn EQ:@ dox%%t%‘iﬁ R4 Ilm% g]‘r rfeglcr%alg Veﬁ)tesalr

present s Yr'om conprom sing the controller or
t rﬂaowsmm 48y sstpevgrpeméd)torsambae] doner gpnaiavat ¢fngeigu bpead (not

%BS a d \{hoel E‘l:lra & & befo‘iw the r%gra%gﬂgg %é:ttplgg'g?ﬁ ﬁdv{; ga[:fi?g U hat

eq I'p , as previously Bs
308, thﬁaﬂovb gwitkihrd®d udfyrrrtsohmbdtredrcumhaome amﬂewombﬁh@m}ed-
ar at

se uter 412 i djt
carrBat ST § B R RRafho SR8 BT R chElhepis o
41 sirahesoftioname eandis Ivalucbl\d/ﬁrhe ctreuit cropﬁmmhet vl idEy of the air

fu ctlons of .th ort .3 Th conpyt
cal O%é sendsa i nglgtggiev{dn(% ngal II%Drt ?O?@rﬁ(ﬁ%%(ﬁc %% fifat ls%omg
the air samplmg
[0055] The flow switch 404 has low and high set-points, which are
programmable. When the air flow is too far above or below the set-point values, the
flow switch 404 sends a digital “on” signal to the 1 cfm circuit that the air flow is in

error. The 1 cfm circuit is active during an air sampling cycle, and a signal from the

flow switch 404 will cause the 1 ¢fm circuit to send or broadcast a flow error to the
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controller 202 may al so have a central processor, and

the separate conputer 412 communi cates with that
w@e@eaeHss to control the overall operation of P€TES2009/033163

controller 202 and the air sanpling/nonitoring system

Zo%ntrgﬁ)eg %ﬁi to@:ﬁ@éd%ﬂ W\%lésg cé:dt %’h%aénelssﬁg\ﬁﬂ 1%6&?0& %érﬂm'll%r f4

purge sys for’ arr sanpli ng devi ces

2 GHG»SQ 16b, 2 16¢, . . ., 2 16n and associated air

tubes 220 to ensure there is no residual contam nants

i n[oDsise pofThe 864 DAf intetfaceadl 0 aBawgthe pgt 3G8rtb tarmectgo a facility

oper 8PP onMise ot Bt SO ot e AL et e

acamd&fuﬁxg dita tblleatiorednd nsaiplingd Wy steiis.| "Eheaﬁtﬂat&nﬁllvté@a&e prevents

le. In the air sanplin cle, the i
ol Pispanbr sBoutonsapopiEY Pinpadr s SCali ot
C apesPBmAnde by alerinbiingpdund Osbpk endstolipgd i fBertdh Bennacigigdd &lird-
to the vacuun1pu 208 V|ggﬁn el ectrical connection 5

12”“KfqWH@e§aﬁﬁ”? sty deseEibedo) at or control | er 504

ST o ot it oubiedndt ol ivtandt o o

C odepaate icompidO 12 \hedditionas Beisd @jﬂaédﬁedab theSQRhpadA 14, TBe

not pulled thrg e air lin Vi ce 16a

21588?& atg f%‘BP‘.‘t?r.“,ﬁ%i%SO%gﬁﬁ a&fiﬁ g@ﬁfé t‘gtﬁ‘sﬁ%’gﬁ"f ﬁ‘é WgBefsAf the

pumt @8 Thdkpatate oMl 2h b8 plobesQ@thinEndy.I The
npl i ng _devi ces 216a 216b, 216c¢,..., 216" and air

t u‘kﬁ’é‘r?“ﬂ) 203 map alsoybivg @ CRERHProERs SOrTRg 4he SARATALR GOIPIPHACT Al P

S mnhtfhg:aﬁzy ot thaaplrocésls&% thtrdt BEbRShIL SpetdiSn YAGY LERRBHED
8 and the purge is closed. The opposite is done

du?rq2ﬁlgdf*ﬁélfﬁ&@@l@géwﬁ@rmw&e@b@ air fI ow is steered to
the purge punp. 206 and the air sanpl.i path is
cl @gggdl [ 00591 MNRSMYUGHI¢ e shavy) tersin ‘%?)Pl‘trg‘”oWS@P g dor

prgkanrabk Yirlssmsgaeiiadsed 6ol 6b, Upsct .0, 1FniandhasbdMad air tubes
ports 308 and corres ondlng air sanpling deyices 216,

S e CRSHISVIRSTB I T Pta;narraﬂtsgfawﬁfq RGTWE0f ©e Al Dur i ng

an¥mplifig/ MNP Gy EEb @, AdiCo1sieNtohRbil®B028AUbS operation of the
prevented frominitiatin purge cycle. However, once

t hecwin PeaRdiS ang Peige |pél§pfg-6¢ mé‘é?ﬂ*id%‘ﬁe VHE ampiF sasuphips PYfdp and

deyviigscyRit6 Irﬁ(h@ afr QMBI% %yclé Wi i6ARLY c%Hr@lTer 3@42 whith&H bd
the purge node. The isolator control 504 ports each

hatlrsc-avay selpecad. é@luss-bqh@ HEuEm (PHEP 2§&bmap hyrﬁa@dmﬁ 3 sigril foctbe

t h%cﬂjn{ lﬁ% b(ﬁic\]ﬁ?% Qé&ﬂxd&gcénhé‘cn@%gﬁ &Mﬁé er;e(ﬁn@: Q\grgﬁltor
exi t 22% é best seen in FIG 2). [006 6 1s a

praseealier fPbsgnipladreanrdel e t2Patd engagethe sr: @tf@gnal to the purge
C%H ook &la ejn%wcﬁmgl%gﬁé%&% 1t00 V@%ﬁ tl%gpggﬁépeﬂg scrrlnt a¥r 1€not
present invention. In step 60 cess
pulled through the air sampling devices 216a 216b 2160 ., 216# and air tube 508
by the vacuum pump 208, but is instead pulled through the air sampling devices 216a,
216b, 216c,..., 216n and air tube 220 by the purge pump 206. Thus, during the air
sampling cycle, air flow is steered to the vacuum pump 208 and the purge path is

closed. The opposite is done during the purge cycle, whereby air flow is steered to

the purge pump 206 and the air sampling path is closed.
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enabl es the air sanpling cycle, which is the nornal
operation of the system In step 604, the isolator

weownaliBer 504 checks if the vacuum punp 208 PGI/U82009/633163

the vacuun1punp 208 is on, then the purge punp 206 is
arlly the ' er. 504
ﬁﬁ§%nabl e 11]18 1a?n atO{‘I con rﬁlgeé% preﬁerab ﬁ’ulls assogﬁt EE gp to
at l(amywmuel forteB08 zlrfd cbhspvmmgm qampbng2®81cb§2 IOFIGIS shows
t hen the vacuum qf 208D|s t ur ned .in ste ep 606.ll
ThPEY 8%iP % ’aS@E’BBr?ﬂ SHé&d Hﬂ%%taf’é%ﬂ‘P inesysladnorpnioller 202

Pr RpEgianTied itilidiRgQpuRReyas.i Bewever, oRRNKAAi 3antP¥ing cycles for
enterln% a command at a renote conguter 210 or at the
i o

| otash ot Baak sapplng #evigesa pre campleephs emtrofiee 07 dpjehinghe
comrgeo,hb@er T 4sokRG REntiIMEr HAGHHIERE AR e 2R dRMed &dmen%toe(eot

, the isolator controller 504 checks to see if
D ufrhg&n);%q vaill irsetithe dimetlesheseduriag the pHigs Snlete.a nurgesit 2@% eas
Pregesen g Bs to step 604 and the sanpling cycle
continues. Once the isolator controller 504 receives a

si @o&d) fr ompGes BAPkdcRls! fRfw dhbtarh AlSItRE thSo 1R @ftroller
cycle, in step 612, the isolator controller 504 starts

t h]@glﬁ GPC@édlgg,@ oge empodiment of the gres¢ng BVERioge Iespen @02, thp grocess

| S@aBleOthe &R @M.;ql gepclé%mrha& Hhe ASria® ofeiRioof the 3PFdrh. NG step
cycle, at ste possi bly shuts off the system

un@Q4 the hselaﬁeﬁtmtmllﬁr %%?b?qkﬁgf ﬂafy\@eem Bdreq 208 is pm [ dhiveiagyum
t NS (88s &Y, B8 uw ulrgew Ripk '15 nezégerneaﬁv sPcE th%awpitérng
cycle is schedul e ﬁ coul e, for exanple, once
evenjyoli Shpeansonly fﬁla%leﬂe vememmmvo?r% o the purga eAmpg0Gat any
cl 32%inmk09r Gk eécﬂumgmﬁ 208 isTBY o) Hen AR v@&ﬁlﬁ?ﬁ%ﬁ/zds% U d@n

purge cycle durin period when the air sanpling
cy®IsEpicgo.nbhis Weuhqgcq@ewﬂléiwd@wtomwlh Subd o pepryeraginiedrtime

| O(gl erjelsfor{ gplh ;')tr tﬁ)ﬂer@éﬁn n oy ma% A thLetthgrq%lSéAgj\HloF at the

boar not s | ter aces w
(thﬂ@wPhydéberated by a PC) or progranmmbl e
glccontrollers The board elim nates the joining of
04ldci | i t §n vail @08 giee splgtoe penifotler SO Ecqpoitisrvagpst rumipI0s on.

oar §5 836 raﬁe 1's<51¥t§mdn991|11 r [594991%1*51{ eee lﬁgg 9&159 By srhsylht

| ocat In the control can
coq@ne@teé@ be disabiasd. SGADAe process rurps @gtean@ﬂﬁbrhcetht svgmrdmg cycle

c O&B{l eg eHn @R ﬁgﬂitoﬁt JS@&T}B&%E@@&% §lef¥(§49{h§%ro]r§trocfl%}j 202

be made at the touc ess an
|gohwrr@npmeatwmesi%mﬂﬂheheyebenvﬂmﬁuﬂéﬁ4bensmepu@eCwﬂ&

i n;Qtlt mtoqkqlejﬁrg%rly(‘zlgéhé E&at%pgo%golllquﬁé\{/\ﬁ%%% to?h%naﬁ]res%}:ngpng

to the contr
paayele, at eepib¥e Sr possiblyrshutel off ©he$t/acm uptil thxi rrexsamlrnprhgg system

Cys?&lr& Irlz Qe%ertap Hl%r})%%g c%‘le Wil rug u%t?lqger noelxl egrr sazmc})) ihg cyc [ 1ts he
scheduled, which could be, for example, once every 24 hours. In some clean rooms
102, such as a class 100 clean room, it may not be necessary to run a purge cycle
during the period when the air sampling cycle is not being performed. The isolator
controller logic is implemented by an isolator printed circuit board (not shown) that

interfaces with the SCADA (typically operated by a PC) or programmable logic
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conputer 210 will each observe the air sanpling cycle
in progress. Also for exanple, when a air flow error

WO 200da0084 ed, the controller 202 can broadcastPE€TES2009/033163
error detected in a particular port 308 to the

t ouc 4 u h .
PR e (R0 Ll TR Blre 55 e R&NLG LB Sl i e
naynhfswmﬁdMRhi@@ﬁﬁmnmmempurg|ng cycl e invol ves

i njecting steam hydrogen peroxide, or other vapor/gas
i nfoe62ihe ai fThé lsol\andidmmungboarmelajatedsmmplcbmg)llehemzcaes can be
216a Th| nay
e~ BhseleAlr ety of Lk Rale U, Sagr T o

2 ddnamands difalnbsetdddions can.be maadﬁﬁhd toushped DI4 e 6videfedd zﬁidor

cha ers. 514 i ntroduci | ow of ases
tb% fpafyres ‘%‘q‘f ?thsn‘tzﬂﬁ ¢ ICHWH@ o ‘%Jdgf‘g@ Ey‘EFréaces

i Sccﬁmﬂé’dwdo &3 corlthglet 202! %ﬂéxaﬁxb&ﬂt)ﬁén Hilieleka paned EHcelhésVae

or allo human c ntac inside the encl osure.

D TR S s HE ARG Sl HE O BRARA e b R Ier 2l ad the

ar @&niatek 2 kNOIEatodsérRe ﬂl@talr sMASIE cOle iBo@ERS AMo By Safifle,
i nvolved |n pharnaceutlcal manuf act uri ng operations

wi Vhengeads Hlow erepr dsgefected ghe eqnirgliar 203 sandipadssnh B &fipsdetected in

bef girgcudin Yol BODo SRS EAPSES! 4308 tHEl ¥RBute T 0k £ Sther
connenC|n with finish and fill operations. The purge

mofRuYSptPuhdevise sawrsted ke pystem 290 tishmay beuster i | i zat i on
of the tubes directly connected to the isolator. The
pullB® v apor AhaRurgng £x°1q iR¥olyesdnsstie skamt heraser pepyde, or

Dﬂthéﬂ@aﬁd'ﬂ@asi infl thd ﬁﬂﬂ@“fiﬁéd@;ﬁ t}feyzﬁﬂ @mpliftedeices 16V 188,
through the air tube be conditioned b

COHBTLi PP LA e 87 8 Y R oy PUSi Y Selates e ar

Paahiphisl @&bvRed 2 16hE118,(2168,..S RO 0n® b AR GsoBAFRROBRE S5 14
activated charcoal, a knockout drum cycl one, or other

sUpdtnirdicing 2 fevpbrireipg cessndiflont Pis et fisshrmbr edeay
d eﬁUré‘eQ:%/cle [008dh od Ui 1§kgat5‘1oéﬂaﬁ19e:r%|1 @doe% noSIRWBr 41IRGr £l Muman

is a block diagramof a touchpad 214 according to One
asyeEet ipfide thecstasaren Pthep geltiqush for PAEIngdué Hesadtapingtingair

di t nt ed
LRSI B R IBK RS TR

| d&latrwelmalawufalcwmgmeraa@es wildehirels sanitiesn@hiousi misiede a
Kkageﬁl?srb%ﬁ)ré)gn td?lfg scutoﬁﬁﬁeg & mlge{‘]%nd B—ggre CQM%QQQ%%JIﬁ .
s the acC or t

] uman I n e Input out put devi ce e alr
s afmpshi and filtonéradens nghspusgemeqr0d thel preseririmtestign dlomsthsl s

t Q@erﬁlgﬁroﬁl Qk Lh@ rtubgggxr%/ﬂﬂ/ Chnb&ed B €8at ?Pt’ﬁ-ie%ﬁ gtelﬂ\lzgﬁgo(f ﬁgé&lts

room1 esli gn" renoves nost of t ect
ofthg helats)yeqnérml‘frrS@ﬂn Dhrengabepoha@d anging cyfle ttheaictlesing toorgh

108, ai.} {ﬁ% 5’(% Iﬂ% lgehz%nditioned by gas conditioning device 516, which may

comprise particulate filters (not shown), organic adsorbents, activated charcoal, a

knockout drum, cyclone, or other substance or device, or combination of substances

and devices.

[0064] Turning now to FIG. 7, shown therein is a block diagram of a
touchpad 214 according to one aspect of the present invention. The touchpad 214, as

discussed previously, may be a static wall-mounted device, or it may be portable and
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system power supply, flow switch circuitry, and other
el ectronics. The touchpad 214 el ectronics are seal ed
w0 pwbderishe device so that the device may be PCT/US2009/033163
disinfected i ke other portions of the clean room 102.
%gald %%%mg%é%!aegﬂ aft fly SERRSNR ARl IigR Lt king anca of
cythé elsanvmomﬂﬂz t He tohobpad 21d0smhd B@nad mteefbcsaonlalt/ioomst delize for

o1 Gt e Gy S RET R e capl R PR 20
sanmith Bgocated bexsids the eleph efomn, 10abIis\desigreionds most ef ther

if one .is detected. during an air li l e, and
act§yanies ofiheiv sl Taapite axatiptrers of W s Gttty the
beyygen goatedpyhatow ﬁﬁtcﬁ)éﬁ&ﬁm ded 86ée1Rtrdnied nﬂlﬁltéucﬁﬂ)éa\flm
error above or below a p progranmed set - poi nt

r aﬁtleé;tromF%are/ ﬁ%lleg|11é91c§|t]©q,péﬂvwﬁé?thetatbggev&qénadrbeﬁibﬁugected llke other

| i DRIRELE th Bigarfioosa92(LEDs) to illunminate to provide a
visible alarmto the user. A start up/abort printed

CI mms]t boargk tolichpad M wE B tuk& k& sthrf) 8topUsto @B, &ldahdnitor
uts of the timer 402 ésee FIG 4) 0066] The start
af sampling andpirge qygles yehip dierclesn |r<z;9m 2 It 31gnallopes the user

t QU ‘EBU?% azrlﬁm?ﬁné HRIet hddPin 4D ASRO6H Bk A"lfl%lble%[g%aqu/hen
the ports 3 ch will initiate a sanpling cycle

i AN SARBlREOF e é%com?tfh abBis P8 airfipe ﬁrr@méoneﬁaﬁvﬁqﬂ%ﬂurmg an
D%Js%m%@nﬁgao) RO acB®BCan-alarm: FordQ8mpRNa {ifiB1cCARLI R, t?er
202 receive the start signal, the control |l er 202 W
stesneratgd wherpihe pgicaydatestsy!l dontin i g abavsoabgpw a pre
fgﬂ&%%}n@d se596mt e 0 nlthlfefvbﬁs i mé’rQ?mE?%sé BeQdr ford h@n

uc

ad 214 that a sanpling cle instruction si
haf—‘@n@eeﬁwﬂes(b@@s) IP@W]’MW“&% g vigihlgglarmitathg gsar attm
t prﬁalBgn 9911&%& SlduR ol &t Ql?c;wnﬁ Bt IsttheruR ARPAL RGN SN S Bhe

al r eady rogress. \Wen the i1 ndividual ports 308a.
30@@r4@08@31G 4).. 308" of the controller 202 receive
the abort signal, the controller 202 will instruct the

t d0Gebad 21Ehaxjartvenal islan inmyt o dlsl centsellcs 30a from thertowpad 214
be@ t&qme@ Qb3 egsog%d LWh@onk Bf QE PEst3a8), W}éﬁ hRachigtéa Qwhng

the sanpling cycle instruction signal has been hal t ed
[ coBig]n Wk eontgllgidp hprdyargy AYheniths individnal gpesi08as Higb, 308c..
i %R;\/ |oqlt’l‘?c| coHQ&ﬁe? 2§p§@exvegt!ﬂ§ptart §%§£ 'the contrglq)ea 20@(&/11‘ gﬁﬂt a

contr ol I nstruct the tOUC pa
neseleglsrzgroycletbh eom)&mg ijohtercoaiedlen i@ (Tiha cetrtdnélﬁr 10@ then mforms

¢ Qﬂ@ﬂ‘dﬂéhéé‘& £ 4%£t'3 s%nﬁlﬁ%acg/@l'é %sfré‘&fob sx{gﬁal%&slge%m stdyat a

cle gress 'S sl wi ||

r qm%ﬂ] aCt ¥R Jbgf:t sfgnﬁ 1!%&[@@&1‘56 Qéntlton@r 2'%)@%'1 hil8 the sampling

duratio
cycle already in progress. When the individual ports 308a, 308b, 308c¢,..., 308n of the

controller 202 receive the abort signal, the controller 202 will instruct the touchpad
214 by controlling isolator controller 504. The controller 202 then informs the

touchpad 214 that the sampling cycle instruction signal has been halted.

[0068] When a sampling cycle is in progress, the individual ports 308a, 308b,
308c¢,..., 308n of the controller 202 will instruct the touchpad 214 and, if necessary,

the SCADA interface 410 (in order to communicate with a separate facility system),
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[ 0069] When an i ndividual port 308a, 308b, 308c,...,
308" is in the mddle of a sanpling cycle and an air

WO b@wiaa84 ci ency is detected, the controller 2B2r/ws1009/033163
broadcast a 1 cfmerror to the port that is sanpling.

Th atp \Qflgln%gocﬁ/we 15’{ R \Pé&? s?%%s%éﬁglg{ﬂl%num Qﬁ%vg ?Q%e

urirn or that
ponemamdcrd)fdwrstimplu@ctmmltloﬁf for the duratl on of the
sanpling cycle or until the 1 cfmerror is renoved.
[ 00¥Y] The tWwohpadiz2ddl parcitdeacsdsa 3@8cspl aQSnﬁ@mtha' méddle of

Couanpind OFF Mgt ERBORARGNES 1 HssRALRE (e gy San

30i@oadcast a 1308 ¢rromto tHeepoet ol rsmhxlnﬁlingZ 0216 lpOWWhnp]Jn td the SCADA

PSSR0 B Fotmach AR P  TRfing e BLOH e iy

hasnthieeronatt fov th daratittoftthadamplisy s@ieitd dhtluheol efaBertos ison.
The di splay 702 is adapted to display accurate flow
BV or mat i on regardl ess of the conposition of the

ai 9100 s 305 0raBoa Y bt P bRl o B b ARt

ovwwl(aowefbr ougriggup hé touokipad 2 14rand theindlvdiial poeta308a, 308b,

R 70Bs BB RO Teralt i R B ahaiod X sonpfcdt e or

V\/nm@da wmw@ees ¥ Olsti@enfirMatidiethitahciuynael o thé touthygad 214 has
touchpad 214 il [ i

utiljizes a shielded plenumwre .
coffER attivigd ad tf*eg'gﬁ YAREHD am%owﬁﬁtﬁ@%eplaisﬁ@ets adgRiS79]
Thaspiguchpad 113l 4attafornaGbiearalessaittie coRBodifidd oflicai @les
a S|gnal to one of the individual ports 308a, 308b,

30fgeount of mtwsn apgens e @B Higkideasey2, or this may be a

Wi SS co cti uchpad 214 | ude a
e@gﬁz cabl ac t@““ﬁﬂ%‘&zlg fbcwdaegf%wet’ogt?éﬁmtt?@ OrdEmPHRE
ot i@kridamdianinelised anﬂ@btv&e@@ygﬁhe cORer ﬁﬁaﬁmugh cable 308 (wigth is
th controller 202 e awre

c ORREBH 5 R0 P A E b BP R gy e Y‘\iﬁaﬁegtottwot‘o‘ﬂﬁﬁ%‘é‘d The
214udhPad 11@ uringls\ai sHdRled PRAUNS wBE BnsisBABEf 1es3 AR about 2 wWAAS of

on the controller 202 will depend on the nunber of
P&t he touchpad 214 is cont roI i ng [0073] Turning
now to FI G _8, shown_therei ock di agram of ?to

ai M0y i nghisAThPet %h‘*gmeygt*éftﬁ 38‘@@1‘3678%8}38?’%“’?5& signa

angk Bethe anadlianpatts 308a, B0gH, PORSENL0THBMEIRY doBfoife@ 0L SLthisN
the clean room 102, The air sanFI ing/monitorin d? Iyst em
¥ @b

80DRE AtEdess RomETtion s hf foHgPad | Liaaneludes wapdghledy 0 that
8%ov1@es l@%fgﬂalﬁ@@h’é & tBOQheranfvidual ports 308a, 308b, 308c,..., 308n on the

controller 202, or this may also be a wireless connection. The number of cables tying
the touchpad 214 to the individual ports 308a, 308b, 308c,..., 308#x on the controller
202 will depend on the number of ports the touchpad 214 is controlling.

[0073] Turning now to FIG. 8, shown therein is a block diagram of an air
sampling/monitoring system 800 according to another embodiment of the present

invention for use in the clean room 102. The air sampling/monitoring system 800
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control panel 808. [0074] The air sanpling device 802

in FIG 8 is shown located within a lamnar air flow
whomd/1e1184 sol ati on chanmber 810, which may i nclRCEUS2009/033163

high efficiency particulate air (HEPA) filter (not

sh I |

oML R i bSO | kR 08 % AEIE RD,and
desontel fahelt808mmy be pI aced in any location within the
cl ean room 102, or outside the clean room 102, as
nel®@3yary. [0O7ibjanihieg dwi:cter&ﬁlz lireFI@®4s Myvnilmtedd'éthal a
Zgﬂ&{néngapnt B\:}Jsg%l rrls ?aan @\ﬁvﬁ magl?r% b b é?lr% men%y
uspam@puaata/aac(m{ﬂmalﬁﬂtelt (mbtshb\hm)t Tihs tlmkaﬂuhmplmgedevrfce 802 ol the

| ess, Th eat ur es ,of th er..804

| ool S 8 b ERe T unstc ROkt wR i e
descdtioptwiitin thd clédn@oors .1 0E0F owxianiht eleart foemclont a5 akdessary804
provides for a 1 cfmair flow error detection during

an[0a73] sanpirheigontriplidre804 anagl inictude 8 scﬂﬁ@drﬂtayneﬂcanmanplmg fumpa

o118, The 85 P RER Rt P P IS RE BT IetE WS shmsine o

S aviolnir gir Sl it2eis@Bat seven et @lleSSTe f2anits of el cordrollre804 are
controller 804 vi network 814 us ..

© oG FRopSitscrited afvs dotommetbon Hah Mgt Bteiel Figid cFor

| SextaptipleCat bohtfolixesd4 ptovadeb Qﬁatlloﬂﬂ ali€idty drfdedatdtion aiifigi aAGir

devi ce 802, routes signals ep.th ntroll er 804
anﬁmtpﬁ%g D61t #1 ‘“ﬁﬁ?ﬁélV%%‘H‘gCté fo pel S‘/esvﬁgggér WI rel ess

k 816 I r ansmtter
DS 05, ahs e meg T RUGA e%%[‘%cgme&eg% g Fn e and
USzﬁf sawiplifg did"lflilidmbﬁ)uir Wﬂ‘éle@sﬂ)ﬁ&d'nﬁéct@[f to tHaeoﬁrcmesampdm fgwork

devi ce 802 by way e controlle cause, t
cohlfigle é%CFlefﬁr/thfmﬁef §1§. 182 e apoa 8&? i s By A a
SaRLdtdghb®m mneta@[rgaﬂxglnsgy@mwsmom@%nm@bemqwhe orfd)ler 804
penetration of s, ceilings, or flog(lrsfor routing

of nd 4 ceatrgjpangl r80§ BIBEDY i er W‘FH%SS PHYPR §140P8R cost s

ar RcdiuerahBfier SNANTRIhAE pARDIIR] WRidh fad B@G/élilhfbdntable
previously. [0077] Al t hough certain present

prlé”f’@?ffsébe WSRO HBR(QITRY cqnifgl %ﬂt%fc%lb?@ah%%ﬁ@ B8O hyHRo!

begn  shentfdosablsudascsdnfggafierifiFle. 8 fs Wielekss, BR air
apparent to those skilled in the art to whi ch the

| neRtipgmopErinaFYsien B dogarqt squbnanAIEcbEn P walsi wHes.

Ofortfn)%rs\fgtr bRy BRI BN tbes NONE, RNHsIRSioh h&%dar@r‘%'&ai [@ss
may be made wthout departing fromthe spirit and

sc ﬁﬂaOtb‘fr ethadimsyie descEbed PRRddYi ngly, it is intended

that the
[0077] Although certain presently preferred embodiments of the disclosed

invention have been specifically described herein, it will be apparent to those skilled
in the art to which the invention pertains that variations and modifications of the
various embodiments shown and described herein may be made without departing
from the spirit and scope of the invention. Accordingly, it is intended that the
invention be limited only to the extent required by the appended claims and the

applicable rules of law.



invention be Iimted only to the extent required by

t he appended clains and the applicable rules of |aw W
web@dmoeisd. A nethod for collecting a vol une oPCHIUS2009/033163

froma controlled environment within a facility,

COfRIciatihNg the steps of: providing at |east one air

sanpritng device wthin the controlled environnent;

providing a first air sanpling controller port outside

the control Led..fMof QNBRRAE a leuHeLb'f dir %Mhﬁﬁiéd%ﬂw\%n%nt

the at Teast one air sanpling device; providing at
I e‘asltm@mllﬂmagmmmﬁstﬁmquer within the controlled

envi ronment Blloommgr o' F& %n&&lmh]ﬁ% dJ& Wit tht BSnefoliEs

air sanpling co port ng a vacuum
soenvoenmant;f | ui d conmuni cati on W|th the fi rst air

sanpling copt roll er- Qokt sam?,ﬂ{gﬁlémnﬁ é(?'gmﬁs@ P?Jmtxfo'ilé?d“

the at | east one“touchp con port
t cenviyormenk int fhed wmnmmcatlm dithtbeat jsast deg @r smphiog qusme
of alrthrouhthe | east aj, r |

an actual PNk Rasyofe RhoraT b iR 8P SIROUET o

pr éndirbrandit nﬁvnvejéssl nmnmﬁmeaubn hzah theefirst aﬂcshlhpla:rtg&xdnmllewbet;
a flowrate thr h the a toneartsa tﬂf‘
device fall B‘%lé’i“@% V&F““gb%’\‘}éceé“ PiggPamHRiGE {?Bl ‘%“S‘ﬁ%’
medahiplingemabirpgrtt 0 cl ai m 1, further conprisi ng

i denti fy| ng a l%uant i t |(I;ont

of it iAot s TR ET bR Shenfushiid ¥ Bred S

c chﬂﬁfrblflieir Ii)gn t(ﬁ(fdnﬁblll thd donge td@raw ampesisternginédvoldie of air through
contam nants.in the controll ed S[wl ronﬁgt. 4. The

meff 8ldeasE s A SAYPNG deViss #hak 2By oM Hipr i si ng:

pr O\él d:q ngf ao@piitgee a/agﬁam%aaué pledm&lnili]hduoqhmmma@a&ehon
W t the first air s n ntroll er 1.SO t|n
t hieollggteq radien 8 flgwapte | ﬁgngwbﬂger@ e Al B Hevice ol beldl
C ObHab&Vel B0 @ MMEP PAIRNT ;

2. The method according to claim 1, further comprising:

identifying a quantity of contaminants in the volume of air.

3. The method according to claim 2, further comprising:
calculating the concentration of contaminants in the controlled

environment.

4. The method according to claim 1, further comprising:
providing a purge vacuum source in fluid communication with the first
air sampling controller port;
isolating the at least one air sampling device from the controlled
environment;
communicating a signal from the at least one touchpad to the purge

vacuum source to draw a predetermined volume of a fluid through the at least one air
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communi cating a signal fromthe at |east one touchpad

to the purge vacuum source to draw a predeterm ned
waoeloare1ed a fluid through the at | east one ai PGHIP10091083163

device, wherein the fluid is a gas, a vapor, or a

conhi

Si sgﬁx P%gﬁe,?\ﬁlee?eugﬁ% ef?lémrjirsn Xgﬁ)soﬁv p%ﬂg)r gg&ﬂﬁh&;&ﬂ%f 3g s and

beepogaidd ect ed or when a flow rate through the at

| east one a| & .

pr ogr ammed Va t?rqé)%s‘g'%ﬁ %XA t?‘g 8%8%%%1&%0‘?&%?0% t@?bg‘lylgnh% been

f wrollbeed arovien ia Slowgate dudyghtthe avdeastrona b sampjmg nlavicé fall§ bedow

act ugl flow rate dagw ates froma preprogramed flow

r S @00 2 PrAREeRE ¥ ccording to claim 1, wherein the

wireless signal is transmtted by a base station

wi t hin the ntr ed envi ronne erativel

connected t 'F?St ‘%Eﬁfﬂrﬂ%to la‘ml'ﬂ’ef“ RYBPT éf&%r ding to

claim 1, wheitpitfing &tealdrhy signabiif theiatipll flodgrarateviark frem a

port co s a flowswtch circuit for nmaintaining

t RECRIES", lne$ﬁ8\’x/r?t%tte Wit hin about 3-percent of the

preprogranmed value. 8. A nethod for controlli ng t he

flowrate of a fluid coIIectedfromaﬁ%ontroll

envi r ofment Th§ ‘F‘Fﬁhﬂd aeeprding)to ploim bayhsreinsth gviseless signapis

Of tranBh ¢l 6 R Bas@ sfatibSwitidih EheSdRFled enGRRMER! dperrauw tonnected
outS| de the controlled environnent in fluid

PEAPIbn with at |east one air sanpling device
inside the controlled environnent, the controller port
i ncl udi ng atimer circuit and a fI ow rate control

circui t:  oulprethadyacsordingriaflaint brvhersin the Figst aig pangpling 1 o

a SAkone bsh EQupritkd d ASE s@itchRGUMIToP HﬂRt&Mﬁ% fic afBRAGIOW B
a signal the flow rate control circuit representing

a Withip abwrfé\%npﬁ@emwf&@@rﬁpfcrgéar@mﬂa&e} er port to

deternmine the flow rate of the fluid, wherein the

fluid is one of %dg a vapor, apartlculate matter,
P

or a cémbi nAtneskeddPr eoniyalting Heflaparte ofm fuid cpliactaddiama e
rmctohf%lled%ﬂgro(ﬁ Mﬁﬂlﬁ]gfa%ﬂﬂ g@rﬁl)nsflr{gqm §t£}% dJfl mer circuit

to the sol enol
provxdmg a ﬁrst air samplmg controller port outside the controlled

environment in fluid communication with at least one air sampling device inside the
controlled environment, the controller port including a timer circuit and a flow rate
control circuit;

outputting a signal from the timer circuit to a solenoid to initiate a
vacuum pump cycle;

receiving a signal at the flow rate control circuit representing a fluid
flowing through the controller port to determine the flow rate of the fluid, wherein the
fluid is one of a gas, a vapor, a particulate matter, or a combination of a gas, a vapor,
and a particulate matter; and

outputting a signal from the timer circuit to the solenoid to stop the

vacuum pump cycle when a predetermine time period has elapsed.
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vacuum punp cycle when a predetermne tinme period has

el apsed. 9. The nethod according to claim8, further
w@ovpnoEsng: outputting an alarmfromthe fl oWwE@HUS2009/033163

control circuit if the fluid flow ng through the

controll er port deviates froma preprogramed fl ow

rate. 10. The nethod according to claim8, further

conpri 9i ng: Thainetbod amgording to alaien {ffurthee cérhprisihgf | owi ng

t hrough the_cont.r ol Tols nt

of the pr epPl(l)t u én an Oa(??rfnowntr\glte?lowlkg g\nta)k?glr‘%ult 1?&1@?1(1[%16

f oftowing themigh kg cantvadletipret defviagds fronma preprogl’ammetl éldw rate.

environnent within a facility, conprising: a

controller |ocated outside the controlled environment,

t he conor ol Tk mewoPadcsiding t@clhin’ﬂ%,rfux@liei’ C(hihﬂirlsu@t‘l flow

i teh o bt Biofare o G i ol s nf cppefplly port o
C ORERIN hisoat & Qlpeiteitldf e prepaspirandniéd fdw rasanpl i ng devi ce
| ocated within the controll ed environment, wherein the

flowrate circuit controls the flow switch and

mai nt aijns tfpesaﬁﬂpmngisﬁs{em/\foaéomamgta RIuMaTaRgh aoomR@liEd ow
rat e, val ue; m punp .in fluid comunication with

t Hf@Vvigprmenf UW’@\& 't“if‘ﬁy CRMATHNE ouchpad wirel essly

connecte@nttdlet datédPRitdid th€Eontroh@r v Rornkiit, RGP
conprises a conmunications device for sendi ng a st art

si GARNisipg a HipeT eisd it flogrrae sireyt foeproviding afbiidifiew.grtloy v |

anghifBRHoRGr sbufdeOMdaiteRYortli@ f1hiAQommhicAidneYithl AstloAE air
vol ume of air has been collected. 12. The air sanpl i ng

sysamphngdey ise dcalgd vehia|th gentralledregyiranstent Bpreinghnfoy rate

PWi &t BRI AN s ikl afd ahtiandRtid 183 -at et & 1
sanpling system according to claim1l, wherein the

prRsprrogjramad o rdavalete is about 1 cfm 14. The air

sanpl i A9 a8NRi UM Fin ?ﬂfd%ﬂﬁnﬁlﬁ:a%rﬁlvi@ﬂ thd air ‘Ma%rs%tﬂh tah@
flowrate circuit maintains the fluid flow w th

about agoysbpadaritelassly comnegiediortbgyrontraiad. Whesein Fh&tt@uchpad
Vaéo ride3: a cyﬁ%uﬁicﬁtlo%leéer}gr s%}{&hg Taft Qi%ﬁzg ke thntﬁ)lll@ll tm

urt her conprising an interface on the control
f cﬂOUG@ Hheeotumegpfaiicand sendingal stap signakio dhetcaniceller when ba volume

dey, %as %egn cJilEgi I sanpling systemaccording to claim
er conprising a

12. The air sampling system according to claim 11, further comprising a

purge pump and an isolation chamber.

13.  The air sampling system according to claim 11, wherein the

preprogrammed flow rate is about 1 cfm.
14.  The air sampling system according to claim 11, wherein the flow rate

circuit maintains the fluid flow within about + 3-percent of the preprogrammed flow

rate value.
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vacuum t ube connected between the tube port and the at
| east one air sanpling device. 17. A sanpling system

wo oro9qoEst | fyi ng the amount of contam nants i NPEI/US2009/033163
controlled environnent within a facility, conprising:

a contnol | eqy, ﬁpﬂﬁ{piirﬁég@teﬁi a%dil&lﬁé lot &falﬁfl lpf?lh})@r’coﬁlﬁﬁﬁng an

por t conpr|3|n low rate circuit:

a ihtedfacesnithecdontralted fax comnecting thmmtroléﬁr i aidasd ¢adlpction dayige.
sanpling devices |located within the controlled

envi ronnent, each connected to one of the plurality of
ports hy. wayhodir iahfplmgs.}mem detdyding & daimdunfquhmomprising a

fluid co ni catj.on w he .
iR S% Eomgt ey P SR i it R ab S sametipg device
each of the air flow swtches; a t ouchpad connect ed to
at Ieas of the Iurallt orts ntro

the air sangisﬁ‘%h‘}?ev E‘Béor&?ﬁ% E‘etag’of'ﬁé)gg?n Tnélggrlts l8rﬁ1e
PQdohtrolled enviR@inhi wisanp Fchigy, syiprisiagaccor ding to cl a| m

17, wherein the flowrate gircuit coptrols the flo
ot eh S ieRETsr somPRneLA FIFE Y of PO CAoR GG FORRBMEAL T,

t uhRuila fROMte clretif; MflohSwittR@inah had@iRlbe)g Syst em
accor di n? to claim17, wherein a base stat |(ﬂgg€wher ein

the bad@lWeliy pEair awpg devices locaipdwyithip theicn pyienmgpt,

W da6h St AedSiB DAY mh@plﬁxtaﬁfytof@&@s @I@@ o‘f'tlﬁ%l:utfnf saaé :the
touchpad to the controller. . The air_sanp

syst emPa@erupyRp indluid Cézmmwaﬂqw%@ﬁh e%thf;?lr QPW @W&ﬂles

i sol at 1,0 HARBES fluid Lommificioh wiRERLH dTSheSHSARMwitches;
accor di ng to claim 17, wherein the flowrate circuit

mai nt aiarieuchprs conigcted £9 Fpas e ohtha BBIALLY of peEs andponigelling

t hge 2PUMplihg AEvRes onnediBfiodhd at 3RNMRIE P&t SYyst em accor di ng
to claim17, further conprising an interface on the

controller for connecting the controller to a data
col | ecjgon ‘#ﬁé’éipﬁlmpling system according to claim 17, wherein the flow rate

circuit controls the flow switch and maintains a fluid flow through the vacuum tube at

about 1 cfm.

19.  The air sampling system according to claim 17, wherein a base station,
wherein the base station comprises a communications device for wirelessly sending a

start and stop signal from the touchpad to the controller.

20.  The air sampling system according to claim 17, further comprising an

isolation chamber.

21.  The air sampling system according to claim 17, wherein the flow rate

circuit maintains the fluid flow within about =+ 3-percent of the about 1 cfm.

- 22.  The air sampling system according to claim 17, further comprising an

interface on the controtler for connecting the controller to a data collection device.

225-



